SUBSTI TUTED HETEROCYCLES AND THEI R USE AS CHKI, PDKI AND PAK | NHI Bl TORS
Field of the invention The present invention relates to novel substituted
het er ocycwe2pod/ines33s phar maceuti cal conpositions and net lpodssB2H06UBE260 | N
addition, the present invention relates to therapeutic nmethods for the
treatment and prevention of cancers. Background of the invention

Chenot herapy and radi ati on exposure are currently the major options for the
treatment of cancer, but the utility of both these approaches is severely
limted by drastic adverse efpectmeancn@atakiif,ssue, and the frequent

devel opment of tunor cell resistance. It is therefore highly desirable to

i nprove the efficacy of such treatnents in a way that does not increase the
Loxicity Aseoci gLeduith thegt . foe way, L 0,ahheyect Nigd s iy d heguge of
specific sensitizing agents such as those described herein. An individual
cel |l replpzatesubyrhpki nglathexact copy oédxtlssthebppsoneslatoasd t hen
segregating these, into separate cells. This cycle w repli.cation,

chr onOs one 8PSt bt P oM diSAH P TS F@B}ﬁ% by’ amiSHE Wi hen t he
cell thatpopjMeald hdeeprger of the steps and ensure that each step is
precisely carried out. Key to these processes are the cell cycle
checkpoints (Hartwell et al., Science, Nov 3, 1989, 246(4930):629-34) where
cell s may. arr.est en r ir chanj v i e o] te prior
o conti dbend 3 h¥Sudh ThE Byare TR oW Foop oL PHRErS el (i d s ORSRA
checkpoi nfsliars hercebkdeyclieo - pivearide Scohpokpoe ntmadtheatialss r égwliaed by
p53 and the G2/ M checkpojnt that is nonitored by the Ser/Thr Kkinase
Chechbol RERPREELST VEERR) SPn LRHATEN, Thicl o385 3 s 50BBer PBEE Sy
identifiegvép b@hé@?b&@ﬂkr‘i& t 2 phase dreldoi nkof Zhagagbial . BNAS, Nov
12, 2002, 99(23): 14795-14800; Sorsensen et al., Cancer Cell, March 2003,
vol 3:24709bganvite Sepptpeacet WCh JAR nalPdyetderegihsirdgptonsl 166, 6,
801-813). cARoblGACE! Lii®hCl & akLESTo | NPUCEL: DY, L BES G GIIRGKPO) N3 ks 8

cruci al mechanism by which cell's can overco e damage resulting from
radi o- orftheant henapy, mbhertadbr dgate obeby noamehe agient by shoulid albier ease

the sensitivity of tunmor cells .0 DNA d gi ng therapies. Addj.t] ly, the

L umor SpeCP i ERRRr G Dt 6P WA CHTRS CECRBBRRE By poasiiar alloHeten | he

maj ority pEEkUNDIGCICRN BeceXpbothed tHe HHOVE eI WioITEd eCchiate ragant s. One

approach to the design of chenosensitizers or radiosensitizers that

abrogat e ihel@¢ MPeRFEkpSiTRt hieg ked caiey drapi RhhiEbi B soéf G-H& kiyses M

r egul atorg?giggs‘gt%,ffggoﬁ kfif‘EQE?aCh has beenshown to work in a nunber
0

of proof of concept studies. niraras et al., Oncogene, 2001, 20:7453; Luo
et al, Neoplasia, 2001, 3:41 1; Busby et al.,Cancer Res., 2000, 60:2108;
Jackson et al,, ncer .,. 2000, 60:566). Certain kinases.that belong to
the <eri nty‘t Hﬁegﬁ%ﬁglﬁﬁgse‘:? an ISP TRRF 2hFe YHRALRY | arrhcglol u"l?‘é?l vfand are
invol ved in1tbe tRrabspigskon igfkobi echesd Tahe S @nahst SHEH] as stibase aishat
influence tunour cell growth. Such serine/threonine kinase signalling

pat hways PatYeblkerpehRake ke ERR ceasCaderanBot BBBe Pt rteant 8f tPIL3K such
as PDK-1, d | - Jah ]gg% Hunt er ) . 355).
These serine ?ﬁ?egg;}rgegtélﬁﬁggg patSte s have a s%q‘%%%ﬁégﬁoﬁatggégeéujeate, and
be regul ated dif fictdldarieser ine/ fht Epniwee thiimasestt hiat 1 lad s 0 madeguliatie .t unmour

gr owt anfj i nvasi on.. One such famly (gf Ki nases is_the p21 -act]vated

prot éin kipad® EPRLSFSni Vo RS R8P ef e séfi nett hPEd e kF ndses. The
Pak fam | yiofukinasesrakdrasedgunstream effectors of the small” p21 Rho
GIPases, Rac and Cdc42 (Bokoch, Annual Review of Biochemstry . 2003, 72,
741-781). Six human Pak ki nases have been identified which fall into two

subfamligs. T, ig st s i (G ; is of - )oe Pak?2
(Pakg. hFa 65)‘b‘§4nio|é ks ?@aﬁiﬁé?’l e Tftclon G i (G%g?pfl%r%ﬁr?& udes
Pak4, Pak&ssaondi&aké. withupathfievihy Rakd dshaner &396t demt ictfy an ftibeier ki nase
donai ns whereas the kinase domains of Goup_l], Paks _are re di.ver ged

di splayi nE)?‘S4%ri ity Jvf t hhey gdﬁqo%%as d%’i‘rﬁi ﬁ?.l%car?)ﬂgalplg&lk’nﬁ%nases
can be acfiyatead byoad iafdrly 19 GhPaseafependent vard pindenspdent a

mechani sms. Goup 1 Pak kinases interact with activated (GIP-bound) p21
(Rac/ Cdc4p}urahhipi t iafy t kenGiPasasact E¢lepentsp2itmeuyradieng melki nase

(GurY) andoereeefl oV aRrkYE of8) o el DUERTRR T fTarE M G e

bound states of the Rho famly of GIPases, are inportant determ nants of
downstream signalling activated by Pak. The Pak fam |y of kinases have been
inplicated in the regulation of cell survival, transformation,
proliferation and cell notility (Bokoch, Annual Review of Biochem stry ,
2003, 72, 741-781; Kumar and Hung, Cancer Research. 2005, 65, 251 1-2515).
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survival by inactivating Bad, suggesting that Pakl may be involved in
cancer cell survival and progressionThere is now energing data that the Pak
fam |y ofwbi2o@s®sssgontri bute to tunourigenesis in a w decrameosfoiisunan
cancers, either directly or indirectly (Vadl anudi and Kumar, 2003, Cancer
and Metastasis Reviews 2003, 22, 385-393; Kumar and Hung, Cancer Research
2005, 65, 251 1-2515). For exanplez2 Pakl gene anplification and a '
correspondi ng up-regul ati on of Pakl protein has been reported in ovarian
br east _t uDUIS; SCPNAE ele 1 o ATBT 4SRN IouE NAL  Of nBabBolAgY wh20Q3, 163 .
985-992). Pakl expression has been reported to increase w th progression of
col or ect als careirmahhyt stablasbasi syhicCar taan die avoladllhsedl foamcéheResear ch
. 2004, Jj O _ 3448-3456).. Furthernore, PRak4 gene anplification_an tation
has been (Tlod@n ¥ 1 n €8For 8¢t alt i napsleasSt(%alrzseorns %%aéﬁl?lfxé?urg?ggooa
436 , 79%cl et gimgtHat acsyggest yitkat Pakdlt sof nyebueddi ribeeastycancer
progression. For exanple, expression of a constitutively active Pak

tr ansgene P IRA ' HatmBlhy B ahdSlsAaEteX AYeFPPaBPAYIRTt AéOREMEFS

epi thel i uB g, eheal-;Tbe, EMBOzlanrnal 1, 3002, 2, o 5437n4d4 e Bienal |y,
the regulation of Pak activity by Rat/ Cdc42 and Guani ne Exchange Factors
(GEFs) mpoltsthemtherpatensd n(1hewhypehavingari YN off PAKW dsgmal kindg
cascades in .cancer.. For exanp| e, energin ata. around a key rale f.or the
GEF Vavl %P?ﬁﬁ%ﬁ%%&?%o%%ncgﬁjtﬁﬁﬁ)riggng%f Sﬁ% *feveal aéﬁﬁ¥én§ga
oppor t unityariel é apgetthehesRaco Palkosiygnakirierfepalhvay | (Lddepsreat pgnt of
pancreatic tumours (Fernandez-Zapico et al., Cancer Cell , 2005, 7, 39-49).
These & | iR AR sugesY’ t hat "pkareracofogi Kl iﬁﬁibi@érS(ﬁs¢%k_shéﬁpd be of
t her apeut § £, ¥a) $€s f BEnd A £aL MBOT @fy)t.Ner MaFd Oyéa&%gﬁ afs theyli seage of
cancer. There is also evidence that Pak plays a rolfe in regul ati ng neural
out gr owt hwiahdaner e s dyridiad .debes apnentageof sbnn esealef Ybar palocefssCel |

Sci ence . 2004, JJ 4343-4354; Nikalic,..The |nternational | of

Bi oohen 175 o, 1 788 oSl d Pt g St O HR0Te HEERE BE (he

t r eat mentp 0 s el 2é r degetier addnse diaaises antbiaeases@associodt edhe t h
defective neural regeneration. Furthernore, Pak inhibitors may al so have
pot entd alPEPPETeation in the treatment of a joint disease or of joint pain
The phosphatidylinositol 3" OH kinase (PI3K) pathway is known to be
intrinsically involved in regulating cell survival and apoptosis (Yao and
Cooper, OhtobeheB8299609E¥eld43-s@5lks Frankeane FroQembgenels2003a 22
8983- 8998 art_of thi at h . phosphoi.nosi ti e .. protein
et T L BARHBRE S S I R T s
(Vanhaesebsoeckhand 70 eNsi/m? Baaghgme feralDP0in34the 564n5€é6)L #Astilvati on of
Pl 3K | eads }quroduction of phosphatidxlinqsitol (3,4,5) triphosphate,

whi ciFbi N ‘Po_’f?l_eeﬁla?éﬁst‘”ﬁﬁlﬁ&m?%gff Pegﬁl&r?é“%’ftspwwl%n&u OSHLEf f ect
menbrane asspgi@ddon @89e§§ih§§§b@@p9f Akt . i GeReaBut athans nef L3k pat hway
ki nases such as PISK? Akt, mIOR have been cl osel yassociated with several
human caneetsht nefuthagrohpserof afhercprenarbteast odntihgr somREeiCRPHi | p et
al, Cance e 0 6 426x (429; Bellacosa et al, Int. J. Cancer,
1995, 64,{%ggﬁ%§%§g.}E%réﬁ?%%fg%%sbf this pathway by mutation or del etion
of PTEN, a |ipid phosphatase that reduces cellular PIP3, is associated with
a variety of human tupours_including breast, prostate, endonetrial cancers
al ong i tHeTRI iRt ahd ¢fS otﬁaa%ﬁ%s Eahae et has  RECreESsst i &&e 1997,
15, 356-362p14M Viye ey dene’ nlyr onyhypeygor phi £1 Kl Jhgsdditiedri cori n a
PTEN defi ci ent backgrou%h, strgﬁgly i%pl?gate PDK in a w de f%nge of tunour
types (BayabrasybetheérkeuenesBi bp. , imposyves, thedg- 1826perkdesher Thien vivo

studi es w i nhi bi tor of PDKl, _ 7- r QXY Q- SPOr i e nsi st ent
i th cneest Prfliohod mPeatesea TS hcasaie ST PR, Ay B 58
Accordi ngtwoit tiypegxpedt edfihéran eAbBhbI ts@ridof yhosphotrbasi t uete qgependent

protein kinase- 1 (PDKlI) would be useful in the treatnent of diseases such
as caifterRTPRFT ek@fpl ENeof bRt bf 8488 T of SpRoEEATECEGHEEr f1SURTRIFIGE t he
i nvent i on,t &, AGCOT HaghesW-ERgt e RHeSENE rhBYENt £AB, sERBhAPRLL§aRL § shave
her eby discovered novel conpounds that are potent inhibitors of the kinase
CHKI and 2 hepefbherpopsessithémapbliiliying pricMen tel imwpbliéiaer ébe at the

&/ M checkpoint in response to darmage. Cert.ai onpounds . of, -t.he
inventionaééﬁgg?%% i nKIBit S s OEN§ PD%E% Thép%%%ﬁ%h s of PREH A&t i on are
accordingly useful for their anti-proliferative (such as anti-cancer)
activity and are therefore useful in nmethods of treatnent of the human or
ani mal body. Certain conpounds of the invention are also inhibitors of a
Pak ki nase, for exanple inhibitors of one or nore of Pak 1, Pak 2, Pak 3,
Pak 4, Pak 5 and Pak 6 kinase, particulalry Pak 1, Pak 2 or Pak 4 Kinase.
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effect, in warm bl ooded ani mal s such as man. The present invention includes
phar maceutical ly acceptable salts of such conpounds. Al so in accordance
with the woes@ntoeé3ssventi on applicants provide phar maceurcralB20empoRDt | ONS
and a nethod to use such conpounds in the treatnent of cancer. Such
properties are expected to be of value in the treatnent of disease states
associated with cell cycle arrest, cel3l proliferation, cell survival, cell
transformation or cell notility such as cancers (solid tunors and

| eukeni ag)o1 d el ke S iso Btk €li dA@reRd v adé vee di 50586EStopROghasi s,
rheumatoid arthritis, Kaposi's sarcoma, haemangi oma, acute and chraonic
nephr opattmwradmm dimstgrhb@@scﬂ'éﬁo§19§um§ﬂfterq@élcmé%ﬁtsen‘&¢ sus@uPdi mmune

di seases e eﬁ}aﬁg@l |§ﬁeés assodat ed

defecti véa(ﬂg}é I%gcgleér}g{egﬁ%% Ki %son S |rs§agi(eii and S\P&%EI mer's
di sease, wicidte leanel ehr o cof nDLakalemn sumlsmvanste@aouhlyxl Bughheumat oi d
arthri t| S, or_jojint pain, bone diseases % cuI ar d| ses h rey nal

vessel® prig i FeiLt§dni P DeFSi PERLBEEELPP it6) t‘h%el?i V%ﬂ%%%?& ngly,
the presanf,d NNt O OF HVh Sesn @@csrpswé@lpicf Bc{é3 dédcwhesein: A and
D are eaé‘&r};l ndependlently sel ect%d fromN, CH, ﬁf@éand NR4; L is selected
fromNR5, Oand S; X and Y are each independently selected fromN and CH;

Rl is selgct fr hal-o; Jrﬁja C,-6a
C2- 6al ke ﬁc 3 gal é}éﬁ@f}’t cé%l o%}l% E:)E?Qéc%yyéc oaﬁk ar yIto héfbgr?%g?cl yl,
ORG; dh)]caml yl asﬁ]nea’ee@cycd«'yth CI))(:Iighaéalkal ) matEONR28R29andS( O x( d

6al kyl ). -S(O xcar pocycl S(O xhet O yNR28R29,.. and .- (G
) e R T CYi Sh PSS BEESL o MO YA 394,

i ndependefidyodi ©f Wat&hdawherein Rl may be optionally substituted on one
or nore carbon atons by one or nore R9; and wherein if heterocyclyl
contains an -NH noiety, the nitrogen of said noiety nay be optionally

subst i tut r p el;gcled 1 S %gll fr ;
(C1- 3al ky %\ﬁ%ﬁ%‘& Q’% fg% rrbateérrse)éc}&];]2 tggr %écl yﬁ%lre?l%l cont%‘?%glgt | east
one ni trqgaeasmademtna él@nlaobd)tyohybg)mpf:ﬂaengr ﬁn:ystypolymerlc material

Cq G - 6% RE%%E@SJ_ é)b&( Ky l%apkggckaﬁs%( O)%{tnyceF%% Ei?ld

-S(O)XCyCi i@naiysﬁp)gsbgyﬁéecygtw, ShOr¥NR28R29, rardt- pGlymeric
alkyl ) SC(OYNR R wherein X is independently O to 2 and y is independently 1

or 2 and rvm@reienl R #ra9 < be Bﬁpﬁowawb s0BsEPEat eBNEHPS A LYt eRoPESEYrbon
atons by r i ng yl:.co ins an
-NH noi e 1%)J%eénr)u %r%gbe%w SAI rml “et ghraray %ﬁée%p?ﬁ%%%%/% su rgt .@%%t ed by a
group selmlﬁmlezf;t@rbﬁlébonmofsssedieﬁiesltfpohymErbenmyter@l6al kyl ,

cycl oal kyl, cyl coal kenyl, aryl, heterocyclyl, OR6, CHO -CCcar bocycl yl,

- CO( &0 6al kyl), -CONR28R29, -S(Ox(C -6alkyl), - S(O xcarbocycl yl,

- S( O xhetgy OC&L@ y| su&@)]{ym&@a&su@w - (;6in6al kd’iﬁﬂgﬂwm&m%m\d‘&elyel nxis
i ndependently O y is_independently 1 or 2 and wherein R3 nay be

opt i onal IQP%%“S%@@ utaéd 4A0Re ®F roreNeRF hdRta oRE byOORe - orusrﬁ?% R15 ; and
wherein i C o] in iety, the nitrogen may be

opti onal I%/ug;sl%%@%]?t%‘tﬁeydl%g mgf ogpgé%lf\!é_zt fromR1l6; R4 is selected fromH,
Cl- 3al kyl, cyclopropyl and CF3; R5 is selected fromH, Cl-6alkyl,

cycl oal kyI | coal kenyl . heterocyclyl and s rein R5

opt i ofmal I‘?/l'%}h% GF‘ Hh Ry boh % gﬁe“&rlb%r lrl’?l%ermgncf)%\/n e|QE1 Y said
het er ocychyy E@anua%ea al}élﬁrrd@n@taelytf& v pgeasofeqad wRisetibeEy be
optionally substituted by a group selected fromR18 R6 is selected from
H, C1-6al k§|EPRYRIAPRYI 1ncyFeosafrenyl wikhyfigurd heberéépeﬁ}‘/ﬁr -wherein R
may be optionally substituted on carbon by one or nore R19 ; and wherein if
said heterocyclyl contains a -NH noiety, the nitrogen of said noiety my
be optionadivynsapstislyed dye acogmpopisebect @ahn f em R241 Rvo apdeR8rar e

i ndependent | elected, fromH Cl-6a ., cyclpalk I,. cyl cqal k aryl,
ond el or BESEEDI CREP bR RR Ak PAUCBERHOHDI § CHRLBREN 00, fir TRES be
optional | ynguhsid t wied tonpeaRERiBY M4l H1a IDIR R0 nprandeviered nb'ef sal d
het erocyclyl contains a ﬁlHrrm ety, the nitrogen of said noiety %

opti onal | gags®dt it mlbfyﬂ%JgﬂrQ)uﬁiOse%@@F@@IS?r ol R2 le%l%d WRLZhEr e

i ndepende te oal k Vi ny aryl,
het er ocyc?%%‘(r eregf nrd?’jl{@ an CR)Blgl n%e ?I%i%g!tafy o] dedagchl lg’ema)ll;mbe

optionally substituted on carbon by one or nore R32 ; and V\herel nif sad
het erocycl yl contains a -NHmi ety,



the nitrogen of said noiety nmay be optionally substituted by a group

selected from R33; R9, R13, R15, R17, R19, R20, R32 and R34 are each

i ndependembl2goss@b®set ed from hal o, nitro, -NR28R29, cyan®CTiGB2006a00260

G -6al kyl, C2-6al kenyl, C2-6al kynyl, aryl, cycloal kyl, cyl coal kenyl,

het er ocycl yl, hydroxy, keto (=0), -O(C -6al kyl), -Ccarbocyclyl,

-Oheterocyclyl, -QGaiyl, -0OC(O) Cl-6al kyl, -NHCHO -N(C -6al kyl) CHO,

- NHCONR28R29, - N(Cl- 6al kyl ) CONR28R29, - NHCQ( G - 6al kyl ), -NHCCcar bocycl yl,

- NHCO( het g, N G 6 y HGEPRH, a

- 6al kyl )tpela%‘licé‘gzl(gér 6%1? Iggg:%l?aer g%(% lr}aducgl di no, I-neM Vl%d% 9
CO(Cl 6adhey | heli COhetffardaheamgplre ,- C&)Cys:l'lrmall«yft,ype O@ﬁycﬁxﬂalaaenwr "acoar yl,

00 0) { NREIRES L br FhpE BT S SF e ROr- GG, Co'e( OFFEARSodgR | pFended

- S(Qxhetﬁrtqpy@hal fl@ea oB(yRNR2 8205 r wmer Ebnp&elp%rlendaeDEBﬁpGEiyeQ o 2,
wherei n RO, Rf R19, R20, R32 and R34 independently of each

ot her5nayﬂétieerd@t1|-onally substituted on carbon by one or nore R22 and
wherein if heterocyclyl contains a -NH noiety, the nitrogen of said noiety
may be optionally substituted by a group selected from R23; R10, Rl14, R16,
R18, R21, SEEI2:14 fR38t qmsmﬂﬁ%rbmene&t@rﬂaridepen’dehlizy@e@t elderoo?meyano,

Cl- 6al kyl_, 6al k c | k I, cy. | ken

het erocyé'ie;ﬂ @dggxé‘kschﬁfréile%ﬁ‘w >iﬁ:sa %OW ?/‘%l - nJII 8g:l—IO

- CONR28RAH s w&r@abk%ﬂarabwgteﬂ_@%@ vl..08- @@csafrbpcgewtlawgr ¥k,
-C2( G -6al kyl), -CRcarbocyclyl, - CO2heterocyclyl, -S(O x(Cl-6alkyl),

- S( Oﬁi@carlkﬁﬁﬁ}'cl%w =) xheterocyclyl and - S(O yNR28R29: wherein x is

i ndependently o 2, and y is |ndependently 1 or 2; wherein R10, R14, R16 ,

R18, R2 1, R24, R33 and R35 independently of each other may be optionally
subst i t utssdi dnf tasbopobymene comarere aR2Snandhavher ei MV foSal dshetbrocycl yl

contains a H- ety, e mtroge sai d ,nmi ety ey eoZptlonaIIy
subst i tut(evoll%I kgng‘rduppéf& &Y r8ﬁ1 Rg% R A" Rtoarl elégﬁml ddependent | y
sel ected ﬁf@f@f@g, Tddd oGhaI{\IR) R3 eyanms, i socyano, G - al kyl, C2-6al kenyl,

C2- 6al kynyl, aryl, cycloal kyl, cyl coal kenyl, heterocyclyl, hydroxy,
ket 0o=0), O(Cl 6al kyl), - Ccar bocycl yl, - Chet erocyclyl, -Qaryl,

OSBRI e e

- NHCO( het@r@tyctyl )o 1NHeﬁ2,6a|s¢wt)a,leHc@2H they Crangal k9 $OOLC

| - 6al kyl) »- 6al k r boxy am di no 2 -CQ(Gi-
6al kyl ), O%{S% yel ﬁrewé&@éfi oAt k —i‘fﬁycpoéﬂz‘gnylm\!@ﬁ%%

-CO2(Ci - Gabkyl) ref&ggﬁapboeyncl Whe - Cﬂ@é NR2SR29) torercaps o, kNsm™2,
-S(O x(C - 6al ky%z1Jey S( O xcar bocycl yl (Sci O xhet ergcyclyl, and
- S( ORNR2BTReE 1 eimh 5h¢ stamepen n’%‘Py ¥NSHherein R22 and R25 may be
optional Iy substituted on carbon by one or nore R36 and wherein if
sai dheterocyclyl contains a -NH noiety, the nitrogen of said noiety may be
opti onal | yasdibi s ut ol hyeni groapesebbcnayd haven R teRSaﬂlé Rtzeagéheh

i ndependent | selected fro an I | kynyl ,
Mg LR cReche DTttt R e B (Wi A SRR

- Ccar bocyghy! ,tensamedlél’@ren@tl@, 1%&8829101ycﬁxrﬁltﬁal kydnge 80-110

-COnet erocycl yl, -CCcycl oal kyl, - CCcycl oal ken COZ(O 6al kyl ),

- COR bobéliv/m yrore KRG kLBl | yhe JS'(”@?(C bﬁ%@/cm - S(0O xheterocycl yl,
and ~S(O yNR28R29; wherein x is independently 0 to 2, "and y is |

i ndependently 1 or 2; wherein R23 and R26 independently of each other may
be opti onSlahicy sdbssict utped yare iar boma byr bk omayor élam aad iRexgirali f said

heterocycl co ains a y, the. nitroge ty be
optional Iy tuf?@wengBUpaS%?re%?leﬂef% R A%%Md gl?gﬁd %g)égre each
independenééyt selzsczt«pgi fromeHre1agi:pel eyaspgthl i6abkylferadigalikenylk,

C2- 6al kynyl, aryl, cycloal kyl, cycl oal kenyl " het erocycl yl , hydroxy, -

0(01 "%l kyange - DdPyil80. Mad kpPre- smafiatePlYCHE! & CiaBat kP fha
COhet er Oﬁ?{% yl, - CCcycl oal kyl, -CCcycl oal kenyl, -SO (C1-6al kyl),

-SOZ(Cl 6a yI), wherein R28 and R29 independently of each other may be
optionally substituted on carbon by one or nore R34; and wherein if said
het erocyclyl contains a -NH the nitrogen of said noiety nay be optionally
substituted by a group selected fromR35; R30 and R36 are each
i ndependently selected fromhalo, nitro, -NR28R29, cyano, isocyano,
G -6al kyl, C2-6al kenyl, C2-6al kynyl, aryl, cycloal kyl, cyl coal kenyl ,
het er ocycl yl, hydroxy, keto (=0), -O(C -6al kyl), -Ccarbocyclyl,

-OC(OC, .6al kyl, -NHCHO -N(Cl- 6al kyl)CHO - NHCONR28R29,
- N( Cl 6al kyI )CO\IR28R29 - NHCO( Cl-6al kyl), - NHCCcar bocycl yl,

T .



- (Cl- 6al kyl )-O (C1-6al kyl), -amidino, -CHO -CONR28R29, -CQCl-6alkyl),

- COheterocyclyl, - CCcycl oal kyl, -CCcycl oal kenyl, -CO2(Cl-6al kyl),

- CQ2car bowpebyd/106338( O) x( Cl- 6al kyl ), - S(O) xcarbocycl yl, pcB(EB2udvatersocycl yl ,
and - S(O yNR28R29; wherein x is independently o 2, and y is independently
1 or 2;or a pharmaceutically acceptable salt thereof. As used in this
application, the term"optionally substituted,” neans that substitution is
optional and therefore it is possible for the designated atomto be
unsubsti tut:ed. - BRI | j futy i esi n s&d8l1us,
substituf#%%pégﬁﬁggpﬁat anfugdﬁﬁgff%éyﬁ@ﬁgogizg gnf?ﬁéhggsignated atomis

r epl aced migsuredeliectdarpfdama heithdiARMedDdPOup,oPr 8¢ deepathad -bhe

nor mal val _ency,,,of e _designated atgmi.s t ceeded n t ot he

subst i tuf(%?&' r sl %Qeﬂ%rais{“a%}‘ ugo%ﬁoﬁﬁ?&o gjn A J('(}Il r%}ll% ?%Bgﬁo%ﬁ@wi thin a
ring structiurgpa, tméreliged @srdhiay iheché ngasystBnb+s. arepatic. The term
"hydr ocarbon"” used alone or as a suffix or prefix, refers to any structure
conpri’si ng only carbon and hydrogen atons up to 14 carbon atons. The term
) hydfocarﬂ%ker@%%a,' "sQfq" Ry EECEE?X/Hér‘i%e%aaééYlealorh@ss & syibiy of prefix,
refers to any structure resultin fomthe renoval of one or nore hydrogens
froma hyfdrooardon. The term "al kyl" used alone or as a suffix or prefix,
refers to nonoval ent straight or branched chai n hydrocarbon radicals
conprising 1to about 12 carbon atons unl ess otherw se specified and

i ncl udes both straight and branched chain al kyl groups. References to

i ndi vi dual al kyl, groups guecih~as, "propyl " are specific for the straight
chain version QE%%[H £ i ndi vi dUﬂ| branched chai n al kyl groups
such as 'isopropy re s Jc/4 or /t he branched chain version only. For
exanpl e, "Cl-6al kyl" includes Ci-4alkyl, Ci-3alkyl, propyl, isopropyl and
t-butyl. A simlar convention applies to other radicals, for exanple
"phenyl G - 6al kyl " i ncl udes_  phenyl Cl-4al kyl, benzyl, 1-phenylethyl and
2- pheiyl AHA0T The et "l K&filaused al one or as suffix or prefix, refers
to a nonoval ent straight or branched chain hydrocarbon radi cal having at
| east one carbon-carbon doubl e bond and conprising at |east 2 up to about
12 carbon atons unl ess ot herw se specified. The term "al kynyl" used al one
or as suffix or prefix, refers to a nonoval ent straight or branched chain
hydr ocar bon radi cal having at | east one carbon-carbon triple bond and
conprising at | east 2 up to about_ 12 carbon atons unl ess ot herw se

7 » " " s ) qui\fix or prefix, refers
Jorr radi cal lconpri sing

to asmur.'{)-rﬁo
at | east 3 up~to about \IR_c
one ring, the rings may be fused
Fused rings generally refer to at least two rings sharing two

at onst her ebet ween. Exenpl ary cycl oal kyl include cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl and norboranyl. The term "cycl oal kenyl " used al one
or as suffix or prefix, refers to a nonoval ent ringcontaining hydrocarbon
radi c& havi ng at | east one carbon-carbon doubl e bond and conpri sing at

| east 3 uphéoedboud, 1,3 canbonwat Didedrideaxdwdivegrasentt | eerdongsy st ens.
When cycl oal kenyl contains npre than Qne,ring, t he iings may be fused or
unfused aPeEthtTRdetMijdfd 0 Fadf8dl sE ' ExERPEBRYIEY Lt bal S| didfes

cycl ohexegyloanda cys! gpent any¥kctThenker @ "@itlesenead -8l Viggen asaffix or
prefix, refers to a hydrocarbon radi cal having one or nore pol yunsaturated
carbon riagdinacitnd iaonet i @ cRafhcler nqiety. whgre Phdalepegsenptd a

el ectyons), and, conpr.isin u 0, out 14 b a naer8l N

radi ¢ qo iéh?%\é]at ggg%% ﬁnga%ﬁoﬁ%fsﬁ%&aer%n%?% rgﬁ%g%)(egehﬁpl arl;e/lae%’rlﬁbe

i ncl udes pbesyles naphtty!l (vandviigemyd .bditved erim "@aldkaxy ‘marsedflidrse or as
a suffix or prefix, refers to radicals of the general fornmula -OR wherein
-Ris selkberyl roksal ey drOEdFGE adicdsiti® xenpl ary al koxy i ncl udes

nmet hoxy, ethoxy, propoxy, isopropoxy, butoxy, t-butoxy, isobutoxy,

cycl opropyl nmet hoxy, allyloxy, and propargyl oxy. The term "carbocyclyl"”
refers to saturated, partially saturated and unsaturated, nono, bi or

pol ycyclic carbon rings. These may include fused or bridged bi- or
polyééglic systens. Carbocyclyls may have from3 to 12 carbon atons in
their ring structure, i.e. C3- i2carbocyclyl, and in a particular

enbodi nent are nonocyclic rings have 3 to 7 carbon atons or bicyclic rings
having 7 to 10 carbon atons in the ring structure. Exanples suitable
carbocycl yl s include cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,

cycl oheptyl, cycl ohexenyl, cycl opentadi enyl, indanyl, phenyl and naphthyl.
A "heterocyclyl” is a saturated, partially saturated or unsaturated, nono

T ] A~ .y g, o,y o



oxidised to formthe S-oxides. Heterocyclyl may contain nore than one ring.
When a heterocyclyl contains nore than one ring, the rings nmay be fused.
Fused ri nge 2geneoaBly refer to at |east two rings shari pgTiomRo@i@M®0t her e
bet ween. Heterocyclyl may be aromatic. Exanpl es of heterocyclyls include,
but are not limted to, | Hindazolyl, 2-pyrrolidonyl, 2H 6H 1,
5,2-dithiazinyl, 2Hpyrrolyl, 3Hindolg/l, 4-piperidonyl, 4aH carbazolyl,
4Hqui nol i zinyl, 6H 1, 2,5-thiadiazinyl, acridinyl, azepanyl, azetidinyl,
aziridinyl, azocinyl, peagzi m da , benzefyranyl, benzofiiranyl,

benzot hi of uranyl, Be @}\ oPh ,Coxol yl, benzoxazi nyl,

di hydr obenzoxazi nyl , 3-4<di hydr , 4- benzoxazi nyl, benzoxazol yl,
benzt hi ophenyl, benzthiazolyl, benzotriazolyl, benzotetrazolyl,

benzi soxazol yl , benzthi azol e, benzi sot hi azol yl, benzi m dazol yl s,
benzi m dazal onyl, carbazol yl, 4aHcarbazolyl, b-carbolinyl, chromanyl,

chronenyl , cinno<zii;é-deca yaxoqui nol i nyl, 2H 6H 1,5, 2-dithiazinyl,

di oxol anyl, fugy -Oti-hry ranyl, 2,5-di hydrofuranyl, dihydrofuro[2, 3-
b] t et r ahydr of ur an furanylN—f urazanyl, honopi peridinyl, imdazolyl,

i mdazolidinyl, imdazolidinyl, imdazolinyl, imdazolyl, |Hindazolyl,

i ndol enyl, indolinyl, indolizinyl, indolyl, isobenzofuranyl, isochromanyl,
i soi ndazol yl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl,

i soxazol yl, norphehi nyl, /mapht hyri/gFqyl, oct ahydroi/segui nol i nyl

oxadi azol yl , (ﬂ;)' @. 0 oxadi azol g¥), 5- oxadi azol yl ,

1,3,4-oxadiazol\ — oxazol et nyl , ol yl, oxiranyly

oxazol i di nyl peri m di nyl, phenanthridinyl, phenanthrolinyl, phenarsazinyl,

phenazi nyl, phenot hi azi nyl, phenoxathiinyl, phenoxazinyl, phthal azinyl,

pi perazinyl, piperidinyl, piperidinyl, pteridinyl, piperidonyl,

4- pi peridonyl, purts pyranyl, pyrrolidinyl, pyrr

pyrazi nyl, pyrazd yl, pyrazolinyl, pyrazolyl,

pyri dooxazol yl (V) poi m dazol yl, pyri dot hi azol yiv)
)

N- oxi de- pyri di nyl idyl, pyrimdinyl, pyrrolidi
pyrrolyl, pyridin qui nazol i nyl, quinolinyl, 4Hquinodi
qgui noxal i nyl, qui nuclidinyl, carbolinyl, tetrahydr o@
t et rahydroi soqui nol i nyl, thiophanyl, thiotetrahydrogeFholinyl,
6H1,2,5-thiadiazinyl, 1,2,3- thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl,

t hi enot hi azol yl, thienooxazol yl, thienoimdazolyl, thiophenyl, thiiranyl,
triazinylynie2s 3-diHAzAlM  staBed- tild a2RL Y| \splecd Brddti@z0! Y&, phenyl
1,3,4-tr|azo?yf, and xanthenyl. In one aspect of the invention a

"het er ocynbyétyi shas sdt,frat ed inpageral t§ senigtiesd ¢ unbachratled is
nnnocyglig rin? containing 5, 6 or 7 atons of which at |east one atomis
chosen fr ﬂ?ﬂ? togen, sul phur or oxygen, it may, unless otherw se
specified, be carbon or nitrogen linked, a -CH - group can optionally be
replaced by a -C(Q)-and a_ring sul phur atom may be qptjonally oxidjsed to
formthe Sloxidestiyvamiddisarp %Y]JSIIé‘%yo]f’ehétér’o&%l%l%%&ﬁ%@“ﬁé{panyl ,

| Hindazokyl ; spppeEdi-Rh y hHapynazek¥hceBYri m dyl, pyrrolidinyl, pyridinyl
and thienyl. As used hereéin, "4- to 7-nmenbered heterocyclyl ring containing
at |l east one nitrogen atont neans a 4-, 5-, 6- or 7-nmenbered heterocycly
ring ntai ni,ng..at .l east one.nitr t ry 4- to. - red

et or Syt TS SConb ARG ot TFOSet ina ¢ fogaitendfirre, AT ot
limted taifpepernti Rybe afetiabignd ,umizepafyforpylsoli diamyl mopyr azadd di nyl ,
pi perazi nyl, imdazolyl, norpholinyl, indolinyl, and_thionorpholinyl.The
term "hal B™freafd FERFENE, cHYRR o, Obr oFSPERY | o‘ig'bl.t Wheh aﬁ?r%lﬁiaablIeI'( e.g.,
R28, R29 gigeed Q6LYrS NO&dNAN NG, LigHR | RyBBY ber mibgedor hgonpaund, its
definition at each occurrence is |ndependen¥ of its definition at every

ot her occéprente. I Soneldfis hereoimpolnds of fornula (1) may have chiral
centeg and/ or geonetric isomeric centers (E- and Z- isoners) and therefore
the c ipounds may exist in particular stereoisoneric or geonetric forns. It
is to be paderaboeditbatr thirl presendé savesmblpnrepegupasses. al [Insuth
optical, diastereoisoners and geonetric isoners and_m xtures thereof that
possess CHKFStpROLMPDIG KiatEdd alnhi BRibFy actdhd t y1 TRES prtidiPidhvent i on
al so enconpasses all tautoneric fornms of the conpounds of forrmula (1) that
possess CHK 1, Pak or PDKlI kinase inhibitory activity. It is well known in
the art how to prepare optically active forns, such as by resol ution of
racem c forns or by synthesis fromoptically active starting material s.
When required, separation of the racemic material can be achi eved by

met hods known in the art. AUchiral, diastereoneric, racemc forns and al

c o o, o o o " o



Ais N Ais NRS Dis N DisNRS Ais O Dis O Ais Nand Dis O Ais S
and Dis N Xis Nand Ais SSXis Nand Dis S. XisNand Ais O Xis N
and Dis Wo2a®6d3 Ais S; and Yis CH Xis N Dis SpcamgB22amifehl. X is
N Ais S, DisCHand Yis CH Xis N Dis S, Ais CHand Yis CH At

| east one of Aor Dis S. Xis N Ais S, Dis Nand Yis CH Xis NDs S
Ais Nand Yis CH Ais CH Ds NR4; Xis CH and Yis CH Ais CH Ds
NH, Xis CH and Yis CH L is NRS. LisNRS and RS is H Lis NRand Ris
cycl opro repn pti | y: subgt iL{u r by ene or
nor e Rl?l.oy nelf%%R bar?géRg%?/%‘gﬁe%r O'CE-T%JtaI Jk%/’l %gﬁeﬁi%dR%Bhnié ggegpti onal |y
subst i t ut gdowrs derribon dondsee bertwesme URLZs. ILand AH. L is O Lis S. Rl is
sel ected from Cl-6al kyl, C2-6al kenyl, C2-6al kynyl, aryl, and heterocyclyl
wherein Rlmay be optionally substituted on one or nore carbon atons by one
or nore Rghepdd wheseigrddtdiet ehaeychyto corthal Ngeapechltve Mujtainyl dnle
nitrogen of said noiety may be optionally substituted by a group selected
from FLO mofaties 4r3N IMReRSBASHEY TR pkidmaY v siiostiiiadssd toh thise or

or € Carb&@h@%omﬁopytﬂgg Of nMERRILBLaES AnyksWhefrel TRy ber,
optionally substituted on one or nore carbon atons by one or nore RO
wher ei n ROrégesab eet exhifd gharhe group icdrisisshiang of 4hallonkegesal kyl, C2-
eal kenyl, C2-6al kynyl, heterocyclyl, -Q(Cl-6alkyl), -CQ(Cl-6alkyl),

- CONR28R29, and - NHCQ( heterocyclyl) wherein RO may be optionally

substi t ut ggdi TR boa" byepresentBOBeRMD1aNG Wher ehtsf ofetreranyal yi
contains a -NH noiety, the nitrogen of said noiety may be optionally
substiG ut &8 BRiE gFbEPL sAVHRIE G oRRREBIRYL, | SHEE Oy FRFFeWMAersdRE Rimay
be optionglly substifuted,an ang OfMe CALheR ahAMyJlL ANg Ofudmie R
and wherern 1 f heterocyclyl contains an" -NH noiety, the nitrogen of said
nmoi ety mayfbdoapuilendll yisulsstiid uf edsthypal gneupcsslagerédd 1f,r oniRiEPLY Rl is

aryl wherejn Rlmay he optjonall bstituted_on_one,qr mre carb at ons by
one or nof eﬁ@lam%?gvnuﬁé{ii?séﬁeiﬁstngﬁ]tﬁg@&%gagggangi§f1§§13$“%a|o and
G "al kyl , range WhaseilnoR9Y meyrde ppkifenably substithé ed ramgear bigr-38, one or
nore R22 wherein R22 is selected from hal o, -NR28R29, cyanp, i,socyano,

aryl ,1zyckeapRidlleyfBodihenyPndand:8wier ei RERESTARYY e p%?oﬁ%l%%e

subst i t Ut e, 0 §aEBONBY0RERLADIG RO AR Mhigrei fuids saidbdetanapycl y!
contains a - nol ety, the nitrogen of said noi'ety nmay be optionally
substitutéd bieargngepi8ebdct edrefemaR2?, Rhesratdmmbifc shétcetocy|iyl

wherein Rlyay be optiopall ubstituted on ane .or re carb o] by one
or nore Réggaﬁﬁnﬁﬁer lg ﬁfyhitgrg' c|yTO%%nP5F%§r3§9¥Kw+l%n§§ g% ?ﬁe

ni trogen ghisabUy loteéysamyobe aophidomalilsy ssulisdadtut®r, hyref granly s& ect ed
fromR10. Rl is selected from benzi m dazolyl, benzoxazi nyl

I
di hyd?®beh2dRhazid%y| , MPRT dRFGIHARALL Y htenyEashyr3Iol FISPeSyA&dYnyAPAHd
pyri mdi nyhowher gi 0e Rl grBy, De 0Bt i onald ypoSuhiatlidt 66 1100 QindMy¥& carbon
atons by one or nore R9; and wherein if %eterocyclyl contains an - NHmoi ety,
the nitrogenentizhlyl obimeieays be aptildnal |y substituted by a group
selected fromR10. R2 is a 4- to 7-nmenbered heterocyclyl ring containing at
| east one nitrogen atom wherein said heterocyclyl nmay be optionally
substi t ut gdi@nfonet opoIPpher Larhgbe al HNEnDY wea dtomms€l fiSr ;haanichd wr t her

wherein if said heterocyclyl contains an -NH noiety, the nitrogen of
25 repeat unit of‘general formula

or a random or block copolymer of at least two different

units of IV, wherein A and B independently represent 0 or 1



said noiety may be optionally substituted by a group selected fromRl4 . R2
is a 4- to 7-nmenbered saturated heterocyclyl ring containing at |east one
ni t r ogen wpamoenoessei n sai d heterocyclyl nmay be opti onal pgTs3sB2sd6/doutced on
one or nore carbon atons by one or nore R 3; and further wherein if said
het erocyclyl contains an -NH noiety, the nitrogen of said noiety may be
optionally substituted by a group selgcted fromRl4 . R2 is a 4-nenbered
het erocyclyl ring containing at | east one nitrogen atom wherein said

het er ocyc| II t te or ML ons by
one or rrt‘)arr)éCi Igi%;y Qv?(rzl%pyd%?% (l‘aur)}lllne |Léf gjael g:r%%%gr ocy §7I cotr%tgg]ie?{g an - NH
noi ety, &h&eﬂdrogen of said noiety may be optlonally substltuted by a
group selected fromRl4 . R2 is a 5-nenbered heterocyclyl ring containing
at | east one nitrogen atom wherein said heterocyclyl may be optionally
substituted O QDEPRaEDFE €87 RO i2LOMpAYmeRe cOmaFReR13 compid shugt her
wherein if said heterocyclyl contains an -NH noiety, the nitrogen of said
noi et Y nayubefﬁpti%n@i$9u%$¢%t$bﬂv%d Byid QPéM@e§éFe@@éériﬁbnmRY4be R is a
Grmmmedh r d 0 iain a n atom wherein
said heteroc%mﬁxﬁg*llybe og]tlc%nrllte ?gSU%g?ItU? %ggggg%efégﬂggge carbon atons
by one or nore R13 ; and further wherein if said heterocyclyl contains an
-NH npoiety, the nitrogen of said noiety may be optlonally substl ted by a

group sele ] m R il d Thet er;ocy i ni ng at
| east one-ni et Get et Cloe JCyY EW£;“
substit ut ed' or~0One o f & carDor 2 5 nor e " £hd ? rt herlV*

wherein if “said heterocyclyl contains an -NH noiety, the nltrogen of said
noi ety may be optionally substituted by a group selected fromRl4 . R2 is
selected fromthe group consisting of piperdinyl, azetidinyl, azepanyl,
pyrrolidinyl, pyrazolidinyl, piperazinyl, imdazolyl, norpholinyl,
i ndol i nyl, agd rfa%g%morooﬁ%w& phgeeResald pétpeigé&yl tw%zec‘ﬁ'f%'e&)é'nvt
azepanyl , yrroll nyl, pyrazolidinyl, piperaziny I m dazol yl,
nDrph@Hlqn;tsndblI%ylwhandinhhoandpﬁolﬁmwbpwaﬁebélaptepmasbyts@b@@ltuted
on one or § to gF bﬁ}one or nore R13 ; Ry ger wherein said
plperdlny* % %y gl nﬂi %y?%%oV|8FﬁyFS g SeFéZ|nyﬁ, |npdazolyl,
nnrphollnyﬂatémgkﬂlﬂg@elﬁand t hi onor phol i nyl may be optionally substituted
on N by a group selected fromR14 . R2 is selected fromthe group
consisting of pyrrolidin-3-yl, piperdin-3-yl, and azepan- 3-yl wherein said
pyrrolidigs: er.di:ng 3= I, d a yl |
substltuteégﬁ#eﬁéygrﬁnﬁgz égrgg%paf%ﬁ @b9 %neIggﬁinggegg%hgﬂgnéygurther
wher €isn sa&sp:qu;akml g+ h. 3- BrefEneldi,n-B8- ¢b, ior Hrepaange yO-day tege

ti | tituted | R14. | ect ed
?Poh?ﬂf ?ﬁ%%s %iu § %erSEygfﬁﬁgxopglzslg%ﬁ%ﬁeny n]aryllgﬁe;:rzgygfy? and

OR6, wheretdr&awmy, be aptd anallly substituted on one or nore carbon atons
by one or nore R15 ; and wherein if heterocyclyl contains a -NH noiety,
the nitrogen may be optionally substituted by a group selected fromR16. R3
is pyrazi al u u e r o ne or
T R R I M MR A T Tl s i i et
i nverftd onhanere asremetam ded ta qforgmmx@loffcfrmnﬁral avel) wherein: Ais CH D
isS Lis NR;, Xis N Yis CH RlLis selected fromG -6al kyl, aryl and
het er ocycl yl wherein Rlmay be optionally substituted on one or nore carbon
atonms by preforawDy eAR9 s agsll adres®i firdr t1ed efaiclendiyly eavitetiing avi-dNH-
noiety, the nitrogen of said noiety may be optionally substituted by a
group sel &t B8 ¥¥bm R10 ; R2 is a 4- to 7-nenbered het erocycl yl ring
containing at |east one nitrogen atom wherein R may be optionally
substituted on one or nore carbon atons by one or nore R ; and further
wherein if heterocyclyl contains an -NH noiety, the nitrogen of said

noi ety may be optionally substituted by a group selected fromRl4 ; R3 is
H R5 is Hor GC-3alkyl; or a pharmaceutically acceptable salt thereof. In
a further aspect of the present invention there is provided a conmpound of
formula (1) wherein: Ais CH




Dis S, Lis NR5; Xis N Yis CH Rl is selected fromaryl and
het erocyclyl wherein RL nay be optionally substituted on one or nore carbon
atonms by woeoarionmsse R9; and wherein if heterocyclyl cortaigeo@mnoiddbinoiety,
the nitrogen of said noiety nay be optionally substituted by a group
selected fromR10; R2 is (G -3al kyl)NR7TR8, wherein R2 nmay be optionally
substituted on one or nore carbon atoms by one or nore R; R3is H R5is H
or Cl-3al kyl;R7 and R8 are independently selected fromH, C -6alkyl,
cycl oal kyl, cycl oal kenyl, aryl, and heterocyclyl; wherein R7 and R38
i ndependent |y of gack othe ge 0 onal |y substituted on carbon by one
or nore R20(V) and\whererf FA h8t erocycl yl contains a - NHmi ety, the
nitrogen of said nmoiety nay YWe optionally substituted by a group sel ected
fromR2 1; or a pharmaceutically acceptable salt thereof. In a stil
further aspect of the present invention there is provided a conpound of
formula (1) wherein: Ais CH Dis S, Lis NR5; XisN Yis CH Rl is
sel ect ed flyidm a7y and he ocyclyl wherein Rlmay be optionally substituted
on one or @ one or nore R9; and wherein if heterocyclyl
contains an -NHmoi ety, themitrogen of said noiety may be optionally
substituted by a group selected fromR10. R2 is a 4- to 7-nenbered
het erocyclyl ring containing at | east one nitrogen atom wherein R may be
optionally substituted on one or nore carbon atons by one or nore R; and
further Wi e\ f hetérogyclyl tains an PﬁH- iety, the nitrogen of
said noiety eQ)p 9 |tuted by eI ected fromRl4 ; R3
is H R5is Hor G-3alkyl; or apharmaceuticallyacceptable salt thereof.
In a further aspect of the present invention there is provided a conpound
of formula (1) wherein: Ais CH Dis NR4; Lis NRS; Xis CH Yis CH Rl
is selected from G -6al kyl, aryl and heterocyclyl wherein Rlmay be
opti onal | yxigub ed orfxibne or nore carbon atons by one or nore R9; and
wherein if heté ] -NH noiety, the nitrogen of said noiety
may be optional} ubstituted ‘ay & group selected fromRl0; R2 is a 4- to
7- menber ed het & clyl ring containing at |east one nitrogen atom wherein
9 y substituted on one or nore carbon atons by one or nore
R13 ; and further wherein if heterocyclyl contains an -NH npiety, the
nitrogen of said noiety nmay be optionally substituted by a group selected
fromRl4 ; RBis H R4 is H d -3alkyl, cyclopropyl and CF3; R5 is H or
Cl- 3al kyl ; or phar maceuti cal ly acceptable salt thereof. In a further
aspect ofXfhe nt i nvention there is provided a conpound of formula (1)
wherein: Ais is NR4; L isNRS5; Xis CH Yis CH Ris selected from
aryl and hete wherein RL may be optionally substituted on one or
nore carbon at y one or nore R; and wherein if heterocyclyl contains
an - NHmoi ety,

In (vii), the middle phenyl may be 1,4- or 1,3-
substituted. It is preferably 1,4-substituted.

5 Preferably, (xi) is selected from a 1,2~-, 1,3-, or a 1,5-
moiety; and (xii) is selected from a 1,6-, 2,3-, 2,6- or a

2,7- moiety.

Suitable moieties Ar are moieties (i), (ii), (iii) and (iv)
10 and, of these, moieties (i), (ii) and (iv) are preferred.

Other preferred moieties Ar are moieties (vii), (viii),



the nitrogen of said noiety nmay be optionally substituted by a group
selected fromR10; R2 is (Cl-3al kyl)NR7R8, wherein R2 may be optionally
substi t utwo 20065/068380r nore carbon atons by one or nore Rt3/GB2BR®/dos26bt R4 i s
H, G -3alkyl, cyclopropyl and CF ; R5 is Hor Cl-3alkyl; R and R8 are

i ndependently selected fromH, G -6al kyl, cycloal kyl, cycl oal kenyl, aryl,
and heterocyclyl; wherein R7 and R8 i ndependently of each other may be
optionally substitut ed on carbon by one or nore R20 ; and wherein if said
heterocyc|yl) cant ajns a,q NHEPI eh¥sel hﬁo?é%igge@v%_) sai q'l@' el dMRY) be
optionally substl tute y a group selecte romR2 1; or a phar ITB.CEUtI cally
accept ablersadpadierldof prefexrstd.l | further aspect of the present invention
there is provided a conpound of formula (1) whereiniAis CH Dis NR4; L is
NR5; Xis CH Yis CH Rl is selected fromaryl and heterocyclyl wherein Rl
nmay be opid cdabdyi SUBSthisESEr&0 8NEs O NDEE redr Rl yaledil®: Mat@idads nore
R9; and wherein if het erocyclyl contains an -NHmoi ety, the nltrogen of said
noi et P medEhePepyeRal I(9Ts ARRAUWREE ) by e Gy o‘a‘@n%ﬁ"éc?ééefl?céﬁllhyoo Ris a
4- to 7- @{%ﬁ%@%*&&esy%{y' JNBERRLAI NI\, Al 8R! oNG O AgRa at om
wher ei n be optionally substituted on one or nore carbon atons by one
or nore RiGietised furThet vitereilm i thbetpradeyoled coasai nstiam -flstnoi et y,
the nitrogen of said noiet be optianally substituted b r.oup

sel ect ed FOOMTEE | TRECELHy FHSPs T0° CESAFRYT, TEDEPbpr GPYTS alicE ; RS s
H or C1-3phkmlde OFsa, phayoyaceist i gabhyt@@cg@bapbe seldr t haegofphenyla further
enbodi nent of the inventi on, particularly useful conpounds of the invention
are afy ofectarnae Eawbl BolypesishAarecéalsc Al yt%%c§ﬁf’§bldees§éqlﬂoefihereof
An addi tipgna . enbodi ment of the present invention is directed to a process
for the preparation of a conmpound of formula (1) wherein Xis N, Yis CH A
isCH Dis S R3isHand L is NR5, or a pharmaceutically acceptabl e salt
t hereof, whic ris react] aco ou f for Ia(II rein Z
is halo, e.g. ‘b og% %ﬁm%rorc?rb%s e of° tﬁ)(\ll\,[%le)
wherein R2 and RS gs@m@sa def/i nagteddid OAfo|rép(r|e)senlt@ trﬁtﬁ@ﬂfﬁs@ﬁ]&ﬁ, oft a base

NHR2R5 (I111) to yield a conmpound of fornmula (IV) (1V); b. reactlng t he
conpotind of for mul ¢ 1) ﬁ%ﬁeée%nﬂﬁyﬁ@%fatf%ﬁml% EoPreFerts, Onhdrein R1

def d f d 1 t
Iyisel 3 :atngorr;)?)ungr 0 ?%é rrurrgé](VB& (VI )%égre[l%%% yza:qngiltq%eatcor%}()lﬁknél\/)g °

formula (M) to forepeesonpopurd, acecst dAngand fBr meprésgntas shoine.s

formila (14 (1A d thereafter if i ti d
of The formil & (1)PF RIS SRETHAT COmPsrd of the Tormil a (1): i1} removing.

any protecting groups; iii) formng a pharmaceutically acceptable salt.
Anot her additi onal enbodi nent of the present invention |s directed to a

proced® for tHR) prapa?@tYBRT of Canebhpbithd STSFOriAfE (19T wiEHdisn R%sN, v
is CH Ais CH D férﬁ%laﬁsﬂ/’swlﬂer@m B J.Lesngsé?{tsa Pharpeaitdcal, | ¥

acceptabl e salt ther whi ch conprises:” a. reacting a corrpound of fornmula
(1) wherein Z is hapogsentys br @}meccl;hllomk,orAlr odepkpsanth an mdisdlyol of

formula (111 *), WhPre\Eruc ukd ?S deInl Q%griers‘e%%md',azx( lx)éprie%etnr%% 1,

B represents 0 (i.e. polyetherketone);

25
(c) a polymer consisting essentially of wunits of
formula IV wherein E represents an oxygen atom, Ar
represents moiety (1), m represents 0, E’
represents a direct 1link, A represents 1, B
30 represents 0, (i.e. polyetherketoneketone).

(d) a polymer consisting essentially of units of

formula IV wherein Ar represents moiety (i), E and



presence of abase, e.g. sodiumhydride, RZOH (I1IP) to yield a conpound of
formula (I1V) (I1V); b. reacting the conmpound of fornmula (IV) with a conpound
of formulwo(2we/06338V), wherein RL is defined in fornul apCir)cBznes/dei2ébs H or
met hyl, RIB(ORQ2 (V) (V)to yield a conmpound of formula (VF) (VF); c.

hydrol yzi ng the conpound of formula (VP) to forma conpound according to
formula (1) as shown in fornmula (IB) di and thereafter if necessary: i)
converting a conmpound of the formula (1) into another conpound of the
formula (1); 1) rgenmoyj p [ OURS; v 1 Bg
pharmaceutically a%ce%%gg?%&s%l tb.%lggéti Iogl;sdrt efé%}fr%%%l%n%nnta c?fqrteﬁg pr esent
invention is directitkt on acqposesstS db, thequmepsrdts dn of r@reesgodtdsd of

formula (1) wherein Xis CH Y is \ i.s CH i SNR4, and.L is NR5 and R5
is H or a phar rrac@ut?céfewéag]ffléﬁt gglaé‘%sﬁtarf%egefi??rﬁlﬁ?g tompri-Ses: a.
reacting a conpounsbDfe i or{eddhe MeiRickeRonkes .H, nethyl, ethyl, or

benzylwith a ketone of forrmula (VIIl), wherein RL is defined in fornmula (I)
RL (VPII) to yield an indole of formula (IX) (IX); b. reacting the indole

of formula (I with e ( 61:] i s fined ¢ n
formuila (I) Rg%in %X)Wf%ﬁg%l d&%n%%% hd %Qfsef”\glf‘?&?‘f(%f) (“?(lﬁ)ﬂ;sc. q>rfeoluci ng
t he conpound of fofoxhald XY, t ehoennt e ampreesHntformolaty XI(LY) ¢ XEl ) ; and

d. reacting the co und of formula (Xl 1) with the appropriate aldehyde,

ket one, carboxyl i CQE% 3: or R TBHAS cﬁlxgéﬁae %fo%, %ne?gﬁ”ﬁe?&n?% Jefi ned
infornula (1) to dprer@ TOMPOUNCrSSEHItIY 0,0  afepdeeits @5 show is
formula (1C) R3 (I1C; or alternatively, reacting the conpound of fornula
(XI1)10wi th sodiumAitriteahd a copper hAFRECIEY or m a Iconpounld -6+ fornul a

(XI11), wherein Z ﬂ)él(%@?r&l%]r@%ké?@n%o or iodo, (XlIIl);e. reacting a
[) wt

conmpound of fornmula an am ne of fornula (111), wherein R2 and
R5 are as defined in fornmula (1), in the presence of a catalyst, e.g.

| 1 adi derived, NHRZ2R5. (HI ) _t iel d di t
Formi & (1) ad ahcurt VHor rEPSE (174 | B e B PRBPOAY fr 1T HedBs0ary:
i) converting a campouRgrefsehite fRpmpta ({)v)int e aspthern’ comaundmf the

formula (1); i1i) renmoving any protecting groups; iii) formng a
phar niéceut i cal | y SCEERMbRECEAL t Tof FeEESBHouhds "of FIRFIRAMT 1) & (1D).

It will also be a | atgd, thatgi p.SPLE the peaghi Qns.Jipald-oned
her ei nbefore and a tgg'fé&laet may be ne%%ssa?%sdesi rable to prot ecte any
sensitive groups iand hé coposwds.s Tae dimscanceininhdieepr aaEgtatden-s

necessary or desirabl.e and suitable nmethaods for. protection are known to
those okilled in tHe Sy GRr B S Hﬁegto@& Pﬁéngio ps may be used in
accordance wth standard practice (for illustration see T.W G een and

P.GM Wts, Protective Goups in Oganic Synthesis, 3rd Edition, John
W | ey2andS&bfs, Howd) . PR4¥NSEEC edtd &R ncfidde RFOLPERREEN £$Mim no,

car boxy Oéﬁgé@'é?ﬁx&ét. My, hey des] r ahlie LR RROLACIE NS T PURi L) AR Of the

reactions ntioned herein. A suitable protecting group for an am no or
al kyl am neoyymep i $5 f predeasplly, areamytedyr dup, Wodeexanple aX-aldlyanoyl

group such; as acetyl. 30 alkoycarbony! grouns Tof; @Xanphg18  x-ray
Scattering or WAXS), for example as described by Blundell

25 and Osborn (Polymer 24, 953, 1983). Alternatively,
crystallinity may be assessed by Differential Scanning

Calerimetry (DSC).

The level of «crystallinity in said first polymeric
30 material may be at least 1%, suitably at least 3%,
preferably at least 5% and more preferably at least 10%.

In especially preferred embodiments, the crystallinity may



met hoxycar bonyl , et hoxycarbonyl or -butoxycarbonyl group, an

aryl met hoxycar bonyl group, for exanpl e benzyl oxycarbonyl, or an aroyl
group, fowoes@npbssbenzoyl. The deprotection conditi onsptorcGH2he/mipwye
protecting groups necessarily vary with the choice of protectinggroup.
Thus, for exanple, an acyl group such as an al kanoyl or al koxycarbonyl
group or an aroyl group may be renovegsfor exanple, by hydrolysis with a
sui t abl e base such as an al kali netal hydroxide for exanple lithiumor
sodrunrhydroxrde Altern t|v | y - ygakrbonyl
group may %egggﬁdﬁgd E%o? eégdplggr§y¥{rea ]syw?fﬁgggguﬁggﬁFe%20|d as
hydrochlCé$§ecﬁylp@ugr@abérphbsph@ﬁ%C acid or trifluoroacetic acid and an
aryl met hoxycar bonyl group such as a benzyl oxycarbonyl group may be renoved,
for exanple, by hydrogenation over a catalyst such as pall adi um on-carbon,
or by tregtdrentuikh %rhﬁ@h%;éﬁ'dtéﬁbeﬁééﬁPée Q@rpn bflsggauflqgﬁgﬁpetate).
A suitable alternative protecting group for a prlnary am no group is, for
exanmpl%, molymndial oyhageoiml triy Mya’fbelQ!%\‘m)vb‘tD%?y tuddtadam ali tieast
alkylanln Jor | e di thyI m _no dr A

sui tabl e g %tect?ﬁgngroupcﬁo l%ydrdgy gr fﬁgﬁ%r ?%?Mgigﬁp flé‘?\d&gcyl
group, fore&xgmle °an aJdoamDy:Ir giredpesUthaas 2808t ybr avﬂerarwm Qyroup, for
exanpl e benzoyl, or an ary| nethyl group, for exanple benz The

depr ot ect# o 2EREF 24 o‘?u‘gb“?%%m§rhte' AR 1At AT B ’%gelqatr‘ﬂer@eslssarl ly

vary w th;{ henehol €ge of s protiectiqyr group. Thus, for exarrple an acyl group
such as an al kanoyl” or an aroyl group may be rennved, for exanple, by
hydroldsis with a suitable base such as an alkali netal hydroxide, for
exanpl e | it hium or [ r Qxi [ Lyvel n.aryl ¥4; Qoup such
as a benzh?egIP%l8 gg%bé%rgé% grlQ$09 e%%o@ﬁ%r% ﬁ@d?%&éﬁgﬁﬁgé46%%% a

cat al yst §¢Ewmé@1©ahaﬁgkimmonumanb@malA1&@|tabbebprateaéaag goobp.for a
carboxy group is, for exanple, an esterifying group, for exanple a nethyl

or an ethyl group which may be renoved, for exanple, by hydrolysis with a

base suchgagysedium fpfcdr | s aatLQrafxa@ry eccf’hSJbéJl'E ybsgeaupathi,clhsmay be
renoved, for exanple, by treatnent with an"acid, for exanple an organic

aci d ¥uchoms tofi f kndEsacet)i ctaci(d) ofefbredxafpgve -a bé&?ﬁrqyﬁaﬂﬁlWhlch may
be removed,, fore ef‘sa{fp 1y9?é fhr%d%&?%é‘ﬂéf”m%;’}gr §m§§ abyst Qe
paIIadlun}on car ecti ng groups aroved at ran convenlent
stage in tﬁﬁpﬁyﬁihgsuﬁ:USEEQtCQmMEnﬁmDﬂals&ﬁ@hﬁEqUeSrMBlleMnomn i )t he
chem cal art, In an additiaqnal_ enbodiment, the pres |nvent|on i.S

di rect ed £BLtBRPoFRT Of t e FGTESA @OH’%erﬂ‘Fﬁs S u(dre\/)um( ), L3V
(I1X), (X por(Ekhhnpirand { Xtdha1 peef ullna sc'orh %&%’%dh.ﬁ{ie@s i rlarhanar orciyotl on of
conpounds according to fornula (I ) (XI11) wherein R1, R3, and R5
are a0 depfnedyi aompriakaupliys am znﬁs fako, e.g. brono, chIoro and i odo.
In a further enbodi ment, the present invention is directed to conpounds of
formula (1) as shown in formula (1A, (1B, (1CQ, and (ID(IA) (I1B) (10

(I D) whergahdt ITe nsar | bl engr deipsaaeeiad dﬁfeifrmchblryfoomp}:as(eb) ancke

phar maceuti cal | cceptable salts thereo ordln furt er pect of
the preseRt® ﬁGéh?Vong?ﬂéré t¥s ?ﬁ%ﬁ??&ﬁﬂLVpH% haé%u % gﬁ
conpri si ngoangegpound of formula (I) or a pharnaceutlcally acceptable salt
thereof together with at | east one pharmaceutically acceptable carrier,

di lued® or excipent. In another aspect of the present invention there is

provi ded a conpound maceut cal |y gcceptgble salt

t hereof, as defi 3 Ai canment . otiher

enbodi nent—the— et HGOs—t -G f ormul a
(I') or a pharmac of i p the pRNepafatjion of a

medi canent. In another enbodlnent t het present i nvention provi des t‘he use of
a conmpound of formula (1) or a pharmaceutically acceptable salt thereof in
the preparation of a nedicanent for the treatnment or prophylaxis of cancer.
I n anot heVhehBodi neid Vhe nslersaieitdwent ¢ PedYi @eX hé - useedredresonpound
of formil go{lheft canRbarineeubbca by agaeptable salt Lhghedh i dne

pr epar ation drcanment “for the treatne t or prophylaxis of neoplastic
di seas® sueh ax cax@i nboat ahdt he=lr east L=0vamy xrﬂhg Monel pdiefersmeal | cel |
| ung cancer, non-small cell lung cancer and bronchi oal veol ar cancer),
colon, rectum prostate, bile duct, bone, bladder, head and neck, ki dney,

| iver,gastrointestinal tissue, oesophagus, pancreas, skin, testes, thyroid,
uterus, cervix, vulva or other tissues, as well as | eukem as and | ynphomas
including CLL and CM., tunors of the central and peripheral nervous system
and ot her tunor types such as nel anoma, multiple nmyel oma, fibrosarcoma and
osteosarcona and nallgnant braln tunDrs In stlll anot her enbodi nent the

T N " o Y o o Y



i nfl ammat ory, neurol ogi cal, and cardi ovascul ar di seases. | n anot her
enbodi nent the present invention provides the use of a conpound of formula
(1) or a wbanesawesssi cal |y acceptable salt thereof in thecpremasebimn of a
medi canment for use in the inhibition of CHKI kinase activity. |In another
enbodi ment the present invention provides the use of a conpound of formula
(I') or a pharnmaceutically acceptable sgt thereof in the preparation of a
medi canment for use in the inhibition of Pak kinase activity, for exanple
inhibitio akl _QL Pak4 g CtiVviiy. ln.ano | frent the
present i ﬁ\?gfﬁt :%gﬁ p%%%%g't ﬁ% ﬁé{y g‘%ﬁa: @gérboghé glfogfto;brr%ﬁer]ﬁe%@%?ége
phar maceutt¢abhy sefept abl e salt thereof in the preparation of a nedi canent
for use in the inhibition of PDKI kinase activity. |In another enbodi nent
the present invention provides the use of a conpound of formula (1) or a
phar maceutrinc akck¥ eeeaplatd R is@idt § hey8Qf 4in-dthg,Prepas At i pL: of i s negli canent
for use in limting cell proliferation. In another enbodi mnent the present
i nvent Pon Sgr-6¢ic8es fhemyuspobyeshesppbanlieboneor npphy¢theskehone and
phar maceubi,GoblKeageeRtalle Sal L LRy egl ddld NG, BEERALALI On, 0k A fiedi cament
for use i mting tunourigenesis.” 1 n another aspect of The present
i nventi onskhdre ifsrprovi ged vaneaninpoume tefr ifadr muliss (|1 )sebsciged from
phar maceut i iall accept abl e salt. thereof, as defined herei nbefore for use
in a meth&d 81‘3%?5%‘?%8&? &Pcf%)%y TS RER KRN ody hy2 R nefR$5L 2 anot her
embodi Wenb_rbﬁérﬁéase@&bbﬁ!ﬁ@ht?n PEOYI das & ceERoHRdGif hotauwhai(l)sor a
phar maceutically acceptable salt thereof for use’in the treatnent or
prophﬁlpaxiPé’lﬁ?tg?§§ithélri<e§§§@oi ated with cancer. In another enbodi ment the
present invention provides a conpound of formula (1) or a pharnaceutically
acceptabl e salt thereof for the use in treatnment or prophylaxis of
neopl ast i Sadidsebbgusdic s el cippdyacaf 1de shrigastly owar yanismigrdpinel udi ng
smal | cell gn% cancer, nsmal | . ce g}g& c,agttr;cer and , br onchi oal veol ar

n, § ,

n | |
cancer), &6 S\ Fm Ppr B8E Lt DI & oh&alfPidder tRdad’™ 2R neck,
ki dney, | exahingastsotnéest id’!ﬁiséé&sE@laQ@%@BhagU%ud?ﬁn?E)@%er§ki:Dre testes,
thyroid, uterus, cervix, vulva or other tissues, as well aS |eukem as and
| ynphéfras 2itA€l GarRgaC! thegaotmopicutdagief crvs tedntodlymars “per i pher al
nervous system and other tunmor types such as nelanoma, nultiple nyel ong,
fi brosarcoma and osteosarcome, and malignant brain tunors. In another
enbodi mnenBatde Jpesentcivmredit | polyreavi mes &ecompouhdtehtiarul aifédror a
phar maceut,| pt t for -u i reat nent or
pr ophyl ax%gg%{}élyprvgﬁq% e?g?%%eé%%esaggégl e Sué’ifn'sé(i %@o‘?%ﬁtustnéb,% Fgﬁ%en‘%‘rrat ory,
neur ol ogi atyl ardleaedi dvydedl avenfiagsaseupisn ehicrt hee aspfddcieftithe
I nvenbponstNer ecd s, Pravi dath -2 sBRapFRGRULL £al CONROZE L ON ‘Hg%ﬁ{h&f | Ses a
conmpound of the fornmula (1), or a pharmaceutically acceptable salt thereof,
as defi nediferd| FYsePdr POLHMA5S orTatdans e &n pHaf hekditi BHPY382Tept abl e
di | uent ouserrgd1®l, fudyo¥sestn bBEoTRAULld At@h2826HK KT RFEA I i tory
effect in a warm bl ooded ani mal such as man. In a further aspect of the
i nvent i on"Ehet e2F8 prGPrBedaEepharkrateuby cHiefesaPESI tineRTaki GF cohgii ses a
conpound eé1ite Hoorru! Bafidde &rtﬁepbﬁidl%lc%k'#ﬁ@i |36 184eept abl e salt thereof,
as de%% ned herein before in association with a pharmaceutically-acceptable
dil ue or carrier for use in the production of a Pak kinase inhibitory
effect (foeaiexapphel acPaktal Pak@mr Rak4akipasesi nhikéiomy efdieet )od n a
war m bl ooded tani mgcl suc? @g man, %“2% a Eurther aspect of the_ invention there
i s provi d8HEH BharmafeutPdal” c FPOR WAT - Conprides 24 °Comp ke of t he
formul a (byeferardyphakmaeeuthanl Byoaccepimdlialsgl igreheeeothamsigdedd.ned
herein before in.association w th phar maceuti cgl |.y-acceptabl e diluent or
carrier f%}(rl)e ur%eeer%lﬁgtﬁ%“ﬂ) oldsuc?trle%ﬁr%?lyaﬁlgﬁﬁl tlk?rhangé) i¥:nhi bitory effect in a
war m Bb ooded ani mal such as man. In a further aspect of the invention there
is provided a ghar maceut i cal conposition which conprises a conpound of the

fornul a (Fye R L& Optvdr ndeRutFearlty Stdeptidbie Rl YIeheFedRteadadeftioned
herein befgeeyts 8ssesial op Walhpd RANERGRUS!CAl lyaaceant all g diduent or
carrier for use in the production of an anti-cancer effect in a

war m bl oobled ragifegiebdychatas least 1'h %o fordepraespeeblef dtheleawentlidon there

is provid a r utical ;caonposition ich_conpri.ses, a ¢co und of the
for mul a (%8? ggggcg%;§§h6% t#ggggyﬁékceppggﬁgtégﬁggﬁﬁgréHf,lﬁg%g@Pﬁned
herein before in association with a pharnmaceutically-acceptable diluent or
carrier for use in the treatnent or prophylaxis of proliferative diseases
i ncl udi ng aut oi mune, i nfl ani mat ory, neurol ogi cal, and cardi ovascul ar

di seases in a warm bl ooded ani mal such as man. |In anot her enbodi nent the
present invention provides a nethod of limting cell proliferationin a

-, . .



therapeutically effective amount of a conmpound of fornmula (I) or a
pharmaceutical ly acceptable salt thereof. In another enbodi nent the present
i nvent i orwprosw/essa nmethod of limiting tunourigenesi s iPOTAHBWEGANIIBO ani mal
conprising admnistering to said human or aninmal a therapeutically
effective anmount of a conpound of forrmula (I) or a pharmaceutically
acceptabl e salt thereof. In a further jgnbodi nent the present invention
provi des a nmethod of inhibiting CHKI kinase conprising admnistering to an
ani el Ortll?%a@hé”c”%?nghéﬁ' dg Flh's%'itd' ’%%%tﬁ@%&@%%‘i&'ﬁc%!alt%ﬁf hegld ve
anount of “a conpound © ornul a~(IN) "or "a pharmacédtically accep?tab e salt

t her eof . dasarivelihendembothtenél yha opr esenint sveft iIIP peani gevdudeet hod of
i nhibiting a Pak kinase (for exanple a Pakl, Pak2 or Pak4 ki nase)

conpri si n§OBBAS AF $PRFI NP E6 anPaNPMaIgo8R hiRER A CRded 38 s &R ting a

t her apeut%E@béytﬁééemw@uemﬂet nekdateoureded ahf %ro@lﬂ adddti¥n &o
pharmaceutically acceptable salt thereof. In a further enbodi nent the

presert i ageaei oanpr ovicesaae nethodroiedunibi twaiggiPDKIoki dse dommt si ng
adm ni sterj Q. an Lmal cor _human in need of _said jnhihj.ti.ng a

her apeut PRATTS 4P T BEEP DR knglir Gr ok o npband SHEHT SRR rohs o

phar maceubécahsyd acoepipakloticeal toperxeak. hatapvbbher leavdAyment Hikg present
i nvention_praovides a nethod of treatnent of a human or ani mal suffering
from canceP2eongr iodi nlgl B i 8Per iISTFRid o8di L eivesR br 28Fi Rachenical

t her apeut%ggbgytgggecti ve amount of a conpound of formula (1) or a
pharmaceutically acceptable salt thereof. In further enbodi nent the present
i nvertd on provides a nethod of prophylaxis treatnment of cancer conprising
adm ni stering to. or_animal jn need of h_treatnent

t her apeutrlﬂégl r“ﬁ‘%é%f gbme a‘ﬁgﬁng%ofsaédgo%%sﬁtndsggy?éﬁfngl g&ecle)r%grl éco

phar maceutheallty actepsabl ecealna heeedkssl nhanot heo, eshodiabegt idws present
i nvention Erovi des a nethod_of treatnent of a human or aninal suffering

froma nebpPast§® dPEELEEaRL¥N LRSTattPRontl of MOKE HPERSETaBY¥r yEe35ung
(includinghgﬁabg,cggbegyggl?amggg,tﬂgﬁ-g@alI cell lung cancer and

bronchi oal veol ar cancer), colon, rectum prostate, bile duct, bone, bl adder,
head ¥nd neck, kidney, liver, gastrointestinal tissue, oesophagus,

pancr eas, .skin, . testes, yrobd, -uterus,-cervix, ,vul o] t her ,ti.ssues, as
wel | as Igﬁﬁe%agé%ar??lgﬁn%h%ﬁﬁs oifﬂc Udi n%l%tl_ %tl:iy %ﬁ/ﬁ?ct &lr?%re sﬁgfl ttrs?e
central apHepetipha aairervopsisysudmaband ief hdre t timge t $pB&S taudivgs

mel anoma, mnul tigLe nyﬁl ma, fibrgsarcoma and osteq arcogﬂ and mal i gnant
brain tunBFSLeFALAKot Her enfbdi nent fR&Spr e&&HSY ti n5pr5\9i désra met hod
of treatngBbepiadihumay er apinal suffering froma proliferative disease
such as aut oi mune, inflanmatory, neurological, and cardi ovascul ar di seases
conprd®&ing admi nistering to said hunman or aninmal a therapeutically

ef fecti veqampunt. _of La phatmaceytd cal |

accept abl ggggl {&O 8;215?%%&%&5'}@”%%8;%%?a‘t%hel%afs%r%%eﬁt@oi,ng%;étfleg:ﬁab& ovi des a
met hod of atr éatishg 30ancsy, byoadnprestenbhyg ta ddasmmdrwani wdEl saiconpound

of formula,(l) or a pharmaceutically acceptable salt thereof and _an

ant i -tumglgaﬁnppl@ﬂ‘@réﬁbd‘&ﬁqﬁe‘?ﬁ% tRe Plred&RSH EHFIQOI’I B35AT@Es Ya met hod
of treatipg QaRGH Dywadn Hter bRarbeaBlHUIRN DL, a0 ARl @ corPQYNG of
formula (1) or a pharmaceutically acceptable salt thereof and a DNA
damagdhg &gBnt. One enbodi nent of the present invention provides a nethod
for the treatnment of infections associated with cancer conprising

adm nistering to a human or aninmal in need of such treatnment a

t her apeut Thal kymebtect bvie magounic lofdea margpotingh obnéofiulsa Pol yarerd c

phar maceut i cal lé%acce table salt thereof, A further enbodinent of the

pr esent i MOBRET ; R P_He%’lva ar'?etq’ﬁ)%cﬁlé?e_q bt p‘?’%bfl?/! GRPS {thEa BNt

I nfecti ongnapgeci-atedsWirklGRRCL t & WPFd S Neh AdBE NEaT LI AYeHO A Ryzan or

animal in need of such treatnent a therapeutically effective anount of a

conpotthd béster mfl atlie) som sophaheacowainda | 9f acddpt bret salol yiegrieof . As

used her e] he, phrase "protecting group’.neans tenpora ubsti tuents

whi ch pr ortngg?%lag%)ot élr?tviléllg}oy b&\Zactais\?e ‘fl%sn‘%f‘ll]%en I gr Otrf?;;llﬁ}%gﬁfg%ﬁesit&@d

chem cal tompsfothahieng. iExangpkesoet sHeh phet BCPi g dleedps bedgl ude esters
of carboxy]ic acids, silyl ethers of alcohols, and acetals and ketal s of

al dehydes"Bhal k e Rest i s pBOENFS] \VANAIRE f FeF #08f HHiGTE@d nC gPSds 1 heni stry
has been reviewed (Greene, T.W; Wits, P.G M Protective Goups in Organic
Synthesis, 3rd ed.; WIley: New York, 1999). As used herein,
"pharnmaceutically acceptable" is enployed herein to refer to those
conpounds, materials, conpositions, and/or dosage fornms which are, within

t he scope of sound nedical judgnent, suitable for use in contact with the

o o . -, =



conplication, commensurate with a reasonable benefit/risk ratio. As used
herein, "pharmaceutically acceptable salts" refer to derivatives of the
di scl osedvoanmwowssds wherein the parent conpound is nodi PcedEyosmkicng aci d
or base salts thereof. Exanples of pharmaceutically acceptable salts
i nclude, but are not limted to, mneral or organic acid salts of basic
resi dues such as amnes; alkali or organic salts of acidic residues such as
carboxylic acids; and the like. The pharnmaceutically acceptable salts
| nel ude the cgaventianal. ionsdoxhe Bakls U g duaherpary AmRRiHn sal ts
of the pare%t compoun ormed, Ttor example,” ffom non-toxicC 1norganic or
organi c actdsllFocprexaaplieg NuUchscargemrtibedal non-toxic salts include those
derived frominorgani c acids such as hydrochl oric, hydrobrom c, sulfuric,
sul fam c, phosphoric, nitric and the like; and the salts prepared from
organi ¢ aghdg SH&Hp881i8E8hI Cor PFORIONY C.i RUGLIdYH Ca OkYRGHEC, tFpEATIE,
| actic, maleic, tartaric, citric, ascorbic, palmtic, maleic,
hydr oxymaféret phehyhatéci catgmitali c, Bemdoi eompasitybnc,prrifdrahly c,
2- acet oxy i fu i enes oni ¢, nethanesul fonic, ethane
disulfonigggégg Fc? ggé?%?o%&%g g%dgkké | i ke. The pharmaceutically
acceptabl e salts of the present invention can be synthesized fromthe
par ent coggound that contains a bazic or acidi% noi ety hy cqnventi onal

4 d

cheni cal £ Ho FOMREFHT AT yma ¥ udRSLares &hntBe 75 éfat eB by ateact i TRE t he

free aci dpgiyRaseclt ong®eP{al hese comeunds witdh arstoeshi et fic gppunt of
the appropriate base or acid in water or in an organic solvent, or in a

m xt ut@ ofnchadewds genetalvyd @bnagidods ratdice lvimes ist materdtdly|anget at e,
et hanol , ksopropanol, @r etonitrile are preferred. Lists of suitable
salts aregfggnggiggﬁeﬁ?n&?%ﬁ's Phar maceuti cal Sciences, 17th ed., Mack
Publ i shi ng Conpany, Easton, Pa., 1985, p. 1418, the disclosure of which is

her eby incorgorated by reference. "Stablg onpound” and "stable_structure"
are meant ~£o%i MATRARE & LbnPo¥ndS NRFOTS %%fﬂ?bi%n???tﬂﬁﬁ &t F ¥ ve

i sol ationghe axuaehel ideqr eRwefe PWH - fhAMA A RACH | OfhdT pd M Lou Bk

formul ation into an efficacious therapeutic agent. The anti-cancer

tr eat fent fasR REY FOFOA SenpPaFe 1gaEiSi 8@ VA9 da adolagratparea e irh thesf igivol ve,
in additi h np .t [ ti0 onyv ' I e nd/ or
radiotherggﬁggng/gP%%Heﬁégﬁggégyg%s&gégghéhggﬁérgﬁsﬂ%%%ﬁﬁﬁE%ﬁ%gj%%g?or nor e
of the foDlLampgmoateparifesabfl yvaattl Liewstaul .&gent Esgddially at least
antiproliie@ative/aﬁ%ineoplastic drU% and con?%?ations t hereof , as used in
medi cal onc8PM8gy, sUlF adVArkyFat ifg9RFent™@Yor 95 atiS™it i id 3@ or @&yl e
cis-plati pregachspkatidss oxwdh PbAGL N, ! pRhesehagt de £od ragaeyymst ar d,
mel phal an, chl oranmbucil, busul phan andnitrosoureas); antinmetabolites (for
exanpt@ gBAEi t aBi ne@vaithdd udteBithe, ;s Weel asndati Pol0&Bes tsuchl g

fl uoropyr j.nLdj i ke<5-flugrouracil and tegafur, raltitrexed,
nethotrexg?é?ég§?% i?éSanggﬁgéide and hydroxyurea); antitunour antibiotics
(for exanple anthracyclines |ike adrianycin, bleonycin, doxorubicin,
daunonyci epi rubj cin, idarubicin, mtomycin-C,_ dactinomcin, and

mt hr arryc?h?; BaR T e 3@@% SR i oglag%rﬁﬂ edVPREd al i Biys 1P Kee

vi ncri sti peng¥i nblasti oY, nelesiaen ngl vbnapekbl nepaadetaxeiyds d it taxol
and taxotere); and topoi sonerase inhibitors (for exanple

epi podophy PIBt oxnese | preferapbsi He and32@hiposi de, amsacrine, topotecan
irinotecan and canptothecin); (ii) cytostatic agents such as anti oestrogens
(for exanple tanoxifen, torem fene, ral oxifene, droloxifene and

i odoxyf endfcondshgogen aecepbor dapedtegafattdres {dweniekempl ehkukvestrant),
anti andro ens.éfgr exan&le bi cal yt am de, flut.am de, nil uf.am de and
cypr ot er ohe AL efHt &) Paf RﬁOEﬁFé§6ﬁﬁs?s68pp9ﬁ9ﬁ¥&$3ﬁ999§d%F§ftékéﬁﬁ#%
goserelingiledpeagpekin and buserelin), progestogens (for exanple negestrol
acetate), aromatase inhibitors (for exanple as anastrozole, |etrozole,
voraz®? e and exenmestane) and inhibitors of 5a-reductase such as
finasteride; ;(LLI nt, L,ch _i_nhi_bi cer Il -1 nvasi (f qr, exanpl e
netalIoprggégngégki%%gbﬁﬁgﬁgd%iEg %ﬁ F%ag? t gﬁg%ﬁkﬁﬁbﬁgb9§£%¥:8¥< i nase

pl asm nogepnefietabatontr deaptol Okynchben) preife)abnki hitt dessaf 1gkewdt f act or
function, for, exanple such inhibitors include growmh factor antibodies,
growth fatEdfl FEREOSt 1R both e PREK SRINPIELHAE ahP?VEIbBS dfSSody
trastuzumab [Herceptin(tm] and the anti-erbbl antibody cetuximab [C225]) ,
farnesyl transferase inhibitors, tyrosine kinase inhibitors and
serine/threoni ne kinase inhibitors, for exanple inhibitors of the epidernmal
grow h factor famly (for exanple EGFR fam |y tyrosine kinase inhibitors
such as N-(3-chl oro-4-fl uorophenyl)-7-methoxy-6-(3-



bevaci zumab [ Avastin(tm)], conpounds such as those disclosed in

I nternational Patent Applications WO 97/22596, WO 97/30035, WD 97/ 32856 and
WO 98/ 1338d)20emae338pounds t hat work by ot her mechani sns pCT@B260NNI6e

| i nom de, inhibitors of integrin avb3 function and angi ostatin); (vi)
vascul ar damagi ng agents such as Conbretastatin A4 and conpounds di scl osed
in International Patent Applications Wg 99/02166, WO 00/40529, WD 00/41669,
WO 01/92224, WO 02/04434 and WD 02/08213; (vii) antisense therapies, for
cxarpl e IBRSPoYLLE] 806 W S5 ofklo dheslpogbRobisted about. Alichas 181
2503, an BRtTeF a3 Antisen e; (viii) gene erap? approaches, i ncluding for
exanpl e appeacheslthger &pl aees5abekyant gehdscsmpbsasiaherrant pS3 or
aberrant BRCAl or BRCA2, GDEPT (gene-directed en:zyme pro-drug therapy)
approaches such as those using cytosine deam nase, thym di ne ki nase or a
bacterial spi §r ¢yfAUCLAFE BV aRd aRYRACHES0L O JUIHBASE RAt i1Rst

tol erance to chenot herapy or radi otherapy such as nulti-drug resistance
gene ther 4py90and qiedeiapmotaier 4pgsapfrbdttbs, mogel uaragefaplexaipl e
ex-vivo a LN-YRNMO pr t o _ingreas i ogeni ¢j 1.y tient
Cumour corPas Cstal ge PR e e e oD e A A AT el n 2.

i nterl eukFar#. or Tgamd e ey mbae bpdageessl ahynstli, M0G0y fadtiarles
approaches to decrease T-cell,aner%ﬁh aEgroa hes using transfected i mune
cel I's suchfa8at§t GRPABSELFARES &8t BATHERHIPEPCTREM s, approaches using

cyt oki ne-transfected tunour cell lines and approaches using anti-idiotypic
antibodi es. Such conjoint treatnment may be achieved by way of the

si nul t&inedasd Peqienmiadl iorclswsarat eodpsishgeoimatrriati esdds umsshent s of
t he treatpent. h_copbi nati rdycts. I .compounds of this
inventionﬁ§f%ﬁP%%§ﬁg §§§§63P§25§e§e§0%§5§33 %%8%E§é%§fe and t he other

phar maceutical |l y-active agent within its approved dosage range. Conpounds
of the present invention nmay be administered qrally, parenteral, buccal,
MR - TR P R A e (U S P S T F bl R S
subcut anegygby¥sit9BhCRkkY sel) Nkagnasak hy polvAtik-aper Graneaklry form.
intrathoracially, intravenously, epidurally, intrathecally,
intraterebroventricularly and by injection into the joints. The dosage w ||
depend on.the r o] dm _ni .atjon, .sever |ty of -the di.sease,. age and
wei ght ofS%EQ pgg%gnt%gﬁd 5@%@%5%%ct ng% %nglIﬁkééﬁgfieregﬁ%§ﬁ¥hgﬁ

at t endi ngiphysdetdantowher detiercmirdiedg blre ireciusied)al aredi reen desd rbesage

| evel as the nDs& appropriate for a particular patient. An effectiyve anount

P
of a conpBaharoflt he'SmEsent | FPBROFOASE oATSF it ¢ h@PAAFT of 2 nfdd on i s

an amount -spbketenh)to synmpsomati caddyadeld evend e yBr mddaedet y
animal , particularly a human the synptons of infection, to slowthe
progré8si spbetanatedtvorfuldry tenglefifife sl Ppateehrsdwinahesyapt onssagfd

i nfection i i Ng rs r.prepaf.i p Lcal
conpositiBégﬁ?é%ﬁgtﬁ%ﬁ%%%%%gngggofﬁFﬁﬁgjrﬁvgnﬁ%ﬁﬁg:i%g?g?EgE%%haggﬁiicalIy
accept abl exempileerass £haxbblei trieerpsalcile orudh qasd.a Solastfos nbpyepar ati ons

i nclude powders, tahlets, .dispersjble grapules, capsules, cachets, and
suppos t o6 Aeedfh GUBRIFPEr EAhSBEAbnelbr S Gehst ancht R nay

al so act ascdptHentSmak! de0ldiid aagRat %i tQhURI lsez@r% AdHIPt@RNS for
suspendi ng agents, binders, or tablet disintegrating agents; it can also be
an endapsakabPhg #ht ar PeK. sighpewdér sardheasdrPP&r is a finely divided
solid, which is in a mxture with the finely divided active conponent. In
tabl ets, the active conponent is mxed with the carrier having the

necessar yAbcaddhggpriopent idgsitd agpeabl eofproper tiroren taineh cobphacted s n t he

shape and size desired. For preparing  suyppository conpositions, a
ow el t1 REORASSSUCh OTPTR RESr S HiRt: y CRBPA LEipler Rdeta Hhd TdSda but t er

is first pBh{yRdranddheg@stiviged NGEEELENAG! $odisDes SedrspenghbBchyY, Af or
exanpl e, stirring. The nolten hormogeneous m xture is then poured into
conved? entCBi Al ABiSes ided abroneding dool sahd solish f pspSgitt abh@ @arriers
i ncl ude .U r.bonat e ' S tal.¢,,lacto .sugar,
pectin, GEyrieh TEERedy 1 hneal R He o CEer T ur a6 RS T Aoy et hyl
cel | ul osesaadl @wmpeldiigipmasf cadda fiHdteraspadtt hed | kKesabane iafl erhe
conpounds of the present invention are capable of formng salts with
various iM6#88ni c and organic acids and bases and such salts are al so
within the scope of this invention. Exanples of such acid addition salts

i ncl ude acetate, adi pate, ascorbate, benzoate, benzenesul fonate,

bi carbonat e, bisulfate, butyrate, canphorate, canphorsul fonate, choline,
citrate, cycl ohexyl sul famate, diethyl enedi am ne, ethanesulfonate,
fumarate, glutamate, glycol ate, hem sul fate, 2-hydroxyethyl sul fonate,

o v . .




sul famate, sulfanilate, sulfate, tartrate, tosylate (p-toluenesulfonate),
trifluoroacetate, and undecanoate. Base salts include amoni um salts,

al kal i nmawel2osalosmssuch as sodi um |ithium and potassi urcsaiB28¢6/miisal i ne
earth nmetal salts such as alum num cal cium and nmagnesium salts, salts with
organi ¢ bases such as dicycl ohexyl am ne salts, N nethyl-D glucam ne,
andsalts with am no acids such as argiinine, lysine, ornithine, and so
forth. Al so, basic nitrogencontaining groups nmay be quaternized with such
agents as: |lower alkyl halides, such as nethyl, ethyl, propyl, and butyl
hal i des; dial kyl sulfates Iike dinethyl, diethyl, dibutyl; dianyl sulfates;
| ong chaiBahdIEdéSexum@am% dexy| intaudgl 2 Mikirstud Ghdlstearyla hali-des;

ar al kyl des i benzyl pbrom nd ot hers. Non-toxi.c,. physjiolo |caIIy
acceptabl 5PP§ 5&3‘ Jeferrgﬁld ﬁf BEARF MY s A4 Uds sogﬁtgfdg such
as in Isot@kaQSOElpyékfahagathean@ﬁuehs Fhei1salts may be formed by
conventional neans, such as by reacting the free base form of the product
with one or nore equivalents of the appropriate acid in a solvent or medium
in which {he $al teihs JASOUDI & L1 Pedc Rkiﬁﬂﬁﬁu%ﬁl SR B n M Lh 18
renoved in vacuo or by freeze dryl%g or y exc anglng e anions of an

exi sting 3alt pgrerfeaneidhereramdimenta sait a@liel | obtlexchangéiddésirn. i order
to use a g nE d of the formula (1) or a pharmaceutically acceptable salt
thereof fBrSrRE“tHBPEPeutic treatment (including prophylactic treatment) of
manmal s i ncl uding humans, it is normally fornulated in accordance with

st andard pharnmaceut| cal practlce as a pharmaceutical conposition. |In

addi t1®n fo $&bdcdiguinis & ldex pﬂ@§énbe|n%%%@¢6%d t%@mbhdﬂmﬁﬁﬁﬁ%%al
conposi ti hi on n n m e

(si mul tanggﬁg §E0r£%%%€%$ al Inﬂ?y lﬁ&n neglglri rr%}f) hqﬁ%jr;?rlé@ I O%Elg?rfi agents
of val ue fmbtbaatmageomelersunheadlaeamédcdmdmbboasdrebetm@dfu@rhereln The
termconposition is intended to include the formulation of the active
conponent or a pharmaceutically acceptable salt with a pharmaceutically
accept abl g8 cafild efibFoks exanmke tidy baverlicen BYs Penf gladlsat @ibdy, neans
known in the art into the formof, for exanple, tablets, capsules, aqueous
or 0ily s6REPPBnEibsAspEAbESHSS Eiedi-ondlicredibetoi mitBHIY gL, nasal
sprays, SEEEQéhHg“?ﬁbeﬁ:' neby i ?@r&e\gderfab%r 281050l &,pr bl dsers for
i nhal ati on arentera use ncl udi ng i nt'ravenous, intranuscul ar or
|nfu5|on)fsber»lboaque@mbemn dlhpr@@bmbbonse@nnsmm&manand;gnt&ﬂ&wmﬂe
ermlsionst % g d fo m _comnposi.tions, incl ude olgﬁlons pensito.r}%sre and
enul si ons -+ 8EEFIF F’ér of "RAEEFSHr d:d%Ir@H@ I (?Irss@IrLﬁ - tHE acti ve
conpoundsaﬁaycaebannthg@ed as an exanple of liquid preparations suitable
for parenteral admnistration. Liquid conpositions can also be formilated
in sofQtion in aqueous pol yethyl ene gl ycol solution. Aqueous sol utions for
oral adnlﬂlggbgghgnfgg e?emBPeB3h§919¥ digsokyipgst he active conponent in
wat er and addi ng suitable coforan | avoring agents, stabilizers, and

t hi ckeni ng agents as desired. Agueous suspensions for oral use can be nade
by dispersing_the finely divide ctive _conponent. i nwa ether with a
W scoue: i o i AR SP T SR nBere BRmechearRa . Ay IS Ul ose,

sodi um cagboxyapt wd1cel huhasea, anda®t hey dspenei nguagents knowidno the
pharmaceutical formulation art. The pharmaceutical conpositions can be in

uni t %%sa@érbépﬁﬁern'%lRﬁP#%Wrnoﬂ?ﬁércdﬁ%%%4§¢(n1ql§yd|vgdédslrHQWQﬁﬁA: doses
CO“ta'”'”g 1 ABPS Al | ELes oAk cLhe j3¢8 Vg, CoIpoRent ., TheJut dosage
formcan be a pac age preparation, thé package contai'ni ng di‘'screte
quantitiemagheshempcem@paﬁmens qumrQnamnﬁmaremmketgdapabtems<xnanxules

and powders i,n_vials.or oul es. uni t d e formc Iso a
capshle. BRUHBE! SRR dilatiel angrubEs o 2RSSR TR Db ERt o rififber of
any of thgsa-papkaged f0r®rs Canppumnds QBtfr@BlIbﬂe@ (Lh hewe besm shewn to
i nhi bit checkpoint kinase activity in vitro. Inhibitors of checkpoint

ki nas® haRewBesnoshéhakyorarté®ledlls to progress inappropriately to the
nmet aphase of mtosis |eading to apoptosis of effected cells, and to

t herefore have anti-proliferative effects. Conpounds of forml a (1) have
al so beenThhowwmpmduddtmatékmakimayek&nanDm ddmaiseilaecte viebymi fox tro.
Therefore it bel i eved .that the conpounds ormula (1) and their
pharnaceu??éﬁ?i? %Qppﬁﬂ ESal%s %ﬁ?%se@a%% t?h8rtEE%PHgﬁF JrRy

neopl astic dlsease as descri bed above. In addition, conmpounds of fornula
(1) and their pharmaceutically acceptable salts are al so expected to be
useful for the treatnent of other proliferative di seases and ot her diseases

as described above. It is expected that the conpounds of formula (1) would
nost I|ker be used |n conblnatlon mnth a broad range of DNA danaglng

oy o o



exanple 10 has an I1C 0 value of 0.73 mMMin the Pak 1 enzyne assay and an

| C50 value of 0.14 mMMin the Pak 4 enzyne assay; the sanme conpound has an

| G50 val weoabodiogssmM i n the PDKI enzynme assay. The compouwmgB2066/@xmopl e 14
has an I C50 value of 0.60 mMin the Pak 1 enzyne assay and an | C50 val ue of
0.10 mMMin the Pak 4 enzyne assay; the sane conpound has an |1 C50 val ue of
0.16 mMin the PDKI enzyne assay. Assayg to Measure Checkpoint Kinase 1

I nhi bition and Effects Checkpoint Kinase 1 Assay : This in vitro assay

measur es i nhi pLtk of 3\—45! ki.na ds e ki inis
expr essed}t“?ﬁe b%cuﬁ%%praﬁgl adnl pusrji(#rpeg%bsy?%%n%%%@‘t ab(.)l{%milgf]%g%erpa?%q& n and
bi oti nyl al eds pepaéhdemsybsbrat pré€deably iesthehausdami.n a 384 wel |
automated Scintillation Proximty Assay (SPA). Specifically, peptide,
enzyme and reaction buffer are mxed and aliquoted into a 384 well plate
contai ni ngrgdELphH 0y, seshed ofi¢oppoupdanand coapltiiales. GRld &d hQirATP are
then added to initiate the reaction. After 2 hours, a SPA bead slurry,
CsCl12 fandf EDIArar ecddugted ofspop alles s eficbron @whsapt Gibrehe wimdidmyl at ed
pepti de. P S the t a ou ta i %}g zed. a | C50S
determ ne%i$%]§ '%ﬁd‘?viadugll%%c%%pc%%rﬁgl. ﬁ%rggéét %%r%s%/éfe |i's‘y’ce%a§1r}gr assay
measur es fhelabi meaysof cdaiicti sadhi hilkess fibrabregatarbbe , DNSspbaotage v nduced
&/ M checkpoi nt .  Conpounds active against the epzynme (< 2 u are tested in
the cel | uf %C%anggmffw it asa |@qw<€m Ehater f&@r‘fr— M'\l”nesa%? nul 1)
are plated;hp96 well plates on day 1. The follow ng day, cells are treated
with canptothecin for 2 hours to i nduce DNA damage. After 2 hours,
canptBthecin is renoved and cells are treated for an additional 18 hours
with test agd _n e indl.e _paison that tr ' I1s in
T osi s (RAtoaseRbePa Phasohesaporay. SRIPre S SEndy Med e b

f or mal dehytlest strailnec: figr mheepiestenee odephospddhiadbbere wiB;h aM¥ped fi c

marker for mtosis and | abel with echst dye so that, cell nunber can be
measur ed.d?f‘éf?egeére %&‘ 'ngs"l”lr;g FPPBP P LR nddk SFrbto ™Rt 9% Array
Scan (Cel M, CS) - sABg@ePOBIbEVROCOREEOL T1 AR POt kRRerd aTM cafdpiqe is
used. Conpounds are tested in a 12-point dose response in triplicate. Data
i s ankl yzednahd EYBeSdst preifasabLisr PPAYEEhEuaLhesifpEAREs. Assays to Measure
Pak Kinase Inhibition: (a) In Vitro Pakl Enzynme Assay The assay used

Scintillation Proximty Assay (SPA) technol ogy (Antonsson et al. |,
Anal yt i caaBiochepostity mat®39 212601120029 clvdeet 20 mvé tore ladrd,ity of

test conpounds. to inhihbhit phosphoryl ation reconbj hant Pakl. The
FuT]- | onEHUPRRIT piogt a1 8% olBPas LB SR TEDLY! (o Db B aSion e
purified ysbprgrbReyCIE tgs Usk-Nd cxisAndassb PLE 11§ Cabi Qi eshniayds.ofTest

conpounds were prepared as 10 mM stock solutions in DVBO and diluted into
wat er2@s fagdi red tidrfitve a redgEneriqinal @masayiadncent r@srasialAly quot s

(5 m) of ' hon pl j.Nt 0 L _ of NAE L
Soa-wel | PPL{oRACTRCHREKEEoEl 0o yPaRa" POt PalBetRE BRI A 20 o
m xt ure ofncéudabi rantlgast f 2edtPakbredzyael{3GitnMeast ntbhicét | mdrat ed
pepti de subs%ratg . , _ ,

(Bi oti n- XSEHE2PYY- &FulePAtsaPYEys CAr §E3dPITRERBS Valtadd) CARRIS STy - Tr p-
Met - Al a- Pngt & Ua NHs2ii tBaaRemnd dded) \a adenost ngs t it phopphake abATP a3 ™,
33P- 1 abel | ed adenosi ne triphosphate (33P-ATP; 33 nC fwel'l ) and a buffer

sol ut3on fedspr #Si w§ 5Tr impnqC PR b fak 1S8sEVPO FGRA (€BPEaHdllibovi ne
serum al byum n m ). . .di thi othrei.t ol X a i acetate
(10 MV ] ags %%gﬁ%at”gé a%qtéinb:bgnt tftlé(rirsgr afﬂ%rgclarrgf o?’h% m nﬁg%%éo% ol

wel | s t hatipfedened typemxiofinf 51 pewd ¢onr espandi cxgsd ot haxwnBmretae

activity were_created by using 5% DMSO instead_of. test conpound. Contr ol
wel I's t hat®prdiicet™® n‘ﬁﬂ sigRal O€or $2SPontdt Mt o BRRIS G Inhi Adted

enzyme wepee£ELALEY BYnpddisBg BDTAH{HZ Xy +n BY DMVBO i ngkeachRintd est
conpound. These assay sol utions were al so i ncubated for 120 m nutes at

ambi et tehpbidlarencEaghmprabei basaathanoppetsand the biotinyl ated peptide
captured by the addition of 30 ml of a mxture of Streptavidin coated PVT
SPA bead slurry (Anmersham Bi osci ences, Catal ogue No. RPQ205; 250 ng/well)
in 50 MM Jaig- &GhppETts hutteiatostatabng OnBdUdsedeBmtazicde Svaldl @ged by
the additipon of 30 ml of 2.83M Caesium chloride (final assay concentration
of IM. Prhatds BP y@ﬁéﬁclgFFeFB@lZHﬁﬁhﬁgcﬁlM%ea%eﬁéﬁcﬁé%SQe H&PR§ e ount ed
on a TopCount. Radi ol abel ed phosphoryl ated biotinyl ated peptide is forned
in situ as a result of Pakl nedi ated phosphoryl ati on. The SPA beads contain
a scintillant that can be stinmulated to emt light. This stinulation only
occurs when a radi ol abel ed phosphoryl ated peptide is bound to the surface
of the Streptavidin coated SPA bead causing the em ssion of blue |ight that

o o, . e o S



Anal ytical Biochem stry 1999, 267: 294-299) to determine the ability of
test conpounds to inhibit phosphorylation by reconbi nant Pak2. N-term nal
and C-t erwonade/itbm8 tagged fulllength Pak2 protein was expreae@mhoirsoE. col i
and purified using N 2+7NTA-agarose. Test compounds were prepared as 10 mM
stock solutions in DVMSO and diluted into water as required to give a range
of final assay concentrations. Aliquots (5 ml) of each conpound dilution
were placed into a well of a Matrix 384-well flat bottom white pol ystyrene

pl ate (Cat.al ogue 16). A_20 i xture onbi nant purifije Pak2
enzyne (1&%9) %rer#\\%o 5ty nyfat 847 Sg%t imaé’pgub atl:?aoclym‘c"rlc Rateris

(Bi oti n- Alspleysallys- Cﬁd&@iﬁh@@étﬂé’ﬁke"écﬁteﬁer Jor tWetr4 . 5uwts of filler

Val -d y-Thr-Pro-Tyr-Trp-Met- Al a-Pro-d u-NH2; Bachem UK Ltd), adenosine

tri phosphdeéneapmd mtoséﬁwrtaberfl é&PaderPéﬁf@athmpho%mt @or(usemvrerp 33
nC /well) uf f, ond C ri o 1 s54C 0n1\/9
EGTA (0. 1m%1'\ﬂ/;e,r§€g.\“ r??m er uéngéal [)Eug[m g{g()O 4? rgg\; n ), OJJ'(;il t%llp%g refl? rﬁ%bﬁ‘?

and magnesigmraesdt atsd (190 VrM]SstofnéubbéedmanamamtO IEentpxerat&‘:m’e/for 120
m nut es. nt r wel | s .1 hat produce maxi nmu nal caorrespondin

maxi num eC(z%yrrecgaPctl vi t;y'}%eere %?%%f%%o r usPiy 5%‘%@’@6%%&% e tE)eFrJt

conpound. cGaptrielswald sd het . pyodused a-44d rpdmyﬁ&ﬁ@aha@@fwﬁpomlm to
fully inhibited enzyne were created by adding EDTA (62.5 mVM in 5% DVBO

i nstead of° té§ft°c8r%§dﬂclerrﬁ‘@§élsa§é% O &l (O %r‘l@—fv\@rfe Igl®0 i ncubated for 120
m nutes at anbient tenperature. Each reaction was stopped and the

bi oti nyl ated peptide captured by the addition of 30 mMl of a m xture of

St repflvi ﬁiaﬁdc@@tr@@Sﬁ\fE IRA ehelad sinﬂﬁqra(bﬁrmrmmﬁmmmmeisalﬁ_at@f ogue
No. RPQD2 5 A Tr.i.§- HC pH7 5 buffer containing 0.05%
sodi um az% OPI ﬁf%?gteardﬁi g gﬁlﬁﬁe 3% r’fyéfg% ‘Caesi um chi ori de
(final assay concentratlon of IM. Plates are then left for 2 hours on the

bench before bei ng counted on a TopCount. Radi ol abel ed ghosphoryl at ed
P

bi oti nyl at8d gt FABPPS 1S Merts i alit uthe & iedaniehf rPakos medi

phosphor ylratken. pdhanSPA-DeAMR AN 39 AcsCidnty| bANtathakocanyhg stimul ated
to emt his stinmulation only occurs whenaradlo e
phosphbrylaézp@@jdpepfﬁl deltls bednd ﬁJO:SttheaS;mctace dfthd heaBipeptfavi i rexcoat ed

SPA bead |n sion of . bl ue, ht that can be asured on a
scintill aﬁggﬁ c%t?ntsearl A§CJE)S%I %ﬁjrvneﬂl% %?é%ﬁhéi WYP%@% ?llaes"’esdtacﬂi vity
results iBudnad3gawutsilgnalt 1.02,t ke ofeasenge of 1aRak2 ki nasgnd nkibid or,
signal strength is reduced. Pak2 enzynme inhibition for a given test

conpound Ra¥ &eprEs¥edthenart 150 Tagusatie) afn $Alier PARANEN AR say The
assay Usefla$Cipu i LiatigfsPr oxi nity AS5ay (SP chpo sson et al,
Anal yti cal agl ochem stry, S1 99, 267: 29%l f%)%%gge{ger %éf%ﬁ%g |Fé|){]y of
test &dnpéends €@ .i nHFTmtr@mmeyybetleasbyhaec@r@bl marefeRabl.y Thes ki nase
domai n of 4, a 91) s_expressed in E.coMas a GST

fusi on and %5I’I fgl'gklg%s?l resfer éé'}l £585° E’nﬁ& ?pandard purification

techni ques. Test corrpounds Were prepared as 10 mM stock solutions in DVSO
and diluted,into water as required to give a range of final assay

concent r abPofs SORRHIS I(‘%t?r’r”)ajof sBhERRbUpaGSd vdiesutd oﬂaoﬁeli@"ﬁllac@d into a
wel | of agMatipi x 384 pf rat 50 te la | ogue
No. 4316)G EO m%?%irle g? rn%?or%blmr?grﬁ pu?lg%L g)él@g)%% e&nztﬁraege( nM, 1
mVl bi &% i n?PaFéElMepppdeld§@b§t8rS@t ehan 1000 ppm, preferably less than

(Biotin-A Ly I o- Arg- A

Leu- Val - 250Tﬁiﬁmlﬁr gno%ey Efg ?bﬁé' 2 g g‘ﬁ"nNﬁrsé) BRRh&H BRYLh2 Hdenosi ne
tri phosphmééa(.A‘Ela,tlzarm\/le @3PNbapeM*edo@dghpshne it phesehaba (BEMATP; 33
nO/vveII) and .a buffer solution %]conprlsm Tris-HA pH7. 5 buffer (50 MV,
EGTA (0. 1PRRFS 1BVi heCseARAH™ ba r?a(l@l 1PeYREYicdimatiestiflei il SEBHT; 5 V)
and mgnespipbagetat 8610 dido batefl gt aabh onG Hbeuperabulg for 120
m nutes. ' ntrol wells that pro uce maxi mum si gha correspon I'ng to
maxi ndin ehlzgne é@@iow tgpmerepmmmwy ]LESEIS’]g ’SI%IDI\/BSJODnsp@md ofnotrest

conpound. pr.qduced a nlnu Si corresponding to
fully thgg?%%gﬂeJﬁ% rlfgs\f/er &elg’t%eé’pﬁ‘ﬂ/ fﬁ’wg(gé ﬁ'ﬁ'ﬁ iG3 SHAPDVEO
instead ofetegst ceé’mpomdltThQ@ean 1§@i&<§l EEERLER: aiﬁé) kReuhat e¢ for 120
m nut es at anbl ent tenperature. Each reaction was stopped and the

bi ot i nyl af®Hd pBRLYHE td&ptiftear IR (e iaddiaidncenpeeife - o re feivabdye of
Streptavidin coated PVT SPA bead slurry (Anmersham Bi osci ences, Catal ogue
No. RPQ0205; 250 ng/well) in 50 mM Tris-HO pH7.5 buffer cont ai ning 0.05%
sodi um azi de followed by the addition of 30 ml of 2.83M Caesium chl oride
(final assay concentration of IM. Plates are then left for 2 hours on the
bench bef ore be| ng count ed on a TopCount Radl oI abel I ed phosphoryl at ed

N 1 - .



in an assay signal. In the presence of an Pak4 ki nase inhibitor, signal
strength is reduced. Pak4 enzyne inhibition for a given test conpound was
expr essedwe0@nob3380 val ue. Typical activity of the compowmiRc001150t he
range 10 nMto 20 nM Assays to Measure PDKlI Kinase Inhibition: (a) PDKI
enzynme assay: The assay utilised Al phascreen technology (Ul man, EF, et al.
Proc. Natl. Acad. Sci. USA, Vol. 91, pp. 5426-5430, 1994) to neasure the
ability of conmpounds to inhibit PDKIenzyne activity. 6H s tagged PDKI
enzyme was, express Lo i 1. cell n urifie [ Ni and
convent i o%?t? %’rug(} e‘?ﬁ glgﬁrei B?S%qgtsl oﬁkrre lﬁoggo 0091%,_ E[Tgﬁ%c(gl?}ggﬁﬁﬁ \j\!geraéeiaslpr epar ed
as 10rM stackoas! uhi eas d redoyiss o whted 2l | Dsoleakertham raIpo rgsht o gi ve
a range of final assay concentrations. 2m ali quot% of conpounds were

di spensedPFREELEPEYndeSE ot LOROY &Ptre ™UE WRFFIBFaPLY (E&sSal ' RAR

no. 784075k 0oFRpmt hesgebi ¥ty a83@Ythbe 286hppel.! was added 5mi of a mixture
of 48nM native peptide

(Biotifd-Ahx-11e-Lys-Asp-d y-Al a-Thr-Met-Lys-Thr-Phe-Cys-A y-Thr-Pro-d u- Tyr
-Leu- Al a- . . . .

Pro-G u- VAISAMGYRHS- Tu- B8 AFY- PPE- ERECEEPSG 128 BatE WY WSHY Phe- Ar g
- Asp- PheiAspETYTr - [[edAtaifsp- TCpubHi g Bachessil Lta)omnd 1206 estesrosi ne
tri phosphat e %ATP) in reaction buffer conprising Tris-HO pH7.4 (60MV),
magnesi unPREEEEPECPRIMY) , EGTA (120mM), DTT (1.2mM) and bovine serum

al bumin (0.12ng/ M ). The reaction was stalled by addition of 5m of a
freshly prepared solution containing 20ng/m of purified reconbi nant PDKI
protel® i Acceadinon Hsuf & efcamdh nesretedodt theom neepeianur &hfege 46s

m nutes. E .r.eacti S, Step cadditi f .oml  of sol.ut |

contai nin %P’%gsaota g‘%f\?%}d( nggggfﬁg éercgﬁlpglsﬁurjﬁor? (a}cﬁcg(?%])?d qEIII]SDFA
(90MV), astidphasphoadbect308adnt meathyd B&MPTSystienm, Catal ogue no. RF8871,
(200ng/ M), Al phascreen streptavidin donor bead,  Perkin El nmer Catal ogue no.
6760002B ((%(bnﬁgﬂrﬁftéﬁa A phasEFe AP PG PR aeEtpt ol WERE PetWi PEI mer
Cat al ogue18Qs 6480 337R (RQppZnl). Plates were then seal ed and incubated
overnight in low light conditions before being read on an Envision plate
readeit5 ( Pdiki n El Aepfacthrporwist weteshl polvasrdd imabaraat efadh asay

usi ng si th?r conditions to the activity assay but in the presence of 2nM
phosphorylatéd peptide [Biotin-Ahx-Ile-Lys-Asp-

A y- Al a-Thr- Met - Lys- (p) Thr- Phe- Cys-d y- Thr-Pro-d u- Tyr - Leu- Al a- Pro-Qd u- Val -
Ar g- Ar g- , X , , .

d u- Pro- AFGEFRED et R r - B 12l RERGIE G Mt-2Phe 2Ry AEP- PRESASE Tyr-11e
-Al a- AspyékpriNHed, aBashamngKtlt @hi@nﬁi%gﬂwhg?bb‘@ peptide. Control wells

t hat produced a mexi num signal correspondi ng to maxi num enzynme activity
were éPeated by using 6% DVBSO i nstead of test conpound. Control wells that
pr oduced m rrug% I gnal_ .we eat by. ' TA.(O far e
activity ggsa@{ or ?/h(g%diattl oi{ngao%{E 1303‘%#1\4 %]g%?r%gg?g?béuté %%%%hg agrgi]’ef act
assay i nstead ofretfestbdgnmeaundsadfhosphiy yl aspdcbadlynyltatiedgqre®s dey i s
formed by the acﬁgiv'x of PDKI in the %cti_vity,assa and i s subsequently
bound by Phe ST pHoEEho BRYTEIOE afBBoAFL Thes ShBPESS: st hen it ur ed
by both thetsbhephaviidasrdanor weadpvd feidiS1y NLer aekhis@n oMt ki afd#  and
the Protein A acceptor bead via its interaction with the antibody. The

proxi APt yrsefehabdvnat ahepakcdpths, bespcikoid enall éscastandf er Kof af ngl et
oxygen frqomgh o] e i.t;ation at 680nmto the acceptor bead
causi ng e(rgng]%gi g%ga{agéﬁg- ggolr%élgﬁﬁghétrength of signal is proportion to the
activity of the PDKI enzynme within the |inear range of the assay. Hence the
presence of .inhibitors of PDKl _activi i1l djmnish the em ssiaon at

520- 620n uPlBRBELVnhF i tg?a%t i Vi tf§gwaL8/1Fe\e,r\4‘p%ﬁ'? as?an +€¥° vatlie ¥4 om

dupl i Catee@E@éﬂé@ﬂ?”F&t (BLaBEKI 2gel kgassay: Asiper tridfst hg B dathway,
Akt is a PIF pocket independent substrate of PDK and phosphoryl ation of
T308 3% Aretepiavi des eheceed mpgdsurantofictad |vwlibh PDKI lewstviOry. Kel |
types wt I t.he PI 3K thg\@y e 3K ca e oyed in
an assay ?ggg%?%égﬂgvgiftd lteﬁeStngledIan’o S |err% %J[gg%ngfs%)cs%'gn?%a{t ﬁ/ay flux.
The cell aasayLarilises a phospho specific antibody to detect AKktl
phosphoryl ati on on T308. Breast adenocarcinonma cell |ine NMDA-MB-468 cells
(PTEN null) were seeded in 96 well plates (Packard Viewpl ates, Perkin El nmer
Cat al ogue no. 1450-573) at a density of 104 cells per well in 90m and
grown overni ght at 370C, 5%2. Test conpounds were prepared as 10OrM st ock
solutions in DVSO and diluted into cell nmedia as required to give a range
of final assay concentrations. 1Qul of conpound was then added to each well
and cells incubated for 2hrs at 370C, 5%C2. Cells were then fixed by

Y. Y. 1 AN~ . T Y P L Y



Briefly cells were incubated at roomtenperature in | OOM of bl ocking
buffer (PBS, 0.05% Tween 20, 5% BSA) for | hr and then stained overni ght at
40C wi t h wOrthogmesszsel | of sol ution of anti-phospho Akt P8@&pendddooxdy ( Cel |
Si gnal I'i ng Technol ogi es, Catal ogue no. 4056) diluted 1/1000 in bl ocking
buffer. Followi ng 3 washes with 250m of PBS, 0.05% Tween 20, cells were
stained for I hr at roomtenperature wyyh 40ul of a solution containing a
1/1 000 dilution of goat anti-rabbit 1gG (H+L)/ Al exa Fl uor 488 conj ugate

(Mol ecul ar_ Pr pbes, t al_ ogu 0. 10Q8) in blockin utfer. After,a
fUrther 3i0aShas HeiT2som At pBeof oo 8arebRose LT POl or it i b

pol ysor bahevihgm¥ preapihdi W iadi deasasiaddgyd prdrthabplates Ireat @ an
Acunen Explorer plate_reader (TTP Labtech). Al neasurenents were carried
out in dupficafeeandlddanti tPedtsPEn&P-used to estimte | C50 val ues for
conpounds. Effect on cell nunber was nonitored using the propidiumiodide

stai ning. Synthesis The conpounds of the present invention can be prepared
in a runbBheofmatdysl weky koowpritse ofiermsking | ediidn ¢dmpeasitbdn ornglni @

synt hesi s, re cifically, the novel conpounds of this.inventign may be
o) apar ot BRF RECERBCR e tina FRha SR LeS CAEELEF O NBFATR S n THF:
descri ptiparef ctihetsyfohret intayretdnssi skespabedlbel awving ish tovdage

understood that all proposed reaction conditions, including choice of
sol vent, veaghfoRfattosiffsite,( rZa@t i BPREfRRpRE 4t Afe loddtatl DT MRS

experi nmen UR + Pk ure re 0 : j ty andard
for that ééggtg%ﬁig tgti %géﬁgerls't%g\gg bﬁ%ng%%ﬁ%ﬁeggq%ln%%ﬁg%tﬂﬂﬁeo%am C
synt hesi sthhat 10Redf, urctiiteridly the 37 esSemt 66mygar poed epabtlivonssaf then

nol ecul e nﬁst be conpatible with the reagents and reacti ons proposed. Such
restricti ohedto the substituents, which are not conpatible with the
reaction conditions, will be apparent to one skilled in the art and

al ternate net hods must then be used. Unless otherw se stated, the starting
mat eri al sTRBr RAFE eRAMSIEP Eoricai At At ki AlarER it t RertéGhtare afqxm

avai | abl epgy gee herdidey ANERArSL-PY 54 89085dx MREHOIS filqm kiownqmt eri al s.
CGeneral procCedurés for synthesizing the conpounds™of the Invention are as
fol | olWs: ©OnPbAndsseit#Foiyulat (1Deacdn bE, YAt hepreédrébom the Jerrsttal
syntheticzgﬁtpﬁgs dg; Ei?gd be%gmgig Sc@gnggs%-lo. A{Qng ali€9t§qﬂifor t he
synt hesi s ! |en8py Fdirng c9 ou%d% o?lﬁ%rnu?%.(mﬁ 'S sci bethih Schene
1. Nitrilparsubatbtet edonint.h aryrh@gr oppsk canabe condensed wssh ginaxylic
acidin a Knovena%el t¥pe manner to give unsaturated carboxyl ates.
Gener at i ok BPOr ABYUaPRYTERILEFI de fol | owed by reaction with sodi um azi de
yi el ds an acyl azide. Curtius rearrangenent of the acyl azide followed by
el ectrophilic cyclization of the thiophene ring gives the thienopyridone
usi nge&er ynhithle terppecdat sl Thess- posyméoihc ohatheiehi epdersaid dgRkan be

t hen sel ective br omi.nat.ed. or | odi pate choice _of reactiaqn wth

N- br ono- %%yi o%%— smt?(rzgctl nib%e ec.{e%ehy%ll% aﬁg%f) angyar erm%ﬁuzsétoinon aﬁls??Mngan
phosphor usxexydhteriie yhekdblg cvextopyrtdi medinier prdtateeswhichy.can
under go nucl eophilic displacenent by reaction of an am ne with potassium
car bonat ePFhIRVP. OAl FERR %?§él9?'FﬁédcﬁP€P859FF8Pne i nt ermedi ate can react
wi th oxygen or sulfur nucleophiles to give the corresponding aryl ethers or
sul fides (Schene 2). The resultant brono- or iodo- thienopyridines can
react2% n PdcaediagedSuzukiiiddet opschi tdf bbheniiqvritdsoror tbeees imnder
standard | i,ng condjtions. The desir t hi enopyr i di car boxani des can
be finall gégﬁgsgte bbgggpgiapghyggopfggggofath%ﬁ%ﬁ#¥$§authfrla
concent r ahedobydngchbothe aniddoasPRAt, Asandi he€abdoroh@rtilkéngynt hesi s,
shown in Schenme 3, allows for hydrolysis prior to Suzuki Coupling. cone.

HCl Schemetl R B(ERFSCELREmE LiSSHemPIMRF Iff dAdLCEhRbr B2 NFodes MV

t hi enopyri di nes f5@n1§ggeeﬁ§n_l?31§a!m§}n?0oqeau%%%g&i@i@f fdJrdiqf ed
coupling reactions such as Stille Couplings with arylstannanes (Schenme 4),
Sonog¥shiri  Coupl tagsawdt i iadsky respdSchamd/ &) , paedaBadhasl dleArimdtddons
(Schene 6) to forgnccor oundg of ggrgalat%l%. Sc@ene 4 Schene 5 Schene 6

Ot her heterocycli@ 882gﬁﬁ%d ©of2E8r nOa 1 5°R&R " be generated using the

al ternate(synt het bptLonaB1 PPt IdomdidtingsChen® hatetiericar ybrakdedydes can
undergo Al dol type condensations with nalonic acid to give unsaturated
carboxylic acids. 1% kil a¥it® &cheRe 1, generation of the acid chloride

foll owed by acyl azide formation and cyclization via the Curtius isocyanate
internmedi ate furnishes the heterocyclic 5-6 fused pyridine. Brom nation of
the pyridine ring foll owed by displacenment with copper cyani de furnishes
the nitrile pyridine. Reaction as before wi th phosphorous oxychl ori de and
am ne di spl acenent provides the nitrile precursor. The target conpounds of
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mal onic acid OHC 1 pyridine D piperidine reflux "LHR2" cone. HCl Schene 7
Conmpounds of Fornula (I) where substituted am des are desired can be

synt hesi zw0 20@s/do63s8Ng t he steps outlined in Schene 8. ArcarGBroeu/doriche
generated from any of the above Schenes 1-7 can be hydrol yzed conpletely to
the carboxylic acid by the alternate use of aqueous 6N hydrochloric acid in
pl ace of the concentrated variety. Thejgacid can then be coupled to an am ne
usi ng any standard am de formati on methods such as reaction with m xed
anhydri des, t he I t the us f 1 de_caqupl ing/ dehydrati agents such
as, but nz%gh mte t%?g P%S-Sﬁlﬁ‘gtﬁfl/}:%?nlﬁgﬁr orp%e)@%éeit Eél car bgg?i %rde
hydrochl oride (ED)) @QithHeefizotekrametnsk-yl)-N, N, N, N -tetramethyl uroni um
hexaf | uoro hosEhate (HBTU), or ., , i ) ,

benzot ri a¥BfrEiY| SHAHT | SPAPRBL hyPAN FE}FhosPhvhi BRILKBREL CuddHoSIhat e
(BOP). Schene 8Nen-RY idylq coppoundse ofs FRrULE ok Gabde syihasized
using the synthetic transformations described in Schenmes 9 and 10. “Shown in
Schened 9, t@- aridofanshr &ni Feuestdenspatises can be esterified using MeOH and
anhydrous hydrochl oric acid under reflux. The am no ester can then undergo
a one-pot transformation using potassiumtert-butoxide in DVBO which

i nvol ves genehat imatlebdartenoddde by kegachronenabbyantar yéa ket en&kqg,

deprot onati on, nucl eo%hi lic aromatic substitution ortho to the activating
nitro grolprefBERSREAPHY &G dftaTh t® Fhe ¢RRBFET MY ephrediedtd. 2Ph&a
carboxyl i gracigi r ofupk+ of b 8e 51 &P £ANL DB cONYLT ted § 0 afARs Ay _
formation of the m xed anhydride with a chloroformate, followed by reaction
with ¥h aataerdHpdr gentdtd ol wft tdwpart rbs gseupcyedl ddnt Hédeamdtihmal,
derivative_t a converte i_ndqgl e conpoynds _aof Far a _(l,). by
reducti vegiém|EE?2r%tsiﬁz'onn'L \?\]/??h Ké 5%5%’%? gltde eyal gcs@A#%’ér rmgtrievéir;%%etrﬁgolé’ni l'i ne
can be coaveltedtt a thadg decdpetyvalivestt heeugh 28 aggt bZatsizad rEfihedol ogy
and then converted into caonpounds of Formula (1) by Pd or Cu nedi ated

di spl acen’@ﬁ’f‘%sv\ﬁhsﬁﬂﬁﬁ&%r al cohol s. Schenme 9 Another route to

non- pyri dyl conpounds of Fornula (1) is outlined in Schenme 10. Nucl eophilic

aromati c supsti tution of fluorine with am nes, alcohols, or thiols foll owed
by geher afibhabivanatni Leaetand stbseqrafietap¥vnnoieculeastel dd rdhilic

aromatic i jon_oft et ! strong aci d can.gi ve.the various
5-6 fusedgggé{:ie%rgibmg%r eg(éfa?gnt aénr?‘?’b:e ggn 816 at])%~ astted plor%’[ygleﬁ&r?- pyri dyl

conpoundsmstuehias benzathi ephepestobnbenzotdiags tof they Milrat( laspesitng t he
previ ouslx descri bed transformations in Schemes 1-9. Schenme 10 Exanpl es The

i nvent i on™ i FPLAGWSHe 1 t ARRtaeked i BabPwRth YT enc& It o BaFE F& g ng
iITustratjvel exagphes i) Wigdhidinhess staled othepw ¢ skiih trgMmesat ures
are given in degrees Celsius (0C); operations are Carried out at room

t enpet@t uR@2B? - anbi ent tenperature, that is, in a range of 18-25 0OC, unless
otherwi se stated; (ii) solutions are dried over anhydrous sodi um sul phate
or magnesi um sul phate; evaporation organic of organic solvent is carried
out usingIa rotarynevapor ai orbatnger ofeduesthdyiess ume ek 130 mayHgbewi th a
bath tenperature OE\ ug to 60 G (ti [ i% chr omat ogr aphy neans fl ash

chr omat ogP BPRY SR SRVERS Gel"eidhitn Afayidr 3 Shat BgKdphPrETEERLY é4rried
out on siiéga geh E??t@§pe6&¥llyna9398£§£,5©hﬁggourse of reactions are
followed by TLC or TiIquid chromatography/ nmass Spectroscopy (LC/ M5S) and
react4®on tinmes are given for illustration only; (v) final products have
sati sf act r e tig resonan (NMR) _spectra_and/.or mass
spectra drg%%(t; ?\‘??)th%% 2#%2 2°?°§%%§n ST ugf%(r'%a i%%&%% %/t%nﬁ‘aglgélﬁ&t
necessarilyt¢ hoseanhichleas Bermpt dbnedxbypilleki geahupescess peavekepnent ;
preparations are r,eglgated if nore material is required; (vii) when given,

nucl ear rEghePPE tHESGAESC E YNVRT2 HaCamPS iR (B FidiiA Bf 28eegcrdbedal ues

for maj orzdbeenosdi €0 PEREORSurgh VeGP part per mllion (ppm relative to
tetranethyl silane (TM5) as an internal standard, determ ned at 300 MHz in

d6- DMBO unl ess ot herwi se stated; (viii) chemical 'synbols have their usual

meani Ngs; (1 X | vept ratio.is given.in volune:.volunme (v/v) terns; (X)
Rochel | e'rlg(elSa?nﬁglgs os%dfzﬁﬁigﬁgtlags?“t%etrd‘r‘a& at’s: S %’ﬁ‘fjgc%lge% e fP&h
di i sopropydetihy| prbnedé® EA) 2 pack. Said pack may contain particles

as described for said fourth aspect.



(xii) Purification of the conpounds are carried out using one or nore of
the followi ng nethods: a) flash chromatography on regular silica gel; b)
fl ash chrwoab@gmely on silica gel using an MPLC separ aPCoOGERY&®N60
prepacked normal phase flash colum cartridge, flowrate, 30-40 m/mn; c)
Preparatory HPLC system using a reverse-phase C 8 colum, 100 x 20 nm 5
uM (or larger) and eluting with conbingtions of water (0.1% TFA) and MeCN
(0.1% TFA) as the nobile phase; d) Chiral Preparatory HPLC system using a
chiral colum, e.g. D acel(r) colum (AD, OD, AS, and/or QJ stationary
phases), 250 x 20 nm 10 uM (or larger) and eluting with conbinations of
hexane, | $QRUORMRos il Hha e &1 M WEN R epYrdid SOAPT@PYE iKMW ammh ne as

the nobile phase; and (xiii) the follow ng abbreviations have been used:

Cl V conceRCEAE8d 008 /084802 /RTtmdcert epbin pEnpdrigburare Bomcorporated
tert-buto r.honyl : otJ.i . . ,

1-yl oxyt r:%}%%ﬁﬁe;g &y Irae?‘lgr?oe)%p osp foe?i}geﬁgn%-q]lélx afj1nuotrhoep h%es%rrl]%?’e; s%h% I\FlrSJC

tri but yl apoigmeCBZ henzytbxycarbosylqd DihpNsiNidinnmeshy| fserlrmardede; addS0

di et hyl sul.f oxi de; NMP N th)i 1-2-pyrrolidinone; EtQAc ethyl acetate; ether
di et hyl eftéf EHGT efhhfoltS %ﬁf—f ' Fshyat oftlir efﬂ:ew net aRb? LU RRON

acet ont i lsg;i tBBAyDOltphaspheghpe agt e TRFAL T bbbl UQHARGRL | CLiREl dpne BRLH JEA
triethyl am ne. l\/gst of the conpounds prepared in the Exanples bel ow were

i sol at ed &smpREakydeodfl orae Sarst phlyhewic| mpgeappar emd tlBne B skil |
in the ar sed he S .Q.pre et co und as

evi dencedtsggﬁt hefﬁﬁﬁ{datﬁgﬂ@%yn%fe &l{“%etgr&gl Bk ﬂ}?P e §d(§‘(§§|

2- phenvl - 4eb@38repivpertingi M.CR \d griafd tdtilan Rt o iai aenTacarbodxam de
Step 1. (22).-3-cyano-3-(2-thienyl)acryljc id. To a stirred solutjon of
> thi enyl S60fort AhiTh TeA0E g U bk EPRLReCRECS00 THY | 8o DeeL S

gl yoxyl i c raglegigmnohydr afe1{d8. Sndand. 20-dh)i xR0 RALASS ughearpppate (25.5
g, 0.20 nol). The reaction slurry is placed under a nltr(_)gen at nosphere and
heat ed t o PEEMgX1CAf MateZh atlhe angactlf8n arst urelisncoofeddt cetevalrrdt he
product i I by filtrat] The fi ca | S ]gl% . a | arge
anount of %I\e/g%%(?gggqtehen dri edgpgggb%/gcuu!r#%ggn O\ljzglréni g\rlﬁg?% é|§\%/$epjz§rl 1lg
(999 16f teeperbitereonpourite afiasthpbeyneystahbitee ipdt assl ummsal $aidHNVR d

I ER NN N W XM S RN
(22) - 3- cvarak3- 62- t BhenyhpaehboybnabtpetdeTM 0 Bostitsed SPbifhon Of
oxalyl chloride (2.6 nL, 30 mol) in 10 nL OCH d 2 is added a sol ution of
(22) - 3- cy@REeZ1e2- taen§PFact3ddd cLEB d Sdtcasel evesaflt Yempergture 3ismol )
di SSO! ved 'r@f%gami OcaCEHZl%a?st A@O@‘d@' Shgnﬂgrénﬁlf%%egagigp 25 |5 aij%t until
the viscols heterogeneous reaction m xture can be stirred easi |ly. The
react 2on i3$08€i.r Aeldrahndr gatlwargl ,h Hte mtal tEre Siotdtdsp @l ene ehoveslt dyial
filtration_and shed with generous _ampunts _OFCH d 2. The filtrate and

i shes areaf?%nbi’ﬁgd ehle cﬁﬁégﬁ??’at BRtin }i}%cu%g%e’f/i P28y RBI¢HeR St e
conpound thatkolsdused | Filhemext Ki@P. a¥ eFibrous mats or woven
(2.Z)-3-evano-3-(2-thienvDaervl oyl azide. To a rapidly stirred suspension

of sodi umfaPirdes¢ 259 haocemprsita maberiplnprepesest Wimpairgawatks (20

niL) at B El%jf;qﬂ | gt : ( 3:cya -(.2-t hi eny yl.oyl
chlori dec?g.rg%g, 12. @rnfgl ;ﬁtdglggég \'/egt'?c?% gé{m%ggedfoégﬁlgg g%'rhealc ion is
stirrétl feub3faninaldly O0€idednmillfendakpewsddt otheauvghotitaf tiee |£2bstf urt her

stirring. _The reaction is then d to ~ 100nL of water. The precipitate
formed isPPIVPEFa], H\?&?ﬁéﬁivwatn@a er, and dried in the vacuum oven
overnight to give the title azide as a white solid (2.0 g), which is used

in the next step without further purification. Step 4 :
The composite material may be prepared in a substantially

continuous process. In this case first polymeric material
30 or said composition may be constantly fed concurrently
with a stream of filler means to a location wherein they
are mixed and heated. An example of such a continuous

~ process 1s extrusion. Another example (which may be



4- 0x0- 4, 5-di hydrot hi eno [3, 2-ci pyridine-7-carbonitrile . A m xture of

di phenyl ether (260 nlL) and Bu3N (53 nL) is heated to 210 OC under a stream
of nitrogwo.20d/®bissry of (2Z)-3- cyano-3-(2-thienyl)acrycodam/mmes)ls5. 0 g,
73.5 mmol) in CH2A 2 (30 nL) is added dropwi se over 2 h (vigorous evol ution
of N2 gas). After the addition is conplete the reaction is stirred at 210
OC for a further 10 mn, then the rea%tlon is allowed to cool to rt, then
in an ice bath. Hexanes (500 nL) is a éled and the precipitate is filtered
of f under suction, washi n%wth copi Qus quant,ities of hexanes., The obtai ned

solid is BRFEHCHA2ELVaERHRVEPEN "HFERATg IS iHEE MRERS TP RGES5Ht & n t he
title COWE%@Qu@sfqm@rs berMv%’é léalﬁglﬁgg g, caﬁ%muydle\ﬁlday@e%@odsbr s,
IH), 8.29 (d, IH, 7.82 I H), IH). LCM5 (ES, M+tH 177, M= |
75). St epmsssz B oA okbmushdl hydtre:itw enmpzlglcgpyisa@l‘iinewlmml trile
. Asolutio 0X0-4, di roth -[-C ni le (0.8
g, 4.5 mBf eFﬁ i "t‘)n‘%o émc%d u%%of Lg)'!tul C ?988 Iﬁésggha“gd,ed wth
N- br opsueempiciisde & 106nglnﬁoﬁBD|J)eng'Hhe ear Klb&@@fsl Ofumeot ube,i sndgated to
8Q0C for 12h. After cooling to rt, the reaction i s added ta -100 nL of

wat er whi Péegﬁifﬁpllﬁg aTﬁéuﬁlaIléFYt I QR vedisuthitdRmed b ikt @Y R - 10

Wi th sat. ,MaHCR, sH1G dakeeUGl: 'ﬁeé’?& at@egoax bk BRRLT ahe VaSed i wat er,
and is drledlnavacuum)ven( g, . IHNMR d 12.6 (br s, IH, 8.38
(d, I1H, Zikrops, miHs IAYS (ZESPrMSIeI=255 tdw,l—l=253)mg$t elpraid woven
2brorm4c|oroth| 2- b Ltr qu of
2- br ono- 4- og 2 5- %odjrélthfaebnlg{% 2- c? Ig/:rLI'(‘: RQ car%on a?ﬁ eu CI;
mmol )1@i ssabvedsi nn:RQ:I Bayldai hi‘raﬁgbﬁatsﬁﬂaéﬂhmﬁfdm oueﬁrﬁbghuy Afd er
cooling to rt, the reaction is concentrated to dryness under vacuum The
solids ar éaEPlSWIlY YA§heAr EPGI M$SSuspended in ~50-100 nL of water. The
product is obtained by filtration, followed by washing with water,

saturated NaHCO 3, water, and dryl ng in a vacuumoven (1.0 g, 83% 1H NWR
d 9.10 (sAlItIeI)fnaslzelQ/s tInIeI) COEI@IVSl(CESmaIVIeHiEE)HaYStb@p prepagrad Hut i (

7S fr T-cyangs-hi gmBLl epoftSesgl Pyridi nyiyPar gl pi nerighngsd earoay! ate.
To a stirred soltution P

2- br on®- 4ambb@.|totds|f eneid, 2fCkpyr igh Ingeei-icar hanekiblle 403448.ap 4nd6 amol )
and tert-butyl g - 3-am nopi peri di pe-1 , -carboxyl ate 040 2.0 mml) in
NVP (5 nLPTPEesgqBdngot 289UGh & bt ef {68 gheansg) 9 Sgﬁﬂee

het er ogenggus c%’&fa%rt%d' snbeat @R SRCH:Q 3k ¢RARLdP cand dden
added to ~50 of water. The product (880 ng) is isol ated by filtration
and dri edth?FhemeSttI eeckipiuhe neteuieherngurdiGh edo uBE A MnLdC qa&mg 30- 50%

Et OAc/ Hex s a I cr t [1ine
cord. i REn Tt P et [OF0 BRa A1 90 KBNS IR

3.74 fm kH) fo3mb@ EuobskEhti2l1§- 3n2Eofm cBH))osltalm(amerlllaI)l 1 74 (m I H) ,
1.54 (m IH, 1.30-1.45 (m IH), 1.21 (s, 9H). LOVS (ES, MrH=437, 439; MH,
435, 437). Step 8: fe”-butvl

(39)-3-{[ Z- e¥anQre (Fgﬂ&éﬁélﬁé&@f‘@é:? Soft B¥EL A Ns41¥naniRe} RiPsfiLdine- | carbo
xylate. A m xture of tert- but yl

(35) - 3-[ (ratpanela- bﬁ@m@pﬁh 6Ra[3 fildepy medins- 4uiyHad rdalgdiysed diass |

el | adh uneO et Y (ST ohob oy neh T a0 PRRAE Sy T TR ol ),
and ce%i unreearbtokmateo(()’ 4ﬂzta, leSediml )y Aakesdi skohvel. 3 nwwat es£( al nl),

and di oxan 3.m.). This reaction mixture is stirred at 800C for_J|h under a
ni trogen Bﬁﬁé%bﬁé?@r Qﬁ% Eh&NPRI PORER &6 ddeito att 1efte W%t 3% Grenoved

with a pi g@b'&:‘%réB@ dipxangsiss #1eamVadoueder s yACYHE fbﬁsﬁe%di%éﬂoou“ fied

by MPLC (Si @2; 30 0% Et OAc/ Hexanes) gave the title corrpoun (140, 789% .

1H NVR d aan@r(tgl |49.98. 84 ldsuigl whhcls wild (snably B8 7me733t(uo ZH), 7.52
A,

(dd, 2H), d, 4. m I .6-3.2
(m 2H), Sgﬁgf‘gg I%'%&Q 1.82¥fn€§ Ifﬁfﬁ)cl.%%ﬁ)(r‘r# rT}r‘ﬁ) ??af. id%% ’ggk’h?kg 1.24
(s, 9¥). I].SNSr( 8,1 tMHEASEs 1 i Hehd83)khabt @ %he polymerlc material

2- phenyl - %38 - pi per| di n- 3-yl am nol t hi eno [ 3, 2-d_pyri di ne- 7- car boxam de.
A sol uti oﬁ BRet BPESHEEPI YRS Sthq[sia%%/a‘ﬁ%n‘?liﬁb%ﬁw)tfﬁlreﬁé‘ample an

[3, 2-c] pygkgbﬁlé yl 128y } Pi pepiydi nesy Jyp £ar boxyhgl@ (80 8F-40. 1§ i mol)
and 12N HC “(cone, 4 nil) is stlrred for 24 hours. Water (10-20 rnL) is
added andd@péepb‘ll@ﬁlphensel dredrriablyd) ust ctet met®od, 1 swiktst agdtia INgHCO 3.
The material is isolated by filtration and is washed with a small anmount of
cold water. The material is dried and then purified by MPLC (Si O2;

NHAOH MeOH/ CH 2C1 2; 2:10:88) to give the title conpound (24 ny, 38%. 1H
NVR d 8.58 (s, IH), 8.27 (s, IH, 7.98 (br s, IH, 7.79 (d, 2H), 7.55 (dd,
2H), 7.43 (dd IH), 7.34 (br s, IH), 7.25 (d, 2H), 4.22 (m |IH), 3.21 (d,

"~ N A
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This invention relates to polyneric materials and particularly, although
not exclusively, relates to conpositions and conposite materials which
conpri se wopodsymeszsc material . It is well known to compowreB2pe/opmmsni C
materials with fillers in order to provide conposite materials having
properties which are inproved, at |least in sone respects, over the
polynmeric materials al one. For exarrpl? a pol yaryl et her ket one such as

pol yet her et her ketone i s conpounded w ]51 up to 30 wt % of glass fibres or
carbon fibres. Such materials have been conuerciall vai | abl e for. many
years frome Vildigudd PPéagRdEE2BRe rdifes SYRER @E@Pgﬂgbﬁl AT’ 150CA30
respectiv These ri.al s el k ol y&i et et ber katere ahavi rgian MV of
0.15 stp%éé{%crlld gé vvtré?%ttglfer?i %rﬂdﬂs %ﬁﬁtgr .Iy(lgt%iﬁs difficult toai ncor porat e
greater thamp39iwniémof oy | l@r makénral s domRYis gy ynépid mRBATATSuch as
polyetheretherkegone because the nolten conposite is too viscous for

st andar d BtErbiocessi ng equi pment and/ or due to difficulties in fully
wetting out filler materials. These problens have been addressed in the
prior art as discussed further below US 4541884 égo%siv\el | )_reco nicses t he
di ffi cul t ReBiaEsa6 atRIERATE HI N i TP rApH 9 npPegnatitst G° Rt 1r% t ow or
roving if,Lpg yLecosidy ahd Neafig! riafl A PaLKAR) usedeablyod filiiesThe
problemis solved by drawing a plurality of continuous filanments through a
mel t conpieésksnghanniOtOde mHrts thervobikist (ePpdl pieenard kaldingt iSa&4Y high

| evel of plasticjzer fqr the pol ynmer _whj (S r y b : yWhi ch
can be voBgti?i Y om t fE c ‘}éSi :Illonr.ngg‘%% oé&[ehgﬁpq a '[%},ng J%gr b%fladxi ci zes
the poh ynBbliRethe Milateandlgi vesia melitctofrer eduesibndksigosidogeompared with

the melt viscosity of the polyner alone. The docunent describes, .in Exanple
1 , the usgcédfidg pinwt §od toPLSSEREt Rér éméﬁz&ré%ew(% %éj FrHRVT N W of

110 Ns/ m dilﬁngny Ipf@(ﬂe B3P WH¥ asipl ayddiGhmeric anghvdstal n
Exanpl e 3%,'6t'a§e se ofée;fjol yet er%t herketonel( 10? p?rts by Weipght (pbw) )

havi ng a B¥edbr2BlNs/ ne2idamd aliyteenihstighenel €390 W O -BPBr #¥%Wadi ngs

as high as 69 w % are .described., D sadyagt ous| t SS
descri bedmpéﬁuiprrfsfaelfsaé%(yarclldesd? stb%a@al G?l(') ?gl grggé %r%yl?r#ssﬁ&g; p éz;%t Plg:}?éz:rgr with
consegyenpi @1 neswasedegestsblef the padtessLorUSes21B889 anCogbheline sol ves
t he sane problem by using a _thernopl astic_pol r havin ery low nelt

vi scosi tysadf |eEsa haho8D Ns/ fF 2 s Hor EFerma%quE\jl'i nltshegq(g?%et{) tOhe_LO Ns/ m
2 to enablg wetting, of the filasenis: ThRedbsel Osea emd Sagase prekessi ng
steps to increase the nolecul ar wei ght of the polynmer, after preparation of
t he conposichposticd mprtewd dlt s prtdywemeitédeod -More recently, US 5844036
(Hughes) has addressed the problem of providing highly filled conposites of
pol yaryl et herketones to inprove their properties. The solution invol ves

usi ngoa pahyar yloaidhweriket onatemtinilx ang¢ tadvaypesgeofisfyl | bes eae#l sand to
provi de uni que properties. The first filler is a )%ei nforcing filler which

provi des HinGIPSHAN G hd S 197 IS T SRIBHIFFFHRE S| §OFPOnentS
non-t her mapl Ast i&céé‘%@ﬂld{ igbng EiLkERr abpel¥MRlY lile ihee@IDshOLBepoOrtion

of the partial’ly crystallinepolyaryl et her ket one pol ymer and provi de
resi st ance s ophpghdednrer metineddict onakbng PheCaBRORBRE  d&dts i BRENPAe use

of pol yet heret herketone. grade PEEK(t.m- fr |Gl MVigtr ' has an
W of 0. 15KNiYF29 ﬁxéc% \%ér?lgagggusﬁrgf,el%gg(ﬁ%sH%Hlaqng &' T E3mPBl £l

25 material as described according to the third and/or fifth

aspects.

Said composite material may have any feature of said

composite material described according to any of the above

30 aspects.

Said method preferably involves selecting a precursor

material from which to make the component wherein said



islimted inits application to the use of two different types of fillers
havi ng two specific properties described. It is an object of the present

i nvent i orwbQoedss8s probl ens associ ated with pol yneri c poateB20@l/®120d
particularly, although not exclusively, with filled conposite nmaterial s.
According to a first aspect of the invention, there is provided a

conposi tion conprising first polyneric mterial having a nelt viscosity
(MV) of 0.15 kNs pf2 or less and quuig crystal polyner (LCP) , wherein
said first polynmeric material is qof a type which includes: unsubstituted
phenyl nnPé?F%g?°EaWBSﬁ§Pa%DFQﬂ9§§S&ﬁdaeFﬁé ﬁﬁWQQ§%F§rW?WﬁFkéh)ﬁﬁ4ic
backbone @fpsakdihhr $hePY BN IMBledlal MY 1S SHd okl iy easiingd wsi ng
capillary rheonetry operating at 400 OC at a shear rate of 1000s 1 using a
tungst en patpndeidi ematedial 123nmsadld hewgrasids nverie el s des@n bed in

t f MY, Lhi b t i nat el |V i bed
i EPOCOLBTBE] LR a0l BIvee A AP GuT S TERE ALY ero LA A Al y, the

conpossti precansbre miged-ital ptepacetudeftd c<otpapetratmaterdfal grdwdmng hi gh
| oadi ngs of fillers and the first polyneric materj al does, not need to be

caused totbépyﬁgpf§e_P&qfﬁéﬁgé§é%qﬁﬁtﬁﬁlé@@ﬁaﬁ%ﬂﬂiﬁn Bt Preat i on of
the conpogiheeqAddi Li @Al ORI a3k ekg@bdlisof @GWed to reduce the melt
viscosity of the nelt. Furthernore, a single type of filler or a plurality
of conventional fillers can readily be blended with the first polyneric

mat eri al .Qrepare . a co ife ri pd_ftirst.pal rd teria

sui tably %%%Ha%%ﬁc§Fﬁgi{%éﬁ%é%ﬁ{ﬁﬁég@$¢?§$?%rSFSFE%E§R%§g%§I%Mg%l%u | east
0. 07 kdsptampbehieepmeterdhlly datsdredstd B@8ikNsirf2, especially at |east
0.09 kNsm2 . Said first polymeric material may have a MV of |ess than 0.15
kNsirf2, preferably of less than 0.14 kNsm"2 , nore preferably less than
0.13 kNsmsy,21a1, 591, d fAT sthdoumRiic Rt erigdstmay have g-MWeikBpipe J@ange
0.07 to 0.15 kNsm2 , suitably in the range 0.9 to d. 145 kNsm 2, preferably
in the rahgeso. 1%t aoFelpiesmadlymerte Lsreterabl yespeeiml bamfe 2asx to 0. 14
kNsm 2, ;68pec! abhybnd NG Lange Qoliabe Quld JD Ry, Said first |
pol yneric t&riar may have a tensile strength, asured in accordance with
ASTM DF90 of at least 80 MPa. The tensile strength is preferably in the
range 80-110 MPa, nore preferably in the range 80-100 MPa. Said fjrst

ol o i ¢ Hgt oFick iy Rave ol SoGtal v RGER, FETSEERtS detorifance

W th ASTN&@Z%QiQEl%%ﬂﬂ%ﬁﬂwéfﬁgﬁF@ThJ??_ihéxﬂh%bn%ﬁb%ngﬁEﬂéS4&&5&&@b|y n
t he range 145-180 a, nmore preferably in the range 145-165 MPa. Sai d first
pol yner i cagReeki aeladg shdve aa rfdtédyadr If meduings 2 merrereh i hhicdorideshce with

ASTM D790 t he fJ.exur modul ug .. referagbly 1n the
range 3.5fd 3¥gﬁtﬁg$ﬂ%%rgng%e g?a%l?%d% ?héﬂ%gﬁgg %.%yiifgagg.og?é¥%¢ably,
sai d Porsbrpakygser thematkeehioal dvaprdasdagety of formula and/or a noiety of

formul a wherein m,r,s and w i ndependently represent zero or a positive
integer, E and E 1 independently represent an oxygen atomor a direct |ink,

G represenhs aR1@xdely & OPredufssLChatbPKalr a8 f@fRA-iedi&idryihiry e Ph
represents a hené[ group and Ar is selected fromone of the foll ow ng
Ly

noi eti es {P)tee ERilydwkis@®cits bonded via one or nore of its

25 AND

(B) treating said precursor material, thereby to form said

component.

30 Preferably, the component includes a region having a

thickness of 2mm or less, more preferably lmm or less.



phenyl noieties to adjacent noietiesUnless otherwise stated in this

specification, a phenyl noiety has 1,4-, linkages to noieties to which it
i s bondedwolod(i0y338 t he m ddl e phenyl may be 1,4- or 1 p8vsisesdc/doutced. |t
is preferably 1 ,4-substituted. Said first polyneric material may include

nore than one different type of repeat unit of formula I ; and nore than
one different type of repeat unit of fgsmula Il. Preferably, however, only
one type of repeat unit of fornmula | or is provided. Said noieties |I and

|1
Il are suigably, repeat units. I.n the, fir polynmeric material, units | and
Il are sui‘%aalb yBBﬁ%gﬁe?g §58 CHidsserin t(ﬁgt DreLefab ol BY REY St BRE tor
groups beigwp ety bebwaerprutdssdr andebkiaWier eywiks great st fhangzero

t he respective phenyl ene noieties may independently have 1,4- or

1, 3- 1 i nkage i e’ Averiori @it day i exthesyapear mjestbbnfoonldbeg! | .
Preferably, said phenyl ene noieties have 1,4- |inkages. Suitably, "a"
represents the nole % of units of fornmula | in said first polyneric

materi & , Suitably, weidi oospohenthi inkludethe saswE;orandavbrigr epr egents the
nol e % of u i%%l()fl fortrrula inp,said first &(l)lyrreric materjal, ,suitably

wher ei n edt it 1PPSYs Che Tane. PEREFE ALYy 2% 1833t t e rAhge BSTE00,
more pref eyaidardyl f het r a8get 458, n8sRAg! &l Ihiidkddes 28080485 58e4.
Preferably, b is in the range 0-55, nore preferably in the range 45-55,
especi al | YYAYF 1t hélr apige Aousdinmng er gbliy, chmpeaend ofawn tioddude ia the
range 0.9 : d r eke by, bsyabout 1 .. Suitably, the sumof a
and b is artéqltjaoéét@ O?tglr)le e%bpygg{?‘ |‘é’2%§h9§1,%%m?et8r é:fkélrezfﬁl yO%t gﬁmgast 99,
especilél | ypraetfmnabl0.ofPradmerabl ygssaid first polynmeric material consists
essentially of noieties | and Il. Said first polyneric material may be a
honmopol ymer having a repeat unit of general fornmula or a random or bl ock
copol yner pofsaitd | Siasdt tyel ghdf &f el tdiids & 4dscMWSLLi Refe 8RB, be

i ndependently represent 0 or. land E;E ,G Ar,mr,s and w are as descri bed
in any st&eFedy Hevei fultmkle methed nat Ayeciechrebhstiipobyeeess mayeri al
conprisin nj ) 4V di above, i ynmerjc matertal . be a
honopol yrrg)reuhg\%iéﬁg 6{as r g%%g?i%%gt %? ggr?gjr%gggfggrbr’ml {)iiora akgg%%ﬁgg%ll%l ock
copol yher rofocatss| easty t e diddet ends undéscofbdd/* iher EP0OAORTOB |, or

i ndependentl.y, r Oqgr 1 and E,.,.E, G, Ar, m, r , s and w are as
descri bedrﬁdg/gﬁéggtggggéent RhQPE?ﬁ‘?pg}H‘ér%‘P%S%’i% BRrPi9er9%Snge 0-3, nore
preferably 0-2, especially 0-1. Preferably, r is in the range 0-3, nore
preferabl&ro-z, especi aIIX 0-1. Preferably, s is O or 1 . Preferably, wis
0 or 1 . Pefl@¥abpycoshralipdspspdegaetihed nn &5 L0088 Whonopol yner  havi ng
a repeat unit of general forrmula IV. Preferably Ar is selected fromthe
followng noieties (vii) to (xiii) :In (vii), the mddle phenyl may be 1, 4-
or 1,30 sdbytifagterte |0 anpr efsgrealil yofl adysubsteinttutoed. oPr efiesa@bhent (Xi) is
selected fyr 1.2-, .1,.3-, or 1,5- noiety;, and (xii) is selected froma
1,6-, 2, Bg,e%?rgpegr Hersip Wegﬁ. C8PL a6 e%ﬁbt? ¥ Aetyre @ eéti®s (i)
(ii) , (ikispeand 6EV)aapd,ofiet hesrenmicat i 8% (khbodbéhbhtande§d¥)pdi €
preferred, Other preferred noieties Ar are noieties (vii) , (viii) ,(ix)
and (x) al§reoh RHEaBISBuRan@is(vii) , (viii) and (x) are especially
preferred. An especially preferred class of first polynmeric materials are
pol ynmers (or copol yners) which consist essentially of

25 Specific embodiments of the invention will now be described

by way of example, with reference to the accompanying

figure which is a plot illustrating the relationship

between MV and IV.

30 VICTREX PEEK™ 150P (Trade Mark) may be obtained from
Victrex Plc, UK.



phenyl noieties in conjunction wth ketone and/or ether noieties. That is,
in the preferred class, the first polyneric material does not include
repeat unwD0dm06338i ncl ude -S-, -SO - or aromati c gr oupecetdBnosgidoazsophenyl .
Preferred first polyneric materials of the type described include : (a) a
pol ynmer consisting essentially of units of fornula IV wherein Ar represents
moiety (iv) , E and E 1 represent oxyggn atoms, mrepresents 0 , w
represents 1 , G represents a direct I'ink, s represents 0, and A and B

t t her ket I
SR e Tt o R BN P v M

represent §1€mQLA§8£1&hnk1C%nﬁdﬁpre%%ﬂ%p%n% i by sat, st rUKtureur(léss m
represents A represents 1 , represents 0 (i.e. pol yet herketone) ; (c)

a pol ynerotbasviseéngtese@ntially of units of fornmula IV wherein E
represents an oxygen atom Ar represents noiety (i) , mrepresents 0, E"
represents a direct link, A represents 1 , B represents 0, (i.e.

pol yether kebmppeketorePrepbdptdopobyneblgendieskichg réesemnic al [y of units of
formula IV wherein Ar represents noiety (1) , E andE ' represent oxygen
atons, Grepresents a direct link, mrepresents 0O , wrepresents 1, r
represents O , s represents 1 and A and B represent 1 . (i.

pol yet her kebgpgat EqraK@éH‘@&Qié?@efJ)tté&)wﬁtHOEY%bu%@nijl%iéé"'gQ&ﬁ@@ﬂTﬂ ally of
units of fornmula IV, wherein Ar represents noiety (iv) , E and

repr esentéléxygéﬁréte@nﬁ?tlerﬁeprgeeéﬂi:s Bieroeen LRARE ﬁﬂﬂe;ﬂ*@s‘l@ﬁ B, w

represents n
pol yet her e?%e?ﬁet onelket one 41 B?#'?ﬂ[‘g?&%néol&ﬁego?lesi nézuﬁllstgé ofo floor3rml alyV,
wher eitn Amoiep);esentrwdmgehylo(mev) , Banld, ' représent mlygen atank, m

representg, 1., wre sent A represents B represe ts 1 , r and S
ot 6sent JHPARAYESROBREEEnN40E) dPRECBUORR LS Ty

et her - phepyhirket one- ph@ivdnts - woHdd frhlest ﬁebxaerlﬁnaakeraalnltsrdg&f erably
semcrystalline. The | evel and extent of crgtetal linity in a polynmer is

pr ef er abl YlaKSEr eBCbyPaFdeeANgl £0X- 2BY diPPraction famso aef @bt o as

W de Angl at teni WAXS for ]?grp descri | undel |
and CBborﬁo?Bg%reng(ré 5?16{%359{ 1983) }Nhllgll terrﬁge(l véeﬁ/,fﬁ%rygt allﬂﬁ%% Ilr_?ay be
assesk®d byaﬁkéterealutlaﬂ S@@immnngcé:abenanetryl(([m OlHe hevel aind
crystal lini in said first PO t al be at | east 1% suitably
at | east EQE BrEFBr S5 ORE Hee L@”%g}%’nd nﬁbé g:la%ra"bﬁ/ ﬁflg?aast TQRS% I'n
especi al | yep @EQE&@@ eppodinEey the copst aldddi he1eeybergr eatiiusd;han 30%
nore prefera gr;treat er than 40% especially greater than 45%_ The gI ass

transiti oﬁaf-é & WRD°CT a)d orekdi dori dsth ok ynericepatter i O Faypise at

| east 140QC; n+§Y bley gst 144 0C . In sone cases it may be greater
than 154 0G . 16%%% , Fod %g T*170 0C, 190 OC or greater than 2500C or

even BDO0OC . In a preferred enbodi nent, the gl ass transiti on tenperature is

inth 140 0C. to 145 k of the el dot h T
For  sai o THFst® Qo phehs G R g f 2TySea | o) Snats be i TLadios00 bC

Sai d firstapRbdMRiice BRin2l JRY HONSk St @ﬁée@tevsahun@f polymer was

dried in an air oven at 120°C producing a powder. The

polymer had a melt viscosity at 400°C, 1000sec™ of 0.089
25 kNsm™

The polymer was compression moulded at 400°C in a press
(20tonnes, 5 minutes) into a thin film approximately 0.2mm
thick and cooled from 400°C to 120°C in 30 minutes to
30 induce complete crystallisation and then allowed to cool

to room temperature.



one of units (a) to (f) defined above.

mat eri al

exanpl e,
(a) and (e)

i ndependently represent 0 or
repeat unit mherern either t=l

pref er r edhafe f2 dfF vEben Binged EHHOVQQ 18ﬁhefﬁﬂéﬁmﬁ¥b

v=0 .

pol yet her Eeﬂmneke@nﬁevedl

polynerlc
pol yet her €

sPRer

polynesic material i

S suitabl
l'i ght mhe-
termed "t
may be a

units or a linear vinyl

Ee onetp %?

PO

may conprise a copol yner conprising at
from (a) wo 20de¢y106838i ned above.
a copol yner

a

| nepeehighr 8¢ ceahodinimn Sproé@ésd #d & Ske

sel ected from pol yet her et her ket'one,

po

Alternati vel

Y,

or

said first polyneric
| east two units sel ected

Preferred copol yners i nclpgtssBmidi®1468) .
may conprise units (a) and (f);
Said first polymeric materi al
preferably consists essentially of,

For

may conprise units
preferably conpri ses,

nor e

epeat unit of fornula where t and v

K

yet her

et one and

1. Preferred polyneric material s have a said
or v=0 or t=0 and, v=|l . Mbore
3 rEPHRI t =1 and
gLy pgrisc t@&e%r IAld It

nwatmeute phefeskded enbodi nenes sailibféfate

| ymer

I%et % from pol yet her ket one and
n -an espeC|aIIy preferred enbodi nent,
s pol yet her et her ket one .
an anlsotroplc el t fonnlng polyner mhlch means

Said |iquid crystal

t

nces of

said first
pol yrmer i
transmts

O_l SO

gergg&aeeb%hlelmt%ng vakal ReurRrs” mel%a'vquo%wtqe%rystal pol yrer

havi ng pendant groups which are

rigid

npl es of

sufficiently stiff t o allow formation of an anisotropic nelt .
liquid cr al LS i bedd 1 29 778410,
US4067852¥EES£62%%y aﬁ% §é§§€§§§@,9ﬁh§&€%ﬁg§ﬁﬁg @%Q %g%%%%% i R0 gbrated
herernobythefer@mmymaﬁmﬁaﬂuﬁs tmﬂmeelawgst ovklré edat urte> of giedddeyui d
crystal pol . Said |d cry é& nmer su ablly has a neltlng pornt
of g oat POYNERNS55 hEr Kb Porerbity S EREATE nif 596 SChns rvet

The neet is

greater thaga399 Qe
preferably | ess than

to the wt % of said uPrmybeat

mat eri al
preferably at

| east 15. Advant ageously it

90 O

C.

least 7.5, nore prefef

i S foun

&eecuelbﬁbqeeQFeelb@an 340 0C . TI _ _
The ratio of the w% of said first polyneric

d% ?he

| east 3.5,

sui tably at
| east 10 and especially at
conbi nation of a said first

i ng p0|nt

| east 5 ,

pol ynmeric mat eri alxaapldesc
produce conpositions which
wi t hout the need to effect
nmol ecul ar wei ght of the fi

conpositions

| oadi ng of fil
rati o of the

may be | ess than 10% sui t

preferably | ess thambp25,

said first polLy
range 3.5 to
especially 7.
preferably at

pol ynesic material;

preferably at

ri Bedcandnre| at i wedt | ow |amaunthsieafs LCP can
have ood nechani cal and chem cal prioperties
any [pB&t rencVi8RCFbdt¥alyse ahgSFncrease in
st (p@hyyeric npgeghed) and, furthernore, such
an be used tjo oroduce co osLIe,nateriaIs havi ng fa hi gh
lers dnd excellehﬂﬂbhem cal @n@Bﬁechdnicékmwmoperties . The
‘/0U| arU frrst—pptyrerte o—the— said LCP
ably Tess than 8@ Bpeferablﬁaqg s than 40, nore
especiaddy Tebs than120. The Mafig® Of t he wt % of
yneric material to the ww%of said I[P is suitablly in the
100, p?%ferably 3.80to 5 p nDQeOﬁﬁefeﬁabﬁletéeto 25,
5 SardrconpggirtTontmay udeTat- wt %
| east 30 wt % nnrgbpreferably'at | eagt fgg%%& of |said first
and at least 1 wt% preferably at least 2 w% nore
| east 3 Wt % of said LCP.



The conposition may include nore than one first polyneric material having
M as described in which case the anounts and/or ratios referred to herein
may be cavoub@t®essen t he basis of the sum of the anpunt ecofcrbée/doizest
polyneric material having MV as described. Simlarly, the conposition may
i nclude nore than one LCP as described, in which case the anmounts and/ or
ratios referred to hereinmay be cal culgfed on the basis of the sumof the
anounts of all LCPs having MV as described. Said conposition preferably

i ncl udes %xSi nle3ty_p of first, polyneric material. Said conposition

pref erabl a1 . 5 'S _ ' O' S ‘.Qe._ -o-. ' B - + .: o . ~

to 95 wt% of said first polyneric material and 5 to 20 wt% of LCP; or it
may include 85 to 95 wt% of said first polymeric material and 5 to 15 wt %
of LCP. Saif cBhPBIFRFBNn dfEF Hidgst oﬂfﬂdégcéﬁmpl@ par tWagul aepepbedh droraexanpl e
in a powder raiuy ar . for p bcul ; npr particles
havi ng aanvrg{ezfge wei(ghttgo aotd eas@%b@%gsﬁgﬁ%ﬁxaﬁa ec%ésr[sfb &Jw%

pref er &bl yneathandastl 0.22mhy, melte pfefer aldgtiaigl eaBiv®. Shgtckepecwatéy at

| east |. . _Jhe average weight may he |ess than | , preferably | ess than
5ny. Theop%%u&?ld?{t g"fagff%es%l Hbi Yy "Hah‘j‘ ﬁ%JaRIEVJa%%O%b% Ii“‘ﬁa?‘ﬁJée%/a"f‘lE;e 0. 005
to | Ong prefoecabyd0. 5 aomHHy. oFheopanti culpatia of orgngey, hayeopy ayggage
volume in the range,1 to 100m®S, suitabfy 5 to 100mm 3, preferably 10 to
50mB nor & -SAlsEnl yrasPest 8vaky 3. According to a second aspect of the
invention, there is provided a pack conprising a conposition according to
said first aspect. Said pack may include at |east 1kg, suitably at | east
5kg, ppef erab kg of said
conpositi om—= Sack—rEy—+ht Fke—ot : abts~ 580 kg or |ess
of said conposition. Preferred packs include 10 to 500 kg of said
conposition. Said pack may include at |east 1000, suitably at |east 10, 000,
preferably.at | east 50, 00 nor e pref erab | east 100, 000 partjcles of
sai d corrp)o&slfieti%% fn grwti]g{ﬁ‘?eé’fe Qrf(lgr eTﬁé?E%&%Ek‘er?ﬁ)F ST eg%m}?%%l%

1, 000, 000 matt iFdLp 1 s sa¢d genpasisan@l o bayiderlat epkarm 5z dypack nay
include a conposite material as described hereinafter which includes a said
conposi ti Gtenest &f dxaples Bparhd (22 ginaacyrpesitt eatdtcerdfal? or: a23ai d
conposkti p yabe, i r .or.  gr I r id

corrprigge %ggk%aﬁg)lﬁﬁe%%)a?h?mgg\gﬁ?ﬁ 5 i"qne?l edP%%Igeg]gi s%%ar‘dg%glcﬂfr'g?%- used)
and a desimcedurrtiecnala (BT Melompdsiv arttear 1694 ANl ©r Bhsapall ymer

conposition). . ,Said pac i mat.erial_ pr rably substantially fully

encl oses g%isdpégézie%e&nrrg%r {%?r%aio&aﬁé%x%ﬁﬁg%ﬁ%ﬁ%?t%ya &% a
first receptackatekorexamwce ankl gvilhherr geeptade suchidsi ailastd cs bag
in which said desired material is arranged. The first receptacle nmay be
cont ai ned “RPEhPATa SBEBRd Fé&ESFacPE fbrsekbhple #n ¥eboktedchiaten

car dboar d (BOX618GCAUNGHO Pal L] daﬁépgﬁrcrﬁéiége.t'h@:\é%% an. ¢ FNRLE S

provi ded a conposite material conprising a said first pol yneric as

descri bedcacboddi niieo Laild Simbsireaspedt. 0 0@mMCP AsedesiT | hEdlacadrali ng to
said fi rs&nggg?ctisan&a filler means . Said conposite nmaterial suitably
conpri ses 8ard’ cofpostt i BNCHFIEaldSFi Pt A aht?addaisF udesr deans

.Said fil hermimangheayeisnchtydara Hicbrousdf ihl eaprae 2 panfibrous filler.
Said filler means may include both a




fibrous filler and a non-fibrous filler. A said fibrous filler may be

conti nuous or discontinuous. In preferred enbodi nents a said fibrous filler
i s di sconwonueume33sA said fibrous filler nay be sel ect e@crraBmesnorgani c
fibrous materials, non-nelting and high-nelting organic fibrous materials
such as aramd fibres and carbon fibre. A said fibrous filler may be

sel ected fromglass fiber, carbon fibrg, asbestos fiber, silica fiber,
alumna fiber, zirconia fiber, boron nitride fiber, silicon nitride fiber,
boron fiber, fluorocarbon resin fibre and potassiumtitanate fi ber.
Preferred fibrous fillers are glass fibre and carbon fibre . A fibrous
filler may conprise nano fibres. A said non-fibrous filler nay be sel ected
fromnica, silica, talc, alunmina, kadPtf, 2calciumsulfate, calcium
carbonate, titaniumoxide, ferrite, clay, glass powder, zinc oxide, nickel
carbonate, iron oxide, quartz powder, magnesi um carbonate, fluorocarbon
resin, graphite, carbon powder, carbon black, nanotubes and bariumsulfate.
The non-{i bEsaspfiel | grRohpgtiver¢nbtevketedei|n t hdeldrm of Peiderlow f| aky
particles. The conpogite mategial,.my be in a.particulate farmfor exanple
into pellets or granules. Pel T%l%r granule?ﬂﬁﬁﬁ? ¢ a naxﬁﬁﬁﬁﬁdine1sion
of less {han 10nm prieferably | ess than 7mm nunenptef er abyyl dessst han 4mm
Pref erably,—said filller nmeans conprises ong or nmore fillers selected{from
glass fibre, c&tbon fli bre, Es@mhebPack and a fd#Fdcarpon re%in. Mre
pr ef er ablry,—sgigfTtter—me DT Ses grass 13 or car bogs=especi al | y
discohtinuous?h?or exanplea@%% %%,B%Iass fibréLSFﬁ%arbon fig}g. Sai d

conposite matetdal ngy ommplse3one7ontsprg difoéeoent first ppByneric
material 3 as described above mﬁ&h W as deﬁcribed. Preferably, said
conposit? material cqnprises only a singleitype of first polyneric

material | Said single typanpse Ps&£f esapty) pql yet heretherketone . Said
conposité material syitably includes 70 w9 ' % or

| ess, preferatld 55 wt Bxarmples3endpéwpibfdrabl -8 w o or | €868, especially

40 wt% or less of saijd first polymeric matgrial (especijlly
pol yet her et herket one)] . Said conposite matgrial suitablly includes at{least
20w % preferably at || esdm@bat 36 (BEetpy eflerably at | east 30wt % of filler

means. S 0
preferably at 4gast 45 VT Stor i ef ég%ly at 9-dat 50 wt% %Especially at

| east 55 W% of filTer means which may [ nctude different types of fillers
(in which case the % refers to the sumof the w% of each filler present)

. but prekebaABlY S0UPbLeEs aribAoke bERGetheliblBh,e The amount of Tiller
means nay | suitably includes 25
to 69.5wm % of first polynmeric material having a MW as descri bed, (whichis
preferably a single type of polyneric naterial, especially

pol yet her et her,ket qne O.to . 74.5M % of .filler nmeans and up.t.o .10wt % of
LCP. Prefgrggpéﬁ g%%&%%ﬁ%ﬁ%ﬁ%%&?%#%ﬁ%avl%%nﬁr9§8§n%5§i?%ﬁLQH&%%ég%first
pol yneri clid) esitdlrred0 std re4Swhdady, fidt esgereans1andafdd duad 16tbwidé of LCP.
More preferably, said cquosjte,naterial conprises 30 to 44.5wm % of first
pol ymeri cCRaterfal Wi58 t o 69, Tk 54 $Pr e e PP RRERE and 36.-8 %0 5V 9b3F LCP.

Sai d £oMPRSHE ,”@tﬁ"LaHhQHQB%BBQHéOB‘H@%ioﬁES (89S8RY,ald M 5 diredt pR ymeric
material, filler means and LCP.
diphenylsulphone (124.5g) and purged with nitrogen for

over 1 hour. The contents were then heated under a
nitrogen blanket to 160°C to form an almost colourless
solution. While maintaining a nitrogen blanket, dried
15 sodium carbonate (16.59g, 0.156 mole) was added. The

temperature was raised to 340°C at 1°C/min and held for 2

hour.



In the conposite material, the preferred ratios of said first polyneric
material to LCP may be as described in accordance with said first aspect.
The rati owofode/dobms nmeans to said first polymeric nateripelr/geayodmeizmd | east
1, suitably at least 1.2, preferably at least 1.4. The ratio may be |ess
than 2.0. The ratio of filler neans to LCP nay be at least 5, suitably at
| east 8 , preferably at |east 10. The tio may be | ess than 60, preferably
| ess than 45, nore preferably | ess than 30. Said corrposite mat eri al
swtablyl cl udes %élowl evel of Goup | or Goup Il netal ,ions. Said

conposi t e A&t eFPEFTLGNt aBEYCHARI UHRS Iae]s]so"feﬁ%m tfoo@Oﬁém ’Bf‘ét%ﬁiabﬂfdl ess

than 500 pREhAONE dH efededly degswhpan, 15Q‘h%pr9e%fulafﬂ¥'1cﬂ 53 ymd L@ s cati on
(e.g. Na+, L i+ or K+) init, said ppmbel ng based on t'he arpunt of said

pol yneri c dmdesr i ah jan saild c@fﬁfbsﬁtte 18&|Cd pongosiiteg mmt @IOIwaiIerSUITm)I y

| o5 hanEoag B0 BT arty T Gup | 1 Hetal E5u: o v, o eBoRy T8 Sara pom

bei ng basé&tsan .the amount of said poI ymerl c material (s) in said conposite.

Preferably, the sumof the ppm s of all Goup | and Goup Il netal cations
in said conposite material is [ess than 2000 ppm pref erably I ess than 1000
ppm nor e gREeke! haf ) . ppm  The

| evel s of 7ions in ppm described may t "CPAES ductive
Coupling Plasma Atom c Em ssion Spectroscopy) . Accor di ng to a fourth
aspect of e I p JE hod of arin

conposi ti o?tlga C%%%?%ﬁ?%() @% ?lelel’%st:[ aslgg%g"p Sai P?leatsho ??sgﬁg:a (i)

sel ectdng larfglelrstsqm]le/n’epi prﬂsﬂhe@ atu A\ iregh ta M@fléBSSot Ry Q. 1&akNsi rf 2;

(ii) contact sai.d first meric material with an LCP; wherein said
first pol Vﬁ&h’?g‘lr‘?ﬁtlerlaé’l aﬁ‘EﬁL A ad s fdsdr9 bed WCorRA RN RD SEEEE i r st

aspect. | prbbeceet heta leasta -4, K1 oy Q/I&I_rtfiWﬂS@c;s:L% n‘i_’eég?ré@rft

preferably at l'east 10 K especi aIIy at least 25 Kg of said first

pol ymeri c4R&feri andi s 188 6ct et | 0 they nebhdd, At OBeaetﬂdO D .RGkNsmef er abl y
at | east %Bg gtl%re/ preferably at least 1 Kg, especially at least 2.5 Kg
of said L Reans i's ‘sSel ect ed. Suitably at least 5 Kg (preferably at |east
10 Kg,.especially at least 25 Kg) of said first polynmeric material is

sel ec%ed and contacted with at least 0.5 Kg (preferably at least 1 Kg,
especi al | Ieas7t 2.5 Kg) q/t sal d LCP In a batch of said
conposi t i BAHE ‘ S tler abl y
at |east B@gkgy estpeeldal |ly>wa'fv1|s@@§t1t§0p%gyeE%%r@Q%Q%e%he%onpr' se form ng
said conposition Tnto a particulate form 1or exanpl es granul es or pellets.
The particulate formmay conprise particles having an average wei ght of at

| east 0.5ny, preferably at least |.Ong, nore preferably at |east 1.5ng. The
average weght oy di6,d 25 R Q0T S L Ly kasselban 60wy prg erably
| ess than 40ng. The nmass of conposite materral in said parti u ate or m may
be pravi dédample @@CI@HCSﬁ@I paek compouodedi widah 1Gas?, 16, 000ansuilt2ebl y at

I t 50, 0QO0, f bl I t.250,0 t f d te
rateri ol OB ol 0TS G GHYGUEY GrHHRE AOR e SR i 4 1R ECRS! e U, 000, 000

particl esmelt point 370°C, glass content 30% %), and with additional

=L\ A

glass fibre (Owens Corning D165-11C) to obtain total glass
content 60wt%, on a ZSK 25 WLE Twin Screw Extruder,
25 Examples 7a - 7e respectively. The LCP polymer was
predried 16 hours at 150°C before compounding. The
addition of LCP T130 was observed to decrease the extruder

torque and to improve fibre wet out.

30 Comparative trials were carried out with Victrex 150P

polyketone compounded with 0, 5, 10 and 15% of LCP T130



In the nethod, said first polyneric material and said LCP may be nelt

bl ended, suitably by extrusion and an extrudate is suitably treated to

defi ne pawbi2edeem6338. g. pellets or granul es) of said compoFidB206s/00fz500r di ng
to a fifth aspect of the invention, there is provided a nethod of preparing
a conposite material according to the third aspect, said nmethod conprising:
(i) selecting a first polyneric materi havi ng an W of |ess than 0.15
kKNsm 2 or a conposition according to said first aspect and/or prepared as
descri bed acgcording to .,said fourth aspect; (ii) optionally, contacting the
materi al s EV’éfe‘?”r By gtk tenply gipss L%b?(-’iai ioe créﬁgﬁcttihﬁg i3l netakpal s
referred trtedd )30y IRxMdtes 'fﬂ“ierré%?é}ﬁii rein said conposition,
said first polymeric material, said LCP and said filler neans are as

descri bed according to said first to fourth aspects. In the nethod at |east
1 kg, pret b t 4 g, preferably at |east 10 Kg, especially
at | east eﬁgb%fl %saYJggéé?gF{/(po?f;Dnéch %%?%??%%{Sorwassai 8§e§5ﬁﬁl&g’i€1di 0 €

accor disng 8@ tthearid r 300a8spett wadsehectes.t | Bl bhe TIRIWOat aBsb®@sknd Kg,
pref erably q%srkl east 5 Kg, nore preferably at |east 10 Kg, especially at

| east 25 lgg %aid filler neans is selected. Suitably at least 5 kg
(preferably at least 10 kg, especially at least 25 kg) of said first
polymeric material or said conposition according to the first aspect is

sel ect ed &vFPEewCEct Bdamitlie at atéaste e kg n(jmafimrabmpudidddeastsibg kg,

especi al | l\e f sakd,fi neans, | n the t hod bat ch of
conposi te%ﬁqa%ireerll gfémréegx%%)%ér)e%ﬁr %go h%éé)?\%g 2GR Ght gg}npgf:gﬁgagt 3%8 @g,

pr ef erdbl ycatld eastphtagre espbei a6y, atolensy bekgurEheomirhachdray
conprise form ng sai&i c?nggsite material into a particulate form for

exanpl es GFamtl PG pBF | APPTHE Part it E6Fm MEy CComATISethatEi cl es
as descri hrgnascerd! dpd A1ed QUidLAIRRE! THe: dlsp: Of 2 £OMPOELL Eogut eri al
in said particulate formmy be provided in a pack. Said pack may contain
particl es i&s t9eséeided fasladti d fourth aspect. Said conposite material coul d
be prepared as described in PCT/GB2003/001872, the contents of which are

i ncorporated herein by reference. Preferably, in the nmethod, said first
polymeric material or said conposition are selected and m xed with said
fillekdmeans at an el evated tenper@atbie,l8aitably at a tenperature at or
above the nelting tenperature of said first polyneric material and LCP. It
sai d f Exatppel |yrBREIC aLer al Ghags LGR B ddrexd s38paeateliowl e MR 2
preferably adde%%ggo e contjact with said fliller mgans. Thus,| suitably,
said first pollyn€rr mTJeé) 2 FHRE { FRFéPerearRIGRR | ni Xedewni | sYispesity gt
polymeric material and (L,e)ar g4 | erbpkﬁai d el gvat ¢d tgmpperatiur esdsoc
sui taPI y bel ow the deconposifti on tenperaturle of the first poljyynmeric
materjal and LUCP. Sai ¢ el evated temeraturq i s pref dodBloymial |or (kové) t he
mai n peakof—tthe ety endotherriFM—For—sat-d—pelyrerc—ratieral—and-f or
said _CPﬁaSaié e devat ed toerrperépur P isopr efler a% y at Igaét 300C &ndlnore
preferably is |@7.1€ast 350C.| Advani agequsly|, (4ig DI T ER iz T St| polyHerd
mat er -al—and LCP cgn readily wet the fillerl and/or{penetrate {consolidated
fillets, Sich|a® 8 brbusOmat|s58r 2wbver fabrli cs50 so|t he 566nmposi t e On@ber i al

f ~r P |

prepaf et pMpNIsES e o [ 57.3 | 15.75 50 5.3 0.23
Te 31.6% 7 12 56.4 21 50 5.1 0.21
7f 70 0 30 0 65 8.5 0.33
79 66.5% 5 28.5 5 45 9.5 0.30
7h 63 P 10 27 10 39 9.6 0.20
71 59,5 15 25.5 15 34 9.1 0.19

(a) PEEK sample Blend 3e(64wt%)+3a (36wt%)
(b)  Victrex PEEK 150P



first polynmeric material, LCP and filler neans which is substantially

uni formy dispersed throughout the first polyneric material and LCP. The
conposi t evorb@viosdzsnay be prepared in a substantially ceoTiGB2005300p60CESS.
In this case first polymeric material or said conposition may be constantly
fed concurrently-with a streamof filler neans to a | ocation wherein they
are m xed and heated. An exanple of sugh a continuous process is extrusion.
Anot her exanpl e (which may beparticularly relevant wherein the filler neans
conprises a fibrous filler) involves causing a continuous filanentous nass
to move through a nelt conprising said polyneric material and LCP. The
continuous filanmentous nmass nay conprise a continuous |ength of fibrous
filler or, nmore preferably, a plur@fPt§ &fPcontinuous filanents which have
been con olidated at least to sone extent. The continuous_fibrous ma S may
conpri se| &xeowleroviensike a| & lasvveil flabkexupel yneteheflapUnpotthed
filament$s which el fd Qu MRS be larr d substantially
uni form y E‘i éttﬁg h ﬁ/iﬁt@eiruﬁatl vel'y, the cofn%%%i te
material | may be prepepada n MPs(;(‘ﬁ’\tl nucws ) Prodess/mf IF) t hi «x/ag€) a
predet er m i f! rst—pollymeric matierial-—andl LCR and a
pr edet er n netf amount ©1%sai g fi PRér nﬁansZ(Pra@ bd seéi%ct ed| and®%oht act ed and
a conposite terjal pared by, gausiimg st FyTTeri—T terial and
LCP to nelt %d causi%@t he fllrjét 9pol rrer?ic]e?rraterl aIDL10 (Iy_CP and5%l | er { means
to mx tp fofen a subsianti a Iy gADf orm cozqaozlte meterd al | A $8 xRure

pr epar ed —afr-t—%lﬁ—%er & ag—sa-d—Hrst—poelypprte— Bteri-al CP—and—sai-{l
filler means'Suitjabl fﬂml uges ngs t ha %fvé% pre_lf2ev§abl y | € -®han| 0.9
W% nore preferaply 35S than g8 WL Yy espegi al|ly 168 than Js 5g W 74 of a
pl asticirer (of type which is liquid at less tlhan 150 0C , preferably at
| ess than 100f0C f01r74 he 1 i rst26§ol yrreri Q. r&ateri al 9¢é.g.| a I6Q}u4 d which

will enabte frett a1t Hr-St ﬁAL‘ <€ e "|
havi ng a IO\/\E?I me| t clgco Egﬁ thqlt o?ol %e pol y?reﬁ mat eﬁg? bne
measur ed| undeg the sangs con:ll tions), flor exanpl e anjogganj ¢ I3gqug;d or

exanpl e solvent QunhAasgdlnlpnvlqulnhrnp Preferlably in ithe net

subst ant | al IK/ho | ji quﬂd5§)l astici 28, for ekanpl e |di phehyl sul prhed i s| added
to eithe 1TlaITl F ymertc ﬂﬁreflal, sairt—conposttonor—a mxture
conprising sar'd po yrrerlc material . A mixture, prepared after contacting

said first p(ﬂ)yme}tso na8etPaB,(ELCP and said filler means, suitably includes
| ess than 0. g 3‘5%3 5) wei ght (pbw) of an alkaline salt of a Goup |I or
Group &) 0d %bwof said polynmeric material. Said m xture

pr ef erably does not include any salt present at concentrations of greater

than 0. 005 pbw per 100 pbw of said polyneric material. Preferably, said
m xture | ABBPUGESitaos (HakGR 0o pbWatHBeLY plevedglky sl dos klend. 03 pbw,

o kaline LarfeSPeaeRroERo B e BhD R 0o R A . o

any corrpoﬂnem’get hexdeaft ikgedit omadke ilkeosdngyose £ et hat erdn@losimet hehiret hod.

The ¢ e materi al nay advant agequsly be used i i on ul di ng or
Extr LD oS SHAn M BB DRIt SnaTIRACCERE Tl g ¢ B AbYxUH st o

t he |nVenE:bﬁlﬁos‘iB@Ese | S Qui lgsh &, anhQHeOEoHBEkEQ 2 xeeerRent, dde method
conpri si n ext r udi n%{lo p| nj ection oul di ng a conposite material as

descri bed Becotdi Be RaFed adpiglor forf t ubstantially the same
levels of fibres (about 60wt%), the melt viscosity of the

composite having a relatively low level of LCP (about
15 2wt%) is reduced by over 40%. Comparing Examples 7f and

7g it will be noted that adding LCP to material having a

relatively high MV results in a MV drop of less than 10%.

Also, comparing Examples 7b and 7g, it will be noted that

20 there is a large difference in the levels of glass fibre



aspects . Said conposite material nmay have any feature of said conposite
mat eri al descri bed according to any of the above aspects. Said nethod

pr ef er ablwoi2osplogss sel ecting a precursor material frompemicBrodsmommkie t he
conponent wherein saidprecursor material conprises a said conposite

mat erial and subjecting the precursor material to a tenperature to nelt
polyneric material in said conposite npterial in an extrusion or injection
noul di ng apparatus. Suitably, said precursor material is heated to a
tenperaturgégf greater than 300 OC preferably greater than 340 0C . It is
sui tabl y HE4CEd 935" ¢ ehPEPEPAFRLRGt 1BFCe SHIMPHASE R LeBA F pharimrgor
material BB GONHStsRESeUd al IabAft BGAl S £OMMOShiSs IBL ST Eahp HesEh ) bed
herein. Suitably, in the nmethod, at |east 0.5g, preferably at least™|g,
mor e pref &dBIOLVALY edoW S5YV eppérpshkyesher&atone2g bytselessedthanor der
to make t Qnpo t. > d be used tq e_conponent,s i ng
relativele%pﬁfn Wgﬁﬁs.c$ﬁggg§%gg ig%éﬁﬁ%ﬁﬁHQn ﬁegggéX?gyasggé¥lre tes to
a nmet hod b liyekiheg et heatkearert. whi ch has a wall which includes a region
having a thickness of 3mmor |ess, the method conprising: (A selecting a
precursor material as described according to the third aspect. AND (B)
treating $@irdnRAGHIHSOr rERRITiRlal t Ry i 4 OrdR sak S copoRent ;- 4
Preferably, the conponent includes a region having a thickness of 2nm or

| ess, nor &SPl erdldA i vealH okow e¥¥. Baildetheacibrirkdtoori e ifoYB) to
preferably i gyal ?%nqglt processing said precursor material. Melt
processing is preferably carried out by extrusion or injection noulding.
Sui tabdy, said conmponent includes a region having an area of at |east 0.5cm

2 prefera%&y at least 1 cn?, nore preferably at |east 5cnR having a
: 9oBR drfe

t hi ckness“¥s Rfe3TTTHed. 2FRus EhB8EI HsRCriRgd EBnmpeFERemayr i ncl ude
a region eklatikeast 10:5M 2oMicth g ol Lk Ness. Of 3, PEelesably of
2mmor less. A said first polyreric material as described herein may be
made by aRyadgl falska maskode Amoeledr HEhishir®isdoedy malyand agsadisas
described in US6566484B2; or a nucl eophilic process may be used as

descri bed in EPOC001879B or PCT/ (B99/02833. A nucl eophilic process is

pr ef etd edTheV itmyebheicontirsol hed asestestetidmpd tion P OURERIAIR Afy fieat ure of

any aspec% of any i nvention or enbodiHent,descrlbed herein na%?be conbi ned
with any f84EdP&Tgr SAYCILHEEE (81 -any 6t hiRVPRTLARI ofX bFR@FbotP Nty

descri bednhesei nofl} atés nHANGcvel Spegbingrerhodi gents,of tda ifvention
wi Il now be described by way of exanple, wth reference to the acconpanyi ng
figure whPéRciLesgdpl otin | | uéflliéiti ngRrérl Fetationshi pibelwdénowW amy | V.

VI CTREX P - ( Mar, e tained. fromVictrex Plc, UK Al
chem cal sgrggéénpragéwﬁ hgir%lqﬁsﬂlverae Slggg%é;saggceél\:/ae@l?g%m Siod:magﬂl cﬁr?%h

Cheni 2al GQompanynelorsetaniKnounll esomitimartiicse sifit ede Exappl @ fl any
Preparatign Rf polyetheretherkgtoni A 250m flanged flask fitted with a
ground gl 355"0di Ok PEOFRGS §Pi Pr-8FASSPFrer guide, nitrogen inlet and outl et
was charged with 4 , 4 '-dif |uorobenzophenone (22.48g, 0.103 nole),

hydr oqui none (I1.0d g, 0.1 nole) and di phenyl sul phone (49g) and purged with
nitrogen for over 1



hour. The contents were then heated under a nitrogen bl anket to between 140
and 150 OC to forman al nost col ourl ess solution. Wile maintaining a

ni t r ogen wbanketos33dri ed sodi um carbonate (10.61g, 0.1 nece)cBaoeh/@oicassi um
carbonate (0.278g, 0.002 nole) was added. The tenperature was raised to
2000C and held for 1 hour; raised to 250C and held for 1 hour; raised to
315C and mai ntained for 2 hour. The r %ctlon m xture was allomed to cool,
mlled and washed with acetone and water. The resulting pol yner was dri ed
in an air_oven at 120 OC produci ng a powder. The polyner had a nelt

vi scosi t ych21B800C , | 00Csec 1 of 0.089 kNspf2 . The pol ymer was
conpression noul ded at 400 OC in a press (20tonnes, 5 mnutes) into a thin
filmapproximately 0.2mmthi ck and cool ed from 400 OC to 12Q0C in 30

m nutes to.i ndlucecnpaplistiencr gomalrlisdayi of iasd t erl vldwiwed masasdddl to room

tenperature. The fil mwas then h|n e hro |l omed by hin
t hr ough 3%66%?9 f%i%egg' qﬁ&s reg%ake8 n%%ﬁgsLﬁﬁg th(gr XFH]S%?@?ved
Wit hous breakidg care oS pb@yﬁé@rqm&@alnd@t@i tosdedt oagh) , Exdargdei?a- d

Preparation, of sanples of polyetheretherketone with dlfferent mel t
Vi scosi ti é§l¢h§l§"§céa&w@eaé§cmaB@al.a.% Efafl @ YRS Terdhtidr Bdsht the
pol yneris S ce e e
d|fferentéhéﬁ?sé?gggggtFﬁ%ﬁhghéﬁgégg??g a#%gg%giEﬁéﬁéggége%%abéﬁg%g:TabIe
1Exanpl e @oaetaegelScahe prdguetriion befc kponge tdfe rsstiltk riketson eo SHymearisc edur e
descri bed 'Q le 1 was repeated on a |larger scale to produce sufficient
mat eri al 85?? "out mechanical and nelt flow testing. Five batches were
produg@d Exanples 3a-e, with Melt Viscosities nmeasured at 4000C and 1000s
1 of 0.144, 0.110 0.089, 0.076 and 0. 059kNs pf2 respectlvely Exanmpl e 4a-d
C Melt Fl 8w | AdERMBPSALIPB: REFOEAEPRetON &L 2t Ive IR 157dek offTthe
pol yet her ghigrket aNenSAMILS ALOMEXMPISE 3F 138std GAP! Aok Viid ex
PEEK(t m) and bl ends of Exanples 3d and 3a in a weight ratio of 77 : 23
and Exanpless3thand03a3j kNamiei ght ratio of 64 : 36 were neasured on a
CEAST Melt Flow Tester 6941.000. The polynmer was placed in the barrel of
the Melt Flow Tester apparatus and heated to 4000C . The pol yner was then
extruded gnder aompbstiatbnshbeabrsthgssobyliaiserlt idig <l asei ght echgtesitron
(2.16kg) into the barrel and, extruding _through a tungsten carbide die,
2. 095mbofeid & IGTomPoTHESKES PSR 1R lowt 7 n@exl?O}%‘“?ﬁeoévéiOéﬁélx%% of

pol ymer ({,R:ign) eééﬁggégs'n Jsdiha1iNe resul t h@hgldetﬁbiégléQ Tahle 2
bel ow. Tabl e 2 Exanpl e - Preparation of polyetherketone A 250nm fl anged

flask f|tpedjunchlangwaahdkgtagg aniddkti ethied, metiietdes/-stirrer guide,
nitrogen inlet and outlet was charged with 4 ,4 '-dif |uorobenzophenone
(33.49g, 0.153 nole), 4 , 4 '-dihydroxybenzophenone (32.13g, 0.150 nole)
and diphenyl snl phofi®dsiz4.dvg) adubplimged wbt hahivt r egecdddmgoverldinshour. The
contents were then heated under. a nitrogen bl anket to 1600C to faorm an

al most colBEFPeRs S&eFutilast \R?illyéleﬁ&ncnf“éitrﬁwla AT ioeh Bishee i ed

sodlun1cag@oaaggpggtbuHQQQOfOf%@ﬁqule) was added. The tenperature was
rai sed to 3400C a C/mn and held for 2 hour.The reaction nm xture was

all owed to cool, nllled and washed wi th acetone and water. The resulting

pol ymer was drled in_an {lr oven i }20 oC produ0|n¥ a powder.. qu

25

where t and v independently represent 0 or 1.

5. A composition according to any preceding claim,
wherein said first polymeric material is

30 polyetheretherketone.



pol ymer had a nelt viscosity at 400 OC, |1 O0Csec 1 of 0.12 kNsirf2 .

Exanpl e 6a-6d - Large Scal e production of pol yetherketone The procedure
descri bedvonoksxase 5 was repeated on a | arger scal e t ecpraBtu@mosshf i ci ent
material to carry out nechanical and nelt flow testing. Four batches were
produced, Exanples ba-d, with Melt Viscosities neasured at 400 OC and 1000s
"1 of 0.12, 0.10 0.09 and O O dkNsm 2 §7especti vely. Exanple a - |i -

Vi scosity and Mechani cal Properties of 'highly filled, |ow viscosity

pol yet her et her ket ones The pol yet her et herketone from the 64: 36w % bl end of
Exanpl e 38-anft 38°WRS SdSHBUNRECH IHD | L3 | apY, Pranpdizg ofckrinquid
crystal p : o ( bymer (T , I j.nt s content
309 angh\%ﬁ%%naggﬁ%ﬂi g’%gl rISsI aagls a?)iq%?)é&%%(/}'\gng%&tr ﬁrﬁ&lﬁ%%%ﬂ%&tso obtain
total glass content 60wt % on a ZSK 25 WLE Tw n Screw Extruder, Exanples 7a
- 7e respectiyely. The . LCP pol yner S predried 16 hours at 150C before
conpoundi ng. The Sa‘&oﬁlétrf"d? L%?F%Xf\%]%stgbsgp\yedptrc?msec HeVext r uder
t or ques anghkeei ApPsaYE fidpr @ameta Qrtetl.tiG%ﬁwiaiﬂ WEF td i Se MEF IR C T Fd|E Oout
with Victrex 150P pol yket one conpounded with 0 , 5, 10 and 15% of LCP
T130and wWPRA &88Ft tBARI 3§Cass fibre to nmake the total glass content 30wt %
Exanples If-1i respectively. The Melt Viscosity of the conpounds was
determ ned at 380C and 1000 s-1 and the Melt Flow Index at 3800C and 2.1
bkg. Conpéund3d Examplositd-dn wexecdmjiend i obonoehged rusiaeglimdoareiedim,
tenperature of .350-360 0O nozzl e, tenperature 3650C_, O nmould tenperature
145- 155C, WﬁSFS%Hg B?%ss{ﬁqéi%m?g iﬁa st &b s58ed of LABFprR ISt Andar d
test popecestardathebr thechan e spriepectk es det akzigied . sThe results are
detailed in the tables below 5 Table 12a (a) PEEK sanple Bl end
3e(64wt %9 +3a (36W % (b) Victrex PEEK 150PTable 12b (a) |SO 527 (b) |SO
178-1 9934(E) A(C : e gdditd of . LCP r tively 1o els to
bl ends of 9;()ol i)/xet )ﬁé’?@t@ﬁé&%&%ne andﬁ%% est%roagges%a&sdue\rﬁgrr%@si naglayl 'ar ge
reduct i onwhpraght Vigcositio ofoft hEheomposi taf wisiadkl aFlioss tihel yrespiar at i on

and processing.o ighty filled composites. For exanple, if one conpares
Exanpl es ?gkggéagb?oi 'EC% e °bé)%n(§taé ?‘Ig t lFOIlesg&b)s%?‘zfﬁ][ ﬁEQIQ'y the sanme |evels

of fibses (about 60wm % , the melt viscosity of the conposite having a
relatively low level of LCP (about 2wm % is reduced by over 40% Conparing
Exanpl es 7P -afid FEPOSHTICOThe HeRVF i MAt BAdi ABYLCPRSSSHHST | A1laidVi ng a

relativel ynBi-ghnMéigsulss bﬁi@ié@/ ghegu%sl e%s than: 19%, &l 3¢, Lonpparing
Exanples 7b and 7g, it WI|? e noted that there 1s a large difference in
the | evel §ioBtgbasymeirbremhitelriedn abd iaticdeportatlied % wifo sednpdsipt.e materi al s
havi ng about the sane MVs - about 60wt % for conposites conprising
relatively | ow MV pol yet heret herketone; but |ess than 30wt % for conposites

conpr 2si ngirehatbweby iltiigh MEatdetidetet heykptreaedihyr tdherimr enidchani cal
properties of cogposi tes made using relatively | ow W polyetheretherketone
X

are foundif6lBecExE8l [%ht9o8y® pPbcedses tanatogedymes ichasdsddsdr iasd in
Exanpl e 75, tpebat;k¥eby hew M pol yet herketone as described in Exanples

12. A composition according to any preceding claim which

25 1s in an particulate form.

13. A pack comprising a composition according to any

preceding claim.

30 14. A composite material comprising a composition

according to any of claims 1 to 13 and a filler means.



5 and 6 can al so be shown to be surprisingly advantageous. The invention is
not restricted to the details of the foregoing enbodinent (s) . The

i nvent i orwexv@nas3sso any novel one, or any novel conbi neCr@B2oeiootise
features disclosed in this specification (including any acconpanyi ng
clainms, abstract and drawings) , or to any novel one, or any novel

combi nation, of the steps of any nmethog or process so disclosed.Clainms 1.
A conposition conprising first polyneric naterial having a nelt viscosity
(MV) of 0.15 kKNspf2 qr less and liquid crystal polyner (hereingfter "said
LeP) %, wher efin Te4EA Tl HCHONGHRT | £O nBE LR al & & WETR 'y R b Lhi 1961 udes:
unsubst it weadsPhemfr Lt 4 €4 skeheRaudbiseldies-and i heErmeiretd esohn the
pol ynmeric backbone of said first polyneric material . 2 . A conposition
accor di ngfiibrengi miilerwherein said first polymeric material has an W of
at least 0.08 kNspf2 and 3 . A conposition according to claiml1 or claim?2
, Wherein said first polyneric material is a polynmer or copol ynmer which
consi sbs é$sent maltkyiafl perydding eto eslaimconj vrctdlenin 1%, keheneimand/ or
ether noieties._.4 . A conposition, ,according to any preceding c|laim wherein
Sl d f1rsBa30l yiiariad HATENT aFOUGHIPEss ol | BOFY O 0 arshest Lo 4d of
formul a wieps t BREShH NARRENDERTLYsT eRRBSENT QiQlcchtimioud) COAPOSALI ON
according to any preceding claim wherein said first polyneric material is
pol yet her éihgeketcenbos blAckompesia ifdmoaecaediimg to any preceding claim
wherein said LCP is an anisotropic nelt formng polymer. 7 . A conposition
according to any preceding claim wherein said LCP has a nelting point of
greatep thRdn A5G tand dlesscddadiB®OtOCany8.0fA copsi Liotcadodrwhicht o any

precedi ng.cl ai rein e_ratio_of ,the wt % of said first polyneric

mat eri al 98C3H5%ﬁ¢ Ebﬁxéaég'?ffﬁigfaglFEESPOéY§?rQC.W@?ﬁﬁﬁﬁiﬂt?@wFo_

accor di ng7%4QsaRy Bre¢ediiRg Gleind MERY Rt hOwtat ir Afaitde.od % of said
first polyneric material to the wt% of said LCP is |less than 100. 10. A
conposition according to any preceding claim wherein said conposition

i ncl udes | ea % of id. fLirst. p j C. aterial I t Iwt%
of said LCP.S %1?&%§Eonﬁ%€ip?§hg§éégrﬁ|é¥@%?%&£#%?e§8 ?ﬁ&gggaﬁ%% %ﬁ?ch

i ncludes 8 tha®bwt % ab 42i,d sfirds mepdlognening ristier:al and 5 to 20wt % of

LCP. 12. A.co sition accaording to any precedin |l ai m which is in_an
particul at'é fgggﬁc%é.ngA apa%P(r%nﬁ?‘ﬁs‘f“i%%F c%%%gfg?io S d? nd™t oPany
precedi ngieka mhakdo Asconpestie material conprising a conposition
according to any of clainms 1 to 13 and a filler neans.15. A nateri al

accordi ng (£é)cl ai APr4achhagei pesdi difsit epoheagsiconpriseisala #ilsbom i nuous
fibrous fillear;er.a nonfibrous filler. 16. A material according to claim 14
or clain1f§, mﬁeréin said filler nmeans conprises one or nore fillers

sel ected fhemednscoaldnublissyl gssl ymduri; disteonitadlnuensl cacbonateébras carbon
black and a fluorq resin. 17 . A material _.according to any of clainms 14 to
16 whi ch 9ﬁ5Fﬁ&§§82%nt8“@99§w@%@&ﬁ5fﬁr59 62Pyneric material, 30 to 74.5wt %
of filler nmeans and up to 10wt % of said LCP. 18. A nethod of preparing a

conposition according to any of clainms 1 to 12, said method conpri sing:
19. A method according to claim 18 which comprising

forming said composition into a particulate form.
25
20. A method of preparing a composite material according

to any of claims 14 to 17, said method comprising:

(1) selecting a first polymeric material having an MV
30 of less than 0.15 kNsm™? or a composition according to any

of claims 1 to 12;



(i) selecting a first polymeric material having a MV of less than 0.15 kNsm
2 ; (ii) contacting said first polyneric material with a said LCP, wherein
sai d firswopobymwesssc material and LCP are as descri bed ipoTasseo@footicai ns 1
to 12 . 19. A method according to claim 18 which conprising formng said
conposition into a particulate form 20. A nethod of preparing a conposite
material according to any of clains 14 #,0 17, said method conprising: (i)
selecting a first polynmeric material having an W of less than 0.15 kNsni 2
or a conmposiktion according.to any of clai 1 to 12;(ij) optionally,
contact i ng?f‘%}e mat ??é?gagé?’er r%‘}d/“'t‘"lftilrpg(i i e e kd e Lepfegrer) to
contacti ngisai(dl) eiehi al safief expgd to in (i) or (ii) with a filler means;
wherein said conposition, said first polynmeric material, said LCP and said
filler means are as described in any of clainms 1 to 17 . 21. A nethod of

making a c ent o] LS] trudi ng or injectign nmoulding a
conposi te gg?gfiaIC%§9§%g§%§bgﬁﬁﬁﬂpéégég?agﬁmﬁ%?gé%?% E?!iﬁé.thnﬁﬁmm of
maki ng @ cohpbnehthwhi £hlihas aeaakl; which includes a region having a

t hi ckness of 3mm or |ess, the nethod conprising: (A) selecting a precursor
material in the formof a conposition or conposite material as descri bed

accor di ng #lefdin Ofsadlddi @dmdos 0t 1dn ANBaGB) £1Al | Be15RLY 1PN G SQM, At eri al
thereby to form said conpaonent.
said LCP and said filler means are as described in any of
claims 1 to 17.
10
21. A method of making a component, the method comprising
extruding or injection moulding a composite material as

described in any of claims 14 to 17.

15 22. A method of making a component which has a wall which
includes a region having a thickness of 3mm or less, the

method comprising:

(A) selecting a precursor material in the form of a
20 composition or composite material as described according

to any of claims 1 to 17

AND

25  (B) treating said precursor material thereby to form

said component.



