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‘propyl ] - Nd- hydr oxy- 2R-i sobut yl - 3S- net hoxy- succi nam de,

pharmaceutical |y acceptable salts) hydrates and sol vat es Backgr OllJGPld to the
I nvention International patent application WO 95/19956 (Bri [,r sh Bi ot ech

Phar maceuticals Ltd) describes and clains a class of conpou W mmmwmmuf
of

matri x metal | oprot ei nase ( Mvigtailoprdtetrarse inidbitonrs bi t or s of
tumour necrosis factor (TNF-a) fromcells. Specifically, the appéobgati on
cl ai ms conmpounds of general formula (1) ORBRRA RZN~- H~Rs (I) OR X

! o) TeroBentiEEhRin a2 DI Ferly®  RUBLAGHD.y [arbambil Y

subst i t yr@slIPREAYHRY-2P8)sdbutyl: 3 Senethogy-sLiytinamides EndutseshArieaayaly |
heteroc;e)c%}(am-y % | ; subgtltut ed h%tercigicl yl (81 ts%g;al kyl; a g}br/oup

BSOnAwh@ceeptahlg salt, hydgﬂtegagjﬁcﬁoyatgs hydrogen or a (C -06) alkyl, phenyl,
substituted phenyl, heterocyclyl) (C, -C6)acyl, phenacyl or substituted
phenacyl gr oup, and A represents (C, -C6)al kyl; am no; pr ot ected am no;

acyl am g k%’unﬁ"fo &)_@Mxy, (C C6) al kyl am no; di-(Cl, - C6)al kyl am no;
(C -Co)arkylthio; aryl (C, Co)aik am no( C1- Cs) al ky I hydr oxy( Cl- C6) al kyl,
mer capt dnr@te:matm)wal R?ﬂenb ﬁpébﬁéﬁt@(‘y @Lgﬁﬁ)%ﬁﬁ%ﬁf ifiple B@Qtﬁch Rbasmanelticats/ dr oxy- ,

mer capt 0 0X | v. pr ot ected or. the carboxyl- group
am dat eg‘td)l ‘iﬁﬁgf'[) %79 (gﬂﬁgsto? ?[ﬁ%éa& paoé‘"\éé ?Ire "}?gr%(l ower
al kyl ) candiamdproteifiadd W)%ﬁ%itb%aéﬁtﬁﬂ%‘xﬁltorg bf tHvyRie ik thABUR RecRYsis
car boxy- | ower aI kanoyl am n
factor (TNF-a) from cells. Specxﬂcally, the application claims compounds of general

formula (1)
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wherein
X is a -CO,H or -CONHOH group;

R, is hydrogen; (C,-Cg)alkyl; (C,-Cs)alkenyl; phenyl; substituted phenyt; phenyl
(C4-Ce)alky!); substituted phenyl(C,-Cg)alkyl; heterocyclyl; substituted heterocyclyt,
heterocyclyl(C,-Cg)alkyl; substituted heterocyclyl(C,-Cq)alkyl; a group BSO, A-
wherein nis 0, 1 or 2 and B is hydrogen or a (C,-C;) alkyl, phenyl, substituted
phenyl, heterocyclyl, (C,-C¢)acyl, phenacyl or substituted phenacyl group, and A
represents (C,-C)alkyl; amino; protected amino; acylamino; OH; SH; (C,-
Cg)alkoxy; (C,-C¢)alkylamino; di-(C,-Cg)alkylamino; (C,-Cg)alkylthio; aryl (C,-
C¢)alkyl; amino(C,-Cg)alkyl; hydroxy(C,-Cg)alkyl, mercapto(C,-C¢)alkyl or
carboxy(C,-C¢)alkyl wherein the amino-, hydroxy-, mercapto- or carboxyi-group are

optionally protected or the carboxyl- group amidated; lower alkyl substituted by



R2 is a (C -C6)al kyl) (C2-C6)al kenyl, (C2-C6)al kynyl, phenyl (C, -C6)al kyl,
het eroaryl (C, - C6) al kyl, cycl oal kyl (C, - C6) al kyl or cycl oal kenyl (C, - C6) al kyl
group, any one of which may be optionally substituted by one or nore
substituents selected from(C, -C6)al kyl, -O(C,-C6)al kyl, -S(C, -Co6)al kyl,
hal o and cyano (-CN); R3 is the charagterising group of a natural or
non-natural a amno acid in which any functional groups may be protected;

R4 is a - - { rein, a rin
nitr ogeﬁé)@%%yr'faqboﬁg(@&?g?ls ﬁéggﬁpﬁbg&%%wic%ﬁogrr}ﬁ%'bgm(?&r%onal Igy fused
to a begkenemind)®reartisxydobver afkanoylamingnber ed heterocyclic ring, and

wherein any of the rings may be optionally substituted by: (a) one or nore
substituents i ndependently sel ected from hydroxyl, hal ogen, -CN, -CO2H,

-Q02(C, 506)al k > - | Kyl - | kyl ., - H( C, - C6) al kyl ,
i CO\IE (R C)s) 'a?l%‘Fo‘?s(s)gl%g%,&idéwﬂ@e'&%@'&ér?’P‘iﬂ}’j@arz%)%: ga( C - czs) al kyl
-S(C, - - - -G ,

- NI(-I( C, Oﬁ C%t%;ﬁﬂﬂ(& @ %(I%Cl: %@éﬁ%ﬁ‘) %99%%56:’0%%"?&%8,5@%? lllf))Ngr?ou(pﬁ)ang group
sel ect edn¢ pbwihjah may)be aptionallzsubstjtiaddaydne ECPraTs jsaibktituehts getacted

CB) cycl pal kyl , - CB).cycl.oal ken e .. benzyl . he aryl or

he% e?oa&?ﬂv‘é‘lﬂh%q()%xgr'@?c)‘(\ixbgéhygr%t&)‘ée;}ﬁ@&{')ga ?p%ﬁgz‘arl\?/t(- 'tiyt uted with one
or nore substituents sel ected from hal ogen, hydroxyl, am no, carboxyl,

(C -A)perfiuoroal kyl, (C -C6)al kyl, -Q(C, -0C6)alkyl or - S(C,-C6)al kyl; RS
i s hydrBgen isrtha gharactelising grou old naturg! ernen-patural chpchine acidrinsichat e
thereof. Brief description of t a Invention N -[2,2-Dinethyl-1

S (pyri G?Ylf@c)fr‘PEQ'r%"&H‘gﬂ")‘a)bP%thg s hydr oxy- 2R-i sobut yl - 3Snmet hoxy- succi nam
ide is a nenber of the class generically disclosed and clainmed in WD

9511995fi, but neither it nor its properties are otherw se particul ari sed.

WD 951 1R956 wtaphRenyifmts-ion etmenbiesed herrosrybang o.ﬂweceirrmmw? hi®ganomat i c or
het eroaryl R4 substituent has in general the unexpected and desirable

effect @ rmH@Ye%px’_@li%&dtas/g’mW-a@ﬁen\yhic@tm@y@femmnaw&tsqeggmaobwm |
ot 1 8¢ 1. B oo elen AR A, A g s ) SRIFRDnGs 1 51 ) g

activit phagasd Optiortiyl subetiaged ayr_d gel ati nase. As a nenber of the class, the
now sel ected conpound N -[2, 2di net hyl -1
S (pyridin-2-yl carbanoyl } - propyl ] - N-hydr oxy- 2R-i sobut yl - 3S- met hoxysucci nam

d i £S. S R =T t hat i ffect of
Some WP | nh B 6re TErY huEi e Birsbbnt” sRERBR B AP hAPHEE ol so
referred to agNt &ndimi GG,(E,-ODalkye -k@j-@@éskyf-ebzpcz1aagbﬁ< {.heeoheyl der, in
sonme ani mal s and pafl ents after high andlof pro onged a/om ng. A'Ithough it
is believed CIQNH(%i-@B)eﬂWbcCQT‘K(@ugg)aﬁmt)j,aC reversabl e on cessation of

dosing, it is t hel ess desi.r gbl C i whi ch the pain
ari ses i s not Cgﬁé’i'{eﬁft?y&@ﬂaﬁﬂ&%%%ﬁ éﬁ&ﬁﬁ?{g@ %E‘%gb‘?%w' proved possible
to correl at e. SegcIERARg! IS0QE, AIRIGATIRGUNNGHD -NPECE PRky, Wi th particul ar
structural features or enzyn® inhibition profile of the nolecule.

Accor di ngl y) - W&t Heg)atkyl),, @ndeNHBMX G FBGi)alkyloorwi | | cause this side effect,
and the severity of the effect if any, cannot presently be predicted and
must be tested enpirically.

(b) a group selected from (C,-Cg)alkyl, (C,-C¢)atkenyl, (C,-Cg)alkynyl, (C,-
Cs)cycloaikyl, (C,-Cg)cycloalkenyl, phenyl, benzyl, heteroaryl or
heteroarylmethyl any of which groups may be optionally substituted with
one or more substituents selected from halogen, hydroxyl, amino, carboxyl,
(C,-C,)perfiuoroalkyl, (C,-Cg)alkyl, -O(C,-Cg)alkyl or

- S(C,-Cy)atkyt;

Rs is hydrogen or a (C,-Cg)alky! group;



It has now been found that the selected N -[2,2-dinethyl-1

S- (pyridi n- 2yl car banoyl ) - propyl ] - Nd- hydr oxy- 2R-i sobut yl - 3S- net hoxy- succi nam
‘ide) has a very much reduced tendency to i nduce the muscul o-skel etal pain
side effect. In this respect it differs fromclose structural anal ogues,

for exanple N -[2, 2-dinethyl-1 3

S(pyri di n- 3-yl car banoyl ) - propyl ] - Nd- hydr oxy- 2R-i sobut yl - 3S- hydr oxy- succi nam
i de, draisaltphydratenersolyatedeeresf.i nduce that side effect. WD 95119956 al so
states that the disclosed class of arylam de MV inhibitors includes
conpounds which are orally bioavailable. Not all conpounds enconpassed by

t he di sgliopderivtioNBr HQ8Rfioare orally bioavailable to a useful degree,

as evidenced for exanple by the peak level of MW inhibitory activity or

| evel ofN'-f&2iRimethyvis-(pyridin-2uydearhameybrpropyg]-dlirhydroxya2 Reisdiuita3®- t o t he
drug in the blood.of agni.mals orally,dosed with.the drug. |t has been found
that ¢ HECHSHYRE BT BB iLA R DBREPH S St ntenstisll daidied fed daimed

N -2, 2ndj . ; . . . . .
S (pyt B NCByT SRR B eRher 1 nar 18 propertiss ars oheias DRSS vy - succi nam
ide, is orally bioavailable in humans and other mammal s. This conbi nation

of oral_hi ilabiljty and.reduced |jabili to tendinitic sjide effects

i npl i esvﬁggy @é%cﬁsﬁ&?ﬁﬁﬁgt 'BftF'? ﬁésq?%?@r@f’%%%npaumw}e Fomatiggryel y wi de

t her ap i L, o i ki 0 i r.¢l onger
termsys tgfno%wa h&gﬁg@%{ﬁ%ﬁﬂ@@ ggfal\lﬂ‘?}hjéiﬁﬁ%{?@ﬁtg?%n@h@éﬁgﬁpo%dﬁ tof];er efore is
i ndi catiedrdasing actatitymgainst stromelysimnglative tohinovern cothpauhbs iof btheraisecer s,

mul tiple sclerosis (MS), illain-Barre syndrone (GBS) and psoriasis.
Det ai | e¥iMHgE §W?ﬁ9f%£lub\f"'“t‘ % M@é@ﬂti(aﬁua*wﬁﬁm&)eﬁa SHRgdHeNtsrPreReRtinor e

provi de \ -di - oo . - .

S-(pyri %‘l'tl’r\ﬂ %ﬁé?ggﬁgwgp\&ggy !W'phn)?d?%yyyﬁg-%'r\sségﬁl‘%q%-en%%oxy- succi ham
i de, ofgélatinader Asb)mbinberoftBie dlads, \the (o) sdte&id dOnfpaLid NLEZ'Q-
phar maceut i cal{%ﬁaccept able salts, hydrates and sol vates. The conpound of

the i nvéimatay-Haépyrislie-a-\iegrhamoyl )preayibdirhadeowy-2Riieskutyl-3$-enethexeni cal

configuration is as LI i he nane of the conpound and shown in
f or mul as%ﬁﬁ'ﬁamﬂ&vf?é}?&??%t“‘%sgd‘%’88%'i'g§nderst ood that the invention includes
m xtures of the enantioners of the conpound (11), provided the specified

enantionmer predomi nates. Preferably, 90%or nore by weight of such
enant i ofewereniitis lknewnghaia gidseeffant oé same MV inbihitors isciddudtien dohvent i on

al so includes pharnmaceutical,.conmpositions.comarising N. -[2,2di met hyl -1 ‘
3 (pyr | BRESR AL SRS PR Do 1 Aoterchdfin i 84O MBSy succi nam
ide or é‘xé?ﬁ?lreniﬂé%%bbﬁﬁa'r,' M SRS BhinktIS afd|datichdsdr il ap@lorFrSiohfegeof)
together with a pharnmaceutically acceptable carrier. Preferred Conpositions

of the dosiegt Albhougteit ishkalievediitibat thisceftath pa subdtantiatly abvensable it r at i on.

cessation of dosing, it is nevertheless undesirable. The mechanism by which the

pain arises is not presently understood, and it has not so far proved possible to
correlate the propensity of the compound to induce pain with particular structural
features or enzyme inhibition profile of the molecule. Accordingly, whether any
given MMP inhibitor will cause this side effect, and the severity of the effect if any,

cannot presently be predicted and must be tested empirically.

It has now been found that the selected N'-[2,2-dimethyl-1S-(pyridin-2-
ylcarbamoy!)-propyl]-N*-hydroxy-2R-isobutyl-3S-methoxy-succinamide, has a very
much reduced tendency to induce the musculo-skeletal pain side effect. In this
respect it differs from close structural analogues, for example N'-[2,2-dimethy-1S-

(pyridin-3-ylcarbamoyl)-propyl}-N*-hydroxy-2R-isobutyl-3S-hydroxy-succinamide,



The invention further includes the use of N -[2,2-dinethyl -
S- (pyridi n- 2yl car banoyl ) - propyl ] - Nd- hydr oxy- 2R-i sobut yl - 3S- net hoxy- succi nam
ide or a pharmaceutically acceptable salt, hydrate or solvate thereof, in
t he preparation of a pharmaceutical conposition for treatnment of rheumatoid
arthritis, cancers, multiple sclerosis, (M5), Guillain-Barre syndronme (GBS)
or psoriasis in mammls, including hurmans. The invention also includes a
rrethodfor t he managenent of mat d arthrrtrs cancers, multiple
scl er osWgichve mefg roareﬁosaw%e?gﬂ% ffe®BS) or psoriasis in mammal s,
i ncl udi ng humans, conprising admnistering to the manmal an anount of

-[ 2, 2-di net hyl -
S- (pyri Wo®-03/19356 @amdatesmﬁmb]drweéediclasyoﬂ%ylmm MMB Bifebituexy - succi nam
ide or a Fhar maceutical | y acceptable salt, hydrate or sol vate thereof,
ef f ect i insludesreaRURGFW vhpﬁrerraa@ilscb@ﬁdﬁ@bl@dﬂﬁwbw@apua%. festations of
t hose disea f
physi ol 85?%@§$sse%aﬂ)%ﬁ?é)%||&%%u?é)gp @591 99t5|é Hefb}fsm b%%v'a[‘%l?qga useful

y acc e acid P tiron Salt exa
hydr ochliggiede as f@ﬂtﬂ&%ﬁﬁbdéxamplwﬂmtﬁe pé&aK le&BBOfSMMWlWﬁﬁr&er activity or
p-tol uenesul phonate, phosphate, acetate, citrate, succinate, |actate,
tar t r at lever ohastivity oxeatime Catea urgéﬁrttae@aw e3) atriyitabler tethewdrua imthees,  f or

e R A R or R ) SR P o o
Exanpl eshigtRidaccdidingay the pPsssir i rﬁmhtrbﬁr Namfdrmbfrﬁﬂﬁ@(rg}ﬂd#ﬂl- route
consistent with its pharnmacokinetic propertr es m ni strabl e

conposi ylrcarbam%ﬂ) -peopyi-ihbydrexn2i-iscapty3S: m@mqyrwcmmwdere orglyanul es,
Iozengesg%al h el pre atr ons ch as oral, topical, or sterile
par ent e "§ ?i"b g Sﬁﬁ’g ?f&??é“'“? lets and capsul es for oral

adm nistration may be in unit dose presentation form and may contain

conventional excipients such as binding agents; fillers; tabletting

| ubri camhis atirsbinatign ahox! bdna\mﬂebiﬁt)am@remlced riigbiiigeta tendiritid side affegtdbe
coated accordin met hod known in r maceut.i cal practice.
Oal Ii WIWS&FQE%QQ'BHQU@Q% invepiign r;taﬂr.ﬂr?g?faerp %‘Xﬁwg aqueous or
oily su cp,ré%? B4 Speau

presente géélg@y%%&}@uc mgﬁ?%co'ﬁ%?ﬁ U%Poﬁﬁ\%qhﬁeyan?gg &)o er sur tabl e
vehi cl espstboicadsinisitetidn bf sy MMPBrieipiaitart. Tdmsx:mmow@ﬁmrefowmnadtcateﬁl
additives such as sus endi n% ents; Cierrul sifyi ng agent s agueous

vehi cl egOFGWﬁt'Eﬁnﬁﬁ fPmexarpriSe Hig)aatei §§th”tb9r E3Br& R m}%@leéﬁ@“‘??'s S+ ed
convent r r‘?z%‘?é‘ The active ingredient may al so
be adm F*.e‘g?aé?feB par er??grrngl Iy |)OéHd E?O € rredr um Depending on the vehiele
and concentration used, the drug can either be suspended or dissolved in

t he vehicle. Adj uvants such as a | ocal anaesthetic, preservative and
buf f eri Bgt iogeofdne deyemdien n t he vehicle. The dose of the conpound

of the *rnx%%gém (oML BIIBR: B2 fiRbhgN B gdrghusn T out e of

admi ni st rati one Wi ermn |n|ca rial’s’in accordance with
st andar gllcartearhompfdﬂymm'ehgmmwmlsmfbutm@ miethioxyaguucingrhidey of faemuil evant
authorities. In general it is presently expected that the conpound will be
admi ni s{l8red orally to humans in dosage units of from5 to 100 ng, tw ce or
three tines daily. The foll ow ng Exanpl e descri bes the preparation of the
conmpound of the invention. The starting materials

2R- (2, 2-Di met hyl - 5- oxo- (1, 3Jdijoxol an-4S-yl ) - 4- net hyl pent anoi ¢ aci d and
L-tent -1 euci ne-N-(2-pyridyl) de were pr ed as described in WO

951 19961. The foll owijhg aPbrew atr ave |peen used in the Exanple:

DVFN, N- Di et hyl f ongamni (3 hyl am noprﬁeyl ) car bodi i m de
hydr ochl ori deHOBt 1- H{\dr oXyben3z{ot r| azol é'NM\/NL Met hyl mor pho P neTHFTet rahydrof u
ran EXAMPLE N -[2, 2- B met&wyd -

S-(pyridin-2-yl carbanoyl) - propyl ]/WI\ hydroxy 2R- i1 sobut yl - 3Snmet hoxy- succi nam
ide o ~o0oH

and its pharmaceutically acceptable salts, hydrates and solvates.

The compound of the invention has three asymmetric carbon atoms, whose



HO- N~\ N~ NNHOw OH STEP A 2S-Hydroxy-3R-i sobutyl -succinic acid

di methyl ester 2R-(2,2-Di nethyl-5-o0xo0-[1, 3] di oxol an-4S-y14-net hyl - pent anoi ¢
acid (75.0 g, 0.326 mmmol ) was dissolved in nethanol (500 m) and cooled to
OC and the resulting solution was saturated with hydrogen chloride gas. The
reaction mxture was allowed to warmté roomtenperature and stirred

overni ght. The sol vent was renoved under reduced pressure and the residue
was di ssstereathiemichlictunfigurationds asapecifiedtie the navessf thelopmpaundsaitd sodi um

manes: v ghiavaus 1y Fekeueedis To R apranas 8 ey heyeiieb P duces
press“remb@ur%'svcﬁtﬁ@%nbhiiéﬁe@@ﬂﬂ@%n%lﬁxd/giﬂ;S‘erRie'd thé%(p@ciﬂé%%- "HNWR, b
(CDC13), 4.10 (1 H, d, J = 4.0 Hz)) 3.60 (3H s), 3.50 (3H, s), 3.18 (br

s), 2. 78erdntigmenpredodinated. R@f¢rably, 8p% or a®re bymyeight afrslidh. 76 - 0. 73 (6H,
m . STEP B: 2R-1sobutyl -3S-ne Xy-succinic acid.di prethyl ester

2S- Hydr 0333 Rﬂﬂ%@f&%t&émﬁﬁeﬁ& S“ﬁ?ﬁ‘FHPﬁWP%‘?%F (23.9 g, 110 mol) was
di ssolved in DMF (200 m) and distilled i odonmethane (8.2 nf, 132 mml) was
added) followed by silver (1) oxide (27.95 g, 121 mml). The reaction was

stirred Tioe invedéigs atdo inockuhes ginaemateuntcalicompblitioas dongprismeN'{2,ght . The

sol vent was renpved upder reduced, press and the_residue was purified by
col um C‘J’if‘lﬁ*@Y'b’g?‘g?J\ﬂVnQ’ ryl¢arRaga D'RiPE)ﬁ'%ﬁﬁW@f%ﬁ%Re@O@tM@@W? O¥Y¥ve the

title co i j ' : . 9 ; ' (CbC13),
3.83 (1 ﬂ%ﬂ,mﬂﬁé o?.éébﬁké')i','Eb:?.@%‘l’"%@ég)%g@%g' ?‘é‘fﬁ,‘gés/% s%‘?%‘gwﬁgffc’f*s), 2.85
(1 H, mtogetheFwith 4 pharroateutivally ctéptéhiertarnipr. #rdfedredBcompodifiofSbf the . STEP
C. 2R-1sobutyl -3S-net hoxy-succinic acid dilithiumsalt Lithium hydroxide
(1.76 g,mu@n%wﬁ fhopg WileRaEe edapted dpterahadarnistration.

2R-1 sobut yl - 3Snet hoxy-succi nic acid dinethyl ester (4.70 g, 20.0 mol) in
nmet hanol (30 m) and water (30 m). The reaction m xture was stirred at

room t enpies aivehtioh dlirtRerintiudes tenusdef BOIY 2nlimetdya S-@ypdad2under reduced
pressure to give the title conmpound as a yellow solid (4.40 g, quant.).

'H NVR,  Wcanbesumy))-propsi-N'hydroxy-2R-isobutyl-36ymetbory-spgeinaglde pres (1 H, ny,

1.56 - 1.53 (2H. .. 3 H .82 0.78 (6H,. m . STEP D

115 o iy bt o o B R TRt he 0o of s
pharmaceutical composition for treatment of rheumatoid arthritis, cancers, muitiple
sclerosis (MS), Guillain-Barre syndrome (GBS) or psoriasis in mammalis, including

humans.

The invention also includes a method for the management of rheumatoid arthritis,
cancers, multiple sclerosis (MS), Guillain-Barre syndrome (GBS) or psoriasis in -
mammals, including humans, comprising administering to the mammal an amount
of N'-[2,2-dimethyl-1S-(pyridin-2-ylcarbamoyl}-propyl]}-N*-hydroxy-2R-isobutyl-3S-
methoxy-succinamide or a pharmaceutically acceptable salt, hydrate or solvate

thereof, effective to reduce the symptomatic and/or pathological manifestations of

those diseases.

Salts of the compound of the invention include physiologically acceptable acid
addition salts for example the hydrochloride, hydrobromide, sulphate, methane
sulphonate, p-toluenesulphonate, phosphate, acetate, citrate, succinate, lactate,
tartrate, fumarate and maleate. Salts may also be formed with bases, for example

sodium, potassium, magnesium, and calcium salts.



9 2R-Isobutyl -3S nmet hoxy-succinic acid dilithiumsalt {25.14 g, 116 mmol)
was dissolved in dry THF (150 mMl) and the solution was cooled to OC
Trifluoroacetic anhydride (30 ml) was added and the m xture was stirred at
OC for a further 4 hours. The sol vent was renoved under reduced pressure
and the residue was di ssol ved in anhydrous nethanol (200 m) at OC and the
solution was stirred overnight at roomtenperature. The solvent was renoved

under reduced pressure t gi ve the title conpound as a yellow oi|l (54.3 g,
i ncl udi he @e@m%@@ﬁpgngp th& MVERHIPR MaY,Be Pasrared &) thaiipels dessribedd

i t hout, furt if. i i ' L { 1H d, J
e L e BBl iin AP Bresntga i Mt Rl an refde {7, 1
1. 06 ( lcbhsigfenawithGisGharmcoRineGtipropertiSd FDratly affihidtrabld e®hpysitidns

S- (pyri dyl car banoyl ~pr opyl car banoyl ] - 2S- net hoxy- 5- met hyl hexanoi c acid
met hyl &gydie inTihe Taip @ é3bleiso RRRSEES [PQWaeise SFRNUeLIRZENeeS, liw!id 9r Belmol

2R- 1 sobut y|_- t - | .G 3Cj = : j I i n DVF
(200" i P bR THIE: 3P AR el Koot bEoferil brbenu il SRS b o in Bt e

(8. 70 gTabRty aftehpsiiek foverdl bymEl&irétich Rlaythe Blurft 6B presEhatiBhfotmhe
stirred and allowed to warmto roomtenperature over 2 hours. The sol ution

of acti ged aeontainscanyentignalaxciienispuch arcbinding agents; fillers; tabletting

m xtur ol PERBE P aGoRYk o Ao ibie Hethln ap . £ B el AHEHC " crovea

under 1 ggssramhgroanstiodisavsll kiawi #F hdtmalMsHarfazeatiof pradticet bkl [Regt ate. The

sol ution was washed successively with 1 M sodi um carbonate sol ution, and
brine) grepadations maybedndbe feray Ak Jouaxamplish aneeods br eiesuspemsonspor at ed t o
d . T id ified b | h t h ilJ I, O
o 59, mePHARRT RGO SYBReck TS e el BRFEHENEN A Bohbael B 3 whi te
sol i d ( debahbtifhkio Wwild watdi-dNMtherssifabfd vehicl Bdfofeludd. Suoh | (L H m,
8.24 (1 H d, J =8.4Hz), 7.74(1H m,7.07(1H m,6.97(1H, d, J=8.9Hz) , 4. 64(1
H, d, J=8pedimEratiorislmay aantain converftichaladdit®ez sucBids ssispesding agents;s), 2.75 (1

0 driielhd e G holbolh vk gty Risdpdd Siky <) 084 (1
3R [ 2, 25l dtiles ar (fRIdsirdy rbb%véhﬁ@ﬁe%lEfﬁ‘??s{giﬁﬂ)ﬁs%bg{ﬁ@gagmsl - 2S- met hoxy- 5

met hyl - hexanoli ¢ acid lithiumsalt 3R[2,2

S- (pyridi n2-yl car banoyl ) - propyf car banoyl ] - 2S- net hoxy- 5net hyl - hexanoi ¢ aci d
nmet hyl ester (13.4 g, 32.9 | ) s, dissolved in a mxture of THF (265 nl)
and wat 'efhe(a@yvmujgraat?nF may %r]gg Wcﬁ%i”ﬁ%@?ﬁd&?ﬁﬂ‘e&?l&’ ipg Seglegnediim mp| )
was add ' ; i : tﬁ{épdﬂl ; hours then
evapor apggeﬁﬁﬁgrs% {éﬁééu\gég]d&%faé@s%arﬁe&%%mg\%gg’ aye ptc?\l%vhsﬁlﬁrh%\gvﬁlgch was dried

f urt her shypardsat oogissgved trmtheolerdcle. Adjuwaptsosiwtt ad 4 Jochl gnaesthetie,ni ng
resi dual solvent) was used imediately w thout further purification.

' H- NVR, PEESRrYSiS, ang Bvﬁemﬁ&?%fgscﬂa“@ﬁégﬁépwﬂé%@‘é?h'C'S-. 31 (L H m, 7.99
(1 H d, J=83H), 7.66 (1 H m, 7.00 (1 H m, 4.49 (0.23H, s; 'mnor
di astereoi soner), 4.37 (0.77H, s) major diastereoisoner), 3.68 (0.23H, d, J

= 7. 6 HIherdo¥erofdth@sbaipouingafeng im@niidn(for dmHgiven chinizallinGicHion Bgj0r

di astereoisonmer), 3.21 (0.69H, s; mnor diastereoisoner), 3.20 (2.31 H s,
maj or dioiendouts ebadministration will be deferminable py dinipal trigls'in acgordaneg my, 1. 01
(2t ) i ARl ey gH S Aol onfoval vy e Takfm: TP

S- (pyri duthotitiesCRY Haneral it ispreBehily 8kbésebhat thé Bompound will be

administered orally to humans in dosage units of from 5 to 100 mg, twice or three

times daily.

The following Example describes the preparation of the compound of the invention.
The starting materials 2R-(2,2-Dimethyl-5-oxo-[1,3]dioxolan-4S-yl)-4-methyi-
pentanoic acid and L-tert-leucine-N-(2-pyridyl)amide were prepared as described
in WO 95/19961.



met hoxy- succi nam de The product from STEP F (13.4 g, ca. 33 mol) was
dissolved in dry DM (250 ml) and pl aced under argon and cooled to -10C
with stirring. Ethyl chloroformate (3.47 m, 36 nmol) was added dropw se,
followed by NW (1.8 m, 16.5 mmmol). The mi xture was stirred for 30 mnutes
before dropw se addition of O |1 berzyl hydroxylanine (6 g, 49 mol) in
DMF (10nml). The reaction m xture was allowed to warmto roomtenperature
and st i Thedolowdngiaghrevigtinnssivecheenused énthecldxample: r educed pressure and
the residue was partitioned between ethyl acetate and brine. The organic

| ayer was washed with 1 M sodium carbonate solution, dried over magnesi um
sul phat gy i | ter e RUTSnRYARIrRefdlde The residue was purified by flash
chromat ography (silica gel, 5% methanol in dichloromethane). Fractions
cont ai NEDE t he debi-ithgl-pi-C3dinnethwlaeipopfopy!)aadbodiiass Bydsdchitridepr oduct was
triturated with diethyl ether to renove slight coloured inpurity. Yield:
9.44 g 8% >10: 1%&?5@?’@10”57%‘? ereoi somers). 'H-NVR b (CDCl 3, ngjor
di ast er goigoner ), nl iss, 9.93 {1 H s), 832 {1 H m, 823 (1 H,
d g = guMRY 7“@6@'@%@% 25 (5H, m). 7.12 (L H d, J = 9.2 Hz).
7.02 (1THF m, 4. Jétrafilydtofutand = 10.8 Hz), 4.76 (2H) d, J = 3.8 Hz)) 3.88
(1 H d, J =55H), 3.32 (3H, s), 2292 (1 H m, 1.72 (1 H n}, 1.55 (1
H m, 1.35 (1 H m, 1.02 (9H, s), 0.89 (3H, d, J = 6.5 Hz) and 0.85 (3H,
d, J =6.5H). SEPH N-[2,2-Dinmethyl-1

S-(pyridin-2-yl carbanoyl) - propyl ] - Nd- hydr oxy- 2R-i sobut yl - 3S

nmet hoxy- succi nam de N4- Benzyl oxy- NEXARIRA-Hi net hyl -1

S- (pyridin-2-yl carbanoyl } - propyl ] - 2R-i sobut yl - 3Snmet hoxy- succi nam de was

di ssolved in a mxture of nethanol (75 m) and ethanol (75 m) and pl aced

under agy: : sphere. .. 10% LT Rar ¥ _akd hydrogen
gas was R'b’i%%l- eﬁﬁétﬁygﬁ% gf”??%']' %&"g?‘}dg?ﬂéﬂfb%%yﬁ LN? S@Z{”\&E?é ﬁgﬁ‘lﬁgleé#LC

anal ysi petieygabestindaideal | of the starting material had been consuned. The
systemwas_purged with argon and the catalyst was renmoved by filtration.
The sol vents were renoved under reduced pressure to provide the title
conpound as a white solid (8.8 g, quant.; 12:1 m xture of

di astereoi soners). mp. 163 -J164 C "HNWR a ((CD3)2S0), 10.67 (1 H s),
10.13 (1 H, s), 8.90 (bH, .15 ¢1 HAM N 7.89 (1 H, d,J=8.4 Hz},7.81
(lH,d,J:8.8Hz),7.88(1H, lej\g'S LO. 2H, d, J = 9.4 Hz), 4.43
(0.88H, d, J = 8. . 874 M dnJd x10.0 Hz), 3.32 (0.88H, d, J =
9.8 Hz), 2.98 (0.3H, +s), 2.96H0(2.64H, &), 2.78 (1 H, m, 1.23 (2H, 12 m,
0.84 (10H, s and m), O.65°NSHC = 6.4 Hz) and 0.56 (3H, d, J = 6.3 Hz).
"3CNWR; b (CD30D), 172.6, 170.0, 166.0, 151.5, 147.9, 136.0, 119.5, 113.6,
61.2, 60.6, 56.7, 46.2, 37.0, 34.0, 26.5, 25.2, 23.7 and 21.7. IR, vmax
{KBr), 3255, 2957, 1700, 1645, 1524, 1467, 1435, 1370, 1301 ) 1213 and 1152
cm'. I=ound: C 58.40, H 7.92) N 13.61 % CZOHs2NaGs . 0.2H20 requires C
58.29, BIERA N 13.60% Biol ogical Exanple A_

2S-Hydroxy-3R-isobutyl-succinic acid dimethy!l ester

2R-(2,2-Dimethyl-5-oxo-[1,3]dioxolan-4S-yl}-4-methyl-pentanoic acid (75.0 g, 0.326
mmol) was dissolved in methanol (500 ml) and cooled to 0°C and the resulting
solution was saturated with hydrogen chloride gas. The reaction mixture was
allowed to warm to room temperature and stirred overnight. The solvent was
removed under reduced pressure and the residue was dissolved in
dichioromethane and washed successively with sat. sodium hydrogen carbonate

and brine. The organic phase was dried over anhydrous magnesium sulphate,



The potency of the conpound of the invention as inhibitors of interstitial
col | agenase was determ ned by the procedure of Cawston and Barrett, (Anal.
Bi ochem , 99, 340-345, 1979), whereby a 1 nM solution of the conmpound being
tested) or a dilution thereof, was incubated at 37 for 16 hours with

col | agen and col | agenase (buffered w tg 25mM Hepes, pH 7.5 contai ning 5mV
Cad 2, 0.05%0Brij 35 and 0.02% NaN3). Yhe coll agen was acetylated '4C

col | agen_prepared by the nethod of Cavvs%cé)n and Murphy, (Methods in
Enzynol diieregendevaponaigd tg dnfigssiipden ERYssioRIeaswe oaive tectitle The sanpl es

vere cenihbidnslal @ AW BN 0 es! ALNAR 898RN 1B 1A Layala B the

r adi oactive™ super natant for’’assay oh a ScCi t1on’ counter as a

measur e 1af), BYBY (81,35)s3.50h@H; 8),| ageriass), a8 MiH,ym), 1.6he 1 poeeenaees), af2gl MM of

t he test conpound r a_dilution thereof, was conpared to activity in a

0
control (dEv&nRR 0i78i &78dPHam)-SHeP Bisul t reported bel ow as that  of
i nhi bitor concentration effecting 50% inhibition of the coll agenase
activity (iCso)~ The potency of the conpound of the invention as inhibitors
of stronERySbHUtH-YBetabry-Suceicycid Hiengthgcestor e of Cawston et al)
(Biochem J., 195, -159-165, 1981 ), whereby a 1 mM solution of the conpound
being tested, or a dilution thereof, was incubated at 37 for 16 hours with

cont a o aRReseRISSeMEn esiS 3l AP TsTezRD ¢ T ERSE et ae
acet yl at@igsoldbd FPrORMM(FVERBIRY dtilldueiodBineasa {sC@m,t 932 BimaH) widsbi d) . The

stronmelysin activity in the presence of 1nMof the test conpound, or a
di | ut i oraddest, dalfowedaBy sivard Hexxiden(27c89 gi 131 immal)c dherrebciitevwid stifrednhi bi t or

dth t t ed bel . t of inhihit trati ffecti
509 | nhifBr ¢ sty on St S wihdBe edriision Quight. TReoheathaBency of t ne
Cormounqremdpure AdBreBLLGEY BressOfd Bhd ﬂ{éréléfdu@wb%ugﬁé@g’}/@o Mes determ ned

by a proce ased on the nethod of Sellers et. ochem J., 171,
493- 496 c¢Hrom@tographk (eilicregelt dichioromethaneeas elusmt)RBIdiver Steltitteetdrapoarsd
purified by gel atin-agar.o hr 0og T nzy. s gctivated by

i ncubat i%ﬁ]a\)(n%tqquér}‘ieH%%Hélr{jg'@eg-g@}"): ﬁm&q@&i@%ﬁ%mt 3{ §/=cfg5 units
was i nc j 0 ' A 2@l abe lLat -4 g a i atg buffer
for 16 Mgk &Lttt 9 g2 (HL sAESGISICS), erecifitinnl .85 R SSRREEREL X

al bum n)(1H) g} dved 0\ -h0BNi(BHI ex)oacetic acid (final concentration 16% were
added to stop the reaction and to precipitate any undegraded substrate. The
reaction tubes were placed on ice for 15 mnutes before centrifugation at
10, 000g éiéﬁlé m nutes to sedinent the precipitated substrate. A 200A

al i quot he reacti on supernatant was renoved and the radioactivity

determned by liquid scintillation counting. The effect of the inhibitors

was det ern ned bly reference to a dose_response curve. The ICso (the
2R-Isobutyl-3S-methoxy-succinic acid dilithium salt

Lithium hydroxide (1.76 g, 42.0 mmol) was added to a solution of 2R-isobutyl-3S-
methoxy-succinic acid dimethyl ester (4.70 g, 20.0 mmol) in methanol (30 mi) and
water (30 mi). The reaction mixture was stirred at room temperature for 2 hours
then the solvents were removed under reduced pressure to give the titie
compound as a yeliow solid (4.40 g, quant.). 'H-NMR; 5 (CD,0D), 3.52 (1H,d, J =
5.1 Hz), 3.27 (3H, s), 2.65 (1H, m), 1.56 - 1.53 (2H, m), 1.31 (1H, m) and 0.82 -
0.78 (6H, m).

STEP D:

2R-Isobutyl-3S-methoxy-succinic acid 4-methyl ester



concentration of inhibitor required to cause a 50% decrease in enzyne
activity) was obtained by fitting a curve to the data and conputing the
‘concentration of inhibitor required to achieve 50% i nhibition of the
enzynme. For each ICSo determ nation, the effect on gelatinise activity of
at least 8 concentrations of the inhibptor were exam ned. The inhibitors
were dissolved and diluted in DMSO. The results of the above tests with the

conpoundyriisshstyl-BSanéthoryweteinesadiobligviem saez@me14 §5q>16 mdhofatdsagenasel072
kDa gel atinise i 70| trorrel ysin ~ 30 '] Bi ol ogi cal Exanpl e The

concent r@iss@medirdrt THE ( f5od6|t)r68@ﬁ’éle splutine was/eanled o PACt I‘Télﬂbpmﬁe@f?

| abor at or | | o f S nds was
nmeasur edathdfﬁjr‘l’IB(@ r{\)@%%s '&?’&5 eﬁ&ag thg\?gg & f8r % pé“}at S
(3009) Pesurk! qfﬁé@ﬂ(refﬁlr\%@rerﬁb@élﬂuﬁ@éfﬁb@ﬁcé@bﬂasfs@?@éﬁé ubé! rés"%due vigreepunct ure
at 0.5, 1.0, 2.0, 6.0 and 24 hours post adm ni stration. of bl ood was

pl aced |mssolneamanhw@uemetaanolr@o ml) atOé(éla@ddhersalLﬁlmauas esmzeoj ACD) as
ant i -coa ul an or e traction, -3n t hanol and, t recipi tat ed
B ood” naastiy ah Pork (T BEIAE TS sOVRRRSS relBRusd Rpefeouichd sPestiy

super nat A@ASe £LONGEIHW | | ct was
r edi ssol@g:ivi n 28%%?3 Oﬂgnd a9?01 gili ?Shug%g é%@gagg 25@%'9&8 ?@Agﬁlgw

i nhi bi t drifluartacetatg), witlieh wasubiedwﬂgh(mttfmth&r;purrﬁlcahm oxSTEEXE. \AHENMR;er m ned

th I i b, i.np, Bi ol.ogical le A d
the concoksBoBS a7 UBRRRY ror S HalesopuBar 55 24 L0050 374 Cishurab desh r tos)
bt d t R | t d k
o onaent 1 LR L SARTRRL LR, ) B DA P e AL 1 rn i howr s
over 0.524 hours, and as AUC in nunmber of I1CSO s x hours.

STEPE:

3R-[2,2-Dimethyl-1S-(pyridylcarbamoyl)-propylcarbamoyl}-2S-methoxy-5-methyl-

hexanoic acid methyl ester.

The product from STEP D (25.06 g, equivalent to 53.7 mmol 2R-isobuty!-3S-
methoxy-succinic acid 4-methyl ester) was dissolved in DMF (200 ml) and the
solution was cooled to 0°C during the acidition of HOBt (8.70 g, 53.7 mmol)
followed by EDC (12.35 g, 64.4 mmol). The mixture stirred and aliowed to warm to
room temperature over 2 hours. The solution of active ester thus formed was
cooled to 0°C, L-tert-leucine-N-(2-pyridyl)amide (11.11 g, 53.7 mmol) was added
and the mixture was stirred overnight at room temperature. The solvent was
removed under reduced pressure and the residue was dissolved in ethyl acetate.
The solution was washed successively with 1M sodium carbonate solution, and
brine, dried over anhydrous magnesium suiphate, filtered and evaporated to
dryness. The residue was purified by column chromatography (silica gel, 0 to 5%
methanol in dichloromethane) to afford the title compound as a white solid (13.41
g. 61%). 'H-NMR; & (CDCl,), 9.61 (1H, s), 8.47 (1H, m), 8.24 (1H, d, J = 8.4 Hz),
7.74 (1H, m), 7.07 (1H, m), 6.97 (1H, d, J = 8.9 Hz), 4.64 (1H, d, J = 8.9 Hz), 4.01
(1H, d, J = 7.6 Hz), 3.76 (3H, s), 3.41 (3H, s), 2.75 (1H, m), 1.79 (1H, m), 1.51 (1H,
m), 1.11 (1H, m), 1.02 (9H, s), 0.84 (3H, d, J =6.3 Hz), and 0.82 (3H,d, J = 6.3



Results Peak conc AUC (0.5 - 24h) AUC (0.5 - 24h) ng/m ng/m x h n ICSO s
X h 212 2966 674 The conpound of the invention has al so been tested by oral
adm nistration to nmarnosets and heal t hy human vol unteers and significant

| evel s of inhibitory activity have been detected in the bl ood of those

subj ects after such adm nistration. Biological Examaie C The conpound of
the invention was tested in two ani mallOnodel s of cancer, and found to be
active: B16 nouse nel anoma nodel In this nodel C57/BL6J mice are inocul ated
subcut attusly with 10$ B16 nouse nel anoma cells. The tunours are all owed
to grow over 18 days and the tunmour wei ght cal cul ated by calli per
nmeasurenents and the foll ow ng formul a: wei ght 15 (nmg)- length (MM x
width (rgggsp4. A group of mice (n=19) received the conpound, adm nistered
via a mnr-oSnotic punp inplanted subcutaneously on the opposite flank to
the B16 tunour. The punp was inplanted the day before tunour inoculation

dth d liver t d f 380 Ng/d A tral
(n=17) T S O ReS PRV IPToRHERI ANGh SUBRTPEKE | ol ant ed
punps. Fﬁ%h?ﬁ%&%i@%idqrt?ihfrﬁsﬁpmro' tumours at day 18 was 1145 97 ny

(Figure e welght o e conpound-treated tunours was 774 50 ny.
This reduction (32%for the test conpound) was significant (p<0.005).
Assessnent of samples at the end of the study indicated that plasnma | evel

was 26. SR-E.2-Qigethyl - (RiinZsyicakameylharo hamop-=LSsmetidyrProna model

In this ' : j It 106 .

cel l s: nou @?{‘h?ﬁ%%ﬁgﬁ\@%ﬂ g%ﬁ'(f%ﬁé,‘g‘\;v.s?@ﬁ@gﬁé@ﬁ%&@%&tﬁmx%ee

ani mal s gfETHF (2880 sretiwhiert(B85wal) anailighidmiHyideokitie @forighsaiate (. 3@eaps (n=15
per gr oug. M ni - punps were surgically inplanted on day 5 containing either
vehi cl e 353 myvel) waspeadad. al ha solujoRiwas stisted gl reon @arperaturadonabours 720

bndeq onnehyvaBsRIE biBeieaytls chesRte IEbTIFEn3RTRw 3 Wit Wesiiicd e i i
19% i nhighithéoy aredféhing WiblUsRlehay Btdp@dadltct{13/20, DerMtaMitserétedualay. The

inhibition at the higher dose was statistically significant ((:p<0. 005).
Assessmsoivent) waspised immedigtebriithgutfughen purification.c H-NMRha(CP88ha | evel s

\rNggge(??iq,g'ﬂ)r}_%gx%reaor}ddi%s?i]ceireois?'c?mgr%/),rg.3t1 ?li H:[ rf}s J/"éYX (qﬂsg ?gdBQIngr} 9.%%e groups
(1H, m), 7.00 (1H, m), 4.49 (0.23H, s; minor diastereoisomer), 4.37 (0.77H, s,
major diastereoisomer), 3.68 (0.23H, d, J = 7.6 Hz; minor diastereoisomer), 3.52
(0.77H, d, J = 7.6 Hz; major diastereoisomer), 3.21 (0.69H, s; minor
diastereoisomer), 3.20 (2.31H, s, major diastereoisomer), 2.64 (1H, m), 1.53 (2H,
br m), 1,18 (1H, m), 1.01 (9H, s), 0.85 (3H, d, J = 6.4 Hz) and 0.81 (3H, d, J =6.3 .

Hz).

STEP G:
N“-Benzyloxy-N'-[2,2-dimethyl-1S-(pyridin-2-ylcarbamoyl)-propyl}-2R-isobutyl-3S-

methoxy-succinamide

The product from STEP F (13.4 g, ca. 33 mmol) was dissolved in dry DMF (250 ml)
and placed under argon and cooled to -10°C with stirring. Ethyl chloroformate
(3.47 mi, 36 mmol) was added dropwise, followed by NMM (1.8 mi, 16.5 mmol).

The mixture was stirred for 30 minutes before dropwise addition of O-



Bi ol ogi cal Exanple D The conpound of the invention was tested for its
propensity to induce observable signs of tendinitis in rats. The tendinitic
effect in rats of the conmpound of the invention ("Conpound A") was conpared
with that of a close structural isonmer, nanely N -[2,2-dinmethyl-1

S- (pyri di n- 3-yl car banoyl ) - propyl ] - NA- Hydr oxy-2R 16

i sobut yl - 3S- hydr oxy-succi nam de (" Conpound B") Male Lewis rats were used.

| n each benadhydnexyl@nyoe (&gs 4Rereohdn didE (AAm!) ab reastiandnixbodweas ght f or
group al location, n=6/grqup. I h,s correspondi n ehi cl e group
was run4l8wggﬁ%%m%t °§h§%ﬁ"?‘§}8§?§eﬁﬂ&§ﬂg%dpsv%8 Uﬁ‘g‘eﬁc\}\)&‘sn\{f”%ﬁsnul ated as
i ts mesybabed ahtier Wtcst greshauthdheassieievhapaditiotel hrtleaechise. For
Compound A @ 15nglnil the vehicle was 50% DVSO, 37% 0.1 M net hane sul phoni c

aci d) 1zvetateantdring: efhe argan® Bysgmas washegewlte 141 apdiusocarbBale 37% 0. 2M
th | phoni. id 13%steril ter, Co d |5ngln th

Vet o o SalBE0R e BEP L meBRe AT SuibRalE detne §) SURBTAE i MG IRt 22, 14

day, fg%aryparrf@@ Y ﬁ@smramatls’gﬂa@gpl (gmcgge%%%wﬁéﬁnwm%%aﬁ?ﬁa). and

full e sure of correct fi ume. Prior to inplantation, filled punps
wer e pl &cactidns comtainingttheatesired raiuetl wenespaoleg redavapstatedi 76 with —

hal ot hane. Once anaest hetj sed,, the scruff was shaved and. disinfected. A

| ongi tu@ir%c’té‘f@lsrf”ﬁﬁéfesq with dﬁfBY'(ﬁihQr QNG S'{Hé’@ ¢ HéecgﬁanWétypS}é‘?Jg‘r ed site
and a s Jus. e 15K i it of

haenost g?fﬁb?g%epggoﬂiﬁt%@n%g%@é%gggf Eée)d \;F\jik Ft\jw%{?\de@?ltﬁg@b{ he punp

faci ng avtefeosonmdry 1M0RGJ1HTHE S8 {HH 0s8), BB2nd Hyas), 81286H W, tUh= 818 ur es, and
the area around t he wound s re-disinfect ately post-gEerati vely,

wa ed. | nredi
al |t he Hzit .63 (1H; 8Yef vodShh &My dsl ¢ (1H1@nyE 82 Had.r a8 (Hr w0)-4.RA4KH: €. and

Pl men) o ToBHE0 A o W e old DK 5 B8 (1ACAVS VG B 29993LNER Ry ! e

ani mal s rhed 't g cages cont'ainrng dry be nsur e wound
remai nedqidugd), 1.72€18K nOf 1153 (18RI, 3800 H ha),dag2 (OHf OOBS@BHIRN, ¥.= 89 rats
were placed back on standard beddi ng and housed in groups of 3 to enable
nore acdim)and GB8&BMati 7 BPHE).gns of tendinitis. Follow ng the

i npl antation of mni-punps, rats were wei ghed and nonitored for the
possi bl e onset of tendinitis. Onset and seventy of tendinitis was neasured
by an OQEE%%apion based scoring system (see below). The rats were observed
daily for “days. Mean scores >2 were considered significant. The scoring
system used was as foll ows: 17

N'-[2,2-Dimethyl-1S-(pyridin-2-ylcarbamoyl)-propyl{]-N*-hydroxy-2R-isobutyl-3S-

methoxy-succinamide

N‘-Benzyloxy-N'-[2,2-dimethyl-1S-(pyridin-2-ylcarbamoyl)-propyl}-2R-isobutyl-3S- ‘
methoxy-succinamide was dissolved in a mixture of methanol (75 ml) and ethanol
(75 ml) and placed under an argon atmosphere. 10% palladium on charcoal was
added and hydrogen gas was bubbled through the solution for 2 hours, at which
time TLC analysis revealed that ali of the starting material had been consumed.
The system was purged with argon and the catalyst was removed by filtration. The
solvents were removed under reduced pressure to provide the title compound as a
white solid (8.8 g, quant.; 12:1 mixture of diastereoisomers). m.p. 163 - 164 °C.
'H-NMR; & ((CD,),S0), 10.67 (1H, s), 10.13 (1H, s), 8.90 (1H, s), 8.15 (1H, m),
7.89 (1H, d, J = 8.4 Hz), 7.81 (1H, d, J = 8.8 Hz), 7.60 (1H, m), 6.93 (1H, m), 4.53
(0.12H, d, J = 9.4 Hz), 4.43 (0.88H, d, J = 8.8 Hz), 3.74 (0.12H, d, J = 10.0 Hz),
3.32 (0.88H, d, J = 9.8 Hz), 2.98 (0.3H, s), 2.96 (2.64H, s), 2.78 (1H, m), 1.23 (2H,



Reclining: When stinulated to nove ani mals showed Nornmal O Nornmal novenent
0 Resting on one foot 1 Reluctance to nove 1 Resting on no feet 2 Mbderate
rel uctance to nove 2 Very reluctant to nove 3 Gait: Nornmal O Avoidi ng use
of 1 hind foot 1 Avoiding use of both hind feet 2 The results showed that
the rats dosed with Conpound A (at both 15nmgl M and 30ngl mM ) and vehicle
only, exhibited no significant signs of2 tendinitis, whereas those dosed

wi th conpound B showed si gnifi cant signs from d%/$g(onV\/ards (mean scores of

>2 on day).®-8# <10, & @naoviit0-85 &3 ddys= £ hizd and. dsd.cbrfa.Bird. (¥t rats
P ) on| |
exposur d DE AR 0728, 90, 10k e LR bR e SR A B0 ne
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Mca- Pro- Leu-d y- Leu- Dpa- Al a- ArgNHZ (Mca = (7- et hoxycounmari n-4-yl)acetyl,
Dpa = N-3-(2,4-dinitrophenyl)-L-2,3di am nopropyl) (see Knight et. al., FEBS
Lett. 1Bplogika) ExampleA. On either day 16 or 17 post inplantation,

studi es re ended, .rats were anaestgi?ti sef'd wi t h _hal ot hane and
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course of the experinment fromday 1-15 significantly reduces the

devel oprasthapfof inhibitaratonegnippation effacting¥’s-inkipitind @i theraolirgenaseadtivipound
al so re%ﬁe? clinical synptons in a dose dependent manner in the EAN nodel
when gi sot*her apeutically fromday 8-15 at 15 or 30 nglm at a rate of 10
pl I hour, delivering 14 and 28 ngl kgl day respectively. Biological Exanple F

The potency of the compound of the invention as inhibitors of stromelysin-1 was
determined by the procedure of Cawston et al, (Biochem. J., 195, 159-165, 1981),
whereby a 1mM solution of the compound being tested, or a dilution thereof, was
incubated at 37° for 16 hours with stromelysin and C acetylate casein (buffered
with 25mM Hepes, pH 7.5 containing SmM CaCl,, 0.05% Brij 35 and 0.02% NaN,).
The casein was acetylated *“C casein prepared by the method of Cawston et al
(ibid). The stromelysin activity in the presence of 1mM of the test compound, or a
dilution thereof, was compared to activity in a control devoid of inhibitor and the
result reported below as that of inhibitor concentration effecting 50% inhibition of

the stromelysin activity (1Cs).



The activity of the conpound of the invention in an experinmental nodel of
MS: Met hod The del ayed type hypersensitivity nodel of MS described by

‘Mat yszak and Perry was used (Matyszak MK & Perry VH. 1995. Denyelination in
the central nervous systemfollow ng a del ayed type hypersensitivity
response to bacillus Cal metteGuerin. Neuroscience 64:967-977). Male Lew s
rats were anaesthetised and 19 given an injection of a 1 pl phosphate
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injection of BCG characterised by: |qcal breakdown of the bl ood-brain
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20 30mgl kg given orally twce daily beginning 5 days after the second
injection of BCG and continuing until day 15. The conmpound of the invention
was formulated in a phgﬁghate buffered saline v ic&ﬁ4containing 0.01 %
Tween 80. Aninmals as comt¥¥VS received the vehi dFeo &MY, The areas of

bl ood- brai n barri gr—Teakage, WVHAC Class|IT expression, denyefination and
nunbers of T cell $CoHagamnag@l s treated with the cHpound of the invention
were conpared to %a%ﬁée treated controls using éudénts Ttest. Resuis In
vehicle treated ani/fefd2 BHAUPRAS r esponse was chaf@cterised py the breakdown
of the bIood-brai1§®%r&g ; infiltration of |y cytes, MHC cl ass |
expressi on and demy "0 In animabs treated”with the conmpound of the
invention there were significant reductions in the area of bl ood-brain
barrier | eakage(p<0.05) and in the nunbers of infiltrating T cells
{p<0.0001 ). Reductions in the area of denyelination and MHC cl ass |

expr essiRibplygical grapied but did not reach statistical significance.

The concentration over time of compound of the invention in the blood of

laboratory animals following administration of the test compounds was measured.



The effect of the conpound of the invention in the DTH nodel of Ms:
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assayed for collagenase inhibitory actxwty The inhibitory activity in the extracts

was determined using the collagenase assay described in Biological Example A

above, and the concentration of inhibitor (that is drug plus any active metabolites)

obtained by comparison with standard curves. Results are expressed as peak

concentration in ng/ml, as area under the curve (AUC) in ng/ml x hours, over 0.5-

24 hours, and as AUC in number of IC.y’s x hours.

Results
Peak conc AUC (0.5 - 24h) AUC (0.5 - 24h)
ng/mi ng/mi x h nICg,'s xh
212 2966 674

The compound of the invention has also been tested by oral administration to
marmosets and healthy human volunteers and significant levels of inhibitory
activity have been detected in the blood of those subjects after such

administration.

Biological Example C
The compound of the invention was tested in two animal models of cancer, and

found to be active:

B16 mouse melanoma model
In this model C57/BL6J mice are inoculated subcutaneously with 10° B16 mouse
melanoma cells. The tumours are allowed to grow over 18 days and the tumour

weight calculated by caliiper measurements and the following formula: weight
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MDA-435 breast carcinoma model

in this model, animals were inoculated with MDA-435 cells (10° cells/mouse), the
tumours allowed to grow for four days and then the animals were randomised by
tumour weight into three treatment groups (n=15 per group). Mini-pumps were
surgically implanted on day 5 containing either vehicle or test compound at 15
mg/mi or 60 mg/ml (delivering 180 or 720 pg/mouse/day respectively). The pumps
were replaced on day 19 and the study ended on day 32. There was a dose-
related inhibition of tumour growth, with 18% inhibition at 180 pg/mouse/day and
33% at 720 pg/mouse per day. The inhibition at the higher dose was statistically
significant (p<0.005). Assessment of samples at the end of the study indicated
that plasma levels were 99 + 6 ng/ml and 136 + 42 ng/ml for the low dose and

high dose groups respectively.

Biological Example D

The compound of the invention was tested for its propensity to induce observable
signs of tendinitis in rats. The tendinitic effect in rats of the compound of the
invention ("Compound A") was compared with that of a close structural isomer,

namely N'-[2,2-dimethyl-1S-(pyridin-3-yicarbamoyl)-propyl]-N*-hydroxy-2R-
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isobutyl-3S-hydroxy-succinamide ("Compound B").

Male Lewis rats were used. In each study up to 30 rats were weighed and
randomised on bodyweight for group allocation, n=6/group. In each study, a

corresponding vehicle group was run to compare with each treatment group.

Compound A was formulated a§ its mesylate salt, whilst Compound B was
formulated as the free base. For Compound A @ 15mg/ml the vehicle was 50%
DMSO, 37% 0.1M methane sulphonic acid, 13% sterile water; and @ 30mg/ml the
vehicle was 50% DMSO, 37% 0.2M methane sulphonic acid, 13% sterile water.
For Compound B @ 15mg/ml the vehicle was 50% DMSO/water.

Alzet (trade mark) osmotic minipumps (2ML2, 14 day, 5ul/hr from Alza Corp., Palo
Alto CA 94303), were weighed empty and full to be sure of correct fill volume.
Prior to implantation, filled pumps were placed in an incubator at 37°C. All rats
were anaesthetized with halothane. Once anaesthetised, the scruff was shaved
and disinfected. A longitudinal skin incision, approx 2 cm long, was made on the
prepared site and a subcutaneous pocket was made under the skin using a pair of
haemostatic forceps. Minipumps were inserted with the exit of the pump facing
away from the wound. The incision wound was closed with sutures, and the area
around the wound was re-disinfected. Immediately post-operatively, all the rats -
received analgesic, (Temgesic -trade mark - Reckitt and Colman) 0.1mg/kg s.c. in
the flank. On recovery from anaesthesia, the animals were returned to cages
containing dry bedding to ensure the wound remained dust free prior to healing.
On the day foliowng surgery, all rats were placed back on standard bedding and

housed in groups of 3 to enable more accurate observation of signs of tendinitis.

Following the implantation of mini-pumps, rats were weighed and monitored for the
possible onset of tendinitis. Onset and seventy of tendinitis was measured by an
observation based scoring system (see below). The rats were observed daily for

16 days. Mean scores >2 were considered significant. The scoring system used

was as follows:

Fd
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Reclining: When stimulated to move animals showed
Normal 0 Normal movement 0
Resting on one foot 1 Reluctance to move 1
Resting on no feet 2 Moderate reluctance to move 2
Very reluctant to move 3
Gait:
Normal 0 —
Avoiding use of 1 hind foot 1

Avoiding use of both hind feet 2

The results showed that the rats dosed with Compound A (at both 15mg/ml and
30mg/ml, and vehicle only, exhibited no significant signs of tendinitis, whereas
those dosed with compound B showed significant signs from day 8 onwards (mean

scores of >2 on day 8 rising to about 6 on days 15 and 16.

It was confirmed that rats dosed with Compounds A and B in the above tests were
receiving plasma exposure to the compounds from the minipumps. Blood samples
were obtained on days 3 and 10 post minipump implantation from rats lightly
anaesthetised with halothane via the tail vein. Blood samples (0.5ml) were placed
into tubes containing 3.0m! methanol to extract free and bound compound. Blood
concentration of Compound A or Compound B was determined by a fluorometric .
assay using the coumarin peptide substrate Mca-Pro-Leu-Gly-Leu-Dpa-Ala-Arg-
NH, (Mca = (7-methoxycoumarin-4-yl)acetyl, Dpa = N-3-(2,4-dinitrophenyt)-L-2,3-
diaminopropyl) (see Knight et. al., FEBS Lett. 1992, 296, 263-266). On either day
16 or 17 post implantation, studies were ended, rats were terminally anaesthetised
with halothane and blood samples (0.5ml) were taken by cardiac puncture and the

blood concentration of Compound A or Compound B determined.

Biological Example E

The effect of the compound of the invention was tested in an animal model of GBS

Experimental autoimmune neuritis (EAN) is a T cell mediated, autormmune
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disorder of the peripheral nervous system. The model exhibits many pathological
features of GBS, with symptoms of ataxia, weakness and paralysis. EAN can be
induced when animals are injected with myelin from peripheral nerves, or with
protein components of the myelin such as Protein 0, in adjuvant. EAN lesions
occur in the spinal roots and peripheral nerves and are characterised by
perivascular mononuclear cell infiltration, demyelination of axons and nerve
. conduction deficit. TNFa has been implicated in the pathology of GBS and EAN;
TNFa levels are elevated in the blood of GBS patients and anti-TNFo antibodies
reduce disease severity in EAN (Hartung HP. Annals of Neurology 1993;33:563-

567.).

The compound of the invention was tested in a rat EAN model where disease

symptoms were induced by injection of peripheral nerve myelin in adjuvant.

The compound was administered from surgically-implanted minipumps at 15 or 30
mg/ml at a rate of 5 pl/hour (see Biological Exampie D), delivering 7 and 14
mg/kg/day respectively. Treatment with the compound throughout the course of
the experiment from day 1-15 significantly reduces the development of clinical
symptoms in a dose-dependent manner. The compound also reduces clinical
symptoms in a dose dependent manner in the EAN model when given
therapeutically from day 8-15 at 15 or 30 mg/ml at a rate of 10 pi/hour, delivering
14 and 28 mg/kg/day respectively.

Biological Example F

The activity of the compound of the invention in an experimental model of MS:

Method

The delayed type hypersensitivity model of MS described by Matyszak and Perry

was used (Matyszak MK & Perry VH. 1995. Demyelination in the central nervous

system following a delayed type hypersensitivity response to bacillus Calmette-

Guerin. Neuroscience 64:967-977). Male Lewis rats were anaesthetised and
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hours in PLP and cryoprotected by immersion in 30% sucrose overnight at 4°C
before being embedded in Tissue-Tek O.C.T. (miles inc Elkhart USA) and frozen in

liquid nitrogen. Coronal free-floating 50um thick sections were cut for HRP
localisation by the Hanker-Yates method (Perry VH et al 1992).

This procedure generates a delayed-type hypersensitivity reaction at the site of the
stereotaxic injection of BCG characterised by: local breakdown of the blood-brain
barrier as indicated b)'f staining for the extravascular presence of HRP; infiltration
of lymphocytes as indicated by staining with the antibody OX-22, specific for the
high molecular weight form of the leucocyte common antigen; activation of
leucocytes as indicated by staining with the antibody OX-6, specific for class I
major histocompatibility antigen; and myelin breakdown as indicated by staining
with an antibody to myelin basic protein. These features are all hallmarks of the
active lesions or plagues seen in the central nervous sytem of patients with MS.
Lymphocytes were enumerated by counting the number of OX-22 positive cells in
the region where staining was most intense. The number of cells in a single field
of view was recorded and expressed as cells'rmm?®. The area of MHC class |l
expression, blood brain barrier leakage and demyelination were calculated using

computer aided image analysis and output data expressed as mm?.

The effects of the compound of the invention were assesed by treating rats with
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BCG and continuing until day 15. The compound of the invention was formulated

in a phosphate buffered saline vehicle containing 0.01% Tween 80. Animals as

controls received the vehicle only.

The areas of blood-brain barrier leakage, MHC class Il expression, demyelination
and numbers of T celis in animals treated with the compound of the invention

were compared to vehicle treated controls using Students T test.

Results

In vehicle treated animals the DTH response was characterised by the breakdown
of the blood-brain barrier, infiltration of lymphocytes, MHC class I expression and
demyelination. In animals treated with the compound of the invention there were
significant reductions in the area of blood-brain barrier leakage(p<0.05) and in the
numbers of infiltrating T cells (p<0.0001). Reductions in the area of demyelination
and MHC class 1l expression were observed, but did not reach statistical

significance.

The effect of the compound of the invention in the DTH model of MS:

Vehicle Compound
Blood brain barrier leakage 6.325+1.953 2.042+0.487
T cell infiltration 851.1+66.5 341.2+21.9
MHC class |l expression 1.763+0.370 1.318+0.300
Demyelination 0.960+0.329 0.758+0.227

Values are mean + standard error of the mean
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or a pharmaceutically acceptable salt, hydrate or solvate thereof.

2. A pharmaceutical composition comprising N'-[2,2-dimethyl-1S-(pyridin-2-
ylcarbamoyl)-propyl]-N*-hydroxy-2R-isobutyl-3S-methoxy-succinamide or a
pharmaceutically acceptable salt, hydrate or solvate thereof, together with a

pharmaceutically acceptable carrier.
3. A composition as claimed in claim 2 which is adapted for oral administration.

4, The use of N'-[2,2-dimethyl-1S-(pyridin-2-yicarbamoyl)-propyl]-N*-hydroxy-
2R-isobutyl-3S-methoxy-succinamide or a pharmaceutically acceptable salt, .
hydrate or solvate thereof, in the preparation of a pharmaceutical composition for
treatment of rheumatoid arthritis, cancers, multiple sclerosis, Guillain-Barre

syndrome or psoriasis in mammals, including humans.

5. A method for the treatment of rheumatoid arthritis, cancers, multiple
sclerosis, Guillain-Barre syndrome or psoriasis in mammals, including humans,
comprising administering to the mammal an amount of N'-[2,2-dimethyl-1S-
(pyridin-2-ylcarbamoyl)-propyl]-N*-hydroxy-2R-isobutyl-3S-methoxy-succinamide or
a pharmaceutically acceptabie salt, hydrate or solvate thereof, effective to reduce

the symptomatic and/or pathological manifestations of the disease.



