WO 2004/ 006927 PCT/ GB2003/002985 -1 COMPOQUNDS The present invention
relates to conpounds useful in the inhibition of netalloproteinases and in
parti cul awot2oo04peae2maceut i cal conpositions conpri sing thear/GRoeaiokss5 as

t heir use. The conpounds of this invention are inhibitors of one or nore
net al | oprotei nase enzynes and are partjcularly effective as inhibitors of
TACE (TNFa Converting Enzyne). Metalloproteinases are a superfamly of
prot ei nases (enzynmes) whose nunberégi&@m years have increased
dramatically. Based on structural nal consi derations these
enzynmes 10 have been classified into famlies and subfam |ies as descri bed
in NM Hooper (1994) FEBS Letters 354:1-6. Exanples of netall oproteinases
i ncl ude t he riie presemeiradehiiqar eiatdsitasempoyrdviasefalimthamhifigon of | agenases
(ML4P1, MVWP8, MWP13), the gel atinases (MVP2, MVWP9), the stronelysins

( MVP3, nwtfbfgprmmai%% anghd PRTHEY AR Iq W§C,eu lapmgwgg%@@lqrmﬁ%@ as well
enanel ysin, GMRL9), the MI-Mws (MW14, MWP15, MN 16, MW17); the
reprolysin or adamal ysin or MDC fam |y which includes the secretases and
sheddases suchenipdandsoftiirihvengion azyinkibitOARANRS offitre We)lpplofienast aci n
fam |y which include enzymes such as procollagen processing proteinase
(PCP) ; aavay@ehand are particelerly cleeitisas inhibitpraef T @’E‘B?%@er,lvqrmg Eegyoeel i n

converti nz famly and.th iotensin converting enzyne famly. 20
ot a | o BelPREud B b tPapinat & B RS Pl R o R gpecilheat
physi ol ogive dlcrélis&®asenatib4IBE S5368 oh BdlictiraVAdanétichilensRERARLS hesk Sizgeas
enbryoni ¢ devel opnent, bone formation and uterine renodelling during

menst 1@ ahave heerdlpssifies intosfanhilins antl eubfinilies ys déscrihed ineglN ML Idporst E19945EEBSt o
cl eave 0 range, of trix substrates. such _as coll age r ot eogl ycan
and 11 brigtiet e T ByExdmel5S b st BRteSise i tR B i PR S e Bie gt et 1

the pr Omyglchqs tRECSIRLLIRRes RV, DIMNPD QIGBIBY, tﬁé@?&tﬁrﬁa@%s %{W@ﬂ@)?r S

such as tunour necrosis factor (TNF): and the poOst ransl ati on

pr ot eol ythe strpneysss (MYy[P3o MNREA,AVIVG 1 1) imdsiihisimgIMMIPT Y, nietpboel atase (Mdivilt12)e
roteins, such. as t | ow af fini receptor for re c | ete
Pl ot s ocinamepein RoyBLo), 16 Shr Mbmeiahitid iRt B To SuBtmdy The eprolyn

Vet al h@P&%&'}] -g%tr@e ﬂgﬁﬁy p)ﬁ/ﬁo %ﬁa@sqhw@éc?etgg%exn@ F&%ﬁ§§s sQidistiens .

Inhibition o activ one or nore netal [ oproteinases may wel |
be of bemakéting enzynesd Ad)AMa8 end TANH)1 the astacih damx svbjuhenclude ermymes such
inflammatory and all ergic di seases such as, inflammtion of the joint
(especi ASIHOGOHaLHRIBFS L PrIFipRs (PEEY: @84 ofher mctadloprieiganes Puch 3sf | ammat i on of

the gast a{g%recanase, the endothelin converting enzyme family and the angiotensin converting enzyme

family.

20 Metalloproteinases are believed to be important in a plethora of physiological disease
processes that involve tissue remodelling such as embryonic development, bone formation and
uterine reniodelling during menstruation. This is based on the ability of the metalloproteinases
to cleave a broad range of matrix substrates such as collagen, proteoglycan and fibronectin.
Metalloproteinases are also believed to be important in the processing, or secretion, of

25 biologically 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). |

Metalloproteinases have been associated with many disease conditions. Inhibition of

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

conditions, for example: various inflammatory and allergic diseases such as, inflammation of

the joint (especially theumatoid arthritis, osteoarthritis and gout), inflammation of the gastro-



WD 2004/ 006927 PCT/ GB2003/002985 -2 intestinal tract (especially

i nfl ammat ory bowel disease, ulcerative colitis and gastritis),

i nf | anmatworzoefoobd2e skin (especially psoriasis, eczenma 200/GR2008102985S); in
tunmour netastasis or invasion; in disease associated with uncontrolled
degradation of the extracellular matrix such as osteoarthritis; in bone
resorptive di sease (such as osteoporosi“s and Paget's disease)); in 5

di seases associated with aberrant angi ogenesis; the enhanced col | agen
r enodel lintaginabesast (especiallyinflamanasgratbeyel %é@aﬁ%mﬁwe@%%@ gastyitis)as

ingiviti corn l.cerati. ul.ceratl SKin, - i e
dondi 11 SRR GTbe Y f-tiuesnil B Al ddBen i, R RET RARAES of
denyel i Ratkdd; @i EeASEHRsiabd digaitotolR0de grbAMEI ahe B OIS nSHSEIRFRCK SUCh
as nultiple sclerosis); Al zheinmer's disease; and extracellular matrix

r enodel ks ngeottheitiveia bone tordivdidiseassdsilchras @biseparesis and Raget’ s dissesehobl s and

at heroscel erosi s.. gpnu r of netal I%gr_, t el nase .i nﬂi bi torsd%ﬁe kngvmt;ed

di f f erefH{SeRIFA¥REIASE Lol Hgéng?%‘?n S & ‘?ﬁgﬁf’ HEGr e G bt enty “and

sel ecti \iilydifi¥tes. PAHddohiaDBiskAei(Qi¢h as BRIANHOPERAG DREASIon Wi cdalsh ditheover ed
a class of conpounds that are inhibitors o nmet al | opr ot ei nases and are of
part i culskin, podt-epestivé eondithonsi(suchgs TRICHc aastomosipoamddisriodl weiing heslingivent i on

h b ficjal, t d/ h Ki neti tjies. TA | k
e DBk nE Riseny of e canullant FRashera ety BoRtns (i anmtgple™ 30gy)
Nature 3§ fo%%?,’ﬁ?l%ﬁéin%’%dis@%%?aﬁ eﬂacel(ﬁﬁ%ﬂﬁ%ﬂé&%@@é%@@eﬁ%@] is a nenber

of the admalysin famly of netalloproteins. TACE has been shown to be
I es porus ichtdgo viaseuldriiiseasds aasiagperestbngmiscantiBwrosacl2tisida nenbr ane bound protein

to rel ease 17kDa hiol ogically 20 active soluble TNra. [Schlondorff et at.
(2000) Bi oc he"rﬁlur!}be@iﬁ%etalgpra}slgﬁe I W%"“’ﬂgﬁ%ﬂﬁ 8 CPPBQW@S,
however aFﬁE od "58{:5' ik SthivR 88 macr ophages and
T Iynph(g%-gt egg a lﬁlgg‘g%éejg |nﬁ&¥ggf¥ee1%ﬁ| nt\j/g&vmﬂlale range o? pr o-

i nf | ammatasijoppoteinagisc e mveckssesed aclasdofignipodudd thatareintabites bbn nol ecul es
and chenokines to pronote cell trafficking, indu n of matrix dgﬁé}{soyi ng

) tio
enzynes merligpreieinaes grd aremn particeies intesstin iIhilHng iA&% sThggFoamRAURds

activati. i J Eur. Cytoki ne Netw.
7: 93f-’j§12"’§\iIi . 8&‘ b%kf\ecﬂaeﬂwuggl %%é{cﬁgh é@?%%%@%ﬁ‘%’f@ﬁ%as shown TNFa to play
an i nport ant TACE (dlsb RnovageA DAM IT) lvaiighetias el ssRagiemdicialeddRYy Blaguerat oi d
arthritis, Crohn's disease and psori asi s& Onrust et at (71998) Bi odrugs 10:
397- 422 al. JA9) Naggre 38572993%; Wrluggosszy ab 4E29G6 Npturq ABE 733190 i 9 mmbeapg 0

L L
'?‘,rb\&e: 2 ﬁlielgflfélég)rf pPARIFC, AL 6kBa B ARBouke blotéth 8 relde 19k1D3 bidibgicaliypl ogy of
20 active soluble TNFo. [Schlondorff et al. (2000) Biochem. J. 347: 131-138]. TACE mRNA is
found in most tissues, however TNFo is produced primarily by activated monocytes,
macrophages and T lymphocytes. TNFo has been implicated in a wide range of pro-
inflammatory biological processes including induction of adhesion molecules and chemokines
to promote cell trafficking, induction of matrix destroying enzymes, activation of fibroblasts
25 to produce prostaglandins and activation of the immune system [Aggarwal et al (1996) Eur.
Cytokine Netw. 7: 93-124]. Clinical use of the anti-TNF biologicals has shown TNFo to play
an important role in a range of inflammatory diseases including theumatoid arthritis, Crohn’s
disease and psoriasis [Onrust et al (1998) Biodrugs 10: 397-422, Jarvis et al (1999) Drugs
57:945-964]. TACE activity has also been implicated in the shedding of other membrane
30 bound proteins including TGFo, p75 & p55 TNF receptors, L-selectin and amyloid precursor
protein [Black (2002) Int. J. Biochem. Cell Biol. 34: 1-5]. The biology of TACE inhibition

has recently been reviewed and shows TACE to have a central role in TNFo production and



has recently been reviewed and shows TACE to have a central role in TNFa
production and WO 2004/ 006927 PCT/ GB2003/ 002985 -3 selective TACE

i nhi bi t orwot2004mmee7equal , and possi bly greater, efficacpCrcrze/medssagen

i nduced arthritis nodel of RA than strategies that directly neutralise TNFa
[ Newton et al (2001) Ann. Rheum Dis. $0: ii1i25-ii1321. A TACE inhibitor

m ght therefore be expected to show ef f 'cacy in all disease where 5 TNFa

has been inplicated including, but not limted to, inflammtory di seases
i ncl udi ﬁ@lectrw&m%kiémublé@r@ mhweﬂaﬂdarﬁfsmsm&bi &reatamteéﬁwmﬂm @Ba&@s

al I ergi c/ I sea ns eJ

di sease’ C@‘ﬁ?‘ﬁ?@fggéﬂ? Bée%%gtra&%%% ﬁi‘ﬁs‘ﬁ fﬁf@lsgﬁ@%@ cyne rrpounds
t hat m?zdm b AFR RhetunTgbR! 4Rl DLgi3npses are aI ready known in the art. WO
00/ 12477 di scl oses hydroxam c acids and carboxylic acid derivatives that

are inhibi torAsTACE inbibitat mught mlmr@fbtedmfmpwtnéme@ommﬁlmmaﬂalsdawlmes

arylplp in that are us i.n the inhibition of ma
met aI P o &0 Hppficeied IB‘F gtl?“é E?P%llllm}tﬁ‘i anﬁgat?%’dg§eé§estlﬂ%luﬁilﬁﬁl bition

\(I)\:I‘ll ch ar e g‘?ﬂ bi totrlgml%%ggtg s}lé %aﬁ’g‘?gﬁﬁggisg%g? néghsé%s [ nﬁ %é?e%%égA%%[NPMﬁ{l ves

ADAM TSrejectionesmd gBift perbimsi hogl giseuse, vastiofascidal diseasy, rgerfobion thjphyo maliphgreyi di ne
conmpounds conprisin an 15 al kenyl or al kynyl substituents mhlch have
met al | opr ot ei&é@é’ gt inbibjt Iﬁ%tfl?‘\?il@ct"}uopé‘ﬂ@n&%eé areplregdy knewin Hrthe an Wbt or s

f CEqb h

gr OIiA 39 Q@%%ﬂﬂg%%&h%g%é :;Pcﬂ&%dacﬁ%}%gé@% §1B&6\%ﬁé§§& %ﬁ%ﬁﬁ&kﬁg&f er e Is
20 f olmedadrif ﬂn)etalM{Pﬁitﬁhzi};eZ W @Elmeﬁkcid’segerW@si thdiGre MNeRHiLHE, R15 is
hydrogen or Cl_3al k wherein RL is hy drgl%en or group sel ected from

Cl_6al kimhibigon eém@@ﬁymeta@@reéﬂlwﬁ gnd aredf p ?@katm@%wat yb regeplsthg hBaligeely | |
| t ]
Subst i ¢ TERTS PHANBIEe HUNBLYER ORI Gof AFuBRB bR PR IR %, 1 o,

nitro, gjkieors of Iﬁh&im&t@n@glbcétnasésrlhélha@g@UBAN@MAD@M%I deigkmes2_4al kenyl ,
C2_4al kynyl , C3_6cycl oal | cyl
Surprisingly we have found a series of sulphonylpiperidine compounds comprising an

15 alkenyl or alkynyl substituents which have metalloproteinase inhibitory activity, and are in

particular, inhibitors of TACE (ADAM17).

According to one aspect of the present invention there is provided a compound of

formula (1):
R4 R3
Oy Oy .
Ng n
B R! R8
~
20 X
formula (1)

wherein Z is selected from ~CONR"°OH and ~N(OH)CHO;
R is hydrogen or C,.zalkyl;
wherein R’ is hydrogen or a group selected from Cy_galkyl, Cy.galkenyl, Cz alkynyl, Cs.

25 qcycloalkyl, Csscycloalkenyl, aryl, heteroaryl and heterocyclyl where the group is optionally
substituted by one or more substituents independently selected from halo, nitro, cyano,
trifluoromethyl, trifluoromethoxy, Ci.4alkyl, Cy4alkenyl, Cy4alkynyl, Cs.gcycloalkyl
(optionally substituted by one or more R, aryl (optionally substituted by one or more R,



(optionally substituted by one or nore R 7), aryl (optionally substituted
by one or nore R17), WD 2004/ 006927 PCT/ GB2003/ 002985 -4 heteroaryl
(opti onalwy 2euti®b920ut ed by one or nore R17), heterocycl YICI/GB2003/002985
Cl_4al koxycarbonyl, - OR5, -SR2, -SOR2, -S02R2, -COR2, -CQ02R5, - CONRSRG,
NR16COR5, -SO2NRSR6 and - NR16SO2RZ; 6 is hydr ogen or Cl_3alkyl; 5 R17 is
sel ected from hal o, Cl_6al kyl, C3_6cycloal kyI and Cl_6al koxy; R2 is group
sel ected from Cl_6al kyl, C3 60yc| oal kyl , cI Of‘iﬁgx h‘io
het er ochatéroayk {apfionsly subswwwérbdam jor H%PF%/R Yo d-REPESEWET 4al ky|
where thesgr op al | ub 5po0N sCoRrF & JEINKRRand S
hydrogeﬁﬁa S?i %@% §OO é:y?ﬁ t':C@kaaI%%/II@(RC?, g\{:lf/iclg%’kyl

C5. 7cychR: g@pg/.l , 10 heterocycloal kyl, aryl, heteroaryl, arlel. 4al kyl and
het eroaryl C1 4al kyl where the group is opti onal |y subst'i tuted by one or
more haR 1sR§dmgerh91t{E1@agqul Cl_6al kyl or C3_6cycloal kyl; or R5 and R6

toget her -with th itr at ed forma het erocyclic

- tod 7{{7\/\’1 ﬁ%‘% %‘gfrpﬂ*&%}% %@%ﬁﬁ&ﬁg’gﬂ@ C?Cb atgﬁc& I a group selected from
Cl 6al ki i GEQE??&X&&PMWCI%B& D€ GEyeatlyy, 'Cs 7efodkdnys f@tmwclwllwbtarﬁnm ly
substitute one or nore sugstltuents i ndependent |y sel ected hal o,
nitro, hetamaryltarylO) yadkylmet pteroarylCs h@@ﬂd‘fh@f%‘g 2 BrRds eptions W}lbst’&f e Yand R8
together forma c?rbocycllc or saturated heterocyclic 3- to 6- merrbered
ring; WhePErAeR8!%nd R are i ndependently hydrogen, Cl_6al kyl,

C3_6cycho ?osg o 1hdt €5 @syiehill, GRryyclealken I,er oaryl ;
wher ei nkn?%ljgkﬁkoge%z@l&l !ae:é%mg |né(29%1raﬁl; ga\/ﬁerel Z D |7?} hydrogen

Cl_4ab khéter@clfiﬁlkyll, oal, Ihyter(mrylf arul;ﬁlaalkym@d betaroxrydCrqalind Rulesre B(EPEMIR1 2) U
where u is @‘i O or S02; R9, R10, Rlland R12 are

i ndepenéﬁ%‘?f}ﬂ%@@%’é‘ﬁ by P%?T?WH‘EEJ& , Cl 4alkyl and C3_6cycl oal kyl ;

wher ei n fhalkynyl, “each being optionally
mdepengen%]?}@d%féa? égp %’c grﬁgup sel ected from Cl dalkyl,
C3_6cychorr iyd R° hgteereﬁwh Ithraﬂnh‘pggn @rwhich they erccetaghed ﬂqen@rm@mqyyhc 4vi9eleby

the group is optionally substituted by one or nmore halo, nitro, cyano,
trifl uoﬂmefﬁdpﬂnao trifluoronethoxy, -CONHR13, -CONHRL3R14, - SO2R13,

-S@ NHR]' Bheremsﬁz Nﬂ}%%g%n ot a group selected from Cy.galkyl, Csscycloalkyl and heterocyclyl
where the group is optionally substituted by one or more substituents independently selected
from halo, nitro, cyano, trifluoromethyl, trifluoromethoxy and C;.4alkyl;
or R! and R® together form a carbocyclic or saturated heterocyclic 3- to 6-membered ring;
wherein R® and R* are independently hydrogen, Cy.ealkyl, Cs.¢cycloalkyl, Cs.;cycloalkenyl,

20 heterocyclyl, aryl or heteroaryl;
whereinnis O or 1;
wherein mis O or 1;
wherein D is hydrogen, Ci.4alkyl, Cs.ccycloalkyl or fluoro;
wherein X is —<(CR*R!")-Q—(CR"'R'®),~ where uis 0 or 1;
25 Qis 0, S, SO or SOy
R’ R'°, R!'and R'? are independently selected from hydrogen, C;.salkyl and Cs_¢cycloalkyl;
wherein B is Ca.4alkenyl or Cy.4alkynyl, each being optionally independently substituted by a
group selected from Ci.4alkyl, Cs.¢cycloalkyl, heterocycloalkyl, aryl, heteroaryl, heterocyclyl
whereby the group is optionally substituted by one or more halo, nitro, cyano, trifluoromethyl,
30 trifluoromethoxy, ~CONHR ", ~CONHRR", ~SO,R"?, ~SO,NHR ", _SO,NR*R™, -
NHSO, R3, Cy.4alkyl and C_salkoxy;
R' and R are independently hydrogen, Cy.salkyl or Cs.scycloalkyl;



NHSO2 R13, Cl1_4al kyl and Cl-al koxy; R13 and R14 are independently hydrogen,
Cl. 4al kyl or C3_b5cycl oal kyl; WD 2004/ 006927 PCT/ GB2003/ 002985 or R13 and
R14 t ogetwer2om/aoho2rhe nitrogen to which they are attach@dTfGB203002985
heterocyclic 4 to 7-nmenbered ring. Another aspect, the invention rel ates
to conpounds of formula (1) as hereinabgve 5 defined or to a

phar maceutically acceptable salt thereotf. It is to be understood that,

i nsofar as 1§eqr£.t¥a{4n of the compounds of ]‘Cgr la (1) defined above nay exi st
in opti CARN yanskR| fegesher vy iheihp autrogenEo Whichithey pse afachad fggm yhgterogysliceor i ¢
carbon of. sylt.phyr. atoms, the invention includes in its definition any such
optically actrve o racem c form whi ch possesses netal |l oprotei nases
inhibition activity and in particular TACE 10 inhibition activity. The
synthesis of optically active forns may be carried out by standard

t echni ques ofAnsithgaasreck wegngentipnggelates ko sompeunds peforpula flops bstaippbavepy

synt h%sidf%fiﬁé&é?é?%ﬂhgﬁ%,c\éuﬂi%?&%% §§b%§a?ﬂge[g§é erials or by resolution of a

racemc torm e-mentione activity may be eval uat ed

using the stangdas de Linde@stabd@itvt, iiitiag uesaif of B cophpbondiesrebmafls en.defaggounds
of fornula (1) are therefore provided as enantioners, diastereoners, 15

geonet r iABOYsBAR pXistin @PHeFbicsBerer meemictipims bhertpe e§ enf of mowrsyBmeitic i s to
be understood that a. co und of formyla (1), er..a salt thereof nmy exhibit
he. phe oo "GP eBaR Biteier rvesnatPsfhiPaatfilh IR pIRE o7 1 o
speci fi Q@dehﬁ@f&ﬁﬂwﬁi@ﬁ?@%éﬁes Ak MloPRfteiRdsel RRAIRASS hdihvery Al Lo pRtib®al PACE. |t
is to be wunderstood that the invention enconpasses any tautoneric form
whi ¢ hlohdshibitiva labtoyityo tBiersysibesig Of optivially actore famns may Ye aarded puideyr ttarglatdar  TACE

i nhibiti tivit dis. t be l.imted | t . t aut i
f or m ut (RPBEGeP ST FaemishRmeldngiap st S exrmplal. RS RS PR 1
this spegfifd Gating haEald SHEsEMtRNéA @08nie ot eSiRARSIyDING abahl RRRhdfedf OF NS

and it is to be "understood that the specification enConpasses all possible
t aut onemrcivifyomay boévaileteCunimpine dandaddshoratoty tpamiquek oferrédioteraimifeh. it has

been possible to show graphically herein. 25 |t is also to be understood
Chat Gor ¢ af n GUMRSUIRREISRRR 0 47 (rf5fOirogard & ufeBfcdistongmes.  n

sol vafse%e etftlidondss Bp A gk forms such as, for exanple, hydrated forns.
It ist e understood that the invention enconpasses all such sol vated
forms which Witkin thepmbdn prveheomaset bentnidbistood thaa atcowipbyndoiformuladl t ércul ar

TACE inhibition activity, It is also_to be understood that certain
conpounddlt Herecs Py eahipit theghenorengn pf tagpmssismAnd hatdhg fommglep dsavinge

i nventi %thﬂp&?@\?ﬁﬁﬁi c%an sdr? B@ro‘{’@ixg@eﬁ%ﬁsﬁﬁlﬁﬁaut{iﬁtaﬁé {”ocf&lt’ss Gt Reses

inhibition activity an n particu tron activity.
understood that the invention encompasses any tautomeric form which has metalloproteinases

20 inhibition activity and in particular TACE inhibition activity and is not to be limited merely to
any one tautomeric form utilised within the formulae drawings. The formulae drawings
within this specification can represent only one of the possible tautomeric forms and it is to be
understood that the specification encompasses all possible tautomeric forms of the compounds
drawn not just those forms which it has been possible to show graphically herein.

25 It is also to be understood that certain compounds of formula (1) and salts thereof can
exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be
understood that the invention encompasses all such solvated forms which have
metalloproteinases inhibition activity and in particular TACE inhibition activity.

It is also to be understood that certain compounds of formula (1) may exhibit

30 polymorphism, and that the invention encompasses all such forms which possess

metalloproteinases inhibition activity and in particular TACE inhibition activity.



WO 2004/ 006927 PCT/ GB2003/ 002985 -6 The present invention relates to the
conpounds of formula (1) as hereinbefore defined as well as to the salts
t her eof . Bal2we/d06927use i n pharmaceuti cal conpositions WPICIT/GB2003/002985
pharmaceutically acceptable salts, but other salts nay be useful in the
production of the conpounds of formula (1) and their pharnmaceutically
acceptabl e salts. Pharmaceutically 5 acceptable salts of the invention may,

for exanple, include acid addition salts of the conpounds of formula (1)
as her ei nbef orldiedassenidaveutionticlates te thecompeandsyl femada (1) 26 SerpindgEde salts.

Such aci,d. addi ti gn sal.ts inglud LM . | axivde,
hydr obr 8%?’[5’ SV "133? (%heasﬁhs ﬁ’hereé) t ggﬁésaq%% gseggghs aI %Cé&?%atrl rgr%‘g%(%’“?%gaﬁgsb ghori c
and sul piuhiseeichlly adcdp@BRishitdbut sher Lt hay bempsiungshe brodactod e thd) are
sufficiently acidic, salts are base salts and exanples 10 include but are

not | i ni¢regounsls offoramuken(l) apetheir pharmacewtically apgspeabiowlisnPbarmpeedicailym  an

| kal i t |t f. | i ) : !
o e SogeEPible SH5 R ienliSt m ot et ool RS RS, Wll fnel 00"
conpoun g@mﬁ(f)urfcﬂ ofrhual)n) F@Me@inﬁ@fo?@déﬂn@& inthech @8 shifickinQ bhsiel ffoymabtte

esters. An In vivo hydrolysable ester of a conpound of fornula (1

cont ai niaity. Sacheciy additiop daltsancluds byfraseipotilinitddae hydenebloside, hyidse tically
acceptabl e ester which is clegaved in.the hunman or .api mal . t.Q. prod

he par BiatsdmaFas sk e S ioRmed Pt dhesiont ff PRty MAdiieRs Cer | no.
for ex a%le{% tht @(t)r%?&ﬁﬂ@ 8 kndu®a ?) ta&%f@dl?érmg'acicﬁ&] Balg 4B BH kN BRI exta@fllesand

subsequently exanmining the test "animal's body fluid. Suitable
phar nac adudeddut yreant Eptieblie saasllefisnétalsal doraxamplassidinte oCpo@sdikoxamet hyl 20

esters for_exanple nethoxynmethyl, Cl 6al kanoyl oxynet hyl esters for exanple
i val oy PRRYHGEARA e AP SAmI frilm R PReeheus ABBTR T 9 CL_6al kyl
esters -cycl-ohe; rem;m%éhﬁ)ﬁ%yet hyl ; 1, 3-di oxol en- 2- onyl net hyl
esters %%%@é%bgméwn%ﬁ 5@?*%8&’0 ol en- 2- onyl net hyl ; and

Cl_6al koxycarineaympsiyeisivf foraaile(ly niayralexenmpbeded asatiiaxyciaolpsabld esteyet hy|

and may be formed at any carboxy group in the conpounds of 25 this
i nvent i ém inSiohyrdysshierasies efig P%@P‘P‘i}‘-dégé%‘m‘ﬁ%f]é CQRAENRE ¢BPORR ALY nel ude

i nor gani ¢ _es i I i oocyclic
bor oo st ShPorie  BRARICARRANFAGRIGHR LR Rh RAARI AR & CVE) |
of the kRinvil %@dﬁ%@&y&i the prefitheidestatgohbl. ehic @sters can@ievéentified byar ent

anp

hydr oxy group/s. | es of a-acyl oxyal kyl ethers include acet OXérTEt hoxy
and 30 admindsteng fOTRxepipin VItEw R gL eshanigrabdhe pmpeundngey6stdplr ol ysabl e

feg'; ?r{/l f gr@ga%n%gl%g%%glﬁgo{hsﬁ%s% %%‘(lgltg@ﬁ&yﬂﬁdg - 10al kanoyl, for exanple
Suitable pharmaceutically acceptable esters for carboxy include Cj.salkoxymethyl
20 esters for example methoxymethyl, C;.salkanoyloxymethyl esters for example
pivaloyloxymethyl, phthalidyl esters, Cs.scycloalkoxycarbonyloxyCi.alkyl esters for example
1-cyclohexylcarbonyloxyethyl; 1,3-dioxolen-2-onylmethyl esters for example
5-methyl-1,3-dioxolen-2-onylmethyl; and Cj.salkoxycarbonyloxyethyl esters for example
1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the compounds of
25 this invention.

Suitable pharmaceutically-acceptable esters for hydroxy include inorganic esters such
as phosphate esters (including phosphoramidic cyclic esters) and ai-acyloxyalkyl ethers and
related compounds which as a result of the in vivo hydrolysis of the ester breakdown to give
the parent hydroxy group/s. Examples of o-acyloxyalkyl ethers include acetoxymethoxy and

30 2,2-dimethylpropionyloxymethoxy. A selection of in vivo hydrolysable ester forming groups
for hydroxy include C;-jpalkanoyl, for example formyl, acetyl; benzoyl; phenylacetyl;
substituted benzoyl and phenylacetyl, Ci-jpatkoxycarbonyl (to give alkyl carbonate esters), for



substituted benzoyl and phenyl acetyl, Cl-10al koxycarbonyl (to give alkyl
carbonate esters), for W 2004/ 006927 PCT/ GB2003/002985 -7 exanpl e

et hoxycarworegd4/006927( C1- 4) al kyl car banoy! and N- (di - (C1- 4peiTic2a0m/0mee85hy | ) - N-
(C1-4)al kyl carbanoyl (to give carbamates); di-(Cl-4)al kyl am noacetyl and
carboxyacetyl. Exanples of ring substi uents on phenyl acetyl and benzoyl

i ncI ude ami nonethyl, (CL_ 4)al kyl ani ndnet hyl and

-((Cl-4)al kyl ) am nonet h and norphol i no or piperazino linked 5 froma
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benzyl oRkambles 4F fih )i!\hbsuﬁfenﬁf'tﬁfbﬂeh?da&ﬂyltaﬁb lbenybiiciddeafiisorethdl, (Phenyl  group
in such esters include, for exa 4- (Cl1-4)pi perazi no-(Cl-4)al | cyl,
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of "Cl @@L léﬂzpllng OEH&(C‘S&()t es of "C _4al kyI and additional ly pentyl,

2, 3-di net yI p opy -meth ‘and hexyl. Exanples of "Cl_20al kyl "
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1- but en ut eny ut enyl yl but-2- enyl, 3-nethylbut-1-enyl,
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i ncl udesgxirkpled GB/‘C@Q;alldy}I’land adikﬁua(klillytpemya Izlydm;mlh}om[:yly B-metﬁjflbuﬁybami hexyl
" C3_10cycl oal kyl " includes "C3 7cycl oal g%/‘ and additional | ?; cycl ooctyl,
cycl onoé}?mp}fﬁ@ ciomkyncmdﬁﬁé?‘%@ﬂ {Gayeplicy]"sang Ot‘i]ifﬁég?ﬂé § haipeangy at ed 3-

Lo o RSB GR0 ! Ah Ahdldechsdbm il bEHRE P BhPELERL Eul APLALAREIST,
the N-oxCd@lkdnyS-iaxliude(nyl, allyl and 1-propenyl and examples of “Cz-aalkenyl” include the
20 examples of “Cs.4alkenyl” and additionally 1-butenyl, 2-butenyl, 3-butenyl, 2-methylbut-2-
enyl, 3-methylbut-1-enyl, 1-pentenyl, 3-pentenyl and 4-hexenyl. Examples of “Cs.4alkynyl”
includes ethynyl, 1-propynyl and 2-propynyl and examples of “C;.¢alkynyl”include the
examples of “Cj4alkynyl” and additionally 3-butynyl, 2-pentynyl and 1-methylpent-2-ynyl.
The term “Cjs.¢cycloalkyl” includes cyclopropyl, cyclobutyl, cyclopentyl and
25 cyclohexyl. The term “Cs.scycloalkyl” includes “Cs.gcycloalkyl” and additionally cycloheptyl.
The term “Cs.1gcycloalkyl” includes “Cs.7cycloalkyl” and additionally cyclooctyl, cyclononyl
and cyclodecyl.
“Heterocycloalkyl” is a monocyclic saturated 3- to 10-membered ring containing 1 or
2 heteroatoms selected from nitrogen, sulphur or oxygen wherein a ring nitrogen or sulphur
30 may be oxidised to the N-oxide or S-oxide(s).

“Cs.scycloalkenyl” is a monocyclic 5 to 7-membered ring containing 1, 2 or 3 double

bonds. Examples are cyclopenteny! and cyclohexenyl.



"C5_7cycl oal kenyl" is a nonocyclic 5 to 7-nmenbered ring containing 1, 2 or
3 doubl e bonds. Exanples are cycl opentenyl and cycl ohexenyl. WO

2004/ 006990 2pa0@B2003/ 002985 -8 The term "hal 0" ref er CracHE2d008x000985chl or o,
brono and i odo. Exanples of "Cl_4al koxy" include nethoxy, ethoxy, propoxy
and isopropoxy. Exanples of "Cl_6al koxy" include the exanples of

"Cl_4al koxy" and additionally pentyloxy, 1-ethylpropoxy and hexyl oxy.
Exanpl es of "Cl4al koxycarbonyl " i ncl ude nethoxycarbonyl, 5 ethoxycarbonyl,
pr opoxycar borfje t%:ﬁd“habﬁ’gpf@p&)%&f%&hﬁﬂf@.b@%ﬁﬁﬁgt%doof "aryl" are phenyl and

napht hyl . Ex | es of. . ~aryl Cl,4a | I I
napht hyl met h%ﬁ%s %a h‘ta?%jfxé’t_ h@fh&&é%ﬁéﬁog‘?’gﬁ 11@‘%‘3’%6‘3%?@"&‘?" bi cyclic
aryl ri Eaﬁ‘ﬁglbfs BF ACNG Rl inkhidel thde RingiT8s SIf“Oihalkbxy tahd hddRion@lyoperdyloi g

atons are chosen fromnitrogen, sul phur or oxygen where a ring nitrogen may

be oxi dilssthlylpEpexypiekhaxyldrgt Exemples ohrCi4aikoxysarbonyl aalngp metharyrabrihy | |
ci nnol yl rimdinyl, thienyl rrolyl razolyl, thiazolyl, oxazolyl,
i soxafoIeg}ﬁogé‘f?ﬂb%ﬂ’é%?m?arb‘?@%{élp%%@mﬁgg\éd%bg’@ﬁ is pyridyl, imdazolyl,
qui nol i nyl, M%mégioﬁyéwl’{ﬁéﬁﬂéﬂyl aRyiapayy! . thiazolyl, oxazolyl and

i soxazolyl. 15 Exanples”of "hetéroaryl Cl 4al kyl" are pyridyl net hyl,

pyri dyl et hyl Expsnplesiofii‘ayl@tsakkly]” arperizyl, ghenplashyd pyaphthylingtdyl andl pr opyl and
oxazol yl met ﬂg}/l . 'Heterocyclyl" is a saturated, partially saturated or
unsaturé}ﬁ%, 1F‘r'tli‘i*ﬂ)cycl ic or bicycylic ring containing 4 to 12 atons of

which 1, 2, ! ﬁ‘rfgferc%r?li” NImBhOfR L& beiﬁi?&ﬁ%ylfrfn%r@on&iiﬁiﬁ@g €510 sk BivMhs Grwiay gen,

whi ch may, ss otherw se “specified, be carbon or nitrogen 20 |inked,
wher eion 1a2-3bi4 rigg atomscanclosen froad tirogm, s phurce @xpgenawhedé @ping nairegengnay
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N- f or mhkRiqeyldz bnydyl, ikkidesiilpdupeclay], pytimidioytpthiqyt, pyiazglyl, thiapayhazi nyl ,
azetidinyl, oxetanyl, 25 norpholinyl, tetrahydroisoquinolinyl,
t et r ahy @raslyiiadissezolylndol i nyl , pyranyl, dihydro-2H pyranyl,

o Uiyt SRR b Bt it
3, 4- di hygfimidiypyopah qaimolinylpedpyalydisaiolyanetByly| , 2, 2- di met hyl -1, 3-
di oxol an- 2-yl and 3, 4-di nmet hyl enedi oxybenzyl. Heterocyclic rings are rings
cont ai ni ng 1,"“Hetesecyslyl’| isgsatirapd pagially sayrand orggspiuratsd, grogocyclic or
bicycylic ring containing 4 to 12 atoms of which 1, 2, 3 or 4 ring atoms are chosen from
nitrogen, sulphur or oxygen, which may, unless otherwise specified, be carbon or nitrogen
20 linked, wherein a -CHp- group can optionally be replaced by a -C(O)-; a ring nitrogen or
sulphur atom may be optionally oxidised to form the N-oxide or S-oxide(s); and a ring —-NH
may be optionally substituted by acetyl, formyl, methyl or mesyl. Examples and suitable
values of the term “heterocyclyl” are piperidinyl, N-acetylpiperidinyl, N-methylpiperidinyl, N-
formylpiperazinyl, N-mesylpiperazinyl, homopiperazinyl, piperazinyl, azetidinyl, oxetanyl,
25 morpholinyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, indolinyl, pyranyl, dihydro-2H-
pyranyl, tetrahydrofuranyl, 2,2-dimethyl-1,3-dioxolanyl and 3,4-dimethylenedioxybenzyl.
Preferred values are 3,4-dihydro-2H-pyran-5-yl, tetrahydrofuran-2-yl, 2,2-dimethyl-1,3-
dioxolan-2-y! and 3,4-dimethylenedioxybenzyl.
Heterocyclic rings are rings containing 1, 2 or 3 rings atoms selected nitrogen, oxygen
30 and sulphur. “Heterocyclic 5 to 7-membered” rings are pyrrolidinyl, piperidinyl, piperazinyl,

homopiperidinyl, homopiperazinyl, thiomorpholinyl , thiopyranyl and morpholinyl.



30 and sul phur. "Heterocyclic 5 to 7-nmenbered" rings are pyrrolidinyl,
pi peridi nyl, piperazinyl, honopiperidinyl, honopiperazinyl,

t hi onor phwbDi2ngd006920hi opyr anyl and nor phol i nyl . WO 2004/ @Q&8282003/002985
PCT/ GB2003/ 002985 -9 "Heterocyclic 4 to 7-nmenbered” rings include the
exanpl es of "heterocyclic 5 to 7- nenb__ed" and additionally azetidinyl.
"Saturated heterocyclic 3 to 6-nenbere rings are oxiranyl, aziridinyl,

thiirane__azeti di nyl oxetan thl tetrah thie yrrolldlnyl
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saturat ed, pa‘Shluadtéd/h@:&Touyc&itcéﬁoGﬁr -membatedt ehgchre bkmgl}dmxhaimj'ln@;iiﬁimo 6 ring
carbon atons. Exanpl es include cyclopropyl, cycl obut
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i sopr n anot her aspect RI5 is hydrogen. 25 In one aspect of the
| nventl d?refadabilﬁ“dn;drngnd’ wears gy 20p3’s @lfbtbtsedp&nﬂonllaﬂ'l tgataky whercthe gragsl ¢y ny | |
C3 7cyc|o 7cycl oal kenyl het, and heterocyclyl where
the gr OLFB ‘Xergbst%s%‘i’lal(ﬁﬂ}c SUBETE my@g%ggeagﬁe? m)r e substituents
i ndepgndent | uedr ba{ iBvedtioh ha béé)i%@ﬁ)edt\xht}fﬂhé(afdlﬁ‘%b ter
trifl ﬁsgr orret%% &% 4a{}{<37g%s CZ1 ‘ée | kenyl ‘,,e C3_6cycl oal kyl (opti g]\r?gl |y
subst i twb&d/atw(AR]D/l\Ianmrgdrm()mﬁlODbnal |y substituted by R17), heteroaryl

(optionally substituted by 30 R17), Cl 4al koxycarbonyl, -OR5, -SR2, -SOR2,
-S02R2, -COR2, -CO2R5, - CONR5RG, -

Preferred values of Z, R, RS, R4, R® n, m, D, X and B are as follows. Such values
may be used where appropriate with any of the definitions, claims or embodiments defined

20 hereinbefore or hereinafter.

In one aspect of the present invention there is provided a compound of formula (1) as
depicted above wherein Z is ~CONR OH. In another aspec Z is -N(OH)CHO.

Tn one aspect of the invention RY is hydrogen, methyl, ethyl or isopropyl. In another
aspect R® is hydrogen.

25 In one aspect of the invention R! is hydrogen or a group selected from C_galkyl, Cs.
salkynyl, Cs;cycloalkyl, Cs.scycloalkenyl, aryl, heteroaryl and heterocyclyl where the group is
optionally substituted by one or more substituents independently selected from halo, nitro,
cyano, trifluoromethyl, trifluoromethoxy, C1_4élkyl, C;.qalkenyl, C;.¢cycloalkyl (optionally
substituted by R'), aryl (optionally substituted by R!"), heteroaryl (optionally substituted by

30 R'), Cyalkoxycarbonyl, ~-OR®, ~SR?, -SOR?, ~SO,R?, -COR?, ~COR’, -CONR’R®, ~
NR16COR5, —SOzNR5R6 and —NRIGSozRZ. In another aspect R'is hydrogen, C;.¢alkyl or aryl

where Cy.galkyl or aryl are optionally substituted by one or more substituents independently



NRL6COR5, - SO2NR5R6 and NRL6SO2R2. I n another aspect Rl is hydrogen,

Cl 6al kyl or aryl where Cl1 _6alkyl or aryl are optionally substituted by
one or nowe sub®b2ruent s i ndependent|ly WO 2004/ 006927 PETI@EB20653/00432985
-10 selected fromCl_4al kyl, aryl (optionally substituted by R17) and

het eroaryl (optionally substituted by_15_17). In a further aspect Rl is
aryl, Cl_6al kyl or Cl _6al kyl substituted by aryl or heteroaryl. In another
aspect RL is nethyl, ethyl, propyl, isobutyl_ et nyl re.each is

opt i onalsphpoted b ¢ uualey Lyl RBt aﬁ&su%‘}?‘it?é&ﬁyl) ?g‘?ﬁe‘%@?},\ﬂz&qﬁ’é‘?‘ﬁ%s pect R1
is nmeth j 7 - ! t LGk 5 . In
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pyri m dihgteZodryip o pydthed a3pen &' asmetbiyl, athyt, ipeopyiissittutyd or Riényl svhiechadyisn,

met hyl or eth In anot her aspect R16_is nethyl or e I n_anot her

| . (.
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is agr %Qnﬁghgmrqgﬂﬁﬁ@gmﬁgqpﬁﬁjykyl , aryl and aryl d _ 4al kyl where the
group is optionally substituted by halo. In another aspect R2 is a grpup
sel ect ed frorfneet aspect gfikarinvertinh Beighydrogeay methybo tbﬂplﬂ@@b?rlaéplﬁ‘é’ltay

substituted by ¢ rq. _Lh one pect e invention R2 is nethyl. 15 In
one aspé%‘fneg’fy}l%%hﬁn&éﬁ??tgﬁ{ﬁgw?? h@é‘?’%@%’hor a group sel ected from
Cl_6al kyl , amylone adpRc@sHthShvémkdayik ! Whrdle of g, QiU hsotieptasgseaR! s fluoro,

substituted by halo. In another aspect R5 is hydrogen or a group selected
f r om teetchidro, hybmayk metyl bEnanpthermsgest R ds Gueraprimetleylt i onal 1y substi t ut ed

by chloro. | f the i ti i h hyl ,
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hydrogen. I'n one aspect of the’invention ' n is 0. In another aspect n is 1.

I n one aslkeetet foin mhthyl, phemy iaod benzys wherelthe gnoop Freoptipsplécsubsiifuediby chprpn one

aspect qQf the invention D.is hydr n, nmethyl or fluoro. In another aspect
hﬁﬂ %%@% 5

Dis OB 8FPeCy ¢ L EvE e i nvention Xis - CRORLO- Q
or - 10- Q 5 i b i S, 12}y1Q or
Moo (o] e treg g RALRn ROBFGhroRn bl il e el i By VAt

and arylCj.4alkyl where the group is optionally substituted by halo. In another aspect R” is
hydrogen or a group selected from methyl, phenyl and benzyl where the group is optionally
substituted by chloro.
In one aspect of the invention R® is hydrogen, methyl, éthyl, propyl or isopropyl. In
20 another aspect R? is hydrogen.
In one aspect of the invention R3is hydrogen.
In one aspect of the invention R* is hydrogen.
In one aspect of the invention n is 0. In another aspect n is 1.
In one aspect of the invention m is 0. In another aspect m is 1.
25 In one aspect of the invention D is hydrogen, methyl or fluoro. In another aspect D is
hydrogen.
In one aspect of the invention X is ~CR’R!-Q- or -CR’R'-Q-CR"'R"*~. In
another aspect of the invention X is ~(CHz)-Q- or —(CH2)-Q-(CH;)-. In a further aspect X
is -(CH,)-0- or —(CH,)~-O~(CH,)- .
30 In one aspect of the invention u is 1. In another aspect u is 0.
In one aspect of the invention Q is O.

In one aspect of the invention R® is hydrogen.



30 I n one aspect of the invention uis 1. In another aspect uis 0. In one
aspect of the invention Qis O In one aspect of the invention RO is

hydr ogen. woQo@00492006927 PCT/ GB2003/ 002985 -11 I n one ZREpATR20€3002988
invention R10 is hydrogen. 1In one aspect of the invention R11l is hydrogen.
In one aspect of the invention R12 is_Ei/_drogen. In one aspect of the
invention B is C2 _4al kenyl or C2.4al kynyl, each being optionally 5

i ndependent | irksubsti tuted by Cl_4alkyl, C3 6cycloal kyl, aryl, heteroaryl or
het er ocycl oalltk§ie aspgct of s inEentgSdocis h3df08eE2 4al kenyi or C24al kynyl, each
bei ng opti ongl I e . $fJ by Cl1_4al kyl, C3_6cycl oal kyl,
or heterocyc%bél%lﬁ(%/s?.g&ﬁ)zﬂge@&%%Wélriga}ssgygfto%%n'i s C2_4al kenyl or C2_ 4al kynyl,
each bei ng opf bapbst of HigeipeadpatRyisdhyisieet.ut ed by Cl_4al kyl or aryl. In
yet another aspect B is vinyl or_ethynyl where each is optionally

i ndependent | Yo ergaspeetof dhe inyentiopiRyis Cz Wpr Canalkpshaach peing eptigpallyr ¢ her

aspect. B js vinyl, .et.hynyl rop:l~e op: - r
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prop- | - ¥RytherOlspd B is oY ilkbnyl Or B% fliRyryE @ad Bssg Oftichallp aulRfendentdy sdetitidda (1)
wherein: 15 Zis -N CH(; Rl is hydrogn or a group selected from
Cl_6al kil C1edkgaCkyaygloalkyB or btetasaelrglkyl. dn a fupthercdspedt iBelsi2 4alkenyl or Co.

het d I wh h ' ti | | [ b

one-or e baet PEOERY ConadhErerey “sHBue PP e ot Misd, Y
trifluopanet BY yinyl & eftlgﬂlgf RABkRANYIs opfarthdlykiidepeheehdly kebitiute CBy Bfetri,0al Kyl
(optionally substitute y R17), aryl 20 (optionally substituted by R17),

het erioarthyl ¢optenplndhlyyt siirer aspead tsyiryl, Bthyngl, pien-keryk ardpohynyl, butdrs,
-SR2, -S , -S02R2, - - C02R5, - CONR -NR16 5., - S02NR R6 d -
NR1 6SCRRD e ZeP B R o ur gL ARt 3F S THERyEYYRDFOR-L<Ridh BE T I RAPRG1 - 25

R2 is alg};ngpp selected from Cl_6al kyl, aryl and aryl C1_4al kyl where the
group is ptionally substituted by halo; R5 is hydrogen or a group
selected from Cl_6al kyl, aryl and aryl Cl1_4al kyl where the group is

?ggb?gg;: y Sljﬁbgrtelfetrr%td% asls)%f Qc?rh;?c;undR?s (I)fS fo%t?lg%%ewnherg%t: hyl, ethyl, propyl or

15 Z is -N(OH)CHO;

R! is hydrogen or a group selected from Cy.galkyl, Ca.¢alkynyl, Cs.scycloalkyl, Cs.
scycloalkenyl, aryl, heteroaryl and heterocyclyl where the group is optionally substituted by
one or more substituents independently selected from halo, nitro, cyano, trifluoromethyl,
trifluoromethoxy, Cj_salkyl, Cy4alkenyl, Cs.¢cycloalkyl (optionally substituted by R”), aryl

20 (optionally substituted by R'7), heteroaryl (optionally substituted by RY), C1_4alkoxycarbony1,
~OR’, -SR? ~SOR?, ~SO;R?, ~COR?, -CO;R?, <CONR’R®, ~-NR'°COR’, -SO,NR’R® and -
NR'6SOR%;

R!® is hydrogen, methyl or phenyl;

R'7 is halo or Ci.4alkyl;

25 R? is a group selected from Cy.galkyl, aryl and arylCy.4alkyl where the group is
optionally substituted by halo;

R’ is hydrogen or a group selected from C;.galkyl, aryl and arylC;_salkyl where the
group is optionally substituted by halo;

R® is hydrogen, methyl, ethyl, propyl or isopropyl;

30 R’ is hydrogen, methyl, ethyl or phenyl;
| R* is hydrogen, methyl, ethyl or phenyl;

nis0;



30 R3 is hydrogen, nethyl, ethyl or phenyl; R4 is hydrogen, nethyl, ethyl
or phenyl; n is 0; W 2004/006927 PCT/ GB2003/002985 -12- mis 1; Dis
hydr ogen,woebbwidoéezr fl uoro; X is -(CH2)-O or -(CH2)-O PCHZ)B2p03H0208B | S
C2_4al kenyl or C2_4al kynyl, each being optionally independently substituted
by d _ 5 4alkyl, C3_6cycloal kyl, ar yl_lz_het eroaryl or heterocycl oal kyl .

Anot her preferred class of conpound is of formula (1) wherein: Zis
-N(OH)CHO, R1 is hydrogen, Cl1 6al kyl or aryl where Cl1_6al kyl or aryl are
optionally sabBtlt ut ed by 10 one or nore substituents independently

selected fro | Kyl Jdonally substituted by R17) and
het er oar yl ((I;Bplt%:i}'gégﬂg%’ nsl%tgg%rtffﬁlt%g% by R17); R17 is halo or Cl 4alkyl; R8

i's hydrogen; 383 -(SHEydr-agenCH,L®-R3Hb)s ;ydlr ogen; n is 0; m.s 1; Dis
hydrogen, nmethyl or fluoro;, Xis -(CH)-O or -(CH2)-O(CH2)- ;. and 20 Bis
C2_4al kenyl & is&alkenyl ey Codkonyliserhbeing opiémmally yndeperdsatin ststijpted Bsti-t ut ed

by Cl | ky . Anoth f el s |
(1) ety & 3Pt oi S L O EbGIEIBET O 2°0Toup sl ected from.

Cl. 6al kyl , C2_6al kynyl, C3_7cycloal kyl, C5_ 7cycl oal kenyl, aryl,

het eroaryl and heterocyclyl where the group is optionally substituted by
one or nore dustter prasenes ¢larseyd cpmentndyis obfasmptal1lp WheidhEl o, nitro, cyano,
trifluoromethyl, {)H'té%llégronet hoxy, O _4al kyl, C2.4al kenyl, C3_6cycl oal kyl
(optionally S—N( ) y R17), aryl (optionally substituted by R17),

e s b i
10 one or more substituents independently selected from Cj.4alkyl, aryl (optionally substituted by
R'7) and heteroaryl (optionally substituted by R';
R is halo or Ci.salkyl;
R® is hydrogen;
R? is hydrogen;
15 R*is hydrogen;
nis 0;
mis 1;
D is hydrogen, methyl or fluoro;
X is —~(CH,)-O- or —(CH,)-O—(CHy)-; and
20 B is C,.4alkenyl or Cy4alkynyl, each being optionally independently substituted by C;.
salkyl or aryl.

Another preferred class of compound is of formula (1) wherein:
Z is -CONROH;

25 R! is hydrogen or a group selected from Cy.galkyl, Cz.6alkynyl, Cs.scycloalkyl, Cs.
scycloalkenyl, aryl, heteroaryl and heterocyclyl where the group is optionally substituted by
one or more substituents independently selected from halo, nitro, cyano, trifluoromethyl,
trifluoromethoxy, C;.4alkyl, Ca4alkenyl, Cs¢cycloalkyl (optionally substituted by R'), aryl
(optionally substituted by R, heteroaryl (optionally substituted by R'"), Cy.4alkoxycarbonyl,

30 ~OR’, -SR% ~SOR? -SO;R%, ~COR?, ~CO,R’, -CONR’R®, ~NR'°COR?, -SO,NR’R® and -
NR'°SO;R%;

RY is hydrogen, methyl, ethyl or isopropyl;



NRLI6SO2R2; R15 is hydrogen, nmethyl, ethyl or isopropyl; WO 2004/006927
PCT/ GB2003/ 002985 -13- R16 is hydrogen, nethyl or phenyl; Rl7 is halo or
Cl_4al kylwoRBid/®e®7gr oup sel ected from CL. 6al kyl, aryl &ou/GB29030D2984| Kyl
where the group is optionally substituted by halo; 5 R5 is hydrogen or a
group selected from Cl_6al kyl, aryl an_#_ar yl C1_4all cyl where the group is
optionally substituted by halo; R8 is hydrogen, nethyl, ethyl, propyl or

i sopropyl ; i's hydrogen, nmethyl, ethyl or phenyl; R4 is hydrogen,

net hyl , et hyR %whgﬁ@ggp,;methﬁlq{ghgnﬁg ms 1; Dis hydrogen, methyl or
fluoro; X ispif - ornaf{.CH2) -O (CH2)- ; and B is C2_4al kenyl or

C2_4al kynyl Reagﬁ%%?e(lg}nc '4(%%{ i‘onal |y i ndependently substituted by C1_ 15
4al kyl, C3_6®fet oatdaplseleae fronh€f giliody aryl and ahdCe sadlcyl oitmad thy lgroufrist her
preferred class of, con‘gound is of fornmula (1) wherein: Z is -CONR1I50H, R1
i s hydr egéenallgBubditaiod bphalgs yI where C1_6al kyl or aryl are optionally

substi_t uted . 20, 0 r e } t Sl Y ¢ rom
Cl_4a|5kyl , a%l1S %%dﬁ?geglnoglal%% 12%%%6#:}?%5({]1’{%%%g?ﬁkglg&)gﬁngﬁﬂfe(tlég%gir@ﬁ&%opti onal |y
substi tlg}&ﬂ, ipgpﬂﬁiﬂmw sidsfitdtéd Bphgloor Cl_4al kyl; R15 is hydrogen, nethyl,
et hyl or isopr ngl ;. R8 is hydrogen; 25 R3 is hydrogen; R4 is hydrogen; n
is 0; ms 1; R)is kydiggmmogsthylrashylytropyl of fseBrapyi30 X is - (CH2)-O or »
- (CH2) - O (OHRe I-‘lyc?rcr)]gen, methyl, ethyl or phenyl;
- R%is hydrogen, methyl, ethyl or phenyl;
10 nis 0;
misl;
D is hydrogen, methyl or fluoro;
X is «(CHj3)-O- or —(CH;)-O—(CHy)-; and
B is Cy.4alkenyl or Cy 4alkynyl, each being optionally independently substituted by Cy.

15 4alkyl, Cs¢cycloalkyl, aryl, heteroaryl or heterocycloalkyl.

Another preferred class of compound is of formula (1) wherein:
Z is -CONR"OH;
R' is hydrogen, Cy.salkyl or aryl where Cy.alkyl or aryl are optionally substituted by
20 one or more substituents independently selected from Cj.4alkyl, aryl (optionally substituted by
R'7) and heteroaryl (optionally substituted by Ry
R is halo or Cj.4alkyl;
R" is hydrogen, methyl, ethyl or isopropyl;
| R® is hydrogen;
25 R? is hydrogen;
R*is hydrogen;
nis0;
mis 1;
D is hydrogen, methyl or fluoro;
30 X is «(CH;)-O- or —-(CH3)-O—(CHy)- ; and
B is C,.4alkenyl or C,4alkynyl, each being optionally independently substituted by C;.
salkyl or aryl.



B is C2_4al kenyl or C2-allcynyl, each being optionally independently
substituted by d _  4dalkyl or aryl. WO 2004/006927 PCT/ GB2003/002985 -14
Anot her pwefesay®@d2cl ass of conpound is of formula (1) WPRETAIBR003/(02988

- CONRL150CH or -N(OH)CHG, R15 is hydrogen; 5 Rl is nethyl, ethyl, propyl,

i sobutyl or phenyl where each is opti oglqlly substituted by phenyl or
pyrimdinyl; R8 is hydrogen; R3 is hydrogen; R4 is hydrogen; 10 n is O;
mis 1; Dis hydrogen; Xis -(CH2)-O or -(CH2)-O(CH2)-; and B is vinyl or
et hynyl where each is optionally independently substituted by methyl, 15

ethyl or phen)(hothéx;br@f%%ﬁ%fasféﬂ% poﬁBdibel?ﬂﬁﬂtl)%er&hef erred conpounds of

the invention are ny one

[ 4- (prop- 2- yr@ﬁwa@@NRbﬁ)HdrnNﬂ.@I;lb@HOtphonyl } et hyl)hydroxyformani de; 20
2-{ [4-(allyloxy)piperidin-1-yl]sul phonyl}-1-phenyl ethyl (hydroxy)formam de;
2- ({4- [but 2 Bnyﬁf gFperi din-1-yl }
sulpho h h h
[ 4 (bu yny o§y tﬁ léér,(tilngl ﬁ%f?f(ﬁofoﬁtrg onle where tach is optionally substituted by
-1- phen[yﬁeﬁg/h)flp@/ﬁyfﬂﬂmyﬁ)for mam de; (2 {
[4 (pent-2-yn %oxy) pi peri di n-1-yl ] sul phonyl
}-1- phenyl ethé Wf or mam de; 1-({

[4-(but - ynykox%l)y ij0 %I di n- 1-yl ] sul phonyl } et hyl ) - 3- phenyl propyl (hydr oxy) f
ormam de; 2572 FI g(g ut - 2- ynyl oxy) pi peri di n-1-yl ] sul phonyl

} - 1- et hyl et hyt shydrops) f or mami de;  1- ({

[ 4- (but - 2-ynyl oxy) pi peri di n-1-yl | sul phonyl }nethyl)-4-pyrimdin-2- ylbutyl
(hydrosy) f ormisflide; 1-[ ({4-[(but-2-ynyl oxy)nethyl]piperidin-1-yl }

sul phonyl ) et hyl %7_- 4-pyrimdin-2- ylbutyl (hydroxy)formam de; and 30
2-({4-[(but-2- Ayl oxy) met hyl ] pi peri di n-1-yl }sul phonyl ) - 1- net hyl et hyl ( hydr ox
y) formam de. phRypjdiggedr ef erred conpounds of the invention are any one of :

X is —(CH)-O- or «(CH3)-O—(CHy)—; and
B is vinyl or ethynyl where each is optionally independently substituted by methyl,
15 ethyl or phenyl.

In another aspect of the invention, preferred compounds of the invention are any one
of:
(1-phenyl-2-{[4~(prop-2-ynyloxy)piperidin-1-yl]sulphonyl }ethyDhydroxyformamide;

20 2-{[4-(allyloxy)piperidin-1-yl]sulphonyl}-1-phenylethyl(hydroxy)formamide;
2-({4-[but-2-enyloxy]piperidin-1-yl }sulphonyl)-1-phenylethyl(hydroxy)formamide;
2-{[4-(but-2-ynyloxy)piperidin-1-yl]sulphonyl }-1-phenylethyl(hydroxy)formamide;
(2-{[4-(pent-2-ynyloxy)piperidin-1-ylsulphonyl }-1-phenylethyl)hydroxyformamide;
1-({[4-(but-2-ynyloxy)piperidin-1-yl]sulphonyl }methyl)-3-phenylpropyl(hydroxy)formamide;

25 2-{[4-(but-2-ynyloxy)piperidin-1-yl]sulphonyl }-1-methylethyl(hydroxy)formamide;
1-({[4-(but-2-ynyloxy)piperidin-1-ylJsulphonyl }methyl)-4-pyrimidin-2-
ylbutyl(hydroxy)formamide;
1-[({4-[(but-2-ynyloxy)methyl]piperidin-1-yl}sulphonyl)methyl]-4-pyrimidin-2-
ylbutyl(hydroxy)formamide; and

30 2-({4-[(but-2-ynyloxy)methyl]piperidin-1-yl}sulphonyl)-1-methylethyl(hydroxy)formamide.

Further preferred compounds of the invention are any one of :



WO 2004/ 006927 PCT/ GB2003/002985 -15 (R/'S)-1-({

[ 4- (but-2-ynyl oxy) pi peridin-1-yl] sul phonyl }nethyl)-4-pyrimdin-2-

yl but yl ( woresgyobermam de; (R/'S)-1-[({ 4-[ (but-2-ynyl oxyrmatBzgé3jqoresséri di n-
| -yl '} sul phonyl) et hyl]-4-pyrimdin-2- ylbutyl (hydroxy)formam de; 5
(R'S)-2-({4-[(but-2-ynyl oxy) met hyl ] pi pggi di n-1-yl }sul phonyl)-1-

nmet hyl et hyl (hydr oxy) f or mam de;

2-(4-But-2- t hyl pi i di n-1-yl syl phonyl net hyl ).- 4- net hyl - t i

act 4 o BORG R e By Gy T B e o B ) |
| ph - d f i de; 10

E e Ch Ty

} sul phorRlg)- ILi(pir(pk-2tinylduyyaetoxlipibetdimid psulpndy) RhS)]-Lp{dmidin-2-

4-[ 3- phenyl - prop- 2- enyl oxy] pi peridin-1-yl } sul phonyl)-1-
pheny!| etButydra)irrs hde. I n another aspect the present invention

provi dses(ﬁﬁ)g% f@gﬁgutff_B{g}ggﬁgf}%‘g&g%ﬁ%hgﬁ_ﬂ&l\}gulégwpund of fornmula (1) or a

phar mece yacce n'v ysabl e ester thereof

wher ei n pdeth§leth (A6 Xornfahside; pr ocess conprises the steps of: a) converting
a hydro>éyl amne of formula (2) into a conpound of fornmula (1); R4 R3 R4 R3

(D) m O G-(hwt-2-pdoxymedhylpigeriflior hylsalrhemylmsthy ctimefol-prutangg agidn Ra BMX R1
BWX R1 forrroul a (2) formula (1) Schene 1 20 and thereafter if necessary: i)
conver t iNRY&BMSound of formula (1) into another compound of formula (1);

i) renqRriSYD-pay[phsRDRaTIoRYpHcaidRS 1-yl silphb@1 )1 HledyiQhA(RESH) foe@hiide;

acceptabl e salt or in vivo hydrol ysable ester. Fornylation may be suitably

per f ottre@/By2-ddibuty2enploay Ipipesidin 91 ksuiphonylaé wheaylebyighydrex ) ragmideabecht s)
oo Th R LSRR b S b BT 27 % ey
A o ma e R 0 described im0 Tane
In another aspect the present invention provides a process for the preparation of a
15 compound of formula (1) or a pharmaceutically acceptable salt or in vivo hydrolysable ester
thereof wherein Z is -N(OH)CHO, which process comprises the steps of:

a) converting a hydroxylamine of formula (2) into a compound of formula (1);
R¢ R? R¢ RS

(D)m O\ ’/O (D)m O\ /O
.S NH(OH)  formylation Vs N(OH)CHO
B B
\X Rl X

~ R

formula (2) formula (1)
Scheme 1

20 and thereafter if necessary:

1) converting a compound of formula (1) into another compound of formula (1);

ii) removing any protecting groups;

iii) forming a pharmaceutically acceptable salt or in vivo hydrolysable ester.

Formylation may be suitably performed by adding a preformed mixture of acetic acid

25 (8 equivalents) and formic acid (excess) to formula (2) in tetrahydrofuran or dichloromethane

and stirring the solution for 15 hours at temperatures ranging from 0°C to room temperature

followed by stirring in methanol. Alternatively a formylation method described in

J.Med.Chem., 2002, 45, 219 using triffuoroethylformate can be used.



J.Med. Chen., 2002, 45, 219 using trifluoroethylformate can be used. WO
2004/ 006927 PCT/ GB2003/002985 -16 This process may further conprise a
process WO 200wopr2e¢parati on of a hydroxyl am ne of for mpCa/GE2po3/o0eds8n n i s
0 and R4 is hydrogen (indicated as a conpound of formula (2')),which
process conprises: 5 b) converti ng an gkkene of fornula (3) into a

hydr oxyl am ne of formJIa(Z) ; NH( (DmO- sO (DmO*, ,0 %6

anbi ent tenp ature ~S' R8 i ne sphere 1-1

formila (3" TGRPgESE may TospomPAsasy PRBRdOr @s@é?éagatwaro?gfwﬁr%xéaﬂ%?g on

i ncl ude gague %655 hydr oxyl am ne in tetrahydrofuran under an argon

at m)sphere The al kene of fornula (3) where R8 is hydrogen can be
prepared by tWRed £a00 e Rbfs B drogenindiostedbs f oompdwnd(ef fHrritalh 2°9), whichound of
formula (5) under Wadsworth-Emmons or Peterson reaction conditions; (Dm
o1~ 00 (D)mCPIOG@mTIPﬂF@“~O NHS R s ~3, R B~XR3 formula (4) formula

'Eﬁ)e : r ng %SP‘Y%@S%W %féggn@\lggg)(gto)%w(?}}ﬁ equ?\li;% nrll?% 0;1Ei Flntsh: E\r/nOI ve

bi s(trinmethylsilyl)am de, sodaaum hydride or lithium diisopr @& de in
tetrahydrof uranDat te@pePat ur es of -78C to OC ar@),readdj @ th|s with 1

equi val ent of die FREREN (e t h E S Rval ent of
trimet hylsilél chl oryde ( eterson% After 1’hour an al dehylde (1”1
equi val ent) P~y ydr of by an i s "gHaEYSREe20° | t antgsani on descri bed
and reacted at roomtenperature over 15 hours. e al kene F? formula (3)
where R8 is hydrogemuta@) al so be prepared by the réuotiadd) of

Scheme 2

Suitable reagents for such a conversion include aqueous hydroxylamine in tetrahydrofuran
under an argon atmosphere.

10 The alkene of formula (3) where R® is hydrogen can be prepared by the reaction of a |
compound of formula (4”) with a compound of formula (5) under Wadsworth-Emmons or

Peterson reaction conditions;

(D)m \ /, (D)m O\\ I,O
D\] \1 R1 AO — . Dl/s\{\ R1
B
X Re
formula (4) formula (5) formula (3)

Scheme 3
15 Wadsworth-Emmons or Peterson reactions involve the forming of the anion of formula @)
with 2 equivalents of lithium bis(trimethylsilyl)amide, sodium hydride or lithium
diisopropylamide in tetrahydrofuran at temperatures of —78°C to 0°C and reacting this with 1
equivalent of diethylchlorophosphate (Wadsworth Emmons) or 1 equivalent of trimethylsilyl
chloride (Peterson). After 1 hour an aldehyde (1.1 equivalent) in tetrahydrofuran is added to
20 the resultant anion described and reacted at room temperature over 15 hours.
The alkene of formula (3) where R® is hydrogen can also be prepared by the reaction of

a compound of formula (4’) with a compound of formula (6) as illustrated by scheme 4;



a conmpound of forrmula (4') with a conpound of fornula (6) as illustrated by
schene 4; WO 2004/ 006927 PCT/ GB2003/002985 -17 O % Base RLONRL N) B
B\ X R3 \ XvB2o0ofmn9edl a (4) formula (6) forrmula (7') RedueCiraB203402¢8®) m O , O
(DmO , O Dehydration ~1 jNij\R R XR3 XN~R3 formula (3) formula
(8 ) Schene 4 Swtable bases include |Lthiumbis(trinethylsilyl)am de,
sodium hydride "or lithium dii sopropy’l1 M de in tetrahydrofuran at
tenperatures of -78Cto OCto formthe anion. 5 Suitable reducing agents
for the reductlon step_ i ncl udepgodi um borohyd |de | tha ol or

bor ane- di net hyl siitph d% c%rrpl ef_or begane- te ﬁﬁ‘ conplex in

tetrahydrofuran at [~r m te r abu+e—Suttabl e gagents for the
dehydration st Bﬂ | Ude | met hanesul phonyl BRQ or tosyl chloride and
triethylamne in Xdi chl or d#et hane at room tenferature. The present

I nventi on provi desua@pr ocestsmbiares) t he prepar at i orforafila &) cErrpound of formula

(6) wherein RL is C2 _6al kyl substituted by aryl or hete/Rarywh where the
aryl and heteroaryl groups are optionally substituted py o or nore R17.

Such a process is outbjnedol nothe scheme bel ow peat aby;k’;/Lq\ R YZn z -~
)

each being

C inert atnosphere z ei N pEhybriodl Y1 3
optionally substituted |by F mof&_R17:_lisa N R!
Bl B\
X R X RS
formula (3) formula (8"
Scheme 4

Suitable bases include lithium bis(trimethylsilyl)amide, sodium hydride or lithium
diisopropylamide in tetrahydrofuran at temperatures of —~78°C to 0°C to form the anion.

5 Suitable reducing agents for the reduction step include sodium borohydride in ethanol or
borane-dimethylsulphide complex or borane- tetrahydrofuran complex in tetrahydrofuran at
room temperature. Suitable dehydration reagents for the dehydration step include
methanesulphonyl chloride or tosyl chloride and triethylamine in dichloromethane at room
temperature.

10 The present invention provides a process for the preparation of a compound of formula
(6) wherein R’ is C;.salkyl substituted by aryl or heteroaryl where the aryl and heteroaryl
groups are optionally substituted by one or more R'. Such a process is outlined in the scheme

below:

catalyst 0
+ OR .
YZn z
inert atmosphere z OR

L 0

15 wherein C is aryl or heteroaryl each being optionally substituted by one or more R'7; Lis a
suitable leaving group such as halo, tosyl, mesyl or triflate; Y is such that a zinc metal salt is
formed i.e. Y is for example bromo or iodo; and z is an integer of 1 to 6 such that (),

represents Cy_galkylene; it is to be understood that in this aspect of the invention R* is

Z
represented by so that the C;.galkyl group represented by (), may be a

20 straight or branched chain. In another aspect of the invention ( ), may represent Cy.opalkyl.



suitabl e | eaving group such as halo, tosyl, nmesyl or triflate; Y is such
that a zinc netal salt is fornmed i.e. Yis for exanple brono or iodo; and
Z is an iwDegewooef271 to 6 such that (), represents Cl_6&ICHyGB20e3/0024851 S t O
be understood that in this aspect of the invention RLis G--z represented
by so that the Cl_6al kyl group represepted by (), my be a 20 straight or
branched chain. In another aspect of ihe invention O nmay represent

Cl_20al kyl . WD 2004/ 006927 PCT/ GB2003/ 002985 . -18 The reaction.is perforned
under amhé reeetionds peepieedundghin e RENPWECRE oWhich easHETCAnSISIDE €221NG | vity and

in a non-protic.solvent suc t r : ' Sirdincl ude
i ckel  SRASand e BT PR IR B oeb s B AP HERL Sl T B B R AR (0)
based Cﬁ%s%h ¥&d palfadiif (0) baddtrcaalda dbrefer{pD) a baitwithin d0)taysd canalyst ireusgdner at ed
frompalladium (11) based conpounds 5 when used in conjunction with a

pr oot efThs palladasn (@)ibakrshgatayo spyibeeenesatsp diont palladiamiDbased eoBRAMBEYind of

f | 6) is.ethyl 4: rimdin-2-yl ni dis f d
by £ ha Posbriedn sotBniR F e Rt e RGP, Bt vl i ne. br om de
in the presencs.qficRkshfrekaRbidpblfd SEbhAeh ¢ i bibyl ¢libaihiin-031)bomodte.and

tri phenyl phosphine in a non-protic solvent and under an inert atnosphere.
The st oiThisaortpoinmd sFommerling the feactipe ob2brorenyioy dige a5the-Bopy-di¥et can be

iyl enbap e iomids seepree sl b BpaRde ShpyRghiecn
non- pr OEﬁ;g}eﬁgg%ﬁ@Bge%&%%ﬁ- fr Qfisehaind [idef & abloarhb$hbReThe Abithaphice is a

nitrogen r ternatively a process for the preparation of a
hy dr oy basiitef eincfsaltpudducé®)s a by-Brodwhteran e irgmave fieth g rediction naixeBapBund of

Schene. 3ashing An g0 NSRY ohPHonRaaR e et B R et R obor © o
yield a e%%r%?l& tﬁé ncgrgﬁmtl;ilc%ol(v?ét?is Iét%%f&gfu%d. SpibierafpdeNderBatthospRir® a et hyl
“Zarkyl e. g. R e

or aryl enzy duci ng the ketone of formula (7") to
yi el d anijtegepb@hosphetormula (8"); 20 iii) converting -OH group of the

TeSy| At o, t odyIEVEE DIPER G AHBHRITI Tl PSS of BIPMRYac! ng ¢ he
SreB OB R ARl DR T
c) 1) reacting a compound of formula (4”) (see scheme 13 for its preparation) with
R!COOR, RICOCI or activated R*COOR to yield a ketone of formula (7”)
(where R is C;.z0alkyl e.g. methyl, ethyl or arylC; 4alkyl e.g. benzyl);
i1) reducing the ketone of formula (7”) to yield an alcohol of formula (87);
20 iii) converting ~OH group of the alcohol of formula (8”) into a leaving group (L)
such as a halide, mesylate, tosylate etc. (see compound of formula (9”);
iv) displacing the leaving group with aqueous hydroxylamine to yield a

hydroxylamine of formula @";

(D), o, .0 (D), 0, .0 (D) 0, ,O
NS R¢ base NS\ R N~ o\~ R
B B >§T— R B K‘Fp
X R X R 9 X R® OH
formula (4") formula (7") formula (8")
(D)m O\\ /,O (D)m O\‘S’/O
D g RY e— N~ R
; ;— 1
NHOH formula (9")

formula (2#)



Bg3--R g- XRXROXROH forrmula (4") formula (7") formula (8")
(DmO1. 0(DmO\ "ONH13a NHS Ra 3 RL B, RR' RL X R XL formula
(2#) NHORWODaoewides279") WD 2004/ 006927 PCT/ GB2003/ 002985 PCTAB 280855 A
ketone of fornmula (7") may additionally be prepared by the process
illustrated in schene 6: OO O TM5-CN, TMSO CN TMSO R1 R1 31- R4"k R3 / \
O 3 Lews acid or base M R3 . R4 R3 R3 fornmula (28) formula (29)
formula (30) tormula (31) sulfiteion (DmO- "OOONSRI CSX2 R1L
HOS2 R1 BMX R3 R1 chl orinating agé?be@e§4 R3 R4 R3 fornmula (7) fornula

(33) for ( S L f
f or mul aA(n%ﬁ(} ne iﬁg%%ﬁ \%aél %IEH%P e %@ﬁéﬁgmlﬁﬁ% eislkjgqusggte& Suli ta 960
| eavi ng groups (L) are hal o, rresyl and tosyl. suitable chlOrinati ng
agent is ;ﬁ A TseaundTBOf oriul a (7"17VIS gared in tehggas k1 St age
by reactinglfhe conpotnd of fo la 337w t Xt he appropri at g¢pi peri di ne
reagent . peocess for thespreparation hydroxyl am n formul a

(2): 10 when n feyisjacighopbaRe &hd R4 are bot hyﬁr ogen (i ndi cFat ?’
conmpound 8= 8 mul a (2**)) meymu2iedt her confpiil@® d) i) reactTng a conpound

of formula (4") with a conpound of formula (10) (either suffite ion
(D)m O ,O R4 O O
D CISO, Ri HOSO,, »—r
B\X RS R chlorinating agent
0] Rt R R+ RS
formula (7°) formula (33) formula (32)
Scheme 6

5 The silyl group present in the compound of formula (30) can be removed by
tetrabutylammonium fluoride. Suitable leaving groups (L) are halo, mesyl and tosyl. A
suitable chlorinating agent is POCl;. A compound of formula (77) is prepared in the last stage
by reacting the compound of formula (33) with the appropriate piperidine reagent.

Or a process for the preparation of a hydroxylamine of formula (2):
10 e when nis 1 and R? and R* are both hydrogen (indicated as a compound of formula
(2**)) may further comprise:
d) i) reacting a compound of formula (4”) with a compound of formula (10) (either
an epoxide or equivalent) to yield an alcohol of formula (8**);
ii) converting —OH group of the alcohol of formula (8%*) into a leaving group
15 such as a halide, mesylate, tosylate etc. (see compound of formula (9%%#);
iii)  displacing the leaving group with aqueous hydroxylamine to yield a

hydroxylamine of formula (2*%);



an epoxide or equivalent) to yield an alcohol of formula (8**); ii)
converting -COH group of the alcohol of fornmula (8**) into a | eaving group
15 such awoaotulopete, nesyl ate, tosylate etc. (see conpo®ad/GH20630002985a
(9**); iii) displacing the |Ieaving group with agueous hydroxylam ne to
yield a hydroxyl am ne of formula (2**)_'20_V\D 2004/ 006927 PCT/ GB2003/ 002985
-20- OR8 (DMOSOR (D,, QWRL S XOHBase N'S °° eR8 ~ B\X R8
BW OH Rl forrmula (4") X:hE! o, tosylate, nesylate, etc. formula (8*%*)
formula (10) (Dm O 10 (D)mO O RL HS Rt R8 inert atnosphere .S RB -4
\ NRa ~X NNHOH B XL a (2**) formula (9**) Scheme 7 Suitable
bases are |ithi@m bi 9459 met hyl $1'1 yl)anm de and 1(PLhi u@.dja soprqpyl ani de at
tenperatures fro S\o 0C. Ot t abBesel eavi ng gro Neﬁ e oro,
brono, iodo, § nef haresul phion g@d’fﬁs?‘l"andsthese uld be formed from
t he al cohol by>™xfeatfrent with \net hanesul phony™ i de and QYridine in

di chl or onet han | at e), tos;ﬁ*1 chl ori de and ridine in dichloronethane
(tosyl ate), t r%ﬁrﬁlugaﬁ@?‘phos@%hﬁ@ tepnigtec MERISE: €&t raf?%?ﬁ (gJé bronp); the
chloro, bronmo and iodo derghyld f@s could also be prepared fromthe mesylate

or tosylate by addition of a suitable halide source, €| g.
t et rabut yl anmoni um i odi de or sodiumiodide or to lithiumchloride in a

sol vent such as ?Eﬁetonﬁg. (?} a process for the pkgtgaratbonoof a
hydr oxyl am ne of e (2):  whefedbh&prerdind s~hylogen, ,Rhdi cated as
a conpound of for %{/ZWREUFMWDH se: N \/\(‘Ha
B NH(OH) By L
X
formula (2**) formula (9*)
Scheme 7

Suitable bases are lithium bis(trimethylsilyl)amide and lithium diisopropylamide at
temperatures from —~78°C to 0°C. Suitable leaving groups (L) are chloro, bromo, iodo,

5 methanesulphonyl and tosyl and these would be formed from the alcohol by treatment with
methanesulphonyl chloride and pyridine in dichloromethane (mesylate), tosyl chloride and
pyridine in dichloromethane (tosylate), triphenylphosphine and carbon tetrabromide (bromo);
the chloro, bromo and iodo derivatives could also be prepared from the mesylate or tosylate by
addition of a suitable halide source, e.g. tetrabutylammonium iodide or sodium iodide or

10 lithium chloride in a solvent such as acetone.
Or a process for the preparation of a hydroxylamine of formula (2):

e whennis 1 and R® is hydrogen, indicated as a compound of formula (2*), may further

comprise:
e) i) reacting a compound of formula (4”") with a compound of formula (11) to yield
15 an ester of formula (12");
ii) converting the ester of formula (127) into an alcohol of formula (134);

1ii) displacing the —OH group with aqueous hydroxylamine to yield a

hydroxylamine of formula (2);



e) i) reacting a conpound of fornula (4") with a conmpound of formula (11)
to yield 15 an ester of formula (122); ii) converting the ester of fornula
(127) i ntwoano4loeeiol of forrmula (137); iii) displaci n@CrieB200340g¥86up W t h
aqueous hydroxylamine to yield a hydroxylam ne of forrmula (2%); WO
2004/ 006927 PCT/ GB2003/002985 -21 RA K3 (DmO ~0 R3 Rl (D)m O~~ 'S~ base
HS COOK B\X NR4 COOK BMX N R, fornmula (4") formula (11) fornmula (12") R4
R3 RA R3 (DmO-1\ 110 NHC]—I(D)mOOC]—I NHS B Rl E BWX rformla (2A)

formula (13%) DSche@ge 8 The grogp - COOR of forgjul a 612") NS/ representative
of an ester V\h r%'may C 20 abkyd, e.qg. h;?é" | _GSIOR

aryl C1_4al kyl , behzyl B is aprotectin up such s 5
trirrethylsiIByi rtiarylutyl @0e8t hyl silylB< -Villiger reaction

conditions su as a per |d e.g. mCPBA (met'a-chl oroperbenzoic acid) in
di chl or onet hagehuar®) sui t ablsgndiqiyt he conver si onfarhula @) ester group into
the al cohol group. After the Baeyer-Villiger reaction,]it wll be
necessary to renove the protecting group which is Bin formJIa (12n) and
replace it with a B group as dﬁj ped in relation to f rmul a (1 as

illustrated herein may, bg aRpiopriate to 10 convert the hol group
into a | eaving groué uch br NHZHD, nesyl to or@H

di spl acenent with aqu sNhydroxyI m ne. In anot h resent

i nvention provi deS<a ss for tige preparati 8Q o corrpoun dy.of fornul a
(1) or a phar maceut i*tal I y acceptabl e salt or in \Xi VO hydr ol ysabl e ester
thereof wherein Z is -CONRBIDH, which process conprioges#a(1#) converting an
acid of forrmula (14) into a conpound ofSCflé)IBé’r]gl a(l); R4A RBR4R3

The group —COOR of formula (12*) is representative of an ester wherein R may be C1.20
alkyl, e.g. methyl, ethyl or arylCy.4alkyl, e.g. benzyl and B is a protecting group such as
5 trimethylsilyl or tertiarybutyldimethylsilyl. Baeyer-Villiger reaction conditions such as a

peracid e.g. m-CPBA (meta-chloroperbenzoic acid) in dichloromethane are suitable for the
conversion of the ester group into the alcohol group. After the Baeyer-Villiger reaction, it will
be necessary to remove the protecting group which is B in formula (12%) and replace it with a
B group as defined in relation to formula (1) as illustrated herein. It may be appropriate to

10 convert the alcohol group into a leaving group such as bromo, iodo, mesyl and tosyl, before

displacement with aqueous hydroxylamine.

In another aspect the present invention provides a process for the preparation of a
compound of formula (1) or a pharmaceutically acceptable salt or in vivo hydrolysable ester

15 thereof wherein Z is -CONR"OH, which process comprises:

a) converting an acid of formula (14) into a compound of formula (1);
R4 RS R4 RS
() 0..0 (D) 0..0 15
/K) pis GOOH  agid activation B ,s\(\/)><‘/CONR OH
N n > N n
N R NHRTOH B B

formula (14) formula (1)

Scheme 9
and thereafter if necessary:

20 1) converting a compound of formula (1) into another compound of formula (1);



(D" 0" OCOO (DmCONRLIS0H NHS n :1:B RL fornmula (14) fornula (1)
Schene 9 and thereafter if necessary: 20 i) converting a conpound of

formul a (WP 200m@eriot her conmpound of forrmula (1); WO 200d¢rG0R9®37002985

PCT/ GB2003/ 002985 -22- ii) renoving any protecting groups; iii) formng a
pharmaceutically acceptable salt or i n_%j_vo hydr ol ysabl e ester. The acid of
formula (14) may be suitably activated by conversion to an acid halide,
such as the acid chloride or to an activated ester using

car bonylI&IFWH%&HGYPI%FC‘EH’@%@?RSM de or a 5 pentafl uorophenyl ester.
Al T er natiy Bnhid18 Bhhdi@cat AP hedbprapielsait Fﬁﬁ)vib&hﬁﬂo 08 eferd. the methyl or

ethyl ester, it can be converted directly to a conpound of fornula (1) by

r eact i oriThencidofNdRhblaH14)Anap bepswtablexttivaedbp canesssor trant doad jpalielp avuah iaptheof

an acid of faornyla (14) which process _conprises;. to b) reacting a conpound
of formA%¢ @g}f’wtﬁ agcHy 4 %steawS#narCﬁ{hoaylémg%zeleyaé odimide0g R of

of T or iRt PRy by Al bof beaigbahma T (BB 2 e ¢
(D) m O Sn@hiBorfRethyl Byter, it A beBpnveled dEZEER toQ@ OniPdund o€ fddmuld\1) by rebictibn B\ X

Ra ~ R)(.RLXJD fornula (12") formula (14" fornula (4 ") formula (11)
) ScheneVp NER QF abl e bases abl e to deprotonate a conpound of fornula

(4") are buty ;’P it hi [ i el -
bi st 11 met hy) AP PRy 4By BBt s S RERARIGAT e ROG LK whigh progess
copper hyopprites;di met hyl sul phi de conpl ex, copper iodide, in solvents such as
di met hyl sul phi de, ether, tetrahydrofuran at tenperatures from-78C to room
t enpell%ltll}r e. reacting a compound of formula (4”) with an alkene of formula (11) to yield an ester

of formula (127) which is hydrolysed to an acid of formula (14) where an acid of formula

(14°) is an acid of formula (14) whereinnis 1;

R RO R R
(D) o, ,0 B =] D) 0 0 (D) 0o, ,0
8! R 5" COOR Vg” COOH
siiataJenat vt
B B
Ny R COOR ~x R! B\X R
formula (4") formula (1) formula (127) formula (14)
Scheme 10

15 Suitable bases able to deprotonate a compound of formula (4”) are butyllithium, lithium
diisopropylamide and lithium bis(trimethylsilyl)amide followed by the addition of a copper
salt e.g. copper bromide-dimethylsulphide complex, copper iodide, in solvents such as
dimethylsulphide, ether, tetrahydrofuran at temperatures from —78°C to room temperature.

Or a process for the preparation of an acid of formula (14) comprises;

20 ¢) reacting a compound of formula (4””) with a compound of formula (15) to yield an acid
of formula (14**) which is an acid of formula (14) wherein n is 0, R® is hydrogen and R*is
hydrogen;

@, ©o,,0 Br (D)

b 0,0 %
. D’S\ R1)\”/0H____.base . D/S\J\COOH
X 0 X
formula (4")  formula (15) formula (14**)

Scheme 11



O a process for the preparation of an acid of fornmula (14) conprises; 20
c) reacting a conpound of fornmula (4") wth a conmpound of fornula (15) to
yi el d an woi2do4/b69270r nul a (14**) which is an acid of foPewGB20@A02985erein n
is 0O, R3is hydrogen and R4 is hydrogen; (DmO\W\ .OBr (Dmo ,o0 RL S OH
base J S1 - COOH B Rs Ox forrrula_%:g_") formula (15) formula (14**)
Schenme 11 WD 2004/ 006927 PCT/ GB2003/ 00 -23 Suitable bases to

deprotonate formula (4" | ude | it hiu t hyl ide, . |ithi
dFPQSp?SSﬁbA@rﬁépg‘s‘w?@épg@énhQr%ﬁﬁq ) el R et o i an anc

et her SHS%’EW%% aﬁ% Qlﬁ?hyﬁ%& #%g%nts%ukﬁ‘ g?%ﬁglﬁ}ﬁroﬁ%eaﬁi il 4Pr esent

I nventi €ss prepara conpound of formul a

(1) or %Mtﬁﬁ@%&ﬂﬂﬁ"b)to@@ept able salt or in vivo hydrol ysabl e ester
t hereof wherein Z is -CONRL50H, R8 is hydrogen and n is 0, which process

corrprl ses steps as outlined in scheme 12: R1 R15 R1 R15 R1 R15 R3 |1 N, OPG

' OPG Cl S02 mul a
(24) Bor nul al} S0 %ﬁcmhefreﬁnaéﬁgﬁ%mﬁg?‘gdga 2 pigocts %glrtﬂgjﬂl%ii@%ﬁé%rgn% a (22)
For nul ac&r%ﬁ%und of formula (1) or a pharmaceutically acceptable salt or in vivo hydrolysable ester

thereof wherein Z is -CONROH, R® is hydrogen and n is 0, which process comprises steps

as outlined in scheme 12:

R' R R' Rt R" R
R3 _ |1] RS IL __ » CISO I
~opGg —> “oPG SO, N~ora
R4 0 R® g+ O R? ps O
Formula (23) Formula (24) Formula (25)

N (D)
R'SH
where R' is Ac or Bn
Formula (22)

Formula (26)

()m

X ae (D )m
N\ R «———
S0, Si
Formula (1 15
a (1) CONR'SOH Formula (27) _R

10 Scheme 12
The process of scheme 12 comprises the steps of:
a) reacting a thiol of formula (22) with an acrylate of formula (23) at temperatures of
0°C to 70°C to yield a thioether of formula (24);
b) oxidising the thioether of formula (24) to a sulphonyl chloride of formula (25) by
15 bubbling chlorine gas onto a solution of the thioether in acetic acid at temperatures
of 0°C to room temperature;
c) reacting the sulphonyl chloride of formula (25) with a piperidine of formula (26)
under standard sulphonamide conditions (e.g. triethylamine in dichloromethane at
temperatures from 0°C to 50°C) to yield a compound of formula (27);

20 d) removing the protecting group to yield a compound of formula (1.)



X(Dm(DmR3 R4 RBRA NRLI~3 R S02 N R S02 Formula (1) CONRL50H
Formula (27) ONRLS | OPG 10 Schene 12 The process of schene 12

conpri seswODleo#mes of : a) reacting a thiol of fornmula @EI)GBAWEIN0298S
acrylate of forrmula (23) at tenperatures of O0Cto 70Cto yield a thioether
of formula (24); b) oxidising the thi 02 her of formula (24) to a sul phonyl
chloride of formula (25) by 15 bubbli’ % chlorine gas onto a sol ution of
the thioether in acetic acid at tenperatures_ of 0C to roomtegﬁgi ture; c)

][ eact : nghe eoteqiingtesenyt (PEHImoay W,éﬁim@hﬂ?ﬁb{b&ﬂ%ﬂ sohich ¢am be 1emeEed W aci
4 . y ( e
i chi or Gire ARG LEAAT08 SIS RIRT, Bhe BRIEK o BlRtnie) Hmal RisisEy BT 0 11

f or mul ac(n%ﬁ}i'se Me@éssélgfmvi ng the protecting group to yield a conpound of
formula (1.) WD 2004/006927 PCT/ GB2003/ 002985 -24 The protecting group

(PG may) dsaverting dicontpound beformilah) igte awtheseompawndeef fpimuafik d acid (see
Tetrahed.son Letters, h1998 39é43¥.1 .7865). The process of schene 12 may
furt her 1) ESARHNS &Y PhifRIRecURs 8OMPS; . onverting a conpound of formula (1)

into an%)%?n]ﬁﬂ%r Ha alitiéAlyaebébtdbld salt & i ivoltERNYYsABle@Br.Ot her protecting

groups; 1l g a pharrmaceutically acceptable salt or in vivo
hydr ol ysabl e ester. In another aspect of the invention, there is provided a

f h ti f . d of f I 4), f | ' d
Pormui a (4) mAndhersesttegnsioEanbg s tp ided Aot ot Y ERAR ¢k hul a
16 i &ggmd f 6 i ioH isdsh th
E)r e)se\rllmctggxg?c’a aseﬂggﬂé‘é%?%%ﬁﬁﬂ%ﬁeﬂgg%gtgﬁ 3(1%}1 ?rg?%@[cg%}m%s? tg yield a
conpownd of) f or readting d&ympdund o feuiuig(16heith rctoepoiind ofyfoompla((PG) (wheegin the

conpound of for 1@% gr )1, ?12 thte%rgs.er?cl:edofaa base to deprotonate the compound of formula (17),

to yield a compound of formula (18);

b) removing the protecting group (PG) from the compound of formula (18) to yield a
compound of formula (19);.

15 c) reacting the compound of formula (19) with a suitable reagent to yield a

compound of formula (4) wherein X is —(CRng)—Q—(CR“RH)u; and

d) oxidising Q where Q is S as required.

When R* is hydrogen a compound of formula (4’) is produced and when R? and R*are

both hydrogen compound of formula (4”) is produced

O)
(D) PG m
B L
Q _— B Q
formula (17) R® R®
formula (16) formula (18)
(D)™
(D)m O\\S’/O NH
N~ >/F{4 B Q
B
X R3 Re Rto
formula (19)
20 formula (4)

Scheme 13
Compounds of formula (4), formula (4°) and formula (4”) may also be prepared by a process
which comprises;
a) reacting a compound of formula (20) (wherein Q is O or S) with a compound of

25 formula (21), in the presences of a base to yield a compound of formula (18);



conpound of forrmula (19);. 15 c¢) reacting the conpound of forrmula (19) with
a suitable reagent to yield a conmpound of fornula (4) wherein X is

- (CROR OWQ20@Rum212) U; and d) oxidising Q where Q i s Spra3/GRegqes/coesss \When
R4 is hydrogen a compound of formula (4') is produced and when R3 and R4
are both hydrogen conpound of fornulqagﬁ") Is produced N PGN PG B~ L Q
B~-QR9 uu fornmula (17) RO Rio formul &7 (16) fornula (18 (Dm(DmQO.110
NH SRABQBE UR3Rs Ro fornula (19) 20 fornmula (4) th ne 13
Conpounds f ofeRiAvARg e Protesting) sroypAl )MFIETC}?B}P&u(@O§ forgy ae(ﬁéb tygield a
prepared by a pr. Ss L ch rises; a) reacting a conpound of fornula
(20) (wherein Qccﬁéﬁwngro\?‘g?ﬁnvﬁlg “conmpound of 25 formula (21), in the
presences @f a has@nd Beyxboboum eavROUAA DS withamsuitablé dpent\@y20D4/ 006927
PCT/ GB2003/ 002985 -25 b) renoving the protecting group (PG fromthe
conmpound of f or sempoyud) femnylp &) gvhgrein 01(@8%?){1)1(@398 )&gd. ¢) reacting

t he compound of f.qrmul 19) with a sultable reagent to yield a conpound
of formla®f4) %\ﬁg?&%mé%gﬁeégg(‘téﬁﬁzﬁ)“ﬁé( CRI1RI2)u; and 5 d) oxidisimr::g Q
where Qi sv@eﬁqﬁrigrﬁ%arbg&a&m;smﬁéoifsorhmamgﬁ@ prodiesPar@hef R aidmt @e(4') is

produced and when and R4 are both hydrogen conpound of formula (4") is
produced (B)tmhpdogd) apmpound of formula (4”) is produced

D)

B
Q
L B Q\(\/)/C
el N T T
Re Rt

R®  RW© formula (21)
formula (20)

()™

N~ R# B Q
u
o 1) <
X R3 Re R© )

formula (19

1 formula (18)

formula (4)
Scheme 14

10 Inboth schemes 13 and 14; L is a suitable leaving group such as halo (chloro, bromo, iodo),
mesyl, tosyl; suitable bases to deprotonate compounds of formula (17) and formula (20)
include sodium hydride, lithium diisopropylamide, butyllithium and lithium
bis(trimethylsilyl)amide; suitable reaction conditions for a) are temperatures ranging from —
78°C to 70°C and an aprotic solvent, e.g. tetrahydrofuran under argon; suitable protecting

15 groups (PG) include Boc (t-butoxycarbonyl), CBz (carbonyloxybenzyl) groups and mesyl or
another alkylsulphonyl. In the case where PG is alkylsulphonyl, reaction of formula (16) and
(17) and of formula (20) and formula (21) directly produces a compound of formula (4). A
compound of formula (18) can be converted to formula (19) by treatment with acid (Boc)
boron trifluoride diethyl etherate in dichloromethane in the presence of dimethylsulphite

20 (CBz). A compound of formula (19) can be converted to a compound of formula (4) by
treatment with an alkylsulphonyl chloride in the presence of a base such as pyridine in a

solvent such as dichloromethane.

A compound of formula (1) can be prepared by removal of a protecting group on the

25 zinc binding group directly. The protecting group (PG) can be 2,4-dimethoxybenzyl which



N N~PG BQLBQ uu R10 RRformula (21) RO R10 fornula (18) formula
(200 (Dm (DmO .10NH "S~-Ra BB u R3 RO R10 forrmula (19) fornula (4)
Schene 14w0CQodamob2th schenes 13 and 14; L is a suitabl ePCesmBoep/@ewsap such
as halo (chloro, bromo, iodo), nesyl, tosyl; suitable bases to deprotonate
conpounds of formula (17) and formul a @%O) i ncl ude sodi um hydride, lithium
di i sopropyl am de, butyllithiumand |ithi'um bis(trinethylsilyl)am de;
suitabl e reaction conditions for_a) are tenperatures rangl ng from- 78C to

70C and °an bapeBeyed veigh méldiacidd(sep Tatiahediqp detieiss HYSuAYdp)- éi)n The jequirsde
P
Ccar bonyltoiesRd A1aHRAniczRla bIELHABNRS UV RIBAMN dind 8oty |

case Wheyréetefied hgdrok yinsad qalfiestyh thersgagesian of formula (16) and (17) and of
formula (20) and formula (21) directly produces a co ound of forrmula (4).
A corrpouQ%i’ of Borgul 5‘18) can be convert(% to fo 19) by treatnent
with acid r t rconuwaPcde di et hyl er e | d| nNgoanet hane in
t he presenc o Ndl yl[sul phite—26—(€Bz) . Npou of [ formula (19) can
be convédty a conmpoynd of formula (43)\ eatnment g th an
aIkyIsquH%nyI chloride in the presence of a base such as pyridine in a
sol vent such as dichl oromethane. A conmpound ¢fmdiofiyrul a (1) can be prepared
by renoval of a protecting group on the 25 zinc bin nn?s group directly.
The protecting gj'smbo %P be 2, 4-di rre&[goxybgnzdl cﬁ WO 2004/ 006927
PCT/ GB2003 Orermved W t Ei d e NT\gcr ahedron
Letters, 1998, 9(4 In7 65) Fhre—+egut-red “ectedahydr oxami ¢ acid or

rever se thy te can he obtai ned by Eij sui t abl y gt

5 formula (1)

Scheme 15

As discussed herein compounds that inhibit metalloproteinases and in particular
TACE, are of great importance and it is thus apparent that any intermediate (and process for it
10 manufacture) involved in the manufacture of such a compound will be of commercial value.
One such metalloproteinase inhibitor and TACE inhibitor, disclosed herein, is (R/S)-1-
({[4-(but-2-ynyloxy)piperidin-1-yl]sulphonyl }methyl)-4-pyrimidin-2-

o N N 2
/\ /O " m

15 This compound can be made by a process that comprises the steps of :

ylbutyl(hydroxy)formamide:

a) reacting 4-hydroxypiperidine with methanesulphonyl chloride in the presence of a
base to yield 4-hydroxy-1-(methanesulphonyl)piperidine;

b) adding a solution of 4-hydroxy-1-(methanesulphonyl)piperidine to sodium hydride,
followed by addition of 1-bromobut-2-yne to yield 4-(but-2-ynyloxy)-1-

20 methanesulphonylpiperidine;

) adding lithium bis(trimethylsilyl)amide to a solution of 4-(but-2-ynyloxy)-1-
methanesulphonylpiperidine followed by ethyl 4-(pyrimidin-2-yl)butanoate to yield
1-{[4-(but-2-ynyloxy)piperidinyl]sulphonyl } -5-(pyrimidin-2-yl)pentan-2-one;



protected hydroxylam ne earlier in the synthesis. R4 R3 R4 R3 (D)m Q11
CONHOPG (Dm0 g CONHOH ~.SW NHS n . -ly BRL B "' XRL fornula (1)
(Dm O\ Worehe/88920PG (DDm O.. OR4 R3 O.S~ NCO, NO RCI/@8B2003B0298R1l B X
Rl 5 formula (1) Scheme 15 As di scussed herein conmpounds that inhibit
nmetal | oprotei nases and in particular THE, are of great inportance and it
IS thus apparent that any internedi ate %Ed process for it 10 nmanufacture)

one-such maal | GPTBtS e EeB o D SRR Pl Sy e oUB e .
is (RRS)-1- ({ one w1th a rea;rvent such as sodlum borohydrlde to YICId %{y/?)l rln{(.[ll r(]but-2—

[ 4- (but - 2-ynyl oxy) pi peridin-1-yl]sul phonyl }neth
yl but yl (hydroxy)yhp}ow)mptmdngfl]smphon}d} lil—(pu/nﬁndnGZCyl)pbnthﬁ-ZTdﬂl; s conpound can be

4 hydr oxypFber | dERAANES i—k—iﬁégmt%wé{ﬁ §&3;ﬁ41%§é]SPﬁ)aCtﬂ}%'@é’EﬁE@n@r 2
base 1o yield t hudsaxy-drhnpthanagiliphanyLnBiAet ding 1 B plding o
ane ny

solutlon of 4-h oxyI- pi peridi'ne to dirum hydri de,

fol | owed by addlyhylmy)pﬁpehdhwﬂmiphtbnyz} -Prpyrimidn-ehyi)péatt behe;2- ynyl oxy) -1 20

met hanesul phonyl pi peri dine; c dding | ithiumbis(trinmethylsilyl)amde to a

sol uti on 0% 4- ( Beactige 9:%9111829))% l?c:al'ﬂ@r&%&h%@’ﬂ%ﬁﬁﬁmeﬁﬁ%}]ﬁ‘dpa@l gﬂasml

ethyl 4-(pyrim & fs2nyh RULARARHA RnkhélVield (R/S)-[1-({[4-(4-but-2-
ynyloxy)piperidin-1-yllsulphonyl }methyl)-4-pyrimidin-2-ylbutylJhydroxylamine;

10 and
g) adding a mixture of acetic anhydride and formic acid to a solution of (R/S)-[1-
({[4-(4-but-2-ynyloxy)piperidin-1-yl]sulphonyl } methyl)-4-pyrimidin-2-
ylbutyl]hydroxylamine to yield (R/S)-1-({[4-(but-2-ynyloxy)piperidin-1-
yl]sulphonyl }methyl)-4-pyrimidin-2-ylbutyl (hydroxy)formamide.

15 A further embodiment of the invention thus provides ethyl 4-(pyrimidin-2-
yl)butanoate, which is an intermediate used in the synthesis of (R/S)-1-({[4-(but-2-
ynyloxy)piperidin-1-yl]sulphonyl }methyl)-4-pyrimidin-2-ylbutyl(hydroxy)formamide (see
part ¢) of the above process).

MJ\

N o7

20 Also provided is a process for the preparation of ethyl 4-(pyrimidin-2-yl)butanoate.
This process uses Negishi coupling. Negishi coupling involves the cross coupling of an
organozinc reagent with an aryl halide to form carbon-carbon bonds (Baba S., Negishi E., J.

Am. Chem. Soc., 1976, 98, 6729-6731; Negishi E., King A., Okukado N., J Org, Chem.,1977,
42, 1821-1823).

X R'

Pd (0)

+ RZnX
R R

Y

25
Negishi coupling has several advantages over other coupling methods that employ

organometal reagents other than organozinc reagents. Firstly it allows the direct coupling of
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The process may further comprise the step of removing the zinc salt by-products by

washing the crude resultant product with an aqueous solution of the tetrasodium salt of
15 ethylenediamine tetraacetic acid. This step removes >99.9% of the zinc salt by-products.

It is preferred that the reaction is performed under an inert atmosphere to ensures
consistent catalytic activity. It is also preferred that the reaction is performed in a non-protic
solvent. Preferably the non-protic solvent is tetrahydrofuran, diethyl ether or
dimethoxyethylglycol dimethylether and more preferably the solvent is tetrahydrofuran.

20 Preferably the inert atmosphere is a nitrogen atmosphere.

Suitable catalysts for use in the process include nickel based and palladium (0) based
catalysts. However it is preferred that a palladium (0) based catalyst is used. Preferably the
palladium (0) based catalyst is generated by the action of a promoter such as
triphenylphosphine on a palladium (IT) based compound. More preferably the catalyst is

25 generated from bis(acetonitrile) palladium (II) dichloride and triphenylphosphine.

A further aspect of the invention is the use of a pro catalyst comprising
bis(acetonitrile) palladium (II) dichloride and triphenylphosphine in a Negishi coupling
reaction.

2-Halopyrimidine, 2-tosylpyrimidine, 2-pyrimidinyl triflate and 2-pyrimidinyl

30 mesylate are readily available or can be easily derived made by the skilled person from the art.
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Negi shi coupling reaction.

invention. Such reactions and modifications include, for example, introduction of a
substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation
of substituents and oxidation of substituents. The reagents and reaction conditions for such

20 procedures are well known in the chemical art. Particular examples of aromatic substitution
reactions include the introduction of a nitro group using concentrated nitric acid, the
introduction of an acyl group using, for example, an acyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts

25 conditions; and the introduction of a halogen group. Particular examples of modifications
include the reduction of a nitro group to an amino group by for example, catalytic
hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric
acid with heating; oxidation of alkylthio to alkylsulphinyl or alkylsulphonyl.

It will also be appreciated that in some of the reactions mentioned herein it may be

30 necessary/desirable to protect any sensitive groups in the compounds. The instances where

protection is necessary or desirable and suitable methods for protection are known to those

skilled in the art. Conventional protecting groups may be used in accordance with standard
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Jred p2SO ie?(alglgﬁ: a%oaqlga%%gld;rbu; Qlfchi ars] 2123[91? gr? arvc\;r}]fér%up, for example benzoyl, or an
arylmethyl group, for example benzyl. The deprotection conditions for the above protecting
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with
a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide.

25 Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as palladium-on-carbon.

A suitable protecting group for a carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be removed, for example, by hydrolysis
with a base such as sodium hydroxide, or for example a ferz-butyl group which may be

30 removed, for example, by treatment with an acid, for example an organic acid such as

trifluoroacetic acid, or for example a benzyl group which may be removed, for example, by

hydrogenation over a catalyst such as palladium-on-carbon.
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A similar protocol can be used for other expressed and purified pro MMPs using
substrates and buffers conditions optimal for the particular MMP, for instance as described in
C. Graham Knight et al., (1992) FEBS Lett. 296(3):263-266.

25 Adamalysin family including for example TNF convertase

The ability of the compounds to inhibit proTNFa convertase enzyme (TACE) may be
assessed using a partially purified, isolated enzyme assay, the enzyme being obtained from the
membranes of THP-1 as described by K. M. Mohler et al., (1994) Nature 370:218-220. The
purified enzyme activity and inhibition thereof is determined by incubating the partially

30 purified enzyme in the presence or absence of test compounds using the substrate
4',5'-Dimethoxy-fluoresceinyl Ser.Pro.Leu.Ala.Gln.Ala.Val.Arg.Ser.Ser.Ser.Arg.Cys(4-(3-
succinimid-1-yl)-fluorescein)-NH, in assay buffer (50mM Tris HCl, pH 7.4 containing 0.1%
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4-(N-maleimido)-fluorescein in DMF containing diisopropylethylamine, the product purified

by RP-HPLC and finally isolated by freeze-drying from aqueous acetic acid. The product was
20 characterised by MALDI-TOF MS and amino acid analysis.
The compounds of the invention have been found to be active against TACE at 0.1nM
to S0uM, and in particular 10uM of compound 1 gave 72% inhibition, and 10uM of
" compound 3 gave 72% inhibition.

Natural Substrates

25 The activity of the compounds of the invention as inhibitors of aggrecan degradation
may be assayed using methods for example based on the disclosures of E. C. Amer et al.,
(1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of Biological Chemistry, 274
(10), 6594-6601 and the antibodies described therein. The potency of compounds to act as
inhibitors against collagenases can be determined as described by T. Cawston and A. Barrett

30 (1979) Anal. Biochem. 99:340-345.

Inhibition of metalloproteinase activity in cell/tissue based activity
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GLn5(Trityl), Arg8 12(Pnt aqr . Pbf Ser9' 10'.11(Tri tyl SI3(Trirtwd ).
Fol | owi H§ HARSSHBE §r g}fﬁﬁ@mﬂ-‘ﬁé’ﬂﬁf bﬁ?ﬁ?@%lf:fﬂlgsc Chés WS%F‘%B%%@_‘ 1‘lrI'el%bved by
treatin FHPC(1DOPLBid¥henh &S BN :963-079 MaPVE iestiacusiHE Apprdpeitd @llnes @6d n SO
obt ai ne o §r écy1 gt e@t%ly t7eatment for 1.5-2 hour sﬁia%dﬁgo with 1.5-2

equi val enthssuiihble 4htitodiaditodetectdie fhadqresiei n- 4(5) - car boxyli ¢ acid [ Khanna &
Ul man, (1980) Anal 108:.156-161) which had been preactivated with
di i sopr diggtiasaniagent ke Wil ;"‘--. 64838 a0t ri azole in DVF]. The

di met hoxyf | uqhesii i mPERbbARAIHs BT ihARQHS biferalion BERIIOLER] ed and
cleaved fromthe resin by treatnment wth trifluoroacetic acid containing 5%
each iof imatien assagl niayitetdeydrmidedrae deThibedlimAt Athtyifdr uby @988 GatcepRescanth was

i sol at ed bé evaporation, trituration with diethyl ether and filtration.
The i sotaBed 'é@ﬂ)f-i de was reacted with 4-(N-maleinido)-fluorescein in DVF

cont ai niyag 4 SORGPRY Y Wit Flnod TRIPGRAGLe Ridfvichi ed by RE. HPLC and
finally = ic acid. The product was
20 char act er iTaedbidyy d#hBkomhpburlds ofittds Amvemioraoiishibit INE modidttien dompsessedls of
the invention have been found to_be active against TACE at _0.1nM_to 50M

and in pashuean wholeoNeest assenpberad PP igased 1o stimulats thegelgase of TNFppNogp! of
2 Ryttt il ‘ o h
co npggﬂgagp ?z\téﬁ i Z%%sﬁﬂ)g{#hgglrﬁl%m#f{x%d f?H?ﬁIoﬁﬁft@e?s %&Bﬁﬁe@ﬁ) thy hlta% na%fc} bee

conp ors of aggrecdn degradati o
assayed jpsbied Feihmogs of Rkt XRTRhE (dupsedes) NintRIMIIIGE0 Hasitarbonand, penicillin, Amer et
al., (1998) Osteoarthritis and Cartil age 6:214-228; (1999) Journal of

Bi ol ogi satptGnEeinsglniamingand 1% SOsor 38maintiss abht Cos & hwanidiisdr | bed t her ei n.
Ine POt PG cElsE B IARol Bl iy LB P S 7 01 98k gnases can be
concentration 10pug/ml). Each assay includes controls of neat blood incubated with medium
20 alone or LPS (6 wells/plate of each). The plates are then incubated for 6 hours at 37°C
(humidified incubator), centrifuged (2000rpm for 10 min; 4°C ), plasma harvested (50-100ul)
and stored in 96 well plates at  -70°C before subsequent analysis for TNFo, concentration by
ELISA.

Test as an agent to inhibit in vitro cartilage degradation

25 The ability of the compounds of this invention to inhibit the degradation of the
aggrecan or collagen components of cartilage can be assessed essentially as described by K.

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

In vivo assessment

30 Test as an anti-TNF agent

The ability of the compounds of this invention as in vivo TNFo, inhibitors is assessed in the

rat. Briefly, groups of female Wistar Alderley Park (AP) rats (90-100g) are dosed with



30 (1979) Anal. Biochem 99:340-345. Inhibition of netall oproteinase
activity in cell/tissue based activity WO 2004/ 006927 PCT/ GB2003/ 002985

- 33 Test wo 2a0w/mgent to inhibit nenbrane sheddases suchPa3/GBIB0OM88rt ase
The ability of the conmpounds of this invention to inhibit the cellular
processi ng of TNFa production may be sessed in THP-1 cells using an

ELI SA to detect rel eased TNF essenti a'la‘;?i/ as described K. M Mhler et al.,
(1994) Nature 370:218-220. In a simlar fashion 5 the processjng or

sheddi ngostPosnt €Y raf AbfmigeyehisleGures by the PROPHAS JaUg 6« PRISE (PPN, M
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prot ei n.(3d@stat 2§.) a8iag fithutbOfJIRAY LPS ehdilcRRsRe 4ré¥@ek®@Btistaanahittntivalof the
conpound of "this invention to inhibit the mgration of cells in an 10

i nvasi orblesbsynpiatakére vidéheposterent vasa ckyser Blped i3 allowedApisiatiat eonatemperatigg 7)
Cancer_ Research 47:3239-3245 Test,_as an agent to inhibi bl.ood TNF
sheddas donghquys sl sprum spples 95‘8¥neah'erﬁ%%9r?ﬁ%§}&&g a2 ﬁﬁgr ?N:?@‘%Héﬁ’ 4 i nhi bi t
TNFa pr ' i i.n a human whol e bl ood assay where LPS is used
to sti woﬁ%gﬁ’té)hﬁ‘a%&?gﬁ%%@%g‘gly?ﬁFa. 1601 of 15 heparinized (10Units/m)
human bl ood abitakindgki§ bpdedicdtethioferass caladatesifbe dadhocdntyupti@ibse: and i ncubat ed
with 201 of test conpound (duplica in RPM 1640 + bi carbonate

peni ci | Bercent inhitstheroes ENHo= el (Yefucl Tl

a humdified (5%02/95%ir) incubator, prior t ddi n( F‘ 01 trPﬁ (E.
coli. 0111:B4; final concentration 10g/m). Ea B%ng H@ T d8Ht rol s
of nedl PlPedah aHRFHAS M WSdht™edi um 20 al one or LPS (6 wells/plate of
each) . S € incubated for 6 hours at 37C (humdified

i ncubat or), caetvityfofigedmp0dagpan dntirarfi@iticiintesiéir) theploHagem-induced srtbdtis

(50- 100l and stored_i 6 |1 pl at -70 e ; sequent . anal ysi s
(50100 et B &, FoeatFp P LSt e LB St By R0,
carti | a%%ﬁﬁ?@ﬁ:ﬁﬂz@ TR Eo1abBf cARES %&yalﬂfn'tits@ﬁr&QWH&PMﬁinﬂfterE@irﬁFﬂeﬂﬂcﬁm' on to
inhibit the degraddation of” the aggrecan or collagen conponents of

car ti | agecamapleteadpyants Sanilasoaditivad day tesiselbdandinedirthyitiKin mide dBdtpriondtesy et
al ., (1997) BiochemJ. 323:483-488. In vivo assessnent 30 Test as an

anti - ITNF agent

Pharmaceutical Compositions

According to a further aspect of the invention there is provided a pharmaceutical
composition which comprises a compound of formula (1), or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof, as defined hereinbefore in association with a

20 pharmaceutically-acceptable diluent or carrier.

The composition may be in a form suitable for oral administration, for example as a
tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular,
intravascular or infusion) as a sterile solution, suspension or emulsion, for topical
administration as an ointment or cream or for rectal administration as a suppository. The

25 composition may also be in a form suitable for inhalation.

In general the above compositions may be prepared in a conventional manner using
conventional excipients.

The pharmaceutical compositions of this invention will normally be administered to
humans so that, for example, a daily dose of 0.5 to 75 mg/kg body weight (and preferably 0.5

30 to 30 mg/kg body weight) is received. This daily dose may be given in divided doses as
necessary, the precise amount of the compound received and the route of administration

depending on the weight, age and sex of the patient being treated and on the particular disease



The ability of the conpounds of this invention as in vivo TNFcc inhibitors
is assessed inthe rat. Briefly, groups of female Wstar Alderley Park
(AP) rat swO200410692y are dosed with WD 2004/ 006927 PCT/ GBRZOGHB20G203B5 - 34
conmpound (5 rats) or drug vehicle (5 rats) by the appropriate route e.g.
peroral (p.o.), intraperitoneal (i. p.z,’ subcut aneous (s.c.) 1 hour prior
to |ipopol ysaccharide (LPS) challenge” f'309g/ rat i.v.). Sixty m nutes
follow ng LPS challenge rats are anaesthetised and a termnal blood sanple
t aken vicanditien pejsg ented ageonding ta/pEnciEpOEPWIsInghe 8thed to clot at room

tenperature for..2hours and ser u I at
-20C for TNF?YELC & Auglgggsa(gs n\ﬁmccoﬁ{ggln@g? ?(tl)@ %%g)loy&s{? gfgﬁ(g@go%ﬁg)lrf?g |S s by
dedi cat ggp@bti.war e cal cul ates for each conpound/ dose: Percent inhibition of
TNFa= Mean TNFa (Vehicle control) - Mean TNFa (Treated) X 100 Mean TNFa

(Vehi cl e contThetefore i a festher aspeahofzthe presgnt irventien tgenis preified & gorggougd of
conmpound. as .an.anti-arthritic,is tested.in the collagen:induce rrhritis
(aA) 5a3°’8’é‘fl? ?ﬂadorbaypfﬁm@?eu%ﬁ%m Fosmmayie st or ‘Fi’é“f’%ydﬁoﬁg%%. esﬁ%é‘?"gﬂ 5.857. In
this moghin@fidleinBGbidES Rat ¥ BielioRf bateRt SOLRaSABS YD ahividl ithidsingani N

rats when admnistered in Freunds inconplete adjuvant. Simlar conditions
can be uydablertpy.i nduce arthritis in mce and prinmates. 15 Pharnaceuti cal

Conposi tions According.to a further. aspe of the inventjon there i

orov ded o pHmRESEH ST ST SHTRRD ff LR Ee G or
formul a; L BRRE Bidtelof Ak ¥ AGORALiARrSre, flube B a BhvH WPrBMEHQl ysabl e
ester tﬁé%)evgfh?argg’sgggiened heroe’i nbeflore ir% assgci ati%n a:/\,ith a 20 o

phar nac elidehsadonylition eaglizbd By dnd erembreanetalioproteinasciérzymespubint pagiculay be in a
formsuitable for oral adm nistration, for exanple as a tablet or capsule,
for par ehiteateonlitiosapedinted PhdNE® ng i ntravenous, subcut aneous,

i nt ranuscul ar. LNt rav u I i i . i
suspensi on orF uétﬁﬁli %ﬁoglr??aﬁsoir &E%%({uggl% %%mnﬁlz’tsorrg‘tq%tgﬁﬁ%seﬁgﬁﬂg:ﬁtﬁ%%rwe %arlt cream

or for rgeh o agifoRsshle aiteOMesf, as defedSetednibefort)or 35 inanmethbd bbmeaimg al so
be in a formsuitable for inhalation. In general the above conpositions may
be pr epdnBaminatosy diseases ehigiaMURG Aisedsey §lleigic/aepig direrspdransRaniiEBAiYL The
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wei ght  (ath-Pb6ARY ¥l PicP as man. In particular a compound of formula (1), or a
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof, as defined hereinbefore,
is provided for use in a method of treating theumatoid arthritis, Crohn’s disease and psoriasis,
and especially rheumatoid arthritis. A compound of formula (1), or a pharmaceutically
20 acceptable salt or in vivo hydrolysable ester thereof, as defined hereinbefore, is provided for
use in a method of treating a respiratory disorder such as asthma or COPD.

According to an additional aspect of the invention there is provided a compound of
formula (1), or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof, as
defined hereinbefore, for use as a medicament,

25 Also provided is a compound of formula (1), or a pharmaceutically acceptable salt or
in vivo hydrolysable ester thereof, as defined hereinbefore, for use as a medicament in the
treatment of a disease condition mediated by one or more metalloproteinase enzymes and in
particular a disease condition mediated by TNFo.

Further provided is a compound of formula (1), or a pharmaceutically acceptable salt

30 or in vivo hydrolysable ester thereof, as defined hereinbefore, for use as a medicament in the
treatment of inflammatory diseases, autoimmune diseases, allergic/atopic diseases, transplant

rejection, graft versus host disease, cardiovascular disease, reperfusion injury and malignancy.



30 to 30 ng/ kg body weight) is received. This daily dose nmay be given in

di vi ded doses as necessary, the precise anount of the conpound received and
t he rout ewof20adws9e7st rati on dependi ng on the wei ght, ageTAIBRLI&302985 t he
patient being treated and on the particul ar di sease WO 2004/ 006927

PCT/ GB2003/ 002985 -35 condition being_éégated according to principles
known in the art. Typically unit dosage torns will contain about 1 ng to
500 ng of a co und of this_ invention. Therefore in a further aspect of
the presHht WPWQ‘BM% apigad guGhaas gpagy, iTa @artiguigp A gemaeundg of fgrmpdafdh &8 ¢1), or a
phar maceyt | : |t . Qr i i I f,. as
ot nod PLrEALnHieRRERRRIDE Bl iind MAIIRPINEA SRR, & SEhELnEIEHER e,

ani mal sisghovddedfon usdys 4 ediapyientAh e tpracuérded rheintitsi@ aRpLRg Cbhd’odwise (1),
or a pharmaceutically acceptable salt or in vivo hydrolysable ester
t her eof , akPseBERSIHAdgepesiaiyahenmaatoidgrthe Asompesrptifosmuta@horag a 10

di seas L1 I r a r of ei nase. nd in
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conpoundiseisofprovidbdifdr ke ad nRARBRAEHES S readhént e GeRialr e dBdider sh &sn Vi vo
hydrol ysabl e ester thereof, as defined hereinbefore, for use in a nmethod of

t r eat i ngasthips paGPEDery di seases, aut oi mune di seases, allergic/atopic

di seases, transplant .rejection, .1 raft .ver,sus. host. .dj sease

car di ovascul ag‘c%lr glgl 4 ?hc?eig%rearsﬁ% f)gwgi"ﬁ}’eﬁfl?/n of W?‘@ﬂ%dﬁ%f} up 0 compound
war n bl ogfeemalai(Meor & YhiimAseutRAlly hébepableisallbfin BveRYRONMbIOLstdAhsiebad 1) |
or a pharmaceutically acceptable salt or in vivo hydrol ysabl e ester

t her edf , ddined deicindgfane iretha wednofasture pSa medicanient foonseauindhd teammett dfadlisshse
treating_ r %unatold g%thritis, Crohﬁ's di sease andﬁg&oriasiﬁ, %hd

especi al FPUHATRETRRY 0¥ ORf PT oL A apigIGNAge S12YMGs ARY I particulya disease

phar MBCeuidffln edibled 67 TERPIG Hal bRbAld i Pedli f flagsabl e ester thereof,
as defined hereinbefore, I's provided for use in a nethod of treating a
respiratory dAiorpdevidsdishthasscad bivomponndeHOrmiiag by, of Bghirthageutdldy t i onal
aspect of the invention there is provided a conpound of formula (1), or a
phar mace¥fcrRiaple yal et uplralysablegster thegeaf casedined perginbefogainghe t her eof , as

pha aileyulheeeot | . csmindhe b
Compound oy Par i a e lmgft forfie AR SLARERRbe nBdn el PERMER Mydifohpe, o

hydr ol ysdibdases all@picidiepie dfscasas, thasplatdejbaiodi, phéfveifis hbardiseas, asrddvascular
medi canent in the treatnment of a disease condition nediated by one or nore
met al | optisRass. Hersafusion Ly aimplignapgy injacyarar bigodedsanimel weh @k masn Imedi at ed

by TNFa. particular the use of a compound of formula (1), or a pharmaceutically acceptable salt or in

vivo hydrolysable ester thereof, as defined hereinbefore, is provided in the manufacture of a

20 medicament in the treatment of rheumatoid arthritis, Crohn’s disease and psoriasis, and
especially theumatoid arthritis. The use of a compound of formula (1), or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof, as defined hereinbefore, is also provided
in the manufacture of a medicament in the treatment of a respiratory disorder such as asthma
or COPD.

25 According to a further feature of this aspect of the invention there is provided a
method of producing a metalloproteinase inhibitory effect in a warm-blooded animal, such as
man, in need of such treatment which comprises administering to said animal an effective
amount of a compound of formula (1).

According to a further feature of this aspect of the invention there is provided a

30 method of producing a TACE inhibitory effect in a warm-blooded animal, such as man, in

need of such treatment which comprises administering to said animal an effective amount of a

compound of formula (1).



Further provided is a conpound of formula (1), or a pharmaceutically
acceptable salt 30 or in vivo hydrolysable ester thereof, as defined
her ei nbefwoepofmwro2ase as a nedi canent in the treatnent Poffi/dBIo3ZNOR®EOr Y
di seases, autoi mmune di seases, allergic/atopic diseases, transplant
rejection, graft versus host disease, _«é%q_di ovascul ar di sease, reperfusion
injury and mal i gnancy. WO 2004/ 006927 / G3B2003/002985 -36 in a

war m bl ooded ani mal such as man. In [[t)arti cul ar_a conpound of forpyla (1),

or a phar madwepidieg tothisdurhrrdeatareof this aypect Phing, B VEYERIIGe dH PO VEEH &
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pharmaceutically acceptable salt or in vivo hydrol ysable ester thereof, as

def i ned waemeblnddedanimal, pushais seanpinoisied F sychriragieemy sVhacheatinrisae Administerig
treatnent of a respiratory disorder such.,a asth or COPD. According to
anot her t%%“iigé?l“@?agﬁég?thv\?@mﬁu ﬁof%%ququgdgfgwi%@he use of a conpound of
formula (1), Mo AroviRENRE BiskiJaflafecBhRRloR] SBlrtisOCrdtv’ Vdivaséysl ol ysabl e
ester thereof, as 10 defined hereinbefore in the manufacture of a

nmedi campeoridfsty, andespecialihtheumettidremhritisfina wirgebloedasoandingl, swchrasdnam &4nagg one

or nore tal | oproteinase enzynes and in partjcul ar a.di sease ition
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ydr ol ysabl e

in vivo ester thereof, as defined hereinbefore in the 15
manuf actas bsthok oa ORI tameatmbisodad enimral tsoeh oy man, e meeddf suakh raatmenbwhich

di seases, autoi mmune diseases,. allergic/atopic diseases, .transpl an

rej ect i GAMPgSesadnyRistegias i s3id gt %’é?gﬁfé‘rvﬁialil{;’&gtc‘%: %@mgﬂugggig{mﬂgp@&'f usi on
injury and [ i [ S Bsls BBFbrmbuth (1P8kd | cul ar
t he use of gﬁjggg%iggﬁgo %?Hﬁlg‘%ﬁ{uqﬂgﬁk%gq%&ghgﬁg?nﬁg uti (S:al I ;/macc(egt abl e salt
or in Vvheiophyaiacduyisalby sccepthile shliveare also usefuldisfphasoadobrgitah eloinghe | s
provided in the manufacture of a 20 nedjcanent in the _trea

t nt. of
r heumat sevelapmgpt anpstandprdipation off i ieandi Welpstsystems £ dhe eglugtion of the
h t Qi oot » : .
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def i ned ph@ileld) bak ar@mites agp@oofthe véaetfor hewtiwapemtivhgatiur e of a nmedi canent
in the treatnent of a respiratory disorder such as asthma or COPD. 25
Accor di ng t o Ia thaahowe pthee Rharpaceiticalifogpasitent PreseseHacthod: dise pehmefispments
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conpri segverdich Absdided RereintalsRagdlyani mal an effective
20
Examples
The invention will now be illustrated by the following non-limiting examples in which, unless
stated otherwise:
(i) temperatures are given in degrees Celsius (°C); operations were carried out at room or
25 ambient temperature, that is, at a temperature in the range of 18-25°C;
(i) organic solutions were dried over anhydrous magnesium sulphate; evaporation of solvent
was carried out using a rotary evaporator under reduced pressure (600-4000 Pascals; 4.5-30
mm Hg) with a bath temperature of up to 60°C;
(iii) chromatography unless otherwise stated means flash chromatography on silica gel; thin
30 layer chromatography (TLC) was carried out on silica gel plates; where a “Bond Elut” column
is referred to, this means a column containing 10g or 20g of silica of 40 micron particle size,

the silica being contained in a 60ml disposable syringe and supported by a porous disc,



anount of a conpound of formula (1). According to a further feature of this
aspect of the invention there is provided a 30 nethod of producing a TACE

i nhi bi t oryyoebé«wt927n a war m bl ooded ani mal, such as manPCTGB20@Sa®296 such
treatment which conprises adm nistering to said animal an effective anount
of a conpound of fornula (1). WO 2004/996927 PCT/ GB2003/ 002985 - 37
According to this further feature of this aspect of the invention there is
provided a  method of treating autoi munpe di sease, allergic/at

di sease$btaines{syn Mnriap dilaber Gy, Elidpmia, Hedsyuden %ﬂames‘%\é%g@ﬁ%ié‘&ﬁ%l@é{scul ar

di sease, r fblS] | YT a. i . ani mal , such
as man, Wfél}grﬁggdﬁé#u?%&%@#rc la mﬁ%ﬁ%@ﬁ%ﬁ?@éé@@%@?@@ﬁg 5to said
ani mal  agnahtagpionte 0 tvhn-@ldcgppe@)dinained frbmf laferatianili§orbet Tectmotugydad., i s a
nmet hod of treating rheumatoid arthritis, Crohn's di sease and sori asi s,

and espdei Hpusg, PiBuyrelndisirialistate. tY sérad Mnaghyrisngpeh Mid Glamergan, Ye iWhereman,
o t oot JuSamBRet ot RRRh Bk Gsf SRV e AT b RooPodi Sy Aind: SRbIR 2"

met hod Q,fy]’bﬁ@sé?.ti ng a respiratory di sorder such 10 as asthma or COPD in a
war m bl ooded ani mal, such as man, in need of such treatnent -which

conpr i sév) atgéneials the cogrse of wagtibna magdollarreddty BeE pndreaptiemtimes arg gisapoind of
f or mul aa]il%q.a.l n addition to their use in therapeutic medicine, the
conpoundS*HRUPRPIY a (1) and their pharnaceutical |y acceptable salts are

al so us gfl)uﬂlielﬁ& RS TRGLLRFLE Alusk&RInSody add e ndENRES hofNhich can be

standardi'sation of Tn vitro and in vivo test systens for the eval uation of
the 1B ebfawtddyadiligehiphictssrdevelopmeht, prpelatoncwverirepeated if aloor muierigl was nal s
such as cats, dogs, rabbits, nonkeys, rats and mice, as part of the search
for new'$HE¥dpeutic agents. In the above other pharmaceutical conposition,

pr oCess, iy :velS B an t ) | ternative
(v1mhgﬁ gweﬂ, 81 RiViR 0BG 1%: ﬁtgfﬁéﬁ ancfﬁ@rl‘ﬁ‘flﬁg%ﬂfti ﬁg HABL RS for rﬁ%oﬁ

and prefe nbodi ments of conpounds I nvention described
her ei n aligpnostppirpton? (i tendimplags perihaliom(ppnt)irelativd tol tetnamethgsildne ($MS taedn by

e e iea? o OBt eSS GhESEERS) B o5 ol
o R AR SR B Rl @R 200 0 e ¢anae
sul phat gyiiehepi¢a syrabol® hawohyie nsual meanings; SI units and symbols are used;
(viii) solvent ratios are given in percentage by volume;
(ix) mass spectra (MS) were run with an electron energy of 70 electron volts in the chemical
ionisation (APCI) mode using a direct exposure probe; where indicated ionisation was
20 effected by electrospray (ES); where values for m/z are given, generally only ions which
indicate the parent mass are reported, and unless otherwise stated the mass ion quoted is the
positive mass ion - (M+H)";
(x) LCMS characterisation was performed using a pair of Gilson 306 pumps with Gilson 233
XL sampler and Waters ZMD4000 mass spectrometer. The LC comprised water symmetry
25 4.6x50 column C18 with 5 micron particle size. The eluents were: A, water with 0.05%
formic acid and B, acetonitrile with 0.05% formic acid. The eluent gradient went from 95% A
to 95% B in 6 minutes. Where indicated ionisation was effected by electrospray (ES); where
values for m/z are given, generally only ions which indicate the parent mass are reported, and
unless otherwise stated the mass ion quoted is the positive mass ion - (M+H)* and
30 (xi) the following abbreviations are used:
DMSO dimethyl sulphoxide;
DMF N-dimethylformamide;



was carried out using a rotary evaporator under reduced pressure (600-4000
Pascals; 4.5-30 mmHg) with a bath tenperature of up to 60C, (iii)

chr omat ogwephgs/n2ess ot herw se stated nmeans fl ash chromarap2a@ne2es silica
gel; thin 30 layer chromatography (TLC) was carried out on silica gel
plates; where a "Bond Elut" colum issgeferred to, this neans a colum
containing 10Oy or 20g of silica of 40 mcron particle size, the silica
bei ng contained in a 60nl di sposabl e syringe and supported by a porous

di sc, W0 2004 927 PCiviteEnip)a®2985 - 38 obtained from Varian, Harbor

Cty, Califongpim USA up ~Mega Bond Elut SI". \Where an

"l sol uteTm SCX col um,,‘ﬁ?g’f‘e{t}é}?gﬁ%@ﬂ?g, this neans a col unm cont ai ni ng
benzenesul ph®IAD aci d (Digreropitamodizediboapinte ned from | nternati onal Sorbent
Technol ogy Ltd., 1st House, Duffryn Industrial Estate, Ystrad Mynach,
Hengoed, M d IEMPSgdaEMIRS Mpupra bes(rimednrsibillemidq js referred to, this
nmeans WdriM&gHautorr%&Ha (Hromat ography unit supplied by Jones; (iv) in
generdl, the course of reactions was followed by TLC and reaction tines are
given for ilfdmustrati orRdeM dempexturgi €l ds, when given, are for illustration
only and are not necessarily those which can be to obtained by diligent
process develldpgwent; prEpuceiceicadifre repeated if nore material was
required, (Vi]%t ﬁﬂen gi ve(%%m f.H NVR data is quoted and is in the form of

del ta val ues 8 maj or | ggnosti C protons, given in parts per mllion
(ppm) rel ativ@oiae tetr aamfifaydiaiel ane (TM5) as an internal standard,

determ ned at 300 MHz using perdeuterio DMSO (CD3SCCD3) as the 15 sol vent
unl es® ot her iZBAst at edsthdengdiankpeteisensetémacdd (J) are given in Hz; (vii)
chem cal sy have their usual meanings; SI units and synbols are used;
(viii) solve atios aFBSAAURAP N percentage by vol ume: (ix) nmass spectra
(MB) were runrpbhifs an ebeGHyRNIGRREEYIG 70 el ectron volts in the chem cal
i oni sation (APClI) node using a direct éxposure probe; where indicated

i oni sati on WABIPEA ef f ectisdpiopylethgbminspray (ES); where values for mz are
gi ven, gener gl only ions whi.ch. indicate the parent mass are reported,
and unl ess ot ié\]fél se stlﬁ?tgﬁlt?lﬂ%?ng a]%n quoted is the positive mass ion -
(MtH) s (x) LCMS characterisation was perfornmed using a pair of Glson 306
punps with Glson 233 XL sanpler and Waters ZMD4000 nass spectroneter. The

LC conprEXAMPEEdr symmetry 25 4.6x50 colum C18 with 5 micron particle
size. The eluents were: A water wt . 05% e
R/S)-1-({ [4-(But—2-ynyfgxy)p1pend1n% -yﬂsxﬁphonyfi }methyl)-4-pyrimidin-2-

ylbutyl(hydroxy)formamide

R N
o

/\ ° \ll

20 To a stirred solution of (R/S)-[1-({[4-(4-but-2-ynyloxy)piperidin-1-yl]sulphonyl }methyl)-4-
pyrirnidin-Zylbutyl]hydroxylamine (170mg, 0.43mmol) in THF (5.0ml), was added a
preformed mixture of acetic anhydride (200, 2.1mmol) and formic acid (0.75ml). The
mixture was stirred at RT for 23 hours. The solvents were removed by rotary evaporation,
EtOAc (15ml) followed by saturated sodium hydrogen carbonate was added and the reaction

25 mixture was stirred for 4 hours. The mixture was diluted with EtOAc (15ml) and washed
with brine (10ml), dried (Na;SOy) and evaporated to give a colourless film. The aqueous
layer was re-extracted with DCM (3x10ml), dried (Na;SO4) and combined with the previous
product. This residue was purified by chromatography (Flashmaster II, eluent 0—10% MeOH/
DCM) to give a mixture. The mixture was redissolved in MeOH (5ml) and K,COs was



formc acid and B, acetonitrile with 0.05% form c acid. The el uent gradient
went from95% A to 95% B in 6 mnutes. Wiere indicated ionisation was
ef f ect ed W9 200406920spray (ES); where values for niz ar @CgicBo03/messsral |y
only ions which indicate the parent nass are reported, and unless

ot herw se stated the mass ion quoted is4¢-he positive mass ion - (M-H)+ and
30 (xi) the follow ng abbreviations are used: DMSO di net hyl sul phoxi de;
DVF N-di methy A Lde; PCT/. 0 - 39-.

N Ol T 20090 AOARR T RO i

Di -i sopr ofpyhiadapt 6as Aexy (44,€0; ) id¥BnoénttatddNOSi td thBtilBompound as a pure oil
bis(trinethylsilyl)amde 5 MeCH Met hanol RT Room t enperature A
Tr 11 vor 0 6% NMR ETRET B HIRHd) 21 G2 &HA (bacetilh 6.3 ALOIBFA (g, 21D,

t hyl lzam t | ' dro n,, 1B afQ.
Certi arybuporanEcy G 1o 3o BeATlny EEhhoatt aRhyPa e Mphes: 425,
net hyl sertiarybutylether 15 EXAMPLE | (R/'S)-1-({

[ 4- (But - 2-ynyl oxy) pi peri di n-1-yl ] sul phonyl imet hyl) - 4-pyri m din- 2-

yl but yl (“ﬁb@&t@&ylgfrmtﬁmw@)dl-(k{ 4ybut-@-yyMxy)pip@idindltyl Rolpthiong }siethyhett
| uti f (RS)- .

oL 4o s 2 G e NS PP S AIR Y et hy ) - 4-

i) To solution of 4-hydroxypiperidine (20g, 198mmol) in 2M aqueous sodium hydroxide

(350ml) was added methanesulphonyl chloride (25ml, 323mmol) over 10 minutes. The

10 solution was stirred at ambient temperature for a further 1 hour. The reaction mixture was
poured into EtOAc (300ml) and the organic phase separated. The aqueous phase was
extracted with EtOAc (2 x 300ml). The combined organic phases were dried (Na,SOy) and
filtered. The filtrate was treated with SCX-2 resin (20g) for 15 minutes before filtration and
evaporation to give 4-hydroxy-1-(methanesulphonyl)piperidine as a white solid, (6.62g, 19%).

15 NMR(CDCl3):3.95 (m, 1H), 3.45 (m, 2H), 3.10 (m, 2H), 2.75 (s, 3H), 1.95 (m, 2H), 1.70 (m,
2H). ,
ii) To a suspension of sodium hydride (60% dispersion, 1.5g, 37.5mmol) in DMF
(350ml) was added a solution of 4-hydroxy-1-(methanesulphonyl)piperidine (6.4g, 35.7mmol)
in DMF (50ml). After 20 minutes at RT, 1-bromobut-2-yne (3.0ml, 34.3mmol) was added

20 rapidly. After 4 hours, at RT water (5ml) was added and the mixture left to stand for 16
hours. The solvent was concentrated and the resultant brown oil was partitioned between
brine (200ml) and EtOAc (200ml). The aqueous phase was extracted with EtOAc (2x200ml)
and the organic layers combined. The combined extracts were dried (Na,SO,) and
concentrated to give a brown oil which was purified by chromatography (Flashmaster II, 70g

25 silica column, eluted with 0—100% EtOAc / iso-Hexane gradient) to give 4-(but-2-ynyloxy)-
1-methanesulphonylpiperidine (1.8g, 22%Yield). NMR(CDCl3): 4.14 (q, 2H), 3.75 (m, 1H),
3.35 (m, 2H), 3.21 (m, 2H), 2.77 (s, 3H), 1.90 (m, 2H), 1.85 (t, 3H), 1.82 (m, 2H).
iii) To a stirred solution of the 4-(but-2-ynyloxy)-1-methanesulphonylpiperidine (461mg,
2mmol) in THF (15ml) at -15°C was added LiHMDS (4.4ml, 1.0M solution in THF,

30 4.4mmol). The solution was then stirred at this temperature for 30 minutes. A solution of
ethyl 4-(pyrimidin-2-yl)butanoate§ (400 mg, 2.1 mmol) in THF (1 ml) was then added

dropwise. The reaction was slowly allowed to warm to 5°C, then after 20 minutes, water



pyri m di n-2-yl butyl ] hydroxyl am ne (170ng, 0.43mml) in THE (5.01), was
added a preforned m xture of acetic anhydride (2001, 2.1lmmol) and formc
acid (0. Asopo4/0Dbe7 m xture was stirred at RT for 23 hoRCI/GBZh&/®@dsgent s
were renoved by rotary evaporation, EtOAc (15nl) followed by saturated
sodi um hydrogen car bonat e was added andgjhe reaction 25 m xture was stirred
for 4 hours. The mxture was diluted with EtOAc (15ml) and washed with

aquoous. O e ahed, OEsRlion 0 RARBEADES e Ot o Eep R S pmi) fhen

conbi nedihai atqhedd%&a)fbi Nk QLS xtrRQIOWER EtOAL 810n8 ; "lqié‘%oﬂﬁﬁ’ndaLHr bidi®ektRts were
chromat o @P\Ké (Fl'ashmaster 11, eluent 0-409 DCM To give a mxture.
g

The mi xt 2SQuti §teed/andl doncens@ked(i wmqucariﬂashmmnmgraw 0B4/260 6927
PCT/ GB20 985 -40 add 16h th t ed,
T oD e R L e PSR B S R E - s

% % ( (c::%% (i glr)péngérgg-ohé) afh z)ﬁlddﬂ Bil glgd fg 9303‘7?)3 M@D@IB l;g '%7 ?(ti’ '2}?&?4?&"’ 1ﬁ?’q ,

3.58 (m 4]18i)(q, 211)(33(961(8 A1), 337200, (1H), 2H) (mZZTﬂB 3(2?3 (n213H), h0dt, 2HS-ASARE, TH),

[1411H%4 buf 1§%5 3?%53%5%2#%?%5?&9%5ﬁ %Eﬂar@)i)yhéﬁ E{{?P) 4-

rimdipn2- t | l,uti on
o7 syl Dy e Yy b T e RS PR R UL S i
( 350 nTL) Wémnadldédnv,réﬁ%mgﬁﬂlsmyin Etlfb(irmew@%dﬂbd s3azrmBdrphaitkie (18mg)
nut c{] ta solution rred at anbient tenperature for a further 1
hour IQ'h%n @88?1?(% ﬂlg?%PQQiB$ft?f&§r@@ufeﬁﬁ@ IERQHRR izbERiP)s aﬂ@epﬁeeéa@@m c

hase gg)m] 0 0
'FI)'heScofrbl ne ‘gé rgani c gegﬁlv\gg@ ri (al\la%%‘%ﬂhg%?(w %A%?ﬁgﬁ?o trat e
was t reafremmrehxﬁié‘r)ﬁecﬂwﬁtﬁﬂtOA(cZQ@)ﬂ)f Qe tbmbingd b nhﬁfvﬁb"r@dlfld:d N3509 nand

evaporation to |ve 4- h dr oxy- | - %) met hanesul phon iplp eridine as a white
soI i d (®apotgtediggive (Re, NM&{ {-2yymylays) I{lmndmlf/ 19 (pyrigmidia-2t 0 (m

SOdI um h@&é&:‘ﬁ cfe%{)%;%g%gpg@s%ﬁmd)lw ggbéd Zﬁ?)) 7 lﬁ)(bég[) ‘t%g%ﬁﬂgﬁmgﬁﬂ’ded a

sol ut wnZIéf 34rhie rieRy3.56 (rey, hEmes4d @La)| 3 i par 2E), rxeo2(©a 4491) 1355 Zmplb) in
After 20 m nutes at RT, 1-bronobut-2-yne (3. was

DVF (
added 201 %aﬁﬁﬂdﬁl) M$:32.4 hours, at RT water (5m) was added and the

m xture ft S f IS¢ ol vent, . .C tr and the
resul tan? br o%n% oslttﬁl%q 58%131%,[% f flilg@z'eld{ [%'gp@%%ﬁny\i%’?ybPHBe%‘?B@iﬁ&MaﬁEf
(200n) . (pyhe@aLEAYSenBhaB 81 IREMEX0.7 8GR W dMES w8 Eﬁéthylarmne

(260ul, 1.9mmol) followed by methanesulphonyl chloride (65!, 0.83mmol) and the mixture

20 stirred at RT. After 21 hours the reaction mixture was poured into brine, diluted with DCM
(20ml) and partitioned. The organic layer was dried (Na,SOs), evaporated and purified by
chromatography (Flashmaster II, 10g silica column, 0->100% hexane to EtOAc) to give E-1-
{[4-(but-2-ynyloxy)piperidinyl]sulphonyl }-5-(pyrimidin-2-yl)pent-1-ene (158mg, 58% yield).
NMR: 8.68 (d, 2H), 7.15 (t, 1H), 6.76 (dt, 1H), 6.12 (d, 1H), 4.12 (g, 2H), 3.68 (m, 1H), 3.30

25 (m, 2H), 3.05 (m, 4H), 2.35 (m, 2H), 2.04 (m, 2H), 1.89 (m, 2H), 1.84 (t, 3H), 1.76 (i, 2H);
MS: 364.

vi) To a stirred solution of the E-1-{[4-(but-2-ynyloxy)piperidinylJsulphonyl }-5-
(pyrimidin-2-yl)pent-1-ene (158mg, 0.43mmol) in THF (5ml) under argon was added
hydroxylamine (50% solution in water, 450ul) and the mixture stirred overnight. The mixture

30 was poured into water (5Sml) and EtOAc (15ml) and the partitioned organic layer was washed
with brine (5ml), dried (Na;SO4) and concentrated to give (R/S)-[1-({[4-(4-but-2-



and the organic |ayers conbi ned. The conbi ned extracts were dried (Na2SO4)
and concentrated to give a brown oil which was purified by chromatography
( FI ashmaswer2004/006920g 25 silica columm, eluted wi th O0--100%dE2Q¥8002985

i SO- Hexane gradient) to give 4-(but-2-ynyl oxy)-

1- met hanesul phonyl pi peridine (1.8g, 22%vield). NVR(CDCl1l3): 4.14 (q, 2H),
3.7 (m 1H), 3.35 (m 2H), 3.21 (m'4%1—|), 2.77 (s, 3H, 1.90 (m 2H), 1.85
(t, 3H), 1.82 (m 2H). iii) To a stirred solution of the

4- ( but yRylpry)pipeyijlint 11yt pinegy Ui opdtioyly-H giypierididi Jvglbpwéihpdroxylaming L 70meTHE
(15nl) at -15C was added #i Hg,DS lg4 '4§ﬂ 1.OM solution in THF, 30 4.4mmmol).
The solBP7edrihisaiesisesimampdipely 18he Hnd ste@rperat ure for 30 ninutes. A
solution of ethyl 4-(pyrimdin-2-yl)butanoate (400 ng, 2.1 nmmol) in THE (1
m) was then added dropw se. The reaction was slowy allowed to warmto
5C, t hgRuaf Yqpydididih2ulpatanoatt evas WE2patidds GoIBOLs PCT/ GB2003/ 002985 - 41
(2m) was added. The solution was partitioned between brine (20ml) and

Et 0AS (¥t 4-(pyrimeidin-ZHBbHaRRH s | ayer was re-extracted with EtOAc (1 Om).
The conbi ned organic extracts were dried, (Na2S™), filtered and
concentraged in vacuo. Flash chromatography (silica gel, 50% EtOAc in
hexane) (gaveN 1-{ [ 4- (@ut - 2- ynyl oxy) pi peri di nyl ] sul phonyl }-5-(pyrinmdin-2 5
yl ) pentfan- 2-lone as a yellow oil (286 ng, 38% . NVR(CDCl3): 8.67 (d, 2H),
7.13 (t, é , . a, ~3.96 (s, 2 H, 3.72 (m 111), 3.47 (m 2H),
3.22 (m 2H), 3.0 (t, 2H), 2.84 (t, 2H), 2.16 (m 2H), 1.98 (m 2H), 1.85
(t, 3H), 1.76 (m. . 2H),; - .380.. iv) To a Stirr | yti.on of 1-

L (bu BRI ERYSEE bi0e RORPRaT Sty d it {RRE: AhaSHh fmolitier s one
(286ng, I ; j Hihd@e lo and
Lo m R e A e e o e ke

concentitadged pargingt Bidtacé@0inile)padisdincd@) chibhide (2. amiad) dralteiphenyipbasptiedd wi t h

bri 20mL dth ti - ext ted with / Onml). Th

conbitn 64 SBRRNE Shersddebted R sty oo Byt del OGN TS 1
A (but- 2. . o . s s ) _ ol

( 286y POSSE SRR Docoit, PRATHInt R (BRI e LB RAT 2,° 4

(9, 15 cahipletSatihiChinpoihtivateB wab added and tHafolutRmnddtatyrgvapdraldd to3nddl. EM2H)

3.02 (m 4H), 1.85 To a sti%r.ed

(t, 3H), 1.81 (m .8H.; M5 382, v)
sol ut i ores@deds) th!?-sf’h{f@nC’%ﬁﬁtwaﬁh%‘%ﬂ&)i%%gértieﬂﬁ%?é}% slh ARy 1apd gine.
i mMadi Qs 2y t an-.g- ' A ded
FY et it e Sl BB PR o 8P L G, L Ao 8B 860 (o1
0. 8315mMainpuARd Thiemibitilewia RBobkd in THFafRED tdifeh@ive e inguirisy, tiiem theact i on
m xture was poured into brine, diluted with DCM (20nml) and partitioned.

The or gahvieot teapued o 8 refpiyey apauaRsefyrding the dpsited @thyh d-(pYimiditsd- by
yl)butanoate as an orange oil (95.4g, 492mmol). 'H NMR (400MHz): & 8.73-8.72 (d, 2H),
7.35-7.33 (t, 1H), 4.07-4.02 (g, 2H), 2.91-2.88 (t, 2H), 2.38-2.34 (t, 2H), 2.05-1.97 (m, 2H),
1.20-1.16 (t, 3H)

20
EXAMPLE 2
(R/S)-1-[({4-[(but-2-ynyloxy)methyl]piperidin-1-yl }sulphonyl)methyl]-4-pyrimidin-2-
ylbutyl(hydroxy)formamide

25 The procedure described in Example 1 was followed except that 4-(but-2-ynyloxymethyl)-1-
(methanesulphonyl)piperidine (360mg, 1.47mmol) was used (synthesis described below) in



chr omat ogr aphy (Fl ashmaster 11, Qg silica colum, 04 100% hexane to Et OAc)
to give E-1-

{[ 4- (but -wOyngd/@xs2ypi peri di nyl ] sul phonyl }-5-(pyri m di n- 2CYIGRres/002988ne
(158ngy, 58%yield). NWR 8.68 (d, 2H), 7.15 (t, 1H), 6.76 (dt, 1H), 6.12
(d, 1H, 4.12 (q, 2H), 3.68 (m 1H), 3.30 25 (m 2H), 3.05 (m 4H), 2.35
(m 2H), 2.04 (m 2H), 1.89 (m 2H), 434 (t, 3H), 1.76 (m 2H); M5 364.
vi) To a stirred solution of the E-1-{

[ 4- (but pRey BY4-0b00)PiBe6y0li 1k thattspidBRYIbiptridine Yo pive 2K 3 peat-2} - ene
(158nyg, 0043mm% |$r,1rB$HI%¢(5rrfL ur?dg);Ial a*}%rgﬁnwas agl eQR[S—r)\ dwc{)xg(lebgm ne (50%

sol ut i omnylﬂxw)meﬂwllpmﬂyn bmesullﬁbonﬁl)m%h Htnyrinsdincrgibahithy droxiformaptide e 30

was po )

Iayer h?’éﬂﬁwﬁ h&gﬂ né% g%%}ggﬂﬁigqi@zggﬂ)(g’an ?ﬁ%je glfﬁ)c] ?o gi ve
(R'S)- [ét 0{5}1[)44034(1@111{)23\0@(%9@1&1?0&@%741@?3(@%9@_31)9@.29&5, 2H$2.92 (m, 2H),
ynyl oxy) pi peri di n-1 - hon }methyl)-4-pyrimdin-2-yl butyl]hydroxyl amn
e (176mg-35 (.6BDY1. 7t(m §HMM&J§é i mmediately in the final step.

Et hyl 4- (pyri m di n-2-yl ) but anoate was prepared as follows: 5 Ethyl

4- (pyrimdin-2-yl)butanoate ~N O O 2-Bronopyrim di ne (80g, 500nmol) was

slurriegpg g M%é(fﬂ@x@%yldﬁ@rﬂeﬂx?[)tl @hsm&mgergﬁomﬁn peHdBRt Wik p¥pbsR aci ng the
ai r atnmosphere wi th ni'tfogén, | owed by degassing the slurry by nitrogen

pur gi ngfolBives{ acet onitril e)pal l adium (11) chloride (2.5mol) and

o el hox- 4- ol bR eliBr ks po i e 1248580 ke BRI ) 1n o
port Ilgnasoﬂhﬁwm, XAdeaeridBadide 68, 498 hinoh)TBIEREELY ARHARSsulHAPI &mﬁtm\cﬂhl ch

point water was added and the solution rotary evaporated to an oi l
was addé&d0mh@8t2mrsol.oAdei 2 heuss awdkshehd redctibn iiktER WAt dilutedwdh litO4al t, wat er

The pr ol SRLEHLe Srsidi éa'se?@f%‘@% vy B%ﬁﬁdwfrﬁfﬁ?ﬂvxﬁéc?d Dsiiedhe i TrE
filter e@ldOﬁq SFRY eNh e} ey ?&atédﬁ@%nk@%métﬂin‘é@ﬁl gyn-f rotary

evaporator affording the ed eth pyrimdin-2- yl)but anoate as an
or ange uoicthap&mipglpnyPpgendink)as b ofivRhitel 00Id-#)5g, BB). TRMRICDCl): 42H, 2H),

;S Bl Mot Tt B Sy G i e o 4 € 20
i) To a stirred solution of but-2-yn-1-ol (550ul, 7.4mmol) in DMF (25ml) was added
sodium hydride (300mg, 8.1mmol). After 90 minutes a solution of 4~
(methanesulphonyloxymethyl)-1-methanesulphonylpiperidine (2.0g, 7.4mmol) in DMF
(30ml) was added. After 2 hours stirring at RT water (Sml) was added and the mixture

20 concentrated to a brown oil. This was partitioned between EtOAc (100ml) and brine (150ml).
The aqueous layers were re-extracted with EtOAc (2x50ml) and the combined organic
fractions were dried (NaxSQOy), evaporated and purified by chromatography (Flashmaster I,
50g silica, 50> 100% hexane to EtOAc) to give 4-(but-2-ynyloxymethyl)-1-
(methanesulphonyl)piperidine(680mg, 2.8mmol, 37%). NMR(CDCls): 4.07 (g, 2H), 3.81 (br

25 m, 2H), 3.35 ( d, 2H), 2.76 (s, 3H), 2.64 (m, 2H), 1.8 (m, 5H), 1.71 (m, 1H), 1.35 (m, 2H).

EXAMPLE 3
(R/S)-2-({4-[(But-2-ynyloxy)methyl]}piperidin-1-yl } sulphonyl)-1-
methylethyl(hydroxy)ormamide



(RIS)-1-[({4-[(but-2-ynyl oxy) nethyl]piperidin- |-yl }

sul phonyl ) met hyl ] -4-pyrim di n-2- yl butyl (hydroxy)formamde ON , O\ ~ON
N O 25 Twe pe«weedr e described in Exanple 1 was fol | owedTa®em/002984t

4- (but - 2-ynyl oxymet hyl ) - 1- (et hanesul phonyl ) pi peri di ne (360ng, 1.47mmol)
was used (synthesis described below) in WO 2004/006927 PCT/ GB2003/ 002985
-43 pl ace of 4-(but-2-ynyl oxy)-1-net handdul phonyl pi peridine to give

(RIS -1-[({4-[(but-2- ynyloxy)methyl] piperidin- I -yl }
sul phonyl ) net hyI] 4- pyri m@;n 2-yl butyI (hydroxy)for mam de (169ng,
0. 38mml ) . NNR 8.68 (d, (s, 5H), 8.04 (d, 0.5H), 7.23 (t,

0.5H), 7. 05H) \‘m 2H) , 378(m 2H), 3.3 (m 4H), 3.06 (m
4H) , 278(\2H) 12( ﬁg-d% 1.85 (t, 3H), 1.7 (m 7H) ; M5 439 The
starting 4-(but met h (rret hanesul phonyl') pi peri di ne was
prepared as foIIovvs |) To a stlr ed sol ution of piperidin-4-ylmethanol
(29, 17.4mol ) dissolved in DCM 10 (250nl) was added tri et hﬁl am ne (6n,

43. 5l ofagtirisdeelutign pdtREmasiit-thieRyyninartiadrigesidand - yilselpbemsl-: After

the or gamdub GakABR s Bl W%@aﬂ?@@ﬂ&ﬁ?%@%v&ﬁ%) e

(100m ), pekiuedof(dBRSiMydAns (®oanQrahael) bid Hirkee acid (0.75ml). The mixture was
4- (et hanesul phonyl oxymet hyl ) - 1- met hanesul phonyl pi peri dine as an of f-white

sol i d (4sByed gav¥A oveduiRh e3yolvestsiwerg rempeied HygoRrBevapayatiop) EtOA Q@A Omd) 3H)

2.79
sol ut |( zn f‘gw"fﬁﬁfbj’ faﬁ)ﬁgiath 6‘@%@%@ 8%%%%‘3 ar}cﬁtﬁbﬁﬁgctl H%Pﬂ tu(ﬁg%gs'oscﬁﬁrg gtfo d| um
hydride (3QQmyye ﬁnkﬂﬁ?@éﬂlﬁs wﬁtfhreﬁ KyifOhr{He 468D %&NN&ES@D Rl eéaporated to give a

(met hanesul phonyl oxymet hyl')- 1-met hanesul phonyl pi peri'di ne (2. 0g, 4mmol )
in DVF  p3Bntlowad. dthiedsidaé Wes pmﬁncﬂmsclmmatpgngh)afﬂ&‘hnmteeﬂ QIBmE)O—mé&‘V

added an ur 20 t t | ¢ q
bet ween %ﬁéﬁ& ﬁ%fgl% C%?E{4E[T@5%[[yl%lc? ﬁgoﬁm&b%mp%@vﬁ%@b-f- I one
re- ext r n i
e g, B AR R TR s oty Somver o
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The starting material (R/S)-2-{[4-(but-2-ynyloxymethyl)piperidin-1-yl]sulphonyl }-1-
15 methylethylhydroxylamine was prepared as follows:
i) To a stirred solution of the 4-(but-2-ynyloxymethyl)-1-methanesulphonylpiperidine
(prepared above) (320mg, 1.3mmol) in THF (10ml) at -17°C under argon was added LIHMDS
(2.8ml, 1.0M solution in THF, 2.8mmol). The solution was then stirred at this temperature for
30 minutes. A solution of diethylchlorophosphate (190ul, 1.31mmol) was then added and the
20 reaction mixture stirred at 0°C for a further 50 minutes. Acetaldehyde (100uL, 1.8mmol) was
then added. After 15 hours the reaction was quenched with saturated ammonium chloride
(10ml). The organic phase was separated and the aqueous layer extracted with EtOAc (30ml).
The combined organics were combined, washed with brine (10ml), dried (Na,SO,),
concentrated and chromatographed (Flashmaster II, 50g silica, 50->100% hexane to EtOAc)
25 to give BE/Z-{1-[4-(4-but-2-ynyloxymethyl)piperidin-1-yl]sulphonyl } prop-1-ene as a yellow
oil (100 mg, 0.37mmol). MS: 272.
ii) To a stirred solution of the E/Z-{1-[4-(4-but-2-ynyloxymethyl)piperidin-1-
yl]sulphonyl }prop-1-ene (100mg, 0.37mmol) in THF (5ml) under argon was added

hydroxylamine (50% solution in water, 450u1) and the mixture stirred over the weekend. The



25 m 2H), 3.35 (d, 2H), 2.76 (s, 3H), 2.64 (m 2H), 1.8 (m 5H), 1.71 (m
1H), 1.35 (m 2H). EXAMPLE 3 (R/'S)-2-({ 4- [(But-2-ynyl oxy)nethyl]

pi peri di rw0-2904/Go6=al phonyl ) - 1- net hyl et hyl (hydroxy) f or PariGR208¥D02985

2004/ 006927 PCT/ GB2003/002985 -44- 0 NSOl DN OI To a stirred solution
of (RIS)-2-{ [4-(but-2-ynyl oxynet hyl )%eri di n- 1-yl ] sul phonyl } - 1-

net hyl et hyl hydr oxyl am ne (112ng, 0.37 ) in THE (5.0nM), was added a
preformed m xture of acetic anhydride (2001, 2.Inmol) and formc acid

(0. 75nml) mixthe: wasgouresl nesw ates (Gntl) et BtOART(16wd) aridghe parTitiensbodngemt dayaewes
removed by rotary evaporati.on

.. Et OA | OM fall d d di
hydr ogenvasedoridt ing{amlh dried é@%ltSQﬁ)C%H(@&OHF%‘thl 9 %%@gg)rg‘ﬂ‘;{b%ltﬁ‘ ur : .O I'I'ﬁ(ran

m xture i &y bri AL gi ve
L e L S

( FI ashmaghigrwdslused®inuaediatelyia@be filkdicwp. / DCM to give
(RIS)-2-({4-[(but-2-ynyl oxy) net hyl ] pi peri di n-1-yl }sul phonyl)-1 10

met hyl &t hyl (hydr oxy) formam de (75ng, 0.22mmol). NVR(CDC 3): 7.96 (s, 1H),
4. 36 (mEX%MB (g, 2H, 3.77 (m 2H), 3.47 (dd, 1H), 3.34 (d, 211),
2.90 (dds —2—75 (m 2H), 1.85 (t, 3H, 1.82 (m 2H, 1.74 (m 1H),

1. 48 (d, 23Butb-y3d1dxFmedtylpipddilin-3 3asulghdyBhahil)-Agnehyiesdnadno{cRic) - 2- {

[ 4- (but - 2-ynyl oxynet hyl ) pi peri di n-1-yl ] sul phonyl }-1- 15

met hyl et hydrayyhngdy | am ne was prepared as follows: i) To a stirred sol ution
of the 4-(but-2-ynyl oxynet hyl)-1-met hanesul phonyl pi peri di ne (prepared
above) (320ng, 1.3mmol) in ™ -17C under argon was added Li HVDS

(2.8, 1, OMsolution j 2. The solution was then stirred at
this tenmpe ure for 0 m|nut®
(1901, 1.3l dded an

sol uti on of diethyl chl orophosphate
Nthe 20 reaction mxture stirred at 0C
for a further 50 m nutes. Acetal dehyde (100L, 1.8mmvl) was then added.
After 15 hours the reaction was quenched with saturated amoni um chl oride
(1 Onl )10 The stirgdndlotiphaf2-(4vbst-2apreaymeethdpipetidia- kylsephonylmpeyekt r act ed
wi th Et OAc Oonml).. Th nbi or gani e.conbi i brine
I L o b e gy b el b e
509 sili g2.1yP31dridtBMnieX 888inioD). BtHeR6ActidR wWad sir¥®fde/1Zhbur at RT and then

1- [ 4- (4-but = 2-ynyl oxymet hyl ) pi peri di n-1-yl ] sul phonyl }prop- |-ene as a
yel | ow evaporated to dryness at RT to give a yellow solid. The solid was redissolved in DCM (6ml)

and added dropwise, over 5 minutes, to a solution of hydroxylamine (50% aq., 1.0ml) in THF
15 (15ml). The resultant solution was stirred at RT for 1hour and then evaporated under reduced

pressure. The crude product was purified by chromatography (Flashmaster II, 20g silica bond

elute, eluent 50% to 80% EtOAc / isohexane) to give the product, as a white solid (160myg,

0.43mmol). NMR (400MHz, CDCls) 0.91 (d, 3H), 0.93 (d, 3H), 1.34 (m, 2H), 1.71 (m, 2H),

1.81 (m, 1H), 1.85 (t, 3H), 2.71 (m, 2H), 2.83 (dd, 1H), 3.35 (d, 2H), 3.42 (dd, 1H), 3.72 (m,
20 2H), 4.08 (g, 2H); MS: 375.

The starting material 2-(4-but-2-ynyloxymethylpiperidin-1-ylsulphonylmethyl)-4-methyl-
pentanoic acid was prepared as follows :
i) To a solution of 4-but-2-ynyloxymethyl-1-methanesulphonylpiperidine (520mg,

25 2.12mmol) in THF (7ml) cooled to -16°C was added LiHMDS (1.0M in THF, 2.2ml,
2.2mmol). The solution was stirred at -16°C for 10 minutes. To this solution was added a
solution of 3-isobutyl-oxiran-2-one in THF, dropwise, at -16°C, (prepared by addition of
LiHMDS (1.0M in THF, 2.3ml, 2.3mmol) to a solution of 2-bromoisocaproic acid (431mg,
2.2mmol) in THF (7ml) at -16°C). Stirring was continued at RT for 1 hours. The reaction



oil (100 nmg, 0.37mml). MS: 272. ii) To a stirred solution of the E/ Z-{
1-[4- (4-but-2-ynyl oxynet hyl ) pi peridin-1- yl]sul phonyl}prop- 1-ene (100ng,
0. 37mol )wpreotlHB6(23M ) under argon was added hydroxyl afCR&GE28G602wsEUt | on
in water, 4501) and the m xture stirred over the weekend. The WD

2004/ 006927 PCT/ GB2003/ 002985 -45 m xt g%e was poured into water (5nl) and
Et OAc (15ml) and the partitioned organi- Tayer was washed with brine
(5m), dried (Na2S04) and concentrated to give (R S)-2- but - 2-

ynyl oxynetasyirspshed widy ammpning qhleridesiobition (jaturatedmgngaust %W})hQ BY) (&md) raed

( 112ng, %téﬂméaﬂ) wetd hgde\gasfhlé%%ganllcm]ﬁgé qhe géf)aratedt hﬁlefa'qﬁgous pthafgs extrattod

2 (4- But vathyIEnD AX@OBINYTHY dektifédorkanit ShdsB @B mhb&bvlmﬂorﬁiet(mlbﬂﬁmdanm c
acid hydro;%ﬁm de N' OOto To a stirred solution of

2- (4- but (NappRda).exgpasetediapd perifiet by dhrgmeioersipby (Flasmmster I4 S0greivent pen8akoI C

o or de TP A1sob el iy i Eab kS et il R e Pr

then ev %ﬁ&l‘iﬁlpéﬂtah@icci&iﬂr@SQm%tO SRimbl 3% ¥§eBow il RWIR QAOM hepen) b94uas

redi ssolved in added dropw se, over mnutes, to a solution

of hydr ox3¥)ahPhéd, (3513% aﬁrl 741(8Ba1y), 1.85 (]tHEH)LQ 6(51(5611;11}1) Iﬁié (me H), 20 (ddol HiY, i on
was stirr orated under reduced pressure.
The cr Udéﬁ%r@-ﬁdﬁg %@@3&5@259@3/55#%%3@ tashmaster 11, 20g
silica bond elute, eluent 50%to 80% Et CAc / isohexane) to give the
product, as a white solid (160ng, 0.43mvol). NWMR (400MHz, CDC13) 0.91 (d,

3m,01w£_)(@g_&m§134(m 2H), 1.71 (m 2H), 1.81 (m 1H), 1.85 (t, 3H),

2.71 (m 3.35 (d,. 2 3. m .20 2
4. 08 E q, (% 2-(Jd- [% vﬂgxg]pg}epﬁm(;l pfle}fs@ph%yl) 1—pgmeny’leth;/_l')(hydroxy)fo&narmde D
2- (4-but - 2-ynyl oxynet hyI pi pexi di n- 1-yl sul phonyl net hyl ) - 4- met hyl - pent anoi c

aci d was f ol Ioovvsl: i) To a solution of
4- but - 2- ynyl oxyngt hyll- | grenfanesul phonyl pi peri di ne (520ng, 25 2.12nmml) in
THE (7nml) cool ed MGC wgs added Li HVMDS (1.OMin THE, 2.2ml, 2.2mol).

The solution was sti rge t for 10 mnutes. To this solution was added

a

To a solution of (R/S)-2-{[4-[prop-2-enyloxy]piperidin-1-yl]sulphonyl }-1-
phenylethylhydroxylamine (described below) (0.75mmol) in DCM (1ml) was added a pre-

15 mixture of formic acid (2ml) and acetic anhydride (1ml) and stirred at RT overnight.
Methanol (5ml) was then added and, after stirring for 30 minutes, the mixture was evaporated.
The residue was re-dissolved in methanol (2ml) and allowed to stand at RT overnight. After
evaporation, the mixture was purified by BondElut chromatography (10g Silica), eluting with
a gradient from DCM to 5% methanol in DCM to give (R/S)-2-[prop-2-enyloxy]piperidin-1-

20 yl}sulphonyl)-1-phenylethyl(hydroxy)formamide (0.16mmol, 0.059g) as a solid. MS: 3609.

The starting (R/S)-2-{[4-[prop-2-enyloxy]piperidin-1-yl]sulphonyl }-1-
phenylethylhydroxylamine was prepared as follows:
i) Triethylamine (8.0g, 0.079mol) was added to a stirred solution of E-f3-

25 styrenesulphonyl chloride (12.0g, 0.059mol) and 4-hydroxypiperidine (8.0g, 0.079mol) in
THF (100ml) at RT. Stirring was continued overnight before the reaction mixture was
reduced to low volume and partitioned between EtOAc followed by aqueous 1M HCI,
saturated NaHCO3 and brine. The organic fraction was then dried (Na;SO4) and evaporated to
give E-[4-hydroxypiperidin-1-ylsulphonyl]-2-phenylethene. (12.75g; 0.046mol); NMR



solution of 3-isobutyl-oxiran-2-one in THE, dropw se, at -16C, (prepared by
addition of LiHVDS (1.OMin THE, 2.3nml, 2.3mmol) to a solution of

2- br onoi swoape4ioe2aci d (431ng, 2.2mol) in THE (7m) atPCTAEE2P03/BRessri ng
was continued at RT for 1 hours. The reaction WO 2004/ 006927

PCT/ GB2003/ 002985 -46 was quenched w tg ammoni um chl ori de sol ution
(saturated aqueous, 5ml). 2M HO (8ndl) %d Et CAc (20nl) were added. The
organi ¢ phase was separated. The a&ueous hase extracted

(20n) . tEPCEOnbAnba (s §Hhi 19-PriadesHie? 8-Ha {he dH 3437 (Iﬂeﬂé)zééé)(s 139 ed

Na2S04 h hy (Fl ash 11, 509,
cl uent 56805 BIEr G b o B MRS g e o o (T ashmster g

2- (4-but 1 1 therd (0/2g, 0475nixabl Bb1aEWDI
2ol d (ash ?‘“ﬁmﬂé@fﬁ%ﬁ?ﬁﬁf‘?m@”ﬂ“oomﬁ R i
0. 97 (d, iBAMF (3r80)-and 7ddedgp, ly@bromlck&lémm@HAcgvgsng efcRrgongas vgasmtr‘ec}ﬁce H)

oo, | & aoduiehie wlpnefibodtyp bR f s oy fRpbn g el Bt 10

sul phonylg th% sﬁﬁ%ﬂﬂ:a‘%ﬁgﬁ{ | éﬁﬂﬁ@%kﬁﬁﬁﬁ@@o@@mlﬁlt Gvater ($inl) Mas @ddéd @rophse
sol ution of 2-{[4-[ prop-2-enyl oxy] pi peridin-1-yl]sul phonyl }-1-

phenyl et hn)amhlﬂry)ranﬂyhmmiean( destord dxerdctoe wet) BB cASmib | Dhei qrgmMa(ypmw;s was
added a pre 15 m re of formca hyd | .ml nd
stirred E?PWC‘?J%&( ﬁﬁeé‘ﬂ’t‘e(’usﬂ@feﬁgﬁﬁe W&)W%ﬁ]ﬁ%ﬁnﬁﬁidt “rlél ?r§f(“m§§ |) r ?I ng
for 30 | ved
M mg ga &{slfmeed%%@r&%ﬁﬂ%ﬂda lidd® 4 I@@%ﬁ%@a PRfdrae shissal ve

in meth wed to stand at overn After evaporation,
t he it uné eludesl \pnh ia foradierio yroBoDAM tot 2. 5%rMn@fhngXﬂv®to(g1®gﬁ SHprop)2- el uti ng

\(MR; g) g %{3?@%5]%&@?@&%&9&?@"3 get?wne Wthl(%l\/I as cal%ed through to the next step.
ylysul ph 331[43 Qﬁgﬁl 2 ap%/dxﬁgxl%r&?g () é&?iﬁ%ﬁ? 2 Shek OTRhe wis BREM PR BHF

solid.
[4-[ pr op(ifmﬁ)rhylHQbfa/ilphpmé inghes eielydddswitip igoy bifote h)plnexw:hminby]h wattr 30 ani ne
was prepared as follows: i) Triethylam ne (8.0g 079no added to a

stirred §g]u@pp0}m]afwagagded and the mixture stirred v1gorous1y ovem1ght IIE?tOAc (1ml) was
15 added and the aqueous layer separated. The organic layers were washed with brine and dried
(Na2S04) and concentrated to give (R/S)-2-{[4-[prop-2-enyloxy]piperidin-1-yl]sulphonyl }-1-
phenylethylhydroxylamine which was carried through to the final step.

EXAMPLES 6 and 7

20 The method described in Example 5 was followed except allyl bromide was replaced with the

appropriate halide to give the products shown below.

Example | Structure and Name Starting phenol | MH+
Number
6 o 0 1-bromo-but-2- | 383
NN o) |
o N ene
N 7/
Vs
(0]

(R/S)-2-({4-[but-2-enyloxy]piperidin-1-
yl}sulphonyl)-1-

phenylethyl(hydroxy)formamide




25 styrenesul phonyl chloride (12.0g, 0.059nol) and 4- hydroxypi peridi ne
(8.0g, 0.079np1) in THE (100m ) at RT. Stirring was continued overni ght
bef ore t hwoneaowsen m xture was reduced to | ow vol unme &aou/greoey/aoewssed

bet ween Et OAc fol |l owed by aqueous 1M HCl, saturated NaHCO3 and brine. The
organic fraction was then dried (Na2804 ﬁand evaporated to give

E- [ 4- hydr oxypi peri di n-1-yl sul phonyl ] - 2- phenyl et hene. (12.75g; 0.046n0l);
NVR WO 2004/ 006927 PCT/-GB2003/002985 47 (CDC13):—1.5-1.8 (m 4H), 1.9-2.1

AV e y EEAC AV A~ v 4

(m 2H)|73.0-3.2| 11), 3.4-3.6 (m 2H), 3. lgEbrasmo, Bry - (68395 ([s. 1H),
7.3-7.6|(m 6H); 68, ||

E-[ 4- hydr oxypi pefi drn- 21 onyjl ] -@< pﬂenyle }mng*F8pf 0. 75muol ) was

di ssolved in DV (3ml) and edth, I yl bronamde (1. 5nno|). A dovering of
argon gas was infroduced 5 tot e, Fube re solid sodium hydrijde (0. 1g;
incl. oill) was carefully added, inoOthree fijons to the stjirred |reaction.
Stirring was conti nued overnlght. Wat er ( was added (drjopw sg
initiallly) and the resultant m xture extracted with Et QAc (|5nl). |The
organi c |l ayer wasR/SeRe{di{2ghemdprope2aqueous |layer washed ggain with Et OAc

(3nl). The conbi ped.o ani cs re rated,| re-di ssolved in DCM (5nl)
and appllied to a ? O@ﬁpwg% %ﬂggé?ﬂshﬁﬁﬁﬂhn 10 and el ut ed jﬁth a |gr adi ent
a

fromDCMto 2. 59 ?¥gﬁmﬁm§e[4 [ prap- 2-
enyl oxy]pi peri di h- 1- vIs |D ony phenyl et hene whi ch was

to the next step. iii)

E-[ 4-[ prop- 2- enyl oxy] pi peri di n-1-yl sul phonyl ] - 2- phenyl et hene was di ssol ved
in THE (1m) and the air in the tubes excluded with argon before
hydroxyl am ne in water (50% solution, Im) was added and the m xture
stirred vigorously overnight. EtOAc (I M) was 15 added and the aqueous

| ayer separated. The organic | ayers were washed with brine and dried
(Na2SO™4) and concentrated to give (R'S)-2-{

[ 4- [ prop- 2- enyl oxy] pi peri di n-1-yl ] uul phonyl }-1- phenyl et hyl hydr oxyl am ne
which was carried through to the final step. EXAMPLES 6 and 7 20 The net hod
described in Exanple 5 was foll owed except allyl brom de was replaced with
the appropriate halide to give the products shown bel ow. Exanple Structure
and Nanme Starting phenol M+ Nunber 6 10 1-bronp-but-2- 383 OY) N ene
NSO O/ I \

rried through




(R/S)-2-({ 4- [but-2-enyloxy] piperidin-1- yl}sul phonyl)-1

phenyl et hyl (hydr oxy) f or mam de WO 2004/ 006927 PCT/ GB2003/ 002985 -48 7

1- brono, 8O 24606971 i phenyl-prop-2 N~ ~j0 \ N ene ; S~POT/GBA®)002986{ 4- |
3 -phenyl - prop-2- enyl oxy] pi peridin-1-yl } sul phonyl)-1-

phenyl et hyl (hydroxy) f ormam de WD 2004/ Q@6927 PCT/ GB2003/ 002985 - 49-
CLAIM5: What we claimis : 1. A conpound of formula (1): R4 R3 (Dym 011/
JNn X B~ Z RL R8 5 fornmula (1) wherein Z is selected from -CONRL5CH and
- N(OH) CHCLAIMS; i s hydrogen or Cl_3alkyl; wherein Rl is hydrogen or a group
sel ecte rom Cl. 6al kyl, C2_6al kenyl, C2.6al kynyl, C3_ 7cycl oal kyl,
C5_7cyc?%’i‘ﬁ'i<‘3ﬁfﬁ]a,n%é4ryl, het eroaryl and heterocyclyl where the group is
optional{y 1R ceuipstnd it fednbiy (Dne or nore substituents independently
selected fromhalo, nitro, cyano, trifluor oma%pyés trifluoronethoxy,

Cl. 4al kyl , C2.4alkenyl, C2_4al kynyl, C3_6cycl'gal/Ryl (optionally
substituted by one or nore R1), arylog\o,{;@i on y sugstitut ed by one or

nore R17), heteroaryl (optional ubsB{ut ne or nore R17),
het er ocycl yl, Cl_4al koxycar bonyl | - , - Mo , -S02R2, -COR2,
- CO2R5, - CONR5SRG, - NR16CCR§,\- SQRNRSR6 and - 153NRKESO2R2;
X
5 formula (1)

wherein Z is selected from ~CONROH and -N(OH)CHO;
R" is hydrogen or Cysalkyl;
wherein R! is hydrogen or a group selected from C16alkyl, Cp.galkenyl, Cz.galkynyl, Cs.
scycloalkyl, Cs.scycloalkenyl, aryl, heteroéryl and heterocyclyl where the group is optionally
10 substituted by one or more substituents independently selected from halo, nitro, cyano,
trifluoromethyl, trifluoromethoxy, Cr.4alkyl, Cy.qalkenyl, Cz4alkynyl, Cs.scycloalkyl
(optionally substituted by one or more RY), aryl (optionally substituted by one or more R,
heteroaryl (optionally substituted by one or more R, heterocyclyl, C;.qalkoxycarbonyl, —
OR’®, —SR?, —SOR?, ~SO,R%, —COR?, ~CO,R®, -CONR’R®, ~NR'®COR?, ~SO,NR’R° and —
15 NR'SO,R%;
R'® is hydrogen or Cysalkyl;
R is selected from halo, Ci_galkyl, Cs.¢cycloalkyl and C;salkoxy;
R? is group selected from Cy.salkyl, Cs.scycloalkyl, Cs.cycloalkenyl, heterocycloalkyl, aryl,
heteroaryl, arylCysalkyl and heteroarylCj.4alkyl where the group is optionally substituted by
20 one or more halo;
R’ is hydrogen or a group selected from Ci.¢alkyl, Cs.scycloalkyl, Cs.scycloalkenyl,
heterocycloalkyl, aryl, heteroaryl, arylCi.4alkyl and heteroarylCysalkyl where the group is
optionally substituted by one or more halo;
RS is hydrogen, Cy.¢alkyl or Cs.gcycloalkyl;
25 or R® and R® together with the nitrogen to which they are attached form a heterocyclic 4- to 7-
membered ring;
wherein R® is hydrogen or a group selected from C1salkyl, Cszcycloalkyl and heterocyclyl
where the group is optionally substituted by one or more substituents independently selected

from halo, nitro, cyano, trifluoromethyl, trifluoromethoxy and Cy.4alkyl;



R16 is hydrogen or Cl_3al kyl; R17 is selected from hal o, C1.6alkyl,
C3_6cycl oal kyl and Cl_6al koxy R2 is group selected from Cl. 6alkyl,
C3_6cycl oablkyé4/00e@R77cycl oal kenyl , heterocycl oal kyl , ar ylPCT/GRnevmassg|
arylCl_4al kyl and heteroaryl Cl_4a| kyl where the group is optionally
substituted by 20 one or nore halo; R 0| s hydrogen or a group sel ected
from C1_6al kyl, C3_6cycl oal kyl, C5_7cycl oal kenyl het erocycl oal kyl , aryl,

het eroaryl , aryI Cl_4al kyl and heteroaryl C1 I ere the r
opt i onalduyRsamldéi|togﬁtﬂ@@3‘f@9ne|¢@fb@¢yq1ﬂﬁr0ésﬂalla€ﬁ CH%r@g(éH‘e %dﬁ\g‘yl or

C3_6cycl oal k and R6. t 1t iKe 1t hey
el avRE R st BRBRGTY BRI ‘%e@eﬁég’?ﬁ?g?‘em” SHalEh
hydr ogeny, Qéro@yc%ﬂ%?l &q{egé%ﬁgl from C1. 6al kyl, C3.7cycl oal kyl and

het er ocycel ere the group is optionally substituted by one or nore

substi tu&héremlmﬂé)pnfrident ly selected fromhalo, nitro, cyano,
trifluoronethyl, tr| | uor omet hoxy and C _4al kyl; WD 2004/ 006927
PCT/ GB20whs19899850 0L 59 or R1 and R8 t oget her forma car bocyclic or

saturate <, LAk [Rtkyl bfluorowherein R3 and R4 are
[ ndependg’na%he% §¥lgéﬂ0%e§ ci'6 ?]— QFQ&?,%S 6cycl oal kyl , C5_7cycl oal kenyl ,

heterocywhydemﬁﬁs/L-(@R 81—@2(—6@11 )wh‘éh@fﬁﬁlﬁologll) or 1; 5 wherein mis 0 or
1; wherein D is hydraogen, Cl_4a| kyl, C3.6cycloal kyl or fluoro; wherein X
|s-(m9mgﬂé§@m§ P)u where uis O or 1; Qis 0, S, SO or S02: R9,

Rllgm t @, Qgei, andiC4eydtydlkydind
Ca.boy ol Baitky T TR s A S b Y L o h"“éﬁ

opti onal {NjﬁelleﬁdB Reaspiitenyl &t(bzsmlhynylechcb)bemg @t@@@ilmﬂmé@lﬂ‘}’rsﬁhﬁt@&wdéi R‘yl

C3_6cycl oal kyl, heterocycl oal kyl het erg I eby
the gr ouerquﬁ selgeted fram §i @Uﬁ’%’tq:%ﬁﬁ}"‘éﬂal%v Bt %ro‘c‘%c é %ﬁ}ete ﬁ Hekero%%@ﬂ

trlfluoro mot&Idb] %@E&B hyl,
| SconHRL AT g@ﬁﬂéﬁﬁiﬁ oﬁ&%ﬁﬂ&%ﬁgﬁwﬂ Aal kyI and %ﬁgﬁﬁg Ri3 and
R14 are i{HlRRERBEABY, v JONIFR e nCONHRIAR Ky L SOR 13- SER)ID Al -0 NF R R13 and R14

together with the nitrogen to which they are attached forma heterocyclic 4
to 7- mehBEQRMR | @galkyl and C;4alkoxy;

15 R and R are independently hydrogen, C;4alkyl or Cs.scycloalkyl;
or R* and R together with the nitrogen to which they are attached form a heterocyclic 4 to
7-membered ring.

or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof.
20 2. A compound according to claim 1 wherein X is =(CH)-O- or -(CHz)-O—(CHy)-.

3. A compound according to claim 1 or 2 wherein B is Ca.4alkenyl or Cy4alkynyl, each
being optionally independently substituted by Ci.salkyl, Cs.gcycloalkyl, aryl, heteroaryl or
heterocycloalkyl.

25

4. A compound according to any one of claims 1 to 3 wherein R! is hydrogen, C.salkyl
or aryl where Cy.alkyl or aryl are optionally substituted by one or more substituents
independently selected from Cy.4alkyl, aryl (optionally substituted by R'") and heteroaryl
(optionally substituted by R'7) and wherein R'7 is halo or Cy_salkyl.

30



or a pharmaceutically acceptable salt or in vivo hydrol ysabl e ester

thereof. 20 2. A conpound according to claim1 wherein Xis -(CH2)-O or

- (CH2) - Ow0HR)4/006923. A conpound according to claim 1l or PRTIGR20&/0028851 S
C2_4al kenyl or C2_4al kynyl, each being optionally independently
substituted by Cl_4al kyl, C3_6cycloal kyl, aryl, heteroaryl or

het erocycl oal kyl. 25 4. A conpound accoﬂi‘l ng to any one of clains 1 to 3
wherein Rl is hydrogen, Cl.6alkyl or aryl where Cl.6al kyl or aryl are
optionally substituted by one or nore substituents independently selected
from Cl_4al kyl, aryl (optionally substituted b 7) and heteroaryl
(optionalty subsPrPgrediageerding o %@nﬁﬁé?léinf*ﬁ %%‘%ﬁ?ﬁ)a&ﬁdﬁﬂmﬁ% kyl . 30 WO
2004/ 006927 PCT/ GB2003/ 002985 -51 5. A conpound according to any one of
claims 1 to 4 for use as a nedicanent. 6. The use of a conpound accordi ng
to any ore of Theakersf dcdmpdundractdrdingao afypctcsfelamsd tod intht manfadtuteroftane
treatnent of a disease condition nediated by one or nore netall oproteinase
enzynes. medicprentigdhe freafmephoiot digease e tynedaieA PyoHe obPost ains 1 to 4 in

t he mnuf%gb%?%giqlg&%%i anent in the treatnent of a di sease condition

medi at ed iod of treating autoi mune di sease,

all ergic/atopic diseases, transplant rejection, graft versus host disease,
cardi ovascul ar_di sease, reperfusion injury and nalignancy in a

war m bl odded aBiengge of g gempasndeasording foeay ope of elabng ?%4 Hethe mgRPEREDRh? | ses

adm nistering to, said, ani na n..effective anmount conpound according to
claim 1. HHIG e}i\t'ﬂﬁh?ﬁﬁ‘?:glﬁl#%@%dlé@ﬁ%BQdftfodHnE%ﬁtﬁpﬂf% a conpound accordi ng
to anyjgone of clainms 1 to 4, and a pharnmaceutical |l y-acceptable diluent or

carrier. 10. A process for preparing a conpound according to claiml
conpri si Bg, whemethodf tre2inNuBHinDk@e diteeses aldgrgiofatory diseases rttanspjant

?3[/);1 :noé%/ggec?t%}l?férafft%{q%&? i Iﬁiﬂn@t, g:llr tgg{gszzg%? %%Eéegggﬁjslign 1 }3ry an§ ?na 1gna|1?1£<1:y R3
in a warm-blooded animal, such as man, in need of such treatment which comprises
administering to said animal an effective amount of a compound according to claim 1.
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9. A pharmaceutical composition comprising a compound according to any one of claims

1 to 4; and a pharmaceutically-acceptable diluent or carrier.

10. A process for preparing a compound according to claim 1 comprising, when Z is —
20 N(OH)CHO, the step of:

a) converting a hydroxylamine of formula (2) into a compound of formula (1);
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formula (2) formula (1)

or when Z is -CONROH, the step of:

25 b) converting an acid of formula (14) into a compound of formula (1);



NNnl B~XR BXR formula (2) fornula (1) or when Z is - CONRL5CH,
the step of: 25 b) converting an acid of fornula (14) into a conpound of
fornmul a (WP;2000029204/ 006927 PCT/ GB2003/ 002985 -52 R4 RBCRAH2B03Dp9sB~~ , O
(D) 0"CONR150H HS n COOH acid activation NHS B~ x N R NHR150H B~x R1
formula (14) formula (1) and thereaftersyif necessary: i) converting a
conpound of fornmula (1) into another conpound of formula (1); 1ii) renoving
any protecting groupsg, E iii) formng a pharmaceuticall y,acceptable salt or

- - 3 -
in vivo hygyol ygabpe ¢ ;ylp?:‘lgqqstoaHnoate. cjo

er. 11. L' Ethyl ¢y (pyrd mgin

0 12. Apro DS GO0 ageatkioan of a- f{lla\’a" y
2-tosyl pyri E difte, 2-° |pyri mﬁrﬁwr flate|or 12-pyrit di nyl nesylate with
4- et hoxyalvl% utyl zi n®tbr om d¥HBr"OxL ePhQKQoxo- but yRzinc i odide in the
presence of a catalyst; N Ocatalyst CNO + YZn X CeEt N Ot wherein Xis
hal o, trifl atiemdsr(14resyl ate and Y is brom de dP™@dide. 15 13. A process
according to claim 1l wherein the catalyst is generated from
bi s(acetaélﬁit}ﬁffrF‘ffE@erp‘%ﬂchéa‘iyﬂm (1'1) dichloride and triphenyl phosphine. 14. The
use of gs é&%ﬂh@u ddnilftthd B ke {did hnSth&topotlfia 8RbrinkiaRAENY ! PhOSPhi ne
in a 20" Negishi” coupling reaction.

ii) removing any protecting groups;

5 iii) forming a pharmaceutically acceptable salt or in vivo hydrolysable ester.

11" Ethyl 4-(pyrimidin-2-yl)butanoate.
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10 12. A process comprising the reaction of a 2-halopyrimidine, 2-tosylpyrimidine, 2-

pyrimidinyl triflate or 2-pyrimidinyl mesylate with 4-ethoxy-4-oxo-butylzinc bromide or 4-

ethoxy-4-oxo-butylzinc iodide in the presence of a catalyst;

NN Q catalyst XN 0O
l /)\ + YZn\/\/U\ OEt | /)\/\/“\
N X N OEt

wherein X is halo, triflate or mesylate and Y is bromide or iodide.
15

13. A process according to claim 11 wherein the catalyst is generated from

bis(acetonitrile) palladium (II) dichloride and triphenylphosphine.

14.  The use of bis(acetonitrile) palladium (IT) dichloride and triphenylphosphine in a

20 Negishi coupling reaction.



