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I NHI BI TORS Field of the Invention The present invention relates to
novel hydawDowes/ @839 vati ves, processes for their 5 prepaBcB®N/004556
pharmaceutical conpositions containing themand their use in therapy.
Background of the Invention Metalloproteinases are a superfamly of
prot ei nases (enzynes) whose nunbers in recent years have increased
dramatically. Based on structural and functional considerations these
to enzynmes have beeHYRANBINDERIVATIVES USEDI ASMMRINHIBIDORSI | | es as
described in NM Hooper (1994) FEBS Letters 354:1-6. Exanpl es of

met al | opr ot ei nases include the matrix metall oprotei nases (MWs) such
as the coll agenases (MW1, MWP8, MWP13), the gel ati nases (MWP2,
MVP9) , t h@ield sfthelwsithsm (MVP3, MVWP10, M MP11), matrilysin (MW7),

nmet al | oel gstase (MWP12), enanel ysj MWP19), the MI- MVP 14, 15
MVP15, Mﬁﬁﬁprew%m?ﬂ%wﬁ#égv B%;?H? aeﬁoua%)awawéamowsw%é% ly

whi ch i;nchpdestibh ehagcaltRatsonandisheddanss Sbahnd heiNse GOM¥AHY.I NY
enzynmes (ADAMLO and TACE); the astacin famly which include enzynes

such as procol | agen processing proteinase (PCP); and ot her

met al | opr ef, L NASES, Fcvasiad9r ecanase, the endothelin converting
enzyne fam—ayég—amgii—h'e—mmﬂjgensi n converting enzyne famly 20

Met al | opr Metalvpsesinaesateal suparfuanilyefipetéingses (camtmésh whogsl mintbersan ofcent
physi ol ogi cal , di sease pr.ocess at, inyolve tissue.renmodel.l i ch
Do onbr y oRFES BEaRapER A gAY SPRd s b RiRic R aSplichy e
dur i ngioe REtyimed hh@dbeen RiaSsified BesRAMIRE abdQibBdmilies 3¢ deberibee in N.M. Hooper
met al | opr ot ei nases to cleave a broFd range of patri Xt‘é‘?ﬂ%gﬁt rates such’

as col | agél 42EEBP detesiyeind- MGBPBW@ ?R%'_F’tel’%?éfeéli? ef%es are
al so bel i eyedi bR tdfastdPRRAP Yuch Bs thb SolRicBERSSIVIAP 1 VIVIRS MNP B, thef

bi ol ogi cal 1 nmportant cell nediators, such as tunmour necrosis'Tactor

(TNF) ; andelatieaspgo@IMPRIMMBR) tha stromplytinsdMMP3 MMEE BMMER] 1), gpatrilysin

sheddi ng, 1O i I Qm | MRS Dﬁﬁr e

| ow af f ?ni(%{ﬁdﬁhfg%%‘gp Slg%ée @?lﬁ}%&mﬂ@%ﬁ corrgﬁtgt?éel{% i'st sge .f"?/l
Hooper iset MMP1§,1MB1P)1 6 VMG thd repBBYsirP@Sd2mely sin 80 MIMWDfamily which includes
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i | a4 oo Al aees sbsis d N, doRveitiog P R ERD RO dHom: g,
(especi al layta¢ih G Whidh ddhitle chizEnes@aEtERat6 ddllagdnprovessigopioleinase (PCP);
inflammation of the gastro-intestinal tract (e tgcial Ig i.nf | ammat ory
bowel di s@adathermetafoprptpmnagssispeh as agargcapass Fhw@? helin gon¥eripg PRF™Sf ¢ he
skin (espeghy hat RS AhdisShsn cGRERIB enfl@id iyl S); in tumour S

netastasis or 1 nvasion; in diseasé associated w th uncontrolled
degradati on of the extracellular matrix such as osteoarthritis; in
bone resonrpL.i L ( 0S| ' b e);
"h i seas Rtk RAS el RHEARS bORORA IR B ifflocha hEGRS
col | agen rpecoesheb thahipvelss tissuatetodelling sudhedsetrdsyonpreddveldpmeiat] batiefemsdion
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metalloproteinases to cleave a broad range of matrix substrates such as collagen,

25 proteoglycan and fibronectin, Metalloproteinases are also believed to be impoitant in the
processing, or secretion, of biological important cell mediators, such as tumour necrosis
factor (TNF); and the post translational proteolysis processing, or shedding, of biologically
important membrane proteins, such as the low affinity IgE receptor CD23 (for a more
complete list see N. M. Hooper et al., (1997) Biochem. J. 321:265-279).

30 _
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 or



10 anastonosis) and derrmal wound heal i ng; denyelinating di seases of
the central and peri pheral nervous systens (such as multiple

scl er osi s) WOALUMEEI¥Rr ' s di sease; extracellular matrix rmmllDTIWgSSG
observed in cardiovascul ar di seases such as restenosis and

at heroscel erosis; asthma; rhinitis; ang chronic obstructive pul nonary
di seases (COPD). 15 MW12, al so known &@s nacrophage el astase or

net al | oel astase, was initially cloned in the mouse by Shapiro et al

[ 1992, Jo str 67: .4664], and in man by the
same gr oug&lﬂig{lcfgﬁ P&%ﬁ%%@% %’fya‘ﬂdfu@)gﬁ‘r 43T Sp %Scwﬂe@p@aon
macr ophage$ thedoidt CBq&ciaﬁy: ﬂlemh:awu a@hﬂlﬁ SRRBENIET JnH QR iN@Rh@Ation of the
macrophages frO{n%ggE_ gng | ro et al 1993, Jour nal of Bi ol ogi cal
Chenistry2 fict ’égmiﬂﬂ"a?c’&é?ﬁ"(?éI‘i¥s§a‘~13n1112€@atﬁter€éhb%%ﬂder otic
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si gni fi camnd Eagaﬁydxsmc:),atdmngd:s;assoﬁﬂtedammm&&tanwgéﬁésﬂsGthaeﬁﬂﬁﬁceﬁnZym‘«‘
|ntheCCP nesi s. her l.e of MVWPs such as MW12 i n COPD
(enphyserra oﬁgﬁpgags)oqage (ﬁ%téeg’ﬂ ReROMGHRl (Adssase{reh o RiFgHAtiRY,

1999, Cur I‘céméal @memnom ulgeraiiinl of HRY JkaH BB Qpsta@ictoh AT RORR &fﬁs%gﬂ/
I nvestigational Drugs 1(!%7; 29-38. It was recently disScovere hat
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ef fects have prevented the further devel opnent of certain matrix

met al | opr nhi bi tor dru ndi dat es ever al hypot heses based
upon a'g)l a&ﬁgﬁggf’ 3%?‘”\1/?% Wagwha%ﬁﬁggaﬁr%&e@é]ﬁ ajce Waningiady clpgedin the

di ff erent masaierbwshﬁpir@led 41mrm«;:m&%fbﬁmldaﬁ@ﬁmﬁ@w%ﬁdsm AI M Ahfb) he
nmuscul oskel et al ndr see, for exarrple J. Thonmas Pet érson,
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treatment. When MMP12 knock-out mice were tested in this model they developed no
significant emphysema, strongly indicating that MMP12 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
in human carotid artery plaques Kangavari [Matetzky S, Fishbein MC et al., Circulation

30 102:(18), 36-39 Suppl. S, Oct 31, 2000].



that are useful as MWP inhibitors. 20 W now disclose a further group
of hydantoin derivatives that are inhibitors of netalloproteinases
and are of woemedissdvar interest as potent and sel ective RCUMGBIDTIS56
MWP12. The conpounds of the present invention have benefi ci al
potency, selectivity and/or pharmacokinetic properties. 25 Disclosure
of the Invention In accordance with thé present invention, there are
provi ded corrpounds of formula (1) 4 wherein R represents H CH3,
represents H or ; and

d
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repr esent sideldfects efériedadas ARBAGABEItRYy ﬂrﬁcﬁﬁ@%ﬁ Sd %ﬁ@%@@ J-ev%{t
CF3. 1 In onge enbodi ment, R represents cycl-opropy rep cSent
CH3. 1 In ﬂ%ﬁrﬁ“‘éﬁ&ﬁéaﬂﬁﬁﬁw oRcqrtab mg@ﬁt@t@é@rﬁﬁdamhﬂapnda@nasdlﬂﬁss

Several hypotheses based upon a lack of selectivity for these drug candidates among the

s different matrix metalloproteinases have been advanced to explain the musculoskeletal
syndrome (see, for example, J.Thomas Peterson, Cardiovascular Research, 69 (2006): 677-
687). In order to minimise any possible adverse musculoskeletal side effects, there is a
clear rational to develop selective MMP-12 inhibitors for the treatment of MMP-12

mediated human disease.
A number of metalloproteinase inhibitors are known (see, for example, the reviews of
MMP inhibitors by Beckett R.P. and Whittaker M., 1998, Exp. Opin. Ther. Patents,

8(3):259-282; and by Whittaker M. ef ai, 1999, Chemical Reviews 99(9):2735-2776).

15 WO 02/074751 discloses hydantoin derivatives of formula

that are useful as MMP inhibitors.

20 We now disclose a further group of hydantoin derivatives that are inhibitors of
metalloproteinases and are of particular interest as potent and selective inhibitors of
MMP12. The compounds of the present invention have beneficial potency, selectivity

and/or pharmacokinetic properties.

25 Disclosure of the Invention

In accordance with the present invention, there are provided compounds of formula (I)



15 Exanpl es of conpounds of the invention include:

1-[ (4S) 4-cycl opr opyl - 2, 5-di oxohni dazol i di n-4-yl]-Nnmethyl - N-{[4-(pyri
m di n-5- ywoxy)ssazaay| | met hyl | met hanesul f onam de; PCT/GB2007/004556
1-[(4S)-4-cycl opropyl- 2, 5-di oxoi mi dazolidin-4-yl]-1\14{4-[(2-cycl opro
pyl pyri m di n-5- 20 yl)oxy] phenyl } net hyl ) - N- et hyl net hanesul f onam de;
1-[ (48) - 4- cycl opropyl- 2, 5- di oxoi ni dazoti di n- 4-y1] - N- et hyl - N- ({4- [ ( 2-
nmet hyl pyri m din- 5 -yDoxy] phenyl } net hypnet hanesul f onam de;

11(4S) - 4-cycl opropyl- 2, 5-di oxoi m dazol i di n- 4 y1l] - N-net hyl - N-[ (4-112-
(trifluoromethyppyrimn din-5-yl]oxy}phe | et hanesul f onam de;
251-[ (4S)-4- cyclopropyl 2 5- di oxoi mda;té \R7 |n z‘ﬂ] N ({4- &(2 et hyl py
rimdin-5- yl)oxyl pi hyI 6onam
2008/065393PCT/GBZOO E | N

1-[(4S)-4-cycl opropyl - @ azopRdi -yl ] -N-[(4-{[2-(trifluor
onet hyppyri m di n5- yI]oxy}ben yIAnethane sul f onam de; and

phar maceutically acceptable salts thereof. 5 Each exenplified
compound represents a particular and independent aspect of the
|nvent|on“mEWQ1conpounds of formula (I) may exist in enantiomneric
fornms. It i;s to be _understood that all enantioners, diastereoners,

r acemat es Badepraserisdt. &z (EeHh, QF 201 qyelopwal #d hi n t he scope of to

t he inventi,on. The various optical isomers may be isolated by

separ afi off o"eprasen@&ém@Hm xture of the conmpounds usi ng conventi onal

t echni ques,  for exa fra %%% stallisation, or HPLC.

Al ternati %@thceb‘ﬁ E}Ué’é\ccqp ﬂ’ﬁ?"o e obtai ned by asymetric
synthesis, or by synthesis fromoptically active starting nmaterials.
15 Were optically active isonmers exist in the conmpounds of the

i nvent i on]Jn v dhisclinge, R deplefshtCHylal optically active forns and
conbi nations of these as individual specific enbodinents of the
invention, as well as their correspondi ng racenates. In one

enbodi ment, the compounds of fornula (If have (4S)-stereochem stry as
shown 20 %pwmbodlment R represents cyclopropyl or CF3.

In one embodiment, Rl represents cyclopropyl and R2 represents CHs.

In one embodiment, R1 represents CF3 and R2 represents CHs.

Examples of compounds of the invention include:
1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-yl]-N-methyl-N-{[4-(pyrimidin-5-
yloxy)phenyl]methyl} methanesulfonamide;
1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-y1]-N-({4-[(2-cyclopropylpyrimidin-5-

20 yDoxy]phenyl}methyl)-N-methylmethanesulfonamide;
1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-y1]-N-methyl-N-({4-[(2-methylpyrimidin-
5-yDoxyphenyl}methyl)methanesulfonamide;
1-[(4S)-4-cyclopropyl-2,5-dioxoimidazolidin-4-yl]-N-methyl-N-[(4-{[2-
(trifluoromethyl)pyrimidin-5-ylJoxy} phenyl)methyllmethanesulfonamide;

25 1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-y1]-N-({4-[(2-ethylpyrimidin-5-
yloxy]phenyl}methyl)-N-methylmethanesulfonamide;



For the avoi dance of doubt, the (4S)-stereoi soner nmay be present as a
m xture with the 25 (4R)-stereoi soner. For exanple, the

(4S) - st er ewpDa0086339Ry be present in a 1:1 m xture w th RAWGB2007/004556
(4R) - stereoi soner. In one enbodi ment, the conpound of formula (l) is
optically pure. In the context of the gresent specification, the term
optically pure is defined in terns of €nantioneric excess WO

2008/ 065393PCT/ GB2007/ 004556 6 (e.e.), which is calculated fromthe
ratio of the difference between the amounts of the respective

enant i oned d(4Sds@istormal2RedietnimisrzaifinstyHMblid: 42-(altyeeosrdy Dayrigidin-
ercenta ation containing 95% of one
gnantl om%fg yal-rlégy}sﬂ%h%@]ﬁ%g egﬂ%ﬁ%ﬁ??omr has an enagtl oneric excess of
90% [ i . e. aidphdsni¢edtiodly accepfdle saimthespf.cal |y 5 pure conpound
according to the present invention has an e.e. of at least 90% In
one enbodi nent, an optically pure conpound according to the present
i nvent ison Baétse@mptified chp@ind h&askntd b Yartictlafaddinddpefideptdroedt abthe, an
optically. pure conpound according to the present invention has an
e.e. of aileBB¥+ 98% to Where tautomers exist for the conpounds of
the invention, we disclose all individual tautomeric fornms and

conbi nations of these as individual specific enbodinents of the

i nvent i on Thpempnuadesitiommied) nanexish &1 engetipmesitpormsd & ivlo be sndanstepd(thyt alln
the form of, sal LS. mﬁﬂéré&gérse rBlnhis A il BR dBOR Gy ﬁeﬁﬁ%@f {sco £
organi ¢ or 1 norgah or organi ¢ or 1norgani ¢ bases. Suc SRS
wi || nor miie mvdnaom HHremanemEapwdl is;zmaxsmegtbahﬂohtedd:lytsspm&tiohmﬁgfacemic mixture

h ut t abl.e be of it
ot par at | Sh AR Pk Fareena) bRt e by o gbelEfop. o
i ncl ude a@IPGL(ﬁMbﬁlhﬁ%I}Smb bpticalisémasmay b &ﬁﬂhﬁby@@ymﬂlﬁﬂi’c@jﬁitﬁﬁﬁsﬂﬁ,by

citrate, | ate and Ie te salts ang salts fornmed with phosphoric
acid or sﬁY ﬁﬁ@n&@ﬁﬁ Hegﬁaﬂh@ﬁﬁ 9¥pect suitable salts are base
salts such as an al kali netal salt, for exanple, sodiumor potassium
an alkaline earth nmetal salt, for exanple cal ci um or magnesi um or
an or gani Ve peticgly activedsonesgmenist én the epraptiyida pf the inventionsae discloge all
conpounds se or
o her  Siivi Splialiab Pt ord Rl RS} B! B8R

appr opr i aembadingntsrof asieveniihe, as ovefl @s et cofresfponalmg eacéinptesr e usef ul
because they possess pharnacol ogical activity in aninals,
particularly humans, and are thus potentially useful as

phar maceuth 68¢ Embddim@a[ the Gothpsund$ o MITR Y hake (@)-stBiRodHRM ANy 29 Bh@we
netallopr&telnase i nhibitors and may thus 30 be used in the treatnent
of hurmiin dF¥¥%ases or conditions nedi at ed by MW12 such as ast hnmm,
rhinitis, chronic obstructive pul nonary di seases (COPD), arthritis
(such as rheumatoid arthritis and osteoarthritis), atherosclerosis
and restenosis, cancer, invasion and W) 2%98&9 393PCT/GBZOO?/OO4556

g /\§O
RESSR ¢

For the avoidance of doubt, the (45)-sterecisomer may be present as a mixture with the
25 (4R)-stereoisomer. For example, the (45)-stereoisomer may be present in a 1:1 mixture

with the (4R)-stereoisomer.

In one embodiment, the compound of formula (I} is optically pure. In the context of the

present specification, the term optically pure is defined in terms of enantiomeric excess



7 netastasis, diseases involwing tissue destruction, |oosening of hip
joint replacenents, periodontal disease, fibrotic disease, infarction
and heart WO0465398i ver and renal fibrosis, endonetri CSBGB2EWESes
related to the weakening of the extracellular matrix, heart failure,
aortic aneurysns, CNS rel ated di seases_such as Al zheinmer's di sease
and nmultiple sclerosis 5(M5), and haed%tological di sorders. In
general, the conpounds of the present invention are potent and

sel ective inhibitaors of human MwW12 %hNNPlZ). The conpounds. of the
present i Kehtihish inraleniamdiomgbeiratia s theidiffaincgibetepr sagroupts of the
relative Of b NRLDEL f ' BMYP

P2, MVVER T RHE O e s o fea A S guispa e pdentagry
and t hei r Tplildustrate captiepahtion contépnsmBi‘e of enc enavtiomdyand § ¥opfianothere

treatment of .di seases of the .respir .tract a bstrugctive
i seases. SRRESTIS RS REhERg SoPrbas OFitrm Redh Aoty
al | er gisc, pltconmpsind acedrdingns ke pressisveation RebUGELk. oflitugst 9bilndueed
(i ncluding aspirin and, NSAI D-i nduce%{) and, dust -i nduced asthma, both
i nt er mi t t Mbodimgntoar aptically puigsgrppung accardipg ¢ the preseni dppestionshas g G Seef
of airway onl Saojf]&ﬁﬁ' SRS is i A

di sease (%%??Sﬁhr%nc I t%ﬁs/ I nﬁeﬁgﬁgﬂflﬁlg?ﬁ%%?ﬁgﬁgdggg nop%%ﬂ?ei C
br onchi t i gresentpivséoraliashneree b aideaaldd®80. adult respiratory distress
syndronme (ARDS); cystic fibrosis; sarcoidosis; farnmer's |ung and
rel ated di seases; 20hypersensitivity pneunonitis; lung fibrosis,

i ncl udic ng WhierptaapaizrLexist foraké egnmiunésdfithd inyertidhopadistlose alltiedisidingli al

pneunoni as, fibrosis conplicating anti-neqplastic .t.herapy and roni c
P eCt T on AR PE FOBBMERtaTt e AR Wer e SnabtrREs of figa
i nfectionsave@! 1 cations of lung transplantation; vasculitic and

thronbotic disorders of the lung vascul ature, and pul nonary
hypertension; antitussive activity including treatnment of 25 chronic

cough aSS%g £e%a1tweﬁtiémﬁlkﬁaﬁ%g{gmugaagﬁg&%ﬂ(w 1500t bF 8. RiitablB Salts

ai rways, and-iatrogenic cough; acu id chroriic rhinitis including
rhi ni tiss Aedidedhse fosmd vdthdorgaoainengarit peids rorggnis eringraanie bases. Such
seasonal al.lergi PP LS Mol RO sg ( er ke
nacal pol i rbghlb ppap el Dol bRl n AEONIR R IR BNR Dy
i nf ecti on aceeptable sakesphy Bé of Willy inctyie pbaretionemd purifitatenod particrlanavi r us
(1 ncludi ng SARS d, adenovi rus. . 30.. WD 20081065393 20071004556
b st eoar CATPPHEP SUE SUR A Bid BRenPRE SR SR G At e
exanpl e, GRREE siRte dAdRAHNSPINE kit saBS Fotinedvithplodphttiascid pofdbhutit bsid.
and | ow back and neck pain; rheumatoid arthritis and Stil]'s disease;

ser oneyat ily anaihs geRpchuitable spltsae base sallsisuch asgnatieliinests! alt, for example,

sodium or potassium, an alkaline earth metal salt, for example, calcium or magnesium, or

an organic amine salt, for example, triethylamine.

Salts of compounds of formula (I) may be formed by reacting the free base or another salt

25 thereof with one or more equivalents of an appropriate acid or base.

The compounds of formula (I) are useful because they possess pharmacological activity in
animals, particularly humans, and are thus potentially useful as pharmaceuticals. In
particular, the compounds of the invention are metalloproteinase inhibitors and may thus
30 be used in the treatment of human diseases or conditions mediated by MMP12 such as
asthma, rhinitis, chronic obstructive pulmonary diseases (COPD), arthritis (such as

rheumatoid arthritis and osteoarthritis), atherosclerosis and restenosis, cancer, invasion and



spondylitis, psoriatic arthritis, reactive arthritis and

undi fferentiated spondarthropathy; 5 septic arthritis and ot her

i nfecti on-wel2atsadsxet hopat hi es and bone di sorders such BEI/GB2007/004356
tubercul osis, including Potts' disease and Poncet's syndrone; acute
and chronic crystal- induced synovitis including urate gout, calcium
pyr ophosphat e deposition di sease, and Tal cium apatite related tendon,
bursal and synovi al inflanmmtion; Behcet's disease; prinmary and
secondary Sjogren's syndronme; systemc sclerosis and limted

scl er oder matasttsis.sssassainyolving tisses dastierigndsessningiok bip jephreplacenpents,i ssue
di sease, | k. I & NNACLI [ di -l et ory
yopat hi bSOl i Bl el ARG lof aah bR Bedled BO8md il B

r heumat i cendopistténsis| disaasdsheliateid so thecheakiining ofdhopdiabélinldar matdniedrofalure,

arthritides_.of whatever . jaint distributi and ,associ at ed syndrpnes,
Snd T heunBeHE SHHSp IS FEad JEPEA Tk 61 B PRRE biIGss AL bl alrons

i ncl udi ngaERALd BRImatAsditd] disofdersTakayasu' s 15arteritis, Churg-Strauss
syndronme, polyarteritis nodosa, m croscopic polyarteritis, and

vascul itides associated with viral infection, hypersensitivity
reactions P38 105 ard PP ATKsRRYiS infiBiTtbisiof!
Medi terra]r:1ne r?)é]%g\ﬂgér) (E:'% e- elti?réﬁgf/i%grolne?l nd IT'Fan‘i.lei al H berni an
Fever, Ki huoim MMBEASEMPIA) g hembapedndsof el nyésast invantidoalse shavdgend and
nyopat hi es, 20. The,co nds .af fo L Q) 1 hej

ohar mce sy MibraRpany & Fufive AT hiabn & ubdor Py sichag
of paid aRMMPR)MSMNPYaMMPSUIMVPTYded hiMMP16f nuscul oskel et al

di sorders due to injury [for exanple, sports injury] or disease:
arthitides (for exanple rheumatoid arthritis, osteoarthritis, gout or
crystal arhdEaRfubdd of RGN (I) L MeirdhaSRsarticAlyGcapiablethly 340 bk @bdddh the
di sc 25 degeneration or tenporonandi bular joint degeneration), bone
renndel | i HEptaenafsisepsen ehtha sespietarygticbuich as phajuetive dieawasbthgarways

OSt eonecr gahing: RALME NRAGH:H bfoﬁcﬁ&l?él%&@g,gﬁﬁ’ﬁsic,r@xi‘rﬁgi&%ﬂﬁ&ﬁh&(@ceﬁ,‘ dagle
di sorder, sponc?y oart’hropathi es or perTodontal diseaSe (such as

per i odent itduedd (irduditpeaspivimzod NFAIDFinfwped) dnd dostyinduegd aithing, both

phar maceut i.cal. . 3. al id at ment
b i scas dueard ARFERURREn BT SR, B o YARE dhidl§ R T
dermatiti sesponsiehess; duaderabstustivguimsmsediscaan(CORD R praehifindncluding
2008/ 0653 8PP OB s BIog 5 BULHER YPEchiss i pilappietory

der matiti Qistre@ sfRdrbik $ARDEP Y bOfibTbSs; shic6iaedis; PAraRLS lungia@l edlated Hies06s)S
et atrophica, pyoderma gangrenosum skin sarcoid, discoid |upus,

er yt hetrat ¥RRSSEnpEMSHPRAUTIONHS YRR Gbrogis, iapinding pypipgsrc figroswgalveolitis,
urticaria; '%@&i jal YAGEHntek] S sis SIRat BB BlastchaRG PR

eosi nophi ?1 , gﬁg%g?}aéﬁar eat ga%’ﬁrrg selﬁ %@ﬁle?n g%al dnegg?t S\/\eg‘iﬁf)s 5
syndr omre, chibisrinfertians inchdingymbhraresis andyaspragitlosisiand dtiear fengabwfdctipns i s,
both infectiv nd n-i.nf LYE. .panm.ceul i-tis: A I S,
non- mel an§HEY ]g RAR: %Iégrtraggélg%tgﬁ%nr’ ﬁf‘sﬂb caisqd}tfér%pggﬁcgﬁgﬁﬁ%rs ﬁ%ﬁi{gn ced
di sor der s vhsealatitté,ngd bulxetagriygersndionh] atisussivé ectivitppelntiss edatrhart ofil a

(I') and their, pharnmaceyti cal cceptabl e salts cap.al sq be.used in
Lo ¢ et r o g Sardusdaih e and sty BRB FRRNRSS el
conj unct i Yittdetnic OEghtiStuta QMM BiniddidcMeihg Mlinidk hRAhGentosa, and

conjunctivitis; iritis; anterior and posterior uveitis, choroiditis;
vasomotor rhinitis; perennial and seasonal allergic rhinitis including rhinitis nervosa (hay

fever); nasal polyposis; acute viral infection including the common cold, and infection due
to respiratory syncytial virus, inﬂﬁenza, coronavirus (including SARS) and adenovirus.

30
The compounds of formula (T) and their pharmaceutically acceptable salts can also be used in

the treatment of diseases of bone and joints such as arthritides associated with or including



aut oi nmune; degenerative or inflammatory disorders affecting the
retina; ophthalmtis including synpathetic ophthal mtis; sarcoidosis;
i nfecti onswbreodsidsaeg viral , fungal, and bacterial. 15 PUOWGEDOPWYSTES
of formula (1) and their pharmaceutically acceptable salts can al so
be used in the treatnent of diseases of the gastrointestinal tract.
such as glossitis, gingivitis, periodohtitis; oesophagitis, including
reflux; eosinophilic gastro-enteritis, mastocytosis, Crohn's disease,
colitis including ulcerative colitis, proctitis, pruritis ani; L
coel i ac dpstecmsbritigostegaribraaisl oth puimpryspd decondary i dod expinplenenngesital hip

di arr hoea Sﬂ%ﬁla%%% rg&g%é%?gﬁgbn%?ééﬁdﬂ]éﬁf %ie&rba@ﬂn&@@ gﬁjé; ﬁl%ﬁ.tﬁ%troﬁfmt €

fromthe niti's or ec

conpounds anhriti e #tidl’ { dijeass) derbieghiivepdpandweethidpatilids\indotiepsdiylosingal t s
can al so be used in the treatnent of dj.seases.of the . cardi Qqvascul ar
oyt om <u kP, REFGAE FElHES Sectye pebiis g R B gd Sy APy
peri pher akefticragt}ifl ibthR ife@Rhdblhted artAdReastnt bsne disdttite sidtary and

aut o-i mmune cardi onyopat hi es jncl udi ng nyocardi al sarcoid;, ischaemc
reper f usi berayasis wsluding Fettardisepseand Pangals isyndsome; agutg 8pq plirpric crystal-

i ncl udi ng:J i : d%ﬁﬁ@ yphi:l Lt c)s L 4d tcalll.SOrgder s
of the pr 6&@%%%@“%)&%% ra L@%‘?n‘%@%&’hﬁﬁcﬁs\ﬁgﬁg gg;%t{s%tféﬁglhsgﬂe, AHd
t hr onbosi sglciuncapatiienglattd egdoebursahamlrsynevial isftrnngiont Belxet’ odiscasé;

vari cose veins. 30 0 var i,an ancreati.c, -bowel d..col on .
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such as Ho in's.and_non-Ho ins oma; .inc ing the.

prevent | oﬁogﬁa“‘t’er%%F%@ﬁ?asﬁﬁﬂf%gft%?%ﬂ%’gg&‘?éé%c ndinedermanpyositits and

recurr enC%@%}fﬂ?@ﬁﬁti&f}foﬁ?ﬁQh Afcdulriatiy NHeAIEEhrikid ifNRliRSBRGhthiclii@ammatory
or mul a

conpounds” of f ~and their pharnmaceutically acceptable salts
may be use&thiifidesiet whpisxgrjeint digribution and pasopipied syidoraess epddhsusaticdevire
(ARDS), cyshi i Dr0SE S ‘ o belihiS » '

br onchi ec%ég&s |itg Sjtslct:%g%li)rgp lg%ﬁ%ﬁ&ﬁ%%ﬁ%ﬁ{%ﬁ@%ﬁ? ' I ggg%s}teeh?%&%?asu 5

pul nmonar y atteuiiés, Chme Srausesyntone, pdlyarteritis nodosa heinjoacapéymifatsiitis and

injury, torhe toid arthr.iti.s,. . tluiti , .

2t her oscl SFoan Beesgaooiciin by 683 bedins Bi FRIESH crseobutins, g
| n anot heparppesihs; ldw backaapn Badiiabllelibsrranban felgr, MnckleWéslls syndrome, and
phar maceutj cal |y .accept.abl e salts. may be used in. the treat t or
prophyl ax&'j?‘mglfal' ?qr%ﬁﬁg?w ! F@éa’éﬁaégifﬁ'”%&ﬁl&ﬁdi %W@Pg&’ﬁnte ‘g’r‘g‘]‘%@gﬁ@@%
associ at eghpiphipiegncontrol | ed degradation of the extracellular matrix
and renodelling. In another aspect, the conmpounds of fornula (1) and
their P¥harmaceutical ly acceptable salts may be used in the

treat ment 19 BLERMML S%SmAS (1) AHd AATHaRh b ARIR RERINe SUiS EASAS W used in

20condi ti ons.
the treatment of pain and connective tissue remodelling of musculoskeletal disorders due to

injury [for example, sports injury] or disease: arthitides (for example rheumatoid arthritis,
osteoarthritis, gout or crystal arthropathy), other joint disease (such as intervertebral disc
25  degeneration or temporomandibular joint degeneration), bone remodelling disease (such as
osteoporosis, Paget's disease or osteonecrosis), polychondritits, scleroderma, mixed
connective tissue disorder, spondyloarthropathies or periodontal disease (such as

periodontitis).

30  The compounds of formula (I) and their pharmaceutically acceptable salts can also be used in
the treatment of diseases of skin such as psoriasis, atopic dermatitis, contact dermatitis or

other eczematous dermatoses, and delayed-type hypersensitivity reactions; phyto- and



More particularly, the conmpounds of fermula (1) and their
pharmaceutically acceptable salts may be used in the treatnent of
chroni c obwbr2oesiness3 pul nonary di sease (COPD), asthma amtCIvéBaotigsss 25
Even nore particularly, the conmpounds of fornula (1) and their '
pharmaceutically acceptable salts may be used in the treatnent of
chroni c obstructive pul nonary di sease #COPD). Accordingly, the
present invention provides a conpound of forrmula (1), or a 30
pharmaceutically acceptable salt thereof, as hereinbefore defined for

use in t h@halggermatitis; spbossheis dermadifisdermatitis berppforisnlighen vlages liehfa use
f i cal ke
of a conmpquipd®fet Bgééﬂgéagp%%@feﬁée’%mf@reﬂgﬁgﬂ%%ﬁﬁ%fgsﬂ Jil¥co?t? &ggﬁg&@mﬁt@ﬁs,

thereof, as herein re nt cture o I cament
for use i wemhkigayhpemphipeidaepidemmolysis priddsp, urtieariapanginedema, yasulitides, tokie

use of a nd_of fornul J:.), or a pharnmgeutical l,y acceptabl e
aalt t hor GORPRR afinch B BsBartlly rifherth AOR HEREL b SRR

medi canentsyfidvomelsWebad-CHimtidr ssadiseial ergtheint eiltiflihe asi@ditie) botlomdkctivoas

i n which inhihitjon of, )12 is benefjcial. io Jn anqgther aspect, the
i nvent i on "SFSVPHRE: RAREICY %55?5%*31’50‘53%’68 SoROTBFlRpEa ghiiy cangpr agd other
phar maceutdysastiy I@Rfﬁwrggt@uéﬁl&S&Mﬁ%dmg%x@@aﬁlg%ﬁﬁﬁieﬁse defined in
t he manuf acture of a nedicanent for use in the tréatnent of

i nfl ammat ory di sease. In another aspect, the invention provides the

use of a g . | e
sal t 't hor cup PRt of G f bghocihafhakd RURY ARGRM R Lo AGIRRAERD
medi camentthd togatroee of disedses dfithatysmneh asfblephanids tonjeddtiviispinclwding pelieamials e
such as ast h‘r;gm rHCC]iZ‘Dé in an t,hgtr. ,astgect thet I, nven.tt.i -Oc{ﬂ ncgvi_des t he
Use of a COTPaTRGIEES sy it ARETGs g R AT PSP it et abl o
s al:l't t her auﬁoimm&nd’j de @mﬁﬁﬁ@&ﬁnﬂaﬁmgmy digbﬁﬁére amgé @lfetrﬁﬁ@; @phtRalmitis

medi cament, for. use in the treatment of rheymatoid arthrijtis,

ost eoart hr“i‘"‘thilcg'r,‘g %Yt"‘?f@f‘r]’&gﬁ P@?‘t@-ﬁ]’g}’*; Pacaenssnindctignsingluding virgh, fangg], and
scl er 0si S .hactedid), anot her aspect, the invention provides a conpound of

formula (1), or a pharmaceutically 25acceptable salt thereof, as
her ei nefore defined for the treatnent of di seases or conditions in

whi ch i nhifhi tiahBks MY AWy , .
mvent | on o et Bag s SBEALL D) AR e scou Ry ST AR Gl ol R apr i
accept abl f’siaﬁa#mtmgf disasesef theegasiroibeftorabirals Suches glassitis, pngivigat nent  of
| nf | anmmat %%Mo&%'nﬁﬁs%‘%%ophagiﬁs, including reflux; eosinophilic gastro-enteritis, mastocytosis,

Crohn’s disease, colitis including ulcerative colitis, proctitis, pruritis ani; coeliac disease,
20  imritable bowel syndrome, non-inflammatory diarrhoea, and food-related allergies which

may have effects remote from the gut (for example, migraine, rhinitis or eczema).

The compounds of formula (I) and their pharmaceutically acceptable salts can also be used in
the freatment of diseases of the cardiovascular system such as atherosclerosis, affecting the
25 coronary and peripheral circulation; pericarditis; myocarditis , inflammatory and auto-
immune cardiomyopathies including myocardial sarcoid; ischaemic reperfusion injuries;
endocarditis, valvulitis, and aortitis including infective (for example syphilitic);
vasculitides; disorders of the proximal and peripheral veins including phlebitis and
thrombosis, including deep vein thrombosis and complications of varicose veins.
30 '
The compounds of formula () and their pharmaceutically acceptable salts can also be used in

oncology such as in the treatment of common cancers including prostate, breast, lung,



WO 2008/ 065393PCT/ GB2007/ 004556 12 I n anet her aspect, the invention
provi des a conmpound of formula (1), or a pharmaceutically acceptable
salt ther ewb,20m863303 ei nbef ore defined for the treatmentPCIiGEN07/004556
obstructive airways di sease such as asthnma or COPD. 5 In another
aspect, the invention provides a conpound of forrmula (I), or a

phar maceutical |y acceptable salt thereldf, as hereinbefore defined for
the treatnment of rheumatoid arthritis, osteoarthritis

at heroscl erosi s, periodontal disease or le sclerosis. In the
cont ext ofJth'hié, Jpﬁne@ém beyelgintlicelan) tamachhwkin eﬂ?hramﬁ@nerﬁymd aplgnancies

i ncl udes hen i b ShdoRelieGak

t he cont rar E’?’ gma&%@”u lr“g%gﬂ% 1&%‘%&35’%@?&@%@%@%&%@“@%@8 % be
const rued SH-IKhCHS thglghys an®noyioid glkin ‘s lyrspkmxme otchdlirtgrhd prepentioh and aedtyent
rel evant t? tge:ﬁ &atnent of ﬁersons who have sdf&ered a _previous

epi sode off PEPSEPGAAREAG WEOUHEHRRr S AP ArReaRagtis SYRURRE i sk of ,
the 155di sease or condition in question. Persons at risk of

devel opi n%&a particul ar di sease or_condition general llé i ncl ude t hose

havi ng a ThpRqg aPent-dhesopnsindsed iamyledhand thep phampeseicallyaceerissle sglfsanay
have beeny} dentih ftﬂe%a@[eng %ﬂt‘}esﬁ)ﬁ'%WSﬂErss B AR, BRiic fibrosis, 0

particularly susceptible to developirg the disease or condi ti on.
The i nvenpuhmnanfrmméwsqmaabromidyna bmmh!@das;s, chyosict dbsigyctive priswnsiyrigseasee

risk of, ?C@\Eﬁg%%ﬁnc% 9011 as 1a ! ! ”@Jh%mﬁ %gex?usm%]lz s

benefici a conpri adm ni's efln

t her apeut rlisahlaiditieiis ameommuli‘ﬁ; cm:ﬁ:ezaathemmmmﬂs cNIS Jperioddraal @ispase mnd
phar maceut i cal | tabI e salt thereof as hereinbefore defined. 25
The |nvenﬁF%ﬂ F%P?ﬁgm*$XOV|des a method of treating, or reducing the
risk of, an inflammtory di sease or condition which conprises

adm ni sterl ng to a patient a therapeutically effective anpunt

conpound &t aqshesasnscl the compeunds af fosraua th) and thejr phappgseulinaly gcapntalﬁmltéof
as her ei nhef 2%%56!1515'ﬂ@@eaﬁné@@ogglgéﬁﬁ@g§9ﬁﬁﬁﬂ1@%%0ys%é§§@oﬂcﬁnﬁls and

therapeutically effective amount "of a conpound of formla or a
phar maie eutiseases gssegiated with uacangotled drgradefiomel th@@érantlbﬂajmahwem%ed For
t he above g%h\%‘%ted t herapeutic uses the dosage administered will, of
cour se, vary h t he conmpound enpl oyed, the node of
adninistratlon t he treatnent desired and the disorder to be treated.

The dai | ft f f / ti
ngr edi e TGP B¢ HeETPRS Of LoD IO e R eHsaN Megptatie ol
particul alinaﬁfrtfélﬂséh 1B tHeDikde@nér o3 BrofBylkeds offitlsmehaidry red@ifeolises 6l Ven

in divided dgses as necessary. Typically unit dosage forms wll
contai®¥ akeMitiansyy to 500 ny of a conpound of this

More particularly, the compounds of formula (T) and their pharmaceutically acceptable salts
may be used in the treatment of chronic obstructive pulmonary disease (COPD), asthma
and rhinitis.

25
Even more particularly, the compounds of formula (I) and their pharmaceutically acceptable

salts may be used in the treatment of chronic obstructive pulmonary disease (COPD).

Accordingly, the present invention provides a compound of formula (I), or a

30 pharmaceutically acceptable salt thereof, as hereinbefore defined for use in therapy.



i oi nvention. The compounds of formula (1) amd pharmaceutically
acceptabl e salts thereof may be used on their own but wll generally
be adm ni swerew/issss he form of a pharnmaceuti cal conposiBrdTORBANT/MMESE h
the forrmula (1) conpound/salt (active ingredient) is in association
15 with a pharmaceutically acceptabl e adjuvant, diluent or carrier.
Dependi ng on the node of administratidd, the pharnaceuti cal
conposition will preferably conprise fromO0.05 to 99 %v (per cent by
wei ght), nore preferably fromO0.10 to 70 %, of active ingredient,
and, fr omnanpthenssped, tbwnvm@ m@@ﬂ@rtb%‘ﬂ%? of pspampornd pTGommde Gaor of a
phar mceg%ﬁ&%k&%u@ﬁﬁeag%% @orft as hgfe SRle Qfiedld fh@ Inan@fabture of 2
per cent ages Dy wel ght I'ng ase on tota conposi tion.
Convent i omaficpneddohuise s thempy.he sel ection and preparation of suitable
phar maceutical fornulations are described in, for exarrpl e,
"Pharmaceuticals - The Science of Dosage Form Designs", M E. Aulton,
Churc 25 |1 Id-an\ﬁtl‘!&ﬂ 8dpettethe irlﬁﬁﬁtwn providéuthe udelvd apbmpentd deSﬁMmiila ayn ogh S?
provi des a phar rraceutlca 0si tion conprisi a conpound o
formul a (Phargaceytical ﬂﬁ&@éﬂbfq Suth cofcasdis fegrﬂae@r% detined o ihe gpanggcture of 2
her ei nbef Q. gicgRit @@Iq.lsb 'ﬂl 88 8eahR L Ghuliah RistasB@ PRGIGHAS 1ﬁ@¢*ﬂ16&1 inhibition of
accept abl e adj uvant, diluent or carrier. The invention further
provi des MNP isbendfisialt he preparation of a pharmaceuti cal
conposition of the invention which conprises mxing a conmpound of

formula (1) or a 30 pharmaceutically acceptable salt thereof as
her ei nbef hr mothef hspect thie idveatigphaovidesthe hseadflacompoept clfbmdal(l) waat |

di | uent or carrl utlcal |t|osof

Mvent | on RS TGn PR TR ot et P e frltenta o
condi ti Onniebiéémbﬁtfbl&lséﬁﬁﬂléﬁdaﬁl@nidﬁﬁﬂamﬁ)ﬂbryeﬁmw.e by oral, topical,
parenteral, buccal, nasal, vaginal or rectal adm nistration or by

i nhal ati on. For these purposes the conpounds of this invention may be

formul at eg; gy a8 otk e Wvehiford ﬁl@vﬁﬁ the b ¢F atdapbeiderabmilo (D), 9% anp! e,
tabl ets, capsules, aqueous or oily solutions, Suspensions, enul si ons,

Cr eanss ophﬂrmmuﬁcal@echeptqrb&@ﬂt thespafyas heraighséase defineddn theimpuircirsofded
powders o, ﬁﬁﬁrﬁ?ﬁlﬁ {60 48 %Qtﬁ'}eh oF anao'%gzufc‘ﬁ(re B %td‘?sreile sﬂafas(e{sl]'ﬂﬁiatb‘i“ ng

i ntravenols ranuscul ar “or usion) sterile”aqueous or ol
sol uti onsC@PIxuspensi ons or sterlle enul sions. to In addition to t he
conpounds of the present invention the pharnaceutical conposition of
this invention may al so contain, or be co-adm nistered
('si nul t aneostkher @pestethedidichBdr pbvides fe el aﬁfonfpﬁm&i gifarmre (), ca:g'ac al
agents of value in reat| one or re dIS s or, .c d|t|

319) Sttt of a1 5

ref er Ped PRAREstiRallAR Sagé er ﬁ@?dr’r’é

The pr esepfeqichRBRibOgke nwhte %éﬁ&h@&frﬁ@lﬁnﬁolﬂ faﬁﬁﬁt%ss oftedarthifls, RERRAE BB
of a conpound of formula (I) or a pharnmaceuti caIIy accept ‘abl e salt

t her eof aperfsioniabdisedse vemuiiblerscletasiipri ses: reaction of a conpound of
formula (I1)

In another aspect, the invention provides a compound of formula (), or a pharmaceutically
25 acceptable salt thereof, as hereinbefore defined for the treatment of diseases or conditions
- in which inhibition of MMP12 is beneficial.

In another aspect, the invention provides a compound of formula (I), or a2 pharmaceutically
acceptable salt thereof, as hereinbefore defined for the treatment of inflammatory disease.

30



20 wherein L1 represents a | eaving group, wth~a conpound of fornula
(I'11) or a salt thereof wherein RI and R2 are as defined in

formul a (1WO aesd68898i onal |y thereafter form ng a phar nepEuGBwat/dysss
acceptable salt thereof. 15 In the above process, suitable |eaving
groups LI include halo, particularly chloro or
trifluoronethylsulfonate. The reactionl2is preferably perfornmed in a
sui tabl e sol vent or solvent mxture optionally in the presence of an
added base for a suitable period of tine, typically 0.1 to 16 h, at O
Cto refl Imanb’élﬁpﬁpacttutﬂle lnviymnmbwglessaﬂommum ofi formula (1, or a pharmaceutically

N ot hyt pYPTRE T FHE RSP o e AL by 878 BRI Bt

base may Higcasdisieh@sBittmbas€OPDCh as tri et hyl ani ne,
N, N-di i sopropyl et hyl am ne (DI PEA), N nethyl norpholine or pyridine, or
an inorgani c base such as an al kali netal carbonate. The reaction is

typicall Wrﬁﬁﬁﬂﬂ?&s%@otaﬂ:\e Rt prbﬁﬁﬂeéf &ﬁﬂﬁoﬁn& 8f follndla UQ ok@ ﬂﬂmnﬁcet&iﬁbﬂ}

conpl etion of the'reaction has been achi'eved, io as determ ned

chr omat ogrespptkile ealt Bpwet, ﬁ@h@relpb@fomleﬁ@@i%fm Fasdrenimsit Obhe@nﬁtwdﬁythn Is,
hal i des w ??ig A Il known in
the liter a%t%ral\ét,ﬁﬁgﬁgﬁ} ﬁoé&l\%%%% o%cztﬁ%lf goég{r?l ?éSO%rg%y\?l be evi dent
for those skilled in the art. Sul fonyl chl ori des of formula (I1)

rof or oncol B FRISTAE M S HPRUGBS 1ot T SLEPT ) S B Broaprgre

f or med, bymﬁl@séuﬁére YR S@bdlﬁﬂyirﬂida@cﬁhstté tHeR@nipdrly "Rhy tefthid MBer@feutioTamdi a, R2

-NH2, with a pyrimdin-5-y zal dehyde of fornula (1V) using
st andar d ctB?'Tant 68y wh?léﬁbwrmsu%?%%rﬁ rapparent to those skilled

inthe art. 20 Typically, the aldehyde (1V) is refluxed with an
excess of the amine R2-NH2 in a solvent such as ethanal for 1 to 2
hours. ThBrophylesis ismpeied o hem@ﬁwékad;ﬁ mla‘caeatodht? treptigentiof perpers ThSdINE e
imne is

pressur e WTR- LR b OGIF b R PEEARILRD b RTERIERESS £
t enpenat udBedsh encakitonds qudsdom ni’ems)ns Iai ﬂls)k of Abveloping a particular disease or

condition generally include those having a family history of the disease or condition, or
those who have been identified by genetic testing or screening to be particularly

susceptible to developing the disease or condition.

20  The invention further provides a method of treating, or reducing the risk of, a disease or
condition in which inhibition of MMP12 is beneficial which comprises administering to a
patient a therapeutically effective amount of a compound of formula (I) or a

pharmaceutically acceptable salt thereof as hereinbefore defined.

25 The invention further provides a method of treating, or reducing the risk of, an
inflammatory disease or condition which comprises administering to a patient a
therapeutically effective amount of a compound of formula (I) or a pharmaceutically

acceptable salt thereof as hereinbefore defined.

30 - The invention also provides a method of treating, or reducing the risk of, an obstructive

airways disease, for example, asthma or COPD, which comprises administering to a patient



WD 2008/ 065393PCT/ GB2007/ 004556 OHF (V) Aldehydes of formula
(I'V) are conveniently formed by a nucl eophilic aromatic substitution
reacti on bwbwearsshes| uor o- benzal dehyde and the pyri m diprcrscedoo0dysse
Reaction conditions which will be readily apparent to those skilled
in the art, may involve heating with a base in a polar aprotic

sol vent such as tetrahydrofuran, dioxah®, acetonitrile,

N, N-di met hyl f or mam de, N-methyl pyrrolidine or di'net hyl sul f oxi de. A
typi cal procedure involves mxing 4-fluoro-benzal dehyde and a

pyrim di n-ahesapegtigaliyicfiectesecewynificaosipanacdeli bomd &) or a pormscsitieally

tert- buto% ik s ’t'ﬁiego?‘iﬂ Béfgi%'@e Lo N-net hyl pyrrolidine io and
bl s SRR} Befpnf

heating at ours to afford the al dehyde (IV).
Pyrim di n-5-o0l s of formJIa (V) can be prepared by various nethods

known in e,art. For a c rehensi ve. revie synt hesi s,
soo"S ' Vomonigebere metabC TRGPOR ety SosaEonimpRier i 6okl Vi
such rqut Qﬁtkﬂh@c&ﬁ;'b\lcﬁlhﬂ ¥mpRiytd, Qﬂnﬁao&@csﬁdnﬁﬁstrahoh rth@trédn&lgﬁt d'éﬁi:&i%nd ae

is condensed with a di net hyl am no) - 2-

di -
ﬁ;n dr I()Q)E;p_r éﬁogi(eémbeﬂleaqur dép dilndares |thﬁe@qamﬁ>am formala(/salb@sléve i al |y
as descri edIEhtHﬁ%Féﬁ'LBchgl?b%ﬁe Egﬁnzyl rﬂ?ﬁ%t&fﬂgfk?,?g%?le Sgﬂaﬂ!ﬂ* 0.5

pr ot ect ed, exa as t I's the
tetrafl uomagﬁm w30 m@Bg. This daily dose may be given in divided doses as necessary.

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

0 invention.

—_

The compounds of formula (I} and pharmaceutically acceptable salts thereof may be used
on their own but will generally be administered in the form of a pharmaceutical
composition in which the formula (I) compound/salt (active ingredient) is in association

15 with a pharmaceutically acceptable adjuvant, diluent or carrier. Depending on the mode of
administration, the pharmaceutical composition will preferably comprise from 0.05 to 99
%w (per cent by weight), more preferably from 0.10 to 70 %w, of active ingredient, and,
from 1 to 99.95 %w, more preferably from 30 to 99.90 %w, of a pharmaceutically
acceptable adjuvant, diluent or carrier, all percentages by weight being based on total

20 composition. Conventional procedures for the selection and preparation of suitable
pharmaceutical formulations are described in, for example, "Pharmaceuticals - The Science

of Dosage Form Designs", M. E. Aulton, Churchill Livingstone, 1988.

Thus, the present invention also provides a pharmaceutical composition comprising a
25 compound of formula (I) or a pharmaceutically acceptable salt thereof as hereinbefore

defined in association with a pharmaceutically acceptable adjuvant, diluent or carrier.

The invention further provides a process for the preparation of a pharmaceutical
composition of the invention which comprises mixing a compound of formula (I) or a
30 pharmaceutically acceptable salt thereof as hereinbefore defined with a pharmaceutically

acceptable adjuvant, diluent or carrier.



In a second route to pyrimdin-5-ols, an alkyl ester; acid or am dine
I s condensed with 1, 3- diam no-propan-2-ol. The resultant ring cl osed
I Nt er medi awe 2008465398- t et r ahydr o- pyri m di n5-ol i s then edTbE®O/M0E556
give the pyrimdin-5-ol (V). See, for exanple, US 5,175,166 or WO
2008/ 065393PCT/ GB2007/ 004556 17 Hull, J. W J.; Qterson, K ;
Rhubright, D.; J. Og. Chem 1993, 58, 1420-522. Typically, the
condensation is perforned in toluene or xylene at reflux tenperature
for 5to 24 hours with azeotropic repoval of the forned water. The
t et r ahydr s phptmageysical cqpppstiensal dhis inventionony bapdmigptared dn astredasd ¢
such as a AEBOINGH R, S bdnditH Al 9Rediidq by REA 30} kaRlY 156288, oA, N
excess nitrobenzene and a base, such as sodi um net hoxi de, “pot assi um
t ert - but oxetatenl, potalgsisalnvagyndt ondectel adatinigtp@iog of by inhalatiors Fydhese
Co-sol vents_ s s 1ol uen r.xylene e RLNH NH2 . 1+BF4-
C0TP P o S Gt R B P R R oy i e im R
5 into the form of] for example, tablets, capsules, aqueous or oily solutions, suspensions,
emulsions, creams, ointments, gels, nasal sprays, suppositories, finely divided powders or
aerosols for inhalation, and for parenteral use (including intravenous, intramuscular or

infusion) sterile aqueous or oily solutions or suspensions or sterile emulsions.

10 Inaddition to the compounds of the present invention the pharmaceutical composition of
this invention may also contain, or be co-administered (simultaneously or sequentially)
with, one or more pharmacological agents of value in treating one or more diseases or

conditions referred to hereinabove such as “Symbicort” (trade mark) product.
15 The present invention further provides a process for the preparation of a compound of
formula (I) or a pharmaceutically acceptable salt thereof as defined above which,

comprises:

reaction of a compound of formula (IT)

o, 0 ¥R
-8 P o (In
N
H
wherein L' represents a leaving group, with a compound of formula (IIT) or a salt thereof
1
T W
Ny 0 RZ

wherein R' and R? are as defined in formula (I);

20

25

and optionally thereafter forming a pharmaceutically acceptable salt thereof.



2 . io Amines of formula (I111) wherein R2 is H are conveniently
prepared by reduction of a nitrite (VI). The nitrile (W may in turn
be fornmed we 2aosmasdogophi | ic aromati c substitution reactramGRmdIvResssa
4-substituted benzonitrile and a pyrimdin-5-0l by a process

anal ogous to that described for formation of the al dehyde (1V).

15(VI) 18 A further alternative routéSto amines (111) involves
reduction of an amde (VII). The amde (VII) may in turn be forned by

reduction of the corresponding nitrile (1V| ) or a synthetic equival ent
thereof , flotHecibock Pyscaar, shitdbloleaving goupL- akkilé Bilb Ghartantirigenlions &Ct i on

procedure. S It will be appreciated by those skilled in the art
that in t taflgorowetbylssifafate; Hhe saetivnnis picfvahly paformed irod svitplle eoivérdlor y

eact Ve LUREl o0t 05Rl, BYRLERNY SOl e AR ARSI DA LNE,

starting reagents of g conpounds

by sui t abltgni¢lyl Dicel@tt, 8O0 oF elpfux tBhipsratirbl TyRicARRERAVdn sueh ad he

compounds _of the invention may involve, at various stages, the

addi ti 6n Ah¥-HexdvHPreAmies @YBeinede by fofiuat prjorite a&me@aiwaahéme or

prot egﬁ 'Olrj‘%éch'id}blﬁéth%{@arg 6! Whef hisoR! @ G3RADalAhaPHi G s AR ThdsE TR 29
triethylamine, N,N-diisopropylethylamine (DIPEA), N-methylmorpholine or pyridine, or
an inorganic base such as an alkali metal carbonate. The reaction is typically conducted at
ambient temperature for 0.5 to 16 h, or until completion of the reaction has been achieved,

16 as determined by chromatographic or spectroscopic methods. Reactions of sulfonyl

halides with various primary and secondary amines are well known in the literature, and

the variations of the conditions will be evident for those skilled in the art.

Sulfonylchlorides of formula (II) wherein L! represents chloro are disclosed in WO

15 2006/065215 and references cited therein,

Amines of formula (IIT) are preferably formed by reductive alkylation of the primary
amine or ammonia, R2-NH2, with a 4-(pyrimidin-5-yloxy)-benzaldehyde of formula (IV)
using standard conditions which will be readily apparent to those skilled in the art.

20 Typically, the aldehyde (IV) is refluxed with an excess of the amine RZ-NHz in a solvent

such as ethanol for 1 to 2 hours. The excess amine is then evaporated off and the
intermediate imine is re-dissolved in ethanol. Hydrogenation at atmospheric pressure with
palladium (0} on carbon for 0.5 to 2 hours at ambient temperature then affords the amine
(I3,

25



are described in '"Protective G oups in Organic Chem stry',.edited by
J.WF. MOme, 15 Plenum Press (1973) and 'Protective Goups in
Organi ¢ Sywohemiwes393 3rd edition, T.W G eene and P. G MpdhitEs007/004556
W ey-Interscience (1999). Speci fic processes for the preparation
of conpounds of Fornula (1) are disclosed within the Exanpl es section
of the present specification. Such protlesses forman aspect of the 20
present invention. The necessary starting materials are either
comercially available, are Icnown in the literatuge or may be

pr epar ed 5 nowpfeehpques. Speﬁ%fiﬁ processeg for the
preparation ff gert keyzst@[:>ng|nﬂfﬁ| S T8clos@ayy thin
t he Exanpl es Se€ctdoombf 2B t he pfesent i fi i on and such?

processes form an aspect of the present invéhtion. Certain novel
intermedi ates areygisclosed wi thin the Exanpl espngection of the
present specification and such internediatﬁigforn1an aspect of the

present invention. WD 2008/ 065393PCT/ GB200¥j 004556 19 1 Thus, in one
enbodi ment, novel amnes of formula (I11) and salts ereof, wherein

R and R2 are as defined above, arefﬁis osed as inte di at es usef ul
in the preparation of conpounds of a (1). &Z~gpempgunds of
formula (1) can be converted into furghe cohpo of formula (1)

usi ng standard procedures. The conpoun@d of” t1e i nvention and
internedi ates thereto may be isolated fromtheir to reaction mxtures
and, if necessary further purified, by{Musing standard techni ques. The
conpounds of the invention may al so be adm nistered in conjunction
wi th ot her conpounds used for the treatnent of the above conditions.
15 Thus, t I AVEH r i I QF i -
aherei n o AU BRI ) B cobRuftuiy kel R 8 Ak bt FLAR. Shuiatim,
sal t t her eedefionbeterephviflnmodiehzadddhydoaplabs pyromidor5-bbfVjuRedctiamconditions

conpri si ng ,a.conppound,.of the .inyenti s adm ni stered concurrently
or Seqdent i Ik ity appekRt e thoss skilkd in ety taysherhsstie it Beser
Ft_gent OIor Zggiepblar aprétic doent sichbsRAbhydtofRe, dibxdie) Re@hitdlae conditions

| St ed. n part

. cul ar, for the treatnent, of the inflamatory
di seases sutrfizethyormagyde, P&gﬂhwﬁwah%a? of %@1@%&5_&&@0% ¢hipicplyprocedure
ost eoar t hrijfdises nﬁﬁlgguo@é-b&{zgldﬁhfda'aﬂd b pPrimfd-S1 BV YRR EXels phBassium
pul nonary di sease ( D), psoriasis, periodontal di'sease an L
i nf | anmat sAtpopaiaer palasseasiert-tutpxidedmpeliniinetby farmemidaas N-msthylpgroléine
conbi ngd wh e ggﬁr f%gsdﬁ‘%ggb&ﬁﬁ{s’ﬂ’om%%&ﬁ{%'aﬂﬁbﬁeg&h' nflammat ory

agents (hereina I ncludi ng non-sel ec

Pyrimidin-5-ols of formula (V) can be prepared by various methods known in the art. For a
comprehensive review on pyrimidine synthesis, see S. Von Angerer, Science of Synthesis,
(2004), 16, 379-572. Two such routes are briefly mentioned here.

In a first route, an amidine, R1 -C(=NH)NH,, is condensed with a N-[3-(dimethylamino)-2-

hydroxyprop-2-en-1-ylidene]-N-methylmethanaminium salt, essentially as described in US
4,558,039. The hydroxyl group is preferably protected, for example, as the benzy! ether. A
suitable salt is the tetrafluoroborate.

20
In a second route to pyrimidin-5-ols, an alkyl ester, acid or amidine is condensed with 1,3-
diamino-propan-2-ol. The resultant ring closed intermediate 1,4,5,6-tetrahydro-pyrimidin-

5-o0l is then oxidized to give the pyrimidin-5-ol (V). See, for example, US 5,175,166 or



25 cycl o- oxygenase COX-1 / COX-2 inhibitors whether applied topically
or systemcally (such as piroxicam diclofenac, propionic acids such
as napr oxewp zbisiwksopr of en, fenoprof en, ketoprofen and idnIpGEdEM04556
fenamat es such as mefenam c acid, indonethacin, sulindac,

azapr opazone, pyrazol ones such as phenyl but azone, salicyl ates such as
aspirin); selective COX-2 inhibitors (Juch as nel oxi cam cel ecoxi b,
rof ecoxi b, val decoxi b, |umarocoxi b, 30 parecoxib and etoricoxib);

cycl o-oxygenase inhibiting nitric oxide donors éCINOD?; )
gl ucocor t HuBsk &Y.di; @tetsandt h Bhubright, M. 51 €redChepn. 11893, 681 5200¥23) Typically, the

i ntranusc [k " .
e ol LA By £, AR SRR 0008
hydr oxy c hbkmooopic eenovet gfehe forinbdwatee Tha istashpdriofpydmidihdiizkerpadietetier al  or
oral gold pr ratjons; anal gesics; diacerein: jnfra-arti.cylar..

t her api es e&?ﬁﬁﬁﬁgol‘?&% RS P&%?’égé’c?s&sla’élf‘?c®§i‘¥d5 &t OxiFuRp sy Q‘F%haﬂ"hmved
suppl egrent;§ins beRssafireeHLMs Al B BaseDsubh 8s IdRHR HethoRMEe Nidt@Biufil tetbutoxide
further relates to the _ conbination of a conpound of the invention,

f or
a phar maceupatessivpyhyseexige ahl28 “br | indhans. Corwhenisspchgsiplugnegrogieng e
or agonishmg%eaghagonist of cytokine function, (including agents
whi ch act “oh cyt oki ne signalling pathways such as nodul ators of the
SQOCS system including al pha-, beta-, and gammai nterferons;
insulin-like growth factor type I (1G--1); interleulcins (IL)
including IL1 to 23,R1QaNd interl eyl ci RhagNHgoni sts orn{ nhi®it or s
such as analthra; tuno recr osi E&ct or fal pha (TNF-dJ inhibitors
such as anti-TNF nonocl o¥al™Qxht i bodi es (f"B‘h exanpl e 4 bl—'?xi mab;
adal i rumab, and CDP-870) and TNF receptor antagonisys 1 ncluding
i rnmunogl obul i n ol ecul es ($Y¥ch as etanercept) and™ ™
| ow- nol ecul ar - wei ght agept s such as pentoxyfylline. In addition the
invention relates to a (@bi nation of a conpound ef=grdi&tihgyeupt i on, or
a 15 pharmaceutically aceeptable salt thereof, with a nonocl onal
anti body targeting B—Lynphocmq@s (such as am (rituxi mab), MRA-al L16R
and 1-Lynphocyt e& Ad~l g, HUNax 11-15). The present invention
still further relates to thgngoahination of a conpound of the
i nvention, or a pharnaceuticallTy Qtceptable salt thereof, with a
modul at or of chegggi 20 receptor function such as an antagoni st of
CCRI, CCR2, CCR2A;~ B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9,
CCR10 and CCR11 (fgéHtagaék fam|ly); CXCRl1l, CXCR2, CXCR3, CXCR4 and
CXCR5 (for the C—g(- famty) and CX3CRL for the CG-X3- Cfanmly. The
present invention still further relates to the conbination of a
conpound of the

10 Amines of formula (IIT) wherein R2 is H are conveniently prepared by reduction of a nitrile

(VD). The nitrile (VI) may in turn be formed by a nucleophilic aromatic substitution
reaction between a 4-substituted benzonitrile and a pyrimidin-5-ol by a process analogous
to that described for formation of the aldehyde (IV).

T = T g

15 (i) ™)



25i nvention, or a pharnmaceutically acceptable salt thereof, and a

| eukotri ene biosynthesis inhibitor, 5-1ipoxygenase (5-LO inhibitor
or 5-1i poxwoemasgsasti vati ng protein (FLAP) ant agoni st BUIREBRE7/004556
zil euton; ABT-761; fenleuton; tepoxalin; Abbott-79175; Abbott-85761;
a N-(5-substituted)-thi ophene-2-al kyl sul f onam de;

2,6-di-tert-butyl phenol hydrazones; a nit hoxyt etrahydropyrans such as
Zeneca ZD- 21 38; the conpound SB-210661; a 30 pyridinyl-substituted
2- cyanonapht hal ene conpound such as L-739,010; a 2- cyanoqui noline
conmpound gufttthersalibenddé:; 1580 to aninan(I thoblrepredyctionof pmeamile iy G ithesunide

MK- 591 - 886, d BAY x 1005.. 2008/ 065393 RCY 07/0 6
51 The pr BGLhPeY Rufedfmian yireierign ol g C?;‘.@femdgna%wﬁﬁéﬁ Shdgrmtgene
d : i t g
thoreo . Sl AR fGedly B RRRERGH A ER afGRERLER G fiphodure
LTD4, and LTE4. selected fromthe group consisting of the

phenot hi azi n- 3-1s such as L-651, 392; am di no conpounds auch as

CGS- 25019c¢; benzoxagjiampes such as 5 ontazal ast;
benzenecar boxi mi darri\olﬁ uc']i"‘t ?ﬁé?ﬁﬁy d u such as
zafirlukast, abl ukastNx elykastr? pranf ukagt, lverl uklast o MK- 679),
RG 12525, Ro-245913, iral ukast (CGP 45715A), ahd BAY x 71%5. The
present invention still further relates to the conbination of a
conpound of the inventionguumor a pharnmaceutical |l y(Miccept abl e salt

t hereof, and a phosphodi esterase (PDE) 10 inhibitor such as a

nmet hyl xant hani ne i ncl udi ng t heophylline and am nophylline; a

sel ecti veREk UeappiREMER by MysONEd inkd A6ihRginahd}6desicR BF etppdse@dn

i nhibitor of the i1soformPDE4D, or an inhibitor_ of PDE5. The present

i nvent i onifvapiTetertpial peteagaliyreadiive Sanehppa erains sichas Byhpe(l 9y apmogsups

i nvention; i - I

i st am net § s RRREERAE U e LaR CHRBHA feaicbd b RpE Loy ihable

| or at adi neroteitisg grasps dihng thef wprrativadif te, compoimdsst ithednventiof wandivelye, at
ast em zol .azel ast i;ne, d.ev bast i.;ne. . chl orpheni in

pr onet haz ?’%ré?uscjffig%l’ ?llenagfhuglrl gl%C‘lfjllzeo Ogélto:%r?gggoraﬁﬁ |p§6c}e%tﬁlg]lgf(§{pst opically or
parenterally. The present invention still further relates to the

conmbi natign, qf a conpound of .the.inyention,, or..a pharnmaceuticall
accept abl SuLas Profegiihi prouns i JEiIn OURTORRSHED TP BB ERiYaTe 96 s
onepr azol gle @kcrébed ASPEASOE SEdupY B DEGhRITHREI$tN dRed HCEWIR McOmie,
ant agoni st, The present invention further relates to the_combination

of a cenp8isamdiressiEd T sehPrafstive Freups Prasisrinbasisysrdedidipeabie sal t
t hereof , @%&n@%@??@?{?ﬁ!@té, W{I]?tr_ﬁ?eé%yié&@mggg)_t ype 4 receptor. The

present invention st urt ates to the conbination of a
compound of the 25 invention, or a pharnmaceutically acceptable salt

t hereof, and.an_al - ha- 2. r i S b.£4 or
sympat hom AL P asaie cf: Baae Rt ERAES I orBARE D KATRERRE bidih
phenyl pr ol Eaaplazaectinlof diel piesenyrpetifieeioh eflich peocessapoan ah iagyect of the
hydr ochl ori de, .oxymetazol i ne hydrochl ori de, tetrahydrozoline

hydr ocll oYt IXFHRt awl i ne hydrochl ori de, tramazoline hydrochl ori de
or et hyl norepi nephrine 30hydrochl ori de.

The necessary starting materials are either commercially available, are known in the
literature or may be prepared using known techniques. Specific processes for the
preparation of certain key starting materials are disclosed within the Examples section of

25 the present specification and such processes form an aspect of the present invention.

Certain novel intermediates are disclosed within the Examples section of the present

specification and such intermediates form an aspect of the present invention.



The present invention further relates to the conbination of a
compound of the invention, or a pharmaceutically acceptable salt

t hereof , awo 2me3/@sa98 chol i nergi ¢ agents including WO  PCT/GB2007/004556
2008/ 065393PCT1GB20071004556 22 mnuscarinic receptor (M, M, and M)
ant agoni st such as atropi ne, hyoscine, glycopyrrrolate, ipratropium
brom de, tiotropium bronide, oxitropiulf brom de, pirenzepine or

tel enzepi ne. The present invention still further relates to the
conbi nati on of a conpound of the invention, or a pharmaceutically
acceptabl e salt thereof, and a beta-adrenoceptor agoni st (including
beta rece tor .subt ypes 1- 4) such as |soprenaI|ne sal but anp

f or not er o/Thus i nﬁeémhﬂdlm%ﬂmﬂém% of derayul Eisandisalts thereof, t”é?l@}nR and
mesyl ate, @r pirbuterol, or a chiral enantioner thereof. The
present i dvem asmﬁfl@dr atioue, areeqhaql@sgdas)lmme@lenbuwéﬂn@ﬂie@feparaamﬁund of
the inventi on, ég gE rmaceutically acceptable salt thereof, and
a chronnnémmE%Eﬂsa 0558 cronnglycate or nedocronil sodium The
present; i nvention still further relates to the conbination of a
conmpound of the invention, or a pharmaceutically acceptable salt

t her eof , Womporndsiof Eeewia (Ihesinde cennerted inte futhesesimpesndstof fermuiad) eing
acetonidesmgﬁr&? aﬂéone di propi onat e, budesoni de, fluticasone 15
pr opi onat €, esoni de or nonetasone furoate. The present invention
further relates to the conbi nation of a conpound of the invention, or
a pharmaceytically .ac tabl e sal.t thereof ,. with an agent.that, .
Todul at es ¢ foiepeiii® REBRETout A i prictoites acip s el B

i nvent ioon r&dctibrl mixnireh £id, (faleadsesy ﬁﬁt]ieh?n byadingOsiardbrdaedh@tifpesind of
the 20 invention, or a pharmaceutically acceptable salt thereof,
together with an i munoglobulin (1g) or Ig preparation or an

ant agoni Strye bo@PdiinRe 8y thEReh@dd RS ish b irdihiBRreayf BofenchBh bith @k f OF
exanpl e omal i zumab). The present ‘invention further relates to the

conbi nat | 6AMpeungs seadfetihg testmenicofithaabeve eenditiansa phar maceuti cal |y
acceptabl e salt thereof, and another systemc or topically-applied
anti- 25 inflammtory agent, such as thalidom de or a derivative

t her eofs, Thngttheniovehtiodiftirearaddtesdo cambinaidat thempies Whereipraawerppundhefghe i on

I f h h d
nvent i on RIS ShaP B BE D ol Plac e MG Es oo fgppositon

conbi nat i @aformiiladith l@ﬁpﬂmn@g/d edngsouad of the lidveptyon, thi adenigsterdd 8sncurrently or
sul f asal azi ne, angal azi ne I sal azi de,. and 30 ol sal azi ne; and

i mmunonod §FEERHE afa@ﬁw@bﬂe BRI Wity AoiElen Sherapgyie agsptar @8 £oi the
such as buydesRat Sfone or more of the conditions listed.

20  In particular, for the treatment of the inflammatory diseases such as {but not restricted to)

rheumatoid arthritis, osteoarthritis, asthma, allergic rhinitis, chronic obstructive pulmonary
disease (COPD), psoriasis, periodontal disease and inflammatory bowel disease, the
compounds of the invention may be combined with agents listed below.
Non-steroidal anti-inflammatory agents (hereinafter NSAIDs) including non-selective

25 cyclo-oxygenase COX-1/ COX-2 inhibitors whether applied topically or systemically
(such as piroxicam, diclofenac, propionic acids such as naproxen, flurbiprofen, fenoprofen,
ketoprofen and ibuprofen, fenamates such as mefenamic acid, indomethacin, sulindac,
azapropazone, pyrazolones such as phenyibutazone, salicylates such as aspirin); selective
COX-2 inhibitors (such as meloxicam, celecoxib, rofecoxib, valdecoxib, lumarocoxib,

30 parecoxib and etoricoxib); cyclo-oxygenase inhibiting nitric oxide donors (CINODs);

glucocorticosteroids (whether administered by topical, oral, intramuscular, intravenous, or



WD 2008/ 065393PCT1GB20071004556 23 The present invention further
relates to the conbination of a conpound of the invention, or a

phar maceut woabéspsessogept abl e salt thereof, together w thp@NGB2007/004556
anti bacterial agent such as a penicillin derivative, a tetracycline,
a macrolide, a beta-lactam a fluoroquinolone, netronidazole, an

i nhal ed ami nogl ycosi de; an antiviral agent including acyclovir, 5
fanticlovir, valaciclovir, ganciclovir, cidofovir, amantadine,

ri mantadine, ribavirin, zanamavir and oseltamavir; a protease

i nhi bi t or sfrre#tiaganpuesamethotrerets; letpnomider Inidsorerohloroquing; dpenisilaming; a
nucl eosi d ' WclaIMe] - SU - di I :

arm v ne oY At B R B p bbb Ao Rt MRS SRORE. B aniontar,
rever se t riamgses sptlagschyiahhodic dad deirahivass ambwitritigrahapplemehtagiichensz. i 0
The present invention still further relates to the conbination of a
conpound &"CHE M Hvention, or a pharnaceutically acceptable salt

thereofs, amne peesédidicaNapsill Rithagelbles BB carfibifationl oFlaBmBHRIANE the
bl ocker, a beta-adrenoceptor bl ocker, an angiotensin-converting
|

enzyme ( AdEYeniiomph? pharmagsitisally aseerablosalt thessofplosether ity eitaiine o agppisly
| oweri ng k 4 vhi :00d
ol ot iyt Aae U Boking hitkhdh, Bhoifuibk Hlsunih B O b Pofthe Sn i

ant i coagulpatitwasusich asmadwlhrtatsedisghe $QGP expeamidanclidihg blipha betFhandgassent

i nvention.f her .rej at. i j on. of nd. ,of

vent i on IR ESHEVES globan PECEBTR LI O it REITED ottty LT s,
agent suchndntatevkintanthepiieis sainhibjtetschcloms apakitraatunvay necddsis factor alpha

ant i - Par Ki ni.an.dru uch a eprenyl,. L-dopa,. ropinirole,.

pr ani pexo|@§%@9ﬂ>ﬂﬂeﬁt9rgﬁ§°§iaﬁ BFt- Hﬁ%_@%&l@ﬁﬁ%ﬁ%@r@g@a@lﬁ mfidmaly conp
I nhi bi tor Juehuas, 24 EBPIFH0) afTRE feck B} dhdBhistsdn RBAE I GuldBBLAK €

i nhi bitor, an NVDA antagonist, a nicotine agoni st, a dopam ne agoni st
or an i nhingleales ¢fuch esipterrapephl and ilew-molwelasyeightagents soeh agpentoxyfylline.
anti - Al zhej : N P L.Qm t-acrine, ..
GO 21 nivibpch 6 BereBes 5 RERREh on e kBRI 1nd BE0iB, o

i nvent ison phaimeacelftigalisharceptebla sastheeof, ith@ondronmhalantibddydargetmpddnd  of

the 25 invention r ceutically,a abl.e.salt thereqf nd
an agent :Lgfnéllﬂ@?s&%@ﬁggﬁj f“ﬁ‘&‘ﬁ{l‘”’g)?ﬁ\ﬂ&éﬁégfﬁ%t”g; fymp eﬁ.’s&gLA‘l'? ’
central | y HuM#psendipheral | y-acting anal gesic (for exanple an opioid or
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non- st er oijghahtigi) ok a bRrhABIRLAYacegRile saliBerbSCHRNE ndAUBN b Bhdhiblidaer
relates to the conbination of a compound of the invention, or 30 a
phar neweutrpesaior jungierepichigs an axpgonishel @R 1, GERBIHEAZAGIR2B, CCR3, CCR4,
par ent er al ' I phj i i i 3 .

et het 14 R CCR¥ CERY, LCRRELLRS, dLRE) Hid ok | (08 GEL: B08ly: cxGpy.
2008/ 06533067, @32 /(B0ERSP &nd CXCRS (for the C-X-C family) and CX3CR1 for the C-X3-

C family.
The present invention still further relates to the combination of a compound of the

25 invention, or a pharmaceutically acceptable salt thereof, and a leukotriene biosynthesis
inhibitor, 5-lipoxygenase (5-LO) inhibitor or 5-lipoxygenase activating protein (FLAP)
antagonist such as; zileuton; ABT-761; fenleuton; tepoxalin; Abbott-79175; Abbott-85761;
a N-(5-substituted)-thiophene-2-alkylsulfonamide; 2,6-di-tert-butylphenolhydrazones; a
methoxytetrahydropyrans such as Zeneca ZD-2138; the compound SB-210661; a

3o pyridinyl-substituted 2-cyanonaphthalene compound such as L-739,010; a 2-
cyanoquinoline compound such as L-746,530; or an indole or quinoline compound such as
MK-591, MK-886, and BAY x 1005.



24 A conpound of the present invention, or a pharnaceutically
acceptabl e salt thereof, can also be used in conbination with an
ant i - ost eoworosissmgent i ncludi ng a hornonal agent suche@3$GB20071004556
ral oxi fene, or a bi phosphonate such as al endronate. The present
invention still further relates to the conbination of a conpound of
t he 5invention, or a pharnmaceutically 2kceptable salt thereof,
together with a: (i) tryptase inhibitor; (ii) platelet activating
factor (PAF) antagonist; (iii) interleukin converting enzynme (1 CE)
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phosphat e dehydrogenase inhibitor: (ix) Icinin-B.subl. - or B.sub2.
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nodul ati ng_t.he, activity.. n recept ors such as P2X7: .or
(o ) 5 SobifiioBibipbhtabudt, sRkDRr it bEGEROOIE, RUhARE b fialisle
NFI cB, APIapplwdo‘iaIBv]'ﬁ;pm%llijﬂp@bm&anfr the invention, or a

phar maceut | cal | y acce tabj e s t hereof, can al sg be used

conbi nat i Ef'ﬁlems ot davemiorngt Haﬂﬁmrﬁlaﬁém- & corgeiRgtigngt atGHE‘PPH“’éia‘{ e of

cancer, f GiveR%&RE & pRatinhdtiBalRORBE IS MG eof{ Ad Bftoton pump inhibitor (such
ant i proI iferati ve/ant| neopl astic drug or a conbinati on’thereof, as

used i#% map@ﬁpraad@\melwawprgwwe@@twgw? Ragdenigr angegonistf or exanpl e
cis-plati he %FJS%% 5{1 B%gﬁcpﬁ@%ﬂﬁmag&f 6&%%9513%& G tﬁle invention, or
chl ora usulp a ;o an

nel phal an, UCI n or a nitrosoure

ant i net abal ihtemackgicalix acrcpptebla salatheiebfland en snigdenisofathé histmdmey/typerdt di ne
like WO 2008 065393PCT/ GB20071004556 25 5-fluorouracil or tegafur,
ral titrexédPiEt hotrexate, cyt osi ne arabi nosi de, hydroxyurea,

gencti t abi Mhe@tesprit¢hvehBxestll fustheralatel UMY borbinhtinAiflaGofmpeindesfake| € an
ant hracycline such as adriany doxor ubi_ci daunonyci n,

bl cin
epi r ub¥ci ALVEnHRyI9F & P rrr&w%lﬁglﬁi WC@talﬁ%l% thesafend a@rﬂmarﬂﬁlahﬁv%. n): an
anti m t ot ixgr80&83tor bERist SRR R0y BipBthBink ARl alert Utidh 88 propylhexedrine,

phenylephrine, phenylpropanolamine, ephedrine, pseudoephedrine, naphazoline
hydrochloride, oxymetazoline hydrochloride, tetrahydrozoline hydrochloride,
xylometazoline hydrochloride, tramazoline hydrochloridé or ethylnorepinephrine

30 hydrochloride. _
The present invention further relates to the combination of a compound of the invention, or

a pharmaceutically acceptable sait thereof, and an anticholinergic agents including



5 vincristine, vinblastine, vindesine or vinorelbine, or a taxoid
such as taxol or taxotere); or a topoisonerase inhibitor (for exanple
an epi podowloybsalespes n such as et oposi de, teni posi de, anBATCGEBT/004556

t opot ecan or a canptothecin); (ii) a cytostatic agent such as an
antioestrogen (for exanple tamdfen, torem fene, ral oxifene,

drol oxi fene or iodoxyfene), an oestrogéd receptor down regul ator (for
exanple ic fulvestrant), an antiandrogen (for exanple bical utam de,
flutam de, nilutam de or cyproterone acetate), a LHRH antagoni st or
LHRH agonwc%fﬂ’é?re%?ﬁwaé%s@%M%?mﬁwpﬁt |ap ptreping hiyescyie n) , a

pr ogest og ?Fm 0l . . : %53 -nhi bi t or
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[ C225]),  @alhRtedSlbutdRBIrSibRARl e BitdHetd esRatYd: PR DRrdt] BAH;
i nhi bi tor a(')r a seri rllle/thréo%i ne Zeb Icienasgsﬁﬁh%/g%?gr,rdg’n %ﬁ%rgll tor of
the epi deemtiogiedthereof.act or fanily (for exanple an EGFR family
JI[\IYE g_s IC RFOI&E}-Q gfeg?ﬂl} gﬁwggﬁ%rgw%g_ € Ira}ge? Itl% t)l(ng _c%q:xleiggltion of 2 compound of the invention, or
nor phobi nephapoxytizellnazeptalle daltilereef, ybd thirombi, suhk888)un cromoglycate
N ot DY BBy D122 et hoxyet howy) aul nazol -4 ami ne
chl or o- 4- flht preggh @nydfion/stiSfuftBirRélales AOBE 6NNt Yiofia 2emband-cTde (C
1033)), an 25.inhibitor of the platelet-derived gromh factor famly,
or an i nhiBieRgm™ gt ap eHEe brchgepéq 3 thegeafopith aglupgeortiqoid, sigh as
ant i angi ogiRRissliRIBAcHtthedSetOM e, WBEIGMethMYnE tipSoidiateS biRSSRdO Fluticasone
vascul ar endothelial growth factor (for exanple'the anti-vasdéular
endot hié| | @ropieiate, gicksorrrides eranametagens Bwerfe.bevaci zumab, a conpound
di scl osedqi 3 . .
081 13054) | "oP e R eauntepic bt R col i b o R venonore
| i nomi de, aghatimzkéusicaldy acseptalbile eajt thereaf; 8B ahapatt fmhmodulaies angdles thaimane;
WO 2008/ 0?@5 9,{%P%i)68§ﬁ%004556 26 (vi) a vascul ar danagi ng agent
such as co ot ast &t ', or a conpound disclosed in WD 99/02166, WO
00/ 40529, m&@éIAhgﬁﬂﬁod/ﬂH%ﬁE&&‘aétﬁs M@&dr?ﬁﬂaﬁn@fa?é@np&hﬁgﬁﬂ% g

i en sed jn antisense therapy, for exanple one directed to

e Dt SREAb S Bag et B rds SE i gt
ant i sense{IgPof i gréparaAidn 39 SR hnthisRict bf‘an%ib&?f‘ﬁo&h@nh%ﬁﬁ FARAGL R as M- TeE
exanpl e approaches to_repl ace aberrant genes such as aberrant p53 gor
aberr ant &WWGWW@EPT (gene-directed enzyme pro-drug o
ther apy) gfp &Q&Rﬁﬁre 1 ﬁertrgl(RQEtolﬁle AOmGHEOR Cgl%ﬁm%%h itnggnq}og,l &e
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mul ti _29 r u%}ffaem%a%(t)g r:!l(éeent,gs%gﬁ ast ttﬂgllic?dprﬁllde 81'r a derivative thereof, a retinoid, dithranol or
calcipotriol.
The present invention still further relates to the combination of a compound of the
invention, or a pharmaceutically acceptable salt thereof, and combinations of
aminosalicylates and sulfapyridine such as sulfasalazine, mesalazine, balsalazide, and
30 olsalazine; and immunomodulatory agents such as the thiopurines, and corticosteroids such

as budesonide.



10 (ix) an agent used in an i mmunot herapeutic approach, for exanple
ex-vivo and in-vivo approaches to increase the inmunogenicity of

pati ent tuwowooswebdes, such as transfection with cytoki nes/cemby/@ssse
interleukin 2, interleukin 4 or granul ocyte-nacrophage col ony
stinmulating factor, approaches to decrease 1l-cell anergy, approaches
using transfected i mune cells such as2ktytokine-transfected dendritic
cells, approaches using 15 cytokine-transfected tunour cell lines and
approaches using anti-idiotypic antibodies. In one aspect, the

i nvent i on The piesehé snvaniidrafuntheraaliaies & the codbinstiamafpreompegyd dfithe invention, or

conbi nation, two or re t.ive, Lngredi ents incl udin fi clLive
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one or nompenitillid dwgivaided, b v@rabyudine,di eatdidsha bdta-hicens alfieofogdindheom - a
phosphodi est ergse i nhiQitaor; .- 32-adrengceptor agonist; - a

modul at or @%%%iaﬁéﬁw%eé&%&g%f%ﬁéwaﬁmr ﬁgﬁnh#@?in&a%@m,nase
functign; fZReiclovibvalRRisvid, BAHcRIdVEY, cidofoRir HArkkm@saitel Hpahtddine, rdavirin,
anticholinergic_ agent; and - a non-steroidal glucocorticoid receptor
agoni st . Zenamexirgheé eseipmavistaapisewiitybiter such asapdingvirpnel fnavin tifapgyir, and
i nhi bitor,iF di -4.nhi hi ' B4R iR 1afi

I nhi bi tor ;Sa%d%ga#gt %@%&?&geé%%egég:@éséc '@?ggg‘ﬁﬂé’?fgig%%f agonllng‘tla%@l@&g’e
met apr ot ersemadine, izslojpatdveorendipividingap p@nadiniiclegsidel toverrtminscripgdsh uthantor |

f or not er ol h\ND 2008/ 065393PCT1(EB20071004556 27 sal neterol,

t erbut al | A& SPETTFPIEST S Bt ol t erol nesyl ate, pirbuterol or

I ndacafser athe pesaitphestief sthl fitthaaclhis & thecanbiasticani agompsindafehea M,
M2 or M3 ant agoni st,. such as sel e iv? &{5 afnt gonidgt such as

i prat r opi dRYBHORPER PRATTBETEH ACOTRARI TR BT AR agent such as
pi renzepi RaRlunt SlAAAUNNRES, a B@HRtAScPlor @I&E&yélﬁ&@{ot@fsm%gmh%w@myme
receptor 5 function are a recept or antagoni st; exanples of a

ki nase i nHAGE hitafos aarnginiengngpcepior paigetist] adipld layrreing agent sy Pes
2 b X SHRF ol bR i FEHGLEB I EE 3085 BBUB i e
becl onet hakomboltiprarpn entidoegulinidechoasiagigtele agiegaismishipitapi onat e,
ci cl esoni dﬁle %?es&ﬁ%&e%ﬁgﬁ‘ Ezrtfhlejrr r%%%e% to the combination of a compound of the invention, or
a pharmaceutically acceptable salt thereof, and a CNS agent such as an antidepressant
(such as sertraline), an anti-Parkinsonian drug (such as deprenyl, L-dopa, ropinirole,
pramipexole, a MAOB inhibitor such as selegine and rasagiline, a comP inhibitor such as
20 * tasmar, an A-2 inhibitor, a dopamine reuptake inhibitor, an NMDA antagonist, a nicotine
agonist, a dopamine agonist or an inhibitor of neuronal nitric oxide synthase}, or an anti-
Alzheimer's drug such as donepezil, rivastigmine, tacrine, a COX-2 inhibitor,
propentofylline or metrifonate.
The present invention still further relates to the combination of a compound of the
25 invention, or a pharmaceutically acceptable salt thereof, and an agent for the treatment of
acute or chronic pain, such as a centrally or peripherally-acting analgesic (for example an
opioid or derivative thereof), carbamazepine, phenytoin, sodium valproate, amitryptiline or
other anti-depressant agent-s, paracetamol, or a non-steroidal anti-inflammatory agent.
The present invention further relates to the combination of a compound of the invention, or
30  apharmaceutically acceptable salt thereof, together with a parenterally or topically-applied

(including inhaled) local anaesthetic agent such as lignocaine or a derivative thereof.
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20 elastase inhibitor such as UT-77 or ZD-0892; (xxi) TNF-alpha converting enzyme inhibitor
(TACE); (xxii) induced nitric oxide synthase (iNOS) inhibitor; (xxiii) chemoattractant
receptor-homologous molecule expressed on TH2 cells, (such as a CRTH2 antagonist);
(xxiv) inhibitor of P38; (xxv) agent modulating the function of Toll-like receptors (TLR),
(xxvi) agent modulating the activity of purinergic receptors such as P2X7; or (xxvii)

25  inhibitor of transcription factor activation such as NFkB, API, or STATS.

A compound of the invention, or a pharmaceutically acceptable salt thereof, can also be

used in combination with an existing therapeutic agent for the treatment of cancer, for

example suitable agents include:

(i) an antiproliferative/antineoplastic drug or a combination thereof, as used in medical
30  oncology, such as an alkylating agent (for example cis-platin, carboplatin,

cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan or a

nitrosourea); an antimetabolite (for example an antifolate such as a fluoropyrimidine like
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S-fluorouracil or tegafur, raltitrexed, methotrexate, cytosine arabinoside, hydroxyurea,
gemcitabine or paclitaxel); an antitumour antibiotic (for example an anthracycline such as
adriamycin, bleomycin, doxorubicin, daunomyein, epirubicin, idarubicin, mitomycin-C,
dactinomycin or mithramycin); an antimitotic agent (for example a vinca alkaloid such as
5 vincristine, vinblastine, vindesine or vinorelbine, or a taxoid such as taxol or taxotere); or a

topoisomerase inhibitor (for example an epipodophyllotoxin such as etoposide, teniposide,
amsacrine, topotecan or a camptothecin);
(1i) a cytostatic agent such as an antioestrogen (for example tamoxifen, toremifene,
raloxifene, droloxifene or iodoxyfene), an oestrogen receptor down regulator (for example

10 fulvestrant), an antiandrogen (for example bicalutamide, flutamide, nilutamide or
cyproterone acetate), a LHRH antagonist or LHRH agonist (for example goserelin,
leuprorelin or buserelin), a progestogen (for example megestrol acetate), an aromatase
inhibitor (for example as anastrozole, letrozole, vorazole or exemestane) or an inhibitor of
Sa-reductase such as finasteride;

15 (iii) an agent which inhibits cancer cell invasion (for example a metalloproteinase inhibitor
like marimastat or an inhibitor of urokinase plasminogen activator receptor function);
(iv) an inhibitor of growth factor function, for example: a growth factor antibody (for
example the anti-erbb2 antibody trastuzumab, or the anti-erbb1 antibody cetuximab
[C225]), a farnesyl transferase inhibitor, a tyrosine kinase inhibitor or a serine/threonine

20 kinase inhibitor, an inhibitor of the epidermal growth factor family (for example an EGFR
family tyrosine kinase inhibitor such as N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD1839), N~(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774) or 6-acrylamido-N-(3-
chloro-4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-amine (CI 1033)), an

25 inhibitor of the platelet-derived growth factor family, or an inhibitor of the hepatocyte
growth factor family;
(v) an antiangiogenic agent such as one which inhibits the effects of vascular endothelial
growth factor (for example the anti-vascular endothelial cell growth factor antibody
bevacizumab, a compound disclosed in WO 97/22596, WO 97/30035, WO 97/32856 or

30 WO 98/13354), or a compound that works by another mechanism (for example linomide,

an inhibitor of integrin otvP3 function or an angiostatin);
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salt 5 N-wethyslosddo€4- (pyri m di n-5-yl oxy) phenyl ] net hyl }rrmeBeo1/ @434 3
g, 0.20 mmol ) was stirred in NVP (1.0 inL). The m xture was cool ed
using a cold water bath and DI PEA (36 pL, 0.22 mmol) was added,

foll owed by the portionw se addition 026 (4S)-(4-cyclopropyl- 10

2, 5-di oxoi m dazol i di n-4-yl ) met hanesul fonyl chloride (W 2006/ 065215;
0.051 g, 0.20 nmol) over 5 mnutes. After 10 m nutes water was added
and the pfddarascelrr damasint agenicuch amembrgtadiatim Ahor a Tormpenndrdisstosedinr®0O

hed Wi . . S
by pr epar ST 0GR RBPHBTIZ IR OARTER, W0 B a2l WS BMEL I BRI P8
titl e comjdi)ad agenttbel ihrhfideuss therapy, ifer exemglent tirecidl tAlBGEE ofMBe margets 432

M+-1) . 111NVR ( DMSO- d6) : 2 - 0.26 [ 111), 0.35 - 0.58 3H),
1050 1 bt rnch 38 7S 303 Sn g SgtRpeel 11 4 25 (o 2in),
7.28 (4, 4ihi) an/aglsht €sdd inldBene@hely(dpproddil, ¥or eRafple GBproadhbs to refladdatiefrant
111) ppm 20 The starting naterials d

g wer e pre8are as follows: a)
5- ( Vet hy| BRBEFEYSH asiademant PP 2 pagbstrai SR GA baBR Cady GDEPT fgrps-dimgeted enzyme
4997-5010 ;0ng3 b 65thes Wch Bs o¥d k;% E%Z%b $ &?ﬁi‘ﬁ%‘&ﬁ&&s%
251 H NVR (CDC13) : Py ey (s 311y, 8, 45 sé,%f , %L{gg s IAE Som
30 b) Pyribattdiial ngrasedueraspenzytheand appr@ivhes tofnareasd patR@0®]eraice 4997- 5010
on a 15 | | e w ield,of 27%.after. purification. 1H NVR
(VB0 o) PHen Gl & hGofheleyF st iy RliyBligitpchicifyiaB or g
10 (ix) an agent used in an immunotherapeutic approach, for example ex-vivo and in-vivo

approaches fo increase the immunogenicity of patient tumour cells, such as transfection

with cytokines such as interleukin 2, interleukin 4 or granulocyte-macrophage colony

stimulating factor, approaches to decrease T-cell anergy, approaches using transfected

immune cells such as cytokine-transfected dendritic cells, approaches using

15 cytokine-transfected tumour cell lines and approaches using anti-idiotypic antibodies.

In one aspect, the invention provides a pharmaceutical product comprising, in 'combination,
two or more active ingredients including a first active ingredient which is a compound of
formula (T) as defined above, and one or more further active ingredients which are selected
20 from;
~ a phosphodiesterase inhibitor;
- a f2-adrenoceptor agonist;
- a modulator of chemokine receptor function;
- an inhibitor of kinase function;
25 - aprotease inhibitor;
- a glucocorticoid;
- an anticholinergic agent; and

- a non-steroidal glucocorticoid receptor agonist.

3 Examples of a phosphodiesterase inhibitor are a PDE4 inhibitor, including an inhibitor of
the isoform PDE4D, or a PDES inhibitor; examples of a selective f2-adrenoceptor agonist

include metaproterenol, isoproterenol, isoprenaline, albuterol, salbutamol, formoterol,



c) 4-(Pyrimdin-5-yloxybenzaldehyde To a stirred solution of
pyrimdin-5-ol (0.384 g, 4.0 mmol) in DWF (4.0 nL) were added

4-f | uor obewnahebaisyde (0.429 g, 4.0 nmmol ), sodi um net haneSuGphoiahss
(0.118 g, 1.0 nmmol) and potassium carbonate (0.828 g, 6.0 nmol). The
reaction m xture was heated at 120C io for 3 hours, cool ed to anbient
tenperature, treated with water and ex2facted three tinmes wth TBME
The extracts were washed with brine, dried and concentrated. Columm
chromat ogr aphy gave 0.523 g (43% of the subtitle conpound. APCI-NMs
mz: 201 (snﬁtg)‘.e_rol, terbutaline,]dr¢iRpRalEDEitdErol @silBte( pithuteel)or idaggerplit |

21-1), 8. 13 (. , .
et by REpye e mestalicopt Huaatpleb S bl i BB Thpetiis, suchssa
4- (Pyri m delretbreyNB aythiperict abdbeds yatetrdiud dontide, tioTropiomil Broméle, @til'rdcjip‘imﬁ
ith 33% net hy|l i i EtQH (30 nL t fl f h . nd t hen
Coneent 1 alEaes heRcepith o b ge by b MHANEST P CHRASO BaFBER bl 1
sodi umsborfahutidh iafkes COR 1 9&eftor utZodhI¥B leXarBMEY ofla AR4LE irdilios hieldhgshibidr of

further 1 hour. Water was added and the product was extracted three

times wit P3E00BEK2 funstion: gurmelepplaiegtesiediehibisnrsraversuirpplhelastyge iphibitor;

brine, drigy ' ; 9 ey

was used verTogt T o R SoinsiGa Phfole i Regfhiad [RplShle e
NVR ( CDC13liprogian®§ budesositle) flutiBa®se pwpicdh, cide@®sidedr nRkjefasdnBroate,
211), 8.38 (d, 211), 8.87 (s, 111) ppm Exanple 2

3014(48) - 4- Cycl opropyl -2, 5-di oxoi m dazol i di n-4-yl|-N-({4-112-cycl opro
pvI pyriom ditg- fresent Jigvendiph epiyll homt by ke RplaMEAEEY adtas el @ AN ESIBWing

WO 2008/ 065393PCT/ GB2007/ 004556 31 S
illustrative examples.

General Methods
'"H NMR spectra were recorded on a Varian Inova 400 MHz or a Varian Mercury-VX 300

15 MHz instrument. The central peaks of chloroform-d (8y 7.27 ppm), dimethyl-sulfoxide-ds
(8u 2.50 ppm) or methanol-ds (8 3.31 ppm) were used as internal references. The
following abbreviations have been used: s, singlet; br s, broad singlet; d, doublet; dd,
double doublet; ddd, double double doublet; t, triplet; dt, double triplet; q, quartet; m,
multiplet. For multiplets the chemical shift value is given either for the center of the signal

20  or as arange. Analytical thin-layer chromatography was carried out on silica gel 60
(Merck) plates with fluorescent indicator. Colummn chromatography was carried out on
silica gel (0.040-0.063 mm, Merck) with a slight over-pressure {0.2-0.4 bar) applied to the
column. For preparative HPLC a Kromasil KR~100-5-Cyg column (250 x 20 mm, Akzo
Nobel) and mixtures of acetonitrile and water (with 0.1 vol% trifluoroacetic acid added

25 where indicated) at a flow rate of 10 mL per minute were used. Fractions containing the
desired compound were combined, concentrated by rotary evaporation and finally freeze-
dried. Unless stated otherwise starting materials were commercially available, All solvents
and commercial reagents were of laboratory grade and were used as received. Operations
were carried out at ambient temperature, i.e. in the range 17 to 25 °C and under an

30  atmosphere of an inert gas such as argon unless otherwise stated. Reaction times may be

shorter or longer than indicated to complete the reactions in the Examples. Organic phases



Crude {4[ (2-cycl opropyl pyruni di n-5-ypoxyl benzyl } met hyl am ne
di hydrochl oride (0.115 g, 0.35 mmol) was dissolved in NW (2.0 n),
THY (2.0 nfvp 2asstheEMFPEA (0.30 m,, 1.8 mmol) to form a weltkenyoo7/004556
solution. (48)-(4-Cyclopropyl-2,5-di oxoi m dazoli di n-4-
yOnet hanesul fonyl chl ori de (WD 2006/ 065215; 0.070 g, 0.28 mmol) was
added 10 portionwi se during 5 mnutes Zhd the reaction m xture was
stirred for 1 hour. The solvent was renoved by evaporation and the
resi due was diluted with water and extracted twice with EtOAc. The
conbi ned droganitecidayese dvadevwaosiydrons sddiwa s fateifidotshatekotheratisecdind The
crude product S urlfled b usi n utes gradient of
20% t o 0dE TR Py S0 "\98“@‘3{5’@1"“’5@'{02?19}5”3‘)158%) o the title
conmpound as a col ourl ess powder. 15 MCI-M5s nfz 472.1 (M+l); Rt = 1.93
mn. 111- Od6: 5 0.14-0.2 H), 0.33-0.57 (m 3H), 0.96
(m 2H), 0 for SSm  111), 2.65 (s, 311),
3 44 (d, %?s’h%meﬁt gélze@ziduéol@om%l ?%re(vﬂsjg é‘t)'sgz2¥ ﬁ?oﬁﬁh ﬁés%)Aﬁpd Plovk fhte
7.96 111 8.45 (s, 211 e starting
rrat erials Ovie nd./mime pélaveedength 254 loo w0 rap); Si}lvdnEﬁ( SuatEatFo@)ﬂ%pyF@ Solyeitt B:

descr i bed oA +sde 0S8R WRdrItR S Br v 563)3/%%3?3 BPhanm i ne
hydrochl oride. 25 LCAPCI-M5S mz 227.0 (Mtl); Rt = 2.36 mn. 1H NWR
(7Dg/?07d?1)7 e dogins : S(a) élé/ ogsgéséséw ég)zoow 004556

32 b) g- Qlﬁétﬁﬁfeﬁpﬂielpﬁftﬂ’%kyrﬂS@menes I, Column Agzlem‘ HpP-5 (301nx0 32 mm ID);
5(Benzy|oxy)-2000ro%/[ érlm i ne mmol) was di ssol ved
aw

in MeOH ( D®s gelyetiva detectos Hd’ﬂa’fﬂréﬁﬁ’%ﬁ%@ﬁ E@SSPW)S addes Qyed pepetahe
m xture %qﬁgﬁgo@t%&@hﬁl@t tenperature and 1.013 bar
pressure overn|g iTtration and concentration gave a 5 crude
product that was filtered through a short silica gel colum using 5%
MeOH- Et OACQ]ﬁSe el.uent. Evaporation of the solvent gave 1.3 g (54%

yi el d) of ‘tl e conmpound as a colourless solid. GC-M niz

136 0 i\ 4{JIPEA% rel ati veyNodigopiopyithiRmife (100% rel ative intensity);

= 7.36 101H NMVR O-g6).; 60..80-0.96 (m 4H), 2.09 (m |El),
8 17 (s, 10. 02 (s,&%?legﬁ#f’m&mlge
4{ (2- Cyc! quygoy! pyri i di amettyRurbR@nzal dehyde

EtOAc ethyl acetate
EtOH ethanol

20 GC-MS gas chromatography- mass spectrometry
HPLC high-performance liquid chromatography
LC-MS liquid chromatography- mass spectroscopy
MeCN acetonitrile
MeCH methanol

25  NMP N-methylpyrrolidinone
Rt retention time
THF tetrahydrofuran
TBME tert-butyl methyl ether

TFA trifluoroacetic acid

30



2- Cycl opropyl pyrimdin-5-ol (0.272 g, 2.0 mmol ), 4-fluorobenzal dehyde
(0.22 nL, 2.1 mol) and potassium carbonate (0.414 g, 3.0 nmol) in
dry DMF (2wO 20ds)os5®3e heated to 15120 C in a seal ed tuberico0d/doesss.
The slurry was diluted with water and extracted twice with Et0Ac. The
conbi ned organi ¢ phases were washed three tinmes with water and bri ne,
dried, filtered and concentrated to gid®e a yellow oil. Purification
by columm chromat ography using 20 g silica and a gradient of 0%to
50% Et OAc- hept anes as el uent gave 0.478 g (99% yield) of the subtitle
conpound as a colourless oil. 20 LCEARGpIeNS Mz 241.1 (M+l); Rt =
1.98 nm 1H NMR (CDC13): 8 1.04-1.17 (m 4H), 2.30 (m 1H), 7.07 (d,
2H), 7.88 (d, 2H), 8.40 (s, 2H), 9.94 (s, 1H ppm d)

(4-1(2- Q’G}J[@BU-@CUJCMMW-QISﬂd15xcﬁ_xﬁm&2<}lltﬁrn3%mﬁ&1ﬁdﬁwlmMe(nvrmrudm-s-

di hydrochloride 25 To a solution of, ,

4- [ ( 2- cycHiepyispenypime vl imethanesionamids triflnoneacetic acidisalt o g, 1.0 mol)
in MeCN (0. 50 m.) was added 2Mrrethy|amne in THF (2.0 nL, 4.0 mol)
foll owed by sodi um borohydride (0.120 g, 3 2 mmol ) and MeCN (0.50

m.). The slurry was stirred for 30 m nut soI vents were renoved
by evaporation, water was addgd and_t hg tu was extracted with

Et OAc. The organi c phase vvas( sh H“br an@l evaporated onto 30
silica gel. This gel was ap;bl dilica gel colum.

Col um chr omat ogr aphy using a gradl ent of 10%to 60% Et OAc in
hept anes eluted inpurities. Elution with 10% 33 MeOH in Et0Ac (100
m.) followed by 5% concentrated N113 in MeOH (100 nL) gave the

product | N-tBgyDEs{[2- (ﬁmﬁidhpmlox'yfjws&lﬁﬁeﬁgm}a@ﬂﬁe (065048 o6 0N inita6l) was
concentrated and_redi ssaolved in water. The pH V\ql?)f agfgusted

14 usi ng sFmAUMNIYA (b mde- Tha misiuss Waner ??’élsiﬁ%@t dw rsbaékkﬁla%ﬁ%l’gd\ 36
sever al 4 }Jgg@zm{m B fided BORFADY the ﬁdi&é:?eﬁ&éadﬁﬁ[o% AENED-Fclopropyl-

bri ne, over potassiumcarbonate, filtered and concentr at ed to
gi ve am oBJSydlowmcd;eohdmrﬂsrl)mdhmlfanﬁ§blomé©|(W@ A00/R65 3 08h! 8xE2s s

of a 1.5Msolyiti.08 él%gm@mf%g?@ mteswvaa el aga%g@d%ggg}% }*&%t eo

sol vent was refnove eva ora Ion to t he
crude subtiieh anthcﬂﬁ@ﬁuﬁﬁle eTctrects wkte wﬂshai wrﬂdbmsm dagi :ﬁ%qouc@ttated b

ed t hout, further. ficatio 256. o
e e "SR e it AT e felto G380 bt Wiy
111), 2. 7hel(tBle o3l’fl)30uri’d a%&he( ﬁ*xﬂuali’oadetlc?lcﬂﬁsaitd 2H), 7.60 (d 2H), 8.72

(s, 213) ppm -1.(48
) - 4- Oyl o@#’@éxMSEﬂ%““é?%l}n dazol i di n-4-y11-N-net hyl - N- ({4- 112- net hy!

Dl o RN, BTl T, Hﬁ@% fo5em %, 175603554, A, b7
0. 50 mrol oG TR A IR, Bl e (P T AR (R,
446 (M+1) 10.74 (s, IH) ppm.

20  The starting materials were prepared as follows:

a) 5-(Methyloxy)pyrimidine
Prepared as in Chem, Eur. J. 2003, 9, 4997-5010 on a 31 mmol scale with a yield of 47%

after purification.

25 1H NMR (CDCl;): & 3.93 (s, 3H), 8.42 (s, 2H), 8.86 (s, 1H) ppm.



NVR (DVMBO-d6): 8. 0.13 - 0.24 (m 1H), 0.33 - 0.57 (m 313), 1.15
(ddd, 111), 2.61 (d, 25311), 2.66 (s, 3H), 3.60 (dd, 211), 4.23 (dd,
211), 7.1lwocdesnedss3, 7.35 (dd, 211), 7.97 (s, 113), 8.fAcmoibdsse
10.74 (s, 111) ppm The starting naterials were prepared as foll ows:
34 a) 2-Methyl-5-[(phenvl nethyl)oxyluvrimdine Prepared as in
Example 2(a) on a 15 nunol scale with 30yield of 73% after
purification. MI-Ms mh: 201 (M+l). 1H NWR (CDC13): 32.67 (s, 31-1),
5.13 (s, 2H), 7.31 -7.50 (m 5H), 8.37 (s, 211) ppm 5 b)

2- Met hyl pyii Bidinidis5@l Prepared as in Exanple 2(b) on an 11 mmol

scale with a yield 100% e ' ut further purificatio H
R ( DVEO TR g iy Ghert £y d0o SRR 0T84% o' gl e =556 82752
44( 2- Met hyfh@ririfcgtior: 5- y1 ) oxyl benzal dehyde Prepared as in Exanpl e
1(c) on ap 11 mml scale with a yield of 22%after purification.

MCI - M5 m zZHNMR((BMJO-JE)t SI18NR (6,CP0] 856 (G PEIY, 8048 (5,3H) ppm7. 11 (dd, 210,
7.91 (dd, 2H), 8.49 (s, 211), 9.97 (s, 111) d) N Methyl-1-

-14-[(2- met hyl pyri m di n-5-yf | oxyl phenyl | ret hanami ne Prepared as in
Exanpl e 1%)4_ AT 1Sl h @ yield of 82% after

purifi catiom: - — 201H NMR (CDC13): 62.46 (s, 311),
2.72 (s, Jb-alsfirred@saldtigrsof Fiib)idinG-d§0.8684 g,20A nmol). iB DN (4.2 b)) were added

4-fluorobenzaldehyde (0.429 g, 4.0 mmol), sodium methanesulphinate (0.118 g, 1.0 mmol)

)

and potassium carbonate (0.828 g, 6.0 mmol). The reaction mixture was heated at 120 °C
10 for 3 hours, cooled to ambient temperature, treated with water and extracted three times

with TBME. The extracts were washed with brine,I dried and concentrated. Column

chromatography gave 0.523 g (43%) of the subtitle compound.

APCI-MS m/z: 201 (M+1).

lHNI\/[R (CDCl;): 6 7.15 (dd, 2H), 7.93 (dt, 2H), 8.58 (s, 2H), 9.13 (s, 1H), 9.98 (s, 1H)

r

15  ppm.

d) N-Methy]l-N-{[4-(pyrimidin-5-vloxy)phenyl]methyl}amine
4-(Pyrimidin-5-yloxy)benzaldehyde (0.344 g, 1.7 mmol) was stirred with 33%
methylamine in EtOH (30 mL) at reflux for 3 hours and then concentrated. The residue

20  was dissolved in MeOH and treated with sodium borohydride (0.195 g, 5.2 mmol) over 1
hour and stizred for a further 1 hour, Water was added and the product was extracted three
times with EtOAc. The organic phases were combined, washed with brine, dried and
concenirated to give 0.267 g (100%) of product that was used without further purification.
APCI-MS m/z: 216 (M+1).

25 1H NMR (CDCl;): 8 2.38 (s, 3H), 3.68 (s, 2H), 6.94 (d, 2H), 7.28 (d, 2H), 8.38 (d, 2H),
8.87 (s, 1H) ppm.

Example 2

30 1-[(48)-4-Cyelopropyl-2.5-dioxoimidazolidin-4-vI]-N-({4-[(2-cyclopropylpyrimidin-5-

yDoxylphenyl} methyl)-N-methylmethanesulfonamide




» 8.38 (s, 211) ppm Exanple 4

251-114S) - 4- Cycl opropy1- 2, 5- di oxoi mi dazolidin-4-yl|-N-nmethyl -N-f(4-f
[ 2- WO 2008/065393 PCT/GB2007/004556
(trifluoromethyll pyrimdin-5-ylloxyl phenvOnet hyl | net hanesul f onam de
WO 2008/ 065393PCT/ (B20071004556 35 Prepared as in Exanple 1 but
starting fromN-nmethyl-N-[(4-([2- 31
(trifluoronethyppyrimdin-5-yl]oxy}phenyOret hyl]am ne on a 0.60 nmol
scale with a 5yield of 7.5% after purification. APCI-Ms nmlz 500
(Mr1). NVR (DMBO-do): 8 0.14- 0.25 (m 1H), 0.46 (m 3H), 1.16 (m
1H), 2.68 (s, 3Fl), 3.47 (d, 3H), 3.77 (d, 11-1), 4.28 (m 2H), 7.30
(d, 211), 7.42 (d, 2H), 7.98 (br s, 1H), 8.81 (s, 2H), 10.75 (br s,
111) ppm 10 The starting nmaterials were pr CSatreqh as follows: a)

2-(Trifluoronethvl)-1,4,5, tetrahydrorwrlcm ol hydrochl ori de
The free base was prepared a Cri &/\/‘%166 on a 114 mmol
scal e. The crude 15 product ) ed||n r 2-ol, treated
with 6M hydrogen chloride in propdh-2-ol and the product filtered of f
as white crystals in a yield of 86% APCI-M5S mz 169 (Mtl). 111 NWR
(DWVb0-45): 83.39 (d, 2H), 3.51 (d, 2H), 4.25 (q, 1H), 6.32 (s, 1H),
12.11 {s, 11-1) ppm

Crude {4-[(2-cyclopropylpyrimidin-5-yDoxy]benzyl} methylamine dihydrochloride (0.115

g, 0.35 mmol) was dissolved in NMP (2.0 mL), THF (2.0 mL) and DIPEA. (0.30 mL, 1.8
mmol) to form a yellow solution. (4S)-(4-Cyclopropyl-2,5-dioxoimidazolidin-4-
yDmethanesulfonyl chioride (WO 2006/065215; 0.070 g, 0.28 mmol) was added

10 portionwise during 5 minutes and the reaction mixture was stirred for 1 hour. The solvent
was removed by evaporation and the residue was diluted with water and extracted twice
with EtOAc. The combined organic phases were washed with water and concentrated. The
crude product was purified by HPLC, using a 35 minutes gradient of 20% to 90% MeCN
in water to give 0.081 g (61% yield) of the title compound as a colourless powder.

15 APCI-MS m/z472.1 (M+1); Rt=1.93 min.

'H-NMR (DMSO-ds): 8 0.14-0.24 (1, 1H), 0.33-0.57 (m, 3H), 0.96 (m, 2H), 1.03 (m, 2H),

1.15 (m, 1H), 2.22 (m, 1H), 2.65 (s, 3H), 3.4 (d, 1H), 3.75 (d, 1H), 4.23 (g, 2H), 7.09 (d,
2H), 7.34 (d, 2H), 7.96 (s, 1H), 8.45 (s, 2H), 10.74 (s, 1H) ppm. '

20 The starting materials were prepared as follows:

5-(Benzyloxy)-2-cyclopropylpyrimidine
The subtitle compound was synthesised using the method deseribed in US 4,558,039,
starting from cyclopropylcarbamidine hydrochloride.
25‘ LC-APCI-MS m/z 227.0 (M+1); Rt = 2.36 min.
1H-NMR (DMSO-dy): 8 0.86-0.99 (m, 4H), 2.14 (m, 1H), 5.21 (s, 2H), 7.31-7.47 (m, SH),
8.44 (s, 2H) ppm.



20 b) 2-(TrifluoronmethvOnvrim di n-5-ol
2-(Trifluoronmethyl)-1,4,5,6-tetrahydropyrimdin-5-ol (4.20 g, 25
mol ) was woinesadsisn ni trobenzene at 90 C. Sodi um net hneeckborodsse
100 nmmol ) was dissolved in nmethanol (75 m) and added portionw se to
the reaction mxture, allowing the nethanol to distill off 25 before
the next addition. The reaction m xtur# was then warnmed to 121 C for
one hour, cool ed, shaken with water (150 m), the organic phase
separ at ed off and the aqueous phase washed with ethyl acetate (2 x
100 m ). DheZs gidipgisoladj usted to pH 4.0 with 6M aqueous

hydr ochl \Cil " t by, t at
o o R o 2 BFL bl P, R Bt bl
t hat was mﬁe)dinwmm}tﬂlacﬂ&hlmtcbﬁabnmlﬂ(f #)Gadsiadded. Bl?é:hmftﬁeWia% h} 6o gérlitel)at

WO 2008/ 065 93PCT/ GB2007/ 004556 36 1H NMWR gﬁ)l\/PS? ). 68.54 (s, 211),
11. 48 (s, BPPIPPLYS Bmeratur%?nd 1.013 bar pressure overni tration an concentratlon gave a

4-{[ 2- 6Trichda %Wtﬁwademeﬁu@mu% yéﬂo%mcla%em&ﬁw% sd?rmmfxﬁo%

in Exarrplel(c) on a 5.0 scale with a

= 268 ( MBS ©. mmmnrapp{aﬁm ofjthe sgjvent gave( 143 géﬁ_% yleid) gﬁﬂw(edubtzthelc)ompsums(as
211),

N- Met h I - ZOI%?IASSPE%I%U rifluoromethyl)pyrimdin-5-ylloxyl phenvil nethvil
ami ne> 4GRS ififd FI6L00VI6 (v Ohpelativy ritensity ik 35-Oy(1D % 3 Ibibveziatersityydit ~WAS6
stirred W|th 33%io nmethylamne in 95% ethanol (30 nmL) at reflux for
1 hour #'then concentrated. The residue was re-dissolved in 95%

h d
ﬁ;d?ggenat eﬁ%@%% LHéjrrperat ure u’n%g Eg?ﬂonﬁﬁé?%r@ fe{g’;@r or )(PBm

m nutes. The reaction was perforned on a 5.0 nmol scale with a yield
of 95% APCI - N mrz 284 (M+1) 111 NNR CDC13): 62.49 (s, 311),
3.80 (s, 2i1¥ ] 598 gdshvdg 43 (dd, 211), 8.53 (s,

2H) ppm b - 2
2014( 4S) - 4- lﬁ%p?'o%y mmgmss NG guz rpaly Hiluprobprzalgicfyde (022 mL, 2.1
(4-1(2-et M@}andm@asﬁmﬁkcawohm@ 4b€hg.r$y0 mhzol) in dry DMF (2.0 mL) were heated to
met hyl 1)5 N'IQELBYIJL & aﬁ%ncgb 1]f ?ng%.dl%e shurry was diluted with water and extracted twice

with EtOAc. The combined organic phases were washed three times with water and brine,

dried, filtered and concentrated to give a yellow oil. Purification by column
chromatography using 20 g silica and a gradient of 0% to 50% EtOAc-heptanes as eluent
gave 0.478 g (99% yield) of the subtitle compound as a colourless oil.

20 LC-APCI-MS m/z241.1 (M+1); Rt =1.98 min.

1H—NMR (CDCls): 6 1.04-1.17 (m, 4H), 2.30 (m, 1H), 7.07 (d, 2H), 7.88 (d, 2H), 8.40 (s,
2H), 9.94 (s, 1H) ppm.

d) {4-[(2-Cyclopropylpyrimidin-5-yDoxylbenzyl imethylamine dihydrochloride
25 To a solution of 4-[(2-cyclopropylpyrimidin-5-yl)oxy]benzaldehyde (0.240 g, 1.0 mmol) in
MeCN (0.50 mL) was added 2M methylamine in THF (2.0 mL, 4.0 mmol) followed by
sodium borohydride (0.120 g, 3.2 mmol) and MeCN (0.50 mL). The slurry was stirred for
30 minutes. The solvents were removed by evaporation, water was added and the mixture
was extracted with EtOAc. The organic phase was washed with brine and evaporated onto
30 silica gel. This gel was applied onto a 20 g silica gel column. Column chromatography

using a gradient of 10% to 60% EtOAc in heptanes eluted impurities. Elution with 10%



25 Prepared as in Exanple 1 but starting from/[4-(2-ethylpyrimdin-5-
yl oxy) benzylimethylamne on a 1.6 mmmol scale with a yield of 37%
after puriwocaisiwsses APCl - VS mz 460 (M+Hl). 37 I n NVR (HovBao)oo486
0.12 - 0.28 (m 111), 0.35 -0.58 (m 3H), 1.08- 1.20 (m 111), 1.28
(t, 3H, 2.66 (s, 3H), 2.90 (q, 211), 3.44 (d, 111), 3.75 (d, 111),
4.23 (dd, 2H), 7.14 (d, 2H), 7.35 (d, M), 7.97 (s, 11-1), 8.55 (s,
211), 10.74 (s 1H) ppm 5 The starting materials were prepared as

follows: a) 2-Eth yrimdin-5-ol Prepared as in Exangle 2(a) and
2(b) “on. abHeCiaBIOAR OB i) Erloatec by GPpancontitas i GOV isbaisave

t hout f :
\(MCDC(i)g) : Eﬁetlﬁ%“’?#{ ﬂh% r&% 5.9@101(1% ,Erhéﬁg%a"g&%% les ']’grgtl %W %ﬁﬁ".eétg(t%& 711)
ppm b) 4@kséved/inpyatemiThié pH Svay hdjugtd:dmriﬁab deyidg sodium hipiregide edlutde dnd
Ex le 1 | f 83% aft
pur i cat Mt e Al PR St WS fhegoeitit e Sayere weshed 1
(t, 3Hy, &uﬂfbrﬁﬂ, drizlilover fot@dinfnddrbohty, ﬁl?er&ﬁarfddaon&hﬂrhted & Al fiPoily211)

9. 96 (s, ppm. [ 4-(2-Et hyl pyrim di n-5-yl oxv)-benzyl 1net hvl am ne
20 Prepar é%fl%@ Tlpis Eﬁ ﬂ@scg(%ﬂi)m EH0A¢C &n%aqﬁws og 8 41581 Splutpneptyiydiogeryf

83% af t er cH]!éhHé hp@tbmas%@d Pf@e £E!1\¥ent %élrelno(v%%} Valj%%"(@%@#ﬁr’% °

1.25 (t, , 2 (s, 311)
211), 7.3 15 %d yle@d))of g m@ie(sgbutma,)onmpmd ZBEx@lhqd:}tgn@i was 93.9% pure and was

used without further purification.
10 LC-APCI-MS m/z 256.1 (M+1-2 HCI); Rt= 1.49 min.
II-I-NI\/IR (CD;OD): 6 1.21-1.44 (m, 4H), 2.36 (m, 1H), 2.74 (s, 3H), 4.22 (s, 2H), 7.26 (d,

2H), 7.60 (d, 2H), 8.72 (s, 2H) ppm.

Example 3
15

1-[(48)-4-Cyclopropyl-2.5-dioxoimidazolidin-4-y1]-N-methyl-N-( {4-[(2-methylpyrimidin-

S-vhoxy]phenyl}methyl)methanesulfonamide

20
Prepared as in Example 1 but starting from N-methyl-1-{4-[(2-methylpyrimidin-5-yl)oxy]-

phenyl}methanamine on a 0.50 mmol scale with a yield of 61% after purification.
APCL-MS m/z 446 (M+1).

"H NMR (DMSO-dg):  0.13 - 0.24 (m, 1H), 0.3 - 0.57 (m, 3H), 115 (ddd, 1H), 2.61 (d,

25 3H), 2.66 (s, 3H), 3.60 (dd, 2H), 4.23 (dd, 2H), 7.11 (dd, 2H), 7.35 (dd, 2H), 7.97 (s, 1H),
8.52 (s, 2H), 10.74 (5, 1H) ppm.

The starting materials were prepared as follows:



14(4S1- 4- Cycl opropvl- 2, 5-di oxoi m dazolidin-4-v11-N-1-(441-2-(trifluor
onet hyl ) pyri m di n5-yl | oxy} benzyr nmet hane sul fonam de 38 Pr epar ed
as i n Exanwbeodmesss starting from (44[2-(trifl uoronet hygpycsaowaisse 5-
yl i oxy} phenypnet hyl janmi ne on a 0.26 mmmol scale with a yield of 75%
after purification. 5 APCI-M5 mfz 486.1 (M+1l). 1HNWVR (DVBO45): 5 0.14
- 0.25(m 1H), 0.46 (m 3H), 1.16 (m34H), 3.25 (d, 1H), 3.62 (d,
1H, 4.28 (m 2H), 7.30 (d, 2H), 7.42 (d, 2H), 7.76 ( t, 1H), 7.85
(s,11-1), 8.81 (s 2H) 10 75 (br S, 1H) ppm to The startlng
rraterlalsa2 plot : pyri

4-{12- (Tr f | uor,one di enzop t b as
" Exanpl EHERS %Pﬁ#ﬂﬁ*ﬁ@%ﬂaﬂ%} %B@T”&y?? FRRESIR &7 Cater AREEn
4-f1 uor o- B@CZ-ON$ 17#:1261 M+4).6. 1 mi nol scal ewith a yield of 55% Is
GC- M5 tnlﬁ = 265.1 (M). b)

4412- (Tri f HNMBREDIGH)) .67 {2 BH).15- B-(3| THXY.B be 59 (mndi)k 8537 s8¢ ppmi de
4{[2-(Trifluoromethyl)pyrim din-5-ylloxy}benzonitrile was
hydrogénated in 1:1 HOAc: Et OH cont ai ni ng 10% Pd/ C. The crude product
was puri fied | C: Ustn 25 20 m nutes gradient of 10%to 70%
MeCN- wat elrbfllz—%x%tt@%rt "mb ge?t he subtitle conpound. MCI-M5s mlz 270.1
(M+1) . 1HPNpRedBVBAGMPISAbBo g 1 Ridnol scaBbwitlla yizi) of 100%6md gssedfhout
8.18 (b, %%H-}l 8.;_5? @% 1H PPm 25 WD 20081065393PCT/ GB2007/ 004556
39 Phar maéSHEEPEL 2R np) e

Le NMR (DMSO-d3):  8.10 (s, 2H), 2.50 (5, 3H) ppm.

10
c)  4-[(2-Methylpyrimidin-5-ylioxy]benzaldehyde

Prepared as in Example 1(c) on an 11 mmol scale with a yield of 22% after purification.
APCI-MS m/z 214 (M+1).

"H NMR (CDCly): 82.78 (s, 3H), 7.11 (dd, 2H), 7.91 (dd, 2H), 8.49 (s, 2H), 9.97 (s, 1H)

15  ppm.

d) N-Methyl-1-{4-[(2-methylpyrimidin-5-yl)oxyIphenyl}methanamine
Prepared as in Example 1(d) on a 2.4 mmol scale with a yield of 82% after purification.
APCIL-MS m/z 228 (M+1).

20 1HNMR (CDCls): 8 2.46 (s, 3H), 2.72 (s, 3H), 3.74 (s, 2H), 6.98 (d, 2H), 7.33 (d, 2H),
8.38 (s, 2H) ppm.

Example 4

25

trifluoromethy)pyrimidin-5-ylloxy} phenvlimethylJmethanesulfonamide

O
F>|\‘r/N | /@/\N,S N)§O
Na o I H



| sol ated Enzyne Assays s MW12 Reconbi nant human MW12 catal ytic
domai n may be expressed and purified as described by Parkar A A et
al , (2000)woRPnees303 Expressi on and Purification, 20, 15&T/dk®e7/004556
purified enzyme can be used to nonitor inhibitors of activity as
follows: MW12 (50 rig/m final concentration) is incubated for 60
m nutes at roomtenperature with the s¥nthetic substrate io

Mca- Pro- Cha-d y-Nva- Hi s- Al a-Dpa-NH2 (10 utM in assay buffer (0.1M
"Tris-HC1" (trade mark) buffer, pH 7.3 containing 0.1M NaCl, 20nM
CaCl2, 0.020 mM zZnCl and 0.05% (wv) "Brij 35" (trade mark)
detergent) in the presence (10 concentrations) or absence of

i nhibitors. Activi ty i's determ ned by neasuring the fluorescence at

Xex 320 n, ~ IcuI ated as
é}gﬂenhl g}l e s zﬁ—f}‘ﬁ%frbzﬁm Retry AN E@- gR

fol | ows: o the uorescence S AR R

477. 7Tt ut i Cmﬂﬁbmeés@mebm&g’ﬂ]oxmhﬁmmleébmmm% mmimale with a
nuorescenc ed pro-MW8 is purchased from

Cal bi ohe e? ﬂg%e%za%faﬁtégﬁ%{ g/ml) is activated 20 by

p- am no- pdUiiMBet/z 600 MabDet ate (APMA) at 1 mMfor 2.5 h, 35 C. The
activated,enzynme can be used to monitor inhibitors of activity as
fol | ows: NNPSVIRXDM$Qda): 510i Idal 0. 2500 d F)r&4G om)3H)s1. l@tfm,bﬁi)e%lﬁﬁﬁtﬁgﬂ?’ 47
m nutes at 35 C 80% HZ%) with the synt hetic substr

Mca- Pr o- Ck-E)y3-Ki &b L1448 @%Hb TeNgs 3R: Z@%élg/f spifh 831 (& 25y
"Tris-HCLY @gr(gldse 15‘)1 buffer pH 7.5 containing 0.1M Nadi, 30nM
CaCl2, O. 040 Al and 25 0.05% (w v) "Brij 35" (trade mark)
deterglent) in the presence (10 concentrations) or absence of

i nhi bi tor Vi asuring the fluorescence at
Xex 320 ”S[‘rlhegﬁh Iﬁé{léﬁ? I%%lacen ?(I}ﬁl’?%bl tion is calculated as
follows: % Inhibitionis equal to the [Fluorescenceplus inhibitor -

Pl uor e ce ol Sk i S5 Bl L HRL ST REfCS Jl s

The free base was prepared as described in US 5,175,166 on a 114 mmol scale. The crude

o

15 product was dissolved in propan-2-ol, treated with 6M hydrogen chloride in propan-2-ol
and the product filtered off as white crystals in a yield of §6%.
APCI-MS m/z 169 (M+1).

lHNMR (DMSO-dy): 8 3.39 (d, 2H), 3.51 (d, 2H), 4.25 (q, 1H), 6.32 (s, 1H), 12.11 (s,
1H) ppm.

20
b) 2-(Trifluoromethyl)pyrimidin-5-ol
2-(Trifluoromethyl)-1,4,5,6-tetrahydropyrimidin-5-ol (4.20 g, 25 mmol) was stirred in

nitrobenzene at 90 °C. Sodium methoxide (5.4 g, 100 mmol) was dissolved in methanol
(75 ml) and added portionwise to the reaction mixture, allowing the methanol to distill off
25 before the next addition. The reaction mixture was then warmed to 121 °C for one hour,
cooled, shaken with water (150 ml), the organic phase separated off and the aqueous phase
washed with ethyl acetate (2 x 100 ml). The aqueous phase was adjusted to pH 4.0 with
6M aqueous hydrochloric acid, extracted with ethyl acetate (2 x 100 ml), dried and
evaporated to give 2.53 g (61.7%) of an orange coloured product that was used without
3  further purification.
APCI-MS m/z 165 (M+1).



40 MVWPP9 Reconbi nant human MWP9 catal yti c domai n was expressed and
then purified by Zn chel ate col unm chronmat ography fol | owed by

hydr oxanat woabésises®y col urm chr omat ogr aphy. The enzyne mamckmoumedest o
nonitor inhibitors of activity as follows: 5 MW9 (5 ng/m final
concentration) is incubated for 30 mnutes at RT with the synthetic
substrate Ma-Pro-Cha-d y-Nva-His-Al a-Bpa-NH2 (5 pM in assay buffer
(0.1IM"Tris- HCL" (trade mark) buffer, pH 7.3 containing 0.1M NaCi,
20mM CaCl 2, 0.020 inM ZnCl and 0.05% (wWv) "Brij 35" (trade nark)
det er gent )lﬂlmttgms@ggpgg X6 BDNEER (saifpPsm. or absence of
inhibitors. Activity is determ ned by neasuring the fluorescence at
Xex 320 nmto and Xem 405 nm Percent inhibition is calculated as

follows: %I J.1 equal. t [ gence/5 inhibitor
FI uoresceﬁleg% S oIRCicil MEHYAHRYEE EhEel&Ekgroundi . the

[ Fl uor esce’s’éiﬁre@a@u@maaﬁpl@mcpénammol s'b&leRﬁ tlaany4numan MVP14
catal ytic donmai n ma b@ésxpressed and purified as described by

Par| cas AGC-Mmj Protein Expression and Purification, 20,

activity SEME&»Z%T&%@%%?%@? FPorR. A kool 237 fpgom.
i ncubated for 60 mnutes at roomtenperature with the synthetic
substrate Ma-Pro-Cha-d y-Nva-Hi s-Al a-Dpa-NH2 (10 pM in assay buffer

(0. 1M " Trids- Metlﬁfﬂl\(—ﬁ#&ma(tﬂ%lﬁdﬁzmbﬂhf{hﬁrnmxﬂhi-ﬂ-vﬂomm@@_m@yg k)NaG
20mMl CaCl2, 0. 020 nM ZnCl and .0 "Brij 35" r
det er gent f-il&(TH %P@g@ﬁﬁ@frw @oﬁ&ﬁwgﬂ?@z&qg} e% ‘éldts?g“?
i nhi bi for %net}ﬁ‘lérhl‘ﬁb §Y9498 @A (30 AL aﬂiéﬂﬂ%ﬁ)‘il!fﬂoﬁﬂarﬁhﬁeﬂ donbeRBRan  he at
Xex 320 run and Xem 405 nm Percent inhibition is cal cul ated as

fol | ows: %sndwwtﬁﬁr@éws&ﬂgedeq 9as atlepnphd 0 Paigallefugrieasacnevitseided grdtind]
[ Fl uor escenchRe was Iiydrégeﬁéécpﬁ'rp&h gmfe'ré‘lﬁfe%ﬁ&%‘ﬁﬁ%ﬁ&% ﬂﬂﬁq}e for 30 minutes.

The reaction was performed on a 5.0 mmol scale with a yield of 95%.
APCI-MS m/z 284 (M+1).

s 'HNMR (CDCly): 5 2.49 (s, 3H), 3.80 (s, 2H), 5.30 (s, 1H), 7.08 (dd, 2H), 7.43 (dd, 2H),
8.53 (s, 2H) ppm.

Example 5

20 LT . . qs rimidin-5-

vDoxyIphenvl¥methyD-N-methylmethanesulfonamide

O H
0 0 N
/\l//N | NS N/go
Na g ' H

25 Prepared as in Example 1 but starting from [4-(2-ethylpyrimidin-5-
yloxy)benzyllmethylamine on a 1.6 mmol scale with a yield of 37% after purification.
APCL-MS m/z 460 (M+1).



A protocol for testing against other matrix netall oproteinases,

i ncludi ng MW9, using expressed and purified pro MW is descri bed,
for instanwe,ospesdys G aham Kni ght et al., (1992) FEBS Lett/Gp20286G3),
263-266. WD 2008/ 065393PCT/ GB2007/ 004556 41 1VI MP19 Reconbi nant
human MVP19 catal ytic donain may be expressed and purified as

descri bed by Parkar A A et al, (200037 Protein Expression and
Purification, 20:152. The purified enzyne can be used to nonitor
inhibitors of activity as follows: MW19 (40 ng/m final 5

concent r iR (DMEOLLP B0 Fs GRAEY 0194 €6 58tm3ANC1 0B L .obhe, 1), 1.28
synt heti c substhg%[e fI\c/{t:gj:?t- Pro- Leu(-AI gl-rl\lva- Dpa- kln’a- &Fg- NH2 (g f)ll_\%’ in

assay buCIf(if, 8H),(205610) 3H); .90 KIGLH)(3 44 mngk?)s cﬂym)(en./m |)odd ZH3, xmmaj(mj, ng
0. 1M NaCl_, 2 , 0 n n 05% (w'v) "Brij 35" (trade
mar k) det7é5dg%??%iﬁég%£%e%(36'3%ﬁ%éﬁ§13%}?1' ons) or absence of
inhibitors. Activity is determ ned by neasuring the fluorescence at
%x 320 nu and %ern 10405 urn. Percent inhibition is calculated as
fol | ovis: The startingireatertals werequeniaredas fHOWsFl uor escencept us i nhibitor -

Fl uor escencebackground] divided by the [Fluorescencemmus inhibitor-

Fl uorescencebackgroundl 15 The follow ng table shows data for a
r epr esentaat Rvithdpyrmoidiwh-obf t he conpounds of the present invention

d t t t t d, di scl d.j o
021 07475 Prshaisias it GREYAP Bl P T o b PRI TSR e iR P 6%
defined asd L5A0NitHNPR) theli paridiestiday | C50 (MWP12). WO

2008/ 065393PCT/ GB2Q0Q7/ 004556 42 Tabl e
10  APCI-MS m/z 125 (M+1).

"HNMR (CDCLs): § 125 (t, 3H), 2.8 (q, 2H), 8.28 (s, 2H), 11.3 (br' s, 1H) ppm.

b) 4-(2-Ethylpyrimidin-5-yloxy)benzaldehyde
Prepared as in Example 1(c) on a 2.0 mmol scale with a yield of 83% after purification.
15 APCI-MS m/z 229.1 (M+1).

'HNMR (DMSO-dg): & 1.31 (1, 3H), 2.94 (q, 2H), 7.24 (dd, 2H), 7.96 (d, 2H), 8.70 (s,
2H), 9.96 (s, 1H) ppm.

¢} [4-(2-Ethylyyrimidin-5-yloxy)-benzylmethylamine

20 Prepared as in Example 1(d) on a 1.6 mmol scale with a yield of 83% after purification.
APCI-MS nv/z: 244.1 (M+1).

1H NMR (DMSO-dg): 8 1.25 (t, 3H), 2.22 (s, 3H), 2.86 (q, 2H), 3.58 (s, 2H), 7.01 (dd,
2H), 7.31 (d, 2H), 8.48 (s, 2H) ppm.

25 Example 6

5-vlloxvibenzyl)Imethane sulfonamide
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Prepared as in Example 1 but starting from (4-{[2-(trifluoromethyl)pyrimidin-5-
yiJoxy}phenyl)methyl]amine on a 0.26 mmol scale with a yield of 75% after purification.
APCI-MS m/z 486.1 (M+1).

'"HNMR (DMSO-dg): 5 0.14 - 0.25 (m, 1H), 0.46 (m, 3H), 1.16 (m, 1H), 3.25 (d, 1D,

3.62 (4, 1H), 4.28 (m, 2H), 7.30 (d, 2H), 7.42 (d, 2H), 7.76 ( t, IH), 7.85 (s,1H), 8.81 (s,
2H), 10.75 (br s, 1H) ppm.

The starting materials were prepared as follows:

a) _ 4-{[2-(TrifluoromethyD)pyrimidin-5-yl]oxy }benzonitrile

Prepared as in Example 1(c) from 2-cyclopropylpyrimidin-5-ol and 4-fluoro-benzonitrile
on a 6.1 mmol scale with a yield of 55%.

GC-MS m/z =265.1 (M").

b) 4-{[2-(Trifluoromethy)pyrimidin-5-yi]oxy}benzylamine hydrochloride
4-{[2-(Trifluoromethyl)pyrimidin-5-yi]oxy}benzonitrile was hydrogenated in 1:1
HOAc:EtOH containing 10% Pd/C. The crude product was purified by HPLC using a 25
minutes gradient of 10% to 70% MeCN-watet/TFA 0.1% to give the subtitle compound.
APCI-MS m/z 270.1 (M+1).

"H NMR (DMSO-d)): 5 4.8 (g, 2H), 7.35 (d, 2H), 7.56 (d, 2H), 8.18 (b, 3H), 8.79 (s, 1H)

ppm.
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Pharmacological Example

Isolated Enzyme 'Assays

MMP12

Recombinant human MMP12 catalytic domain may be expressed and purified as described
by Parkar A.A. ef al, (2000), Protein Expression and Purification, 20, 152. The purified
enzyme can be used to monitor inhibitors of activity as follows: MMP12 (50 ng/mi final

concentration) is incubated for 60 minutes at room temperature with the synthetic substrate

Meca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NH», (10 M) in assay buffer (0.1M “Tris-HCI”
(trade mark) buffer, pH 7.3 containing 0.1M NaCl, 20mM CaCl;, 0.020 mM ZnCl and
0.05% (w/v) “Brij 35” (trade mark) detergent) in the presence (10 concentrations) or
absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and Aem 405 nm. Percent inhibition is calculated as follows:

% Inhibition is equal to the [Fluorescencepyys jnhipitor - Fluorescencepgcigroundl divided by

the [Fluorescencesinys inhibitor - Fluorescencebackgmund]-

MMP3

Purified pro-MMPS is purchased from Calbiochem. The enzyme (at 10 pg/ml) is activated
by p-amino-phenyl-mercuric acetate (APMA) at 1 mM for 2.5 h, 35 °C. The activated
enzyme can be used to monitor inhibitors of activity as follows: MMP8 (200 ng/ml final
concentration) is incubated for 90 minutes at 35 °C (80% H,O) with the synthetic substrate
Mca-~Pro-Cha-Gly-Nva-His-Ala-Dpa-NHj (12.5 uM) in assay buffer (0.1M “Tris-HCI”
(trade mark) buffer, pH 7.5 containing 0.1M NaCl, 30mM CaCl,, 0.040 mM ZnCl and
0.05% (w/v) “Brij 35” (trade mark) detergent) in the presence (10 concentrations) or
absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and Aem 405 nm. Percent inhibition is calculated as follows:

% Inhibition is equal to the [Fluorescencepyys mhibitor - Fluorescenceygeeroungl divided by

the [Fluorescenceyinys inhibitor ~ FluOrescencepackground)-
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MMP9

Recombinant human MMP9 catalytic domain was expressed and then purified by Zn
chelate column chromatography followed by hydroxamate affinity column
chromatography. The enzyme can be used to monitor inhibitors of activity as follows:
MMP9 (5 ng/m! final concentration) is incubated for 30 minutes at RT with the synthetic

substrate Mca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NH; (5 uM) in assay buffer (0.1M “Tris-
HCI” (trade mark) buffer, pH 7.3 containing 0.1M NaCl, 20mM CaCl,, 0.020 mM ZnCl
and 0.05% (w/v) “Brij 35" (trade mark) detergent) in the presence (10 concentrations) or

absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and hem 405 nm, Percent inhibition is calculated as follows:

" % Inhibition is equal to the [Fluorescencepys jnhibitor - Fluorescencepackgroudl divided by

the [Fluorescence,inys imhibitor - F1u°1'escencebackgrow?d}-

MMP14

Recombinant human MMP14 catalytic domain may be expressed and purified as described
by Parkar A.A. ef al, (2000), Protein Expression and Puzification, 20, 152. The purified
enzyme can be used to monitor inhibitors of activity as follows: MMP14 (10 ng/ml final

concentration) is incubated for 60 minutes at room temperature with the synthetic substrate
Meca-Pro-Cha-Gly-Nva-His-Ala-Dpa-NHpy (10 pM) in assay buffer (0.1M “Tris-HC1”
(trade mark) buffer, pH 7.5 containing 0.1M NaCl, 20mM CaCl,, 0.020 oM ZnCl and
0.05% (w/v) “Brij 35” (irade mark) detergent) in the presence (5 concentrations) or
absence of inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm

and Aem 405 nm. Percent inhibition is calculated as follows: % Inhibition is equal to the

[Fluorescencepys inhibitor - FlUOTESCONCEpackgronnd) divided by the [Fluorescence s

inhibitor - FluOrescencesackground)-

A protocol for testing against other matrix metalloproteinases, including MMP9, using
expressed and purified pro MMP is described, for instance, by C. Graham Knight et al.,
(1992) FEBS Lett., 296(3), 263-266.
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MMP19

Recombinant human MMP19 catalytic domain may be expressed and purified as described
by Parkar A.A. et al, (2000), Protein Expression and Purification, 20:152. The purified
enzyme can be used to monitor inhibitors of activity as follows: MMP19 (40 ng/ml final
concentration) is incubated for 120 minutes at 35 °C with the synthetic substrate Mca-Pro-
Leu-Ala-Nva-Dpa-Ala-Arg-NH, (5 uM) in assay buffer (0.1M “Tris-HCI” (trade mark)
buffer, pH 7.3 containing 0.1M NaCl, 20mM CaCl,, 0.020 mM ZnCl and 0.05% (w/v)
“Brij 35” (trade mark) detergent) in the presence (5 concentrations) or absence of
inhibitors. Activity is determined by measuring the fluorescence at Aex 320 nm and Aem

405 nm. Percent inhibition is calculated as follows: % Inhibition is equal to the

[Fluorescencep/ys inhibitor - FIUOTESCENCepaekpround] divided by the [Fluorescences, s

inhibitor - FluoTescencepackeround]-

The following table shows data for a representative selection of the compounds of the

present invention compared to the structurally closest compound disclosed in WO

02/074751. Selectivity for inhibition of htMMP12 over hMMPx is defined as IC59 (MMPx)

divided by ICs5q (MMP12).



261 202 >330 >330 10 As can be-.clearly seen fromthe data di scl osed
in the Tabl e, the conpounds of the present invention are, when
conpar ed wwioreods/de63%) - 4- et hyl - 2, 5- di oxoi m dazol i di n- 4-ytlebbob{dbasse
phenoxy) phenyOnet hyl ] met hanesul f onam de, on the one hand, very
significantly nore potent as inhibitors of hMW12; and on the other
hand, significantly nore selective wi t42 15 respect to the inhibition

of ot her

hMWPs, particularly hMw9. WO 2008/ 065393PCT/ GB2007/ 004556

43 CLAIMS 1. A conpound of fornmula (1) or a pharmaceutically
accept abl e salt thereof wherein 1 Rablepresents H, CH3, CH3CH2, CF3
or cycl opropyl; and
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i3

hMMP12 Selectivity for inhibition of hMMP12 over:
Compound
ICs M) | hMMVP9 | h\MMPS8 | hMMP14 | hMMPI19
Example 1 19 > 525 320 > 525 > 525
Example 2 4.3 1440 2120 > 2320 > 2320
Example 3 14 857 > 628 > 7142 > 2800
Example 4 8.3 > 795 > 1168 > 3560 > 2882
Example 5 17 523 417 > 588 > 588
Example 6 63.7 1530 657 - -
H
0 0P N
;3\7?7 )N '
@\ /©/\ﬁ N 151 261 202 >330 >330
H
O

As can be clearly seen from the data disclosed in the Table, the compounds of the present
invention are, when compared with 1-[(4S)-4-methyl-2,5-dioxoimidazolidin-4-y1]-N-[(4-
phenoxy)phenyl)methyllmethanesulfonamide, on the one hand, very significantly more
potent as inhibitors of AMMP12; and on the other hand, significantly more selective with
respect to the inhibition of other hMMPs, particularly hMMP9.




R2 represents H or CH3. 2. A conmpound according to Caim1 having the
(45)-stereochem stry as shown below. 15 N?2./0 2 3. A conpound
accordi ng wo 2bsaiss3vy or Claim 2, wherein R represents netigh200t004556A
conmpound according to any one of Clainms 1 to 3, wherein R represents
20 cycl opropyl or CF3. 5. A compound according to any one of C ains
1 to 4, wherein Rl represents cycloprofi§l. 44 1 6. A conpound
according to any one of Clains 1 to 4, wherein Rrepresents CF3. 7. A
conmpound according to Caim1l1 which is selected fromthe group
consisting of: 51 CLAIM

4(4S) - 4- cycl opr opy1- 2, 5- di oxoi m daz S A y 1w met hyl - N- U4- (pyr i ni di
n-5- yl oxy) phenyl ] net hyl | net hanesul f onam de;

14(4S) - 4- (r:lﬁ/cl opr opyl- 2, 5-di oxoi m dazol i di n-4-yl]- N-({4E-)Y;[h( 2-cycl opropy
| pyrim di nb5-A Ggyepapng e foympledDioy pphapmesewislbetdsapielle selohensplie;
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Oy H

RL__N O\\s/"o \
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Nas 0 IIQ H

wherein
1
R represents H, CHz, CH3CH,, CF3 or cyclopropyl; and

10 R2 represents H or CHj.

2. A compound according to Claim 1 having the (4S)-stereochemistry as shown below:

0
o, 0

H
N
\W/3
RL__N °S
U /©/\ITI N)%O
Na 0 R H

3. A compound according to Claim 1 or Claim 2, wherein R2 represents methyl.

i5

4. A compound according to any one of Claims 1 to 3, wherein R1 represents

20  cyclopropyl or CFs.

5. A compound according to any one of Claims 1 to 4, wherein R1 represents

cyclopropyl.



1

4(4S) - 4-cycl opropyl-2, 5-di oxoi mi dazolidin-4-yl]-Nnethyl-N-({4-[(2-me

t hyl pyri m wior2Sesple3asxy] phenyl } net hyOnet hanesul f onam de; PCT/GB2007/004556
1- R4S) - 4- cycl opropyl- 2, 5-di oxoi t ni dazol i di n-4-yll-Nrmethyl-N-[(4-112-
(trifluoronethyppyrinidin-5-y|]oxy|pheg%pnethyl]nethanesulfonan1de

11(4S) - 4-cycl opropyl- 2, 5-di oxoi m dazol

in-4-y1]-N-({4-[(2-ethyl pyrim

I di n-5- yDoxy] phenyl } net hyl ) - N- net hyl net hanesul f onam de; 151
-[(4S)-4-cycl opropyl -2, 5-di oxoi m dazolidin-4-yl]-N[(4-{[2-(trifluoro
met hyl ) pyrimdin- 5-ylloxy}benzyl Amet hane sul fonam de; and

pharmaceutically acceptable salts thereof

focess for the

preparati én & canposndaesetiieg tofasy wne of (@Ilaymsa]stodbwhﬂ@ﬂlﬁnfemf‘é@%ﬁ ¢For a
20 pharnaceutically acceptable salt thereof which conprises: reaction
of a conpound of formula (I1) | 25 wherein L represents a Ieavi ng

group, Wth g ?@Bﬁﬂ&‘ Hodbdih or@lhﬁh { Wh c}l i Qéiec@ed%‘?drﬁﬂfe @ ohsist

2008/ 065393PCT.

007/ 0045 wher ei n are as efl ned

i n formul d-[(43)-4-cyclopropyl-2 5—d10x01rmdazohdm—4-y1]-N-methyl—N—{[4 -(pyrimidin-5-
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15

20

25

yloxy)phenylmethyl} methanesulfonamide;
1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-y1]-N-({4-[(2-cyclopropylpyrimidin-5-
ylyoxy]phenyl} methyl)-N-methylmethanesulfonamide;
1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-y1]-N-methyl-N-( {4-[(2-methylpyrimidin-
5-yDoxyIphenyl}methyl)methanesuifonamide;
1-{(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-yl]-N-methyl-N-[(4- {[2-
(trifluoromethy)pyrimidin-5-ylloxy}phenylymethylJmethanesulfonamide;
1~[(4S)-4—cyclopropyl—2,5-dioxoinﬁdazolidin—4—yl]—N—( {4-[(2-ethylpyrimidin-5-
yDoxy]phenyl}methyl)-N-methylmethanesulfonamide;
1-[(48)-4-cyclopropyl-2,5-dioxoimidazolidin-4-yl]-N-[(4-{[2-(irifluoromethyl)pyrimidin-
5-yl]oxy } benzyl)methane sulfonamide;

and pharmaceutically acceptable salts thereof.

8. A process for the preparation of a compound of formula (T) as defined in claim 1 or a
pharmaceutically acceptable salt thereof which comprises:

reaction of a compound of formula (II)

H
N

o 0 °
AR/
18 o W

N
H

wherein Ll represents a leaving group, with a compound of formula (III) (or a salt thereof)



and optionally thereafter form ng a pharmaceutically acceptable salt

thereof. 9. A compound of formula (lI1l) or a salt thereof lic
wherei n R wockobeazve as defined in Claiml, for use as BIT/GB2007/004556
internediate in the preparation of conmpounds of fornula (1). 10. A

pharmaceutical conposition conprising a conpound of formula (1) or a
phar maceutically acceptable salt theredf as clainmed in any one of
claine 1 to 7 in 15association with a pharmaceutically acceptable
adj uvant, diluent or carjri er. 11. A process for the preparation of a

phar maceuti cal conposi tR y: cl ai ned. i | aim 10 whi ch conpri ses
m xi ng a conpound of formula () o Shar tceut i calmlﬁccept abl e
salt thereof as defined i Nany<one Iaik&;lto? { a

u

pharmaceutical |l y acceptabl e adj WantY 20diTuent or carrier. 12. A
conmpound of forrmula-(l) or a pharmaceutically acceptable salt thereof
as clainmed in any one of clains 1 to 7 for use in therapy. 46 13.

Use of a WR@ R&R? e%'d@ﬁﬁéd)m%r 1T maceuti cal |y acceptabl e
salt thereof as cFalme in any one of ciains 1 to 7 in the

manuf act uaRd BftichalFR tHefANB Yor |
obstructive gl:srwal;]/?sa di sease.rfﬁ(lS)1 zﬁﬁéﬂeaeg%%%%%cﬁ?ﬁ%ﬁlﬁ%@%, wherein
the obstructive airways disease is asthma or chronic obstructive

pul monary gdi %o ! of formula (1), or a

phar maceutgi c%l l'y a&%éﬁ%gﬁ@agﬁ)&%g@?@%& as claimed in any one of
claims 1 to 7 in the manufacture of a nedicanent for use in the
iotreatment of rheumatoj,d arthritis, osteoarthritis, atherosclerosis,
peri odontal disease or il e scl

N\I

(I
o FIRZ

.5l 2 . .
1w wherein R* and R” are as defined in Claim 1, for use as an intermediate in the preparation

of compounds of formula (I).

10. A pharmaceutical composition comprising a compound of formula (Dora
pharmaceutically acceptable salt thereof as claimed in any one of claims 1 to 7 in

15 association with a pharmaceutically acceptable adjuvant, diluent or carrier.

11. A process for the preparation of a pharmaceutical composition as claimed in claim 10
which comprises mixing a compound of formula (I) or a pharmaceutically acceptable salt

thereof as defined in any one of claims 1 to 7 with a pharmaceutically acceptable adjuvant,

20  diluent or carrier.

12, A compound of formula (I) or a pharmaceutically acceptable salt thereof as claimed

in any one of claims 1 to 7 for use in therapy.



16. A pharmaceutical product conprising, in conbination, two or nore
active ingredients including a first active ingredient which is a

conmpound ofyof RidKksH3(1) as 15defined in any one of clai p@gr/dpi@rdossind
one or nore further active ingredients which are selected from - a

phosphodi est erase inhibitor; - a 2-adrenoceptor agonist; - a _
nodul at or of chenokine receptor functidé; 20- an inhibitor of kinase
function; - a protease inhibitor; - a glucocorticoid; - an

anticholinergic agent; and - a non-steroidal glucocorticoid receptor
agoni st. ;13.2 5 Use of a compound of formula (I) or a pharmaceutically acceptable salt thereof as
' claimed in any one of claims 1 to 7 in the manufacture of a medicament for use in the

treatment of an obstructive airways disease.

s 14, Use according to claim 13, wherein the obstructive airways disease is asthma or

chronic obstructive pulmonary disease.

15. Use of a compound of formula (I), or a pharmaceutically acceptable salt thereof, as
claimed in any one of claims 1 to 7 in the manufacture of a medicament for use in the
1o treatment of rheumatoid arthritis, osteoarthritis, atherosclerosis, periodontal disease or

multiple sclerosis.

16. A-pharmaceutical product comprising, in combination, two or more active
ingredients including a first active ingredient which is a compound of formula (I) as
s defined in any one of claims 1 to 7, and one or more further active ingredients which are
selected from;
- a phosphodiesterase inhibitor;
- a 32-adrenoceptor agonist;
- a modulator of chemokine receptor function;
, A inhibitor of kinase function;
- a protease inhibitor;
- a glucocorticoid;

- an anticholinergic agent; and

r
'

- a non-steroidal glucocorticoid receptor agonist. |
25



