10

15

20

25

WD 2008/ 065444 PCT/ GB2007/ 050697 SUBSTI TUTED
QUI NAZOLI NES FI ELD OF THE | NVENTI ON Thi s invention
WO edoaes44 o t he di scovery of 3-and 5-substit ut BAT/GB2007/050697
anal ogues of the selective platelet 5 |owering agent
anagrelide with reduced potential for cardi ovascul ar
side-effects which should Ilead to inproved patient
conpliance and safety in the treatnment of
myel oprol i ferat iSUBSIIALS QUINNZOBRRES f i cal |y, the
present invention relates to certain
i m dazoqui nazol i ne derivatives which have utility as
I agents in humans. The conpounds of
Mﬂ@%ﬁm@w ion function by inhibiting
This im@gada(rarejamytbah@élsmvsr}amw hmhﬁeultshelté(bmmhtgucﬁnofothe Istlooiye platelet

lowerlﬁ% &geglg fﬂtn%gFI&cg %AEK%CCM (&\I Pj)tce]rftj@lgl 1)E M&%}éﬁﬂ%—%@fg&g %V%ich should

lead t@n@rbyedashiieii @hfpliasee dndl sdRZOHUIHS Qréﬁkhieﬁﬁomiyélbprohferative diseases.
sel ectively reduces platelet count .in humans and is
More gpegifically t]%éualﬁsenb H)(Vﬁ%tgg)srelafpsttﬂ acilgin anphagpquyrazoline derivatives which
have me%/ 9P g)paltélétQE)@fEh Y€ a gén%eﬂisﬁlﬁnz(ﬂyp Dee ¢ nds 0@%%}&6& invention
15 t hronbocyt hema , Where an eleaedpatee
functigopninhipitingputgakdrgoqystpoeints aad heme tlaafoadationtnf bedplatelets.
risk. The chem cal structure of anagrelide,
6, 7-di chl oro- 1, 5-di hydr oi m dazo[ 2, 1- b] -
BA CKIBROAND IOF ”EHE-I)NVJIDNTmNr ochl ori de nonohydrate is
shown as the hydrochl oride nonohydrate in t he
Anagreligley onf{@C#leﬁ% grelip®HoX 4&96%>c118c b0 nepels pElyt i ylinistered
1m1dazpﬁ§1|ﬁ§i@1'hb cwhl&{ s@DRGLR/ ﬂeé@ceb Q6N Rk G hiREnd @ﬁae i @4d for such
toin US. Patent Nos. 3,932,407; RE31,617 and
purposgs 146, thg g treBemn adr alyctwralgerativni @&ﬁ@sesm(ylﬂlgs),s ebeltt dsveessential
g I n ro ies of humn .
throml?(!cg{hgl‘n?a éﬁr@}’/\%&%ﬁ?%salgs&g{%eg {aYe dstt ufi{ lﬂga:){ 1|1tvtf(1)1e [yat%& at increased
thrombdicoritdo CTlico pBemicalastiucuire yofr aﬁalgfeﬂlae P 6,7 Htihiokos1,5 ﬂmgcmnandazo 2,1-b]-

qumazsl&??g?g?[gf (?ﬂééyq%%({ﬁe%]}df g)gnghg%? %ﬁ%é@@y as tﬂaﬁ}lljdrrocth orlde monohydrate in the

following formula:

Cl

H
YN
0] HCIL.H,O
N

Cl 3 position
Preparation of anagrelide hydrochloride was referred to in U.S. Patent Nos. 3,932,407; RE31,617
and 4,146,718.

Anagrelide is a unique, highly selective platelet lowering agent. In vitro studies of human
megakaryocytopoiesis suggested that, in vivo, its thrombocytopenic activity results primarily
from an inhibitory effect on megakaryocyte maturation. Anagrelide inhibited TPO-induced

megakaryocytopoiesis in a dose-dependent manner with an estimated ICsg of ~26 nM, showing it
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nmegakar yocyt opoi esis in a dose-dependent manner wth
an estimated 1 C50 of -26 nM showing it 1 WO
wQo@8neas144 PCT/ GB2007/ 050697 to be a hi ghl yp@DGBRG07/050697

agent. Anagrelide does not affect erythroid or

nyel ononocytic differentiation stinulated by

eryt hropoi eti n or granul ocyte-nmacrophage

colony-stinmulating factor, denonstrating the
to besel lﬁgﬁllbeI)thfntOfagédﬂl AnaSRFPaY %e@glﬁit Ngffect N@ythroid or myelomonocytic

tic lineage. 5 The dru mhlcﬁ I s availabl e
dlffereinﬁatm ﬁ plated, 8y gﬁ@rwe&ge Or hg{an (pca/\tpemacfr@plwée ofolony-stimulating
I

faCtOf%y‘%”w%%%f%@?# & PO RUAR Lt BHBo L0 kAR A ERLERAR o lic tincage

t hronbocyt hem a. Anagrelide was shown to be effective

e o bRreR i’ ot SRR - Sni CRYRRE) B el et ponsideraote

clinicap @hlu€ i e Wedthehhdfanfaosprbliresitide sRe8 aich ats@ssantlal thrombocytherma
nyel oproliferative disorder. The tine to conp
Anagf?lé%ep‘ﬁ?fssémw&éf’ ibs edifegtévesand) slestivg mcréﬂvﬂm&andl@la@mm@ @Jajclet count
close foaﬂlg%hfr{ an hp‘hyfm%lo%?ca oK 1n|ﬂ3t1&n§ WIRI @fdhdod g{hemla secondary to a
patients, e pl atel et ¢ount can be reduce
myelopmihfdralvnedis@ﬂela Tamsemeftolc(nnq)laﬂgbmyse |defieaf lay a platelet count <

unteer tri the nmost frequently reported adverse
600X1éf/1r~e@9ge femg l‘férlthYFﬁ}ﬂS Hadba sk Iner @afdpithapia &?ﬂ% count can be

reduceBOa%H WalaidtZAlNRIS.ENG Nayssa. During patient st udi es,
the nost frequently 15 reported drug-related AEs were

headache, palpltatlons oedema/fluid retention,

In ear% ?un%% rrlrz]ﬂg ItP? tS | /L uent replorzté n(?vsesseaerf'fjecta S otﬂert tﬁlan headache

es arrse
were SegiQIdaY, )postumarcﬁlzm @nﬂ aﬁusplnalbmamg)batg:ylt asidize| aitadost frequently

agrelide resulting fromits |n bitory effects
report%wﬁ il d st Bradather BYR RS, OB ﬁn retﬁ@f&@r Bityserévomiting,

diarrhéaS dBz R4l aBREmink] pdift MR Offedd zgr@ aBNikbGR8 ariVakbf @F secondary,
-29 nM (cf. mlrinone, a classical PDE I'll inhibitor,

CardIOV@sdatpll?Tma%QBYnMOCmt%thtan@ﬁieléﬁe Izﬁlﬂng)ﬁramdﬁallnhllbmy effects on
humar* éﬁoséﬁ&ﬁ%te&% RAS EVﬁI) g%%%rgﬂé/ehfs §tgﬁ3[bI5]]9 Iﬁfl dilgﬁor with an ICsg

Con ractions o I NCr ease
value cf29navir(opynilrinoas,@adassical PIRRAT inldbie)r, [(&nd 1@e435¢ InM)aInhlbltlon of
' ' estations of

vVaso ion, Such cardioyascul ar ni
myocaf‘ﬁf‘%%ﬁﬁﬁﬁfeﬁ&ow B‘?Sé“‘iEyIBP%%HYI éng%aéﬂ’ngtﬁ‘ f{%réecq Aoujracsions of the
heart),P @R tdakade chﬂoﬁ&?dﬁp@ﬁerezﬁbl fl RORE rABM HAO r{PhB&1 valfllilatation. Such
exploited in the short-termacute treatnent of

cardiogaspgfas mapdesyiigns of dhis yplkabition \gag éypically tche withe fendpsicak positive
inotro S%nﬁﬁloégdan%il El‘?&tlmgﬁ & &ance )Fﬂlm?ed’ d% hE KO ttquj?ta&tﬁ% treatment of

h as the cardi 6ovascular si fec ts
congespalb pheaat ifaihse.ahdweaahyioarhdi acatassocif ab et-aalled silent disease (ie.,

asympbq;%ag%ﬂlp N alélf af}ﬁlete(?ﬂr to{lzlts!pté%roﬁizig &?fﬁgtlsg I{)alglfaatlons and tachycardia
associated with anagrelide limit its utility and a significant proportion of patients — reportedly

between 25 and 50% — fail to tolerate the drug during long term treatment.

The PDE III inhibitory properties of anagrelide are quite distinct from its platelet lowering anti-
megakaryocytic effects. Indeed studies have shown no correlation between potency as a PDE 111

inhibitor and anti-megakaryocytic effects for anagrelide and its principal pharmacologically
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between 25 and 50% - fail to tolerate the drug during
long termtreatnent. The PDE Ill inhibitory properties
w@Rooaseguel i de are quite distinct fromits pl aP€&l/eB2007/050697

| owering anti- 30 negakaryocytic effects. |Indeed

studi es have shown no correl ati on between potency as a
PDE 11l inhibitor and anti-negakaryocytic effects for
anagrelide and its principal pharmacologically 2 WO

active %%Bﬁ/oﬁ@%%dﬁ@%@&ﬁ@g (DB06Dhgretiat by 8-HRL REAEAY Baown as SPD604

4j&ﬁroxyanagrellde (3-OH anagrelide or 3-HA, fornerly

or BCRRHR)- ¥ rispigty the dattepppas dowd)lo bsargrdOsiokymyretiogent gapapagrelide
asa PIgﬁZIgII‘ [gr#?lgoert Wé@qgéf)é%réo 419116181% fgﬁé%kg%ggu)p(%ge‘s?;(ggd therefore platelet
loweringipptontidlprt wis Iygakany ooyt pponedias tiapaeithbngf dmagrehde s active

meiab PN iSRS ER T, St B B BOSE o PR s win

typical®&ipahatd beng 3-3HBIA gisapr. @9@Hby liMpNdavion BrOAMAMKIEISe is likely to be a
greatly exceeding those of the parent drug wth

major ?%S’P'&‘é’i?f @soharBEogiGihacions plgheg dgigeat er . Thus by
implication 3-OH anagrelide is |likely to be a mjjor
contributor to the pharnmacol ogical actions of the
drug. 10 In addition to the unwanted cardiovascul ar

In adfi {Kf)ne ‘f(t) %hea%%\%crlltg ecgrd\{\(ll)vtahcullza I\ﬁﬁ asrggéla cﬁ Atk Pb%e III inhibition, the
consequent "efevation of "CAVP CanTesttt ' an

conseqibhi elaggioagett exlylPetdnesssult \Mhiaheantirddora@bloyy effba. While initially this

roperty ma ear. tq be beneficial in essentia
proper m#@%a@%éﬁg%ﬁarfr%ﬁﬂg %F%’&‘?L HieEhotherys @atighs predisposed 1o
greatef NhRAMLE Crifd, SkuchSHehpRMd - Plrake! Bt RE&ECtSuldl Rave haemorrhagic
excess, could have haenorrhagi c consequences and on

consedyghess ged papalpese riry e bi deilable. Indersebie higandygagsrevpirig pecasionally
seen in l\i('f ﬁ'at?en?s t?e%?édgglfﬁ Méﬁlé'e'ﬁgé E]?d%lt le dEeTtopaa Irrﬁﬂ]i %I.OL E Eﬁ)}eea?h 1-aggregatory

anagre 0 a CO | na 1 on
effectsa B(bntr-lblg@ﬂ agatiorlyy 3€(’[)Heﬁ:ﬂagre¢1€161 tamid bart @deﬂsl&ﬂogralg yofbpla@icOHeduction,

I de and .an overshooti.ng telet reduction,
ComPOé‘Bﬁ%{) E’P{d d SHFr sty AUPgrqn o nrht*’wﬁl’%ﬂgt ﬁlﬁﬁ i {IRIULLPY r fqpcomitantly
adminfst&dd. (11 sheque 1|eﬂts (O EAE\Y:| 3 dndttadionsAst- OHSJnﬁgl%ﬂde kdve been shown
some ET patients, plasma concentrations of

likely torfageas thelés wize &5 éé‘ﬁe%ﬁ‘?bmhlbl‘ll(rfk‘éfl pjatelet aggecaaidon tea fagtor of 3).
vitro I C50 values for inhibition of platelet
aggregation by a factor of 3). 20 The PDE Il nedi ated
cardiovascular side-effects associated with anagrelide

e P S i e gt P S BB R ¥ HEPBg oR S mean tha
many pitaitsMalvB to BY dWRXHEH (6 he m“ﬂ\@igﬁfflcaﬁtMIerﬁflug theSap®, HArAdY €hat with

hydr0>§:yr111reer;11 Callloveg\felr ) ?}Eg adbrgglg | 1tsea 51m([:)1he Ic}r:ehrrucalt intl—metabohte which inhibits
ribonucleoside diphosphate reductase (RNR) with resultant profound effects on DNA synthesis.
Ribonucleoside diphosphate reductase catalyzes the conversion of ribonucleosides into
deoxyribonucleosides, which are the building blocks of DNA synthesis and repair. Inhibition of
ribonucleoside diphosphate reductase explains the cytoreductive and — most importantly — the

mutagenic effects of this compound as well as its platelet lowering action. Hydroxyurea is thus

officially classified as a “presumed human carcinogen.” As well as possessing the potential to
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25 ribonucl eosi de di phosphate reductase (RNR) with
resul tant profound effects on DNA synthesis.
woRm@eneakeosi de di phosphat e reduct ase cat al yzeRCT/682007/050697

conversion of ribonucl eosides into
deoxyri bonucl eosi des, which are the buil ding bl ocks of
DNA synthesis and repair. Inhibition of
ri bonucl eosi de di phosphat e reductase expl ai ns the

induceQyii QB UEdsFotthaBHE hyd R Giireh FROEIcaRE With the hductitt 8O@Mi@It-to-treat
effects of this conpound as well as its platel et

leg ulgetwer i ng acti on. Hydroxyurea is thus 30 officially
classified as a "presunmed human carci nogen." As wel |
as possessing the potential to 3 WO 2008/ 065444

Faced PG B2 d0Fhm5 06 Acatrnend wpgohse whaenic at dlean gfeed rfat & gy agent in the

e A S8 ERORT B B oo i
reducedi drefiBmal nside’ @8IcE WhiRPina@iREde biiek &oms saleClive@dr inN&efechanism of
. for a new agent in the 5 treatnent of thronbocythem a .
action,{hy HRiREonsp Hs psa ae these pssodstpd with cgidiovascular effects resulting from its

seconcm%ggh%}é%lxg RAH &3hSibRkk 1\Mgf¢sfy by QRUGEEYOme LB EBr fHafRlide, 3-
effects. Wii'le anagrelide offers some selectivity in

hydrojyesagrgdgleani sm of action, the linmtations to its use
are those associated with cardi ovascul ar effects
resulting fromits secondary pharmacol ogy and
The me@bdlisiboft @dgdeAdgQednyrallly pidreedaiirv@elyahpitigl icbdting in a less than ideal
anagrelide, 3- hydroxyanagrelide, 1Q The netabol i 0
pharmg He p 11%8%@3 él'rlf%, '%‘t}eoté{gléashagf)—(lffp Q%@P%ggf?lglﬁila _IIVE 1.% Tr (5.5 hr for
the mE@BHE) Aechdiad Edtaihul dRRbinis AR kd metibde day). This,
¢ MR Te o ﬁe“%?ﬁeé?. | Thegtépi O P Ral T e qpes per day). This
combipgshgiidl thgesidesclfepst profde, hean( Rad thrpdoprpatigtiecanglgbes. i usthermore,

' In e dr hai ' 4 . -
e JFESIOLAOL, 10 ST AN ) SLLL R R o
variatipii ahi héhievednexpesudes andodiergiat] @otendadhyplvhadatde.drug response. Also,
expomggg(é Hgﬂqg%géceiéffggs} | étzvld:: r?}gral? 1‘%% :‘j%g %ipé'%g%%réﬂ}? bfetlwregrtl patients since
its fortAti $HBERElent \AI CRPI ANak BnAGHH RUSR SPRASWVHES hashih dependent on
therefore, potentially variable drug response. Al'so,

eXPOSWHR (5@ $RUEINE RZERE SpHarNBigdrdysake. yOweeall viis meayalseili fnethe need for
' J: - [ since its
core B g o P BT o yre whose
expression is highly dependent on exposure to

Ustggl¥ PGB0 Rnbehou Tk T3 b BTRER AT bRt by hove an
analogolls Ratéent & BRidAdider At QUicM ble aN@g6 edd Bfective in the treatment of
thromboses resulting from their anti-aggregatory effects on blood platelets mediated by PDE 111
inhibition. = However, this disclosure does not appreciate the entirely separate anti-
megakaryocytic potential (reducing platelet numbers) which could be associated with some

analogues.

Ideally there is a need for compounds which possess anti-megakaryocytic activity whilst at the
same time having a reduced level of PDE III inhibitory activity and therefore unwanted

cardiovascular effects.
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US4256748 di scl oses a nunber of
i m dazo[ 2, 1- b] qui nazol i n- 2( 3H) - ones whi ch have an
wWaraBogaws structure to anagrelide and whi ch aPEr/&€82@7/050697
to be effective in the treatnent of thronboses
resulting fromtheir anti-aggregatory effects on bl ood
pl atel ets nediated by PDE IIl 25 inhibition. However,
this disclosure does not appreciate the entirely
separate anti- negakaryocytic potential (reducing
~ platel et nunbers) which could be associated with sone
It is anypigy %@é@r%wemqﬂyow Heperqoneavasiony disgvap@agsoti i $0 {HpieKe on the
r Y :
properHsté‘le}?-?oma aVI ngﬁg@rz%clgh %121 é/f'o(#% ﬁ%h II?JI tolalé1 1@@ an %gagrehde
derivagod Whlch)]naalmprpm 2y 10) (42 amdq)(/vatnlteéuted@axd@bwam@ ubxeity relatlve to prior

a cofiphifEh e A0 AR o gy SHARESY i biaIBeytopociss

provided %ﬁdéfﬁfﬂcﬁﬂestre@fm@ﬁ t'Dhd BRHPMBIONLthE pr@éﬁpﬁﬁléﬁtﬁ)‘ﬁ &t especially
prior art conpounds. Thus it is an aim of

th
benefl?lﬁb‘&%vssﬁh?ycdlﬁwlaw I inhipitory arifty dewards Pmsab?%stweclﬁl (PDE TII)
d yeh 8dpli TRIIQ V@ ik tntirtak karQ& &@Mﬁﬁﬁ:&@]ﬁﬂﬁ%ﬁ%&ﬁh
e %ﬁ?é??%/?r el ative to B?ﬁ%ﬁ gg?aorC? conpomrJln lg in t Eproperties.
treatnment of diseases for which nodul ati on of
o OB Rn LB R SRS D, e apmnc
pharmesyéetial pryfilebenafd epaddnt besalinacd hﬁ&’ dhisspl eynsiseasy of therapeutic

responllscP rittl)é : oé%;&gﬁ%\é}r%}/q L2 m@féggglpglﬁr}spgét AR Szi(,atlolnlolf agtlol:r)lEi.e. long
half-1iRNhi vite I akBIaAGY f i€ a 3REhH MG o L& @dmlkdm@{ tH@ are available via
properties. 10 I't is also desirable that the conpounds
relatively comeenganesyarietic praspiston shoul d have an i nproved
phar macoki netic profile to aid patient conpliance and
ensure consi stency of therapeutic response. It is
The cdrhpugings Hienctiber inaiehibo tEievprdenc oivpaitndaitiviytsbma qabdldof the above
. duration of actioni.e. long half-life in vivo.
ams. Additionally it is a further aimto provide conpounds
that are available via relatively conveni ent
synt hetic processes. 15 The conpounds described in
relation to the present invention satisfy sone or al

of the above  agimynARSHMAR IV EREIGAVENT! ON

We have found that analogues of anagrelide in which the principal site of metabolism is blocked
by an appropriate group are likely not only to have improved pharmacokinetics but also a better
side effect profile. This would be expected to lead to better tolerability and improved patient

compliance enabling a broader spectrum of patients to be effectively treated.

The compounds of the present invention are surprisingly beneficial for two reasons: they have a
dramatically lower PDE 1II inhibitory activity than 3-hydroxyanagrelide, yet still retain potent
anti-megakaryocytic activity. Indeed these compounds have therapeutic indices which are likely

to be much more favorable than that for anagrelide itself.
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W have found that anal ogues of anagrelide in which

the principal site of nmetabolismis blocked by an
wWapesoaHieat e group are likely not only to havePCTpBRMNEHS0697

phar macoki netics but also a better side effect

profile. This would be expected to |ead to better

tolerability and inproved patient 25 conpliance

enabl i ng a broader spectrum of patients to be

In onc®nitR@inhdte! e preSai @flenddtEercoOmpRdBs Aiagteli@e PEASRBcomprising a 3-,
invention are surprisingly beneficial for two reasons:

5- 3.3-hey Sr%wstautearwilé%wpwpp%r Thpe far) e§applgi ipothy 3-substituted
der1va§9és' ﬁfs& }sastsl'}ﬂ&al?b'lﬁ 003(}@({}9%& rgl?de ¥ QreSiyely bloftl MSurprisingly,

pot ent "anti - megakaryocyt ctivity. Inde d hese
these cwmpponmmllhhw gobd ppeegaka yoaytic eesvighilhins an@adpﬁckeif yhis invention

rlaes) Pt BT B o S A PeT) RO DSBS e R Tt pass

metab@[ﬁiﬁﬁdi (W€ RbrreshbRLiHF S&@ﬂﬁoxyz[h\ﬂgﬁhd@ﬁ @fé@@mﬁsﬁﬁﬁedanln the case of the
anagr el i de anal ogue conpri si ng

5- subsgttgedsqﬁ)gg{oppq‘ﬂléﬁ eéﬂqféqdetp?tdaeb%lahgam& mofR lggfecqcvgrthan a smaller group.

Group@é@d'ﬂpalseubu'tﬁ Al ®uRs %Hﬁ?tlﬂl&éﬂ rogﬁrdré/ %{ds\éﬁ ectécd trosl;e HARSst utility
nmet abol i smto 3-hydroxyanagrelide 1s effe tively

when pibsdiked. atgmbppsilmgl gx substheend comppoonddarge ighdupsiidle 5-position is
expect?ﬁ(t)d st%ﬂgeld ces%/ aft %)S\{tll try b }peur%etgg(%fsméﬂ%y%ch%me s active

is’inve t|on anag reli de“and

site. ThisghoulgiiftgbiBf@umbgdn (bﬂlhedardheﬁctthvattmelz&ﬁ)hte\/\lﬁl-e@&ﬂoﬂyzfﬂagﬁhde
pass netabolismto the correspondi ng
3-hydroxyanagrelide is effectively blocked. In the
case of the 5-substituted conpounds it is expected
that a bulky group is nore effective than a smaller

Accor@pg ifpone aspast the prelsed gnvienert, yherealﬁ drotdedra qg)mp@ynd of Formula (I) or

I ted to be of nost

aphmg?&%h%ﬁgugﬁgﬁﬂg%%”fr%@?éﬁ%ﬁggﬁhe 5-position. A
substltuent conprising a large group at the 5-position
Is 10 expected to sterically hinder access to the
3-position by the netabolm%lng cytochronme's active

site. Thi gishoy h formati on of the
cardi oacti ve - hydr oxyanagr el i de.
According to b RKe present invention,

there is pf nd of Formula (I) or 15 a
phar maceuti cal lly aq_gpta } & salt or solvate thereof.
RERO ' RN RNRR

U

wherein:

R', R%, R and R* independently represent hydrogen or a blocking group which functions to

directly or indirectly prevent metabolic reaction at the 3- position of substitution;

or wherein R' and R?, and/or R? and R* together with the carbon to which they are attached form
a blocking group which functions to directly or indirectly prevent metabolic reaction at either the

3-position of substitution, the remainder of groups R'to R being hydrogen;
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“If 011 R/ Nz R5 RA R3 R (lI) wherein: 20 Rl, R2,

R3 and R4 independently represent hydrogen or a
Whb@skesags gr oup which functions to directly oPCT/GB2007/050697

indirectly prevent netabolic reaction at the 3-

position of substitution; or wherein RL and R2, and/or

R3 and R4 together with the carbon to which they are

attached form 25 a bl ocking group which functions to

R’ is st @€ trbh (BE giodfch@pitidiNg: PrueMe BhloRE bRl dnd ib@act i on at
either the 3-position of substitution, the remainder

of groups RI to R4 being hydrogen; 6 WO 2008/ 065444
R¢ is sEICLFROPARL Qlf%pﬁ szp&@%% $1uSR), @ﬁbﬁ)d bfomg;gnh SadAl oUP_

conpri si ng: or o oro, brond an
selected fromthe group conpri si ng: fluoro chloro

R8 are inde se
R anf SRR RO RHD wielih BR g UG RBRRRS Mipdesfutissifhon, €1
haloall}l, 6, ¢ Mdxgahdel’, s Haloatkoal kady, and Cl. 6 hal oal koxy; and
RO is H Cl.6 alkyl, or a Goup | netal ion; 10
provi ded always that RL , R2, R3 and R4 are not al

thxgrgg§p0rg(hg m¥@ieaone of Rl and R2 is methyl and
R3 and R4 are ydrogen then other of Rl and R2 is not

hydrogen. In an enbodinent: 15 Rl and R2 are

pr0V1d8@gnoays%¥ hyﬁke[iltf %?4 fr 9 ﬁp%ygrr ot (VI Srll r(])%2 g'R and R” is

methyEziﬂd)Rf’ydnd R%r@h}@iy@geﬂahdﬁydthm Ré afd B%lisdloahkiyd) genal kenyl ,
al kynyl or cycl oal kyl groups may be optionally
substituted by 1 to 5 groups chosen independently from

In an dali®disgdeup conpri si ng: hal o, hydroxyl, cyano, nitro,
Cl. 4 al kyl sul phonyl and COOH, C1.6 hydroxyal kyl; Cl.6
car boxyal kyl ; and sul phi de;

R' and R? are independently selected from the group comprising: H; cyano; Ci alkyl, SCi
alkyl, C,¢ alkenyl, C,¢ alkynyl, Cs;s cycloalkyl wherein said alkyl, alkenyl, alkynyl or
cycloalkyl groups may be optionally substituted by 1 to 5 groups chosen independently from the
group comprising: halo, hydroxyl, cyano, nitro, C;4 alkylsulphonyl and COOH; Cis
hydroxyalkyl; C;.¢ carboxyalkyl; and sulphide;

or R' and R® together with the carbon to which they are attached form a Cs carbocyclic ring
which may be optionally substituted by 1 to 5 groups chosen independently from the group

comprising: halo, hydroxyl, cyano, nitro, C;. haloalkyl, C;.4 alkylsulphonyl and COOH;

or R' and R together represent a Cy.6 alkenyl or Cs.¢ alkynyl group bound through a double bond
to the ring to which it is attached and which may be optionally substituted by one to three groups
independently selected from the group comprising: halo, hydroxyl, cyano, C;4 haloalkyl and
COOH.

In a preferred set of compounds, R' is an optionally substituted C;4 alkyl or Csg cycloalkyl
group.
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20 or Rl and R2 together with the carbon to which they
are attached forma C3_8 carbocyclic ring which may
Whe00speiddhal |y substituted by 1 to 5 groups cheGEGB2007/050697
i ndependently fromthe group conprising: halo,
hydroxyl, cyano, nitro, Cl.4 hal oal kyl, Cl1.4
al kyl sul phonyl and COCH;, 25 or R1L and R2 together
represent a C2.6 al kenyl or C2.6 al kynyl group bound
t hrough a double bond to the ring to which it is
attached and which may be optionally substituted by
In a pyplered sehpeeogPouss: R rideperritnelly subytighed § s radiylt greup or Css
CWﬂmﬁé?Up conprising: halo, hydroxyl, cyano, Cl 4
oal kyl and COON. 30 In a preferred set of
conmpounds, Rl is an optionally substituted Cl.4 al kyl

r C3.8 cycloal kyl roup. 7 2008/ 065444 . .
In anofie PR b DGO it &y Fosi el B i isahabsged Cus
cycloalls/] gfvupPpMBn@tieyabSibstik b dy@ebrédyl4ralpkyl group or C3_8
cycloal kyl. 5 In another preferred set of conpounds
Other gielerrgl epmpaygdt Atsr thpssr i WRICH G lema RS oF o Aot it 18 o CEH)om or -

NeoAs |, veHcRLR = RE REEGBARY. ¥nd PLS &S, Fnd q = G-p).
D cycrg%%§%§ﬁg%roup %?ﬁ%ﬁ preggﬁgédncgnpodﬁds a?e(%ﬁgse

in which at least one of R and R2 is -C(H n(F)mor -

" F Ex ere.m= oL, 3, apd = {(3-m; 1
More %g}aﬁ; y:gtg]eaocs:é (})_%f) o(fal?n gh% :13((§F_3 Fg))r C}ﬁfé IM)orst rgfeéz%b'i] , gbféga/sta ¢of R" and
R’isdrgast one of RL and R2 is CF3 or CHF2. Mbst

preferably, at least one of RL and R2 is CF3. In an
enbodi nent, Rl is preferably nethyl, cycl opropyl, CF3

In an @hbddidhént, WP{EHBlibs) AR, c?@lof)l% yITethy¥} COIF,. More preferably, R! is
cycl opropyl . Most preferahly, RR is nmethyl. In an

methyb b st pmpyl. RBost Prifeisbler &bl i mabBylrde apl clsgimer Boyib  preferably
: ef I I S r
i SRR AL L FERE R L g aoprons. s

prefersbipRAismanbyl. 20 R3 and R4 are independently sel ected
fromthe group conprising: H cyano; Cl1_6 alkyl, SCl1_6
al kyl, C2.6 al kenyl, C2.6 al kynyl, C3_8 cycl oal kyl

In an SMREBhdhe:Sal d al kyl , al kenyl, al kynyl or

R’ and R* are independently selected from the group comprising: H; cyano; Ci alkyl, SCi
alkyl, C,¢ alkenyl, C,¢ alkynyl, Csg cycloalkyl wherein said alkyl, alkenyl, alkynyl or
cycloalkyl groups may be optionally substituted by 1 to 5 groups chosen independently from the
group comprising: halo, hydroxyl, cyano, nitro, C;4 alkylsulphonyl and COOH; Cis
hydroxyalkyl; C;.¢ carboxyalkyl; and sulphide;

or R* and R* together with the carbon to which they are attached form a Cs carbocyclic ring
which may be optionally substituted by 1 to 5 groups chosen independently from the group

comprising: halo, hydroxyl, cyano, nitro, C;. haloalkyl, C;.4 alkylsulphonyl and COOH;

or R* and R* together represent a Cy.6 alkenyl or Cs.¢ alkynyl group bound through a double bond
to the ring to which it is attached and which may be optionally substituted by one to three groups
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cycl oal kyl groups may be optionally substituted by 1
to 5 groups chosen independently fromthe group
w@pesing: hal o, hydroxyl, cyano, nitro, Cl.HBCT/GB2007/050697
al kyl sul phonyl and COOH; Cl1.6 hydroxyal kyl; Cl.6
car boxyal kyl ; and sul phide; 25 or R3 and R4 toget her
with the carbon to which they are attached forma C3_8
carbocyclic ring which may be optionally substituted
indepeadentlyt R1e2tedr fAsHShE Eﬂﬁl@ neonpeieden a6t hydrbxyo, n&g‘ah@, ar.PH#oalkyl and
conprising: halo, hydroxyl, cyano, nitro, Cl.4
COOHya] oal kyl, Cl.4 alkylsulphonyl and COOH, 30 or R3 and
R4 together represent a C2.6 al kenyl or C2.6 al kynyl
group bound t hrough a doubl e bond tothering to
In an amtiodhmdnt, R’Ss Htdrgahetkyhndieforibéh RiayHbe opti onal |y
substituted by one to three groups 8 WD 2008/065444
PCT/ GB2007/ 050697 i ndependently sel ected fromthe
In an c@EHOMPNGOTROTIS Bl 01 @, ¢ ARYD, Pbfesibdx W' is Ayano, Cl. 4
hal oal kyl and COON. In an enbodinent, R3is Hor Cl.6
al kyl. Preferably, RB3is H 5 In an enbodinent, R4 is
In an e'ﬂl‘t%ﬁlrﬂqu{ 3l Eﬁékeralﬁ’f efigfably, R4 is H In an
mbodi nent , is preferably chloro. 10 In an
eMdemm R6 is preferably chloro. In an enbodi nent
N ance iment R8B is H 15 In an
Inan emrpo)dgnent 4 lﬁﬁrefer% dl?lﬂman alternative enbodi nent, RO
is Cl1_ 6 alkyl and, in this case, the PDE II
ibiting activity is effectively elimnated. M
Inanﬁ%%? E‘aﬁpartlcularly preferred al kyl
substltuent In another alternative enbodi ment, R9 is
a Goup | .netal ion and, in this case the conpounds
In an esthoglinadng R i51dant | y |nproved wat er sol ubility. Sodium
represents a particularly 20 preferred Goup | netal.
In a further enbodi nent:
In an embodiment R’ is H. In an alternative embodiment, R’ is Ci alkyl and, in this case, the

PDE III inhibiting activity is effectively eliminated. Me represents a particularly preferred alkyl
substituent. In another alternative embodiment, R’ is a Group I metal ion and, in this case the
compounds show significantly improved water solubility. Sodium represents a particularly

preferred Group I metal.
In a further embodiment:

R' and R? are independently selected from the group comprising: H; cyano; Ci alkyl, Co6
alkenyl, Cy6 alkynyl, Css cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl groups
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:
halo, hydroxyl, cyano, nitro, C;4 alkylsulphonyl and COOH; C;s hydroxyalkyl; Ci4
carboxyalkyl; and sulphide;
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Rl and R2 are independently selected fromthe group
conprising: H cyano; Cl.6 alkyl, C2_ 6 25 alkenyl,
W@2008/0684k4/nyl , C3_8 cycl oal kyl wherein said al Rgl/GB2007/050697

al kenyl , al kynyl or cycl oal kyl groups may be
optionally substituted by 1 to 5 groups chosen
i ndependently fromthe group conprising: halo,
hydroxyl, cyano, nitro, Cl1_4 al kyl sul phonyl and COOH,

or R' &4 R* h}g@ih@%%hkh{é carbdn © wBRh bﬁl@gsf)’éib lﬁ}thohe@ﬂf@mSH'CQQlcﬁﬂ)oc%hc ring
WD 2008/ 065444 PCT/ GB2007/ 050697 or Rl and R2

may b gpiarRBy sufistiyiady lierpypursshppindRdeprrdengy &rogy the grpwg comprising:

r ! 0]
R S R AR L Y R R SV
the group conpri sing: halo hydr oxyl , cyano nrtro
or i G B3B3t S B MR HABIRY AR RSEl o3 Gyt or .
alkyn}&tgraqhﬁﬁurfdeﬂﬁ@fgﬁni dauti@_tonalkany lrin@r toGRhh idlikyitydhed and being

roup bound throug& a doubl e bond to the ring to which
optionfy bsuigted ette &% tep'REPS iBptncairatly yelstpd frmihe gragy comprising:

hal ffoxyP ﬂbe@ o) 1Lhdepeigent |y selected fromthe
a()H% ég g%npr|§9%d%m%hglo hydr oxyl, cyano, Cl.4

haloalkyl and COCH; 10 provided almays that RL and R2
pr0V1de alvrll’]at?/%] t}fa ecY gtﬁ 9 nol’t ls)ot%o %{%arrl Ooég}rl]a? gng%R:(l') mgrrngﬁZ is methyl
meoﬂhydnngﬁhogﬁ,RS is selected fromthe group conprising
fluoro, chloro, bronp and iodo; R6 is selected from
the group conprising: fluoro, chloro, bronpo and iodo;
R® andtdyre RfdregdRy and R9 are hydrogen. 20 Another preferred
group of conpounds is those in which neither RL nor R2
is hydrogen. Anongst these, it is preferred when R1

Y is s@lggtegegroﬁrtﬁe Q Ecbrﬂﬂ%ﬁﬁ% q@?{(oi,/?hlg%lz&%ﬁrgq ' @ the gr oup

conprising: eny
al kynyl, in mhlch t he al kyl, al kenyl, and alkynyl

. grou be opti onal substltu ed; 2 rein Rl
Ris Sglﬁ?fe@o{“é edloup CQWPIHS“E%%]“E?%& BIAT BT I?CFPe;?n
attached forman optionally

R’ , R®and R’ are hydrogen.

Another preferred group of compounds is those in which neither R' nor R® is hydrogen.
Amongst these, it is preferred when R! and R? are both independently selected from the group
comprising: cyano, Cy6 alkyl, Cy.6 alkenyl, Co.¢ alkynyl, in which the alkyl, alkenyl, and alkynyl

groups may be optionally substituted;

or wherein R' and R® together with the carbon to which they are attached form an optionally

substituted Cs_g carbocyclic ring

or wherein R' and R? together represent an optionally substituted Cp.6 alkenyl or Co4 alkynyl

group.

10
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substituted C3_8 carbocyclic ring or wherein Rl and R2
toget her represent an optionally substituted C2_6
W@RkMsmngd44pr C2 6 al kynyl 30 group. 10 WO 2008POBEBZ0D7/050697
PCT/ GB2007/ 050697 Particularly preferred individual
conmpounds of the invention include:
3-net hyl eneanagrelide 3,3,
spi ro-cycl opropyl -anagrel i de 3, 3-di nethyl anagrelide 5
Partic{lRly prefefyd fpyiamd hyﬂng@ﬁ@g belht d6ention include:
(S)-3-(hydroxynet hyl )anagrelide Particularly
3nwdgm§kgkgﬁ%d§onpounds i ncl ude 3, 3-di net hyl anagrel i de,
nd spiro[anagrelide-3,1" - cyclopropanel }. These
33SP@@ﬁﬁ&Mﬁ@@“@ﬂé¥@éﬁeralIy prepared as the HBr addition
t has al so been found that the individua
3(hﬁg%%ﬁné%§g% of 3-substituted derivatives show
(R)-3-@fyfliaxamythyl)dtaerepidesent i nventi on therefore al so
relates to both the resolved optical isoners of such
(S)-3-@edpeundaylamapelile as m xtures of enantioners. For the
pur poses of conparison of the conpounds of the
present invention with anagrelide, the correct
nparison is that made wth 15 the PDE 111 |nh|b|tor¥
Partw%l%rﬂx Rieteyred compungs fchids by -dhaeydnpgrelidy anthspijodynagglide-3.1-
cyclop%;ﬁﬁ@ 1 MhSselc®mpbnds @f@&%@ﬂaﬂ?% cp@RAROBR B/ dﬂdf@ioﬁ%ﬁ‘l@s
ter anagrelide treatmnent egar di ng the use of the
conpounds of the invention in humans, there is
It has ng Mée%%ﬂrai t?i?t tfll Rpﬁ{ 5%? ?n!)!lanltlgﬁers &P h%gs,glﬁéat%:tﬁtg? d&%{ﬁﬁ%&éh@% efficacy.
The p&ﬁélﬁphabhtﬁ)nsﬁietefmé dal vaites tth dfoﬂofthe regbtderptivhlt Bomers of such
rnace |caII acceptabl e dilyent or carrie

whi.ch
ComPOHB 3@ V%\ ﬁf SHXPETS 8 &PANY9KCENt €Al %rP“fRSE?ScﬁlE comparison of the

comp(ﬁﬂﬁﬂ B &k pdseRMinveriof WTRRAYRAHION hé @6tk ofparisofis that made with
. ]ngarnaceutlcally acceptabl € salt or solvate thereof,
the

IH inhHaopneeliiiycel theofpodiory arcteohitaiohiapagrelide ghoq Hus is the
predo&?lﬁ&%%hfﬂgnenft ﬂ{plys?h?a Arer %na@?&l 1€ A ent

Regarding the use of the compounds of the invention in humans, there is provided:

a pharmaceutical composition comprising a compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof, together with a pharmaceutically acceptable diluent or carrier,

which may be adapted for oral, parenteral or topical administration;

a compound of formula (I), or a pharmaceutically acceptable salt or solvate thereof, or a

pharmaceutical composition containing any of the foregoing, for use as a medicament;
the use of a compound of formula (I), or a pharmaceutically acceptable salt or solvate thereof in

the manufacture of a medicament for the treatment of a disease selected from: myeloprolific

diseases and/or generalised thrombotic diseases.

11
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the use of a conpound of forrmula (1), or a
phar maceutically acceptable salt or solvate thereof in
W@ b@sietdud act ure of a nmedi canent for the treatPENGBRH7A50697
di sease selected from nyeloprolific 30 diseases
and/ or generalised thronbotic diseases. 11 WO
2008/ 065444 PCT/ GB2007/ 050697 a nethod of treating a
di sease selected from nyeloproliferative di seases
and/ or generalised thronbotic diseases in a hunan,
whi ch conprises treating said human wth an effective )
a methgdhpinfreatipe ¢ d@é‘?ﬁﬁoﬁ?}?ﬁteéff“f%r wplgplioﬂlfe’ratme diseases and/or generalised
thrommi%rcfi@ﬁgeg G4 g %{lﬁlhﬁﬂ,%ﬁ@lﬁ’_&@g{)ﬁsé ﬁ]egtir%rs_aﬁplllu\fﬂnewittﬁ]% Qﬁ}&ztive amount
or wmth a 5 pharmaceutical conposition containing any
of a cagfipauiné of Gregbi (hg or a Phanpragienty icgumatile ealt @l bvate thereof, or with a

enc asses a nethod of treating a patient. havi,ng .
Pharm%%%@%‘? ial “YRAPSHEECyt hetM a8 hi gh™™8I ood Pl at ei‘}bet foregoing.
count, which nethod conprises adm nistering to the

patient a therapeutically effective anpunt of a . .
The pesppoliVER flse EicaBBMEeY AvERTPEnOl FertRgof Hjtient having essential

throm%g?&gﬁﬁgs&t hi%illﬁl&ﬁi Blra%%% l%uﬁt[‘%%i ﬁQt_h.bﬁ %Bh‘l ﬁ%saadﬁﬁ%ig@gng to the

reduci ng bl ood platelet count wthin pat i en

patienihihetapersichlbylciéwtipe imeunt afiarermpevadjoh ghetppeseenpatioent  a
therapeutically effective anount of a conpound of the
present invention. 15 The present invention
Anothe@naehydasse sf e @ydsehtrigventien tehgoeunaethofl of Relupihg dR¥otl platelet count
. invention,%or the nmethods |jsted above, anong ot hers, )
within fpaligpty WRiep dResRuhqomnTiies ¥lmigigiseag (tOpar ey Atk Tapsiignly effective
amourRBRYL&hpSHRd o heFRRBA@ARVon We have found that
i ndi vidually both (R)-3-nethyl anagrelide and

(S)-3-nmethyl anagrelide show good anti-negakaryocytic
activity whilst showing significantly reduced PDE |1
inhibition relative to 3-0OH anagrelide. W thus expect

The piehat iBremadh yhcoarpagpee praléding e dvavy@undd bff thy présent invention for the

reatin el oprolijferative di seases. 25 cordi ngl )
metho, JS| VAT oS B RC UEER” FHENSRBY 3 By Fomparkd to using

am%nﬁﬁ@grelide, or a pharmaceutically acceptable salt or
sol vate thereof in the manufacture of a nedi canent for
the treatnment of nyeloprolific diseases.

Separately, we have found that individually both (R)-3-methyl anagrelide and (S)-3-methyl
anagrelide show good anti-megakaryocytic activity whilst showing significantly reduced PDE III
inhibition relative to 3-OH anagrelide. We thus expect that 3-methyl anagrelide will have utility

in treating myeloproliferative diseases.
Accordingly, the invention also includes the use of 3-methyl anagrelide, or a pharmaceutically
acceptable salt or solvate thereof in the manufacture of a medicament for the treatment of

myeloprolific diseases.

The invention thus also extends to a method of treating myeloproliferative diseases in a human,

which comprises treating said human with an effective amount of 3-methyl anagrelide, or a

12
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The invention thus al so extends to a nethod of
treating nyeloproliferative diseases in a human, 30
wokisleadhpri ses treating said human with an ePEBGCBRONE/050697
anmount of 3-nethyl anagrelide, or a 12 WD 2008/ 065444
PCT/ GB2007/ 050697 pharmaceutically acceptable salt or
sol vate thereof, or with a pharmaceutical conposition
containing any of the foregoing. The present invention
pharm@dc80c £ C ATPRASSIE SsaRNad BHCAYT heRbf, CANRABI 4 ipBfignaceutical composition
conprising a conmpound or 5 pharnaceutlcally
contaipipg apy effhefyegoineof a conmpound of the present invention
and a pharmaceutically acceptable carrier. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 10 The present invention
The pregendiny e ioadiso@naempBses ph&nsubs ek avmgpdsianed @gq&isingfa dohgound or
est abli shed | atelet |owerin ent ana
pharm G B0y R pie R i SpopPOFRL T BEM SRS G phyrmaceuticaly
accepththle caréiBagr el i de nol ecul e woul d be expected to bl ock or
hi nder the principal site of netabolism and
potentially preclude the formation of the highly
potent PDE Il1 inhibitor 3-OH anagrelide while 15
substitution at the 1-position has surpr|5|ngly been
found to & DHE L IRP liMounds of
t he present |nvent|on retaln t he antl-negakaryocytlc

DR Ty PSS ATl

é ¥ dﬂlé)gt %Bélniﬂtpgaes of tltle Sstablished

platelelt N0 hyenpraaPatlidees Suagutﬂuthﬁnaxethleoy\@f (pOtadjaténdl 5-p&ition of the
unwant ed cardlovascular and antl-aggte gat or

anagrediflg) godgeplecyeuld g @pecgﬂ 48 Iql%:\l;é)rt}ﬁ]gieb éﬁtqcma}/figﬁ, of metabolism and
potentiaﬂpr AR RRafTRGRK] fiahé ﬁ% RGH PDSii fohitidr @hﬁl ﬁ%ﬂi‘ﬁde while

|nh|b|t|on of 20 net [Tsm These 1 nproved
substltoacprd abv)aslcmsaronahﬂs qunarsngd:w kéanefound pr oparshi3E WBrighibition. The

eponst.rat ed
compoqus ﬁ E 16 rgse(r:lgl ¥n erolt\ll(glsgeu 1% IQhee I'h &egg(afyoc tic nBeqper 1ES (lg)eince platelet

loweriag bittadtyiet aopdrée dréd thokeciRie Sand addudel E]XEIIIH 1ﬁh1‘bft01@zrpr0pertles
i npr oved ang%ggue shown in the table bel ow. 25
1

and heagrpayes Pricatial dby Yrwaniek castigysetiigad anfiaggicealt jigeetlects. They

also have AP QXN A DR P}o'vg@ l?dﬂﬁila@ok'ir%ﬁE %ﬁﬁ@&@ﬁét%? as3the &k bof inhibition of
substituted anal ogue of the drug Conmpound In vitro

metabgl@B0 for In vivo ED50 for In vivo ED20 for In vitro

These ln%r%v&? Lardiovascular and pharmacokinetic properties were demonstrated by studies in
the dog. A comparison of the in vivo cardiovascular effects of anagrelide, its active metabolite

and a representative example of an improved analogue shown in the table below:-

Comparative activity of anagrelide, its metabolite 3-hydroxy anagrelide and a representative 3-

alkyl substituted analogue of the drug

Compound In vitro 1C50 for In vivo ED350 for In vivo ED20 for In vitro 1C50 for
PDE Ill inhibition | effects on dog effects on dog anti-
(human enzyme) | heart rate heart rate megakaryocytic
effects
(human cell-line)
Anagrelide 29nM 986 ug/kg 376 ug/kg 26nM

13




PDE |11
(human e

inhibition effects on dog effects on dog anti

nzynme) heart

rate heart

rate megakaryocytic

wW@LF08065844 (human cel | -1ine) Anagrelide 29nM 98BCT/kB300G/050697
/k 26nM 13 WD 2008/ 065444 PCT/ GB2007/ 050697
3- hydroxy anagrelide (active 0.7nM 11. 72ug/ kg 7.1 g/ kg

44nM net abolite) 3,3 dinethyl

anagel i de 164nM

3,557ug/ kg 2,512 g/ kg 166nM The nobst meani ngf ul

conpari s
bet ween

on of the dat
3- hydroxy an

a cited in th
agrelide - as

e tabl e abovs
the drug's 4

3-hydraxgt abol i
anagrelde{a@ive h
metabqliw the p

te - and the
e0-"Mhrmer i s
| asma of pat|

hao
aDID LIIC LIICI

3-al kyl subst
t He'2p¢tomi n4
ents treated

1 hanaof
G.IJCUL 1 L: UCIICI

i tuted anal og

1 ¥Peci es pr

wi th the drug.

IL LU IJULCIILI

hina
3,3 di o b

,3 dim yI°
anagel@é‘7 i de
this

3-4a|

Eﬁﬁﬁts ratio

derivati

4 S76hRAT Y N

ve. A conpari

ULy ol ) §oved

son 0

pharmacokinetic profile in the dog of anagrelio
Thenmﬂ@mﬁﬁﬁgﬁﬂtbmpmﬁonSﬂbﬁtmmuhaﬂnﬂhabbguﬁthw$h@%£nB&bﬂmky

amagrefler il

formeMB {RUA
anal ogue

basis t@%@gﬁﬁlc@mg(ﬁtp‘wtgnt@l

this 3- %139{ (Ipn%_alt

14.4 3-

0]

follow 1

01 15
hydr oxy

.37

8/ 065444 PCT/ (3B20
Kiugetdctiye pelahpliiyr éPf¥

20 1156 4.56

Conpa

1011 3.8

e and a

07/ 050 ve |

@3% ko Svl&lmt?fg Hlogee piges the
LddnGindf gpé%lers %%s@ﬁ%’f' H@tﬁlééﬁla%'f sitsd kdabélafth the drug. On this
conSC|ous dog

v in the
%quV cide elfiects rap() A‘Lm.r}y)r,luch improved for
g. h/ rrL) (h) (mL/h/ kg) (m/ kg) Anagrelide
11.8

nodel

A comparison of the pharmacokinetic profile in the dog of anagrelide and a representative 3-

substituted analogue is shown below:-
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anagr

from anagrelide
WQ@2008/p&446. 9 1967 24 39 25 di net hyl

elide

(arising 60.114 179 14 1.57 24 NA NA

treat nent)

3,3 167 33 1903 47 9.39
anagel i deCT/6B2007/050697

Resul ts represent geonetric neans and % CV * After 1
ng/ kg iv The data in the above table clearly show a

much

| onger

hal f-1ife for the 3-al kyl

substi t ut ed

anal ogue conpared to anagrelide itself (9.39 vs 1.37h)

whi ch,

i f

reflected in man,
| ess frequent drug adn1n|strat|on and i

shoul d enabl e

10 much
nproved pati ent

Compegtip ﬁ@ﬁ@@c%ﬁﬁéﬁr@”@nweh%ﬂs SeBRAfioc v edpeghadilg ¢ul  reryesentative 3-
substtlﬁ%%ﬂ&l@%igé’e]% /

anagr

el

wll%

serv |n

th oo

?oufs% ;Jh'ogeldl et hyl
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h
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I N rran. }

UGiBe 94 Sat
anal ogueé

-ur ther ng

8h11nes gk
2 was al S

e,
QhigG 14.4
0

3-hydalag er
anagrelidéel
(arisi 2(
from at
anagr%qu%l ¢

VILTI(
treatnpﬁgqm

ved I n
i hood o
Q840654
olic st
gue in
"hal f -
acyt es

uman hepat
f inproved
AyoRGH GB2(
ability of
dog and hur
[ife" in In

uman hepat

ocytes s
phar maco
074705069
anagrel i
mn  hepa
vitro "
acyt es

ki netics
[/na Conpal
de and a
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167 + 33

1903 £ 47

9.39 + 21

178 +45.9

1967 +24

39+£25

Results represent geometric means and % CV
* After Img/kg iv

The data in the above table clearly show a much longer half-life for the 3-alkyl substituted

analogue compared to anagrelide itself (9.39 vs 1.37h) which, if reflected in man, should enable

much less frequent drug administration and improved patient compliance compared to that seen

with anagrelide. This comparatively longer half-life for 3,3 dimethyl anagrelide observed in the

dog was mirrored in an in vitro metabolic stability study in which it was clearly much more

metabolically stable than anagrelide (see table below). Hepatic metabolism is known to be the

principal mechanism of clearance of anagrelide in both animals and in man. Furthermore, and

most importantly, this much greater metabolic stability for the 3-substituted analogue was also

observed in human hepatocytes suggesting the likelihood of improved pharmacokinetics in man.
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3,3 dinethyl anagrelide No apparent degradation over
22.8h tinme course of study 5 The pharmaceutically
w@eweptdad e acid addition salts of certain of PEEGB2007/050697

conmpounds of fornula (1) may also be prepared in a

conventional manner. For exanple, a solution of the

free base is treated with the appropriate acid,

either neat or in a suitable solvent, and the

resulting salt isolated either by filtration or by

evaporation under reduced pressure of the reaction
Compagg[lwﬁftabc#@rsmballty el g dide suil ¢ B 658Ky e ang@éue in dog and human
pdbook of Pharmaceutical Salts: Properties,

hepat )
epao election, and 10 Use" by Stahl and Wernuth

Compqupd| ey- VCH, Wi nhdh MiroGhaliiifayin 2002) . Défvitie thabritesfin
ternms: Hal o nmeang @g%&uacy&gy ect ed fromuﬁ1$mmpatocytes

chl nrn hrormn or 11 adn arm "allevl T ac nead harairn

||| IT U, T OUTTO IT |U |||\l l.\ll LB AT l\yl A\ K=" A VAW | LA A L
Anagre[de group or a par%&’ﬁof a group refers B8 strai ght

or branched 15 hydrocarbon chain containing the

33dmﬁ=9\?l‘énb¢r@l@enumer Q\Toa%ﬁér&ﬂ'ae L&Ten ovePT €¥aEPI €, Cr- 10
kyl ~nmeans a st ranched al kyl contai ni ng

at | east 1 and at t'ﬂlt?gf’“ri?)Ofé Phon at oms| Exanpl es of

"al kyl" as used herein include, but are not limted

h eth pr n- hut pent
The pl’ilaglggcfﬂiyisgi Yi @Sw%aé? flCld tad%ﬁf)? Palts@ﬁ%alnwgﬁlﬁl?om@f@q of formula (I)

may alt@ME ppsed @e Wl conferdfabndl @hdokl. K QUBmpR, aosﬁﬁltlon of the free base is
enbodi nent, for exanple nethyl, ethyl, n-propy

|
treateq g@tbrtbgwppropmg)tgtzy}d eptb@bmaypr Qp a sqg@t)l)ﬂ sol\@@t mé the requlting salt
1solated%¥tﬁéroo§: flmcfgthon gp(ﬁ]gt{o%l Lﬂldgﬁfegﬁc%g[i %96§§’ur9 8€fh@ 9&%&61{ Solvent. For

nonoc on rin carbon atons
a revisuoh Saﬂablé (Snltse)s%”r‘[fiﬂmdbbd)k ofl Gharhiangutieal $adis: xopkoies,offdction, and

use v o s mi A AR desihrssogsrmstag e m

ocyclic" as used hereln refers to a ring system
DeﬁmP%‘??l{atﬁ % a second ring systemat one carbon atom
e term "al kox as used herein refers to a straight
Halo W%?%’é‘ﬁéﬁ@i%%@aﬁ%ﬁ PRAPPIYFB@H 1098 cont ai ni ng
oxygen and the specified nunber of carbon atons. For
exanple, Cl1_6 al koxy neans a straight or branched

The teﬁ? k‘@H{XJl”%%ms@d Hér@ﬂ Ala $8@Sbr 4 pARAr alordBStrebs ©A QRMoht or branched
at ons arrp es of
hydrocarbon chain containing the specified number of carbon atoms. For example, C,  alkyl

means a straight or branched alkyl containing at least 1 and at most 10 carbon atoms. Examples
of “alkyl” as used herein include, but are not limited to, methyl, ethyl, n-propyl, n-butyl, n-

pentyl, isobutyl, isopropyl, t-butyl, hexyl, heptyl, octyl, nonyl and decyl. A C, , alkyl group is

one embodiment, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or t-butyl.

The term “cycloalkyl” as used herein refers to a non-aromatic monocyclic hydrocarbon ring of 3
to 8 carbon atoms such as, for example, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl or cycloheptyl.
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"al koxy" as used herein include, but are not limted
to, methoxy, ethoxy, propoxy, prop-2-oxy, butoxy,
WheaosBeaxdy, 2-met hyl prop-1-oxy, 2-nethyl prop- 2PGRGB2007/050697

pent oxy and hexyl oxy. A Cl_4 al koxy group is one
enbodi nent, for exanple nethoxy, ethoxy, propoxy,
prop- 2- oxy, butoxy, 10 but-2-oxy or
2-met hyl prop- 2-oxy. The term "hydroxyal kyl" as used

The teR@rEpifLRSlic GrRetPhérehatRrd @ aanﬁ% Eydte@foifid tBraaRehiRiring system at
hydrocarbon chain containing the specified nunber of

one caghoniiin.at oms, which is substituted by 1-3 hydroxyl
groups. For exanple Cl_4 hydroxyal kyl neans a
straight or branched al kyl chain containing from15 1

The term ‘Zhllgalyb@n vatd hsreandfat (b @agtaigmer hyarbsd hydpooarpon chain group

f h d th
contalﬁég 0 &3 ﬁg hseus% ﬂ%cggtﬁplegg)k carﬁ%él g O rpei,xggué,e C, alkoxy means a
stralg]-{fl%g rb?ﬁﬂégéﬂ ){1|1<0§’§1 goﬁtbﬁﬂg A?QGas-t”i ntdea(trﬁlgs‘fillé( bn at@ﬁlsus]%gamples of

erein as a group or part a group re ers to a

“alkoxgt’ raausglt heprin rcdiniched ardypor laroacrdo@n ey, ahoxyapripnyy, trivep-2-oxy,

specified,nu r of car ns .and con a|n| at
bt B2 ds o2 TRl 65 Fb ae B A oR M Ry el iesye A €1
tkoxyPISERN ond ERARSYAuR! Fodl SRR mEARS B AIKEML. prop-2-oxy, b
? Oxf%) gln?%g at | east Zeagﬁp &§p6 c)ért}Jf ?oﬁém nd >’ utoxy.
but-2-gonirdi-methglpaip-2-eagt one doubl e bond. Exanpl es of

"al kenyl " as used herein include, but are not limted

to, ethenyl, 2-propenyl, 3- butenyl, 2-butenyl,

The teZm ﬁﬁ?dr@i&éﬂkyl 3asplﬁs@£1 ﬁBI)éin, asdr FRLp Yéferg 1®uts@sight or branched hydrocarbon
3- et hyl but - 2- eny exenyl

chain Jontai gkl yquﬁted?@rh?r of R0 IaFOHEfe i scrhtidded Ryel-3 Aydroxyl
groupsg FQIu&sam‘Bie bheh§/695 alk?l fRakd ﬁt}% by bltaﬁk%ed% P'&féﬁl c%ntalmng from
bond 1's preférabl t adjacent to the oxygg

1 to JL efamonahtkm@yi 1d &S ldasie Ind @fy@ioR ylagroapdle@atipled o grmant r@lﬁp include
group refers to a stralght or branched _hydrocar

hydrowtwldwﬁf%m@ﬁlg hydrexygpensi fhyéﬁ)xﬁ’tﬁ%@l?ylolﬂydé%yl%wl %}’tdotﬁ% like.
and containing at |least one triple bond. For exanpl e,
the term"C2_6 al kynyl" neans a strai ght or branched
The tegh Kyl yI'3@ wsodheaicmi asgr @vup eraspar@ofangronp rafus to 6 steaglsom branched

d d. . ..
hydroc%%}g)él/c&%g ﬂfﬁ nt 2l %gig?f.a}f}?d\sla.mgéf car%orll gté)mos fana] P]&tal%lngv\pleast one

double@bontl edohekemplel el wga, “but alﬁdirfyl’n@deahs @l du@dbht @r branched alkenyl
et hynyl , 2-propynyl, 3- butynyl 2- butynyl ,
contalngezntlgmy[Z ang- zpemps]r(yparb@n ﬁ@mkﬁyandzccbmalymglat least one double bond.
Examée ott h% bUt 2 éﬁ herel 1nq Xesﬁ € not limited. tg, ethe -propenyl, 3-
38 dlne Ibut P 1M a%e appreC|ate8]P%é%p'H b
butenydr DUpengf 2tpeaichor Blpen@nylz 36mahKyhpihiten il 8- nidth yibe- 2b@fyﬂ 3-hexenyl

is. preferably not adjacent to the oxygen. The t
and 1 lu-ﬁg{l%hylbut 2- er}/yl It w1? 1 be appreciated that 1n gl‘Ol)llpgS of the form - —C ¢ alkenyl, the

double bond is preferably not adjacent to the oxygen.

The term “alkynyl” as used herein as a group or a part of a group refers to a straight or branched
hydrocarbon chain containing the specified number of carbon atoms and containing at least one

triple bond. For example, the term “C, . alkynyl” means a straight or branched alkynyl

containing at least 2 and at most 6 carbon atoms and containing at least one triple bond.
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5 refers to hal ogens such as fluorine, chlorine,
brom ne or iodine atons. The term "sulfide" refers to
w@2mateaad of Ra S-Rb, wherein a sul fur atom i BCT/GB2007/050697
covalently attached to two hydrocarbon chains, Ra and
Rb, wherein the two hydrocarbon chains may be, for
exanple, but not limted to, any discussed above. 10
The conpounds of the invention, i.e. those of fornula
Examﬂlés) of ‘Q(PIS}&ZB’Sasa@s%H megak ac)aey bt Gr@ &bt Ninfdd io) etH?HWaQSpropynyl 3-
particularly useful in the treatnent of
butynﬂyeﬁ/ bwwlr f3- eew@daéegentwé» Jewapslidytmal Aimghylppg2-yoyl, 3-
hexynlf bhd tyi- ldﬁnéd;‘;ﬁbﬁ L &3hJENY Wlllg&”ﬁg@e& %(%9 & HROSS of the form
| seases Is'to be appreci d that reférences
-0-Cot @ atkyeglt thentriplnbbnile peipihly ari sdjagenived ktheasxyighe. The term “halo”
al l eviation of established synptons of a condition.
refers tothagngennyyeh gy flugrineaeieine; bipmise Qrigdiae a@msor der or
condition includes: (1) preventing or delaying the
appearance of clinical synptons of the state,
The tedn é‘sﬂfj@’ ’ refersiondidicd i evelRephimgeinm salfimatem it ¢rakhlenBy attached to

af f | ted r edi ose to t .at e,
o eSS I At R0, R BRSO hob o B B pelor example
bmmmdhﬁn&am,ﬁbuﬁum&kda&n&ubclinlcal 20 synptons of the
state, disorder or condition, (2) inhibiting the
state, disorder or condition, i.e., arresting,
The C(fn%‘ﬂﬁﬂé"&f thE 1n@@111tﬁﬁﬁ' ng dhdie Ogﬁ}fﬁhﬁqﬁ‘}eﬂ(t)ss&fs ah%egik§1%@§ﬁlcoarct1V1ty in
a relapse thereof (in case of nmintenance tTeatnent)
humangy Thty Insgysbe @aﬁlcularlmusaful on Balichinying aff yaignrolmiic dlseases The
compotug { r%z%fl also fm(ﬁ 3%ht 1ne glg\(roegt%le ﬁ%trlgrt%p%e%ttﬁrgglggp ca(élgéa%?esase
condltlon or at Ieast one of its clinical or
subclinical synptonms. 25 Myeloproliferative di seases

It is oY GlprdtaiedBat fcfMRB © tatherdt e lCRITROPHIMEiOds WlBas the alleviation
present invention include; essential thronbocythem a,

of esthM’émfam@é}faa centhitn- c “ilaabpat B ¢ URYBIBY | P bstae, disorder or

condltﬁ)ﬂrlﬁah&s %ké%l'eﬁhﬂgeé{ t‘!%ta dafRikd H?&hmcal symptoms of the state,
hr onbocyt osi reactlve t ocytosis imredi ately

dlsordgr @c@dﬁ@naiesdpgmg ah aﬁrtmwdhatemay as affhcticdmeth ait predisposed to the

ost operatl reventative neasures to Q m.nimse -
state, ?ﬁorde X COPdltYlﬁnl%% ol du 0 tet Oeﬁpeéhern?e or dlsp%%’sghrélﬁa:]]g%rr }sll.lbchmcal

symptdrs WOh2 GO%¢, Qboddbs OPGBHCIMQQj)/ﬁElBﬁ&g theT ha@nigdrder or condition, i.e.,
arrestlgggrgégz\érgégr;ﬁ%pggl ;ShEZ%S?S Hé%%/g%f tﬁeI dls'easg %tr Iaergltafc’)seatthereof (in case of

maintenance treatment) or at least one clinical or subclinical symptom thereof, or (3) relieving or
attenuating the disease, i.e., causing regression of the state, disorder or condition or at least one

of its clinical or subclinical symptoms.

Myeloproliferative diseases which may be treatable with the compounds of the present invention
include: essential thrombocythemia, polycythema vera, chronic idiopathic myelofibrosis, chronic
myeloid leukaemia with residual thrombocytosis, reactive thrombocytosis immediately
preceding a surgical procedures, as an immediate or post operative preventative measures to

minimise the risk of thrombus formation during or post surgery.
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ri sk) which may al so be treatable with the conpounds
of the present invention include: nyocardial infarct
W@ b@anss4at t ack) thronbotic stroke, patients haRGCTGB2007/050697
under gone coronary stent 5 placenent. The conpounds
of the present invention may find utility for the
reduction of atherothronbotic events as follows:
recent M, recent stroke or established periphera
arterial disease, acute coronary syndrone (unstable
angi na/ non- ve M), cardiovascul ar death, M
Thrompiig gardioypgeulag gliseaser éE@XPg) (& dMERRtE AL frcrgaged gengelised thrombotic
risk) wﬂl@ﬁrrﬁw %fgot %ttregtg%o%ﬁgsth fcoﬁ‘rﬁjro[fﬁﬁs of lt% gPééelﬁoﬁlﬁl éﬂ)n include:
ne or nore asynmetric car at ons, conpounds
myocaodlalt méar¢tnthemt iatacke almroatoped sta@;ket patiants haiimg undergone coronary stent
lacersd greoisoners. 15 Included within the scope of the
P an sent invention are all stereoisoners such as
enantioners and diastereoners, all geonetric isoners
and tautoneric forns of the conpounds of formula

The corpquadi nlgthe PHETEUNA¥CIEIRR Yt iRty uEY dot ha dedigeon 95@51 pthrombotic

events' %of@fblw%”}ec@ﬁ'tdm )I(ft/cgﬁte§tr(9<% &ngstzﬁﬁlsﬁ@ir ﬁer é)fhgleal[ eaﬁgrlalz&sease acute
Sol ubility studies were carried out oh nber of

coronagiy agrébind e(udgntly anpwesorntysvdi M), tcardidvesqutassdeath, MI, stroke, and
1eﬁaab%%§%k'%9 in various test nedia. The test nedia were:
gry distilled water (pH 5.0) - note no attenpt
was nade to renove di ssolved C02- b) 50 mM anmmoni um
formate (pH 7.9) ¢) 0.1 Mhydrochloric acid (pH 0.6)
It is todR uﬁdérhtbb@tﬂa@&bnﬂicﬂhéﬁs &ffordlIC(Ipank cafitgi@ 0ons or more asymmetric carbon
concentration were obtained in MeOH or MeOH / DMSO
atoms, iy COPEURdERY AheligBrntion pagyeXist@ W pr BAEHEHHON KR e at a
tenperature 20 - 22 C. The HPLC nethod used a reverse
phase C18 colum with a water (0.6% form c acid) and
acetonitrile gradient. For the solubility studies,
Includedy wifhia the) seppr: 9? ﬂ@rﬁesﬁlétrléV%mép arced]l pyreelpyBYp @mqhgasmaltth@lers and
e I
cinsif Rkt SooBAe 1 nd A lor0 LML BSADNRODRE gl
1ncludﬁ@&8h@6&4ﬂ¢x%ﬂfir@ﬁ(&6ﬁdﬁ5ﬁﬁﬁ9?pe afepdmdrfsugahd ﬁnxtuﬂéh @f one or more
?oncentration of the substance in the supernatant
iquid was determ ned from

Solubility studies were carried out on a number of anagrelide derivatives according to the present
invention in various test media. The test media were:
a) singly distilled water (pH 5.0) — note no attempt was made to remove dissolved CO,.
b) 50 mM ammonium formate (pH 7.9)
¢) 0.1 M hydrochloric acid (pH 0.6)

Calibration plots of HPLC peak area vs. concentration were obtained in MeOH or MeOH /
DMSO over the range 1000 — 1 ug / ml for each substance at a temperature 20 — 22 °C. The
HPLC method used a reverse phase Cyg column with a water (0.6% formic acid) and acetonitrile
gradient. For the solubility studies, saturated solutions were prepared by dissolving in the desired

medium with the aid of an ultrasonic bath for 20 minutes and the excess solid removed by
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the neasured peak area. Unexpectedly it was found that
stable netal salts could be prepared foll ow ng
waele@soeamati on at 5 the 1-position of the qui PEGBRINE050697

ring structure. The value of such salts is seen in

their relatively nuch greater aqueous solubility than

the corresponding HBr salts. This is likely to

facilitate the rapid dissolution and quantitative
centrif@B&RHPThOdnBEntahes 6f @€ BefsahtyinRROSUp¥miahEliqu@iviibldermined from

conmpounds and so represent a major clinica
the meggpjethpal@reaThese salts are Group | netal salts and

nost usually are sodiumor potassiumsalts. Table 1

shows the results of the solubility nmeasurenents. 10
UnexpTetbdllg id wS8ofaubdl Ithat isebleahetdinals eduld de @[@amdafg}l@lving @leprotonation at
the 1 R%g{tfr?,\étai t}%ﬁuér?a% it rbr%’gnst%lfﬁl c. ﬁ% d)alug é)ggli“ﬁ%}l sa]thHSfe% 1nrpB?_1|r relatively
much @re@t)sr é@e&ud\éohﬂiﬂlt@ tﬁi}n théoagéspbhdigy UBr 3dis1 @Bis is likely to facilitate the

ydrochl oride 3,3- 6 409 212 Di et hyl anagr el i de

rapid (gs)s&p@ﬁp andl fuagtitativy abgprpiog o @%gﬁwaﬁr@ogm%er soluble compounds
and sd¥ %Eé@pﬁtod'hgﬁ)r c:fm?bals%\raﬁfagé- 5ﬂes%8salt% @[‘H pyhletal salts and most

anagrel i de sodiumsalt 3,3-spiro- cl opropyl
usuallparggedibinde potaysdvosalesmi ‘Habl@ D shows the results of the solubility measurements.

Table 1

Solubilities of Anagrelide and Anagrelide Derivatives (ug mL™ at ca. 20 °C)

Compound Ammonium formate Water Hydrochloric acid
(50 mM, pH 7.9) (pH 5.0) (0.1 M, pH 0.6)
Anagrelide 10 11 169
hydrochloride
3,3- 6 409 212
Dimethylanagrelide

sodium salt

3,3- 4 20 215
Dimethylanagrelide
hydrobromide
3,3,Spiro- 1 542 28
Cyclopropyl-

anagrelide sodium salt

3,3-spiro- 1 2 35
Cyclopropyl-
anagrelide

hydrobromide
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WO 2008/ 065444 PCT/ GB2007/ 050697 3- 5 9 43
Met hyl eneanagrel i de 3- 39 1830 189
wortBypbameanagrel i de Na salt Geonetric i soner SPEHGBRE7/050697
separated by conventional techniques well known to
those skilled in the art, for exanple, by
chromat ography and fractional crystallisation. 5
St ereoi soners nay be separated by conventiona

t echini ques known tosthose skilled 19 the art] - see, 43

for exanple| "Stereochem stny of Organic Conpounds" by
Methpgepeampgrelide( Wl ey, New York, | 1994). 10 The dompounds

of formila can be prepared using literaturle

t echni ques and in aiY anal ogous nmah®¥r to those 139
Methgdesmnadreldlei n For nul a Schenme |l and Fornula Sghene Il in
UBa4256748. | The synthesis ¢f 3-ethyl anagrelide is
descri bed by way of exanple|to show how i ndi|vi dual

isoners of the invention can be prepared. Anal ogous

procedures can be used to prepare the other conpounds
of the invention by using appropriate a-hal oesters 15
The formation of 3-ethyl anagrelide (conpound (4a)) is

Geom&ROWOnichs BEYBEEepArdRel BeondeBnA0eehniquds HelnBHA (o those skilled in
ni trobenzene (1a) undergoes nucl eophilic substitution

the artyjfor pxampde. Ry shropesegsphragd igruonal gygabpicanoat e to

af ford conmpound (2a). The nitro group is then reduced

to an amine group wusing tin chloride in ethanol to

afford the di am ne conpound (3a). Conpound (3a) is
Stereofshmars 12@y by edpasead i ¢dnveytamolyephiiqussikdewi o thobeeiBed m the art -

ield the.3-ethyl. anagrelide-~(4a). .Sche - mt i Qn
se. 6yl o B ALyl T Ml PO QB von
1994).PCT/ GB2007/ 050697 Br R COR2Et

The compounds of formula I can be prepared using literature techniques and in an analogous
manner to those described in Formula Scheme I and Formula Scheme II in US 4256748. The
synthesis of 3-ethyl anagrelide is described by way of example to show how individual isomers
of the invention can be prepared. Analogous procedures can be used to prepare the other

compounds of the invention by using appropriate a-haloesters

The formation of 3-ethyl anagrelide (compound (4a)) is shown in Scheme A below. 1-amino-2,
3-dichloro nitrobenzene (1a) undergoes nucleophilic substitution with the a-haloester R-ethyl-2-
bromobutanoate to afford compound (2a). The nitro group is then reduced to an amine group
using tin chloride in ethanol to afford the diamine compound (3a). Compound (3a) is then

cyclised with cyanogen bromide in toluene to yield the 3-ethyl anagrelide (4a).

Scheme A: Formation of 3-ethylanagrelide.
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NO2 NO2 Et A NH2 Gl Ns CO2Et O (la) O (2a) Et H
NH2 NSnCl2 j;:CHCNBr j:?2C O Et OH C NsCOREt
waolosesa4Ll N S O (3a) Et A (4a) Et 5 The f oPCEHGBRIV7/050697
of certain derivatives is acconplished in an anal ogous
manner to the synthesis shown in Schenme A above or by
reversing the positions of the NH2 group and the Br
groups in the starting materials, as appropriate to
the chem strarimwa,ked. In this case, an a-am noester
5 NO,hal obenZyl derivatiwg aNe®,used as the starting
rials. TheEteac}ion om ggnerically presented
oviit.i n Scheme B belew iy eNagsj 60,80 t he
3t substituted conpound? 10 |Schenre B: Formati on of
Fisdlftituted anagrelides. Cl B ®2EEt NO2 NO2 R CI |,/
A CI NYCO2Et | ﬁléj G RH NH2 NN Snd 2 H ONRr O/
tu

SEt|0-| c N~_ ene C N I;{Cl whe g or
Bl apd B i e OthrCBIEtNHz OF Br N/ O
EtOH Cl \( Toluene  Cl

Et

Cl (33 Et Cl (4a)

5  The formation of certain derivatives is accomplished in an analogous manner to the synthesis

shown in Scheme A above or by reversing the positions of the NH, group and the Br groups in

the starting materials, as appropriate to the chemistry involved. In this case, an a-aminoester and

a halobenzyl derivative are used as the starting materials. The reaction can be generically

presented as shown in Scheme B below in relation to the 3-substituted compound.
10

Scheme B: Formation of 3-substituted anagrelides.

B.__CO,Et
w, oY o,
A . o H CO,Et
Cl Cl Y 2
Cl Cl R
1
NH, NN
N
SnCl, H CNBr Y o)
- N.__CO,Et - N
EtOH Cl Y Toluene  Cl
Cl R Cl R

where A is NH, or Br, and B is the other of NH, or Br
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22 WD 2008/ 065444 PCT/ GB2007/ 050697 The formation of

(R)-3-ethyl anagrelide can be acconplished in an
W@r@BOe4s4 manner to the synthesis shown in ScPENSB2007/050697

above. In this case an u.-hal oester of the opposite

stereochem stry to that used in Schenme A is enployed

in the nucl eophilic substitution step i.e. S-ethyl-

br onobut anonate. This procedure is generally

The f@pRlibeaPI(R)-32Hyi Shdidli® emand hwaﬁfpﬁslﬂaﬁemn@i a6k 'Bghner to the
then a racem c u.-hal gester can be enp i;;ed in the

synthefis sRawn iy Jeheme A thes yhihiespg an Ahﬁl@ﬁﬂéeﬂp ks PpRogitG ferepghemistry
to thatarugedWL kcll%?neawafs etﬁfilo\y’@cf Iiattllleo Cl%phblﬁnglb@ %SBQQEéﬁvﬁé S-ethyl-2-
to e processes erre to ‘above an t hose
bromopwlatiBat? 564 groshdwhisgichgally iygplicadée.vi dual conpounds
defined by fornmula (1) to be obtained. It will also
be appreciated by a person skilled in the art that the
If singGOBMAUNESTs Qe hbErefiiMenhtOn raeaiid d-ReodIREeadPe employed in the first
adapt ati on of the nethods herein described and/or
stage of $hptyathedir of methods 15 known in the art, for
exanpl e the art described herein, or using standard
t ext books such as " Conprehensive O ganic
A perspnasksiadr math cmtswill he @uiatteof @arrasﬁnns Pbreald aiegapves to, the processes

referred ég ngcgv%r nattq ose i,r]). Iﬁgzﬁ\ 4§Cg7 C(H,al %yth\e/ 1\(1%uz$ %or(r)l]rg)oun%t Lfined by

Ions vance ani c
ﬂﬂmuEEBbeeﬂﬁan®@ChanlSnB and Structure", \Y/=] Snlth J.
March, Wley, (5th edition or later) "Advanced

Organic Chem stry, Part B, Reactions and Synthesis",

1t willlfsoC8d § recRa]tecﬁ'Bg%bgérQ)n e R0 aAchslant ¢oRp&MERof the invention

Publlca i ons later editions), "Organic

could 8y nw@sm adaptﬁﬁlen Dif sho mrsletds dereimdpscshedand/ey ydaptasion of methods
( Yare y g

oo 2, 7 G thPE T R 008, TGRS s o

"Compr&huinsieb QoganTloT@ngamiaioby nAhesitls to Riacibrek (bo@’fﬂraﬁ)l‘ﬂ)rmations", RC
Smith 0 n 1982 or later itions), .etec.,and .

Larock, &%ﬁ%}’éhepgﬁ %lﬁé’f %F?Pfﬁg &Paéfj’l dg‘gVa?%edl ‘Sl)g%“ F%ﬁ‘inégbfybé{ea"“ons

MechAARRA! 81t Stréct@rePeMBP Btk 1] &hréH) Whey, aisth tiigibn SRN&let) ¥Ldvanced
functional groups may need to be protected and

Organige phemistyedaduBi figagioms hashi Syethess”e difbdumiel, oRJ tadberg, Kluwer
Acadeh@%fﬁlgg%tﬁ T?blT&klﬁﬂ%%ﬁO? Q@r 14 I&iﬁl\égg y Wrﬁglﬁg\ég%ésqy a’!l“he Disconnection

) or exa e as escri tective
Appro6¥hdup Varrn ONGER), C1988y1nﬂdllﬂ$ldﬁionb)y "U&M@ll@@tgammﬁymes" S Warren

(Wiley\é\lﬂgq% G]rclle?tgr é/gitli(?r}/s),&(}‘lsl%é 0ok "fo g)lgagn?c? Synahecg,lsr' iKeM%Ql%gsénd DM Smith

(Llongman) (1982 or later editions), etc.,and the references therein as a guide.

It will also be apparent to a person skilled in the art that sensitive functional groups may need to
be protected and deprotected during synthesis of a compound of the invention. This may be
achieved by conventional methods, for example as described in “Protective Groups in Organic
Synthesis” by TW Greene and PGM Wuts, John Wiley & Sons Inc (1999), and references

therein.
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therein. 30 23 WO 2008/ 065444 PCT/ GB2007/ 050697
Conpounds of the invention intended for pharnmaceutica

W s@seds4be adm ni stered as crystalline or anRepPhBa®7/050697
products. They may be obtai ned, for exanple, as solid
pl ugs, powders, or filnms by nethods such as
precipitation, crystallization, freeze drying, or
spray drying, or evaporative drying. Mcrowave or

Comp&adk Of fheaNeRa6Y intlénded ﬂorgﬂyrn%eﬁi&ﬁﬁuge%a}t% SInAbikRASEs cBystalline
They may be adm ni stered al gne or in conbination with

Or aMQSPROUS PrORYFE. BRSPS ARSs [QsTexpmBle, 3sripEAPIUsH Ropvdes, or films by
metho?sﬁ g%/gh\rl]\?st Flgglg%tyr% Qﬂgtaﬂ{za efréétzg %‘fylﬂ% u&Sspr& ﬁﬁ)ir?g' l(ﬁf revaporative

nlstere ‘as a for

dryinga¥Bgowavd @madip fieqamey dryimpmey pheseddeehis ipoglobey

acceptabl e excipients. Pharnmaceutically acceptable

exci pients include one or nore of: anti-oxidants,

colourants, 10 flavouring agents, preservatives and
They iag be-atdmgkitrgd apantos .in I@hmbimialﬁx&utvith aine ©O MPOES bthepbempounds of the

suitable for the delivery co the prese

mVent}Oﬁ\Pé At F%IH{’%%O“ Yridk ABGE 8 ‘%th‘*eﬁ g‘ﬁ%‘?f Y- &hEN 1“1 bﬁo?éfmml“efed
as a fo8Alidh 3PRAERMoh Owi Qe &khiokee PhhrthabORically -ac&peBle excipients.

conpositions and nethods for their preparation may be
PharmpesyHenllyf a¢cepiBblepeXxeipigis imdndan gporersmps: Phapptesidentsafolourants,

' S! [ f i shing Conpany,
ﬂmmu?@%%%$Engﬁ%§%ﬁﬁ§g¥%gﬁgg%&ﬁﬁgggegg is discussed in
"Pharnaceutical Dosage Forms: Tablets, Vol. 1", by H
I ebher man c n, rcel Dekk Y., NY., .
Pharmgg G F%@Rp%tl%wﬂ%@ﬁ%”%e kS R DRy U Bl vention and
metho@P THOURAS prapYralin agim Bé StoIKdapiedndde GO skilled in the art. Such
adm nistration by 20 capsule, bolus, tablet, powders,

compasgipah gad megindndor HgIrtITeRiFiionaRBHAe toundl Areekamgis, gn Remington’s
9] t

Pharmgéguhgad%? Oelﬂémé? Inlr'?(t: Etlldl GIHE l(.ll\é%éei% g‘%ﬁ%ﬁ}éﬁé do:n‘g)lzihg nlfgggﬁﬁfﬁ fofulation of

tabletsgy duplsssed Buthafecensicalt Dovage Faynsb & aldots) Vyled’, &y H.illittersan and L.

i n ft. qQr. hard. c ul t VPl onpri se a
Lm*“%%r@@%?{ﬁﬁﬁangzhﬁf 71§§%§$gNé¥§%&%¥h¥' t yet hyl ene

gl ycol, propyl ene glycol, nethylcellulose, or a

suitable oil, and one or nore enul sifying agents

The n@ﬂﬁfd@rbyswﬁllaﬁﬂﬂé rd@m@@ﬁm Smayl b€l Widehidi Qeu | iadlb@NSral 2dMstration by
al so frepare the reconstitution of a solid
€

capsulgr@ﬂjﬁrgxb bpowteis, ]@%g){gﬁq ehews, gmlé ardipapeparticulates, gels, solid solution,

films, sprays, or liquid formulation. Liquid forms include suspensions, solutions, and syrups.
Such formulations may be employed as fillers in soft or hard capsules and typically comprise a
carrier, for example, water, ethanol, polyethylene glycol, propylene glycol, methylcellulose, or a
suitable oil, and one or more emulsifying agents and/or suspending agents. Liquid formulations

may also be prepared by the reconstitution of a solid preparation, for example, from a sachet.
The compounds may also be administered topically to the skin or mucosa, that is dermally or

transdermally. Typical formulations for this purpose include pour-on solutions, sprays, powder

formulations, gels, hydrogels, lotions, creams, ointments, films and patches, and implants.
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The conpounds may al so be adm nistered topically to
the skin or nucosa, that is dermally or
W@ e@sdcaw4al |y, Typical formulations for this PUr/E8@7/050697
i ncl ude pour-on sol utions, sprays, powder
formul ati ons, gels, hydrogels, |otions, creans,
ointnents, filnms and patches, and inplants. 30 24 WD
2008/ 065444 PCT/ GB2007/ 050697 The conpounds can al so
The cHEpAANE Qib heb & JAaiiGRtROY kdherly, Ry Uyﬁhﬁ@tﬁd)rpﬂlréﬂtlrquol the blood
into the blood stream nuscle or into an internal
streamg YIgEIe OSNL H| BLeHRRh 9ELN o P FEdISalior Raisnisrad pemnigrption include
1ntravénBﬁé qgtﬁ art'e{ﬂlr ﬁl\ﬁeap&ﬂémeal rlhtlieiﬂﬂé'ctale rlht?alventh@ﬁllélath;aiutr&ﬂ%ﬁlmtrasternal
i ntrathecal, intraventricu i ntrauret
intracrambk astranwsablar andtsubortaepad. | Suitableadayses | far paredteral administration

includgg%%ﬁelt @&Tugctfﬁ?%lﬁggor{eg Fﬁa‘%gﬁ\é’é afeéiﬁe?frﬁ%ﬁlifg{g sgzgnadl infusion techniques.
m croneedl e) injectors, needle-free injectors and
i nfusion techni ques. Fornulations nay be immediate

nd/ or nodi fi.ed ontro ed r roll ed rel eas

Formufagions,| BeY difs 'PmeHidtfe AT fffl‘éfg%l?‘g | 348 ‘?‘trfﬁlﬁf‘sﬁt |(g‘}?§‘°ﬁede release
formulal&hsUeudd Q}I(ﬁﬂﬁ‘é& rel &S téHi@fons aMhdeulaedd- r Kk@RSE-, add pulsed-

Dosages Typically, a physician wll determ ne t he
releasgact ual dosage which will be nost suitable for an

i ndi vi dual subject. The specific dose |evel and

frequency of dosage for any particul ar individual 15

may be varied and will depend upon a variety of
Dosagésact ors i ncluding the activity of the specific

compound enpl oyed, the netabolic stability and | ength

of action of that conpound, the age, body weight,
Typicggnargysiial Wi, daexningilet actom d@sagedwhichewidlf be most suitable for an

adm ni stration, rate of excretion, drug conbination,
individugh subiseb rrl;hﬂfp%ﬂqflq ﬂ%geé%\‘fe% p%freﬁuee@hgﬁ Qqs.@ﬁ? fop pry ?qq%cular individual

may bk REHYd gﬂ@'wﬂ!" ﬁé&%‘hg Qipeﬁl al GLAPYL: fadBrs! ﬁclg@ﬂg rRd aélﬁ){\@v& rth@l spec:1flc

sui tabl e dose w | be in the range of from about
compougd @b@iﬂyeﬁsothﬁgm@thc stabdlity anédg‘rgth pérctigmyof (hat @pmpound the age,

h ' o1:. Of
body %é]{l(tgg%@?%%gglh%vég, éihe?, IB&E @dal%%y%f an‘?%ils{régonak%%g of, gxcretgon drug
combindtiohy thasaledtit oth@ﬁh’ktictLﬂara:bﬁtﬂltloﬂ and g ikdjvioihaloodyrguipie Gindrapy .

per day and in yet a further enbodi nent of from about
0.001 to about O0.1ng/ kg of body weight per day. In

In gengﬂdf ﬁc{%ﬁévgﬁﬁéﬁ?ﬁi?fggﬁ%yvﬂgshg#nrtﬁgﬂﬁge 6@MoReb&ft 0f0a abAN 50 me/kg of
body wélght per day, in a further embodiment, 01}’ from about 0.001 to about 5 mg/kg of body
weight per day; in a further embodiment of from about 0.001 to about 0.5 mg/kg of body weight
per day and in yet a further embodiment of from about 0.001 to about 0.1mg/kg of body weight
per day. In further embodiments, the ranges can be of from about 0.1 to about 750 mg/kg of body

weight per day, in the range of 0.5 to 60 mg/kg/day, and in the range of 1 to 20 mg/kg/day.

The desired dose may conveniently be presented in a single dose or as divided doses
administered at appropriate intervals, for example as one, two, three, four or more doses per day.
If the compounds are administered transdermally or in extended release form, the compounds

could be dosed once a day or less.
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15

25 wei ght per day, in the range of 0.5 to 60
nmg/ kg/ day, and in the range of 1 to 20 ng/ kg/day. The
waele®sed44ose may conveniently be presented i nPGI/EBRTH50697
dose or as divided doses admnistered at appropriate
intervals, for exanple as one, two, three, four or
nore doses per day. |If the conpounds are adm ni stered
transdermally or in extended release form the
conmpounds 30 coul d be dosed once a day or less. 25 WO
2008/ 065444 PCT/ GB2007/ 050697, The conpound is o
The corpppyadierrivynigrihi aindtisieed inAngisiopaggdemgdor syample gpntaining 0.1 to
tiad,nd veni - -
50 mgg%ﬁl{g@hﬁ%gf ﬁclgﬂg\r/‘ﬂe EI%’G %;[o%ty &%V:elrﬁ?lgwg@rlrgg g ; Iﬁg é)? irzl%tlé\ye ﬂgl:lsdfeﬁt per unit
dosagd fagmeth gt fpeheriemibodingos alyecdnopawnd lcan yatveaiehty adrainistered in unit

epbodi.nent, the conpo cony.eni |y adm ni red .
dosa PR B gl S5 SRR 00 s 90 B i PP R TOERE S active
ingredikaOper @it d3&gt Gord000 ng, or 50 to 700 ngy of active

i ngredi ent per unit dosage form Conpounds of the

present invention and their activities are exenplified

bel ow. 10 Exanple 1 Conparative | C50 data on
Comp&UhA9 bEIhk PRosaitdn waliEh Srdhy hesaRs bid deRPliAOAADIGHES as

PDE Il "inhibitors and anti-negakaryocytic agents The
t abl e bel ow shows the conparative activity of
anagrelide and its anal ogues with respect to 15 their

ffects on megakaryocytopoeisis (the process giving
rrse to blood platelets) and PDE 111 (inhibition of

IC a vVer. di.o cul . n :
Compl§ 47558 b MU RIS GE 5 GuOXEIN sl RS RETOHes 8 g
inhibigs's asd netiimeghkpgioeytid @gentsher apeuti ¢ and adver se
effects of anagrelide and its anal ogues Conpound | C50
The tabRroetswt howsGho ch@parkidle ddilvitBenefdgtelidatand its analogues with respect to
. nmegakaryocytic inhibition (therapeutic to gplatelet
their effggis rgye R PORPSS IR PIRERrS IR NS £ i gl)oo platelets) and PDE 111

(inhibition of which leads to adverse cardiovascular responses).

Exam
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activity effects) Anagrelide 27nM 32nM *0. 024: 1

3- hydroxy 44nM 0. 7nM 0. 016: 1
wasaNbHe6nM 1 1

1.45:1 pr

opyl

anagrel i de 3,3 dinethyl
anagrel i de 3-spirocycl o 547P0/G8Z0R050697
anagrel i de * Pharmacokinetically

adj usted val ue based on three-fold greater systemc

exposure t

O active

in

5 netabolite (3-hydroxy
anagrelide) than to the drug itself

man.

Assessment

Comp&htite R virfy WsdskBeRNf ipol¥Bga ki MRENE hid AtisY bifycts oftddgrelide and its

potentially therefore the platel et

| oweri ng

analogdgpabi ity - of the 3-substituted anal ogues of
anagrelide was conducted using a well

est abl i shed

Comppwad| of 1
Thromb. Ha
Bl ood, 19¢
wi t h anagr

rd§aidar 9oyt opo
\emagokaryoegit, 7
) TplaBPet 2@BEG-ius )
akfidey t he ben

i Mg for(RBJREH- S
gnBipitlan 41 and
. (chtdigaascdlar r e
edffects) at i 0 ('t hg

pBanefifiratip
Gherapeutic ta| .
hddversesefbarts) hat
rapeutic to

Anagreliyer se ef
(after acg
3-hydfdklydi oacti

anagralle’ 0cYcl ¢
denonst r at

ounting for t
vgnet abolite

propyl and 3, 3
ed a relativel

fests) was conpsEmati vely | ow

he predom nant
IM7Mvo). By c
di met hyl anag
y much better

av.o 0p4: 1
exposure to th
Dpip1gsy 3-
el i de both
penefit ratio

SIS,
anagr(g} a phar 1

t har anf E
t+—HeleoH

tlggrggb. 15727
[ 97

CLAI' M

raceutically ac
D3 RO 7 R N |

%‘f‘g 20p81 065444
f. A conpoun

ceptabl e salt
AV o)

11:0} Formul a (I
br sol vat e

3-spirocyclo

1754mM’

" '797nM

1.45:1

e

N

propyl anagrelide

* Pharmacokinetically adjusted value based on three-fold greater systemic exposure to active

metabolite (3-hydroxy anagrelide) than to the drug itself in man.

Assessment of the in vifro anti-megakaryocytic activity — and potentially therefore the platelet
lowering capability — of the 3-substituted analogues of anagrelide was conducted using a well
established model of megakaryocytopoiesis (Cohen-Solal et al., Thromb. Haemost. 1997, 78:37-
41 and Cramer et al., Blood, 1997, 89:2336-46). It can be readily seen that with anagrelide the
benefit ratio (therapeutic to adverse effects) was comparatively low at 0.024:1 (after accounting
for the predominant exposure to the cardioactive metabolite in vivo). By contrast 3-
spirocyclopropyl and 3,3 dimethyl anagrelide both demonstrated a relatively much better benefit

ratio in these studies.
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RER NR RBRRA RBR25 (1) whereini R, R R3 and R4
i ndependently represent hydrogen or a bl ocking group
wohoshefa4mct i ons 10 to prevent netabolic react POTI/GB2007/050697
the position of substitution; or wherein R and R2,
and/or R3 and R4 together with the carbon to which
they are attached form a bl ocki ng group which
CLAfMRCtions to directly or indirectly prevent netabolic
— reaction at the 3-position, the remai nder of groups R
to R4 belng hydrogen 15 R5 is sel ected fron1the group
1. I‘IS(I)I’] Et,no hloljé% bronmo and i odo;
se EAPRYF °0F ?‘P}L&a&)%ﬁp marSuErHY: a@?ﬁﬁ%hl%sa"c‘msél’\’éte thereof
bromo and i odo; 20 R7 and R8 are independently
selected frgmthe group conprising: H halo; cyano;
Cl_6 alkylR Ci1_6 halgal kyl, ClL_6 al koxy, and Cl_6
hal oakkoxXy; andNR9 id H, C1_6 alkyl, or a Goup |

net al al ways t hat R , R, R3 and R4
are not g ydr oden, Ot hat when one of R and R2

IS megd Ad s R4 are hydrogen then other of R
and R2 is UFF%T NR'28 SUBSTI TUTE SHEET (RULE 26)
WO 2008/ 06R44R /(%2007/ 050697 2. A conpound

according to cl@ m1, wherein R and R2 are

i ndependently selected fromthe group conprising: H
cyano; Cl1_6 alkyl, SC1_6 alkyl, C2_6 al kenyl, C2_6
aklkyrd., C3_8 cycl oal kyl wherein said al kyl, alkenyl,
al kynyl or cycl oal kyl groups may be optionally
substituted by 1 to 5 groups chosen independently from

tﬁelgzr R hal o hydr oxyl ,, cya nitraq
2 éﬁ P(ﬂ: anﬂﬁgééqr&gnt Iy drem hzﬁlggeqqé‘oar @Qélgp&ﬂoup@hl@ functions
C aJr ﬂﬂequahkydbphcarw{cﬁdﬂ flthied@sition of substitution;
or wherein R' and R? and/or R® and R* together with the carbon to which they are
attached form a blocking group which functions to directly or indirectly prevent
metabolic reaction at the 3-position, the remainder of groups R'to R* being hydrogen;
R’ is selected from the group comprising: fluoro, chloro, bromo and iodo;

6 ..
R” is selected from the group comprising: fluoro, chloro, bromo and iodo;

R” and R® are independently selected from the group comprising: H; halo; cyano; C;

alkyl, Cy.¢ haloalkyl, Cy.¢ alkoxy, and C,. haloalkoxy; and
R’isH, C1¢ alkyl, or a Group I metal ion;

provided always that R', R%, R* and R* are not all hydrogen, or that when one of R' and
R? is methyl and R® and R* are hydrogen then other of R' and R? is not hydrogen.

28
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or R and R2 together with the carbon to which they
are attached forma C3_8 carbocyclic ring nay be

wopbismasd4hy substituted by | to 5 groups choseRCT/GB2007/050697

i ndependently fromthe group 10 conprising: halo,
hydr oxyl, cyano, nitro, Cl1_4 haloalkyl, Cl1_4
al kyl sul phonyl and COCH;, or R1L and R2 together with

t he coaphad akeorvhioGh atd d _represent a 6
al kgnyll5 o_ra_ < 6 al ﬁ%ﬁ?? ‘gﬁ%ﬁlg l{)%ﬁﬁg rﬁ:rlg{@ﬁn nﬂiﬁﬁ‘g%‘ged from the
bR @MmiEIng: iy cyanouhii-cakylt SCss dkiaChedkayt] CRaikgdyl, C,

O Ryt I gt ng tq three groups
e IR S bR R o g St SR B mesttagptionatly
hakestitkigdibokyd 5 emyan hosLindeeatianlyievdm i biH ¥mpdisicd. halo

c L%légldc %or.filn tq laim1l or 2, wherein R3 nd a0
a?‘gpl n épganéé%l Py~eied E@f@%ﬁonﬂ 8 EROH G uhydompalksl Gge
Hcabymyaikyl GhdGuihkiet ., SC1_6 al kyl, C2_6 al kenyl, C2_6

al kynyl, C3_8 cycl oal kyl wherein said al kyl, alkenyl,
al kynyl or cycl oal kyl groups may be 20 optionally

' : [ ly f
ho o ot ui e SRS 0GP 8%y hREHERG Tim by eambocyelic
O by oD oo i, Gl 1y e v
© RGN Ko Ao 0RBY, i e PRloRBH: Fos AAISEtBRGN | and COOH;
carbocyclic 25 ring may be optionally substituted by

1 15 groups. chosen independently fromthe group

C%%‘rlgr? ] g‘fogﬁg?ro‘ivmﬁy'@rcém,to epdahgheinare mtiach@d répresent a Cy. alkenyl
hel &) dinyl Ghuf valky ihesl %C%ét oQr R3 and R4

t oget her ryeg}r egent a Qfgagl%télﬁ%q%r i]élgg? Wﬂﬁ;‘l itis attached and
g'l’ OISR suhsdiytad by ondduthiree drou ihdepeidently B&ledt@d from the group

S T AR T o A e

the group conprising: halo, hydroxyl, cyano, Cl 4
hal oal kyl. and ,COOH. . 29 = SUBSTI TUTE SHEET ( RULE 26) WD
2‘86@1%8%%% A BEREERS BT 98 ée‘gl‘;erelql_R%pmd 8Epmdndbpasdently selected

clirah fckrbwp €dndritink: H2 3 e i:S~H C

%kyl .5 li5p X@{on’%gpuné’%g‘é’ "e .%%aSghﬁéﬂ(gi %‘ﬁ@ﬁﬁy}’?@ér’ﬂlk}myl’
aieiPRiknl werpia seidakyGialienal, kikyny! of cydoallyiR@sipd nés be

pbiBA sub [ l.aim.wherein is chloro.

e oY B9 T8 oS KR indHGtoBem g em Shegroup comprising:

Wik ydionrd, ¢yenehliwo,dC,., alkylsulphonyl and COOH; C hydroxyalkyl; C,

carboxyalkyl; and sulphide;

3 .
or R’ and R* together with the carbon to which they are attached form a Cj.g carbocyclic
ring may be optionally substituted by 1to 5 groups chosen independently from the group
comprising: halo, hydroxyl, cyano, nitro, Cy_4 haloalkyl, C;4 alkylsulphony! and COOH;

3 4
or R” and R" together represent a C,.¢ alkenyl or Cy alkynyl group bound through a

double bond to the ring to which it is attached and being optionally substituted by one to

three groups independently selected from the group comprising: halo, hydroxyl, cyano,
C\.4 haloalkyl and COOH.
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10.

11.

12.

13.

14.

15.

16.

10 8. A compound as clainmed in any preceding claim
wherein R7 is H 9. A conpound as clained in any

wonres@ds4aag claim wherein R8 is H 15 10. A ceapaB2007/050697

as clainmed in any preceding claim wherein RO is H.
11. A conpound as clainmed in any of clains 1 to 9,
wherein RO is nethyl. 12. A conpound as clained in
any of clainms 1 to 9, wherein RO is sodium 20 13. A
conmpound as clained in any preceding claim wherein R
is an optionally substituted Cl_4 alkyl or C3_8

cy, L group...14. .Ac und as gl aimed in_any
pr[g(::e |(;r§1%§1d(%:1 3@"?&%&%‘?‘&’ gegpgsw}éqﬁelﬁﬁtg iHHAL G- alkyl.
substituted 25 C1_4 alkyl or C3_8 cycl oal kyl group.
15. A conpound, as clainmed in any preceding claim

AR SFER o5 QiR Ty PO HEreGr S 1sgF oCERRAE0
16. A compound as clained in any preceding claim
wherein R2 is methyl, cyclopropyl, CF3 or CHF2. 30
SUBSMPPUTE astHEETEd(iRBEpREcdNg JaieBM06BIIRS is chloro.

PCT/ GB2007/ 050697 17. A conpound as clained in any of
claims | to 12, wherein Rl and R2 together form an

ot ¢ommmiuhg asclbimtedtin ey pEdedincolsipalhsidin Bf RRlors 18. A
phar maceuti cal conposition conprising a conpound of
formula (1) as defined in any of clains 1 to 17, or a

padorgeand beahinedas a@PpRb e Sdhiln, Mhed Na[ng.t her eof ,
together with a pharnaceutically acceptable dil uent

or carrier, which may be adapted for oral, parentera
O doAoi sl N3 Y bk Acgnriouny of

for rruﬁfﬂa (I%1 as e?lltln@dﬂ)rig%dé CI%%’%’ gielrlrlswlls 17, or a
pharmaceutically acceptable salt or solvate thereof,
o, ceutical conposition contajniyng any of the
¢ BB o R eI herein kR 1

A compound as claimed in any of claims 1 to 9, wherein R’ is methyl.

A compound as claimed in any of claims 1 to 9, wherein R’ is sodium.

A compound as claimed in any preceding claim, wherein R! is an optionally substituted

Ci.4 alkyl or Cs.g cycloalkyl group.

A compound as claimed in any preceding claim, wherein R? is an optionally substituted

Ci.4 alkyl or Cs.g cycloalkyl group.

A compound as claimed in any preceding claim, wherein R! is methyl, cyclopropyl, CF3
or CHF».

A compound as claimed in any preceding claim, wherein R? is methyl, cyclopropyl, CFs
or CHF;;.
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17.

18.

19.

20.

21.

22.

20. The use of a conpound of formula (1) as defined in
any of clains 1 to 17, or a 15 pharmaceutically

waceBmosdake salt or solvate thereof in the maneEaGB206/050697

of a medicanent for the treatnent of a di sease

sel ected from nyeloprolific diseases and generalised
thronbotic diseases. 21. A nethod of treating a

di sease selected from nyeloprolific diseases and
generalised 20 thronbotic diseases in a human, which

cohpenp@sidias eaimeadinzay df blaivesn 10 RhwaskeRf § ©fd R ogether form an
anount f co und ?f formula (1) as defined in any
ofOpclP%aII&Ew?SUc lbtggg:?'f‘ BYe %‘z‘lkyg HeMRaceutical |y acceptable

salt or solvate thereof, or with a pharnmaceutica

conposi tion containing any of the foregoing. 25 22.
hrmaceugagl sam@ogition enmmulsing(a gompoune bf foedular(l)ai deied in any

g'c()ﬁgl%ﬁlé%gsc% %&%ﬁ%ﬁ%@%#l&%@clﬁ%{l&ﬁﬂ salf’ (l)rastofsxflat%tthgrggf? tt:o'gether with‘ a
pharmaceutically acceptable diluent or carrier, which may be adapted for oral, parenteral

or topical administration.

A compound of formula (1) as defined in any of claims 1 to 17, or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical composition containing any of the

foregoing, for use as a medicament.

The use of a compound of formula (I) as defined in any of claims 1to 17, or a
pharmaceutically acceptable salt or solvate thereof in the manufacture of a medicament
for the treatment of a disease selected from: myeloprolific diseases and generalised

thrombotic diseases.

A method of treating a disease selected from: myeloprolific diseases and generalised
thrombotic diseases in a human, which comprises treating said human with an effective
amount of a compound of formula (I) as defined in any of claims 1 to 17,0ra
pharmaceutically acceptable salt or solvate thereof, or with a pharmaceutical composition

containing any of the foregoing.

Use of a compound of formula (I) as defined in any of claims 1 to 17 for the reduction of

platelet count.
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