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We have now developed a process for the production of a class of o4 integrin
inhibitors, as defined hereinafter, which is particularly amenable for the large
scale synthesis of the compounds. The process is simple to operate and

15 advantageously limits the need to use protecting groups.

Thus according to one aspect of the invention we provide a process for the
preparation of phenylalanine enamide derivatives of the general formula (1):
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20 wherein:
Arl is an optionally substituted aromatic or heteroaromatic group;
L2 is a linker group selected from -N(R4)- [where R4 is a hydrogen atom or an
optionally substituted straight or branched Cq.galkyl group], -CON(R4)-, or -
S(0)2N(R4)-;

25 R'isa carboxylic acid (-COgH) or a derivative or biostere thereof;
R2 is a hydrogen atom or a C1-galkyl group;
R*, RY and RZ which may be the same or different is each an atom or group -
L1(Alk"),(R3)y in which L1 is a covalent bond or a linker atom or group, Alk? is

an optionally substituted aliphatic or heteroaliphatic chain, R3 is a hydrogen or
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an optionally substituted aliphatic or heteroaliphatic chain, R3is a

hydr ogen or WD 2004/007428 PCT/ GB2003/ 003108 hal ogen atom or group

sel ected from-OR3a [where R3a is a hydrogen atomor an optionally
substi t ut eavGrooadogs or branched Cl-6al kyl group or C3-BCH/GCB2@sM0BI08 gr oup]
-SR3a, -CN or an optionally substituted cycloaliphatic, ’
het erocycl oal i phati c, pol ycycl oali phatic, heteropol ycycl oal i phati c,
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conpound Ay %\Q’H%ﬁ'ﬁheWhEz%r&raﬁélm%h%t/@ldnfb@m Xis thefietegemi:X1 is a
| eavi ng atom or group such as a hal ogen atom e
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chl ori ne ah&at c!@ah Haticgrow)) or - S02X3 (| n which X3 is a hal ogen atom -
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such as chloriné
(1), (B oand\]‘:hg@ql,tﬁ) ysq{gatgiggmhydrabtgs%%rr\?om H’nerggft conpounds of formul ae

which comprises reacting a compound of formula (2):
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wherein:

15 Q%is a group ~N(RH;
and the salts, solvates, hydrates and N-oxides thereof;

with a compound Ar'W wherein W is a group selected from X! (wherein X' is
a leaving atom or group such as a halogen atom, €.g. a fluorine, bromine,
20 iodine or chlorine atom or a sulfonyloxy group such as an alkylsulfonyloxy,
e.g. trifluoro-methylsulfonyloxy or arylsulfonyloxy, e.g. p-toluenesulfonyloxy
group), -COX? (wherein X2 ié a halogen atom such as a chlorine atom or a —

OH group) or —SO-X? (in which X® is a halogen atom such as chiorine).

25 It will be appreciated that compounds of formulae (1), (2) or Ar'W may have
one or more chiral centres, and exist as enantiomers or diastereomers. The
process is to be understood to extend to all such enantiomers, diastereomers
and mixtures thereof, including racemates. Formulae (1), (2) or Ar'W and the

formulae hereinafter are intended to represent all individual isomers and
2



one or nore chiral centres, and exist as enantioners or diastereoners. The
process is to be understood to extend to all such enantioners,

di astereonmers and m xtures thereof, including racemates. Formulae (1), (2)
or Ar' Wanavo tm4/0d7easnul ae herei nafter are intended to rPOT/6B2008/068108

I ndi vidual isonmers and 2 WD 2004/007428 PCT/ GB2003/ 003108 m xtures

t hereof, unless stated or shown otherw se. I'n addi tion, conpounds of
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het er oaronatic 20 groups include for exanple eight- to th| rteen menber ed
fused-ring heteroaromatic groups containing, one, t\g&P) or Q} er oat ons
sel ected (Dptmnaﬂy;aybatltumﬂ beteroaspmatic raEehs g’“ﬁtﬂsmaﬁ % |r%mﬁﬁ?n8 | es of
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Monocyclic heteroaromatic groups inc clude for examp five- or six-me ed

heteroaromatic groups containing one, two, three or four heteroatoms

selected from oxygen, sulphur or nitrogen atoms. Bicyclic heteroaromatic

20 groups include for example eight- to thirteen-membered fused-ring
heteroaromatic groups containing one, two or more heteroatoms selected

from oxygen, sulphur or nitrogen atoms.

Particular examples of heteroaromatic groups of these types include pyrrolyl,
25  furyl, thienyl, imidazolyl, N-C1-6alkylimidaiolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2 4-triazolyl, 1,2,3-oxadiazolyl, 1,2,4-
oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 1,3,4-thiadiazole, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, 1,3,5-triazinyl, 1,2,4-triazinyl, 1,2,3-triazinyl,
benzofuryl, [2,3-dihydro]benzofuryl, [2,3-dihydro]benzothienyl, benzothienyl,
30 benzotriazolyl, indolyl, isoindolyl, benzimidazolyl, imidazo[1,2-a]pyridyl,
benzothiazolyl, — benzoxazolyl,  benzisoxazolyl, benzopyranyl, [3,4-
dihydro]benzopyranyl, quinazolinyl, quinoxalinyl, naphthyridinyl, e.g. 2,6-
naphthyridinyl, or 2,7-naphthyridinyl, pyrido[3,4-b]pyridyl, pyrido[3,2-b]pyridyl,
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30 benzotriazolyl, indolyl, isoindolyl, benzimdazolyl,

i mdazo[ 1, 2-a] pyridyl, benzothiazolyl, benzoxazolyl, benzisoxazolyl,
benzopyranyl, [3,4- dihydro]benzopyranyl, quinazolinyl, quinoxalinyl,
napht hyri diwxybkeo4/@07g28 2, 6- napht hyridinyl, or 2, 7-napht hpcT/dBagok/p03108
pyrido[ 3, 4-b] pyridyl, pyrido[3,2-b]pyridyl, 3 WO 2004/007428

PCT/ GB2003/ 003108 pyrido[ 4, 3-b] pyridyl, quinolinyl, isoquinaolinyl,

tetrazol yl pyfidd4,B: lS]pymdyl,r ahyglirsdioyhol nagqumohnyl tetrazolyl, 5,6,7,8-
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the intege i nt ,
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C3_8cycl oa

kyl
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ST, SO ety s |
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substi t ut ech\eteroalmhégtlp @Talm:@"@OF%c?cﬁo%)quge’br%d{ﬂ%geq'N@mcé?N %8) or d
- N( R6) SO2N d L4

a (cov?al ent g?@ﬁﬁ@ﬁpéa ds"%?ﬂéhpn tgtge\eei?e{llagk*{nl rZR§§ gcs ot her t Igil vgl%]r?/gr ogenI °
atom V%e”ﬁ&saﬁq%ﬂfroééh afork! &% Optiondllyt SitttedbS| sauginbs Cascyclbalkier at om

or group it 25 may be any divalent |inking atomor group. Particul ar
exanpl s i peduple-SRE, dRE6RB{wlearenB’ ds as Gus) defme@(b)djl andapay be the( s) -

sﬁl(ogl t ut egog'ler ar ﬁerg thiy H@é‘"gﬁd;‘aarg gr ugﬁa’, %?,g%@ﬁa,onal 'y
- 0C( O N(RB)56 098N REONRERM REOEBNRER?, -CSNRSR?, -CORS, -OCORS, -
N(R6)COR?, -N(RE)CSR?, -SOzN(RE)(R7), -N(RE)SO2R7, N(RE)CON(RT)(R8)
[where R8 is a hydrogen atom, an optionally substituted C1-6alkyl or Ca.
20  goycloalkyl group], -N(RB)CSN(R7)(R8) or -N(RE)SO2N(R7)(R8), provided that
when t is zero and each of L3 and L4 is a covalent bond then u is the integer 1

and R5 is other than a hydrogen atom.

When L3 and/or L4 is present in these substituents as a linker atom or group it
25 may be any divalent linking atom or group. Particular examples include -O- or
-S- atoms or -C(O)-, -C(0)O-, -OC(0)-, -C(S)-, -S(0)-, -S(O)2-, -N(R8)- [where
R8 is a hydrogen atom or an optionally substituted straight or branched C4.
galkyl group], -CON(R8)-, -OC(O)N(R8)-, -CSN(RS8)-, -N(R8)CO-, -
N(R8)C(0)O-, -N(R8)CS-, -S(0)2N(R8)-, -N(R8)S(0)2-, -N(R8)O-, -ON(R8)-, -
30 N(R8)N(RS)-, -N(R8)CON(RSE)-, -N(R8)CSN(R8)-, or -N(R8)SO2N(R8)- groups.



N(RB)C(O O, -N(RB)CS-, -S(O2N(R8)-, -N(R8)S(O2-, -N(R8)O, -ON(R8)-, 30
N(RB)N(R8) -, -N(R8)CON(R8)-, -N(R8)CSN(R8)-, or -N(R8)S02N(RB)- groups. 4
WO 2004/ 007428 PCT/ GB2003/ 003108 Were the |inker group contains two R38
substi t uentveQ 200kewe2snmay be the sanme or different. Wien RSEHGBEMIORBHS R6, R7
and/or R8 is present as a Cl_6al kyl group it may be 5 a straight or
branched Cl1-6al kyl group, e.g. a Cl-3al kyl group such as a nethyl, ethyl
or i - pr opyhegr theplinked gRmpctadaivg ltwgMRfugibstitientss dpgsedmgy br3ihe same R6, R7
and/ or R8 icpgl udE C3. 6cycl oal kyl groups e.g. cyclopropyl, cyclobutyl,

cycl opentY19"4HEtycl ohexyl groups. Optional substituents which may be
present on such al kyl or cycl oal kyl groups include for exanple one, two or
10 three substituents_which may be_the sane or &ifferent Sﬁ| ected from
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het erocyclic'ring. Such heferocyclicC rings may be optionally interrupted
by a furtRer RheireyoraR®imcede Cagatyéloalkyl groups $-g.o¢yclagrepyl, cydebutylcul ar

| f h h lic ri incl i peri di nyl. Linyl,
i onor prerdaRAny! Ay rai OrouRDBYO g EsaieNs ek RO T nor. " 20
When Al k2 _j - | 4R ! _

en Hﬁg{aﬁ{: Sﬁ%rﬁaﬁ‘.‘?%&ﬁ%@"% QYoupociudet el exbirpieaohe, Wo or
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het er el i {hinee substhaents adichigayrieothe saspe o diffegentisglected romphalpgengen at ons

represent ed by (B8 L BB SuBRhG b, bRl 41 HARESbAS! B Ryarbkyiek i ne,
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r epr esent gg_gajkoxy- 8(gAmelhdryigrrihoxydrenpar esent  in Art groups in conpounds
of fornmulae (1) or (iii) include atonms or groups - 30 L3Al k2L4R5,
-L3AI k2R5, -L3R5, -R5 and - Alk2R5 wherein L3, Alk2, L4 and R5 are as

defined aggve. iRaLMLEYIFY afif RTPHER7 UndSHE fars WoR I WaINYF gfdlfpsupigse S

15 groups may be joined, together with the N atom to which they are attached, to
form a heterocyclic ring. Such heterocyclic rings may be optionally interrupted
by a further heteroatom selected from -O-, -S- or -N(R®)-. Particular examples
of such heterocyclic rings include piperidinyl, morpholinyi, thiomorpholinyl,
pyrrolidinyl, imidazolidinyl and piperazinyl rings.

20 '
When Alk2 is present as an optionally substituted aliphatic or heteroaliphatic
chain it may be any optionally substituted aliphatic or heteroaliphatic chain as

described hereinafter for Alk1.

25 Halogen atoms represented by RS in the optional Ar! substituents include

fluorine, chlorine, bromine, or iodine atoms.

Examples of the substituents represented by -L3(Alk2)L4(R5), when present
in Ar! groups in compounds of formulae (1) or (iii) include atoms or groups -
30 L3AIK2LA4R5, -L3AIK2R5, -L3R5, -R5 and -Alk2R5 wherein L3, Alk?, L4 and RS

are as defined above. Particular examples of such substituents include -



WD 2004/ 007428 PCT/ GB2003/ 003108 L3CH2L4R5, -L3CH(CH3)L4R5, -L3(CH2)2L4R5,
-L3CH2R5, -L3CH(CH3)R5, - L3(CH2)2R5, -CH2R5, -CH(CH3)R5, -(CH2)2R5 and -R5
groups. Thus Art in conmpounds of fornulae (1) or ArlWnay be optionally
substi t ut edvo 2o#/07428xanpl e by one, two, three or nore haBCDG8R0HVBMES, e. Q.
fluorine, chlorine, bromne or iodine atons, and/or Cl.6alkyl, e.g. '
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CH2F, hal oCl. 6a| koxy

2F, C1.
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15 or am [ t hydtAgl reih e liam no, Cl1_
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e.g. dietdgpani nqﬂ)hylor a-l’njultybO C@g;tyotoeykyl,e 0. aﬁquphﬂxycyc obutyl,

Cl. 6al kyl am noCI 6al koxy | am no- et hox

Cl- 6di aYkWY@hﬂp@OM %@Vﬂ@R?XYLngGhJEﬁPﬁé'WI &Hi ﬁ)ﬁ%’?ﬁ%@?th% *B’Ph"y’ﬁyethﬁﬁ noet hoxy,
di i sopropyl a no ni 0g.gam di no,
hydr ogyl py_ Bﬁg@ﬁ:@l‘?’ %f(g?mgélpglf bo: %rﬁ%&hyl %galkﬂm gCOZCHB or
_0020(@;43),% tr@ilt @aldfa@ﬂwnhﬁ} gcarb@szmvbalkwhml elg. SH)arbmdyrrwlyltbm, kgt, e.g.

t hi one | oet hyl,” sul phonyl - SO3R6, é._'BGaI Kyl sulyphl nyl ,
e.g. met hyd:afbbxyatmhh,lo on%wquqvﬁfbw& ssék@(y, ﬁearﬂ)ﬁ P‘}Sﬁ’é

gﬂgfgkpggﬁP%E%%j&& g‘ rlr%g%% H‘%IB&%%X%&! F%;Fg:n% no- suI phonyl ,
e.g. dineth | eog HEE yiwmngswmhgﬁycn -eAligtaptino, e.g.

kg
am nosul phonﬁi71 car o am o) CONH2 Cl. 6al kyl am nocar boq%
met hyl am naegyaninio mrethylaymmnamm@r(bNHg),,af@mo@dﬁaﬁkWIeaﬂn '@amyﬁgh e

R e
am nocar bonykviafhifbC £5dn 218. 0 BiHyLamTdBUNAr mradialkﬁEmﬁmcaLdaWyanerggo 6
diethylaminoethyl, aminoC1.galkoxy, e.g. aminoethoxy, Cq-galkylaminoC4.
galkoxy, e.g. methylamino-ethoxy, Cq.gdialkylaminoC1.galkoxy,  e.g.
dimethylaminoethoxy, diethyl-aminoethoxy, diisopropylaminoethoxy  or
20  dimethylaminopropoxy, nitro, cyano, amidino, hydroxyl (-OH), formyl [HC(O)-],
carboxyl (-COgH), -CO2R® e.g. -CO2CH3 or -CO2C(CHa)s, C1.galkanoyl e.g.
acetyl, thiol (-SH), thioCy.galkyl, e.g. thiomethyl or thioethyl, sulphonyl (-
SO3H), -S03R8%, Cq.galkylsulphinyl, e.g. methylsulphinyl, C+.salkylsulphonyl,
e.g. methyisulphonyl, aminosulphonyl (-SO2NH), C14.galkylaminosulphonyl,
25 e.g. methylaminosulphonyl or ethylaminosulphony!,  C+-gdialkylamino-
sulphonyl, e.g. dimethylaminosulphonyl or diethylaminosulphonyl, phenyl-
aminosulphonyl, carboxamido (-CONH2), C+.salkylaminocarbonyl, e.g.
methylaminocarbonyl or ethylaminocarbonyl, C4-gdialkylaminocarbonyl, e.g.
dimethylaminocarbonyl or diethylaminocarbonyi, aminoC1.galkyl-
30 - aminocarbonyl, €.g. aminoethylaminocarbonyl, C1-galkylaminoC1.galkyl-

aminocarbonyl, e.g. ethylaminoethylaminocarbonyl, C1.gdialkylaminoC1.



WO 2004/ 007428 PCT/ GB2003/ 003108 6al kyl am nocar bonyl, e.qg.

di et hyl am noet hyl am nocar bonyl, am no- carbonyl am no,

Cl. 6al kyl am nocar bonyl am no, e.g. nethyl am nocarbonyl- am no or ethyl
am nocar bowo 200%/00428C1. 6di al kyl am nocar bonyl am no, e. g. PCT/GB2003/003108

di met hyl am nocar bonyl am no or di et hyl am nocar bonyl am no, Cl 5

6al kyl am nocabonyl C1. 6al kyl am no, e.q. nethyl am nocar Eonyl met hn‘\('l -am no,
am not hi ocgaitydarpinacaenyiCl. 6aigky| aﬁﬁﬂb’ﬂﬁfﬂ'@@ﬁmwpa‘r’ﬁr gNyle. g.amino-

nmet hyl am not hi ocar bonyl am . ethyl am [ b ino .

6di a?/kyl ar§ émﬁ%@gﬁﬁﬁﬁ%@}%\m@?#ﬁ%ﬁ%: ;bcng Lo’?‘%%@a% @o%@rﬁémlno or

di et hyl ani ﬂﬂﬁ@ %arqiﬁﬁgﬂnﬁ?capbon%fﬁﬁ&,,kmﬁgdiamylbmwthIﬁmGal &yl - am no,
yl a i‘ocar bo

10 e.g. et m not nyl met hyl am no, Cl1. 6al kyl sul phonyl am no, e.g.
met hyl sul phievethyaaminocarbosylaytisai phanyi ardietbylagin@draemjaming, pho&it ani no,

e. g. dinethyl sul phonyl anino or di et hyl sul | am ) ' | am

. R podiogam Ry PR hod Ry BRI | ng e Bngm At BB ARERREY P o
or et hyl anj . ) Cl. 6@ ' ' | am . 0.

G et ol arpREEHERARYOARII, 1 P& AeilarimofioReIAmy, S Noe.ge- o

Cl. 6al kanoyeaiarfinothiGcarbegiathimoi noor antiy@minobivdeabeplamines e -

am noacetyl am'no, Cl_6di al kyl am noCl. 6al kanoyl - am.no, e 9[ .
di met hy! angdiaiglemynethiosarbonylagin®an® i aHIMRY '?6%{?9351093@98. amino  or

acetylamn t hyl 1.6 m neC ' ' 20

et hyl am noa%-l%ﬁiwgwﬁaﬁ’%ﬁ@%@% nE? 1- '@E‘Kn‘ﬁ‘ﬁ'ﬁ%@? E;g%;legﬁn@kgﬁlrﬁp

et hoxyggr be,rcgyl aghpRnRothivRHisdRyResthgamiroTi NG galkylssiphdhglantine ge@ip R2 is
present in conpounds of forrmulae (1) or (2) as a Cl. 6al lﬁyl 8rou it may
be for examgtylsulshoraiashinooor bethisHphonlaring.y C1gRly-sulphonygamingg) - 35 ky|

or mil 2o (2. cimpayipraueto o tRyalPilhlings ndSpla SRR O oy
HEGINE

be for exa gyclic or cyc)iakylamidusaphonylaciido,est er or am.gani de.
Particular "acyclic esters and am des include 30 - CQRAl k7 and - R7
groups as deftiylatiresulphonylamne RIO1 s ethylapiaesyBhenYIamindsr hxsfirEY5ci d it

rI;'aC_)I/_/ 2;2%8;) F%%%o%ﬁa%irﬁ&zme?g.or d?r%&%&laﬁﬁh&tﬁﬂ%y?aﬁninz Ve 20(9@‘/h997428
aminosulphonylamino, C4.galkanoylamino, e.g. acetylamino, aminoGC;.
salkanoylamino e.g. aminoacetylamino, C1-gdialkylaminoC4.galkanoyl-amino,
e.g. dimethylaminoacetylamino, C1.galkanoylaminoC1.ealkyl, e.g.
acetylaminomethyl,  Cy.galkanoylaminoC1.galkylamino, e.g. acetamido-
20 ethylamino, C4.galkoxycarbonylamino, e.g. methoxycarbonylamino,

ethoxycarbonylamino or t-butoxycarbonylamino groups.

When the group R2 is present in compounds of formulae (1) or (2) as a Cs.
salkyl group it may be for example a straight or branched C1.galkyl group e.g.
25 a Ci.zalkyl group such as a methyl or ethyl group.

When the group R? in compounds of formulae (1) or (2) is present as a
derivative of a carboxylic acid it may be for example an acyclic or cyclic
carboxylic acid ester or an amide. Particular acyclic esters and amides include
30 -COsAlk? and -CONRBRY groups as defined herein. When R' is a biostere of

a carboxylic acid it may be for example a tetrazole or other acid such as.



phosphoni ¢ aci d, phosphinic acid, sulphonic acid, sulphinic acid or boronic
acid or an acyl sul phonam de group. Esterified carboxyl groups represented
by the group - CQ2Al k7 include groups 5 wherein Al k7 is a straight or
branched omo smwa&bd7y2ssubstituted Cl-8al kyl group such aBCEGBEWbYI3108et hyl ,

n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl or
neopent yl group an opti onal |y substituted C2-8al kenyl group such as a
pr openyl spRorfiE myﬁhdsphimut acig] sulphonie- acid.esuiphipic 8CHLRERYIONKY oup, an

optlonally su stitute group such as a ethynyl, propynyl e.g. 2
10 pr opynyacidber & acyl qp'éo'l?m'ge@u%% or 3-butynyl group, an optionally
substituted C8-8cycloal kyl group such as a cycl opropyl, cyclobutyl,

cycl opentyl, cyclohexyl or cycl oheptyl n subst it ut ed
G_5hot er Gesteliian eybogy eupupscisprpsRates by fied a%?&%ﬂn%‘luag GOSN

aetnre? E{ﬁ%%ﬁ%gﬂquﬁ ﬂp 4 r'?rigéﬂ%?r gy%ﬁeg.ogﬁorl&@éw Sﬂﬁ{t/‘%&ldﬂégw d nyl such as
1- net hyl t | n- -tb ahn yirueyl - 4 |

> oxor 11, R R Tdn, o R PR g, T = et roup: an
optional | ypaujdsirlrtacnpedtytgospyem @mlmﬂuliqsubﬁ‘l'tkﬁﬂd -sriperal OFe %/% ‘%

CUbstttut ca Peapb eed-cepravicor Baieafl pfF L BUERN G et ot L | N 20"

ethyl, thi nBW'squtuiédn@g lekyn)p)g"rbﬂ’ﬂ) isdihyes- akebyryl,, pr0pynyl e.g. 2-
pyrrolldln - N-propyl peri |n%/l-|\|-eth yl prazoI|d|

pi per ap nybrowwlfwlbumyh@g arbutyyl PBAZUYIYE Qe8P fDOPGORE WFF“E’&@IQ 6al kyl
. wésymal |
dUbsti t ut eRoRGHERPEEARY Rt as BeyoBRRRY ‘ézé’lgbmgggggmtya@y@o bpal | y

2- hydr oxyephyl cighehtyAigfouT & ydptienally 2ubstdumy6ra@b9ﬂer0 Ywmcﬂfﬁb@/propyl or
2, 3-di hydr oxypropyl “group; an optionall ORstltut

6al kyl t hi oilelbalskyl tefrahygrafuicnyb®-Ginted ‘r”@@tsn!//'b %}’r’EﬂJﬂmyhﬁ %pt Tonal |y
o BT, 5, T, o et 1 L
an nejsqyl mdtrﬁmwbnmhhyls@hom amqsmuplpaacumyt ﬂubga(tra{huggm)yranyl e.g.
anmop 1 onaliArsie A B SRl HRIRUCR VB B S BT &
CyC| opent yltyhigpoms;fen optianally sabstitofed ngacyqpoegmb@t g@lhyleg;oup such as a
&-8yel Oalclgglllosgutgllmne%ﬁ c%illorlfe)!ylrget?wylpor cyc@loﬁexy‘ﬂi‘ethy% group; an optlonally
substituted Cg_gheterocycloalky!C+.galkyl group such as a morpholinyl-N-

20 ethyl, thiomorpholinyl-N-methyl, pyrrolidinyi-N-ethyt, pyrrolidinyl-N-propyl,
piperidinyl-N-ethyl, pyrazolidinyl-N-methyl or piperazinyl-N-ethyl group; an
optionally substituted C1.salkyloxyC1.galkyl group such as a methyloxyethyl or
propyloxyethyl group; an optionally substituted hydroxyC1-galkyl group such
as a hydroxyethyl e.g. 2-hydroxyethyi or hydroxypropyl e.g. 2-hydroxypropyi,

25  3-hydroxypropy! or 2.3-dihydroxypropy! group; an optionally substituted Ci.
galkylthioC1-galkyl group such as an ethylthioethyl group; an optionally
substituted C1.galkylsulfinylC1.galkyl group such as an methylsulfinylethyl
group; an optionally substituted C1.galkylsulfonylC4.galkyl group such as an
methylsulfonylmethyl group; an optionally substituted Cgz.gcycloalkyloxyCi.

30 galkyl group such as a cyclohexyloxymethyl group; an optionally substituted
Cs.geycloalkylthioCq-galkyl group such as a cyclopentylthiomethyl group; an
optionally  substituted Cs.geycloalkylsulfinylCq-galkyl - group such as a

8



WO 2004/ 007428 PCT/ GB2003/ 003108 cycl opentyl -sul finyl met hyl group; an
optionally substituted C3. 8cycl oal kyl sul fonyl C1-6al kyl group such as a
cycl opentyl sul fonyl net hyl group; an optionally substituted

Cl- 6al kyl oX@2z00benTy28CL. 6al kyl group such as i sobut oxy-REFGBPI/H3HN8Y |
group; an optionally substituted C1L 5 6a|ky|oxycarbonyIC1 6al kenyl group
such as isobutoxycarbonyl pentenyl group; an OR hpna g substltated

Cl. 6al kyl eyglopenyhsuliRyioetiehl kﬂfOlg?,oupa%ucf?pélQ al substituted

(elt g)c/):o(r))c())p/)gar b@?%%ﬂ?%@?%%@t ﬁ@h’l 8@6 g?@gé%% pg%ﬁ yﬁ%ﬁé Ic[)T;E?/ yléqrﬁw' group; an
opti onal | y5r5 UgistidniaWy edulSehitérat kYo arieasyeaonyiDekatkyl kgrodp gsuehp aguch as a

10 i sopropoxycar bonyl oxybut enyl group, an optionally substituted C3-
8cycl oal kyisabutwertarbphyipropyl 6aigksup; gr Alp s @pkorRallya c§ebSiteted) oxta-

opt i on¥ f’é@w&ww@pﬁﬂ%@k@il&ﬁ?ﬁé%' hes SERU B PO pEh R GEEE", X
di et hyl a {;ﬁﬁg&@g %ttq X 8%@" Qfédwényﬂkﬁwzeaﬁ@l @ﬂiup)saéﬂ nssaubst | tut ed

N 15 kyf droup such as a N phenyl -
met hyI ani rmh‘ﬁbkydarlmrq&lmcynmih)dpt i amal isppeoposydarbormdoxyetivl O -8al kyl~

oot onal | soRRRIVERBA PR BYS Y os) 2aiEbkie oty SahSAR BV orgler o, )

subst i t ut eshtidpaRY lsubBitay et RulkyloRpersbmnonO 1. salkemyp fyroyp rmhyascar 2 20
napht hyl rree(%bhyl lé)r/oup, an o |or‘1(glly substi tuted heteroC6 10aryl C1. 6al kyl

gr oup, 10s udhoprepaxyearbatiytoxy tenyll &repp, pyan di APtRNAvet BypStibst eijm &zol yl et hyl

d Il
substi tut ?@y%ﬁﬁ«xéax?cafkném% Fe, SR Hen: B, 3L ReRheAiioRg el 1Y
_8al kyl eﬂy?ﬁw&yeg@nagﬁ gOptd ng\tb;bdrorw?@&yéarb@ﬁlywméwypxgmimyIan

phenyl oxyef é net hyl , “or ™ 2- napht hyl oxynet hyI gl{loup a
C6- 12aryl tdrptmﬁaHBawt;slﬂtut@(ﬂo edlley @ﬁOGp@?UﬁWaIQ@U%u%‘&ht

e el GBI aeRs et g fobhybrhs: 4F ;gyénaﬁw%%saufe@ @s an

C6- 12af4y| S@H%ﬂ-l@bﬁ@dlkﬂémﬁfo@@aﬂ@ch @su@n apnh onaasl I )a sipenyidied
Bal Kanoyl ORAUYESBNRIETYN o oUB LR s AU ox e TyRE N-0FCr salkyh
et hoxycar bofyl OXVRL iy RirSaEh Blch* ¥8ed Whuetm&ﬂbaﬁwywrétﬁylhgb@r; 4 opi onyl -
optionally substituted Cg.12arylC4.galkyl group such as an optionally
substituted benzyl, phenylethyl, phenylpropyl, 1-naphthylmethyl or 2-
20 naphthylmethyl group; an optionally substituted heteroCg.1parylCi-salkyl
group, such as a pyridinylmethyl e.g. pyridin-4-yimethyl or imidazolylethyl e.g.
2-imidazol-1-ylethyl group; a Ce.12aryl group such as an optionally substituted
phenyl, 1-naphthyl or 2-naphthy! group; a Cg-12aryloxyC1-galkyl group such as
an optionally  substituted  phenyloxymethyl,  phenyloxyethyl,  1-
25  naphthyloxymethyl, or 2-naphthyloxymethyl group; a Cg-12arylthioC1.galkyl
group such as an optionally substituted phenyithioethyl group; a Cg.
10arylsulfinylCy.galkyl group such as an optionally substituted phenyl-
sulfinylmethyl group; a Ce-12arylsulfonylCq-galkyl group such as an optionally
substituted phenylsulfonylmethyl group; an optionally substituted Cq.
30 galkanoyloxyCq.galkyl group, such as a acetoxymethyl,
ethoxycarbonyloxyethyl, pivaloyloxymethyl, propionyloxyethyl or propionyl-
oxypropyl group; an optionally substituted C4-gimidoC+.-galkyl group such as a

9



oxypropyl group; an optionally substituted C4.8i m dod _8al kyl group such as
a 9 WO 2004/007428 PCT/ GB2003/003108 succi ni m donet hyl or

pht hal am doet hyl group; a C6. 12aroyl oxyCl-8al kyl group such as an

opti onal | y vaue#/0a7¢28ed benzoyl oxyet hyl or benzoyl oxypr opgl/GB2003ig03108r a
triglyceride such as a 2-substituted triglyceride e.g. a 1, 3-di-Cl-

8al kyl gl ycerol -2-yl group such as a 1, 3-diheptylglycerol - EFQK)EJ group
Opt i onal Ssaedpsitridamethgl @r;ﬁabalarmﬂoeltm gNJUW agCeupariofexydes egfg%st ituents

described below It wll be app i a in.the f of Al k7
groups t heSweh as Qﬁ‘fomﬁnﬁﬁﬁéﬁ%ﬂ& EC‘W@OY q]ﬂYJeq’ Qﬂnzpy'lgx%%.{@gé]éﬁﬁ

forml ae ( r v 1Q-siasstitdes crrighedrigar é.gofa t he-dNGq7 gr oup.
Thus, for ge)iaér)rp @%)gehg%h%icﬁt yla group woul d ggﬁattached by the ethyl

group, whi kakylglycergieligrglp Nueb ag agt, azqdwenxxiglwder@bza'd tQi@lFiéoOM'%[‘aﬂhe

N-et hyl grou It will be furth rec t in.the f list of
Al k7 grﬁup§ugﬁﬂi@¢@3rﬂiesemy%ﬁ'@c?ﬂﬁ7 PR ! ﬂaHS‘? cfhgg SUQFR\}’F”Er@?%@bﬁgy be
repl aced b}ge%k'\tenyl or al kynyl groups where such groups are as previously
defined fo (1. Additionally these alkyl, alkenyl or al kynyl groups may
optionally be interrupted by one, two or three | i nker atoms or groups

where such |i k r atomns, r I rfL3. 20
Furt her, pr"o € YHPEd H%é i ?afrpfﬁﬂligs g¥o lteHbS (e)%groéd usi ng
the procesguathmBAt tolthe Rémaindene thd@omp@unds esmmlam(eo or R)iis via they R2) -
group in which R2 becones a Cl 6al kyl_ | oi ni %n&al n echll a -CH2- or
D CcHocHR-  damtidescrractpart of ek gmw@ciaas,t gre @l%mﬁﬁ}ﬁﬁ% Porm a
cyclic 25 St b idi by thé @hyi GdehAVMIRAELmdRNolfy M-y Rgrolh

would be attached via the N-ethyl group.

It will be further appreciated that in the forgoing list of Alk7 groups, where not

15 specifically mentioned, alkyl groups may be replaced by alkenyl or alkynyl
groups where such groups are as previously defined for Alk!. Additionally
these alkyl, alkeny! or alkynyl groups may optionally be interrupted by one,
two or three linker atoms or groups where such linker atoms and groups are
as previously defined for L3.

20
Further, prodrugs of compounds of formula (1) which may be prepared using

the process of the invention inciude cyclic esters where X is a —=N(R?)- group
in which R2 becomes a Cisalkyl joining chain, especially a —CHz- or —
CH.CH,- chain, which is also connected to the acid group R! to form a cyclic

25  ester of formula (1a):

Alk'Ar2L2Ar?
@) w Rx
N RY
Ot ﬁ
O

Re (1a)

10



Rz (1 a) 10 WD 2004/007428 PCT/ GB2003/003108 When present in the group
RX, RY and/or Rz in conpounds of fornulae (1) or (2) the linker atom or
group represented by L1 may be any |linker atomor group as described above
for the |i w@eoosvoomsor group L3. In addition L1 nay al BOT/O82043/0@B&08 at om 5
When Al kl is present in the group RX; RY and/or Rz in conpounds of fornmnulae
(1) or (2) as an optionally substituted aliphatic chain it may be an

opt i onal | YwheHR¥bédr e theCarolPaiy, RYaand/ocRaimcorpoundsudidormasiastlesr i ncl ude

optionally substituted straight or branched,chain Cl.6 I .

B bal kenyie e dnkepatom o TRy POREONAR te L iy Pec; TEE AP0,

al i phatic chains repr. il basald ¥ddigom et inhay ed - CH2-,
- (CH2) 2-, 9’%6%%%58,28%%%@% nﬁké?&bgfgkﬂ%hbi IIC'L( CH3) ( CHZ)%‘% ,

- CH2CH( CH33i6b1Be.a -S&- @ 2CH2-, - CH2C( CH3) 2CH2-, 15 (CH2) 2C( CH3) 2CH2-,
-(CH2) 4CH2-, -(CH2)5CH2-, -CHCH, -CHCHCH2-, - CH2CHCH, - CHCHCH2CH2-,

- CH2CHGHCH2-, -(CH2) 2CHCH, -CC-, - CCCH2-, -CH2CG, -CCCH2CH2-, - CH2CCCHR-
or - ( CH2) 2(fx.CART RSpresbkitif Higeihidupaivt, Rycdrad/ovsR? ipsopsisournels dfjorriutde when
present in the group Rx, RY 20 and/or Rz in %Bnﬁ\oikmds f for%{ﬂaﬁ (1) or
(2) incl udé)tdre2hlasprraoptionaiyisybsiityiad alRbadr ichal f SHavaPR A bk % each
addi ti onal | i BN .t «th : f ket sxcade nBptivhall
heteroaton?%%ﬁi?@%ﬁi ?d@? upstl.C a?![nl.cﬁﬁglrcfi{]aert gsrd%rpgtons or g?%ups )i,ncl ude
atoms or QgLQugIREE shegie b bianched difaim &y gaiolanef dio-gatkauviane P8 Gas a | i nker
atom or group. Each L5 atomor group may interrupt the aliphatic 25 chain,
or maylibe palkynyleredhains.its terminal carbon atomto connect the chain to
an adj oi ning atomor group. Particul ar exanples include optionally
substituted -CH2L5-, -CH2CH2L5-, -L5CH2-, -L5CH2CH2-, -L5CH(CH3)CH2-, -

. ; 1% N '
and - ( CH2) substitater -Cldgraj hsH2)p1, (CH3)CH2-, 2)oCH3-, -(CH2)3CHZ",
CH(CHa3)(CHg)2-, -CH2CH(CHg)CHz-, -C(CHg3)2CHa-, -CH2C(CHg)2CHz-, -
15 (CH2)2C(CH3)2CHo-, -(CH2)4CH2-, -(CH2)s5CHz2~, -CHCH-, -CHCHCHao-, -
CHoCHCH-, -CHCHCH2CHg-, -CH2CHCHCHy-, -(CH2)2CHCH-, -CC-, -
CCCHo-, -CH2CC-, -CCCH2CHa-, -CHoCCCHa- or -(CH32)2CC- chains.

Heteroaliphatic chains represented by AlkT when present in the group RX, RY
20 and/or RZ in compounds of formulae (1) or (2) include the aliphatic chains just
described for Alk! but with each additionally containing one, two, three or four
heteroatoms or heteroatom-containing groups. Particular hetero-atoms or
groups include-atoms or groups L5 where L5 is as defined above for L3 when
L3 is a linker atom or group. Each L5 atom or group may interrupt the aliphatic
25  chain, or may be positioned at its terminal carbon atom to connect the chain to
an adjoining atom or group. Particular examples include optionally substituted
-CHolL5-,  -CH2CHpL5-, -L5CH»o-, -LSCH2CH2-, -L5CH(CH3)CH2-, -
L 5CH2CH(CH3)CHa-, -L5CH>CH2CH(CHa)-, -L5C(CH3)2CHa2-, -
CHoL5CHoCHo-, -(CH2)2L5CHa-, -(CH2)aL5CHg-, -L5(CHa)3-, -L5(CH2)4-, -
30 CHoL5CH2CHL5CH2- and -(CHg)2L5CH2CHo- chains.
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WD 2004/ 007428 PCT/ GB2003/ 003108 The optional substituents which may be
present on aliphatic or heteroaliphatic chains represented by Al k1l include
one, two, three or nore substituents where each substituent may be the
sane or di Weemwbo7sasd i s sel ected from hal ogen atons, BCTGBRd0s/003iL08e,
chlorine, bromne or iodine atons, or -OH, -CO2H, 5 CO2R9, where RO is an
optionally substituted straight or branched Cl1_6al kyl group as defined

above for ¥ op t@ﬂ&fﬁ%smi@ﬂﬂé m)dn mapRPreseny on-alioisatl; or IeteswiRatie, e. g.

met hoxy or et hoxy, t hi ol Cl- 6al k JTet hyl t hio
or ethylt mf@'nsafﬁpfﬁ:ﬁe@Fe%@béﬂﬁ t'%ﬁ'\é‘EP 8‘?14 % Q%B%Ppg’ mg[ﬁo qstthegas Wg?nr no groups

i ncl ude - S%W%m\éﬂﬁrcﬁfféréﬁt Eﬁd%@él@&te@rfeorﬁmawment in any
of the above su stltuent ese may be the sane or dlfnge) tionally

subst i t ut eatomgclecgl flydrixtsi, ccl'tylrm@psbr@@mee%r'ﬂ@'ap O Mfe Ofr 'en present
n the gro RY an/or S Of n de
l)pt i onaﬁlgl ygSaBRé,t Wf‘ﬁfeea s aI‘OW!ﬂ”&&Y nﬁﬁ%\{{t? 8dgsrtaé}§ Orgéspéﬁeoqjcﬂ 8 g'rjrpl es 15
| ud t | | t ) | C3-
| ocyel oal KERYP 2oy HAI Ml BE R CORMRSRREOHRE)E, BORD: fu%?f‘?t@t'?"éd >
het erOCyC'@gwg{Bﬁl & g9 tRExy BPIeRIGH! aiioh y-S(OFRY-S(P)2AL Gheatkyiihissent i n
t he group and or Rz i'nclude optionally substituted F@l
ohet er ocy cé.ganiqihythic ogreioyithio, Reminpoar subsitiesh REYNG GEPURTe %‘Eﬁ'w |y
substituted C3 10heter cl I t 10het e
rocycl oal k@ﬁiﬂo ) greugs | %éﬁéhé%doii(ﬁe)ﬁﬁ%%u@@g%g’!é ﬁlgkglrég?éd)%ﬁups
cont al 5 %%Qg Tflh% diM&E8bNe éd&ﬁhtd&ﬁfa&h@%ﬁ@ kY theeiagienat differeant ai ni ng

groups above. lonally substituted pol ycycloaliphatic
groups represented by the gr oup R3 when present in the group RX, RY and/or
Rz include_optiagnal | bst it ued I LGy bu®rREL7- 10bi -
or tricycl QQF I SB%}E@?% EX#?%'R&%?CS/ g}&ﬁ%s Q}E%érﬁ}éﬁe&%?@%yy%@cl oal i phatic
groups repp\/ﬁéﬁgﬁrégerhyﬂtth@ dio@! IRXRRY4hd/6ICRE dre coimpoapts ohdhé ynveohan i t ut ed

pol ycycl oa roups just described, but with each. grou itionally
cont ai ni nglrmh.eie anaﬂ}hﬁ@bﬁtﬁweﬂcﬁﬁ1095"'8?'&9?@“&9’0‘@}?% e % LY

15 include optionally substituted Ca.1ocycloalkyl, e.g. Ca.geycloalkyl or Ca.

jocycloalkenyl, e.g Ca-gcycloalkenyl groups.

Optionally substituted heterocycloaliphatic groups represented by the group
R3 when present in the group RX, RY and/or Rz include optionally substituted
20 Cs.1gheterocycloaliphatic groups. Particular examples include optionally
substituted Cs.1gheterocycloalkyl, e.g. Cs.7heterocycloalkyl, or Ca.
joheterocycloalkenyl, e.g. Cs.7hetercycloalkenyl groups, each of said groups
containing one, two, three or four heteroatoms or heteroatom-containing
groups L5 as defined above.
25
Optionally substituted polycycloaliphatic groups represented by the group R3
when present in the group RX, RY and/or R* include optionally substitued C7.
10 bi- or tricycloalkyl or Cgz.1gbi- or tricycloalkenyl groups. Optionally

substituted heteropolycycloaliphatic groups represented by the group R3

30 include the optionally substituted polycycloaliphatic groups just described, but
with each group additionally containing one, two, three or four LS atoms or
groups.
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WO 2004/ 007428 PCT/ GB2003/ 003108 Parti cul ar exanpl es of cycl oaliphatic,
pol ycycl oal i phatic, heterocyclo-aliphatic and heteropol ycycloaliphatic
groups represented by the group R3 include optionally substituted

cycl opr opywo eopebwk2st yl , cycl opentyl, cycl ohexyl, 5 cycPOWEBRIHB/003108
cycl ooctyl, cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl,
cycl ohept enyl, cycl ooctenyl, 2-cyclobuten-1-yl, 2-cyclopenten-l - yl,
3-cycl openten-1-yl, adanmantyl, norbornyl nor bor nenyl , tetrahydrofuranyl,

tetrahydmtﬁyrﬁqmn&amﬁlsg Zoafageneamm.eh Rojoled mauctﬁétway%cm@hmene 1, 1-

di oxi de, pyrroline, -prr0|ny pyrrolidinyl, %%rrolldlnone
oxazol i di nyahd ﬁlétewmydycld)ammmlc glcmnpsl tepyesentedy byl I growp|Rhynclude

d I I I I I
byt azol | RpHonD; o Sreiag vBppLopl” ERESBUT CeeiOBYORED dyBibhex O
tetrahygrop Kél@ﬁébtyl t etcyalbwdwpt hlc‘?@MbﬁmehyI t etcyelopdienyhi owclapedienw de,
t et rahydr ot hi opyran-1

d d I d I :
173" sy HoBxarh-CpishaRiany. s BRGNP YRR AbriscydRRantag | o o

1, 3-dit hi aRyl dijt t h |
13 5etrit H?’a:?]&?clege(ritgﬁ n1yYI rEh'dﬁl’ﬁélngll Hbﬁ%‘ﬁﬁ)@ ﬁbIU?JYhen)IP E&faﬁrdﬂbydkri_am,/l Cor

4H 1, 4- oxaetrafwdrotmoz:hsnyixateltraazqirﬁmlophqn@okaz'ﬁﬁy| tetr@hgdroauomeq@ 1.doxazi nyl ,

t hi I
ar oups. 20/t Sorbide. Sdiastr S AR pRF Oy pfoidindng: ofReefuAd, Y
cycl oal1oph@txazondnrm1ey@;oseom.lyl ;mgm 8; dldneﬂanyhamdia:mllmydhatg @- m’ndazollnyl
het er opol yc cl oal@ﬁgat I C r epresen ed the rouggRS i,ncl Hde one

two, three uB\ér?IZ tesg - ey aziy, (Pty ofidigith RYIANYE 8- % o9k

fluorine, WI'éHy'I ”l%trahyd}HFﬂ% P tet gﬂﬂ)tﬁl’bpmnyl Qétréﬁyo@@thl@ﬂyrarﬁ-@xnd@?t hyI
et hyl, propyl or i- al oC1- .g. .hal omet hyl 25 or haI oet hyI
such as di ftﬁ@){ﬂﬁ@b@b’f&ﬁﬂ,ﬂrql‘ﬂl%rBIPéf'FIRy‘N' Bipefi¢nang.y digxgayl e ebiSny

hydr oxyl , h@xy, opoxy,
Al ocL oal RigkpnyEbEThidioxans), riotpRaInp hlorpfipthonBElitiiis, Gby P Skarblardy oy o
trifl udSormirhIod(-inthlahylolhlor@m rebelinyl) pipetazinyg. 1 aﬁ-mmmwlooxaemnWm 8i 3Hor

propylthio,, or SH(_1AI3k4)§gB}g Irpups, 1 . whpch Al &i‘ai:rﬁfdaRﬁ%rs%&%a%ﬁwbra”Ched

Cl_3al kyl ene™ ¢hai n ‘’ZE€r0 Or an I nt €ger
-N(R 1) 2, (soxastmiytle. @Jdc org- mnxazamyjnoxﬁrthlgzmub e 1026 oreti2 Geoxaithiazioyl, R8) -CN,
- C02R11, Nog 351§xécﬁalzlrIy%grou GSN(RL 1)2, -COR11, -CSN(RL1)2, -N(RL1)CORLL,

-N(R11) CSRPL

20 The optional substituents which may be present on the cycloaliphatic,
polycycloaliphatic, heterocycloaliphatic or heteropolycycloaliphatic groups
represented by the group RS include one, two, three or more substituents each
selected from halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms,
or Cq.galkyl, e.g. methyl, ethyl, propyl or i-propyl, haloC1.galkyl, e.g. halomethyl

25 or haloethyl such as difluoromethyl or trifluoromethyl, optionally substituted by
hydroxyl, e.g. -C(OH)(CF3)2, C1-galkoxy, e.g. methoxy, ethoxy or propoxy,
haloC4.galkoxy, e.g. halomethoxy or haloethoxy such as difluoromethoxy or
trifluoromethoxy, thiol, C1-galkylthio e.g. methylthio, ethylthio or propylthio, or -
(Alk#)gR10 groups in which Alk4 is a straight or branched C1.3alkylene chain, g -

30 is zero or an integer 1 and R10 is a -OH, -SH, -N(R11),, (in which R11 is an
atom or group as defined herein for R8) -CN, -CO2R11, -NOg, -CON(R11),, -
CSN(R11)2, -COR'1, -CSN(R11)2, -N(R')COR1, -N(R'M)CSR!, -
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WD 2004/ 007428 PCT/ GB2003/ 003108 S02N(R11)2, -N(Rl1 1) SO2R1 1,

-N(R11) CON(R11) 2, -N(R11) CSN(R11), N(R11)SO02N(RI1)2 or optionally
substituted phenyl group. Were two R11 atons or groups are present in
these subswa wente48hese may be the sanme or different PCT/GB2008E3108 form a
heterocyclic ring as previously described when R6 5 and R7 are joined
together. Optionally substituted phenyl groups include phenyl substituted

by one, twpaHILee of(kigsBLRTYr oupyRISONIRId)Del oN(R'BESN(RdHal |y, when
the group R3is a het erocycl oal i phatic group contai ni ng, one or re

ni trogen aN(@TS)SEEN(RTJor ogeptiatally aubstiieed ppheshiaruRsubdiere JwedRby a 10
group -(L6)p(Al k5)gR12 in which, L‘ﬁ IS Céﬁ)% ts 1 g)[q b same oF O 2-, -
CON( R8) -, &terBR|(REFOUR} a@c_ﬁ'ﬁ@ﬁ@t_} in. thgse Subgitdeny YIzps ntaggee::ﬁj%?sa,&?ig is an
opti onal | vyt bt wirksh @lbAha hteRioy Bt Mipal bRVt dbsrbeditien Rér o or an
integer 17 an I's a hydrogen atom or an optionally substituted

cycl oalsi phatd ®7 atetjeined yiolgetiler.p Rptiooallyp shbstituted aPhe/mat greups include

pol yhet erocycl oal i phati ¢, ti i:
C1- Sl kol GrienyhHaRO e PioBhc B aRaal o o de e eooofpRts:
CH2CH2CH2-, -CH(CH3) CH2- and -CH2CH(CH3)- chains. 20 Optionally substituted

aliphatic or heteroaliphatic chains represented hy Al k5 i de t
opt i onal | yAdditisnallyuvben dreagnospdisie @ ratarosiyeloalinhaiic areur cqﬂ}%ﬁ{gﬁaqene hose

substituents whic r id [

above in r%r! rapfeom{]r?g&iﬁﬁliqéoé@ﬁ@@f)@gﬁl |tap aﬁ%@f\%@gp@%g?gﬁ?ﬁh@%? i@é:scrl e

pol ycyf] oahioppalie @nkﬁqgﬁ%ﬂi avtiety dlfois aC{@PRatCEO)P-pubiSrepPédented by R12

i ncl ude those grouBs just described for the group, R3. ti opal

Z gg\s;te i It ﬁepglewﬁ)eht-@s%%— ml'reS?EN(r?%-;tm(stéG@‘r ouFs lﬂtmr%e‘\ﬁ‘ﬁdéea’bescr i bed

ation to CYyC, i phat.ic _gr - i .

EZ'; :ir ﬁa][ gn@ftiq‘f‘aﬁk‘ §HB%1‘“|"§B?E'E§%{%§’ %?}eﬁ%gpﬁﬁﬁsﬂl?ﬁgt‘ﬁég@%?°gﬁggme escri bed
ryl BU r i u inti iti i i

e ov oyt AEELFERUR, ARy @t e optimalyssustiaheomyychalptiaions

opt i onal shmatoctypleah[shaj@s@ﬂlybbé@loalImaéi?»nﬁ@lvlé@t.er%%ﬁamﬁ'@"ﬁr SIPNEE P5 an

opt i on% I yhsubst i %g{iggr&[pqnnti C or heteroaromatic

eteroaro
Cq.zalkylene chains represented by Alk4 include -CHp-, -CH2CHg-, -
CHoCHoCHa-, -CH(CH3)CHz- and -CH2CH(CHg)- chains.

20 Optionally substituted aliphatic or heteroaliphatic chains represented by Alk5
include those optionally substituted chains described above for Alk!. Optional
substituents which may be present on these groups include those described

above in relation to Alk1.

25  Cycloaliphatic, heterocycloaliphatic, polycycloaliphatic or polyheterocyclo-
aliphatic groups represented by R12 include those groups just described for
the group R3. Optional substituents which may be present on those groups

include those described above in relation to R3 cyclpaliphatic groups.

30 Aromatic or heteroaromatic groups represented by R12 include those groups

described herein for the group Arl. Optional substituents which may be
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5 group it may be for exanple an aromatic or heteroaromatic group as
descri bed herein for the group Arl. Optional substituents which nay be
present on the aromatic or heteroaromatic groups represented by the group
R3 i ncl udewsn204/00728 t hree or nore 10 substituents, eaBCT/6B208¥00SEH8f r om an
atomor group R13 in which R13 is -Rl3a or -Al k6(Rl3a)m where Rl3a is a
hal ogen atom or an amno (-NH2), substituted amino, nitro, cyano,

am di no, hpd;rs@nylon(m@sb greu;besﬂnd!uﬁeemdsydﬂb%(;aptlona‘l cubbgtituentsr desejibed - CO2H) |
esterlfled carb thiol (-SH), substituted thiol, - COR14 [where Rl14 is
an - Al k6( 9%"??} %ryl or heteroaryl group], -CSR14, 15 SO3H, -SOR14,

- S02R14, -SO03R14, -S02NH2, -SO02NHR14, SO02N(R14)2, - CONH2, - CSNH2,

- CONHR14, - CSNHR14, - %R14 ]2, -CSN(R14)2, - N(R11l) SO2R14, -N 802R14)2
NH(R! 1) SO¥¥ie) thengraup) B 2R aptianally rpubsigtad Riomatic ONhRET 9@:@&@&

-N(R11 2
-N(R11) @) 4,

(R11) SR Tt (R B e 0 B Reig @1 B8
- SO2NHet 1 Hebgited heinkor meag“yoa;p)mbnal |y subst ituted C5- 7cyc| i cam no group
optionally containing one or nore other -0- or -S atons or -N(Rl1l)-
-C(O-, -C(S)-, S(O or -S(O2 groups], -CONHetl1l, - CSNHet 1,
- N(R11) SOZMﬁﬁbilaal sUstitbhishkieh a ay ¥ ﬁb@bﬁﬁéﬁ*ﬂi&ammaﬁ@%ﬁ@ﬂeﬁmﬁ%ﬂbmer e

Het2 is an optionally substituted nonocyclic C5 25 7carbocyclic group
opti onal | y goaupsairepregeniad by ther group- includeytasies Yo, - thkgrian Morec( ) - or

_NCRLL SonpRaswents, Saqh FRreRdiett st ap R aups Bkdn v R ) o 2
branched Cl; 6a|ke(Re®s,, Ghéal hewhen@ @élogn Gtbiry ol @ine a@iad n(-NHgpt i onal |y

interrupted by one, two or three -0- or - atons or -S(On [where n 30 is
an i nt eger siibstitu2d ammol\l(nRQS()yangr amnbnq vitydraxyREOH) ssubstijtded dodraybm or  Cl-

ool 1. S el Gt Bl AR, S S a2 o0 S
T 7 S OUERES e Moy, stp MmO s L
i s an ijpt e@@;H,, -SOR4, 3SOIRHS -S03RE, SOuNHy, SCORMIHRE SONE Bt i-t uent or
SUstltuen RHe -Cabe PEBNiTR£" . BBKHR14, -CON[R™], -CSNRM)s, -
N(R1)SO2R14, -N(SOzR4)3, -NH(R'1)SOoNHp, -N(R11)SO.NHR', -
N(R11)SO2N(R14)2, -N(R')COR'4, -N(R'1)CONHz, -N(R11)CONHR, -
N(R11)CON(R14)2, -N(R11)CSNH;, -N(RT1)CSNHR4, -N(R11)CSN(R4)2, -
20 N(RM)CSR'4, -N(R11)C(O)OR4, -SOaNHet! [where -NHet! is an optionally
substituted Cs.7cyclicamino group optionally containing one or more other -O-
or -S- atoms or -N(R11)-, -C(O)-, -C(S)-, S(O) or -S(0)2 groups], -CONHet!, -
CSNHet!, -N(R1'1)SO2NHet!, -N(R11)CONHet!, -N(R"")CSNHet!, -
SOoN(R11)Het2 [where Het2 is an optionally substituted monocyclic Cs.
25  7carbocyclic group optionally containing one or more -O- or -S- atoms or -
N(R1)-, -C(0)- or -C(S)- groups], -Het2, -CON(R'1)Het2, -CSN(R!1)Het?, -
N(RT1)CON(R11)Het2, -N(R11)CSN(R11)Het2, aryl or heteroaryl group; AlkS is
a straight or branched C1.galkylene, Cp.galkenylene or Co.galkynylene chain,
optionally interrupted by one, two or three -O- or -S- atoms or -S(O)n [where n
30 is an integer 1 or 2] or -N(R15)- groups [where R13 is a hydrogen atom or Cs.

galkyl, e.g. methyl or ethyl group]; and m is zero or an integer 1, 2 or 3. It will
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sui tabl e carbon atomin -Al k6. Where nore than one Rl13a substituent is
present these may be the sane or different and may be present on the sane
or different atomin -Alk6. Clearly, when mis zero and no substituent Rl3a
IS presenwa e4/el7%8l ene, al kenyl ene or al kynyl ene chai PCT/6p2083/603108d by

Al k6 10 becones an al kyl, al kenyl or -al kynyl group. Wien Rl3a is a
substituted am no group it may be for exanple a group - NHR14 ;v\/nere R14 is
as defi nedoélappedciated ahayr when -tN()FIaki) or Rirkigedupseachpiesant iy oo of M4 he sane

or different. 15 When Rl3a | en atomi anple a
f1uorine, %W‘(S’r?rqpét'tueé‘ﬁ%ﬁ'i"%B% FH gsg@qynl?e iﬂ?%@ Ij"gfgrez%subst i tuted
hydr oxyl or substituted thiol group |t may be for 20 exanple a group -ORl14

or a -SR14 or -SC(=NH)NH2 group respectively. Esterlfled car boxyl groups
repr esent eWhey irhéhgyraropp RASS(RER)mdB i§r s0pdtager T.ofndll 3, -Ii®APKE wher ei n

Al k8 is a straight or branched, optio rou
such ass a wedery OOdé{"ﬁS/Fhe substigant or SUBS\BB%}V‘S%%J%& BE, pr%ﬁ?’f}a&*éh)ﬁg bulto yl
or t-butyl I qb,lﬁ)é p C Ba aont liy
substitute Lag) z;ﬂa ﬁeﬁe%‘h?ﬁk@ g g‘?‘ggytlr,%ﬂlb%egﬁt h lgges![t'hyl (;r 2-

napht hyl rrepiasbngﬂmsp may bzsmeZaamb Qg estund mayde @fsse@tr@n the samRt i t ut ed
phenyl, 1-napl

as an opthﬁgTBF%‘ ﬁﬁﬂ@t'ﬂt ﬁeé%@gﬂ ﬁg?, snﬁ'% %Ldgllr‘é/) Oxygﬁﬁﬂtkﬁha%oup such

napht hyl ox I AerPATknIshe) B tdmyinyBineuphainrepraseateal by Alubst it ut ed
C1- 8al kanoéf&%;h/éhhes% ﬁe rou%w such aéswaypl val oyl oxynet hyl ,

pr opi obly| okgeamnes amallml (ﬂﬂiwypbadmbﬁmwgroup or a C6.12ar oyI oxyCl_8al kyl
16 WO 2004/ 007428 PCT/ GB2003/ 003108 group such as an optionally
substituted benzoyl oxyet hyl or benzoyl oxy-propyl group. Optional

subst i t ueniyghdy esenlis ansidagitlAbd Gingno upoumd ondy HRL far exarbplei a @&URs - descr i bed

above. 5 Wien Al k6 is present in or as a substi exanpl e
a net hyl endHR¥twppenB' ﬁi—%’ﬁr@ﬁfmeér?@PVPl?fr%%ﬂ”anﬁ%%Wﬁ‘ﬁfeéﬁg llijt yl ene,

s-butylene, t- butyl , | ene, 2-propenyl ene, 2-butenyl ene
3- but eny| eHEPUPP EK}%;S/?@%e‘{'%@Q*-

15
When R132 is a halogen atom it may be for example a fluorine, chlorine,

bromine, or iodine atom.

When R132 is a substituted hydroxyl or substituted thiol group it may be for
20 example a group -OR4 or a -SR14 or -SC(=NH)NH group respectively.

Esterified carboxy! groups represented by the group R13a include groups of
formula -CO2AIk8 wherein Alk8 is a straight or brahched, optionally substituted
C1.galky! group such as a methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-
25 butyl or t-butyl group; a Ce-12arylCq.galkyl group such as an optionally
substituted benzyl, phenylethyl, phenylpropyl, 1-naphthylmethyl or 2-
naphthylmethyl group; a Cg.12aryl group such as an optionally substituted
phenyl, 1-naphthyl or 2-naphthyl group; a Ce.1 oaryloxyC1.galky! group such as
an optionally ~ substituted  phenyloxymethyl,  phenyloxyethyl, 1-
30 naphthyloxymethyl, or 2-naphthyloxymethyl group; an optionally substituted
Ci.galkanoyloxyCi.galkyl ~ group, such as a pivaloyloxymethyl,
propionyloxyethyl or propionyloxypropyl group; or a Cg-12aroyloxyC1.galkyl

16



2- propynyl ene, 2-butynyl ene or 3-butynylene chain, optionally interrupted
by one, two, or three -0- or -S-, atons or -S(O-, -S(O2- or -N(R8)-
groups. 10 Aryl or heteroaryl groups represented by the groups Rl3a or Rl14
i ncl ude nOY@200e00738cycl i c optionally substituted C6.12B€T6GB2I03/03A08
Cl-ghetero-aromatic groups as descri bed above for the group Arl. The
aromati c and heteroaromatic groups nmay be attached to the renmi nder of the
conmpound @bup Each @snan apfidnallyysubatjtuted ayloxethyl or beazoViyrRIgRA at om as
appropriate. Wien -NHet1l or -Het2 far fi.ed t kddis each may
be for eX8HBI LRIPML ?B‘Pl%'l“l‘%f‘%u%etsfgpﬂf%rga%%r (r%g‘fi %;B/ﬁ IipyrazoFFe’ibgi nyl ,

pi per azi Ajbstitdgg,w@@gdrmgh,abbt)é_om)rphol inyl, piperidinyl or thiazolidinyl
group. Additionally 20 Het2 may represent for exanple, an optionally
substituted cycl opentyl or cyclohexyl group. Optional substituents which

may be present .- N or - ki h-@j[g;\' 5 nsathyehé uent s
descr isoed%&/gg?ﬁ Qrg‘gérﬂiﬂﬁﬁrtagqeéahﬁllsgﬂl%wfgﬁ? al n?r(rég%r esented by Al k1. 25
Pﬁlrt i cul aginylensef klprapydere, oi-pepylens, r eputdent, eitbbtyleres sHEMRNE: f fuori ne,
chlorine, bromne or jodine ato or, Cl. I t yl,

n- pr opy! , butylegneo ghenylensy inrorsn é%&?uﬁegaéﬁ%n?ﬁpﬁtfggﬁ St P%P ggﬁ%henyl ,
pyridyl, pyfiioddhdhe, -2-byhyiehy lor 3-Bity geh@imm,)dptionaﬂ;eiryerrumed giol i nyl ,
t hi onor phol™i n@, pi perazinyl, e.g. t- butyl oxycarhbo %pi e razinyl,
pyrrol i di ogé, twdi, okthreayD- ortiSoxateqs, oroRERhi ﬁ@i@zﬁf %@ >h9'§>¥8F1 di nyl ,

I m dazol i di nyl or piperidinyl, Cl.6hydroxyal kyl, e.g. hydroxynethyl or
hydr oX§et hyl , carboxyCl. 6al kyl , e.g. carboxyethyl, Cl-6alkylthio e.g.

RIS ' bepréd | i gr 1% aob W rivehget hi o, 2-
e o AEof RSN PR Rerked by ol oues 7 Sacbjieckgh i

) thio or .
3- car boxy panuy lor hieyclicDpienally,gubstituied st 99133?5 cg?.‘hbg(hﬁtero-aromatlc
hydr oxyCG - sal koxy, e.qg. . 2- hé(g{?oxy th , | oRal | u Wt e@nghenoxy,
pyri dyl ox@rouRsi 2%l s%g‘%f',beﬁh Ve hTey %gp@?&(}%ﬂ A o)rh%ztba?w& oal kyl , e.g.
cycl obut ylyete6) RYnblips Fiay s sltautidkias the eergaindgcbbimeraopieoupd Hal oC1. 6
al kyl, e.qg. TOTr1 11 uot onet hyl’, hal oCl 6%I koxylt e. q. trr+é‘¢#§rorret hoxy,
C1- baltsy| doimda (8, . anyearhoh RHAIO BchPIASPREIIR 25, AR PRt o,
C6. 12aryl C . 6al kyl am no, e.g. benzylam no, 4-fluorobenzyl-am no or
4- hydr oxyphenyl et hyl am no, am no (-

’ yriNher)\/ -NHe)’i1 or -Het2 forms p(art of a substituent R13 each may be for
example an optionally substituted pyrrolidinyl, pyrazolidinyl, piperazinyl,
“morpholinyl, thiomorpholinyl, piperidinyl or thiazolidinyl group. Additionally

20 Het2 may represent for example, an optionally substituted cyclopentyl or
cyclohexy! group. Optional substituents which may be present on -NHet! or -

Het2 include those optional substituents described above in relation to

aliphatic chains represented by Alk!.

25  Particularly useful atoms or groups represented Dy R13 include fluorine,
chlorine, bromine or iodine atoms, or Ci.salkyl, e.g. methyl, ethyl, n-propyl, i-
propyl, n-butyl or t-butyi, optionally substituted phenyl, pyridyl, pyrimidinyl,
pyrrolyl, furyl, thiazolyl, thienyl, morpholinyl, thiomorpholinyl, piperazinyl, e.g. t-
butyloxycarbonylpiperazinyl, pyrrolidinyl, dioxolanyl, dioxanyl, oxazolidinyl,

30 thiazolidinyl, imidazolidinyl or piperidinyl, C1.ehydroxyalkyl, e.g. hydroxymethyl
or hydroxyethyl, carboxyCq.galkyl, e.g. carboxyethyl, Ci.galkylthio e.g.
methylthio or ethylthio, carboxyC1.salkylthio, e.g. carboxymethylthio, 2-
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NH2), am nod - 6al kyl, e.g. am nonethyl or am noethyl, Cl-6dial kyl am no,
e.g. dinethylam no or diethylam no, am nod _6al kyl am no, e.g.

am noet hyl am no or 10 ami no-propyl am no, optionally substituted

Het 1NC1- 6aMQ/2004907¢28 e. g. 3- nor pho-1i nopropyl am no, PCT/GB2003/003108

Cl. 6al kyl am nod . 6al kyl , e.g. ethylam noethyl, Cl. 6dial kyl am nod - 6al kyl
e.g. diethylam noethyl, am nod -sal koxy, e. [Ci, am noe% hoxy,

Cl- 6al ky| earboxy@thyithiik ox \3-carbgxypieR it r neakews -9-cTethoxy” or ethoxy,

6di al kyl am noCl - 6al koxy, e. g, .di | am Y, ' YorfiHoReet hoxy, 15
di i soprod’&bfd;%b@ar‘g B d?'@b@&gﬁﬁog@p;@?g)a@& hsy rsgll)l(];fé 1_%al kyl’am no,
e.g. 2-hy i 981 SNyAthRXOHyeiBYItrao) OR7ayciciikyy,de.gxgyolabytydni no,

i m do, sﬂ%ﬁ%h%ﬁ%bﬁgr napht %ylthi %In do, e.g. 1,63- napht hal i m do, nitro,
cyano, angyaiopmntyly dGycydycioatbiexy, f 6rgry| CYOMRBEROIVIOXY, c halekypalVicoRy. - conal k8
[where Alk8 is as defined above], Cl g 0.8 . Rr ryl or
butyryi, tiueiametigh | QQQ&M?IRPd’eS'%eﬁ?‘IH Fé}ﬁ%{thpgf, P -1§§?£,y¥+ﬂ'|n§00é-)'%'al kyl ,
e.g. thio r ' hvl | .- oiRbR . G kalkylaptid, e §OBAl k8,
Cl- 6al kyl E‘%}“%"ﬁ‘&?’ tee_‘“a_‘ﬁ""ﬁét byl Fro Bﬂi nyl gﬁiﬁa b0 Eh. oo

propy! sul péhANAmInG]_Aabdrgbendybaotind ,ore4dydraxyphgnyleinghoing,, aginey (sul phony!
or propyl -sul phonyl, am posul phonyl (- SO2N 6ak: l; phonyl ,
e.g. met hMHah %mrﬁ?ﬂ‘vﬂ,e'QSQ'é‘fqﬁi/"P%ﬁYIn%rsﬂpﬁ%%%’ﬁ%?%?%k@@ﬁ#ﬁ% ul phonyl
Cl_6di al kyl amj, - Firnss B mms Uk RN @mihogthylamino or

di et hyl amxilno- sﬂ?mﬁgf)%@éﬁ? g’mancl)sui1p oﬁ"ﬁ, calr@goxam'_do (- CONH2), C1.
sal kyy@ni pRrisepRPYIEMInG, Joptigeially | substiciedbdret! NC1galkylaarin@ocagbofyl or

propyl am no- car bonyl, Cl. 6di al kyl am noc rbog%l , €. di net néll a&i nocar bonyl
or di et hyrerphetaepropylrmingri koeRIKYIEMIBRY KkeRIEH: fo%a Inogtiyh “1-

am noet hyl - ami pocar hon Cl_6al kyl am = | k )10 nylg q€. 9.

net hyl am‘yﬁ%@%ﬁwa h‘@%%"bon% : '?W?&gﬁ/ 0%%@9%%2%0%?00%108

6di al kyl aghﬁﬁé‘eyh@?,k%tlﬁ%h{kg%ih@oygalk@xyg. diget hmbthglamioeethpkyani Gacar bonyl
no, . ba

am nocar bonyl am yl am nocar bonyl - ani no, e. 9 )
met hy| ami goiatiylzominbGrisationy, eely| alimedRsaBiEReinY no dietylaminoethoxy,

am nodAr bONGIERPHBM RSNk Pird AT oRIRARAP | PR Zendicy O 1V ©
am nocar beny! reh{bAptAfamie, Natiideeaphspyydraimon ar Gihyghbxkypusykamimohi o-
imido, such as phthalimido or naphthalimido, e.g. 1,8-naphthalimido, nitro,
cyano, amidino, hydroxyl (-OH), formyl [HG(O)-], carboxyl (-CO2H), -CO2AIk8
[where Alk8 is as defined above], Cy-galkanoyi e.g. acetyl, propyryl or butyryl,

20  optionally substituted benzoyl, thiol (-SH), thioCy.galkyl, e.g. thiomethyl or
thioethyl, -SC(=NH)NHg, sulphonyl (-SO3H), -S0O3Alk8, Cq.galkylsulphinyl, e.g.
methylsulphinyl, ethylsulphiny! or propylsulphinyl, Ci.galkylsulphonyl, e.g.
methylsulphonyl, ethylsulphonyl or propyl-sulphonyl, aminosulphonyl (-
SO2NHp), C1.galkylaminosulphonyl, e.g. methylaminosulphonyl,

25  ethylaminosulphony! or propylaminosulphonyl C1.gdialkylaminosuiphonyl, e.g.
dimethylaminosulphonyl or diethylamino-sulphonyl, phenylaminosulphonyl,
carboxamido (-CONHy), Ci.galkylamino-carbonyl, e.g. methylaminocarbonyl,
ethylaminocarbonyl or propylamino-carbonyl, C1.gdialkylaminocarbonyl, e.g.
dimethylaminocarbonyl or diethylaminocarbonyl, | aminoCi.

30 éalkylaminocarbonyl, e.g. aminoethyl-aminocarbonyl, C1.galkylaminoCy.

galkylaminocarbonyl, e.g. methylamino-ethylaminocarbonyl, C1-

18



carbonyl am no, e.g. nethylan nothiocarbonyl an no or ethylam not hi o-
carbonyl am no, Cl.6di al kyl am not hi ocar bonyl am no, e.g. dinethylam no-

t hi ocar bonyl am no or di et hyl am not hi ocarbonyl anino, G -6al kylam nothio 10
car bonyl C1 WaatdeybeEwasno, e.g. ethyl ani nothi ocarbonyi met bg1/Gaznosen3108

CONHC( =NH) NH2, G - 6al kyl sul phonyl am no, e.g. methyl sul phonyl ami no or

et hyl sul phonyl am no, hal oCl- 6al kyl sul phonyl am no, e.g. trifluoronethyl-

sul phonyl gd]hmplanmigcﬁggaikwahmdcaMI,ara'.g]o,di@hﬂ:arﬁinﬁetﬁyiamiup@ﬁfbﬁwlam' no or
di et hyl sur phonyl am no, optionally_su

ani nosul pABNACAHRANYIGMIRPISO2NH?) | %16%@‘%%%@53?%%?2&%?%58 w0

met hyl am ﬁ%ﬂ*ﬁ@ﬂﬁ%w@f‘gg"ﬁ%et hyl @m nosgthphmidcamdiankihoSdi al byl -

am nosul pnot ) I'ret hylam nosul phonyl anmi nd or di et hyl am no-
sul phonyl gﬁi‘alk?Ianﬂﬁééa?B@MIdmmﬂ?Sblg.uU&ﬂethpladeanlemMIqulecumdiﬁihﬂr

nor phol i nésul phonyl C1. 6al kyl am no, optional |y suQstltut ed phen m no 20
sul phosiy| aniimasari@inyéamiogn oy eeaiaminogabenyle1,6afKYIARING i ?18C1%%“ﬁénoyl -

am no e.g. am noacetyl anino. Cl.6di i = it
di met hyl aﬁf"ﬁ'?)%ﬁ?é??ﬂyﬁﬁﬁ'&!a Tgﬁalﬁfﬂ'hggladr%% - 'ngﬁ;r?ngaimg‘?‘ aéettgifgégﬁ- no-
get hyl, C%B%pﬁam%,a%@ﬂ mefifI&iindtisearbenyiammoet ani dethylagiinothioe, C1-
al koxycarbonytam no, e.g. nethoxycarbo Iatm' no, ethoxyegarhbonyl am no or t
tzﬁi gu'z) Fxrca:ﬁ:@u&drmgﬁ),no C;(]FGQ@WIQWH]qﬂVO%BéFY@W% b&Fzy1 YUPIHFIPIGY | met hoxy

zol yl net ho enzyl oxyc A LaxY - ' ) ’
T R L L e L L S
thi angyl rgg[% | QR 30g \Yher eotigmintinsthiocarbdRyBnetblatminajent s may be
| i nked together to forma cyclic group such as a cyclic ether, e.g. a
T gy e e g b Ao g

¢ .

rr;)r e R13d7ﬂiibﬁd$qlP'i]@?W%m¥§‘Pe pngghﬁ?mlﬁngggnﬂg@é%ﬁg? te%gcfaggg‘lp wé@gtmeogane
at oms- an I 3 i '
el < i Riro LR S soppchgepiTei 2

r epr esent qflethylsRpholi¥iamindie goplignallRX ssubstivited e jRiieRKgUIPbgRY ﬁ@I"PCt’O form an

optionally . . .
15 “aminosulphonylamino (-NHSO2NH2), C1.galkylaminosulphonylamino, e.g.

methylaminosulphonylamino  or ethylaminosulphonylamino,  C1.gdialkyl-
aminosulphonylamino, e.g. dimethyiaminosulphonylamino or diethylamino-
sulphonylamino,  optionally substituted  morpholinesulphonylamino  or
morpholinesulphonylC1.galkylamino, optionally  substituted phenylamino-
20  sulphonylamino, Ci.galkanoylamino, e.g. acetylamino, aminoC1.galkanoyl-
amino e.g. aminoacetylamino, C+.gdialkylaminoC1.galkanoylamino, e.g.
dimethylaminoacetylamino, C4.galkanoylaminoCy.galkyl, e.g. acetylamino-
methyl, C1.salkanoylaminoC1.salkylamino, e.g. acetamidoethylamino, Ci.
galkoxycarbonylamino, e.g. methoxycarbonylamino, ethoxycarbonylamino or t-

25  butoxycarbonylamino or optionally substituted benzyloxy, pyridylmethoxy,
thiazolylmethoxy, benzyloxycarbonylamino, benzyloxy-carbonylaminoC1-ealkyl

e.g.  benzyloxycarbonylaminoethyl, thiobenzyl,  pyridylmethylthio  or
thiazolylmethylthio groups.

30 Where desired, two R13 substituents may be linked together to form a cyclic
group such as a cyclic ether, e.g. a C+-galkylenedioxy group such as

methylenedioxy or ethylenedioxy.
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substituted Spiro linked cycloaliphatic or heterocycl oaliphatic group
joined to the cycl obutenone ring as defined by formula (1) it may be any
such 10 cycl oal i phatic or heterocycloaliphatic group as previously

descri bed W0 20®8007428pti onal substituents which nay be ppe&seB200med3IBCh Spiro
| i nked cycloaliphatic or heteroaliphatic groups include those optional
substituents as described in relation to R3. 15 The presence of certain
substituents in the conmpounds of fornmulae (1), (2) or ArilWnmay enable

| t f the, ds. d. .Sui ' ticall
ccept abl ot 94f BE ShigeoialeaiheL \iEr il b B sRogfliots e BsmeC LI Y

or organi chass Ased Mot nseédsariyaid Rdsdme atdmoandior graups. by gamgrel, thdises. 20
Acid addition salts include hydrochl ori

es, hydrobrom des, -0i.0di des,
al kyl sul phehgtivent(g) grayka ReseRLA YA §$Ieé{%a91%sﬂﬂrbwgﬁ8taé§%gg§w
i sot hi gnat r J 1t 8ol uenesul phonat es, besyl ates or
napsyl gesﬁaﬁﬁgé%aﬂgﬁéégwﬁ'{egﬁéfﬁﬁ tFY;F;Fidrogen sul phates, acetates, 25
trifluoroacetates, propionates, citrates, maleates, funarates, nalonates,

succi nates, | actates, ox tes, ~tartrat . ~Sa rived from
i nor gani ¢ Whesr H%igéo%i@iaﬁal Bde28i lgé'%sd %&%ngéﬁfﬁ)ﬁ@ugﬁ 5@2}%@)& um or
potassi um %?dsftiﬁnealsbﬁbi IMRe@ LBl crahdtsraycibalishatagresp joineddo or

cal cium salts, and organic amne salts sych as rphol i ne i erlﬁl ne,

di met hy| anthee cyelobitenpye it &ss defined Ry Mﬁgo@ﬁ@ g&/%&k@&ﬂ% 003108

| n conmpounds,, of. for.mul ae i I s-aRt4 I

subst irTQJt eﬁycﬂﬂ?é'ﬁbﬁ{'%ﬂbeéééohé%ﬂ@;héy%gré%ﬁsgé%&ﬁ%‘i@ y%{?}ﬁglb_ﬁgtﬂg?(r)?r' o%lat iC
grgutn_. t P?rg)ipgydwar |substiebnts nwhﬁobéaip]é)tc bet eresenbmeni sughowrpicariekept iOI ogal ly
substitute ive- Qr sjx-ne r et er.oar desk e

previ ous| yCYGRaPbRLE P{/lhﬂe\?%%g‘?ﬁ% Sﬁqéﬁﬁépgﬂdest%e%g’ﬁgﬁ% & gr o%%g

cont ai ni Ng 4.0 eRin t¥BtGIEIERBat oms sel ected from oxygen, sul phur or
ni t rogen agom; I\Ft rogen-cont ai ni ng groups are especially useful,

particularly pyridyl or pyrinmidinyl groups. Particularly useful
substi tléj entl'?ne %rreege%% cﬂ%eﬂ'eﬁ&bstituents in the compounds of formulae (1), (2) or
Ar'W may enable salts of the compounds to be used. Suitable salts include

pharmaceutically acceptable salts, for example acid addition salts derived
from inorganic or organic acids, and salts derived from inorganic and organic
bases.

20
Acid addition salts include hydrochlorides, hydrobromides, hydroiodides,

alkylsulphonates, e.g. methanesuiphonates, ethanesulphonates, or
isothionates, arylsulphonates, e.g. p-toluenesulphonates, besylates or
napsylates, phosphates, sulphates, hydrogen sulphates, acetates,
75  trifluoroacetates, propionates, citrates, maleates, fumarates, malonates,

succinates, lactates, oxalates, tartrates and benzoates.

Salts derived from inorganic or organic bases include alkali metal salts such
as sodium or potassium salts, alkaline earth metal salts such as magnesium
30 or calcium salts, and organic amine salts such as morpholine, piperidine,

dimethylamine or diethylamine salts.

20



nmonocyclic Art groups include hal ogen atons or al kyl, hal oal kyl, -OR6,
-SR6, 10 -NR6R7, -CO2H, -CO2CH3, -NO2, -N(R6)COR7 or -CN groups as

descri bed above in relation to the conpounds of fornmula (1). Particularly
usef ul bi cyd 2004/000€8er oar omati ¢ groups represented by APCT/GRADUWS108
optionally substituted ten- nenbered fused-ring heteroaromatic groups
containing one, two or three, especially one or two heteroatons,

especi al |y sompogeds aff ofosmuler (1)c or ahr'ds Asd aispipesferably ware apienalhal |y

Bl e o SEEECbirly IPAE femat

i soqui nO'dCrauﬁf.' PhriguRipSusdfar iorebydicopstervambmatib grotperirs dptiohallle t hose
just desCribed for mdnocyclic heteroaromatic .groucF)s. 20 The process
accor di ngubstitukes i fivgener ofiximrerperred c PIFPFroMel u A4S @fe eﬁ?'@b’ﬁfat i on of
conpounds, gf; Vo- iG] My Reterbaromad boftainlg R17 O Re
V\/nerei%n ?%gclpégy’%g,{&y@eo&%‘\l OrT:‘l;gérR16, eF\r’17r andc g_‘,iﬁsvm?ch' magy be the
sane or dirfd er éwo hetersatdms selagteshom 2RV AUWRhWHCTIRITRIBR &JPHSp

-L3(A k2)LLA(RS) U i whi : ol 4 apgridulafl € ept ned
or vt oue | JropST-ciptahisl fbubd o, Sspebial “usdhy, ApariupAy CpplatPor O
the sal tgp rpeitingl egroupy.dr Rarisularlyl Nseful desbstituardef present WOn200as007428
PCT/ GB20 3/003108 4n one preferred class of ag{) Ol[maﬂks of \h@r Bpsa (1b)
where G i moRocycHa &+ de"ﬂﬂéehél%eﬂfg‘?rlﬂ@é’ﬁ Yok RRer ShY ef er r ed
cl ass, of n 8} Prabgr L OM7%r LN Yodss BS dRisBAabéer defined
for F\Jf)6 magﬁfﬁ; 8?%0%'5& 'Eg)gy,ﬁgqsezgci ally a Lrggtlﬁ%xy or ethoxy, group.
5 I n anot fssvenihabritibAdo thessmpburdsipbiontislzoft) f BanicLiarly Lisejul Gidysliar - N= or
-N(O = _ _
(9 heteroaromatic groups represented by Ar! include optionally substituted ten-
membered fused-ring heteroaromatic groups containing one, two or three,
especially one or two heteroatoms, especially nitrogen atoms. Particular
15 examples include optionally substituted naphthyridinyl, especially 2,6-
naphthyridinyl, 2,7-naphthyridinyl, quinoliny! and isoquinolinyl, especially
isoquinolin-1-yl groups. Particular optional substituents include those just

described for monocyclic heteroaromatic groups.

20 The process according to the invention is particularly useful for the

preparation of compounds of formula (1b):

R18 R2
G -~ | l\i R)(
N L2 Ry
i o
17

wherein -G= is —CR'®=, -N= or =N(O)=;

R16, R17 and R'8, which may be the same or different is each a hydrogen
25  atom or an atom or group -L3(AIk2:L4(R5), in which L3, Alk2, t, L4, RS and u

are as defined previously;

L2, R, R2, RX, RY and RZ are as defined for formula (1);

and the salts, solvates, hydrates and N-oxides thereof.
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group. R16 and R17 in conmpounds of fornula (1b) is each preferably as

particularly 10 described above for conmpounds of forrmula (1), other than a

hydrogen atom Particularly useful RL6 and R17 substituents include

hal ogen at &200¢815¢28i al [y fluorine or chlorine atoms, BET/GB20BaD3YS,

especially methyl, ethyl or isopropyl, haloCl.6alkyl especially

hal onet hyl , nost especially -CF3, -CHF2 or -CH2F, C1.6al koxy especially

met hoxy gy o‘ﬁ%%)éfé?fe&é‘lh@&bi@@@hdswm' la \1b)1 e Gnist ae0R18rost

especial l'y - 3, -OCHF2 or - 2F groups., A quther rou f e@npounds

]E)g.l’tl ?:ul gidn;p Bﬂ%lpmaéwga%g%r@lpﬁg In @npther g’f@@@%g Clase qfﬁgn?ﬂrr{l)'@a?i':@n has the

fornul a C).; Rx : wher ei

is the i Sﬁé PfeIr,ed(Ze!ﬁcl)g? 8f %uﬁ%ﬁeﬁéﬁﬁtgﬁﬁﬂé%?obﬁ%é&pﬁ J&PI?%?%'M( RS)E ign

whi ch L3, ;K¢ edpeclafly alfRethiBRly br ey, apouef i ned previously; L2, Rl, R2, RX,

RY and RZ are as defined for formula (1); 25 and the salts, solvates

Eyd[ aSels andeN- oxi des thereof. 22 WO 2004/007428 PCT/ GB2003/003108 ,

Particul gr S i BPg = oL lc

i ncl ude ﬁ%laﬂﬁ&?r§F‘%&r¢§‘%a‘g%é@%&ﬁ?%ﬁ%ﬁfﬁgﬁu%gl ori Hgao-?\i_b?gmmr?e)éag orr?s, or

Cl- 6al kyjrogp.g- nethyl, ethyl or isopropyl, hal oCl_6al kyl, especially

hal onet hyl, nost especially -CF3, Cl_6al koxyl, especially nethoxy,

hal oC1_6al koxy, 5 especially hal onethoxy, nost especially -OCF3, -CN,

éﬁ(?zglill?’cl-%‘)%z d BV W9 cofrptltiRds of ihiduld U ds RETH PréfehiRBRES pastisedariy |y - NHCH3
10  described above for compounds of formula (1), other than a hydrogen atom.

Particularly useful R16 and R17 substituents include halogen atoms, especially
fluorine or chlorine atoms, or C1.galkyl, especially methyl, ethyl or isopropyl,
haloC1.galkyl especially halomethyl, most especially -CF3, -CHF2> or -CHaF,
C1.galkoxy especially methoxy or etoxy or haloC4.galkoxy especially

15 halomethoxy, most especially -OCFg, -OCHF2 or -OCH2F groups.

A further group of compounds particularly prepared according to the process

of the invention has the formula (1c):

/N
(R8), l

20
wherein g is the integer 1, 2, 3 or 4,
R16, is an atom or group -L3(AIk2)L4(R5), in which L3, Alk2, t, L4, RS and u
are as defined previously;
L2, R'. R2, R, RY and RZ are as defined for formula (1);

25 and the salts, solvates, hydrates and N-oxides thereof.
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N( R6) COCH3, especially -NHCOCH3 groups or optionally substituted phenyl,
furyl, thienyl, imdazolyl, pyridyl and pyrimdinyl groups. 10 The process
is also particularly useful for the preparation of conpounds of fornula
(1d): R2 (WLEP4/M78281 Rx N L2 RY Rl (1 d) RZ wherei nPRU6B20§3/0B308 R |, R2,
RX, RY and Rz are as defined for formula (1 c); 15 and the salts,

sol vates, hydrates and N-oxides thereof. Each R16 atomor group in

conpounds phiifc@rdruRas (subdlitusays ehann gegsentémt ¢ompewidsc bedofmamn £ie)at om or
roup -L3(A k2)"L4(R5)u as previousl articul arl defined far <onmpounds
of fgrmél ginpmi d_hals(zge&\ammf&ﬁpes@lly ﬂﬁ%f%« |°§?%6'§8fif¥bfaﬁémﬁpa§g?8°ﬁp‘g}:g3?l |
repared acggr,di e snihrl a e):
M0 200a508Ha38 shEridsorintl 66 THRey B TeARY. WheleRl WSS (4%
L \\\' RZ Oaer ebpeddify, -GF3L2C1 RlkoXd, eRpecillly ametiRxyartealaG-gakoxed for

formula (1 c): and the salts, solvates, hydrates (gnd N- oxi des thereof. 5
Each R15 avepedallyghalamethoxyomest asrediallyf- -E92Gg. HeP2 ARBBndent | y

oo RT aibgT, 8 KR/ BBALP LN R Nt ned Tor
N(R8)COCH3, especially -NHCOCHgz groups or optionally substituted phenyl,

furyl, thienyl, imidazolyl, pyridyl and pyrimidinyl groups.

10 The process is also particularly useful for the preparation of compounds of

formula (1d):

=
(R19), ,N
RZ
A O T
N
N L2 Ry
| (1d)
R? §
R? 0

wherein R16, g, L2, R', R2, RX, RY and RZ are as defined for formula (1c);

15 and the salts, solvates, hydrates and N-oxides thereof.

Each R16 atom or group in compounds of formula (1d) may be independently
selected from an atom or group -L3(AIk2),L4(R5), as previously particularly
defined for compounds of formula (1c).

20
A further particularly useful group of compounds prepared according to the

process of the invention has the formula (1e):
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In one preferred class of conpounds of fornmula (1le) at |east one R16 atom
or 10 group is present at the 3-position of the isoquinoline ring. In a
preferred group of conpounds of this class R16 is an optionally

substi t ut edv@emewi7428i ng. Optional substituents whi ch nBGT/682¢98/663¢08t on t he
phenyl ring include halogen atons, especially fluorine or chlorine atons,
or Cl.6al kyl, especially nethyl, ethyl or isopropyl, hal oCl. 6al kyl

especi al I y hal onet hyl t especially 15 -CF3, -CHF2 or -CH2F, Cl. 6al koxy
especi al 1y met hqrye)g y or hal od - 6al koxy especi ally hal onet hoxy, nost
especially -OCF3, -Od Dr - OCH2F groupsRz2lt will be understood that
conpounds accor di ng b), (1c); (1@) 20 and (1 e) include,
where applicable, the taytoners. It wll be

appreci ated t hat t Ay l to jpreparerthdyconpounds of fornul ae
(1b), (1c), (1d) and (le) each corrpris1reacli g a co%und of formula
Ar1lW wherein Art is the particularly pref re&ﬂéyl or heteroaryl 25
group, with a conpound of formula (2) usiRg the t hods as descri bed
herein. 24 WD 2004/007428 PCT/ GB2003/ 003108 1In one particul ar aspect of
the inventjaefPEMYEs RY, HORMRRENG B aré asloefingd farformula ic)and (1 e) are
prepared wherein RITs a - CO2H groug. | n ana;t herf particul ar aspect of the
i nvent i on aruhibewseds, elvates,aydsates end N-gxiges theseqly "oy (1 d) and (1 e) are
prepared wherein RL is an esterified carboxyl group of fornula -COQ2AI k7
whi ch may advant ageously be used as a prodrug of the active conpound. In
this classgaéh EOSRmMbT Ak inscomusundaist jormuta (Bl mgY bedndrpende8iecial Iy a

thyl, ethyl, |, - |, b | : I . | I ;
an opt ] onaseloHtseTAn aipTeSTE9LR SLAIGRSES, 23l ergReny! aroup
I I byt tyl, | oh I | ohept yl ;
cycl opr opycgmﬁéﬁc%u@ggw%ﬁ@open y cycl ohexyl or cycl oheptyl group; an

optionally t erocycl oal kyl group especially a
t etrahydrof uanyl e.g. tetrahydrofuran-3-yl, pyrrolidinyl e.g.

p
1-met hyl pyrrolidinyl such as 1- neth i ALk | pes Ll e.g.
1- met hyl pi bb@'i‘QIPFﬂfgr@@Et‘:?Sﬁ?? fQ"WBPM/%%f%ﬁ]?%i (ﬂbf‘at;’lle&gt{ %r{EB} ghygfacggﬁ anyl e.g.
t et rahy r OBy rederfiat thed3-podlion bf Bledisomdholiheyings Iya preferred group

gr gﬁlto,hye-sgiegixc;h[gp’ug]dgi]gfﬁ&:is_ g:;k%%p%qgﬁ @ai% ﬁﬁfw%ﬂ&n%b@ﬁtutﬁﬂbﬁﬁéﬁwtr%. C6- 10aryl
Optional substituents which may be present on the phenyl ring include
halogen atoms, especially fluorine or chlorine atoms, or C4-galkyl, especially
methyl, ethyl or isopropyl, haloC1.galkyl especially halomethyl, most especially
15 -CF3, -CHF2 or -CHoF, Cq.galkoxy especially methoxy or etoxy or haloCs.

galkoxy especially halomethoxy, most especially -OCF3, -OCHF2 or -OCH2F

groups.

It will be understood that compounds according to formulae (1b), (1¢), (1d)
20 and (1e) include, where applicable, the corresponding hydroxy tautomers.

It will be appreciated that the processes used to prepare the compounds of
formulae (1b), (1c), (1d) and (1e) each comprise reacting a compound of
formula Ar'W, wherein Ar' is the particularly preferred aryl or heteroaryl
25  group, with a compound of formula (2) using the methods as described herein.
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substituted C6-1oaryl Cl-6al kyl group, especially a benzyl group; an
optionally substituted heteroC6-10aryl Cl-6al kyl group, especially a
pyridi nyl Cl1. 3al kyl group such as pyridinyl methyl e.g. pyridin-4-yl nmethyl

or pyridi nw@edeybo7e2sg. 20 pyri di ne-4-ylethyl or a im darot/gBib3/Bahidsyl group
such as im dazolylethyl e.g. 2- imdazol-1-ylethyl or imdazolylpropyl e.g.
2-imdazol -1-yl propyl group; an optionally substituted hydroxi 1- 6al kyl
group, espeche phasticalanadpeoctyod tingy inventipn campRHNds:Sf SrRHIag (D h@) . dXGhr opyl " e. g.

3- hydr oxyprapyl, Qr, 2, 3-di hydr.o y : optionally substituted
C3. 8het erz@éf/’\%ﬂﬁﬁb?‘@ 9'@8?3’%4‘”6%’%[5\00'? s gédg%@?éﬂby a mor phol i nyl - N- et hyl
group; an optionally substituted N-di-Cl. 8al kylam noCl. 8al kyl group,
especially a N-dinmethyl am noet h

| N-. di et hyl ani npet h -
opt i onal | yn sobber patt't@ulam.SBWW?{fB&g%!fnéﬁm kémp%ﬁ%%ﬁ%@@éb@?@ﬁﬂﬁ%“ o

t hyl . ' irffi
el vds S S e R B ebardy RRBIH L I 8 eRrTiog tartmybgronk g oups
RSt ot Avert ety agepily Ry R
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group [where R4 is preferably a hydrogen atomor a Cl-3al kyl 10 group],
especiHl | yoyalop@iyh cyelobyyl, | eyaionestyd) é;gglomxyéo%&yﬁl@é@&l: g%‘guF”plaé‘f erably

-N= or -N(O,=. bl LS pad%ﬁeﬁ riefrafvdedfuaapect
conpounds '°P8‘F§bn€4basg‘{‘§§‘g)t?3'ﬂ{‘%?ﬁ%€?§°é?%?@ e prgg%faetg rwhyer ein ‘EZ is a
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substituted Cg.1paryl group, especially a phenyl group; an optionally
substituted Cg.10arylC1-galky! group, especially a benzyl group; an optionally
substituted heteroCg.1paryiCi.galkyl group, especially a pyridinylC+.galkyl
group such as pyridinylmethyl e.g. pyridin-4-ylmethyl or pyridinylethyl e.g.
20 pyridine-4-ylethyl or a imidazoly!C4-zalkyl group such as imidazolylethyl e.g. 2-
imidazol-1-ylethyl or imidazolylpropy! e.g. 2-imidazol-1-ylpropyl group; an
optionally substituted hydroxyC+.salkyl group, especially a hydroxyethyl e.g.
2-hydroxyethyl or hydroxypropy! e.g. 3-hydroxypropyl or 2,3-dihydroxypropyl
group; an optionally substituted Cs.-gheterocycloalkylC1.galkyl  group,
25 especially a morpholinyl-N-ethyl group; an optionally substituted N-di-Cq-
galkylaminoCq.galkyl group, especially a N-dimethylaminoethyl or N-
diethylaminoethyl group; or an optionally substituted C1.galkyloxyC1.galkyl
group, especially a methyloxyethyl group. Especially preferred esterified
carboxyl groups include -CO2CHz, -CO2CH2CHg, -CO2CH2CH2CH3s, -
30 CO2CH(CHa)2 and -CO2C(CHs)z groups.
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Particularly preferred optional substituents which may be present on such
Rx, RY and/or Rz al kyl groups include hal ogen atons, especially fluorine
or chlorine atons, Cl.6al koxy groups, especially nmethoxy, hal oCl. 6al koxy
groups, esmpezimi/bore280CF3, - CN, - CO2CH3, -NO2, substit ut pOdT/aBR008/03108R6R7) 25
especially -NHCH3 and -N(CH3)2 and optionally substituted phenyl groups
where the optional substituents include hal ogen atons, especi ale/ fluorine,
chlorine 19g foestd® ak allyouséitl fal prgparng estestiog icarkay igraupsi Cpr opy! ,

hal od - 6al kyl_especi al | y hal onet hyl, i ¢ CE; 6al koxy

especi al I@z&iﬁ)hWfbrafﬁalsﬁ@ﬁ%lf@%&yjd@b%‘irﬁgﬁvg%%%%gﬂ%c%w nost

especi al | y- - 0,.C , -N02, amno (-NH2), substituted am no

(NR6R7) QMQMOQ %ﬁg%m( CH3) 2 and - N(R6) 000H3, especially

- NHCOCH3 groups. 26 WD 2004/ 007428 PCT/ GB2003/003108 In one generally

preferred aspect conpounds of for e ) C) d d (1 e are

pr epased ngenera 'W?"PVUQ%P{)FOWEE}Jb?aﬂ(bipg|C§J#iﬁ’3‘4%)1’11%%‘ i((%)u%%%@al kyl

group, ._pr (o |1y substituted Cl.8al kyl group such as a
b

met hyl 1= propyl, n-butyl, n-heptyl, or n-hexyl group. 5
Particularly preferred optional substituents which may be present on such

RX, RY d/ | kyl I ke fl i

o' chi orinaaespratastecdonst ORpayRs, B ortBLLRE] 8 Pharsd RFRIah 12 6 ko
: i - : drgbs tatdrotarch Gnizalkyl( - NR6R7

gr oups qmﬁﬁ@@&;n%ﬁ%@zmwﬁf@raw%y D bs taitdratarca Gdzalityl( )

especially and optional |y substituted ph&nyl groups 10
wher e1¢ hegrop], csspecillpsa i 0RNHs groep.adn eiserasecti pRAPAWHRe “GFniSanot her

referred aspect conpoynds r NSL1b), (1c), (1d d 1

Br epar ed %@?@'H'&E%éﬁgﬁlﬁym%@ﬁ@tag&éﬁN__gi a)not ge?) pr(ef e?rgg asfoecte) e
conpounds of fornmulae (1), (1b), (1c), (1d) and (1 e) are prepared wherein
RX is a hydrogen atom |n another preferred as 0 ornul ae
(1), (1b)In gmaher pmgrr%ﬁhesp%qfeﬁo%i?‘g’“ﬁ'ﬁe%a{f’@ag‘&ﬁgﬁ@’ g?ggﬁnge)héi%gen at om
especi al I y a1l HOnERG L2%%acl}h(ﬁ45- oub TRABRERATs ipgsto iy acmdrogest

especi al | ega{ﬁgfo” ne or bromne an@om I n anot her preferred aspect

conpoyndsaen &o4 Tlsaiky( dloupl. B espetily pefairedrii(RY)-1@rpunie-Miepar ed wherein
Rz is a group -L1(AIk1)nR3. In this class of

in one generally preferred aspect compounds of formulae (1), (1b), (1¢), (1d)
and (1e) are prepared wherein RX, RY and/or RZ is an optionally substituted
alkyl group, most preferably an optionally substituted C+.galkyl group such as
20 a methyl, ethyl, n-propyl, i-propyl, n-butyl, n-heptyl, or n-hexyl group.
Particularly preferred optional substituents which may be present on such RX,
RY and/or Rz alkyl groups include halogen atoms, especially fluorine or
chlorine atoms, Cq.galkoxy groups, especially methoxy, haloC4.-galkoxy
groups, especially -OCF3, -CN, -CO2CHgs, -NOz, substituted amino (-NRER?)
25 especially -NHCH3 and -N(CHg)2 and optionally substituted phenyl groups
where the optional substituents include halogen atoms, especialy fluorine,
chlorine or bromine atoms, or Cy.galkyl e.g. methyl, ethyl or i-propyl, haloCj.
galkyl especially halomethyl, most especialy -CF3, Ci.galkoxy especially
methoxy or haloC1.galkoxy, especially halomethoxy, most especially -OCFs3, -
30 CN, -CO2CHs, -NO2, amino (-NHy), substituted amino (NRBRY7) especially -
NHCHj3 and -N(CHg)» and -N(R8)COCHg3, especially -NHCOCHS3 groups.
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conpounds L1 is preferably a covalent bond or an -0-, -S or -Se- atom or
25 S(O- or -N(R8)-, especially -NH or -N(CH3)- group. Mst preferably L1
isa- S atomor -S(O- group. In this class of conpounds R3 is preferably
a hydrogewaroosoou28an optionally substituted C3_10cycl pat/Gpas/nasios
especially C3. 7cycloal kyl group, nost especially an optionally
substituted cycl opentyl, cyclohexyl or cycl oheptyl or an optionally

subst i t utjachrie3g@ibralhptete ey aspedticohpoiunds of fasmiulae @%Ef%%gjﬁpbr(é@)ycl oal kyl
, t iall ti | td t ed Dpi. i di . i i |,
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group, pre y ‘an optionally substituted phenyl group or an optionally
subst i t utgdmethydhetieyloar-propyl, ci-giopylp, ndrl.e NatgRlYlarOlo gt POHAI 95PUBubst i t ut ed

Tonocys | BameuaRy areRaes chypaa s BERuaiRnO) fld foprestppon Sk A TheL o
het er oat ORP aﬁ_@/@_ct,:@d a]g&p?r %m@ulhg[ygénoatomg; r sgpgiaily offmrinespeci al |y an
substituted fdr II

optionally ?/ , thienyl, i'mdazolyl e.qg.

1- net hy| i chidd| atemg, | Crisalkexpl groupsetaspesiply  meihaxyy| halpGisakarhy| or
pyrazinyl group. Optional  _sulstiftuents Lch resen 7such

het er ocy cO®&PEpaErgcRlY-Qlfds: Bﬁ'c Féééehﬁ'o'ﬁ@% L%E’?fﬁ”gegdn%@spﬁ'gg E‘ r ?bed

her ei naft hen | 8 h Q) idrally YuBsRiteRPbhemal drpupsibst i t ut ed
spiro li ngéoae\g@&emg@goﬁﬁl gﬂgﬂi@é dr@gu%&l Opt i gnal sub?t ierme%\t sﬁv\,hi ch may
be pr gseniyher Sledptionanmaibistituents arbeisdrenein oetingd age\®ips i ncl ude those

substituents as descri bed hereinbefore in relation to RL6 substituents in
conpounds of formula (1b). In one preferred group of conpounds of this

class n ifg, Afibther Efbféﬁ@@ hepest emposdiswidomole X5),qobhddalig1df anthi s cl ass
L1 is a covalent bond and n is zero. In this group of conpounds R3 is

pr ef er r ab(1e)amne ppedavedwherein iéts alyepgen APBycl oal i phatic, C3_

| ohet erocycl oal i phatic, C6.12aromatic or nonocyclic Cl.9heteroaromatic
group as just described. In a further preferred group of conpounds of this
cl ass18 i g ahbmer prefgaed laspedt mmnoursismfe‘bgnalbeyﬁhrﬁbgt(ﬂéha(ﬂ13 ag@bst it ut ed

al i phatic chain, 20 ) r.efer.ahl ianal |y substituted Cl. 6al kyl ene
chain, esb@iaéPngﬂe%?rggéhf?‘?m-%lg%l&g@eﬂ%m( CH3)- chain. In a further
preferred group of

In another preferred aspect compounds of formulae (1), (1b), (1¢), (1d) and

(1e) are prepared wherein R? is a halogen atom, especially a fluorine,

20 chlorine, bromine or iodine atom, most especially a chlorine or bromine atom.

In another preferred aspect compounds of formulae (1), (1b), (1c), (1d) and
(1e) are prepared wherein R? is a group -L1(Ak1)nR3. In this class of
compounds L1 is preferably a covalent bond or an -O-, -S- or -Se- atom or -
25  S(O)- or -N(R8)-, especially -NH- or -N(CHg)- group. Most preferably Ltisa-
S- atom or -S(O)- group. In this class of compounds R3 is preferably a
hydrogen atom or an optionally substituted Ca.1ocycloaliphatic, especially Ca.
scycloalkyl group, most especially an optionally substituted cyclopentyl,
cyclohexyl or cycloheptyl group; or an optionally substituted Ca-
30 jcheterocycloaliphatic, especially Cs7heterocycloalky!l group, most especially
an optionally substituted piperidinyl, piperazinyl, pyrrolidinyl, imidazolidinyl,
dithianyl or pyrazolidinyl group, or an optionally substituted Cg-1paromatic
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conmpounds of this class L1 is a covalent bond, nis the integer 1 and Al k1
Is preferably an optionally substituted aliphatic chain, nost preferably
an optionally substituted Cl1_6al kyl ene chain, especially a -CH2-,
-CH2CH2-, v 200BCHBCH2- or - CH2CH(CH3) - chain. In a fupCiveB2qos/ediersr ed
group of conpounds of this class L1 is a preferred atomor group as just
descri bed, nost especially a -S- atom n is the integer 1 and ALkl is
pref er abl ygratip, prsfeabyl lan sptmanyusmnqu)mn&l EFRHM orngr topdiPBR%Y abl y an

optional | bst i Cl. 6al 2CH2-,
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especial ly bﬁaZQslubEHthmsl fvaigh mMagt besresent! pn1-sugbt IWPmﬁ“C and

Ht I | f I I
yl sﬁlr?;(r)lyl hp,égéalxjrgg%g Igig'Ir’R/SI ?Cﬂﬁz‘%{/ S?SLUSH- W%@gs 1 é rIb\é rgﬁée*rcr)[r)%ocycl I C
Cl 15 SnehPl AR s iHRRRne Irch?b{pEdLﬁid@)df f@ﬂhﬁla@mem ahwrwrredl n-3-yl,

1- nethyl pyridiniumor pyrazinyl especial yraz

06_12ary| Chrig bybpmpesp@moanmlga Qimpus(;ﬂeé@rp ﬁﬂolgﬁbtpféfﬁ"ﬁ&&’%?é’é aspect
ep ol 95 BBt Bl hast o by alcbient e Rd n B o isegupRA: o0,
conpounds  @bripountis &3 i6 Jgrefe(mbw ar( dplignafly $pbatityted Ca.rocycloaliphatic, Ca.

soheterocycloaliphatic, Ce.12aromatic or monocyclic C4.gheteroaromatic group

as just described. In a further preferred group of compounds of this class n is

the integer 1 and Alk! is preferably an optionally substituted aliphatic chain,

20 most preferably an optionally substituted C1.galkylene chain, especially a -
CHo-, -CHoCHo- or -CH2CH(CHg)- chain. In a further preferred group of
compounds of this class L! is a covalent bond, n is the integer 1 and Alk1 is
preferably an optionally substituted aliphatic chain, most preferably an
optionally substituted Cq.galkylene chain, especially a -CHg-, -CH2CH2-, -

25 CHoCH2CHo- or -CHoCH(CHg)- chain. In a further preferred group of
compounds of this class L' is a preferred atom or group as just described,
most especially a ~S- atom, n is the integer 1 and AlK! is preferably an
optionally substituted aliphatic chain, most preferably an optionally substituted
Ci.galkylene chain, especially a -CHa-, -CHoCHo-, -CH2CHoCHa- or -

30 CHoCH(CHa)- chain. In this class of compounds R3 is preferably a hydrogen

atom.
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(1le) are prepared wherein Rx is a hydrogen atomand Rz is a hal ogen atom
especially a fluorine, chlorine, bromne or iodine atom nost especially a
25 chlorine or bromine atom or Rz is a group -L1(A kIl )nR3 as just

descri bed. Wom20aw0q7W28r preferred aspect conpounds of for ROT/&82q034031¢81D) ,
(1c), (1d) and (1 e) are prepared wherein Rx and RY is each a hydrogen
atomand Rz is a halogen atom especially a fluorine, ch|lorine, bromne or
i odi ne at oMosimespedalie gpefsrmd RZagtaupsr whishomayr B PEPAIIMUSHY P i s a

ro -LI (Al k1) n j t.. descri d 0 3/ 003108
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group as jltsethyipiparidined-y or ogenditiany} pteéP%‘F'?'BJg dl Eﬁg' 'é?%%ﬁ’i’. 1@61 n
anot her,  prefer ec l a , iajipd) and
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each an op%@ﬁfﬂli%tﬁu@atfywubmw by | imidaaniyiswdanyusaspeeiadly i seidaz@r2-general |y
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15 gheteroaromatic, especially pyridinyl most especially  pyridin-3-yl, 1-
methylpyridinium or pyrazinyl especially pyrazin-2-yl; or a Cg.1zarylCq.zalkyl,

especially benzyl group.

in another preferred aspect compounds of formulae (1), (1b), (1c), (1d) and

20 (1e) are prepared wherein RX and R is each a hydrogen atom.

In another preferred aspect compounds of formulae (1), (1b), (1¢), (1d) and
(1e) are prepared wherein R* is a hydrogen atom and RZ is a halogen atom,
especially a fluorine, chlorine, bromine or iodine atom, most especially a

25  chlorine or bromine atom, or RZ is a group -L1(Alk1),R3 as just described.

In another preferred aspect compounds of formulae (1), (1b), (1c¢), (1d) and
(1e) are prepared wherein RX and RY is each a hydrogen atom and R? is a
halogen atom, especially a fluorine, chlorine, bromine or iodine atom, most

30 especially a chlorine or bromine atom, or RZ is a group -L1(Alk1)R3 as just

described.
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(1le) are prepared wherein RX and RY is each an optionally substituted al kyl
group as just described for generally preferred al kyl groups and Rz is a
hydrogen atom 30 In another preferred aspect conpounds of formulae (1),
(1b), (1lc) wqdd)oeamd (le) are prepared wherein RX and RYI/GB20030d3163n
optionally substituted al kyl group as just described for generally
preferred al kyl groups and Rz is a halogen atom especially a fluorine,

chl orine, |Rrpmitts prefened aspext compousds of dormolaeo 4/ 0@))4&@13%#)@@003/ 003108
especially a chlorine or brompe .ato

Rz . P R3
just desdiebate PrePaadwWesTepy é?raeg]y%rgﬁ%taté%n%%%mgo?h#b rrﬁ%aag (1331,S

(1b), (1C)sub§%tq%ecf‘5\ﬂyl olib b jidt YeBERRAMTEAgeR LI prefcredrikgrglods.i s each an
optional |l y substitute aIkyH group as just described for generally
preferred al kyl groups. In another preferred aspect conpounds of formnul ae

(D, (30) (T 3o asbdBocfibURBERATEMUEE L8 1B (R (Y are | of ned

to form a su spiro linked cycloaliphatic group
parti cul ar({ﬂé) ArdBrepapsy aleadin (Araane R3riv epch moistdrpgen Alom anfyRY%is an

C3- 8cycl oal kYl group, especi al I%Jgan .ogt' Onat';ela% substituted cycl opentyl
cycl ohexyl optiope bﬁ\é?ﬁtWtGGra"%’%T @SgH tg‘iec?ﬁﬂ, r a C3- 8cycl oal kenyl group,
especially an optionally substituted cycl opentenyl, cyclohexenyl,

cycl ohept enyl or cycl ooctenyl group group., Particul ar f ed

opti onal sibandtherptesened @ﬁpﬁ%tycqs&pwé@éﬁtfomu'éﬁgﬂ)'Zﬁwé}a’ Tidand

cycloal i phatic groups inc g esent & lay hkloden i aemor

chl ori H& &t‘%rﬁig RffB%rzﬁde:hggeﬁ%lﬁs% ggha@glgg 1§ et hyl . et h;/):g, propyl or

i -propyl, ggpecﬁéwykgxmcmr@upﬁrlorbspénbmldeyonmmmwt@m, pexgsPasl¥ A - 6al koxy

groups, especially -OCF3, -CN,_-CO2CH3, - i L 0O

(]: N(RL1) 2) ghlgﬂnefegfgpqraunr;ﬁtommﬁ-ﬁz QrﬂjQE%PCH%%%u%%Bg#'hwagg?%@fed gr oup
of compounds. of, thi as. hydr - Nk oty aberre
group of c&%BGH@Et}"r@f&%ﬁ‘f{'éeEﬁ%@(ﬁ ng'g'l%g %ﬁ’g?%?%srnoﬁgéas j Elé?lnfjescri bed.
In a furthgls Besdriyekiadr gemarally plefercatballayldsouris. t hi s class Rz is a hal ogen

atom especially a fluorine, <chlorine, brom ne or iodine atom nost
especi &bly a chlorine or bromine atom 25 particularly a bronine atom In a

still furtjenneinateréefedr aippcotompapuisndsfoohulae (1), (1b), (1c), (1d) and
(1e) are prepared wherein RX is a hydrogen atom and RY and R? is each an
optionally substituted alkyl group as just described for generally preferred alkyl
groups.

20
In another preferred aspect compounds of formulae (1), (1b), (1¢), (1d) and

(1e) are prepared wherein RX and RY is each an optionally substituted alkyl

group as just described for generally preferred alkyl groups.

25 In another preferred aspect compounds of formulae (1), (1b), (1c), (1d) and
(1e) are prepared wherein RX and RY is each an optionally substituted alkyl
group as just described for generally preferred alkyl groups and RZ is a

hydrogen atom.

30 In another preferred aspect compounds of formulae (1), (1b), (1c), (1d) and

(1e) are prepared wherein RX and RY is each an optionally substituted alkyl

group as just described for generally preferred alkyl groups and RZ is a
halogen atom, especially a fluorine, chlorine, bromine or iodine atom, most
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this class Rz is a group -L1(A k1)nR3 as just described. In another
preferred aspect conpounds of formulae (1), (1b), (1c), (1d) and (le) are
prepared wherein Rx and RY are joined to forman optionally 30 substituted
spiro | i nkexo bet/er7emsycl oal i phatic group, particul arly arCDGBR@HaI3NNG8
substituted C3-10heterocycl oaliphatic group, nost particularly an
optionally substituted C3-7heterocycl oal kyl group, ezggci ally an

opti onal | ¥ Uid BhRAne 3k PG A 7628z RCA/aEB20 6BY(AHE 13 as just

C3- 7het erocycl oal kyl group containing one or two -0-, -S-, -S(O-, -SO)2-,
- NH or défddpedhet eroat ons or heteroatom containing groups. Especially
preferred optionally substituted heterocycl oali phatic groups include
optionally substituted 5- and 6-nenbered heterocb/cl oal kyk @rou a

cont ai ni ng, gAGther bedferredtaspect corapeunust oinfosorteg; ()ng byr 3G g 138 t

descri bed, especiall optiQ bsti.t ut i d] :

tetr alhydr ()Tﬂ)rgﬁyl:)rﬁpﬁgﬁdr %ﬁgﬁ%%gﬂiﬁ; llét g%frgé%éﬂ gif(oﬂ?%%g%sgl_ﬂit? gxi de,

t et r ahydr %P&! @Bh?%ﬁgﬁst descHb&xidteyenBidng preforrgd alkyl gtoupby dr opyr anyl
'opy

tetrahydr t et ra- hydr ot hi opyr an- 1- oxi de or
tetrahydrot hi opyran-1, 1 -dioxide groups. Particularly preferred optional

10 substituents whic \/ Strulid [0, (1bket), (1d) and
het er ocycl %Qpp%étqr%gr%?o% ;%C?rﬁgﬁﬁggnﬁf)ogen at 092, tehs)peci ally fluorine or
chlorine g§gMre Grefareldly whegsin U, ares (RYCiass |jginagt tey formetaty PRy | or
i -propyl, 'CI_6al Koxy groups, .e cially net I h &fel- 6al koxy
groupdp espibetitatedyspitachnked @Y@,‘Oaﬁr?’wp-@g@éﬁygugéﬁ tu"togﬂagn‘i no
(-N(R11) 2) , _especi Ié i Fﬁgﬁa };\L;ﬁ)athyG@ba gleRppsially raradgitionaly when t he
spiro li nkgéﬂ”phefréors o ac/r?'%% I hatad?g'scroup cont gi nspa nitrogen atgmthis may
be subst i tyheftuly yasmentyl- Gloiim, kgyighRatyl ahey@oeayli aropPePE@abiBy - (O -
or -S(0O2-, AIkS5 is preferably an optionall é_‘asgﬁé'&itéﬁt Eﬂcl&ﬁe&ﬁéﬁ%y' ene
chai n, espegtiatlkenyd grpup, espepiahy - an PSR PP W R4 Ao an opt i onal | 'y
substituted heteroC . sal kvl chai pinal drup 2Qréem L ParticuTdBCH2L5-
- L5CHR- orCY-°|9§'€F@'@82 Eﬂﬁe& 96%35@@82(%@_%_ dor ?59 ﬁ%m or I\quor
- N(CH3)s  O/@tiredBptitial i suibetitopeitsogbich aneynbsr peasedheNotHAN §PIrY }iB%]9 t ut ed
phenyl ring where preferred i it IV iklodde drhergérineat ons and
groups as @@*qaﬁﬁﬁatﬁ'egé‘?%ew8ﬁ@gf@Q%’Egﬁﬁé’ei gti onyto fornula (2b). In one
preferred grmup of ;ARAPOLIES, spebiaty chetby!l, Fethyls RIOPY dPOdPRORW 0 fri1- | n

calkoxy groups, especially methoxy or ethoxy, haloC+.galkoxy groups,

especially -OCFa, -CN, -CO2CHs, -NO2 and substituted amino (-N(R11)2),

20 especially -NHCH3 and -N(CHg)2 groups. In a preferred group of compounds

of this class R is a hydrogen atom. In another preferred group of compounds

of this class Rz is an alkyl group as just describe'd. In a further preferred group

of compounds of this class RZ is a halogen atom, especially a fluorine,

chlorine, bromine or iodine atom, most especially a chlorine or bromine atom,

25 particularly a bromine atom. In a still further preferred group of compounds of

this class RZ is a group -L1(Alk1);R3 as just described.

In another preferred aspect compounds of formulae (1), (1b), (1c), (1d) and
(1e) are prepared wherein RX and RY are joined to form an optionally
30 substituted spiro linked heterocycloaliphatic group, particularly an optionally
substituted Ca-1gheterocycloaliphatic group, most particularly an optionally

substituted Cs-7heterocycloalkyl group, especially an optionally substituted

31



25 anot her preferred group of conpounds of this class Rz is an al kyl group
as just described. In a further preferred group of conpounds of this class
Rz is a halogen atom especially a fluorine, chlorine, brom ne or iodine
atom nost wespeci7adsl y a chlorine or brom ne atom | n arPeT/GBRo0s/03Ldser
preferred group of conpounds of this class Rz is a group -L1(Al k1) nR3 as
just described. 30 The process is particularly suitable for the preparatlon
of the fo|¢@ynmgocyma@|mn@sup3®mmgmeoovm -PeThea 03, 0662k -

25)-2-[(2-b 3- 3 5] 4

(i chi or of U 3t 1ET ) BPFETRBNGT A conet g Brodps.* Ecbedlly

(28) 2- (ZH?E gebrfﬂ ﬁ)r)bﬁﬁitﬁut@hﬂmerbcyﬁﬁalibhaﬂb@rrmwpis) in8jdé-optionally
yri

([2, 7] nap am no) phe ] pr opi oni c .ac g
S) - 2- [(2 mmstlwﬁcgd Sul ﬁaﬁyﬁ BegRsred dieterepysiealisyls PFFBWS cogiaining one
yl )yam no et%r%a rﬁ J%@%}EQ%@H gbﬁ‘t'ai]rﬂng’ ! u@oédof\ﬁiyhéwm@an%peaanyd and the

salts, drates and N-oxid hereof. The process,Is nos
especi aI I yopllunhﬂtybl wﬁsmtutedeppmelphmsdx |tehalmydrPWéalTYJ>l I"B\}’\?Wmtmp@Sﬁﬁlounds

thyl (2S 3 5.
GOl o o LghahudptigHens: RESRRL r dptaftidiafiophens Y, | diaxd¥ Neibeding L
(29) - 2- (2- fRaRPdrdp ﬁéﬂyﬁplt@ﬂhﬂ c!rbth)myramen tbtrawwinoth@py@r[ilomde or

> 7] napht hyr1d i e
8 oy PR P, g
yl)am el - g t{s%fde[fﬁa HhRaphid dietoht zzshayrbn@pmbamu«bhmemmwaoa;phamd the

salts, at es oxi des thereof l?q w5)rocess ?ky?o nost
especi al | ygmwp!samﬂltedef balogee amre@aﬁa@@p@ﬂy HONNROHLCIHOHNS 1AM, 11-68

(295 gzdsmgf SRR, HEl S el i ﬁg@ﬂggaeea'koxxd IR s
sol vat es éﬂlgx%%t g, hb@ozcgfalkoﬁp@mumdespéc:almmm CM (1 b),
(1c), are potént and selective 25 inhibitors of a4
integri nS G’O@CHQW@@&da&@sbfutmamlmp (DUBI He), regpeeially -NHCH3 and -

15 N(CHa)2 groups. In addition when the spiro linked heterocycloaliphatic group
contains a nitrogen atom this may be substituted by a group ~(LS)p(AIkS)qR12
where L6 is preferably -C(O)- or -S(O)z-, AIKS is preferably an optionally
substituted C1.galkylene chain, especially a -CHz-, -(CHg)2- or -CH(CH3)CH2-
chain or an optionally substituted heteroC1.galkylene chain, especially -

20  CHal5-, -CHaCHaL5-, -L5CHg- or -L3CH2CHz chain where L5 is an -O- or -S-
atom or -NH or -N(CHs)- group and R12 is a hydrogen atom or an optionally
substituted pheny! ring where preferred optional substituents include those
atoms and groups as defined hereinbefore for R16 in relation to formula (2b).

In one preferred group of compounds of this class Rz is a hydrogen atom. In

25 another preferred group of compounds of this class Rz is an alkyl group as
just described. In a further preferred group of compounds of this class RZ is a
halogen atom, especially a fluorine, chlorine, bromine or iodine atom, most
especially a chlorine or bromine atom. In a still further preferred group of

compounds of this class RZ is a group -L (Al R3 as just described.

30
The process is particularly suitable for the preparation of the following

compounds:
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adhesion and in particular are of use in the prophylaxis and treatnent of
di seases or disorders including inflanmation in which the extravasation of

| eukocytes plays a role. Diseases or disorders of this type include

i nf | amrat oWO 200¢/607#281 s such as rheumatoid arthritis vaseQl/GBR®3/0M31B0

pol yder matonyositis, nmultiple sclerosis, allograft rejection, diabetes,

i nfl ammat ory dernmat oses such as psoriasis or dermatitis sthma and

i nfl ammat ory bqps}-24{=brseo-3Th@spise]SaioT-brem! - DaminoyB- B3 2onpounds is 33

e e O
conveni ence th e@@_'b%m@@_@w.gj,imbp’ronreéaﬂsylamin@s?-bkepar ation of a 5

conmpound of formula (1) but clearly the description applies equally to the
pr epar at i di2, dhapshp ndsylemlﬂcaPﬂ%nﬁe“(PPrBS aclfy ¢), (1 d) and (1 e). Thus in
t he prqcess of Cr kBV:ERL A éﬂh).gtd){ou?-@fd 4proBEipdrenydratiani ne of  fornul a
(2) is%r eact ed (%\F)te%l[@ 'gg‘{’n"ﬁgz'ﬁg"(xr 1Wto qi v% gﬁg[g ouynd .gf formula 10 (1).
Sui t abl e afyaiing]B-2,7naphthyriginc ymipR|PeaaY iRsBRAIHE 28t ure of the group

W Thus when Wingéﬁggag%%&&gggsa%g&aq@@gﬁa Rlboxiges thereodr ried out in the

presence of af ronsted acid e.g. hydrogen chloride. The
acid may be 15 generated in situ as a reaction by-product or nmay be added

at the start of the reaction as an Lniti i f@@gw of
rogen c . 0 In a variety of solvents

hydr ogen cHIGPTQRRESS 1h&NOF ESPELHHIY r?éwa%'é @L%e ‘ﬁ@gr&ﬁ&rﬁbvfthé y of sol

such ag al shas: 9- ethanol, ethers e.g. tetrahydrofuran, 2-nethoxyethyl

ether, 1,4

, 42di'oxane, acetic acid, water, etonitrijl Lt d am des
such as N, N-di rﬂihviyl(260'ﬁs{(ﬂ'aéom?@'%os%%[?grﬁ%@'&e@f{'gﬁﬂan%j' e¢4a¢5é.§ I n one
particul ar | ngﬁfpti Aodtal ogen atom especially a
chl ori ne oq'gﬁlggﬁ#%i&é{é@@%@%@%p uno‘l)?aof formul a AriXx ﬂ%\é bg p[r epared
from al cohol s athflor mul a(29)2:@-biemag-arerspyat3-RIRer -8% 1Ry Bl ed in the
art e.g. by reaction with a . hal j ent, for exanple a phosphorous
oxyhal i de é%&ﬂn%thyﬂﬁﬁsﬂwmugfpﬁﬁg'ﬂf’é?%ﬁt an el evated tenperature e.g.
1100C ¢¢ by ethyl (23)_2-[(2-isopropylsulfanyl-3-oxo-7-oxa-sp|ro[3.5]non-1-en-1-

yl)amino]-3-[4-([2,7]naphthyridin-1 -ylamino)phenyllpropanoate;
and the salts, solvates, hydrates and N-oxides thereof.

The process is also most especially suitable for the preparation of:
20 2-hydroxyethyl (2S)-2-(2-bromo-3-oxo-spiro[3.5]non-1 -en-1-ylamino)-3-
{4-[(3,5-dichIoroisonicotinoyl)amino]phenyl}propanoate;
and the salts, solvates, hydrates and N-oxides thereof.

Compounds of formulae (1), (1), (1c), (1d) and (1e) are potent and selective
25 inhibitors of a4 integrins. The compounds are of use in modulating cell
adhesion and in particular are of use in the prophylaxis and treatment of
diseases or disorders including inflammation in which the extravasation of
leukocytes plays a role. Diseases of disorders of this type include
inflammatory  arthritis  such  as rheumatoid arthritis  vasculitis  or
30 polydermatomyositis, multiple sclerosis, allograft rejection, diabetes,
inflammatory dermatoses such as psoriasis or dermatitis, asthma and
inflammatory bowel disease. The use and formulation of the compounds is
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reaction with hydrogen halide e.g. hydrogen brom de. 30 Internedi ates of
formulae Art OH or Art X1 nmay be prepared using nethods as described in
co-pendi ng I nternational Patent Application Nunmber WO 02/069393. 34 WO
2004/ 007428ve®n4/@B2B303/ 003108 Wien in the process of t RETIGBIWAIIGIB Wi S
the group -COX2 and X2 is a halogen atom such as a chlorine atomthe
reaction may be perforned in the presence of a base, such as a hydri de,
e. g. sodi wra)yhrislfary dederibet mepuecg-peﬁdinilmeﬁ%t@ﬁﬁhea@ﬁt Application

N- et hyl mor pholine, in a solvent such as a hal ogenated hydrocarbon, e.g.
di chi or omﬁcﬁ Q@Qﬁm %on tetrachl oride or a di pol ar aprotic solvent such
as an amde, e.g. dinethylformam de or an ether, e.g. a cyclic ether such

as tetrahydrofuran or an ester e.g, eth acet at anbi ent

t enper at urfer Ginwenienge dhe g#asgERUI é&t’f‘gd?éy' egeers 0 e%tgr é@pfa ?%l%ﬂ)ha:t 10
correspondi ng_aci,d_usi hggks hd @ekbastionsappliesdequally Hie :

Al ter ngti W ,OuﬁHeOfa%ﬁlg{argQ QngyClEg%rri gdagﬁt uﬁ%%q t he sanme conditions
with an ggbparatios of sdrapeunds ofgormmHge i (Ab} kEC)pk1Ed &R S a condensing agent,
for exanple a diimde such as

1- (3-di net hyl am nopropyl ) - 3-et hyl car bodii m de or 15 )

N, N - di cyctiheyineasledsd ot des iraention agedisityied r-amnophesdal@eing oh cat al yst
such as a N hydroxy conmpound e.g. _a Nh £ |

hydr oxyberfeoniiad2biserea thewﬁ'étai ‘ggv@oqwexg@?@ﬁgé%ﬁg&ﬁggﬁgﬁ@”ﬂ“ﬁ %

chi or of pr ) € o, fighleGARRRs R lsdebonar deericeupan thematart fehelgseured

acyl atton eactr1on. w Il be appreciated by those skilled in the art
that acid Whoups may al so be .activated by the formation of a reactive
ester e.g. ethyl or p-nitrophenyl ester. Alternatively when in the process
of the invention Wis the group -S02X3 the 25 reactjon, be performed in
t he presentgu®ivhan sethesgrobp € the manﬁpa@naseb@parrseéoq%m%?ﬁeég%? an

v D i el AR S S TR RSt o, 21 ¢
an am de, gegQeratid syl ds04 v@uvtide byrpraducidnenay be gdded &) #e start of the

reaction as an initiator e.g. catalytic amount of hydrogen chioride. The

reaction may be performed in a variety of solvents such as alcohols e.g.

ethanol, ethers e.g. tetrahydrofuran, 2-methoxyethy! ether, 1,4-dioxane, acetic

acid, water, acetonitrile, substituted amides such as N,N-dimethylformamide

20 or acetates e.g. ethyl acetate.

In one particular aspect of the process X' is a halogen atom, especially a

chlorine or bromine atom.

25 Compounds of formula ArlX! may be prepared from alcohols of formula
Ar1OH using methods known to those skilled in the art e.g. by reaction with a
halogenating agent, for example a phosphorous oxyhalide such as
phosphorous oxychloride at an elevated temperature e.g. 110°C or by
reaction with hydrogen halide e.g. hydrogen bromide.

30
Intermediates of formulae Ar'OH or ArX! may be prepared using methods as

descriped in co-pending International Patent Application Number WO

02/069393.
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et her such as tetrahydrofuran, at for exanple anbient tenper

I nt er medi at e conpounds of fornula (2) arem;ovel and formm; fﬁﬁﬂ]g.r 22pect
of the invention. One particularly useful conpound of fornula (2) for use
in the prooe@gons/80742835 WO 2004/ 007428 PCT/ GB2003/ 003108 PCT/GB2003/003108

3- (4-am nophenyl ) - 2('S) - (3- oxo- 7- oxaspi r o[ 3. 5] non- 1- en- 1-yl am no) - pr opi oni ¢
acid hydroxyethyl ester. In a further aspect of the invention internedi ates
of formula (2) may be 5 prepared by reduction of a conpound of fornula

(4): 02N Ry Rx Q(4) Rl N , r@f R 2
L\glr ei n]c def YVhER. '“Sﬁ!?%t é@cgs%gﬁgﬁ?ifﬁesﬁ%ngyﬂ %vgfe_yvg@t lavi?i(i c\érﬁggr cl?geaﬁ;tGi g?\
exaprgl eo[)aiﬁ?ad! i u%tog%@,gbwgswgemfnme a:]msn pe an 1D prma@m@& s
or uch, as [ i

ther, el gpresenaelapaser MM & IO g cangn a8 gRAmBLERGEE B0
ester &g. tr@{H&YAmiﬂﬁe&atl\ﬁmeTHWnoﬂm@mé,Om gayolzentpsudhoasea haloganddebheri c
pressure or up to a pressure of 10 Bar. Alternatively chen c .eduction
gs; Eg fo[1 gydmpdllréoa, engt dichiogorgethang %Paﬁ@nitPHﬁaﬂ?rﬁget ﬂgaéﬂje ern%kem{') an acid
u as hydrochl oric_aci ; i | j
2 kyl ot ed RPRY SRS DR o e o Sr £ T qf vo &
g?ngfgzghogthfgirgguh i'aks( flélramdmajranlm ans eater ¢pa-i Ayl @‘iﬁta@u%‘sfqrﬁﬁa@ﬁ)@t rai ght

e ] a , '
novel “and BT STPbiauead fa ot bRILE R BC AP B Ien A od IR, ket ur
conpoung ofofr8ssBHdmy 4oid Lisingusethbds kiewptothess skiged in the art. d

Alternatively, the acylation may be carried out under the same conditions with
an acid (i.e. where X2 is -OH) in the presence of a condensing agent, for
example a diimide such as 1-(3—dimethylaminopropyl)—3-ethylcar_bodiimide or

15  N,N'-dicyclohexylcarbodiimide, advantageously in the presence of a catalyst
such as a N-hydroxy compound e.g. a N-hydroxytriazole such as 1-
hydroxybenzotriazole. Alternatively the acid may be reacted with a
chloroformate, for example ethylchloroformate, prior to the desired acylation
reaction.

20
It will be appreciated by those skilled in the art that acid groups may also be

activated by the formation of a reactive ester e.g. ethyl or p-nitrophenyl ester.

Alternatively when in the process of the invention W is the group ~S0,X° the
25  reaction may be performed in the presence of a base, such as a hydride, e.g.
sodium hydride or an amine, .g. triethylamine or N-methylmorpholine, in a
solvent such as a halogenated hydrocarbon, e.g. dichloromethane or carbon
tetrachloride or an amide, e.g. dimethylformamide or an ether, e.g. a cyclic
ether such as tetrahydrofuran, at for example ambient temperature.
30
Intermediate compounds of formula (2) are novel and form a further aspect of

the invention.

One particularly useful compound of formula (2) for use in the process is:
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3-(4-nitrophenyl)-2(S)-(3-0x0-7-o0xaspiro[3.5]non- 1-en-1-ylam no) propionic
25 acid hydroxyethyl ester. Thus according to a further aspect of the
invention intermediates of formula (4) nay be prepared by reaction of a
conpound ofWw® 200md73828( 5) : 36 WO 2004/ 007428 PCT/ GB2003/ 00G1/082009204198 (5) Rt
R2 wherein RL and R2 are as herein defined; wth a conmpound of formula
(6a) or (6b): Ry Ry RXORX O or Ra O] RZ RZ (6a|) (6b) 5 wherein Rx,
RyI alnd Rz a-r(e-am;ndm’remyl r)zmslj ~{Srexo-ZrukaRpire[8 Hirare hes- kiylemisal-ippiogicoup or a
silyl grou rticula i1yl groups include alkylsilyl groups such as a
t but yI di rregﬂglhgfifcﬁlxp’etgy{?ﬁst?het hyl silyl group. The reacti o% mas be per for ned
in an inert solvent or mxture of solvents, for 10 exanple a hydrocarbon
such as an aromati c hydroc ﬁon e. zene uene, @ hgl ogenat ed

hydr ocar bol gub4ithes aPP?%Il 'B\é‘?’ﬁ@ﬂe'" %medm?%%ogofgg YRa Y %h ester
e.g. etyyl g@%éfc}?yo ?édu%néﬁap%ampbb@ncﬁ bpmn(ﬁ@lat(a) the reflux tenperature.

Wher e nece exanpl e when a salt of an amne of formula (5) is
used, an organi c base su@pNas 4 yhylam ne 15 or triethylam ne
may be added. Internedi ates ¢ i
met hods as described in Inte plication Nunber WO
02/069393. 20 It will be appreciated that/Tterned) ates of formula (5)
where not commercially available nay b epar ed @gl ng net hods known to
those skilled in the art. A T

Rz

wherein R!, R?, R, RY and R? are as herein defined.

Suitable conditions may involve catalytic hydrogenation using for example
10 hydrogen in the presence of a metal catalyst, for example palladium on a
support such as carbon in a solvent such as an ether, e.g. tetrahydrofuran or
an alcohol e.g. methanol or ethanol or an ester e.g. ethyl acetate. The
reaction may be performed at atmospheric pressure or up to a pressure of 10
Bar. Alternatively chemical reduction using for example a metal, e.g. tin or
15 iron, in the presence of an acid such as hydrochloric acid may be employed.
The amine thus formed may be alkylated using conditions known to those
skilled in the art to give a compound of formula (2) wherein R* is an optionally

substituted straight or branched C;. alkyl group.

20 Intermediate compounds of formula (4) are novel and form a further aspect of

the invention.
One particularly useful compound of formula (4) for use in the process is:
3-(4-nitrophenyl)-2(S)-(3-oxo-7-oxaspiro[3.5]non-1-en-1-ylamino)propionic

25 acid hydroxyethyl ester.

Thus according to a further aspect of the invention intermediates of formula

(4) may be prepared by reaction of a compound of formula (5):
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For exanple intermediates of fornmula (5) in which RL is a -CQ2Al k7 group
may be prepared by esterification of the corresponding amno acid. 25 In
one aspect of the process Rl is especially the group - CO2AI k7. 37 WD
2004/ 007428ver®pA@B2303/ 003108 | n anot her aspect of thePQT/6B8/00R408 S
especially a hydrogen atom It will be appreciated that internediates, such
as internediate Ar' W (5), (6a) 5 or (6b), if not available comrercially,
may al so be prepared by net Qg gkmawn to those skilled in the art ,

foll owi ng procedures set forth i erences such as Rodd's Chem stry of
Car bon Conpounds, Vol unmes 1-15 ppl enent @)s (El sevi er Science

Publ i shers, 1989), Fieser and Fieser's| Reagents for Organic Synthesis,

Vol umes 1-19 (John Wl ey and Sons, 1999), JlA Conprehensive Heterocyclic
Chemistry, Ed. Katritzky et al, Voluges N8, 1984 and Volumes 1-11, 1994
(Per ganon), Conprehensive O ganic uncti|ona| G oup Transformations, Ed.
Katritzky et al, Volumes 1-7, 1995 Pergdi®n), Conprehensive O ganic
Synthesis, Ed. Trost and Flemming, _Volunes 1-9, (Perganon, 1991),

Encycl opedihersin Rbagd i are as hereiafetined; Synthesis Ed. Paquette, Vol umes 1-8

(John W ey. and Sons &) Conpr ehensi ve Organic

Tr ansforna‘&it%ﬁé:ownsﬁlgﬁé}%ér@éﬁ%.(?0)1989) and _March's Advanced Organic
Chemistry (John Wley and S3hs, 1992). Were desited the process accordi ng
to the invention may berextfended by 20 optiBnal/ly equl oyi ng one or nore
subsequent reactions to cofvwest®a conmpound of a (1) to a further
conpound of formula (1) ascri bey her &2qaf Furt her, conpounds of
formula (1) in which RzOFs a\hal ogen at om ma% be \25 obt ai ned from
conpounds of formula (1) in whkich Rz is a hydrogenRatom by reaction with a
hal ogen source such as brogpne or a hal osucci ngwyde e.g. chloro or

br onmosucci nam de. The reaction may be perfornmed in a solvent  such as an

et her esg. whefdisIFx; FBt hed Reuare a@shersin dafjnedand &3 reprasgnissa &r1-aallyl et hyl
acetate at a tenperature from about 00 to 300. \Wien Bbr ol i d as 30
hal ogen sogra® QW\%SMQ&QH%npﬁﬁW”'@bF!@ﬂé‘I’QW {B‘é‘“ﬂ_%:aﬁwsﬂié'o&?’ Q&f hlgcwpégsence of
added base syl ASe@YsATRGifetyisiyiigbly! ami ne in the presence of a

a
»

The reaction may be performed in an inert solvent or mixture of solvents, for
10 example a hydrocarbon such as an aromatic hydrocarbon e.g. benzene or
toluene, a halogenated hydrocarbon such as 1,2-dichloroethane, or
dichloromethane, or an ester e.g. ethyl acetate at a temperature from 0°C to
the reflux temperature. Where necessary, for example when a salt of an
amine of formula (5) is used, an organic base such as diisopropylethylamine

15 or triethylamine may be added.

Intermediates of formulae (6a) or (6b) may be prepared using methods as

described in International Patent Application Number WO 02/069393.

20 It will be appreciated that intermediates of formula (5) where not commercially
available may be prepared using methods known to those skilled in the art.
For example intermediates of formula (5) in which R'is a —CO,Alk’ group may

be prepared by esterification of the corresponding amino acid.

25  In one aspect of the process R' is especially the group —COLAIK’.
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hal ogenat ed hydrocarbon e.g. dichloronethane. 38 WO 2004/ 007428

PCT/ GB2003/ 003108 Further, conpounds of formula (1) in which Rz is a group
-L1I(AIk1)n(R3)v in which L1 is for exanple a Se, S, 0 or N(R8) may be
prepared bwo emaeni7ers of an internediate of fornula HL1( ACREGBL(0BBI3w0SW t h a
compound of fornmula (1) in which Rz is a hydrogen atom The reaction may
be performed in an organic 5 solvent such as an ether e.g. a cyclic ether
such as tetrahydrofuran at around roomtenperature optionally in the

presence of a base such as an ampge. e . . hrli ' When Rz is the
group - S(Ar Rngthet asPacd gk thedOReSP 'ﬁe'saeﬁ(%le(é"\?f%é%gg?gﬁgmaﬁ@ghpound of formul a
-Hal S(Alk')" where Hal is a halogen atom for exanple, chlorine. 10 It

w || be appreciated by one skilled in the art.that ] y al so be
deri vati sduwillflor appacpited Hheat dseenedialgsasifias ,rﬁer ai&ﬁé%i@?&)%éggedi ng the
conpounds of r oul 5 He?& QI WedBrepfardd mathads whi ch
contai A t I8 (&Lgugu')ﬂ%kéi\}%}ag% %&H éll)l, hrﬁay‘ preparédbyy

bé” Interconverted to give acids or further
deri vat i vagohe 1. thess ekibd dn the edtfollewingprogesures et forth IRHAETER® Sy ocess

may be used to obtain a,.co und_.o <N ' FRlards a - CO2H
group by rﬁ}dﬁhoﬁ‘?sﬁé’da\s ;ﬁi‘egg“f%gr A EFE&%&?%JH\&?Q%@HH% ﬁg‘ 1 her, gr oup
- CQ2Al k7 'Slﬁﬂ? H¥SER YEissyvisRySHienderPublisbersysigeg) eifigner and fdPER'Sr a  base

d di t f Ak7, f ' '

CrTT wor odtenganiatardisnir S uBas d UL eRPa U 3 3ohE, freD, °°

pot assféum Cg%gge In ﬁ,epﬁta{e%@,lohé’ (- HbraRtriid Beo Usat izt cals Mokemes siBh as an
g. S

am de ®. ubsti tuted ‘am de such as di nethyl f or manm. de, ﬂ%r‘% her e.g.
a cyclic etdgr amsticWolmsnasett-dhydtRFur @ereamMeatox gpsehelishve 3 e.g.

nmet hanol at a  tenperature fr [ : | woldresgarat 19 \Were
desired, ﬁ%ﬂp@g%?’u%mﬂn‘ﬂS%%’ % Pf)a{e{mtﬁtsa)gde.rtee{'ILhe aci ds_t hus, formed may
then be fupg.lfg@rmorgerdomrbaadswé ®@rgarEnpyethesise fider TrEst #HoRl®MBINy st andar d

met hods known to 30 those skill (N . SAKC agdri OfgaMid h an

al cohol of Vomas d-2HReREMOR: ﬁéspﬁggzqﬁﬁeédé? %fnﬁggg?jﬁtgagl yg? é. g.

p-tol upnesyl LAk Bf! PhquittbeVBRIMeset B @ohn Wiley and Sons, 1995), Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1089) and

March's Advanced Organic Chemistry (John Wiley and Sons, 1992).

Where desired the process according to the invention may be extended by
20 optionally employing one or more subsequent reactions to convert a
compound of formula (1) to a further compound of formula (1) as described

hereinafter.

Further, compounds of formula (1) in which RZ is a halogen atom may be
25 obtained from compounds of formula (1) in which RZ is a hydrogen atom by
reaction with a halogen source such as bromine or a halosuccinamide e.g.
chloro or bromosuccinamide. The reaction may be performed in a solvent
such as an ether e.g. a cyclic ether such as tetrahydrofuran or an ester e.g.
ethyl acetate at a temperature from about 00 to 30°. When bromine is used as
30 halogen source the reaction may optionally be performed in the presence of
added base such as an amine e.g. triethylamine in the presence of a

halogenated hydrocarbon e.g. dichloromethane.
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condensi ng agent, for exanple a diimde such as 1-(3-dinmethylam

3-ethyl carbodiimde or N,N -dicycl ohexyl carbodiim ((:Ie, may bg prlngs(ragpyl 2?,9
WO 2004/ 007428 PCT/ GB2003/ 003108 advantageously in the presence of a

cat al yst sweh2@s/0@42¢- hydr oxy conpound e.g. a N-hydroxypcT/aBedogocsuesh as

1- hydroxybenzotriazole. Alternatively an ester of formla (1) may under go

transesterification, preferably in the presence of an acid talyst, to
gi ve anot h@ﬁh@(st:gmp@anQbﬁtdrmudéLﬁ) i whicln H¥# @b@)@@'{n deédidin(R %ml'ﬂ)ounas
containing a basic centre may be i sol d an [ or cr stallis g

f or mat i onwbicha.'sialfor exainple ar®e, & LPr N dHeRe eﬁdrPVp[ﬁ% f n m tabI e

101t wilphB emﬁ'e&,e Qe R PR t‘f‘cé”“ cthom gy iTate

s of orrm a (1), such as those

as forne
= be fﬂ’hcﬁ g;er Ir%ﬁég% oﬁﬁf'ﬂﬁéeﬁéabmmmay o paﬁyrrm@madmtggamc er medi at es

tised by o
e np{ oy3 rgsolgemm am eihex ki OGP RSP TNV PLelidne.
articul ar_substit I Ny(RIAt
aryl ation' %t%’?Bﬁ%‘l’%ﬁﬁgn%R‘g@qﬁg? [ or? negﬁ%g%és%at | Onas)ﬁrg:agﬁh ﬁgltg?'z)lnon
sul phony!| gidtelamirie. r AthiennR® fsothmgraup of(Alknd ﬂzr,e)cqacnﬁ@ rmxoé%@%ﬁ\?yedl t will be

e Senodmyomors IRl "EHSIAe) el 2 PR0gLA iR [ ot her

"of ecedi ng i nt er redi at es where
approprla%g?ﬁ¥ﬁpbh@ﬁﬁb groups exist in these 20 conpounds. N-oxides of
conpounds 0 ornmula (1) may be prepared for exanple by oxidation of the
correspondlng nitrogen base using an oxidising agent such as hydrogen

per oxi de nwﬁll? i oz
Jigwil o Bbfret lcd iRURE amsthat tid groapi @ maly also B el evat ed
terrperatu for é@% ﬂ# {/oun OOC to 80C, or a?t ernativel Ef}gblﬁ? reactign
0

with a perd@nvdnsmclforaexqmplaca@t descabed abave, Bdnirsmediates;precgd net hane

at anbi ent tenper,at s of conpounds of formula (1 b
by reacti &R stggfo(fwr%g{]ﬁfd of for mul 1 , (1) may be prepar ed
sui tabl e sol vent or a (1) with an appropriate base in a

15 Further the compounds of formula (1) which contain the group Alk” may be
interconverted to give acids or further derivatives (e.g. esters) or biosteres of

formula (1}.

Thus the process may be used to obtain a compound of formula (1) in which
20 R'is a-CO2H group by hydrolysis of an ester of formula (1) wherein R’ is the
group ~COAlK” . The hydrolysis may be performed using either an acid or a
base depending on the nature of AIK7, for example an organic acid such as
trifluoroacetic acid or an inorganic base such as lithium, sodium or potassium
hydroxide optionally in an aqueous organic solvent such as an amide e.g. a
75  substituted amide such as dimethylformamide, an ether e.g. a cyclic ether
such as tetrahydrofuran or dioxane or an alcohol e.g. methanol at a
temperature from ambient to the reflux temperature. Where desired, mixtures
of such solvents may be used. The acids thus formed may then be further
derivatised, for example by esterification, using standard methods known to
30  those skilled in the art, such as reaction with an alcohol of formula —~HOAIK” in
the presence of an acid catalyst e.g. p-toluenesulfonic acid. Alternatively a
condensing agent, for example a diimide such as 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide or N,N'-dicyclohexylcarbodiimide, may be employed,
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m xture of solvents e.g. an organic solvent such as an ether e.g.

di ethylether, or an alcohol, e.g. ethanol using conventional procedures.
40 WD 2004/ 007428 PCT/ GB2003/ 003108 Where it is desired to obtain a

parti cul ar vema0so@usr of a conpound of fornula (1) thisPGEEGEBRE3PIGBUCed
froma corresponding m xture of enantiomers using any suitable
conventional procedure for resolving enantiomers;aolg TBus for exanpl e

di ast er eonrivantageoustaiin thespresenge ehd catalyphgusi a8 ATV Y PO ion of a
m xture of enantioners. of for (1) £E0N. €, AldHagely @ppropri ate
chiral corﬁa@uﬁd,'hé’%o.xyg'aczﬁkr Mgage_}r hyﬁ(ra&ylbggifcgreorrers na theyn be

separ at ed duferany mm@i(qutmapammjergortreasembﬂ!rélcb?o'brPéqfﬁ'lai sdfi B1¥ and the

desired enantionmer recqvered, e.qg. b | acid in the

i nstance PrOSeRRs & amac P@@g/éF'Z‘Bgyle %%Oﬁlﬁa&gégl@%lf%%a% er resol ution
proces??aa racemate of formula (1) nay be separated using chiral High
Per f ormance Li qui d Chromat ography. Alternatively, .L{. | rticul ar
enant i onerinnihe mbowet plosessasy GESIRAYNSS %?Jﬁ?'&ﬂ}q ét 85%!& gﬁﬂ%ﬁﬂ?ﬁtb(eé?nedi ate
in one of th i KB Noimatisle 9614 bald whickiemay Alfteeramat i vel y, a
parti cul ar'SQﬁéﬁ[ﬁ %ﬁﬁ@?mﬁélgéeé%gygﬁned' bg‘ perform ng ,ﬁt{_}g ﬁnantli pITERr specific
enzymati c jpiprbvemeritonnaritonSeitaple salteHc denbdt aeyat §miep 19 0XaialeQt o ase and
then purifyin onl_{(q he tenant ionerically pure hydrolysed acid fromthe

unr eact ed @eR-EIUR '{?&ﬁ%.e' 20 Chromat ography, recrystallisation and ot her
convenjjonal separation procedures nmay also be used with internediates or

final products where it is desired to gbtain iéﬂé’h @eid i c isomer
of the i nvérwildwe apsresiated Hatap ﬁ&"@?é’ﬁﬁ?eo fPfrﬁlﬂgf(ﬁ;{t e tﬁées_g?gsent
| nventi on_ eIy 1 biidss ABUHAHEA hefdiyorady prabeding amdeedialosimay i ts
scope in any manner. 1 tenperatures are Igtocﬂ’é%e f@l I O\ggﬂg :
abbr evi at i bedurher devbatisedsbynane-oraneka stapdarg: YN metiofh Mhane;
MeOH - net hangl @ HOAC. - ' | &b Qactisish @agticuldrts2@stitutioet hyl
et her; DI\/SE}‘-S(%HW?&' ﬁ?\dgﬂ%ﬁlggﬁ%}go?‘ %\ﬁﬁ&/ , N-di met hyl f or mami de:
15 approaches include conventional alkylation, arylafion, heteroarylation,

acylation, thioacylation, halogenation, sulphonylation, nitration, formylation

and coupling procedures. It will be appreciated that these methods may also

be used to obtain or modify other compounds of any of formula (1) or any

preceding intermediates where appropriate functional groups exist in these

20 compounds.

N-oxides of compounds of formula (1) may be prepared for example by
oxidation of the corresponding nitrogen base using an oxidising agent such as
hydrogen peroxide in the presence of an acid such as acetic acid, at an
25  elevated temperature, for example around 70°C to 80°C, or alternatively by
reaction with a peracid such as peracetic acid in a solvent, e.g.

dichloromethane, at ambient temperature.

Salts of compounds of formula (1) may be prepared by reaction of a
30 compound of formula (1) with an appropriate base in a suitable solvent or
mixture of solvents e.g. an organic solvent such as an ether e.g. diethylether,

or an alcohol, e.g. ethanol using conventional procedures.
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THE - tetrahydrofuran, HOBT - 1-hydroxybenzotriazole nBuLi n- but
:EIDtChI um LDA - lithiumdiispropyl am de 41 WD 2004/ 007428 PCT/ GB2003/ %133108
- 1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochloride All NWVR's

wer e obt ai veal2@initers at 300MHz or 400MHz. Al | nternedi aCesBavd oISl es
were named with the aid of Beilstein Autonom 5 (available from ML
I nformation Systens GrbH, Therdor-Heuss-Allee 108D 6048 rankfurt
?ﬁ; {rag?%pgir?gg?ges gésiend mmgwni@dmréi@m@t éﬁpmp%“g tof f‘ﬁ@“@(cepi i on

it es were nane th : 7 ihdi 1 Vi
(pr opi onatlefhigiaay QSrWE‘g‘fqeﬁcfﬁmﬁ??r\h?légﬁ%ﬁ%gﬁeﬁlxlf@éEggga?ﬁaﬂgfsg?éﬁ%} vial name
pyri di ne-éryg‘gi{:gmy};On\;&tibhﬂi%ﬁduﬁaﬁ)rkes@yiﬁg Bnehliegmeisyri di ne- 4- car boxylic
acid A solution of 3,5-dichloropyridine (5. 00g, 33.8mml) in THE (25nl) was
added to a solution of LDA [generated fromnBuLi (2.5M solution in

hexanes, . , diapRe i} :
40. 6m"£l )%ﬁﬁ‘%%lrl—%a@%@ at b?ygﬁ@&ﬁrﬁz?ﬁﬁﬂ r@(}?(ls?!’(s{tgaf f\?(lapm;%@ o br own
E Lglr3 Ir g.d Iﬁﬁeﬁwmmlmre of fmarﬁtﬁ)m&iﬁ of dormyla g? ) ega§ %ﬁswa&f’@awms

0 ; '
pr eci pi ta@epfqgaaﬁf?eﬂ%%%%%%p@@‘?f%ﬁ{ Q\teﬂg?lls%{u%thgﬁggi éb\?mérte ﬁh%% g}@ngggm) and

partition . Ve,
was separ g? ggﬁgﬁmégﬁ?ﬁ? cbgehion! mﬂ@ﬂ%wm@byfmﬁﬁlysatr@ﬁé €ous | ayer

] ied to pH 1 wit : ' '
and {hen desred ceariare EoOHBELFioh b D g A U BSes e ¢
bayerigw/ﬁmeﬂ%h@digg@meﬁgggm sol vent renoved under vacuumto give a
rown solid that was recrystallised from ethanol and dried under vacuumto

give the title conpound as pinkish crystals 25 (2.63g, 41 9.
b5 (PR i NS bt it et iy smemre s 3
tol uene (4ffhgrichiratadighi Merfgrmance  Liquid Chrorlngto%raphg/.l5th§%aﬁ\‘\7e§y,s'ﬁspendEd 'n
desired a particular enantiomer may be obtained by using an appropriate
15 chiral intermediate in one of the processes of the invention described above.
Alternatively, a particular enantiomer may be obtained by performing an
enantiomer specific enzymatic biotransformation e.g. an ester hydrolysis using
an esterase and then purifying only the enantiomerically pure hydrolysed acid
from the unreacted ester antipode.

20
Chromatography, recrystallisation and other conventional separation

procedures may also be used with intermediates or final products where it is

desired to obtain a particular geometric isomer of the invention.

25 The following examples illustrate the present invention in more detail;
however, they are not intended to limit its scope in any manner.

All temperatures are in °C. The following abbreviations are used:

EtOAc - ethyl acetate; DCM - dichloromethane;
MeOH - methanol, HOAc - acetic acid;

30 EtOH - ethanol; Et,O — disthyl ether,
DMSO - dimethylsulphoxide; DMF - N,N-dimethylformamide;
THF - tetrahydrofuran, HOBT - 1-hydroxybenzotriazole

nBuLi — n-butyl lithium LDA - lithium diispropylamide
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dimethyl formamde (1.5 nL). As this mxture was boil ed under refl ux,
thionyl chloride (132.8 g) was charged to it over 1 h. The reaction was
conplete after a further 2.0 h at 110C. The sol vent was renoved at

at nospheri ov@ew@s8u#z8 42 WO 2004/ 007428 PCT/ GB2003/ 003106T/GBR#3/003¢48 t he
resi due was vacuumdi stilled, giving the title conpound fraction as a water
white oil that partially crystal | ised on standing (151.3 92. 0% vyi el d,

b. p 70- 72EDCE- 0-(ErditgpthyBiminopOpg)-3-@hyaarbesiimise. hyespchiqr ,+1) 209.9 5

| NTERVEDI ATE 3 3_Cyano-4-(2-(N. N-di net hyl am no) et hyl en-1 -yl )pyridine A
sol ution of 4-nethyl-3-cyanopyridine [prepared acccording to Ref: J. Prakt.
Chem 338al NfAR'S W6 obtaihéd Qmer@ISGOMHz)oraﬂtWMH;IZ\I- di et hyl f or mani de di et hyl

tal (11.0 74,8 | 4 d N2 f
50" day sAll CmRSEE At B RRn are RaReT wilkdGe Sld B Bl R AR “hc et al
(59) vas (aqdfidfle don MDL ’Iﬁ’f@rrﬁétn&ﬂ@ﬁstém% Gi"mbHTﬂ?leVddr&ledseSMmrma&rmved in

vacuo and ﬁ obtained dark oil partitioned between Et (300m ) and
wat er (5(ﬁﬂl£)86 TrenkfyraGermesy o5 YRIe AR AREaShEah FSERNS ‘F%R)sé?rte? -extract ed

wi th Et OA f r with brine
(omt), 1t 3 P R R e e by 5 P AE e e X and
evapor at emanrthevtamabnameatpfropldnaie}aanmmmgotp@ryb(ttlwal pamemipused 5 a dul |
orange sol i 8H(CDCI3) 8.49 (1 H s), 825 (1 h, d, J

5. 9Hz) 7P'§§9ED Pﬁ'd'gé“acai 7.09 (1 H d, J509H), 525 (1 H d, J
13.2Hg and 2.99 (6H, s); rﬂz (ES+, 70V) 174 (MHO ). 20 | NTERMEDI ATE 4

1- Hydr oxy-2. 7- naEh}\hEri di ne hydrochloride salt HClI gas was bubbl ed through

a stirred nternediate 3 (6.2g, 3.58mmmwi) in glacial acetic

acid (50ng)_ ﬂf&@,@?ﬁ?,dﬁﬂe @%boi{lf&ﬁéfa') for 1- 25 2mn. The reaction

m xture per ask at 400 for 18h. The valatiles were
renoved i A spiution df&@dﬂqh@oayrmw&@@ @3SBmuRl) dn Ttks(2omdavas 2dded h wat er

{roated utthaBHEY AL FRAUBRnbBe FU nplEF (ESMERARRARTEARES, BN ) G

15 37.2mmol) and diisopropylamine (4.10g, 5.7ml, 40.6mmol)] in THF (25ml) at -
78° under nitrogen, to give a yellow/brown slurry. The reaction was stirred for
30min at -78° then CO2 gas was bubbled through to give a clear brown
solution that slowly gave a precipitate, warmed to RT over 2h, then quenched
with water (20ml) and partitioned between Et2O (100ml) and 1M NaOH

20 (100mi). The aqueous layer was separated and acidified to pH 1 with
concentrated hydrochloric acid and then extracted with 10% MeOH in DCM
(100mix3). The combined organic layers were dried (MgSO4) and the solvent
removed under vacuum to give a brown solid that was recrystallised from
ethano! and dried under vacuum to give the title compound as pinkish crystals

25 (2.63g, 41%). 6H (DMSO-d®) 8.74 (2H, s). &C (DMS0-db) 163.5, 147.7,
141.0, 126.7.

INTERMEDIATE 2

e

3,5-Dichloroisonicotinoyl chloride
30 Intermediate 1 (150 g) was suspended in toluene (450 miL) containing

dimethyl formamide (1.5 mL). As this mixture was boiled under reflux, thionyl
chloride (132.8 g) was charged to it over 1 h. The reaction was complete after
a further 2.0 h at 110°C. The solvent was removed at atmospheric pressure
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collected by filtration affording the title conmpound as a green col oured
solid 30 (5.2g, 80% 5H (DMSO-d6) 12.5 (1 H, br s), 9.38 (1 H, s), 8.84 (1
H d, J 7.0Hz), 8.15 (1 H d, J 7.0Hz), 7.89 (1 H, br dd, J 7.0, 5.0Hz)
and 6.85 ( Wo{200d0073287. OHz); m z (ES+, 70V), 147 (MH+). PCBGBE020G4¢8007428
PCT/ GB2003/ 003108 | NTERVEDI ATE 5 1-Chioro-2 7-na hth ridine Internediate 4
(5.29, 28.5mmol) was stirred with phosphorous ox chI orlde 5 (75m) at 1100
for 24h. aiethesl thei lesiiugeras vasuure distitedaiviog 4he d fiactign | whi ch

was poured i NaHCO3
(100Iror1 coft ﬁlv%aﬁﬁﬁw%%ggol |tg)aha%ﬂ%3% M&%n?%%{ﬁ?? %‘3 ?? %ﬁhbrough
M Xi ng t hig. pPAtRBET/Me rnfHy) adla €D Cares. shé2ldp)e @RI (rafm1) 2e9. 9ext racted with
Et OAc (2x7£ The conbi ned organic extracts were washed 10 with brine

(15m), drled (Na2804) and evaporated in vacuo to afford the title

conmpound lid (4. Og, 85% 5H (CDCI3) 9.45. (1 H s), 8.81 (1
, ¥ Eldﬂ S331_H d, 57|—|z)| 766(1H d, J 5.7Hz) and 7.60 (1

yllpyridines | NTERVEDI ATE 6

3- Et hoxy 0 _ - A xylic acid
(14.79 o.Z *ﬂm”r&%%ﬁﬂ%“av%ﬁﬁyf*dmgrf%&ﬁ? éf@%a{%f’%“é""?ﬁs;;t% HaRE b s i ¢ h
oxal yl chteaeindg361683 €rp96)10(00d,,67.8mirdiiand NA-tiemethilfarmamidewdieithyd mi xture

was concentrated in vacuo and the 20 residual sl urrfldrwas di | ut ed with Et20

(200n1) aagetah(é;r(&ﬂﬂﬁm@obﬁ@dw@%ﬁt (EOmewas slirred ak 14 undebN2 fane filtrate
. 4 3eq, 18nt

fol | olfbd eyy%“vérgag doriah gl sampiig Ml AEIANED wls 07T, 1™

stirred f %%Qnd'é ré&%’ih%‘* @Pgacﬂyg&éﬁ%‘\:\%%mbﬁ irf \Pédub%tnﬁ th@ vacuo

follomed rona ogr aphy hexanes) gave 25 the title
conpound abtamqniatlarkyml pamtnondad boBvey EBAG (3EMNY) @DQI \88198055@()’”)41'85 (1 H,

ts) 347_2§ &E?éewrfﬁparg@%a %9 S 7W‘é8 s fa{%&&%é&&%&ed? v&lﬁ"nHEt(ﬁi\c 1.47 (3H,
(3x100ml). The combined organic extracts were washed with brine (30ml),
15 dried (Na2S04), treated with activated charcoal, filtered and evaporated in
vacuo to afford essentially pure title compound as a dull orange solid (10.1g,
85%). 8H (CDCIg) 8.49 (1H, s), 8.25 (1h, d, J 5.9Hz), 7.29 (1H, d, J 13.2H2),

7.09 (1H, d, J 5.9Hz), 5.25 (1H, d, J 13.2Hz) and 2.99 (6H, s); m/z (EST, 70V)

174 (MH+).
20
INTERMEDIATE_4

1-Hydroxy-2.7-naphthyridine hydrochloride sait
HCl| gas was bubbled through a stirred solution of Intermediate 3 (6.2g,
3.58mmol) in glacial acetic acid (50ml) and water (0.64ml, 3.55mmol) for 1-

25  2min. The reaction mixture was stirred in a stoppered flask at 40° for 18h. The
volatiles were removed in vacuo affording a dark residue, which was treated
with water (3x20ml) and re-evaporated in vacuo. The obtained dark semi-solid
was treated with 40ml warm ethanol, ice-cooled, and the undissolved solid
collected by filtration affording the title compound as a green coloured solid

30 (5.2g, 80%) SH (DMSO-dB) 12.5 (1H, br s), 9.38 (1H, s), 8.84 (1H, d, J 7.0Hz),
8.15 (1H, d, J 7.0Hz), 7.89 (1H, br dd, J 7.0, 5.0Hz) and 6.85 (1H, d, J 7.0Hz);

m/z (ES*, 70V), 147 (MH).
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30 7-Oxaspirof3 51nonane-|, 3-dione Internediate 6 (12.1g, 0.67nol) and 2M
hydrochloric acid (26nml) were stirred vigorously for 24h at room
tenperature. The resulting solution was 44 W) 2004/007428

PCT/ GB2003M03b@8o741s0ncentrated to dryness and the resi HOwGB3d0a/MO3¢08NAS
washed with Et20 (25nl) to give the title conpound as an of f-white powder
(8.93g, 0.062m1). SH (DWMsSO d6, 300K) 4.80 (2H, s), 3.78 (4H, t, J 5.5Hz),
2.62 (4Ht J 5.5Hz); rn/z (ES+, 70V) 154.9 (M+). 5 | NTERVEDI ATE 8 3 (4

Ni trophenﬁl E 2! EE - s 3 o§<ospi ro(3 51non-I-en-1-ylam no)Propionic acid ethyl
ester Met ' stirred solution of 4-nitro-(L)-phenyl al ani ne et hyl
ester hydy b%izdf-nﬁ hth r(daaeo g) fngS No. 58816-66-3) in dichl orome:jhane
(230 ni) adde roxi de
sol uti on (rﬁerm@dlatp ®e29, §mm é"alsaégfegowgﬁ g’?‘P'{% ﬁl&ﬁg agqueous
hase extract di, ¢hl T [ﬁpé‘mj dark
8| chl oﬁonﬁ&fﬁﬁ@t\qﬁbgr@r %\@P eﬁﬁ%nﬁggv%’mé?%nﬁ%w t)é:}L:COO rrL{:gnda Sg[[ ur at ed
brine (10%||f’(}¢ﬁ|chm pbURA it BASIce- b\attscdoleédﬂledvt!j@@)sawra pauelHBpor at i on
in vacuo to give nltro- L hen t ative
yield. Th&N Q@3n(|1996’ﬂ é‘é{l’&’:ﬁ'}llﬁ&EZOQj\F/Q@%W@ ?r es d| ch oroﬁeﬂﬁartne (120
m) and spiigl3, S pgaqﬁel%fasglsgﬁ,%re( Sreid 4R 6He bueuay@r ®- [see

Wasser nan, 0 38, 1451-1455 (197 ‘&% was added
portion- Wé(&ameUth Et(DAng(zx'Kﬁmh)eTm cambinedreanie e XHASISCHRS ter 16 h

HPLC). Th t tu 0 nmL
\(Nas heZ:lOV\A t\"?ithrlggg%k)&n’n& @%‘%W‘P@ érg& ?g%l onfe?jl'go WLBVtQS@;fPEtfg?e%P@Zb” ne) (100
m.) and then dri ed s(%/ggﬁg‘), Soﬂ'&g 6%té5@/° SIANODONS 98BS ﬂsoé)assad (MH, d,

quantltatl r enov 'f so vent in vacuo 25 (32.4qg, viscous oil

t hat cryst 5|-, dgsdﬁgﬂm; dmyps. 7HZP,CY .66 H, WSDEd’BI)Iz)BaB@7§QKI1ﬂde_8 17 (2h,
d),756( "3? "s), 4.31 (1 H m, 4.14 (2H, q), 3.29 (1 H,
dd), 3.15 g{i’zlef) mid)(ESE, Z&GV)l16€E)a(1@H167rﬁMH+i 30 (LH m, 1.15 (3H, t +

15 INTERMEDIATE 6
3-Ethoxy-7-oxaspiro[3.5]non-2-en-1-one
Tetrahydropyranyl-4-carboxylic acid (14.7g, 0.11mol) and DMF (0.5ml) in
DCM (150mil) was treated dropwise with oxalyl chloride (1.1eqg, 10.9mi,
0.12mol). After 1h the reaction mixture was concentrated in vacuo and the
20 residual slurry was diluted with Et20 (200ml) and the resulting precipitate
removed by filtration. The filtrate was treated with ethoxyacetylene (40%w/w
solution in hexanes, 1.3eq, 18ml) foliowed dropwise with triethylamine (25ml,
0.19mol) and the reaction stirred for 11d. Filtration and concentration of the
filirate in vacuo followed by chromatography (SiO2, 5:1 EtOAc:hexanes) gave

75 the title compound as a pale yellow oil (12.1g, 59%). 8H (CDCI3, 300K) 4.85
(1H, s), 4.23 (2H, q, J 7.1Hz), 3.89-3.75 (4H, m), 1.88-1.79 (4H, m), 1.47 (3H,
t J 7.1Hz); m/z (ES+, 70V) 182.9 (MHY).

INTERMEDIATE 7

30 7-Oxaspiro[3.5lnonane-1.3-dione
Intermediate 6 (12.1g, 0.67mol) and 2M hydrochloric acid (26ml) were stirred

vigorously for 24h at room temperature. The resulting solution was
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1H m. ESI+ (nmz+1) 373.3 Method B 30 4-nitro-(L)-phenyl al ani ne et hyl
ester hydrochloride salt (100g) was suspended in ethyl acetate (590 nlL)
and washed with 16.5% potassi um carbonate solution (150 nL) at 25-30C,
fol |l oned bywaatowo@umsd brine (70 nL). The organic | ayer PGESBRI003¢I8ar ged
over 10 mnutes to a slurry of 45 WO 2004/007428 PCT/ GB2003/ 003108

hol :é[ 355301%253215% é}]dd&n?é‘we it be 88cal Y WA M ee TSP (R ?»Ltg,“e
%
SSE‘SI'S?T ko GbPobRAHLE commash T oy i RelR! T SSqIARB T et
f h
or gani ¢ pleg0 g ol JE P ¢ a?-%??'é'?*ﬁéd@??@%r'mﬁmEgﬂ'ﬁ?”—?ﬁe fom

concentra ngghegj ,\;”q+§OC prior to slow addltlon of heptane (88 ni),
whi ch cau d 't he mxtu‘e became turbid. After seeding wth authentic

product, the preparation was left to crystallise. Once this process was
under way, ws cooled further 10 to 0-5C and diluted with nore
hept ane ( itle conpound was fil ter ed off washed wi.th cold
30% et hyl 3qgsNitophenyh<{Sk(B0k8spiro{3cb Inpn-1-aF HAO PR 322 uo at 50C
to give off-white crystals (mp. 121.5-123. 5C 13129 96 7%vyield). "H
NVR DGWM-ESJ?—’MHH m; 1.18 (3H, t); 1.32 (1 H, rT) 157(8H n;
313(1Héiiﬁ|dA3 31(1Hdd) 4.14 (2H, q); 4.33 (1 H m; 15 4.35(1 H,
s); 7.54 . 8.17 (2H, d 3 (4

Ani nowlenifb)a stirgyd §Q|UB§2@§§)i4rrtbth{ lg pﬂwﬁMale{ﬂl‘n% %’Eﬁ?‘ﬁwgropﬁé’ﬁﬁg %am d et hyl

ester I 3 matand (230 and atmder! (286 et hanol
(300 rrL) 3%8%:1)}9#%@%?2%@?9 &:ﬁ‘ﬁﬂﬁhﬁ?ﬁ t he pr((2 nrgbé)nf; 10%0 al l,adi um on
charcoal @iL)5g)as added?BlopyCA6-Tide % sedivmoRydiayid 8 7 f ?’l red

checked f SRR deren BgfdepRia B Pt esRe® i‘?ﬁ??’ﬁﬁf‘i‘??‘?‘;? od
t hr ough C%ﬁdrﬂcﬁon'tdﬂ?armadmasmeyi Theagombined dichloromethane layers were
15 washed with water (100 mL) and saturated brine (100 mL). The organic phase
was dried (MgSO,) prior to evaporation in vacuo to give 4-nitro-(L)-
phenylalanine ethyl ester in guantitative yield. The free nitro-ester was
dissolved in fresh dichloromethane (120 mL) and spiro[3,5]nonane-1,3-dione
(CAS No 455264-97-8) (12.9 g) [see Wasserman, H.H. et al, J. Org. Chem,,
20 38, 1451-1455 (1973)] was added portion-wise with stirring. Conversion to
product was complete after 16 h (HPLC). The reaction mixture was diluted
with dichloromethane (120 mL), washed with 11% sodium bicarbonate
solution (100 mL), saturated brine (100 mL) and then dried (MgSQ,). The title
compound was isolated in quantitative yield after removal of solvent in vacuo

25 (32.4g, viscous oil that crystallised slowly; m.p. 120°C). 8H (DMSO d6) 8.39
(1H, d), 8.17 (2h, d), 7.56 (2H, d), 4.33 (1H, s), 4.31 (1H, m), 4.14 (2H, q),
3.29 (1H, dd), 3.15 (1H, dd), 1.43-1.70 (8H, m), 1.30 (1H, m), 1.15 (3H, t +
1H, m). ESI* (m/z+1) 373.3
Method B

30  4-nitro-(L)-phenylalanine ethyl ester hydrochloride salt (100g) was suspended
in ethyl acetate (590 mL) and washed with 16.5% potassium carbonate
solution (150 mL) at 25-30°C, followed by saturated brine (70 mL). The
organic layer was then charged over 10 minutes to a slurry of
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wi th absolute ethanol (100 nL), and the title conpo [

evaporation of the solvent as a thick oil (29. 55mg:g), uggag?it ?:i':]?\?ea;itglrd)

Met hod B A solution of Internmediate 8 (30 g) in absolute ethanol (300 rﬂ.)
was 30 hydvogemaedez at 5 Bar, in the presence of (61% RET)GB30B{08d108dI um on
charcoal (1.5g), at 20-30C. The reaction was exotherm c and required

cooling. After circa 35 m n hydrogen uptake cea a ' wa
. . _ ] the.r
checked f apiro[8ypihename:18sdiope (51.01) P &yl iasht igﬂq gﬂ&ﬂen? i‘ﬁ“%e g’?‘ O? hroagh

celite, the pad was b it i i

36 W0 20006042 BCRP B0 BB e o vamor at  on of
';3 hgzs?ll\{farlaheg?, zy%é ggm;ml m(;XtQ& smsgwashedraaquantialy yita) o PS‘-’-}SF'BE?BO d6)
53224 10 (corbongte selugn 7o L) fpd Ssidiisad hich, (18 EF W By Bodthe T 1,

g_ E ?1HN|5¥ Z oﬁgﬁglr%?l‘édyz %Eﬂﬂed%\ﬁ-a@ athGEgRdrD pAdEsute from the organic phass; this

. . e an : ' e s o
actd et hylopsetar aisozeric . oo e 5 bcarrye B ol BTN O he
8 g) ‘A’a@ﬁ{gps?@ﬂ%?xgh@n @Ir@rﬁkép{@{@t MEnewiigh Gaoked tre mititate becaohait i on of

pot assi um 'bnae .0°g) Tnwater (100 m) was added sl o L th
3\; ![ Lr:/vg? t&ﬂbzldr Aferosedding withe aglwesproﬂH% Net RECPSFRYIN (gvals\(,g% \%\as washed
i yi ng. ageryotelish PR B BT ae o Eeh s T e i e 1ot
ying agernv; i t ate .1g9)" 15 was added portion-wi se to the
sti rregy di ghberenmidianetesohitt e HEptamee €180 Mhy. The titlareonRAHINdeaS ¢ o
stir-out overnight at 20-2_]'510 .],cgs(gag itro CLho | he Ubl PB70 WAS, aaguenti al |
Wﬁshed wi t filteosl afu vEsed YD é‘r%bﬁla?% %fdg nf?&ea%(fp W3 e?’ 2 x 50 rr1_)y
titelnedg Ioedtr(ewaaﬁ%)m REab06 sk B0SO! teegive othmbid crystaladoop. WR1.6H28%%°6k ded t he ’
npound-as an off-whjte foamm(m?ﬁ , q .%0/ ¥ri1el BVBO db)
8.78 (1 H 18).2 8, IB7Y2yieldy) 'H WM (Pl %ﬁ?: 11847 D 138, (%péng? Hom
28 (2t e At i, Ao 1R 4t por)ucata ou, dieca(Es o8 do),
375. 2. 15 4_35(1H,s);7.54(2H,d5;8.i7(2H,d);é-4(1H,d5ppm-( 1) Bl (nfzd)

INTERMEDIATE 9
3-(4-Aminoghenvl)-2(S)-(3-oxospirol3.5 Jnon-1-en-1 -ylamino)propionic
acid ethyl ester

20 Method A
A solution of Intermediate 8 (30 g) in absolute ethanol (300 mL) was

hydrogenated at 10 Bar, in the presence of 10% palladium on charcoal (1.59),
at 20-25°C. The reaction was exothermic and required cooling. After circa 15
min hydrogen uptake ceased and the reaction was checked for completion by
25 HPLC. The reaction mixture was filtered through celits, the pad washed clean
with absolute ethanol (100 mL), and the titte compound obtained after
evaporation of the solvent as a thick oil (29.55 g, quantitative yield).
Method B
A solution of Intermediate 8 (30 g) in absolute ethano! (300 mL) was
30 hydrogenated at 5 Bar, in the presence of (61% wet) 5% palladium on
charcoal (1.5g), at 20-30°C. The reaction was exothermic and required
cooling. After circa 35 min hydrogen uptake ceased and the reaction was
checked for completion by HPLC. The reaction mixture was filtered through

celite, the pad washed clean with absolute ethanol (100 mL), and the title
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| NTERVEDI ATE 11 25 3-(4- Am nophenyl)-2(S)-(3-o0xo-7-oxaspirof3.51non-1-en-1
-ylam no)- propionic acid ethyl ester A solution of Internediate 10 (41.4
g) in ethanol (400 nm.) was hydrogenated at 10 Bar in the presence of 5%
pal | adi um omoeémaensad (3.0 g) for 1 hour at 20- 40C. Th@CTABAN0H3100S
renoved by filtration through celite at 40C, under an 30 inert atnosphere,
and the cake washed wth fresh ethanol remopval of circa

m). Aft
300 m of campewad abjainad @lier evaperetian |°6§$h%1‘°‘°§’ﬁ@t é%r?orh%@iejroill(?%éér% at 40C,

the resid was al |l owed to cool whereupon the title conpound
crystalli E@é"@@{“’%@@m.te needl es mp. 157-159C, 36.3g, 95.1%. 47 WO

2004/ 0074 / @C@S 25! 4r193 H 843®H d
202 (ot 381 MS%@?@@HQ,QOQ?% @68((@N5) )1 q (dJ, 0(:2 696 ( # H) .

3.73 (2H, ( , SB.480 (2h, qh)423& (bizl (ni ﬁBBdQ?r)‘* "2 7“74(1 1%)bmi éée(zH 2dd) ,
1.43 (4 Hg S)ES#éﬁgéﬂnoncf @, 1 .18 (3H, t). 5 INTERVEDIATE 12 2 S -

ZBrom)3ox05|r lam no -3- 4-nitro hen | - propionic
acid ethyl ester Powdered N-bronposuccinimde (4.98g) was added portionw se
to a stlrrlgiﬂ&%glg the Intermediate 8 (10.3g) in ethyl acetate (100
m.) at 20 0 m nutes. After anot her 30 m nutes, and foll ow ng
an LC cong- Nﬁfb aonkkdnit addltlon of sodi um
sul phite (0. 59 vvater 5Q ni The organi ¢ phase was then washed with

water (2 M propi Stet | | tered and evaporated to give the
produ w8t @ émﬂd‘d\,ﬁ D6- DVSO
progug 834 (ﬁgroggL ﬁwﬁhﬁfmanﬁr@a@ﬂqgﬂé’stéghy@ru@mbna@xzwe%)y usp ( )

£) 3, 38 é dd); 4.19
(2H, q); 4ligdoromethang (299.rpk) tozwhlchcﬁsoleﬂomof(@wassjym eproenate (B0 ®) d) ppm

(22 br oo 31 WFerd(E fiy e e iy SR e e B B e byt
ester Met Ipidhsd, Breucigahict leyerewaanashed walh Watedl(%snﬂ@/ml-)lamdeﬁﬁardﬂed( 100 ni)
and the SON%'\géBrB Following removal of the drying agent, solid Intermediate 7 (16.1g)
15 was added portion-wise to the stirred dichloromethane solution. The resulting
mixture was left to stir-out overnight at 20-25°C under nitrogen. The solution
was sequentially washed with 5% aqueous sodium bicarbonate (100 mL), and
water (2 x 50 mL), then dried (NazSQO4) prior to solvent removal in vacuo
which afforded the title compound as an off-white foam (38.6g, 99.2% yield).

20 &H (DMSO db) 8.78 (1H, d), 8.28 (2H, d), 7.66 (2H, d), 4.54 (1H, s), 4.52 (1H,
m), 4.28 (2H, ), 3.84 (2H, dd), 3.72 (2H, g), 3.46 (1H, dd), 3.25 (1H, dd),
1.97 (2H, m), 1.38 (1H, d), 1.31 (1H, d), 1.28 (3H, 1). ESI* (m/z+1) 375.2.

INTERMEDIATE 11

25  3-(4-Aminophenyl)-2(S)-(3-oxo-7-oxaspirof3.5]non-1-en-1-ylamino)-
propionic acid ethyl ester
A solution of Intermediate 10 (41.4 g) in ethanol (400 mL) was hydrogenated

at 10 Bar in the presence of 5% palladium on charcoal (3.0 g) for thour at 20-
40°C. The catalyst was removed by filtration through celite at 40°C, under an
30 inert atmosphere, and the cake washed with fresh ethanol (2 x 50 mL). After
removal of circa 300 mi of alcohol by vacuum distillation of the combined
liquors at 40°C, the residual solution was allowed to cool whereupon the title

compound crystallised out (off-white needles m.p. 157-159°C, 36.3g, 95.1%).

47



added to 50% wet, 5% pal | adi um on charcoal (0.5 The resultin
preparation was hydrogenated at at m)spheri((: prg)ssure at 20- 25Cguntil t he
t heoretical 25 volune of gas had been taken up and the reduction had been
shown to bevOoeexfd@wee by LC. Fol | owing catal yst renoval Poy/GBresioetipon, the
solvent was renoved in vacuo to | eave the product as an off-white foém
(11.1 g, 95.3%9. Method B Internediate 8 (10g) was di ssolved in ethyl
acetate (1§19 oMb 8.5Q1Rydy, eBaniet d),c8.42 (21250, 482 @HmbspIeRBE1Rr essure,

[ h % % [
roduct i on Siad.eciH, et OF KL, h a3 e it §Pp 1R ce ot MM E e,
N- br onosuc(ﬁwqu%dﬁsé g%’ﬁggzrg%lgm (Added), At (104)-byd)s €.18q3HNY. | i quors over 30

m nutes. A roce | etion 48 WD 2004/ 007428 PCT/ GB2003/ 00310
( 8
check showed 80% conversion to product. Further NBS (1.0g) was added

subsequent S all the starting material. The reacti

O _ : on was
quenchéd m&&g’éq tth sul phite solution (50 rrL?;, and the organi c phase
extract ed 2@)I(Q-Bﬁhﬁ-3(&ms§ﬁo@InOﬁhbeBﬂllEMQ)_ﬁéiﬂLﬁﬂllﬂﬂﬂ&' ing)- itr during the
I??t wat er wasI 2 was col le tred by filtration and dried in vacuo at 60C to
?1 grzg)thaemuﬂ__ﬁm o et - 79, 7?9.39% yield, LC 98% PAR). Further product
respective‘b%meréa sdbdinipiEe (a198g) Wes aduecipattioguise (0.7 styred 0. 129

(silica geisoluﬂ;\rg;zi? ML%%&;%?%%BL?&%&%%%B%ZJM ﬁ%%t%ﬁ ggJ . ‘jgﬂr Sm :
1.28 ( : %ﬁéfﬁ? ‘?@pé%'é"( 9&8? gs'lathgg 30(hirflitesI®hd BIIARING2%4H LG) complBio 1 H, ) ;

5.01 ( 94 (2H, d); )

CSinct r ;JLTI | eE&ttkt)thd%adﬂoﬁmaa wanW¢%® Pﬁ S%N %E\bh&g?(&?%@ﬁ%“al g/ﬁlsfle H
X e este r | ori | [

O B o w S loaiEL I SRR Mg Y BRFWANGET e v @ 504AB), i ssol ved

4-ni tr o- ( ShyripRaMYsD Anfiksted Rl @wpadeddongive theinrpdug. as FROHIVRIBr e was

heated to 80-85C and held at this t t
conpl et i onfearedk 2.4gh alusniighyevies \Xg'snﬁy‘?é%'gm{]%bﬁr%f)ﬁ5ffghggeggn@LC
15 1.28 (3H, t); 3.14 (1H, dd); 3.38 (1H, dd); 4.19 (2H, q); 4.85 (1H, m); 7.64 (2H,
d); 8.20 (2H, d); 8.98 (1H (b)d) ppm. Mass Spectrum: (ESI") 451.1/453.1

INTERMEDIATE 13
3-(4—Amino-pheny|)—2(8)—12-bromo-3-oxo-sgiro[3.5]non-1-en-1 -ylamino)-
20 propionic acid ethyl ester

Method A
Crude Intermediate 12 was re-dissolved in ethanol (100 mL) and the solution

added to 50% wet, 5% palladium on charcoal (0.5g). The resuiting preparation
was hydrogenated at atmospheric pressure at 20-25°C until the theoretical
25  volume of gas had been taken up and the reduction had been shown to be
complete by LC. Following catalyst removal by filiration, the solvent was
removed in vacuo to leave the product as an off-white foam (11.1g, 95.3%).
Method B
Intermediate 8 (10g) was dissolved in ethyl acetate (100 mL) and
30 hydrogenated at 20-25°C, at atmospheric pressure, in the presence of 50%
wet, 5% palladium on charcoal (0.5g). Once the reduction was complete, the

catalyst was filtered off and powdered N-bromosuccinimide (NBS, 4.1g)

added portion-wise to the liquors over 30 minutes. An in-process completion
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seeded with authentic product. Once crystallisation had initiated, the
resulting suspension was cooled further to 20C and stirred out overnight.
The 4-nitro- (S)-phenylal ani ne hydroxyet hyl ester hydrochl ori de was

col | ect ed byoRod4toomes on, washed in situ w th di net hoxyechaB20q3/088081), and
then dried in vacuo at 40 25 45C to constant wei ght (white powder mp

195-197C, 187.0g, 73.9%yield). 'H NWR O 7. (2H, d

(2H, m: %r@tk(ﬁidwed)%‘;& ahvelsipn e proclUéeth ?“5%?1 89) S@S(aﬂq‘f c’Zj) 8 11
(2H, d); 8.76 + 30

| NTERN)EDI Asldés?té t|yioﬁ%p$@rﬂ%gﬁé S@@ﬁ} ﬁ%@é%&?borgggﬁﬁgaghggﬁﬂ ~en-1-
yl ami no) pritpnPe sasiuch byighitx polutiph (56 tret), 40d\ilDe XFQanio PhAse extracted

PCT/ GB2003/ 003108 Solid sp nane harged to
o ati Tt ed WISER B 8 M, SRSl piogaianc SR e b wlerdPErE N 955
”Lé conf ?:\Uéé‘g:olléétbGLWHgFEtﬁﬂ ﬁﬁg (gﬂe)d ai v26u@5E. 60Pe (oaficrd vibe Steon boi | ed
under refl ux and checke or ¢ LC bl i shed
that the recropouns (fatD. >4 9%i ¥eldd Lct%ﬂ’dg g’%ﬁéﬁ?@ﬁ&’vﬁ@c&g@?@g agér‘%c and
wat er (360 y C crtivisiy) wehsequent |
to adj ust Wr%}h%gg)?om%%dwaégib@%egﬁgoqm% \é@?queoug) haseq t he d
organic | arseratemaaftemasin@datogmpms@ltbelnyotmrtlmupc@/ésﬂlcﬁrﬁ? (330 MefPH 8b4 sodi um
carbonate sglytion (250 ni), and 10% brine (2 x 330 nL), prlor to being

dried withDP nesi um 10 sul phate. The solution was evaporated to dryness in
vacuo {@ obtain the title conpound as a clear, orange-brown gum (yield by

LC assay 160. 5 94.1 ¢ Thi s i nternedi a S I f,.ec | A, T he next
st ep. NVR N <'|§haf§@/18/()0)5§1 82- 11%6"%‘?@4 %ﬁ@ § ‘%gasfi{ﬁ 8‘%’1’”&5 37 (1 H,
dd)359 H ; ; OH( 8):16.946)2HA4)88 (1 H,
7.46 (é@ d8§ﬂ4 %&&#(cg 7&)hH8m§8§61 ((QHWU?Q); 6‘53;%'( ?\/ass xSpect)?um( ESI +
(n12+1) 389.9UNTERWEE) pirE. Lﬁas‘@&p}eo&wm (ESI“) 421.1/423
nophenyl ) - 2(S) - (3- oxo-7-oxaspi ror 3. 51non-1 -en-1 -slamino)- propionic acid
hydr oxyet hyl ester 20 Internediate 15 (68 5 g) in ethyl acetate (350 nL)
was hygs og NPt RMEDIATEBAY

4-Nitro-(S)-Phenylalanine Hydroxyethyl ester Hydrochloride

Dry hydrogen chloride (68.3 g) was dissolved in ethylene glycol (994 mL) at

<20°C and then solid 4-nitro-(S)-phenylalanine (198.7g) added with stirring.

The mixture was heated to 80-85°C and held at this temperature for 2 h. After
20 a LC completion check, the preparation was allowed to drift to 60°C and

seeded with authentic product. Once crystallisation had initiated, the resulting

suspension was cooled further to 20°C and stirred out overnight. The 4-nitro-

(S)-phenylalanine hydroxyethy! ester hydrochloride was collected by filtration,
washed in situ with dimethoxyethane (795 mL), and then dried in vacuo at 40-

25 45°C to constant weight (white powder m.p. 195-197°C, 187.0g, 73.9% yield).
'H NMR (Ds.DMSO): §3.27 (2H, ddd); 3.42 (2H, m); 4.01 (2H, m); 4.27 (1H, t);
4.88 (1H, b,s); 7.52 (2H, d); 8.11 (2H, d); 8.76 (3H, b,s) ppm. Mass Spectrum:
ESI* (m/z+1) 255.0

30 INTERMEDIATE 15
-2(S

ylamino)propionic acid hydroxyethyl ester

3-oxo0-7-oxaspiro[3.5]non-1-en-1-
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and <30C in the presence of 5% pall adiumon charcoal (61% wet) (3.4 g),
until gas uptake ceased (circa 1 h). After filtering off the catal yst and
washing the pad with ethyl acetate (2 x 100 nmL), the conbi ned organic
sol uti ons Weo @oo4/ee7agsor ated to dryness in vacuo to furni 8aTAGBR0BNO31E
conmpound as a straw 25 coloured foam in essentially quantitative yield

(63.2 g). 'HNWR (D6-DMBO): 51.08-1.79 (10H, b, 3.04
(1H dd) : Selicsapitai#i5inonanean3-diaae (740 QMWQ%CFQ@faed%aSA"@é 5§J§P¢PS"%'% 4.89 (1
H, 2 :
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di chl | 0

b cBr003 OB s KRR ARG K ERARH RS g R R OB R e
I(Dtc:M §dnh%lsmg§ thé rdté@DWalse:doted\wM°m/bnerapéTo(BsﬂenL)lacﬂt%c{[ M t

nter nedl at e | SSOol ve stirrin
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INTERMEDIATE 16
3-(4-Aminophenyl)-2(S)-(3-oxo-7-oxaspiro[3.5]non-1-en-1-ylamino)-
propionic acid hydroxyethyl ester

20 Intermediate 15 (68.5 g) in ethyl acetate (350 mL) was hydrogenated at 5 Bar
and <30°C in the presence of 5% palladium on charcoal (61% wet) (3.4 g),
until gas uptake ceased (circa 1 h). After filtering off the catalyst and washing
the pad with ethyl acetate (2 x 100 mL), the combined organic solutions were
evaporated to dryness in vacuo to furnish the title compound as a straw

25  coloured foam, in essentially quantitative yield (63.2 g). "H NMR (Dg-DMSO):
§1.08-1.79 (10H, b,m); 2.88 (1H, dd); 3.04 (1H, dd); 3.64 (2H m); 4.11 (1H,
m); 4.18 (2H, m); 4.39 (1H, s); 4.89 (1H, 1); 4.99 (1H, b,s); 6.53 (2h, d); 6.96
(2H, d); 8.33 (1H, d) ppm. Mass Spectrum: ESI* (m/z+1) 359.1

30 EXAMPLE1
Ethyl 2(S)-[(3-oxospiro[3.5]non-1-en-1-yl)amino}-3-{4-[(3.5-
dichloroisonicotinoyllaminolphenyl}propanoate
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20 2701) in THE (10m ) at Og was treated dropwi se with a solution of
bromne (1.1leq, 170ng) in THE (5ml). After 20mi ns the reaction was all owed
to warm to roomtenperature prior to dilution with EtOAc (100m ). The
crude reactworoo4miTisur e was washed wi th saturated aqueoB6TNBRIGABOII®WON ) and
brine (20nml), dried (MgSO4) filtered and concentrated in vacuo. The

resi dual foam 25 was chromat ographed (Si 02; EtOAc) to give the title
conpound ds salutitn taé Infesmeeiaté 2 (3.1g) i diBnerometigsiy (DGM, (Fopt)3wasooK) 8. 48

57 (1 e todiigS so NimathybidiBiing 1, Sy efid irudrdey @ ph 17
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acid The conpound In THE (5nl) was treated

in a singvapgated thﬁP‘t'qr’arpLOi @ﬁvﬂzﬁ) R%Wﬁ"o‘d{ Fl | 46-7% DB 1CTHIS and t he
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oot due wolibachfiin RIGBUPHbBYE MR, &l 58 B0k bl s tldabbdbheRl B0V "
conpoypd @mwédé.wervdwhg iAWas0b (3126 42 Y2186, (v%|d74rmpsoh94 %6H Cl@,lVBO dé,

390K) 10.34 (1 H, s), 8.67 (2H, s), 7.53 (2H, s br) 26 (2H
8. 26Hz), B06K) qaasi 1) 5), 8.785(28, 2}, §.34 (H.ng,,J 8.5HZB 73560@!—( 1d1d135m,, 1 67-1.21

10H, 5 5 t hyl
291 (o Sattar Eokn T e iy b sadk vo L ol S UE S 3! oonr ot
noyl ) am n@lmebmﬂﬁpﬂmme i BBEIZNENE A 1 (108 mf), YN 748K, t, Jt4. Dielziced
dropwise to a well-stirred solution of Internediate 16 (50 0 g) in ethyl

acet ate (50Q (REY, 2N §16.@ahg BARONBHDS nl) .

15
EXAMPLE 2
Ethyl 2(S)-[(2-bromo-3-oxospiro[3.5]non-1-en-1-yl)Jamino}-3-{4-[(3,5-

dichloroisonIcotinovDamlno]ph_envl}propanoate
A solution containing Example 1 (500mg, 0.97mmol) and triethylamine (2eq,

20 270ul) in THF (10ml) at 0° was treated dropwise with a solution of bromine
(1.1eq, 170mg) in THF (5ml). After 20mins the reaction was allowed to warm
to room temperature prior to dilution with EtOAc (100ml). The crude reaction
mixture was washed with saturated aqueous NaHCO3 (20ml) and brine

(20ml), dried (MgSO4) filtered and concentrated in vacuo. The residual foam
25 was chromatographed (SiO2; EtOAc) to give the title compound as a white
powder (511mg, 0.86mmol, 95%). 6H (CDCI3, 300K) 8.48 (2H, s), 8.05 (1H, s

br), 7.52 (2H, d J 8.4Hz), 7.04 (2H, d J 8.5Hz), 5.81 (1H, d br, J 8.3Hz), 4.98-
4.91 (1H, m), 4.21 (2H, q, J 7.1Hz), 3.21 (2H, d J 5.3Hz), 1.70-1.66 (4H, m),

1.53-1.44 (4H, m), 1.28 (3H, t J 7.1Hz), 1.20-1.16 (2H, m); m/z (ES*, 70V)
30 597.9 and 595.0 (MH+).

EXAMPLE 3
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20 The reaction tenperature was kept bel ow 25C t hroughout by external
cooling. Acylation of the starting material was conplete after a 1.5 hour
stir- out. Water (150 nL) was charged at the end of this period, followed
by sufficivemtoo2Mazedr ochl oric acid to |ower the pH to RCI/GB2®3/0Ra¢8 owi ng
separation, the organic phase was washed with water (2 x 150 ni), 5% 25
sodi um car bonate sol ution (150 m.) angd D m.) then dried
(MySO4),  f 2(9)d(2-Brome-3-0x0SspiobhSINg = : P+ tl e conpound as a
[ nNuRaa&DI\/SO 811173(10H
b,m; 2.98 J) 4.24 (1H,
m:  4.39 The ldomppund ot Exampie 2t(§11m92@8@m°|lﬂ‘ THFé@m{ s H?ateg R7 (1 H,

BupLE 5 80RO B DR eR5oaR . B If KAYLR, fndthe 5321 534

2('S) - (25 br puidn QKR8 Rt T8GR tedipepatureefdr 2h- Whamembn?wa(sfltr@n quenched
5-dichloroisonicotino | amno hen | r %f\ vg%% hod A To, a sol uti on of

t he corrpouhm the addition ef BQAT fajaciy, Qgﬁ){TﬁP§ % 2oVl (h¥adfied EDC
(190, 2\7%[?? r(rerBWZs(tﬁéﬂngddejd Qogrmé’lr)asﬁ[lé l‘ét Bﬂécﬁnﬁrecﬁilt?éﬁ@rh tReSMl). The

m xture wa roomtenperature for 48h the partltloned bet ween
Et OAC (15n‘ﬂ>)ecﬂﬁtditava\lasr cglieatad by Masuumuitation ayérthwa@SI dyepupshedaWlRd t he

d t

Fi (o ed aR@WdackarPapbdy Mok iRby §1lsiRe i toinodthlise A ASIRIE 1) s
h H, wd
?Zgggﬁsgg%m%1%% @%ﬁ@ GngMéui dBI BQ@KFWB@WH)S’Qﬁ sasm (gH pg) er
7.59 (1 H, sy, 753825H3)br)7726 (@PiHd &1 8.28H) 5By, (14, gw), G12643.29) ( 1H3, Bh (1 H,

, 3.25 (1 H, dd, J 14.0, 4.6Hz), 3.04 (1 1.58-1.79
E%H n, (B ‘83?3@_6 @H.dm)g 167- 17@2)(1%' 1); E[@g %gf 7§¥}$§§%&“é%%ered
N-brom)sucm nj m de (19.3 g) was added portionwi se to a solution of Exanple

4 (60.7 g (MKl éthyl acetate (610 m-) at 0-5C over 2 h. LC nonitoring was
used to check reaction progress and suppress over-

15 EXAMPLE 4
Hydroxyethyl 2(S)-[(3-oxospiro[3.5]non-1-en-1-yl)amino]-3-{4-[(3.5-
dichloroisonicotinoyl)amino]phenyl}propanoate
Intermediate 2 (31.0 g) was introduced dropwise to a well-stirred solution of
intermediate 16 (50.0 g) in ethyl acetate (500 mL) and triethylamine (25 mL).
20 The reaction temperature was kept below 25°C throughout by external
cooling. Acylation of the starting material was complete after a 1.5 hour stir-

out. Water (150 mL) was charged at the end of this period, followed by
sufficient 2M hydrochloric acid to lower the pH to 1 — 1.5 Following
separation, the organic phase was washed with water (2 x 150 mL), 5%
25 sodium carbonate solution (150 mL) and 10% brine (2 x 150 mL) then dried
(MgSO0.), filtered and evaporated in vacuo to afford the title compound as a
yellow-brown foam (71.1g, 95.6% yield). '"H NMR Dg-DMSO: 61.1-1.73 (10H,
b,m); 2.98 (1H, dd); 3.20 (1H, dd); 3.64 (2H, m); 4.13 (2H, 1); 4.24 (1H, m);
4.39 (1H, s); 4.87 (1H, 1); 7.28 (2H, d); 7.59 (2H, d); 8.37 (1H, d); 8.81 (2H, s);
30 10.88 (1H, s) ppm. Mass Spectrum: ESI" m/z 532/534

EXAMPLE 5
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brom nation of the starting material. Upon conpletion, the reaction was 20
quenched with a solution of sodiumsulphite (3.0 g) in water (60 nL). The
organi ¢ phase was washed with water (2 x 100 nlL), and then concentrated to
gi ve a 25%w+ wo0g/007ut8i on of the product, w th concom t anPCEGBR0A0EBI8Y, by
distillation at atnospheric pressure. The product began to crystallise out
towards the end of the step. After cooling tao. 20C over h tirring 25

over ni ght ,2-Hydroxys hre81013-0XQsSRIFQl3 UL #eshed with
cold (O- &l for@ﬁ:%tn%@tn( enviitito ahb@tecorrpound was t hus
obt ai ned | er after drying to constant weight

at 70CinMeﬂqu(mp 210-212C, 63.2 g, 90.6%yield). iHNVR D6- DVMSO
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15% bri ne | ux a sol ution

%f di - (4- tg{gugﬂs)%&l( B, J3UR),-4.8Mz)a BI04 éioH ﬂd( tgﬁ141<t)) iof)- ?Hﬁ) e‘t?j@r(ﬂj 7&:@5&% (440
ool ed -t oot ar. 82 P27 11 {18 & hpound vas ri1tered of f, vashed with
ethyl 15 agpiigb8@H 2 x 220 ni), and subsequently dried in vacuo at 45C to
?Ilva, gran Powde¥ed lNOl\aAﬁoﬁnOchlugm imi e%1& 3 gz waSS?/Oa éaé %%ﬂio%&iég'\@ é@@rdﬁ%’ﬁo) : 9l.22
of Example 4 (60.7 g) in ethyl acetate (610 mL) at 0-5°C over 2 h. LC
monitoring was used to check reaction progress and suppress over-
bromination of the starting material. Upon completion, the reaction was
20 quenched with a solution of sodium sulphite (3.0 g) in water (60 mL). The
organic phase was washed with water (2 x 100 mL), and then concentrated to
give a 25% w/v solution of the product, with concomitant azeo-drying, by
distillation at atmospheric pressure. The product began to crystallise out
towards the end of the step. After cooling to 20°C over 2 h, and stirring
25  overnight, the resulting suspension was filtered and the solid washed with cold
0-5°C) ethyl acetate (2 x 80 mL). The title compound was thus obtained as a
fawn microcrystalline powder after drying to constant weight at 70°C in vacuo
(m.p. 210-212°C, 63.2 g, 90.6% yield). 'H NMR Dg-DMSO: 51.05-1.78 (10H,
b,m); 3.04 (1H, dd); 3.25 (1H, dd); 3.66 (2H, m); 4.19 (2H, t); 4.84 (1H, m);
30 4.90 (1H, t); 7.28 (2H, d); 7.59 (2H, d); 8.80 (2H, s); 8.92 (1H, d); 10.92 (1H, s)
ppm. Mass Spectrum: ESI* (m/z+1) 612.0

EXAMPLE 6a
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m; 1.28 (3H, t); 1.47-1.84 (9H, b,n); 2.48 (6H, s); 3.07 (11-1, dd); 3.24
(11-1, dd); 4.26 (2H q); 4.28 (1 H m; 4.45 (1 L s): 5.(92 (2H, )sj; 7.22
(1 H d); 7.3 (2H, d); 7.50 (4H, d); 7.78 (1 H d); 7.87 (2H, d); 7.99
(4H, d); 8.w@2q0a/003428d); 20 8.51 (1 H, d); 8.76 (1 H, dPCTSBZW3NAW18 b, s);
9.93 (1 H s) ppm Exanpl e 6b Ethyl-3-14-(12, 71napht hyri di n-| 1
-yl am no) ohenyl 1 2 S) - (3 0XO0-. Spi rof am no) pr opanoat e,

oxal ate s8 - hthysidin-i-dam n ethanol (80 m)

was hydrOgﬁgg;felrmfﬁﬁ-erm-{g%mﬁg@amw&ﬁ(%tumomz_z@,%@wadamg at ca. 50
psi until aKke cease e mxture was filtered, washing with
et hanol eeugﬁg I To this solution was added Internediate 5 (8.04 g) and a

sol uti on gl aceiul s i 810) 4s(Bhapidh @a LOBSNENBherricidtbly @I &R m xture

heat ed at on was cooled to
triet hyl agbselulcd.ABam)! ErBTenl)THethanollsi dydeogent cblﬁndfas pmn;afem iNt @r ed,
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opanoa t

(48 8g) veink) Wos peHaaUheIprarslation braueb et S bl heupa nd iRl 2 ¢

under nitng gﬁf“ &aRsin Wage ﬁlﬁ;{@?ﬂdu”r\d Was tile@aidoff hwasiesd cvith éthlken up in

et hyl acetate (3 atter solution wa sh I |
sol ut il6n cffcepaiea@s%uﬂ%%dﬂbbn%ﬁdes(@@q&’@)“w rfir\ﬁgt@fv\ég”? %ﬁb o' \cl)mwteg gy

saturated brine (100, Wiy (1HsS §t PY5oRGiBldt eHIMMRLNDMSO): 51.22 1H
m); 1.28 (3H, 1); 1.47-1.84 (9H, b,m); 2.48 (6H, s); 3.07 (1H, dd); 3.24 (1H,
dd); 4.26 (2H, q); 4.28 (1H, m); 4.45 (1H, s); 5.92 (2H, s); 7.22 (1H, d); 7.31
(2H, d); 7.50 (4H, d); 7.78 (1H, d); 7.87 (2H, d); 7.99 (4H, d); 8.28 (1H, d);
20 851 (1H, d); 8.76 (1H, d); 9.64 (1H, b,s); 9.93 (H, ) ppm

Example 6b
Ethyl-3-[4-([2.7]naphthyridin-1-ylamino henyl]-2(S)-(3-0xo0-

spiro[3.5lnon-1-en-1-ylamino)propanoate, oxalate salt

25 A solution of Intermediate 8 (20.0 g) in ethanol (80 ml) was hydrogenated over
5 o w/w Pd/C, ca. 50 % wet (2.5 % w/w dry) at ca. 50 psi until hydrogen
uptake ceased. The mixture was filiered, washing with ethanol (60 ml). To
this solution was added Intermediate 5 (8.04 g) and a solution of acetyl
chioride (0.383 g) in ethanol (15 ml) and the mixture heated at 60°C for 3.5 h.

30 The solution was cooled to 20°C and triethylamine (5.93 g) added. The turbid
solution was then filtered, washing with ethanol (10 ml) and a solution of
oxalic acid (4.62 g) in ethanol (15 ml) added followed by seeds of Intermediate
5 oxalate salt. When crystallisation was complete the mixture was filtered,
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was evaporated to dryness under vacuum and the residue purified by col um
chromat ography on silica, eluting wwth 10% ethanol in ethyl acetate, to

give the title conmpound as an orange-yellow foam (56.9g, 90.4%yield). 8H
(CDCl 3) 9. aaoetmmmm) 8.65 (1 H d, J 5.7Hz), 8.25 (1 PCT/i$B20138033¢8z), 7.71
(2H, d, 20 J 8.4Hz), 7.63 (1 H, d, J85Hz) 712(2H d, J 8.5Hz), 7.05 (1

H d, J58Hz) 5.80 (1H, 4, 29 3.13
(2H, ), 1washing éth e(t_hLalﬂpl ﬁ?mlHOZQWE&le “-‘)%ﬁ&—&?—'i——‘lg Wi'f’ M%E 8 25

Et hyl 2(S):( r o r o5 11g00.88-8N HiONmquites 4 64.26

2, 71lnapht h%/r]g%lfgn%rlreyl%g?n&r)\o Sﬁfllgrllg gnoat dal\g%éhofj@ﬂ A Stel r n@ ol ution of

t he corrpou%q Ha 5. B &eyN:e1 0700 ?/6)0 NMRB §n1d2 (@I, B hﬂl‘aﬂn 1. 2e]9

100l THE (10

br orri) nlenl n 31;{2 981/ 3qE5 11\,?%1 g gd{él{‘) ? r éa t?gﬁ%\}\gs)nd?l ut ed
with qu:A/g(S%arﬁ Qﬂq Mpsjng@i (chg)espy(yqew vj) t'/h75a¢2ldr d) &l1aqtidods 8-4RHCCS,

dried filtered and concentr 0., The residual foam was
triturated(itd), 8664d0r 8Pt Rt Ué’hg) EFFB 5@53%‘ By solid collected and 55

WO 2004/ 007428 PCT/ GB2003/ 003108 dried in vacuo to give the title conmpound
as a pale yeI I ow povvder (0.45mmol, 76% . Method B A suspension of Exanple
6a (250 g)E g acet ate (1500 rrL) vvas sti rred 5 with 10% aqueous

pot assi um ( | of Exanple 7. The
| atter was=w m.) then cool ed

to -106p| nc. nimde (51.4 g) was added
portionwise to the solutio ] reagent
had been chipgaediaiermr( %ﬂ*%@g? g?ﬁﬁr%@g‘\ﬁa% ﬁ%ﬂéﬁow%géugégﬁdéad e gmﬂen Eept
at this tem@f%%ﬁdfh‘ératéﬂfbt@?c f3r b.h, Bedet hirogen dgthassl wmremh@@eilly

et abcuesnd e o Betiod Asbsa s ST FRE MBS BE rne
organi c phase yas washedvidith JebiGtion 8P Bottssiuansarbahateati odighin neter250 nl)
15 (100 mL), followed by saturated brine (100 mL). The ethyl acetate solution
was evaporated to dryness under vacuum, and the residue purified by column
chromatography on silica, eluting with 10% ethanol in ethyl acetate, to give
the title compound as an orange-yellow foam (56.9g, 90.4% Yyield). oH
(CDCly) 9.61 (1H, s), 8.65 (1H, d, J 5.7Hz), 8.25 (1H, d, J 5.8Hz), 7.71 (2H, d,
20 J 8.4Hz), 7.63 (1H, d, J 8.5Hz), 7.12 (2H, d, J 8.5Hz), 7.05 (1H, d, J 5.8H2),
5.80 (1H, m), 4.55 (1H, s), 4.29 (2H, q, J 7.2Hz), 3.13 (2H, m), 1.87-1.25
(14H, m); m/z (ES*, 70V) 471.1 (MH").

EXAMPLE 8

25 Ethyl 2(S)-(2-bromo-3-0x0-spiro[3.5]non-1-en-1-ylamino)-3-[4-
(12,.7]naphthyridin-1-ylamino)phenyl]propanoate
Method A

A stirred solution of the compound of Example 7 (300mg, 0.637mmol) and

triethylamine (1.2eq, 100p!) in THF (10ml) at 0° was treated drquise with a
30 solution of bromine in DCM (2% v/v, 2.1ml, 1.2eq). After 12h the reaction was
diluted with DCM (50ml) and washed successively with saturated aqueous
NaHCOs3, dried (MgSO4) filtered and concentrated in vacuo. The residual

foam was triturated with diisopropylether and the resulting solid collected and
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prior to a polish filtration.
| eave a 15 dry 25% w' v sol ution of the product.
just below boiling, and diluted slowly with n-heptane (963 niL), once
oV koolvaat428becone apparent. Further crystalli sact/oB2e@soesesed

crystal gr

during cooling to 20C over 4 h. Filtration of the resulting slurry

af forded t

acet at e ( Idiednin)vasna to gpeaihe titlesmomaoundmsya PalesyaiewRpvd
40- 45C (mn@ﬁ%i%. 5-195C, 147.8g, 92.3%. Method CInternediate 13 (14.4

rdte 5 (6.47 g) and absolute ethanol (140 mnlL) were heated to
40- 45C andviethgd Bd out under nitrogen. LC nonitoring showed the reaction

e it ur epersian o Exgmeln SaaPbl) i At acB T o i W sl acded and

g), Inter
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CDCl 3 1H s), 4 . d, J 5.7Hz), 8.29
man'(cmmasz@, was w.agh@q )Niﬂﬂ?vmjer( (@50, mk), and satgrated bv%géZiiOzm,LS

8r§<}r(9tjo(gﬂoﬁsﬁg ?iltrfigéfwle_t fgm? jlacgﬂité'%afgt?ggsﬁftglﬁé c{ﬁt t?%"’f\%’ gHg) (2H q,

d5525% WM sejutiohOofEkaNPodUE. Fndgbnaentrate was seedadHustitgiow | -

b(lJiIir-\g, eﬁwd- aiid% OS-|O7V\-II9)§I\(?I'fh n-heptane (963 mL), once crystal growth had

become apparent. Further crystallisation occurred during cooling to 20°C over
4 h. Filtration of the resulting slurry afforded the title compound which was
washed with 2:1 heptane: ethyl acetate (150 mL) and heptane (150 mL)
before being dried in vacuo at 40-45°C (m.p. 192.5-195°C, 147.8g, 92.3%).
Method C

Intermediate 13 (14.4 g), Intermediate 5 (6.47 g) and absolute ethanol (140
mL) were heated to 40-45°C and stirred out under nitrogen. LC Imonitoring
showed the reaction to be complete after 12 h, whereupon triethylamine (10
mL) was added and the mixture stirred for 0.5 h. After removal of solvent in
vacuo (40-50°C/50-100 mBar), the residual orange-red paste (31.1g) was
partitioned between ethyl acetate (150 mL) and water (100 mL). The aqueous
phase was back-extracted with ethyl acetate (50 mL) and then the combined

organic layers were distilled at atmospheric pressure to leave 3 volumes

solvent with respect to the theoretical yield of product. The concentrated

solution was seeded at 75°C and then heptane (140 mL) added via a syringe

pump over 2 h, whilst maintaining this temperature. With most of the product

crystallised, the mixture was cooled to 20°C and held for 1 h prior to filtration.

Following heptane washes (2 x 50 mL) and drying at 60°C to constant weight,
56
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siro 3.5 non-I -en-1- | amno ro anoate Acetyl chloride (1 nL) was added
cautiously to stirred ethanol (50 nL) with exclusion of noisture. This
solution was then added to a stirred suspension of 15 the Internediate 11
(24.0 g) amnwohkovseemesdi ate 5 (12.0 g) in ethanol (200 nipCaicas2000003%0I
heated to 60C under nitrogen for 2 h. Ethanol was renoved in vacuo and the

resi due taken up in ethyl acetate (300 ) d was washed
with 5% schpeg @resuch wasoeblained é%o"fﬂ% brangy solht 1?;/99%%%] J6feidy2 ).
Some tarry, ks o}éaié §1 SYiwANaYsayl ﬁtv@rédsear&qmvmlwpaemen)uxeaaﬂ%r gani c

[

phase was A1) and its volune reduced to approximately 100 ni,
cryst al | i sadtiveringredienbyipldhduct occurred after seeding. After stirring out
at 0-5C for 1 hthe title conpound was isolated and dried at 50C i n vacuo
(28.2 g, pale yellow solid mp. 112C, 85.6%yield). SH (DVSO d69 10.02 (1
H  s).5 9.813 (CbOt) &81 (8H78),(8.64,(1H) d, 8. B3HEL §R9d)JH, 7, 985 iig), d75 7.89 (1

(oH aﬂ i) 7§og§+(ém st 72 @i &y el Ade i B 400,
(2H m, 5?@ ﬁ]b? (P, m§, 583 ({H, i), 4128 (244§, J 3HHZA,)3.28%8H, (i £81) 473. 3
EXANPLE 10

2(9)-f(2- |$139r(0@b|l gl .20 ¢3H3 d)?@iﬂz)oﬂ'ézﬁﬁr:gpy)ﬁﬂ@n(MHén 1-

yl)am nol - 3-f4-(f2, 71lnapht hyri di n-1 -yl am no) phenyl | propanoat e Sul phuryl
chloride (13.6 g) was added drop-w se to diisopropyl disulphide (25.0 Q)
in tety@hyBxaMPBE9( THF, 150 nl) at 0-5C under nltrogen After 57 WO
2004/ 007428 _PCT/ GB2 AL HBeossul ting

i sopropyl &t . a ar-c y roma
graduat ed g?_rgs_qm_nu@hmw_twmmf Exanpl e 9 (30.0 g) in THE (500
mL hel d enperat u Conver.sion. to t Iete
af%er 85 nhcety! Ph@ﬂgedéwlsn)p‘é’éﬁlﬁ‘{dﬁﬁ GRUOHRIY 1O (ﬁﬁgﬁaeﬁgg#ﬁ 5p’ar§%fl on

quenched wi, 0 QEGH Was MeH added th7dstirkgd ambeinb@nlcﬁyers
separ at ed. %ﬁeélgéuozgrﬂis'é{ ea?g%aév\gs ext?act ed with et h% acet ?é(gf)gﬂ 0 m.),
t

and t hes cottis meermuediateiid () @) apd dniereadiaies hdi2Qi HnLthana ne (100
). The 19043 Snd egr%‘atsﬁ tcPBB‘%’uH@ér SRbYENor DRPReENSINES haReled A50 nl)
by distill gf'ijon At oS

vacuo and the resndue taken up in ethyl acetate (300 mL). The latter solution

was washed with 5% sodium hydroxide solution (100 mL) followed by water (2

x 50 mL). Some tarry material was cut away with the aqueous phases. The

20 organic phase was dried (Na;S0,) and its volume reduced to approximately
100 mL, crystallisation of the product occurred after seeding. After stirring out

at 0-5°C for 1 h the title compound was isolated and dried at 50°C in vacuo

(28.2 g, pale yellow solid m.p. 112°C, 86.6% yield). 3H (DMSO d6) 10.02 (1H,
s), 9.73 (1H, s), 8.78 (1H, d), 8.33 (1H, d), 7.98 (2H, d), 7.89 (1H, d), 7.44

25 (2H, d), 7.32 (1H, d), 4.61 (1H, s), 4.42 (1H, m), 4.36 (2H, q), 3.94 (2H, m),
3.80 (2H, m), 3.34 (1H, dd), 3.17 (1H, dd), 2.11 (2H, m), 1.69 (1H, d), 1.58
(1H, d), 1.40 (3H, 1). ESI* (m/z+1) 473.3

 EXAMPLE 10

30 Ethyl 2(S)-[(2-isopropylsulfanyl-3-oxo-7-oxa-spiro[3.5]non-1-en-1-
vl)amino]-3-[4-([2,7Inaphthyridin-1-ylamino)phenyl]propanoate
Sulphuryl chioride (13.6 g) was added drop-wise to diisopropy! disulphide
(25.0 g) in tetrahydrofuran (THF, 150 mL) at 0-5°C under nitrogen. After
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10 pressure, fromwhich the product crystallised on cooling. This
suspension was filtered at 20C and the title conpound washed w th et hanol
(2 x 30 nmL) prior to' drying in vacuo at 50-60C (26.9qg; 77.5%yvyield,
of f -whi t e pvodem/oomdps 221 C).. SH (DVSO d6, 390K) 9. 83P(TiGB260B/00100%H2 (1H,
s)894(1HdJ95Hz)865(1HdJ56Hz)815(1HdJ57Hz),

7.78 (2H, d, J 8.5Hz), 15768(1HdJ5%[2) 23, 58 5H2) |
7.12 ( 1HstigingJ ofit Wdz)305rmmtea,H the njesulfingg iganiPPY Sylphe &V'Hfgb” 81-3. 76

2H, 3. 64- 3. 55 12196 (1H, dd, J
5 8, mloPB‘%%fat'OE' was Wﬂ&%%gf’ 'ég"’(%' 3. %(a&asduaé@&opﬁn fnelie ((1 H n.
1.32-1. 2§o(ui10h| ofMExapld €38 om g)) if. THFzJ500L. mlz) (Bﬂd ay, thg 8adpRr), 1.05

(3H, d, J 6.6Hz); nmlz (ES+, 547 2 28
PCT/ GB20¢yhperaise. C@mrﬁ@nlto R’ Eé"?g %ﬁeg@?"gg%ﬂ ?’ggﬁég Ebeg:ﬂcorrpound of

forrru% Gdlution FHad besn BhBXge. | TH? readﬁbn)w&v quihche’ withs510%esedivm Art is an
optional I'y substituted aromatic or heteroaromattl ﬂj; gg A‘L?sbl'?a Ilnker
group seIbeurau'btlzi'laﬂef:(Sot:ﬂuilR(\FQlﬂ5 miarncthedayers seRa8de MG PN T BV Copt i onal I y
substi t ut ed S t chiegats! Hrtinhe cdrabinkd) erganic-

S(O 2N( RZU efggﬂgg W?Ia ca@goxyl I g g@dm) ; :1 der (ﬁ‘#ve or biostere

t her eof ; soRftiohs thernydishgdwitit satugated tIDD%@DQy"F‘H?-eru '3?5’% 92 Rz whi ch

b th di ff t =3
T e e Ly L5aiba)S oA BSoRTHR AN atdaGsphan () I

opt |1 gr@)al Lpée%l}?étf'rérﬁtvﬂﬁcfﬂfﬁepﬂ%mﬂ arystakised onlcopling. iThicsEPeNSRE Wa$ a hydr ogen
or

'~ hal t lected f hvdl
atom or fdw?%ggi&l?ﬂm@%&w ng%ran%fé‘%ﬁa‘mo@ g¥onggp

G3- 8cycl qgl 5Pﬁng in vacuo at 50-60°C (26.9g; 77.5% yield, off-white powder m.p.
221°C).. 8H (DMSO dB, 390K) 9.83 (1H, s), 9.52 (1H, s), 8.94 (1H, d, J
9.5Hz), 8.65 (1H, d, J 5.6Hz), 8.15 (1H, d, J 5.7Hz), 7.78 (2H, d, J 8.5Hz),

15 7.68 (1H, d, J 5.6Hz), 7.23 (2H, d, J 8.5Hz), 7.12 (1H, d, J 5.7Hz), 5.26 (1H,
m), 4.19 (2H, q, J 7.1Hz), 3.81-3.76 (2H, m), 3.64-3.55 (2H, m), 3.20 (1H, dd,
J 13.8, 4.3Hz), 2.96 (1H, dd, J 13.8, 10.3Hz), 2.81-2.74 (1H, m), 2.06-1.93
ZZH, m), 1.50-1.47 (1H, m), 1.32-1.28 (1H, m), 1.23 (3H, t, J 7.1Hz), 1.07 (8H,

" d, J 6.6H2), 1.05 (3H, d, J 6.6Hz); m/z (ES*, 70V) 547.2 (MH).
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group], -SR3a, -ON or an optionally substituted cycl oaliphatic,
het erocycl oal i phatic, polycycloaliphatic, heteropolycycloaliphatic,
aromatic or het er oar omat i ¢ group, nis zero or the integer 1 and v is the
i nteger 1, WOQ@(0480740 provi ded that when n is zero and BCT/GB2@30e6¢d ent
bond v is the integer 1; or Rz is an atomor group as previously defined
and RX and RY are joined together to forman optionally substituted Spiro
li nked cy@BIMS$hatic or heterocycloaliphatic group; and the salts,
sol vates, hydrates and N-oxi des thereof; 25 which conprises reacting a
conmpound of forrmula (2): 59 WO 2004/007428 PCT/ GB2003/ 003108 Qa oRx, ko Ry
N k( | vher eiArprocess fos thee preparatiohioRd)ddmpmuddtdiéorsalla 61): sol vat es, hydr at es
and N-oxides thereof; 5 with a conpoung,ArlWwherein Wis a group sel ected
fromX (wherein X1 is a |egwgg atom 9r gRreuUp), -COX2 (wherein X2 is a
hal ogen atomor a -OH group R X3 nywhich X3 is a hal ogen atom, 10
2. A process accordi ng Ar4-2€ gr ei c..c—neact| onis carried out in a
solvent in the presence of an acid when Vd}i : the offbup X1. 3. A process
according to Claim2 wherein the solvent/is | ected froman al cohol,
ether, acetic acid, water, acetonitril & substituted anide or ester. 15 4.
A proc ss %tecordl ng to Cla|m2 wherein the reaction is carried out in an
al coho fn presence of an acid catalyst. 5. A process according to
Caiml wmef Ridh é;h@nlaﬁ@ﬁ@wmeé a?&héﬁcegr Istbrdafoméfic g#b%ppf esence of a base,
an organlc am ne or a cyclic am ne and an organic ol vent when Wis the
group COXR? ima lindeerigsoup Releoigarfrarm ofN(R4)- [where R4 is a hydrogen atom or an

optionally substituted straight or branched Cy.galkyl group], -CON(R%)- or -
S(0)2N(R4)-;

10 R'is a carboxylic acid (-CO2H) or a derivative or biostere thereof;

R2 is a hydrogen atom or a Cy.galkyl group;
RX, RY and RZ which may be the same or different is each an atom or group -
L1(Alk")n(R3)y in which L7 is a covalent bond or a linker atom or group, Alk? is
an optionally substituted aliphatic or heteroaliphatic chain, R3 is a hydrogen or
15 ° halogen atom or group selected from -ORS32 [where R32 is a hydrogen atom or
an optionally substituted straight or branched C.galkyl group or Cs.gcycloalky!
group], -SRSa, -CN or an optionally substituted cycloaliphatic,
heterocycloaliphatic, polycycloaliphatic, heteropolycycloaliphatic, aromatic or
heteroaromatic group, n is zero or the integer 1 and v is the integer 1, 2 or 3
20 provided that when n is zero and L' is a covalent bond v is the integer 1;
or R? is an atom or group as previously defined and RX and RY are joined
together to form an optionally substituted spiro linked cycloaliphatic or
heterocycloaliphatic group;
and the salts, solvates, hydrates and N-oxides thereof;
25
which comprises reacting a compound of formula (2):

59



6. A process according to Claim5 wherein the organic solvent is selected
from a hal ogenated hydrocarbon, a dipolar aprotic solvent, an ether or an
25 ester. 7. A process according to Caiml wherein the reaction is carried
out in thevpemserss of a condensi ng agent and a hal ogeratr/ies200y/desaesar bon,
di polar aprotic or an ether solvent when Wis the group CO2H 30 60 WO
2004/ 007428 PCT/ GB2003/003108 8. A process according to Caim1l wherein
the reaction is carried outi e presepce of a base, an organic am ne or
a cyclic amne and a hal ogena hydgocar bon, dipolar aprotic or an ether
sol vent when Wis the group ~N5 % ocess according to any one of
Clains 1 - 8 wherein the conmpound ¢f f la (22) is prepared by reduction
of a compound of formula (4): 02 N (4) R N4( I Z R2 10 10. A
process according to Caim9 wherein fhe re&Rtuction is carried out by

catal yti c hydrogenation or by chem caRf®reduction. 11. A process according
to daiml or Claim9 wherein R4 is a hydrogen 15 atom 12. A process
accordi ng wHe®@%i m 9 wherein the conmpound of formula (4) is prepared by

reaction oba%ggmj_qq(pw)morrmla (5): O02N,::: 1 (5 ,H

and the salts, solvates, hydrates and N-oxides thereof;

5 .
. 1.

with a compound Ar'W wherein W is a group selected from X' (wherein X' is
a leaving atom or group), -COX? (wherein X° is a halogen atom or a —OH
group) or —-SO2X? (in which X® is a halogen atom).

10 2. A process according to Claim 1 wherein the reaction is carried out in a
solvent in the presence of an acid when W is the group X'
3. A process according to Claim 2 wherein the solvent is selected from an
alcohol, ether, acetic acid, water, acetonitrile, substituted amide or ester.

15

4, A process according to Claim 2 wherein the reaction is carried out in an

alcohol in the presence of an acid catalyst.

5. A process according to Claim 1 wherein the reaction is carried out in
20 the presence of a base, an organic amine or a cyclic amine and an organic

solvent when W is the group COX? and X? is a halogen atom.

6. A process according to Claim 5 wherein the organic solvent is selected
from a halogenated hydrocarbon, a dipolar aprotic solvent, an ether or an

25 ester.

7. A process according to Claim 1 wherein the reaction is carried out in
the presence of a condensing agent and a halogenated hydrocarbon, dipolar
aprotic or an ether solvent when W is the group COzH.
30
60



NR I R2 20 with a conpound of formula (6a) or (6b): Ry Ry Rx ORx O

or Ra 0O RZRZ (6a) (6b) wherein Ra represents a Cl _6al kyl group or a
silyl group. 61 WD 2004/007428 PCT/ GB2003/003108 13. A process according
to C ai m 13vovemn/eda2st he reaction is carried out in thePQT/E32008003008 an
organic solvent. 5 14. A process according to Caim 13 wherein the sol vent
is selected from an aromatic hydrocarbon, a hal ogepat ed h|¥.droc rbon or an
ester. 15.8.A prAgescesscacnonding to &laify 1oMergin t@earle%gthn Is ¢ 'ﬁﬂe‘?@i"ﬁ RLis
the group, - CO2AI k7. 1 pr.oc ACa R 0 nef abdhea pr ecedi ng
d ai ms whi &R Pé%ﬁﬁﬂpﬁsgg %%%S'e%wée"r?\t ap%t gﬁf‘:@gn\r}gr {ai r?‘%ag: ?gﬁpoun_d of formula
(1) to anopiiehensedTmdrstanborf, atipalaragrdlic or ntgthenspiveptwderWdedheg to

Claim 16 which conprises hydrolysing a conpound of fornmula (1) in which Rl
is -CQRA kgfqu@%@;%uce a conpound of formula (1) in which RL is -CO2H 18.
A procegs according to Claim 16 which conprises esterifying a 20 conmpound

f f I 1) in which RL is -CO2H t d f_f I 1
'n whi oh Ra. i & AGroeseRocosinGi G888 oI g e gRY RGCBPERe o |
precedi ng G A a81.f @5 id hidpaRidaRPiealibfoh 6f a 6aMBOuRSist fofmbler(@yl a (1 b): R16 R2

O,N

Ry
Rx 0
(4)
N
R | Rz
R2
10
10. A process according to Claim 9 wherein the reduction is carried out by
catalytic hydrogenation or by chemical reduction.
11. A process according to Claim 1 or Claim 9 wherein R* is a hydrogen
15 atom.

12. A process according to Claim 9 wherein the compound of formula (4) is
prepared by reaction of a compound of formula (5):
O,N

(5)

_H
;1 T
R2
20  with a compound of formula (6a) or (6b):
RY Ry
Rx 0 Rx o
or Ra
o) o)
R Rz
(6a) (6b)

wherein R® represents a C+.galkyl group or a silyl group.
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lv RX L2 Ry Rl (1 b) R17 O25 Rz wherein -G=is -CR18=, -N=or -NO =;
R16, R17 and R18, which nay be the sane or different is each a hydrogen
atomor an atomor group -L3(A k2)tL4(R5)u; and the salts, solvates,

hydr at es amg bboamo7elmss t hereof. 30 62 WO 2004/ 007428 PCF¢TBBODINGOBLI08 20.
A process according to any one of the preceding Cains for the preparation
of conpounds of formula (1 d): RR ¢ NLN~ L21 Ry R (1d) RZO
wherein g is the integer 1, 2, 3 or 4, 5 Rib, is an atom or group

- L3(AIk2) §44( Ré)cp'ﬂ%re}'é%cfcti?dl i €1an§1012/94h@ﬁem hesiFeiceisn adalied>dutiés t her eof .

21. A process a one of the preceding Cains for the

pr epar at i the préserke @t&Mrg@BS)SOBIBNZ br ono- 3- oxospi r o[ 3. 5] non-

l-en-1-yl)am no]-3-{4-[ (3, 5- dichloroisonicotinoyl)am no] phenyl } propanoat €;
and the salts, solvates, hydrates and N oxides thereof. 22. A process
accor &3 ng140 Mprms@cobk@n@n@&aimgs @heirein thesotviest 151saelg¢te¢érr0am| on of:

h A -
(L2 7] hapht BT MIoRaRE hes BREASTHBHORdip5aRn ordh &fbn©) -=-14

15. A process according to any one of Claims 1 — 14 wherein R' is the
group —COAIK’.

10
16. A process according to any one of the preceding Claims which
comprises subsequently interconverting a compound of formula (1) to another

compound of formula (1).

15 17. A process according to Claim 16 which comprises hydrolysing a
compound of formula (1) in which R' is ~CO2AIK’ to produce a compound of
formula (1) in which R is ~COH.

18. A process according to Claim 16 which comprises esterifying a
20 compound of formula (1) in which R' is -CO.H to produce a compound of
formula (1) in which R' is —CORAIK’.

19. A process according to any one of the preceding Claims for the

preparation of compounds of formula (1b):

R Rz2
= | [\1 -
N Le R (1b)
R? A
17 N
R > 0

25
wherein -G= is ~CR'%=, -N= or -N(O)=;
R16, R17 and R18, which may be the same or different is each a hydrogen
atom or an atom or group -L3(Alk2)L4(R5)y;
and the salts, solvates, hydrates and N-oxides thereof.
30
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and the salts, solvates, hydrates and N-oxides thereof. 20 23. A process
according to any one of the preceding Clains for the preparation of: ethyl
(2 S)-2-[(2-1sopropyl sul fanyl - 3- oxo- 7- oxa-spi ro[ 3. 5] non- 1-en-1-

yl ) am no] - ¥ 2004/p@428] napht hyri di n- 1- yl am no) phenyl ] pr opR@D&B2003/063Mma8 t he
salts, solvates, hydrates and N-oxides thereof. 25 24. A process according

to any preceding one of the Clains for the reparat.i on_ pf: 2-hydroxyet hyl
(2S) - 2- ( 2- BPONDA3PERESS RGCE[ENG] 1R ADY 1Qh@n_o§_16qz ac?ﬁeﬁ%élng chiims 2for tge

{4-[(3, 5-di ' ' | | ok fFHR nyl } propanoate; 63 WD 2004/ 007428
PCT/ GBZOOSP%%@'F%H@%@@%I&{S, sdcp)%@??'es, hydr at es and N-oxi des thereof.
25. A conpound of formul Q@ | Rv Rk 0 (2) RL1RZ R25 wherein:
Rl, R2, Rx, RY and RF'8g~as|/defined in Daim1; Qais a group -N(R4)H;
and the salts, solvates ates and N oxi fs I;p(hereof. 10 26. A conpound

according to Caim 25 i s: /
3-(4-am nophenyl ) -2(S) - 17=€ ' . on-lgy en-1 -yl am no) -
propi oni c acid hydroxyet hyl ester. ) ! ormbun\d of fthmula (4): 02N Rv
N
0]

wherein g is the integer 1, 2, 3 or 4;
5 R, is an atom or group -L3(Alk2)iL4(R5)y;

and the salts, solvates, hydrates and N-oxides thereof.

21. A process according to any one of the preceding Claims for the
preparation of:
10 ethyl (285)-2-[(2-bromo-3-oxospiro[3.5]non-1-en-1 -yl)amino}-3-{4-[(3,5-
dichloroisonicotinoyl)amino]phenyl}propanoate;
and the salts, solvates, hydrates and N-oxides thereof.

22, A process according to any one of the preceding Claims for the
15 preparation of:
ethyl (25)-2-(2-bromo-3-oxo-spiro[3.5]non-1-en-1-ylamino)-3-[4-
([2,7]naphthyridin-1-ylamino)phenyl]propanoate;
and the salts, solvates, hydrates and N-oxides thereof.

20 23. A process according to any one of the preceding Claims for the
. preparation of:
ethyl (2S)-2-[(2-isopropylsulfanyl-3-oxo-7-oxa-spiro[3.5]non-1-en-1-
ylyamino]-3-[4-([2,7]naphthyridin-1-ylamino)phenyi]propanoate;
and the salts, solvates, hydrates and N-oxides thereof,
25
24. A process according to any preceding one of the Claims for the
preparation of:
2-hydroxyethyl (2S)-2-(2-bromo-3-oxo-spiro[3.5]non-1-en-1 -ylamino)-3-
{4-[(3,5-dichloroisonicotinoyl)amino]phenyl}propanoate;
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\ Rk O(4 RL Nkl RZ 15 R2 wherein: Rl, R2, Rx, RY and Rz_are as
defined in Caiml; and the salts, solvates, hydrates and N oxi des thereof.

20 28. A conpound according to Claim 27 which is: _ o
3- (4- ni t r oph@nook/pe721sS) - ( 3- 0X0- 7- oxaspi r o[ 3. 5] non- 1- en- 1 PYT/SBROVIPEBEIERI ONi C
acid hydroxyethyl ester. 64

and the salts, solvates, hydrates and N-oxides thereof.

25. A compound of formula (2):

Qa
Ry
Rx 0
(2)
N
1
R I Rz
R2

5 wherein:
R', R?, R, RYand R? are as defined in Claim 1;
Q% is a group ~N(RY)H;
and the salts, solvates, hydrates and N-oxides thereof.

10 26. A compound according to Claim 25 which is:
3-(4-aminophenyl)-2(S)-(3-oxo-7-oxaspiro[3.5]non-1-en-1-ylamino)-

propionic acid hydroxyethyi ester.

27. A compound of formula (4):

O,N Ry
Rx 0
(4)
N
1
R I Re
R2

15
wherein:

R', R R*, RYand R? are as defined in Claim 1;

and the salts, solvates, hydrates and N-oxides thereof.
20 28. A compound according to Claim 27 which is:

3-(4-nitrophenyl)-2(S)-(3-oxo-7-oxaspiro[3.5]non-1-en-1-
ylamino)propionic acid hydroxyethyl ester.
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