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TECHNI CAL FI ELD This invention is directed to conpounds which are useful in
treating diseases associated with netall oprotease activity, particularly
zinc netal |l oprotease activity. BACKGROUND Background A nunber of
structurally related netal |l oproteases [ MPs] effect the breakdown of
structural proteins. THBRSTRBR{TED QYOLIC AMINE METALLORROTEASEINHIBITORSCE! | Ul ar
matrix,- and thus are involved in tissue breakdown and renodeling. Such
proteins are referred to as netal |l oproteases or MPs. There are several
different famlies of MPs, classified by sequence honol ogy. Sever al
famlies of known MPs, as well as exanples thereof, are disclosed in the
art. These MPs include Matrix-Metallo Proteases [ MWPs], zinc

nmet al | opr ot eases, many of the nmenbrane bound netal |l oproteases, TNF
converting enzynes, angiotensin-converting enzynes (ACEs), disintegrins,

i ncl udi ng ADAMs (See Wl fsberg et al, 131 J. Cell Bio. 275-78 Cctober,

1995), and the enkephal i nases. Exanpl Mude human skin
fibroblast collagenase, human skin fi i nase, hunman sputum

col | agenase, aggr eqRiSventitd Sih?fah ?uﬁﬂg (Rl lagenase
stronel ysi h, aggrecanase andgre ated enzynes are t%%) bndé rrpor"“fqnp i
medi ati ng themW%‘ﬁgM‘W‘mm. Pot ent i al therapeutic

I ndi cations of MP inhibitors have been discussed in the literature. See for
example, U S. Patent 5,506,242 (G ba GeBYGREGROMND s patent 5,403,952
(Merck & Co. )ggg&gubl i shed application WO 96/ 06074 (British Bio Tech

) T R iy S5 i o

LaRoche); WO MWG'D'-'S(: mxmmq on\(i® igfercBlRifat AnafrR; ridi this de mVMm tissue

go?%arm\/\loog% 2‘ﬁ%%/ 23790 )ﬁg E"‘;‘{I | ne Beecﬁ%%%% &@%W”’m'

W nt hrop) :  WoliSeeatdumilies of fied by seapence domelogypSeyaral famifies of legwn| VP as wl as
95/ 19957 (Brlmﬂeah&e&m&u.kmadmmmw 19961 (British Bio Tech Ltd) WO

95/ 13289 (Chirosci 95/ 1260 Synt ex WD 95/ 0 633 (Fl orida
State Univ); WO 95%@%#(1‘—'? q‘w %ﬁé‘ﬁzﬁs 57"6’46‘3‘3"1905‘?‘;‘?’&‘?0" o
94/ 25434 ( Cel mtmbrime; bolid Rdalibprotehses, JNF doftveinting erifynies)/adgldtandin(coieitin Jenzyries (ACEs),

G571t B R A M e .

( Yananouchi ) ; enkephalinases. M’é’eﬂftmlﬁde haman gkip Sfidnoblast collagenase, human skin fibroblast
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example, U.S, Patent 5,506,242 (Ciba Geigy Corp.); U.S. Patent 5.403,952 (Merck & Co.); PCT published -
application WO 96/06074 (British Bio Tech Ltd); PCT Publication WO 96/00214 (Ciba Geigy); WO
95/35275 (British Bio Tech Ltd); WO 95/35276 (British Bio Tech Ltd); WO 95/33731 (Hoffman-
LaRoche); WO 95/33709 (Hoffinan-LaRoche); WO 95/32944 (British Bio Tech Ltd); WO 95/26989
(Merck); WO 9329892 (DuPont Merck); WO 95/24921 (inst. Opthamology); WO 95/23790 (SmithKline
Beecham); WO 95/22966 (Sanofi Winthrop); WO 95/19965 (Glycomed); WO 95 19956 (British Bio Tech
Lid); WO 95/19957 (British Bio Tech Lid); WO 95/19961 (British Bio Tech Ltd) WO 95/13289
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MP inhibitors include rheumatoid arthritis (Mullins, D. E., et al.,

B| ochim Bi 0%9 S. Act a. (1983) 695:117- 214); osteoarthritis § Hender son?
B., et al. ®f the Future (1990) 15:495-508); the neta unor

cell's (ibi d Br oadhur st, M J., et al., European Patent Application 276, 436

(publ i shed 1987), Reich, R, et al., 48 Cancer Res. 3307-3312 (1988); and

various ulcerations or ulcerative conditions of tissue. For exanple,

ul cerative i.tLons. ¢ sult in.the cornea as.the result of alkali

burns or as ﬁgdés(mofcﬁlﬂ"%r}iﬁ g{## n(hBS}s PR JerytoHabublisted, Gurapsan Patont Applisetione B

Her pes si npb#684240d (Hoffan rliaRochi); LEPeS7476% wmmammbaﬁ),qip snw {HioMAfn LaRoche);

h d I
i sease.  opfihishia RS {opficalies e BRLALS AR S ntem. o D08 Fafiftq Gapete Taey
DeCi cco et wd Binder @Mmbﬁlﬂdﬁsmw&@er 9 Exdfif}és)of potential ewapkfu_tié ifs of
| nvol Venent Mpfiieh itibehbaiial £35S ona o1 TRAL Bbafl %ﬁ;ﬁﬁg 8Ltk Ry 17.

atterrpts have been made to prepare inhib

such i nhi bi $§pgstepaghrijis {iandersan, ne‘lahmaﬁlﬂﬂ(w@@éﬁﬁ?%@sl,ﬂmm oSumor
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4,743,587, éexampleculédeayivel CondiliidSeah resbilit Gk €hie Scorned asidhe resiit! bpmrbuﬁﬁto?@ﬁ a result of

Publ i cation, LS Dec er 29 199 Br.oadhur st , et
| nt er naE i on %PP%Z‘? ﬁélﬂag#lllméa llbglg"ﬂb %f'ﬁ@&%" I3RS ey 13,
1993 by | somnur a, Other gxampleyynf| e¢nditions rehardertrized: By | undesBQY inFritiprotgasehhdtisine dhelude
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INVENTION It is an ob e I nventl ont 0 I‘OVI ors oT

met al | opr ot ¥48 &’sw“i“t‘“'l"sa'aufsuFQ‘ﬁ'éP‘“'ﬂh‘]’éﬂt” 23 wed Mm@n 8él*P ’P'erp% gt Al.gluropean
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obj ect o nti o 0 or

ot al | opr ot Sinb PR v, 8 o080, SuliBhed fea? 11, 1B RcPomrgen s otnhorns
OF THE | NVERBH@HNbnTIZA 7460y pelilished Qstoberi 1621992 byMckwell evdli; et mr@eansmfe_ml Publication
i nhi bitors @p&ﬁl&pg&gﬁ,ﬁeﬁ Empmig %*g&ka{g# gffective in treating

condi ti ons character] cess activity 't hese enzynmes. In

particular, the Bws*bmarwwémbaws haNebeensprengred, theseris @rantinhing heed for potentumatnin o
accordi ng tRetkiRproiehse ifhiblitors useful in treating such discases. It would be advantageous to inhibit these

metalloproteases as a method of treating diseases related to unwanted metalloprotease acnvny Though a

variety of inhibitors have been prepared there is a continuing need for potent metalloprotease inhibitors
| useful in treating such diseases.
OBJECTS OF THE INVENTION
It is an object of the inventionto provide potent inhibitors of metalloproteases.
It is a further object of the invention to provide pharmaceutical compositions comprising such
inhibitors.
It is also an object of the invention to provide a method of treatment for metalloprotease related

maladies. | -



[err] wherein Ar is alkyl, heteroal kyl, aryl or heteroaryl, substituted or
unsubst’i t ut egio Jlieagfd IS OH al koxy, NHOR[err], where Rlerr] i ®crukooyesssor
al kyl; Wis one or nore of hydrogen, |lower alkyl or an al kyl ene bridge; Y

i s independently one or nore of hydroxy, SR®rr], SOR[err], SOJerr]Rerr],
al koxy, am no, wherein amno is of formula NRlerr],Rerr], wherein R err]
and R err] are independently chosen from hydrogen, al kyl, heteroal kyl,
heteroaryl, aryl, ORerr], -SJ err |JdMNMARY VEnTIONR err] .

PO R err])[err]; and R3'is hydrogén, a ){1 aryl_,— he .e_roarfyl . Rerr] is

al kyl , aryl, het er Jh ipyentieq Ripvides compoppds W '°h_P‘§’I“§°ﬁHé{ ighibitars af metallonsotensds, and which
am no, al Kyl agFe Bffectitd il epting ForititionSEnaladdiided by ehcads Whtivity BOthase Gnayinéy/ | BIphiddlir Rle
Rierr] is hydr(f)%en al koxé aré/l.ox hheteroar | oxy,. alkyl, a {l :

heteroaryl, hEEEPJRIRNAR reldlis;t0 3, compopad hayipe 3 sru ﬁfépgﬁf“ﬁ(?fm‘ﬁ?{} ani no and

al kylarylam no; Rerr] is alkl, aryl, heteroaryl, heteroal kyl, am no,

al kyl am no, dial kyl am no, aryl am no, diaryl am no d al kylarylam no; R err]
is alkyl, aryl, heteroaryl, ‘heteroal kyl; S rogen, hydroxy, alkyl,

al kyl ene or heteroal kylene; n is 1-3. Thijp st ture also includes an
optical isomer, diastereoner or enantio foN Formula (1), or a

phar maceuti cal | y-acceptabl e salt, or HRdh I | e am de, ester, or imde
t hereof. These conpounds have the ability toueg)gi bit at |[east one manmal i an
matri x netal | oprotease. Accordingly, in otherZ aspects, the invention is
directed to pharnmaceutical conpositions containing the conpounds of Fornmula
(1), ‘and to nethods of treating diseases chfacterized by netall oprotease
activity usi nghddid9se conpounds or the pharmaceutical conpositions

contai ning them

WD 98/ 08815 . .
PCT/ US97/ 14055 4 AﬁbFP\!“&né?'%i‘v‘eﬂ%‘EH&“Pﬁ&'t substiftrd GRepsubsituted: nula (1) are
pot ent i nhi bitors Rf isiOH, akoxyNHORS vhere R} lichydoganoriaikld; of t he present :

i nvention thereforg,. ditions and di seases
whi ch are char act eﬁ’i.'%{é'ﬁﬁ%ﬁWéﬁ"%’%W%@%‘%@%s of proteins which
destroy struct ural Yy independently one eri mase pichydeexy; SR SORySQpR s.calkeay.tamingl whergin amino

undesired | ocati onis(gf fmuladPROKH) SheRtin REMRER aiem&?meénx Rhésen f6m hylfegen, alkyl,
targeted by conj ugggi n tr?e congo n(gﬁ §)€ thepi nven ion‘?o a targeti ngen 2l
3

li gand specific fo + hegroaryl, aryl PR3, 502Re: SRR SR 1:EOR 1Rr¥mdp0dy or
fragment thereof OR;3B hydicgenalkil, iryhaddoarydpnj ugati on nmet hods are known in the

ect?d to various other processes which take

art. The invention ilsﬁ glylso qlgg ]

advant age of the u%‘?’qa p%lp TPES of these conpounds. Thus, in another

aspect, the inventRgrisialkyli anykt beteraarylt heserodkyboemidle, elikylamino, dialkylamino, arylamino,
diarylamino and alkylarylamino; : '

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

alkylamino, dialkylamino, arylamino and alkylarylamino; _

Ryo is alkyl, aryl, heteroaryl, heteroalkyl, - amino, alkylamino, dialkylamino, arylamino,

diarylamino and alkylarylamino;

Ry is alkyl, aryl, heteroaryl, heteroalkyl;

Z is hydrogen, hydroxy, al.kyl, alkylene or heteroalkylene;

nis 1-3.

This structure also includes an optical isomer, diastereomer or enantiomer for Formula (1), or a
pharmaceutically-acceptabie salt, or biohydrolyzable amide, ester, or imide thereof.

| These compounds have the ability to inhibit at least one mammalian matrix 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 metalloprotease activity

‘using these compounds or the pharmaceutical compositions containing them.



Formula (I) conjugated to solid supports. These conjugates can be used as
affinity reagents for the purification of a desired netalloprotease. In*
anot her asb‘@g OBBL% i nvention is directed to the conmpounds OPCF‘WF%FS?I)
conjugated to | abel. As the conpounds of tshe invention bind to at |east one
nmet al | oprot ease, the | abel can be used to detect the presence of relatively
hi gh | evel s of netall oprotease in vivo or in vitro cell culture. In
addition, the co unds, of Fornula (1), ,can be conjugated to carriers which
pernit the use o%ﬁﬁé’%"“&&ﬁ’ﬁb‘iﬂﬁ@‘wﬁw‘% %PT&'H @r#“‘p‘l%&“b%}“?’%?f metalippipteases.
ant i bodi es Tieaompounds df\thel presem Giventioh théforé drk usefud for Ehgreatinéeht oOdonditichs bdidhseO N -
Typi cal con] 'ag are kn in the art. . These antibodi es are then
useful bot hhllﬁgﬁi{r er a%@%gf‘fnﬁ a?r%‘i(n?cﬁ wpib Hg’ etcl%g °§B'§§8§w§'?h ‘!e_ﬁﬁ’yisﬂf‘ff“ﬁ??'&?’?? -
DETAI LED DESCRI PMeBHpprétensss anatisLah d paitulirlyeungesiratclotativm (e tah @rgam o cértaifiitiiet Of S
of mammal i aguRLAbd QRERE PSR HeSh, .Fgm 8 E'E hose

hﬂ‘tl ' 'ﬁg?‘ﬁé 2 “g‘glgéla%a t, glr‘wgl y%rl%rngi q%fo"

.Formula (I) or a armaceutical ly-accept L

am de, est eparkesat thatlogation|such ag,an anjihody af fragmens thereaf ang agsertesflizand; Fenjughline methods
foll owi Nng i &eRnownSd thedrt.definitions for terns used herein: "Acyl" or =
"carbonyl" is degcribed as radi cal which could be forned by renpval of
the hydroxy from& Eé?“ﬂ?&?l’?"& diregteg tp;varipus other-progegses, whicly take-advantpge of) the pigug)
i ngl _udle ?1 f opropextiespf thpse omponhds. FThasy i ano&achsmomieailw,éhtio?'i%ted(gﬁ'mé SonipBuridX ¥f
radi cal havin A stifuent (i.e.. -0Oac s for. ex e, -0

(=0 - al kyl *“"%K?EB%%&%/’?‘H | s”"é’n‘“ﬁ%%’é' st 83'?’“%"-%{%‘- 3“%%%@%%“&?‘%6‘3&"‘
subt it uent Rgurifigation ofd d&yired Metalloprateapst ¢, - C(=0) - O-al kyl . This radical can be
referred to as af, ssh& aspec hiBQis di ' ' ' 'Eﬂﬂﬂﬁ
substituent (i.e., -N é.épqv;l ;y%gfnilggg#ph%ee,aqq ﬁ%&h&o&%@?ﬁﬁgﬁ]gm%ﬂ%eny ' Yalk’esl' an
unsubst i t ut dtheFompows pfths Byentionhind e atjeast cam metalioprotrasesthe label Fag e psed ¢ detct the

carbon at onjreseqie of Rlativelyhigh'1évals 3f tnéalloProfedse iPVivadr @ Witro R el ef erably from 2
to 8; except whe

- 98/ 08815 . . . .

bCT/ USor! 14055 | s e %‘%’8?&‘{%“5%‘&1‘#9 GReSoRjugpisd 1 caprists ayhich permif; che ysp, ot
doubl e bondthése vahpedndsgn irhrounizaticngybtecolsvto ipsepare asktibydiesapetifivallycmmhiareattive lithythe'
. beti ' ti ey . o 15
carbon at ore PRiEd dipSitie’ Holef Gniijitd HRhNR e 13Gvn RSk Ther AR e bk
to 8; excep‘!"’@%ﬁ@!"@“F"ﬁﬁ?ltﬂ’é!tﬂ‘°“ltﬁ’é“gd#£°ﬁgﬁ9@hw‘h'\"@§st one car bon- car bon
triple bond. "Al koxy" is an oxygepETAUEDADESCGRIPTIONA hydrocarbon chain

bstit t, wh t he h b hai n .i . al kyl | k L (. ¢e.
T0al kyl or - O afe AT B B st Bespyer B SEor oF e aneaispisess.
met hoxy, et Prefempbly,p thepcompoenisl & | thdsexof. Forihil o)y ak kay [pharmazewicallyraseeinatile tsak,cor Or
substi t ut e%imyﬁ%]ma%&' égpg;gnﬁ&%w th an al koxy _

Definition d_Usa of Terms:

The following is a list of definitions for terms used herein:

"Acyl" or "carbony!l” is described as a radical 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. o

. "Acyloxy” is an oxy radical having an acyl substituent (i.e., -O-acyl); for example,-O-
C(=0)-alkyl. '

"Alkoxyacyl” is an acyl radical (-C(=0)-) having an alkoxy subtituent (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 acyl substituent (i.e., -N-acyl); for example, -
NH-C(=O)-alkyl.
"Alkeny!" is an unsubstituted or substituted hydrocarbo:i chain radical having 2 to IS5

carbon atoms; preferably from 2 to 10 carbon atoms; more preferabl_y from 2 to B; except where



moiety (i.e., -alkyl-Oalkyl). Preferred is where the alkyl has | to 6
carbon &t ons woosessiseferably | to 3 carbon atons), and the al kpoxxsonfisss
to 6 carbon atons (nore preferably 1 to 3 carbon atons). "A kyl" is an
unsubstituted or substituted saturated hydroearbon chain radical having |
to 15 carbon atons; preferably froml to 10 carbon atons; nore preferably |
to 4; except where indicated. Preferred al kyl groups include (for exarrpl e)
substi t ut ed ormdimeabsm& @&bsﬁanxhyh.veeéthx 1 okt SR Y

Al kyl ene refers an gl:;g/ . al kenyl “or aJIskyny fghaﬁgsﬁﬁrgﬁlﬁm% %Pf@?le’
than a radi cal"my Hgi'é'f’ W ene" is |ikew se defined as a (diradi cal)

al kyl ene having a h'aukyhylatxﬂﬁh inAsubbtRtuted) dk Qubsh&t!ﬂehyﬂfbcax%d%ﬁﬁf‘?aﬂal £l i% gs
hydr ocar bon d|r d| cal di fferent carbons (hence r%a

a bicyclic sty ?'h ?‘85"5’ p|5° g?@&é?f"h? @f‘@ﬁé’ B PGS Mot dreferablydtom, 2 énds except where
et hyl ene and [mdigatedelilee chiaitl ayitdenstoné carboraeartmonitrigle badi cal havi ng one

LN alkyny 2™ ") omuk koo HRAEhaling V) nyarBAR, palty Boiimench o o
(-N(CH err])] E’E‘F"P‘Ff‘”“rﬁéflnw an nlyylaqn syl Necu—penw] ywekeqym[ Rrefeirdd alkoxy groups

" Am noacyl " i %lcﬁﬁh‘kfoféﬂ!nﬁﬁi mARoKyEhdXY, Fropdxy aﬁmgﬂdxkuent (i.e., -A=0-N);
for ‘exanple, - = -NH re]. The am no grou e am noacyl noi ety may
be unsubstit ut ed (i A@“" aﬁ?’? n& “&T‘Hbﬂ'é‘)“"% (or ﬁW‘HE’ds“!Mé fmoiegy substithted withan alkoxy

(secondary animoily ., tdn(yl-b-albjl).. Rrereﬁe(ﬁrsmwm@amﬁlhkyi tod CarHida - a:om%f(h‘.%re Ip'n%m@ﬂy

xanpl ) phengli® St BT SR T HEI 1aha A A om A prerrabh & i carbon
al kyl radi cal atombsti tuted with an aryl group. Preferred aryl al kyl groups
i ncl ude benzyl, phegy{@iduml mmﬁﬁﬂut@@ WLQM%V meraté%r ML’%H‘%‘L“%%‘P ?adlqaghav?n éq rp?] (5?

radi cal substltuted W th an ary ?/
is an am neca'?%df‘l%ﬁ P’°§°Eﬁ9§‘tfr‘{“h! E&i 0 carhop atogs; mefe yrefergal:ouw €xcept where indicated,

“Naryl). " APIvY ‘aliyh gRRpOHIREN (0P didiibie) Vil Pt e Bt brcvt
-Oaryl). WD 98/ Sgldy givllp ( ditple) Sl GrsHbstifitbASthéth € Bthyl bropyl;

PCT/ US97/ 1455’3°%°”&3§P§%‘8§71cl ic ring" is an unsubstituted or substituted,
saturated, unsat ur Allyténe refevs aorad ialkyl, iyl caralionylr wiigh IsodliagRbl, rdtins mﬁy&hu;aax.

' . Of ' | y. | .
(1ngs are Tonagcl 22538 WA el o I Y8rical Ul R R ReVi5 § o e chain.
preferably 4 'E'G“?"h'i’ﬁ‘ﬂf#“‘ P'G‘FE;’ {5 hydrosarbem digaglicalthati atgehes tortwaidiffefent carbahs (hence

Z.'E orrg_ pr _ef g;ﬁ?hlryr% F lil%exg sttr\ftr!]xéog ;:;itfglgg alk{lesd ﬁfdg@gn&ﬂ‘iemwng zﬁ?&h@m [ﬁ%é se
" Car boé:ycl e-al kyl " %g lﬂﬂ'“ﬁn?dﬂsﬂ'?%f’é’&f”bg“%%ﬂ‘l (asoriaapmipe) ‘P"aPH’Pc,(&F""fY amine)

substi t ut ed valkh a cmbdume;ml i C (Le.ng. -Naligps ot her wree SpedampleSd, tnf@hylamino
Do . D, B RhGRARBY mSnakTgah o iR T2V a
"Ammoacyl" is acyl radical having an amino substituent (i.c., -C(=0)-N); for example, -
C(=0)-NHj3. The amino group of the aminoacyl moiety may be uns&bstim.ie& ti.e., primary amine)
or may be substituted with one (secondary amine) or two (i.c., tertiary amine) alkyl groups.
"Aryl” is an aromatic carbocyclic ring radical. Preferred ary! groups include (for example)
phenyl, tolyl, xylyl, cumeny! and naphthyl. .
"Arylalkyl” is an alkyl radical substituted with an aryl group. Preferred arylalky} groups
include. benzyl, phenylethyl, and phenylpropyl.
*Arylaikylamino" is an amine radical substituted with an arylaltkyl group (e.g.,
-NH-benzyl). '
"Arylamino” is an amine radical substituted with an aryl growp (ie.,
-NH-aryl). o
"Aryloxy“ is an oxygen radical having an aryl substituent (i.e., -O-aryl).



and phenyl propyl . "Carbocycl e-heteroal kyl" is an unsubstituted or

substi t ut eg het r@l kyl radical substituted with a carbocycl P&FM sygl‘ess N
. &%ﬁ"ﬁf’ DSLIL UL & 8?'9“

ot herw se the carbocyclic ring is preferably an a

cycloal kyl; nore preferably an aryl. The heteroal kyl is preferably

2- oxa- propyl , 2-oxa-ethyl, 2-thia- propyl, or 2-thia-ethyl. "Carboxyalkyl"
IS an unsubstituted or substituted al kyI radi cal substi tuted wth with a
carboxy (- C(=0 OH) nvoiety. For exanp “[berr -C(=0Q OH. "Cycloalkyl" is
a saturated car boedreecyelicriing is ag| we%.-bmtwbwef etautewmearqéynnsgmmsormmme

(for~exanpl l@drd‘c}i&b@ﬂﬂ@ﬁ}ﬂcal cmbeyau& dihgsARC sy cRb Brare susedqmg@b&tssfr&e&lwm
a saturated. het erocyﬂo i E erred c%ilcl ohetg ﬁ X.l roups i nclud _
(for exanpl 1158 Y80 MORsS '°[f?‘58?y§ f HO4® 2oty sPHRip 42 sv HEgferably Aite g atomsy o
rings that MnysmwbmﬂM$@mheT t UT hatats aprefebably Srbmr'e:ot W)afoinﬁg mm A
given ring A e r §u
cont enpl at Hgﬁ s&é?'ﬁgﬁoﬁ?mgp‘{ y? ra]({éﬂ,@,t‘?,g,?%g %(Eﬁs tlusqg a‘? sor 'ﬂ’e’"ﬁ i*jo8s-

"Het er ocycl e- al k{Farbocyclesalkyll] fisy lan runsiibstitited; mbsnlbalmwédalwlthdualhstbsmmyciviﬂc a
ring. The hgh&k C r | r
cycl ohet er oal kyfémrr}t‘)éfe gg&ér%%ﬂﬁiﬁﬁﬁh%%r g%r mﬁ%ﬁg aé‘j?gr gstrjpﬁeetmé’gyo 2y ’ﬂ:\] or

al kyl i ncl ugyslogik F]°'Qfe§¢¥8}ﬂ¥aﬂnkayx Fasferrg W&'F‘PM SFPE insluds benzyly phraylgthyb
them More mepﬁa{yl;ﬁsbyils for exanpl e, pyridyl alkyl, and the liKke.

" Het | e- het g I titut d bst t | k
i cal - ubst | 1 Ul RIS R of St e el
pr eferably aanaraogylclmmng.ycvﬂbsstmemiskybgcnﬂadr ﬁ:epuaﬂfoearcablrmgam preforhbly an aryl or
" Het t t
er oat onf, cio§1k91 moﬁéép‘?&?:gg%%!a%rnﬂ heRO4fkG s gxk%lﬁ Sfblproyf ot { b thp 234 "

more het er oAt OB er en I"ken
unsubst i t utRFePxbror Sethistethylit ed unsat urated chain radi cal having 3 to 8

Menbers conpri Si MCaroRydBG" ifdnliiSubtittte st Quiitfituted\Blio/) PAIREIAESsRTRD with itk B drBoxh) S
at | east on @ﬁ)n- g'.[bon douEbﬁéﬁg "Het eroal kyl " is an unsubstituted
or substltu TRRieY- 9T PRl Having 2 to 8 conprising carbon
atons and one or "myntoalkgr'es aaamfmd carbob&ﬂx&ﬁh@ﬂﬂic’il Preferred cycloalkyl groups include
PCT/ US97/ 1 r nsubstituted or substituted,
sat ur at ed, Aﬁnsa%nu?lgﬁgglg égglo@'@%dcﬁlo?‘}a?cal conpri sed of carbon atomns
and one or nore h@tc!ahmdksl" iy at saturgtech fetervlyclic aiog.c| Preferred gyeleheterontiyboespups ¢
or are fUseiﬂclu&r('f&%ﬂnﬂé)ﬁ%ﬂoﬁnﬂ%xﬂ%ﬂCan b DAl em5 anocyc' e

het erocyclic ri ng}s contain re erablg/
Pol ycyclic rings Wsee ngs’ are fipgsithat re spperi ErdpgsHey such Hm ‘)“X ﬂ‘affs‘wam&emm
"Het er oar yl A given fing map b&fuse tb @ions thar criel othef riflg), Fused divgs areonteniplhted indfeteroaryl,

bicyclic raaq,h @ih heterocycle radicals or the like.

"Heterocycle-alkyl" is an alkyl radical substituted with a heterocyclic ring. The heterocyclic
ring is preferably an heteroaryl or cycloheteroalkyl; more preferably an. 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-heteroalky]” is an unsubstituted or substituted heteroalkyl radical substituted with
a heterocyclic ring. The heterocyclic ring is preferably an aryl or cycloheteroalkyl; more preferably
an aryl.

"Heteroatom" is a nitrogen, sulfur or oxygen atom. Groups containing one or more
heteroatoms may contain different heteroatoms.

"Heteroalkenyl” is an unsubstituted or substituted unsaturated chain radical having 3 to 8
members comprising carbon atoms and one or two heteroatoms. The chain has at ieast one carbon-
carbon double bond.

"Heteroalkyl” is an unsubstituted or substituted saturated chain radical having 2 to 8

_comprising carbon atoms and one or two heteroatoms.



Preferred heteroaryl groups include (for exanple) thienyl, furyl, pyrrolyl,
pyr| di dyl, pweesmesgis thi azolyl, pyrimdinyl, quinolinyl, and tRERWGSIMESS
benzo thlazolyl benzof uryl, |ndonI and the like. "Halo", "hal ogen", or
"hal i de" includes chl or o, bronD, fluoro or ibdo, preferably chloro and
fluoro. Also, as referred to herein, a "lower" hydrocarbon noiety (e.qg.,

"l oner” al kyl) is a hydrocarbon chain conprised of 1 to 6, preferably from
| to 4, carbon at ortHeterdcyqlibaingBieal wisabstiinaic cembainhed, sah:htedJ ﬁnsamﬁﬁtil&rur&nmc

salt forned at(lngg\é,cgflgoﬁ,'ﬁPjédeof garboncxﬁér;l)?é:\é o}lﬁg Fr? het&roattis & OF‘:lFC tizgéré‘cryffpc tngs

at any basic scare Kno
descri bed i n werthehopyglie or ﬂmbls?de &ritiged %?PO‘SE@?CYGUQ)NBE systemet Ménorydlici eiesdogdic

Sept enber 11, E%Bt?onﬂupg(%@)ﬁ%@dprbﬁmﬁ?ssrt@acﬁork'ser %ngnéygnﬂx %eé&.&% 9ab! ﬁ“gsms.

salts include I nmetal salts uch as sodiu tassium,
al kal i ne eart Rrefpeably fram7¢a 13 8mh as nagnesi um and cal ci un) and or gani c

salts. Preferred amijagiogryPalst n Iafmmqaetel?&ﬁml hd%esexé,auﬁnn&?cﬁéﬂ L)Prb'lé;@hc radical.
salts). Such Eﬁl ts }Ge wel. | undercit‘g_og é‘?ﬁ‘g ISB g artlsan,t th

skilled artis fereary) espups dpgtuds,(for fe) | Ty pyalyl %'dmbm&ig’él
in the art. Fthidzbigl, ppeimidinyt, qhinolinyt, agdicrrazbliyl tehzotthi®zody, Heimdnrﬁlr indSlalendene like.
prefer one salt ove Q § Al L RAS o] ' i sta

formul ation ease anga’?ﬂeﬁ#ﬁﬂé ; g{)ehfag%m%r}gid?{)%&oaﬁ:# p‘%)"%)“t’ hero gt e Q?f P(S?fg'a?ly Shigyp and
sal ts is withfimorehe purview of the skilled artisan's practice.

"Bi ohydrol yzabl e aigdess rdfefe U62in0fa AoWE® q,lyh.%wrmneﬁﬁﬁﬁ wuob'-xkﬂér-ti?g}n flo,

not interfere with the I nhi bitory acf|V|t of

readi |y convehydssatben ghajmcamprised of 4ito P"‘fﬂ?‘@v &omdi tg 469’#&%‘8?“5 nor e
preferably a human As'tph;reﬁaeuﬁwwaedea«ama s&le'tis uea:mam foRhed R ARLadidib wgleuibuéiyx)

bi ohydr ol bl h th
doea ot O U ol B 8 RO, B Rimet 30 8D ol (e miton BRUF Mt b S G Kt i e

conpounds, or arm,atdesasibed: ind Wogld PatentcPublichtion 87/05297hbjohastoracti alm publjsheif Sapedmiber H,
manmal , mor e Eﬁgﬁ?{:ﬁﬁzeg B? WtEbhce Hsyeﬁ?t Prte{%rrxﬁ @tigm@ Qﬂlt@%ciu}ﬁg thF %Eﬂm ln‘tha(l HR (such

corrpound A’ e ester efers to an es
conpound t hat an%yéamh P‘msé'ﬂ’br’@d w?itahnq prethmpetal| saltp(sueherssmagnativm jand) cglcium) and

act : \é' ty of : t &gﬁgc m&mmaﬂs.a Miodid'@lts inSluB&Me thwtes:@ﬁvneas Eﬁdn&xslam fﬁﬁUthHits dr®well
yie an active OI‘ oun v.a ex or

Lhe Sonbi oot | Wterpod Bufy frileo TR, wnd g SKIUPY ifeg L shSro BraRRiG apE PymSER P St Biven
sol vent (e. g.thekadvdedge it ait. Ricthermosy itds recoghived Manthiskitiedoartsafinenyipsdtersone salt

Di ctionary, pPoyePafheiel fortbasots WSP’BQ ﬁellhlyy TW@%%@T@QH/ fiE. SD&\?ﬁﬂnatxon and

according to this invention inc ose
PCT/ US97/ 1455%ptintization|of of suchispltscis within t!w purvigvnof the skilled prtisan'speactics. t y of t he

et al | oprot ease i nFaiBhydrdiyable lede‘i‘ah@ famides hﬁ'ﬂ%m&ﬁﬁ%ﬁh& xﬂlﬁbﬂn that do ot mterfere
NN—dlrrethyIforrramde andyot hers known or.  readily determ ned

artisan). qO‘t’i“bQ\‘ iphibiaey activity jof the ompaund or thay age f’éF'é’bM‘“‘éé—r#e‘?’? @ua*t"aa
herei n have t;h'efeﬁblgrl‘ﬂﬂa’mh:wﬁorb pﬁagm;zemmmammgﬁa ¥idid an acMam@r&‘aadmm&d

Chem cal Dictionary,w, 3| ggg*e)l%yﬁ;_qg qule'ulsst §n"¢PQ>fngo Crﬁa Ecgmé) ey ?ﬂat ggea mot

forms and ot her defivatl oun
be limti ng. mwefetapvpthumwlvaeam inbthﬂm; e¢tv/ity pf these compoyndys enthas is rs:aixltv converted

in _ng by an animal, preferably a mammal, more preferably a human subject to yield an active
Formula (I) compound. _

A "biohydrolyzable estef” refers to an ester of 2 Formula (I) compound that does not
interfere with the metalloprotease inhibitory activity of these compounds or that is readily converted
by an animal to yield an active Formula (I) compound.

A "solvate" is a complex formed by the combination of a solute (e g., a3 metalloprotease
inhibitor) and a solvent (e.g., water). See J. Honig et al., The Van Nostrand Chemist's Dictionary, p.
650 (1953). Pharmaceutically-acceptable solvents used according to this invention include those



forms, etc. is within the ability of the skilled artisan. As defined above
and as us substituent groups may thensel ves be substituted. Stich
substltutlg'ﬁ;]%%e with one or nore substituents. Such subsP 134855
include those listed in C. Hansch and A keo, Substituent Constants for
Correlation Analysis in Chem stry and Bi ol ogy (1979), incorporated by
reference herein. Preferred substituents include (for exanpl e) al kyl,

| k |, al hyl ,
2t c e;1y cyzlln‘g8 dﬁaf’t Xteﬁg'? %"6‘“%&&%‘3& 565'384' ?‘gé g °ml%p€5 éfnﬁé’&'g(eﬁt’ grantf‘q ggﬁ':%%/
aryl; cycl cmbtioscid, NN-dimsthylformainize endothers budwaydr r¢adilydeteniing@ by dti illed artisan).
nor phol i nyl,  pyrshicdiiiler, 4le o}somlf-fn %te;engg{]'%s ré?ém:d ?3( ALk ¥|a\?erf§er ggn%x%’an

aryl al kyl , and cortbi nat | ons thereo use ere
met al | opr ot"é%?QEm"r‘Eﬁéms(q : ’ 8¢ ‘ tign: ltlthe‘id)Backgr ound" of

this applicati onThePiiRbtrioR! omm aﬁbcfeatﬁhhplaﬁc%ﬁﬁ.se&wahm'&%e %uls )
netal -containin grefer%@g‘}/ &.contalnln enzyne found in ani na

pref erably cﬁﬁ'ﬁﬁ oy e iting)f Thep %ﬁ“lpﬂ other whefuk pretsgtingogroups, salt

col | agen, dedst e mmmnateaamtywm skilide artisdal t abl e assay condi tions. .
Appropri ate assax$ %gat Qns %an b found for exa No.

4,743,587, whi cht SO ANE 3pf\ & Bied Befrif. Subspinens grp mé{td’?ﬂ“lv“A?FdF“bs“m‘d
Bi ochem ( @m;ubsmemnms; withs eneodr rgore puhistiments  Sechssibstituents snchhdé Qiosd) BledOin

Vi ngarten,c, lﬁanscﬁtanalA Led QPﬁﬁm:t 56;%&9% £ 8 Brre1Sti Ana F%%%é )Chtl,'%a%%#l?l Bljblo8g7x
Any standard nethod for ana
protei ns cdP79hfingorporated bbe“é@’éﬁf herk®r o Prsfested rwhstigienty | inelydeotferacxampte) yalieyh

are zinc- cameaym IRGXYD rm:em &%o\iktr6,NardinG, ﬁhiﬂbdll?ﬁ (h P %Eddﬁmyﬁ eicq; cia% halo,
exanpl e, a enase. bilirty of

n n or skin fibro
candi dat e c?g‘%’ﬂhﬂ x’f’(ﬁé/ﬁ (18- FArdIGROXY: 1 oth) 3\"3 éE’t? yl‘ >P°EF£\9?W'0‘?“'(EWF'§@“Y’be
tested in Whe., aipsddisylteeapholingll parodidinyl, o), irhinl, thidke) | HyarpxBlieyh aeyIexy7 MiyRtky; an
be used toaﬁ@ElJn& hggqhérm}l biting activity of the invention conpounds, or
crude extracts contain the range of enzynes capabl e of tissue
br eakdown can be‘\su§£=d hegginyp saamupslianCoepalionnetense)t refane t¢ thee proteasss atisclostd sinr theed

in the Su n"'fBic){gr&indl‘ Benis iystiddtio NPrefiRE SmBthRAIRR MREALSHIRL N Sud anf el oftatnn}

i ncl ude, 2rr WO 98/ 08815
PCT/ US97/ 1 %'SJS"?} Frzype foundin,anima), prrierablyJngmpfian soyrrs cpnable eficatplyzing
unsubst i t utbohred&}mdf colingérligelstinlon pyoreoplykaR[uader lsuitabith asssy dBRditichs.NAgprogiRate dday

| kyl ; f tl
e
am no is ofCawsemnst fl\AmLRBiocheme (W79 PY:340r34Sapee ¢F & synthetic subistratie fsededarived Py

ghosen f r orwdingakiengR! et &k ﬁ%ﬁhﬁﬁﬁoﬁéfk(ﬂmm I‘?ﬁﬁf WI)“M ll%ﬁ Y Any (IRaSA lethod for
Qerr]R el;mJI CO?L brea]:down of these structnral p%tgms) La?tl: I’o course, be used. More prefered

metalloprotease enzymes are zinc-containing proteases which are similar in structure to, for example,
human stromelysin or skin fibroblast collagenase. The ability of candidate compounds to inhibit
metalloprotease activity can, of course, be tested in the 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,

more preferred compounds of Formula (I) include,
o) ?{ |
_ N
Re™ W On

Y



Rlerr] is hydrogen, alkyl, aryl, heteroaryl; R[err]' is al kyl, aryl,
heteroaryl; Woosdsshs al kyl, aryl, heteroaryl, heteroal kyl, anmmenusori4sss
al kyl am no, dial kyl am no, arylam no, diarylam no and al kyl arylam no; R err]
i s hydrogen, al koxy, aryloxy, heteroaryloxy,? alkyl, aryl, heteroaryl,

het er oal kyl, ami no, al kyl am no, di al kyl ami no, aryl ami no and al kyl aryl ani no;
Rlerr] is alkyl, aryl, heteroaryl, héteroal kyl, am no, al kyl am no, :

di al kyl am no, arylam no, diarylam no and al lgyl aryl am no; R err] is alkyl,
aryl, het eroar%lr,, heteroal kyl; Z is hydrogen; n is 1-3. There nay be one or
mre W Y and” eities on the nolecule of the invention. Preferably there
are five ar.less sAbiiatyliorheletoayl)substitutéd @ imsdbstiited?d Z Whi ch are not

hydrogen. Y and Z Lefie ear aqn.the same carbon, i.e., genminal in’
relation to each o hgﬁé’ﬁﬁg’?@gﬁﬁagg“ﬁ'é?&?dﬂp F’é‘ﬂé‘,"ﬁﬁ’t' is prefered that
het er oat ons adj aceWis ore or imerepfihyeinigen, lowgr slkyt,uct ure, nore preferably such
het er oal kyl s have & ned het at, are di val ent. . .
Preferred Ar incl ugelg g?e@ ang%éfﬁryﬁﬂn%ﬁgwg’ég%o%‘m » alkoxy, amjnp, ¥ _
het erocyclic and clrdfderula NRgRy | wheein Re andBn atsyigdependently mbossic from i hydrogen, alkyl,
pref erably nonocy Cheiegoaldy), het 1Carfll GRES | COREVER; %ﬁﬂ s alkyl, it is
preferably Cferr] o, ﬁ%égr% I ;:I;ﬁ rm'fe refer bly’l err]'é{%'hqerr] al kyl -
or heteroal kyl . Ar"¢§ vd‘ﬁ? bbetosyt Unsubstituted. Wis preferably a
Clerr] to Clerr] aRkishaikek ard) leterdaryl;0 Cl err] al kyl ene bridge. Wien Wis an

al kyl ene bridge, i} i.s prefer nethyl ene, ethyl ene or propyl ene, nore,
preferably methyl el%ﬁe.'s\/@gg Wﬁ?‘%‘f‘{fﬂa %f'"f’gkyﬂrr é‘f’é?’a&?{’%‘bh?? igQ, hayylamino,
nore preferably nedittylaming el aliylanddodio; ' n" al ters the size of the nitrogen
containing ring, & WNafdeb. " i | d r;‘%{l%r I -
Compound Pr epar atir]igihz _heg_h dp‘rﬂ{c;};‘(%ndl?%o .bz&g‘%ﬁﬂ%‘g"ygf?‘%r‘&& a ?')"Eglﬁtﬁm%gﬁ’ amino,
prepared using a \Aliamise. diskyjarpine aryjfamino apg alkyardiamingsg naterial s used in

preparing the conponds akfl, tahe heldied¥) RRerdSIRyLK BEING, allRSEind)Y dialkytMihed SrNBRHS
PCT/ US97/ 14555 knoyn et ho H‘Yﬁ're' are conmercially avallable %“;y a-st %i ng

material . General UXY&RRY Eﬁ“ﬁ‘é"ént ative exanpl es of the preparation of
compounds of the iRyjdsuikydar,hbtbroaryl, haterdallyl; f ol | o ng scheme Wand Z are
omtted for clari ti’is%é?%eﬁki-' |l ed artisan will appreciate that Z may be
added using simlar t fodol ogi es or those known in the art. Wnay be added

by art recogni zed_'ﬁfe!'ﬁpdol ogies as well. For conpounds where Y is not
adj acent to the riThgrehhalybe @& or iord WE Ve iddCAmBBED Ol 1 fmoidRdil Bme ﬂeenﬁmgﬁly

isi (A there are five or less subsituuents chosen from W, Y and Z which are not hydrogen. Y and Z moieties
may appear on the same carbon, i.e., geminal in relation to each other. | .

Where Z is heteroalkylene, it is prefered that heteroatoms adjacent to the parent ring structure,
more preferably such heteroalkyls have 2 to 4 members. Perferred heteroatoms a.re divalent.

Preferred Ar include aryl and alkyl moieties. When Ar is aryl, it includes heterocyclic and
carbocyclic aryl, either monocyclic or polyciclic, preferably monocyclic aryl, more preferably phenyl;
When Ar is alkyl, it is preferably Cy to C; g alkyl, more preferably Ca to Cg alkyl or heteroalkyl. Ar can
be substituted or unsubstituted. :

W is preferably a Cy to C4 alkyl or Cj to Cy4 alkylene bridge. When W is an alkylene bridge, it is
preferably methylene, ethylene or propylene, more preferably methylene. When W is alkyl it is preferably
methy! or ethyl, more preferably methyl.

The variable “n" alters the size of the nitrogen containing ring, more preferred ring sizes are 5 and
6 membered rings. o
Compound Preparation: _

The hydroxamic compounds of Formula (I) can be prepared using a variety of procedures.

The starting materials used in preparing the compounds of the invention are known, made by



[err] Where Ris a derivatizable group or can be mani pul ated or
_substitut\tlaﬁv such conpounds are known or are prepared by known nethods. ‘For °
exanpl e, B oH, and nis 1, hydroxyproline (A) is conPSHESYAHS5 s
anal ogous sul tanester and the hydroxyl is then manipulated to give (B)
during this or a subsequent step Y and Z can be added or altered, followed
by treatment with hydroxyl am ne under basic conditions to give (C). R may
be a protecting group, a free acid or any noiety the skilled artisan
prefers, prieownmgthedssar arel commercially/avaiiablonpy staiting hirarial (Grperairsciemes antl epresentative
i nventi on. Mdﬂssiom Puﬁgﬂnmm&na@&mm&faﬁmwd inasimlar fashion, -

a

. using the gui dance o he schene above. It 1s recognized that it is
preferabl e to usk tbe igllowing schams W and & axe gmittsd, {or plaritys Theskilloghartisan will dpprpcigethit as
~a carboxyl ,z i beradiedanikg tshsilat iméthoddlbiics BE tiobekafown MR ltkeOdir. O af bé%&gfﬁﬁ%er-
~ This is staﬂrslo(l,ari(zzlmpr;“= Ll $Sas wel Il V\tt hi n thg normgl. prackice of the skilled
artisan. |n PR An0Y EIgieRes B owell, B9 SORPeuRds, Mhess i motpdiasent i ghe ringenitrogen, a
cor r espondipueferred dreted ofinakingithelcomprupdsusyds are derived from-the final
conpounds by using a standard deal kyl atyyng procedure (Bhatt, et al.,

"Cl eavage of Ethers", Snthesis 198 pp} 249-281). These steps may be
varied to increase yield of desi r ct. The skilled artisan w |
recogni ze the judicious choice reaktan)s, sorvefts, and tenperatures is
an inportant conponent in any successfy{}n. WO 98/ 08815

PCT/ US97/ 14555 synthesis. Determ natiomt of optimal conditions, etc. is
routine. Thus the skilled artisan can mahg a variety of conpounds using the
gui dance ofthe schene above. It is recog Yed that the skilled artisan in
the art of organic chemistry can readily carry out standard mani pul ati ons
of organic conpounds w thout further diregtion; that is, it is well within
- the scope and practice of the skil|ydoggtisan to carry out such

mani pul ati ons. These i ncl ude, but e t limted to, reduction of carbonyl
- conpounds to their correspondi n% , oxidations of hydroxyls and the
like, acylations, aromatic subsfYtutigns,)botiere®rophilic and

nucl eophilic, etherifications, esterif\eldhi on and soponification and the

i ke. Exanpl es of these manipul ations e discussed in standard texts such
as March, Advanced Organic Chem stry (W.I el%%l Carey and Sundberg, Advanced
- Organic Chemstry (Vol. 2) and ot her aP¢HE f the skilled artisan is aware
Ef . The skill ed Wheré Bain awdetivatizablecirdup or @i m:hﬁﬁﬂxldd]cﬂair stitufed, sucheetfipbdds ard ! €
est carri %ﬁg a c ] ti.onal bty onthe .. .
nol ecul e i%gmrrgﬁze -ge?m&? tec?!g%?ﬂ{’%hg&%ﬁ’ sﬁiée\{'gln?%ﬂ'g&wrgﬁ%“mgm (A)is
reacti ons &PRYeRFdtp H&F‘E&?‘Hg‘“@'ﬂeﬂ?i@ e bydroxybis then ananipylatedptive (B)during this|oed
artisan ut ishisécRent BePYQfd 7 Bsh 13'a8deB Br Alfred FEIRWRA byp Reairttnt Wit YRR Bhlink hitdeFiBasio”

to avoid the undesired reactions. These reactions are found 1n the
literature “2MoRsREYF(Q wel| within the scope of the skilled artisan.

Exanpl es of manyR’ efsy béi@ protecting ighonip,ai fre@ sid 6icdity BifdickyQhd\akille® hrtica Prafdre plovided that

G eene, Pr%@n | G.oups in Orgapic. Sypthesis. OF course, ani ho acids used
as starti ngtna%yg?gﬂvs'&\?mg'fﬁm?pé’a%‘?fg&ew%'Y%{e}méhai ns are preferably bl ocked to
pr event A variety of compounds can be generated in a similar fashion, using the guidance of the scheme

above.

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 sultamester. This is standard practice, well
within the normal practice of the skilled artisan. '

In the above schemes, where R is alkoxy or alkylthio, the corresponding hydroxy or thiol
compounds are derived from the final compounds by using a standard dealkylating procedure (Bhatt, et al.,
"Cleavage of Ethers", Synthesis, 1983, pp. 249-281). | -

These steps may be varied to increase yield of desired product. The skilled artisan will recognize
the judicious choice of reactants, solvents, and temperatures is an important componeni in any successful



undesi red side reactions. The conpounds of the invention nmay have one or
nmofe chiral weyyshesis AS a result, one may sel ectively prepare povRUSPYIdESS

i somer, including diastereonmer and enantioner, over another, for exanple by
chiral starting materials, catalysts or solWents, or may prepare both
stereoi soners or both optical isonmers, including diastereoners and
enantioners at once (a racemc mxture). Since the conpounds of the

| nvent i on . MBY. KAl pRSmiARGBrGptthaf botins, 8L 1 WiGS. Fus 88 UIBRwkSUPhSe 2 vor

i ncl udi_ng di astereorrers and enantionmers, or stereolsomers nay be separa &g
usi ng known reftSeBEUNdsYsing the guidancs ofthesghieme abavpi r al  chr onat ogr aphy and t he

11! ket I n addi tion, nii {dc@gnrzacmz?dxwdmaisamememhldf&gm?@m lda,fpk-agh,natny out
I astereoner an nan Qner or .stereol,so ave VQ roperti es
di ast er comer o NN SIS gt Bhont Fribes dgaeion ﬁe'éﬁen it wetl gt g, prape
racem c mi xt wne pfasmduosmbdem artisén tb Sarpl aunsdcl mmlmpd dihesd vhche, YROrénd [Hiniteio,
i soners, includirp nti L.er eoi

substantial ly “r%’gI of %3{ % e‘?“%%gg d‘e ?ﬁ“@ °9%?ga§¢§ he °§ld§'3"sa%ﬁ\xg1%fﬁs e heike:
of use Met al |asyintisns acamnti¢ ms;mirowmh|emmﬂxb@mq/m}semﬁce;thqrﬁmanst gstdpification and
br eaki ng downohdiGichich AE &le! a%aram&«m&bhmpﬁmrma&m S;@&ﬁa&ug%& such as

EMmis

proteins and ycoprotelns These proteins and_ gl ycoprotein

| nportant rol arch, Adianged Organic Chemistry, (Wiley), Gagey and u..&lu,.&gu g Chemistry Yol
gl ssue in tha)gﬁ&hmerhmmametsmnamaﬂgémrkot ease? ar ehuseftjl in tlrteatl n\g}\o
glsfgggiz cause ahae sﬁﬁ% 9(6” readily apprgc%e &own 3 rea U'C aEer gesteéarrnl'lsed out when other

PCT/ US97/ 145 %oteiitilly seaktive \fimctiduality biithe mpleculenisimmsited oy protected, el avaididg a@umde_su'able

ey 87 orihe el ahar indellify B'ald bl Aao™ \Shef U ke fec? bl

in many disorders involving elrther °t t1ssues; 1 nc
degener at | ve EuBeiasecomplishahehinsreased iields prso avpid the widesiredhreactionsi These reactines arq ik@d

et ast asi S Ofin tHelitdrithed afd arE laB& Werb -.dnﬂmt:ﬁbescb&darhmé flled e.mﬂelsxaﬂpntesf of ichah§ O€ these

including fibrotic, dlse arrl erpla3|a, and |i ke. The
conpounds of "aqpulgH H?F’e‘g% tegting G Qreanic Sypthesis. Of course,

unwant ed condnﬁnooatmsvmd:hs ﬁirﬁ:gCh&EﬁN with Z‘%\b}/mdtnmﬁi ard ﬂéfeﬁtlﬁ\bﬁcm to prevent

activity by t“n?E m(&ls%§ proteases. For exanpl e the conpounds can be used

to inhibit proteases dest roy structural proteins (i.e. the proteins

that maintain tisse csmmmsu of yhezinventiony mayt have pne orymase ¢himlecepters.  As a result, one may
inter/intrac %kadﬁbey prépad\Ghle lopital ilonfet, tmmgumﬁmd éﬁﬁhieﬂeﬂ SveF ok, P example

up-regul ation or . cyt ok] ne ocessi ng and/or inflanmtion, tissue
degr adati on é’ﬁd:hml W@F’"ﬁdﬁ"‘éﬂ'f"és“ 198 Solygfs, a% may Prepgsg poth, sigrepisqmyeiqor) both optical
218-220, GCealisomgrs/détuding diddtereomiis atidenahfiomérs 9Cchke ﬁ%ﬁ?m%@&‘m tedompdunds of
Nat ure 370 ( %%9.43 558- 56%&55 argd/ or facili ;K%%re B OsesSES FQ ar.e un(gntlassl r sd
in the subjec ’Beﬁ"ﬂ%’ Pive & mgegye B i d o (= 6?6‘3e'§‘§'é°§s Eﬂc" '3 [dmtere ers an
mat ur ati on, copptiémery, | dristeseoisomeramdy tbh cepardted. using knownl nivthods, rspchaas’ diialr slts; t chilal
di sorder” or ch@3mberkl Ml fleS€ase” is one that involves unwanted
In addition, it is recognized that one optical isomer, including diasterecomer and enantiomer, or
stereoisomer may have favorable properties over the other. Thus when disclosing and claiming the
. invention, when one racemic mixture is disclosed' it is clearly contemplated that both optical isomers,
including diastereomers and enantiomers, or stereonsomers substantially free of the other are disclosed and
claimed as well.
Methods of use
Metalloproteases (MPs) found in the body operate, in part, by breaking down the extracellular
matrix, which comprises extracellular proteins and glycoproteins. These proteins and glycoproteins play
an important role in maintaining the size, shape, structure and stability of tissue in the body. [nhibitors of
metalloproteases are useful in treating diseases caused, at least in part, by breakdown of such proteins. It



or elevated MP activity in the biological manifestation of the disease or
di sorder, in the biological cascade | eadi ng to the disorder; or as a '
synpt om of WOBBBLS der. This "i nvol venent " of the MP incl ud BET/USAY14SSS
unwanted or elevated MP activity as a "cayse" of the disorder or biological
mani festati on, whether the activity was el'evated genetically, by infection,
by autoi mmuni ty, trauma, biomechanical causes, lifestyle [e.g. obesity] or
by sone ot her cause; The MP as part of the observable manifestation of the
di sease or iikseynghat MPBjaretintimatelytifvolveld maisme reoodading oAcharesult sf dxe ativikyathdythate been

terms of thgid et KASEH nldR ﬁ%&e&'uﬁ}v\éhg@enﬂéﬂm a clinical standpoint, unwanted

or elevated MP | evel s |n cate t I sease. MPs need not be the ' haI | mar k"
of the di seasd™gk W§6Pﬂ%ﬁs inclyding dprrpasative|digrases,|such a3 arthritifomultiple sclergsisiand thellike; of

t he bi ochem cai.emﬁs.gamdstmyofﬁaa&mes&@t results or relates to the disease
or disorder. ‘ﬂ %% ect Al troglof theIVPactrvrty|nterruptsthe

cascade, and t §S“TSH3° Tosic disease., StATinG Bt hyPeralasip. apthe ke ot
di stri but ed‘l‘lu\/@nbguwhobhgheum m\hmdnoﬂ;t dxsord?d@,bﬁiseﬁsbemﬂlos tifwalited EcnBitiots Wiih are

expressed | ( ften bs G o0 th e tissyes. For
exanpl e, é L‘% E’ﬁ@ on "ﬁ @ l r'?{?f’ﬁ?%tt é’ﬁl"‘f“ﬁplfﬁ'éc‘ﬂf?@%mn
of t|ssues MSQd?elqhibrtmesyhlnbt the sarre as the distribution of

met al | opr ot eas@grof QHidekral ProRin 66, ﬁem:&br#éma%twww prial for

activity or efficacy, certain disorders are trea Wi th
conpounds t hatintertere iy nterfatracsliular W"Tgoﬁ‘ﬁ'd hwpﬁematrcr%weumkmem@lwn.mgwons

O;fthe bodycI Feguokifie priogessing ﬁdlsﬂmmf omﬁikﬁhdﬁﬂrﬂmoﬁ)ﬁﬁd ahéalngtaeaeshfilﬁgreezwtm
houl 0 be pr et SARET(FSbe] Sl G- °”8ﬂtgaté~angb%%@f%s%ﬁa?r«&@wéﬁc )
conpounds whi d¥atuge 30K 994) 558-661).fand/or WD 98/ 08815

PCT/ US97/ 1455 Emggﬂl re bi,ogyvi al abl e
certain trssugsmq"'}ﬁ4 ot e%ﬂﬁ‘m&ﬁ%lﬂg'}?h Fgggchgg"?ﬁng{a%%r%f 'Fr'°’q"°t%? ”ﬁ?‘ft
the sel ecti vi SRFH&RIAtiBR gegfonilization and thedike. f or specific treat ment of the

di sor Sler di seasAs @ed uﬂug,lr:t-m ﬂmaﬂrﬁﬁtorpfm%?ﬂxﬁuecﬁwgﬁoﬂ& vniarted

i nvention var eir i etrate into the central neryvous
system Thu¥ %B‘ﬁ%o‘%iﬁa?"%'y "tﬁé" %r%d’F’ég estation of the fisease. orydisprder; ifthe; biglasifakeAtcedsg h
MPs found slpadisigho theHisordepior ad abgmptine of therdisorder. MBiis/ Mivslvaneat' enhe Meincluldsnat i on of
the specifici [ r s GEW n,.the ski.

the artisan i frmt &g‘t& I e rcfmkgdpp%parcﬁg e asscta'ﬂ ftdfs%rﬁés' °<':'a’r'1°k1§e tlc*i’"?"r’t“'t he
literature.: SH’@E‘PWWFW‘Y&@S aly‘sitearsslemﬂwwmccngt. by mtylsmmtyamn%.cﬂmmgmmtde
For exanpl e, w%d,é,, ,ﬁggces t he pr ocedure of Cawst.on,

et al., Anal o % ﬁﬁﬂ% }5%9 use. of a nt hetic substrate in
an assay is d F‘t%ﬁ"“‘ ""°Et°f§t°d's°"8? B’C Fetsi Highis the disqassn
(1984) 139: 118M&8§meaén;blshmaoﬁh¢rmrm MP hctivityg bryﬁcbnngclhihel shhd;ﬁk:d Q@iiwanted

structural pra ﬁé\ﬂéd%lwﬁ O | th ggé?eumhﬁlanot%e?rg 1 k’ao the d:s rdxsgl%der

conmpounds of the Fnvention t metal T opro trvrty
course, be teJheunwanted jopelenated MP mmyds part oftthe bipdhemisal wr eslivian cascade] atrr@nls or

thereof. |sol aliRd ik AsbasPdrQiisBRAGE 1LRELpSt, ga.rind%ﬁ ot AREMP LGV Mt b Bascade,

inhibiting activity of the_ invention conpounds, or crude extracts which
contain the r3yRussentlstiadiseast.nap e of tissue breakdown can be used.
Advantageously, many MPs are not distributed evenly throughout the body.  Thus the

distribution of MPs expressed in various tissues are often specific to those tissues. For example, the
distribution of metalloproteases implicated in the breakdown of tissues in the joints, is not the same as the
distribution of metalloproteases found in other tissues. Thus, though not essential for activity or efficacy,
certain disorders preferably are treated with compounds that act on specific MPs found in the affected
tissues or regions of the body. For example, a compound which displays a higher degree of affinity and
inhibition for a MP found in the joints (e.g. chondrocytes) would be preferred for treatment of disease

found there than other compounds which are less specific.



As a result of the MP inhi bitory effect of the conpounds of the invention,

t he corrpoundswofgsﬁ)msl nvention are also useful in treating the i»ci-}mwmgss
di sorders by virtue of their metall oprotease activity. The conpounds of
this invention are also useful for the prophyl actic or acute treatnent.
They are admnistered in any way the skilled artisan in the fields of

medi ci ne or pharmacol ogy woul d desire. It is immediately apparent to t he

skilled artisan thag, JaE@RbR"deRen r.mﬂﬁsé £d moR Bidhhvakb1Bld Qbrall
t he di sease state bejng treat ed' Y t he dosége formch oselr#s“% a“d this

and
routes for sydtdisigus chqic ofjinhibitor, ivith "P‘n’t?l‘EfB’&Y derrribed ajave proyidesiar wafq tyeament of the

parenteral | y. dijoiey giseaselon envédateli caudition.! For axample] dompamei dfhisininfs vadySn b ability to
advant age of ad 'Sn'tk_oe@ t he I\/Pl h|b t or dlrectlétoth af fected area

for many di sofgers: ' ganlﬁﬂm"“sl y Ty comRounes may Be selectsd toArpdusesfissts mpdiated
i nhi bitors di rtlumtghydllscﬁomdla)eaﬁeﬂiyomwmcénmémms'ysmndl tion as in area

or i (2" oA o g 1AL U i TSP i
i nvol ves MPs, in thet fistsdrtnpropeiate pssaylronditions can b fouad in the iemburd. rSppaiﬁnaE;nﬁssaygare known
prosthesi s | 0gse@btglysid hnd &ukgmaw m t&ﬁnﬁé tyg hﬂ% N%V%d 3%&.&9&%&%‘5&&«‘,@ of

| oosen, becone pai nful, an result in further bone injur
demandi ng r ep/CAYEMRe 5t al #!@—R@e%mﬂé”? eﬁ%ﬂ'@ﬁen?"‘o‘!"s‘ﬁ@rﬁmwtﬂm in e [2ssajeis
tholse such a)s destribell O WeinigagtnaHE oE4l), B il fxﬁd Bﬁﬁdm%_k eoiﬂinm%dwglsb ﬁ@ﬁnghoﬂhfi%ndard
repl acenent s A [0S udi ng_dent.ur ridges .an
prost hesi s Secﬁgﬁl’?gm? &%ﬁ%ﬁ"ﬁdg 7"8‘?‘"?&?\’?# ﬁ%@“ f&"%gﬁsbﬁ“%?ét Thecability of
renodel i ng of comuwloﬂﬂlgmemm um@sﬂaﬂhﬂﬁ:&uemm ofcm,@agsﬁd in\fiex alibewfb{md
failure). It bigega" o

BPde é%gﬁﬁ&ﬁﬁg {hpl‘@éf Oﬂﬂat&f %'QBE{OESUI’ A OVE,‘I’ Yo cotnﬁxmf the

hi gher than expected long termfailure rate

MP activity i @#hibing getivity of therinyention) compeunds. o, cdesexpet whigh mmn ﬁayanaeof mzym
recogni zed by cdplifle bfQidite BRakdowh tinbe ude@. t he basenment nenbrane of the vessel.
Thus regul ati on of

PCT/ US97/ 14555 14 &%/Fi'ﬁff"t’ \ép‘f’%ﬁ{’g‘ﬁﬁéﬁm of the pompgungs ptthe. ipventipn, the omppyRdsPf the

congestive he imentrbm'arb alsceuseﬁt ih eeaing the following disdrdess by virtep bfthélr métflioproeats botivity.

injury, ischem a, I tactt 9L O | .ast
restenosis and aort | c aﬁ ?§hﬁik'ﬁ&én:{{§%9rg§f§€ o%fmqt’ &'ﬁ?gucces““gefmé%" oL
treat ment, or 2dwigisttred in any erax #eﬂsﬂleidmnﬁsexs:em feldnoémdmmawehuﬂmloweoum desire. It is

i mpl i cat ed i Nintrhiate PPNt M) the SkillddUerihay fat prétemedltbuies d?‘%dxﬁmfs@a‘ii% Wil & ﬁld upon the
regul ation of Ms i q‘?éoves t reat n@nt ofeaﬁkl n. condi ti ons incl uding, ot

limted to, wHPFHRH P8 reatedetid Bt AovecaloE Shoste Aefamd é‘ﬁ'&srf%‘pﬁftfm‘&ﬁd"‘m‘sm"‘m
ul travi ol et | includeadminiistrtionl peragytly orSpaedntenally.r eat rrent i ncl udes prophyl actic

treatment or treat 0 ' |caI | f est ations are ObVIO
For exanple, the I\/ggmveg(t?cée gﬁleﬁ%ﬁ%% posur ?fggfgﬁeoﬁt d'f' m@ﬁt
ul t avi ol et dam@ertom affegted area flommanyxdisopdarse Koo examplee itt mayr banadvamdgeans to
POSt - eXPOSUT Ea ARG MP hm.bﬁ&g lafrdcP to ME’me@ma uéaa&gtesmda = &f&m&qm&ﬁ

di seases related to abnormal tissues result from abnormal turno
whi ch i ncl udeTUFa{% 8 Bigiopleydcarea aliested ny“@ﬁeﬁb‘%“épfﬂﬁmﬂ‘ﬁg‘i“g bul | osa,
psoriasis, scler OdBédmeaKKieﬁbaﬁng?oMH&tvbMesMsT B compRadsih®invéntiéh are useful in

to the skin | aYdhe i toRmite, TPl ity o Bt Y B8 BrpRhosp gy bpppe b,

fol | ow ng burand maymesult in forther bonei lmuaﬁ. thus dewhding feplacement. The need for replacement of such
prostheses includes those such as in, joint replacements (for éxample hip, knee and shoulder
replacements), dental prosthesis, including dentures, bridges and prosthesis secured to the maxilla and/or
mandible.

MPs are also active in remodeling of the cardiovascular system (for example, in congestive heart
failure). It has been suggested that one of the reasons angioplasty has a higher than ex'pécted long term
failure rate (reclosure over time) is that MP activity is not desired or is elevated in response to what may
be recognized by the body as "injury” to the basement membrane of the vessel. Thus regulation of MP



surgi cal procedures involving the skin for prevention of scarring, and
pronotion Oof norpal tissue growh including in such applications as linb

reat t achmeVWl BP8%%ef ract ory surgery (whether by Iaser or i ncPSTUSI7I4s5s

addition, MPs are related to disorders inyolving irregular renodeling of
other tissues, such as bone, for exanple, in otosclerosis and/or
ost eoporosis, ‘'or for specific organs, such as in liver cirrhosis and

fibrotic lung disease., Simlarly in diseases such as nultiple sclerosis,
MPs nay be 2§t M, Bdicatiqns; syeh s dilated icardiomyepathy.rrgngsstive heasiofallire iathergslerdsiss plaguel/ or
nyel i n sheaiphie, odperfifion Mjéry ! ibchehia, cmu%biﬁ%%ka@I 'aﬂ%&p‘hsmtep@sis%d
as a.strat eo(% in treatin reventlfr:cg, gnd ontrolling such 'di Seases. Ws
are also tf ‘bﬂ‘f“‘%’%"’ﬂ%“f‘ﬁ%ﬁé‘['&‘&f%f“ P! RI1ORER fregmaent, prpay hg 2 Feptment in itself.

cyt onegal ovi r us;In sKibdgre,r MPs are tiinplicatell ¥ tha memddeithg! @ Stbhiovd?D ofs kit AR, restil Dfe
MPs may al [ vied | ul arl.zati on. wher e surroundi.ng tissue
needs to b%g‘t')lrggoﬁ'eﬁ os\/\ﬁglfog&aﬁ%{v?/ﬂt nagsvsig’l Jg@%ﬁoégénsc E'P'gg e E‘?“‘fdn“”aﬁ *Rona
and hemangfegwationgind peevention jgnd-pepair] of witraviadet dnduredcskinl damage. nSiich iaxreatnient iacludes

cont enpl at grdphyliic teditield dr Hestm&t b&ﬂ@%ﬁ phiXfoldficl lﬁ%ﬂe:ﬂﬂongﬁi%%bvgéus.b&op E)?amﬁﬁ,n gF ol

agents, for exanple in preventin ovulation,” in preventing penetratil

the sper m MEtBay;Prianphsdotsch pressiposirs trsatment & prevent pliawiglety damage andferrduring or after

i npl ant at i enposuke tb prevéntortrhihimiR Po éiidhié Shriape. Th Gaafioh, NIS aRAHILa R inYkif disGHlers | N
addition th%y re als ont rTQI aaLed toé&g1 useful in preventing or stopplng
premature Tabof &ng & |.v'€r§}’." T, dissufpdhal result ham abmazmal; fymoyrs P'hF!’a‘Hﬂ!fEbry
response, metalldproteafecaciivity csweisas epidamolysit billosacmotiasie, sclerogima'4hd atdpic dermantis TRE Ul
as anti-in ' ' ' ere. in tiaon.i.s preval.ent
T udl ng. - TS OF WS e a3 Wini i ¥Aniag WA Thitedolien NP ekl sy B BT
pancr eat i t IPSWdipg sFuFipg er(jFonraction”:pf tisses fas exampleafoliewing s ME dahihitionis riso wefid ird
arthritis, suggesl ﬁg&_dur?@h%ﬁﬁﬁgsmmop?Evenmed'f?caﬁ'ﬁﬁ.%mﬂb&o\’: of forinBiGisiid Yrobntf |

t he disorder, .the i mmune respgnse often triggersS MP and cytokine activity.
Rogul at | onSGPARESE syl pRicatiops 15 1LGh Eaashmes it TGRSO TRER (whefher by lasbarpcision).
treat ment str at égaddition, MNS altGéIBiEBbdisorders involving irregular remodeling of other tissues, such as
PCT/ US97/ rleRan ki bi be used.for treating.di soyders
i ncl udi ng,lﬁﬁﬁg’gﬁs eré}%ﬁ’n‘%@gﬂg& Ls]'l’ gg;ﬁ’gélﬂ%‘gg‘lgﬁsés’ %’;ﬁ%’ﬁﬂ‘y‘f‘f‘t". gns suglhﬁ "gl'ﬁeﬁf jjand
keratitis. fitsefipolupgrdiscasen o Similarly inf diseases sush ag multiplensglerssis, Psapgy beiwélvedi in the

exacer bat i gregubdr nitldPi@g of 006t braift BarriEAF RYelRehd¥ RS of fVols Bfyel mﬁxupﬁglgﬁrugg ey apy

Is effective as |1, .for exanple, in aufoi mmne-t_heragx;l nduce 0Si S.
In additi o¥fHVIRtTAYDe p3ef pth strategy, 18 freating, pexsnting, pd Fantrolliag suchdisgases. {ype of
t her apy, i ncl udMpg apeudisothdaght t6libe @rvelved i dag Mfkctions, REMdiNES LyPmegalovinisE [CMV]

fibrosis, . £ | Ik I Sires yndronme (especially the acute phase
response) .'@%{’asr’ g“ﬁ?é@"é?%%“éﬁ?’f"caf@@%‘ t he undesired breakdown of tissue by
exogenous agent MPs miaysiso beoinvolned in extra sasculdrizitiol/hére hirpiniding Sissué-oeedsto e broken

they ar e alohAGl ks e blodd feufls SA'5Fin hgiéhibRtla siPleftmngina?N' | - vesSi cants, in
treating allergic inflammation, septicema and shock. In addition, they are
dowp ﬂwiﬁgﬁ '

useful as anti p2® ~ Jiulari matrin it is sgoptemplpted that, inbibitqry of these
exanpl e, téneymerdan tbeOisghs bicth dntidl edgetdts, ifor Example | il prévénting—owulation, in preventing

penetration of the sperm into and through the extracellular milieu of the ovum, implantation of the
fertilized ovum and in preventing sperm maturation.

In addition they are also contemplated to be useful in preventing or stopping premature labor and
delivery. | . |

Since MPs are implicated in-the'inﬂammatory response, and in the processing of cytokines the
compounds are also useful as anti-inflammatories, for use in disease where ‘inflammation is prevalent
including, inflammatory bowel! disease, Crohn's disease, ulcerative colitis; pancreatitis, diverticulitis,
asthma or related lung disease, rheumatoid arthritis, gout and Reiter’s Syndrome.

Where autoimmunity is the cause of the disorder, the immune response often triggers MP and

cytokine activity. Regulation of MPs in treating such autoimmune disorders is a useful treatment strategy.



preventing viral infection, including infection which would result in

her pes,’ "col wo 8208815 rhi noviral infection), meningitis, hepat i ROTSUSIHHLYESS

i nfection and AIDS. MP inhibitors are also thought to be useful in treating
Al zhei nmer' s di sease, anyotrophic lateral sclerosis (ALS), nuscul ar
dystrophy, conplications resulting fromor arising out of diabetes,-

especi al Iy those involving loss of tissue viability, coagulation, Gaft vs.

Host di sease Thiise Mre iihibitos H6ah Cbel @sed FOHO freatih@  disprdexs Eihdliding,2 lupdy) drythﬁﬁxbﬂp Sankylosmg
For sone diseases or, dlsorders

regul ation of . g copdition
bt on © PR R B e fe i - SPRPED S AT of FENERUR ey feut in
di seases, comxhctrbmios of btheli ®oditias snediated by MPsahdrd) MPtinldbitor thedapydisreffective as well, for

osteoarthrit k%n%%dmra%m %nﬁ%fnmée&hﬁ- s cancer (especially the preventi on

or arrest of tastasl s ocul ar di sorders (especially.
corneal ulcerati onlﬂ addiginn, eﬂlercﬁhrwednsewdmdn&msﬂwm this tyte gictherpry; includingpuinonary

pterygium, audsd %mnahﬁse@rﬁﬂlyé icoibrosisPitle QB distheSCHRdomE f2shecially the acute

gingivitis) Conpounds preferred for, but not limted to, the-treatnent of
arthritis (|H¥H’ij’i§?ﬂ‘?§“bsteoarthr|t|s and rheumatoid arthritis) are those

conpounds t hat arewmlm;Wmmﬁmdﬁmemémmwwhepmkwmemgagem these can

he tr ogt monbe BPRRCME, BB o iy emae Jp, o pgi=oe i mete be i = o

growt h and meessicantss us)rem\e alldigic anflammption) depticdmia a!pr$6¢r elnt additxbny mcyharbluteml as

gel ati nases
limted to, ?Lg treat nt o ocu ﬁﬁmf% gé?'gfg cor nng{fnl'?lPﬁ-eatmgor
ul ceration, P®@Ysetieg visy eréﬁPn-HE‘&Nmﬁgmf‘ﬁ'wuﬂa?h wewld FFE‘I“a'Pl @HPesth?ldpt(es y ttinewiral

are those COppRHsH, ndnliRitis oA, IV MIdabd andRIBS.| Opr ot eases. Preferably these
conpounds are adm nlg‘i3 red to |caII% nor e referabl drop or

el .
Conpounds pr ef er r &IF mgipitors gre ajsp thop 'lfd"ffB in dneating A ‘E“ﬁﬁ'ﬁl"‘sa”’éﬁﬁ?‘ﬂ’g@éé{’é@'
(especi al | y giresBAALS) Imusiuiae dfaophy)\cbmplicagonsirésulling Rdnt of d1ising ot RibiaES espécdally
f tial . : I+t taee At
Pref e ent i 2 e kg 1§ i HBAEBHES.colgBHRRLS a2 Vs sk URI uiBn, Lorb i
PCT/ US97/ 1458reteingrig, and perhapsregulation ofhpipgmowthe anount of a conpound of Formul a

(1); and (b) a ph%ﬂ?&@&&&ﬁ&%@ﬁ&.@ﬁﬁh&@eﬁw inBibition & &hﬁﬁﬂ&s@% 608 \pReferred
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arrest of tumor growth and metastasis) are those compounds that preferentially inhibit gelatinases or type
IV collagenases. o
Compounds preferred for, but not limited to, the treatment of ocular disorders (especially corneal
ulceration, lack of corncal healing, macular degeneration, and pterygium) are those compounds that
broadly inhibit metalloproteﬁées. Preferably these compounds are administered topically, more preferably
as a drop or gel.
Compounds preferred for, but not limited to, the treatment of gum disease.(especially periodontal
disease, and gingivitis) are those compounds that preferentially inhibit collagenases.
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Pharmaceutically-acceptable carriers must, of course, be of sufficiently high purity and sufficiently low
toxicity to render them suitable for administration to the animal, preferably 2 mammal, more preferably a

human being treated. .

'~ Some examples of substances which can serve as pharmaceutically-acceptable carriers or
components thereof are sugars, such as lactose, glucose and sucrose; starches, such as com starch and
potato starch; cellulose and its derivatives, such as sodium carboxymethy! cellulose, ethyl-cellulose, and
methy! cellulose; powdered tragacanth; malt; gelatin; talc; solid lubricants, such as stearic acid and
magnesium stearate; calcium sulfate; vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive

oil, corn oil and oil of theobroma; polyols such as propylene glycol, glycerine, sorbitol, mannito}, and
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I nteraction .
active agents, and encapsulating substances. Optional pharmaceutically-active materials may be

included, which do not substantially interfere with the inhibitory activity of the Formula (I)
compound. The amount of carrier employed in conjunction with the Formula (I) compound is
sufficient to provide a practical quantity of material for administration per unit dose of the Formula
(I) compound. Techniques and compositions for making dosage forms useful in the methods of this
invention are described in the following references, all incorporated by reference herein: Modem
Pharmaceutics, Chapters 9 and 10 (Banker & Rhodes, editors, 1979); Lieberman et al,

Pharmaceutical Dosage Forms: Tablets (1981); and Arpsel, Introduction to Pharmaceutical Dosage
Forms 2d Edition (1976). '
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agents, . .
be compressed, tablet triturates, enteric-coated, sugar-coated, film-coated, or multiple-compressed, .

containing suitable binders, lubricants, diluents, disintegrating agents, coloring agents, flavoring
agents, flow-inducing agents, and melting agents. Liquid oral dosage forms include aqueous
solutions, emulsions, suspensions, solutions and/or suspensions reconstituted from non-effervescent
granules, and effervescent preparations reconstituted from effervescent granules, con_taining suitable
solvents, preservatives, emulsifying agents, suspending agents, diluents, sweeteners, melting agents,
coloring agents and flavoring agents.

The pharmaceutically-acceptable carrier suitable for the preparation of unit dosage forms for

peroral administration are well-known in the art.  Tablets typically comprise conventional
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colorants, antioxidants and flavoring agents disclosed above may also be included.

The compositions of this invention can also be administered topically to a subject, e.g., by
the direct laying on or spréading of the composition on the epidermal or epithelial tissue of the
subject, or transdermally via a "patch”. Such compositions include, for example, lotions, creams,
solutions, gels and solids. These topical compositions preferably comprise a safe and effective
amount, usually at least about 0.1%, and preferably from about 1% to about 5%, of the Formula (I)
compound, Suitable carriers for topical administration preferably remain in place on the skin as a

continuous film, and resist being removed by perspiration or immersion in water. Generally, the



agents, solvents and the |ike. Methods of Administration: This invention
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system cal | tem c | cation includes any nethod of int roduci ng
982 B1TRE T8 Tl

Formula (I} fie tissues of the body, e.g., intra-articular

(especi al | Methods efobdministratioh: r heumat oi d arthritis), intrathecal, epidural,
ntramiscular,  thicRER6T s proyllhd HERIES neakx%gpﬁ‘g&enIl?%??qr?erSgbcu e

subl i ngual , recta mnls rat I on
t he pr esenexcessos mmne'hmetalpnpeftmmyxtnm hviman oF etiieramisial jubjefh by sqmmlstfcrmz a

dosage of igpbbdy deferitCanitfnPSiE ﬂrﬁhﬁkﬁ%m?ﬁun%& baidsubfede ALs2s b@Bn O “disorder

treatment, and whether the treatnent is ical or Systemc are _
i nt er depen8spgiatedrpyith yexcess or yadesired, &!ﬁ'ﬂ%‘ﬁ?'“?‘éij i SR I8 I"“&Idé‘B' dgte pRamsterisrdnbX uch
factors as d&dﬁﬂaﬁdﬁﬁﬁf agtixprotéins 2 Tile) mehoasOofMutle Ubvefitiont d1€ ubefeioih NiRAiing disorders '
i ndi catlona P ility of the Formula (1) conpound to reach m ni num

i nhi bi t or y"EONE gr??gﬂons at the site of the netall oprotease to be

i nhi bited, t he ﬂ'dae Skomabla AI) ronipends ofd tdmpositityscoft thiss invéntias cawe ibg hidinjnistered
conpllance | €o 120 any
side eff ec% ﬂgys%e?"z%?lgg rg?“g i af'gmﬁ?cz)“lragsa ﬁﬁngﬁ&aﬁ F@od?@l}{f i:tll ng‘l &)
appr oxi mat E‘?"}PWE" K1t Ehgrtispuey of f'l"ch?f’&tfdﬁ ‘"5"74‘3“‘!‘6’ (stsciallyinorratmgnt ?fdhﬁ’mm‘d

pr ef er abl yariiritig), aaiddthdeal’y eplauﬁbouiu&mlﬁ:g trifdde?ml] € irftradnbis, fﬁmamum 10

st o o e pebmevel reral s e R e, Toeommi DL Eoptropdit &S o,

way of exainwémioonieprefenably alvainistkaddl oyallydimi ni stration can be adj usted
dependi ng on thepyf %ﬁ%%%ol ééﬁﬁ?ﬁi?o?‘{@be a%m?rhﬁ%‘éé E?Qex%tt{;bgr gﬁon ﬂﬁ'ﬂaﬂ&eﬁI G | on

for treatnent of mat o tis 1S oral or paren
i ntra-arti Whether thmﬁr@@nmw topigal jor sysiemimhare interdapsndentc dde ﬂwasmdammeralrfslmen

formul ati ogf GRS daﬁénampaf. ashchaﬁuaom ad mtspwmm&ﬁnuhea;mﬁpdm usekiO fhe 'PeatiRnE -

especi al | unans oxli mat body we 70 ki | ogr.ans
i ng i vi dualy ngisau BF(ﬁ%ﬁ rrgwg "gf%c‘[“!?"a Téé‘ﬂmﬁ'a @L'ﬁf’éf%‘f?“ ’°"Aa2
preferred dmeisivocl thé meldpeorease mlmmm&teumc persansl attribaltes df ithati subjebtl (suchdas veight)f

fr om about . gyt Giu2 B ieuh 00 Wicach! SAPH Bt QK ARG of By Had Brddl Yt ane?00

ng are preferre
PCT/ US97/ 16688en.] Topi cal admi nistration can be used to deliver the Formul a

(1) conpound sysi,aRhif2kdrY% hutfan aBult (weighing approximately 70 kilograms), from about 5 mg to
" about 3000 mg, more preferably from about 5 mg to about 1000 mg, more preferably from about 10
mg to about 100 mg, of Formula (I) compound are administered per day for systemic administration.
it is understood that these dosage ranges are by way of example only, and that daily administration
can be adjusted depending on the factors listed above.

A preferred method of administration for treatment of rheumatoid arthntxs is oral or
parenterally via intra-articular injection. As is known and practiced in the art, all formulations for
parentet"al administration must be sterile. For mammals, especially humans, (assuming an
approximate body weight of 70 kilograms) individual doses of from about 10 mg to about 1000 mg
are preferred. _ -

A preferred method of systemic administration is oral. Individnél_doses of from about

10 mg to about 1000°mg, preferably from about 10 mg to about 300 mg are preferred.



treat a subject locally. The anounts of Fornmula (1) conpound to be

t opi cal'l y adcwigsisgised depends upon such factors as skin sensi tcavossyiassse
and |l ocation of the tissue to be treated, the conposition and carrier (if
any) to be administered, the particular For#ula (1) conpound to be

adm nistered, as well as the particular disorder to be treated and the
extent to which system c (as distinguwashed fromlocal) effects are

desired. The inhi bydpQsFadafinibthifioh emretdsmo%nvebagetp%m ay cs.ﬁpo%ﬂ@ws:feins‘eany, or to
| ocati ons where the netall og_rot ease i.S ac using targeti

| i gands. For WRExthigpisct lpgglly.q E%”???é“l"ﬁlﬁ?‘ﬂ?“ﬁ%ﬂ%“l"!?°\'ﬂ9t'aleEﬂ?ﬂ‘&l‘éé@'@"‘é’ﬁﬁ?gﬂmw

in a tunmor, tupen sushifdtidross ska: aasiivigaiype aﬁd)loaiuoamf tHeQildueQb bE tREEE Me dolkPbHiitn
which is i m’run%react

t unor rker as eral |y un tood in
the prepar at {*8h 8P m%\% ‘ﬁ@"‘l‘s}ﬁ“ﬁ’e ﬁgrpéf"c"%ﬁg g@[@ﬁ'@#‘\"g‘&gﬂ ‘@é’ﬁ“ﬁf‘go“s
be a |igand swsiitasltheeparticulan disonisptoobe mmdmudshpmmm whith tspsterhiv rtisrdnsnﬁgwashed
targeting Ili %ﬂqoyéfg)'e?ﬂcégﬁ(&k;e}eﬂal ly reacts with a marker for the intended

target tissue can be use ods for coupling the invention compound to
the targeting |igdhe inibitoryef the favensian eanche sargeteditoripieeific loentionsohere dhesmetalloprdtease is

bel ow for codghinBigted By 6sii; r ting igARdsC 01 dABRHIE o LR diﬂﬁﬂ]ﬂloﬁtt@gwﬁfﬂiarotease contained
adm ni stered_as descri be ove. For locallzed conditi ons, toplCca

adni ni st rat | hA @O, F'Ef“g’l'q“@ﬂs conjpigated 1g,3p patibody.prifragmant Hereof which ds W“Gl‘*‘@@t

appl i c?t i g N ok harkla.f iseistgaﬂmayenm;ow mo&oyngmm? B’ﬂiﬁlﬁﬁﬂnﬂﬂxmmw onrsel efgeung
aer 0so or ;corneal frea ounds. .of the. in i on, can a
forml ated adEPdc® l%f & 5“'“?1" ¥ Precepior WRich|s preseht on é‘S?'ﬁ?%dA?y% mgq'g“%

col | agen or alhhyd?eelﬁm"bﬂrmtp@my sovarkeh fop ihe Intﬁ'lldd tangetdissug kan beaweda | Methotiefor coupling
inserted as geGRRkdAomfdbad ind s&e&&q d%e B3 Bodh BRAN L 4Rfidris @bse descri d below

formul ati on. For treatnent of skin inflamation, the ound I's app
| ocal |y and f55pupling % caryier- @WPJ“S%%@"‘%‘HFO@WB}S escripprtabpnse e of

treatnent thus refvbemnz&dﬂ&nma&w Rpiedl datiseRitdi il prRivred) d FerléxkAfik, Qo treat nicerated
blelntheart In all o he

formul ati ons for sel.ect ed re.avail
for egor g oFortey Pk Srplicaten fp e ATIR VS B PO foSTRoBun % Evedmee  arwph Fo
al one or as romdaUraatyentithe cothpougdsivd deiinvertion caalsofbe ifdrinlated ncgels(ldropschel ointnent) or

drugs or excLﬁlbg%§w§,§te@9,m&ri£sgeﬁﬁﬁ]ﬂyg{ofﬁ1{;§%{lerI i d, %e O%Ielases

conmpounds of the invention a SER opr
bacterial nef¥fachlsasRraessweir 9p9s Haubrenjunctiyalformuation. o For trratmentof skin mﬁrmaw # -

Ej he It nhi bi t OEompotkey h.ea@nmb&il l?md tapically,lih & ga,tryﬁas saworfoa.umc bﬂie\fﬁ?é\oftreauner_llg r:.hus
i astereoners i n eir il activa n proteases us
this pattern™gretsfog sape "l‘éﬂ"%@“dg‘tﬁ“‘l 85"!"? %?’WWEW@BW’%@ _ fheat
and bacteri al enzyﬂmsofﬂﬁrfap@ﬁngiﬁmmmntﬂeummmfdsonhenbadnm e udiminisvepedtalone or as
conmpounds ca 0 u a
manospect sy aidine Copbdiids iy Ao hhSh uhicRl 306} Sebln U Aol o? S

relatively sigdicstiont hey are advantageously coupled to antigenically neutral

carriers such as %Me@ﬂﬂé’&ﬂipbﬂﬂ@h#d{eﬂ%ﬂo |ﬁtﬂawm&eaﬂ‘6}9?&%§’e9' M“akﬂm@r

serum al bum n carrl ers. For those i nventlon compounds_ hayvi ng a_car box

functi onal i t Fer2HopERReseh oy obed&"t‘rq‘%ﬁ“d?éﬁ" T b @hibEore whereas sR'?f
in the art. ﬁmmmfoand sememwmmemwluﬁmy wmiaﬁvate&ﬁuﬁﬁdnaﬁ. ﬁaeabwlamyg;ie

and coupl ed Q c r| [, thro echai.n roups in
protein- based® P%" %fﬂn W’ﬁt"ﬂ? “8&'3"6\7& ’Htﬁ %1 “nkage
formed. The Pre nnbodzes |
PCT/ US97/ 14555 The invention compounds can also be utilized in immunization protocols to obtain antisera

immunospecific for the invention compounds. As the invention compounds are relatively small, they are

advantageously coupled to antigenically neutral carriers such as the conventionally used keyhole limpet
hemocyanin (KLH) or serum albumin carriers. For those invention compounds having a carboxyl
functionality, coupling to carrier can be done by methods generally known in the art. For example, the
carboxyl residue can be reduced to an aldehyde and coupled to carrier through reaction with sidechain

amino groups in protein-based carriers, optionally followed by reduction of imino linkage formed. The



22 carboxyl residue can al so be reacted with sidechain am no groups using

condensi ng agents such as dicycl ohexyl carbodiim de or other | j.pg de
dehydratig\]f%@q?%s. Li nker ‘conpounds can al so be used to effgg"?h{gg‘giw

coupling; both honobifunctional and hetergbi functional |inkers are
avai | abl e from Pi erce Chem cal Conpany, Rockford, Il1l. The resulting

I mmunogeni ¢ conpl ex can then be injected into suitable manmal i an subjects
such as mice, rabbits, and the like. Suitable protocols involve repeated

i nj ection ofrbexyk rasidug PRICRISS Yerreqctrd Withotidachain aming groups Using qondensing pagnts Guch as
scr:]het_jul e weicgéwasaﬁ%&mmgﬁuc&uh@&mimmg&w&hmagdmst.he serum Thedtiters of
t he i mmune serum.can readi |y be neasur usji.ng | nmunpassay progcedures, now
standard in the Ligker ¢ “B%i 55| T“’ﬁ’egf r’l’@%nf"l Béﬁecg&?pfﬁﬂﬁ%‘ 3&‘“&%‘?&@%@"‘7@9
anti sera ohétérobifiicrivasl linkers! are chvaliable oy Piete Chentcal CompangrRaockior, 8 ey refutting
obt ai ned by harvesting,the perinpt . Dbl I or .t .Spl: f
the i nmuni ﬁ‘&“%?ﬁf%f”%#é cﬂr'fqreonrﬁ%ﬁnﬁgtsﬁ%ggrﬁ%ﬁ%%ﬁ%gu%fhn%%%?Fgﬁg'- 8"
fol | oned byheilikentSuitablengotodels isveive atpeatedinicctinachf ther imehynagens intbé prgsepeccafddinants

| Munoassay, &,e&RN, A4eRduld RhiclP Bdoks pRIdAtioR bf DG HBE sdNink PRhPfitke® BF the irfimdn €N

useful in nmonitori ng t herapy or_prophylaxis reginens involving the
conpounds &frumsan readilyhejmepasured ysipg, fpmuncassay) REeceduTcsnodstandasd in the art.\ ravployipg fhe

bl ood, ser ientithciifipouds aSatigenst can be tested for the presence of the
adm ni stered inhjibitqr at various ti . during the tre nt_pr.otocol .using
standard i mmnoa??a’f“i‘?cmﬂe?"jﬂﬁiﬁé'ﬁ‘&q%ﬁr% “E’ﬁ?li ?Wﬁf’?gabfa@fgm%ﬁf

t he i nvent hamestidgnhe petiphdtil blood lymploeytedsr teaplean| of te iremwnizad anirdal tad impdoaalizing the h

as scintigr a!ﬁ:(%p)o%ﬁ:emlgls%eg? ' lgt wekﬁ%{}{n]%é&éﬁig% gﬁe gtritagié ]aﬁébod}'%mgceﬁt i aE&Q:dard

coupling met e~l abél.ed co adm nistered 'to subjects to
det er m ne ftrhwuncsssay feehniquesf excess anounts of one or nore netall oproteases

in vivo. The abifyelpyiylbnal HGndnBlibdal frefafatibid afetthGisdfiah MokiloRifl HBRpY dr BREVARBS €
is thus taken advantage of to ma;g the djstribution of he'ie gnz‘ymﬁs Ibg’ﬁ‘b
situ. The FRBAeRs iNYeing the compyndsof the iavsanion. Syjtahle symples sych 23 thpse derivad fram

t Ee :c alb:al egerhlﬂytﬁ'ﬁb,:qi’@a_l?_ﬁ)éﬁwmd Tban:e!plmmsfcft&mmwiimm at marionstingss syring
The foll owing non-| i ng ex .es | S - ns,
and uses. of WTASSPHP! e SRS, iobon bdities itn ERHBOHE iods Ggaalohd

usi ng[ err] theimenfiaw: r | C NVR, El enental anal ysis, mass spectra and/for IR
spectra, as apprAQrindafion dopbil lcin bR bR kil 8 1aR1s(shiiFds icinighagid Jabag) efgr,om

sodi um and benzophenone, dilsopropylamne is distj]led from calgcium '
hydri de andechetiumfer 13). yaipg gandsrd cpppling, methogs., The %‘?@?Wfsa%a@?"gﬁg.‘d to
Chr omat 0gr agjects 15 dfiétinine HEtsdativhs Sfickéessanpiiits ¢fohe or nbdmaaivproteddein vizh)) Thembili@30
- 400 nesh; rk). .as appropyri.ate. in |aye r : (oS ((T1eC)
i s perfor né’&wgﬁ%?“gg’sm ﬁ“@&o”"ﬁﬁ"f‘ﬁj@mﬁgﬁeé% é%#g%gﬂ%%g@/@gﬁé &%’é@g‘é Afand
vi sual i zed tivis¢ nzidulescin sk THedechiiques kanbaliodbe zmpldyddrin hiswclagicat praesiuEssand the labpled
invention compounds can be used in competitive immunoassays. - :
—The following non-limiting examples illustrate the compounds, compositions, and uses of

the present invention. _ _ ———
' Examples .
Compounds are analyzed using'll-l and 13C NMR, Elemental analysis, mass spectra and/or IR
spectra, as appropriate. |

Typically tetrahydrofuran (THF) is distilled from sodium and benzophenone, diisopropylamine is
distilled  from calcium ﬁydride and all other solvents are purchased as the appropriate grade.
Chromatography is performed on silica gel (70 - 230 mesh; Aldrich) or (230 - 400 mesh; Merk) as
appropriate. Thin layer chromatography analysis (TLC) is performed on glass mounted 'silicg gel plates
(200 - 300 mesh; Baker) and visualized with UV or 5% phosphomolybdic acid in EtOH.

| | EXAMPLES 1 -25




WD 98/ 08815
PCT/ US97/ 145§0 9gssise f ol I owi ng chart shows the structure of c HOFaAISVL4558de

according to the description in Exanples 1 -

19 described below [err]

Exanpl e * (configuration) Y Z |
d a- OH. H 2 d
b-OH 3 1 a- oH H 4
1 The foll&Wing chart shows the struchire of compounds made according to the description in
b- OVE les 1 - Hc6escnb low: d :
b- ( 2- benzat hI BEBPYSS Tﬁ”’f d
a- (2- benzat hi azol e) N o [F \~0GH;
b- 2( 3N- et hyl - i ni dazol e) H9 o Ui d
a- 2(3N- et hyl -i mi dazol e) - H 10 : . d
b- OPh H 11 HO
b-O(CJerr]H err])OCH err]Ph > d
b-Q(2-(Cerr] H err]) NHPh) H 1 d :
b- Q( 3- Pyridyl) H 14 - d
b- SPh — N
b- S(4- C err |{H er r Exidple * (conlfigilfation) Y E[d ¥ 4
b-S(3-Clerr]{H e€rr] ) H 17 _
aG:H[err]Od [orr]- H18 a-OH g H
a-OCH[err]gé;_-l’{err]Ph Hal9 o0 d H
- OCH CH H ' H 20 d
g-SH[e”] il 31—‘?29—5:] e ! e ef—6 a-OH H,
phenyl 22 4 d { a-PH b- Et H
33 Lo f\;ﬁdf‘r . PR | dﬁ—.d- | \a.- CH, b- PB.OM‘ Lo Y H¥4
J \«'ﬂ'_-bl_cl 1 II[CI‘[J \AJL)’I} N o9
d 6 a-d d b-(2-benzgthimsolelH @rr] ) Herr]
Ph- phenyl M=net hyl WO 98/ 0881
PCT/ USQ7/ 14355—4—eferr-etr] Phc.%: ehr-aret-e i 2-benzathlazole) H
' 8 d b-2(3N-methyl-imidazole) H
9 d a-2(3N-methyl-imidazole) H
10 d b-OPh H
11 d b-O(CsH o OCHPh H
12 d b-0(2-(CcH JNHPH) H
I3 d b-O(3-Pyridyl) H
14 d b-SPh H
15 d 5-S(4-CeH 4OMe) H
16 d __-5(3-CH 4OMe) H
17 d 2-OCH,O0CH,CH, H
13 d a-OCH,;OCHPh H
19 d 0-OCH,OCH,CH,OCH; H
20 d b-SH H
21 racemic H phenyl
22 d a-OH, b-Et H
23 d a-OH, b-Ph H
24 d b-0O(4-CgH ¢-Octyl) H
25 d a-OH gem-(CH3)2
Ph-phenyl '

Me=methyl




EXAMPLE | a.

(1IN)-4- Met hox | sul fonyl - (2R) - car bonet hoxy 4R- hydroxy py

ci s- Hydr oxV- '0 %ﬂﬂyl ne (50 g, 0.38 nole) is dissolved in wat E‘F%&%Q%ﬁ%
(1:1, 300 m.) with triethylamne (135 ni, ,0.96 nol e).

_4- NEt hoxyphenyl sul fonyl chloride (87 g, 0.42 nole) is added along with 2, 6-
di met hyl am nopyridine (4.6 g, 0.038 nole) and the m xture is stirred 14 hr.
at roomtenperature. The m xture is then concentrated and diluted with

Et OAc. Layer@isphenddipdical ed and the organic layer is washed 2x with 1IN HCl,
1x with brine, dried over MgSqerr], fil exaspLEnd evapar at ed to give 83 g

1) Ts addds dr o aidhers mﬁ?iém%w%%%ﬁ G Fiarony mpprolidne: e iz >
m xture i s then Bwegine 60g00.38male)ysdissslvail water : dioxane €H1,300 hme]tﬂemyhngna(mSa
whi te solid whichig Licm SypHREISb) EdraY (¢ k94t atong wi

pur i 4 cat 1 on: i i SPERE) BRI AL MRS g vt

(IN) - 4- Met hoxy pheihikske i B concemtradd mqfuwm.réz@xarw&s %%pamed W@ﬁw id

ine: The starting nethylester la I s taken in

net hanol , treat @St H”RH%‘r‘Y‘}"d&' i‘“fl 4% ‘WE b“B’ SB‘dl\ﬂ"F" B34, filtesed and syappratgd, to
prepared as descCgivdsxlg bisofid A@erial @hidh Eldasmed ini1tOH (50D mLY.S8Thicuytl ciidridé (sednL) is -

ight. The fo I t d d
partitPoned bet wBER® PR B B RrheE s Sy 14 P o TR mhER R o8
brine, dried ovedrybdsSaidetringateds withk CHEl} targiveen/ammn(tdvhtcb 1gmfécxmﬂ1|dwe neeeryi al
whi ch t
Whi e sol fﬁ;éﬁé hﬁ%ﬁ%@gﬁg’h{ ol ifgg"j%%m )&gﬁﬁ@ﬁ%"ﬁ%ﬁ“’f”@ *B?Aﬁﬁkﬁ“%r
100), 334 (M + ethoxyphen on paycar! oyypyrrolidine: e
(1IN) - 4- Met hoxy phashtherdkyies ﬁéha((?ﬁ)m a1 airileh B Xaker ift DhrLlE Rieirlof ewdid with NHHORE :
R A T M R s
ng, 2.98 mmol e) awdestitriad oventighe.d, ’!Tm)fdllouhgl nipyning the imateriglzip dorcentrigtod whd pastitiodd
L 2,730l ) e iy KBS S B0l il 8 ik RS0 e

gel is added to to a he m xtu

concentrated to ahdyayenseated Phgive erude matorig! which i roqiystallized from hew i EQACOh 4L tagive op |

of a flash siliCaea@rtiWhiteéiRlind Scovkidd Gl BSI MS: R85l Hichafg) 07 (M +10; 100)] 334100
give the deS|red roduct as a“\,hlte solid. Cl[err] Ms: nfz (rel intensity)

420.0 (Merr] + ”106‘3)'332;%* {9, 126.0 (45). b.
(IN)-4- Met hoxyphenyl sul fonyl - ( 2R) - N- hyEXAMBEE? boxani do- (4S) - hydroxypyrrol id

I ne: The et hyl n

of met hanol ™ %/r eQM‘E?%‘mﬁ?@"‘gﬁaﬁw‘é‘” ﬂi&% Wﬁﬁbg’@?ﬁé TJ soI ut I on
prepared as descalrdhelils (780mng: 348 mmole) sidissalved imfonL. of methylrpeshloridet Benzgic asig (604
overni ght. The fpbl py4 oﬁ})ma'menﬂwosﬁmﬁe @@ g, zrds)m&.ae)amﬁd. bded, lmmwr e

and the sol vent renoved under vaccuum dry silica is poured on_th top

of a flash silicdietyazedigathgyylajg(detmi<2- ?dﬂg‘éﬂuéﬁfﬂv"ﬁlﬂﬁ QR mixpune s Gger
HCO err] H (90: 9: dificalgal i§ bdded td thidVilirfte to ad3dd S0l hid the mixture lsconoenu'atedtodryness

PCT/US97/ 14555 2?’ht.-. resulting solid mixture is poured onto the top of a flash silica column which is eluted with
hex : EtOAc (1:1 to 0:1) to give the desired product as a white solid. CI* MS: m/z (rel intensity)
420.0 (M* + H, 100), 250.1 (95), 126.0 (45). '
b. (1N)-4-Methoxyphenylsulfonyl-(2R)-N-hydroxycarboxamido-(4S)-hydroxypyrrolidine: The
methyl-benzy! diester 2a (175 g, 0.418 mmole) is taken in 2.5 mL of methanol, treated with
NH2O0K (0.48 mL, 0.86 M in methanol, solution prepared as described in Fiesei' and Fieser, Vol
1, p 478) and stirred overnight. - The following moming, dry silica (1 mL) is added to the mixture
and the solvent removed under vaccuum. The dry silica is poured on the top of a flash silica gel
column which is subsequently eluted with EtOAc : MeOH : HCO2H (90:9:1) to give a white



solid which is then recrystallized fromhexane: EtOAc (1:5) to give white
crystal . ESwoMsmessisz (rel intensity) 317.1 (Merr] + H 100), E39US97/14555
(Merr] + Na, 20). EXAMPLE 3 a.

(IN) - 4- Met hoxypbenyl sul f onyl - (2S) - car borret hdky- (4R) - hydr oxypyrrolidine: To
a solution of trans-4-hydroxy-L-proline nethyl ester (2.0 g, 11.0 nmml) in
10 mL DVMF is added 2 nL N- net hyl norphol i ne and 4-net hoxybenzenesul f onyl

chloride and is stdofid @flich B'theh rde talT.Béa o] Hekdne¥ nstbicf(h%fio 2508 Mnfce{r f}&?g BSIMESD,

Et OAc and water, hed w err over
MySJ err]. The cr "}5‘?‘6‘8’&%?”@4 Hb@m" 3%‘0 |’Jép?'?éd over silica with EtOAc
to give the title conpound. .Cl[err] MS5: EXAMPLEB i ntensity) 316 (100,

Ui Vet hosb pher e MetimyphenssfenyL 20 sachometpasy- AR hydrompsrsliog;, i et
i ne: The starting daar4-Bydréxyeiopmiine miety/! esten (2.0 £,9 | Qahead) i 30 ML DMF js@dded 2 L N-

n,, 1 eqin MeQH, ﬂf}tﬁﬁﬂﬁrﬁﬂolﬁ@ r&%%x&ﬂnﬁh&ﬁﬂng@:ﬂﬂn@ a‘?\ﬂe me\AcHg l]h‘r ‘Phe ftion is

and stirred for 15 e solvent |s”evapor at resi
di ssol ved in | N HChencpagtitioned between| E{QAcrangd waep, washed thah'nl‘@l,lléa}'@m HaQiranddined

over MySqerr], evaRvgdGd TR Gude'pfodi@$ thdahiomatoBashid bvat dilica St EYGHR :EW@% title

Hexanes to glvethetltle 0 rel |ntenS|ty) 317 5

Merr] + H, 256 (PP B 2 o iy} 316 106, 5

(1IN - | 4t Met ho]ibyphemwm&p&%ﬂmmmmﬂywhmm»wgwmmﬁm& Tg@
n -4- r &G in

ﬁLSCIZ))IVllé :g agdeglz % k_%@%?%&ﬁo@m%phgl nei Ia;n dﬁ%g{ﬁ?é)éﬁenz'éne'qlff' i%%’i p"’pmdo

chloride and is stmqf@nglpcﬁese}:amﬁeim&ﬂsbbdﬂ)m stiged foe 1§ hpaThe solvem dschvipetatod eml

Et OAc and wat er ]
MySq err]. The Crnﬁé@%%gigsofvgﬁ\lﬁ]Hg r omat oée?a‘tvf) I!S&%Ner sf&'#cquﬁﬁﬁ o'
to give the titleM gYagoratey pad the ifegyalied famdHOfe y Herme to @, the titde

Merr] + H). b. compound. ESI MS: m/z (rel mtensny)3l7(!00 M* + H), 256 (70).

(.AN) - 4- Met hoxyphenyl sul f onyl - (2S) - N- hydn pgxam do- (4S) - hydr oxy- pyrroli
di ne: The starting ester 4a (500 ng, 1. é !gmi!‘!@%"l s added to NHerr]OK (1.9
m., | eq in ReCH (PMephetuxypbenylsifonyl-(25)-Firbonethaxpd4S)yhpdroxy-pyvoillidibe: [To4ABlution

and stirred for 15>fbis-4-W%xfe-gmgémbﬁﬂeeé@:pcgroaé@go%{ﬁ%ltnﬂ‘iornﬁﬁbﬂ?% Ldde ed 2 ml. M-

di ssolved in 1N HCI extra e or an| c layer 1S

over MySQlerr], eveeHuimarphelinand fimethoxydearenesylfgny chlerjds and ls#tmeforrlé;mme Sylytion is
Hexanes to give th&ntphhm&.eammumtmE&a Winer, Washed Witk 1 INYEHET) Natitd3, Nall, (ahd Bried
Merr] + H), 256 %qlg

(LR 5 Vet Moy pe TSP cCusgpSiuet i hep ciromyosmsphrcsyyy s wisk BRAR a2 sy e e
di ester 2a (10 g, cOnipownid| € MS; nvz (3ed Oitengity) 316 (100 M + H)Li oxane (1: 10, 50 nl)

d st d |
01150, Tl e i Mblton i BRAAG P aS) Ny RS LSRR Y ol e ( The
Et OAc, washed wi t l5tafing geter 4ar(S@Qimgy/ b6 mmpBp addeq fo NH2QIE (b mind caimMsPH: prepared
give solid materi abcomgquérmqwét%ﬂv m) L{d@{mﬁtfa% br. BR%AVGSis bpStatPand

the titl I t ty
( 'VF er Ir ] i ﬁor’rgg(l,)l;] gnegi ufmml]v mNﬁ[ lé?erld emj;ted w:th %@é?@gg%mc ?ayer is dried over

PCT/ US97/ 14555 MgSO4, evaporated and the residue is recrystallized from EtOAc : Hexanes to give the title
compound. ESI MS: nv/z (rel intensity) 317 (100, M* + H), 256 (70).
. Example §
a. .(lN)-4-Metl|oxyplienylsulfonyl—(ZR)—c:rboxy-(4S)—hydroxy-pymlidiﬁe: The diester 2a (10
g, 24 mmole) is dissolved in water : dioxane (1:10, 50 mL) and stirred overnight in the presence
of lithium hydroxide monohydrate (5 g, 120 mmole). The mixture is acidified with IN HCl ind
extracted with EtOAc, washed with brine, dried over MgSOy4, filtered and evaparated to give
solid material which is recrystallized from EtoAc : hexanes to give the title compound as a white
solid. ESIMS: m/z (rel intehsity) 302 (M* +H, 100), 318 (M* + NH,, 30).



26 b.

(IN) - 4- Met hoxyphenyl sul f onyl - (2R) - car bonret hoxy- (4S) - met hoxy- pyrrolidi ne:
The car boX¥O 2808815 5a (4.0 g, 13.2 mml) is stirred in THF E&WB‘H"M
tenperature and then sodium hydride (1.58549, 39.6 mml, 3 equiv, 60%in
oil) is slowy added. After hydrogen gas evol ution had ceased, methyl

i odide (5.52 g, 39.6 nmml, 3 equiv) is added to the reaction mxture: The
resul ting solution is stirred at roomtenperature for 1 hour. The reaction

m xture is Pquencikibd-PiethoxphsaxisuifpnyiZI-carbpmpthoxyr{4S)methoxy-pyreetiding: i t h ETHOAC.

ghe org?nl c ext roambs;maraeigsamceg,t raamfiob& sﬁﬂ’cd?inhr‘l]ﬁmﬂrdobtt&&n &]@:théﬁrk?dﬁtn24
rops or conc. e, Solu e o rerlux t1or
hours. The sol vg‘r’{fl"‘?s(?égﬁgégd“ﬂﬂtﬁ e 'gwgﬂf’q%? gg" ep gasgvejuson

chr omat ogr aphy (hbd tedseix mebyl iodide(J852 039. 6)mmdl. B \equi¥) GaddedI0ale redati rfxmuel: tthie

desired net hyi ?.E*@{,,F ?am%g&hﬁgd &t bobits tBthperdifre AP hélr. THlelr&iéoh m¥ire W ferched by

t ty) 330 )
|(ng M hoxy pHesagdision ewejer audaitgn extracted with EQkch Theareatis- c(urESts arvstriventyiss forap | d
ine: The ester %ﬂﬁ@uﬁﬂﬂm&r51%3fﬂ?sﬂs)oféoict}ﬁii%aadadZmomon%mﬂ%dmtr& ted

with NH err] K (2 nL, 0.86 Min nethanol, solution_prepared as descri bed

in Fieser and Fif@%#4 houty, The solyenyis ssmaypdiand;the. prodyct is purifid bt silicy igel %F‘E‘P&"éﬂ‘yl s
poured into wat e(maiadanaa iBthAd Piowed h@Hoa%mtoR)Qo BfRFd the idBred Mbtiyli ater dsSa white

extracted with CH e e dr,i and concentrated to a
white solid. Purt? d acconpl i shed by

b P v i e BTG Pl
re\(/:\;] yst al | iezat : FW&WymM&M-mrwmﬁxmuo{MMMxmmm?ﬂunt as
a white crysta
100), 348.0 (M +°E‘Rﬁ[”s&5 %)%m‘gg%“g&i"‘ﬂfm tdegﬁrlﬁrl?ls Ha"g‘%' vt ok B {m] G4
(1IN) - 4- Met hoxy pHe methsae griverrin Fieses and Aiigser; Vpk vaﬁmﬂ%aﬂ'@ﬂulf
onyl - pyrrolidi niemikh€ ﬂieadbtuhélgis néh@riu%%&d.mtogulﬂi mésex} | folutigk 8N

in dry CHerr]d[err], und r oled to O err t dlne 326
nL, 2.81 mvle) E'“éf!? ﬁﬁ?%gr'r%@éz%ﬁmuw’é%w gﬂ}’r?"hg i§etop of
trifl uoromet hanassultihgnrylid i nbssthplidied byl redrysthllization frain rnmrlce) haxae (Bh)etorﬂ'ﬁdnd threng
yel low m xture i J t e MRy Efdefic-
The organic | ayedr%s'%gt}(frlgéetapag‘\’/@rdﬁ%‘/ Qoq‘f IE%i P‘?e‘glezgg apara dq{ TL(BA
crude residue i S4ER(MTNEGEE)AELD a% fllsh sr I ica wt h hexane: EtQAc (4:1

to 1:1) to give the desired off whrte [err] VB! rﬂz (rel -
intensity) 411 (M + NH err err 224 21 55 (23),
128 (100). ay (1N)-4-Methoxy llelylsu onam )-car methoxy-(4 trifluoro eth esulfonyl-

(1N) - 4- Met hoxyph:gn;ohiﬂinéf'ure)shn(na bohobl (22 1ang) 0962 irddR) ix{tikeny v dryp O ACH exderitgon 7 0

lyl) - i di Q.

ot byl Bve chi or 1k 9ol b ol 2 Lublie b nl"Sp 1 il of Wl Bt ROSEL b
i s added vi a syrsyrage aﬂd;lldnomdluwmﬁhmwlfelpd ahydside 05 hinbA?12 rr(myj;)mglthmgd;Qg :
mole). After 1 yafiow midnrt 53 198 0°C hnPthEH partitioncd BetGebn Watel L BIOAL. Ui o€ Rayédrs

t hen evaparated to dryness. The resulting solid mxture is then added to
the top of a f | dbaredqverMesQq mﬁmmwm 81§ caxde fegidue ff ehro ovepflgsh
(1:1 to 1:5) to silick@vith mexape!r EtCAct(#:€ t€ DIPO LV theSdeired loffavhit€ dlid. @If ISt hv/2\fel

2”33) ( r 5'36' ?tlgg)s' ORGSR, 28 s o2 1, A0 %4 @8 155 40 184aboy. 168 (21), 150

b. (1N)-4-Methoxyphenylsulfonyl-(2R)-carbomethoxy-(4S)-(2-mercapto-benzothiazolyl)-
pyrrolidine: The triflate 6a (145 mg, 0.353 mmoie) is dissolved in methylene chloride (ImL)
under argon and 2,6-lutidine (61 mL, 0.529 lhmole) is added via syringe followed by 2-mercapto-
benzothiazole (65 mg, 0.388 mmole). After 1 hr,, silica gel (1.5 mL) is added to the mixture
which is then evaparated to dryness. The resulting solid mixture is then added to the top of a
flash silica column which is then eluted with hexane : EtOAc (1:1 to 1:5) to give the pure title
compound as a clear oil. CI* MS: m/z (rel intensity) 465 (M* + H, 10), 300 (38), 240 (13), 168
(21), 150 (33), 136 (100). '
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. (1N) - 4- Met hoxyphenyl sul f onyl - ( 2R) - N- hydr oxycar boxam do- (4S) - ( 2- mer capt o-
benzot hi azol yl )-pyrrolidine: A 1.76M soluti®n of potassi um hydroxyl am ne
in methanol is prepared. The 1.76M solution (0.4 nL, 0.711 mmol es) is added
directly to the methyl ester 6b (0.165 g, 0.356 mmol es) and the reaction

m xture stirged owmmﬁoxymay&m:wymhm Fdxgéafrsﬁdmwol(ksﬁﬁmt'ﬂk w! Nen

extracted 3 times with eth acetate drie magnesi um sul
filtered and evapdesgothirzolyhupyrraliding: o Anl,76M; sqlution of R’E‘EFS’BH ‘E’F"F’?‘lﬂa?“’gﬁlm ansthpnpl is
ethyl acetate: heXapsed. TiRI1M6M dMikion (014 ML} ninbidd) uaddehaﬂaly k@m&aeinﬂlé&dr 6b

ESI M5 mz (r ela_ (6' Eénsb 539 mmg]es) and(tM l%arcum mxx!\_x'i'e sain' dverm L. %’hg Nnunon i]s acxdnfied with

20). EXAMPLE 7
(1N) - 4- Met hoxyphenil KCll them pitra¢tedR} tioas wishethyioacstaté, AlSied wjth meagnesipmiisolfits, (ﬂtaed and

The acid 5a (4 g, ¢ ). wall €
wi th thionyl chlor |58§é?grr;€§ é]éaqu# ﬁﬁ’g‘g@\g}%‘?ﬂrﬁﬂgﬁw%ﬂ‘rﬁ%e%ehl &g’ homm acid
evaparated to dryRbb@I:agive &e titiecomppynde EST MSrm/z(relintensitd)d66,0 M1t HHI00)R 4082(M*
title conpound as.qgMyte solid. Clerr] Ms: mz (rel intensity) 316

(Merr] + H 100), 556 (60), 158 (25), 146 (30). b. |

(IN) - 4- Met hoxyphenyl sul f onyl - ( 2R) - Nhydm&aﬁ&)xam do- (4R) - ( 2- mer capt o-.
benzo':( hi azol 3{1 ] aﬂ_per)al-MdlnagphéﬂyanlﬁngF(GRmrﬂlﬁQMH&hﬁ&ZQy-pﬁmMm% THIOkA)S5a
is taken in n

tri phenyl phospheng f‘%e lgl.ifgs‘]#‘r%l'gxn&?m?@ﬁp%’%‘ﬁ%n‘%‘g\‘ﬁgﬁﬂﬂgﬁeﬁ@l‘%ﬂ‘d
1.13 ng), and di estimld@dcrmghtdl mixmne | isy (W.ﬂﬁﬁn dtyr@ess agdwéceystallinsd frane EtOAc
mxture is sti ”eﬂe,e‘aﬂész@ﬁﬁ iﬂémﬂo@m@ solill- P @)3@1 ﬁ;z,sg,,%qg,ed,ﬁ,o

the m xture which 1s theh concentrate ryness.
poured onto the t d¢PIF56 £60).|158@5): 146 (3Q)- coI um1 and el ut ed with hexane Et OAc

(4.1 to 1:4)pl o g(WG-42MEth6x3phédlyisuifonyl@RY-N-byaroxythbokdnfitlo-(4K) D metcpto4 65

err] +H 5 0 150 5 36 ..(1 5
WN) _4] Met hoxy.)oheﬁsn g‘ﬁﬁf%m kf mw%é@g%ﬂaaﬁﬁ?&e lmme@ inBkeip St
o- t1h|5arznel g:c ) ;TE%ILCthuI ad tol hds m;;dﬁ;el :_TEsddred tiiﬂle(iﬁmm &2 mllé} n::lﬁolrlnllaen
in !ﬁtﬂqw%
sol ution prepared as pée%ézr% E)&g Vﬁ Fmglseﬁs rfg&ff{deg'er %@o Hj.é;g@ % 124
stirred over ni ght mmple}andothe M“FTQWF# fvgoschl’yﬂtsﬂhlchélale(slm'é ofsilicaj gl i added to the
the mxture and ta&uﬁ@uxemkﬁeﬁw%ua qwmyré;medrpxursaémmetosoppn&sd

on the top of a flash silica ch is Sy uen elug_ W|th
hexane: EtOAc (1:9 °‘t°8“F‘ér?B‘¥/ﬂ%F4rﬁm Ws Gldn ! ﬁ? ca %%
resul ting product intensityp485y st alH, 5% 86 (20)p150¢25),a86100)N128¢@25) ve whi te cryst aI S.

ES1 NS, 2 1! biAhNbshabb ol Ay Aahamid B8 ML bt
( 1N) - 4- Met hoxypheHjszslD-pyrrplidiges RThe amethyirestds oy (372g50-802 mapolereis iaken dn S mhfo

- dazvl :
n 12 m ol LS%“S%‘%“@W%??”‘“WNQ?%%? i e LS popel s

mol e) and tri phefigter gddFigsen el L 8A78)agd :?V'Fm's!"e)“!frfg’ ping Morping iy Shica (i.5
foll owed by di et hpl)iaadudd pandnixiireting the 4a1entdemoved under vaccunm. The dry silica is poured on

the top of a flash silica gel column which is subsequently eluted with hexane : EtOAc (1:2) to
remove impurities and then EtOAC : MeOH (9:1). The resulting product is recrystallized from
chloroform to give white crystals. ESI MS: m/z (rel intensity) 466.1 (M* + H, 100), 488.0 (M* +
Na, 12). '
: EXAMPLE 8
a. (1N)-4-Methoxyphenyisulfonyl-(2R)-carbomethoxy-(4S)-[(1/V)-methyl-2-mercapto-

imidazyl}-pyrrolidine: ﬁe alcohol 1a (700 mg, 2.22 mmole) is dissolved in 12 mL of
methylene chloride. 2-Mercapto-1-methylimidazole (304 mg, 2.66 mmole) and triphenyl
phosphine (873 mg, 3.33 mmoie) are then added, followed by diethy! azodicarboxylate (420 mL.,
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PCT/USQ?/%S"S;&H% .66 mMple). After 3 hrs, the reaction m xture_is
filtered and 'si |lcs§1 gel is added to the filtrate to adsorb th'grglﬁ%tl‘&ssand
the m xture is concentrated to dryness. The resulting solid mxture is
poured onto the top of a flash silica.colum which is eluted with hex:
EtOAc (1:1 to 0:1) to give the desired product as a white solid. Cl[err]

MS: m | 00 28 |
(2hy a2 Mot hoxy phaoy pinky Jiter § MsShe eacioh mishe b utont iy erb apdfy o g . -
mer capt oi nmi dazy| 4dsqsty thegsolutes ard the Itmxtgstleponsamétaﬂ@ doppess. 1. TRe reytitbhgColid Fnisngk &N
in 1 nL of methagmgled ohth %&@ﬂf‘sﬂﬂm sitel ot h déhé Jl&teJ‘iLiu\ny 8 mﬁ%@m tlS?ﬂr;g?\lre

'solution prepared as, described In Fleser an | eser
stirred over ni ghhe derird prosuet avg whjtersolidy GG MSemiz (s infensity)(422 (ML) + Hstoaxizkadsy, vist he
m xture and the @9 vent renoved under vaccuum The dry silica is poured on

‘the top of | V\/mchls subsequently eluted with
hex aneIo tbOAc ?{i}%ﬁ' Hf' ﬁq“?’&“ RiN-hydrpgycarbosam %H[( {lmw@m-o 1) to
give a white solmduﬂﬁﬁhnd!all-mﬁ-mnﬁmd Thiet 3186 B4 1300 463 10D ntichd) i taken HOPInL 435

+ Na, 2
gg/[r\m] Met hoxypheny sul fon ﬁhﬁyﬁ? G B30, ool selution preperedas describediapt o
- imidazyl]-pyr rwf(ﬂiﬁﬁlmnﬂobl,al"d&mﬂ stitzed OVediighty Thfolitving mdrsihg, idey sdicsaoﬁn)ed :

in 12 m of nethy Lﬁ%%n@i%@n &e%&&?ﬂgﬂ\f{é uH&I‘M 'nnrp qe%ﬁ%ﬁ"‘%dﬁ?&fmg on a:e

mol e) and tri phenyl h| ne rrg}!1 are
fol l oned by di et‘?ﬁl? k) %{’r&Sb whith is gubsequenly glgtedwith d¥xanerf B1OAC 81: hio: 1)t he -

adeor b the Sol Uigs g, f”ﬁ“mﬁ“qféﬁ?e‘ﬁigﬁa?gﬁf?s"‘ér“’n‘?ﬁ b ety
S solu SS.
Woftre 1. By h

resul ting solldm the top of a.flash silica colum
which is eluted with hex : EtQAc (1:1EXAMPIR9to give the desired product

as a whitegsoli glN)grLﬁ{hﬁlypmylsmonyuﬁ)-dlm’S&ﬁ&x&ﬁk}‘l&;&{nﬁ/{hyﬁilnrumb- 100),

242 (5), 115 (2
(1IN) (4) Met hoxypﬁemwlcnm;line( Fae- Myﬂ?mkmanga@ﬂamme)(&m;ss@mm ZemL hof| -
- mer capt ol m dazyettlyleRd lchigtidedi REM xeﬁt- % 266 muitisy did. *&eﬁﬁke”

5 nL of th | t H e 86 M t |
S0l ut 1 o pr epar Rt ATERESAY mgpinted ]*'%d(fﬁ'i'%w iyl azpdicgbory e (SRl
stirred ovgr nlhglit“‘:ﬁmeg.f ahhmmgxenal&nomgmﬁrxyﬁagrddlamzu(cﬂgﬂhém&i tﬂdﬂ@ﬂirateﬁot he
mxture and the,gg, Vﬁf] ol&tgsnBF +“1 is c%&%ﬁwﬂmdt exd Y ﬁresug*nﬁtsilgpo'uﬁle on

the top of a flash silica um whi ch 1S subsequen
hexane : Et OAc Purgd entp the °f‘bﬂ9§h silica:colymn phick isiejuted WEGheW&tOM (1:1(te &1) to give

I nt It 413. ¢he(dMires s 4
I(El\l)enéslI I\/g% hoxyp?%(gyl Su{i%gﬁ;il?a(vé%gloé:g} g’g’nlg?%gayfg‘%’eﬁg@; prl\gﬂﬁ? ]195

The al cohol 1la ‘3 g, 4.12 nmole) is dissolved in 3 nL of nethyl ene
chl ori de. Bhenol1X)G-MetoxyphéhsislonyRRRINchylroxa oy mif@RMINEméBy126 0, 8. 24

L) e e o 454 e G 58 LB Y ek ' o
methanol treated with NH2OK (2 11 mL, 0.86 M in methanol, solution prepared as described in )
Fieser and Fieser, Vol 1, p 478) and stitred overnight. The following moming, dry silica (2 mL)
is added to the mixture and the solvent removed under vaccuum. The dry silica is poured on the
top of a flash silica gel column which is subsequently eluted with hexane : EtOAc (1:1 to 0:1) to
give a white solid. ESI MS: m/z (rel ihtensity) 413.0(M* + H, 100), 435.0 (M* + Na, 20).
_ EXAMPLE 10
a. (1N)-4-Methoxyphenylsulfonyl-(2R)-carbomethoxy-(4S)-phenoxy-pyrrolidine: The alcohol
1a (1.3 g, 4.12 mmole) is dissolved in 3 mL of methylene chloride. Phenol (0.8-g, 8.24 mmole)
and triphenyl phosphine (2.16 g, 8.24 mmole) are then added, followed by diethyl
azodicarboxylate (1.2 mL, 7.84 mmole). AfRer 3 ks, the reaction mixture is filtered and
concentrated to an oil, which is purified on silica gel using ethy] acetate : hexane : methylene



concentrated to an oil, which is purified on silica gel usi ng et hyl _

acet at e: hexgposissist hyI ene WO 98/ 08815 PCT/US97/14555
PCT/ US97/ 14555 29 chloride (1:3:1) to give the desired product as an oil.
Cl[err] Ms: mz (rel intensity) 409 (100, M%rr] + NH[err]) 392 (72,

Merr] + H. b..

(IN)-4- Met hoxyphenyl sul fonyl - (2R) - N- hydr oxycar boxam do-(4S) - phenoxypyrrolid
ine: The nethyl esibiuridd QeB:1)@ Gvethe desited proninbea ari 6l IGIKMIS: infz (] ifensit]) 408 {F00. M +
treated with NH er ﬁgs 5272 7 M in nethanol, solution prepared as
described in Fiese 3 eser Vol 1, p 478) and stirred overnight. The
fol | owi ng normi ng, (lmmnque(xm-ﬂom-xzmd*-amwcsmxmmmsx—mmmmrmﬁm:_ The

sol vent renoved U“.inﬂdx‘éﬁ&%&' 2183 léixJ' fid mE%H&WFF&r \Jicﬂ%}ﬂéﬂsm

flash silica gel whi ¢ |s su sequen y ut ed m<c acl
Et OAc (0:1 to 3: 97h7 MjnFethanch solgtion Ropparg as des Figs¢riapd Figgen, ¥l §, p 478) and stirred

reclryst?I i zsd fa imkﬂ & Mehe:follwinbtm Jreingwﬁsxmq:em rzsestdwNﬁmqﬂmE%g% %@(‘1815'3
+

ﬁ/[rgr ri : +enH)S|- ég(AI\/F’EES“fg"%‘M vacctllmerr _ngla &ry sﬁlcan s poured o Ei‘lgert!)p ofafl Eé‘lrhzza] g)el column which is
(1IN) - 4- :\/aaéI hoxyp ¥e rsjbsaqueﬁwﬁtccj(fﬂ) foffit gaaresm?l(a 4 ﬂo':‘zl) 956&3&?137&@ 6P<Jhlte PdAmY Q4]
- pyrrolidine: Tri n sphi : . o i S Y

of THF. Diethyl ‘@H‘?”ég ?ﬁ‘ﬁ‘gg‘l'ﬁ?“‘ﬂg:ﬁ AL o givg, %dﬁ“éﬁd’dﬁ’é o‘%gd\l# 'Epa{f‘
O [err]C. After 30nmsny)/\llt5ti38;M*r'*rNM10aIOSMI’.mNth3Q3f(100.Mbemyl oxy) phenol
(2.38 g, 11.9 mmole) and the al cohol lagkhspi®id 76 nmole) in 15 nL of THF

I s added dropwi se. The reaction is stirre C for 30 mn., room
tenperature dver niWM%WWF'&EY&@QW%W&W‘Y'WL‘U%W@é"‘pﬂ'wawlﬁ s

purified Ey L | ash ;(cjyhfmigwqﬁﬁmlwprbmhﬁwggslg, &5 Qﬁﬁlloxeﬂ,sk.smea inldo .ﬁg oﬁi{igia.c Dicttiy
tl\/? e?:’ }/e +t H)e gzlsr ?azyé?cr gﬁgté (IS ALErJ.;l mméle)rg Edd% S'op\\lnget a(;)g §é.t Xaergg min( with stirring, a
(1IN) - 4- Met hoxyphersyluecni df@r(ydnzﬂea)pmohmmynmmmmmaﬁﬁm (lx-bgemmlnm}é)m
T of wethanol .t r2Aiag E%ﬁ?ﬁ‘ﬁ&f@ Myl yhydl 5 o0 i A58 ledleshs

prepared as descr |qye'alzhtrﬁnmce@e'rtm5ﬁd° m gileThe Gryfle produst &PB')‘ﬁerM flash; chrosaptagraphys

hr. Silica (1.5 Mexh:?elﬁkﬂﬁdﬂ%ﬁ%Qﬁ:&igﬂiﬁ%ﬂ%&d&ﬁre&%&ﬂﬂtcﬂmﬁﬂm&@ﬂtﬂmnﬁ
under vaccuum The dré 3 § oured on the top of a flash silica gel

col utm which is sut38 d wth hexane : EtOAc (1:1) to EtQCAc :
CHerr]J]OH (110 to (M&-Memo@plalﬁshﬁowmhﬁiﬁmboﬁﬁmmmw solid.
ESI M5 miz (rel Iril‘t ens?){}yt)_'_xdszj'@&wg%ha(oyag)’145160]\-.()»sthke'|\1/[|ne5rnJL6|i'memanol

NH err]), 499( 100,P
(I'N) - 4- Met hoxyphemh%mmo((m)mk&-ﬁwénemﬁw (solgyion( Frepared [ deskribgdyiim Bieser and

phenoxyl pyrrol i di Heser, voRNEMEY m&m%ﬁ@ Sﬁncﬂ(l Qmﬁ)?umﬁ)che'rﬁxﬂkiﬁd)bﬁ‘?&vehﬂ
20 nL of THF. Diethyl azodi carboxylate (1. 95

added
dropwi se at 0 [ er i}Emoysdupder %"‘W‘n%?’ﬁ’g'ﬁ'ﬂ’?‘ﬁﬁ’ °"éh°§6ﬂ‘tfta| SB'F“ gel column which
3- hydr oxydi phenylﬁmnm@uﬁelgwd ivl:h Ei\e:mwl EJOARN0: 15 REEOAE O CHEOH :0 o R1)o give @ke

o) P 3o el phoaucl AU RAVAGIE: elis! STl Rilack)-Z e B+ Xy, 516 1,

M* +NH,), 499(100, M"* + H).
) EXAMPL
a. (1N)-4-Methoxyphenylsulfonyl-(2R)-carbomethoxy-(4S)-(3-N-phenyl-amino)-

phenoxylipyrrolidine: Triphenylphosphine (2.5 g, 9.52 mmole) is dissolved in 20 mL of THF.
‘Diethyl azodicarboxylate (1.95 mL, 9.52 mmole) is added dropwise at 0 °C. After 30 min with
stirring, a solution of 3-hydroxydiphenylamine (2.2 g, 11.9 mmoie) and the alcohol 1a (1.5 g,
4.76 mmole) in 15 mL of THF is added dropwise. The reaction is stirred at 0°C for 30 min.,
room temperature for 2 hr and concentrated to an oil. The crude product is purified by flash
chromatography (hexane / EtOAc, 7:3 to 1:1) on silica gel to give. the desired product. ES1 MS:
m/z (rel intensity) 505 (8, M* + Na), 483 (100, M* + H).



roomtenperature for 2 hr and concentrated to an oil. The crude product IS

purified f chronmat ography (hexane / EtQAc, 7:3 to 1. lpcpPRisdhidsss’ gel '
to give tlr?go esrrgd product. ESI Ms: miz (rel intensity) 505 f? err +
Na), 483 (100, Merr] + H). WD 98/ 0881k

- PCT/ US97/ 14555 b.
(IN) - 4- Met hoxyphenyl sul f onyl - (2R) - N- hydr oxycar boxam do- (4S) - (3-N-phenyl am n

R e e T R G

sol ution prepar epiemyhlwolldmed'he methylester 12a (G684, és&mmoldbis taken ip 240d Sof nathénol

stirred overnig ,,,,J%P bRYs" M, 19" dﬂlgre%;gr[oy sﬁluldnﬁﬁep&hdlg gégénbeé Aeldeds s

the mixture and the so I's renove er 'vaccu fry gcs and
poured on the t diiesest Vel lf-P&%M*W@GF@SOWMIOWBMN%@'Mblb@d@rémlbysadﬂedt ed

with Et OAc: CH q&%%&émﬁ&&oﬁe&}s rbroval memecuﬁtﬁsm% m&ﬂ@:@&.&%&e
foany solid. ESI_ M5 (rel 1ntensity) M err 484 ("1
Merr] + H). Exmgxclgeléolumn which xssubsequently elnte wrth EtOAc : CH30H (1:0 to 9:1) to give the

(IN)-4- Met hOXyphﬁﬂhéh%kUdﬁ@Byiwﬁﬂ%ﬁﬁﬁdﬁﬂf@hﬂﬂjn{(ﬂ@lﬂt&mmwodl(mW)#ersQ' id
I ne: Triphenyl pt}g@)& ﬁ_g(z 42 g, 9.2 mmole) is dissolved in 20 nL of THF.

Di et hyl -azodi car (1.81 nm, 9.2 mole) is added dropwi se at O
[err]C. After 30 min with stirring, aummaﬁ of 3- hydroxypyridine (1.32

g, 13.83 mpole) THF is
added dropwr se. ¢ edr‘gghc?*%%t}%g" " aﬁomét #'g}"dé'gb %?prﬁn '@Ideom :
tenperature for “&rphwyhmbm@éhs.ﬂe&molsbw ?4“‘ ok of TR Digfhy) gzadicarbaxylate
purified by fla 'i's?hﬁ_oﬁﬁtnﬂﬂﬁé}ﬁﬂﬁdw&%ﬁﬂﬁ‘e &t oEtO%herio&r mpsnﬁtngﬁmonﬁa. 8t3.i ca
gel to give the desr red roduct %‘I c]) ﬁ (l qt?nsr 2 % i (f%%g
Merr] + H), 27@1613 1,62,&)13 4 mmol andthealco ol a?ng, 6 mmo n1 o

(IN) - 4- Met hoxyphemdesuioﬁoﬁgrlmezacub& {3 \stitred @y 02C maanmicro@#&)npplmncmypyrml | d
i ne: The net hyl 0 b’,ﬁﬂ ‘g |

met hanol , treat §§°e§ﬁ°jd§ﬁf"gt ]‘%Rg?'ﬁ"%'é‘%‘m‘!"ﬁ)ﬁ. n net han ,“’qué’r’ﬁ'{“‘r'oﬁr%"“'
prepared as_ desch ltedtQAc)oh slergetindiveitheglesired protiucy | CIfs MBSy 8z (i éntensity} 38(100,

overni ght. The figll ayhigieaPsRih@, dry silica (1.5 nl) is added to the
m xture and t he solvent Is rem)ved under vaccuum The dry silica is poured

on the topPof a ¢NatMethoxyrhsnylpuifonyl{2RmN- WF%‘H‘%’@‘Q‘BH%@J‘@HTWWV&\‘% whieh
Et OAc: CH er r ]| Othethlyl @stér @34 (0118 g B.4€) nvidleRisdkes i B BY mehdnbl] tredred a¥ithiNH2O0K (0.5

col 0 ES NS T TP RRAERL o ety g Fihe Kh BB Rl 1 3oy i“"” e
Na), 394 (100, Nfrecdr dvemigh). . THE{OMgMiNE maming, dry snhca (l S mL) is added to the mixture and th
(1IN) - 4- Met hoxyphserw,lﬁyrernwa' unfies Rascith, D e oot Gﬁp%\mmwroprahsmwcr gar di

ne: The al cohol la (200 , 0.634 mmole) I's drssolved I n nmet hyl ene
chl oride. Thi opifelvam vhich mvbsee"eemelﬁ%w B0 (tGHIRHN P o bﬁb@;ﬂﬂ‘reﬁe‘“("z%
0.951 mmol e) ar %oﬁ&@ﬁe@ddgdmnmldm%ﬁeﬁe dhiGiide)d givemel danedypodntial & whitedliarl,

s added 1o i ne AT Cpamed AR DRML KRB MG W MR AR T ' o 7

concentrated to dryness. The resulti nBXAMPIE 14| xt ure i s poured onto the top
of a flash s' i C@Nﬁ?-mmxm H&uiféﬂﬁkﬁﬂ)—%ﬂ%hﬂoxy—(dS)-mercaptophenyIpymlidine The
| alcohol 1a (200 mg, 0.634 mmole) is dissolved in 2 mL of methylene chloride. Thiophenol (78
mL, 0.671 mmole) and triphenyl phosphine (250 mg, 0.951 mmole) are then added, followed by
diethyl azodicarboxylate (120 mL, 0.761 mmole). After 3 hrs, the reaction mixture is filtered and
-silica gel is added to the filtrate to adsorb the solutes and the mixture is concentrated to dryness.
The resulting solid mixture is poured onto the top of a flash silica column which is eluted with
. hex : EtOAc (1:1 to 0:1) to give the desired -white solid. CI* MS: m/z (rel intensity) 408 (M* +
H, 15), 238 (100), 128 (99), 109 (93).
b. (1N)-4-Methoxyphenylsulfonamido-(2R)-N-hydroxycarboxamido-(45)-
mercaptophenylpyrrolidine: The starting methylester 14a (169 mg, 0.415 mmole) is taken in !



hex: EtOAc (1:1 to 0:1) to give the desired white solid. Cl[err] M. mz
(rel intensiwpoesad81sMerr] + H 15), 238 (100), 128 (99), 109 RCKIYSS7{34555
(IN) - 4- Met hoxyphenyl sul f onam do- (2R) N-hydroxycar boxam do- (4S) -

mer capt ophenyl pyrrolidine: The starting net ﬁyl ester 14a (169 ng, 0.415
mmole) is taken.in | WO 98/ 08815

PCT/ US97/ 14555 31 nL of methanol, treated with NHerr]OK (0.725 nL, 0.86 M
i n met hanol , sol utmbnf prdpw, adtated wikhsNHle@tDm lm.@sseramdneﬁmsebluno\{cﬁrep&edﬁs

478) and stirred o &%&%ﬂ%ﬁsemﬁq ;,94,% Vﬁgf ,8“1 gmdc(,&m %&owd?%}n 'P? (95'

added to the m xture an e solven nder vacc
i s poured on the tadpsab!fstaL)rtisa@mmmqxeramgwdévelselthnmnun@rm@qmmgm:s

luted with h e a i '
iy 12 B e ol ey

m z
409.2 (Merr] + H satpen i EOAeT MeCK MO Q:35,1 gives whig el ]zs¥

25). EXAMPLE 15 a.(rel intensity) 409.2 (M* + H, 100), 426.2 (M* + NH,_12), 431.1 (M* + Na, 25).

(1IN) - 4- Met hoxyphenyl sul f onam do- (2R) - ca : -(4R) met hane- sul f onyl - pyr
rolidine: The starting al cohol la (17.9%§; le) is taken in dry
CHerr]C[erm ( 1G@NMMethnxmhmyﬂlllU'ell'lido-m)-arbbh(tﬂ&yﬂll;)-lﬂéthimmonyl-pymﬁdine'

tenperature. Methage e
and the resulting m %ﬁlz&gﬁlé’shoﬁk @?gg %’fx’é‘?ﬁﬁzgﬁh‘?ﬁ@ %ﬁo} {]OWI ngﬁanpnl e &
the mixture is parNbRSdnldct mopntemperatneg Metimpepifonytithloride (fefilinl, Iﬁéymolq):lﬁ added

- washed with brine,dréhwise dndetes ﬁ@?@&ﬁdxss&bkb&hﬂ&tﬁﬁ%@ﬂ%éhﬁﬂm E@%mw
resulting solid is recrystallize Iro Et OAc ., hexanes to glve the titl

conpound as whi t e PRRiPREGDetwesn water pnd JROAG, The qreanicilaypris, washed with bring, dipied °Kﬂ‘|MﬁsP]l
25) 394 (Merr] + fiitere® dd evaphéatddS e rdsblting 2alifl is rectPst}ii2ed from [EtOAc : hexanes to give the

(1IN) - 4- Met hoxyphe L syl fony ar hoxy.-(4S) -.( 4 oxY-, t y
|)- pyrrolidine: e ‘s d?/né‘ﬁ‘ﬁgén at 391 f’%?qwgg%)%ﬁé}%ﬁgﬁ&mﬁ? o
4- et hoxyt hi ophen@il), eBEBAHLIS5@3),1138(190).€) are taken in THF (4 nlL) at room

t enperat ure ynder POMembE)p hhig Qﬁbﬂﬂﬁ%mmeﬂo&&me%x}-ﬁeﬁmﬁﬂ

m xture is stirre for 1 hr t hen rtiti oned between HCI

The organi c | ayer PYEllies e fhe iartngompsyiete e @Y 15 68 \pmele)cand |¢-meghoxythionbenok (RS
evaparated to gi ven13541mmefe)ire&kdmmu(ahm)mwe&nﬁ&ﬁm&hwﬁamd'wmmas

flash silica with he : 81to etl & ou

a clear oil. Cl[e 'H?lg)' pe eﬂ?%%@f%w&W] G‘f%&%
(100), 208 (21), 3&511’( HE} Thtﬁ@ax(ﬁ &)’ﬂ is @8hetyith brine, dried over MgSO4, filtered and evaparated
1N) - 4- Met hoxyphe 4

12" ol oxy) - pyr 0 P i eptziiih wbic A A RapERY B gt vy BEALY
mmol e) is taken i 8:1tad:Dde sweﬂm&ﬁbfomnowaqsequxhmelémw)m%‘%
Min nethanol, solsoy, 2637100520828y 18588 $28 (79EMe43).Fi eser and F| eser, Vol 1,

SN R U A TR AT AT WA i
I's pour epl on the ttlliqioxyb-pmbllmh Thie starting gndhylendrtlﬂn(!mtmg.lo.zss mh};nqhain 1 yaL of
oL e hean sl el iR (Gl b et P B el e
xeser and Fieser, Vol 1, p 478) and stm-ed overmght. The following moming, dry silica (1.5
mL) is added to the mixture and the solvent removed under vaccuum. The dry silica is poured on
the top of a flash silica gel column which is subsequently eluted with hexane : EtOAc (1:2 to 0:1)
to give a clear glass which is puffed into a foamy solid by slight heating under vacuum. ESI1 MS:
m/z (rel intensity) 439 (M* + H, 100), 456 (M* + NH;, 30).
| EXAMPLE 16
a. (lN}#Methoxyphcnylsulfonyl—(zR)-carbomethoxy—(4S)-(3-methoxy-mercaptaphenyl)-
pyrrolidine: The starting mesylate 158 (267 mg, 0.68 mmole) and 3-methoxythiophenol (88
mL, 0.713 mmole) are taken in THF (4 mL) at room temperature under argon and 'butoxide (78
mg, 0.713 mmole) is added. The mixture is stirred for 1 hr and then partitioned between EtOAc



mz (rel intensity) 439 (Merr] + H, 100) 456 (Merr] + NHerr], | 30).
EXAMPLE 16_a.

(1IN) - 4- I\/Etw&m’rﬁll sul f onyl - (2R) - car bonet hoxy- (4S) - ( 3- et hofﬂﬂéﬁ’l’éﬁﬁphen
yl)- pyrrolidine: The starting nesylate 15a (267 ng, 0.68 rmmole) and

3- met hoxyt hi ophenol (88 nmL, 0.713 nmole) are taken in THF (4 ni) at room
tenperature under argon and [err]butoxide (78 ng, 0.713 mmole) is added.

The mxture is stirred for 1 hr and then partitioned bet ween Et OAc WO
98/ 08815 and IN HCL. The organic layer is washed with brine, dried over MgSOg, filtered and evaparated

PCT/ UUS97/ 14555 segiaadremu&m.ch Ehﬁn%gmbgm,lhade&er ingsh Wkeith Hixhdd - B0AE@ b1 ed
over MgSerr], ed and ev%‘@grated to give a residue whi ch 1s tq'u

chr omat ogr aphed zc}bé"rg'ﬁ & ftleqompeund 35 # Flegroll, Kd™ MSEmiadpel intensity) 4389 (M) + Hy l@l ve
the title conpoasgio@eoxissienr oil. Cl[err] M 'z (rel intensity) 438.0 (M -
+ Herr], 0

( 1N§ - 4- }\/Et oxypﬁ@ﬁg/%"‘ﬂk? %&97"’?@@’ @ﬁ)j&"&?&&fﬁ%’ﬁmﬁf)‘s{'ﬁg}‘“{'@yﬁet hoxy-

mer I(:a;)t ophtenil )m@pgtllbhdwlgﬂyrméa es'lt'lacmrnggmhﬂgsteematsxhﬁg 038! E&glggis:rti_ﬁen&gl% ,
nmol e) is takengi

Min methanol, go%tflglnth%rleg%? eqnmwd{dscr |%ggml E\J%:Ngé'?r; dla‘% %?""o'é?"pa{fgl

p 478) and sti rF?&“Wé?ﬁF’QWdF'HFéWHRM#h@dMMM W!sfqllpwag(!@mm)drrs

added to the m xgith @ lﬂ[)ds ddasy tSGJe\ﬁﬁﬂﬁreraﬁ‘dTE¥§‘6iveHMﬂﬁve¥ ﬁﬁﬁ%uu;h%g&ry sﬁ‘li:J Lca
i's poured on the to ol ymm_whi ch i s subsequént

eluted with hexBf&*° ’d&B“t’i‘?‘%‘ f'idf“bg'i?g'fenﬁéﬁ"%”tﬂb’&?‘@&b m'mmﬂwc
(9:1:0.1) to giYEl & 0ab)ithen veith| ErOAc:MEDHMELORI(2: 10N Plo givetacanite bold. £SPMSMnRI(Fd +
H10), 456.0 (if&kikhass MLSE 1dy 460w 4300 ab M0 de ToRR0G 71 27) . EXAWPLE

17 a
(1N) - 4- Met hoxyphenyl sul f onyl - ( 2R) - carEXAMPEEYY - ( 4R) - et hyl oxynmet hoxy- pyrrol i

di ne: Chl ogoet h n . e t
S il s vt e e s o A A

CH err]C[err] h‘&ﬁ&"‘fﬁ'lﬁﬁ?‘(‘ﬁ" 84 “Ht‘)“) é{ﬁﬂ"’gﬁq qroRusetop stirrsd pglugion of the
Addi t i ongl NaGIj[Se mihﬂe{t&rra] (Nmé‘g. Aghasor)id dlialelf, (llltzxﬁn)ragi msm(@,imeﬂ.)w;& dfirred fgr
saturate ul fate an ol v Ve
under vacuum %ﬁgﬂ’ar. e élw"f/\%g d;’ﬂf’ﬁﬁ"ﬂ’&"’ﬁ?ésrw i"fith gapu ‘ﬁﬂ?{ﬁ%gr"m ng
first with hexaner 5@1!@@1(88 afid thefsolivént vwarbved yridetnammme The Bri€l\matrial Whs punified
with Et OAc to gb%'?aéih&%ﬁﬂn% ﬁné)ﬁrh wﬁ%‘&@ EHA?: (z{.i)eéouddl&@,ﬂﬁhéxﬁe ROy

(Merr] + H 100), Merr]| + 4‘
(1N) - 4- Met hoxypﬂ’éﬁ‘lw'@m%%&‘(ewl%'ﬁfﬁt?&nﬁ %Wﬂﬁf‘-'@l‘?ﬂﬁﬂﬁ?ﬁﬁﬁﬂﬂokﬁ 398k ol i

di ne: The startaogp3erANH;emy.er 17a (1.13 g, 3.03 nmole) is taken in 4 nl
of et hanch, ¢ ¢ ARSIk GH G M b il 2L
m_l) _ S added :g‘l‘hhetanmxmﬂm aslTi' 1hee (_svagan: 03|r mrt:]mhe_ds m_deun \danmum mekimnoldr y
53 Rt BB e B S S B o,
give a clear ¢ iag moming, dry silica -amiLd isradded sp ithe mitues| qngrahe qu'ent iremepverhder
vacuum The produe# vabidn." TR &P sifidal it p@ed’ dnQBP of a flash silica column_which is subsequently :

eluted with ethyl acetate followed with ethy] acetate: methanol (8:2) to give a clear glass which is

puffed to a foamy solid by slight heating under vacuum. The product was recrystallized from

- cold EtOAc : hexane to give white powder. ESI MS: m/z (rel intensity) 374.02 (M* + H, 100),
391.03 (M* + NH,, 70). _
_ EXAMPLE 18
a. (lN)-4-Methoxyphenylsulfonyl—(zk)-carbomethoxy-(4R)-benxyloxy-methoxy-pyrrolidlne

Benzylchloromethylether (2.25 g, 9.54 mmole) is added dropwise to a stirred solution of the

methylester 1a (1.00 g, 3.18 mmole) in CH,Cl, (12 mL) and DIPEA (0.830 mL., 4.77 mmole) and

stirred for four days. Additional CH,Cl, is added and the mixture washed with saturated

NaH,SO,, dried over sodium sulfate and the solvent removed under vacuum. The dried material



cold EtCAc : hexane to give white powder. ESI Ms: mlz (rel intensity) -
374.02 (M erWVPOBOBBIS100) 391.03 (Merr] + NHerr], 70). EXAVPIRCTISII/14555
(IN) - 4- Met hoxyphenyl sul f onyl - ( 2R) - car borret hgxy-(4R)-benxyI oxy- met hoxy- pyrro
| i di ne: Benzyl chl oronet hyl et her (2.25 g, 4 mmole) is added dropwise to a.
stirred solution of the nethylester 1a (1.00 g, 3.18 nmole) in
CHerr]C[err] (12 nL) and DI PEA (0.830 nL, 4.77 mmmle) and stirred for

four days. Additi dneurifigipuer 3 §ilkita celpmi elitting ekt with bexehet then withétexane : Bk €718) ¥ §ile a
sat ur at ed NaH2SO4 codfids€ 8 0Ver SOdI um suI fate and the sol vent renoved under
vacuum The dried nateri al

PCT/ US97/ 14555 33§ %%Wﬁ%ﬂl‘%ﬂ?”& °§|(M| & &L 100, 45h0%uMt Wi@ Mrst with

hexane, thenbwi th (Wtboﬁ@@&@kﬁﬁoﬁ}mﬂyﬂ%ﬁcﬁﬂxﬂﬁﬁ x uﬁﬁlm&ﬁxy.m z
(rel intensity) 436.0

(1N) - 4- Met hoxypheﬁ;'/'f"’" E ?‘lr rslt‘?ﬁ? %W@ﬁ%@c‘i‘?géxéﬁ 'ﬂﬂ°‘f)4R)ﬂk$9éh£w196Wh/o
xy- pyrrolidine: Tmhsdtm €id).,rand treatedodthaNH,OKA2 ml,. 1E3Min ;&uﬁﬁ,g hﬁ),dlosem,ght

t ak 2 n of

CEKC 01 54 1P o AU Sl b e S g

morni ng, dry sili ¥zrepm. Fherly silica ischoundd Pmtqpmﬁarﬂasitaﬂlee celudn whieh $salibsequiently eluted
d und Watih

Col urm whi ch 15 Sunseaert St 0 L h e il e Eolt A b e o

fol  owed with et h@lf E‘Q'f’ t High; Reating \E'WE‘aY“g‘l“hss'"‘WWS”quf!éaﬂm frorh craldy

solid by slight heathamgtopivéarhity pondeinEST VS: Bl fmtendiy 543698 (M54 A iob)z 855, Jvmmp
col d nethanol to W?y |te powder. ESI' MS: niz (rel intensity) 436.
(Merr] + H, 100) 97 (M + NH3, 30). EXAMPLE 19 a.

(1IN) - 4- Met hoxyphenylsulfonyl (2R) - car bEXAMPKE 19 4R) - 2- et hoxyet hyl - oxy) -

met boxypyrra} i di ”ﬁmm@i}hﬂn}g@@%l»@ﬂ}%mﬁaﬂ% I hf’éﬁ‘ onyﬂr opw se

to a stirred solution of the a

CH err]d[err] (12etheyyexrrligipeor MEM, @mdwﬂ)wan'et %54 mmole) i @ded @rdwse t0 a stirred
Qgﬂ |2 tS |02 nal:l CH([jer r $dRitiofe of the hlSolﬁ[iﬂﬂd 0087, td\ﬂma?equh 'd:'igct ) ?n%.%%ﬁ&iummo%ﬁ L P8 d
ried ovg n e, sol.vent. remgved under vacuum
The dried materi af"ﬁggd E{}'F %%%?l g“é{] s agdednd, the mixture it washed, pvith, sptyrated
hexane: EtQAc (1: E?HzSO.;.gﬁnedaovar odhmrshl&:ﬁanﬂ itHe. solEﬁk rebviovedBnder (icabm. Thetpizd mytkrial
403. 99 err] + [efr 10
(1N) - 4- %hoxllphewasl g‘ﬁﬁ of\@ﬁ]‘%%cﬂ(c car w' hh%" %ﬁé?h&y&vﬁﬁl‘mgﬁﬁ"“
met hoxypyr rol i din Mﬁé“/ﬁfa‘r'{“ﬂﬁ@)ﬁe} ?W*és*ﬂ é’ﬂ),iZJ ‘{M&‘Jﬂh@l,;. 1012 mole) is

t ak 2 g, of (rm.b.éum. Fbomb 4R)Eh-
Nﬁ[ gpri nO( (2 n1(3 5M | noxyﬂ?%gmg?dﬂ?lg[?tl r rtehé}}g%/er ni I"Etﬂ‘%’The f’;*l oW n

1.
morni ng, dry sili B f"fp’o‘"ﬂ'[ s &'B‘q%és‘?ﬁlﬁt(ﬁoéﬂgagdzf‘ﬁ@"éﬁl%ﬁtnzmg of
renoved under vacmethanofFherablydyofirad {1013 msmeumﬂmmxwmn,fl.zsu.haﬁhmmlah@amd

columm which is S&U@&\?Fﬂl’ E“H& lelo%Jm&l lgéjmuvxmg,tdpy si ICCa)%F S mq,) a\ﬁge% tXVI tl;[er}m%%r@yalnd %%&l%n?:

met hanol (8:2) to clea
) _-_le_mnx:d_\mder vacuum. The dry silica is poured on top of a flash silica column which is

subsequently eluted with EtOAC followed with ethy! acetate: methanol.(R:2) to give a clear glass
which is puffed to a foamy solid by slight heating under vacuum. The product was recrystallized
from cold EtOAc : hexane to give white powder. ESI MS: m/z (rel intensity) 405.05 (M* + H,
100), 422.01 (M* + NH,, 20).
' EXAMPLE20
a. (lN)—4-Methoxyphe-ylsuIlonyI-(ZR)-carbomethoxy-(4S)-thioacetoxyl-pyrrolidme

Triphenylphosphine (0.9 g, 3.42 mmole) is dissolved in 12 mL of THF. Diethyl azodicarboxylate
(0.54 mL, 3.42 mmole) is added dropwise at 0 °C. After 30 min with stirring, a solution of
thioacetic acid (0.4 mL, 5.13 mmole) and the aicohol 1a (0.54 g, 1.71 mmole) in 10 mL of THF
is added dropwise. The reaction is stirred at 0°C for 30 min., room temperature for 2 hr and
concentrated to an oil. The crude material is purified by flash chromatography (CH2Cl2 : hexane



which is puffed to a foany solid by slight heating under vacuum The

product vvaa, S‘éi@é aI lized fromcold Et OAc : hexane to give | r.
ESI Ms: CE Intensity) 405.05 (Merr] + H 100), 422.01 err?xggg

-NH[ err], 20) EXAMPLE 20 a. 34
(1IN)-4- Met hoxyphenyl sul f onyl - (2R) - car bonret hoxy- (49S) - t hi oacet oxyl -pyrrolidin
e: Triphenyl phosphine (0.9 g, 3.42 nmmole) is dissolved in 12 nL of THF.

Cerr1 & after sdi b CREGR SERIAS Kag: 0 CHRCRI- oM 2B0) ot el e g Seosomet
SdéSdrrrjr?Le) 22d nrbmacralnsghlls&mzlzz(re(iateﬁsitygam(]ommﬁmr}s))314m651M’r¥IH).of ;I'ZF ; ? ture
for 2 hr ol MRS R G hy Moxyinollmite S} Rcosiir: o o e ©

hr and conce 0 "an ol
f1 ash chr omat ogrthioksier 2@H{0d & 1 OF franald) is disselugedain 2 ml\/@ xYatxd @cbdegassed by argon. A

PCT/ US97/ 14555 u e io esciille8 i Fi
Et CAc; 25:1) on%gr Iélrancif)]éﬁ}l‘bmﬁﬁtl £;II[MEEﬂrl}e.st'rurﬁglc&(ri)nr'o‘( g@?&éﬁ %H}g(ls{dr]

intensity) 391 (Fitsen VR’[‘ePﬂ”“‘%PIPE&’Pf"“ dadded toghe thiggsicr sojution, W'ib"“"ﬂ‘m&

(T ﬁN) : ﬁ_ Vet Poxyghﬁmzeham fsQBMiﬁet( with mmw&mmwm; :hb.:c d?snm&t ﬁ& e&rluéthng
e thioester |sso of net hanol an

degassed by argg‘%‘:l d§8‘§LT°F'8'ﬁ % 'Gi‘ d"’iﬂ'%’“ﬁﬂ' Afied fYenMpRiH4 and

sol uti on prepar cnaatrakise an dsiledrhermlaepmdwct Brpdnﬁadwaash chlﬁhat&grag‘hy {78 Yorinf: adid S O

degassed and ad 1 hi SQ- t ., L he

reaction is aci ﬁﬁ%‘se%)\;fmpgh&%ﬁﬁaﬁ%oﬁ%:%% ?%’o rerm 2311? 3 dtoglg‘f

di stributed betven HCl and ethyl acetate. The et hyl acet ate | ayer is
washed with brine, dri ed over rvgsq er gkaplEeqncentrated to an oil. The

crude product I f h. chromat ogr a % formc. ac '

Ct o) "o 551 1 o B G o et B i e s

|( Ft en]sr( t1 mg 23&3 (Iﬁﬁnenﬁﬁreﬁxre](:tos niﬁ. 17E)ﬁ(‘|‘d¢ﬁ!),|ireﬁahdans des;nbedegMed Chem. 1994, 37, 437|l )d
err t n c e [ho in

er ([err])- trans%x%’?r?ﬁ'% pr 0%?%5“ @5 a{‘ E&' %{8 %?é'g'arqéé ngng 4

described in J. Meboxgbhenylsufoen cl36hd=4m )mg. 519 swwley ol iaddedaplong : with B@ne

(1:1, 5m) wt ki The
Met hoxyphenyl SUH‘%?;/I ch‘%pgﬁm‘:‘&gﬁ) uf: néﬁu@?%)ie@? gﬂg atemrglwglnﬁfvm th 2,6-

di met hyl ami nopy riPfupds Q‘ﬁ'h‘f%??ﬁ'id)‘“ﬁﬂg‘qidrfé‘mrﬁ@f‘% rLaygrs are gepprated and shejorganic layer )
t enper at ur e. Theis Whskéd ZxOwithSIN mﬂmmm& IdpiedeverMgS O} fiktkedGAnd\éviagarakeid ¢ give 623

L dth | |

wih brine, ari dB By pRy aher S s Ehueb 1000 dretu ey Bhn b
solid material viropiseiapd the smitmgadxxturp Kibr&d-fof LﬂtrrrS)hsa Zeh{donhylis sidedoand the n(v!.m@
nm) is added dr Q:gmgﬁgaﬁgg Q'PI %U\!V&Jr ﬂ%oﬁﬂ:&‘&dﬂ £ash i:ﬁ&@glm;up{ndjeﬂiteb With ﬁxluleca

gel (4 m) is ad e mx ure concentrated resulti er is
poured onto a fIEQAc )P o@ivgihe ‘5“6°WP%§W%%%H@“"‘EX@8 ('@1* H. 149>,
0:1) to give thesiidey conpound. ESI Ms: miz (rel intensity) 376.1 (Merr]
+ H100), 3 16. 1 %%—4—Methoxyphenylsultonyl-(ZR)-N-hydroxycarboxamldo-(SS)-phenylpyrrohdme
The methylester 21a (0.262 g, 0.699 mmole) is taken in I mL of methanol, treated with NH20K
(1.2 mL, 0.86 M in methanol, solution prepared as described in Fieser and Fieser, Vol 1, p 478)
and stirred overnight. The following moming, dry silica (2 mL) is added to the mixture and the
solvent removed under vaccuum. The dry silica is poured on the top of a flash silica gel column
which is subsequently eluted with hexane : EtOAc : HCO2H (2:1 to 0:1) to give pure white solid
which is recrystallized from CHCI3 : hexane (3:1) to give white crystals. ESI MS: m/z (rel
intensity) 377.1 (M+ + H, 100), 394.1 (M* + NH;, 22). '
EXAMPLE 22
a. (1N)-4-Methoxyphenylsulfonyl-(2R)-carboxy-(4R)-hydroxy-pyrrolidine: cis-Hydroxy-D-
proline (10 g, 0.38 mole) is dissolved in water : dioxane (1:1, 60 mL) with triethylamine (25 mL).
4-Methoxyphenylsulfonyl chloride (17.4 g, 0.084 :mole) is added along with 2,6-



b.

([err]) (1N)mmyphenylsulfonyl (2R) - N-hydr oxycar boxam do- PCHUSPMASSS p
yrrolidine: The methylester 2la (0.262 g, 0.699 mmple) is taken in 1 nL of
met hanol, treated with NHerr]OK (1.2 nL, 0.86 Min nethanol, solution
prepared as described in Fieser and Fieser, Vol 1, p 478) and stirred
overni ght. The follow ng norning, dry silica (2 rrL) Is added to the m xture

and the sol vent r eniinegiylamimbpyridicec(o9ang, J.068 drok)ahﬁltﬁamn&urpqyrsgglepmt]peatggm
of a flash silica u W t h hexane

EtOAc : HCerr]H p‘f&?’ ke Bﬁ] ?L%m‘%" S hm §°"§°r"§9' imtd dﬁ‘é‘fﬂ ‘%ﬁaﬂf\& ayers are separated and
recrystal lized frotherganicdayer is: Wﬂﬁtexlaaﬁﬁe'm(lell'i)fiqi,ol)fgwﬂem; dred uversME8 Oy, filudved and

g/g) meiA K/L E:E 12 gt el N$apirhtedth ivé e WS Edlpoiindt EST MR 3023 3 o, Vo3 919 3 (NS by,

(1N) - 4- Met hox?rphenﬂ"@ﬂrﬁﬂﬁhgﬂypwﬁf“'@ama%m“wamﬁ%q: A1 0.6 Mebaich of Jones'

ci - Hydr oxy- D pr Okdaget {s OmisSeasobyakoio 284 (100lgY f
(15160 ) wi th L et bl oot oy Nt b ”‘S’n‘;‘ﬁ‘g‘ﬁf’f'ﬁﬁ’?‘“‘ﬁ???? L of

I e 3

(17.4 g, 0.084 nBfEf @@Qﬁa"‘é 6‘?1'@’%’%%“2“‘@“ lg3) and this s sirred
PCT/ US97/ 14555 35 l:homemhgdrm eyl ditearedcBorOmixture i dﬁﬂ&: mall ehmaﬁd ekiffted 3x with
mxture is stirredg The m.xtur.

concentrated and dl% ?w%%@%%gg;g?emgﬁgﬁ &iﬂ@“'?ﬁﬁ origle drisd over
| ayer is washed 2xmagneyium rpifate; and eyapprated. the material dyrecrybtallizest frovy X ; EfOACHe giv€lthe
and evapar at ed to}_gg,g%ag i.;sltﬂig.mgmuqq., 955517M§M+3%2106M err] + H 100),

n

319.3 (Merr] + N
(1IN) - 4- Met hox§ phe Wﬂ'ﬂ%“"ew%&)y@nhw@ﬂwmmmwmwwmmmmh

6 A osol ved P 7 A R e Ve ahch RPAL M THFdmd Cooted TOH S
added ( 420 ni, 31 es'fmg'f?ﬂ"fh(?gglng‘ QWWQ% gtsg; )t"e?ﬂfé‘f!?t‘ﬂ'l’é"”ﬁ‘lﬁ‘i‘ fhe
hr. The reacti on ninixtue is sfirgedfor 30 mig ahwvhich vime diris pamitioned eawsier AN 35CH\ahd BtORIc OThe
The organic | ayer Sorgin P BSFhid with bhndl HHE oy@ iaehisiol olkerd Qe bl ShabalS: he

dried over magnesium sulfate, and evaporate
recrystal lized frofdadnateria} isihen stirred qvamightinpathanel vith £ Bl € SOCkand30panted ko

2-1“) ?13?\/Et ﬁé? Sh(e l\ﬂrlﬁ-reﬁsll t'l‘he Hhﬁﬁﬁd’t%nalll@ﬂbma hed ovzr f}la)sh sllll%a vﬁth élre:(c) Etog{: P(1l )to%ﬂ\’reo
X SU - XV -

lidi ne: The k)efonga('z%e @@M%ﬁﬁ AR MMfé% f TH)Ié g%d

cooled to -1%kerr ](MMonmmummmwdmgﬁcﬁﬂoﬁhMoKmHRﬁyﬁoxﬁ 67

nmol e) is added toetﬁ I ﬁ‘.&uﬁﬁ %%48} ﬁdﬂr@d&% t?%i' glg) ifs%ker’);? fngﬂ. c?llmé’t\pangl

time it is partltlone e organl ¢
washed with brine, reges E'Hh b‘b’é@xrﬁgﬂegﬂérﬂ in methanel, soffytion ewmmdimbadan ﬁtead and

The crude mat eri alFidse, vmnpm;s.rdem«ﬁwigﬂhtmmmm%mmg%&m&émlt}.s% ed tp
SC&C [err] and evap rated ess crude material i 's Thromatograp e :
wyf Brtep of a

over flash silica 'E‘meFFe 8“’(’1“‘ prdler; yageuumy, JThe dryesilica s poured gp
"ESI MS: 363.3 (l\/[amﬂsuicaw[cemi: wms);su&é@e&ly(du[wwdh hexarie : BQAk: Htozmznoon

GihyT pyrrol o no: SpRes b e sl buncus el BOA TG, iane b ') it i oy

of nmethanol, treatFSliM§ 862 eTWﬂO)@ZiMM’@HSHJONBzmﬁéI hanol sol uti on

prepared as described in Fieser and EXAMPLE 23

' a. (1N)-4-Methoxyphenyisulfonyl-(2R)-carbomethoxy-{4,4)-(R)-gem-hydroxy-

‘ phenyipyrrolidine: The keto acid 22b (441 mg, 1.47 mmole) is treated with phenyi—magnesium
bromide (3.7 mL, 3.7 mmole) as described for 22¢ to give a black residue. This is then treated
with K,CO; (760 mg, 5.5 mmole) and Mel (0.343 mL, 5.5 mmole) in 10 mL of DMF for 45 min.
This mixture is then partitioned between EtOAc and brine. The organic layer is-then dried over
MgSO,, filtered and evaparated. The crude residue is then chromatographed over flash silica
with hexane : EtOAc (9:1 to 7:3) to give the title compound as a brown oil. CI* 'MS: m/z (rel
intensity) 409.4 (M + NH,*, 100), 392.4 (M* + H, 75), 374.4 (65), 204.2 (72).



Fieser, Vol 1, p 478) and stirred overnight. The foll ow ng norning, dry
silica (2 nL) is added to the m xture and the solvent renoved under
vaccuum TH W’sﬁ lica is poured on the top of a flash sili W@éﬁ”’éﬁsﬁnﬂ
which is subsequently eluted with hexane 3 EtOQAc: HCJerr]H (2:1 to 0:1) to
give pure white solid which is recrystallized fromCHC [err] : hexane (3:1)
to give white crystals. ESI Ms: 362.2 (Merr] + NHerr], 60), 345.2 (Merr]
+ H, 100), ,327.

(1N) - 4- Met WOxypﬁé&z}?ﬁﬂﬂ?%M Mf"@%%ﬁ%&"{’%‘ﬂ‘}d%@%dr oxy-

phenyl pyrrol i di rigdrokyphengipprroliting: 2> st 23a1()74 ingd .485mmol) isScohveRas ﬁclhe/\&.ﬁeh

Dl ack oot doo, ~ THARRE od b often ot afo (RELNRR: 2 sl BRGHH Fih ¥ 1 962, 8 ) °

and Mel (0.343 fM™HLISKAPEPBSk n 10 nL of DMF for 45 min. This mixture |s

then partitioned between Et CAc and br'_lgggh_y_nii%iorgani c layer is then dried
over MgSH4, filtered and evaparated crude residue is then

chr omat ogr &phed MM‘F%?‘P%N'%“Hanw7cma'ﬁ@°xyﬁt‘%°m')l!‘¢!m Eyciobutylamgiie e
the title conpoumiphényiphosphifeV{2.8i b, 951 [ Rirlole) Mis Bksbived Gh whﬂDSdft ﬁu‘“ﬁ&hﬂ: (M
49_8}“3[8?‘1"5] 100) azod? X;IM ﬁrJl‘LL, 9-4_| mm(ﬁg) wa.f?Zdl}ieddrS 6512:&02%4 Aﬁer 30 mm with stlmng.,

PCT/ US97/ 14555 3iGsolution of 4-octylphenol (2.46 g, 11.9 mmole) and the alcohol 1a (1.5 g, 4.76 mmole) in 20
(1IN) - 4- Met hoxyphgn N hydr o 4®(R- em

hydr oxypheny!| pyil‘rﬁaf‘}’?*nié‘%%é’%&gf % ﬁ%’ ‘e“%"'%r%&g:rgﬁ% Pémgmw
to the title hydverrightasd sericentrated thoancoil. b"éld cfude P@M wiEurifidd: byflash dhropiatography

:E;](:[Aﬁ/g E :Et 5)4 g 10. Gnéxbiie” BMOAE 111} on sHtQ)gel 1S BiFe the Gdr&d ﬂrldué't lérr MS) m/z:i;ﬁnénsms}’m

(1N) - 4- Met hoxy ptEhM ST BF2Q-2R) - car bonet hoxy- (4S) - ( 4- octyl)phenoxy
cycl obut yl ani ne (lmmwaymmmmid&(zﬁ)-lydr&yﬂbm otpd in 20

nL of THF, diet od| 1 e d dropw se
at 0 [err]C. Af %Lm Wﬁ?’%‘ bgpg’ A %P@Y% ) ’BEt"gwﬁtﬁﬁ‘ﬂ .46
g, 11.9 ol e) amt!il‘{l'h@Ke(Bchﬂeran(dkn&. ;ummm@m@mmmr;&ﬁme
added dropw se. %W&H@%r%%skklfé?ﬂs ﬂ'ltL) F&Eﬂ E)e Crgtgve i usolvent was

tenper ature OVGI’ ni ght and concentrated to.-an ol ct was

purified by flastmerS unfst GGFE, Khe (‘ﬁ'e‘)&-fﬂé’*‘?mmﬂffaﬂﬁhsﬂ'ﬁ geheolyam whish
Eli) vegg ze( 288 |) r egvap satdetuéntly Chjtadr with BGACT CH,OHE95:5 16 00t30) 11y pive 0% ¢ (61w yikigy of] +
: esire

(IN) - 4- Met hoxypheny? gro?t*cg)ﬁg "85@‘2&?’%&%%%‘84’6’8%‘%’% ‘?150 VZ'F&'&'%(B?Ieno
Xy- pyrrolidi neMTPhEH)i06¢100adt €H).24a (1.1 g, 2.1 mole) was taken in 1 nlL
of nmethanol, treated with NH err] K ( : Mln met hanol , solutlon
prepared as described in Fieser and I p 478 and stirred for

30 hr. SilPca (1%&%%&9@%%*9&%%%%@ & v 76\\Msbatch ngfy ed
under vacuum Tﬁkﬁle'@i&g&lt{vhﬂpiem PR @018 (10Eg, BO.N ndfoled) Wds Ambbivell il 178 nf)Sdf

Co give 0. 6 g CATSRANGrsiet s ong et s added 470 o17 mpleynd g v Se?

M. nfz (rel i ntamemm;n)peﬁﬁ:?e tbﬂ@ hr. Nfhe ra:#no& nilieyre waidilute@ With water and extracted 3x with
EtOAc. The organic layers were washed 3x with water and 1x with sodium chloride, dried over
magnesium sulfate, and evaporated. Chromotography was performed on silica gel using EtOAc :
hexane (1 : 1) to give pure compound. Starting material was also recovered. CI* MS: m/z (rel
intensity) 314.0 (M* +H, 100).

b. (lN)-4-Meihoxyphenylsulfonyl-(ZR)-earbomethoxy-3,3-dimethyl-&oxopyrrolidine: A
solution of potassium bis(trimethylsilylyamide (0.5 M, 10.2 mmole) in 20.5 mL of toluene is
cooled to 0°C under argon atmosphere and charged with 10 mL of 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidone. The mixture is cooled to -78°C. A solution of the suBstrate 25a
(800 mg, 2.56 mmole) in 20 mL of THF is then added dropwise and the resulting mixture is
stirred for 1 hr. Iodomethane (1.59 mL, 25.6 mmole) is then added and the reaction is stirred at -



Merr] + NHerr 505 (100, Merr] + H). EXAMPLE 25 a.

(1N) - 4- Met hom;@ﬁl%ul f onyl - (2R) - car borret hoxy- 4- oxopyrrol i di ne?cr’ﬂsﬂ’lfﬁﬂvl
batch of jone's reagent was prepared. The algohol la (10.0 g, 31.7 mmol es)
was dissolved in 175 nL of acetone and cooled to O[err] C. Jone's reagent
was added (420 nL, 317 mmoles) and this was stirred at roomtenperature
forl4 hr. The reaction mxture was diluted with water and extracted 3x with
Et OAc. The or gani c73°&yrnd henpatitiongd batwesn E50AG ané dihKHSO..oThe ofgenivdalyér isstheiveashied with

chloride, dried OVﬂinemﬂ%%r %ﬁlﬁkﬁm@&gpﬁéfépofh@tcﬁlqc ol B R R MG t%gre%nax\%ver

perfornmed on silic | usj ng hexane (1:1) to give pure co
Starting materi al s'éff’s‘ﬁ‘"‘r'l?é%‘e‘a“’E:H‘b?rg}"eﬂs"“ﬁfiml(*@ %Nﬁam’ﬂﬁ ir@ensiity)
(Merr] + H, 100). 339(M+NH4.17).342(M*+H 20),!72(100)

(1IN) - 4- Met hoxyphen 2 | 0X0 yrroI i din
e: A soluti oeyn of %Wé‘éﬁﬂ l‘mﬁ%""% °§F1T°§7¥ "ém d{’T!?f @XMR)T Jﬂ’HﬂT’ lidine:
20.5 nL of t ol ueneTlesstagting| ketdng ZSKI@Uud.eM(Hmyda) s takers jnlfomk of Rethadob irdQidated with

10 nL of 1, 3-dinet , ; d

cool edoto -78[Ie??]]g&ﬂHA%g%Pg’t&()sn&@&baﬂe su é’?‘g'ie ;r%%%ggwg%(%u&“d
in 20 nL of THF i swithN Homd pantitipned hetwsend IN €1 ands BIOACH JTheimiktueds ihen irtiticned]
for 1 hr. 1odomet haRees iN Bi2) iHd ErBRe. STHISRAAL labet i VARNLd R S ka0 MSBS el

is stirred at - 98

/08
PCT/ US97/ 14355 37 % @%ﬁt&"f'ﬁr %“%‘5?4%%‘6%@6""&@5%@’% opsr flagh silicptocgive theditigcpopound
‘The organic | ayer dsa didaesyrupsTiRAHNMR iditans a (00:1)adlasRietmerdiidhre. f ESTIMS: ARz f
evaperated. The cr, hed over flash 'silica wth
hex: EtQAc (3:1'to %@%@'{34% vehﬁ’ﬁgﬁi‘]s@r{ygm‘gund Cl[err] Ms: mz (rel
intensity) 399 (M(Wm}whtiw;ulwmnéhyd}oxyedrboﬂﬁ)do-slﬂﬁm(athm)m)-c
(1003 et howy e gl il e S5 T 50106 i 0 85hbl 4 ARy o
met hanol and t r eat"8HPHne H“Fm‘bff’?ézd( ES1 M§: m/z (shintensity)e 3452 (M obth 100), 3622 (M* +
tenperature. The mNHg}, 65538351 MH+K,&6).at rt for lhr, quenced with 1IN HCl, and
partitioned between 1IN HCl and Et QAc. The m xture i s then partitioned

between IN HCI and Et QAc. The organic layer is washed with brine, dried
over MgSO err], filtered and concentrat eBEXAMREES2d+d2 Oi | is chr omat ogr aphed

over T11ash o111 02 h e Gtk Wbl P/l v 3 3 A et

I ndicates a (10:1 aster |c m xture - 346
(Merr] + H 100) unglegm{qqgl}gqy] and X|pdQ pefey toggubstituents on the phenyl ring:

(1IN) - 4- Met hoxyphenyl sul f onyl - (2R) - N- hydr oxycagbo 33, 3-di et hyl - (4R) -
hydr oxypyrrolidine: The starting ester 25c a‘&\ 26 mmol e) is converted

to the title conpound as described for 22 z (rel intensity):
345.2 (Merr] + H 100), 362.2 (I\/[ergn_lb [ ergd,

, 6@), 383.1 (Merr] + K,
55). EXAMPLES 26 - 41 In the foll ow S and Z are hydrogen, and Y
is OH nis 1, Ar is substituted or

i — e ————— .

1
&
-

Y —_—

Example X Q .Y

26 Me H a-OH

27 OMe 3-OMe a-OH

28 OMe 2-NO2 a-OH

29 O(n-Bu) H a-OH

30 | O(n-Bu) H b-OH

31 Br H - a-OH

32 Br 3-Me a-OH

33 Cl 2-Cl a-OH




unsubstituted phenyl, and X and Qrefer to substituents on the phenyl ring: ,

[err] Exa Q Y 26

ere”’m‘-"’m 27 ove 3-Qve TCHUSYTMSSS T
28 Owve 2- N errs ©a-0H 29
QA n- Bu) _ H a-CH 30 Q( n- Bu) "H
b- CH 31 Br H a- OH 32 Br
3-Me -OH 3 2-C 3- OH
PCT/ US97/ 14555 38 34 OPh OCH[ efr] BH err] OCH earOl-} H
a-OH 35 OPh _ H OH 36
OCH( CH er pf-or2f OCH(CH3)? H o olapo? B
2- Ve . 311) S(3-Q eBr ] H er rLOVlh) ZMe b-su-nsmoMe) : H

b2 capTOTeTEg (T o] i TSI e m—— )

b-S(4-C efr] H esg] Ove) |410Me D(n280p b-2-mercdﬂtobenzo-t|nazole
O (3-pyrifyl) =met hyl Bu=but | EXAMPLE
(IN)-4- Mef hyl pﬁ?\yl sul fonEbfq% R) - car )orrét hoxy- (4R %'%%Fﬁ%q%e rrolidine;
Ci s-Hydroky- D-prolinejnmethylester (303 ng. 2. 09jmmole) is dissolved inp DW
(3 nm) and N-met“pyl m)rpha igs (1 nm ap‘d stirred eraid for 14 hr at
room t enpé+atte—ta—tir pr{gocibc of —tottermesui-f %iepstl??!l{ﬂ oe—{418 ,F

2.19 mol e). ThMesmgdyire is then partitioned between Et OAc and 1N HCl. The-
| ayers are sepampgle@ and the organic |layer is washed 1x with 1IN HC, 1x
with brine, dried over MgS err], filtered and condensed to give 341 ng of
crude material WF¥®is chromat ographed over. flash silica with hexane: MeOH
(19:1) to give the desired materi al aEXAaMPRDERe solid. Cl[err] M5 nmz (rel

|(2'|t\l;anz| }\/é% ﬂi?ghg%'twl_{g#y@"wﬁégkééﬁ%ﬁ'&&?car"ﬁ%&m thé”%’%f%nﬂmg' roxy 5"H rr’(‘)‘[ i di

ne: The met hyl @spreline26ethyidser! (303, mg). 26 mmuls) 63 dissolved e PMIN (3 mH) aod N-methyl
met hanol , treat g fgn VLS ahd Sdret Qnfiect alflfor i FGn Mome.a%m@@l the Dtbdntd S p-

prepared as described in Freser and Fieser, Vol
toluenesulfonyl chloride (418 g, 2.19 mmole). The mixture IS then panmoned between EtOAc

and IN HCL. The layers are separated and the organic layer is washed Ix with IN HCI, 1x with
brine, dried over MgSO4, filtered and condensed to give 341 mg of crude material which is
chromatographed over flash silica with hexane : MeOH (19:1) to give the desired material as a
white solid. CI* MS: m/z (rel intensity) 300 (M+ + H, 60), 240 (28), 146 (88), 126 (100).

b.  (1N)-4-Methylphenylsulfonyl-(2R)-N-hydroxycarboxamido-(4S)-hydroxy-pyrrolidine: The
methylester 26a (144 mg, 0.482 mmdle) is taken in { mL of methanol, treated with NH20K (0.61
mL, 0.86 M in methanol, solution prepared as described in Fieser and Fieser, Vol 1, p 478) and
stired ovemnight. The following moming the material is concentrated and partitioned between
EtOAc and IN HCl. The organic layer is washed with brine, dried over MgSOy4, filtered and
evaparated to give 134 mg of crude material which is chromatographed over flash silica with
EtOAc : MeOH (10:1) to give desired product which is then recrystallized to give the desired
white solid. ESI MS: nmv/z (rel intensity) 301.0 (M + H*, 100), 318.0 (M + NH,*, 35), 322.8 (M +
Na*, 70). - '

EXAMPLE 27 _

a. (1N)-3,4-Dimethoxyphenylsnlfonyl-(ZR)-carbomethoxy~(4R)-Ilydroxy-pyrrolidine' Cis-
Hydroxy-D-proline methyl ester (2.71 g, 18.7 mmole) is dissolved in DMF (10 mL) and N-
methyl morpholine (5 mL) and stirred under air for 14 hr at room temperature in the presence of '
3,4-dimethoxyphenyl-sulfony! chloride (4.65 g, 19.6 mmole). The mixture is then partitioned
between EtOAc and IN HCL. The layers are separated and the organic layer is washed 1x with



stirred overnight. The follow ng norning the material is concentrated and
partitioned WORESSEt OAc and 1IN HCI. The organic |ayer is wasFEIHIFR4SSS
brine, dried over MgS err], filtered and e;gaparated to give 134 ng of _
crude material which is chromatographed over flash silica with EtOAc : MeOH
(10:1) to give desired product which is then recrystallized to give the
desired white solid. ESI Ms: mlz (rel intensity) 301.0 (M+ Herr], 100),
318.0 (M + NH err IN BE) Ix 3G@. Win¢,Mried [s¢re¥ip304, Tiyred End ddatdnsed o give 3.98 g of crude

IN) - 3, 4-Di et h I, - - . - hydr 0%y pynLL ol i di
N oy SIS L et P R s b4 THOAPE BT
DVF (10 ml) and Ndesired moteriakay Hiwbjiei splid. (G (MS: mip el dntensing G4, (MI'ct Haliop), 236r(2MA146r

‘at room tenper at ugg)in the presence of 3, 4-di met hoxyphenyl -sul fonyl- -
chloride (4.65 g, 19.6 mmle). The m xture is then Igartitioned bet ween

Et OAc and 1NPHC . (Y34 DRimsthox Py HER)-Nehvfroxysarbpipmido(dRybadroxypyryplidise
1x )M'th / WO 98/ GBErhEthylester 27a (250 mtg), 0.724 mn(:jole) isdtaken in 5 mL of methanol, treatedf | with Ngzoxd
PCT/ US97/ 14555 39 I LWt ine ried, over MySQ.err filtered an
condensed to gi ve‘%dggdmg%&'ﬂﬁ@" Pé??&?%fdcaﬁdfsg"%ﬂy‘?ﬁﬁf’db‘? pfR Yobl, BA78)
flash silica w t haiuostiznedoverrighOAThé Tollbwing niaridg, tiry sificy €1.1 iab) it @dded exctharmixeuré fkd

gg 63-( ‘é‘g') 'f elz gl '( ?_5?:9'5%]@&& kenioed Hder fdeGilum. n‘hﬁ%} le)a @ﬁ(ﬁm(d'\gnetu lop of t"ﬂas]!osmé gel

(1N) - 3, 4- Di met hox §9¥ram rhish ist syhspauepthr3iued Witk hexane 1AL £H1 o0: MREivR pvhiss fqamy r

ol i dine: The met hydias EST MB:/m/z((réDikenity) 337.0¢¥1+ FIDI0), 36%1 tMrKEN., 48). 5 Nl of
nmet hanol, treated with NHerr]OK (1.25 Min methanol, solution

prepared as described in Fieser and Fi : ' 81, p 478) and stirred
overni ght. The f ol(IN)\2-Nigrox®miethogypheliylsulfodyl)q@R)-chronitthoxy-GIR)gdroxyt pyriofidine:

m xture and the sqlvyent r ed ynder. yaccuum ..The dry siljca is r 0
the top of a flas "‘ﬁ?ﬁ?&ﬁg’gﬁ\ﬁgﬁz& Jrﬁ’]%vx% fnc?ﬁ’llle:iés “é’ﬁ‘ﬂ%‘éd’héﬁ'ﬂ ’d’%‘f‘ﬁt@&p&yt"ﬁg “"'ﬂ
hexane : Et OAc ( 1twitthylamiye 17.9 md., 375 anmoledi 2-Nibdemephoxyphenylsul@y! dhforide(638(g: 35.4
intensity) 347.0 fMefilalded slong W, 6-3EsanfiMpGiidide (281NRg, 235 Inmol AR EmBRids
(IN)-(2-Nitro-4-net hox;&benélosul fonyl)- 2R2n; car bonet hoxy- (4R) hydr oxy- %r ol
i di ne: ci s- Hydr ox$Pmed A# 8- jahfeomemperflurc., The H‘\‘?‘B‘f@)‘“!‘&'tﬁ‘g@ﬁi’@%‘x*“ﬁd\ﬂé‘? JAc.
di oxane (1:1, hSOOLiyhx)salvds‘cﬁarﬁu"l difa mﬁbmhigﬂayeﬂis @ashikd 2)OwithDINTHUI, @3 with br(ijne, dried over
2- Ni tr o- 4- nmet hoxy ul fonyl ¢ i de .3 25.. e),.l g
with 2, 6-dinethl a&h ?ﬁ%@ﬂﬂgévmlfg%'"j@f "ﬁﬁ‘g‘l"&“ﬁﬂa"%hé’) Wﬁy@ﬁ%ﬁhﬂ@
stirred 14 hr. atmEphoThionyhphderide {IemL) isaddad drepwise iand thi easultingroistuter stitretifor ih4l hr.
diluted with Et [ - 24X
W Eh IN HO L T w TS A SR Gndihd diEnRiinl CHK G S mERIPLS
to give 7.06 g of Vaigh is guffjesintly ipute te\frmy forward yithaws prifigation. OF'AAS{ /g (el ptynsity) 378
Thi onylj ?hl or1i4dﬁ menﬂ,ﬁ,f;ﬁ)ssadﬂpdm?]mp,vj;;se]zy,mdl @59@144qz3;,l ting mxture g
stirred for r xjure i s, then_ev to drynes:; triturate
with CHO [er®] to(lﬁ"}:&gNg}"b*' lawﬁrgmhgngﬁr'&oﬁxﬁ.ﬁﬁ'ﬂ~§yﬂgfﬁrﬁﬂa%m'? re to carry
forward w t hout phydrésypysirolitine: Th¢ methylestdo28a)(300 rfig, 01833 minela)sis takon B4 BL of methanol,
treated with NH2OK (1.44 mL, 0.86 M in methanol, solution prepared as described in Fieser and
Fieser, Vol 1, p 478) and stirred overnight. The following moming, dry silica (2 mL) is added to
the mixture and the solvent removed under vaccuum. The dry silica is poured on the top of a

flash silica gel column which is subsequently eluted with hexane : EtOAc (4:1) then with
EtOAc:MeOH:NH40H (8:2:0.1) to give a white solid. ES1 MS: m/z (rel inténsity) 362.0 (M* +
H, 100), 379.2 (M* + NH;*, 7), 384.1 (M* + Na", 55).
EXAMPLE 29

a. (1N)-(4-BButoxyphenylsuifonyl)-(2R)-carbomethoxy-(4R)-hydroxy-pyrrolidine: Cis-D-
Hydroxyproline methy! ester (583 mg, 4.02 mmole) is dissolved in DMF (7 mL) and N-methy!
morpholine (3 mL.) and stirred under air for 14 hr at room temperature in the presence of para-n-
butoxyphenylsuifony! chioride (1.00 g, 4.02 mmole). The mixture is then_ partitioned between



(M+ NHerr], 40), 361 (Merr] + H 100), 331 (12), 301 (43), 144 (95). b.
(IN)-(2-Ni g—s@-s t hoxyphenyl sul f onyl ) - (2R) - N- hydr oxy- car box ﬁ,@,{,@s
hydroxypyr‘&{o)ll inig The nethyl ester 28a (300 ng, 0.833 nmol e) Is taken in 4
m. of methanol, treated with NHerr]OK (1#44 niL, 0.86 Min nethanol,

sol ution prepared as described in Fieser and Fieser, Vol 1, p 478) and
stirred overnight. The follow ng norning, dry S|I|ca(2 rrL) is added to the
m xture and t he I ven under vae C on
the top of a fla sf"T lggﬁcgle)?fﬁe o T A AT %%#‘gh‘gu é‘é" en'ﬂvaslhe‘f] ﬁq\%ﬁ{(ﬁﬂx
hexahe : Et OAc (\mhll)nntmd oer MEEOM!!W@# ¢onflensedtpivg B2 2: @cmﬁe ngeripl whickais

whi t lid. ESI i 2
(I\/I[e(rar]so+I NH[ err élhe“’ r EM)CNE grrri AQE{ ﬁ%lggﬁgl%émlyﬁw}%m
(1N) - (4- [ er r | Butsolidy (fHs Ms: §'[FI( maﬂy 358 (ME 3 Hy 3 148K53) Y4128k y - pyrrol i di

ne: G s- Dy, Hydrg, ﬁﬁmmnmhhudn.ﬁﬁmnﬁﬁ&@amuﬁo%mmkﬁ ar&yﬂyﬁmin\eed :

in DMF (7 m) and N- I hol and ed, under 4
hr at room tenpe?‘ﬁﬂfg'g °?‘¥f 719{‘:%48 %ﬁ@é‘g'ﬁ?l%% f‘Biij)'Q W"g‘a 'B%@{ZO&
chloride (1.00 @i 5&:@.20wrnlwhemihemuﬁmwmmbemmmesmmedseb%m@ms)
WO 98/ 08815

PCT/ USO7/ 14555 /B4 St evemight; \Thpfoliowing moping, dry silica (2 mL is added to the mixture and the
organi c |ayer i sommmmmmrtmm HOpe, dryl silicajis poutsd pribe topl of & flash siliea gel column

MSTerr], filteg Waﬁfda tvﬁm%e)(ﬁlel é’toﬂcfli ncmufienmu ﬁleommi S.

chr omat ographed over f l1ca wth hexane: (4. g gi ve
the material as (é‘\ﬂ‘il)!%“ée@l‘?*ﬁ"‘!'}f‘-[§$'rﬁ’smz("ﬁll“l‘°’lsﬁ"épsﬁ 'r{Maﬁ's"f t‘%) 3% QW'M‘EM]
+ H,  100), 298 (43%), 146 (53), 114 (24). b.

(IN) -4-[err]But oxyphenyl sul f onam do- (wr oxycar boxam do- (4R) - hydr oxyp
yrrolidine: The methyl ester 29a (347 mmole) is taken in 2 nL of

met hanol , tar eat e(mmmwmugmmmmmmw{mmmmmmm s oThgt aleshol

d d
el gt - The. At 8 s 038 ikfle) AUBpededF L5 m '"]‘“‘f'g'“%ﬁf Plnble ldWeme,
and the sol vent ®&Rwmale MPMO @wmwe(mmap §‘P1°°b’&°¢'§"ﬂ€ﬂ9r@ﬂ°‘\‘ﬁqb¥ﬁ‘5‘h¥‘op
of a flash silicgodi&kb (106 Y1), @bﬂxﬁm&lb)bsfﬁﬁklfﬂfs'tue!Qdcti&xﬁﬂlxmehhfm&sxhca

N ™ 1 A .qsvsﬁlﬁgﬁ”?%é'vlﬁr%g L héis. Sfhe'

45) . EXAVPLE 30 r2sulting solid mixture is poured onto the top of a flash silica column whxch is eluted with hex :

IN) - 4-Met h
(e ot conol ~s5a o L ofibi ieFhe BRERERRA i A ©3HRY il i 01
chloride. Benzoi@® aNHs' 596G MO+ By )80 £300% 126 B8 phenyl phosphi ne (220

ng, 0.84 myple) GnpginBiidx ﬁﬂ%@nnﬁmmm,hmﬁemmaamnm&w:am (116

m., 0.672 mml e). After reaction m xt ered, an

fil
gel is added to Petayiester 3fa (134 mg, 0334 mmole} is taksy H'tgg'ia"k%wfhlﬁ‘é" 2P, M N?zbkc
concentrated to (dlU;ﬂl.EB.SG MTi énethanal sbiutien pepared andemibeenll’ssqummtmmbl.wh&)t op

o 10 A i v e 2
479. 1 . the solvent removed under vaccuum. The silica is poured on m;u:f a flash sxhca gel
| column which is subsequently eluted with hexane : EtOAc (1:1 to 0:1) and finally with EtOAc :
MeOH : NH4OH (9:1:0.1) to give a clear glassy solid; ESI MS: m/z (rel intensity) 359 (M* + H,
40), 376 (M + NH,*, 30), 381 (M + Na*, 20).
EXAMPLE 31

a. .(lN)-4-Bromobenzenesulfonyl-(ZR)—carbometh_oxy-(AR)-hydroxypyrrolidine: The title ester
was prepared as described for compound 28a from cis-hydroxy-D-proline (4.43 g, 35.1 mmole)
and 4-bromobenzenesulfony! chioride. ESI MS: m/z (rel intensity) 364.0 (M* + H, 95), 366.0

(M* + H, 95), 381.0 (M* + NH;, 98), 383.0 (M* + NH;, 100).
b. (1N)-4-Bromobenzenesulfonyl-(2R)-N-hydroxycarboxamido-(4R)-hydroxy-pyrrolidine: The
title hydroxamic acid was prepared from ester 31a (7.59 g, 20.9 mmole) as described for



(M.-+ NH,err], 55), 462.0 (Merr] + H, 30), 250. 0 (100), 126 (38).

(I'N) - 4-[err]Wao8Rgsisenysul f onyl - (2R) - N- hydr oxycar boxani do- (4S) Wﬁﬁwﬁﬁﬁro
‘lidine: The nmethylester 30a (154 ngy, 0.334 nmole) is taken in 2 nL of

nmet hanol, treated with NH err]OK (1.0nL, 0.86 Min nethanol, solution
prepared as described in Fieser and Fieser, Vol 1, p 478) and stirred
overnight. The following norning, dry silica (1.5 nL) is added to the

m xture and the salompsund 126M0TIRCresultihgr materiat wasvecriaailietd yirdin [EtGAc. | £SPMS: aRlz QR

the t f flash sil . ' ' tl I i
noxane - Etone. ( 1-egRey B S SERAPDL G B TRSRE s Yaghy 4D el e
(9:1:0.1) to give4dclear glassy solid..ESI Ms: mz (rel intensity) 359
(l\/[err] + H, 40), 376 (M+ NHerr], 3OEKA ﬂl+ N err], 20). EXAMPLE 31

( lN) 4- Br onpBenzed - WWHPM¢M%WM§H‘!WMY‘WWWWH@M Trbe
title ester was phigpetatva pryasd bd Bathived Ifor(‘ceﬂmmdsesanfcmmmy-o. rollne (361 mg,

hyd D i 4-b b
chi or ) de. s N5 37 7ubeleyang sl pmshsrimmeniipis) Rorier CTOMS: mikses Giaonind 7]
+ H, 95), 381.0 (NMerNH;10bBes (M*,+ NH), 955388 (M*(+\fl, 50y, B78: (M| BY 45), 317.86) 300020),
(1IN) - 4- Brom)benze t}binonyl (2R) - N- hydr oxycar boxam do- (4R) - hydr oxy-pyrrolid

ine: The title hy c acid was prepared fromester 31la (7.59 g, 20.9
mol e) as deder i bdHViZoMethyl-4/pyogpbér@sriesnlfonyl-(2R)-hydroxycarboxamido-(4R)-

PCT/ US97/ 14555 41 h?&m?ﬁﬁ%n&ﬁe The ubie s xum mt@élﬁérmmﬁe&&yﬁ.agﬂ #g%.72

fromEtQAc. ESI M5 niz ( el |ntenS|ty 98)

(Merr] + H, 100) mmpie) ay desgribed m@wm The gesulting wpterial e peciystallizsgl from water.

EXAMPLE 32 a. ESI MS: m/z (rel intensity) 398 (M* + NH,, 85), 396 (M* + NH,, 80), 379(M* + H, 90), 381 fwd
|

(I'N) - 2- Met hyl - 4- brg_rq&gnzenesul fonyl - (2R) - car borret hoxy- ( 4R) - hydr oxypyr.ro
ine: The title est 5 prepared as descri bed for conpound 28a from
ci s-hydroxy-D-proliné (361 ng, 2.76 nmoEXAMPLE 33

2- met hyl - 4- bp onobeganes ,q,n% ﬁ; iqpﬁm
9r7re( I\/{err] +Om[grr] %‘6‘? gggekfi{- alﬂ[l-lliierr g?fné?)ggﬁk ri i BP@ s
50), 378 (Merr] Preparedjasydescribedl forxompoung(8s from cisshygrowoh-profine (50 m&38mmo!e)md
(1IN)-2- Met hyl - 4- bngmmnfoeﬂﬂmhaﬁm aow&bmmﬁ%&@ intensity) 354.0 -

Pyt orPYL O e U6 LN, S, MBS B L,

was recryst abl i ze@iN)2pDieklbwr(2RESIhydfoxydiFibxmidb-(dR)ibedrdikypyyrolidide:( M erThg +itle

HLerr] . B9 390 chflofbd i prephibh Bbihlesses o (550 E,M.S3" dishotd) ds' destiibed B3P cortpllod Zab.

+ H, 100) EXAMPL _
(1N) - 2, 4- Di chl or o ESPMS: @@KBMWVMM*%MW@WGIN‘@T 80 The title
corrpound I's prepared as descri bed for EXRvie 8a from

R CEITHE Rl IR TR
—ies/water_hath with mechanical stirring and charged with potassium hydroxide pellets (118.2 g,
2.11 mole) followed by phenol (94.1 g, 0.70 mole) and then 2-bromeethyimethyl ether (86 mL,
0.9 mole) is added at a rapid dripping rate. The mixture is surred for 15 min., warmed to room
temperature and then stirred for 2hrs. It is then diluted with 1 L of ice/water and extracted 2
times with CH,Cl,. The combined organic layers were then dried over MgSO,,filtered and
evaparated The yield s in excess of 100% so it is taken in CHCl; and washed 2 times with water
and 1 time with brine. This organic layer was processed similarly and the concentrate was taken
in 1.1 L of CH,Cl in a mechanically stirred flask 5 L ﬂask. Chiorosulfonic acid (140 mL, 2.1
mole) is added dropwise causing slight warming A heavy precipitate is observed after addition of
half of the reagent, so the mixture is diluted with 1.1 L of additional CH,Cl,. The resulting
mixture is allowed to stir at 1t for 16 hrs. It is then poured onto ~ 2 L of ice/water. The layers are

separated and the aqueous layer is extracted two times with CH,Cl2. The combined organic



(M+ + H 100), 356.0 (Merr] + H 73), 371.0 (Iv[err] + NHerr], 78), 373.0
(Merr] + Wdesosgis 54). b. PCT/US97/14555

(IN) -2, 4-Di chl oro- (2R) - N- hydr oxycar boxam do- (4R) - hydr oxypyrrol i di ne: The -
title corrpound is prepared fromester 33a4(550 ng, 1.55 mmole) as descri bed
for conmpound 28b. ESI Ms: mz (rel intensity) 355.1 (Merr] + H 100),

372.2 (Merr] + NHerr], 67). EXAMPLE 34 a.

4- (2- Met hoxyet h qxge}sﬂmwdo&uhid) abi&d 68l MESGIE nindWiatahy Lﬁbﬂx{t&%b Eﬁe ﬁé@e@ﬂd)ma al

cooled with an ice/ wate hani.cal stirrin charged w't

e i e o BaF ey Pritobafly Wiy THIR posisea, 1 005 e ek ety
g, 0.70 nole) arad7iligan+H, BS)Deda (b +NH;NN0D), 26905M* 3G, 48)., 0.9 nole) is added

o o 200 O PP oy oo G St s 12,
:ce/ wat er andhexhydmmdr@dlnmﬁbe wletdnmmrﬁxé lsm}eﬁ:tjr[ztasrd]:scnsiuﬁ:rcmﬁghﬁ?ta.owﬂszc :
ayers were the ﬁﬁ{mg“ﬁr £ | e n vaparated The yie S

i n excess of 108,3//(? so It |s36?\/g§ﬂn ﬁlb&jgig'?‘r NA goﬁlashed 2 times with

wat er and F ti nLrt-f2-Methpxyethyhphenyisyfonyk(2R dewvews(éﬂ)-y mlarly and
the concentrate Soxwyfamam& h&sﬁﬂ@émﬁﬂrﬁs‘i&bﬁb@fﬂ%dﬁlﬂlﬂﬁ?ﬂ Gvbriight
stlrredflask5LfIl‘g‘ﬁk or SUHO%bﬁﬁ géy%f“& l|s added
dropwi se causi ng™ & t'“%!?é‘?‘}lrf"rfg Keifa Q yq%"’bb‘%@?’\%&‘é‘ﬂ@l‘?md
addi ti on of hal fasdésciited in Fiesgeanid Fieser, Véid, mﬂX)ul‘m: sofuti6h ik the partiviohéd bltween 0. pﬁ
addi tional CH er i al.l oyed t ti.r

for 16 hrs. It |%&lgh EHASUF%%%S&”; ’&ﬁeﬂ% @%@\ﬂh@ %"f’ﬁg?@"éﬁﬂa
separated and t Wéaatechsalsdwlashes cmmmwﬂmnlkamsmw@ﬁmp@l lewr] .

The conbi ned or %W}tﬁemle o&“}o% \Qﬁ&xlﬁ uffed mtoasolxd white foam under vacuum. ESI MS: nv/z (rel
PCT/ US97/ 14555 I &}ers are then co ined, dried over MgSQ err], filtered

and evapar at ed t"H"!jl 261 h@"H‘é& 100y 3781 @F Fﬂvﬁch Is suffici ently pure to
carry forward without purificati on. EBKAMPLEBsz (rel intensity) 247.1 '

M I 4 bR badobEhah R R hone bR e o i
hydr oxypyrrol i dicowmpoufthe isi tpreparsd nplvomdas-Phydroxypmlired é00deg.cr BHEd nimole) and

ff\)/[ ”2?;‘]““' 3 8§H[ E?ﬁ:ﬂxﬁﬁphm;'ﬂuﬁﬂnﬂ chioRbE 03 21zY 42 mfiBle, brepiVeds dbscribellifor RO). Cremfyh-efal

(1N) - 4- (2- Met ho>é'§/é1"‘ﬁy-f n3783% 845,12} psrdeseribed for spmpayad:8ao Thefompoupd jRypurified
hyquXépyrrol | diowér flashsitics Wwith EOXG: : rm*ahytlestbﬁm)%beaﬁmemp&ﬂ[«ﬁ;&?gﬂ?l(ng)%rrsm
stirred overni in err

1.25 Min net hgﬁ%§ m’%éf'ﬁ%‘f W’%Wd%ﬁ“@e@ém@i‘eﬂﬁﬁ I%)eser and Fi eser,
Vol 1, p 488). Im-@nmnxmewuuvmmmhyurmmmmemmymwmnm The
Et CAc. The orga gQ, ¢ rmma

gl ve 710 ng 019 gh?mkl oW ls%)sﬁrgy 95930%%%“%%&3:%%% ogver (1@ éﬁﬁé&fjl ca
with Et QAc : Mﬂdoreeted with NI, QK (3jmbcl 250t intmethprol) and pristad avemight hThe Jollgwimg e d
into a solid \mlnﬁ&mﬁ i£I@ 15 MSYGS/atided t5:le miiRure BildZihe soRnt ret{oGéduhdeY yacthil - The

(N -4 Phenoxyph ay?%%a% § bk ash ifchinmg ¥ bty ByP v aiphesie

The title followed with ethyl acetate: methanol (8:2) to give a clear glass which is puffed to a foamy solid
by slight heating under vacuum. The product was recrystallized from cold methanol to give the
title compound as a white powder. ESI MS: m/z (rel intensity) 379.10 (M* + H, 100), 396.10(M*
+ NH3, 10).

EXAMPLE 36
a, 4-(iso-butoxy)-phenylisulfonyl chloride: The title compound was prepared as described for

example 34a. ESI MS: m/z (rel intensity) 245.1 (M* + H, 50), 262,1 (M* + NH;, 100).
b. (1N)-4-iso-butyloxyphenylsulfonyl-(2R)-carbomethoxy-(4R)-hydroxypyrrolidine: The title
ester was prepared from cis-hydroxy-D-proline (10.0 g, 76.3 mmole) and sulfonyl chloride 36a



compound is prepared frontis- Dhydroxyprol ine (5.00 g,
and phenoxyHe Pfonyl chloride (11.2 g, 42 mole, prepared%éwgef%ed

for R J. Ctemyn et al in Aust. J Chem 4979, 32, 445.52) as descri bed
for conpound 28a. The conpound is purified over flash silica with EtOAc:
hexane (1:1 to -1:0) to give the title conpound as a clear gum Cl[rer] M5

mz (rel |ntenS|ty) 378.11 (Merr] + H 100), 395.11 (Merr] + NHerr],
40). b. (19.0 g, 76.3 mmole) as described for compound 25a. ESI MS: m/z (rel intensity) 358.1 (M* +

-(1N) --4- Phenoxyphq.nyb@mgmmh.mms) N- hydr oxycar boxam do- (4R) - hydr oxypyrrol i
dine: The startin s, taken in n. of
net hanol : tefr ahyg}%éh“t( @ W}'"yga]d‘g"t’?éﬁ' é"a"zm‘w %”‘f@é’("!"f’ﬂl‘”’!’?%ﬁ n
met hanol ) and sti rmestaxtiugamethglmer'lslshn‘i)gImmmgemmnmm7zﬂxﬁmmmaaan6heﬁedmih
is added to the m d . SOl er, vac The dry.:
silica is poured ﬁpk&%ﬂ,g 'é‘s'%ﬂ'salgm?:"g%codtfr‘fn T &P %@ﬁf‘@ﬂfﬁlﬁ filtered
el uted with ethyl andprifiedby paitioningbetwsen watst Mfﬁtmmtersmmh&rauabnc@&a&)lmmuo
give a clear glas f g‘ﬁ?y

vacuum The pr odu%?%s@%%‘r’?g’%glgﬁﬁzgﬁé& col %eret ano %apgguteh t qﬂﬁ
conpound as a whi torkse e like thefijfratean dwdmvghqu%lﬂfW“hﬁQAwWWéP#}mdm
100), 396. 10( M er iplodict Mak fecfyitallized )rom2tOXCL xdfe 16 give addltlonribduct. ESI MS: nv/z (rel

2L

deccribed for &23@%@%&%‘3% B 751 L ey R BTN 48 U oo T S
5(2) 222 1 (E/[;arlrL + NH[err] 100). b. EXAMPLE37 iox . |d| .
:( N)The ![IS?| eyegt e)rix'%a rvepar g@‘*‘%r%ﬁ%l 3%%@‘ x&g@)ﬁ% % %‘P% p%

mol e) and sul fonybeﬂdh-}wmﬂlﬂn%%’he starign 9'89“@881'5 310 mg, 0.82 mmole) is taken ins mL of

PCT/ US97/ 14555 43 ct]&), @ndi &%ﬁ::.emh.ﬁme Q@aiéarhbﬁﬂetﬁﬂ&uﬁ&ﬂpauﬁﬂkzz@ukgﬁbu

v it 35 100), 375 +
z (rel in © 53) The soiuilion(xly[surred for 1 hratrtan then pamuonédl\{)[egegr]x EtOAc and IN'HCL

(1N|) g i so- bﬁtyl OTHe brgatiyd hﬁ%ﬁ@?&)wéggdaywméw dl:he(cAB)rdEmdeewm@y
rrolidine: The st tln st 1 ta

nL of nethanol, an %aﬂg% mﬁ“@["ﬁﬁ éf ;nﬁ%&%%uﬁkﬁgﬁ%aﬂ%wﬁmm)
stirred overni ght mdqhwkmemQMiwhﬁdrMLWMQG)fmetmxm isstigred for |16 ihe shdithyen
par tioni ng betweep, iain&i bééin Wudﬁi@a@i ggﬁu SrgdnftiB¥er isSwasAGHEY Erﬁ{e,e&hddrbm

vacuo and recrystal | i zed Trom hexane : gl ve pure materlal

original filtrateNgs df”&'ﬁdéﬂﬁ‘d"%ﬂi’%@@ﬂ&‘ﬁ al'Fﬁl‘l%"f"H'éh Fl"*‘i‘F'H?’E"%ﬁﬁthq?VF’éﬂ%H’“’“
through dry silicwitgakxané t E:0ACQAQ) to piveithe( ftleldompirmdiaa (ap glissl CESMS: m/z (rel

oY st oo " LB ofr, s [ORENES 5B, Y60, 30 ! RRL g0 Ut a T, MTgsll oo
381.1 (Merr] + NEpON5). EXAMPLE 37 a.

o phomyi ) i1 ol Fpi AR R o )

taken in 5 nlL of @efhoxymersaptorphien :ahevrroﬂﬁweofm? mpthylesier 378 (V&1 mey P Wm@a wam
met hanesul fonyl chl Dl G2 methénol ETHEF (0:1)0r&ed wmnhgbx 6an1§ qzstM @ mbthand!, sbiida

for 1 hr at rt angrelgarhe%nu Q%Lrt.b'eﬁ iinoﬂg'\sgr atglgtl’\{e\e;eei\', Et 378% and stn'm'&_| overnight. The following
morning, dry silica (1.5 mL) is added to the mixture and the sqlvent removed under vaccuum.
The dry silica is poured on the top of a flash silica gel column which is subsequently eluted with
EtOAc and then with EtOAc : MeOH (4 : 1) to give 79 mg (79%) of a clear glassy solid. ESI
MS: m/z (rel intensity) 501, 503 (M* + H, 65), 518, 520 (M* + NH;,, 100), 523, 525 (M* + Na,

35). |

EXAMPLE 38

a. (lN)-"Bntoxypheuylsnlfonyl-(ZR)-N-hydroxycarboxamido-(_4S)-(2-mercaptobenzothiazolyl)-
pyrrolidine: The alcohol 29a (200 mg, 0.56 mmole) is dissolved in 2.5 mL of methylene
chloride. 2-Mercaptobenzothiazole (113 mg, 0.672 mmole) and triphenyl-phosphine (220 mg,



The organic |ayer was dried over MgSO err], filtered and evaparated. The
crude resimmlg hen taken in 2.5 nL of THF at rt under ar gecE/usel/14s35t ed
first with 'butoxide (50 ng, 0.45 mmol e) and t hen 3-net hoxyt hi ophenol (110
[err]L, 0.90 nmmole) The mixture is stirre$ for 16 hr and then partitioned
between Et OAc. and IN HCI. The organic |ayer is washed with brine, dried
over Na[err]SCIerr], filtered and evaparated to give a residue which is

t Een _chlr omat ogr apee tmoler arefthensdadead, Folloaed\by hlemgumcarb&ylﬁieqldﬂmm 0.6712 §invie).

the title conpou a cl ear. nt ty

510 (Merr] o NLGY pyies o Raffniige s (e e A o€ pde oo e bt
141 (50), 128 (ls@ﬁl)esaxinthe mixture is concentrated to dryness. The resultmg solid mixture is poured onto the
(1IN) - 2- Met hyl - ‘bgﬁplf X

met hoxyner capt o- tB%eny %Jr‘:?g‘*l&%wkmﬁ %@m&i‘ %S%ﬁ?&?% ld? 28'%[55
mml e) is taken Rredust T*: fplg Kfalrm!‘“ﬂ'”ﬁ‘?ﬁ' (t %/[)H’ 30% é%?t’eﬁzbvﬁﬂao ). d67-9 €0),
(2.0 m., 1.25 M 339058 hanol sol ution prepared as described in Fieser and

Fi Vol 1, 47 d st d The f , d

silica (1.%ni) p«rm)aaaﬁxxpie-ivhéﬁw%&& Sreara R L mseRon er

\\I/ﬁcch m Thg dr ybditdthlﬁz’blylﬁpyliﬁliﬂﬁd The nidiylesioyBsa{21a nfg% ash m&u)ﬁamlm Le hmlrm
I C IS supseque

to give 79 ny ?7@% é‘r gﬁ%l‘&‘?\%&ﬁ&? &?Qgﬁ &%gfmﬁgmpn?ﬁ utm('rp rﬁpaﬁel\gglge_&ﬁésﬁ" P'd)')'

501, 503 (M er r ] Fiesesgnd Eig}er, &1 8, p 48X rnd Mireed o emnightH[ e following Mpming2dy sii@d2 mL)

(Merr] + Na, 35 gdedfVhdhrixire dd the solvent removed under vaccuum. The dry silica is poured on the
(IN) - [err]ButoxyphenyIsulfonyl (2R) - N- hydr oxycar boxam do- ( % (2- rcaptobe

nzot hi azol yl )- pgP fcﬂ‘?’éh%’é“ﬁﬁ@“‘&!‘t?hﬁ%!“%“{“ﬂ%‘ w“b*‘%‘ﬁ"e 4915140 0:1) and
di ssol ved in 2. Sidxlly mrmm RIBOHC NIQOH 64: 1:81)Morghvani whie gowdér aEsT MS{ kel T,

0.672 mol e) and, tr| | - phosphhine (.2 : WO 98/ 08815

PCT/ USO7) 14555 4ZBHEyS0 |£B Q’?gs%@’ﬁ' ég’dg%; fol l owed by di et hyl

azodi car boxyl ate (106 nL, 0.672 mmol e EXAMBIE3I93 hrs, the reaction mxture
is filtered and f sol utes
and the m%ure w oncentmregit%é@qg'g&awn Nﬁgﬁdﬁﬁe‘?{ﬁx& %ID'FL m xture |s
poured onto the besgothipzolylx-pyzeolidiae: W@b?'@ﬁhﬁ%%oﬁ%mwgl B distpivep iy b3 mL of

EtOAc (2:1 to L &Amin&e&hnsﬂdet hemMeiespidbeitkoiiasle! 012 n¥>0.66 hidiold) andrﬁi;he(nmeﬁhosphme

| ntensi ty) 507, Ok, 6k mhetds dre s sadea, I?()w/ed B %xegnyl( adicarboRytae (fob G, 0.666

135.9 (90). b.
(1IN) - 4- [ er r] But omipley mAftes 3ihis, wbu(:mmﬂehyﬂmymmmm ag)ded(tdl By filkrarro wlsqrb O-

P SEE (r)]t |h inaiogy lm)_ B¥ gorlu(?% g E‘?“""t %'?i%yﬂ"%éawg&g §olﬁ nﬁ%%'e’f%%héﬁ ofts
met hanol , sol uti @H%rﬂépmwhwoﬂwﬁl%edﬂ?@ Fiﬂéh%‘r EXQAF (@i1da &) to\giye the desired

478) and sti rredpr@&iﬁ{zﬁlagumue sohld.eCi*NIS: ik (6 ivBsiRy) 309.9 MY+ B 30), Gaséasmzmﬁs),
added to the m xture and_the sol vent renoved under vaccuum The dry silica

i s poured on the'ﬁt"c?d“lﬁ» lés?Pééh silica gel colum which is subsequently
el uted wt hp, heMm@ddﬁoﬂp&@lﬁn&aylﬂﬂﬁ-bmbmamtmiEb-GSc-(Z eChjito-

NH{err] OH (4: 170 ]h;othuzoq}lygynaol me %‘IP mquester §9Sa (Zng,rU%A_%k) is taken in | mL of

methanol, treated with NH20K (1.0 mL, 0.86 M in methanol, solution prepared as described in

Fieser and Fieser, Vol 1, p 478) and stirred overnight. The following moming, dry silica (2 mL)

is added to the mixture and the solvent removed under vaccuum. The dry silica is poured on the

top of a flash silica gel column v}hich is subsequently eluted with hexane : EtOAc (1:1 to 0:1)

followed by EtOAc : MeOH : NH4OH (9:1:0.1) to give the white solid. ESI MS: m/z (:el.
intensity) 511.1 (M* + H, 100), 533.0 (M* + Na, 30).
EXAMPLE 40

8. (lN)-(d-"butoxyphenylsulfony_l)—(ZR)-carbomethoxy-(4S)-(4-methoxy-mereaptophenyl)-
pyrrolidine: The alcohol 29a (178 mg, 0.499 mmole) is taken in 2 mL ‘of CH2Cl> and to this
mixture is added triphenylphosphene (157 mg, 0.599 mmole), 4-methoxythiophenol (67 mL,



i ntensity) w‘i%ﬁ £r] + H 100), 532 (Merr] + Na, 32). EXAMPhETRRofi4sss
(IN)-2-Nitro-4- oxyphenyl sul fonyl - (2R) - N- car borret hoxy- (4S) - (2- mer capt o-

benzot hi azol yl ) - pyrrolidine: The al cohol 28a (200 ng, 0.55 mmole) is
dissolved in 1.5 mL of nethylene chlori-de. 2-Mercaptobenzothiazole (112 ny,
0. 66 mmol e) and triphenyl phosphine (219 ng, 0.833 mmple) are then added,

oL oted BY 0 Da PRl bl by ufE g TR b b el o,

adsorb the sol ut eordrial. # vbichrtizot Grnel pfsilive geldnedded todthe wixthre/wibgsis ikl eoncentrated to

i ch i 8 el ut ed wibhheTie PR ARl b Bl iord fedh R Skt d S Bk ine

a white solid. ClEQ4q (4WEP LA}t B(VFelcleP'Fﬂ‘er@fM nse(;elgmermeﬂﬁf (M’HH 48),301 (43),

315.0 (18), 294. 92@@3)‘,81,%),9,04, 135. 9 (95) b.
(IN)-2-Nitro-4-nmet hoxyphenyl sul I- 2R droxy carboxam do- (4S) - (2 mer .
capt o- benzoPhi az&W)T¥' F-‘CR"F’M’ °"ﬂ’f‘@n I"PI Zysagho 45)-{4-meghoxyp

nmol e) hl S ItakenI | maloiyb-pﬁfmlmehamegmmﬂmuwmg,bsz[nﬁ.bre%l ngénlme nmofnﬁua&,uvl
i n met hanol, sol uti [ I, SGr | ser..an i ese
478) and stirred ﬁ@n‘?%%@ﬁ&ff%ﬁe‘avﬁ‘dﬁy F‘%h F%P sﬁ'ﬂ"&i '%k‘fﬂ\éf‘l V’iﬁesg
added to the m xt emdeFiesed Vohb psmymsumman(ﬂp fqlhwmmntmﬂ'g;drychﬂ;casz Ly &
: d th

a8 B30 B e B Gl el o Gy FUGTFAUR b
(9:1:0.1) to gi veoih%asmweeleemawhEs!ssmsequmthreM@mansilit%c Galito 9:1) to give
(Merr] + H 100) g whitesofid. (M%s]nv'z‘?%ﬁ.m%@ )-48 FOMNPH Qwﬂi +NH. '100), 503.1 (M*
(IN)-(4-[err]but ox%@henylsulfonyl 2R) - car bonet hoxy 4S) hoxy- ner capt

ophenyl ) pyrrolidi O%he al cohol 29a (178 ny, 0.499 nnDIe) |s taken in 2
mL of CH err]CJ[err] and to this m xt ulBXAMPEE|diEd tri phenyl phosphene (157

P Uso71 14585 45 USRI RRIGHP 0 tfeehemosy Ay Sy pyrragting, e e

0. 0. 548 nmol e) aneompoundis prepared as descritied If'!!d“ OFI* % mv/z frel inteasity) 468 (M” 8 Ha#8)o301

silica gel is addgg, hﬁ@é?e]ﬁl@g)u,rog (iohy.ch is then concentrated to dryness.
The dry reS|due is poured onto the to 3 of a flash silica colum and el uted

wi t h hexane: b-Et OAEBN-A-"Butogyphenyjsulfopy, Nohydrosycarbpxamidor (S (3-pynidyloxp)- 2 (1 e
intensity) 468 (Mpgwélidine: [he dife) compblhd (’pidpared Edesedided fol £3b. (ESTMS: h0D(rél Litehsity)

b. .
(1N) - (4- Vet hoxy ph&RA QU FEAIP) RSN MM Bo( 49) - (4- met hoxyphen
yl - thioloxy)-pyrrolidine: The nmethyl ester 40a (125 g, 0.268 nmole) is
taken in 1 nL of nethanol, treated wthdﬁﬂ_ﬁpﬁsqgéo 465 nm, 0.86 Min
met hanol , sol ution prepared as described in Fieser and Fieser, Vol 1,
478) and st i inthsfoliRring fxamples Wignd Z a1e hydioerg. ardrinis QL. nds | Agily subssituged °Fﬂ£'}5“'?s jruted
added to the m xtbﬂeﬂy;a,gdxt,h@ngL,\f@%mu@defmdﬁh accuum The dry silica
is poured on the top of a flash silica gel co ich is subsequently
eluted with hexane: EtOAc (2:1 to 0:1) to give x : :
o]
OQ\‘f/O
HO j\/ |
l‘

Exampie X P R
42 OMe H
43 OnBu H H

T




a white solid. ESI Ms: mlz (rel intensity) 481 (Merr] + H 10), 498.1 (M + -
NH err], x9Opsnogsi8. 1 (Merr] + Na, 20). EXAMPLE 41 a. PCT/US97/14555
(1N)-4-[err] Butoxyphenyl sul fonyl - (2R) - car borret boxy- (4S) - (pyri dyl oxy) - pyrrol
idine: The title conpound is prepared as Yescribed for 13a. Cl[err] M5 mz
Erlgi))l nLensity) 468 (Merr] + H 48), 301 (43), 272 (46), 187 (65), 109
(IN)-4-[ erLr] But quphenyll sul f ooMe- (2R)- N- hydq oxycaqr boxamimo- (4S) - ( 3- pyrijdyl o

Xy)-. pyrr@ttarme._T1ne tftre conpound|rs preparedjas desclipbed tor I3p. |ESI
M mz ( ' ' 436 ]O&Err] + H Yooy lasg aohlex, ngrerr] GO,
517.8 (M ¢rr] +a4ila, 15)| EXAMPMES 42461 Inghe foll ow igHerappl es Wand Z-
are hydrogem—ang Y 1S O, n 1S I, Af 1S substrtyied or ynsubstrtuated

phenyl , a d Lad& Q refler _to [ tyent.s AP o .phanyl-n qxng- [ arrl B
&22 48 O OMe H H ' S
u H H}. WO U8/ 08815 .
PCT/ US97/ 14555 A8 44 OnBu |y SOpMe
g—vgr 45 50 OVe  On-Bu H o SO23-(N- Hex . 46
_ H CH2CH2Ph 47 ..
n- Bu A~-Hax : e methylumdlglgolegv‘3
gg err] Met49 51 QGMeBu CH2(3- H-I SO2Me S er rﬂ Me
> vl deserer5i T H  pyrayp |~ Sderr]s-(N
yirmd or€—or P?VE crrerTT rerTT™

SO err] Melpyridy@) 52 OMe O\Ve SOsMe SOoMel ey 1] Ve
Sqerr]Me |53 g3 e aPr 1P soMe ~Sqerr] M
54 v = ' —
SOerr]|Cgrr]H e¥r] Ove b5 OMe Gie SO2pCeHaQMe
Cn- Pent 46 55 e g HI ConPent  COp- Ph-JPh
57 Oive =t CONANVE— S8 |
Ove __ 36 H OMe QOCH( R-HRn) CHi or r ] GQp-Ph-Ph
Ove s7 H OMe $OCH( R-#Bn) CH2Ph  cONHMe

58 OMe : H COCH(R-OBn)CH;;

59 ' OMe H COCH(R—OBn)CHzPh

60 . OMe i-Pr , COCH(R-OH)CH3

61 OMe i-Pr _ COCH(R-OH)CHgPh

EX LE 42

a. (1N)-4-Methoxyphenyisulfonyl-(2R)-carbomethoxy-(4S)-azidopyrrolidine: The staning
mesylate 15a (4.2g, 10.7 mmole) is taken in 15 mL of dry DMF in the presence of NaN; (695
mg, 10.7 mmole). The resulting mixture is heated to 55°C for 26 hrs and then partitioned
between water ﬁd EtOAc. The organic layer is then washed with brine, dried over MgSO,,
filtered and evaparated. The resuiting crude oil is chromatographed over flash silica with hexane
: EtOAc (5:1 to 3:1) to provide pale yellow oil which solidifies upon standing. CI* MS: m/z (rel
intensity) 358 (M + NH,*, 50), 341 (M+ + H, 67), 315 (95), 145 (100).

b. (1N)-4-Methoxyphenylsulfony)-(2R)-carbomethoxy-(4S)-aminopyrrolidine: The start'mg
azide 42a (1.18 g, 3.48 mmole), 'is. taken in 100 mL of EtOH:THF:HCO,H (5:1:0.1), and
hydrogenated at rt. under 54 psi of hydrogen in the presence of 100 mg of 10% Pd-C for 16 hrs.
The mixture is then filtered through a pad of celite, concentrated to an oil and fecrystal!ized from
hexane : EtOAc to give the desired product as the formate salt. CI* MS: m/z (re} intensity) 315
(M* +H, 12), 177 (13), 143 (42), 123 (60), 109 (100).
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Owve COCH( R- OH) CH2Ph EXAI\/PLE 42

(IN) - 4- Met hoxyphenyl sul f onyl - (2R) - car borret hoxy- (4S) - azi dopyrrol i d| ne:

The starting nesylate 15a (4.2g, 10.7 mmole) is taken in 15 nmL of dry DW
in the presence of NaN[err] (695 ng, 10.7 nmole). The resulting m xture is

heated to 55 Cf bet t d Et OA

The organi o | Syer (ot Adatlyinalaldlla RN bries S hoRtmls i Aplnppyrrotioine or Bi
and evapar at ed. Theramwvter #3564 mald. -‘@lmmqlé, umkmtSGgp af MeOH,areated WitaNH,0K (1.92
silica w th hexanemk! $66¢M(ip mphifd] ?soﬂa)iontﬁcpgfeﬁ‘& aScrdéd fa BY %Ja@@’gﬁ%ekﬂwm%v? od

solidifies upon standl ng. Cl[err] (rel 1ntensit
50), 341 (Merr] +Stged ewﬂlzlg15ﬂ\eg'yjow%orgqggyy silica (lSmL is added to the mixture and the

(1N) - 4- Met hoxy phengsivend refévell uddéR)acéiminh THE iy qma@ﬂ&m:&p@n{sfﬂwﬂmgﬂwﬁ%

starting azi de 42a taken in

Et OH THF: HCJ err ] Hvéé'”f M"“"&ﬁlﬂ%&%&%‘ﬁm‘&?‘h@ :hytp 3:2) t9give white soli. ESI MS: m/z
hydrogen in the preddénasity)sl6 00 vHai00)] S93RN+ENHY 1536 hrs. The m xture is
then filtered through a pad of celite, 1Ty ed to an oil and
recrystallized fromhexane : EtOAc to gi"ve%si red product as the
formate salt.&Cl eﬂwtome-v!selfothmsarbqn)aetm-«m[-mmg}lsunomy.mgmm& The

I(:’ é_?_; USéé?lgf 3523?3 A7 ftarﬁ:@omeoh&oﬁ (658%, -19.0 mMfley’ R/ BRRREU 10 the title mesylate as described for

(1IN) - 4- Met hoxyphen‘inlBP‘f'ﬂr?y"f EHMs: N!mﬂma%%%mbﬂt:@m?mmwmmammx
The starting ester1242b7)(500 mg, 1.59 mmole), |s taken in 5 nL of MOH,

treated with NH er n noI sQl ution prepared as
descri bed in Fi ese “gﬁd&é 5?"""98‘1""%2%“& ARARYTEOliding:; o (The T ftarting
fol I owi ng nor ni ng, mesylgte 434 (SB4 g( 1B.Smmbly) is eonseitid mmttehadmdeuh&d&mtohbamd 41a.
sol vent renoved ungfm | he top of a

S Breod ] 3 e‘ﬁi 3.3, o POA ¥, o) MeOH (4: 1

flash silica gel colurm 'S “Su untlye QAc:

to 3:2) to give vw{ﬂ{"b‘-%wwnhes\wlmyl- yearbamethayy-(4S3-aminopprreidine Vhestarlingazide

(1223 43?;?] (Bm g;;dsbﬂﬁmlz?gmojé)ls car borretafblg;(glnzv?zo mLorHo‘s"ﬁlu%dohr%’g? fmed
rolidine: The st "Wé" R%"’fé”ﬁ’"“&qz@oﬁﬁﬁﬂi}f’?‘kcéﬁﬂéﬁst RF'!‘%“’!‘I”!&

title mesylate as thhusfmenelbthebuﬂmpadcwmmsbn&éi&m&ib aViil, talkérzin MeOH and tBRE Wit )-50 g

453 (M + NH 67
(1N)(4 [err][gL'[ny %)mr?y géu %ﬁ;ﬁé%m(@g E‘nm %’iﬂ'?ﬁ‘gﬂl’a%él“@%yr%%‘fﬁﬂ étered
The starting nes a'@@"ij’fbeisﬂtgamlﬂéqhmsmtm\mnleb@dpvrahdum of fiash

azide as descri bednkowse@mm ano ES ) tolive quaelfow.x wiHKhSORdificé hportdnding. €1

(Merr] + H, 50), go 1rélll\4er £§]r5

(IN)-4-[err] Butox é'?@f S 957(@4?)‘”3’ 13(5 y-(4S)-am nopyrrolidine:

Thehségr H_ng :aZHlo(g\QlMmﬁgﬁ&h&yk?ﬂon@LMhﬁmxydeﬁrbhﬁﬁﬂMS4 wyﬁﬂﬁo-ﬂynd aidiMEG'lt g‘be

wi t 0 at e under rqge n, t.he

presence of 200 TG {95 f'B?d]f mEpale). 'frf&“"ﬁi‘%&ﬂ‘é T"g‘ nd s Qeseribed for
compound 42c and then purified ﬁuﬁxer by recrystallizing from waterto give white crystalls. ESI

MS: m/z (rel mtcnslty) 358(M* + H)

EXAMPLE 44
a, (lN)-4-Methoxyphenylsulfonyl—(ZR)-carbomethoxy-(4S)-propylamino-pyrrolidine: The
starting amine 42b (8!0 mg, 2.6 mmole) is dissolved in 8 mL of methanol and stirred for 48 hrs
in the presence of propianaldehyde (206 mL, 2.86 mmole), sodium cyanoborohydride (180 mg,
2.86 mmole), sodium acetate (810, 9.9 mmole) and 25 drops of acetic acid. The mixture is
evaparated to dryness and then partitioned between dil. NaHCO; and EtOAc and the organic
layer is washed 2 times with NaHCO;, | time with brine, dried over MgSO,, filtered and



then filtered through a pad of celite, concentrated to-an oil, taken in, :
MeOH and swowsessisi th -50 g of Anberlite | RA-68 basic resin ppgrasomtasssoned
with 0.1 N NaOH, water and MeOH), filtered through a glass frit and _
adsorbed onto a plug of silica. This is then eluted over a columm of flash
silica with Et CAc: MeCH (1:0 to 3:1) to give pale yellow oil which
solidifies upon standing. C Ms: mz (rel intensity) 357 (Merr] + H, 65),
(11113) ( iO(I\)/?at hd- cr:]va aralted tlogwe a gummy oil wlcnilch was sufficiently clean t<(> Zag;y forward without ﬁ;lnhea
oxyp enyl su 0Xami do- am no- pyrrolidine
: The starti P ‘g?ﬁfréﬁg% ("&EEZIWX“ @gégm & og converted to the title
conpound ak des(1Mtiﬁypmmmm-(may&oiMﬂﬂnd6—(48):Ipx%plilid‘iﬁb-p?&ohdme -
recrystal lizi ng el G K 41, 1% S @ bl in 0 ' bl dhed wit

i ntensity) 358 err
(1N) - 4- Met boxypnequealmlohysh(m)w@mlbemmwmensyesmbmlrmrm Fieser, Vol 1,

pyrrolidine:  Thersyhid stitrftProriE 1€ ﬁebroﬁ&%&g.numza@mmb%)f-m_ﬁsﬂhéaﬁ%e:%

mL of methanol and stirred for 48 hrs in resence of proplana

(206 ni, 2.86 nindithe)solvens mmeavedunderypesiumy The %s'twramwd opthg toprpfs flash, sﬂswlum

acetate (810, YgofunitieHidhis AbsbquealyEibbwid cm&tmp nﬂﬂiaﬂql (sTi)eo ﬂ»eq pileyeliciv solid
evaparated to dvrvg/ ess nd .t he garn';iltlonﬁj and Et QAc

and the organic n e Fléﬁ’“cﬁ °ftaF'H‘ét°W°'P"FF°b‘rﬂ“ﬂéh°“
dried over I\/gSC{ilsrad]throﬁg'hl celire antl evaphrated tU\@vQ&/\ﬂﬁtBicﬂld ESE MS: m/z (rel intensity) 358.2

PCT/ US97/ 14555 @r %f‘@%@ﬁgﬁgfﬂf?e a gumy oil which was sufficiently

clean to carry her purification. ESI MS: mz (rel
intensity) 357.3 (Merr] + H, 100). EXAMPLEJ4S

(1IN) - 4- Néthoxyphmxlmd& I..IMBA l?)@%ﬂéﬁﬁiﬁasﬁiﬁe% mﬂw an rge pyr

rolidine: The startlngrre (ﬁester 4 Is taken in 30
nL of met hanol , Stariing-Rleohol Ja; OQ\HF'GQ‘?ﬁlCKn?,%'SI‘?E YdZ'SZNH ﬂ’élq'r!a‘f?éf'”&ﬂ?l’&{‘lon
prepared as desabpiel &ch°Cn2 Bilatidiie ARl 28 GimoleyBladded via sfrihgs followledYyiliké dditioR I
16 hrs. ThefoII n n|n dedtathe re
and the sol vent f?"\éhm%%ﬂe q’bvqa%ﬁsn&(%"géq dgté'}ﬂ"i m'xtm .sazmd'?% )r(llteﬂt'op
of a flash sil |@Iio‘geélbmmwmmmshwb@mqm&mwéomamitthm@nlrovtMm

met hanol (8:2) figwed ¥ cofte RethddmMtErhperatirs Qlid for YO b D aniPrstad 8 Gibx st 48, 804 gednd

stirred for 1hr in_the presence of activated charcoal and.then flltered

through celite @W&’E@%&F%H'EWWWW%% s, oihe dry peger fxpoused gn the op of a
intensity) 358. chhipdd 66 flakh dilitd gel Mhjch i tHen Lluteld| veithr Hexane NEELORY (2: ERAMIH_E % &.

IN) - 4- Met h b | f t h | i
Ginb:  The ot arPiRSHpla 6 M b @ REmOg SooiPL . S0/ AR TIRN) 2 B8, Py [ 01!
of CH err]lel [er(1]V)—moxwigwlsmwwlﬁdmms@{l@ﬂn}!ﬁﬂo-@S)e(‘h_thumnb (135

L, 1.14
FrTH dor o ot halrcoidls: *?*’%“W. ;3““ B (OnsYBE nfilol) bilked oY bl SFmncl,
is stirred for qeanﬁwnh lw-e M@@@&Mf?wnwwmesm Fiesenagg)
[err]L, 3.80 nmpibskr, ¥afh, fpbm) wa&ﬂ@:l naéoimm&rﬁngmmce(rmmsadm

tenper at ure, st rmefxgigau}eélang Ehse sélvent remose% under vgc%fmlmuxﬂl %ry silica |sspoure t%e to% of a

flash silica gel column which is subsequently eluted with hexane : EtOAc (1:1 @ 0:1) to give a
white foamy solid. ESI MS: m/z (rel intensity) 400.3 (M* + H, 100), 422.2 (M* + Na, 12).
: EXAMPLE 46

a. (1NV)-4-Methoxyphenylsulfonyl-(2R)-carbomethoxy-(4S)-2-phenylethyl-amino-pyrrolidine:
The primary amine 42b (300 mg, 1 mmole) is N-alkylated with phenylacetaldehyde (0.13 mL., !'.1
mmole) as described for compound 44a to give the desired amine as a clear gum which was
carried forward without further purification. CI* MS: m/z (rel intensity) 419 (M* + H, 38), 249
(20),249(19).

b. {(1N)-4-Methoxyphenyisulfonyl-(2R)-N-hydroxycarboxamido-(4S)-2-phenylethyl-
aminopyrrolidine: The starting ester 46a (490 mg, | mmole) is converted to the title compound




(3nL) is added and the mixture evaporated to dryness. The dry powder is
poured on tWO M8 a col um of flash silica gel which is th#@pﬁ?{’gdsﬁth
hexane : EtOAc (2:1 0 1:1) to give a colorless, glassy solid. Ci[err] M
mz (rel intensity) 399 (Merr] + H, 38), 29 (100) 227 (62). b.

(1IN)-4- Met hoxyphenyl sul f onyl - (2R) - N- hydr oxycar boxani do- (4S) - ([ err] hexyl anmi n
0)- pyrrolidine: The starting methylester 45a (88 ng, 0.221 nmol e) is taken
in 1 nL of met harrsidescried forcgmpgund439-nd pprified oyey Sash Wawﬂhgwﬂﬂﬂ@ﬂﬂrﬁthmﬁhn
sol uti-on prepar edwlﬁés&lﬁsﬁt’siMSdm)z'@reﬁhﬁﬁﬂ&)éﬂd(lﬁ*ﬁﬁefm) Vol 1, p 478) and -
stirred overnight. The foll ow ng norni ng é silica (1.5 m) is added to
the m xture and the solvent renoved un um The dry silica is poured

ﬁgxg Eg Fogt gtA Ca( 1;L(|lRﬁhmtﬂokme@ﬁnr@@i-mm-ci(hbﬁhhbﬁ{ﬂ&hﬁggrlﬁ’tﬁﬂﬁﬂx :diﬁ@d W' th
(rel intensity) 4@5"5 i E'F”f‘g‘?glﬂmg’fdg’?mﬁh { r%?’]“"i"ﬂl‘é(‘"‘fé? 93%@

46 a. the title compound as described for compound 44a. Cl+ MS: m/z (rel intensity) 470 (M* + H,
(1IN) - 4- Met hoxyphe,nggw&%)%la ’R) - car bonet hoxy- (4S) - 2- phenyl et hyl - am no- pyr
rolidine: The

(,300 , 1 mole) is Nalkylated with
phenyl acet albde h y déNK-‘&MfQ“’FB[PhCW'S!' onyb{28)-Nohydmegearbazantidod 4S)dNNIbuimlethext bamino-
give the desired BiioigindSTR lestErU¥a \(8U. £ g, U012 G di %Zﬁg&ﬁ&%%&?ﬁé‘% Hg

further purlflcatlon Cl[err] .mz (rel |nten5|t Merr
249 (20), 249 (1g§ t}g compound as described for compound 44b. CI* MS: m/z (re mtenszty 469 (M* +

(IN) - 4- Met hoxy phem)y kead1dmpab 385, Ry2 ¢d6)y dr oxycar boxam do- (4S) - 2- phenyl et hyl -
am nopyrrolidine: The starting ester 4 1 mvole) is converted to
the title conpound WO 98/ 08815 w

PCT/ US97/ 14965 4sust-t-memmwlsamnyb@mmmnmymmmmmm@m | ash

silica with EtOAg, 4Tﬂ9|_rrin%6)gh&fﬁe Qz%o&%ﬁqlﬁb %mtﬁélls Min H1mb" ?lmethylene

i ntensit 420. 4 err
TR g, N hogybhd %wn%amn TR a4 Fested b opethaneursy L hlaride (200 ke .88
PR SRA TR IS f'“*""s"““ai’f“"‘w “‘“““‘*‘"“d Duitrkie e i Wi paTRR il 00 BT RAL
(0] 0 (0] | e .C oun S escCl 1 Dge or_c n a. rr
v o 20 o) U A Anc anif o uar e i e 3t 36 MeSA Miepipan sapareed o
(IN) - 4- Met hoxyphgwylswm’g ofigride(nRekerial\wiighowas xhromathgraphed cler Qaﬂﬁ)ﬂ:ﬁ, with lexang [EtQAd h
| - ami no- |
Camverted o Lo St D w0 Ve bl afddl nfablif 1 ik nbibsoitoRed ikl TR 1 HG:
44b. Cl[err] MS: ™F '("T‘@P'Wﬂ’toéﬁgr“tﬂl‘}« "?wew]mzwua@) 299 (100) 242
(28), 172 (48). Elsulfonyl—%l!)-hydroxycarbonmxdo—(4S)-methane-

1 4- Met h h | | f th 49 th f
E)yrl\?ol i di neox¥ﬁeen a QHM@'&Q 588:"'3'%15“%'%@5%1’?&83‘?&”5’8"31& B ‘?"ﬁ"%’ 'ﬂL“‘

met hyl ene chl ori diee &m‘boﬁu&nmchmﬁatbgraphbmyd desapib&icfon Sdinplotiniod b0 ltl\kttlhn recrystallized

ST o o T P b
60), 411 (M* +NH,, 100)
. E LE49

a (1N)-4-"Butoxyphenylsulfonyl-(2R)-carbomethoxy-(4S)-methanesulfonyl-aminopyrrolidine:
The primary.amine 43¢ (21.3 g, 60 mmole) is taken in 120 mL of methylene chloride and 36 mL
of triethyl amine and treated dropwise with methanesulfonyl chloride (5.1 mL, 66 mmole) at 0°
C. The mixture is allowed to come to room temperature for 1 hr and then adsorbed onto silica,
evaparated to dryness, and eluted throdgh a column of flash silica with hexane : EtOAc (4:1 to
1:1) to give the title compound. ES1 MS: m/z (rel intensity) 452 (M* + NH;, 12), 435 (M* + H,
9), 223 (100).

b. (1N)-4-*Butoxyphenylsulfonyl-(2R)-/V-hydroxycarboxamido-(4S)-methane-sulfonyl-
aminopyrrolidine: The starting ester 49a (21.4 g, 49.2 mmole) is taken in 60 mL of methanol :

THEF (1:1), treated with NH,OK (59 mL, 1.25 M in methanol, solution prepared as described in



Et OAc. The organic | ayer was washed with brine, dried over MgSH4, filtered
and evaparngdeglodses i ve 684 ng of crude material which was chrowaissyi4sshed
over flash silica with hexane EtOAc (2:1 to 1:1) to give disul fonyl ated
mat eri al 51a and nonosul fonyl ated materi @ 47a. Cl[err] MS: mz (rel
intensity) 410 (Merr] + NHerr], 15),393 (M[err] + H, 10), 203(100). b.
(1IN)-4- Met hoxyphenyl sul fonyl - (2R) hydr oxycar boxam do- ( 4S) - net hane-

sul f onyl am nOpW‘ié’s&'dnd'Ffé&r vidia, §T4W)tahdﬁﬁlrﬁ8'fo%mxéﬁa ﬁ?eEféndmg horbing mi.@)«s s

converted to the tit rrpoun ronat o
conpound 45b. ®L)i% f“é‘r ‘ﬁf ?gvd“‘frf 3@' vﬁf‘f"f'? d@”ﬁ@é’tﬂé‘r‘ Lo}
pal e yel | ow cry&tmﬂ»b&a ﬂaﬂﬁhhch/Eel caixmn Which :slsultsqumﬂwl)necwhlidh@mr E{OAc (mean)),

411 err] +N r terial o
(1N)(Z/[[er]r] Bu%%y%%enﬁ%?@ﬁwgﬁﬂg}egmt l(')‘§<y é’r‘?eetesdu gr?y
nopyrrol i di ne: 4Brhes andiarwhite, so WS’H bljmyed @I&V%@ewgéwﬂlswmm ESI M§0 m_

of et hyl ene Cmglﬂﬁeﬁm“gﬁomdb‘m Bﬁth}ﬂosmwﬂ mgj_ht reated dropwi se with
oride

met hanesul f onyl e mxture is allowed
to come to roomtenperature for 1 hrw adsorbed onto silica,

evapar at eG, t 0 msaumMeﬂwﬁﬁmemﬁwml(mﬁdmmmamﬁ].w th

't eni  y) 452 M pamsacpyrifie o pifony dpiic £ B3 0o Py it o L. of
(1N) - 4- [ er r] Butmetyyiine eidoside 4nding:5 -nfl2 Y widttiy} amine yapd: tiswsedawitil d N(me@)yl-Brimidazow- s ul
fonyl - ‘am nOpyrs(x?M%eél{;bgrd P%ﬁﬁg':i"?f hﬂ?)cf&tr?rm%%xt(u%%s filoged té%tnzfom:'%d lhﬁn 5

taken in 60 treated NH[ err] .,

Min nethanol , asesirbedionte silicarypragptedsto faness; sdcelyted throughrs 9‘8‘}@881 5“’“ “"‘h
PCT/ US97/ 14555 neRank': Bflc (®1% &l 'lﬁ%%ivc n\éqtne Jeomﬁbuﬂiﬁ)a GMAFoiPWhitH QiltaM¥E LIV B¢ -

The foll ow ng nornin dry silica ( 1S adde yr e t he
sol vent rem)\g/e eﬂ% t‘f%/,'[i'tﬂrﬁ °B*°§?d°s| Thig mafega p%r‘é'ﬂe‘gg"\'ﬁé Y'B‘B“t%
flash silica gepuriichionTESHMS: bz (el Srdnsiey) SEI(My+ 16 170) 357 (45),1289 (82) A6%(100)Et OAC
(1:1 [err], 0:1) t h%ﬁi“’ Itﬁﬁ solid.
This materTal vﬁﬁgé “5’&%"”3&@5§‘or %?dégyné&m\mg )V'@ol*ﬁﬁ urity .
subl i med of f | cimidazelyl-stiifonylamingtpyrrplidines,y The staging eptes] %23%@8 0:43 mmole) is

;3 gt ensity) 453. Qv &' thd vidde &lpBiind] and tbmatdfphtbas(d¥cPibdd] for* comhpodiid Uisb 15¥i08/PLE
a.

( 1N) - 4- n- But oxy3R&BAf yellopailpyhichoves @WM%W%@F’[WNB’P%WW@S’WdeaZO
|yl ]- sul fonyl apsims:pye (réllintehsitg so2lhevprEary am ne 43c (232 ng, 0.906
mole) is taken in 3 nL of nmethylene chloride and 0.5 nL of triethyl am ne
and treated with I N-nethyl-3-imdazoyl - sul fonyl chloride (280 ng, 1.55
mmole) at rt. The mixture is all owed EXAMBLESY or 16 hr and then adsor bed

Onto S 1§ Ga, CVARRL MGy Shelloss1 IOArRidSSh-labr S4Spyruyphewe. Of | ash

silicawt hexane: 1 1) to give the title_c u

clear oil whic h-leiammwa PH’B!"@ ’H‘é‘?‘c?@h(s‘gf"gt %@mg‘Plé)r'f}’ ﬁﬂ"‘g‘gﬁ 8R31p"“d"'°'

chloride. This gRoRaldchyde 2 112286 Rehofepisdricribai fof dimpotind #4a 0 igive the desired amine

' as a clear gum which is purified over flash silica gel with EtOAc : MeOH (1:0 to 9:1) to give
white solid. CI MS: m/z (rel intensity) 406 (M* + H, 100), 236 (45), 234 (48).

b. (1N)-4-Methoxyphenylsulfony}-(2R)-carbomethoxy-(4S)-N,N-(3-pyridylmethyl)-
(methanesulfonyl)}-aminopyrrolidine: The secondary amine 51a (7.80 mg, 19.3 mmole) is
taken in 85 mL of methylene chloride and 11 mL of triethyl amine with a catalytic amount of 2,5-
;lhnemylamino-pyridine and treated with methanesulfonyl chloride (4.5 mL, 57.8 mmole) at rt.
The mixture is allowed to stir for 16 hr and then adsorbed onto silica, evaparated to dryness, and
eluted through a column of flash silica with EtOAc : MeOH (0:1 to 9:1) to give the title
compound as a yellow foamy solid. CI MS: m/z (rel intensity) 484 (M* + H, 30), 406 (10), 314
(40), 234 (90), 187 (42), 102 (100).
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purification, ES| M5 niz (rel intensity) 501 (Merr] + H 70), 357 (45 (s
289 (82), 16 ?Wle PCT/USY7/1
(1IN) - 4- n- But oxyphenyl sul f onyl - (2R) N-hydroxycar boxam do- (4S)-[ (1N) - net hyI
- imdazol yl]-sul fonyl am no-pyrrolidine: The starti ng ester 50a (236 ny,
0.471 mmle) is-converted to the title conpound and chronmat ographed as -
described for conmpound 45b to give 262 ng of yellow oil which was further
purified by réever s@”bﬂrﬂ@'@'%)’@pﬂymmulm}@f-mrwmb@ehlid!b«wmwnﬁylm(tﬁﬁj-
intensity) 502.2 (GfeRiabésuifo

(N - 4- Net hoxyphenyl,sul { on %&@HR% car °mmg°s“'5'b(§de5X poled it §9pyered

borret hox

ani nopyrrol i di ne: ﬁ'@’ "5'?‘5' g geidsas flegery ‘)ﬁl?bm“’,?mﬁ“’ ngkﬂtsmsada
with 3- gyz |4 di ?e- mgim&ab dakmda ((taiﬂ){o%w’ehlg,utﬂco%@oﬁﬂmm \%thh rp,?g ,hj}r(,.el
conpoun ato giyv gu | i's purl

ong flash sili cg ‘ﬁté'fs"%%PﬂSéf' g I%U*/Em @?'?30?@/ 1) to give white solid.

Cl Ms: mz (rel intensity) 406 (Merr] EXAMPLEG®®), 236 (45), 234 (48). b.

1 4- Met ho he

(et hanesul  any1) ?ﬁﬁﬁggﬂwgﬁ%ﬁmkﬁgﬁﬁr% pmite;

mmol e) is taken i rPyeegligipe:g SO B crade mikturefin 484 eESI)NIsam:l(hel
et hanesul ?L%t e o P i Xture i &l | owed
to stir for 6 hr QL(??d*‘&ﬁ@'&!"'&g%PB'&!Ybﬁ!‘b”sﬁyf'T%ZF"‘WMP‘&Q%MH@#'W&UOMBHd
el ut edhthr_oulgh a aelinorpyredidiak:a The smlnng:as:wsbh(ﬁh%mzo MiasiE) {sQori've&éatgtﬂe)reiaﬁve)
give the title co y, ntensity
260 (Marr] o v TRORlnERdhy ol o Bbosd def ap s g pich e i BioA
WO 98/ 08815 MeOH (1:0 to 5:1) to give the title compound as a white solid. ESI MS: m/z (rel mtensuy) 489.3

PCT/ US97/ 14555 C. (M*+NH,*, 55), 472.3 &M"H-! 100)
( 1N) - 4- Met hoxyphenyl sul fonyl - ( N- hydroxgicar boxam do-(4S)-N, N-(3-pyridylm
et hyl)- (metbanesul fonyl)-am nopyrrol [ starti ng ester 51b (6.33 g,

13.1 Mol e) S COoW¥4Methbxyphdagisilohfil(® #M&B@ﬁt of or
conmpound 45b and eI gt ed gr?opuq.gkflagﬁ ?lacl 8, R@mﬂ%?)ﬁ%jﬁ;%%gwtg

to give the title® c
484.9 (Merr] + Hconlm&)q as §&eritied (olv/ida. rqsx Msxlh[/ﬂm intensiy) 452IMANRHD), 825 @M~ + H, 75),
(1IN) - 4- Met hoxyphepyd w)flggl 53, (lgﬁ)mcar borret hoxy- (4S) - bi s(N- et hanesul f onyl ) a

m no- pyrroI|d| ne: e title conp ound Is isolated fromthe crude mxture in
48a. ESI MB: bz thmwgwwmrem«w%mwwmwwsmxmmn-su(ombr r]
+ H 10). b. - propyl-aminopyrrolidine The starting ester 53a (614 mg, 1.4] mmole) was converted to

the
(1IN) - 4- Met hoxyphe I sul fo %2 %"a‘l\l_ dr ar boxam do(4S) bi s- anesul
fonyl )- ani no- per 9 "g %\‘f E%%M% migfrel tisasivn, 5)2(?(21)*%}3)0)’@58
converted to the (M1®Hsse hydroxam c acid as described for conmpound 48b and
eluted through flash silica with EtOAc: MeOH (1:0 to 5:1) to give the title -
conpound as a white solid. ESI Ms: mz (rel intensity) 489.3 (Merr] +
NH err], 55), 472&8—tM-err] + H, 100). EXAMBRULES453

a. (lN)-4-Methoxyphenylsultonylo(zl!)-carbomethoxyo(ﬁ)-&methoryphenyl-sulfonylammo-
pyrrolidine: The primary amine 42b (400 mg, 1.27 mmole) is converted to the title compound
with p-methoxybenzenesulfony! chloride (316 mg, 1.53 mmole) as described for compound 48a.
CI* MS: I.I'I/Z (rel intensity) 502 (M* + NH,*, 12), 485 (M* + H, 10), 315 (100). -

b. (1N)-4-Methoxyphenyisulfonyl-(2R)-N-hydroxycarboxamido-(4S)-4-methoxypheny}-
sulfonylamino-pyrrolidine: The starting ester 54a (480 mg, 0.99 mmole) is converted to the
relative hydroxamic acid as described for compound 48b and eluted through flash silica with
EtOAc : MeOH : HCO,H (1:0:0 to 4:1:0.1) to give the title compound as a white solid which was
recrystallized from acetonitrile : water to give white crystalls. ESI MS: m/z (rel intensity) 486
(M* + H, 100), 503 (M* + NH,, 30). ' :

EXAMPLE 55



a. - .
(1IN) - 4- Met Wwresiagryy! sul f onyl - (2R) - car bonet hoxy- (4S) - N- ( net hakguddrAalsss) - pr
opyl - am nopyrrolidine The starting am ne 44a (783 ng, 2.20 mmol e) was
converted to the title conpound as descrisbed for 48a. ESI Ms: nmz (rel
intensity) 452 (M+ NHerr]), 435 (Merr] + H, 75), 265 (100), 155
(75),126(40). b. '

(100 - WX gy o gLk on BRI 85 DS ARAGS O

yl)-_ propyl-am nopyrrolidi The Starting este :
was converted t @he primary imige 200 ms 1 22 mmols) is orNgTtsd e thedigle cqumpoundvithexanpyte |
(1N - 4 Nt oy P s Ly L o et oty (a4 b hoy e e
-4- OX u -C 0 OXYy- - 4- met hox enyl - sul fon
am no- pyrrol yg?ﬁigééﬁeﬁgwﬁmrﬁ%@ (4%0 ng, 1.27 m‘rolyg) i>s/ convertgd
to the titbe cod)udsMethoxyphepysufonyi(FReN:bypdrosycafboxamide{dSp(-i-deyhexyle ny, 1. 53
nmol e) as descri . X | int ' 02
O 2SNt oo pRplr Rl A UhR e e Wl 35 TR, SR RTh b eV
(1IN) - 4- Met hoxyphrmgﬂag'u:! xidray |dmpmm¢yahmm WoughiBis silied Wit Bieny | -
sul fonyl ani no- pﬁebﬁ:'}iﬁd}ﬂ'(l:&fﬁ‘ﬁ»éﬁ@[)ttbEﬂggxﬁggécgﬁxﬂ&mﬁéggpa?’%rmge,%cun p})g%éhzn g

converted to the rel ative hxdroxamc aci d, escri conpo

el uted through Mewdpetselidify.y %Mﬁ'ﬂ?%@%?l'ﬂw'éwﬁ}+ﬁs()vﬁ1&f'gaf & Hy39), 1921)
to give the titimwoxonpound as a white solid which was recrystallized from
acetonitrile : water to give white cr, ESI M5: mz (rel intensity)
486 (Merr] + H 100), 503 (Merr] + - 30) . EXAMPLE 55 VO

08/ 08815 a. (1N)-4-Methoxyphenylisulfonyl-(2R)-carbomethoxy-(4S)-p-biphenylyl-aminopyrrolidine:

PCT/ US97/ 14555 §ge g ine 42b (1,00 g, 3.19 mmole) Is converted to the tifle compound with 4-biphenyl
((1IN) 4- Met hoxyphen sﬁ%n?-& - car bonet hoxy- 4300 S OXyexXYT ) - ant nopyr r
ol i dine: The pr Fmg;mseﬁmme d#gr,ibeifosso%/nﬁ 8] §!’dﬁ$wf5z£%£ﬁ@itxmééy
]Ei tle conpognd M+tdn,bag<mqydo),qb¢glsj,giss(ﬁ-g§38 Terr]L, 1.91 mmole) as described
((I\)/{ e(rl(r)]rfp OEQNHflgM,Eﬂfﬂg’%yp P;k&{ogyhéﬂllengigy rboﬁgidzo-(ﬂ)-[per rl +H 70), 4_30' 2
(IN) - 4- Met Pp)éyphbh%ugwmmpymnﬂw -Tiielstadling esper £6:0(200me, 104 diole] is Lomvesdtan the) d
am nopyrrol i di NEje: Shahk! %LSQIEF’E m&%ﬁhl C, 4 e
to the relative lat'dr g);(am cfcggigc??as _es?ﬁ%@g%g?s%%mggﬂnd 4 gh%gééﬂ%?fe:
through f1ash sEiGASs MIGH(BOGME:) esive 129 (65%) of they i, composnd,; ESHMS} mya(rei v e

the title coONPOuRGsiHF49s 000 & H)160)083.0 (MSARYS, 66 B1 v MH MD1B)d not solidify.
ESI Ms: mlz(rel i ntgﬁsi ty) 431.4 l\/[erhr,! ﬁri\ﬂ—i;;rr] , 25), 414.4(Merr] +H,
35), 102 (100). EXAVPLE 56 a. ..  EXAMELES] -

(IN)-4-Met hOXyPwﬂﬂﬁ‘ﬂﬁﬁﬁéﬂﬁhﬂahmmmﬂmyﬁwyI -‘anmi nopyrro

titl 6 compound amieifaiel T brplp ofine dys At HE 154 cioif WHER u£R mi e dioe

for conpound 48ith @Ik of jriethwt aming and- 2 patglyticamonnt\of DMAR; and then treated with methyl
isocyanate (106 uL, 1.80 mmole) and stirred for 16 hrs at 1. The mixture is then partitioned
between EtOAc and IN HCI and the organic layer is washed with brine, dried over MgSO,,
filtered and evaparated. The residue is then chromatographed over flash silica with hexane :
EtOAc (1:2 to 0:1) to give white solid. CI* MS: m/z (rel intensity) 389 (M* + NH,", 5), 372 (M*
+H, 25), 202 (100).

b. (lN)—l—MethoxyphenyIsulfonyI-(ZR)-hydroxycarboxamido-(‘S}methyl-carboxamyl—
aminopyrrolidine: The starting Ester 57a (351 mg, 0.95 mmole) is converted to the relative
hydroxamic acid as described for compound 48b and eluted through flash silica with EtOAc :
MeOH (8:1) to give the title compound as a white solid which was recrystallized from acetonitrile
: water to give white crystalls. ESI MS: m/z (rel intensity) 411.0 (M* + K, 30), 373.1 (M* +H,
100), 316 (32).

E LE 58



Merr] + H, 30), 325 (100), 198 (55), 155 (27). b.

(1N) - 4- Met hO¥PBOB8I5S | f onyl - ( 2R) - hydr oxycar boxami do- (4S) - p- FCT/USINIASSS

bi phenyl yl am nopyrrolidine: The starting esier 56a (200 ng, 0.404 nmole) is
converted to the relative hydroxam c acid as described for conpound 48b and-
eluted through flash silica with EtGAc: MeOH(1:0:0 to 9:1) to give 129 ny

B s A e

(IN) - 4= Met hoxyphempﬁndpﬁ'mydin(zmme carting metineo42b- (465)ngrrﬂt4byhmdé)b@mﬁﬂ¥|swmng L-o-

am nopyrrolidine: A I e

mL of pél oxane Wt hlﬁgnﬁao{%{é]%qeﬁam neé%&( "]&ék%%t@ u c£§¢<1 %ﬁfﬁ

and then treated wprethylmasphelipe, |5%§y(§ﬁ&m @féemp@;)rqnn HQB'B(“”M d)“andole) 'ﬂ!e

stirred for 16 hr %es@ﬁméfmxﬂpﬁ sméﬁtap ‘?'or 18&%%9 lhc}jire?gég\d«pq \‘i@
L2)

1IN HCl and the organic er is was ed wth over err :
filtered and evapaﬂrm@@vemﬁ@mwhwém%l delmcemrlesm&gmeamcyv Sq..lfdywdand

silica with hexanezva patafedC Thelcndde Iradidle k)m&mahmyﬂﬁd @ith Rexbrfé:EtOAL &7 b 145 mgﬂuz '

Erlﬁll)-lél? }\/gtr] fllogl)ohg wff ot (%%%49‘&‘&%!@@ *&iﬁ"}#&%ﬂ‘( 1§}Q’bd%rry|

- am nopyr r olbi di nqnmmnmwphenyyummmmxdaﬁycmaﬁmwsmle»)(o-zn-

iUt ed through 11 SepideyfroREAKAR AL €, AR ERE el oo (ATRY 1) KRG
compound as a whi ttaken il 2 mL efmethmolateated with NEROK (2 E0Lf k%ﬁMthsﬁlﬂt@nmﬂd

to give white crystgésksbe Eﬁl‘mﬁﬁndrﬁéer((f&ll b%ﬁ'lﬁd&i‘l)ad%gn.( %eefofklwmg"’mgmmg,
30), 373.1 (Merr] +_H, ? gh
PCT/ US97/ 14555 53 darsnhca (3 mL} is addedto emlxture and the solvent removed under vaccuum The dry silica

(1N) - 4- Met hoxyphenw@uhbﬁmypr(&Rnasnambqeeédmmym&elﬁ; mbbeﬁdenny(aumiuemlcmwm

ropyl)- am nopyrr The 1 Goe e_42b )
the starting L-0 QLQ%Z‘P Em m(,gi( }(}8’ theanyﬁ? Gqueri?s "i’ { iyﬁ“%%@g‘
of DMF in the pr es*dﬁd@O)oiooz(E’ﬂrﬂaoﬂ)l\l- met hyI nmor phol i ne, EDAC (568 ng, 2.96

mol e) and HOBT (599 ng, 4.44 mmole). g ggbting mxture is stirred at
rt for 16 hr and then partitioned betwe and Et OAc. The organic -

| ayer is thef wasRBceazylonyStphanyiprrigricaridy Spdium pydrde 2-%e.i13¢ mmgje).dejwaspes 2 times
NESO[ err], f Ih ! fj er Qd?]\aﬁﬁngiﬁp%gﬁdnh Iblamc&miapl I qBd Slateing E-ﬁ-tphﬂﬂllactm acid (5 g, 30.1
chr omat ogr aphed wi t ne: Et.OAC |ve.t e .t

ESI Ms: nmiz (rel iM% éﬁé '39)“%7“."2 ﬁ(ﬂ"ﬁ# fﬁﬂf? *\T’%& 5%[;7'8%’.-'](1.,
NH[ err], 10). b. The mixture is then cooled to 0° C and benzyl bromide (4.3 mL 36 1 mmole) is added dropwise.

(1N) - 4- Met hoxypheryl sighio R aga wqu&a&g&m @%«%@ e%lfmg%m‘i

benzyl oxypropyl ) -am nopyrr he start |'ester

1.01 mml e) is tal¥HElh The gragie hm‘h&n%Fd with émee@%%'ﬁ Mp§Q4; fikered qngd esamqeted
1.25 Min met hanoltpe pighld isqnma.iﬁaa,sn%d oae'i 65 Glida RAM HekanE: €8RLc ONCkolU: HI6 give 2

Vol 1, 47 n rr rn foll n rnin
° P 478) and StliiSf B Vs et intensitys a3 Q0f 1%l Clof). "9 |
b. (lN)-4-Methoxyphenylsulfonyl-(zn)-carbomethoxy-(4S)-N—(l-oxo—2R—benzyloxy-3-

phenyipropyl)-aminopyrrolidine: ' The starting amine 44a (800 mg, 2.55 mmole), and the
starting benzyl lactic acid 59a (784 mg, 3.06 mmole) is taken in 5 mL of DMF in the presence of
I mL of N-methylmorpholine, EDAC (979 mg, 5.10 mmole) and HOBT (1.03 mg, 7.65 mmole).
The resulting mixtui-e is stirred at rt for 16 hr and then partitioned between IN HCI and EtOAc.
The organic layer is then washed Ix with dil NaHCO;, 1x with brine, dried over MgSO,, filtered
-and evaparated. The crude residue is then chromatographed with hexane:EtOAc (3:1 to 1:1) to
give the title compound. _

ESI MS: m/z (rel intensity) 553.2 (M* + H, 100), 570.3 (M* + NH,, 18).

[\ (1N)-4-Methoxyphenylsulfonyl-(2R)-N-hydroxycarboxamido-(4S)-/V-(1-0x0-2R-benzyloxy- '

3-phenylpropyl)-aminopyrrolidine: The starting methylester 59b (700 mg, 1.27 mmole) is



dry silica (3 nL) is added to the m xture and the sol vent renoved under,

vaccuum Ty odjoysssi | ica is poured on the top of a flash sili Q@Tg@;wszynﬁ
which is subsequently eluted with Et QAc: MeOH (1:0 0 4:1) to give 338 ng

(70%9 of a white foany solid. ESI Ms: m ¥ (rel intensity) 478.3 (Merr] +
- H,_100), 500.2 (Merr] + Na, 12). EXAWMPLE 59 a.
2R- benzyl oxy- 3- phenyl proi oni ¢ acid: Sodium hydride (2.9 g, 120 mmple), is

washed 2 tinmes wkdnlin he.xmaxeé\m; %@A{ﬁfﬁd: NH,0K ?;@ oilL, :93 %emm sslhﬁnﬁ&ed

L- 3-phenyl lactic aci i's then added in portions

after fizzing c@ﬁ\‘é’ﬂg‘dt'ﬂggfﬁ’ i‘!‘{fr'%" ¥°‘nge:§’t4gﬁ) qng stimed overgighty TP?F follpwing moming; e

11 s then co_(l)_lhed drg silifad(B L) &5 added tdaﬂﬂﬁgxkur&mﬁlﬂkdelvéxﬂro&ogéd,uﬁ%vﬂccﬂmﬂml diySsiigslded
ropwi se e a t.and then partit e

bet \R/een hexaneneség%%? % ?‘?P o5 ﬂi}fﬁlﬁgﬂ &l‘fﬁgm'ér%gﬁl'scsﬂb”%‘r"“fg] é‘ﬂgg“ﬁ"fh
brine, dried oVvEOAKK é‘Flt)}Osl‘felalwhw&dmnmﬁdevapar ated. The residue is

chr omat ogr aphedggigs. ﬁ,&@&@@sw)g?jwﬁﬂﬁqbgﬁﬂéﬁ %ﬁ? 1to 0:1) to give

a colorless oil. ESI | ntensi t r] + NHerr], 100).

1 4- Metdyo ygj,,ﬁﬁ) My-(S D1 b0 RN R o] 3
f g?msyl prﬂpngﬁﬂw& ol -g'ﬂfa st %‘?‘Pﬁ am neN;)Ma 835,1}?‘9;’?[5 e
mmol ), and t heP'@P¥ Fﬂp%gy'de'ﬁ &WW%I“S%?%%47 m )-Gﬂdﬁﬁfﬂ"@?ﬂ'g"
taken in 5 nL oOfenfilikctic acid momge:smmmruiakmmammwmm@mémanwm

979 , 5.10 res n re
i(s stin?red at ﬁm#p r?%qiﬁr ancf'(h? rtlT'lg(é)'rf%Ebg g I—é gleg&u
The organi c | ay@sulting mixperg 'm“fw Mibr pndcthen mam@péwv}en lM%mmEmcnéhe
~dried over MySGirgdniciayef is mﬁwgﬂe@mﬁ.vmmdu J ti.eoﬁﬁé WHé Jva&ugw méreh*m&'

chromat ogr aphed wi t h hexane: Et OAc to 171) ‘gl ve th | & conpound
ESI M5 nz (rel VARPFaAdsThe Ssrudesesidue Cﬂ\!{‘@r%ﬂ‘ﬂ"ﬂ“l’% hexape:ESOAR (&} to)1: L)‘° give
(NH[N)er r], 1%) Cthe title compound. ESI MS: m/z (rel mctiensuy) 595. 2b(M*+H 100)( o
1 4- Met,boxyp R’FX Foxycar 1- ox - 2R-ben
zyl oxy- 3- pheny{ip op '#}m"é\"m"c’)’(p‘)')a/'rﬁ;2 I'Ff Poomathanys a’?-}(‘%g@,}é%pgépéw b (700
1.27 mol e) prpgyl-am:m:g@ﬂ@gs The startmg ether 60a (700 mg, 1.35 mmole) is taken in 25 mL of

nyg,
PCT/ US97/ 14555 :ﬁélml‘n@l"ﬁiﬂx éamy%c T Ph-cEla 18Rk and ﬁf‘c@&g@&t&&" thes NUL@M ;lsﬂﬂ 4 Pair

m., 1.25 Min nethanol, sol'ution prepared as describ I'n FIeser and
Fi eser, Vol 1, pamms The meterinl i, g wwshmeadfeﬂwbwwgnmsﬂﬁgmaﬂd
silica (3 nl) ichronthtbarhphed obdddash sHicl fofgiviractidaP guns BISY MSt mZ2(FED iersityNaO(3 (M* +

vaccuum Thesga%’eamk&gﬁ(h{se%r@g on the top of a flash silica gel colum

which is sub hexane: EtQAc (1:1 [err] 0:1) to give a
white foamy sol ﬁlmhomhemlfémen@mémww-ﬂ-(xh‘[zarhy}lroxyﬂdpﬂﬁO)

576.3 (Merr] +$By @o}p @th‘f;ilggmeﬂn lester 6 &:Im 0771mmole is taken in 1

(IN) - 4- Met hoxyphenyl sul Tonyl - onet boxy- - 0X0- 2R- benzyl oxy p
ropyl)- propyl -Bhiohisianadl feate é“ HEOK: €23 me in/methapelg eplytign prepared as
nmmol e), and t hedeS&iBEJuh'Fﬁanﬁ&Fn&&“W“ ?abs)qna&mdemgﬂmm&oﬂ@mrﬁhgmy
taken in 5nL of E E&eﬁ) ence 0O N-
sﬂlca 3mL)is e mixture and the solvent removed under vaccuum. The dry silica is
poured on the top of a flash silica gel column which is subsequently eluted with hexane : EtOAc

(1:1 @ 0:1) to give a white foamy solid. ESI MS: m/z (rel intensity) 519.3 (M* + H, 100), 536.3

(M* + NH;, 60).
EXAMPLE 61
a. (1N)-4-Methoxyphenylsulfonyl-(Z2R)-carbomethoxy-(4S)-N,NV-(1-0x0-2R-benzyloxy-3-

phenylpropyl)-propyl-aminopyrrolidine: The acid 59a (530 mg, 1.68 mmole) was taken in 15
mL of CH,Cl, and treated with oxaly} chloride (293 uL, 3.37 mmole). A catalytic drop of DMF
was added and the mixture was stirred for a total of 3.5 hrs and then evaparated to dryness. The
residue was taken in 15 mL of CH,Cl, and added to a solution of the smnihg amine 44a (449 mL,
1.26 mmole) in 10 mL of CH,Cl, and 2 mL of triethyl amine. The resulting solution was stirred



met hyl npr ph AC (687 ng, 3.58 mmole) and HOBT (762 ng, .
The resul ting@, e is stirred at rt for 16 hr and then part?ﬁW’k&

bet ween 1N HCI and Et QAc. The organic | ayeks is then washed 1x with dil
NaHCO err], 1x with brine, dried over MgSOerr], filtered and evaparat ed.
The crude residue is then chromat ographed Wi th hexane: EtQAc (8:1 to 1:1) to

?_b\é;a t Be title CORPRé! prg anli_—l%xen partmoneg be(tw Et&& ai!wglCISQI%e %rggnl\x/tg g;err]wa: waHshed 1

(1N) - 4- Met hoxyphetigé wish ﬂohm ezmesmmaneohdmm(\ﬂﬁ)brme(&wmrmcmwaﬁdo

pyl)- propyl-amnin rtingnether 60a (700
is taken in 25 rrLgB thglvg%og %f% a?“"% @’elnﬁ ?,mé *%&'gﬁg slicew
hydr ogenat ed for lsxmes EtQAct4;1 tos) 2)|tmsla= mlqye&lppmtE&JMSE ez (vl tirpenisiay) 5952 mren

filtered through g 1@@;1 of celiteevaparated to dryness and chromat ogr aphed
over flash 5|I|ca 8| ve a clear. gum_ ESI MS: mz (rel intensity) 429.3

(Merr] + HP100)(MdBlethorxphenylsulionykGRacprbomgthyxy-(45)-N-(1-0x0-2R-hydroxy-3-
(|1;\D - 4- Met PoxyphwhﬁwoiwgﬁyﬂoﬁMqut h ey sedsting) GIINPG%EO ng% fwﬂm%g 0P
- propyl -am nopyrro n star r
)r/rrml el)o igyt aken i "?“riLd'B*a ﬁﬁfmﬁ'owa‘%?e&e%]% Q\'F’]"@( egensts FFE‘G.hJ‘ZS
Min met hgnol SAi0ytsi inra Parrcgpparatos. aThednaeiai 13 algbn ifikertd th&ﬁgh ari)ﬁﬁ Eﬂ&ﬁ?revap}g{%d fo
478 stirr 1ca
gdded)tgnt he mi xture angk%aﬁgﬁe;&e*g\% eﬁm){h etfrm'\b/a “'i’ﬁ‘g”diﬁpgsf
i s poured on the (ebintensity 5053 AMf+ & 1905223 (MCHNHabSIWhi ch | S subsequent |y
el uted withchexaneny+Mebsy g‘""" ylsulféily L.zn&wlﬁydmﬁamaﬁ.dwskf YR 40Q¥ ES|

M. nmlz (rel |nten5| 3/%!? (.I\/Lerr err
60). EXAMPLE 61 d! enylpropyl)-propyl-aminopyrrolidine: The startmg methylester b (307 mg, 0. Smmole)

(éN) ﬁ IVEIt hoxyplh;iﬂukeuinfDmulof(nﬁﬁi)ma?tda@mthmekétﬁ)za Wég%wmggwmxy
- enyl pro i dine: a , L. .
ol 6) st aken PPl GEpALR¥D and PR VoL g 8L ot oigH, T otowing
chloride (293 [ emdning, Sry3ilica@milo)s ad#doaﬂnhymcmulnmobént Birfovetamdacvakecunt NThe
the mxture was §ific@ds B&x‘edaonttﬂé o o?t: fﬁslﬁsxlh:g er rﬁé\hﬁx&!ﬁﬁ’%ﬁ%ﬁgéh%d with

dryness. The residue was taken in

sol ution of the &F%pe;EiQAg L@ o)t (‘W’?ﬁfwyﬂ“‘nﬁﬁ M§: F‘H(TbmFFES'U)”“(M’
CH err]d [err] and,300)52658 (Mr+®hjeg). amine. The resulting solution was
stirred WD 98/ 08815 ' -
PCT/ US97/ 14555 55 for 16 hrs. and then partitioned between EtOAc and | N
HCl. The organic |ayer was vvashed 1 t i NBXAMPLESI62M3HCI , 2 tines with NaHCG3,
I tinme with I

g et it o Ol 5y b+ B30 o6 KRB ol
hexane: Et OAc (4P‘1=n¥'omfxzsnd&f=fgqtvslbanwwen3ep eew/rg&m ESI MS: miz (rel
intensity) 595.2 (Merr] + H, 100) b. X _
(IN) - 4- Met hoxyphenysul f onyl - (2R) - car bong &p )-N-(l-oxo-2R— hydr oxy- 3-
phenyl propyl) - prepyt=ar-nopyrrol i di ne: o T ng ether 6la (480 ny,
0.807 mmole) is taken in 20 nL ofHJreth nol |v\,ith catal yti e.10% Pd- C and
Herr]SJ err] and hydrogenat ed for‘ﬂ,ﬁ/%va ' :

R
N-»
Q_-y
Example X Y
62 _OMe CH>
- 63 OnBu CH2
64 OMe (o)
65 OnBu 0




50 psi in a Parr apparatus. The material is then filtered through a pad of
cel i t eevapwoaspgstso dr yness and chromat ogr aphed over flash sPCEROISITM4SSS
EtOAc to give a clear gum ESI Ms: niz (rel intensity) 505.3 (Merr] +H,
100), 522.3 (Merr] + NHerr], 15). c. 56

(IN) - 4- Met hoxyphenyl sul f onyl - (2R) N-hydroxycar boxami do- (4S) - N- ( 1- oxo- 2R- hyd

roxy-3- phenylpropyl)-nronyl-am nopyrrolidine. The starting nethyl ester 61b
(307 ng, .6 mol e) ils t@k@n in 1 86, et hangl , treated with NH err] oK
(1.23 nm, [T—25— T mer s described in Fieser. and
Fieser, V&L 87 p 478) dnd QBurred oy foll owi ng norning, dry

silica (3 nl) is added to the nmixture and the sol vent renoved under

vaccuum The dry silica is poured onx%géﬁgé%fA a flash silica gel columm

whi ch is subsequently eluted with he c (1:1 [err] 0:1) to give a
whi te Eﬁ/[arry isol |(Mthbﬁphm&hul{ml-(zkmmitydxymlépxﬁek{dﬁrﬂy}mmllﬁt 100) The
526. 3 err] + es Z
are hydrogen, a%@gﬁkﬁﬁwg%ﬁg%ggs &;ﬁgn £ u{) g g'ﬂ %ﬂegﬁ
phenyl, and X arial i@ presense afcghesoric dialdekyde (93nmg.hs0 ph &k wat'engﬂ mmole), sodium
[err] Exanple borohydride (503 mg, 8 mmole), sodium acktad  acetic acid. i
CHerr] 63 cyanoborohy e&Blljng, mmoe)‘s ium Oﬁlgéﬂdhg[&ofacencacxd %lxture
O 65 is evapargiad, jo dryness and then partitiopgd betwppn @il §@pand EtOAc and the organic

(P)ICT/ US97/ 14555 Dyebfs washed 2 times with NaHOWE 1| time with brine, dried o%é?(MESQ,, fifered and
Bu

(1N) - 4- Net hoxypﬁé’rﬁ\?‘i‘?ﬁ"f%‘f&ﬁ°WH8§FMW&WW’F%%3W]%VH‘b‘f"?"dl ne
: The st art i: BpAxr#neo Ko give O deyiredpridictravo gledr plass. (BS3 MS: méx({rel intedfty)3830{
met hanol and st '(IW'QQ‘I f“%g}pag S in the presence of glutonic dial dehyde (961
ng, 50 wt % in water, sodi um cyanobor ohydri de (503 8

mol e), so# um 4%&“’(”!@)‘"@(‘# fqﬂYh@RbW"Hé%Y@'%?@dwl BG(‘GY"EPYT"Q“"'““

evaparated to drmae&mgnﬂm&:&eaa sﬁautao |, Q188 Garfsid) i @kenGh 13- mINaf #akehaRbl, freated Gith

Et OAc and the o‘r:hg_?ni c r}%s flﬂnf %ﬁh%ﬁﬁpmlvgﬂégf mLh p

brine, dried ov
col orl ess gl ass 4®g)iandstined olemighnt wmndl&fgmmng,ﬁiﬁﬂha@uﬁu)mmmﬂnhmnemd

o ot o et sob Sk ek B SRR B WY GhiadP pdrdd b Bp 32 madi ks
(1IN) - 4- Met hoxy pieekmh which isyhsequermly elef pith B5QAsa MsORI I B4 Dassivea palasEmpessplid-py r
rolidine: The stgyjMs?av(Rl B&hﬁ@iﬁﬁ G123 H, 1000 QoM 2 B 8T A4+ + K, é9ken in 3
mL of methanol, treated with
EXAMPLE 63
a. {1N)-4-n-Butoxyphenyisulfonyl-(2R)-carbomethoxy-(4S)-1-piperidyl-pyrrolidine: ' The
starting amine 43¢ (1.06 g, 1.88 mmole) is taken in 10 mL of DMF and 1.5 mL of NEt; and
treated with 2 mL of 2-bromoethyl ether. The resulting mixture is then heated to 60°C for 16 hr
and partitioned between dil Na,CO, and EtOAc. The organic layer is then dried over MgSOg,
filtered and evaparated. The crude residue was chromatographed over flash silic_a with Hexane :
EtoAc (1:1 to 0:1) to give the title compound as a clear oil. ES1 MS: nv/z (rel intensity) 425 (M*
+H). |
b. (lN)-Ln-Butoxyphenylsull’onyl-(ZR)-N-hydroxycarboxamido-(AS)-l-piperidyl-pyrrolidine:
The starting methylester 63a (851 mg, 2.01 mmole) is taken in 1 mL of methanol, treated with
NH,OK (0.381 mL, 0.86 M in methanol, solution prepared as described in Fieser and Fieser, Vol
1, p 478) and stirred overnight. The following moming, dry silica (2 mL) is added to the mixture
and the solvent removed under vaccuum. The dry silica is poured on the top of a flash silica gel
column which is subsequently eluted with EtOAc : MeOH (1:0 @ 9:1) to give 543 mg (64%) of 2
pale orange solid. This was recrystallized from hexane : EtOAc to give pale orange solid. ESI
MS: m/z (rel intensi!y) 426.1 (M* + H).

ove



NHerr]OK (4 nl, 1.25 Min nethanol, solution prepared as descy)} |
Fieser and BYQE¥P881, 1 |, 478) . and stirred overnight. The fo ﬁ@mg%'?‘sss
nmorning, dry silica (4 nL) is added to the g xture and the sol vent renoved
under vaccuum The dry silica is poured on the top of a flash silica gel

col umm whi ch is subsequently eluted with EtOAc : MeOH (1:0 [err] 4: 1) to

give a pale orange solid. ESI Ms: mz (rel intensity) 384 (Merr] + H,
100), 406 (Merr] + Na, 82), 422 .(M er BX LEgE)  EXAMPLE 63 a.

6 The Startl ng et e e D
e: e starting anine . : e) i in o) /
and 1.5 nL of NET pratpg %ﬁ%&é&%gﬁf ?‘H‘°g) WS\‘%QFET%MW# mi; of NEt; and greated
resul ti ng m xt ur ewits 1inhe0f 2Heabathyt @hds0Thé oesulfifg Mixunanid dunrteated @NEBEC st 3VReihd
dil NaJerr]Cderr : r o ' ri.eq ov

MgSO err], filter M@ﬂﬁ%ﬁ%}"ﬁ?ﬁ %%cugﬁgérég;& c! e '\?\/éhg" %’ngc%%%?épﬂg&’d
over flash sili caawavhparatedaTbe criegegidu¢ wag chromagogtaphedoveyi flash silice withtBt@Ac : MeOH

conmpound as a cl e@r1yd dive thette Minpoihdasaivibhe i&k&.eﬁﬁiﬂls’-)nvé%ﬁ' 85 54s. 7o+ 1P -
(1IN) - 4- But oxk/pheni/l sul T onyl - ( 2R;)g;ll\l- hydr oxycar boxam do- (4S) - 1- EI eridyl -pyrr
ol i di ne: TheP-st ar - Mehoxypheaylfopyl:2R)sM hydrgxycarbgxanid,(48)mprp 9lgmaafrwohdme=m

of net hgnol : OIt reap‘gasmiﬁgﬂm&kj[lﬁfef mg(sli:@maﬁassﬁ{;/nﬁlafﬁéea&ﬁ%mrmmt !mL,SrgJSJM AN
repared as descri n Fieser an ieser, VW ) an rre

gvePni ght. The for'ftgaf‘h@’ Eﬂirﬂ‘elhﬁ‘amﬁpwlsﬂsl‘#ﬂb%fmn@f’q? §“’§%ﬂ5§ St’é"‘k‘ﬁ%‘“ﬂ‘ﬂt‘&?e
and the sol vent rwhitevsetid wnidevacsuacadunot rediystaltized. ES1 MSamizs(rqb dnnensicy) 386.1 (M* #af)

of a flash silica I j ' \ {th Et OAc: MeCH .
(1:0 [err] 9:1) té‘ﬂ’g|53§?ng“%%®%%$§’&@§§§§@”3?gﬁg"’e}ﬂs’gff'ﬁ’ Thi s was

recrystallized from hexane: EtOAc to gi range solid. ESI Ms: mz

(rel intensidy) 4@d0)-4-ntBltSiyphenyisitlonyl-CR)MRrbbM3y-fS)-morpholinopyrrolidine: The
PCT/ US97/ 14555 57 EXAMPLE 64 % ) .

( 1N) - 4- Met hoxy pheTitng Aming {Br (128202 mmplsheras tksn ip A& ML of DY and 13 p-of BN arithe-
The starting am neroMdhyl Ethé andiconvenEBioninanitle Lompbukdods desciitied 4or tbmgpiind ¥da. BSHMS: -
m. of NEt[err] a WA 2- bronoet hyl ether. The resulting

m xture is then E’glgt({ggﬁ{egs %Zr‘sr 4f@r 3 hr and partitioned between dil
NaCQO err] arld Et GAY)-4-n-RutenyphenylsulfonyldZR)-N-hydroxycanbpxaohide 45)-nypiiplinorgyrrolidine:

filtered and evapfjeakdithg niddficster /68 (63, 58 mihvle) G AR vAG IR 20!, 11253 n
silica wth EtOAc: . m}' i(v Sé'he ti_tl‘g conpound aszbgd(v\h?ﬁ?'é sol.id.

ESI MS: miz (rel xp?ﬂll\%q?gpt(zg)m%gg%i W&gﬁ psjdeqpnpﬁd_ for,63b to give material which is puffed toa
(1IN) - 4- Met hoxy phevwytessolid wndyt! vadudin)andinbryrebinatllized. (EST MS: 0z (rd Biter3Ry) AR08 (M= PH; I
Nferr oK (2 L obasHt s 3p 8 499 g R o et hanol “as deser bed
for 63b to give material which is puffBXAMPLEG6hi te solid under vacuum and
N VNG s g P A i T
EXAVPLE 65 pyrrolidine: The starting amine 42b (560 mg, 1.79 mmole), was taken in 10 mL of DMF and 1
mL of N-methylmorpholine with di-2-bromoethylsulfone (500 mg, 1.79 mmole) and converted to

- the title compound as described for compound 63a. ESI MS: m/z (rel intensity) 433.1 (M* + H).

b. (1N)-4-Methoxyphenyisulfonyl-(2R)-N-hydroxycarboxamido-(45)-(4,4-dioxy-
thiomorpholino)-pyrrolidine: The starting methyl ester 66a (420 mg, 976 mmole) was
converted to the title compound as described for compound 63b. This material was then
recrystallized from EtOAC : methanol to give first crop crystalls and second crop crystalls. ESI
MS: m/z (rel intensity) 434.0 (M* + H, 100), 456.0 (M* + Na, 32).

- EXAMPLE 67

a. (1N)-4-n-Butoxyphenyisulfonyl-(2R)-carbomethoxy-(4S)-(4,4-dioxythio-morphalino)-

pyrrolidine: The starting amine 43¢ (1.00 g, 2.81 mmole), was taken in 5§ mL of DMF and 2 mL



a. , .
(1IN) - 4- n- Bwames/qasesy| sul f onyl - (2R) - car bonet hoxy- (4S) - nor phol imeRussAlksss ne:
The starting amne 43c (7.2 g, 20.2 mole), was taken in 50 nL of DMF and
15 mL of Et3N with 2- bronoethyl ether an® converted to the t|tIe corrpound
as described for conpound 63a. ESI Ms: mz (rel intensity) 427.18 (Merr] '+
H. b.

(1N - 4- n- But oxy piresa mnhéxﬁ)al% MARAD rr

o e ORIy

ol i di ne: The startln yl est
NH[ err] OK (24 m™ i'%’:?"w{‘?srq 5‘?’6?’)‘”&?1’?6 Fli““ﬁ 'UF('ﬂﬂ‘ﬁHﬁ@I"’%&Me'slé)rl bed
for 63b tobgive (ménmﬂoxyﬂemmmnmmedhj@ogm;amm 44nder vacuum and

1 B, Ak L 1 i
(1N) - 4- Met hoxy plHesatgd with NHEQK(‘(@R)!%hmommhbb)y!wﬁﬁ)of(ﬁbﬂﬂnaw%ofmmhol i

no)- pyrrolidin t Iz ken in
) "ot DV e Hfrigiich i hefRdo hﬁzﬁ'&%{%‘“&f"‘é RotFEERs i"ﬁ?rm%gf W
(500 ny, 1.79 m%l'é}’"%li"édﬁ%f%’emd”h@"‘t"rk'%éz)eorrpound as described for
conpound 63a. ESI Ms: mz (rel intensity) 433.1 (Merr] + H). b.

(IN) - 4- Met hoxyphenyl sul f onyl - (2R ) - N-hydroxycar boxam do- (4S)- (4, 4-di oxy-

t hi onor phol i no) -pyrrolidine: The starting pct er 66a (420 ng, 976
mol e) was converted to the title conmpound 3 gscribed for conpound 63b.
This material was then recrystallizedsaf Og8 LAC © nmethanol to give first
crop crystalls and second crop dsta Is. LESI MS: mlz (rel |ntenS|ty) 434.0
(Merr] + H 100), 456.0 (l\/[err?'[ N, EXAMPLE 67 a. '
(1N) - 4- n- But oxyphenyl sul f onyl - (2R) - arb methoxy- (4S) - (4, 4- di oxyt hi o- nor phol
I no)- pyrrolidine: The starting am ne 43c .00,9, 2.81 nmmole), was taken
in5 nm of DMF and 2 niL WD 98/ 08815 N

PCT/ US97/ 14555 58 of N-net hyl norpholine w
ng, 2.68 nmole) and converted to the titP& ¢
conpound 63a. ESI Ms: mz (rel intensity) 47 (Merr] + H b.
(IN) - 4- n- But oxyphenyl sul f onyl - (2R) - N- hydr ox ar%oxam do-(4S)-(4, 4-

di oxyt hi ojyorpholJ no)-pyrralrarne. THE startimng ﬂE'rR'I‘E'sTm—ﬁ?a (1.01 g,
283 mm|g>_,_5_w% witth NeferrlK (@ i 1 2 in nethalol® in 4 nL of
met hanol s desesibed for oM to glvb nakeri al V\’hiCﬂ is puffed ggo a white

di gpr onoet hyl sul fone (750
% as described for

2(7)I6| (; l(JnMdger}/aEgﬁm zzgg ,not Eecryst arfi ze(e:l. !:u”w\vs [I;T, 51 (rpe:D :Egéﬁgislet y) «
R _ 70P 68 oM CH)CH=CH3 | HMe H H
H 69 ,fnBu OnBu - H _ ity cHs H

73 OnBu H H CH3

73 O(CH2)20Me CH3_ H H

74 OPh CH3_ H . H

75 OCH(CH3); cH3 | H H

~ 'EXAMPLE 68
a. (1N)-4-Methoxyphenylsulfonyl-(2R)-carbomethoxy-(4S)-1N-(3N-methythydantoyl)-

pyrrolidine: Diethylazodicarboxylate (1.8 mL, 11.42 mmole) is added to a stirred solution of the
starting alcoho] 1a (3.0 g, 9.51 mmole), triphenylphosphene (3.74 g, 9.51 mmole), and 1-
methylhydantoin (1.3 g, 11.42 mmole) in 30 mL of CH,Cl, and stirred for 16 hrs at rt. The
mixture is then chromatographed over flash silica with hexane and then hexane : EtOAc (1:1) to
give colorless glass which is recrystallized from methanol to give a white powder. ESI MS: m/z
(rel intensity) 412.1 (M* + H, 100), 429.1 (M* + NH;, 45).



70. , Oove CH err]CH=CH err] H

H 71 WO 98/G3835 H CH3 PCT/USITIHSSS 72
OnBu H H - s CH3. 73

Q( CH2) 20we CH3 H H 74 OPh
CH3 - H H 75 OCH(CH err])[err]

CH[err] - H EXAMPLE 68 a.

(1N) - 4- Met hdxypheﬂwﬁmmu(m,mv&%ﬁ\ébmwcvh@)mWWyI hydant oyl )
- pyrrolidine: D ﬂm?hﬁmﬁy ?mamﬂeatm(s&nﬁg iﬁemylje;wer‘kaa gg“h@) L 15mASIB G halkeR ir?

stirred solution of the star al coh
t ri phenyl phosphentmL®f mathapol ’g%gﬂ'i?M? 1 Q'I “drﬂ%thrﬁﬂ! 2o #ﬁ"l'“&!“'é"‘ml)

11. :12 ol e_% hi n S%dlaﬁmat fov r‘éﬂe@liﬁ'ﬂdlm@ﬁdg,aliylsﬂfced sfuﬂt)nslﬁdkuxsmanufﬁnmih&
m xture is en chroma ed over .flash silica w exane, an

exane : | Bt Oo ( 1PREREPRIROBE gy Jhe 85 SUSH &Rl op o L8 PRSI fobimt WD
met hanol to gi ve sabssipiently ¢aediwith cth§ll ackie followed with ethpk &estet(§:)) thlgivela (.-Mregﬂasq
;C!I_'l/ Uégg; 1 43%2 é \(vlgl:heg Hlffed Mi’o%l{/ Lohdﬁ)shght hemm The product is recrystaﬂmd
( 1N) - 4- Met hoxy phefm cold methanpl to 2ivp 2 ity aewdey CBSIIMS iz (rel iptamssity)143.0$M" + H, 100),
et hyl hydant oyl ) mro(m‘l.;.ﬂnpgs) The starting nmethyl ester 68a (500 ng 1.22
nmole) is taken in 7 of “met hanol / tetrahydrofuran (1:1), and treated
with NHerr]OK (2.5 n1 1.25Min n'ethaﬁ#ﬂ’éé%ﬂstl rred overnight. The

fol |l owi ng ma ni nqgm»mdxyﬂﬁnjlﬂm&yﬁanmrﬁddﬁdxﬁ@sﬂhﬁmethyuhedﬁmﬁl)t he

—

I d d 1 f. h .
<717 ca col um i rvatied, byl (6 By o ATRDRS LRTR SrfymBiter |

et hyl acetate (9:tqstartingplopbol 29x(3das. &gﬁ3am90!v)hmhﬂnyleh°p!!¢!feé@136 8 13.30 omvje).snd 1-d
by slight heati ng,ugils {da?{té‘iﬁ Wf‘? mghﬁzﬁmﬂn é6Sml. @Féﬂ’zéiz%& hﬁfeﬁ erﬁ@ ﬁ}s‘iPx't OThe

nmet hanol to give a white powd VE: (rel 1ntensit K Merr
+ H, 100), 430. o(wmqmmwph@w«mmww fallowed by dxane E*OAcﬂ 1) an
(1IN)-4-n-But oxypfmﬂww{é@m« giveRd coforle QIR Modubras deckyshitipatton EOXcLadhRY |

- rrolidine: D|eth zodi at

)Stl Ir[)?/ed Sl)| :.It i on tBF“’f %‘t‘ﬁ’:w n %ggﬁéoﬁ'gﬂ ‘%g‘.&"‘f‘ﬁ)ﬁ’é&%l‘lm M14§ BIG
tri phenyl phosphi ras).( 3. 36 g, 12.80 mmol e), and 1- nethyl - hydant0| n (1.17 ng,
10. 24 nmol e)y in n?ﬁsﬂ at rt. The
m xture is th:an ?grom%gmrgjhﬁigghg\’/%ﬂig} | carév&% g&'&&é‘s}gﬂgv\ed by hexane
 EtOAc (1:1) andnqtmwdwo rw@émc The statipgmethyl a5 69430 Bg,rh22 maols) jsdaker in
was recrystalli zetnf oomethdn ceuhmmart |aH@u'6itthO:itﬁﬁH FORVEES mi, E25 MViP metliariol)

e e (AT ot e s Bk oA A e o
met hyl bydant oyl) -spiyént femotédvfider Vatauin.t m:etdry]glmms joyded astop bf H8ah éxﬁﬁ&oluyn whick B
ol e) is taken Isulmequently eluted with ethyl acetate followed with ethyl acetate : methanol (9:1) to give a clear
_-glass which is puffed to a foamy solid by slight heating under vacuum. The product is
recrystallized from cold methanol to give a white powder. ESI MS: miz (ref intensity) 455.0 (M*
+H, 100), 472.0 (M* + NH;, 50). '
XAMPLE 70 _
a.  (1IN)y4-n-butoxyphenyisulfonyl-(2R)-carbomethoxy-(4S)-1V-(3N-allythydantoyl)-
pyrrolidine; Diethylazodicarboxylate (1.1 mL, 6.98 mmole) is added to a stirred solution of the
starting alcohol la (2.08 g, 5.82 mmole), triphenylphosphine (2.29 g, 8.73 mmole), and I-
allylhydantoin (979 mg, 6.98 mmole) in 40 mL of CH,Cl, and stirred for 16 hrs at rt. The
mixture is then chromatographed over silica with hexane: EtOAc (8:2) foliowed by hexane :
EtOAc (1:1) to give a colorless gum. ESI MS: m/z (rel intensity) 480.0 (M* + H, 100), 497.0(M* -
+ NH3, 20).



7 mL of nethanol / tetrahydrofuran (1:1), and treated with NHerr]OK (2.5
m, 1.25 Mwovsggizanol ) and stirred overnight. The fol | ow ngpgfgsogssssr Y
silica (1.5 mM) is added to the m xture and the sol vent renoved under
vacuum The dry silica is poured on top. @ a flash silica colum which is
subsequently eluted with ethyl acetate followed wth ethyl acetate:

nmet hanol (9:1) to give a clear glass which is puffed to a foany solid by

l'ight h t
et hanol 5 ooy Sy bReiny Lion QR bl SROREHSE IR A LRG|
+ H, 100), 472. @yl(rmm]mpsWQWyl egg')ma 49wz 1H 5 nanale) is mken in 2 mL of methanol /
(1N) - 4- n- but OXYWM Ia.{dZ&tesai.iadewms %Shzihh(ﬁ'}he%lahaﬂ ?ﬁ&%@y' )
- pyrrolidine: Diet car boxy| at il, 98 nmol e)
stirred sol uti oﬁ"%‘f'&‘hﬁ%g \hha lon F‘éo‘?eﬂﬁg' Tef'é?"@i? gided-to dhe mﬁeﬂf'd the solvent
% r |9 gheny: phosph Zdit&wé&mﬂgr gacuifin. 7 Thénd®! sitjca xé;ﬁﬂiireil on&gﬂ» ?f‘ h)ﬂds’lil $iliva ol &vnm.Th.s
mixture i o t hon BTy SSRGS pEp roflied Nih R el ethnnt A ppv a cia
fol | owed by hexglas: wifi¢ @ \purifigd fo) a tfoamyi solid by slight hdating viglerTvachfit. e prodict (wasl

|9g} Sgg |1t5)’) 480. Qec\(yMlﬁ%]ﬁ'oﬁ Jaild HI'EQIQ)IOI 0 3% PéMh% Edeer Wﬁ\“ ]m/z ?rgl) mtensxty)%l 2

PCT/ US97/ 14555 §d”HH, 100), 498.2(M* +NH;, 60).
(1N) - 4- n- but oxyphenyl sulfonyl (2R) - I\I-meﬂar boxam do- (4S)-1N-(3N-al lyl-h

ydantoyl)- pyrroli d| startipg net hyl ester. 70a 1.15 | e)
is taken in 2 nf* of 1“°¥-" @’t’%@ﬂ'@i‘ hfazbpmethoxy-(4S, &WQ‘&%’&!‘EHYWW’)‘ B
NH err] C]<d( 1 5 pymm;&s Methplaiﬁﬂichﬁdi)@d laje (amhmt |3r35adnm)waaa@ﬁaasz‘ifw sblftidn@fl NQ
nor ni ng, dry si | e, m t SO '
renoved under vacuumg E"ho 9'(F°(f ggﬂlf“g'de mrpeﬁ'yiéh ma(gqoﬁﬁ §IT"|dc5a'
col um which i sdwm'lbm;ewml(93°e'hwt3é§ muraie) nezqwl- o&@%taedmmalwmn by |

acetate: met hangixnird ithed chréthalSeraphddl R sifith ik hmne EtéAPWi)ffoﬁdizeﬁ%y%eiﬁ@W
solid by slight _heating under vacuum _The product was rec h%/ l1ized from

Col d met hanol  t BGAREE] g‘%‘f"‘%ﬁ"?’?“pﬁ%d@?'“&@" 2 e e 458 (4t HrdPA 49510 2
(Merr] + H, 10@){}1,,4‘&8 2(Merr] + NHerr],60). EXAMPLE 71 a.

0 o b LU R R RLP Rl T 1! By
a stirred sol ut Smethythydimgoxd) pyrtalidige:a Thosoting2ethy| dsted Pla|(7542mE 0-6irmupiole) js taken

triphenyl phosphie nsl of Chefflanof! 1 (135,%ana n'ia:edjk\ﬁfﬁthimbky %nﬁ.gl nzﬁrﬁﬂ
ng, 3.36 nmmle) in 20 nl of CHerr|C[err] 'and stirred for 16 hrs. at

The mixture is méw@m’mm@gwsmw@d T doliowingmoming, dry $ilisa {h& mipippdded 8‘ '?7
foll owed by hexmiire Rid@sofvisit tsmdved Gidervaduumo The dre Sificalfs| Pourddoh tddsf a Mash silice |

intensity) 468.1 er.l.]. H 10 4385 1( N N ketate 01 r] 30Q). b.
(1N - but oxy BAHER e s bt whemsnc b atenle 113 Rl i - et
di met hyl hydant oydejate((3:8) apk ifiklly avith Fhypt aem-tueﬂgnqlrﬁu)yd giwesa olear gldsa whichis pnfifed td . 61
mmol e) is taken a foamy solid by slight heating under vacuum. The product is recrystallized from cold methanol
to give the title compound as a white powder. ESI MS: m/z (rel intensity) 469.0 (M™ + H, 100),

486.0 (M* + NH,;, 10).
EXAMPLE 72
a. (lN)-4-n-butoxyphenylsuIfonyl-(ZR)-urbomethoxy-(4S)-lN—(AS-methyl-hydantoyl)-

pyrrolidine: Diethylazodicarboxylate (0.530 mL, 3.36 mmole) is added to 2 stirred solution of
the starting alcohol 29a (1.00 g, 2.80 mmole), triphenylphosphine (1.10 g, 4.20 mmoie), and (L)~
5-methyihydantoin (383 mg, 3.36 mmole) in 20 mL of CH,Cl, and stirred for 16 hrs at rt. The
mixture is then chromatographed over silica with hexane : EtOAc (8:2) followed by hexane :
EtOAc (1:1) to give a colorless gum. This is then repurified over a second column eluting first
with hexane : EtAcO (1:1) followed by _E:tOAc: hexane (8:2). 1H NMR showes a mitsunobu

impurity (20%) remaining after two column purifications and the material is carried forwared to



in.2 m,of nethanol / tetrahydrofuran (1:1), and treated with %}@&H{ﬂ%
(2.0 nL, 1. ROBMEY3t hanol) and stirred overnight. The fol | ow

dry silica (1.5 nL) is added to the m xturg, and the sol vent renoved under
vacuum The dry silica is poured on top of a flash silica colum which is
subsequently elated with hexane: ethyl acetate (1:1) followed W|th hexane :

ethyl acetate (2: and finally with t hanal ve
a ciear glass whi %‘ﬁ"é‘ boisli 'gﬂ“tﬁwh&' ?‘B‘S‘ﬁ@’%‘é'oiﬁﬁkﬁy"‘éﬁ' Rtensing ¢ U)' ‘%"
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e mxture is en . c over_silica exane :
fol 'owed by hexan&bs ﬁ%&nﬁlﬁ‘?‘fﬁp Q‘f‘%‘f&l GF?S’H‘&’Q% '“FHF‘?‘K%‘?A‘P\&‘%""’
repurified over agascm«sh B@Mmh@mmsdmrhyt slight! keati@Xiider vachind)C Qhé Jprodict is
fol l owed by EtOAc; amt uno it 9
Femi ni ng. af ter ¢ (P RIRATE o rebatel e St R plbed ot hit PR gy veS!
forwared to vxorraamesmsssom*m 100).4720(M"+NH3,30)
PCT/ US97/ 14555 the next step w thout flﬂ‘tm oy i fication. ESI Ms: nmlz (rel.
i ntensity) 454.0& err] + H, .100) + NH3, 20). b.
(1N) - 4- n- but xyph the “ﬁc’w"mﬂfyﬁw bomethory(4SIN-GN: ( 4S- net hyl -
hydant< oyl)- pyr rol hfthamyda‘ﬁw)&:bﬁﬂdm D&ﬂb?kodmwa%zasmm 349 mrﬂoée)&_ ﬂf}wlwa
is taken in an t et t reat -
NH[ er r] OK (1 5 m_ ’T‘r’mﬁtﬁ‘& ‘F‘;’Wiﬁﬁ’@t"%ﬁ('é"ﬁ%f‘éﬁ)ﬂ‘l’ Y‘ﬁ‘?ﬂgmfm{‘cﬁm‘%
nor ni ng, dry sil i meole), akd hh)thy&vhnhimﬂ%mgl:hﬁ niolé) st 20 ol of CHyCl, and stieed for 16 hrs
renoved under vac l:lﬁ@m
colum which is st{gg]e“-&gﬁl{ I:ey! te é#ﬂﬁlylraceta ’;m?ll owedthtf “og{g?]b’f
acet ate: nethanol h’f‘?“if“?&? Plfegﬂet?‘é‘?{k“gﬂ'&ss which is puffed to a foany
solid by sli ght hESY M9/ (elShtenéiy) 456114 (MYQ- IRNOG)LTS.1$ MTENRY shal li zed from

| d th he tit >!
(rel ntensity) 488%5d petppeiainipbbaiponoaiyl wﬁ‘émn@ mﬁmﬁv
EXAMPLE 73 a. methylhydantoyl)-pyrrolidine: The stamng methyl ester 73a (725 mg, 1.59 mmole) is taken in
1 4-(2-neth S
§re{\l)hyl b§/dagfoyloi(y%§%’?'%¥)cgl ner%@gﬁﬂ% c?l’ car%%%‘?ﬁﬁ’%?g&é' )r!rf}Ng{“j%h anol)
mmol e) is added t@daﬂmdlwmtsﬁhﬂfpﬂwmomihb dyt’dm(lﬁgnldll%@mwmb“’(ﬂl“w@e
2.89 mole), trip |Md&%ﬁﬁmlhgm§4ﬂx% @b top mmmmmwmm n

T e A AT S e e
( 1 1) foll owed bygise whivh icpGiffed {o2a mamtyaoljn ugeslighcmdamd @nler ghcwim. The product was
recrystallized from cold methanol to give the title compound as a white powder ESI MS: m/z
(rel intensity) 457.08 (M™ + H, 100), 474.09 (M* + NH,, 60).
EXAMPLE 74
‘8. ' (1N)-4-phenoxyphenylisuifonyl-(2R)-carbomethoxy-(4S)-1N~(3N-methylhydantoyl)-
pyrrolidine: Diethylazodicarboxylate (0.570 mL, 3.62 mmole) is added to a stirred solution of
the starting aicohol 35b (1.14 g, 3.02 mmole), triphenylphosphine (1.19 g, 4.53 mmole), and 1-
methyl-hydantoin (413 mg, 3.62 mmole) in 20 mL of CH,Cl, and stirred for 16 hrs at rt. -The
mixture is then chromatographed over silica with hexane: EtOAc (8:2) foliowed by hexane :
EtOAc (1:1) with product ehnting with Hexane: EtOAc (2:8) to give a colorless gum. ESI MS:
 m/z (rel intensity) 474.03 (M* + H, 100), 491.03 (M* + NH;, 20). '



ESI M5: mlz (rel intensity) 456.14 (Merr] + H 100), 473.15 (Merr] +
NH err], 1o osissis PCT/US97/14555
(IN) - 4- ( 2- mret hoxyet hoxy) - phenyl sul f onyl - ( 2R) - N- hydr oxycar boxam do- (4S) - 1N- (
3N- met hyl hydant oyl ) - pyrrolidine: The sta®ting nethyl ester 73a (725 ny,
1.59 mmole) is taken in 2 nL of nethanol / tetrahydrofuran (1:1), and
treated with NH[err]O( (2 m, 1.25 Min nethanol) and stirred overnight.
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60) .. EXAMPLE 74
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m xture is then chromat ographed over silicap® GMeane: Et OAc (8:2)

foll owed by hexane: EtGAc (1:1) with produ ﬁ ting with Hexane: EtOAc
(2:8) to give a colorless gum ESI y 9287 ( intensity) 474.03 (Merr] +_
H, 100), 491.03 (Merr] + NH[erM, . & W 98/ 08815
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(1IN) - 4- phenoxyphenyl sul f onyl ( 2R) - I\nhydr xygar boxam do- (4S) - 1N (3N

nmet hyl hydant oyl ) -pyrrolidine: The starting nethyl ester (1.50 g, 1.59
nmmle) is taken in 10 nL of nethanol L—é@%drofuran (1:1), and treated

wi th NH err BOK (éymmm&mnmmnmﬂdmmbfynsﬂrmmmaﬁg htthe Bharboxy-p-
ol vent | Fenoved HAMECTARRRASTR (e T BrFY Berag oot Bl o2 Fpoues
silica col um wtyahe addition bE@ M diakomethanst Wil the coloraf thel mm l'eh@mlhneﬂo“'

(1:1), then ethy. +h a"‘c\,ﬂﬁm‘t'g tht MHPW Mtﬂm 1*38 lmuﬂﬁe@t 3‘11?13 evma'ag\l\m ‘o%e?—)id bO

give a clear glass solid by s ht heatﬂe‘g under
vacuum The pr oohyeqss mshmehqnyémmeﬂm "F‘FdM%ﬂ‘ﬂ“%t"ﬁ&H’dP‘ ?"Bd“(jﬁ 1 gargt

conmpound as a mmﬁ;nﬁgﬁbnl\/s mz (rel |nten5|ty) 475.09 (Merr] + H
100), 497.07 er + N rr XANMPL . :

([ezr]) (1N) - ElM H‘lﬁ!\y LW%%‘%%H%“E%?]"@ TRl it By solNod i 300 m. of dry THF at,,
2- car boxy- [ er r] -o9Cafolloned b the toherportiomt addition of(tbOtogjide (97153, mmﬁ)lasdmdtﬂr\ﬁed

in 200 mM of nethan 7,
di azonet hane untlﬂ “t %ésﬂeél?{’{)b}&figurﬁglgpﬁogﬁe Hﬁtﬁ gﬂ? i‘gkr'r'gilay'r%e Qed ‘ﬁMhls snmc‘
reaction is thenovetnight.cThefreactionris quéndhed withsatusated spdium b'sa’bWBn‘llgas

down to get rid of, ﬁi@??ﬁﬁeﬂ%@@tﬂ&lhﬂﬂg\ﬂ!h@@ﬂﬂ?iﬂ]ﬂﬁﬁsod;ﬂhﬂuéﬁﬂﬁhdkhﬁdammonmm

quantitative andchtot]:?le,%gg tlajvce;[' mlagsnesqu?'nrl rstlalgte 8 evapoated done. Chromotography is performed on

silica gel using a solvent system of ethyl acetate : hexane (1:1) to give the title compound. CI*
MS: nv/z (rel intensity) 314.0 (M* + H, 100). _
b. (:k)-(lN)-l-Methoxyphenylsnlfonyl-(!k)-carboxylos-pyrrolidinone:

The sulfonated methyl ester 75a (3.5 g, 27.12 mmoles) is dissolved in 60 mL of a THF and
methanol (3:1).. Lithium hydroxide (2.27 g, 94.9 mmoles) is then added in THF and methanol
(3:1). An addiiional 10 m} of methanol is added to the reaction mixture to improve solubility.
The reaction stirred for 3 hours. The reaction is quenched with water and then evaporated down
to get rid of the organic solvents, The water layer is extracted one time with ether, Then the
water layer is acidified to pH=2 and this is extracted with ethyl acetate 3 times and washed with



Wi thout further rification. The met hyl ester produced above (

77.5 mol es)wg ﬁé@é"bl ved in 500 nL of dry THF at O[err]C foll W%‘ﬁg
one portion addition of t-butoxide (9.15 g, /7.5 mmoles) and stirred for |
hour. Next, 4-nmethoxybenzene sulfonyl chloride (19.2 g, 93.0 mmoles) is
added and this stirred over night. The reaction is quenched w th saturated
sodi um bi carbonate until basic and extracted with ether 3 tinmes. The ether
| ayer is washed wi sadivinehiqride anddried nyeamasaesivprsuifee. Bisds eyapasatiddawe bl aiveigiks the title
dried over magnesi ompobild umsmzwamkﬁciooiom +ﬁnm§mt ography is

(1) {0 givett Lécéﬁﬁ&%ﬁtﬁ%ﬂn&%f PR E R s Ty 5 peTalmone:

(Merr] + H, 100) . The carboxylic acid 75b (1.0 g, 3.3 mmoles) is dissolved in 15 mL of DMF at 0C followed by the

1N) - 4- Met h h | f. b di Th
Ul T onkt 6d et hy! SGHEH Of Mesp RO 75 & Bl welmerdtarie Mo 6L AF scpo
a THF and net hanol mfm@les) . l-hymmmmmldé?;(%i”g ,mrfolesy) mbl bethyli3¢3-dimethyl-

added in THF and Mghiaaglyndabodimid b A xesﬂronmst.szd £8P 30'Hates EhioREH e

to the reaction m xtu nprove soI ub| he reaction stirre

~ hours. The reactlo?f’dftlgnq%hm%ﬁ‘ﬂv&t‘b?‘ '&H'él"@ -hEhe reagtign stimadenerpightn Thereaation
rltﬂ of tTEe o[ﬁanl cns&ﬂéﬁéaiaasnmIm-awmrmdf ayﬂonbl_ﬁgﬁ?(ﬁagﬂf&i‘&dh QR éﬂt)‘ﬁce’gﬂteéf'umgsh
et her. en the e | fi an is is extracted w
ethyl acetate 3 tlﬁﬁg‘;a‘ﬁ’\é’ M‘ﬁé’ﬁ‘f ey 8’% "3‘8?6‘881@“““‘“' sulfate and evaporated down.
PCT/ US97/ 14555 63 Elrometography iirintlen sitivel gél ubingletin edetattagdimethyléne Shibidi(1) 13 Rive give
evapor at ed down to:t Egt\ﬁtrgbésﬁtEﬁ&ﬁ:wzg(r&&m&p&'&“qﬁ,]mg@ mz (rel _

i ntensity) 300 0 (
([err])-(1IN -4 sthaxyplienyiyliop TG RN hrdropicamiotamidecScpyraelidineasti do- 5 p

yrrolidinone: The ﬁi%r ey ﬁct@@ladanz5bc‘0]4 %@mﬁnn%leriﬁs%ivea&ﬁxﬁﬁ‘al‘
15 nmL of DMF at OC W/em% EK‘B addition of triethyl am ne

1.37 9
mol es), 4- methyl prlladiym on agtivated carbaa{steR)4§.042 g, [10% of weight]). The
1- hydr oxy- benzot r Iﬁidiblﬁﬂésk i8 Heghssed .of allloXkgeh) and e plat %@V'hy&ﬁar BlBEH Piédsure for

Fol | owed by & he. adtieregh e s . sorary s tipiees by Patpang i el of ot ol
reaction stirred oandnhei eyl acefibecis ratowapried offi Ehwmnwhwevwmustam aﬂlﬂchcwdlamm
bi carbonate and t hgRae¥d dirGheiflte Wrhgbusd. 'ﬁﬁlwiscﬁﬁﬁﬁ-e‘?mﬁ?é?fﬁio%ya}ggrat ed -

INHCI and sodium chloride, dried over nmagng@si up e an

down. Chronotography is run on silicacehAsiy A\ DVdmedCet at e and net hyl ene
chloride (5:1) to give give the t*&\lﬂf@n}p(wn Hlerr] M5 mlz (rel
intensity) 404.0_(Merr] + H, 100)

([err])-(1N)-4- Met hoxyphenyl sul fonyl hydr oxycar boxani do-5-pyrrolidin

one: The benzyl protected | actam 75c- (0 1.04 mmoles) is.dissolved in
20 nL of ethyl acetate foll owed by the a}d( n of palladi um on activated

carbon (wet) (0.042 g, [10% of weight]) eaction flask is degassed of
all oxygen and then put under hydogen bafl oon pressure for overnight. After
the flask is degassed of hydrogen, the EXAMRAETS is filtered off through

cellite and tshe et(hljd—d-ﬁléﬂioi’ipﬁedyﬁuﬂﬁiyﬁmm-ﬁﬂdoﬁétﬁoxym%mﬂﬁrblﬁlme The ketone
recrystallized w tz'l ﬁt?z 4 7gcet %tisedlsaqved in 30 mL of anhydrous dlchloromethane and then ethanethiol
(0.53 mL, 7.18 mmol) and borane trifluoride etherate (0.24 !nL 1.91 mmol) is added. The
 resulting mixture is stirred at room temperature for 14 h. The reaction mixture is quenched by the
the addition of IN sodium hydroxide and then extracted 3 times with ethyl acetate. The organic
layers are washed with water and saturated ammonium chloride solution, dried (MgSOy), filtered
and concentrated under reduced pressure to give the title compound. CI* MS: m/z 420 (M* +
H)).
b. (1N)-4-Methoxyphenylsulfonyl-(2R)-N-hydroxycarboxamido-4,4-dithiolethylpyrrolidine:
The thioketal 76a (0.32 g, 0.89 mmol) is added to a 1.5 M solution of potassium hydroxylamine
solution (4.0 mL, prepared as described in Fieser and Fieser, Vol. 1, p. 478.). The reaction



hexane to give the title conmpound. ESI MS: mz (rel intensity) 314.0
(I\/[err] + [err] EXAMPLE 76 2. ' PCT/US97/14555
(1N)-4-thE%xypEenylsquonyI (2R) - car borret hoxy- 4, 4-di t hi ol et hyl - pyrrolidine
:. The ketone 25a (1.5 g, 4.79 mol) is digsolved in 30 nL of anhydrous

di chl oronet hane and then ethanethiol (0.53 nL, 7.18 mmol) and borane
trifluoride etherate (0.24 nL, 1.91 mmvl) is added. The resulting mxture
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Example 90 -OH _ 4-n-PrO-CgHgs- 1

Example 91 -OH 4-Br-CgHs- i
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Example 97 -OH : 4-(4-CN-CgH4)-CeHgy- 1

Example 98 OH 4-(4-MeO-CH4)-CeHg- 1

Example 99 -OH | 4-(4-C5sHgN)O-CeHy- 1
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-(Owe)[err] Examnlem OCHz H20CH3) 4-(4- dpﬁ@’rqﬂ”ﬂm% Clerrlilerf]-

Exanpl e 176 Exam Js@'llﬁﬁﬁré dnhib ARSI ko Example 1 usmg the a propnauely functionalized sulfonyl

G err] CH Cﬁél&? (i'[: n; l lorides which are used to pre ar% the agoryg’:xam les are either purchased from
-(OCH err] 2] P 5 prep: P P

CH[ er r] CN[ erorhfaddcial sohfcés| of priepar{deviaiinown methods. For example] thé-d-phanbeyphehlsulfonyl chloride

;‘rg %'__'[CF; ]r ] g;fér%% %%aél ﬁ_‘ixgmplr 17, was prepared 2 dEchbed bé Rl.}. Cremlyn et al in Aust . J,
(G:I—I[err]CIQ[heWr-]w-{Ze‘i‘%-”# CI—I[err]CH[err]G:[err]H[err]

1 Exanple 1 s
CHerr ] CN e??m les 1142920 §fe i (Aetib&dedcdibed in exaxixples 42 - 61 usmf8the appropriate alkyl,

. -(CCH err] CF'P%,' E_er # m;q[hi?!;!ronso(:yana e derivative.
4-(4-Cerr] B{:ﬂmdsh&so (J1ad grigfared by first mono-methylatihg E&apmbpeﬁteiﬁmw&mfewaﬁwxsed

anal ogousl yﬁésgsblé?s nﬁ" ﬁLnnUS' t he Ife) rl&tﬁ%’y%{,&g)?éjlgr gn‘{ “lc'Jﬁllg"g"’XL“

t al inTe
chl ori de.
exanpl es ar eppedpripte plkyliacythwifenyl, bhquhmtb enisocyanate Herivative exdescnibediin apalpbdﬂl-l 6.

known net hogs,, d;fof EX%W?J&@ IVt Lﬁg@??géﬁﬂbﬁd&}%&%ﬁ n§%

the preparatio repare
et al in AuSqresppnding,fe¢ aming 7and m%ws*z ﬂ!amn@s ajkyly asv'azeifoavle op rpb?.fahl@d
usi ng net hodgivataecri bed in exanpl es 42-61 using the appropriate al kyl,

acyl, sulf OE}/anipleQ qg& p%{l Xrl pm'edS 8;9@'11%? ndo? rrc':d\ﬂgtlto{\ \éx?d/or nucleophillic substitution of the
appropriately ﬁmcnonahzed 4-ketopipecolic acid described by 1.-P. Obrecht et al in Organic Synthesis
1992, 200.
Examples 153 - 161 are prepared as described for example 68.
Examples 162 - 170 are prepared as described for example 65.

ds

Examples 171 - 172 are prepared by acylation of a primary amine of type 43¢ with S-bromovaleryl
chloride followed base promoted ring closure and hydroxamic acid formation,
Examples 173 - 181 are prepared by standard ketalization methods of ketones of type 25a.

These examples provide the skilled artisan with sufficient guidance as to making the present

invention and do not limit it in any way.



Exanpl es 129' - 141 are prepared by first nono-nethylating the appropriate
primary ard stative as described by S. Krishnanurthy etp@tmssrnasss

Tet r ahedr on 1983, 23.(33), 3315, and then addi ng adding the
appropriate al kyl, acyl, sulfonyl, phosplinyl or isocyanate derivative as
described in exarrpl es 42 - 61. Exanples 142 - 148 are prepared from cyani de
addition into nesylate 15a foll owed by reduction to the corresponding free
am ne and ; riate al kyl, acyl, sulfonyl, or

phosphi nyl& s gftelnda 2 - 152 are prepared by ket aI i zati on or
reducti on and/ omrmvwsmﬂth inventignaarg ysefit) to Brepare eamposiings EH Fic sreatment of ailments

folrmct ' Ongl Amtéﬁﬁie ﬁek?ggma% lcb ﬁﬁbﬂamggdd%%ﬁll& dd. mﬁma@h{eqmﬁuostbuabmwae
gani ¢ Synthesis es - are epare esc

for exanpl &uidsnce 2R "c‘;‘g ai5an to E%’%?"@ us¢ ths a‘i°§’8°“3§s'(ﬁ ROSHIpRS A Wg'@i’aﬁ{)ﬁg

65. Exanpl ﬁﬁeniu?nl In ei&x%aﬁrt& RmpRALEfbrivla Rhyy bé substitdd for the examply canpoisd hbwi y pe
43c with 5- val ﬁ?ﬁ%/‘(s chloride foll owed base pronoted ring closure and
hydr oxanmi cb"ﬁ’f‘a' ‘8 Exanpl es 173 - 181 are prepared by standard
ketal i zation meThosistha ok ie orampliGed do/gnt lid ahe iffveaticn, byt arevide guidancs/fodle skiled
skitled arihiaat Wbl bl & wpoam%%gems O RLdRGn.  Tife RIS prRrsloRf Sl | ON

and do not
PCT/ US97/ 1@39%9130@)%5@5!13 RSW‘W"‘R}EF prstdnaytbe wed based 9| cenditipn and tha Ratittds of
the invention are useful to prepare coghmpietd ons for the treatment of

ailments and the like. The _foll owi.ng ¢conposition, and t hod exa | es dq not
limt the invenfi Bhlet ﬁ?ﬂwﬂf‘%\/f%é"ﬂtﬁ%&l\'fg '°P0"E°ng“‘§I3PI'FEB“%FP't ?"gﬁﬂ’f % gs rﬁ"ébare _

and use t heompeisipUNds, conpositions and net hods of the invention. In each
case the compou g'g rrul al may be substituted for the K%adp! e conpound
shown bel ow wi t far results. The methods of use exeﬂp‘?ﬁ)l ed do not
limt the i nvenThosemppund ofExampléd gui dance to the skilled ¥r®PBsan to use the
conpounds, conp?’&l;(;*ons and methods of the invention. Thegeskg!!ed
practitioner w appreci ate that the exanples provide guj dance and may be
vari ed based onMagadarhon and t he patient. Exanple A A t alSt B8 conposition
for oral adm ni ghieati on, according to the present inventidammgi s nmade
conprising: Co nenI ' ' Anmount
The conpound of 1'gg Lact ose
120. ng Ma{Qther Stmpogmls havmg a structure according to Formula (!) are used with substantially snmlary@ultsr}g
Tal c A human female subject weighing 60 kg (132 1bs), suffering from rheumatdid affBitibBORAGE UM
Stearate o ] . C . meq o .

by a method of this invention. Specifically, for 2 years, a regimen of three tablets per day is administered

orally to said subject.
At the end of the treatment penod. the patient is examined and is found to have reduced
inflammation, and improved mobility without concomitant pain.
Example B -

A capsule for oral administration, according to the present invention, is made comprising:

Component _ Amount (%ow/w)
The compound of Example 3 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 1bs), suffering from osteoarthritis, is treated by a
method of this invention. Specifically, for S years, a capsule containing 70 mg of the compound of
" Example 3 is administered daily to said subject.
At the end of the treatment period, the patient is examined via orthoscopy, and found to have no
further advancement of erosion/fibrillation of the articular cartilage.
Example C



(Q:her conpounds having a structure according to Formula (1) %g 4
subst anti al WPWF%r results.) A human femal e subject wei ghing %gf;,z
| bs), suffering fromrheumatoid arthritis, s treated by a nethod of this
invention. Specifically, for 2 years, a reginen of three tablets per day is
adm nistered orally to said subject. At the end of the treatnent period,
the patient is examned and is found to have reduced inflammtion, and

i mproved nobi | i t yAspiinsdated comrosien Bnloca) administatignnarcarding Ao t!'apmnémmp% fsghade
admi nistrat i gmprighgsor ding to the present invention, is nade conprising:

Conponent - Anount (%W w) The
conpound of Exanpfcgmepnent 150, Fameuat Pé”
gl ycol ' The compound of Example 13 85% (O her cormounds haV| ng a

structure accordi la (I) are used with substantl simlar
results.) A'hurr:atnp'gr’ir‘gl'{"g'IEIQ hj’r&gct wei ghing 90 kg (198 Ibs), P#’%r. ng from-

osteoarthritis, iSalineeated by a nmethod of this i nvent| on. Spﬁclfl cally, for
5 years, ac t&npsmt Rivitig Qgﬂcﬂwc&ém%th?oﬁﬁ sitnfiar

adm ni stered y to sal d subject he en o the treat rre‘ﬁp er| (ﬁum{)he
patient is exam nBcpatjenk haying iser: enmeal %’WGM%%Q@%WUM‘W y. Healing is
advancenent gfeded, mg@ﬁ&uabgeqdelaa,tl on of the articular cartilage. Exanple C
WD 98/ 08815

PCT/ US97/ 14555 69 A sal i ne- based corrposﬁ“-%ﬂsgor | ocal adni nistration,

accor di ng t oA tdpizalzpmpmsitipn fonloeal kdninistratign, aecdding totbe prssem@veﬁmpmsdetcompmmg
Amount (%W w) - The nd of Exanple 13 5 %
Pol yvi nyl al cohol Colpbcht Composition (2% % Sal | ne
80% (& her conpoufkerompeundof Exampledct ure according to Fof#la (1) are used
with substantial | Bepshiiddnivdd chioiidd!l ts.) A patient having dggp corneal abrasion
applles the drop tq each eye twce a day. Healing is speeded with no

vi sual sequel ae. FFB?’& D A topical conposition for | o992 adninistrati on,
according to the @sabit i nvention, is nmade conprising: sa)rrponent

Conposi tion (%N/v gﬁ‘Fe conmpound of Exanple 3

0. 20 Benzal koni um oride _ 0. 02 Thi merosal
0. 002 d-Sorbitol Aromatics 0.075 5. 00

Purified water ' ' : q.s.

Total = . 100,00

{Other compounds having a stntcmre according to Formula (I) are used with substantially similar results.)'
A patient suffering from chemical burns applies the compositioh 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:
Component | Composition (% w/v) °

Compound of Example 2 50

. Alcohol . o 330

Ascorbic acid _ 0.1

Menthol 0.1

Sodium Saccharin 0.2

Propellant (F12, F114) as.

Total = 100.0

(Other compounds having a structure according to Formula (I) are used with substantiatly similar results.)
An asthma sufferer sprays 0.01 mL via a pump actuator into the mouth while inhaling. Asthma

symptoms are diminished.



d yci ne , 0.35 Aromatics :

0. 075 Pur i Wiosgt/oegdser qPETRIE9Y/8dSSS
100. 00 (Ot her conmpounds having a structure according to Fornula (1) are
used with substantially simlar results.)®A patient suffering from chem cal
burns applies.the conposition at each dressing change (b.i.d.). Scarring is
substantially dimnished. Exanple E A I nhal ati on aerosol conposition,

according to the present i nventi on, %ﬂf&gconpri si ng: Corrponent

Composition (% w v ound of ExarTP
5 0 Al coh 0 top:cal op ahmc mposition, accordmg 0 the present invention, is made °°3'3’"§P'8\scor bi¢c acid

0.1 Ment holcomponent Commsmong%v@vll Sodi um
Saccharin c dof E e s : 0.2 Pro%el ant (F12, F114)
q.s. Total = ompound of Example 100. 0 (O her

.conmpounds havi ngzeazaﬂmmumthlomieaccordl ng to Fornula (1) came used with
substantial ly sigg results.) An asthma sufferer SIS 0.01 nL via a
punp actuator i ntoAt he mouth while inhaling. Asthma syfhptons are

di m ni shed. \Hydpsyetggelilose NATROSOL M) 0.50

PCT/ US97/ 14555 ‘&3qibmaiebisutfite A t Opi cal opthal m ¢ conpogijpi on, according to .
the present invention is made conprisi ng Conponent

Conposition (% W)"“C@Pﬂﬂﬁ&%%bf Exanpl e . as

0. 10 Benzal koni tatat®l ori de 100.0 0 01 EDTA -

29? gb:_zglr ]9 @tﬁt hX yel! Asll!n!u?u?gea accgamMo Formula (I)dreﬂ,edé%l& salmaem lgfs di. un}nﬁo

g.s. Total = A human male subject weighing 90 kg (198 Ibs), suffering from coménﬂceﬁnéﬂ inaeated by

Corpounds G @ 5k i USSR 0 b i Lo Ll Sl o of

substantially sim|ar results.) A human nale subject wel _
| bs), sufféwmgndfﬁrfmmwmweﬁl'atsweﬁmectissffic%axeéwcwm -met hod of this

invention. Specifically, for 2 nonths, pampRld ne sol ution containing-10 ny

?IM Eg_eagiolrrgound.kgmposm rTI}tln-ef.»arénl a%mxrxrxlisprlansogx%rn? eéo?np%?’ulxgd subject’s aff eCt ed eye

Component Amount
The compound of Examplie 4 100 mg/m) carrier
Carrier: '

sodium citrate buffer with (percent

by weight of carrier):

lecithin S | 0.48%
carboxymethylcellulose ' 0.53
povidone : : 0.50
methyl paraben : 0.1l
propyl paraben _ 0.011

The above ingredients are mixed, forming a suspension. Approximately 2.0 m! of the suspension
is administered, via injection, to a human subject with a premetastatic tumor. The injection site juxtaposes
the tumor. This dosage is repeated twice daily, for approximately 30 days. After 30 days, symptoms of
the disegse subside, and dosage is gradually decreased to maintain the patient.

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



Exanpl e G A_cQ i ,ftion for parenteral admnistration is nade I Walek
w8 Wh FORRRTIE

Conponent Amount Th

Exanpl e 4 100 ng/m cgrrier Carrier: sodiumcitrate
buffer with (percent by weight of carrier): lecithin

0. 48% car boxynet hyl cel | ul ose 0. 53
povi done : 0. 50 net hyl

par aben Example H 0.11 propyl paraben

0. 011 “The above A Rgihwish Bdmpodtfich ifhryfiekd; f Or M ng a suspensi on. Approxi nmately

2.0 M of the suspension is admnistered, via injection, tg a human subj ect

with a prenetastagm%ﬁﬁh—ﬂ%ﬁﬁfeeﬁ-mﬁeﬁﬁmesﬁ%#tumr. Thi s

dosage .i s repeat eThetconponndiaf Bxgmplé br appr oxi mately 30 days. 38bter 30 days,

synptons of the d{ side, and dosage is gradually d eased to

mai ntai n the pat :jéeérf?iéwgr conpounds having a structure g’@éor ding to

Formula | are usekswarth substantially simlar results.) 09® 98/ 08815

PCT/ US97/ 14555 7(11‘_:‘5‘?1@@I e H A nout hwash conposition is preggged; Conponent
0

9% v The compound of Exanple | | " 3.00 SDA 40
Al cohol Sodium Fluoride 8.00 Fl a98? :

0.08 Enul'sifier glycerin10.00 . 0. 08 Sodi um
Fl uori de S 0.05 d y§ in 10.00
Sweet ener Sweetener | | 0@% Benzoi ¢ acid
0. 05 Sodi um hydr OBénekdc acid | | 005 0.20 Dye

0. 04 Water '

patient with gums(ﬁd'smene{'ggoﬁ“skes 1 m of the nouthwash thrice ly to prevent
further oral degelP¥ration.

Water ' : balance to 100%

bal a&ggi to 100% A
0.04

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 I are used with substantially similar
resuits.) '
| - Example 1

A lozenge composition is prepared;

Component ___ %w/v
" ~The compound of Example 3 ' 0.01

Sorbitol _ ' 17.50
Mannitol 17.50
Starch ' 13.60
Sweetener ' o . 1.20
Flavor : : 11.70
Color _ 0.10
Comn Syrup balance to 100%

A patient uses the losenge to prevent Joosening of an implant in the maxilla.  (Other
compounds having a structure according to Formula I are used with substantially similar results.)



(O her conpounds having a structure according to Fornula | are used with
subst ant i aMo98m8gasl ar results.) Exanple | A | ozenge conposi t PQUASS7/14555

pr epar ed; Conponent ' %V v The
conpound of Exanple 3 2 0.01 Sorbitol
17.50 Mannit ol ' ' 17.50 Starch
13. 60 Sweet ener 1.20 Fl avor
11.70 Col or ' 0.10 Corn

. Example )
Syrup —2531" 5 ance to 100% A patient uses

the | osenge to prevent | ooseni ngCswing/Gumampeasitinn t he naxi | | a. (C her
corrpounds havi ng;oa, tucture according to Fornula I awjgsed W th

substantially s res lj;"sal? WO 93/ 08815

PCT/ US97/ 14555 ng Gum Conposi ti on Oorrp%%nt |

w v% The corrpounsdrbmilcﬁma'pl el 3844 0.03 Sorbitol
crystals . . 38. 44 Pal T-gum base*

20. 00 Sorbitol Hﬁ’%'raﬁ'fﬁlebgslfs sol ution) _ %& 22. 00 Mannit ol
10. 00 d ycer i ne Sorbitol (70% aqueous solution) 22.00 7.56 Fl avor

1.00 A patient ¢pgNgithe gumto prevent | oosening of de%wes (O her
conpounds havi n%ma structure according to Fornula | .are lsed w th
substantial |y sficedRe results.) Exanple K Corrponents 7.56

w v% Conpound oOFjaganpl e 25 4.0 USP \\aj g6
(5)00?_56 Met hyl par abnent chews the gum to prevent loosening ofdemurgs 05 Propyl paraben
(Other compounds having a structure according to Formula [ are used with substantially similar
* results.) '
Example K
Components ' wivte
Compound of exami)le 25 4.0
USP Water 50.656
Methylparaben 0.05
Propylparaben | 0.01
Xanthan Gum " 0.12
Guar Gum 0.09
Calcium carbonate 12.38
Antifoam 1.27
Sucrose o 15.0
Sorbitol 110 -
Glycerin 50
Benzyl Alcohol 02
Citric Acid 0.15
Coolant 0.00383
Flavor 0.0645
Colorant 0.0014

The composition is prepared by first mixing 80 kg of gylcerin and all of the .benzyl alcohol and

" heating to 65 C, then slowly adding and mixing together methylparaben, propylparaben, 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, sorbitol, antifoam C,



Xant han ‘Gum : 0.12 Guar Gum

0.09 Cal ci unVOPE8MA: o 12.38 Antifoam FCT/USI14555
1.27 Sucrose ' » 15.0 Sor bi t ol

11.0 dycerin 5.0 Benzyl Al cohol

0.2 Citric Acid’ _ 0. 15 Cool ant '

0. 00888 Fl avor 0. 0645 Col or ant '

0.0014 The cEARNSRFaroppte.icisriqncidpendsurrsy. Papmmstely FombinmflaB0rs kayl coblanty dnglatich SlotyChd

al | of " the b@ifedmeringeiods. Mg (d8ktut WmibdtesS5 C. then slow y adding and
m Xi ng toget her t hyl par aben, propyl paraben, water, xanthan gum and  guar

gum M x these ingM®é takes th fommypiation topreyent flare up oficolitisa S | ver son in-1i ne
M xer. Then sl owl wlladetericss defteibddMedeia e lgreby eSS rdtdedchie Ol | owi ng or der
remai ni ng gl yceri g,.sorhit ol tifo C. . W)98/08815 = = SR
PCT/ USO7] 14555 7 3“’5’5?%‘?“8‘%“6%?%’3’%5?% ?‘a‘g% {ibject inygatign E‘a"ﬁ§°°§&e§°62°é-. it will s chyiensyo
conbi ne f| avibess skillel inoe artttimt yaribus bhanges landvinpdifickionsof ttecsubjeét Ghvehtita! @4l b Hiade
M x for aboug; ] i t f | at. t o prevent

Fl arc up of  Culh Epiite fym e bidolyel 8 Splehlin 1 TG0l b o) o B sppended
i ncor por at ecclaps. alksush madificatioythagare within the saape of thiisjavendiont s of t he subj ect

i nventi on have been described, it will be obvious to those skilled in the
art that various changes and nodifications of 'the subject invention can be
made without departing fromthe spirit- and scope of the invention. It is
intended to cover, in the appended clains, all such nodifications that are
within the scope of this invention. WO 98/ 08815 .

PCT/ US97/ 14555 74 WHAT IS CLAIMED | S: 1. A conpound having a structure
according to Formula (1) [err] wherein Ar is alkyl, heteroalkyl, aryl or
heteroaryl, substituted or unsubstituted, :



Rlerr] is OH alkoxy, NHOR[err], where R err] is hydrogen or alkyl; Wis

one or norwoodss/osgdr ogen, | ower al kyl or an al kyl ene bridge; ¥cras9z/1455s

i ndependently one or nore of hydroxy, SRerr], SORerr], sq err]Rlerr],

al koxy, am no, wherein amno is of fornuMa NRerr],Rerr Ln err]

and Rlerr] are independently chosen from hydrogen, alkyl, "het er oal kyl ,

heteroaryl, aryl, OR3, SJerr]Rerr], COR[err], CSR[err]; ,lmu

and Rl ert]wsaTydLapeb sal kyl . aryl, heteroaryl; Rlerr] is I ﬂmﬂm

heteroaryl; Rlerr] is alkyl, aryl, heteroaryl, het er oal kyl, am

al kyl am no, di al kyl am no, aryl am no, diarylam no and al kyl aryl am no "Rerr]

i s hydrogen, al koxy, Azbwipoand/baving baeth@fire/dcotding taFbyla (A vyl , - het eroaryl ,

het er.oal kyl , am no, al kyl am no, dial kyl am no, arylam no and al kyl aryl-am no;

Rlerr] is alkyl, aryl, heteroaryl, heteroal kyl, am no, alkyl am no,

di al kyl am no, aryl am no, diarylam no and al kyldryl amino; Rerr] is alkyl,

aryl, heteroaryl, heteroalkyl; Z is hgiro hydroxy, al kyl, al kyl ene ‘or

het eroal kyl ene; n is 1-3 and an optic i shner, di astereoner or enantioner

for Formula (1), or a pharmaceutic % | e salt, or biohydrolyzable
P

am de, ester, or imde thereof. 2. nd according to any
preceding claim where the conpound is of ucture: WO 98/ 08815

PC/ US97/ 14555 75 [err] wherein Ar is aryl®or heteroaryl, substituted or
unsubstituted; Rlerr] is OH alkoxy, NHQgerr], where Rerr] is hydrogen or
al kyl; Wis one or nore of hydrogen, lower alkyl; Y is independently one or
more of hytheB®y SRlerr], SOR[eérr], SO err]Rerr], alkoxy, amno, wherein
amno is of formkﬂkﬂl?{eﬁfohlkyl%jﬂroﬂmer&lﬁmseﬁsﬂml?&SrﬁfnlubﬁﬁﬂedR[ err] are

ndependent | m het roal kyl, heteroaryl, aryl,
ICR[ePr] Sq)érr ‘R’ferr’] &(ﬁ/&% ?’Ee E‘y err{)[err]; andyR[err%/ is
hydrogen al kylwlmbrmwwﬁiymc}ll EOWEt[&yh}ransn&ﬂttkyhdgearyl het eroaryl ;
-Rlerr] is alkyly jsaidehenddh@l} gﬂqurn%keo QWJP#*;%PR? %@aﬁo’alk )k i%"]vﬂgmm amino

di al kyl am no, ar yI am no, diarylamno”an

hydrogen, al kox§ of ZmpuiaNRe: R‘Yet”éffﬁ'ar%d Ry %H’WM%“W chosest f5or Aydyegen, alkyl,

het er oal kyl , ameﬁ&alkgllireydr&ml RS, Gh;;@'s sam)nicsa{ bou, g: adnd al kyl aryl ami no;
am no,

Rlerr] is al kyI %Ih &ﬁr I}/ ? er oal al kyl am no,
1 , aryl, Heteroary

di al kyl am no,

R4|s alkyl, ary! heteroaryl;
Rg is alkyl, aryl, heteroaryl, heteroalkyl, amino, alkylammo, dialkylamino, arylamino,
diarylamino and alkylarylamino;
Rg is hydrogen, alkoxy, aryloxy, heterouyloxy, alkyl,_ aryl, heteroaryl, hetemalkyl, amino,
alkylamino, dialkylamino, arylamino and alkylarylamino; '
Rjp is alkyl, aryl, heteroaryl, heteroalkyl, amino, alkylammo dialkylamino, arylamino,
diarylamino and alkylarylamino;
Ry is alkyl, aryl, heteroaryl, heteroalkyl;
Z is hydrogen, hydroxy, alkyl, alkylene or heteroalkylene
nist-3and -

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

biohydrolyzable amide, ester, or imide thereof.

2. A compound according to any preceding claim, where the compound is of structure:



di aryl am no and al kyl arylam no; R err] is alkyl, aryl, heteroa

het er oal kyl W9 drogen; nis 1-3, and an optical isoner, Pé@%ﬁ?
or enantionmer for Fornula (1), or a pharmageuti caI | y-accept abl e salt, or

bi ohydr ol yzabl e am de, ester, or imde ther “eof . '-Fhe—eenapeﬂﬂd——e%—aﬁy—
preceding clainy wherein Ar is phenyl or substi tut ed phen

compound of any preceding claim wherein Ar is substl tute “MI&M MMI “l]
substitution is wth hydroxy, alkoxy, nitro or ) f
any préceding claim wherein Y is indepénhde one or nore of hydroxy,
SHJerr]Rerr], al koxy, am no, wherein a no §4ys of forrmula NR{err],Rerr],
wher ei n R[err] and R err] are indepe chgaen from hydrogen, al kyl,
het er oal kyl , heteroaryl, aryl, SJerr] R[ COR[err]. WO 96/ 08815

PCT/ US97/ 14555 76 6. ~ The corrpound of an eceding claim wherein Y is
i ndependent |y one or nore of hydroxy, amino, wWNerein amino is of fornula
NR[err],Rerr], wherein Rerr] and Rerr] @:e i ndependently chosen from
hydr ogen, al kyl, heteroal kyl, heteroaryl, SJerr]Rerr], CoRerr]. 7.
A conpound aﬂtmndl ng to any preceding claim wher el n the corrpound i s chosen

from
(IN) - (4- Met hoxyph‘?anlgs/le0”l Tél s{'EﬁS uﬂl-oﬁunau%tit%%r boxam do- (4S) - hydr oxypyrr ol
i di ne: R} is OH, alkoxy.N OR, where R; is hydrogen or alkyl;

((IN) - (4- Met hoxymwgauh&omﬂyamgeaﬁ},w&l-awﬁr oxycar boxam do- (4S) - hydr oxypyrro

i dine;

( IN) - (4- Met hoxy pheHyeRmrAestly pre.of maye. ohydre SR SPRo SQaR el alkewraming avhersip smineo)

i di ne; is of formula NRg,R7, wherein Rg and Ry are independently chosen from hydrogen, akkyl,
(1N - (4- et hoxyPhgqyliy i, M&;%&%f@&i/fé& ARG, (48 - hyar oxypyr ol

(1N) - (4- Met hoxypﬁbni/h)@rpmrodwl)m(lmmhydroxycar boxam do- (4S) - net hoxypyr r ol
i di ne;

(IN-(4- Met hoxypheRr‘ltyI sulfonyl) §R) N- h roxlycar boxam do- (4S) - $2 mer capt o- be
nzot hi azol yl ) - mﬁgr & ia[lﬂrlneary heteroaryl he amino, alkylamino, dialkylamino, arylamino,
(IN) (4- Met hoxyphelnyylﬁuhd‘ﬁamwﬁﬁimi\l- hydr oxycar boxam do- ( 4R) - ( 2- mer capt oben
zo-thiazolyl)- pyroli

(IN) - (4- Met hoxyph n§|"%’9‘|"¥ n BHk9xy Sy ESIPRIR IR Ut Beerpandy heteroqlisy), n’é’!‘ﬁixl -

2- mer capt oi m daz ylkylamisp, dialiylachineeqrylérhino and alkylarylamino;

N - (4 Nethoxy phemth Sl iRy ket (R ek A Ay il Bl akle; Wb, >

mer capt oi m dazyl ] yrr
(IN) - (4- Met hoxypl‘f@ﬁ‘ﬂfé‘lﬂaﬂﬁ?@xlﬁmﬂm» N- hydr oxycar boxani do- (4S) - phenoxypyr r ol
i di ne; Ry is alkyl, aryl, heteroaryl, heteroalkyl;

(1k[\1|) (4- Met ho?yggerﬁ/ sulfonyl) (2R) - N- hydr oxycar boxam do- ( 4S) - (4- benzyl oxy)
- phenoxypyrrol i i

()1N) ﬁ Met hfl;yphewll-:taicf onyl - (2R) - N- hydr oxycar boxam do- (4S) - (3- N- phenyl ami n
0 phenoxy Py

(1IN)-4- Met hox phenyfxl mo er R?“’Wﬁ;‘/’a’r%ﬁ‘i/"é“é‘? tS%xrapW ngt)'caldhaecﬁe ?9§W’P8fi d

i ne: biohydrolyzable amuie, esler or imide thereof.
3. The compound of any preceding claim, wherein Ar is phenyl or substituted phenyl.

4. The compound of any preceding claim, wherein Ar is substituted pheny! and the
substitution is with hydroxy, alkoxy, nitro or halo.

5. The compound of any preceding claim, wherein Y is independently one or more of
hydroxy, SO;Rs, alkoxy, amino, wherein amino is of formula NRgR7, wherein Rg and Ry are
independently chosen from hydrogen, alkyl, heteroalkyl, heteroaryl, aryl, SO,Rg, CORg.



(IN) - 4- Met hoxyphenyl s”m“nm““”ﬂﬂlml hydroxycar boxam do- (4S) - ner capt,ophen
yI pyr r 0' ' W(ﬁﬁs/osa 5 PCT/US97/14555
(1 oxyphenyl sul fony ) #( 2R) - N—hydroxycar boxam do- (4S) - (4- met hoxyphe

nyI-thloony) pyrrolidine;
(IN) - (4- Met hoxyphenyl sul fonyl ) - (2R) - N—hydroxycarboxan1do (4S) - (3 net hoxy- nme
r capt ophenyl )- pyrrolidine;-
(IN) - (4- thhox&ghenylsulfonyl) (2R) - N—hydroxycarboxan1do (4S ([err]hexylam

i no) -pyrrolidi Ty _compeving 196 2PPIETTHINE Glaimy Rpepin Y i) ingepend one or more of -

car boxam dﬁré:é&ﬁmxh&llumayh lafinoGY dfErmula NRg,R7, wherein Rg and Ry are mdependentl chosen from

l(x”l)l)l((j%lggévg(e alM;} nggrxmﬁqxlﬂsé% ary'ylsb-zﬁélé)okl;!- hydr oxycar boxam do- ( 3S) - pheny

(I'N) - (4- Met hyl phenyl sul fonyl ) - (2R) - N- hydr oxycar boxamni do- ( 4S) - hydr oxypyrrol i
di ne;

N) - (3, 4- Di net I'1oxyp“r\1<‘§0r¥[l mm ?cord'jngl%mﬁ?-%c rm(‘)'xw"grzg'rnt%hoef%rﬁ"aﬁd fﬁ'ﬁf%oxypy

olidi ne(lN)-(4-Methoxypheny ulfonyl)-(ZR)— xycarboxam1do-(4S)-hydroxypyrrohdme,

N) - (2~ Nigh Wead SR pmesyiafong i)t droxy dadidk anbiad ISRyl bsliaigl do- (4R) - hydro

(1
rr

(1

xypyrrolidine;

(1N) - 4- [ e(HPEhMsthopmbsnylswfony 2SN Sy drpvesrboamidm 4Ry hydrowypyrmolidions- ( 4R) - hydr oxyp .
yr

(1

rr

(1

r ol i di n¢IN)-(4-Methoxyphenylsulfonyl)-(2S)-N-hydroxycarboxamido-(4S)-hydroxypyrrolidine;

- - L Rt B RRRGkdirn] SR s b BearD bl o 8) G20 fbdine,( 45) - Ny r oxypy

ol i di ne;
N) - (4- [ €HDYBMetryyphasislinyi-GRY-NhydpRrarbbranilo (48} Camicipartieskothiaddyh-( 2- mer cap

t o- benzot BW idin¥! ) - pyrrolidine;
(IN)-(2-Ni -'met hoxyghenyl SUHOHXm) (2R) - Xdroxycar boxam do- |§-4S) (2-me

r capt o- bém‘& M’Q?W“}' lﬂgppy xycarboxamido-(4R)-(2-mercaptobenzo-thiazoly
(IN)-(4- Mpyrhsmmahenyl sul fonyl ) - (2R) - N- hydr oxycar boxam do- (4S) -.( 4- met hoxyphe
nyI -t hi ol

Y e 1) o SRR R oy R Ny oo REH S D e | n'

one; and pyrmolidine;

A L e e e

yrrolidine ar nace g a co
cl ai ned |ﬂ¥fm'|‘9mbne of the preceding clains. 9. Use of a conpound as

claimed i mWmmexﬁﬁenyisafoﬁﬁyénynmy&eiycMiﬁmagsﬁm@pﬁiomwedl cament for
el VTR SN TN e
one of cl §iNy8-Methoxyplenylsutforyl-(ZRINfhgdroxycarb@famidofaSH(3Hipbenilahino)- t 1 eat i ng
nmuscul oskg{,,gg,gj,pygbmse or cachexi a. _
(IN)-4-Meth_oxyphenylsulfonyl-(ZR)-N-hydroxycarhoxamido-(4S)-phenoxypyrrolidine;
( IN)-@-Methoxyphenylsult'onamido-(ZR)-N-hydroxycarboxamido-(4S)-mercaptophenylpyrrolidine;
(1N)-(4-Methoxyphenylsulfony!)-(2R)-N-hydroxycarboxamido-(4S)-(4-methoxyphenyl-thioloxy)-
pyrrolidine; '
(UV)-(4-MethoxyphenyIsulfonyl)-(ZR)—N-hydroxyéarboxmnido-(4S)-(3-methoxy-mercaptophenyl)—
pyrrolidine;
( lN)-(4-Methoxyphenylsulfonyl)-(2R)-N-hydroxycarboxamido—(4S)-(“hexyIamino)-pyn'olidine;
(1NV)-(4-Methoxyphenylsulfonyl)-(2R)-hydroxy carboxamido-(4S)-thiopyrrolidine;
(£)-(1¥)-(4-Methoxyphenylsulfonyl)-(2R)-N-hydroxycarboxamido-(3S)-phenylpyrrolidine;
( lN)—(4-MethylphenyIsulfonyl)-(ZR)-N-hydrbxycarboxamido—(4S)-hydroxypyrrolidine;
(1N)~(3,4-Dimethoxypheny!sulfonyl)-(2R)-N-hydroxycarboxamido-(4R)-hydroxypyrrolidine;
(1N)-(2-Nitro-4-methoxyphenylsulfonyl)-(2R)-N-hydroxycarboxamido-(4R)-hydroxypyrrolidine;
.( 1N)-4-NButoxyphenylsulfonamido-(2R)-N-hydroxycarboxamido-(4R)-hydroxypyrrolidine;
(1M)-(4-BButoxyphenylsulfonyl)-(2R)-N-hydroxycarboxamido-(4S)-hydroxypyrrolidine;
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( lN)—@-“Butoxypheny)sulfonyl)-tz R)-‘N-hydrokycarboxamido—(&tS)-(Z-mercapto-benzothiazolyl}
pyrrolidine; : . | '

( lN)-(2-Nitro-4—methoxyphen_ylsnlfohyl)—(ZR)-lY-hydmxycarboxamido-(4S)-(2-mercaptb—
benzothiazolyl)-pyrrolidine; -
(lN)—(4-MethoxyphenylsulfonyI)-(Z_R)-N—hYdrdxycarboxamido-(4S)-(4-metho;yphenyl-thioloxy)— .
pyrolidine; | ' |
(£)-(1V)-4-Methoxyphenylsulfonyl-(2R)-N-hydroxycarboxamido-5-pyrrolidinone; and
(1NV)-4-Methoxyphenylsulfonyl-(2R)-hydroxy-carboxamido-(4,4R)-hydroxy-ethylpyrrolidine.

8 The use of a compound of any preceding claim to prepare a pharmaceutical composition.

9. 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.

10. A method for treating musculoskeletal disease or cachexia comprising administering to a

mammal in need of such treatment, a safe and effective amount of 2 metalloprotease inhibitor according

1o any preceding claim.
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