1 4 SEP 2005 1 Metall oproteinase inhibitors The present invention relates to
conpounds useful in the inhibition of netalloproteinases and in particular
to pharmaceutical conpositions conprising these, as s well as their quserp Tje
conpounds of this invention are inhibitors of one or nore netall oproteinase
enzynmes. Metal |l oprotei nases are a superfam |y of proteinases (enzynes) whose
nunbers in recent years have increased dramatically. Based on structura

and functional considerations these enzynes have been classified into

fam lies and subfamlies as 10 describedin N.M Hooper (1994) FEBS Letters
354:1-6. Exanples of netalloproteinases include the matrix

net al | opr ot ei nases (MWPs) such as the col |l agenases (MW1, MW8, MWI 3), the
gel ati nases (MW2, MW9), the stronelysins (MW3, M10, MW11l), matrilysin
(M vl P7), netalloel astase (NP Vitallepeoteinaseninhiv@oI®), the MT-MPs  ( MVP
14, MWP 15, MW 16,- MW 17); the reprolysin or adamalysin or MDC fam |y

whi ch 15 includes the secretases and sheddases such as TNF converti ng
enzynes (ADAM.10 and .TACE); the astacin fam |y which ipc)ude enzynmes such
as procol | agmepﬁ’r&ﬁ%é‘?"r?&uz’%m?@ﬁﬁg%m?w Psﬁﬁ-bmotklﬁé‘?hl BI% opr ot ei nases
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i mport ant vl & Pkgter a of physiol ogi cal di sease 2a processes that involve
ti ssue renodel ling such as enbryonic devel opnent, bone formation and

ut erine renoddel dongpahinds afithiccinsentitat dre inhibitdrs of snbasadrometdilopatitinigey of the
nmet al | oprotei nases to cleave a broad range of matrix substrates such as
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considerations these enzymes have been classified into families and subfamilies as

10 described in N.M. Hooper (1994) FEBS Letters 354:1-6. Examples of metalloproteinases

 include the matrix metalloproteinases (MMPs) such as the collagenases (MMP1, MMPS,
MMP13), the gelatinases (MMP2, MMP9), the stromelysins (MMP3, MMP10, MMP11),
matrilysin (MMP7), metalloelastase M@12), enamelysin (MMP19), the MT-MMPs
-(MMP 14, MMP15, MMP16, MMP17); the reprolysin or adamalysin or MDC family which

15 includes the secretases and éheddases sucﬁ as TNF converting eﬁzymes (ADAMI10 and |

TACE); the astacin family which include enzymes such as procollagen processing
proteinase (PCP); and other metalloproteinases such as aggrecanase, the endothelin
‘converting enzyme family and the angiotensin converting enzyme family.
Metalloproteinases are believed to be important in a plethora of physiological disease
20 processes that involve tissue remodelling such as embryonic development, bone formation
and uterine remodelling during menstruation. This IS based on the abiﬁty of the '
metalloproteinases to cleave a broad range of matrix substrates such as collagen,
proteoglycan and fibronectin. Metalloproteinases are also believed to be important in the
prqcessing, or secretion, of biological important cell mediators, such as tumour necrosis
25 factor (TNF), and the post translational proteolysis processing, or shedding, of biologically
important membrane proteins, such as the Jow affinity IgE receptor CD23 (for 2 more
complete list see N. M. Hooper et al., (1997) Biochem J. 321:265-279).
Metalloproteinases have been associated with many diseases or conditions. Inhibition

of the activity of one or more metalloproteinases may well be of benefit in these diseases



25 factor (TNF); and the post translational proteolysis processing, or
sheddi ng, of biologically inportant menbrane proteins, such as the {9Wgp 205
affinity 1gE receptor CD23 (for a nore conplete list see NN M Hooper et
al ., (1997) Biochem J. 321:265-279). Metall oproteinases have been associ ated
wi th many di seases or conditions. Inhibition of the activity of one or nore
net al | opr ot ei nases may well be of benefit in these diseases 1 4 SEP 2005 2 -
or conditions, for exanple: various inflammatory and allergic di seases such
as, inflammtion of the joint (especially{ rheumatoid arthritis, _
osteoarthritis and gout), inflammtion of the gastro-intestinal tract
(especially inflammtory bowel disease, ulcerative colitis and gastritis),

i nflammation of the skin (especially psoriasis, eczema, 5 dermatitis); .in
tunour et 25cerdidons, ipnemIMRe; varipug w@agéatagsm alisgicwiseasesrrches.ol | ed

degradation pf the extracellular .nptrix such as .osteoarthritis; in hone
resor pti ve [Bi&BEHEHOD PEHWO%?%F@%FW%H&@%&MQE s a9d 29W)sdi seases
associ ated ;ywhth ab I E\tﬂ?f : el l'ing
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col oni ¢ anastonosis) and dernmal” wound heal i ng; denyel inating diseases’ of

t he centr aldeamatitisgrinptmmoat metesiasis ©r sywssiensin dsedse assoniatdd witk uscdrerolieds) ;

Al zhei mer's di sease; extracellular matrix renodelling observed |s

car di ovasc @rgrrdationcelsths extacehiulas many spesascostaearthrine o boae egsemtive dissasima;
is. MWl 2, also

hinitis; d. ch ' hst ti .pul y di ' CCOPD).,.
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macr ophages from snokers SShapi roet , o
10 conditions (such as colonic anastomosis) and dermal wound healing; demyelinating

diseases of the central and peripheral nervous systems (such as multiple sclerosis);
‘Mzheimer’svdisease; extracellular matrix remodelling observed in cardiovascular diseases
such as restenosis and atheroscelerosis; asthma; rhinitis; and éh.ronic obstructive
pulmonary diseases (COPD). — - -

15 MMP12, also known as macrophage elastase or metalloelastase, was initially cloned in-
the mouse by Shapiro et al (1992, Journal of Biological Chemistry 267: 4664) and in man
by the same grohp in 1995. MMP-12 is preferentially expressed in activated macrophages,
and has been ,shown to be secreted from alveolar macrophages from smokers (Shapiro e
al, 1993; Journal of Biological Chemistry, 268: 23824) as \;s}cll as in foam cells in

20 atherosclerotic lesions (Matsumoto et ql, 1998, Am J Pathol 153: 109). A mouse model of
COPD 1is based on challéngé of mice with cigarette smoke for six months, two cigarettes a
day six days a week. Wildtype mice developed pulmonary emphysema after this
treatment. When MMP12 knock-out mice were tested in this model they developed no

 significant emphysema, strongly indicating that MMP-12 is a key enzyme in the COPD
25 pathogenesis. The role of MMPs such as MMP12 in COPD (emphysema and bronchitis) is
discussed in Anderson and Shinagawa, 1999, Current Opinion in Anti-inflammatory and
Immunomodulatory Investigational Drugs 1(1): 29-38. It was recently discovered that

smoking increases macrophage infiltration and macrophage-derived MMP-12 expression



al, 1993, Journal of Biological Chemstry, 268: 23824) as well as in foam
cells in 20 atherosclerotic lesions (Matsunoto et al, 1998, AmJ Pat hol 153:
1.09). A nouse nodel of COPD is based on challenge of mce with ci ¢artPt B0
snoke for six nonths, two cigarettes a day six days a week. W dtype mce
devel oped pul nonary enphysenma after this treatnent. Wien MWPI 2 knock- out
mce were tested in this nodel they devel oped no significant enphysens,
strongly indicating that MWP-12 is a key enzyne in the COPD 25 pat hogenesi s.
The role of MWs such as MW12 in COPD (gnphysena and bronchitis) is

di scussed in Anderson and Shi nagawa, 1999, Current Opinion in
Anti-inflammtory and | mmunonodul atory |Investigational Drugs 1 1 : 29-38.
It was recently discovered that snoking increases macrophage infiltration
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102: (18) 318389 38uPPbupph SOt B1208000) . MW 13, or coll agenase 3, was
initially croned froma c DNA library ‘derived froma breast tunour [J. M P.

Freije et al .MMBI)ordollzgeabseas, viRisahitgily alon€h Evnss cPN2C RO dékbiéddromd a
16773]. PCR-RNA anal ysis of RNAs froma w de range of tissues indicated that
NANAP13 exiseast smentlasM Pritedg ef ol H143 fowarloifintegicst Chemisty 268(24d 666+ n

ovary, “ut SRS roRTaN e B GRS Pt Vare whbs Phasve rieracbMMiTa,
(T47-D, N@ﬁi) k&0 v@gﬁﬁ%ﬂﬂd to?é'% P&H’Eﬂf&)[ﬂfﬂg ab ﬂ'ﬁéssrﬂ)? ﬁﬁfnﬁg.h 'b?&s%o&%ngﬁﬁls,geen

‘detected in“transforned epi eratinocyte anson et

(1997) Celnorrmiontrastiid iafamay platd 3plabéta, Lt VRHS ufehs, pfathé HOF@std Nand
Johansson et al ., (1%97) A%\“% at holf.i’ 151(2):499-5 08] and “epi deg\lrral '
t unour s [ kr intbregstacapteraiel] Lings §B475-D) MCFeastZR Te i Wwelublseque@dicZhis295er28ddn
These resyl ts are suggestive.that MWI13 i s secreted by transforned
epi t hel i amlﬁélaéi?ﬂgﬂé?e% %V%?quﬁpéd?éﬂ’éké?r%@ww - PRBRISEN §EGhadat i on
10 (1997) Cell Growth Differ. 8(2):243-250], squamous cell carcinomas [N. Johansson ef al.,
_ (1997) Am. J. Pathol. 151(2):499-508] and epidemal tumours [K Airola et al., (1997) J.

Invest. Dermatol. 109(2}:225-231]. These results are suggestive that MMP13 is secreted -

by transformed epithelial cells and may be involved in'the extracellular matrix &egradation
and cell-matrix interaction associated with metastasis especially as observed in invasive

15 breast cancer lesions and in malignant epithelia growth in skin carcinogenesis.

'Recent published data implies that MMP13 plays a role in the turnover of other
connective tissues. For instance, consistent with MMP13’s substrate specificity and
preference for degrading tfpe I collagen [P. G. Mitchell er al., (1996) J. Clin. Invest.
97(3):761-768; V. Knauper et al., (1996) The Biochemical Journal 271:1544-1550],

20 MMP13 has been hypothesised o serve a role during primary ossification and skeletal
remodelling [M. Stahle-Backdahl et al., (1997) Lab. Invest. 76(5):717-728; N. Johansson
et al., (1997) Dev. Dyn. 208(3):387-397], in destructive joint diseases such as rheumatoid
and osteo-arthritis [D. Wernicke et al., (1996) J. Rheumatol. 23:590-595; P. G. Mitchell et -
al., (1996) J. Clin. Invest. 97(3):761-768; O. Lindy et al., (1997) Arthritis R.hCUII'l

25 40(8):1391-1399]; and during the aséptic loosening of hip replacements {S. Imai ef al.,
(1998) J. Bone Joint Surg. Br. §0(4):701-710]. MMP13 has also been implicated in
chronic adult periodontitis as 1t has been localised to the epithelium of chronically

inflamed mucosa human gingival tissue [V. J. Uitto et al., (1998) Am. J. Pathol



and cell-matrix interaction associated with netastasis especially as
observed in invasive 15 breast cancer |lesions and in malignhant epit Lt? 005
grow h in skin carcinogenesis. Recent published data inplies that é
plays a role in the turnover of other connective tissues. For instance,
consistent with MW 13's substrate specificity and preference for degradlng
type Il collagen [P. G Mtchell et al., (1996) J. din. lInvest. 97

D3: 761-768; V. Knauper et al., (1996) The Bi ochenical Journal

271: 1544-1550], 20 MWP 13 has been hypot BResised to serve a role during
primry 055|f|cat|on and skeletal renodelling [M Stahl e-Backdahl et al.,
(1997) Lab. Invest. 76(:717-728; N.- Johansson et al., (1997) Dev. Dyn.
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recent review of MVWP9 provides an ‘excellent source for tailed information
and r ef er AnsdsnioPreds §SBil\bﬁ)dasSd505FO-H) Vhe &)I]Z)mﬁigpbm(sjﬁ@@awn from thbit review

Met al | oprotel nases. 1998, Edited by W C_ Parks -& R P. Mecham ppll5 - 148.
10 by T.H. Vu & Z. Werb (1998). . .

The expression of MMP9 is restricted normally to a few cell types, including

trophoblasts, osteoclasts, neutrophils and macrophages. However, it's expression can be
induced in these samé cells and in other cell types by_éeveral mediators, including
exposure of the cells to growth factors or cytokines. These are the same mediators often
15 implicated in initiating an inflammatory response. As with other secreted MMPs, MMP9
is released as an inactive Pro-enzyme which is subsequently cleaved to form the -
enzymatically active enzyme. The proteases requii'ed for this activation in vivo are not
_known. The balance of active MMP$ versus inactive enzyme is further regulated in vivo by
interaction with TIMP-1 (Tissue Inhibitor of Metalloproteina'seé -1), a naturally-occurring
20  protein. TIMP-1 binds to the C-terminal region of MMP9, leading to inhibition of the
catalytic domain of MMP9. The balancelof induced ‘expression of ProMMP9, cleavage of
Pro- to active MMP9 and the presence of TIMP-1 combine to determine the amount of
catalytically active MMP9 wﬁich is present at a local site. Proteolytically active MMP9
attacks substrates which include gelatin, elastin, and native Type IV and Type V collagens;
25 ithasno activity against native Type I collagen, proteoglycans or laminins.
There has been a growing body of data implicating roles for MMP9 in various
physiological and pathological processes. Physiological roles include the invasion of

embryonic trophoblasts through the uterine epithelium in the early stages of embryoﬁjc



Academ c Press. | SBN 0-12-545090-7). The follow ng points are drawn from
that review io by TTH WVu & Z Wrb (1998). The expression of MW91i4SSEP 2005
restricted normally to a few cell types, including trophoblasts,

osteocl asts, neutrophils and nmacrophages. However, it's expression can be

I nduced in these sanme cells and in other cell types by several nediators,

I ncl udi ng exposure of the cells to growh factors or cytokines. These are
the sane nediators often 15 inplicated igﬂinitiating an i nflammat ory
response. As 'with other secreted MWPs, VP9 is released as an inactive
Pro-enzyme which is subsequently cleaved to formthe enzymatically active
enzyne.. The proteases required for. this activation in vivo are not known. -
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bones; and migration of inflammatory cells fromthe vasculature into
tissues. FNPngyreondinas snetnaaMyacardiandiferssigne | munoassay, was significantly

enhang:oed 'n MMP-8 (collagenasc.—2, neutrophil collagenase) is a 53 kDD enzyme of the matrix
metalloproteinase family that is preferentially expressed in neutrophils. Later studies
indicate MMP-8 is expressed also in other cells, such as osteé)arthritic chondrocyt;:s
. [Shlopov et al, (1997) Arthritis Rheumn, 40:2065]. MMPs produced by neutrophils can
cause tissue remodelling, and hence blocking MMP-8 should have a positive effect in
15 fibrotic diseases of for instance the lung, and in degradative diseases like imlmonary
emphysema. MMP-§ was also found to be up-regulated in osteoarthritis, indicating that
blocking MMP-8 may also be beneticial in this disease. - ‘
MMP-3 (stromelysin-1) is a 53 kD enzyme of the matrix metallc;protcinase enzyme
family. MMP-3 activity has been demonstrated in fibroblasts isolated from inflamed
260 gingiva [Uitto V. J. et al, (1981) J. Periodontal Res., 16:417-424), and enzyme levels have
been correlated to the severity of gum disease [Ovef‘;all C. M. et al, (1987) J. Periodontal
Res., 22:81-88]. MMP-3 is also produced by basal keratinocﬁeé in a variety of chronic
ulcers [Saarialho-Kere U. K. ez al, (1994) J. Clin. Invest., 94:79-88}. MMP-3 mRNA and
proiein were detected .'.[I; basal keratinocytes adjacent to but distal from the wound edge in
25 whét probably represents the sites of proliferating epidermis. MMP-3 may thus prevent theA
epidermis from healing. Several investigators have demonstrated consistent elevation of ...
MMP-3 in synovial fluids from rheumatoid and osteoarthritis patients as compared to
controls [Walakovits L. A. ef al, (1992) Arthritis Rheum., 35:35-42; Zafaruliah M. ef al,
(1993) J. Rheumatol., 20:693-697]. These studies provided the basis for the belief that an



fluids and in AM supernatants fromuntreated asthmatics conpared with those
fromother 5 populations [Am J. Resp. Cell & Mdl. Biol., (Nov 1997) 17
(5):583-591]. Also, increased MW expression has been observed in tedstail#h
ot her pathol ogi cal conditions, thereby inplicating M\4P9 in disease
processes such as COPD, arthritis, tumour netastasis, Alzheiner's, Miltiple
Sclerosis, and plaque rupture in atherosclerosis |eading to acute coronary
conditions such as Myocardial infarction. 10 MW-8 (col | agenase- 2,

neut rophi|l coll agenase) is a 53 kD enzyne of the matrix metall oproteinase
fam |y that is preferentially expressed isn neutrophils. Later studies
indicate MW-8 is expressed also in other cells, such as osteoarthritic
chondrocytes |[Shlopov et al, (1997) Arthritis Rheum 40:2065]. MWPs
produced by neutrophils can cause tissue renodelling, and hence bl ocking
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the lung, and in degradative di seases ke“pul nonary enphysena. -8 was
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MWP-8 may al so be beneficial in this disease. MW-3 (stronelysin-1) is a 53

kD enzyme nstessary fonorgan fumatiinl opr ot e| nase enzyne famly. MW-3 activity has

been dem)nstratedln bl ast.s i sal Iedfromlnfla ingiva [Difto V.
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(1994)- J. in. Invest 94: 79- 88] and proteln were detected in

basal ker aéhemﬁw&mxﬁﬂbmgmbﬁs1lnatalldpmmhas‘esomthe wound edge in 25 what
probably represents the sites of proliferatin iderms. MPVT-3 may thus
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(1992), Ar %c'%ﬁngﬂfdﬂﬂ or Z@S%ﬁnﬂ%n&ﬂ&fﬂaﬁﬁﬁe cﬁélaﬁﬁg the active site zinc(II)
ion), at least one funcﬁonal group which provides a hydrogen bond interaction with the
enzyme backbone, and one or more side chains which underge effective van der Waals
interactions with the enzyme subsites. Zinc binding ée@s in known MMP inhibitors
include carboxylic acid groups, hydroxamic acid groups, sulfhydryl or mercapto, etc. For

15 example, Whittaker M. et al discuss the following MMP inhibitors:

0 O
H
HS N
H H . NHMe
= 0 /:V

- The above compound entered clinical development. It has 2 mercaptoacyl zinc binding
20  group, a trhnethylhydantoinylethyl group at the P1 position and a leucinyl-tert-
butyliglycinyl backbone.



(1993) J. Rheumatol ., 20:693-697]. These studies provided the basis for the
belief that an 1 4 SEP 2005 6 inhibitor of MW-3 will treat disease EP. 2005
i nvol ving disruption of extracellular matrix resulting in inflannatloﬁ

to lymphocytic infiltration, or loss of structural integrity necessary for
organ function. A nunber of netalloproteinase inhibitors are known (see for
exanple the review of 5 MW inhibitors by Beckett R P. and Wittaker M,
1998, Exp. Opin. Ther. Patents, 8 3 :259-282). Different classes of
conpounds may have different degrees of @otency and selectivity for

i nhi biting various netalloprotei nases. Wittaker M et al (1999, Chem cal
Revi ews 99(9):2735-2776) review a wi de range of known MWP i nhibitor
conpounds. They state that,an effective MW inhibitor requires a fo zinc

bi ndi ng group 'or ZBG (fungtional .group capable of chelating the active site
zinc(ll) ion), at |east ne fungtlonal group whi ch provides a hydrogen bond
i nteraction mﬁtpgthe en yne Hoaclfbone, and one or nore side chains which

undergo effecti als” TRHmeactions with the enzyme subsites. Zinc
bi ndi ng groups in IsnowH i nRi bi tors include carboxylic acid groups,

hydr oxam ¢ aci d oups, sulfhyd mercapto, etc. For is exanple,
Whittaker M et al discuss the f ing MVWP inhibitors: NHWe The above

conpound ent & LM cal devel opmént. It has a mercapt oacyl zinc binding
20 group, a trikethyl hydant oi nyl ethyl group at the P1 position and a :
| euci nyl -terns utyll glycinyl backbone. 1 4 SE P 2005 7 S

The above compound has a mercaptoacyl zine binding group and an imide group at the P1

position.

5  The above compound was developed for the treatment of arthritis. It has a non-peptidic ‘
" succiny! hydroxamate zinc binding group and a trimethylhydantoinylethy] group at the P1

position.

The above compoﬁnd 15 2 phthalimido derivative that inhibits collagenases. It has a non-

" 10 peptidic succinyl hydroxamate zinc binding group and a cyclic imide group at P1.
Whittakef M. et al also discuss other MMP inhibitors having a P1 cyclic imide group and
various zinc binding groups (succinyl hydroxamate, carboxylic acid, thiol group,

phosphorous-based group).



The above conmpound has a nercaptoacyl zinc binding group and an im de group
at the Pl position. 5 The above conmpound was devel oped for the tregqyngpt)Rpf
arthritis. It has a non-peptidic succinyl hydroxamate zinc bindi ng group
and a trimethyl hydantoi nyl ethyl group at the PI position. The above
conpound is a phthalimdo derivative that inhibits collagenases. It has a
non- 10 peptidi c succinyl hydroxamate zinc binding group and a cyclic imde
group at P1. Wiittaker M et al also.discuss other MAP inhibitors having a
P1 cyclic imdo group and various zinc 8inding groups (succinyl

hydr oxamat e, carboxylic acid, thiol group, phosphorous-based group). 1 4 S
E P 2005 8 HN NH O + 0O NO The above conpounds appear to be good inhibitors
of MVW8 and MW9 (PCT patent applications W9858925, WW9858915). They have
a pyrimdin-2,3,4-trione zinc binding 5 group. ' The follow ng conpounds
are not known as Mvi P inhibitors: Japanese tent nunber 5097814 (1993)
descri bes a nethod of preparing conpounds iqﬁE§eful as internediates for
production of antibiotics, including the & d having the formula:
Morton et al (1993i;%\Agric Food Chem 41(1)}; -152) describe preparation

of is conpounds witjh fungicidal activit
forml a: HN NH

The above compounds appear to be good inhibitors of MMP8 and MMP9 (PCT patent
applications W09358925, WO9858915). They have a pyrimidin-2,.3,4-trione zinc binding

s group.
The following compounds are not known as MMP inhibitors:-

Japanese patent number 5097814 (1993) describes a method of preparing compounds
10 useful as intermediates for production of antibiotics, including the compound having the

formula:

Morton et al (1993, J Agric Food Chem 41(1): 148-152) describe preparation of

15 compounds with fungicidal activity, including the compound having the formula:

OH o
N\fo
| N
O H
O,N



0O 1 4 SEP 2005 9 Dalgatov, D et al (1967, Khim Ceterotsikl. Soedin.
5:908-909) describe synthesis of the follow ng conpound w thout sugg.eggp’ ne
a use for the conpound: Crooks, P et al (1989, J. Heterocyclic Chem
:1113-17) describe synthesis of the 5 foll ow ng conpounds that were tested
for anticonvul sant activity in mce: OHH OH Ph--~/NCO Ph G amain, J.C et

al (1990) Reel. Trav. Chim Pays-Bas 109: 325-331) describe synthesis of the
foll owi ng conpound:. Ph Ph O io Japanese patent nunber 63079879 (1988)
describes a nethod for the synthesis of 7 internediates en route to

i nportant am no acids. The foll ow ng conmpounds have been used as starting
materials: OH H HO Wlfe, Jet al (1971, Synthesis 6:310-311) descrl be

ompound: oleaey. Qe S be? EAETGR i, S iR oW IBES pesiil eiifesiois et 11)

describe t#9,,8ld O RLAANRRR $8ggesting a use for the compound:

T\}HKO |

Crooks, P et al (1989, J. Heterocyclic Chem. 26(4):1113-17) describe synthesis of the -

s following compounds that were tested for anticonvulsant activity in mice:
OH 4 _ OH |
N N
h 0 Ph O
Ph \F ' .Ph 7& '
N N
o H o H

Gramain, J.C ez al (1990) Recl. Trav. Chim. Pays-Bas 109:325-331) describe synthesis of

the following compofmd:‘
H
N\fo
N
H

10 Japanese patent number 63079879 (1988} describes a method for the synthesis of -

intermediates en route to important amino acids. The following compounds have been

used as starting materials:
OH
OH o

H
' N
N O
o :
A~ o—(" r
N { ‘1\\;’/ H
HOT_» 7 H 0
Wolfe, J et al (1971, Synthesis 6:310-311) describe synthesis of the following compound

15 without suggesting a use for the compound:
OH

S\e20
g
H

]



OH OH OH Hungari an patent nunber 26403 (1983) describes the synthesis and
use as food additive of the follow ng conpound : s W& have now di sqavgifetti®a
new cl ass of conpounds that are inhibitors of netalloproteinases and are of
particular interest in inhibiting MWPs such as MW-12. The conpounds are
met al | oprot ei nase inhibitors having a netal binding group that is not found
10 in known netall oproteinase inhibitors. In particular, we have discovered
conpounds that are potent MW12 inhibitors and have desirable activity
profiles. The conpounds of this inventiqpg have beneficial potency,
selectivity and/ or pharnmacokinetic properties. The netall oproteinase

i nhi bitor conmpounds of the invention conprise a netal binding 1is group and
one or nore other functional groups or side chains characterised in that the
net al bi ndohgrans eupl 19831 Peyph Or Ondra. 10s301-K)) ddsered theXfollowig! &fﬁﬁéﬂﬂmﬁé .om NR1,

0, S; 20 YI and Y2. argii ndependently sekﬂcted fromO, S; 1 4SEP 2005 11 R1

is selected fro | kyls h%oal kyL$. An |_groups Ilnedsabo e may be
strai ght chain any al Ryl grou o] I ned @ i STpre ably
(Cl-7)al kyl and no any (Cl1=8) al ky)p- {33 A et al hept ot ei pase i nhi bitor

conpound is a conpoundst h inhibits the acti'Vity of a netal §oprbteinase
enzyne (for exanple, an MW). By way of -non-limting exarrpl e the inhibitor
conmpound Hmagaam)mtbm&wnb@r 2408 §1983) tih@nlbamgm syhth@sis -and 06O anfoodredidnive of

pref er abltﬁ/e f%lll 1000 nano I ar.
TLﬁS

QWINE COMpOoun
We have now discovered a new class of compounds that are inhibitors of
metalloproteinases and ;lre of particular interest in inhibiting.MTIvas such as MMP-12. The
compounds are metalloproteinase inhibitors having a metal binding group that is not found
10 inknown metalloproteinase inhibitors. In particular, we have discovered compounds that
are potent MMP12 inhibitors and have desirable activity profiles. The compounds of this |

invention have beneficial potency, selectivity and/or pharmacokinetic properties. -

The metalloproteinase inhibitor compounds of the invention comprise a metal binding
15 group and one or more other functional groups or side chains characterised in that the

metal binding group has the formula (k) -

(k)
wherein X is selected from NR1, O, S;

20 Y1 and Y2 are independently selected from O, S;



A netal binding group is a functional group capable of binding the nmetal ion
within 10 the active site of the enzyne. For exanple, the netal blqungzgw
group will be a zinc binding group in MW inhibitors, binding the active
site zinc(ll) ion. The netal binding group of formula (k) is based on a
five-menbered ring structure and is preferably a hydantoin group, nost
preferably a -5 substituted 1-H, 3-H i m dazolidine-2,4-dune. 15 In a first
aspect of the invention we now provi de conpounds of the formula | R4

wherein Xis selected fromNRI, 0, S; zol¥l and Y2 are independently
selected fromO, S; Zis selected fromNR '), O, S; mis O or 1; 1 4 SEP
2005 12 Ais selected froma direct bond (C | -6)alkyl, (C I -6)al kenyl, (C

1- 6) hal oal kyl , dc%het (i nt aining a hetero group sel ect ed
~fromN, O, S,dS W"(‘}Fe zﬁ’rﬂﬁﬂd 2t €r 0° gr oups selected}‘romglfo
S, SO S02
S Akl hal ol PP Erots BhunER Ehotd Bat BE SRR A or WanbBat BRSO
rare | ndepg?dfpﬂaﬁmnéﬁwqupwfe%d (dla’f)ﬁ&?rpaédjﬁx%ﬁﬁﬁz%ﬁk%lget ﬁgﬁﬁ hal oal kyl ,

al koxyal k et er oal cycl oal’kyl, ‘ary al kyl-aryl, -aryl,
het eroaryl, alkyl heteroaryl, heteroal kyl - heteroaryl aryl al kyl ,
aryl - heteroalkyl heteroaryl -al kyl, heteroaryl - heteroalkyl blsaryl

aryl - heter oarﬂymetaibmmt@aﬁsﬂ inkibytor Cbmph@tdaﬁ(ﬁammpoucﬁ ('l;lha!ialllh@ifs the a¢vity of a
Egi g; gg?/%r?eal i;ﬂ:wtem é ‘Izlleyrr}:m ém:[ gxmnplle nag M 'Byma% g% gori-rlln%l%crkghample the
inhibitor compound may show IC50s in vitro in the range of 0.1-10000 nanomolar,
preferably 0.1-1000 nanomolar. ) |
A metal binding group is a functional group capable of binding the metal ion within
10 the active site of the enzyme. For example, the metal binding group will be a zinc binding
. group in MMP inhibitors, binding the active site zinc(II) ion. The metal binding group of
formula (k) is based on a five-membered ring struciure and is preferably a hydantoin

group, most preferably a -5 substituted 1-H,3-H-imidazolidine-2,4-dione.

15 In a first aspect of the invention we now provide compounds of the formula I

wherein
X 1s selected from NR1, Q, S;

20 Y1 and Y2 are independently selected from O, §;
Z 1s selected from NR2, O, S;

misQori;



het eroaryl, cycl oal kyl or heterocycl oal kyl radicals may be optionally
substituted by one or nore groups independently selected fron1hydrqu5EP2m5
al kyl, het,-roal kyl, cycloal kyl, aryl, heteroaryl, halo, haloal kyl,

hydr oxyal kyl , al koxy, alkoxyalkyl haloalkoxy, haloalkoxyalkyl carbbxy, 15
car boxyal kyl , al kyl car boxy, anino, N al kyl am no, N,N—dialkylanino,

al kyl am no, al kyl (N-al kyl)am no, al kyl (N, N-di al kyl )am no, am do,
N-al kyl am do, N, N-di al kyl am do, al kyl am do, al kyl (N-al kyl)am do,

al kyl (N, N-di al kyl )am do, thiol, sulfone,sul fonam no, al kyl sul fonam no,
aryl sul f onam no, sul fonam do, hal oal kyl sul fone, al kylthio, arylthio,

al kyl sul fone, aryl sul fone, am nosul fone, N al kyl am nosul f one,

N, N- di al kyl am nosul fone, 20 al kyl am nosul fone, aryl am nosul fone, cyano,

al kyl cyano, guantiicred,frdsh a)daeegbard, (CM)a]kjflL COL-Elkbnyd (Caré Hhleglkyl, or (C1-

N-am nosul fon-am dino, nitro, alkylnitro, 2-nitro-ethene-1,1- diamne; R4 is

sel ect Fg 6}mmw(jk3}1| qéaprta:mg@rh@i@,kmlgmp sqlmmsbifrmN @J&cﬁ;@ﬁ@%bx coredinaightoiy

am noa am doa i 0 i s,a nonocycli oup conprising 3
to 7 ri né @@P%%%%%%ﬁ?@ é+ écgédgﬁ?aﬁﬁismﬁtefiﬁﬂ f'éagxr o%arcbogpatoms, ’
het er ocycl Oak!f)ﬂ‘-Sﬁéctgcgﬁﬁnoﬁm%%mgaﬁﬁ’?}' |y substituted by one or nore

substi tuent s” i ndepén m hal ogen, hydroxy, hal oal koxy,

am no,s N- aljullgge}ggedhloh{-ﬁlﬂky]yhg@hn@ cyano, nitro, alkyl, alkoxy, alkyl
sul fone, hal oal kyl sul fone, carbonyl, carboxy, wherein any al kyl radical

wi t hin any sRbshi Rﬁen.’re mtRpemdesxﬂbrfsellaeteﬂl onSHR halen liFefepable Fa) dllyylshdisdlkylut ed
with one or nore oups_sel ected from hal ogen, hydroxy, am no,

al kyl ani r‘?ékowalilﬁ)di tRf)QFlM gcloalkyis axyly aliskilerylnbete @ﬁﬂﬂé@ﬂb@&%m& cyano,
Lo e S Lot sl ntin e oS B0 e
hal oal koxﬁéterﬁ%ﬁ’ﬂ@ﬁé!ma]ﬁﬁf BOXY, aryl- heteroaryl, heteroaryl-aryl, bisheteroaryl, cycloalkyl or

10 héterocycloalkyl comprising 3 to 7 ring atorﬁs, wherein the alkyl, heteroalkyl, aryl,

' hetéroaryl, cycloalky! or heterocycloalkyl radicals may be optionally substituted by one or
more groups independently selected from hydroxy, alkyl, hetzroalkyl, cycloalkyl, aryi, |
heteroaryl, halo, haloalkyl, hydroxyalkyl, alkoxy, alkoxyalkyl haloalkoxy,
haloalkoxyalkyl carboxy,

15 carboxyalkyl, alkylcarboxy, amino, N-alkylamino, N,N—dialkylémino, alkylamino,
alkyl(N-alkyl)amino, alkyl(N,N-dialkyljamino, amido, N-alkylamido, N,N-dialkylamido,
alkylamido, alkyl(N-alkyl)amido, alkyl(N,N-dialkyl)amido, thicl, sulfone, sulfonamino,
alkylsulfonamino, arylsulfonamino, sulfonamido, haloalkyl sulfone, alkylthio, arylthio,
alkylsulfone, arylsulfone, aminosulfone, N-alkylaminosulfone, N,N-dialkylaminosulfone,

20  alkylaminosulfone, arylaminosixlfone, cyano, alkﬂcy_ano, guanidiﬁo, N—c}-vano-guanidino,
thioguanidino, 'amidino, N—aminosuifon-amidino, Iiitro, alkylnitro, 2-nitro-ethene-1,1-

 diamine; | |
R4 is selected from H, alkyl hydroxyalkyl haloalkyl alkoxyalkyl, haloalkoxy
aminoalkyl, amidoatkyl, thioalkyl;

25 R5 is a monocyclic group comprising 3 to 7 ring atoms independently selected from
cycloalkyl, aryl, heterocycloalky! or heteroaryl, opﬁonal]y substituted by one or more
substituents independently selected from halogen, hydroxy, haloalkoxy, amino, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl sulfone, haloalky!

sulfone, carbonyl, carboxy, wherein any alkyl radical within any substituent may itself be



5 Any heteroal kyl group outlined above is a hetero atom substitute a%ﬁy@
containing one or nore hetero groups independently selected from b %
SO, S02, (a hetero group being a hetero atomor group of atons); Any

het er ocycl oal kyl or heteroaryl group outlined above contains one or nore

het ero groups independently selected fromN, 0, S, SO S02; to Any al kyl,

al kenyl or al kenyl groups outlined above nmay be straight chain or branched;
unl ess ot herw se stated, any al kyl group outlined above is preferably (C
1-7) alkyl and nost preferably (C I-%Dé?l( Provided that. when Xis NRI
RLisH Ylis 0, Y2is 0, Zis 0, mis A |s a direct is bond, R3 is H,
R4 is Hand R6 is H then R5 is not phenyl, nitrophenyl, hydroxyphenyl,

al koxyphenyl or pyridine; when X is NRL, RLis H or methyl, Y1 is O Y2 is

O Zis t 1yl
GeZ ke Copdydun okt Aurl i b B Bt A, bR

0, Ais aalitiylegho, NMN-baldiakiol skpheifylamind, dlkylchrdbslydinoscydno, fied, thiolj s not
phenyl; when X is S, at least one of Yl and Y2 is O, mis 0, Ais a direct

" bond,  Raalkglthiobmliyiulipno, ﬂkyhammowkfomaﬂwlcarwwt%am@onﬁtaﬂgﬂemdo N,N-
LA TR A s - e A I O N
e Lo, " PR PP AR LS R0 S kBB,
: one or more hetero groups independently selected from N, O, S, SO, SO2, (a hetero group
being a heterc atom or group of atoms); - |
Any heterocycloalkyl or heteroaryl group outlined above éontains one or more hetero
groups independently selected from N, O, S, SO, S02;

10 Any alkyl, alkenyl or al}cynyl groups outlined above may be straight chain or
branched; unless otherwise stated, any alky! group outlined above is preferably (C1-Talkyl
and most preferably (C1-6)alkyl; ‘

Provided that:
_ whén X isNR1,RlisH, Y1 is. 0,Y2is0,Zis O, mis 0, A is a direct

15 bond, R3is H, R4 is H and R6 is H, then RS is not phenyl, nitrophenyl, hydroxyphenyl,
alkoxyphenyl or pyndmé

whchmNRl Rl isH ormethyl, Y1is O, ¥Y2is O,Z1sO, mis 0, A
-isadirectbond, R3 is H, R4 is H and R6 is phenyl, then RS is not phenyl;
when X is NR1, R1is H, Y1is O, Y2is O, Zis O, mis 0, A is 2 direct
20 bond, R3 is phenyl, R4 is H and R6 is H, then R5 is not phenyl;
when X is S, at leasf one of Y1 and Y2is O, mis 0, A is a direct bond,
R3 is H or methyl, Ré is H or methyl, then RS is not phenyl, pyridine, pyrrole, thiophen or
furan; :
| when X is 0, Y1is O, Y2is 0, Zis O, mis 0, A is a direct bond, R3 is
25 methylchloride, R4 is H and R6 1s H, then RS is not phenyl.

Preferred compounds of the formula I are those wherein any one or more of the
following apply:
X is NRI;



14 At least one of Y1 and Y2 is O; especially both Y1 and Y2 are O; Zis O
mis 0; Ais adirect bond; 5 RlL is H (Cl-3)alkyl or (Cl-3)hal oal Ryl SEP 2005
especially Rl is Hor (C-3)alkyl; nost especially Rl is H R3 is H alkyl
or hal oal kyl; especially R3is H, (Cl-6)alkyl or (Cl-6)hal oal kyl; nost
especially R3is H R4 is H alkyl or haloalkyl; especially R4 is H
(Ci1-6)al kyl or (C 1-6 )haloal kyl; nost 10 especially R4 is H R5 is an
optionally substituted 5 or 6 nenbered ring i ndependently selected from
cycl oal kyl, aryl, heterocycl oal kyl or heteroaryl; especially R5is a5 or 6
menbered aryl or heteroaryl; R6 is H, aIk&I, hydr oxyal kyl , am noal kyl ,

cycl oal kyl -al kyl, al kyl -cycl oal kyl, arylalkyl, is alkylaryl, heteroalkyl,
het er ocycl oal kyl -al kyl, al kyl - het erocycl oal kyl, heteroaryl -al kyl or

het er oal kyl - aryl'; especial | i s.al kyl. m | k r_heteroaryl -al kyl .
Parti cul ar coﬁ%&ﬁﬁggg%?%?kéxg5§%ﬁ?%6ﬁp%ﬁ%bﬁ%§ﬂSgdﬁ%tﬁgén%$>fornula I
wherein Ar ig;ach or 6 nenbered aryl or heteroaryl group optionally
substituted by oné or two substituents selected from hal ogen, anmino, nitro,
(Cl-6)al kyl, &Gk®)al koxy or (O-6) 25 hal oal koxy; 1 4 SEP 2005 15 R6 is

selected fromH, aryl or (G-6)alkyl and R6 is optionally substituted by a
group A is a direct bond;

5 R1 is H, (C1-3)alkyl or (C1-3)haloalkyl;. especially R1 is H or (C1-3)alkyl; most -
especially R1is H; ‘ ' 7
R3 1is H, alkyl or haloalkyl; especially R3 is H , (C1-6)alkyl or (C1-6)haloalkyl; most
especially R3 is H; - ' _
R4 1s H, alkyl or haloalkyl; especially R4 is H , (C1-6)alkyl or (C1-6 )haloa]kyl.; most
10 especially R4 is H; '
R5 is an optionally subsﬁmted 50r6 membg:re& ring independently selected from
cycloalkyl, aryl, heterocycloalkyl or heteroaryl; especially R5 is a 5 or 6 membered aryl or »
“heteroaryl; -
R6is H, alkyl, hfdroxyalkyh aminoalkyl, cycloalkyl-alkyl, alkyl-cycloalkyl, arylatkyl,
15 alkylaryl, hcteroaﬁ{yl, heterocycloalkyl-alkyl, alkyl-heterocycloalkyl, heteroaryl-alkyl or
heteroalkyl-aryl; especially R6 is alkyl, aminoalkyl or heteroaryl-alkyl.

Particular compounds of the invention include compounds of formula II:

OH O
Ar’SHLNH
R6

N

20 O Formula II

wherein
Aris a5 or 6 membered aryl or heteroaryl group optionailly substituted by one or two
. substituents selected from halogen, amino, nitro, (C1-6)alkyl, (C1-6)alkoxy or (C1-6)
25 haloalkoxy; -



sel ected from hydroxy, thioal kyl, phenyl, hal ophenyl, pyridyl or carbamate.
Preferred conpounds of the fornula Il are those wherein any one or nore of
the following 5 apply: Ar is phenyl or substituted phenyl, especiauly an 710
phenyl substituted by one or two halogens; or Ar is a 5-nenbered heteéoary?
ring conprising two heteroatons independently selected fromO and N, R6 is
phenyl, phenyl substituted with a hal ogen, nethyl ene pyridine, or :
(C1-3)alkyl io optionally substituted with hydroxy, thionethyl or benzyl
carbamate. Suitable values for R5 in conmpgunds of formula | or for Ar in

conpounds of formula is Il include: Rx X R=H (Cl-6)al kyl, OH CH3Q
CF3, CF3Q, F, d, Br, I X= 0, S or N Suitable values for R6 in conpounds of
formula | or formula Il include the following: 1 4 SEP 2005 16 Methyl

.- Ethyl PropylRéNsNeButey| frgoNH\ aryl or (C1-6)alkyl and R6 is optionally substituted by a group
selected from hydroxy, thioalkyl, phenyl, halophenyl, pyridyl or carbamate.

Preferred compounds of the formula II are those wherein any one or more of the following
5 apply: '

Ar is pheny! or substituted pheny), especially a phenyl substituted by one or two
halogens; or Ar is a 5-membered heteroaryl ring comprising two heteroatoms
independently selécted from O and N; |

- R6 is phenyl, phenyl substituted with a halogen, ﬁlethylene pyridine, or (C1-3)alkyl
10 - optionally subs_tiﬁted with hydroxy, thiomethyl or benzyl carbamate.

Suitable values for RS in compounds of formula I or for Ar in compounds of formula

15 Il include: } '
IsRisalsality
R R R R
~ >
SRS
X o .

R= H, (C1-6)alkyl, OH, CH30, CF3, CF30, F, C|, Br, |
X=0,SorN

~ Suitable values for R6 in compounds of formula I or formula II include the

following:



LNDN- 00 Th ANYOO OO ONNFI ~~OH N,,,-,, ,NH2 1 4 SEP 2005 17
It will be appreciated that the particul ar substituents and number °F4SEP2%5
substituents in conpounds of formula | or forrmula Il are selected so as
avoi d sterically undesirable conmbinations. Each exenplified conpound
represents a particular and i ndependent aspect of the 5 invention. Were
optically active centres exist in the conpounds of fornmula | or formula Il
we disclose all individual optically ggtive forne and conbi nations of these
as individual specific enbodinments of the invention, as well as their

correspondi ng racenat es.

Methyl  Ethyl  Propyl Butyl | /k )\

) 0 :
. 0 )\% k
. . . o . Ph

e L



Racemat es may be separated into individual optically active fornms usin
known 30 procedures (cf. Advanced Organic Chemistry: 3rd Edition: a&ﬁﬁ%ﬁlﬂ5
March, pl104-107) including for exanple the formation of diastereoneric
derivatives having convenient optically active auxiliary species followed by
separation and then cl eavage of the auxiliary species. It wll be

appreci ated that the conpounds according to the invention nay contain one is
or nore asymmetrically substituted carbon atons. The presence of one or nore
of these asymmetric centres (chiral centlfes) in a compound of fornula | or
formula Il can give rise to stereoisoners, and in each case the invention
Is to be understood to extend to all such stereoisoners, including

enantionmers and di astereoners, and m xtures including racemic mxtures
“thereof . 20 V@K be ZaprSeEed 162t e pﬁwwmswﬁﬁ%ﬁ@d&mwﬁﬁ@srlwtwr mul a

U we disclose al.l ~indiyidu t aut ri r L.nat.j ons of .t hese as
i vi dualCRReRr of il fipeb P MRt Relsl o B N G SBHEBM SR | e
"the conpouypds,ipfiidn@e i nvention are netal |l oprotei nase inhibitors, in
particular they are inhibitors of MW 12. Each of the above indications for

25 the conpoludh entmplified oompbend represéms aphmichlar eedireieperidentispeadgpendent
and particular enbodi nent of the invention. Certain conpounds of the
i nvent ison 1y&atef. parti cul ar use as inhibitors of MW 13 and/or 11P9 and/ or

2o ocana ke e TRBH G Sy ek S gean P EL e
5. 18 Co . ' i Qn.: hl. file.
T 1ot o MRS RN Thaiifal BYEANY QBT RNE Al EUBHER oo B! et ©

conpounds spécifié BmbBNiRiknkPEF thE Ervention, as well as their corresponding racemnates.

- Racemates may be separated into individual optically active forms using known

10 procedures (cf. Advanced Organic Chemistry: 3rd Edition: author J March, piO4—107)
including for example the formation of diastereomeric derivatives haviqg convenient
oﬁtically active auxiliary species followed by separation and ﬂnen cleavage of the auxiliary

. species.’ ‘ -
It will be appreciated that the 'compounds according to the invention may contain one

15 or more asymmetrically substituted carbon atoms. The presence of one or more of these
asymmetric centres (chiral centres) in a compound of formula I or formula I can give rise
10 stereoisomers, and in each case the invention is to be understood to extend to all such
stereoisorners, including enantiomers and diastereomers, and mixtures including racemic
mixtures thefeof. . | -

20 Where tautomers exist in ;he compounds'of formula I or formula I, we disclose all -
individual tautomeric forms and combinations of these as individual specific embodiments
of the invention.

As previously outlined the compounds of the invention are metalloproteinase
inhibitors, in particular they are inhibitors of MMP12. Each of the above indications for

25 the compounds of the formula I or foﬁnula II represents an independent and particular
embodiment of the invention.

Certain compounds of the invention are of particular use as inhibitors of MMP13
and/or MMP9 and/or MMP8 and/or MMP3, Certain compounds of the invention are of

particular use as aggrecanase inhibitors ie. inhibitors of aggrecan degradation.



bel i eved to show sel ective inhibition for any one of the above indications
relative to any MWP 1 inhibitory activity, by way of non-liniting ekarfiPell
t hey may show 100-1000 fold 5 selectivity over any MVPI inhibitory activity.
The conpounds of the invention may be provi ded as pharnaceutically
acceptable salts.- These include acid addition salts such as hydrochl oride,
hydr obrom de, citrate and nmleate salts and salts forned wi th phosphoric
and sul furic acid. In another aspect suitable salts are base salts such as
an alkali nmetal salt for exanple sodium ot8 potassium an io alkaline earth
netal salt for exanple calciumor magnesium or organic amne salt for
exanpl e triethylam ne. They may al so be provided as in vivo hydrol ysabl e
esters. These are pharmaceutically acceptable esters that hydrolyse in the
human body t oCpmpgaunds of the ipeentinn showpdavairaise stlectbgtyepreofitea nVhisti vede i ed .

b dm ni i , f le.i I , i mal, the 35
Comaound. U0 PEbOUEA R SHREEILIL AT GRATR b GompeuRdss e the HEtEn BEdy
fluids. Suit ' ' “hvd b t b . | ud

mot oy ot teRIES e oY hSECAVKIRRMRBNGE EP bt St bR bR IRk bRCel e o a1
I'n order t Phﬁiﬁ%ﬁ'a&ﬁﬁ&ﬁﬂﬁhﬂﬁﬁ@?ﬁ&ﬁlii@ﬁgg%ﬁ% o gneiy oSy 10t B0

. 1 (a
conpound of the formula |I or fornula-ll armaceut’ical |y accepta%le

salt on i eldeioithpaendyshidiB] ir2Obiesyactiviner eof for the therapeutic treatnent
(including prophylactic treatnent) of mammal s including humans, it is
normal |y f or mMihesaaapounds of Sredaventian may be pravaded asipherraeceuticallyl accgptabdei ce as

phar maceUPEA| TRSIBRER B LI SUR B Rag D BPHORC AT PO (2
d (- B S PR : l+cal : bl
Cartor an kg eyl BB BTt plosiibrl and Aty A ATREHA A el SRERIET ©

accept abl @apasireitRke sAltesuehas BRakalirBéhl SRTHPStAnhlP Sod ! dHpbtdsfiveNkhon may be !
adm ni stered in standard : .
10 alkaline earth metal salt for example calcium or magnesium, or organic amine salt for

example triethylamine. _ |
_They may also be provided as ir vivo hyd:qusable esters. These are pharmaceutically
acceptable esters that hydrolyse in the human body to prodnée_ the parent compbund. Such
esters can be identified by administering, for example intravenously to a test animal, the
15 compound under test and subsequently examining the test animal’s body fluids. Suitai::le
in vivo hydrolysable esters for carboxy include methoxymethyl and for hydroxy include
- formyl and acetyl, especiaily acetyl. _ '
- In order to use a metalloproteinase inhibitor compound of the invention (a cémpound
of the formula I or formula IT) or a pharmaceutically acceptable salt or in vivo hydrolysable
20 ester thereof for the therapeutic treatment (inchuding pfoﬁhylac‘tic ﬁeannent) of mammals
including humans, it is nérmélly formulated in accordance with standard pharmaceutical
practice as a pharmaceutical composition.
Therefore in anoth:m' aspect we provide a pharmacentical éomposition which
comprises a compound of the invention (a-compound of the formula I or formula IT) or a
25 pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof and
pharmaceutically acceptable carrier.
The pharmaceutical compositions of this invention may be administered in standard
manner for the disease or condition that it is desired to treat, for example by oral, topical,

parenteral, buccal, nasal, vaginal or rectal adminstration or by inhalation. For these



manner for the disease or condition that it is desired to treat, for exanple
by oral, topical, parenteral, buccal, nasal, vaginal or rectal

adm nstration or by inhalation. For t hese 14SEP200~ 19 pur poses thel 4 SEP 1003
conpounds of this invention may be fornul ated by nmeans known in the art

into the formof, for exanple, tablets, capsules, aqueous or oily solutions,
suspensi ons, enul sions, creans, ointnments, gels, nasal sprays,
suppositories, finely divided powlers or aerosols for inhalation, and for
parenteral use (including intravenous, intramuscular or 5 infusion) sterile
aqueous or oily solutions or suspensions b? sterile enulsions. In addition
to the conpounds of the present invention the pharnmaceutical conposition of
this invention nay al so contain, or be co- adninistered (sinul taneously or

sequentiall , _one e .phar.macol qgi s of value jn treating
one or %EOIBPOUIt%rng t%"ls NEntign ghay, 1‘t% Hg? nlh"%%‘és knpgvn inthe art

har maceut i | tered
to  humans™ E%*ht AOFRRY ok 858 Ble, BBlete cialle ibetls by BFY B FuBBRi S e g
(and pref egablkins 0&6:9115 d:@nﬁ*&nsﬁ%éisgné%ﬁﬁ SoriR, SiipostSridsC fiRkly fviddd ngéwééﬂs loy
dose may be given in divided doses as necessary,__t he” preci se anbunt of the
conpound ragesoleibramtchlative, and fe patentadhuse (Sichadihg ntdepend| ngracmstller sei ght

age and sex of the patient bei ng treated and on the 3s_particul ar di sease or
condi t ison ip8isiy)Staste aguasys oF ilRgolugops omspwmsmmrﬂmemnbmm Typical ly

t d f | ) t to 500 f d of thi
vent i on. - THOAEREHE PAESSPRPPHER SAHEBE e 5g0r G EPCBATBNAY GrRaTEon
Forml a | @l Okl @k Dfo S0AnPBALIRE S ROk BRABRLEALE, Saldiud) V! VO

hydr ol ysabl e ester t rapeuti’c

t he human mh,mbrmlmchega a@hadoligitid @gasts af VilaE apgedting c&&%fmorc\dﬁedsﬁs%@rose use
in the treatnent of a disease or condition nedi ated by one or nore
conditions referred to hereinabove. ’

10 - The pharmaceutical compositions of this invention-will normally be administer.ed to
humans so that, for example, a daily dose of 0.5 to 75 mg/kg body‘ weight (and preferably
of 0.5 to 30 mg/kg body weight) is received. This daily dose may be given in divided
doses as necessa-ry, the precise amount of the compound received and the route of
administration depending on the woighf; age and sex of the patient being treated and on the

15 particular disease or condition being treated according to principles known in the art. |

Typically unit dosage forms will contain about 1 mg to 500 mg of a compound of this

invention.

Therefore in a further aspect, we provide a COmpound of the formula I or formula II or
20  a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof for use in a method
of therapeutic treatment of the human or animal body or for use as a therapeutic agent.
We disclose use m the treatment of a disease or condition mediated by one or more
metalloproteinase enzymes. In particular we disclose use in the treatment of a disease or
condition mediated by MMP12 and/or MMP13 and/or MMP9 and/or MMP8 and/or MMP3
25 and/or aggrecanaéc; especially use in the treatment of a disease or condition mediated by

MMP12 or MMP9; most especially use in the treatment of a disease or.condition mediated

by MMP12.

In yet a further aspect we provide a method of treating a metalloproteinase mediated

30 disease or condition which comprises administering to a warm-blooded animal a



nmet al | opr ot ei nase enzynes. In particular we disclose use in the treatnent of
a disease or condition nediated by MW 12 and/or MW 13 and/or MVP94 §ppl}a%
WMNI P8 and/or MWP3 25 and/or aggrecanase; especially use in the treatnent of
a disease or condition mediated by MW12 or MVW9; nost especially use in
the treatnment of a disease or. condition nediated by MW 12. 30 In yet a
further aspect we provide a nethod of treating a netall oproteinase nedi at ed
di sease or condition which conprises adm nistering to a warm bl ooded ani nal
ald4SEP 2005 20 therapeutically effeggive anount of a conpound of the
formula | or formula Il or a pharmaceutically acceptable salt or in vivo
hydr ol ysabl e ester thereof. W al so disclose the use of a conpound of .t he
formila I ra%éﬁ&iwhﬁeﬂfécﬂ% aﬁm%h%f*@&&ﬂ%bﬁﬁi e RARRNAPLPIAR. Rloral N VI VO
hydr ol ysabl e ‘precursor thereof In the preparation of a nedicanment for use in
the 5 treghammicenticallydicsgastde salt coindiite hydrobdatie estebthepstd. We aleo disclose the

net al | opr ot ei pase enzyne tall oprotei e nedi at ed di seases or. conditions
i ncl ude a%fhfd CORPPHI; %f,sth%%?w%‘acf gbfgg@m Py 8 PpaTRss PRl acseptakle sadbep) |
artri Ui s o 5146y R TEOidordhtRb! i Sie BebaRRR AL HE ALy 18] IGHASAL o 0S1 S
and restenosrs, “cancer, ‘1 nvasion and netastasis, diseases 1nvolving tissue
destruct i aeatrenosaiizgasefor kbpdifion nediatied By ene ot siorgpektaidpriteinagd aeases. 10
fibrotic disease, infarction and heart disease, -liver and renal fibrosis,
endonetri osi 'ﬁﬁﬁﬁi' : eni Lge!

matri x, hear ;M eft%tllfq ure, ggeoélt% ll:l?tﬁgdr%ge%?%%s%% B%e %‘?éeedés ?lﬁg%gses Sgﬁi(#hgés

Al zhei mer pBstflicie@ pelnegrdnMilsédspd (CORDS @Eirsis (Mh.as rheirBitel OgtieRls i sor der s.

is Preparation of the conpounds of the invention
osteoarthritis), atherosclerosis and restenosis, cancer, invasion and metastasis, diseases

~ involving tissue destruction, loosening of hip joint re_placcmehts; periodontal disease,
10 fibrotic dise_ase, infarction and heart disease, liver and renal fibrosis, endometriosis,
diseases related to the weakening of the extracellular matrix, heart failure, aortic
aneurysms, CNS related diseases such as Aliheiniez‘s disease and Multiple Sclerosis (MS),

hematological disorders.

15

Preparation of the compounds of the invention

In another aspect the pfesent inventio-n provides processes for preparing a compound
of the formula I or a pharmaceutically acceptable salt or in vivo hydrolysable esfer thereof,
as described in (a) to (g) below (X, Y1, Y2, Z, m, A and R1-R6 are as hereinbefore defined

20  for the compound of formula I).

(a) A compound of formula I may be com}erted to a salt, especially a pharmaceutically
acceptable salt, or vice versa, by known methods; a salt, especially a pharmaceutically
acceptable salt, of a compound of formula I may be converted into a different salt,

.25 especially a pharmaceutically acceptable salt, by known methods.

(b) Compounds of formula I in which Z= O and R4= H may be prepared by reacting a
compound of the formula IIa with-a compound of the formula Illa or a suitably protected
form of a compound of formula IIla (as shown in Scheme 1), and optionally thereafter

30 forming a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof:



I n anot her aspect the present invention provides processes for preparing a
compound of the formula | or a pharnaceutically acceptable salt or finSgpyg;
hydr ol ysabl e ester thereof, as described in (a) to (g) below (X, Y, Y2, Z
m A and Rl -R6 are as herelnbefore defined 20 for the compound of fornula
). (a) A conpound of fornmula | may be converted to a salt, especially a
pharmaceutically acceptable salt, or vice versa by known nethods; a salt,
especially a pharmaceutically acceptable_salt, of a compound of formula I
may be converted into a different salt, ,§ especially a pharmaceutically
acceptabl e salt, by known nethods. (b) Conpounds of formula | in which Z= 0
and R4= H may be prepared by reacting a conmpound of the formula Ila with a
conpound of the formula Illa or a suitably protected formof a conpound of
fornulalllgx%aszéhomn in Schene 1), and optionally thereafter 30 formng a
pharnaceutl 5 cceptable salt or in vivo hydrolysable ester thereof: 1 4
S E P 2005 21 Schene 1 0 R R3 Ha B 5 Aldehydes or ketones of fornula Ila
‘and conpounds . formula lllain suitable solvent are treated with a
base, preferablly in the tenpgmtur ange from anbient tenperature to
reflux. Preferred base-sol vent cqnbi pations include aliphatic am nes such
as trimet hyR&ni nd¥3 pyrrolidine ory eridine in solvents such as nethanol,
et hanol, tetrahydrofurane, acetonitni)e or dinmethylformam de, with addition
of water when 10 necessary to dissolvezthe reagents (Phillips, AP and

Mirphy, JG 1851, J. Og. Chem kg3;

5 Aldebydes or ketones of formula Ifa and compounds of formula Illa in a suitable
soivent are treated with a base, preferably in the temperature range from ambient
tezﬁperatuxe to reflux. Preferred base-solvent combinations include aliphatic amines such
as trimethylamine, pyrrolidine or piperidine in éolvcnts such as methanol, ethanol,
tetrahydrofurane, acetonitrile or dumethylformamide, with addition of water when

10 necessary to dissolve the reagents (Phillips, AP and Murphy, JG, 1951, J. Org. Chem. 16);
or lithiumhexamethyldisilazan in tetrahydroﬁlré.ne (i\djo, S et al, 1991, Tetrahedron
47:2121-2132); or barium hydroxide octahydrate in isopropanocl-water (Ajinomoto KX,
1993, Japanese Patent Number 05097814). : -

Preferably, when prépan'ng compounds of formula I by this process, R3, RS or R6 will

15 not contain additional functionalities such as aldehydes, ketones, halegenated fadicals or
any other radicals well known to those skilled in the art which have the potential of |
interfering with, competing with or inhibiting the bond formation reaction.

It will be appreciated that many of the relevant starting materials are commercially or
otherwise available or may be synthesised by known methods or may be found in the

20  scientific literature. -

To prepare compounds of the general formula Illa (R6 as hereinbefore described), |
compounds of formula IITa in which R6 is H may be reacted with an appropriate aldehyde
or ketone followed by dehydration and subsequent reduction of the resulting double bond.

by methods which are well know to those skilled in the art.

23



or |ithiumhexanethyl disilazan in tetrahydrofurane (Mo, S et al, 1991,
Tetrahedron 47:2121-2132); or barium hydroxi de octahydrate in 1 43 P 7005
i sopropanol -water (A inonmoto KK, 1993, Japanese Patent Nunber 0509781 §.
Preferably, when preparing conpounds of forrmula | by this process, R3, R5 or
R6 will 1is not contain additional functionalities such as al dehydes,

ket ones, hal ogenated radicals or any other radicals well known to those
skilled in the art which have the poteptial of interfering with, conpeting
with or inhibiting the bond formation reaction. It will be appreciated that
many of the relevant starting materials are commercially or otherw se

aval | abl e_gt) (oS HHHASREBRE: Dl \HAOHD 161 RS HORATRY \06: iRINdcenafipe 20

scientific l'iterature. To prepare conpounds general foriu a (R6
as her espavefiostered ssoerdibajeof, meyrploo ibd prafarddasrdesecibdd for two ofittefol®6 is H may
be reacted.with an appropgi.ate gl de or ketone foll owed by dehydration
and sub8& ﬁ?te?@&ﬁﬁﬁﬁé?hmai@{ﬁ/géﬁﬂ- doubl e bond by nethods which are
wel | know to those skilled in The art. 25 1 4 SEP 2005 ''2 (c) Conpounds of
the formula I in which Z =0, RA = Hand X. Nor NRI, especially specific

stereoSsheme2 t hereof, may al so be prepared as described for two of the four
possi bl e stereaqi soners in Schemeng gnch63 below. s Schene 2. R3 R6 R5-A/ T

'O 0 R3_  R6 . "R4_R3_ RE
>:<>f— T Rs A%—O — IZ’"'HO

R5—A  »—0 — -
) 8 RS—A )0

0 I N\
v \2 ' V=
J ' J When
. ¥ Z1=0, R4=H
R3  R6 so, :
7 . S0,
R5—A  j—0 B : R6—A..\ [.RE
o RS—A  )—0 e
. \ R3 V™
Vib - ' vib . © VIla g

Scheme 3
so, | : o
o Yo e R3  R6 o3 Ri[_L
R 7N T Rs—Aﬂ\x N
R5—A 0 RS—A A N—4
v O O v © Ia !

o %o | R3  R6 | 0

 R5—A. . R6 ) 0. re
v, ) o ‘ . Ou-..- N3 : .
R3 o R5—A | 0 R5—A N

N\
o- \ ' o - N Ia N_<

Vilia . e}

10
Starting from the propenoate derivatives of formula IV, via the diols VIa or VIb by
either asymmetric epoxidation followed by regioselective opening with water, or
asymmetric dihydroxylation. Depending on the chiral auxiliary in the epoxidation or
dihydroxylation, either the shown stereoisomers or their enantiomers of the diols of

15 formula VIa or VIb can be obtained. (For example, Ogino, Y. ef al, 1991, Tetrahedron
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Lett. 32 (41):5761-5764; Jacobsen, E. N. ez al, 1994, Tetrahedron, 50(15):4323-4334;
Song, C. E. et al, 1997, Tetrahedron Asymmetry, 8 (6):841-844). Treatment with organic
base and thionyl chloride and .subse'quent ruthenium tetroxide catalysed oxidation yields
the cyclic sulfates VIIa and VIIb. -

The cyclic sulfates of formula VHa and VIIb are coﬁverted to the hydroxy azides
(Scheme 3) of formula VIIIa and VIIIb by treatment with sodium azide in
dimethylforxﬁamide followed by careful hydrolysis of the hemisulfate intermediates before
aqueous work-up. (Gao, Sharpless, 1988, J.Am.Chem.Soc., 110:7538; Kim, Sharpless,
1989, Tetrahedron Lett., 30:655). The hydroxy azides of formula VIIia and VIIIb are
hydrolysed and reduced 10 the B-hydroxy-c.-amino acids (not shown in Scheme 3),
preferably hydrolys{s wifh LiOH in THF followed by reduction with hydrogen sulfide,
magnesium in methanol or organic phosphinés by the Staudinger procedure. The -

hydroxy-o-amino acids in turn yield compounds of formula Ia upon treatment with cyanate

and acid in aqueous media.

" (d) Compounds of formula I in which Z =0 and R4 is not H, especially specific
stereoisomers thereof, may also be prepared as described for two of the four possible
stéreoisomers in Schemes 2 and 3. The compounds may be prepared by reacting the
epoxidés of formula V in Scheme 2 with an alcohol of formula R4-OH, yielding the
alcohols Via. Subsequent conversion to the azides with phosphoazidate (Thompsor'x, A.S.
et al, 1993, J. Org. Chem. 58(22):5886-5888) yields the ether analogs of the azido esters
VIia in Scheme 3, which can be carried through to the final products as described under
process (c). The radical R4 in alcohols R4-OH and the radicals R3, R5 and R6 may be

suitably protected. The protecting groups can be removed as a last step after the conversion

to the hydantoins of formula I.

(e) Compounds of formula I in which Z is S or NR2 and Y1 and/or Y2 is O, especially
specific stereoisomers thereof, may also be prepared as described for two of the four
possible sterecisomers in Schemes 2 and 3. The compounds may be synthesised by
opening of the epoxides of formula V (Scheme?2) with thiols R4-SH or amines R4-NH; and

thereafter subjected to analogoﬁs transformations as described for the alcohols VIila and
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VIIIb in Scheme 3. When amines of R4-NH2 are used, it may be necessary to N-protect
the intermediate amino alcohols, especially when the radical R4 is a n-alkyl group.

(f) Compounds of formula I in which X is S and Y1 and/or YZ is O, especially specific
5  stereoisomers thereof, may also be prepared as described for two of the four possible
stereoisomers in Schemes 2 and 3. The compounds may be prepared by reacting the cyclic
sulfates of formula VIIa or VIIb, or the ot—hydfoxy esters of formula Vla via their sulfonate
esters, with thiourea and acid (1997, Japanese Patent number 09025273).
* The propenoate derivatives of formula IV are widely accessible, eg from aldehydes
10 and phosphonium or phosphonate derivatives of acetic acid via the Wittig or Homer-

Emmons reaction (for example, van Heerden, P.S. et al, 1997, J. Chem. Soc., Perkin
Trans. 1(8):141-1146). '

(g) Compounds of formula I in which X=NR] and R1=H may be prepared from
15 reacting am appropriate substituted aldehyde or ketone of formula IId with ammonium

carbonate and potassium cyanide in aqueous alcohols at 50-100°C in a sealed vessel for 4-

24h.
R4 : -
\ .
Z
(CHz)
. —%\H/

Iid

20

The compounds of the invention may be evaluated for example in the following assays:



Vila O Starting fromthe propenoate derivatives of fornula 1V, via the diols
Via or VIb by either asymetric epoxidation followed by regiosel ect4GeP 7005
opening with water, or asymmetric di hydroxyl ation. Depending on the chiral
auxiliary in the epoxidation or dihydroxylation, either the shown

stereoi soners or their enantioners of the diols of 15 fornmula Via or VIb can
be obtained. (For exanple, OQgino, Y. et al, 1991, Tetrahedron 1 4 SEP 2005
23 Lett. 32 (41):5761-5764; Jacobsen, E. N et al, 1994, Tetrahedron,
50(15):4323-4334; Song, C. E et al, 1994, Tetrahedron Asymetry, 8
(6):841-844). Treatment with organic base and thionyl chloride and
subsequent rutheniumtetroxi de catal ysed oxidation yields the cyclic
sulfates VIla and VIIb. 5 The cyclic sulfates of fornula Vila. and VIIb are

. convertedlmaﬁeaqg!%@‘pms@;i des (Schene 3) of -formula VIlla and VIII1b by

treatment™w sodrum azrde in dinethylformam de foll owed by careful
hydrol ysis of the hem sulfate internedi ates before aqueous work-up. (Gao,
. - Shar pl ess, 1988 Jl Am Chem Soc 110 7538 KI m Shar I ess 1989,

Tet r ahedr &% 2 and VIIIDb-

are 1o hydrolLysed and - educ 3 h drox am no | . shown in
Schene 3), J&F m& %?‘]Ph X"’I’ﬁEC’FﬁF?SBaéﬂgB';}AE‘E‘%%t i on

w th hydr gpLeS| i1118S t he
st aud.“%ge?&gﬁsé%’d% afrﬁ‘re'ﬁ( %Fﬁhdy‘??b%ﬁ;’*’%&% kel e B PO 322 3% ounds
of formul p\nﬁaemmyxﬂer@atmmdm fnityeiRRibgorsaifdcavitglad olloddePMIPEGoa. 15 (d)
Compounds of fornula | in which Z =0 and R4 is not H especially specific

st er eoi somgfmd fiabearsentraiion) as Boubaiedfa3ameidutes atBI dn iabsayl buslier (QubMcfris-he f our

|
POSSI bl € 1y 1173 containing 0.1M NaCl, 20mM CaCl, 0.040 mM ZnCl and 0.05% (whv) Brii
35) using the synthetii: substrate Mac-Pro-Cha-Gly-Nva-His-Ala-Dpa-NH2 in the presence

10 or absence of inhibitors. Activity is détermined by measuring the fluorescence at Aex
328nm and Aemn 393nm. Percent inhibition is calculated as follows: % Inhibition is equal to
the [Fluorescencepius inhibitor - Fluorescencepackground] divided by the [Fluorescenceminus inhibitor

-F luorescencepackground)- _ -
Recombinant human proMMP13 may be expressed and purified as described b}}

15 Knauper ef al. [V. Knauper et al., (1996) The Biochemical Journal 271:1544-1550, (1996)].
The purified enzyme can be used to monitor inhibitors of activity as follows: purified
proMMP13 is activated using 11nM amino phenyl mercuric acid (APMA),‘ZO hours at

'21°C,; the activated MMP13 (11.25ng per assay) is incubated for 4-5 hours at 35°C in
assay buffer (0.1M Tris-HCl, pH 7.5 containing 0.1M NaCl, 20mM CaCl2, 0.02 mM ZnCl

20 and 0.05% (w/v) Brij 35) using the synt_hetic substrate 7-methoxycoumarin-4-
yl)acctyl.Pro.Leu.Gly.Lcu.N;B—(2,4—dinitrophcnyl)—L—2,3-dianﬁnopropionyl.Ala_AIg.NHz
in the presence or absence of mhibitors. Activity is determined by measuring the
fluorescence at Aex 328nm and Aem 393nm. Percent inhibition is calculated as follows: %
Inhibition is'equal to the [Fluorescencegius inhibiior - Fluofescenccbaukgronnd] divided by the

25 [Fluorescenceminys inhibitor~ F1UOTESCENCEhackeround)-

A similar protoco] can be used for other expressed and purified pro MMPs using
substrates and buffers conditions optimal for the particular MMP, for instance as described

in C. Graham Knight et al., (1992) FEBS Lett. 296(3):263-266.



stereoi sonmers in Schenes 2 and 3. The conpounds may be prepared by reactinﬁ
the epoxides of formula Vin Schene 2 with an al cohol of fornula R4-4&BtP 2005
yi el ding the 20 al cohols Via. Subsequent conversion to the azides with
phosphoazi date (Thonmpson, A S. et al, 1993, J. Og. Chem

58(22):5886-5888) yields the ether anal ogs of the azido esters Vllla in
Schene’ 3, which can be carried through to the final products as described
under process (c). The radical R4 in alcohols R4-CH and the radicals R3, R5
and R6 may be suitably protected. The pggtecting groups can be renoved as a
| ast step after the conversion 25 to thg& hydantoins of formula I. (e)
Conmpounds of fornmula I in which Zis S or NR2 and Yl and/or Y2 is O,
especially specific stereo isonmers thereof, nay al so be prepared as

descr ! bed A imiiN8nohubile il iing18P kb HeFGhopELe [0 Scheres 2 and &
The conpo , epoxi des of fornmula V
(Schenme2) wi tinetability of Bt clthSfundstd @bivitior N'ﬂmrk%nvéﬁﬁe%{z}rﬁe S do
anal ogous transf orﬁ#at i ons as&(’jescri bed f'or .the alcohols Villa andeeﬁsgﬁsgesEP
2005 24 Viking aipartBdhepeified, dbbtedenzyer asfayRihd\biZyarecheiseobtainkd frayn the
necessary to N-protect the internediate am no al cohols, especially when the
radi cal Rmempranes-of| THE- 158 daperiber) bKniyb dviellener 4lo (HA4Q Natyrg 348i2d8-220i s S

er eoi soners. t hereof, ma

d vl lor .¥2.is 0 i al.l.y, .specific .5 st
al'so bbb aPahedeipate ARG o iRBE bRt i TEated B e Sher Reomor i n

Schenes 2 I ' '

Sul Tt s BREALY purideq ERRR0L AR, BRSet: @ /BORCR e Mt CEABOINE el £ Silsfars, |

vi a t hei r 4g3DiaR#cky-BedredceinyVSEPol UL RaGINA1ACAI0A (198 Ber. SananeSos(BaBent
nunber 09025273). The propenoate derivatives of formula IV are wdely
accessi bl syccegmid-bipl alldeteycas)-NHD imagsap hufph@Giioivh Tis e pihddavstageng vat i ves
of acetic_acjid via the Wttig or. Horner Emmons reaction_.(for exanple,. van
Heer den, ®1%(wig) Tgton Xo ang 2reMciatlisai26 Chirdrhours. The amount of inhibition

10 is determined as for MMP13 except Aex 490nm and Aem 530nm were used. The substrate

was synthesised as follows. The peptidic part of the substrate was .assembled on Fmoc-

- NH-Rink-MBHA -polystyrene resin either manually or on an automated peptide synthesiser
by standard methods involving the use of Fmoc-amino acids and O-benzotriazol-1-yl-
N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU) as coupling agent with at

15 least a 4- or 5-fold excess of Fmoc-amino acid and HBTU. Ser' and Pro” were double-

| coupled. The following side chain protection stratezy was empioyed; Ser'(But),
Gln®(Trityl), Arg®**(Pmc or Pbf), Ser ! (Trityl), Cys'*(Trityl). Followiug assembly, the
N-terminal Fmoc-protecting group was removed by treating the Fmoc-peptidyl-resin with
in DMF. The amino-peptidyl-resin so obtainéd was acylated by treatment for 1.5-2hr at

20 70°Cwith 1.5-2 equivalcnts' of 4',5'-dimethoxy-fluorescein-4(5)-carboxylic acid [Khanna
& Ullman, {(1980) Anal Biochem. 108:1 56-161) which had been preactivated with
diisopropylcarbodiimide and 1-hydroxybenzotriazole in DMF]. The _
dimethoxyfluoresceinyl-peptide was then simultaneously deprotected and cleaved from the
resin by treatment with trifluoroacetic acid containing 5% each of water and triethylsilane.

25 The dimethoxyfluoresceinyl-peptide was isolated by evaporation, trituration with diethyl
ether and filtration. The isolated peptide was reacted with 4-(N-maleimido)-fluorescein in
DMF containing diisoprOpylethyiamine, the prdduct purified by RP-HPLC and finally
isolated by freeze-drying from aqueous acetic acid. The product was characterised by

MALDI-TOF MS and amino acid analvsis.



Trans. 1(S). 141-11 46). (g) Conpounds of formula I in which X=NRI and Rl =H
may be prepared from 15 reacting an appropriate substituted al dehydg qmp 708
ketone of fornmula I1d with amoni um carbonate and potassi um cyanide in
aqueous al cohols at 50-100C in a sealed vessel for 4- 24h. R4 R6 I1d 20 The
conmpounds of the invention may be evaluated for exanple in the follow ng
assays: 1 4 SEP 2005 25 |sol ated Enzyne Assays Matrix Metall oprotei nase
famly including for exanple MW12, MW13. Reconbi nant human MVP 12

catal ytic domain may be expressed and puﬁﬁfied "as 5 described by Parkar

A A et al, (2000), Protein Expression and Purification, 20:152. The
purified enzyne can be used to nonitor inhibitors of activity as follows:
MW 12 (50 ng/rnl final concentration) is incubated for 3 0 mnutes- at RT
in assay. buffer (0.1 MTris- HCl, pH 7.3 containing 0.1 M Nad, 20nM Cad 2,
0.040 "M ZnGl - anéillrde (W v) Brij 35) using the synthetic substrate

Mac- Pr o- = = = =Al a-Dpa-NH2 in the presence io or absence of

i nhibitors. Aelaétility bf tideiogiptunasobihe BAGHIOI 2 iiHIBitdds W&Q%E&{H:&g%daﬁoﬁx
328nm and kern 393nm Percent inhibition is calculated as follows: %

| nhi bi t i omaysbesapagltedtusing methps fmrexsmplecegsed snithhdiscloaures of E. C. Arner ez al.,

Fl uor escencebackground]. di yvided by the [Fluorescencent nus inhibitor -

Fl uor _eéceﬁb%% 9@8‘?0@611?8}-‘5 ﬂl’% P%%@?;W%ﬁhﬂﬁ?gmalrﬁf@%@%ﬂbgb%@mand

purified 334 Elﬁﬁc, ﬁﬁé)ﬁgé@ly and the antibodies described therein. The potency of compounds to
act as inhibitors against collagenases can be determined as described by T. Cawston and A.

Barrett (1979) Anal. Biochem. 99:340-345.

10 Inhibition of metalloproteinase activity in cell/tissue based activity

Test as an agent to inhibit membrane sheddﬁses such as TNF convertase
~ The ability o-f the compounds of this inventibn to inhibit the cellular processing of
TNFa production may be assessed in THP-1 cells using an ELISA to detect rei‘cased TNF
essentially as described K. M. Mohler et al., (1994) Néture 370:218-220. In a similar
15 fashion the processing or shedding of other‘membrane molecules such as those described
in N. M. Hooper et al., (1997) Biochem. J. 321:265-279 may be tested using appropriate

cell lines and with suitable antibodies to detect the shed protein.

Test as an agent to inhibit cell based invasion

20 . The ability of the compound of this invention to inhibit the migration of cells in an
invasion assay may be determined as described in A. Albini er al., (1987) Cancer Research

47:3239-3245.

Test as an acent to inhibit whole blood TNF sheddase activity

25 The ability of the compounds of this invention to iohibit TNFa production is assessed
in a human whole blood assay where LPS is used to stimulate the release of TINFa.
Heparinized (10Units/ml) human blood obtained from volunteers is diluted 1:5 with
medium (RPMI1640 + bicarbonate, penicillin, streptomycin and glutamine) and incubated

(160ul) with 20pl of test compound (triplicates), in DMSO or appropriate vehicle, for 30



I 5 Knauper et al. [V: Knauper et al., (1996) The Bi ochem cal Journal
271:1544-1550. (1996)). The purified enzynme can be used to nonitor
inhibitors of activity as follows: purified proMWw 13 is activated Tusbhig?is
1mM am no phenyl nmercuric acid (APMA), 20 hours at 21 C the activated MWP13
(11. 25ng per assay) is incubated for 4-5 hours at 35C in assay buffer (0.1M
Tris-HCl, pH 7.5 containing 0.1M NaCdl, 20nM Cad 2, 0.02 MM ZnCl 20 and
0.05% (W v) Brij 35) using the synthetic substrate 7-methoxycounarin-4
yl)acetyl.Pro.Leu.@y. Leu. N3

-(2, 4-di ni trophenyl)-L-2, 3-di am nopr opi or%/gl .Ala. Arg.NH2 in the presence or
absence of inhibitors. Activity is determ ned by nmeasuring the fluorescence
at 7,.ex 328nm and Xem 393nm Percent inhibition is calculated as follows: %

Fl or escorPUbackar B BT S 7 R o98) FepbBe LB iR pLAOMAES &

FI.uoreScer}gogb u . LA ar ?%BC t hessed
and purifie B?EQE%P?H hls%dr%éﬂt?lﬁ?gtlrog es 'angc"lg%%? g%““%ﬁ&?’?‘?%@é’@%? %ﬁgl&?dzr
the parti qybefatdd with mddhimialsdeqaorelRplateor 4 RRstvn TNFe inkibabam Kah@hd. Theal .,
(1992) FEBS Lett. 296(3):263-266. 1 4 SEP 2005 26 Adanalysin fanmily

i ncl udi ng Hlates exeathph encuibited dornehows et IFE Giidifiedoficubhter); oempaifimgsl t o i nhi bit
proTNFa conyvertase enzyne e assessed, using . a partially purified, )
ol at 60 dAGHBRSLE 39 mh 8o b R b esh (31 MG st in HE s pleses 1
THP-1 as d | bed by K. hl. | . 1994 370: 218-220. 5 The
purified éﬁ@%&e@ﬁ F’\}j%sf"él“e%an'\éfq%ﬂ?ﬁ‘rfmﬁ“ f%ci(@ h%”sl!’\g'ad%# Il ned by i ncubating
the partially purified enzyne in the presence or absence of test conpounds
using the substrate 4',5' -Di nethoxy-fluoresceinyl

Ser . Pro. L&esbhsasitdanerd . iWhibithovifier caveilagsedeppt@atidns ( 4- ( 3-
succinimd-1-yl)-fluorescein)NH2 in assay buffer (50mM Tris HCl, pH 7.4
cont ai ni ng  Fhesbihiiy\of e ¢qraprurds 0 this thventie 1t the deggaiation (ﬁgﬁhours. The

amod ntm of alggnr@:zlajﬂ ct'nl' gorhagen components of cartilage can be assessed essentially as described by

K. M. Bottomley et al., (1997) Biochem J. 323:483-488.

Pharmacodvynamic test

To evaluate the clearance properties and bioavailability of the compounds of this
15 invention an ex vivo pharmacodynamic test is employed which utilises the synthetic
substrate assays above or alternatively HPLC or Mass spectrometric analysis. Thisis a
. generic test which can be used to estimate the clearance rate of compounds across a range
of species. Animals (e,g. rats, marmosets) are dosed iv or po with a soluble formulation of
- compound (such as 20% w/v DMSO, 60% w/v PEG400) and at subsequent time points
20 (e.g 5, 15,30, 60, 120, 240, 480, 720, 1220 mins) the blood samples are taken from an
appropriate vessel into 10U heparin. Plasma fractions are obtained following centrifugation
and the plasma proteins precii;itated with acetonitrile (80% w/v final coneentration). After
30 mins at -20°C the plasma proteins are sedimented by centrifugation and the supernatant
fraction is evaporated to dryness using a Savant speed vac. The sediment is reconstituted in
25 assay buffer and subsequently analysed for compound content using the synthetic substrate
assay. Briefly, 2 compound concentration-response curve is constructed for the compound
undergoing evaluation. Serial dilutions of the reconstituted plasma extracts are assessed for
acti?ity and the amount of compound present in the original plasma sample is calculated

using the concentration-response curve taking into account the total plasma dilution factor.



10 is determined as for MW 13 except ?.ex 490nm and X em 530nm wer e used.
The substrate was synthesised as follows. The peptidic part of thel4 SEP 1005
substrate was assenbl ed on Frnoc- NH Ri nk- MBHA- pol ystyrene resin either
manual |y or on an autonated peptide synthesiser by standard nethods

i nvol ving the use of Fnoc-am no acids and O benzotriazol- | -yl

N, N, N , N -tetranet hyl uroni um hexaf | uorophosphate (HBTU) as coupling agent
with at 1s least a 4- or 5-fold excess of Fnobc-am no acid and HBTU. Seri
and Pro2 were double coupled. The foll ow28g side chain protection strategy
was enpl oyed; Serl1(But), dn5(Trit:~l), tirg8 32(Pnt or.Pbf),

Ser9' 10" 13(Trityl), Cys13(Tri tyl). Follow,ig assenbly, the N-terninal
Frroc- pr ot gqghiingasesdmper¥as renoved by treating the Fnoc-peptidyl-resin with

i n DWF. Tr]re am no- peptrdyl-resin so obtained was acyl ated by treatnent for
1. 5- 2hr atlegDagancan _WLIHE{E!@I)B equi val ents of
Anal’ B ochem L DEGBINB 67 LA SOTP EHS Radp GBI SRAR 1 4 DO gy BHIEHOTS 1 assessed
di i soprop r :pggp -
di et hoxy¥+ﬂ%rrg§?§e?ﬁgr&§tgl ggm\}\gggtéﬁgn Sl ng ta dé@ sr ng/g%r%g gatr% Ogrqd
cl eaved f mm¢qu:mmds(6ma1bymtdmgmchmﬂe (M0tratsy by tHeuppapcatd wutcd. gl peenthi ni ng 5%
each of water and tri eﬁarjy] S 25 The di.net hoxyfl uqrescei nyl - pepti de was
i sol at ed ByOovEFEPHIPBFA! (1P =t%’£%‘ﬂ%‘i"?‘%(§ fr)- @@FWW“@H@PTWﬁSW on. The
i sol ated peptide.was reacted 4- rnaI ej fl'uorescein .in
](c:pnt fi: ni ngs Flas’ﬁbrl‘%ﬁﬂcéilﬂ% \%{:8213? Frdd{%?ﬂa %P%’?Tt‘?%‘lf Waswaqpefe Sdﬁgﬁs
i na 0 r ueou Ci uc
char ac%/er Pgécﬁfl eﬂ&ﬁﬁffrﬁ%ﬁ?—o‘f/g ‘gs q i}?’ascegﬁ?nicesa'"g Clﬁggg'g

Nat ur al  Sppsd; GarS,ﬁJSfoT% At Wb EYanRfthd H&vgﬁé’ﬁj@ésﬁgéﬁ'fgg&eﬁﬁ? DR o ds Fiﬁe Lxanpl e

i nhi bitors of grecan degradati on. usi ng net
based;on tdiey of dRiros e sn CNHo pfadubti®d beLP8!stimulated human blood. The rat plasma

samples are thawed and 17511 of each Sample are added to a set format pattern in a 96U

well plate. Fifty p1 of heparinized human blood is then added to each well, mixed and the
plate is incubated for 30 min at 37°C (humidified ipcubator). LPS (25pl; final
concentration 10pg/ml) is added to the wells and incubation continued for a further 5.5

15 hours. Control wells are incubated with 25l of medium alone. Plates are then centrifuged
for 10 min at 2000 rpm and 200u] of the supernatants are transferred to a 96 well plate and’
frozen at -20°C for subsequent analysis of TNF concentration by ELISA.

Data analysis by dedicated software calculates for each cornpound/dose:

20 Percent inhibition of TNFo= Mean TNFa (Controls) — Mean TNFa (Treated) X 100
. Mean TNFa (Controls)

Test as an anti-arthritic agent

Activity of a compound as an anti-arthritic is tested in the collagen-induced arthritis
25 (CIA) as defined by D. E. Trentham et al., (1977) I. Exp. Med. 146,:857. In this model
acid soluble native type Il collagen causes polyarthritis in rats when administered in
Freunds incomplete adjuvant. Similar conditions can be used to induce arthritis in mice and

primates.

30



5 (1998) Osteoarthritis and Cartil age 6:214-228; (1999) Journal of

Bi ol ogi cal Chem stry, 274 (10), 6594-6601 and the anti bodi es descri hedkEp 7005
therein. The potency of conpounds to act as inhibitors against collagenases
can be determ ned as described by T. Cawston and A. Barrett (1979) Anal.

Bi ochem 99:340-345. to Inhibition of netalloproteinase activity in
cell/tissue based activity Test as an agent to inhibit nenbrane sheddases
such as TNF convertase The ability of the' conpounds of this invention to
inhibit the cellular processing of TNFa goduction may be assessed in THP-1
cells using an ELI SA to detect released TNF essentially as described K M
Mohl er et al., (1994) Nature 370:218-220. In a simlar is fashion the
processi ng i menbr ane nol ecul es such as thoese descri bed
in N M TQ&1§QEPQ“PQ?B . EBiochenl J. 321:265-279 may be tested using
appropriate detivity ofiesompdund hharsariti-aficer agent bragibe astasebéettidiiasshed

protein. Test as, an ? ent .to inhibit cell based invasion 20 The ability of
the conpout@rcH ed 1 ks imﬂ%)tl\éﬂbﬁ‘liﬁ i GaceareResearchitliogt?Soft 3B aising fopexgnple

. . ) bad i 0l et al .. (1987
Cancer  RecS ST 5 QELSHENED, Pl arhl, Bkl Ao hold, 001 &' i od TN
sheddase a€gOINBORTCHybhsosibn, Angtepdant MeneCidpoondsg)of this invention to

inhibit TNFa production is assessed in a hunman whol e bl ood assay where LPS
is used to stinulate the release of TNFa. Heparinized (1 QUnits/m ) hunman

bl ood obt aj f.rao | rs.is diluted 1:5 with medium (RPM 1640 +

bi car bonaﬁ?ﬁ%s ah .Qm, Ryfeths apent in and glutam ne) and incubated (160l)
with 201 of tAsivieosPDonepdind 43| ancaitieehphysemPNptGhasolpatpsded essendhliehe, for
30 1 4 SEP 2005 28 . mn at” 37C in a humdified (5%02/95%ir) incubator,

prior to ffdrEbesindfagapaldmpsal @997) Science, 277: 2002.

i0

The mmvention will now be illustrated but not limited by the following Examples:

Preparation of starting materials

15 According to Scheme 4 below, the hydantoins § were prepared in two steps from

general amino acids 3 with isolation of the intermediates 4.

Scheme 4
OH '
.0 N

oM KOCN, H20 T_ 10% HCl Oy =0

Q-S—N _ N _ > N

. goc - R )0, R

.0
3 -
3 4 5

20

. Table 1 hists some of the starting materials, 5, that were synthesize&. The general
method of prei:)aration was as follows. A slurry of amino acid 3 (25 mmol) and potassium
cyanate (5.1 g, 63 mmol) in water (75 ml) was heated at §0°C for approximately 1 hour.
The clear solution was cooled to 0°C and acidified to approximately pH 1 with

25 concentrated hydrochloric acid (aq). The resulting white precipitate 4 was heated at reflux

for 0.5-1 hour and then cooled on ice. In some instances full conversion was not reached



coli. O 111:B4; final concentration 10g/m ). Each assay includes controls of
di luted bl ood incubated with nedium alone (6 wells/plate) or a knowj (T0agg;
i nhibitor as standard. The plates are then incubated for 6 hours at 37C
(hum dified incubator), centrifuged 5 (2000rpmfor 10 mn; 4C), plasm
harvested (50-1001) and stored in 96 well plates at -70C before subsequent
anal ysis for TNFa concentration by ELISA. Test as an agent to inhibit in
vitro cartilage degradation The ability ®f the conpounds of this invention
to inhibit the degradation of the Zo aggrecan or coll agen conponents of
cartilage can be assessed essentially as described by K M_ Bottonley et
al ., (1997) Biochem J. 323:483-488. Pharnacodynam c test To evaluate the

cl ear anceafiebkodribestiag dn bhesavasdsabd Enuly mafteridi evas srgatednusienthetshing pratseol

i nvention an ex vivo pharmacaodynam c test_ is enplqQyed which utilises the
synt het i c2g8nndhe e gelid s dlisyad, drashed with araterefsiedpdanalysod by HINMR and
spectroneiﬁgg analysis. This is a generic test which can be used to
estimate %Iearance rate of conpounds across a range of species. Aninmals
(e,g. rats, marnosets) are dosed iv or po with a soluble fornulation of
conmpound (such as 20% w v DMSO, 60% w v PE&X00) and at subsequent tinmne
points 20 (e.g. 5, 15, 30, 60, 120, 240, 480, 720, 1220 m ss) the bl ood
sanpl es are taken froman appropriate vessel into I QU heparin. Plasma

f ract i onsTable loStastinejmatdrialoi ng centrifugation and the plasma proteins
precipitiated with acetonitrjile (80%wv final concentration). After _ 30 mns
at -20C:t¢@mﬁpﬁ%ﬁéﬁﬁﬁ%§@Fﬁ are sedinented by centrifugation and fH&Cl
supernatjfant fraction is evaporated to dryness using a-Savanbﬁ§Qe$§g%ac. The
sedi nment|is reconstituted in 25 assay buffer and subsequentl al d for
conmpound content using the synthetic substrate assay. Briefkyg a| ggapound
concentrfati on-response curve is constructed for the conpound  undgrgoi ng
eval uatijon. Serial dilutions of the reconstituted pl.asna exfracts

assessed [ ctivity.and .t he,anount .of conpound present i Hh the prigina
o aem e pApEbghastidine-£d-afone PO P s (5|

Ia)

{3—(2,5-Diox0~imidazo_lidin-4-yl)—propyl]-carbamjc acid benzyl ester | 50 293.0

5-Isobutyl-imidazolidine-2,4-dione ' : 85 157.0
5-Methylsulfanylmethyl-imidazolidine-2,4-dione : 45 161.0
5-sec-Butyl-imidazolidine-2,4-dione | 52 157.0
5-(2-Hydroxy-ethyl)-imidazolidine-2,4-dione 36 '
EXAMPLE 1

0 5- [Hydroxy—(4—iodo-phcnyl)-rhethyl]—S-methyl—imidazolidine-2,4-dione

N
f =0
N
» OH
4-lodo-benzaldehyde (9.280 g, 40.0 mmol), 5-methyl-hydantoin (4.564 g, 40.0 mmol) and
45 % aqueous trimethylamine (6.40 ml, 40.0 mmol) was heated at reflux in ethanol (60 ml}
15 and water (40 ml) for 20 hours under an atmosphere of nitrogen. A white precipitate was

formed. After cooling at room temperature for approximately 15 minutes the precipitate.

was collected by filtration, washed sequentially with ethanol (50%, 50 ml), water (50 ml)



usi ng the concentration-response curve taking into account the total plasnma
dilution factor. 30 1 4 SEP 2005 29 In vivo assessment Test as an adtf5ﬁN@%
agent The ability of the conpounds of this invention as ex vivo TNFa
inhibitors is assessed in the rat. Briefly, groups of male Wstar Al derley
Park (AP) rats (180-210g) are dosed 5 with conpound (6 rats--or drug vehicle
(10 rats) by the appropriate route e.g. peroral (p.o.), intraperitoneal
(i.p.), subcutaneous (s.c.). Ninety mnutes later rats are sacrificed using
a rising concentration of CO2 and bl ed ouB2via the posterior versa cavae
into 5 Units of sodium heparin/m blood. Blood sanples are i medi ately

pl aced on ice and centrifuged at 2000 rpmfor 10 min at 4C and the
harvest ed pl asmas frozen at -20C for subsequent 10 assay of their effect on

TNFa pr odustd digthyy ethrs($q i Lving byuainsudbiop edfordesethe tidle compowed (%2080L,€38.0ar e
t hawed and 1751 qf ch, sanpl e are added to a set forpat pattern in a 96U
wel | pl at emo |’=Pti7fl %13@‘?2@1%‘? S MURER OBR BYEF HESEReROBEEed to each wel |,
m xed and the plate is incubated for 30 min at 37C (hum dified incubator).
LPS (251; final concentration 10g/m) is added to the wells and incubation
continued foNMRIEOO MMz DRMSG-dRPRBND.1 M,rspls.wset1lﬁi,g§grqe64 kRt eds gikl 2541

of nmedium al one. Plates are then centrifuge for mn at 2000 rpm and
2001 ofs t 203 (pidr dat afitdHa), &.98 @ik fde i FeddS Hx):4. 9B (11 d, It 4B HmNH40131dz8n at
-20C for subseﬂﬁent anal %/si s_of TNF concentration by ELI SA. Data anal ysis by

dedi cat ed ABEIMS @Vgat4a? RS 11 or each compound/ dose: 20 Percent i nhibition
of TNFa= Mean TNFa (Controls) - Mean TNFa (Treated) X 100 Mean TNFa

(Controls) Test as an anti-arthritic agent
Chromatographic resolution:

- A portion of 0.158 g diastereomerically pure 5-(hydroxy-(4-iodophenyl)-meﬂlyl)-S-

10 methyl-imidazolidine-2,4-dione was dissolved in 205 mL absolute ethanol/ iso'-hexane
(50:50) and filtered through 2 0.45 jm nylon filter. Volumes of 5.0 mL were injected
repeatedly on a chiral column (Chiralpak AD-H (2 cm ID x 25 cm L)) connected to a UV-
detector (254 nm)-and fraction collector. Separation was performed with absolute ethanol/
iso-hexane (50:50) as eluant at 6.0 mL/min flow and the pure epantiomers eluted.

15 Fractions containing the same enantiomer were combined, concentrated and assessed for

optical purity by chiral chromatography (see below).

Enantiomer A (“early” fractions)
Yield: 0.068 g white flakes ' _ -
20 Chiral chromatography (Chiralpak AD-H (0.45cm LD x 25 cm L) at 0.43 mL/min

* absolute ethanol/ iso,—hexane. (50:50))
Retention time: 10.5 minutes

Optical purity: 99.9% e.e (no enantiomer B present)

25
Enantiomer B (“late” fractions)
Yield: 0.071 g white flakes
Chiral chromatography (Chiralpak AD-H (0.45 cm LD x 25 cm L) at 0.43 mL/min

absolute ethanol/ iso-hexane (50:50))



Activity of a conmpound as an anti-arthritic is tested in the
col | agen-i nduced arthritis 25 (ClA) as defined by D. E. Trentham th %EP.I,@BE
(1977) J. Exp. Med. 146,:857. In this nodel acid soluble native type 11
col | agen causes polyarthritis in rats when adm nistered in Freunds
incompl ete adjuvant. Simlar conditions can be used to induce arthritis in
mce and primates. 3D 1 4 SEP 2005 30 Test as an anti-cancer agent Activity
of a conmpound as an anti-cancer agent nay;be assessed essentially as
described in 1. J. Fidler (1978) Methods 1n Cancer Research 15:399-439,
using for exanple the B 16 cell line (described in B. Hi bner el al.,
Abstract 283 p75 10th 5 NCl - EORTC Synposi um Anst erdam June 16 - 19 1998).
~Test as apeRhtibneRhYoeBimgent- Activity of a conpound as an anti-enphysenma
agent may be assessed essentially as described in Hautamaki et al (1997)
Sci ence, Qpficald@0Ry: A06%hee {(hA4Htof enantidoherrByprebent} | | ustrated but not limted
. by the follow ng Exanpl es: Preparation of starting materials 15 According to
Scheme 4 bel ow, the hydantoins 5 were prepared in two steps from general

amno aci ’?ﬁe Mts?)eénsé) (l) E%ﬂreoénagl gm'errétnelg.tc gd t%%.te of tﬁé pt?r%hcgas créoi:s)’ogaergo
5  The following Exaniples were prepared following the procedure in Example 1. If not
" otherwise indicated, final compounds represent a mixture of four stereoisomers. Column

chromatography was used for final purification or for separation of diastereoisomers.

EXAMPLE 2

10 5-[(4—Chloro-phenvi)—hﬂiro&-metmm-imidazolidine—ZA—dibne
O } ) .

Cl N
O\’/T%—o
. N .

O

Diastereoisomer A
15 "HNMR (400 MHz, DMSO-d6): 10.32 (1H, s); 8.07 (1H, s); 7.37 (2H, 4,1 = 8.5 Hz); 7.30
(2H, d, J = 8.5 Hz); 5.94 (1H, d, = 3.9 Hz); 4.92 (1H, 1, J = 3.2 Hz); 4.35 (1H, dd, I =
3.1,1.0H2). '
B3C NMR (400 MHz, DMSO0-d6): 173.00; 157.36;-138.41; 131.98; 128.86; 127.52;
71.65; 63.88. | R
20 APCI-MS m/z: 241 [MH+].

Diastereoisomer B
"H NMR (400 MHz, DMSO-d6): 10.53 (14, s); 7.54 (14, s); 7.42-7-37 (4H, m); 5.83 (1H,
d,J=5.6Hz);4.91 (1H, dd, I = 5.6, 2.6 Hz); 4.23 (1H, dd, T = 2.6,1.5 Hz).
25 3C NMR (400 MHz, DMSO0-d6): 173.97; 158.04; 140.62; 13-1.67; 1-28‘15; 127.89;
70.08; 63.93.
APCI-MS mv/z: 241 [MH+].




KOCN, HRO 80 C 4 10 % HClI Table | lists sone of the starting materials, 5,
that were synthesized. The general nethod of preparation was as fol1 6\§P 1085
slurry of amino acid 3 (25 nmol) and potassium cyanate (5.1 g, 63 nmol) in
water (75 m) was heated at 80C for approximately 1 hour. The clear
solution was cooled to OC and acidified to approximately pH 1 with 25
concentrated hydrochloric acid (ag). The resulting white precipitate 4 was
heated at reflex for 0.5-1 hour and then_cooled on ice. In some instances
full conversion was not reached 14SEP2005°%81 5 Yiel d APC - Conpounds 5 in
Scheme 4(% M5 mlz: 5-(4-Chloro-benzyl)-im dazolidine-2,4-di one87224.9
(3-(2,5-Di oxo-imdazolidin-4-yl)-propyl]-carbam c acid benzyl ester50292.0
5-1sobutyl -i m dazol i di ne- 2, 4-di one85157. 0

5- Met hyl sul f anyl met hyl -i mi dazol i di ne--2, 4-di one45161. 0

S-sec-Butyl -im dazol i di ne- 2, 4-di one52157. 0

5-(2- Hydroxy-et hyl)-i m dazolidi ne-2, 4-di one36 EXAMPLE 1 ] 0 5-

[ Hydr oxy- ( £ O8NP Eny! ) - met hyl ] - 5- net hyl -i m dazol i di ne- 2, 4-di one

henvl-imidazolidine-2.4-dione

APCI-MS m/z: 317.1 [MH+].

10 EXAMPLE 4

5-I(4-Cyano-phenvI}-hvdroxy-methvl]-5-isobutyl-imidazolidine-2.4-dione

APCI-MS m/z: 288.1 [MH+].

15



OH 4-1o0do- benzal dehyde (9.280 g, 40.0 mmol ), 5-nmethyl-hydantoin (4.564 g,
40.0 nmmol ) and 45 % aqueous trinmethylamne (6.40 m, 40.0 mmol) wad ihEt B
at reflux in ethanol (60 mM) I s and water (40 ml) for 20 hours under an

at nosphere of nitrogen. A white precipitate was forned. After cooling at
roomtenperature for approximately 15 mnutes the precipitate was collected
by filtration, washed sequentially with ethanol (50% 50 m), water (50 m)
after 1 hour heating. In these cases the crude naterial was treated under
the same protocol again. The white soli#¥ was filtered, washed with water,
dried and anal ysed by HNVMR and - LCVM5. Table 1: Starting materials 1 4 SEP
2005 32 and diethyl ether (50 m). Drying by air suction afforded the title

_conpound (ﬁm%.o mol) in 57.5 %yield as white solid in formof a
pure diast r. "HNWR (300 MHz, DMBO-d6): 6 10.19 (1H, s); 8.08 (1H

2 ’577-(% sath- 1S invorgnfliNiEdnenyD v & dp it it = 4-° 1)
Chr omat ograpF iFc resolution: A portion of 0.158 g diastereonerically pure

5- (hydr oxy.. i Iy met hyl ) -5- 10 net hyl -i mi dazol i di ne-2, 4-di one was
di ssolved 'in- 2 et hanol / i so-hexane (50:50) and filtered

t hrough a 0. 45 'Itgr. Vol unmes of 5.0 M. were injected repeatedly
on a chiral colum (Chiral pak AD-H (2 cmID x 25 cm L)) connected to a UV-
detector (254 nm) ard fraction collector. Separation was perfornmed wth
absol ute et hanol/ iso-hexane (50:50) as eluant at 6.0 nL/mn flow and the
pure enantP&IAdB s/l Ioel[MHEs]Fr act i ons contai ning the sane enantiomer were
conbi nsed, concentrated and assessed for

EXAMPLE 6
5-[(3-Trifluoromethyl-pheny-hvd foxy—methvl?—imidazolidine-2.4—dione

10 APCI-MS mv/z: 275.2 [MH+].

EXAMPLE 7

5-[(2-Trifluoromethyvl-phenvl)-hvdroxv-methvl]-imidazolidine-2.4-dione

. o . |
_ N
- =0
N
F O_‘
15 F F

APCI-MS m/z: 275.1  [MH+).



optical purity by chiral chromatography (see below). Enantionmer A ("early"”
fractions) Yield: 0.068 g white flakes 20 Chiral chromatography (Chiyg Sdpozbs
AD-H (0.45 cml1.D x 25 cmL) at 0.43 niL/mn absolute ethanol/ iso-hexane
(50:50)) Retention tinme: 10.5 mnutes Optical purity: 99.9% ex- (no
enantiomer B present) 25 Enantioner B ("late" fractions) Yield: 0.071 g
white flakes Chiral chromatography (Chiral pak AD-H (0.45 cmI.D x 25 cmL)
at 0.43 nLlmn absolute ethanol/ iso-hexane (50:50)) 1 4 SEP 7 005 33
Retention time: 12.2 minutes Optical purBéy: 99.6%e.e (0.24% of enanti oner
B present) The NWVR spectra of the pure enantioners matched that of the pure
di astereoi soner. s The fol |l owi ng Exanpl es were prepared followi ng the
procedure_in Exanple 1. If not otherw se indicated, final conpounds
representE_Mﬁﬁ of four stereoisonmers. Colum chromatography was used
for final [ C EXAIVPLE 2 10
5-r (4- Chl SR BRI AR D DRI CL OR Yngs HiGaz0 : -N

Di ast er eoi somrer A 35 H NIVR (400 M—Iz DI\/BOdG) 10. 32’ (IH S); 8 07 (IH s);
7.37 (2H, d, J = 8.5 Hz); 7.30

Fo. _F
F
0 OnN
=0
N
© 0 ,
APCI-MS m/z: 291.3 [MH+].

EXAMPLE 9
5-[(3-Chloro-phenyl)-hvdroxv-methvl]-imidazolidine-2.4-dione

o
N
L L=
Ci N
' O

APCI-MS m/z: 241.0 [MH+].

i0

- EXAMPLE 10

s 5-[(2-Chloro-phenyl-hvdroxyv-methyll-imidazolidine-2.4-dione

0 .
N
(L=
N
Ct 0 .

APCI-MS m/z: 241.0 [MH+.

20



(2H,d, J=8.5Hz);5.94(I1Hd,J=3.9Hz); 4. 92(1H,t, J=3. 2Hz) ; 4. 35(1H, dd, J
3.1,1.0Hz). "C NWR (400 Mz, DVM5O-d6): 173.00; 157.36;138.41; 131.98;4 SEP 2005
128.86; 127.52; 71.65; 63.88. 20 APCI-M5 mz: 241 [MH}]. Diastereoi soner B
aH NVR (400 MHz, DWVsO-d6): 10.53 (1H, s); 7.54 (1H, s); 7.42-7-37 (4H, m;
5.83 (IH d,3=5.6Hz);4.91 (1H,dd,J=5.6,2.6Hz);4.23 (1 H dd, J = 2.6,1.5
Hz). 25 13C NWR (400 MHz, DMSO-d6): 173.97; 158.04; 140.62; 131.67; 128.15;
127.89; 70.08; 63.93. APCI-M5 nfz: 241 | ]. 1 4 SEP 2005 34 5 EXAWPLE 3
5-i(4-Chl o ro;p henyl)-hydroxy-m et hy}1--8-phenyl -i ani dazol i di ne- 2, 4-di one
C APCI-M5 mlz: 317.1 [ MH] .- 10 EXAMPLE 4

5-T(4- Cyano- phenyl ) - hydr oxy- net hyl | - 5-i1 sobut yl -1 m dazol i di ne-2. 4-di one N
APCI - M5 mﬁXA%\%%Lﬂlf +] . 151 4 S E P 2005 35 .

5-](4-Chloro-3-fluoro-phenvl)-hydroxy-methvl]-imidazolidine-2.4-dione

Cl,
=. 5
F@)\N
‘ BN
3 N. 0
5 .APCI-MS m/z: 259.0 [MH+]

EXAMPLE 12
5-](4-Chlero-3-fluoro-phenvh-hydroxy-methyl}-5-methvl-imidazolidine-2.4-dione

cl - '
o)
F@JN
AN
N"SO
10 O -
APCI-MS m/z: 272.9 [MH+] 4

EXAMPLE 13
15 5-[(4-Chloero-3-fluorc-phenyl)-hydroxy-methyll-5-isobutyl-imidazolidine-2.4-dione

cl
o)
F@ r/\*N
N 4
e
//

APCI-MS m/z: 315.9 [MH+]

O



EXAMPLE 5 5-[(4-Trifluoro nethyl-phenyl)-hydroxy-m

ethyl ] -i m dazolidine-2,4-dione APCI-M5 m z: 275.1 [M+]. 5 EXAMPLE @ 4 SEP 7005
5-1(3-Trifluo ronethyl -Ah en yl)-hydroxy-nethyll-imd azolidin e-2,4-dion e
F 10 APClI - M5 nfz: 275.2 [ MH+]. EXAMPLE 7 5-f

(2-Trifluoromet hyl -phenyl)-hydroxy-nmethvl!|-imdazolidi ne-2;4-di one 15

APCl -M5 ml z: 275.1 [N93+1 1 4 SEP 2005 36 EXAMPLE S

5-j (4-Trifl uoronethoay-phenyl)-hydroay-nethyl|-im dazolidine-2,4-dione 5 0
[MH+] . APCI-Ms nl z: 291.3 EXAMPLE 9 38

5-[ (13- Chl or o- phenyl ) - hydroxy-nmet hyl 1-i m dazol i di ne- 2, 4-di one O APCl - M5
nn/ z; 241.01+4]. EXAMPLE 10 15

5- ((2 Chloro ngqédh) hydr oxv- ne;hyl] i m dazol i di ne--2. 4-di one

5-(1-Hydroxy-3-phenyl-allyl)-5-methyl-imidazolidine-2,4-dione
O N
L 0
: N
OH _
"HNMR (400 MHz, DMSO-d¢): & 10.45 (1H, s); 7.88 (1H, 5); 7.38-7.22 (5H, m); 6.54 (14,
5 d,J=16.1Hz);6.22 (14, dd, J= 7.3, 7.6 Hz); 5.56 (1H, &, T = 4.5 Hz);
4,09 (1H, d, J=13.6, 4.5 Hz); 1.27 (3H, s).

APCI-MS m/z: 247.1 [MH'].

16

EXAMPLE 15
5—[Hydrnxy (4-10do—phenyl)—methyl]-lmxdazohdme—2 4-dione

O

'HINMR (300 MHz, DMSO-dg): 5 10.32 (1H, 5); 8.06 (1H, s); 7.66 (2H, d, J = 8.1 Hz);
s 7.10 (2H, 4, 7= 8.3 Hz); 5.91 (1H, d, J = 3.9 Hz); 4.87 (1H, t, J = 2.7 Hz); 4.34 (1H, d, ] =
2.5 Haz). '

APCI-MS m/z: 333.1 [MH].

20



APCl-M5 mlz: 241.0 [MH]. 20 1 4 S E P 2005 37 EXAMPLE 11 5-

4-Chl oro-3-fluoro-hen 1 -h drox -nethyl -imdazolidine-2 4-dione Cl, 5
APCl - M5 nfz: 259.0 [ MH#] EXAMPLE 12 5-[(4-Chl o0 ro-3-fluoro-p h 14 SEP 2005
enyl ) - hydr oxy-nmet hy11l-5-net hyl -i m dazo |idine-2,4-dion e 10 APCI - M5 m z:
272.9 | +] EXAMPLE 13 15

5-f (4-Chl oro- 3-f 1 uoro- phenyl ) - hydr oxy- met hyl | - 5-i sobut yl -i m dazol i di ne-2, 4-d
ione APCI-M5s mlz: 315.9 [M+] 20 1 4 S E P 2005 38 EXAMPLE 14

5- (1- Hydr oxy- 3- phenyl -al | yl ) - 5- nethyl-lnnggazoll di ne-2,4-dion,e OH ' HNWR
(400 MHz, DVMSO-d6): S 10.45 (1H, s); 7.88°(1H, s); 7.38-7. 22 (5H, m; 6.54
(1H, d,J=16.1Hz);6.22(1H,dd,J=7.3,7.6Hz);5.56(1H, d, J=4.5Hz);
4.09(1H,d,J=3.6,4.5Hz); 1.27 (3H, s). APCI-M5s mz: 247.1 [ MHQ .

EXAMPLE 16
(3-{4-[Hydroxy-(4-iodo-phenyl)-methyl]-2,5-dioxo-imidazelidin-4-yl}-propyl)-

carbamic acid benzyl ester

OxN
| >_—_o
N
OH
N
o

s APCI-MS m/z: 524.1 [MH'].

EXAMPLE 17

5—[(4—Br6mo—phenyl)ehydroxy—methyl]-S—methyl—imidazolidine-z,4-dione -
10 Produced by aldol condensation of 4-bromo-benzaldehyde and S—Methyl—imidaioﬁdme-
2,4-dione.

Br O3
|G P
N
O

'H NMR-(400 MHz, DMSO-d6): & 10.18 (1H, s); 8.08 (1H, s); 7.46 (2H, 4, J=8.4Hz);
15 7.20 (2H, d, J=8.4 Hz); 5.99 (1H, d, J=4.4 Hz); 4.59 (1H, 4, 3.81 Hz); 1.39 3H, s).

APCI-MS m/z: 298.9 [MH"]



10 EXAMPLE 15 5-[Hydroxy- (4-iodo-phenyl)--methyl]-imdazolidine-2,4-1ion e
ON OH- 1HNWR (300 MHz, DMSO-d6): S 10.32 (1H s); 8.06 (1H s); 71 86¢f 24,
d J=8.1Hz); is 7.10 (2H, d, J = 8.3 Hz); 5.91 (1H,d, J=3.9Hz);
4.87(1Ht,J2. 7THz) ;4. 34(1H,d,J= 2.5 Hz). APCl-M5 mlz: 333.1 [M. 20 1 4 SEP
2@b 39 EXAMPLE 16 (-3-4-
[ Hydr oxy- ( 4- dodo- phenyl ) - net hyl J- 2, 5- di oxo-i m dazolidin-4-yl J-p ropyl)-
carbauiic acid benzyl ester 0,,,N)O N5 APCI-M5s mz: 524.1 [MVHQ . EXAVPLE
17 5-[(4-Bro mo--ph enyl)-hydroxy-net hy4g-5- net hyl 4m dazol i di ne- 2, 4-di one
10 Produced by al dol condensation of 4-brono-benzal dehyde and
5-Met hyl -i m dazol i di ne- 2, 4-dione. -"‘H NVR- (400 MHz, DV5O-d6): S 10.18 (1H,
s); 8.08 (1H, s); 7.46 (2H, d, J=8.4Hz);

EXAMPLE 18 .

S-[(3,S-Dimethyl—isoxazol—@yl)-hydroxy-methyl]-—5-methyl—imidazolidine-ZA-dione

Produced by aldol condensation of 3,5—dimethylQisoxazdle-4~carbaldehyde and 5-Methyl-

imidazolidine-2,4-dione. .
O

N N
o _\ | N/\=o
5 0 .
APCI-MS m/z: 240 [MH"]

"5

10 EXAMPLE 19
5—[(4-Bromo-phenyl)-hydroxy—methyl]-5-methylsulfanylme_thy]—imidazolidine-2,4-

dione

Produced by aldol condensation of 4-bromo-benzaldehyde and 5-methylsulfanylmethyl-
imidazolidine-2,4-dione. ‘
Br O N
=0
e
O s
. !
15

APCI-MS m/z: 347.1 [MH"] |



15 7.20 (2H, d, J=8.4 Hz); 5.99 (1H, d, .T=4.4 Hz); 4.59 (1H, d, 3.81 Hzg;
1.39 (3H, s). APCI-M5 mz: 298.9 [M | 1 4 SEP 2005 40 5 EXAMPLE 18 1.4 SEP 2005
5-1(3, 5-Di net hyl -i soxazol - 4-yl) - hydroxy-net hyl ] - 5- met hyl -i m dazol i di ne-2, 4-d
ion e Produced by al dol condensation of

3, 5-di net hyl -i soxazol e- 4- car bal dehyde and 5- Met hyl -

i m dazol idine-2,4-dion.e. APCI-M5 nfz: 240 [Mfl .5 10 ' EXAMPLE 19

5-[ (4- Br ono- phenyl ) - hydr oxy- et hyl j - 5- net hyl sul f anyl met hyl -i m dazol i di ne-2, 4
- dione Produced by al dol condensation offl4-brono-benzal dehyde. and

5- et hyl sul f anyl net hyl - i m.dazol i di ne-2,4-dione. 15 O _5 APC -M niz:
347.1'] 1 4 SEP 2005 41 EXAWPLE 20 5-1(4-B romo-p

henyl ) - hydroxy-nmet hyl ] -5-(2-hyd roxy-ethyl)-imdazoiidin e-2,4-di on e

" Produced ' Ecfhdensation of 4- br ono- benzal dehyde and

5-(2-hyar %)f[)f&%r%#n}-bhgﬂlﬂﬂf’af&1@-&%%!?}’[&5-C&-%r}%'roxy-ethyl)—imidazolidine—2,4-di0ne
' Produced by aldol condensation of 4-bromo-benzaldehyde and 5-(2-hydroxy-ethyl)-
imidazolidine-2,4-dione.
Br © N
=0
N
O
, 8]

APCI-MS m/z: 311.2 [MH" -H;0]

EXAMPLE 21 _
10 5-[(4-Bromo-phenyl)-hydroxy-methyl]-5-(4-chloro-benzyl)-imidazolidine-2,4-dione

Produced by aldol condensation of 4-bromo-benzaldehyde and 5-(4-chloro-benzyl)-

imidazolidine-2,4-dione.

15 APCI-MS m/z: 411 [MHT]



Br-- N3 APCI-M5 m z: 311.2 [ MH* -H20] EXAMPLE 21 A

5- [ (4- Br omo- phenyl ) - hydr oxy- net hyl ] - 5- (4- chl or o- benzyl ) - i mi dazol i di det 2ER 2065
one Produced by al dol condensation of 4-brono-benzal dehyde and

5-(4-chl oro-benzyl)-. i.m dazolidine-2,4-dione. d 15 APCI-M5 nmlz: 411

[ ML31 1 4 SEP 2005 42 EXAMPLE 22

5-1 (4- Bronophenyl ) bydr oxy- net hyl ] - 5- pyri di ne- 2-yl net hyl -1 m dazol i di ne- 2, 4-di
one Produced by al dol condensation of 4-brono-benzal dehyde and
5-pyridine-4-ylnethyl - i midazolidine-2, 4odione. Bra 0~-.N 5 APCl - M5 ni z:
378.1 P&l 10 1 4 SEP 2005 43 CLAIMS: What we claimis: 1. A conmpound of
the formula | or a pharnaceutically acceptable salt or an in vivo

EXAMPLE 22
5-[(4-Bromophenyljhydroxy-methyl]-5-pyridine-2-ylmethyl-imidazolidine-2,4-dione

Produced by aldol condensation of 4-bromo-benzaldehyde and 5-pyridine-4-ylmethyl-

imidazolidine-2,4-dione.

APCI-MS m/z: 378.1 [MH'}

i0



5 hydrol ysable ester thereof R4 z wherein X is selected fromNRI, 0, S; Vi
and Y2 are independently selected fromO0,-S; 10 Z is selected fromINRZEP @05
S; msOorl, Ais selected froma direct bond, (d-6)alkyl, (d-6)alkenyl,
(C 1 -6)haloal kyl, or (Cl- 6)heteroal kyl containing a hetero group sel ected
fromN, 0, S SO S02 or containing two hetero groups selected fromN, O,
S, SO S02 and separated by at |east two carbon atons; is R is selected
fromH, alkyl, haloalkyl; R2 is selected fromH, alkyl, haloalkyl; R3 and R6
are independently selected fromH, hal ogéh (preferably F), alkyl, hal oal kyl,
al koxyal kyl , heteroal kyl, cycloal kyl, aryl, alkylaryl, heteroal kyl -aryl,
heteroaryl, all-ylheteroaryl, heteroal kyl -heteroaryl, arylal kyl,
aryl-heteroalkél, het er oaryl - al kyl , 20 heteroaryl - heteroal kyl, bisaryl,

aryl - hete S: heteroaryl -aryl, bisheteroaryl, cycloalkyl or
het er ocycl co rising 3 to 7 ring atons, wherein the al kyl,
het er oal k eteroaryl, cycloal kyl or heterocycl oal kyl radicals may

be opti onal I y substl tuted by one or 1 4 SEP 2005 44 nore groups
i ndependently sel ected from hydroxy, al kyl, heteroal kyl, cycloal kyl, aryl,
het er oar yli, hﬁ&mpdﬁﬁldﬁmwfonﬂiﬂﬂ@%alewﬂacmﬁicﬂyﬁcc Hb%ééﬂ’t'dﬂéhanhﬂ)oom koxy,
hal oa. | koxyal kyl, carboxy, carboxyal kyl, alkylcarboxy, am no, N-alkylan no,
N, N- di &l kilytkni}fsable&lsﬂcymmﬁo

R4

\
z
(CHz)m/ Y,
R6
R3 '
: NH
—A
R5 .
L
Yz
wherein

X is selected from NR1, O, §;
Y1 and Y2 are independently selected from O, S;
10 Z is selected from Niu, 0, §; '
misQorl; |
A is selected from a direct bond, (C1-6)alkyl, (C1-6)alkenyl, (C1-6)haloalkyl, or (C1-
‘ 6)heteroalkyl containing a hetero group selected from N, O, S, SO, 802 or containing two
hetero groups selected from N, O, S, SO, SO2 and separated by at least two carbon atoms;
15 R1 is selected frorn H, alkyl, haloalkyl
R2 is selected from H, alkyl, haloalkyl;

. R3 and R6 are independently selected from H, halogen (preferably F), alkyl, haloalkyl,
alkoxyalkyl, heteroalkyl, cycloalkyl, aryl, alkylaryl, heteroalkyl-aryl, heteroaryl,
alkylheteroaryl, heteroalkyl-heteroaryl, arylalkyl, aryl-heteroalkyl, heteroaryl-alkyl,

20 heteroaryl-heteroalkyl, bisaryl, aryl-heteroaryl, heteroaryl-aryl, bisheteroaryl, cycloalkyl or
heterocycloalkyl comprising 3 to 7 ring atoms, wherein the alkyl, heteroalkyl, aryl,
heteroaryl, cycloalkyl or heterocycloalkyl radicals may be optionally substituted by one or



s al kyl (N-al kyl )araino, al kyl (N, N-di al kyl)am no, am do, N-al kyl am do,

N, N-di al kyl am do, al kyl am do, al kyl (N-al kyl)am do, al kyl (N, N-di al kTyI )R?m do,
thiol, sulfone, sulfonam no, alkylsul fonam no, aryl sul fonam no, e P 200
sul f onam do, hal oal kyl sulfone, alkylhio, arylthio, alkylsulfone,

aryl sul fone, am nosul fone, N al kyl am nosul fone, NN-di al kyl am nosul f one,

al kyl am nosul f one, aryl am nosul fone, cyano, al kyl cyano, guani di no, _
N- cyano- guani di no, 10 thi oguani di no, am di no, N am nosul fon-am dino, nitro,
al kylnitro, 2-nitro-ethene-1,1- diamne; R4 is selected fromH, alkyl,

hydr oxyal kyl , hal oal kyl , al koxyal kyl, hal4dal koxy, am noal kyl, am doal kyl ,
thioal kyl; R5 is a nonocyclic group conprising 3 to 7 ring atons

i ndependent|ly selected from 15 cycl oal kyl, aryl, heterocycl oal kyl or
heteroaryl, optionally substituted by one or nore substituents

i ndependermbsﬁ gr@ups:wépfmd@nﬂﬁaﬂ@qeﬁ ;‘:‘ronyhlycbﬁyy, aﬂiarldsdtwga@cyi antloalkyhlaryl,

al kyl am nq, i.al k ano [ kyl , y,. al kyl sul f one,
hal oal kyl heé‘t’fpf”@ ehal‘?rﬁﬁggln}@q hy Lﬁ%’%l ot E@oa feobcal within any
substitue ptlonal I y substltut ed with one or nore groups
selected f a&)‘qﬁ%a} 0g I af?&gg}g)xy, am no, N 20 al kyl am no, N, N--di al kyl am no,

al kyl sul f o %Bﬁ@lky@'aﬂk’ﬂ@ﬁ*b@@‘Bé&ml@%-aﬂ&ﬂﬁ%nonNtN%a]kﬂhﬂﬁno, 2Bhfthid) Ol

al kyl sul fono, al kyl’am nosul fono, -al kyl car boxyl ate, am do, N-al kyl am do, N, N-

di al kylsar mll@bd(N@ﬂl@d)aynmbgadlbﬂWN-ﬂlalkﬁ)mny,l am;da;]ieaﬂgylaxﬁldwwﬁeﬂmlmlanndbmn
XisNR1L, RI is HY is 0 Y2.is O, 0, inis 0, Ais a direct 25 bond,

R3 is H Rlkyl @mchaﬁHcytéN a%fyaméﬁeﬁllﬂw N-digliky prrasrip, thiph sulépsieesylfonamino,

A YPGB gy P g BY oy Fods DSttt ST L s
R6 is phenylyisdiReg, £31suffoRf lankiE M one N4 Emhot@%5ke, N,N-dialkylaminosulfone, |

- alkylaminosulfone, arylaminosulfone, cyano, alkylcyano, guanidino, N-cyano-guanidino,

10 - thioguanidino, amidino, N-aminosulfon-amidino, nitro, alkylnitro, 2-nitro-ethene-1,1-
diamine; | ‘
R4 is selected from H, alkyl, hydroxyatkyl, haloalkyl, alkoxyalkyl, haloalkoxy,
aminoalkyl, amidoalkyl, thicalkyl; '
R5 is a monocyclic group comprising 3 to 7 ring atoms independently selected from
15 cycloalkyl, aryl, heterocycloalkyl or heteroaxyl, optionally substituted by one or more
substituents independently selected from halogen, hydroxy, haloalkoxy, amino, N-
alkylamino, N,N-dialkylamino, cyano, nitro, alkyl, alkoxy, alkyl sulfone, haloalkyl
sulfone, carbonyl, carboxy, wherein any alkyl radical within any substituent may itself be
optionally substituted with one or more groups selected from halogen, hydroxy, amino, N-
20 - alkylamino, N,N—dialkylaminp,_ alkylsulfonamino, a.lkylca:rboxyamino‘,'cyano, nitro, thiol,
v alkylthiol, alkylsulfono, alkylaminosulfono, alkylcarboxylate, amido, N-alkylamido, N,N-
dialkylamido, alkoxy, haloalkoxy, carbonyl, carboxy; '
Provided that:
when X isNR1, RlisH, Y11s O, Y2is 0, Z15 O, mis 0, A is a direct
25 bond, R3 is H, R4 is H and R6 is H, then RS is not phenyl, nitrophenyl, hydroxyphenyl,
alkoxyphenyl or pyridine;
when X 1s NR1, R1isH ormethyl, Y1150, Y215 O, ZisO,mis 0, A
is a direct bond, R3 is H, R4 is H and R6 is phenyl, then RS is not phenyl;



45 when Xis NRL, Rl is H Y1lis O Y2is 0, Zis 0, mis O, Ais a direct
bond, R3 is phenyl, R4 is Hand R6 is H, then R5 is not phenyl; wheh4%LP<i0S,
at least one of Yl and Y2 is 0, mis O, Ais a direct bond, R3is Hor
methyl, R6 is Hor nmethyl, then R5 is not phenyl, pyridine, pyrrole,

t hi ophen or s furan; when Xis 0, Y1is 0, Y2is 0, Zis 0, inis 0, Ais a
direct bond, R3is nethylchloride, R4 is Hand R6 is H then R5 is not '
phenyl. 2. A conmpound of the formula | as clainmed in claim'l or a
pharmaceutically acceptable is salt or &% in" vivo hydrol ysable ester
thereof, wherein Xis NRL, Rl is Hor (Cl-3) alkyl, at Ieast one of Y 1 and
Y2is 0, Zis 0, mis 0, and Ais a direct bond. 3. A conpound as clained in

either claiml or claim2 or _al\%gar maceutically acceptable salt or an in
vi vo hydrol ysabl e est er whaepestNRIWRT sill, RB 13 €, M2 iaOklis ), thad Gad ksyd dir@d i s

H, is alkyl or_haloal kyl . . A.co nd clainmed in any of the preceding
cl aims or nﬂhé@r’r%.e}é‘?ﬁyicéﬂs&{ aaé@é&?%ﬁlﬂéenzgﬁfs B oYl vivo hydrol ysabl e
ester thereof; wherein i i |l su Ltuted .5.or 6 nher ed, ri ng
i ndependent |y sel ected @rg% c‘%’ ggllteé%ﬁgegfﬁ{m%ﬁ’%&@r@&& éallslarﬁeu%fgond’

het eroarylps -H 6r GRABAYRE iFH drlnddtBRdtHeR FoIN6 ot phélfy PRk, P9rbl HiBpiRn
pharmaceutically . accept aE)I e sal ttH%F gn in vi vg %&d’%l ysabl & esfer }tjher‘gof,
wher ei B RGudas; H, al kyl , hydroxyal kyl, am noal kyl, cycl oal kyl -al kyl ,

al kyl -cycl oal kyl, arylal kyl, alkylaryl, 25 heteroalkyl, heterocycloal
yl-al kyl, al kyl - het er ocyefm i, Y st b0, 41 mas OhétisechireribondaRg)is 1 4

SEP 2005 48 thylchloride, R4 is H and R6 is H, then RS is not phenyl.

2. A compound of the formula I as claimed in claim 1 or a pharmaceutically acceptable
10 salt or an 1 vivo hydrolysable ester thereof, wherein X is NR1, R1 is H or (C1-3) alkyl, at

least one of Y1 and ¥2is O, Zis O, mis 0, and A is a direct bond.

3. A compound as claimed in either claim 1 or claim 2 ora pharmaceutically'acceptable

salt or an in vivo hydrolysable ester thereof, wherein R3 is H, alkyl or haloalkyl, R4 is H,
15 alkyl or haloalkyl.

4. A compound as claimed in any of the preceding claims or a pharmaceutically
acceptable salt or an in vivo hydrolysable éster thereof, wherein RS is an optionally
substituted 5 or 6 membered ring independently selected from cycloalky], aryi,

20  heterocycloalkyl or heteroaryl.

5. A compound as claimed in aﬂy of the preceding claims or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester thereof, wherein R6 is H, alkyl,
hydroxyalkyl, aminoalkyl, cycloalkyl-alkyl, atkyl-cycloalkyl, érylalkyl, alkylaryl,

35 heteroalkyl, heterocycloalkyl-alkyl, alkyl-heterocycloalkyl, heteroaryi-alkyl or heteroalkyl-
aryl.



6. A conpound of the formula Il or a pharmaceutically acceptable salt or an
in vivo hydrolysable ester thereof Ar NH R6 O Formula Il 5 wherein AREP IR
5 or 6 nmenbered aryl or heteroaryl group optionally substituted by one or
two substituents selected from hal ogen, amno, nitro, (Cl-6)alkyl,

(C1-6)al koxy or (Cl-6) hal oal kkoxy; R6 is selected fromH, aryl or
(Cl-6)al kyl and R6 is optionally substituted by a group 10 selected from
hydr oxy, thioal kyl, phenyl, hal ophenyl, pyridyl or carbamate. 7. A conpound
of the fornmula 11 as clained in claim®6 o#éa pharnaceutically acceptable
salt or an in vivo hydrol ysabl e ester thereof, wherein Ax is phenyl or
substituted phenyl, or Ar is a 5-nenbered heteroaryl ring conprising two -
het er cat ons_i ndependently selected 15 from O and N. 8. A conpound of the
formula || 6as AFkempeend mwfy the feranule Haera phasimaesudically acoepteblesrlt oreodnvival | y

accept abl e- salt an i.n viyvo hydrol ysabl e ester thereof wherein R6 is
phenyl , phé’ﬁa{c’lﬁﬂgg‘*ﬁ#ﬁ'ﬁ%‘e%ﬁlth a hal ogen, methyl ene pyridine, or

(d-3)al kyl optionally 20 substituted with hydroxy, thionethyl or benzyl
carbamate. 9. @?bﬁh maceuti cal conposition which conprises a conpound of the
formula | as ingd in claiml or a pharnmaceutically acceptable salt or an
in vivo hydro able_ester thereof and a pharmaceutically acceptable

carrier. 2%V NH
R6 N
i O Formula I
5 wherein
Ar is a 5 or 6 membered aryl or heteroaryl group optionally substituted by one or two
substituents selected from halogen, amino, nitro, (C1-6)alkyl, {C1-6)alkoxy or (C1-6)
haloalkoxy;
R6 is selected from H, aryl or (C]-Gjalkyl and R6 is optionaliy substituted by a group

10 selected from hydroxy, thioalkyl, phehyl, halophenyl, pyridyl or carbamate.

7. A compound of the forﬁﬂa IT as claimed in claim 6 or a pharmaceutically acceptable
salt or an in vivo hydrolysable ester thereof, whereir Ax is phenyl or substituted phenyl, or
Ar is a 5S-membered heteroaryl ring comprising two hetercatoms independently selected

15 from O and N.

8 A compoﬁnd of the formula H as claimed in either claim 6 or claim 7 or a
pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof wherein R6 is
phenyl, phenyl substituted with a halogen, methylene pyridine, or (C1-3)alkyl optionally

20  substituted with hydroxy, thjomethyi or benzyl carbamate.

9. A pharmaceutical composition which compnses a compound of the formula ] as
claimed in claim 1 or a pharmaceutically acceptable salt or an jn vivo hydrolysable ester
thereof and a pharmaceutically acceptable carrier.

25



1 4 SEP 2005 47 10. A pharmaceutical conposition which conprises a conpound

of the formula Il as <clained in claim®6 or a pharnmaceutically accepfg@tpwa
salt or an in vivo hydrol ysable ester thereof and a pharmaceutically
acceptable carrier. 11. Use of a conmpound of the formula | or formula Il or

a pharmaceutically acceptable salt or in vivo hydrol ysabl e precursor

thereof in the preparation of a nedicanent for use in the treatnent of a

di sease or condition nediated by one or nore netall oprotei nase enzynes.
47

10. A pharmaceutical composition which comprises a compound of the formula II as

claimed in claim 6 or a pharmaceutically acceptable salt or an in vivo hydrolysable ester thereof and

a pharmaceutically acceptable carrier.

11. Use of a compound of the formula I or formula II or a pharmaceutically acceptable salt or
in vivo hydrolysable precursor thereof in the preparation of a medicament for use in the treatment of a

disease or condition mediated by one or more metalloproteinase enzymes.



