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PCT/ US97/ 06801 BI PHENYLSULI FONAM DE MATRI X METALLOPROTEI NASE | NHI Bl TORS

FI ELD OF THE I NVENTION This invention relates to a group of

bi phenyl - sul f onam des which inhibit matrix netal | oprotei nase enzynes and

t hus are usef wWo$ma3gsr eati ng di seases 5 resul ting from p&BBsE06801
breakdown, such as arthritis, atherosclerosis, restenosis, and

ost eoporosi s. BACKGROUND OF THE | NVENTI ON-Matri x met al | opr ot ei nases are
natural ly occurry s i t 24921 i ith
t he breakdown of h%ﬂfﬁ?@!ﬁ! éﬁggﬂg%wgﬁzmé%@ﬁﬁsﬂéﬁ?g%Z@ﬁig%l a |§r,1\nase A
and B, stronelysin-1, fibroblast collagenase, neutrophil collagenase,
matrilysin, and other forms of collagenase. These enzymes have been
inplicated with a nunber of di segggspwh ¢fierRBENTIDNG™M br eakdown of
connective tissue, such as rheurmatoid arthritis, osteoarthritis,
osteoporosis, periodontitis, nultiple sclerosis, gingivitis, corneal

epi dermel and gastri crHid wQémfoh Pilated-@ a group SHUMHAPCLRORhiTes WE MHnigie!
proliferation which |eads to restenosis and ischemc heart failure, and
tunor met ast asi smawxmeatdipgroleinasp ersyones andjthasare usefal fonyeating dsegbes eases i s
now recogni-zed tQ by inhibiti net al.| oprotei nase enzynes, thereby
curtailingand erlelsuﬁng%%‘?rﬁé'siuﬁé’mggg%wSm %fmgﬂ'lﬁ’lé@'ﬁo\?‘gﬂf’gﬁ’gﬁ%%mﬁﬁa?“dr esul ts
in the disease sbsadopsrosid0 Several inhibitors of

met al | opr ot ei nases have been identified. Many inhibitors are conpl ex
peptides, for instance as described by Chapman, et al., in J. Med. Chem,
1993. 36: 4293-4301. Snall peptide inhibitors are also known, for exanple as
described in United States PaBAGKGORODMNBOE TFEOINGENAANS, 270, 326 as wel |
as non-peptide as in WO 95/35276. 25 The need continues for

smal | nol ecul ar wei ght nol ecul es which can be economcally prepared and yet
are effective inhibi tMawxaietativpritdingseoire natasdly ocdridpenzymesfodid inouasted a

group of biphe nyrln%}nfaﬁ%mar%%gso\égie%%t}na%g bree)z(lﬁFdD“H o%%rlnle\étive tissues. The class

10 includes gelatinase A and B, stromelysin-1, fibroblast collagenase, neutrophil
collagenase, matrilysin, and other forms of collagenase. These enzymes have been
implicated with a number of diseases which result from breakdown of connective
tissue, such as rheumatoid arthritis, osteoarthritis, osteoporosis, periodontitis,
multiple sclerosis, gingivitis, corneal epidermal and gastric ulceration,

15 atherosclerosis, neointimal proliferation which leads to restenosis and ischemic
heart failure, and tamor metastasis. A method for preventing and treating these
diseascs is now recognized to be by inhibiting metalioproteinase enzymes, thereby
curtailing and eliminating the breakdown of connective tissucs that results in the
disease states.

20 Several inhibitors of metalloproteinases have been identified. Many
inhibitors are complex peptides, for instance as described by Chapman, et al., in
{. Med. Chem,, 1993;36:4293-4301. Small peptide inhibitors are also known, for
cxample as described in United States Patent Numbers 4.599,361 and 5,270.326 as

well as non-peptide as in WO 95/35276.

L]
W

The need continues for small molecular weight molecules which can be
economically prepared and yet are effective inhibitors of metalloproteinases. We

have now discovered a group of biphenylsulfonamides which have exceptionally
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-2- good inhibitory activity. An object of this invention is to provide
such compounds, their pharmaceutical formulations, and a nethod for using
themto treat di seases nedi ated by netal |l oprotei nases. SUWARY OF THE

| NVENTI ON 5 WO 97/44315 This invention provides bi phenyl sul FeHB¥EE! whi ch
are inhibitors of netall oproteinases. The invention conpounds have Formul a
| [err] wherein: 10 Rerr] is Cerr]-C@r] alkyl, halo, nitro,

(CH[err])0.4-NR&gr err],. cyano, rr], CH,. CFlerr], [err] 15

Rlerr] is hyd®8 W;‘%’FSL@["@J‘Y‘}V é{‘é’&"f%ﬁ’ﬁl“l,vcﬁ'ﬁ"i '6?%$YPVd§&E£‘FPMWSby t he
foll ow ng gr oyRsr phaREAR¥hticableRRtlatidhs SAhdRNAENd foPBEALHYm & HPRdidetdesd Phenoxy,
NRlerr]Rlerr], ORlerr], [err] carboxy, carboxam do, Herr]N-CHN-, thio,
met hyl t hi o, i mapdiated byrmetalloprateinases. and phthalimdo; Rerr] is OH, .
O Cerr]-Cerr] alkyl, or NHOH R err] is hydrogen, CJerr]-Cerr] alkyl, or
Cerr]-Cerr] alkanoyl; R err] is hydrogen or CJerr]-(ferr] al kyl; and
Rlerr] is hydrogen, Clerr] -Cerr] _alkyl err]-Clerr] al kanoyl, phenyl,
or substituted phenyl; and 2§UMM RYO¥T%%Y@%E%N cally acceptable salts
and sol vates thereof.

) This invention provides biphenylsulfonamides which are inhibitors of

metalloproteinases. The invention compounds have Formula

O
S=—-NH— CH—COR
1 il | 1
R 0 R2
H or halo
wherein:
o
10 I
R1 is C}-Cg alkyl, halo, nitro, (CH2)g.4-NR4R3, cyano, OR4, CH, CF3,
8]
i
CNRAR5, and COOR%;
15 RZ is hydrogen or Cj-Cg alkyl, optionally substituted by the following groups:

phenyl, substituted phenyl, phenoxy, substituted phenoxy, NR4R3, ORS,

NH
|

carboxy, carboxamido, HoN-C-HN-, thio, methylthio, indole, imidazole,
20 and phthalimido;
R3 is OH, O Cy-Cg alkyl, or NHOH;
R4 is hydrogen, C1-Cg alkyl, or C}-Cg alkanoyl;
RS is hydrogen or C]-Cg alky); and
R6 is hydrogen, C1-Cg alkyl, Cy-Cg alkanoyl, phenyl, or substituted phenyl; and

25 pharmaceutically acceptable salts and solvates thereof.
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-3- Preferred conpounds are those wherein Rlerr] is halo, and Rerr] is OH
Additionally preferred are conmpounds are those wherein R2 is (Jerr]-Cerr]
al kyl . Especigll referred conpounds have Fornula Il [err] Lo R err ]
is. Cerr]-C e‘?’?]’%’é‘ﬁ&% , halo, nitro, NRlerr]Rerr], cyano, ersrg?‘,;kmgnd

COOR[err]; Rerr] is (err]-Cerr] alkyl, optionally substituted by phenyl,
substituted phenyl, NRerr]Rerr], [err] ®®R[ err], carboxy, carboxan do,

H N- C- HN-, thio, thylthio, .indqle, |mdazole, 1 i mdo;
R o o i A AT
a , or err] - ek, : or

g e)r/r] -Cerr] alkyl ;Ag%g&kﬁ‘gg?#éqeg%ﬁey?ﬂ%ggs%Jé“r)grejsw‘géeiﬁr qgl kyl ,

Jerr]-err] aChadyalkyl. phenyl, or substituted phenyl. The nost preferred
conpounds are those wherein 'E'leerr] is at the 4'-position of the biphenyl
ring system and espBspeciallyprefeardcaripounds haye Fommla IIA f urt her enbodi ment of
the irnvention is a pharmaceutical fornulation 20 conprising a conpound
of Fornmula | adm xed with a diluent, carrier, or excipient therefor. The
invention al so provides a nmeytoy for "bitlng the action of a matrix
net al | opr ot ei nase enzyne infa_na cogy' ngyagdRi-st@ghg a matrix
met al | opr ot ei nase i nhi biRtli DR ANy cormnound of[ Formula 1. Ii

o]

R2

wherein:
Rlig C1-Cg alkyl, halo, nitro, NR4R5, cyano, OR4, and COOR%,;
R2isC 1-Cg alkyl, optionally substituted by phenyl, substituted phenyl, NR4R3,

NH
10 i

ORS, carboxy, carboxamido, HoN-C-HN-, thio, methylthio, indole,
imidazole, and phthalimido;

R3 is OH, 0C|-Cg alkyl, or NHOH;

R4 is hydrogen, Cy-Cg alkyl, or C1-Cg alkanoyl;

15 R3 is hydrogen or C1-Cg alkyl; and

RS is hydrogen, C,-Cg alkyl, C|-Cg alkanoyl, phenyl, or substituted phenyl.
The most preferred compounds are those wherein R! is at the 4’-position

of the bipheny! ring system, and especially where R! is bromo.
A further embodiment of the invention is a pharmaceutical formulation

20 comprising a compound of Formula I admixed with a diluent, carrier, or excipient

therefor.
The invention also provides a method for inhibiting the action of a matrix
-metalloproteinase enzyme in a mammal comprising administering a matrix

metalloproteinase inhibiting amount of a compound of Formulal.
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-4- DETAI LED DESCRI PTION OF THE I NVENTION I n the fornula defining the

i nvention conpounds, R err] includes halo, which termrefers to fluoro,
chl oro, brono, and iodo, with chloro and brono being preferred, and brono
bei ng nost PVRPEMBBY. 5 The term"err] - err PCEMRIANBYeans
strai ght and branched aliphatic groups having from1 to 6 carbon atons,
exanpl es of which include nethyl, ethyl 44 sopropyl, tert.-butyl, n-hexyl,
and isohexyl. The R err]_al kyl group can be substituted with phenyl, e.g.,
benzyl, 3-phenyl propyl ; RFTA PE&E&EPT;JQ&&@??HMWEWHN refers to phenyl
substituted with one, two, or three groups independently selected from 10
the groups defined by Rerr]. Typical substituted phenyl groups thus

i ncl ude 2- chl or ophdnyhe fopn@a defimingthp eeption @myiotndspRE inclydesthaty,dvidoly pheny | |
3- brono-4- hydroxyphenyl, 2-dinethyl am nophenyl . 4-tert-butoxyphenyl,

> 3o 11 PO RO Mg I RS e SRR WP BT O R o be
substituted wi prafefte®4h8 bfonidbese Myd pdtredal koxy, al kanoyl oxy, phenoxy,
substituted phenox am no, carboxy, thio, and the |ike. Typical

15

substitufed al kyl é%dw TG Caalkyhymeans straght pnd brapghed 2ljphatip groups
- hyd thyl,, | - t t hyl . 4-am nobut 3- (4= ghl h -h |,
a2 0t et nyl BAVRBTFERSY § Eahor pomd BBl Shypich FEHPamBIOR STt nbpr opyl

d the |ike. ' , v :
200, 12! ke b, SRl S RBRORY SRR b B bbb ©
R e][ r] cian be Mfl phaw) e.gClbenzy],-3cprenylproplik yil substitutef phenlyl, Ghiavhri¢madekanoyl such

: tyl, i, ..pi val oyl d the.ljke., Sim l,y., R5 b

hydr ogen or - o BrARPLREORIEIeA v ook, B, f R YPS PTG e T | e ude.

I No, t hyl agi ' hgma . Welel l.do, dth
ke 280 ! Al BRbupCheiadl b R Eypichf 3 onbb TRt ACIRMIE0. S0 | 0°
salts, for exaphlerapaényd, 2,3-dibromophenyl, 3-nitrophenyl, 4-hydroxyphenyl, 3-bromo-4-

hydroxyphenyl, 2-dimethylaminophenyl, 4-tert-butoxyphenyl, 2,3,5-

trifluorophenyl, and the like. The R2 alkyl group can also be substituted with

groups such as hydroxy, alkoxy, alkanoyloxy, phenoxy, substituted phenoxy,
15 amino, carboxy, thio, and the like. Typical substituted alkyl groups include

hydroxymethyl, methoxymethyl, 1-hydroxyethyl, 1-acetoxyethyl, 4-aminobutyl,

3-(4-chlorophenoxy)-hexyl, 4-(2-dimethylaminophenoxy)-butyl, 3-thiopropyl,

1-hydroxy-3-aminopropyl, and the like.

R3 in Formula I means hydroxy, C;-Cg alkoxy, or NHOH.

20 The R! substituent can be NR4R3, where R4 can be hydrogen,
C1-Cg alkyl, or C1-Cg alkanoy! such as formyl, acetyl, propionyl, pivaloyl, and
the like. Similarly, RS can be hydrogen or C1-Cg alkyl. Typical NR4R3 groups
thus include amino, methylamino, diethylamino, acetamido, N-methylacetamido,

and the like.

25 The invention includes pharmaceutically acceptable salts, for example salts

of the acids when R3 is OH. Such salts include those made by reaction of the acid
with organic and inorganic bases such as diethylamine, benzylamine, sodium

hydroxide, potassium hydroxide, and calcium hydroxide. The invention



of the acids when R err] is OH Such salts include those nmade by reaction
of the acid with organic and inorgani c bases such as diethyl am ne,

berfzyl am ne, sodi um hydroxi de, potassium hydroxide, and cal ci um hydroxi de.
The invention WO 97/ 44315 TIUS97/06801

PCT/ US97/ 0680 Q¥ Inds of Formula | can al so exist as hydr&fes an

sol vates, for exanple al cohol ates such as ethanol ate. The invention
corrpounds are prepared by net hods commonl y5-utilized in the art of organic
synthesis. For exanpl activated

with a | eaving ¢PBESY “‘gﬁgﬁo@g‘ﬂ P%ngsﬁeeﬁpst *yﬁfﬁg"ﬁ‘éﬂ‘ég‘ﬁ%&‘“’ fLEHTRIE cact s

with an am no aqléthgﬁt@&u@fgg@aﬂhageto the foll ow ng general scheme [err]
where L is a | eaving group such as halo ( chl oro or brono)

active ester (e.g., t"&‘@ﬂl“é‘%??ﬂl?@ﬁ?‘?ﬁ??ﬁpﬁcewff’e@ﬂ‘& qREERgNlY ‘éﬂ*@eég‘ defr ned
above, and R3 isyalkayy mcs trres1§'~’£fc|? fi‘ﬁ?]ﬁl@r abi }Eﬂfdgﬁﬁmw—g&ﬁl tchqoy! halides
are preferred startrng teria ang ese are readi |y prepared by

reacti ng aSsubstactivatediwih plieaming gosppsoshds a haegesanrpive eREr reaflily reacts with
chl orosul fonic acjd to rod. ce the corre nyl sul foni c aci d,

fol l owed by reactiR#P ?ﬁ’P ﬁf%ﬁ‘ifﬁgﬁl“f ﬁﬁ%?oa\@ﬁ%g#[aﬁ *f% ogenati ng agent
such as phosphorous oxychlorrde oxal yl chl ori de, or the like. The
resul ting bi phenyl sulfonyl halide is next react ed WI th an am noacid ester
to give an invention conpound. This latter reactr on typically is

acconpl i shed by m xi ng appr, teI  ar quantities of the

bi phenyl sul f onyl hal igle ang _a.ni,npag% g—es¢pF—eorA nut ual
unreacti ve sol vent such as ane,il chl orof orm t<y| ene, or the

| i ke. A base can be 0 R2
l base
I
IR Ve Us s
0 g2

where L is a leaving group such as halo (e.g., chloro or bromo) or an active ester

(e.g., pentachlorophenyloxy), R} and R2 are as defined above, and R3 is alkoxy
10 such as tert.-butoxy. The sulfonyl halides are preferred starting materials, and

these are readily prepared by reacting a substituted biphenyl compound, for

example R} , with chlorosulfonic acid to produce the

corresponding biphenylsulfonic acid, followed by reaction of the biphenylsulfonic
acid with a halogenating agent such as phosphorous oxychloride, oxalyl chloride,
15 or the like. The resulting biphenyl sulfonyl halide is next reacted with an
aminoacid ester to give an invention compound. This latter reaction typically is
accomplished by mixing approximately equimolar quantities of the
biphenylsulfonyl halide or active ester and aminoacid ester in a mutual unreactive

solvent such as dichloromethane, chloroform, xylene, or the like. A base can be
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PCT/ US97/ 06801 -6- utilized, if desired, to act as an acid scavenger.

Typi cal bases include triethylamne, N nethylnorpholine, and the |ike. The
reaction generally is substantially conplete within about 12 to 24 hours
when carri eawgﬂf"“éis a temperature of about 10[err]C to abo8CTESIAFYC. The
product, a bi phenyl sul fonam de 5 ester of the invention, is readily

i sol ated by renoving the reaction solvenb; for instance by evaporation

under reduced pressure. . The product .can be further purified, if desired, by
standard technﬁ%"gﬁwe$§°gﬂr"6ﬁﬁ?% PN Fr'w "‘5 esiRaludsyer solid

supports such gfri§idnife wﬁiethyﬁﬁorﬁlﬂdlﬁé,adnhitli’eﬂhée?l‘hé‘ﬂ’e&!ﬁoﬁ%k%%ﬂyﬁsSUCh as
met hanol , diethyl "ether, and'the |ike. 10 _The preferred am no
acid esters toswhstaptiallyicongletewithin abays\i @ to Zhbqurowhenrcarfiedat at@ err] - Jerr]

al kyl esters of the naturnal | YaoRGCUrrl } no_aci ds, .whi ¢ re constituents
of proteins. TYP ggglturgﬁ%"?]bguggq ggo %ﬂ}’é g&r@ Iq}]agm PShed I'H\é?eng sﬁﬁ?’f‘i’g’,' Yal i ne,
| euci ne, § sol eggéryT theIiGnYibAidRbdif issifted BP remtovhig@hdfeactiddlseRBANfr | YSi ne,

arginine, aspartic acid, aspar %%I ne, glutam c acid, glutam ne, tyrosine,
net hi oni ne, 15 instance Yy evapesplinpunderrgdysed pregivre The prodediicap be furdemounds of

Formula | wher gﬁ‘%ﬂ ﬁ“rdE;ireh,sb)Qtﬁ{géﬂd ‘é%‘fqﬁfé% su?*lgsoﬂomﬁggrgﬁlﬁfg&lin (]Ar;'lg? rmedi at es

to the acids a ydroxam ¢t ‘acl | ey are r y hy yzed to
t he correspondione solid Suppyits suchas diicalpel, e citystaidizativin fass sol femts sutishaance by

reaction with a stran cid suc s..trifluoroacetic acid, polyphosphoric
acid, 20 . f@fhaf' r%&g‘&iﬁt@r’@p.‘%l&%ong base such as sodi um hydroxi de.
The hydr@ ysis generrd préfeled Gminola8id cBidts 13 be atiliRAPSHRLYS® BfcioRat O[err]C
to about 25[err]C, and normally is conplete within about 2 to 24 hours. The

product, a conpF& 16 wkylestess of themereslly aepwripg aminoarids whichisee i sol at ed by

diluting the react.jon m.xture w th water extracting the .product into a
wat er i nm sci bf@sglhﬂew&g}“p@kjf&ﬁ‘ )gngn%all ﬁ?f‘fm’af‘(?@gl"é,m eglycgned‘gﬁxﬂﬁ%rvﬁ hane, or
the like, and tdueinelissincinegpheA@iaRhi@a Yefind @YNEHY, thréHineC KaikB) Lginine,

aspartic acid, asparagine, glutamic acid, glutamine, tyrosine, methionine,

15 tryptophan, and histidine.
The esters, compounds of Formula I wherein R3 is C1-Cg alkoxy, are

useful intermediates to the acids and hydroxamic acids, in that they are readily
hydrolyzed to the corresponding carboxylic acids by routine methods, for instance
by reaction with a strong acid such as triflucroacctic acid, polyphosphoric acid,

20 . sulfuric acid, or a strong base such as sodium hydroxide. The hydrolysis generally
is carried out at a temperature of about 0°C to about 25°C, and normally is

complete within about 2 to 24 hours. The product, a compound of Formula I

wherein R3 is OH, can be isolated by diluting the reaction mixture with water and
extracting the product into a water immiscible solvent such as ethyl acetate,

25 dichloromethane, or the like, and then removing the organic solvent, for example
by evaporation under reduced pressure. The free carboxylic acids thus formed can
be converted to salts by reaction with a base such as sodium hydroxide, calcium
carbonate, or the like. The carboxylic acids also can be reacted with

hydroxylamine hydrochloride to form the corresponding hydroxamic acids, ie,

30 compounds of Formula I where R3 is NHOH.



by—evaporati on under reduced pressure. The free carboxylic acids thus
formed can be converted to salts by reaction with a base such as sodi um
hydr oxi de, cal ci um carbonate, or the |like. The carboxylic acids also can be
reacted with am ne hydrochloride to formthe correspid

hydr oxamn c acﬂﬁgﬁﬂ%ﬁ% 30 conpounds of Fornmula | where Rerr 9'imgmNHOH.
WD 97/ 44315 PCT/ US97/ 06801
-7- An alternative nethod for preparing i-hvention conmpounds of Fornul a |
conprises reacting a,4- ol - sul ' |

substituted benzene %%?g%ﬁgﬂsg%ﬂégégggﬁﬁﬁgé?@gﬁ?gé%ﬁgﬁgkgﬁﬁﬁgc é%%: [err] 5
wherein Rl err] empriskereadtingrasi-remd ef #-iath-tehzane sulfordmii: witled subatitutedi s al kyl .
The coupling reaction is . cat Iéz d bxgpgji adi um, and generally is carried
out aqueous sodPURFRE & cd acoprging o thedpllowing SChemEy ent . for | nstance

tol uene or N, N- dinmet hyl formam de. The coupling reaction generally is
substantially conplete within about 2 to 24 hours when carried out at a

t enperature of aboutR{Q ]Cto 10 120[err] £ e product biphenyl
sul fonam de is readily 3t e ouy i erL¢ 00 5h AL H-DIRRAN
aqueous aci d such as di : HC?feg%g éit?gb%?né [ 0 gbagieqlﬁng?gkible
sol vent such as ethyl acétate or dichloronethane. e organic A ution is
separated and the sol venf P% halRved by evaporation under reduced pressure
to afford the invention conpound of Fornula 1, which can be further 15
purified, if desired, py nofnmal nethods such %s crystallization and

chr omat ogriaphy. whereinddt andR < avh as defmpdabdve, and R lpy¢ferablyds albyldi | y hydrol i zed

Lo the corr esPosfl aduist faltonh AR U RANANR ofd BelehH LReQPOUNS

contain at |east ohe
aqueous sodium carbonate, and in a suitable solvent, for instance toluene or N,N-

dimethyiformamide. The coupling reaction generally is substantially complete
within about 2 to 24 hours when carried out at a temperature of about 50°C to
10 120°C. The product biphenyl sulfonamide is readily isolated by pouring the
reaction mixture into an aqueous acid such as dilute HCI, and extracting it into a
water immiscible solvent such as ethyl acetate or dichloromethane. The organic
solution is separated and the solvent is removed by evaporation under reduced
pressure to afford the invention compound of Formula I, which can be further

15 purified, if desired, by normal methods such as crystallization and

chromatography. The esters, where R3 is alkyl, are readily hydrolized to the
corresponding acid by standard methods.
The invention compounds contain at least one asymmetric carbon atom,
and as such exist as optically active isomers. The invention contemplates the
20 racemic forms as well as the individual isomers. The individual isomers can be
prepared from optically pure starting materials, for example by utilizing naturally
occurring amino acids, or by resolving the racemate by normal techniques such as
chromatography and the like.
In a preferred embodiment, the invention compounds have the (S)
25 configuration corresponding to naturally occurring amino acids from which they

are derived.



and as such exist as optically active isoners. The invention contenplates

the 20 racemc forns as well as the individual isonmers. The individual
i somers can be prepared fromoptically pure starting materials, for exanple
by utilizing naturally occurring am no acids, or by resol VI the racemate
by nor nal g\i’ﬁﬁ?’éﬂ& such as chromat ogr aphy and the |ike. BSPYUPYUr 1 ed
enbodi nent, the invention conpounds have the (S) 25 conf I guration

corresponding to naturally occurring am.go acids fromwhich they are

deri ved. WO 97/ 44315 . . . . L

PCT/ US97/ 06801 - 8- Heayuthesisfddypica piphenylsulfenamidescaf\Fiosnpla b isdlpsi@iedot  For mul a
I is illustrat AV representative
only, and are %hproégoentge%%{ngl@%gﬂ‘e%%hgéfrrléggﬁ§ﬁ§espeng)ts %&l\r}%ﬁE 15
(S)-2- (4" - Br omntepigiteby lihisng in@ny fespdcho) - 3- net hvl -but vric acid Step (a):

4' - Bronobi phenyl - 4-sul fonic acid To a stirred solution of 4-Dbronobi phenyl
(50 g, 0.21 nmol) in chloroform (200 nL) was added dropw se at room
tenperature chlorosulfonic acid (32.5 g, 0.28 nol). The solution was .
stirred at roomtenperature for 16 hpyasgpitgnen diluted 10 wi th hexanes
(200 nmL). The preci |tate was collected by filtration and washed w th
hexanes fo gi v (hbig ’ : ~Aetipll- 0% 79% as a white
solid. The cru 0, ext step without further
characteri zati %ﬁ Pa%t‘g% "Q'S{ﬂ? ,ﬁ@ cid yl -4-sul fonyl] chloride The crude
sul fonic acid (a) (ﬁQa shirged sGluith ﬁtxt-brquﬁuwesmob 21mdlpin chiorofofs phor ous

oxychl oride ( 2880 ) \\?'ars] gdciesfdlrgp)ir?xge Jt ?oro:r? flemqagx%usre ch Qx%s&l omc:[ Ac?cp (3&%8 ,

0.28 mol). The solution was stirred at room temperature for 16 hours, then diluted
10 with hexanes (200 mL). The precipitate was collected by filtration and washed
with hexanes to give 4’-bromobiphenyl-4-sulfonic acid (52.3 g, 79%) as a white

solid. The crude product was used in the next step without further characterization.

Step (b): 4’-Bromobiphenyl-4-sulfony! chloride
The crude sulfonic acid (a) (52.3 g, 0.16 mol) was suspended in

15 phosphorous oxychloride (200 mL) and refluxed for 64 hours. The solution was
_cooled to room temperature, filtered, and the filtrate was concentrated in vacuo
leaving a brown solid (47 g). The crude product was purified utilizing silica gel
chromatography (elution with hexanes/ethy! acetate (1:1)) to give the title
compound (38.3 g, 69%) as a pale yellow solid.

20 IHNMR (CDCl3): & 8.1 (d, 2H), 7.7 (d, 2H), 7.6 (d, 2H), 7.5 (d, 2H) ppm.

Step (c):
tert-butyl ester
To a solution of L-valine-tert-butyl ester hydrochloride (15.7 g, 0.075 mol)

and N-methylmorpholine (15.2 g, 0.15 mol) in dichloromethane (250 mL) was

25 added in one portion 4’-bromobiphenyl-4-sulfonyl chloride (25 g, 0.075 mol). The
solution was stirred at room temperature for 16 hours, filtered, and the filtrate was
concentrated in vacuo. The residue was diluted with ethyl acetate (250 mL) and

washed with HCI (IN), saturated sodium chloride, and dried over magnesium



cool-ed to roomtenperature, filtered, and the filtrate was concentrated in
vacuo |l eaving a brown solid (47 g). The crude product was purified
utrlizing silica gel chromatography (elution with hexanes/ethyl acetate
(1:1)) to give the title conpound (38.3 g, 69% as a pale id. 20
1HNVR (CDQ [ S¥PP¥443t%rr] 8.1 (d, 2H), 7.7 (d, 2H), 7.6 (d, %%r},"%%‘%&{‘d, 2H)
ppm Step (c): (S)-2-(4'-Brono-biphenyl-4-sul fonyl am no)-3-nethyl-butyric
acid tert-butyl ester To a solution of L-9aline-tert-butyl ester

hydrochl oride (15.7 g, 0.075 nol d t.hyl mor phol i ne (15..2 0. 15 nol
b di chl or Iorret( te g’%‘?'m“}é a&ﬁ’é“’)é%ﬁ‘r‘]“’e&k aﬁ%&&?“}‘ﬁe g“ﬁ%“i%?‘t‘l(“b"g‘ if viéuo )
4' - br omobi phenyjeavingal trefnitolosddl sofid. Ofhe (cARle ProddcOvss piBikikd usthiesiféd get i on was

stirred at roomtenperature for 16 hours, filtered, and the filtrate was
concentrat ed i nchrematograpiyc(clution with chlaroferm) e give Wictthlespmppundd@l 3ige (250 nl)

and washed with dg:)l I.N): gﬁ&urat ed sodiumchloride, and dried over
wo ?/%&3‘%‘” :

magnesi um :
PCT/ US97/ 86801 1%@{@1@@@ . SHR(aIBN), "% @A), wagd fH)ytser @ Hpné hae filtrate

was concentrated in vacuo ?eaw ng a cream col ored solid. The crude pr oduct
was purified usiBp 2%, dH),ded (scIH)o i d@HIPOS (d,8H)ppmn with chloroform to

give the title conpound (21.2 g, 60% as a white solid. 5 1HNVR
(e ferr]): [err] 7.9 (d, 2H), 7.6 (dd, 4H), 7.4 (d, 2H) 5.1 (d, 1H), 3.6
(dd, 1H), 2.0 (Stepid)(S)-P-@’-BsomEBbipheni/}-8-stifonyBitino)oB-thethgl-indtific Step (d):

(S)-2-(4"-Brono- bi ph_?n | - 4-sul f onyl ap.no) - 3-nmef hyl -butyric agid To a
sol ution of anisole %iX@ll‘j‘,m"d’.fGﬁ'gX]Frg@ & 410% "F"F"IS ﬂ%‘r"éﬁ&‘é’??%’céﬁ‘ﬁég?%b) m.) was
added in snmal | RE§iddedm skl doftidns Bieltyrt-beSt &ker (D1l ) SipaddiB Biddc). ThSt ep (c) .
The 10 solution was stirred at roomtenperature for 16 hours, then
poured o i cesolntips was stirred at room temperature for 16 hours, then poured over ice. The
aqueous suspension was diluted with chloroform, the layers separated, and the
organic portion was washed with saturated sodium chloride, dried (MgSO4) and
concentrated to dryness. The resulting solid was suspended in hexanes/diethyl

ether (9:1) and collected by filtration to give the title compound (17.7 g, 96%) as a
1S white solid, mp 192-193°C.

IHNMR (CDCl3): 6 7.8 (d, 2H), 7.6 (d, 2H), 7.5 (d, 2H), 7.4 (d, 2H), 5.6 (d, 1H),
3.6 (dd, 1H), 2.0 (m, 1H), 0.9 (d, 3H), 0.7(d, 3H) ppm.

Following the general procedure of Example 1, the following compounds

were obtained:

20 EXAMPLE 2

-3-methyl-butyric acid,

mp 187-188°C;
THNMR (CDCI3): & 7.9 (d, 2H), 7.6 (d, 2H), 7.5 (d, 2H), 7.4 (d, 2H), 5.4 (d, 2H),
3.7 (dd, 1H), 2.0 (m, 1H), 0.9 (d, 3H), 0.8 (d, 3H) ppm.

25 EXAMPLE 3




aqueous suspension was diluted with chloroform the |ayers separated, and
the organic portion was washed with saturated sodium chloride, dried
(MySO err]) and concentrated to dryness. The resulting solid was suspended
in hexanes/diethyl ether (9:1) and collected by filtration to give the
title corrpouW@%’%ﬁ’? g, 96% as a 15 white solid, np fé:f-"-%%{’%?’r]c.
IMNVR (CDCl [err]): [err] 7.8 (d, 2H), 7.6 (d, 2H), 7.5 (d, 2H), 7.4 (d,
2H), 5.6 (d, 1H), 3.6 (dd, 1H), 2.0 (m-figd), 0.9 (d, 3H), 0.7(d, 3H ppm
Fol | owi ng t he ?ener al procedure of Exanple 1, the follow ng conpounds were
obt ai ned: 20 HNMR (CDCl3): 8 8.3 (d, 2H), 7.9 (d, 2H), 7.7 (AR2IRV/PI6Ed 2 H), 5.8 (d, 1H),
(S)-2-(4"-Chl oro-biphenl y4-sul f onyl am no%-3- nmet hyl -butyric acid, np

187- 188[ er r] C; 3 f1EdRH) G pD} 99 (4. 8D 0.7 (b 3Hyppyy) . 7.6 (d, 2H), 7.5 (d,
2H), 7.4 (d, 2H), 5.4 (d, 2H), 3.7 (dd, 1H), 2.0 (m 1H), 0.9 (d, 3H), 0.8

(d, 3H ppm 25 EXAMPLE 3
(S)-3-Methyl-2-(4"-nitro-bi phenyl -4- suIE’%MP&ﬁ;i%o) -butyric acid; WO
97/ 44315 ot ; : PCT/ US97/ 06801

inp-biphenyl-4-sulfonyi 0)-3-methyl-butvric aci

-10- 1HNWR ( . . 3 A ; )
(d, 2H), 5.8 (R (CBCR){EM6 (dbh, 24 @, bRy, 70y, 219), 8.5, 218t 8 (@ 1En( d, 3H)
ppm EXAMPLE 4 (S)-2-((4' f%,)A\m no-(bi p?]enyf}i- 41-:1)suljdf_‘§ny}?)an‘i n(o - -met(hyl -)gutyri C
acid; 5 1 BISNE, (MEDA .8 ény 1H), 1 Béd,3ED/0.6 (d,aH) @pp, 7.4 (d, 2H), 7.2 (d,
2H), 6.5 (d, 2H), 5.8 (d, 1H, 3.5 (dd, 1H, 1.8 (m 1H, 1.8 (d, 3H), 0.6
(d, 2H) ppm EXAWMPLE 5

.7 (d, 2H), 7.6

EXAMPLE 5
(S)-2-(4’-Cyano-biphenyl-4-sulfonvlamine)-3-methyl-butyric acid,
mp 182-184°C;

10 IHNMR (CDCl3): § 7.9 (d, 2H), 7.7 (d, 2H), 7.6 (m, 4H), 5.8 (d, 1H), 3.6 (dd,
1H), 2.0 (m, 1H), 0.9 (d, 3H), 0.7 (d, 3H) ppm.

EXAMPLE 6

4’-Dibromo-biphenyl-4-sulfonylamino

-3-methyl-butyric acid, sodium

15 EXAMPLE 7

1HNMR (CDCl3): & 7.8 (d, 2H), 7.7 (s, 1H), 7.6 (d, 2H), 7.5 (m, 2H), 7.3 (1, 1H),
5.0 (d, 1H), 3.8 (dd, 1H), 2.0 (m, 1H), 0.9 (d, 3H), 0.8 (d, 3H) ppm.

EXAMPLE 8

henyl-4-sulfonylamino

20

-3-methyl-butyric acid,

mp 175-177°C;

THNMR (DMSO-dg): 6 8.1 (d, 1H), 7.8 (d, 2H), 7.7 (m, 3H), 7.5 (m, 2H), 3.5 (m,
1H), 1.9 (m, 1H), 0.7 (dd, 1H) ppm.



(S)=2-(4"-Cyano- bi phenyl - 4- sul f onyl am no) - 3-net hyl -butyric acid, np
182-184C, 10 IHNVR (CDCl [err]): [err] 7.9 (d, 2H), 7.7 (d, 2H), 7.6
(m 4H, 5.8 (d, 1H), 3.6 (dd, 1H), 2.0 (m 1H, 0.9 (d, 3H), 0.7 (d, 3H
ppm EXAMPLE 6

(S)-2- (3", 4' -WPBPHHES bi nhenvl - 4- sul f onvl ani no) - 3- i net hyl - butH{UEI4EPY,

sodi um salt 15 EXAMPLE 7

(S)-2-(3 _ Br ono- bi phenyl - 4- sul f onyl am no}H3- net hyl -butyric acid; 1HNWR
(cbCferr]): [err] 7.8 (d, 2H), 7.7 (s, l%)m Q)(d 2H), 7.5 (m 2H), 7.3
(t, 1H, 5.0 (d, 1H, 38(dd 1H), 2.0 MfLF 09(d 3H) 0.8 (d, 3H)
ppm EXAMPLE 8
(S)-2-(4"-Brono- I phenyl - y yI-butyric aci d,
mp 175- 177C 1HNPROIDABC: d[err]): [err] 8.1 (d 1H) 7.8 (d, 2H, 7.7 (m

3 7.5 2 VWO

9;? 44315 (m H)’HNMR (éfg}:ls)@”(d ZHS 76(dH£H) 7.5, ZH),74F(|Zip”g:%£n Bi8dd/ 1dBs0o1 - 11-
EXAMPLE 9 (R)-2-(4 3- et hyl - but yri id:
T 108t o L AT (R A R w?& ﬁ%y%éi“q??)m % o, 75
(d, 2H), 7.4 (d, 2H), 5.5 (d, 1H), 5 (m 1H), 2.0 (m 1H), 0.9 (d,

3H), 0.8 (d, 2H) pp VWen.in th en roc re in Ex | e
appropriate anmount %ﬂ@‘@%gf"eﬁi?&c ﬁ%h”é’ﬁ%%‘l@%@?‘lﬁﬁ@%i ne,
L-al anine, and ke -84l &8r¥\6F 1€ phenylalanine, glycme L-alanine, and L-leucine were

substituted for L-valine-tert-butyl ester hydrochloride, the following compounds

were obtained.

10 EXAMPLE 10

(8)-2-(4’-Bromo-biphenyl-4-suifonylamino)-3-phenvl-propionic acid,
mp 159-161°C;

IHNMR (CDCi3): § 7.7 (d, 2H), 7.5 (m, 4H), 7.4 (d, 2H), 7.1 (m, 5H), 5.6 (d,
1H), 4.1 (m, 1H), 3.1-2.9 (m, 2H) ppm.

15 EXAMPLE 11
(S)-(4’-1sopropyl-biphenyl-4-sulfonylamino)-3-phenyl-propionic acid;

EXAMPLE 12
(4’-Bromo-biphenyl-4-sulfonylamino)-acetic acid, mp 200-202°C;
1HNMR (CDCl3): & 7.7 (d, 2H), 7.4 (d, 2H), 7.3 (d, 2H), 7.2 (d, 2H), 6.8 (m, 1H),
20 3.4 (d, 2H) ppm.

EXAMPLE 13
~-propionic acid, mp 195-196°C;

THNMR (CDCl3): 6 7.7 (d, 2H), 7.4 (4, 2H), 7.3 (d, 2H), 7.2 (d, 2H), 6.6 (d, 2H),
3.7 (m, 1H), 1.1 (d, 3H) ppm.



substituted for L-valine-tert-butyl ester hydrochloride, the foll ow ng
conpounds were obtained. 10 EXAMPLE 10
(S)-2-(4"-Brono- bi phenyl 4- sul f onyl am no) - 3- phenyl - propi onic acid, np
159-16]C, 1HNMR (CDCl[err]): [err] 7.7 (d, 2H), 7.5 (m 4H), 7.4 (d, 2H),
7.1 (m 5H) ,WeMBE | H), 4.1 (m 1H), 3.1-2.9 (m 2H) ppmPCTASY7/VE801
EXAMPLE 11 (S)-(4'-1sopropy]-biphenyl-4-sul fonyl am no) - 3-phenyl -pro ionic
aci d; EXAMPLE 12 (4'-Brono-bi phenyl - 4- sybt onyl am no) -acetic acid, np
200-202C;, 1HNWR (CDCl[err]): [err] 7.7 (d, 2H), 7.4 (d, 2H), 7.3 (d, 2H),
7.2 (d, 2H), 6.8 (m 1H), 20 3EzMM,PLEH7* ppm EXAIVPLE 13

(S)-2-(4"- , nh 4 ' 0 |

1IHNMR (CDO [ er

2H), 6.6 (d, 2HENBIRED 79Ld121(1 ﬂaﬁ}rpﬁ 74 dV\Q-X 3

PCT/ US97/ 06801 - 12- ?E)(Alvé)_uS ¢ yi o 74 9 M ilﬁ)
(S)-2-(4"-Bronh9imptidnyi7-(dr, SH),flarm,aH)nb? ¢dd3H),NyT (dpgHY ppni ¢ aci d; 1HNWR
(cocferr]): [err] 7.9 (d, 2H), 7.6 (m 4H), 7.4 (d, 2H), 5.1 (d, I H, 3.9-
(miH, 1.7 (m 1H, 1.4 (m 2H), 1.9 (d, 3H, 1.7 (d, 3H ppm 5

The bi phényl sul fonarﬁedﬁﬁmeﬁﬂsﬂﬁmamichs of Parmulzl Itcan aldrhatively begrepargdar ed

utilizing the f thetjc.conditions:
g tcixzmg e?ollowng synthetic con fuons

EXAMPLE 15

Step (a): 2-(4-Bromo-benzenesulfonylamino)-3-methvyl-butyric acid tert-buty! ester

10 To a solution of 4-bromobenzenesulfonyl chloride (20 g, 0.070 mol) and
(L)-valine-tert-butyl ester, hydrochloride (16.4 g, 0.078 mol) in agqueous
tetrahydrofuran (400 mL, 1:1) was added dropwise triethylamine (15.6 g,

0.15 mol). The reaction mixture was stirred at room temperature for 16 hours, then
diluted with aqueous HCI (1M, 300 mL) and ethyl acetate (300 mL). The layers

15 were separated and the organic portion was washed with brine, dried (MgSOjy),
filtered, and the filtrate was concentrated in vacuo lcaving a white solid. The crude
product was recrystallized from hexane/ethyl acetate to give the title compound as

white crystalline needles. Yield: 19.7 g (67%); mp 108-110°;

IHNMR (CDCl3): § 7.7 (d, 4H), 7.6 (d, 4H), 5.1 (d, 1H), 3.6 (m, 1H), 2.0 (m,
20 1H), 1.2 (s, 9H), 0.9 (d, 3H), 0.8 (d, 3H) ppm.

Step (b): 2-(4°
butyl ester

A solution of the 4-bromobenzenesulfonamide derivative (1 g, 2.64 mmol)

prepared in Step (a) and 4-methoxybenzeneboronic acid (0.48 g, 3.17 mmol) in
25 toluene (10 mL) was treated with tetrakis(triphenylphosphine)palladium(0)
(0.15 g, 0.1 mmol) and aqueous sodium carbonate (0.5 g/5 mL H)O), respectively.

The reaction mixture was refluxed for 3 hours, then cooled to room temperature.
Ethyl acetate (25 mL) and aqueous HCl (1M, 25 mL) were added, the layers



EXAMPREE 15 (S)-2-(4' - Met hoxy- bi phenyl - 4-sul fonyl am ni no) - 3- et hyl -butyric
acid;, Step (a): 2-(4-Brono-benzenesul fonvl am no)-3-nethyl-butyric acid
tert-butyl ester 10 To a solution of 4-bronmobenzenesul fonyl

chl oride (20 0.070 mol) and (L)-valine-tert-butyl ester, i de
(16.4 g, 0.078’%@”& aqueous tetrahydrofuran (400 ni, 1:1) é}g@é&g{j
dropwi se triethylamne (15.6 g, 0.15 nol). The reaction m xture was stirred
at roomtenperature for 16 hours, then drl3dted with aqueous HCI (1M 300

nmL d et hyl t n.).. The | dth
o_r)gaﬁinc ;e)or%/i oﬁg‘?%ﬁ%tte\%aé'ﬁgé %g%'ﬂc B?l’ﬂ%%gér?%@%%%?% %%F{Iﬁ% ﬁéfeaged?nand te he
flltrate was coQReRldcaitied il v Sm:r%Ytir{égfgdwgkgﬁuéﬁkmhgkﬁgH e product

was recrystallized trom hexane/e ace ve the tit conmpound as
white crystalli aetne@dl)and wis edliicted By filteptiph. PRld: P8 ERUI0[ err]; 1HNMR

CDd 7.7 (d, 4H), 7.6 (d, 4 5.1 (d, 1H), 3.6 1H), 2.0
00 Lo 1 armR Tl 7B i 2806 6 BT S @R EMABps kg 1D,
2- (4%- Met hoxy- bi_ph -4-sul | am - 3- -but yr.i id. t - butyl
cster A souti ot r SHe A B UbbOnPe el rGritty b2 Gatb e 1§ o bhy. 264"
mol ) prepared in Step (a) and 4-net hoxybenzeneboronic acid (0.48 g, 3.17
nmmol) in 25 tolu

0 : t it .
tetrakis(tri pheﬁWﬂWoiBﬁPﬁ?éﬁ"ﬁgﬁné'é@%ﬁkg %( gg :["V}A%"lg?reﬁ"’?rid B} Yasadded i eous
sodi um car bonat g sfRtién &F anissle (bli 2! 1.0 mmdIEmRAALdYRec aclda 0reBCTheéN M xture

was refluxed for 3 hours, then cooled to roomtenperature. Ethyl acetate
(25 nL) and aqueelutorHess stired atrgomtgmppssture ferfblpurs, then|payied gver icendhe 7/ 44315

PCT/ US97/ 06801 l—,{;lo% cﬁ%gfaﬂ&sﬂm e RFech Ry PARAN MmaRRd duldhs ¥R, Mid R (MISOH),
filtered, and the filtrate

10 organic phase was separated, washed with brine, dried (MgSOy), and concentrated
in vacuo. The crude product was triturated with hexane/ethyl acetate (3:1) and
collected by filtration to give the title compound (0.44 g, 77%) as a white solid,
mp 180-181°C;

THNMR (DMSO-dg): 8 8.0 (d, 1H), 7.7 (s, 4H), 7.6 (d, 2H), 7.0 (d, 2H), 3.8 (s,

15 3H), 3.5 (m, 1H), 1.9 (m, 1H), 0.7 (dd, 6H) ppm.

By substituting an appropriately substituted benzeneboronic acid derivative
for 4-methoxybenzeneboronic acid in Step (b), the following compounds were

prepared by the procedure of Example 15:

EXAMPLE 16

20 (S)-2-(4’-Fluoro-biphenyl-4-sulfonylamino)-3-methyl-butyric acid,
mp 165-166°C;

1HNMR (DMSO-dg): 5 8.0 (d, 1H), 7.7 (m, 6H), 7.3 (m, 2H), 3.5 (, 1H), 1.9 (m,
1H), 0.7 (dd, 6H) ppm.



was concentrated in vacuo. The resulting solid was triturated with

hexanel et hyl acetate (3:1) and was collected by filtration. Yield: 0.68 g
(629 ; 1HNWMR (CDCl[err]): [err] 7.8 (d, 211), 7.6 (d, 2H), 7.5 (d, 2H), 6.9
(d, 2H, 5.1 (d, 1H, 5 3.8 (s, 3H, 3.6 (m 1H, 2.0 (m 1H, 1.1 (s,
9H), 1.0 (d, V847448158 (d, 3H) ppm Step (c): The bi phenyl dBETHEY6%®!(0. 67
g, 1.6 mmol) prepared in (b) was added to a solution of anisole (0. 17 g,
1.6 mmol) in trifluoroacetic acid (10 m.)4- The solution was stirred at room
tenperature for 3 hours, then poured over ice. The product was partitioned
bet ween ethyl acetate and the aqueous FXAMPERd7the 10 organi ¢ phase
was separ at ed, S : concentrated in
vacuo. The crudeé pr ; ' acetate (3:1) and
col | ected by fldl]iMﬂ-lUﬁCiO gi ve the t|tIe corrpound (0 44 g, 77% as a white
solid, nmp 180-181[err]C, 1HNVR (DMSO-d[err]): [err] 8.0 (d, 1H), 7.7 (s,
4H) , 7 6 (d, ZHHNMR((DWSO -ag) 6 83.(Bs,(181), 1B (dd, 4H), 319 (m, 3D, T3¢, ), 1.9 (m
1H), oédd 63!3: ppm B& substituti n%éan appropriately substituted
benzeneb oni ¢ 3imy 188:3-0 fri VD, 9.8(dd S PPBXybenzeneboronic acid in Step
(b), the follow ng conmpounds were prepared by the procedure of Exanple 15:
EXAMPLE 16 20

(S)-2- (4" -Fl uor o- bi ohenyl - 4- sul f onyl aniFR&AMELEShy| - butyric acid. np
165-166[err] C b Bsel i ank il - 6H), 7.3 (m
o), 3.5 (, 1H)é Meah! fHly-bi ‘f’:a?%gﬁl%’ bg%a’ka)b‘%ﬁég#}gamls

PCT/ US97/ 06801 m;iuss -BB6AOPLE 17

THNMR (DMSO-dg): 8 8.0 (d, 1H), 7.8 (s, 4H), 7.6 (d, 2H), 7.3 (d, 2H), 3.5 (m,
10 IH), 2.5 (s, 3H), 1.9 (m, 1H), 0.7 (dd, 6H) ppm.

EXAMPLE 19

mp 183-184°C;

IHNMR (DMSO-dg): 5 8.1 (bs, 1H), 7.9 (m, 4H), 7.8 (m, 4H), 3.5 (m, 1H),
15 1.8 (m, 1H), 0.8 (dd, 6H) ppm.

EXAMPLE 20

1HNMR (CDCl3): 8 10.0 (s, 1H), 7.9 (m, 4H), 7.6 (m, 4H), 5.8 (d, 1H), 3.6 (m,
1H), 2.0 (m, 1H), 0.9 (4, 3H), 0.7 (d, 2H) ppm.

20 EXAMPLE 21
4’-(1-Carboxy-2-methyl-propylsulfamoyl)-biphenvl-4-carboxvlic acid

EXAMPLE 22

EXAMPLE 23

25 2-(4’-Aminomethvi-bipheny!-4-sulfonylamino)-3-methyvl-butyric acid




(S)y=—2-3' - Fl uor o- bi nhenyl - 4-sul f onvl am no) - 3-net hyl -butyric acid. np
145-147C, 1HNWR (DVSO-d[err]): [err] 8.1 (bs, 1H), 7.9 (dd, 4H), 7.5 (m
3H, 7.3 (t, 1H, 5 3.6 (m 1H, 2.0 (m 1H), 0.9 (dd, 6H ppm
EXAMPLE 18 (S)-3- Met hyl - 2- (4' - net hyl - bi phenyl - 4-sul f onyl am g'z_lpbut I‘IC

acid. np 185- MBEJ/MHINMVR (DMBO-d[err]): [err] 8.0 (d, 1H), 7PETPEI

(d, 2H), 7.3 (d, 2H), 3.5 (m 10 1H), 2.5 (s, 3H, 1.9 (m IH, 0.7
(dd, 6H) ppm EXAMPLE 19 -15-
(S)-3-Methyl-2-(4"-trifluoronethyl-bj phenyl -4-sul fonyl ani no) -butyric acid,

np 183-184C, 1HNMWR (@bB@VG{“&WﬂO)nPPBW]haBe eep g¥aluaed) in’standard gy vigpyassays gy
4H), 3.5 (m 1H dlsﬁqwn to be én( ibikbd of Several ﬁng?nx%tal mtenﬁ%%%p

2-(4' - Fornyl - bi phen 4- sul ony am no) - 3- et butyric a 189C, dec;
1HNMR (CDO [err ]Specxﬁealbr] tht Godp¢unds lidve ben @Ja(uatedzfﬂ)theﬂalﬁlwrtp Hﬂ:ﬁl)it, 5.8 (d,

é)lzDAi\/PEE62(1m4 w} C@PFS%%@%FMWB 86F§§%ﬂef"§”§‘§/éﬁ% #{%Qﬁ&%% car boxylic

aci d .EXAMPEE 22 stromelysin-catalyzed hydrolysis of thiopeptolide. The compounds were evaluated
2- (4" - Hydr oxymet hyl - bi phenyl - 4-sul f ony] am nQ) - 3-ntthyl -butri ¢ aci d EXAMPLE

23 25 2- ( 4' a MARIGHS SRR ations,incider '%d%tﬁrm@ﬁmlarﬁsn@}wslm #§l - butyric
g(c:il'l'? U897>/\6063(7)/144r§%150molar concentration of compound required to cause a 50% inhibition of the
hydrolytic activity of the respective enzymes.
Table I below presents inhibitory activity for representative invention

10 compounds of Formula I. In the table, GA CD (T) refers to gelatinase A-catalytic
domain hydrolysis of thiopeptolide substrate; GACD (Gel) refers to gelatinase

A-catalytic domain hydrolysis of gelatin substrate; SCD (T) refers to stromelysin
catalytic domain hydrolysis of thiopeptolide.



-15- The invention conmpounds have been evaluated in standard in vitro
assays and shown to be potent inhibitors of several matrix

met al | opr ot ei nase enzymes. Specifically, the conpounds have been eval uated
for their ability to inhibit gelatinase A-catal yzed hydrol ysis of

t hi opept ol i dWAH#4HEl atin, and the 5 st ronel ysi n- cat al BRSSPI ysi s
of- t hi opept ol i de. The conpounds were eval uated at various concentrations in
order to determine their respective | Clejg], the mcronolar concentration
of conpound required to cause a 50% i nhibition of the hydrolytic activity
of the respective enzynes. Tabl e | TABLEN. Ceg)uMs i nhibitory activity for

representative inventeghpotiid of %qu@pbnqs @%C&WJW" a SCP(??'I e table, GACD

(T) refers to gel atingg e ft al ytl ¢ domai n"hydrolysis o i opeptolide
substrate; GACD (Cel ' Wydr ol ysis of
gelatin substrate; SCD ('Il) refers to Stronelysin catal ytic domain

hydrol ysi s of thiopeptol i2de. VO @313%4315  0.061 0.100
PCT/ US97/ 06801 -16- TABLE 1. (| C[er“g,,[err] M Conpound OB@égACD (T) GACd -
. 0

(Gel) SCD (T) Exanpl e3No. 1 0. 004200 0.012 2
0.013 0. 061 4 0.100 3 (044 Q. Q%7 0.087 200
0.031 4 0. 044 0. 188 0.067 5 0. 032
0. 157 0.009 7 5 0. 76032 0.100 0.009 347

7 0.731 1.300 0.347

8 0.006 0.019 0.030

9 0.017 0.190 0.011

10 0.026 0.045 0.026

12 0.021 0.079 0.060

13 0.019 0.022 0.028

14 0.015 0.029 0.013

15 0.002 0.014 0.008

16 0.051 0.094 0.014

17 0.067 0.371 0.027

18 0.002 0.005 0.012

19 0.008 0.075 0.014

The compounds were additionally evaluated for their ability to inhibit full-
length collagenase hydrolysis of thiopeptolide substrate (F LC) and full-length
gelatinase B (FLGB) hydrolysis of thiopeptolide. The results of representative

5 compounds is given in Table 11.



8 0. 006 0. 019 0.030 9 0. 017

0. 190 0. 011 10 0. 026 0. 045 0. 026 12

0. 021 0. 079 0. 060 13 0. 019 0. 022

0.028 14 0. 015 0. 029 0. 013 15 2
0.014 WOR34431% 0. 051 0. 094 d’.cﬁi"zf*'i)"}‘%
0. 067 0.371 0. 027 18 0. 002 0. 005

0.012 19 0. 008 0.075 -17- 0. 014 The conpounds were
additionally evaluated for their ability to inhibit full- length

col | agenase hydrol ysi s_of thi opept Bﬁl%}ﬁguggs&)g% (ELC) and full-length

gel ati nase B (FLGB) hydCempaing o6f t hi opepLGl i de. The rEkGBts of

representative 5 CER@mleMs. i s given in Table 11. WO 97/ 44315

PCT/ US97/ 06801 -17- TABLCE RI. (TCerr]) [£34 ] M Conpoundg g} FLC
FLGB Exanple No. 1 3.24 8.34 2

7.5 23.0 7 2 75 2 23.0 30.0 The

conpeunds of the present iqvention can bﬁ;i)repared and3@gm nistered in a
wi de variety of oral _and parenteral dosadgé forns. Thus. The conpounds of
t he

The compounds of the present invention can be prepared and administered
in a wide variety of oral and parenteral dosage forms. Thus, the compounds of the
present invention can be administered by injection, that is, intravenously,

5 intramuscularly, intracutaneously, subcutaneously, intraduodenally, or
intraperitoneally. Also, the compounds of the present invention can be
administered by inhalation, for example, intranasaily. Additionally, the
compounds of the present invention can be administered transdermally. It will be
obvious to those skilled in the art that the following dosage forms may comprise

10 as the active component, either a compound of Formula I or a corresponding
pharmaceutically acceptable salt of a compound of Formula 1. The active
compound generally is present in a concentration of about 5% to about 95% by
weight of the formulation.

For preparing pharmaceutical compositions from the compounds of the

15 present invention, pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablets, pills, capsules, cachets,
suppositories, and dispersible granules. A solid carrier can be one or more
substances which may also act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet disintegrating agents,

20 or an encapsulating material.

In powders, the carrier is a finely divided solid which is in a mixture with
the finely divided active component.

In tablets, the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and compacted in the shape

25 and size desired.



present invention can be adm nistered by injection, that is, intravenously,
5 I ntramuscul arly, intracutaneously, subcutaneously, intraduodenally,
or. intraperitoneally. Al so, the conpounds of the present invention can be

adm ni stered by inhalation, for exanple, intranasally. Additionall t he
conpounds of WPR#43Lsent invention can be adninistered traﬁ§5@%ﬂﬁ‘?"¥§l | t
wi-ll be obvious to those skilled in the art that the foll ow ng dosage forns
may conprise 10 as the active conpggent, either a conpound of Fornula
| or a correspondi ng pharmaceutjcally acceptable salt of a conpound of

Fornula 1. The acti %Wﬁ?iﬁﬁ'?ﬂf%‘éﬁﬂ%f?‘?@lyic%mﬁﬁ@%hﬁvq‘l’f‘%ﬂ ©oke¥nt rati on of
about 5%t 0 ab@uinndpsedny oftRé Sdtive @bmpdiindf ﬂ!iﬁb‘ig?&:‘g?&ﬁ;lée: Hx‘iag&rs pari ng

phar maceuti cal conpositions fromthe conpoun pr esent
i nvention, phasashonateshagpesiymateanais; told, sugandactase, pectim doxtrie] stéveh, gslatind or

liquid. Solid formpreparatsqns inelude, powder t.abl et s |d1s, capsules,
cachets, suppoSiEfEy egfgﬁ‘é(%af“ﬁf’ssep%@é% F*’é"‘%%ﬁ@%‘.‘“‘%% 8?‘{"8"’@ " can be
one or npre sulesbLRRRS andiihe likeETheadra pAéfaration’tis int€itle8 1o inkRMOHeNg agents, -
sol ubilizers, |ubricants, suspending,agents, binders, preservatives, tablet
di si nt egr at i ngfEBWAtcR of sy active cogaposid with speapruiting gnateriad o afarmien powder s,
the carrier isygyifiingalchpslicth WhskhtRl ActhviBiripbrks, it 8r WSl ofhelbdledshe finely
divided active conponent. In tablets, the active conponent i's mxed with
the carrier hasweuntes bycressar whibh sdhwsgn pssogetian wigh itnSignilatip/siachepy oporti ons
and conpact ed gnra t rég S haeple lzg 4T gnd %i zecadeuzi I eg. c cV\D 9(17 44315
PCT/ US97/ 06801220 18zenaez gre inclyded, Tablets, poyydets.capsuilgs, pilly, cachets, pagd 19290885, £ i ve or
ten to about can be used as solid dosage forms suitable for oral administration.
For preparing suppositories, a low melting wax, such as a mixture of fatty
acid glycerides or cocoa butter, is first melted and the active component is
dispersed homogeneously therein, as by stirring. The molten homogenous mixture
is then poured into convenient sized molds, allowed to cool, and thereby to
15 solidify.
Liquid form preparations include solutions, suspensions, and emulsions,
for example, water or water propylene glycol solutions. For parenteral injection,
liquid preparations can be formulated in solution in aqueous polyethylene glycol
solution.
20 Aqueous solutions suitable for oral use can be prepared by dissolving the
active component in water and adding suitable colorants, flavors, stabilizing, and
thickening agents as desired.
Aqueous suspensions suitable for oral use can be made by dispersing the
finely divided active component in water with viscous material, such as natural or
25 synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and other
well-known suspending agents.
Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for oral administration.
Such liquid forms include solutions, suspensions, and emulsions. These
30 preparations may contain, in addition to the active component, colorants, flavors,
stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners,

solubilizing agents, and the like.



seventy percent of the active conpound. Suitable carriers are nmagnesi um
carbonate, nmagnesium stearate, talc, sugar, |actose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellul ose, sodium

car boxyrret hyl cel | ul ose, a lownelting wax, 5 cocoa bu:ﬂ%

li ke. The terﬁYQﬁ'{"@ﬁ’aﬁratlon" is intended to include the for &étlo
active conpound with encapsulating material as a carrier providing a
capsule in which the active conponent, wi{l8-or without other carriers, is

surrounded by a carrier, which js thus jn,as i on t. arly,
cachets and | ozenges ﬁ'reé’ harmacenticaf preP&Eﬂ"@FéSp"b%Wh@r‘E““‘Eﬁﬁgﬁ? }é’§m E\ﬁ"f’}é
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for oral administration. For preparing suppositories ow nelting wax,
such as a ni xt urquantiticsaf the agivexogippaent; Ehesing dosage Sermisan be p packeged rst mel t ed
and the active c t

stirring. The nﬁ%‘gﬁ%gr%‘é ﬁ%ﬁ &rn&?’gr%&g&&g g%lﬁg(%%? éJ(g&{aﬁdtdgnc%E}\l/gm ent

si zed nol ds, al I@Medtable&od:apsﬂcsdartdﬂ;ﬁweh;s ib ®ialsSor ampoulew Allsd, fhe. unitidgsage f or m
preparations include solutio m@% sSi o and enul.si ons for exanpl e,
I

wat er or water piegpFrRPR? EAPSUE ﬁn%‘q‘”lg&ge‘b‘& et beith a@g{qu,lﬁte i qui d

preparations cannmetgfmyloqq}ﬁge inpadidetd fopm. | N aqueous pol yet hyl ene gl ycol
solution. 20 Agueous solutions suitable for oral use can be
prepared by di ssol vi nthetanentify of sctive eamRanenttin p ynihdessprepatetion fiak ge yeriadabl e
colorants, fl avog God S Aqueous
suspensi ons sui ta’sai u§%Glﬂ°(k)ﬂrg 3%(13 canégjé %qg”?gg‘lggggr aﬁg&?]hg%ﬁhﬁel y

di vi ded ad®i ve cpampoukenpplicatiovedrelrthepdténcyiof teustiverbmpbadnt. Hischmpssitat ur al  or

25 synt hetic ns, si ns hyl ce I sodi um

car boxymet hyl cel ¥ ‘ggﬁs‘reﬁ ﬁ“ﬂf?f“?’(ﬁ?rlc‘?%%i g‘ﬁ’é‘B"éﬁ PEY*Sgents. Al so

i ncl uded are solid fqmmm;&nﬁéadela@agenmbmlaf@mw&em:i tReiRfe cRAMRY t ed,
shortly before use, to liquid formpreparations f oraF admnlstratlon

Such 1iquid fornfor fh?d{eaw@nseﬁ %bqf%ﬁﬁ@m"gwéaa@ﬁ BIPBES aoawan@mfns hepssfailygese

restenosis, periodontal disease, corneal ulceration, cancer metastasis, tumor

%’% t he

15 angiogenesis, arthritis, or other autoimmune or inflammatory disorders dependent
upon breakdown of connective tissue, the compounds utilized in the
pharmaceutical method of this invention arc administered at a dose that is
effective to inhibit the hydrolytic activity of one or more matrix metalloproteinase
enzymes. The initial dosage of about 1 mg to about 100 mg per kilogram daily will

20 be effective. A daily dose range of about 25 mg to about 75 mg per kilogram is
preferred. The dosages, however, may be varied depending upon the requirements
of the patient, the severity of the condition being treated, and the compound being
employed. Determination of the proper dosage for a particular situation is within
the skill of the art. Generally, treatment is initiated with smaller dosages which are

25 less than the optimum dose of the compound. Thereafter, the dosage is increased
by small increments until the optimum effect under the circumstance is reached.
For convenience, the total daily dosage may be divided and administered in
portions during the day if desired. Typical dosages will be from about 0.1 to about
500 mg/kg, and ideally about 25 to about 250 mg/kg, such that it will be an

30 amount which is effective to treat the particular disease being prevented or

controlled.



30 preparations nmay contain, in addition to the active conponent,
colorants, flavors, stabilizers, buffers, artificial and natural
sweet eners, dispersants, thickeners, solubilizing agents, and the like.
WD 97/ 44315
PCT/ US97/ 068WP Y4415 The phar maceuti cal preparation is pref RE@HPPHONI t
dosage form In such form the preparation is subdivided into unit doses
cont ai ning appropriate quantities of thepgctive conponent. The unit dosage
formcan be a packaged preparation,_ the package containing discrete
quantities of pr epa&b@ follewing expmples Hlustrate typigaldetralations|peavided byplail es, and
powders in vials..Qfiofmpoul es. Also, the unit dosage formcan be a capsule,
tabl et, cachet, or zenge itself, or it can be the appropriate nunber of
any of these in packaged form The quantity of active conponent in a unit .
dose preparation may be varied or adjughedbipAyl My to 1000 ng, preferably
10 ng to 100 ng according to the 10 particul ar application and the
pot ency of the Tablet kymutationnent. The conposition can, if desired, also
contain other conpatible therapeutic agents. In therapeutic use as agents
toinhibit a matrix netalloprofeinase enzyne for the treatnent of
at heroscl eroti clngtediame rupture, aortic aneurism hear Anfoani(mg®, restenosis,
periodont al di speRdromebipieayl-dihutfonyltming)-3anaipdbutygicast asi 25 tunor 15
angi ogenesi s, arthritis, or other autoimmune or inflamuatory disorders
dependent upon %ieakdown of connective tissue, the conpounds utilized in
t he pharnmaceutiggl,séet hod of this invention are adm nistergd at a dose that
is effective to inhibit the hydrolytic activity of one or nore matrix
met al | opr ot ei ndswn garoy(fos mixhe initial dosage of about 1 mf to about 100 ny
per kil ogram dgg 14 be effective. A daily dose,yange of about
25 ng to abouta@‘g}(rsr%ggdrép})le(fJ ﬁ)l ogramis 1d

Magnesium stearate (1%) 5

Total 100

9

The biphenylsulfonamide, lactose, and corn starch {for mix) are blended to
uniformity. The corn starch (for paste) is suspended in 200 mL of water and
heated with stirring to form a paste. The paste is used to granulate the mixed
powders. The wet granules are passcd through a No. 8 hand screen and dried at
10 80°C. The dry granules are lubricated with the 1% magnesium stearate and
pressed into a tablet. Such tablets can be administered to 2 human from one to four

times a day for treatment of atherosclerosis and arthritis.
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WD 97/ 44315

be fromabout 0.1

anount which is effective to treat the particular

PCT/ US97/ 06801 -2

edie®g 1ol 1 ow ng exanples 1llTustrate tym@abntf or mul ati ons

Arount (D) 2 (A e T - DUt & 25 aci d
Lact ose propionic acid sodium salt 50 Corn starch
ggok/aénn)é)si um st eSerRitel splgion (70% N.F.) 10 Corn stareh éﬂ% E :I)
100 Sodium benzoate 20 mg

Saccharin Smg

Red dye 10 mg

Cherry flavor 20 mg

Distilled water q.s. 100 mL

The sorbitol solution is added to 40 mL of distilled water, and the
S biphenylsulfonamide is dissolved therein. The saccharin, sodium benzoate, flavor,

and dye are added and dissolved. The volume is adjusted to 100 mL with distilled

water. Each milliliter of syrup contains 4 mg of invention compound.

EXAMPLE 26

Parenteral Solution

10

LI

In a solution of 700 mL of propylene glyecol and 200 mL of water for

injection is suspended 20 g of (8)-2-(4’-amino-biphenyl-4-sulfonylamino)-

3-(3-ethoxyphenyl)-propionic acid. After suspension is complete, the pH is

adjusted to 6.5 with 1 N sodium hydroxide, and the volume is made up to

1000 mL with water for injection. The formulation is sterilized, filled into 5.0 mL

15

ampoules each containing 2.0 mL, and sealed under nitrogen.

As matrix metalloproteinase inhibitors, the compounds of Formula I are

useful as agents for the treatment of multiple sclerosis. They are also useful as

agents for the treatment of atherosclerotic plaque rupture, restenosis, periodontal

disease, comneal ulceration, treatment of burns, decubital ulcers, wound repair,



5 The bi phenyl sul fo
to uniformty. The
and heated with sti

nam de, | actose, and corn starch (for mx) are bl ended
corn starch (for paste) is suspended in 200 nL of water
rring to forma paste. The paste is used to granul ate

the m xed powders. The wet granul es are passed through a No. 8 hand screen
and dried afwa®pM43ls go[err]C. The dry granules are |ubri cBEEUSHOPM t he 1%

magnesi um st ear at e
adm nistered to a h
at her oscl erosi s and

and pressed into a tablet. Such tablets can be
uman fromone to foup2tinmes a day for treatnent of
arthritis. WO 97/ 44315,

PCT/ US97/ 0680 hear failupey panoprmetastasiseumor apgpgeneis. eptyitissthd APSn | ngr edi ent
Amount (R) - 2 (s M ABOA RRAY depndei émxi@@im(&mﬁb%i@ngféms. 400 ng

propi oni ¢ aci

um'sal t Sor solution (70%

40 nL Sodi um benzoate 20 ng

Saccharin
10 ng Cherry flavor
Distilled water q.s

5 ng Red dye
20 ny
) 100 nL The sorbitol -

solution is added to 40 nL of distilled water, and the 5

bi phenyl sul f onam de
flavor, and dye are

is dissolved therein. The saccharin, sodi um benzoat e,
added and di ssol ved. The volune is adjusted to 100 nL

with distilled water. Each mlliliter of syrup contains 4 ng of invention

conpound.



EXAMPLE 26 Parenteral Solgai In a solution of 700 nL of
propyl ene glycol and 200 |ﬂll|m“ mlr""”““‘ njection is suspended 20 g of
(S)-2-(4"-am no-bi phenyl -4«sul' Tonykam noj - 3-(3-et hoxyphenyl) - propionic

acid. After swggﬁ@lgn is conplete, the pHis adjusted to 6. WdhadsoN
KaH) ¥

sodi um hydr ox d the volune is nade up to 1000 nL with water r
injection. The formulation is sterilized, filled into 5.0 nL 15

anmpoul es each containing 2.0 nL, and seal®d under nitrogen. As matrix
nmet al | oprotei nase inhibitors, the conp fof Fornula 1 are useful as
agents for the treatnment of nultiple sclerosis. They are al so useful as
agents for the treatnent of atherosclerotic plaque rupture, restenosis,
peri odontal dis . &6% ul ceration, treatnment of buns, decubital

ul cers, wound rgﬁéﬁrs,‘:ﬁ% 97/ 44315

PCT/ US97/ 06801 -22- heart failure, cancer netastasis, tunor angi ogenesis,

arthritis, and ¢t herAicgﬁlhgﬁmq;fg;é/Foqlﬁlggrlders dependent upon tissue invasion
by |eukocytes. WO 97/ 44315

PCT/ US97/ 06801 -23- CLAIMS What is clainmed is: 1. A compound of the
Formula | [err] 0

I 3
S=—NH——CH—COR
[ | 1

1
R o B2
H or halo

S wherein:
o]
|
R js C1-Cg alkyl, halo, nitro, (CHp)g.4-NR4R3, cyano, OR4, CH, CF3,
0
10 I

CNRAR3, and COOR%,
R2 is hydrogen or C1-Cg alkyl, optionally substituted by the following

groups: phenyl, substituted phenyl, phenoxy, substituted phenoxy,
NR4RS, ORS, |
15 NH
carboxy, carboxarmido, HzN-IC'T-HN-, thio, methylthio, indole, imidazole,
and phthalimido;
R3 is OH, O C-Cg alkyl, or NHOH;
20 R4 is hydrogen, C1-Cg alkyl, or C1-Cg alkanoyl;
RY is hydrogen or C1-Cg alkyl; and
- R6 is hydrogen, C1-Cg alkyl, C)-Cg alkanoyl, pheny!, or substituted

phenyl, and pharmaceutically acceptable salts and solvates thereof.



Rlerr] is CJerr]- C[err] ro, (CHerr])[err]-NRerr]Rerr],
cyano, OR[err], CH, D ﬂ‘err] is hydrogen or (Jerr]-Cerr]
al -kyl , optlonally subst | owi ng groups: phenyl, substituted

phenyl , phe stituted phenoxy, [err] 15 carboxy,

H err]N-C H ;@MW{‘%@ met hyl thi o, indole, inidazole, and ph?’ﬁg%gﬁ"’gg‘" Rlerr]
is OH Od(derr]-Cerr] alkyl, orNHOH, 20 Rl err] is hydrogen,
Clerr]-Clerr] alkyl, or Cferr]-Clerr] a{2kanoyl; Rferr] is hydrogen or
Cerr]-Cerr] Iky and err]-Cerr] alkyl,
Clerr]-Cerr] I karfo§9mP Rﬁﬁ% “’Bﬁ }?{\é‘ﬂggﬂefnﬂ‘?’@’g phenyl, and pharmaceutically
acceptabl e salts and sol vates thereof. WO 97/ 44315

PCT/ US97/ 06801 -24- 2. A conpound of Claim 1 having the fornmula [err]
wherein: Rerr] is (err]-Cerr] alkyl, halo nitro, NRlerr]Rerr], cyano,

OR[err], and COOR[err]; 5 = rr]I IS C[err] Cerr] alkyl,
G
et hyl t |o |ndole 101

optionally substituted by §
i m dazol e, and pht hal i RT do; iISTOH ©Cerr]@err] alkyl, or NHOH

car boxy, carboxani do, eL

wherein:

RlisC 1-Csg alkyl, halo, nitro, NR4RS, cyano, OR4, and COOR%;

5 RZis C1-Cg alkyl, optionally substituted by phenyl, substituted phenyl,
NR4R3,
NH
|

0R6, carboxy, carboxamido, HyN-C-HN-, thio, methylthio, indole,
10 imidazole, and phthalimido;
R3 is OH, O C|-Cg alkyl, or NHOH;

R4 is hydrogen, C1-Cg alkyl, or C1-Cg alkanoyl,
R3 is hydrogen or C)-Cg alkyl; and

R6 is hydrogen, C-Cg alkyl, Cy-Cg alkanoyl, phenyl, or substituted
15 phenyl.

3. A compound of Claim 2 wherein R3 is OH.

4. A compound of Claim 3 wherein R2 is C1-Cg alkyl.

5. A compound of Claim 4 wherein R/ is at the 4 position.
6. A compound of Claim 1 which is selected from
20 (S)-2-(4’-Bromo-biphenyl-4-sulfonylamino)-3-methyl-butyric acid;

(8)-2-(4’-Chloro-biphenyi-4-sulfonylamino)-3-methyl-butyric acid;



err] is hydrogen, err 1181 | ]g err]-Cerr] al kanoyl; err
:Q[s hy!:lr:)genyor %[errﬂqel]r!mﬁ"w‘ﬂm”lgm,uferﬂ | s] h%rog!an, C[er?/] -C[REarr]]
al.kyl, Cerr]-Cerr] al kanoyl, phenyl, or substituted 15

phenyl . 3. A compound of Claim2 wherein Rerr] is OH 4. ound
of dai m3 whEP&* err] is (Jerr]-Cferr] alkyl. 5. Acgr%‘gbgr%‘g&g Claim
4 wherein Rerr] is at the 4" position. 6. A conmpound of Claim 1l which
is selected from 20 (S)-2-(4 -25-

' - Brono- bi phenyl - 4- sul f onyl ani no) - 3- ne hy&-but ric.acid: . =

(S)-2-(4' - Chl or o- bi pflerdy¥ethylsh(% "Gﬁgﬂ*ba*ﬁf'% ‘4§9¥‘{%{Y}?§7}"-“§t}{“§3f'{°@°’é?ci d; WO

97/ 44315 (S)-2-(4’-Amino-biphenyl-4-sulfonylamino)-3-methyl-butyric acid,;

PCT/ US97/ 06801 - 25- _ _ o
(S) - 3- Met hyl - 2- (4" - n(24bCpanerbiphenylstrhylfonylaminoxdymehylghutysicasidy

S)-2-(4' - Am no- bi ph | &2 ] - = ' e gt
(S)-2-(4 - Oyano- bi prBIRACH SR BEREN Bl ho R B i acid,
(S)-2-(3' ,%4' -Di brono- bi phesdibm4algul f onyl am no) - 3- net hyl -butyric acid, 5
sodiumsalt; (S)-2-(3.-Br - bi pheny| - 4-sul fonyl am nQ) - 3-met hy| - butyric
acid (S)-2-(4" -Br omgsi’zf@ﬁgDW‘B'Pg?féL‘ﬁng ony, %‘?}?{p&ﬂ?‘)ﬁbg‘!‘%ﬂ@ hyl -butyric
acid, (R)-2-(4"-Brongs)hi@hefomoe-2fudrd BibheAyN40R1 foryl ARNB). B nty¥ b§riaci d; 10
(S)-2-(4'-Brono-bi phenyl - 4-sul f onyl am no) - propi oni ¢ aci d;

(S) - 2- (4" - Brono- bi phenyl - #¢idul f onyl ani no) - 4- net hyl - pent anoi ¢ aci d;

(375 (& Firuor o bi pRo FRFbsiI Ak dpl Sluibibheads, *
10 (S)-2-(4’-Bromo-biphenyl-4-sulfonylamino)-propionic acid;
(S)-2-(4’-Bromo-biphenyl-4-sulfonylamino)-4-methyl-pentanoic acid;
(8)-2-(4’-Methoxy-biphenyl-4-sulfonylamino)-3-methyl-butyric acid;
(S)-2-(4’-Fluoro-bipheny!-4-sulfonylamino)-3-methyl-butyric acid;
(S)-2-(3’-Fluoro-biphenyl-4-sulfonylamino)-3-methyl-butyric acid;
15 (S)-3-Methyl-2-(4’-trifluoromethyl-biphenyl-4-sulfonylamino)-butyric
acid;
2-(4’-Formyl-biphenyl-4-sulfonylamino)-3-methyl-butyric acid;
4’-(1-Carboxy-2-methyl-propylsulfamoyl)-biphenyl-4-carboxylic acid;
2-(4’-Hydroxymethyl-biphenyl-4-sulfonylamino)- 3-methyl-butyric acid;
20 and
2-(4’-Aminomethyl-biphenyi-4-sulfonylamino)-3-methyl-butyric acid;

7. A compound of Claim 2 wherein R is C4-Cg alkyl substituted with
phenyl or substituted phenyl.

8. A compound of Claim 7 which is (S)-2-(4’-bromo-biphenyl-
25 4-sulfonylamino)-3-phenyl-propionic acid, or (S)-(4’-isopropyl-biphenyl-

4-sulfonylamino)-3-phenyl-propionic acid.

9. The compound which is (S)-2-(4’-bromo-biphenyl-4-sulfonylamino)-3-
methyl-butyric acid.



(S) - 2- (3" - Fl uor o- bi phenyl - 4- sul‘mnl‘ltm‘glmmmm hyl -butyric acid; 15
(S)-3-Methyl-2-(4"-trifluoronet "l f onyl am no) -butyric acid;
2- (4' - For nyl - bi phenyl - 4- sul f onyl*ani‘no - 3% et hyl - butyri c aci d;

4" - (1- Car boxy- 2- met hyl - propyl sul f anoyl ) - bi phenyl - 4- car boxyl i c aci d;

2-(4' - Hydr oXSHEH4HS_ bi phenyl - 4- sul f onyl ami no) - 3- net hyl - but JETESHES 20
and 2-(4' - Am nonet hyl - bi phenyl - 4- sul f onyl am no) - 3-net hyl -butyric acid; 7.
A conpound of Claim2 wherein Rlerr] is26lerr]-Clerr] alkyl substituted

wi th phenyl or substituted phenyl. 8. A conpound of Claim?7 which is
(S)-2-(4' - bronid bi pheamypoun@6f Claim 1 wherein R3 18 0 C1-Cg alkyl.

4-sul f onyl am no) - 3- phenyl - propionic acid, or (S)-(4'-isopropyl-biphenyl -

4- sul f onyl am no) - 3- phenyl - propi onic acid. 9. The conpound which is
(S)-2-(4'-brong:bi phesiypoud SHCHaEN YD WHidhds (S)=2-@RbRosho-bighatiyl-¢- aci d. WO
97/ 44315 PCT/ US97/ 06801

-26- 10. A conpodhtoryfangpoy-3rmethylbangicacig tert-putykestst err]- err] al kyl .
11. A conpound of Claim 10 which is (S)-2-(4'-brono-biphenyl -4-
sul f onyl am no) - 3- et I-g%tu,ri acid tert.-hutyl ester._12. A

phar maceut i cal 1% or P ahgn gorp gpreround of Claim1

adm xed with a di |l (& | dihike®with 8dil8edt! iR lor eh@pRAQheretbd: A
pharmaceutical fornulation conprising (S)-2-(4'-brono-biphenyl -4-
sul f onyl am no) - 3-nmet hyl -butyric acid adm xed with a diluent, carrier, or

exci pi ent thergf or.A pharmaceutical formulation comprising (S)-2-(4’-bromo-biphenyt-4-
sulfonylamino)-3-methyl-butyric acid admixed with a diluent, carrier, or

excipient therefor.

14. A method for inhibiting a matrix metalloproteinase enzyme by
10 administering a matrix metalloproteinase inhibiting amount of a compound
of Claim 1.

15. A method for inhibiting a matrix metalloproteinase cnzyme by
administering a matrix metalloproteinase inhibiting amount of (S)-2-(4’-

bromo-biphenyl-4-sulfonylamino)-3-methyl-butyric acid.

15 16. A method of treating arthritis comprising administering a matrix

metalloproteinase inhibiting amount of a compound of Claim 1.

17. A method of treating restenosis comprising administering a matrix

metalloproteinase inhibiting amount of a compound of Claim 1.

18. A method of treating atherosclerosis comprising administering a matrix

20 metalloproteinase inhibiting amount of 2 compound of Claim 1.
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14——A method for inhibiting a matri x metal | oprotei nase enzyne bJ-“.'H)" g
ladmi ni steri ng a matri x netal |l oprotei nase inhibiting anount of a corrpoundj?éf‘
Claim1. 15. A method for inhibiting a matrix metall oprotei naga,enzynme by
adm nistering a matrix netal | oproteinase inhibiting amount of EEEERY- (4 -

br eno- bi phenyl - 4P(UT onyl ami mo)waimtldﬂy.h;plaoﬁs iogcneziation 15 ’
nmethod of treating arthritis conprisi HF*88h Kt 'stering a matrix
metal | o rdP@F%%éE%NMi%PHW%B SEED HNDERTHE XA TENT CORPRRATIONAREATA (PCT)
met hod |adt) Intestiohan Bhten4siogdind &: Conpr i s}\ng (,@,qm,mﬁ%g;u%@%m@sm%,gi 18 w0A97,44315
met al | dpr oggi | RéYOAigng anount PRy @ conpound o aim1l. :

nmet hod gf ??gﬁiﬁa’ gﬂl]g%yoisggl er 0si s cpnpii (48 internagiohad Rublidtion Dateg a7 Npwdmber ¥992Q7.11.97)
nmet al | gprot er nase 1 nhi bi t1 ng anount of a pomnpound of~ Craim I.
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(57) Abstract

Compounds of formula (I) wherein R} includes alkyl, halo, nitro, amino, cyano, alkoxy, and alkoxycarbonyl; R? is alkyl and substituted

alkyl; and R3 is OH or NHOH, are useful for inhibiting matrix metalloproteinase enzymes in animals, and as such, prevent and treat diseases
resulting from the breakdown of connective tissues.




