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AMINO QUINAZOLINES DERIVATIVES WITH BLOOD PLATELET

REDUCING PROPERTIES FIELD OF THE INVENTION This invention

relates to the discovery of prodrugs of 3-or 5-substituted analogues of the

5 selective platelet lowering agent anagrelide which have reduced

potential for cardiovascular side-effects and which should therefore lead to

improved patient compliance and safety in the treatment of
AMINOyelopralifaratine diases M e ISpERifically PLhel preseREDVENIGIPROPER TIES

relates to prodrugs of certain imidazoquinazoline derivatives which have

utility as platelet lowering agents in humans. The compounds of the

present invention functidi. bip iohibiiie N forohifidn of 10blood platelets.

This i%gi%ﬁ%@a%QOqﬁeTh@cwéé 9“9%1*‘35%88&1!8{{9@ analogues of the

(Agrylin(r), Xagrid(r))is a novel orally administered 15 imidazoquinazoline

selectiViHidHedel detiraly s e sipatelide cohishih imsds A diaieded foF saeiovascular

side-cfREHPARESIM AR traiment of- iyalorralifprative disersestMBRL) «RHAARS, in the
essential thrombocythemia (ET), where an elevated platelet count may put

treatmefHe P SRR HE BASEAdIFaRbOotRAFSK ShtvelHinidhF dtreidirdngpntion relates to
prodru@srtﬁgfh ; @ﬂﬁﬁdﬁﬁ%@@' !msh %za@fdd@y&ﬁ@mgiamﬁ{aﬁk ﬁﬁin%léglm?%ﬂaﬂh&eﬁn g agents
: ydrochloride monohydrate), is shown in the following formula: CI3 , .
in g O BRI o ea Ryt TSP DT B i oemation of
blood piydreehloride mouohydrate The principal side effects of anagrelide are
cardiovascular in nature, tachycardia, palpitations etc 25and limit the utility
of the drug. These are largely attributed to its metabolism to 3-
hydroxyanagrelide. BACoRROUMIWAE SUHDHEORNOIGHto be some
40-fold more potent as an inhibitor of PDEII1, and therefore potential
o IDLTORI n ide itself heryore pl e re I
Andgreltl#](% m%?gggﬁtne&ra}gg‘r t?é%%%gﬁt@\’/vit?@é Et%%iélidegs tgpicg?lggﬁlrég% eségmmmemd
imidazefteinego WO 008/ 088483 PCTABB2aU7IE50698than hvmasdrng isselfed for such

purpos&ONFrMINg it.piveial rgle. LANSSANGRIR Sehies f 3aubslifutedcn a5 essential

anagrelide analogues has been mvesﬂgisted which has shown that it is
thrombpeydspTdad bl dtRE mtapEalf bRIRleRY §PIDPS A tHAY JoSitRI &l gy eficreased
thromb8Hl rEERIN The antmegakanyeeyticraciansiRidhe dwegy hurinesmerriihese 2, 1-5]-
ounds have consjderably less potentijal for, cardigvascular 5eff%c%ts

auinazofig o g AIA ITCE TRGHE A St AP At BENGPATBH S the

3-hydroxy metabolite may also be achieved by substitution at the
5-position. The 3-substitdtethgemp pified, by the dimethyl or
spirocyclopropyl analogues, afe nota %Qé}s@ub&mao physiological pH
(-7) than the parent cempougerwhich nts a significant challenge to

their efficient absotption. 1p \

G 3 position

6,7-Dichloro-1,5-dibydroimidazo]2,1-b}-quinazolin-2(3H)-one hydrochioride monohydrate

The principal side effects of anagrelide are cardiovascular in nature, tachycardia, palpitations etc
and limit the utility of the drug. These are largely attributed to its metabolism to 3-
hydroxyanagrelide. This compound was surprisingly found to be some 40-fold more potent as an
inhibitor of PDEII, and therefore potential inotropic agent, than anagrelide itself. Furthermore

plasma exposure to this metabolite after treatment with anagrelide is typically three times greater
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Anagrelide .HCI itself is a poorly soluble drug substance. In the pH range
w®bdsahsthgssolubility is less thanl0 i.ig/mL. The solubility incr H .
values abo:/e and below this range; for example in 0.1M HC1't e@tﬁ%@m’t@?%%
is -170/mL and at pH 11.4 approaches Img/mL. The dissociation constants
(pKal and pKa2) of 2.9 and 9.8 were estimated from the solubility/pH
than to J%Sp({ofile ofgna elide HCI. Thus over much of the physiological pH range
e RS RS CRRTRYER A5 RIBRE Yot iR eV thateraraiss dtsig ket
anagreligtomatiyatyitidh2emay peagipiiaieintheduedenumiat RHEGs T Sintroduce
metabol?resb ntyootentlal problems for the quantitative absorption from the most
iK1y St Aoy ABYBT SN rRAHER AR UfsH EH L i ThERs AiRE: Aggakaryocytic actions
of the dognseqience:anageelteriponicromised pricidatiingintecapsutesdtiovascular
effect tﬁlinige}_! use to ens%[le mgﬁ(iénal absorption. This and 20anagrelide’s
o et h P Ot R AR R ARy BRI S i RRs Ra s (e Snlwdroxy

metabolandrify\ilko doseniot gl lsaunguirervede knpbiheRotentiakprolemiQhmpounds
tion. Indeed, a radiglabelling study in humans showed

t pifiedlrﬂ)cot?«%) gggtge%bior 5 1 3 s : :

Y At TOIOWRG the' SFAT AdriPRERAIGH P iy 8 EALDEN &ttt v by siological
pH (~7ttheadministeredmadioattivitywasseecoyeres: it 4he wrne-senlyingithat &kt
absorptiIoenast after this dose absorption was >75%. However for those patients

requiring larger doses 25either as the result of relative insensitivity to the
drug, higher first-pass pre-systemic metabolism or greater body weight,
the possibility exists for incomplete absorption. This would be expected to

A ﬂﬁ@?ﬂﬂ E@S%rl ggv riability in attained plasma dru ncentration and .

nagre consequen'((];i‘g?S Y r?é%lﬁtfkoljﬁ}%gt%H rsegéjﬁo&ﬁgg‘. iﬁ/éegp ?“?mnge ot Sg the solubility

is less tha008/085445PRTVGHATN0TING0688 FuthenmeraterlessdInieit analeguesrtor
may have better cardiovascular profiles,

of ide, even thaugh the
exaanpl A bl gl B DU AR RO T
dissociasotubilibraivougkdhanserappropate e Wag: REndHES 05 ANa9 @it iy /i
file O{r{\]%/ th%/%f‘eoéﬁﬁﬁér significant advantaE?e in minimizing this risk. 5
pro 3806 2 RRSRYTIHEN QB BhsR el gl nasen Hee dng davesry poor
aqueous fensatycing therepeutio gratg fardheaiseaienenief my JESLRHUE in the
d Odenudiszgaz%s,gisggblood pressure and _bronchodilation. 10SUMMARY This
HoaenugiH BSUre probis orprodrag e drahisgre et Avaphed v pkirmEanfrom the
most likeithéte the SsorhigposiianiymhesseanagrelidesdaevativesoReRBRISIh i elide is
micronisad al_narl ?‘%‘Of the cardioicktjigle_ 3- hydroxyanagrelide is blocked either
dir&ety %g-éu%ﬁ%‘ﬁ’o?ﬁw rcirE P {BLSUISSRGHENY: P& phottpgararkhis and
anagrelideotdbhermargosatublesianviiie (apghkader anticiaaied inWive RAINPRSY and in vive
doses o ftggttnlt_%eir rin? close ,an?l ues offering the potential for better absorption
S Ol i thd & rtracte &Y ’éﬁ%%ﬁ%ﬂ%%@%m&%@?%@%ﬁm%@wi a
radiolabailtigeciosty & pthiker ehovedthus Riferingeaopvanient meansbdeliyering.
labelled Shese %Q% c}o{%ed é?nti-meg aryocytic.(platelet lowering) agents to the
¢ Systernic circtisfAoR” BIHEE e PrafdrrEe Yits Brometsoisiesr ditagralidag that at
least afteistbiteddspaitianicOwuch TompasnekeAfer el to-REAsE RIMPAOVEer doses
harm i ?trit'%%rofile and hence improve patient compliance and

ither I oKIn A ! , ,
either as B R e Ta A RS KT RICP Syt B SA LR 1 TR e gymetabolism

convenience
or greatetreatedvdipbnaleaseseititieyeslsbstiviachaqmpoubds fisrexpastediitblex pecied
b n a smaller group when cyclised to the

to lead to 1U|cl%a§2%uvp 1!153 1 1{ eief'g%c tve : : ;
'HGEET Thg A G B e SHARSRIBS B4 ST U M BRI RHP BERRY Yy

variabilitplockingrgnespsnaee thus expected to be of most utility when 25
substituted at the 5-position. A substituent comprising a large group at the
5-position is expected to sterically hinder access to the 3-position by the
metabolising cytochrome's active site. This should inhibit formation of the
cardioactive metabolite, 3-hydroxyanagrelide. = The ring closed
compounds of the present invention are especially beneficial because
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30surprisingly they have dramatically lower PDE Il inhibitory activity (and
hence lower eardioactive potential) than the active metabolite of
WO 28pfifiedtiele, 3-hydroxyanagreficle and yet also surprisingl)}) retam 1
anti-megakaryocytic activity. Indeed these compounds have therapeutic
indices which are much more favourable than that for anagrelide itself. In
a first aspect, there is provided a compound of Formula (I) or a
FurthermdpbasmasspsieallyratoeptabiesaltdidsobvatelihopdoiRe nieheirs: R¥end

. R2, are independently selected from the gr ising:.H;/halo: 0;
R A P
water soludli@ntloaisynyles eysioptieyt groups:gay-te:eptioneliy Silbstiturebidyyiareefier

. .. 5 rougos chosen ind.epe‘ﬂdent{é/ from the group comprising: halo, hydroxyl,
Slgnlﬁcamc%%‘f?& Wit EHEAHHASHIPAGHY! and COOH; C3.6 hydroxyalkyl; C1,6
carboxyalkyl; and sulphide; or wherein Rl and R2 together with the carbon
to which they are attached form a C3.5 carbocyclic ring may be optionally
ifuted by 1.t0 5 gr sen independ : ' ~
w0004 e i O3 4 oeine
therapeutialigyisuliphdnytranth @O o eyhiehére RicaHec RR dy tHEP AR B e EarE6N
bronch d‘Lot‘WhiCh they are attached represent a C2.6 alkenyl or C2..6 alkynyl group
ronchoaiisind 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, C14 haloallcyl and COOH,
provided always t 3R g0 R and R2 is not hydroxyl when the other is
methyl; R3 and RZ-arg mdependently selected from the group comprising:
H; halo; cyano; 01.6 alkyl, C2-6 alkenyl, C2 alkynyl, C3_8 cycloallcyl
0 B B UM RL R Ol kR e secpRtonally

This discloyte RIS 18T P groups chosen independently from the grou

. p ..
position. Iothpsisimuyignelivehgelioniil ey anelahRis i 448 ARGEHo Y| B5desoeive 3-

056698
F}I%'ff 5

| hydroxyant%%'e%ir(?é/ ‘%'é%y}])ét Jleyl, 6 sacbayyalivk ndisHiphidgaRedR3 andBéitution). The

ether with the carbon to which they are attached form a C34 _
prodrugs aamwehblicxing swhicls iayite Gpworris; SuBsttirstipyits 5ELipRs) than their
i hosgnJpde t' {9rQUP Semeprisinghalo shydrany! oyanet. Such
g Ci@seﬁitzr%,g1 %4%&%2%&3% g’%’a%og%%gﬁ%gggw and COO?I; or R3 and R4 together N
compoundsepresériparCa@aikengror @REERY AYEYTIEH Bbaﬁq”*’tr%ab‘% SB{i‘b?éfmﬁg a
‘convenieng %ggtrgsoﬂ@geﬂ@gr@p%v\{ﬁ&g ﬁﬁ% %ﬁ@%ﬁ%@ﬂ@eﬁ%ﬂ%&@iﬂﬂ@ﬂt&b%Mﬁ@g@)ﬁgcmts

three groups independently selected from the group comprisin

to the systéralo cirpdiasyh. Ganrs, G prefrseryiitrd Cedalins s @&%’&%ﬁef%%metlfép%iﬁoﬂ»

such com;%)rl%y i G0 'ﬁﬂgiggﬁoﬂg%&n? R oRERMM AR BRRRE gﬁﬁl@%ﬂﬂ Heeeth@prove

roup comprising: fltor, chloro, bromo and iodo; and R" and 12.8 are i
patient connglependentiyosetattaddromitiag obiyedin prriig-ehefd el e glfpctvely

treated. 121: @%{ (%]ﬁ'éGDI% %a’g%li?g&m@eﬁl@ﬁ}fxﬁﬁ%qgig balealkoxy:ROdsIH ;%’1&;% & more

Is selected from the group comprising. hydrogen; C1_5 alkyl,
effective 108-6 alkaiy, BB whgnyyaHere 308ty CHbaRssy b tBRsEHER Bralpgue. Groups

such as t—bfg{ eigé’ﬁﬁgo roluEﬁlﬁﬂglgwi%&%{s%@%%e&@éé&Q§iﬂf@fﬁ%@ﬁ%ﬁﬂy when
m&épendenﬁy ront the group comprising: halo, hydroxyl, cyano, nitto,
substimted(ﬁtltheamyiséjﬁmonwsahsii@(@@N?@Pﬂi@@s@%&%ﬁ%@eﬁﬁﬁ%ﬁ%%&é‘ﬁéﬁ@‘Pecwd

to stericall%qggt ep%@ééasgqc?qﬁeoﬁﬁcﬁiﬁon by the metabolising cytochrome’s active site. This

should inhibit formation of the cardioactive metabolite, 3-hydroxyanagrelide.

The ring closed compbuncls of the present invention are especially beneficial because

surprisingly they have dramatically lower PDE T inhibitory activity (and hence lower

3



provided always that Rl , R2, R3 and R4 are not all hydrogen. In a second
aspect, there is provided a pharmaceutical composition com ri?'ineqa%d yet also
cardioactivEQURALNY mﬁfl?urmutmwtmﬁdmfw%?%%ia& ﬁa&;ﬂ&%{; lﬂw I
acceptable salt or solvate thereof,.tage spRAfMRcAUltaNy therapeutic
Sﬂfplismglféé%fégiéﬁ?gd%‘éﬁ?% Ehthe ,1\?vﬁféh%%ngéyﬂ§£e\g%ap?tged foirq%a;al, parenteral or
dices Wh%gp@g@:l@?g;@iﬁjgéé&;&@ﬂgﬂiﬁ& tihirol %p@t?ﬂ&é?@ﬁ%%liﬁﬁ#ded a cornlgc;md 2be
ormula (1), as defined abov icalhhacceptahlelivaitamptable
In a first ﬂ%&ﬂé‘%ﬁe&‘ﬁ?‘aé%gp AT aggéglﬁtmﬁgggxi%n cb:ntaining any of the
salt or solv@keg@eiBg! for use as a meditament. In a fourth aspect, there is provided
the use of a compoupd of fg a,(1) as defined above, or a

: o} vate thereof in the manufacture of
a medicament for the treg of a diseage selected from: mycloprolific
diseases and generﬂﬁ zechthrombatic di s In a fifth aspect, there is
provided the use of a compound gh formula (3) as defined above in the
manufacture of a medicamént f& tﬁed tigre of platelet count. In one
embodiment, the present disclosure comprises a prodrug of an anagrelide
analogue comprising a 3-, 5-, 3, & or 5,5-substituted anagrelide
compound. Thus, for example, in the 3- substituted derivatives, first pass
metabolism (of the rapidly ring closed analogue) to 3- hydroxyanagrelide
is directly blocked. In particular, the disclosure relates to pr%gruggb%fgi%

1 2 reli Qauayhere ihdisaipasesimatapdlismidocHnce Snredipn
T b e e e
optionally Rrssentdisglosssesrthesehisspr avidpadebnipoLig %PW%SHE >
hydroxyl, PRABTEGeLlCalkdedetatlsd4IOSH Sdivaty tFrpalp Wher BRI 1 IRY; 1%

sulphide; and R4 independently represent hydrogen or a blocking group which
functions to prevent metabolic rea tlﬁréhe|theﬁraggareh(%:tcb/fo%rél 'Q@{E%E'%@éyﬂ]@ §ﬁg

whereir@sﬁi@ﬁ?ﬁpﬁﬂ’&ﬁﬂiﬁﬁ?eaﬁaéfw s A AdRg: halo,
ﬁfay be opﬁll’ﬂ%ﬂﬂﬁé&?‘f&}"éeﬁﬁé%ﬁ%é %?f%e%mde %@%ﬁgﬁ% n%%%ﬁséﬁtg%revgnﬁ ¢

wherein:

j C%?a g sU i ;
hyaronsl, RSRIDBAE et IO Eiter e a@a&%{ %@ﬁ!ﬁé at il Gre@eBasitioaicny or
C Whrfe]%lﬁb%ﬁ uﬁ%% eo'{;%ﬁ‘é"‘lf&qpﬁfe% SHQuRs: RhiadRoring hysdtegend Rids
ey yn%%fés%i% eﬁr%m)ﬁ & FFAUR-CRMPAIRIRGidEHOYaelebial obromgrandiogulsing: halo,

ionall :
ggf;fylyjymo C,.4 haloalkyl and COOH, provided always that one of R! and R? is not hydroxyl

when the other is methyl;

} i ising: H; haio; cyano; Cis alkyl, Cae
*and R ndependently selected from the group cOmprising: :
Elkzgyl Ci;rea;kynsi, C.g cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloal%q{l groups may be
optioraapliy.substituted by 1 to 5 groups chosen independently from the group comprismg: hallo, .
hydroxyl, cyano, nitro, Ci alkylsulphony! and COOH; Cy.¢ hydroxyalkyl; Cy.¢ carboxyalkyl; an

sutphide;
or R? and R* together with the carbon to which they are attached form a Cys carbocyclic ring which

i ising: halo,
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising: nalo

i honyl and COOH;
hyd 1, cvano, nitro, Ci. haloalkyl, Ci.4 alkylsulp
OZREO ﬁ,d R* together represent a C alkenyl or Cas aikypyl group bound through a dgubie bond tc;
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, Ci haloalkyl and COOH;

RS is selected from the group comprising: fluoro, chioro, bromo and iodo;

R? is selected from the group comprising: fluore, chloro, bromo and iode; and

R’ and R® are independently selected from the group comprising: H; halo; cyano; Cy. alkyl, Ci

haloalkyl, Cy alkoxy, and Cis haloalkoxy,

R’ is Hor Cy.6 alkyl,



WO 2008/065445PCT/G82007/050698 R6 is selected from the group
comprising: fluoro, chloro, bromo and iodo; and 12.9 and R8 are
independently selected from the group comprising: sing: H; halo; cyano;
C14 alkyl, Ci_6 haloalkyl, C1_6 alkOXy, and C1_6 haloalkoxy; and 5 R9 is
H or C1_6 alkyl, Rl is selected from the group comprising: hydrogen; Ct.6
alkyl, C2_6 alkenyl, C2..6 alkynyl and C3_8 cycloalkyl wherein each of the
@fegoi roups ma I -substi by 1 tay QUIE=6HD
cepeNaRy Hom B houp Lempi P, by cvama. mitar 2
Dy Bkl Slilphprigh Hiydl @OOH; GERIONS HFHAIRSERURR AN e SptaBRY

cation, and Xis 0.0r 8, 15provided alwaysdhat B #R apehfRéare Rab,
Sé‘ﬁ%%%r%ggn)i ?toa%o‘%%g%)%%{nggﬁgév%ﬁn%gge o? Rl and ég??m th%nd R3u
bR, ey R e TREPBPRI A1 1Tt Py coBEHEB R A

n one

a%gérﬁ%%@%t&&mﬁz’ are independently selected from the group

comprising: H; halo; cyano; C1_6 alkyl, C2_6 alkenyl, Ct6 alkynyl, C3.8
cycloalkyl wherein said alkyl, allcenyl, alkynyl or cycloalkyl groups may be
BRtionglly substituted by 1 to 5 groups chosen independently from the

group comprising: 25halo, hydroxyl, cyano, nitro, C14 alkylsulphonyland

COOH; C1_6 hydroxyalkyl; C145 carboxyallcyl; and sulphide; or Rl and

R tegeiherwithnlie cathehseiitiick: they hbe Gesehed form a C3_8

carbocyclic ring may be optionally substituted by 1 to 5 groups chosen
independently from the group comprising: 30halo, hydroxyl, cyano, nitro, .
ﬁklﬁmt@hﬁ%yﬁﬂgﬂmﬁlf@ﬁﬁwmp ’H@@f@@ﬁi KNRyOsition” comprising 2 commpound of

1%%@(9 @ﬁ%é%@&lé%@@&@m&%ﬁﬂaamﬂ R pogethel witvieechebon, together

to which they are attached represent a Ct6. alkenyl or alkynyl group bound, ..o.a1
Yﬁ%ﬁ@ﬁ@é%&m@%ﬁ%ﬂ@gm51%8‘?&%‘.’8’5‘ *ﬁfis?”aﬁ%éﬂ@d%ﬁg%géﬁng O e
aptienallydstibsiitaties by one to three groups independently selected from

the group comprising: halo, hydroxyl, cyano, C14 haloalkyl and COOH,

provided always that one of Rl and R2 is not 5<gydroxyl when th(g ﬁth r i% . .
methilirth aprsfahad $errearipsrRRM s Anttohdy) pSitifEa* o o

%&Eﬂﬁ@ﬂt%@ﬁ&}é@i@@ kyhigroupsdiQke: atpealsirad set gicompotierds composition

2 is an optionally substituted C14 alkyl qr C3 8 cycloalkyl
containing a%y of i‘hg’ foregoting, Qr Use as a Xlegl camen% y y

Tn a fourth aspect, there is provided the use of a compound of formula () as defined above, ora
pharmaceutically acceptable salt or solvate thereof in the manufacture of a medicament for the

treatment of a disease selected from: myeloprolific diseases and generalized thrombotic

diseases,

In a fifth aspect, there is provided the use of a compound of formula (1) as defined above in the

manufacture of a medicament for the reduction of platelet count.

4a



group. Other preferred compounds are those in which at least one of R1
and R2 is -C(H)"(F)", or - C(H)"(F),,,-C(H)p(F)q, where m =2 or 3, and n =
(3-m); and p = 2 or 3, and g = (3-p). 15 More preferably at least one of Rl
and R2 is CF3 or CHF,. Most preferably, at least one of Rl and R2 is CF3.
In an embodiment, RI is preferably methyl, cyclopropyl, CF3 or CHF2.

Most preferably, Rl is 20methyl..In an embaodi R2sPreferely
In one embprisAsy; %ﬁ@b%?@ﬁ?%?@yﬁﬁ?sl@lgﬁdﬁ?éf%%%?& Igzélilséer?e@ghy%%ln

COmpﬁsmg@mhgrﬂmej%&ﬁ?d,Sei;@ﬁmm@afta@ilsli&t annilmndgéfhfé&fftsglméﬁﬂpiﬁ in the 3-
_ optionally substituted C3_8 cycloa qQup, t erphly;this,is, to 3-
substituted c(eIBHSH g?éﬂppﬁﬁsaﬁlg%%%ﬁ%e@% %%ﬁe%ﬁl\lgﬁ%%% independgnt yie) °
o cvcioati wherei<ai iy aemakny
] , ! , Lo, ) - | f 3-

anagrelide GaRIYEIKYISEDS %{ﬁb %@8%6%@3@ 1“7@@’50%%’%%6%8 (fiay be
hydroxyan@ptignallysuhstieliesifyddto 5 groups chosen independently from the

group comprising: halo, hydroxyl, cyano, nitro, C14 alkylsulphonyl and

COOH; C14 hydroxyalkyl; C14 carboxyalkyl; and sulphide; 5or R3 and R4

ing (PG HISL ML arbpndo.whichdhey.arpaiiached:foit @ G 8
According tggﬁé}:%gg\ﬁ{é %%agrsf?aj be opst}ggé%%ogubstit%ted by 1 to 5 groups chosen

pharmaceufisgdiyerasnty fremt HeYdih rising: halo, hydroxyl, cyano, nitro,
C14 haloalkyl, C14 alkylsulphonyl and COOH; or R3 and R4 together
represent a C24 alkenyl or C, allcynyl group bound through a double bond
10 to the ring to ¥ hich it is attached and being optionally substituted by
one to thrge groups independrAtly selected from the group comprising:
halo, hydrox F'haloalkyl and COOH. In an embodiment, R3 is
H or C1..6 alkyl. /e R3fts H. 15 In an embodiment, 124 is H or
; itan embodiment, R6 is chloro. 20In an
O Imembodiment, R7 is H. In an embodiment,

XR‘!D

embodiment, R6A§ ctH
RS8 is H. O

{1

whersin:

R' R2 R® and R? independently represent hydrogen or a blocking group which functions to

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

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

. Lo om0 .
3- or 5-position of substitution, the remainder of groups R to R™ being hydrogen;

RS is selected from the group comprising: fluoro, chloro, bromo and iodo;

4b
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25 In an embodiment, R9 is H or Me. In one embodiment, R9 is H and
compounds in which R9 is H enjoy good solubility. When R9 j .
W%ﬁ?@%%ﬁﬁ, such as Me, the PDE Il inhibiting activity is effecli?\:/g'igs/’:&%%mb%gs
eliminated. Me represents a particularly preferred alkyl substituent. 30In
an embodiment, Rl is H or optionally substituted C1_6 alkyl. Most

preferably, Rl is Ci_6 alkyl. In an alternative embodiment, Rl is Na or K,
R® is seithdNeobeihg prafe fred prislc 230810 65495P T PREBRI0PAI5 0698 In an
embodiment, X is 0. In a further embodiment, 5 Rl and R2 are
independently selected from the group comprising: H; cyano; C1_6 alkyl,
R’ and K26 alkepghoenl 6salkytofl f08! Beyrivalleymphstes dahnangraamkdays, alkyl, Cis
lkyny| or_cycloalkyl groyns, | hejoptionally substituted by 1 to 5 groups
haloalk chk‘gé“gﬁ%woc%bg%dgﬁﬁ/ ?rom t%}gybroup comprising; halo, hydroxyl, cyano,
nitro, Ci4 alkylsulphonyland COOH; C126 hydroxyalkyl; C1-6
9 Oearb Ikyl; and sulphide; or Rl and R2 together with the carbon to
RUsH (\%/L\I;rﬁéﬁ %E%%(/Eare attached form a C328 carbocyclic ring may be optionally
substituted by Ito 5 groups chosen independently from the group

10 mprising: hal r Ano, nitra, C14-ha Yo Claalkvsephanyln gl and
R S%%ﬁ%é@ﬁ; %%%?%{lg %bﬁ%{t(%e%&%p?esgﬁgﬁgéf '%Ikenygldor_ C?L_%%L A
Cs5 cychikliiyl groupboaid thrbegivagioublerbept terthberiprfowhichisiguted by 1 to 5
eroups AlIAGHE] A0d beig opf BSIUiS B 0Re 1TSS AHOURS cyano. nitro, C
groups %83%%ﬁ%§%%§ fﬁégg?e%%?ﬁ)ﬂ%ﬂ%gr up_codr%ygir?i%?\g: hém?f%?g%%ﬁ? 333?13,1 el _
alkylsul@s alodRI @Hd € B 2obr3nae eplyepsairebnatire mdelected

from the group comprising: fluoro, chloro, bromo and iodo; 25R6 is

selected from the group comprising: fluoro, chloro, bromo and iodo; and
X is O oRY¥, R8, R9 and RI are hydrogen.

provided always that R!, R? R®and R* are not all hydrogen.

Tn an embodiment when one of R' and R? is methyl and R? and R” are hydrogen then other of R!

and R? is not hydrogen.
In one embodiment:

R’ and R, are independently selected from the group comprising: H; halo; cyano; Cy6 alkyl, Ca6
atkenyl, Ca.g alkynyl, Cis 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, cvano, nitro, Ci4 alkylsulphonyl and COOH; Cys hydroxyalkyl; Cis
carboxyalkyl; and sulphide;

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

halo, hydroxyl, cyano, nitro, Cy hatoalkyl, C;.4 alkylsulphonyl and COCH;
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Another preferred group of compounds is those in which neither RI nor R2
is_hydrogen. 30Amongst these, it is preferred when Rl and R2 are both_
W(?n%?g%g??%é?'utly selected from the group WO PCRTGB2007/050698
2008/065445PCT/GB2007/050698 comprising: cyano, C1..6 alkyl, C2_6
alkenyl, Cs_ allcynyl, in which the alkyl, allcenyl, and alkynyl groups may
be gptionally substituted; or wherein R1 and Rs together with the

o

or R' ansaRyonaewhicittiby exebandendidotht aAepiaany Supsnuted:c3lgnyl or Cas

alkyny! SARACYRIG fing,of wherein Bt andRe,tegethar represent anQplienallt and being
substituted C1_6 allcenyl or C2..6 alkynyl group. 10Particularly preferred

optionaiydiviviaticdpounds BrttestioslosiePRIERRIE: THecBnisty tifagielitieomprising:
halo, hﬁ% t"é?a%,%}Eﬁa%égmtmm%@]qﬁg%&%@%a% A B8 of R! and R? is not

corresponding spiro 3-cyclopropyl derivative WO
hydroxy2008066445R 0 T®E2007/050698 Regarding the use of the compounds

of the disclosure in humans, there is provided: a pharmaceutical

composition comprising a compound of formula (1), or a pharmaceutically
In a prefecedtatiefarmossat® therapiopigether suRtasthmactliiEallyCa.s Cycloalkyl
group. acceptable diluent or carrier, 5Swhich 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

Ina pre‘f&@&ﬁi%@%?%x%h%fﬁr%l’%garf% ReAR AMmefiGament, Y5&-0f &ycloaticyl

compound of formula (1j, or a pharmaceutically acceptable salt or solvate

group. 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

Other prfifsresesampbypheratisdtbtrambbid 18 dssases pf RnundrRwihick (H)u(En or -

cmxm%ﬁ%@@}f SAling sl uman,wilhLan sfiealis, Aoyt i@ comagynd of

or a pharmaceutically acceptable salt or solvate thereof, or
with a pharmaceutical composition containing any of the foregoing.

More preferably at least one of R' and R?is CF; or CHF,. Most preferably, at least one of R' and
R*is CFs.

In an embodiment, R’ is preferably methyl, cyclopropyl, CF; or CHF,. Most preferably, R’ is
methyl.

In an embodiment, R* is preferably methyl, cyclopropyl, CFs or CHF,. Most preferably R? is
methyl,

In another preferred set of compounds, R’ and R together form an optionally substituted Cag

cycloalkyl gronp. Most preferably this is a cyclopropyl group.
In an embodiment:

R* and R* are independently selected from the group comprising: H; halo; cyano; Cys alkyl, Caos
alkenyl, Cog alkvnyl, Cs4 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycicalkyl roups
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The present disclosure also encompasses a method of treating a patient
having essential 20 dutmbocythemia or other myelproliferative disesase or
w BbtéScardiovascular disease or high blood platelet courff SGiBR007/650698
method comprises administering to the patient a therapeutically effective
amount of a compound of the present disclosure. Another embodiment of
the present disclosure includes a method of reducing blood platelet count
may be 2pwitinisaspatigntedvhich méthooponipssesddpeinistehingdm the patigntanprising:
therapeutically effective amount of a compound of esgent djsclosur
halo, S clb e GhboR DR B g G Cooqhd GV Akl Cs
carbox ypiegenhdisdidsdee for the methods listed above, among others, wherein
cardiotoxicity is reduced compared to using 30anagrelide. WO
2008/065445PCT/GB2007/050698 The present disclosure also
or R’ amhdSmpassespitannacertticatcorhpositionscomprisidgfarcompaunrdrbocyclic ring
pharmaceutically acceptable salt of a compound of the present disclosure . .
may oo G B s S R e R B R o
halo, hydattsybfdirercontpauindshof dzokyiyuda; (| plkeladelaciol additionGEl1S.
Examples include hydrochloric and hydrobromide salts. DETAILED
DESCRIPTION OF THE INVENTION 10 The present invention is directed
or R’ ariih Riesvaptbarigsweta:anS-sulistityited Gnadtigres pfdne establishediplateletlc bond
lowering.agent anagrelide. These compounds spontaneously ring close at
o the T s o e SR e B St et rovps
independaitipnegakaty deyticthropeniie s¢henténplatelet [ovdeoing activity,) Of , haloallyl and
COOH anagrelide but have reduced PDEIII inhibitory 15properties and hence
"lower potential for unwanted cardiovascular and anti-aggregatory side-
effects. Appropriate substitution at the 3-position of the anagrelide

olecule %‘gec jyel #locg}%?we rincipal site of metabolism and thus

i an entf AR bl Fton B e RGHTy bRt BOEILI 20 mhibitor 3-0H

anagrelide. The 5-substituted analogues have the potential to indirectly
*_gtericall I}iade etabolism,atjhe prefer -position. These 3-or

Inane -%%8%6[%0 ed%na%gtjéub%ag?jgh%?g |t§le§{§lsE§dﬁsé31\}/g the potential for improved
pharmacokinetic characteristics since the 3-position in the anagrelide

In mo ecul% iﬁfknmﬁ/p to be the major site of metabolism which is the

aln emoo 1II’1€I)I lﬁc Q10. .

principal mechanism ‘of drug clearance. 25 Use of the corresponding
"open ring" prodrugs of these 3- or 5-substituted analogues could offer the

In %dged v@g@.. ofﬁmogroved rates of dissolution and water solubility, allowing
an embodiny fscl £ -~ !
easlier formulation. For example the aqueous solubility of anagrelide at pH

7 is <10ug/ml. For
thyl5,6-djchlorg-3,4-dihydro-2-(1H)-iminoquinazoline-3-acetate HBr - an
In an emﬁﬁ%%%%?ffu eést;%’t 30representative example of these ring open prodrugs -
the solubility is - 5.5mg/m1 in distilled

In an embodiment, R¥is H.

In an embodiment, R® is H or Me. In one embodiment, R” is H and compounds in which R’ is H
enjoy good solubility. When R is a C\¢ alkyl group, such as Me, the PDE III inhibiting activity

1s effectively eliminated. Me represents a particularly preferred alkyl substituent,

In an embodiment, R'® is H or optionally substituted C).¢ alkyl. Most preferably, R' is Ci

alkyl. In an alternative embodiment, R'%is Na or K, with Na being preferred.
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water. WO 2008/065445PCT/GB2007/050698 Such prodrugs are likely to
be extremely rapidly and completely cyclised in plasma to trk%%] Jj]ﬂ%%%
WO 30488A%Hagrelide analogues. For example the rapid and quantitative
conversion of
ethyl5,6-dichloro-3,4-dihydro-2-(11-1)-iminoquinazoline-3-acetate r - an
unsubstituted but representative example of these ring open prodrugs - to
anagrefide was demonstrated in human 5 plasma using LC/MS-MS

In an em%r%}/tlc?lkechﬁlques. Human plasma was spiked with anagrelide prodrug

"EBhéentration 100 ng/mL). Immediately after mixing, and at 15, 30,

45 and 60 minutes afterward samples were analysed for anagrelide
. _.prodr nd anagrelide. Even at the first point of measurement no prodrug
Ina fmtr%éﬁf&%)ge@%ﬁrﬁd demonstrating the rapid and complete conversion to
anagrelide itself. Figure 1 shows the levels of anagrelide prodrug,
! and GYES,Cr10diENor0:3 dediyee: 2y hdminouinazRling-Sggiate A, Coo
R and gn%relﬁggp%%%}%ds ?nbscgercrll]p esfEl o%‘ ul%glrﬁlgplas%ga, incubated at room
alkenyl, ©QPRkatye Cvergriedoyr vhvecporeidialladnakicsyinipkovel Watgrloalkyl groups

solubility on t orption-of e I} LiBEprisine:
may be L b DO nIAG SHch i T dog e oo i Comprising
halo, hyetiylyh, 6eybadichinre: 3(-ditybdgaeiimirnsuiraXaifie Gracoidiorisfkyl Cis

) Sa modell Jggound, a comparison was made of the systemic

Calboxy%%ﬁi&i dragrelide when given as this compound or as anagrelide

itself in equimolar doses (7.7 & 6.1mg/kg respectively). Examination of

1 macaglcineti rameters fo }? p Cﬁﬁ S rexi ‘e rin

or R an I LB e A e gyl s
may be optienatie sihsg titeeifhydstadnainisterdth 26 NepenAsstilysiRIpIIEE BRaRRIFEMPTISINE:

[nherent absorption.of anagrelide-at thy kecaiheit 200 fold
halo, hyc%'%};le TR ﬁ‘liggi dfe%aﬁv&)agéggg’%ﬁﬁr%ﬁg?&%gr%%%% %) since there

was little evidence for marked changes in metabolism, the likely

. ernative explanation ~T'h balite-t g afte uble bond

or R an g e o B A0S S e B o AR o
to the riaples balol)ialsoxstuohed thatthing waamly corsiarab) es8% aridbify &roups
. in Cmax and.ACC after the pr . ol agrelidgioalkyl and
independ S S Tt o SO e e saarg o eloslky
COOH,; deviation, RSD, 26%) compared to 9.5 to 44.3 ngmli after anagrelide itself

(RSD 62.5%). Similarly the AUC for anagrelide after the prodrug ranged

from 30367 to 1470 ng.hmL-I (RSD 34%) compared to 21.6 to
R’ and R88npslimicd{RSD 71%) after anagrelide WO

20081065445PCT/G132007/050698 itself. The lesser variability was

consistent with more efficient absorption. This study illustrated the
R’ is selqotartiatbnefitsipttvepcisergrifuoprodhieye t61hAls6VE KISSorption. Table 1

5Pharmacokinetic parameters of anagrelide following a single oral

(capsule) administration of anagrelide or an ester open ring prodrug of
R® is selanad feticelio gnale doggratipguiietent ks Soues Aisbeftideds.1 m /k )

Dog ID number

R7, Rg, 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



Cinax (ng/mL) T,"a, (hours) ALICo.t (ng.h/rnL) AUCluen (ng.h/mL) k

(hours) ) t1/2 (hours) 1 15.7 16 141 - e - 3 14.8 1.5 420 42.3' 0.4459
WO 2008/065445 PCTIGB2007/050698

comprising: cyano, Ci.s alkyl, Co6 alkenyl, Coe alkynyl, in which the alkyl, atkenyl, and alkynyl

groups may be optionally substituted;

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

Ln

substituted Cs.5 carbocyclic ring

or wherein Ry and R, together represent an optionally substituted Cag alkenyl or Cys alkynyl

group.

10 Particularly preferred individual compounds of the disciosure include:

The 3-methylanagrelide derivative

r\f\\(mﬂ2
Me
N
c! H
Ci
Q OMe
15 3,3-dimethylanagrelide derivative
_ NYNHz
lc Me
N
i Me
Ci
O OMe

and the corresponding spiro 3-cyclopropyl derivative

NYNHE
N
Cl
Ci
9] Oie

20
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1.6 11 25.02188 193" 0.3119 2.2 23 9.50 1.5 21.6 23.1d 0.1953d 3.5d 29

44.3 1 88.9 89.3 0.3031 2.3 Mean 21.9 1.5b
WO 2008/065445 PCT/GB2007/050698

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

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

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

a compound of formula (1), or 2 pharmaceutically acceptable sait or solvate thereof, or a

pharmacentical composition containing any of the foregoing, for use as a medicament;

the use of a compound of formula (1), 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 treafing said human with an effective amount of a
compound of formula (1), or a pharmaceutically acceptable salt or solvate thereof, or with a

pharmaceutical composition containing any of the foregoing.

The present disclosure also encompasses a method of treating a patient having essential

thrombocythemia or other myelproliferative disesase or thrombotic cardiovascular disease or

high blood platelet count, which method comprises administering to the patient a therapeutically

effective amount of a compound of the present disclosure.

Another embodiment of the present disciosure includes a method of reducing blood platelet count

within a patient, which method comprises administering to the patient a therapeutically effective

amount of a compound of the present disciosure.

The present disclosure encompasses providing the compounds of the present disclosure for the
methods listed above, among others, wherein cardiotoxicity is reduced compared to using

anagrelide.

10
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96.3---SD 133 68.9 Ester prodrug of anagrelide (7.5 mg/kg) Dog ID
number C. (ng/mL) Tma, (hours) AUCO_, (ng.h/mL) AUCinfin (ng.h/mL) k
WO LI 5 PCT/GB2007/050698

The present disclosure also encompasses pharmaceutical compositions comprising a compound or
pharmaceutically acceptable salt of a compound of the present disclosure and a pharmaceutically

acceptable carrier.

Pharmaceutically acceptable salts of the compounds of Formula (I) include acid addition salts.

FExamples inctude hydrochloric and hydrobromide salts.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to new prodrugs of 3-or S-substituted analogues of the
established platelet lowering agent anagrelide. These compounds spontaneousty ring close at
pH’s 7 and above to yield 3-or 5-substituted anagrelides that retain the anti-megakaryocytic
properties (hence platelet lowering activity) of anagrelide but have reduced PDEIL inhibitory

properties and hence lower potential for unwanted cardiovascular and anti-aggregatory side-

effects.

Appropriate substitution at the 3-position of the anagrelide molecule effectively blocks the
principal site of metabolism and thus precludes the formation of the highly potent PDEII
inhibitor 3-OH anagrelide, The 5-substituted analogues have the potential to indirectly sterically
hinder metabolism at the preferred 3-position. These 3-or S-substituted analogues of anagrelide
also have the potential for improved pharmacokinetic characteristics since the 3-p03iﬁon in the

anagrelide molecule is known to be the major site of metabolism which is the principal

mechanism of drug clearance.

Use of the corresponding “open ring” prodrugs of these 3- or 5-substituted analogues could offer
the added value of improved rates of dissolution and water solubility, allowing easier
formulation, For example the aqueous solubility of anagrelide at pH 7 is <10ug/ml. For ethyl-
5,6-dichloro-3,4-dihydro-2-(1H)-iminoquinazoline-3-acetate HBr - an unsubstituted but
representative example of these ring opén prodrugs ~ the solubility is ~ 5.5mg/ml in distilled

water., -

1§
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t1/2 (hours) 1 213 678 679 0.1969 1-g cr!'b: el 170 367 369 0.3071 418
wolftitQokdsd 0.1789d 23 PCT/GB2007/050658

Such prodrugs are likely to be extremely rapidly and completely cyclised in plasma to the closed
ring 3-alkylanagrelide analogues. For example the rapid and quantitative conversion of ethyi-
5,6-dichloro-3 4-dihydro-2-(1H}-iminoquinazoline-3-acetate  HBr - an  unsubstituted but
representative example of these ring open prodrugs - to anagrelide was demonstrated in human
plasma using LC/MS-MS analytical techniques. Human plasma was spiked with anagrelide
prodrug (final concentration 100 ng/mL). Immediately after mixing, and at 15, 30, 45 and 60
minutes afterward samples were analysed for anagrelide prodrug and anagrelide. Even at the first
point of measurement no prodrug could be found demonstrating the rapid and complete
conversion to anagrelide itself. Figure 1 shows the levels of anagrelide prodrug, ethyl-5,6-
dichloro-3,4-dihydro-2-(1H)-iminoquinazoline-3 acetate and anagrelide observed in samples of

human plasma, incubated at room temperature over one hour.

The potential benefit of improved water solubility on the absorption of these open-ring analogues
was shown in a comparative bioavailability study in the dog. Using the unsubstituted ethyl-3,6-
dichloro-3,4-dihydro-2-(1H)-iminoquinazoline-3-acetate HBr as a model compound, a |
comparison was made of the systemic availability of anagrelide when given as this compound or
as anagrelide itself in equimolar doses (7.7 & 6.1mg/kg respectively). Examination of

pharmacokinetic parameters for the prodrug showed an approximately 17-fold higher Cy, and a

mean 16-fold higher AUC for anagrelide than when the drug itself was administered.

These results implied that the inherent absorption of anagrelide at this dose (6.1mg/kg, albeit 200
fold above the clinical dose) was comparatively poor (< 6.23 %) since there was little evidence
for marked changes in metabolism, the likely alternative explanation. The metabolite-to-drug

exposure ratio after anagrelide was 1.5 compared to (.9 after the prodrug,

This study (see tables below) also showed that there was also considerably less variability in
Crexand AUC after the prodrug. For example Cpay for anagrelide after the prodrug ranged from
170 - 418 ngmL”i {relative standard deviation, RSD, 26%) compared to 9.5 to 44.3 ngmL’1 after
anagrelide itself (RSD 62.5%). Similarly the AUC for anagrelide after the prodrug ranged from
367 to 1470 ng.hmL™" (RSD 34%) compared to 21.6 to 188ng.hmL (RSD 71%) after anagrelide

12
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334 cc) 951 952 0.4941 29 353 1470 1470 0.4857 Mean 330 1130
W(}Q{%}%j@ﬁé&%z SD 86 390 400 PCT/IGB2O07/0506658

itself. The lesser variability was consistent with more efficient absorption. This study iHustrated

the potential benefits of the open-ring prodrugs to improve absorption.

Table 1

Pharmacokinetic parameters of anagrelide following a single oral (capsule) administration
of anagrelide or an ester open ring prodrug of anagrelide to male dogs at equivalent molar

doses
Anagrelide (6.1 mg/kg)

Dog ID Coax T ax AUC,, AUCa k tlh
number (ng/ml.) {hours) (ng.h/mL) | (ng.h/mL) (hours']) (hours)
1 157 16 141 - e -

3 14.8 1.5 42.0 42.3° 0.4459° 1.6°
il 250 2 188 193° 0.3119° 2.2°
23 9.50 1.5 21.6 23.1¢ 0.1953¢ 3.5¢
29 443 1 88.0 89.3 £.3031 2.3

Mean 219 1.5° 96.3 - - -
5D 137 68.9 - -

Hster prodrug of anagrelide (7.5 mg/kg)

Dog ID Crux - AUC,., AUC 80 k tha

number {ng/ml.) (hours} {ng.h/mL) | (ng.h/mlL) (hours"i} {hours)
1 213 3 678 679 0.1969 3.5
3t 170 1 367 369 0.3071 2.3
11 418 4 1440 1440° 0.1789° 3.9°
23 334 3 0951 952 0.4941 1.4
29 333 6 1470 14706 0.4857 1.4

Mean 330 3.5° 1130 1030 0.3922 1.8
sD 36 390 400 0.1692

®  Animal vomited ca 1 hour post—dose, excluded from calculation of mean
b .
Median

¢ Estimate based on two data points only, therefore did not meet acceptance criteria,
excluded from calculation of mean

o

13

Could not be estimated in accordance with all acceptance criteria, exciuded from
caiculation of mean

¢ Could not be estimated from the available data

Calculated as ln2/(mean rate constant)
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0.1692 Animal vomited ca 1 hour post-dose, excluded from calculation of

woneamdMedian Estimate based on two data points only, thereferedig-0a6t/0s0608

meet acceptance criteria, excluded from calculation of mean Could not be
estimated in accordance with all acceptance criteria, excluded from
calculation of mean Could not be estimated from the available data
Calculated as 1n2/(mean rate copstant),,WO

2008/065445PCT/GB2007/050698-F

fe 2 Pharmacokinetic parameters

of 3-hydroxy anagrelide, following a single oral (capsule) administration of
Pha}f@ﬁ@%ﬁ%@o@a&ﬁ@g@rﬁw@ém ‘H”f“%é%ﬁ%ﬁﬁ%‘f’&rﬁ%%%ﬁ%%%l@ i rrcapsule)
adminig{spiaioebanRREEERdS i8Lf /Rgs‘%g b FRARBES Tl egTat equivalent
(hours) AOC, (ng.h/mL) Mica, (RPRHE
Anagrelide (6.1 mg/kg)
Dog ID C o T AUCh: | AUCingn K #h
number | (ng/ml) | (hours) | (ngh/ml) | (neh/ml) | (hours™ | (hours)
1 141 i6 i31 - d -
3 18.0 1.5 64.6 65.0 £.2854 2.4
11 26.9 16 274 - d -
23 194 1.5 30.7 51.8 0.2314 3.0
29 43.0 1.5 122 123 £1.2966 2.3
Mean 249 1.5° 128 79.9 0.2711 2.6°
SD 117 g9 37.9 0.0346
Ester prodrug of anagrelide (7.5 mg/kg)
DOg D Cmax Tmax AUC@( AUCmfm k 2%
number {ng/ml.) (hours) | (ng.h/ml) | (ngh/ml.) (hours™) {(hours)
1 185 3 564 566 0.1569 4.4
ch 106 1.5 3403 303 0.2510 2.8
11 347 4 1280 129¢° 0.1235° 5.6°
23 269 3 876 878 (.4425 1.6
29 241 6 1240 1240 0.3776 1.8
Mean 261 3.5° 990 895 0.3257 2.1°
5D &7 337 337 0.1457

®  Animal vomited ca 1 hour post—dose, exciuded from calculation of mean

® Median

®  Could not be estimated in accordance with all acceptance criteria (excluded from

calculation of mean
d  Could not be estimated from the available data

Calculated as In2/(inean rate constant)

w

14

prodrug may be needed to ensure efficient absorption from the Gl tract.

For those 3-or 3-substituted anagrelide analogues which have a lower therapeutic potency (but
not inherent activity) than anagrelide itself, a potentially higher absolute dose may be needed
which could present problems for absorption. For example 3,3, dimethyl anagrelide {anti-
megakaryocytic ICsp ~160nM cf 27nM for anagrelide) may need to be given at 6 fimes the

current clinical dose of anagrelide. In this situation absorption may be less than complete and a



10

15

20

25

30

(hours-)) t1/2 (hours) 1 14.1 16 131 d 3 18.0 1.5 64.6 65.0 0.2854 2.4 11
wlhikhsa{4 d 23 PCT/GB2007/050698

The compounds of Formula 1 can be prepared in an analogous manner to those described in US
4256748 and US 6388073, The disclosures of the synthetic procedures used in each of these
documents 1s intended specifically to be incorporated into this disclosure and forms part of the
disclosure of this invention. The contents are not presented here in full for the purposes of

brevity but the skilled person is specifically directed to these documents.

A person skilled in the art will be aware of variations of, and alternatives to, the processes
referred to in US 4256748 which allow the individual compounds defined by formula (I) to be
obtained having been now revealed as desirable targets. The present invention thus further
encompasses methods of manufacturing a compound of the present invention to the extent that

such processes produce novel intermediates and / or employ novel process features,

It will also be appreciated by a person skilled in the art that the compounds of the invention
could be made by adaptation of the methods herein described and/or adaptation of methods
known in the art, for example the art described herein, or using standard textbooks such as
"Comprehensive Organic Transformations - A Guide to Functional Group Transformations”, RC
Larock, Wiley-VCH (1999 or later editions), "March's Advanced Organic Chemistry - Reactions,
Mechanisms and Structure”, MB Smith, J. March, Wiley, (5th edition or later) “Advanced
Organic Chemistry, Part B, Reactions and Synthesis”, FA Carey, RJ Sundberg, Kluwer
Academic/Plenum Publications, (2001 or later editions), "Organic Synthesis - The Disconnection
Approach”, S Warren (Wiley), (1982 or later editions), "Designing Organic Syntheses" S Warren
(Wiley) {1983 or later editions), "Guidebook To Organic Synthesis™ RK Mackie and DM Smith

(Longman) (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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19.41.550.751.80.23143.02943.01.5122 123 0.2966 2.3 Mean 24.9
wolhRslad49-9 0.2711 2.6e SD 11.7 89 37.9 PCT/GB2007/050698

Definitions:
Halo means a group selected from: fluoro, chlore, bromo or iodo.

The term “alkyl” 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. 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.

The term “spirocyclic”™ as used herein refers to a ring system joined to a second ring system at

one carbon atom,

The term “alkoxy” as used herein refers to a straight or branched hydrocarbon chain group
containing oxygen and the specified number of carbon atoms. For example, C, , alkoxy means a
straight or branched alkoxy containing at least 1 and at most 6 carbon atoms. Examples of
“alkoxy” as used herein include, but are not limited to, methoxy, ethoxy, propoxy, prop-2-oxy,
butoxy, but-2-oxy, 2-methylprop-1-oxy, 2-methyliprop-2-oxy, pentoxy and hexyioxy. A C..
alkoxy group is one embodiment, for example methoxy, ethoxy, propoxy, prop-2-oxy, butoxy,

but-2-oxy or 2-methylprop-2-oxy.
The term “hydroxyalkyl” as used herein as a group refers to a straight or branched hydrocarbon

chain containing the specified mamber of carbon atoms, which is substituted by 1-3 hydroxyl

groups. For example, C, , hydroxyalkyl means a straight or branched alkyl chain containing from
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wo Tiasthpurs) AUCO_, (ng.h/mL) AUC"," (ng.h/mL) k (hourslp¢t/2€heusdesos
1185 564 566 0.1569 CN1cNi

1 to 4 carbon atoms and at least one hydroxyl group; examples of such group include

hydroxymethyl, hydroxyethyl, hydroxypropyl, hydroxyisopropyl, hydroxybutyl and the like.

The term “alkenyl” 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

double bond. For example, the term “C, . alkenyl” means a straight or branched atkenyl

containing at least 2 and at most 6 carbon atoms and containing at least one double bond.
Examples of “alkenyl” as used herein include, but are not limited to, ethenyl, 2-propenyl, 3-
butenyl, 2-butenyl, 2-pentenyl, 3-pentenyl, 3-methyl-2-butenyl, 3-methylbut-2-enyl, 3-hexenyl
and 1,1-dimethylbut-2-enyl. It will be appreciated that in groups of the form -O-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.
Examples of “alkynyl” as used herein include, but are not limited to, ethynyl, 2-propynyl, 3-
butynyl, 2-butynyl, 2-pentynyl, 3-pentynyl, 3-methyl-2-butynyl, 3-methylbut-2-ynyl, 3-
hexynyl and 1,1-dimethylbut-2-ynyl. It will be appreciated that in groups of the form
-0-C, ; alkynyl, the triple bond is preferably not adjacent to the oxygen. The term “halo”

refers to halogens such as fluorine, chlorine, bromine or 1odine atoms.

The term “sulfide” refers to a radical of R,—S-R,,, wherein a sulfur atom is covalently attached to
two hydrocarbon chains, R, and Ry, wherein the two hydrocarbon chains may be, for example,

but not limited to, any discussed above.

The compounds of the invention, ie, those of formula (I), when cyclised may possess
antimegakaryocytic activity in hursans. Such activity may be assessed using a well established
model. Assessment of the in vitro anti-megakaryocytic activity - and potentially therefore the
platelet Jowering capability - of the anagrelide prodrugs can be determined using the model of

megakaryocytopoiesis (Cohen-Solal ef al., Thromb. Haemost. 1997, 78:37-41 and Cramer et al.,
17
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Blood, 1997, 89:2336-46). This involves examining the differentiation of human CD34" stem

cells mto megakaryocytes which ultimately give rise to blood platelets.

The compounds of the invention may be particularly useful in the treatment of
myeloproliferative diseases. The compounds may also find utility in the treatment of generalised

thrombotic diseases.

It is to be appreciated that references to treatment include prophylaxis as well as the alleviation
and/or cure of established symptomns of a condition. “Treating” or “treatment” of a state,
disorder or condition includes: (1) preventing or delaying .the appearance of clinical symptoms of
the state, disorder or condition developing in a human that may be afflicted with or predisposed
to the state, disorder or condition but does not yet experience or display clinical or subclinical
symptoms of the state, disorder or condition, (2) inhibiting the state, disorder or condition, i.e.,
arresting, reducing or delaying the development of the disease or a relapse thereof (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

mimimise the risk of thrombus formation during or post surgery.

Thrombotic cardiovascular diseases (TCVD) (i.e. patients at increased generalised thrombotic
risk) which may be treatable with the compounds of the present invention include: myocardial

infarct (heart attack) thrombotic stroke, patients having undergone coronary stent placement.

The compounds of the present invention may also find utility in indicated for the reduction of

atherothrombotic events as follows: recent MI, recent stroke or established peripheral arterial
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from calculation of mean d Could not be estimated from the available data

1.Calculated as 1n2/(mean rate constant) For those 3-or 5-substituted
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erent activity)'than anagreli tse a pote Iy hig er apsolute doseé
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Example 1

The spirocyclopropylanagrelide derivative can be prepared using established chemistry as
described previously according to th-e following reaction scheme. Other derivatives can be made
in a likewise manner. The final product is obtained by cyclisation of the cyclopropyl precursor

in the presence of cyanogen bromide and ethanol.

H N 5;
NO, N_. -
_BroN ‘"Y o B
050, Me N
o o KL E‘{OH Ku\ OMe
ol ol

Example 2

The solubilities of various salts was investigated in three solvents [distilled water (pH 5.0), 30
mM ammonium formate (pH 7.9) and 0.1 M hydrochioric acid (pHO.6)]. An excess of the salt
was suspended in the chosen medium and sonicated for 3 minutes. The mixture was centrifuged
for 10 minutes, the sopernatant liquid was collected and the solubility was measured., Table 3

shows the resuits of the measurements,
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which could present problems for absorption. For example 3,3, dimethyl
woahagirkdes (anti-megakaryocytic IC50 -160nM cf 27nM for anpgretigelor/asosss

may need to be given at 6 times the current clinical dose of anagrelide. In

this situation absorption may be less than complete and a prodrug may be

needed to ensure efficient absorption from the Gl tract. WO
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represenisyainpgarisdnichbid containing the specified number of carbon atoms. For

example, C140 allcyl

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-
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10pentyl, isobutyl, isopropyl, t-butyl, hexyl, heptyl, octyl, nonyl and decyl.
A C141 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

CLAIMEcarbon atoms such as, for example, but not limited to, cyclopropyl,
cyclobutyl, cyclopentyl 15cyclohexyl or cycloheptyl. The term

L drirseyeind oid ersedaHbreir PERerate i aHy ysRsomier 1614 5dt8iaring
system at one carbon atom. 20T he term "alkoxy" as used herein refers to
a straight or branched hydrocdfbon chain group containing oxygen and
the specified number of;€arbo atoms, For gxm‘hple C16 alkoxy means a
straight or branched allcoxy
atoms. Examples of "alkoxy!
methoxy, ethoxy, propaxXy, prog ,_ ;
-oxy, 2-methylprop-2-oxy, penfx L dhexyloxy. A C14 25alkoxy group is
one embodiment, for example methoxy, @thoxypgfopoxy, prop-2-oxy,
butoxy, but-2-oxy or 2-methylprop-2-oxy. The term "hydroxyalkyl" as
used herein as a group refers to a ifaight or branched hydrocarbon chain
containing the specified number of carbon atoms, which is substituted by

whereirk-3 hydroxyl 30groups. For example, C14 hydroxyalkyl means a straight
or branched alkyl chain containing from WO

R and BO @svmagh@w@@z@éﬁ%@mwwmm% Ialtéﬁ%% aml%t%a%h&w

aﬂfrenylh é?é%o@b@%? Yéévb?l(’% : f@fn i‘é{%;mups may be
option
hydm}“ h‘é‘/?g i a‘fkeh’ﬁ‘/ s u e e;e}lan asa grdup or@aé ﬁ%z group e(?g

a straight or branched 5hydrocarbon chain contalnlng the specified

or whe@h&rﬁb%@facﬁ@ﬁ%mm%@@g&m@w% alcleastanadorbie hondafRkyclic ring
may be %}Sﬁ[ﬂm% dhadera ify- 1. wbsalkepyknneansiesHright Sshianshed alkemying: halo,
hydrox F0Ral0INgtat eadtadoamel at makt Butplibon aioMS@HAd containing at least

or whereeRdatb e, bartheExamplesubblatkehyd!) dsyiseditrsheihrapolsmie 2 Kk alienyl or
Cas alkpot! lgmibpchtopéthemgh @cigubbetwyid 8 harary/to Michéniylapedmdbeing
optionaffypahstiyed ByeathipTioep @W@% fteeiRg fran b @r% ERapRyising: halo,
hydroxyl, £xdp y%%?%h@»d FRRFberaperdd é}ﬁﬁﬁﬁé&%@@fo% H& FBrpydroxy!
when thipofhor & BRBKGI, the

R’ and R* are independently selected from the group comprising: H; halo; cyano; Cy.s alkyl, Cos
alkenyl, Cy.s alkynyl, Cs4 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl groups may be
optionally substituted by I to 5 groups chosen independently from the group comprising: halo,
hydroxyl, cyano, nitro, Cy alkylsulphony! and COOH; Cy.¢ hydroxyalkyl; Cy. carboxyalkyl; and
sulphide;

or R? and R* together with the carbon to which they are attached form a Cs.g carbocyelic ring which
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising: halo,
hydroxyl, cyano, nitro, C;4 haloaliyl, C;4 alkylsulphonyl and COOH;

or R* and R” together represent a Cy. alkenyl or Cy.6 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;

R’ is selected from the group comprising: flucro, chloro, bromo and iodo;
R® is selected from the group comprising: fluoro, chloro, bromo and jodo; and

R7 and R® are independently selected from the group comprising: H; halo; cyano; Cy alkyl, Cy.4
haloalkyl, C ¢ alkoxy, and C;. haloatkoxy;

R’ is H or C;4 alkyl,
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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 15triple bond. For example, the term
"C_,_6 alkynyl" means a straight or branched alkynyl containing at least 2

ang at most 6 ¢ rbon atoms and containin Ieast etr band.
grf?pré TG R R FEPE R B ISR b ot MRt o 16, lkens], Caa

efivynyl, 2:0ropyRykI3alutynibr2ibutrhybf 2heeliyaying-pentynyiay be optionally

3- methyl 2- nyl, 3-methylbut-2-
DGRBS R aE Tt T8 B SRS TpRsing: b,
M@L&?&'ﬁﬁﬂ}tiﬁe@f iplalbded ihqreferablyotadindéhiia thiearmaceutical ly

oxygen, The term "halo" refers to halogens such as fluorine, chlorine,
SRS ORISR The term "sulfide” refers to a radical of
Ra-S-Rb, wherein a sulfur atom is covalently attached to two hydrocarbon
g R,.and Rb, wherein the two hydrocarbon chains may be, for
éﬁ% but not limited to, any discussed above. The compounds of
the |nvent|on i.e. those of formula (1), when cyclised may possess

antimegalca tic activity jp humans. Su it may be assessed
lﬁ%‘@%&@g &ﬁﬁ%@e ién eﬁnégeggerﬁlé}n F;ﬁl:}ilg(}l(%vrtro

anti-megakaryocytic activity - and potentially therefore the 30platelet
lowering capability - of the anagrelide prodrugs can be determined using
the model of megakaryocytopoiesis (Cohen-Solal et al., Thromb.
Haemost. 1997, 78:37-41 and Cramer et al., WO
2008/065445PCT/GB2007/050698 Blood, 1997, 89:2336-46). This
involves examining the differentiation of human CD34+ stem cells into
megakaryocytes which ultimately give rise to blood platelets. The
compounds of the invention may be particularly useful in the treatment of
5myeloproliferative diseases. The compounds may also find utility in the
treatment of generalised thrombotic diseases. It is to be appreciated that
references to treatment include prophylaxis as well as the alleviation
and/or cure of established symptoms of a condition. "Treating" or
"treatment” of a state, 10 disorder or condition includes: (1) preventing or
delaying the appearance of clinical symptoms of the state, disorder or
condition developing in a human that may be afflicted with or predisposed
to the state, disorder or condition but does not yet experience or display
clinical or subclinical symptoms of the state, disorder or condition, (2)
inhibiting the state, disorder or condition, i.e., arresting, reducing or
delaying the development of the disease or a relapse thereof (in case of
15 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 20 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. 25Thrombotic cardiovascular
diseases (TCVD) (i.e. patients at increased generalised thrombotic
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risk) which -may be treatable with the compounds of the present invention
include: myocardial infarct (heart attack) thrombotic stroke, patients
having undergone coronary stent placement. The compounds of the
present invention may also find utility in indicated for the reduction of
30atherothrombotic events as follows: recent MI, recent stroke or
established peripheral arterial WO 2008/065445PCT/GB2007/050698
disease, acute coronary syndrome (unstable angina/non-Qwave Ml),
carchieyascidas deathedh dtiokd, ankrefiRidnHsoh@mialkEkample I.
5The spirocyclopropylanagrelide derivative can be prepared using
established chemistry as described previously according to the following
r@@@dmpcﬁﬁhﬂmeld@ﬂaérmietamnmszcammimRdeﬂlhiaaﬂ’lEew@byhanner
The final product is obtained by cyclisation of the cyclopropyl precursor in
the presence of cyanogen bromide and ethanol. Example 2 The
salubitifiesnaf aarisiusedaiswasrivedstigetthinthreensdivientd fdistilled
water (pH 5.0), 50 15mM ammonium formate (pH 7.9) and 0.1 M
hydrochloric acid (pH0.6)]. An excess of the salt was suspended in the
chaesempmediunchind cbhicatedrioedimginiaies. TherenixRire s eentrifuged
for 10 minutes, the supernatant liquid was collected and the solubility was
measured. Table 3 shows the results of the measurements. 20 25 WO
20Q80pE44bRCTHGR200 A05060815e ulilitiesvbéi2-Bisubtituted
2-(2-Amino-5,6-dichloro-4H-quinazolin-3-yl)-propionates (jig in1:1 at ca.
20 "C) The figures show that the compounds of the |nvent|on have
stihstaptaty imphaves solubiliyoveitbeintomebpomiRGicdsed ring
counterparts. This means that the compounds can be formulated and
administered to patients in higher dosages than is p055|ble for the closed
ringoersions a¥ bisireptésentsppenvdiog clinival wivaindyds H or methyl.

A compound as claimed in any preceding claim, wherein R¥is Cgalkyl.
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10.

I1.

12.

13.

14.

I5.

CLAIMS 1.A compound of Formula (I) or a pharmaceutically acceptable
salt or solvate thereof wherein: R' and R2, are independently selected
from the group comprising: H; halo; cyano; C1_6 alkyl, C2-6 alkenyl, C26
alkynyl, C34 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl
groups may be optionally substituted by 1 to 5 groups chosen

independently from the gr c Fising.:hal y : i
L e R B R P g
stilphiteEd ik ellerh ® T andsRR 4008 tenpvithefhe Warbomeio Whichdhey are
attached form.a C carbocyclic ring may be optionally substituted by |
t(%yg% ro‘i?ﬁ% gﬁé%‘ééﬁ?lé’ependently from the group comprising; halo,
hydroxyl, cyano, nitro, CIA haloalkyl, C14 alkylsulphonyl and COOH; or
wherein 12.1 and R2 together wi | IGhi2 . ed
AR e R S b A SR RES S
bttt GingptbyiviicBsis iy cltabiheé drang, beifvpbltiomatiy Satstitet by
ocn%gort{pr\ﬁe oogw?dependently selected from the group comprising:
halo, Rydroxyl: dyano, Ci4 haloalkyl and COOH, provided always that one
of R and R2 is not hydroxyl when the other is methyl; R3 and R4 are
independently selected from the group comprising: H; halo; cyano; C1-6
alkyl, C2-6 alkenyl, C24 allcynyl, C3_8 cycloalkyl wherein said alkyl,
alkenyl, alkynyl or cycloalkyl groups may be optionally substituted by | to 5
groups chasen. inde f - r ising: . hale,2 I
O A P D e . 5 form an
carboxgidykyibstitdsdIphidey doaRdyhgd a4 together with the carbon to
which they are attached form a C3.8 carbocyclic ring which may be
optionally substituted by | to 5 groups chosen independently from the
ghonlpooacprisinbehatmsiyonoxyheyEng 2 seropand hafosyla G14as defined in
Ikylsul ; nyl
Y srahom) %9(1zc%ga:égagﬁ%%u%g%{%}%gsk%%{b{segﬁ%%%%%&e?ébhg

ynyl group ouble bond to the ring to which it
isogtidichedthndbaingapticalilaseirstbiestl bsnbaecesmikrewlgrbupsy be adapted

inde n ect mprising: halo, hydroxyl, cyano,
g%df ﬁ%&%ﬂ%ﬁ@% %ggﬁ%&@é&}g@g&%{gg from the group comprising:

fluoro, chloro, bromo and iodo; R6 is selected from the group comprising:

ﬂzg%r&ne%m.%@ op f&lﬂﬁll@ﬂ% '%g %’eﬁ%gdlgiaﬂﬂﬂgﬁﬁlﬂﬁg 1”@6% %g)%%maceuticaﬂy

select m the group comprising: H; halo; cyano; C1_5-alkyl, C1.6
ralcaliapleGalt erakbsays dmtl. aranbaikener R li§ Fnpp CHOTBCAKgInipg fy of
sglegted, from e, gropn, cRRRtising; hydrogen; C1_6 alkyl, C2_6 alkenyl,
C2-6 alkynyT'and C3_8 cycloalkyl wherein each of the foregoing groups

may be optionally substituted by | to 5 groups chosen independently from

1. 10UR SURIENT i Y R EVEDS, BV AR gy and

OH; or RT'is a pharmaceutically acceptable counterion, and Xis 0 or S,
rovidiedeativally asaemablRsaIRT sntyre theecabinaiharpagastue. of a

%@&E&Eﬂg&?ﬁflﬁ@%ﬂﬂx&:@@ %aﬂ@ﬂ@é@z&%@&ﬁ%&! gif&l@p%lﬁﬂc%iﬁases and

compound as claimed in claim lor 2, wherein R4 is H of C1-6 alkyl. 4. A
asmpolisrd! deretaimiéd diseadgreceding claim, wherein R5 is chloro. 5. A
compound as claimed in any preceding claim, wherein R6 is chloro.
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16.

6. A compound as claimed in any preceding claim, wherein R7is H. 7. A
compound as claimed in any preceding claim, wherein R8 is H. 8. A
compound as claimed in any preceding claim, wherein R9 is H or methyl.
9.A compound as claimed in any preceding claim, wherein Rl is C1.6

alkyf ©16 cAreBpevhdossvlaithets Refingdpreerdpletiaim, \vimdfein Re imanufacture

apfepiienRimsHbRituiedddlAialky o fel.8 Gyaipalky! group, preferably
wherein le is methyl, cyclopropyl, CF3 or CIliF2. 11. A compound as

claimed in any preceding claim, wherein R2 is an optionally substituted
C14 alkyl or C34 cycloalkyl group, preferably wherein R2 is methyl,
cyclopropyl, CF3 or CHF2. 12. A compound as claimed in any of claims 1
to 9, wherein R' and R2 together form an optionally substituted C3,8
cycloalkyl group. 13. A pharmaceutical composition comprising a
compound of formula (1) as defined in any of claims 1 to 12, 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. 14. A compound of formula () as
defined in any of claims 1 to 12, or a pharmaceutically acceptable salt or
solvate thereof, or a pharmaceutical composition containing any of the
foregoing, for use as a medicament. 15. Use of a compound of fonoula (1)
as defined in any of claims Ito 12, 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. 16.Use of a compound of formula (1) as defined in any of
claims 1 to 12 in the manufacture of a medicament for the reduction of
platelet count.
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