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BACKGROUND OF THE INVENTION
Anagrelide hydrochloride (Agrylin®, Xagrid®) is a novel oraly administered

imidazoquinazoline which selectively reduces platelet count in humans and is used for such
purposes in the treatment of myeloproliferative diseases (MPDs), such as essential
15  thrombocythemia (ET), where an clevated platelet count may put the paticnt at mcreased
thrombotic risk. The chemical structure of anagrelide, 6.7-dichloro-1,5-dihydroimidazo[2,1-6]-
gquinazolin-2{3H)-one hydrochloride monchydrate is shown as the hydrochloride monohydrate in the

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

25  Anagrelide is a unique, highly selective platelet lowering agent. In vifro 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 ¥Cso of ~26 nM, showing it



megakar yocyt opoi esi s suggested that, in vivo, its thronmbocytopenic activity
results primarily froman inhibitory effect on negakaryocyte maturation.
Anagrel i de inhibited TPO i nduced negakaryocytopoi esis in a dose-dependent
manner w WO 208/ ¢S¢44mat ed 1050 of -26 nM showing it \RET/GB2007/050697

2008/ 065444PCT/ GB2007/ 050697 to be a highly potent agent. Anagrelide does
not affect erythroid or nyel ononocytic differentiation stinulated by

eryt hropoi etin or granul ocyt e- macr ophage col ony-stinulating factor,
denonstrating the selectivity of this conpound agai nst the negakaryocytic
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Anagrelide 1s a potent |nh|°o| or with an 1C50 value of -29 nM (cf.
mlrinone, a classical PDE Il inhibitor, IC50:170 350 nM Inhibition of
20 nyocardi.al ads tive. in trop [N of the force
of cont Paet D aRler! i ARG PR LG R SRy SR M heel M .
rate), and pailpher abstvasdditeas atd nmqeﬁamhrmgqmderm\ﬁaslma | &e meniffegemdy i ons of

1 75 noRB S R HA D, “ah b sRBor Bt P CHETGRBFL OB A b Gt nont | of

congest Hi‘i@hdﬂeaﬂzhnﬁfsalabdlﬁlﬁiommmpaiﬂrI‘hei;d’bffehe akd ﬂﬁlﬁkmnto Dfse domaheaichetinsi | ent

di sease (i..e., .25 _as tomati ¢ uc e d| ovascul ar .si de-effects
of pal pFi’gf%if’Y“‘dﬁE d?li’a“%/ag@ﬁ %?ﬁ%‘?%{e‘g 8?% \}‘&Sﬁﬁ‘ Iéﬂ‘i itpry pflects o
utilitynafch @msp}gmehtaﬁaml QP ant neRerefdepatigdns PDEFIﬁpﬂhfbﬂﬁﬂ yiubet vegn 25
and 50%- fall to tolerate the dr durlg%lllon termtreatnment. The PDE |11

i nhi bi t 87y Proyerd .@smafm%ﬁaag?léﬁsw 1 Q1 ititer. df e HO3SP pdh, Inpibitp s o et

| oweg i ngyaikdial BOE rmqa;éa@ruy%Mmecm@%éﬁﬁ@&mlﬂad%e%esroﬁ@ &ScoR@¥@ioSN MR NO
correl atl on between potency as a P inhibi tor and antj - megakarg/ocytl c

ef f ect sh§agy. HaKaicd| PuogaRy (ineredei Mehyal rafharith PETRIGIRE alapafilatpigyn. S
2008/ 062444 Pec i FhIAROLGARAFANis inhibition are typically seen with the classical positive

inotropes, milrinone and enoximone, and exploited in the short-term acute treatment of
congestive heart failure, However, in the treatment of a so-called silent disease (i.e.,
25  asymptomatic) such as ET, the cardiovascular side-effects of palpitations and tachycardia
associated with anagrelide Hmit its utility and a significant proportion of patients — reportedly

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

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

inhibitor and anti-megakaryocytic effects for anagrelide and its principal pharmacologically



active nmetabolite, 3-hydroxyanagrelide (3-OH anagrelide or 3-HA, fornerly
known as SPD604 or BCH24426). Surprisingly the latter was found to be over
40-fold nore potent than anagrelide as a PDE Il inhibitor. Wth respect to
i nhi bi ti oWOsRosHsgHEkar yocyt opoi esi s (and therefore pl at¥esBIBIRP g
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20careful dose titration in patients being treated with anagrelide.
US4256748 di scl oses a nunber of i m dazo[ 2, 1-b] qui nazoli n-2(3H)-ones which
have an anal ogous structure to anagrelide and which are said to be

ef f ect i veWiorzoediss4dt eat ment of thronboses resul ting fr A HGREI0P7T050697
anti-aggregatory effects on blood platelets nediated by PDE Il11 25

i nhibition. However, this disclosure does not appreciate the entirely
separate anti-negakaryocytic potential (reducing platelet nunbers) which
could be associated with sone anal ogues. ldeally there is a need for

c onpounidguoafiiubémio desdemnaginn. ibydregakenr iy otsytisted with theiindpcign ofhfhigylt-toneeaBosane
time having a reduced level of PDE IIl inhibitory activity and therefore
unwant ed” cardi ovascul ar effects. WD 2008/ 065444PCT/ GB2007/ 050697 It is an
aimof the present invention to overcone various di sadvantages of or to

i nprove,on.the pr rties of prior.art .conpounds. 1t s an .aimof the
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in the treatnment .of diseases for which ul ati on, of .megakaryocyt oppei si s
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towards phosphodi esterase ifi (PDE I11) and yet surprisingly still retain
their alfFPasgRiiersrelngyand Cé’ﬁﬂﬁ’ﬂtg%cl@gﬁ%ahtye&‘@tacf%wpah&ﬁﬁr‘:’gp%ﬁr?}é 310 1t s
al so degjdrahctehas. t he conpounds of the present invention should have an

i nproved phannacol dnetic profile to aid patient conpliance and ensure
condf stency of therapeutic response. It is thus a further aimto provide

conpoungs. Wdid1igm 30 %fgme@tg&@fau?&m@@sdis Qftrdmedy rablng rdd@lihg dni f 18ssitKanMiasD.

Additionally it is a further aimto provide conpoun that are avail able

vi a r el Beroaclineisrireilc oh theslivg: heEi tégpifﬂl Salbdidaaf anigelicg,sis just 1.5 hr (2.5 hr for
the metabolite) necessitating {requent drug administration (up to 4 times per day). This,
combined with the side-effects profile, can lead to poor patient compliance. Furthermore,

15  anagrelide undergoes a large first pass effect (>50%) leading to considerable intersubject
variation in achieved exposures and, therefore, potentially variable drug response. Also,
exposure 1o the pharmacologically active metabolite varies dramatically between patients since
its formation is dependent on CYPIA, an enzyme whose expression is highly dependent on
exposure to inducing agents such as cigarette smoke. Overall, this may result in the need for

20 careful dose titration in patients being treated with anagrelide.

1US4256748 discloses a number of imidazo[2,1-bjquinazolin-2{3H)-ones which have an
analogous structure to anagrelide and which are said to be effective in the treatment of
thromboses resulting from their anti-aggregatory cffects on blood platelets mediated by PDE 111
25 inhibidon. 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
30 same time having a reduced level of PDE III inhibitory activity and therefore unwanted

cardrovascular effects.



The conpounds described in relation to the present invention satisfy sone
or all of e above ai ns. 20SUMVARY We have found that anal ogues of
anagrellq€ hﬂm &h the principal site of metabolism perbbmokedsddy an
approprla.% group are likely not only to have inproved pharnmacokinetics but
al so a better side effect profile. This would be expected to lead to
better tolerability and inproved patient 25conpliance enabling a broader
spectrum of patients to be effectively treated. The conpounds of the
present disclosure are surprisingly beneficial for two reasons: they have a
dramatically lower PDE Ill inhibitory activity than 3-hydroxyanagrelide,
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half-life in vivo. Additionally it is a further aim to provide compounds that are available via

relatively convenient synthetic processes.

15
The compounds described in relation to the present invention satisfy some or all of the above

ajms.

20 : SUMMARY

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 patmnt

25  compliance enabling 2 broader spectrum of patients to be effectively treated.

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

30 1o be much more favorable than that for anagrelide itself.



or Rl and R2 together with the carbon to which they are attached represent
a C2-6 al kenyl or C2.6 allcynyl group bound through a double bond to the
ring to which it is attached and being optionally substituted by one to
t hree groups independently selected fromthe group conprising: halo,
hydr oxyl a festaiifect Clédrd il pakidel @o6mpEXadd, oRBoirsulld (Or oiC4 phambdeypbticaR¢: is H or
C .6 alkyl; R5 is selected fromthe group conprising; fluoro, chloro, brono
and i cahseptige palt erobete@ereobm t he group conprising: fluoro, chloro, brono
and iodo; R7 is H R8is H and ROis H Cl1 6 alkyl, or a Goup | netal
ion. In a second aspect, there is provided a pharnaceutical conposition
conprising a conmpoung of formula (1) as defined above, or a f
pharmaceutical |l y acceptabl e salt or solvate thereof, together with a
phar maceuti cal IR ; ituent or carrier, which my be adapted for
oral, parenteral adnmiyhigtration. In a third aspect, there is
NLa A1) as defined above, or a pharmaceutically
spl vatg thefegf, or a pharmaceutical conposition
cont ai ning any of t egoi ngZ for use as a nedicanent. In a fourth
aspect, there is provided the use of a conpound of fornula (1) as defined
above, or a pharmaceuticdlly acceptable salt or solvate thereof in the
nanufa%h%%%;of a nedi canent for the treatnent of a disease selected from
nyel opro 'fi c di seases and generalized thronbotic diseases. In a fifth
aspect R! tiheneoptionpllpwinbetuteieCus ellofi @ Coppyulediket granpmwhach( glouprisa,
phannaceutically acceptable salt or sal yate th@r of as defined.above in the
manuf aPtipnally Fubstifies Baméh P SFoPst @Sqnéa%ﬁ%fléﬁ?f FIrRp LResratP EYBRESIRE o

2008/ 06544 / dj tihe, preaentadis e, qsure
enconpg§§h§ﬁ§%£§§§%%éf9?893%5{g%%gﬁggﬁggiggﬁgkg)Si,IE-? S,g% %r 3 :
5, 5- subsbotyatigdt aadagiphidede conpound. Thus, for exanple, in the

3-substituted deriyatiyes, first bol 3- hydr lide i
of oot Ry ofymoppickely sirgbied: fot ABIREE S Gplaed 0 itou g
anti e %Mg%ﬁ{ésitiﬁllta% b Yitd ¥-ordiisschonS ahRAbgmnt roh thdiduslesabessge rel ates

to S5anagrel | de anal ogues, conprising 3-substituted derrvatives, erein
first palsshydroxyl, cyano, nitro, Ci4 alkylsulphonyl and COOH; Ci¢ hydroxyalkyl; Cis

accept abl e sal tR°6r

carboxyalkyl; and sulphide;

or R' and R? together with the carbon to which they are attached form aan optionally substituted
Cas carbocyclic ringeycloalkyl group which group may be optionally substituted by 1 to 5
groups chosen independently from the group comprising: halo, hydroxyl, cyano, nitro, Ci4
haloalkyl, Cy.4 alkylsulphonyl and COOH: |
or R! and R? together with the carbon to which they are attached represent a Co alkenyl or Cos
alkyny!l group bound through a double bond to the ring to which it is attached and being .
optionally substitated by one to three groups independently selected from the group
comprising: halo, |
hydroxyl, cyano, C;4 haloalkyl and COOH,;

R® is H or Cy.¢ alkyl;

R*is H or Ci4 alkyl;

R’ is selected from the group comprising; fluoro, chloro, bromo and iodo;

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

5a



met abolismto the correspondi ng 3-hydroxyanagrelide is effectively bl ocked.
In the case of the 5-substituted conpounds it is expected that a bul ky
group is nore effective than a smaller group. Goups such as t-butyl and
ot her bul ky bl ocking groups are thus expected to be of nobst utility when
substitﬁge at the 5-position. A substituent conprising a |large group at
the 5-p on is 10expected to sterically hinder access to the 3-position
by the mtagokising cytochrone's active site. This should inhibit formation
of the cardioactive netabolite, 3- hydr oxyanagr el i de. According to one
enbodln@nmIéKH%H&WbDB%@ﬁN@@HE%ﬂEmure there is provided a conpound of
15Formula (1) or a pharmaceutically acceptable salt or sol vate thereof
wherein: 20 Rl, R2, R3 and R4 independently represent hydrogen or a
bl ocki ngh gKQ¥Ad Mgie@, Erdne priooided & ghﬂma@@ﬁ&avc@ﬁpdsm@hrcsﬁbhs{ngoa @mﬁmm abol i ¢
p

reaction at the osition of substitution; or wherein R1 and R2, and/or

R3 and ifmrmlbg@m ﬁmdtwom@r@aqhwoqwﬂhlwmbwﬁhmsdmmf fiegefhe25a
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R to Rérﬁ@kmgﬂﬂmﬁmﬁgﬁn WO 2008/ 065444PCT/ GB2007/ 050697 R6 is sel ected

fromthe group conprising: fluoro, chloro, bronb and iodo; R6 is selected.
fromthe group conprising: fluor, chloro, bronD and i odo; 5R7 and R8 are

eyt S AP ﬁg‘éfjgigpgf‘ﬁgi 5 UeRRT Bl (o Sl 0T 0y
al | cyl, phrmacdaicilly atceprblalsalt 0111501\!31@: tharend] (d@dp}ﬁfm&izéﬁu@haﬁnﬂaﬂlﬂor%ntzﬂ&lgand R4

are not all X%rogen or that en one of Rl and R2 is nethyl and R3 and R4
are hyd@Byehins loegoBedarusess RpediehPeRy i s not hydrogen. In an embodi ment: |

In a fourth aspect, there is provided the use of a compound of formula (I) as defined above, 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 generalized thrombotic diseases.

In a fifth aspect, there is provided the use of a compound of formula (I} or a pharmaceutically

acceptable salt or solvate thereof as defined above in the manufacture of a medicament for the
reduction of platelet count.

5b



15RI and R2 are independently selected fromthe group conprising: II

cyano; Cl1 6 alkyl, SCi1-6 alkyl, C2_6 al kenyl, C25 al kynyl, C3.8 cycl oal kyl
wherein j l,, al kenyl, al kynyl or cycl oal kyl gr ptionally
substituﬁggqﬁsbﬁ%?% 5 groups chosen independently fromt Jﬁgygﬁﬁwp
conprising: halo, hydroxyl, cyano, nitro, ClA alkyl sul phonyl and COOH, Cl4
hydr oxyal kyl ; Cl.6 carboxyal kyl; and sul phide; 20 or RI and R2 together
with the carbon to which they are attached forma Cm carbocyclic ring which

may be optionall.y substitute 1 to 5 groups chosen i,ndepen from

Tho or daprE AP beRy Pt s s Corakrsied R PR S uORERSIP RN ¥ i

al kyl syl phanyr BHeubeEdE @bgrdideRiorgrdn®? Togefdreexampe ésahe JasuBRibdedal kenyl

or C2. alkynyl group bound thr a_doubl.e hond to the.ring to which it is

a1 t aoh BT PR HET BT GraPIogY SaBE B e by oNE s Ss ghoups

i ndepengeatd¥ip&alde lEdob 05 LltitheBAaHBCRRMBAVIS Tigis cRALAbodhyEl OXils di)@RO relates to

G .4 hal oal k F and COOH. 30In a preferred set of conpounds, R is an

opt iSonatiagreligrselopuss camprisingd-rpputeied dyrivey s odicryt ighgsh. WO

2008/ 06R444RGH(SBRAUBALDGABRT bt Jaf & Qidead cB@tivai bIeEIa0 UA @S, calofite an

option§%7§ §ubstitute§%€;4 alkg? )?ouEvor Cl1 5 cy%loalkyl. 51 n anot her

pr ef er riesiibsttuted Formpnvpeinty SXPIRED fhid 2 ROLLY GHap ABTOr SHRTUYA TRt Se1Eer SPup-

substi tut ; BI04 Broc RS lor R € ERMARI YpddidSioine. ot nf¥Cheir 0Py

group Iﬁg' %@% %?%gggggﬁg%ﬁndgyafg tﬁ8§e5in_mhichPat | east one_pggkl and

R2 is -Ofer)stbganticd mrthe S-@pdidon: (4 )subsGrueny poepriging wHetge graug 2 ter S-positighdd n =

(3-m; and = or..3...and = (3= ) anc r asi.uohe of Rl

otz FaceeReFepppninigcetss i dellpostiin i B BELRLAR A oAb e 25

In an egodbizehduld RhibitSorpreéresfald sardietchyt meehdio frhopspkyan@Eslidr CHF2. More

preferably, Rl is nethyl or cyclopropyl. Mst preferably, R is nethyl. In

an enbodinent, R2 is preferably 15 nethyl, cyclopropyl, CF3 or CHF2. Mre

preferably R2 is nmethyl or cyclopropyl. Mst preferably R2 is nethyl. In an
[ D2 R4 [ I I f h

ggb m(;?: ;re ﬁr;:tﬁa_)rdﬁn%%?) cgqg gmpd%%%gggtﬁgggegglgnégs_c sﬁree, S—;%%eeicsi prc[v?ggdt a 060 1;0?1%8 of

15  Formula (I) or a pharmaceutically acceptable salt or solvate thereof.

wherein:

20
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
25  ablocking 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;



al kyl, C2-6 al kenyl, C2.6 al kynyl, C3_8 cycl oal kyl wherein said al kyl,

al kenyl , al kynyl or cycloal kyl groups may be optionally substituted by 1 to
5 groups chosen i ndependently fromthe group conprising; halo deroxyl,
cyano, ni MBO0%A3444| ky| sul phonyl and COOH, C1-5 hydr oxiial ®§A°07/48409%

car boxyal kyl ; and sul phide; 25 or R3 and R4 together with the carbon to

whi ch they are attached forma C3_8 carbocyclic ring which may be
optionally substituted by 1 to 5 groups chosen i ndependently fromthe group
conprising: hal o, hydroxyl, cyano, nitro, Cp, haloal kyl, Cl.4

al kyl su]i{%ﬁé‘ﬂ%mdafﬁan G1oEp C%Prbﬁ‘n@@“‘ﬁﬁ&hﬁ?ﬁo’tbé‘ﬁ’éq Herod%present a C2_6 al kenyl
or C2_6 al kynyl 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
WO 20081 bis 5daamETeie GOEP 050BFMS AnEpaidentrynsaddedoed from the group
conprising; halo, hydroxyl, cyano, Cl4 hal oal kyl and COOH. In an

embodi ment, R3 is Hor Cho alkyl. Preferably, R3 is H 5 In an enbodi ment,
R4 is HRomdGhorainksiendepily fadectad|fiom R gfosp omprising: By hdapodnaréns alkRsCig

pr ef er ap| | or an . I t, R6 is preferably chloro. In an
enbodin%ﬁEm%@(%§%ﬁ?%£ﬁhgghg%§%%? ’%E@R8 is H 15 In an embodi ment RO is H
In an alternative enbodinent, RO is Cho alkyl and, in this case, the PDE
L11 i nhjbitj tivity is.eff ively elimnated. Me represents a

particu a%ﬁ%Q%f%%Qr?éi %T%§?m%ﬁ%é1ituent. In anot her alternative
enbodinent, RO is a Goup | netal ion and, in this case the conpounds show

signjificantly inprov ter solabilit diumrepresents a,partijcul arly
20 M er BPviER e Bl et £ 118 o porl R s S oML

i ndepengemiyl 3adFElaaC RE are hy@oydnhBengiaw pf RbmMAR’Sd myhydibgemyano; Ch6 al kyl, C2-6
25 al kenyl, C2-6 al kynyl, C3.8 cycl oal kyl wherein said al kyl, al kenyl,

al kynyl or cycl oal kyl groups may be optionally substituted by 1 to 5 groups
chosen mgependenhi:y fromthe group conprising. halo, hydroxyl, cyano,
nitro, Cl4 al kyl sul phonyl and COON, Cho hydroxyal kyl; Cho carboxyal kyl; and
sul phi de;

15 R! and R* are independently selected from the group comprising: H: cyano; Ci.6 alkyl, SCis
alkyl, Cy¢ alkenyl, Cos alkynyl, Cag cycloalkyl wherein said alkyl, alkenyl, alkynyi 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 COGH; Cie
hydroxyalkyl; Ci.¢ carboxyalkyl; and sulphide;

20
or R! and R? together with the carbon to which they are attached form a Cs.g carbocyclic ring
which may be optionally substituted by 1 to 5 groups chosen independently from the group

comprising: halo, hydroxyl, cyano, nitro, C4 haloalkyl, C:.4 alkylsulphonyl and COOH: _

25  or R! and R* together represent a Cy.6 alkenyl or Cyg 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
COQOH.

30 In a preferred set of compounds, R' is an optionally substituted C;4 alkyl or Csg cycloalkyl

group.



WO 2008/ 065444PCT/ GB2007/ 050697 or Rl and R2 together with the carbon to
whi ch they are attached forma C3.8 carbocyclic ring may be optionally
substituted by 1 to 5 groups chosen i ndependently fromthe roug

conpri si nd¥0 Wa ¥4y dr oxyl , cyano, nitro, Cl-4 hal oal k%ﬁ'ljfc@%(,’ﬁﬂs 697

al kyl sul phonyl and C001-1; 5or RI and R2 together with the carbon to which
they are attached 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 bei ng
optionally substituted by one to three groups independently selected from
the group conprising: halo, hydroxyl, cyano, Ci,4 hal oal kyl and CO011; 10

provi deg¢, gl -d hat 2Rpake, ; QEE T . one of

Rl and %égﬁggﬁgfhgﬁcgﬁéngﬁﬁgg?gs}ﬁgﬁqﬁvg$%85%¥g%%gggj4ggqg?§&%$@$g§§n; 15R5
i s sel eeteédlkkom t he group conprising: fluoro, chloro, brono and iodo; R6
is selected fromthe group conprising: fluoro, chloro, bronp and iodo; and
R7 , R8 and R9 are hydrogen. 20 Another preferred group of conpounds is

t hos® i in aveibchpmEithert dRicompeun2 R’ sinfi\Reriogpdirer foxmpamgeptionfiyswbstittted §5

preferre R R2.ar t.h i ntly selected fromthe group

conprisfﬁgﬁﬂggﬁﬁgfq@§$8x§$¥§¥@gég%hgﬁﬁgﬁgffn _6 alkynyl, in which the

3}{1 kyl é)ﬂl:eep;ege,rreamdmabdﬂﬁmwe @?mwﬁvmﬁy agbaxb?mbmﬂalll qp;isthst—CtmL(f?; ar2h5do][
erein Rl 2 1.00et her \ [o n _t.o whi ey .are attached form

o opt | SHaHCURF R TR o e P enp Bt o L BBE o R and R0

toget her represent an optionally substituted C2.6 al kenyl or C2.6 al kynyl

30 ou WO 2008/ 065444PCT/ 907( 050 Particularly preferred

il abiere EohaOuREE 0 H APLR BLTT o ¢ R Gk PSR BHoatt foride

3, 3, spi rROxCYE| opropyl -anagrel i de 3, 3-di net hyl anagrel i de

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

15 methyl, cyclopropyl, CFs or CHF;. More preferably R® is methyl or cyclopropyl. Most
preferably R? is methyl.

In an embodiment:

20 R® and R* are independently selected from the group comprising: H; cyano; Cig alkyl, SCis
alkyl, Cos alkenyl, Cis alky‘nyl, Csg cycloalkyl wherein said alkyl, alkenyl, alkynyl or
cycloalkyl eroups may be optionally substituted by 1 to 5 groups chosen independently from the
eroup comprising: halo, hydroxyl, cyano, nitro, Ci. alkylsulphonyl and COOH; Cis
hydroxyalkyl; Ci.¢ carboxyalkyl; and sulphide;

or R? and R” together with the carbon to which they are attached form a Csg carbocyclic ring
which may be optionally substituted by 1 to 5 groups chosen independently from the group
comprising: halo, hydroxyl, cyano, nitro, Cy. hatoalkyl, C;.s alkylsulphonyl and COOH;

30 or R®and R* together represent a Cy.6 alkenyl or Co.6 alkynyl group bound through a double bond

to the ring to which it is attached and which may be optiopally substituted by one to three groups



5 (R)-3-(hydroxynet hypanagel i de (S)-3-(hydroxymnet hyl)anagrelide
Particularly preferred conpounds include 3, 3-dinethyl anagrelide, and
spiro[ anagrel i de-3,1' cycl opropanel|. These conpounds are generally prepared
as the HFWO 24efisf446n salts. 10 It has al so been found B4 2@1‘7@59@9& vi dual
enantiomers of 3-substituted derivatives show efficacy. The present

di scl osure therefore also relates to both the resol ved optical isonmers of
such conpounds as well as m xtures of enantioners. For the purposes of
conmpari son of the conpounds of the present disclosure with anagrelide, the
cor r ect indepapsignily spledtesl fremttherangsp wprprisisg: Helophrdipryl ¢9R9Hitdipaligt pRd ty of
the 3-hydppxy netabolite of anagelide since this is the predom nant
conponent “I'n plasma after anagrelide treatnent. Regarding the use of the
conmpounds of the disclosure in humans, there is provided: 20 a

phar macgutical .. s C IS oqppund of formula (1), or a
pharnac@ﬁ F%g#F§B%€§e%%%%Réﬁg%$¥Igégggﬁvgtgﬁﬁhereof, together with a
pharfmceutically acceptable diluent or carrier, which may be adapted for

oral, parenteral or.iopical admnistratigon, .25a conpound of forrmula (1), or
a phar é@ﬁ?ﬁgipft’%c%@%lg%fgﬂg%ﬁ?agﬁggbﬁvggg thereof, or a pharnaceuti cal
conposition containing any of the foregoing, for use as a nedi canent; t he

use of conpound of s f or nul I or a pharmaceutically acceptable salt or
solvateﬁﬁﬁéggﬁﬁﬁFW* hﬁpﬁgﬁﬁﬁ%%# e of a medicanent for the treatment of a
di sease selected from nyeloprolific 30di seases and/or generalised

thronboti c di seases. . WO,.2008/ 065444PCT/ GB2007/ 050697 a nethod of treating

6 4O
a dilleakensapPadipet Rr SRCHHRY 88P81 i ferati ve di seases and/or general i sed
t hronmboti c di seases in a human, which conprises treating said human with an

effective anount .
In an embodiment R 1s H.

In an embodiment R® is H.

15
In an embodiment R® is H. In an alternative embodiment, R is Cpg alkyl and, in this case, the
PDE Il inhibiting activity is effectively eliminated. Me represents a particularly preferred alkyl
substituent. In another altermative embodiment, R’ isa Group T metal ion and, in this case the
compounds show significantly improved water solubility. Sodium represents a particularly

20 preferred Group I metal,
In a further embodiment:

R! and R? are independently selected from the group comprising: H; cyano; Cis alkyl, Cos

25  alkenyl, Ca alkynyl, Cas 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, hvdroxyl, cyano, nitro, Ci4 alkylsulphonyl and COOI; Cis hydroxyalkyl; Cis
carboxyalkyl; and sulphide;



of a conmpound of formula (1), or a pharmaceutically acceptable salt or
solvate thereof, or wwith a 5

phar maceut i cal conposi ti oncont ai ni nganyoft hef oregoi ng. The ﬁresent

di scl osur WOA488%8#d onpasses a nethod of treating a pati@HBHAVIHY” essenti al
t hrombocyt hem a or high bl ood platelet count, which nethod conprises

adm nistering to the patient a therapeutically effective amount of a
conmpound of the present disclosure. 10 Anot her enbodi ment of the present
di scl osurg incl,udes a method of reducing blood platelet count within a
pat i entor Rndrd i ripgaise véibrips rae Qdrhidh $Fepieriiathsd dee pheb edpocyclic ring

t her apepity G@Lﬁﬁ%nﬁlfyfsﬁt&‘shlu\(e% Aoyt or@fps %&%ﬁ(&jﬁ&ﬁdéﬁﬁ th& RE g%éﬁ‘éon%rﬁﬁ%ps ure.
15 The priesent di sclosure énconpasses providing t%e conpounds of the

pr esent hag, @&@G’Sﬂf@aﬁ%ﬁiﬂph@wﬁ@i%&s G- @gﬁwlﬁiﬁtﬁv}e?ﬂdﬁ@fﬁb{; ot hers, wherein
cardiotoxicity is reduced conpared to using anagrelide. 20Separately, we
have found that individually both (R)-3-nmethyl anagrelide and (S)- 3-nethyl
anagr el rd apH G\ tegoibdr with ihe radyak br il ther acttiahied sephsédt otCos kb i gr Cos

si gni figan r edu ) L1, d.ahiRition r i ye. 3- .de. W
thas exbony! eraf MERE AR dou il LR BE KBk ¥ PRAPIERLUAS

ny el opr gitichdlyatbsrigitdi lgeas es thr@phous ndiepgldynit selectdd Solnobugmeumtaprising] udes

t he use, of ,3-nethyl a | i.d pharmaceutically acceptable salt or
soIvatemﬁﬁéwggfﬂi%mThgﬁgéﬁﬁwﬁgPﬁﬁgo§y’a medi canent for the treatnent of
nyel oprolific diseases. The di sclosure thus al so extends to a nethod
of eatin el oprol i;ferati ve djseases in a human, 30wWhich ¢ ri.ses

r el | oS RN R0 R b he T DRt By 50 085 AR SHAGSPEIRE or a
WO 200810654414 Reity@B28() 7/ 050697 phar maceutical ly acceptable salt or solvate
t hereof, or with a pharmaceutical conposition containing any of the

f or egoi ng. The present disclosure al so enconpasses pharnaceuti cal
conposi ki aR‘GeMmiaicgkng @ conpound or 5Spharmaceutically acceptable salt of

a conmpound of the present disclosure and a pharnaceutically acceptable
carrier.

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

R’ ,R®and R® are hydrogen,

20
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, Cig alkyl, Co alkenyl, Co alkynyl, in which the alkyl, alkenyl, and alkynyl
groups may be optionally substituted;

25
or wherein R' and R* together with the carbon to which they are attached form an optionally

substituted s carbocyclic ring

or wherein R! and R* together represent an optionally substituted Co.¢ alkenyl or Cpg alkynyl

30 group.

10



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 The present invention is directed
to new 3 or 5-substituted anal ogues of the established platelet |owering

agent anaarelide. Substitution at the 3 or the adjacent.b5- it of the
anagr el | d¥Orf8¥888¥L woul d be expected to bl ock or hi n&’&ﬁ@?’fgﬁ@%ﬁ ‘gi pal site

of nmetabolismand potentially preclude the formation of the highly potent
PDE Il inhibitor 3-0H anarirelide while 15 substitution at the 1-position
has surprisingly been found to abolish PDE Il inhibition. The conpounds of

the present invention.retain the anti - karyocytjc, properties (hence |
pl at el eqa]ﬁ%%‘?yW‘G%eé’if‘gi1@‘%@?&69%%3%%9@%‘%8%8%“%0@8I e but have reduced °
POE Il inhibitory properties and hence | ower potential for unwanted
car di ovasetilyigpeaapicidat | - aggregatory side-effects. They al so have the

potenti o] ! ed.phgemacol dnetic characteristics as the result of
i nhi bi tsla}%:)’%FI ofc%fgp{r?’g%{ab%ﬁ ism These inproved cardiovascul ar and

phar machkidimettdanpgrdpter t i es were denonstrated by studies in the dog. A

co ri f.t I ' .cardi ovascul ar effects of anagrelide, its active
met olﬁgé“@ﬁ(gogg@e}%%%aé%thg?i ve exanpl e of an inproved anal ogue shown in
the tab bel - .afive activity of anagrelide, its netabolite

3- hydroé?@gé(ﬁ‘écgé)r,%ﬂe%gg%ﬁquég@% epresentative 3- al kyl substituted anal ogue of
the drug Conpound In vitro 1050 for POE 111 inhibition (human enzyne) In

vivo EO50 for effects on dog heart rate In vivo ED20 for effects on dog

heart rpdrgculalyyiréfereed bOmPonds inalutié 3.3 miggetkdrnpgrrlits, endfrfixetanegrehilsralr cel | -1 ne)

Anaar el gzy% Fopropam]}- These compounds are generally prepared as the HBr addition salts.

10

It has also been found that the individual enantiomers of 3-substituted derivatives show efficacy.

The present disclosure therefore also relates to both the resolved optical isomers of such

compounds as well as mixtures of enantiomers. For the purposes of comparison of the

compounds of the present disclosure with anagrelide, the correct comparison is that made with
15 the PDE Il inhibitory activity of the 3-hydroxy metabolite of anagrelide since this is the

predominant component in plasma after anagrelide treatment.

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

20 |
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;

25 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 rmedicament;
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

30  diseases and/or generalised thrombotic discases.

il



29nM 986 un/kci 376 ucfricgq 26nM WO 2008/ 065444PCT/ GBZOOI7/ 050697
3-hydroxy anagrelide (active netabolite) 0.7nM 11.72ug/kg 7.1 jig/kg
3,3 dinet Q}/A 20%{;1}a el ide 164nM

10

15

20

25

G63444 PCT/GBBG7/050697

a method of treating a disease selected from: myeloproliferative diseases and/or generalised
thrombotic diseases in a human, which comprises treating said human with an effective amount
of a compound of formula (), 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 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 disclosure 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 disclosure.

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.

Separately, we bave found that individually both (R)-3-methyl anagrelide and (S)-3-methyl
anagrelide show good anti~megakaryocytic activity whilst showing significantly reduced PDE 11
inhibition relative to 3-OH anagrelide. We thus expect that 3-methy! anagrelide will have utility

in treating myeloproliferative discases.

Accordingly, the disclosure 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.

44nM

The disclosure 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



3,557ug/ kg 2,512 jig/kg 166nM The nost meani ngful conparison of the data
cited in the table above is between 3-hydroxy anagrelide - as the drug's

active nmetabolite - and the 3-al kyl substituted anal o ' f or mer
is the pr?@&%%‘?ﬁ‘f”speci es present in the plasma of paﬁ' Iéé#%%?{r)ggggﬁed W th

the drug. On this 5basis the therapeutic benefit to potential for CV side
effects ratio is clearly much inproved for this 3-al kyl derivative. A
conpari son of the pharmacokinetic profile in the dog of anagrelide and a
representative, 3- substgtut d an quqf i§ sho bel. ow. - M%% ...

2008/ 0eBMmAISEtel) GePPBES6 ‘tﬁo??z‘éﬁ‘ @ pRG M HC B PRSIt CUPRIGESE i de,
i ts resiyhl:ahlc ASlJrueR roRiaRpl ite and a representative 3- substituted

anal ogue foll v 1n the conscious dog nodel Conmpound Cn?te (ng/ m)

ow’| ng/ kg
AUC(o.t) (ng.h/nm.) T112 (h) CL* (nmi/h/kg) V'* (nli/kg) F(Auco-0)*

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

acceptable carrier.

DETAILED DESCRIPTION OF THE INVENTION

10
The present invention is directed to new 3 or 5-substituted analogues of the established

platelet lowering agent anagrelide. Substitution at the 3 or the adjacent S-position of the
anagrelide molecule would be expected to block or hinder the principal site of metabolism and
potentially preclude the formation of the highly potent PDE 1II inhibitor 3-OH anagrelide while

15  substitution at the 1-position has surprisingly been found to abolish PDE I inhibition. The
compounds of the present invention retain the anti-megakaryocytic properties (hence platelet
lowering activity) of the parent drug molecule but have reduced PDE III inhibitory properties
and hence lower potential for unwanted cardiovascular and anti-aggregatory side-effects. They
also have the potential for improved pharmacokinetic characteristics as the result of inhibition of

20  metabolism.
These improved cardiovascular 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:-

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

alkyl substituted analogue of the drug

Compound In vitro1C50 tor in vivo EDS0 for | In vivo ED20 tor | In vitro1C50 for
PDE il inhibition | effects on dog effects on dog anti-
{human enzyme) | heart rate heatt rate megakaryocytic
effects
(human cell-ling}
Anagrelids 28nM 986 pa/kg 376 ug/kg 28niv

13




Anagrel i de 48.121 10115 1.37 20 11564.56 1011 3.8 11.8 14.4 3-hydroxy
anagrelide (arising fromanagrelide treatnent) 60.114 179 14 1.57 24 NA NA
3,3 dinmethyl anag elide 167 33

WO 2008/065444 PCT/GB2007/050697
3-hydroxy
anagrelide (active | 0.7nM 11.72ug0/kg 7.1 ug/kg 44nM
metabolite)
3,3 dimethy!|
anagelide 164nM 3,557ug/kg 2,512 pgikg 166nM

The most meaningful comparison of the data cited in the table above is between 3-hydroxy

anagrelide - as the drug’s active metabolite - and the 3-alkyl substituted analogue since the

former is the predominant species present in the plasma of patients treated with the drug. On this
5 basis the therapeutic benefit to potential for CV side effects ratio is clearly much improved for

this 3-alkyl derivative.

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

substituted analogue is shown below:-

14



1903 47 9.39 21 17845.9 196724 39 25 b5Results represent geonetric neans
and % CV After Ing/kg iv The data in the above table clearly show a nuch

| onger half-life for the 3-al kyl substituted anal ogue conpared to

anagr el i dW0 088166446 9. 39 vs |.37h) which, if reflected P&/aB7SHSU d enabl e
10 nmuch less frequent drug adm nistration and i nproved patient conpliance
conpared to that seen with anagrelide. This conparatively |onger half-life
for 3,3 dinethyl anagrelide observed in the dog was mirrored in an in vitro
metabolic stability study in which it was clearly nmuch nore netabolically
stabl e than anagrelide (see table below). Hepatic netabolismis known to be

the princgj . i f Nc.e; i L N i and in
man. " U O HE s DR B L B Ol AR b B D AT £

st abi | i eufsifuped tivdogBe Sllbwtinglizéd raat @agaesswes naddglo observed in human

hepat ocyt es suggesting the |ikelihood of inproved pharnmacoki netics in man.
20 WD 2008/ 065444PCT/ GB2007/ 050697 Conparative nmetabolic stability of
anagr el i Genpanet pCh.epr es@&B€ad i ve afad ogue| FR" dog ae” hunanFhepag-ocyt es

Conpound | n vitt@ghhal | tgibfrel) | nldog hepatrodiykads | (mikg)

Anagrelide | 48.1+21 10115 1.37+2C | 1156 +4.56 | 1011 £3.8 | 11.8£14.4

3-hydroxy
anagrelide
{arising B80.1x14 | 178+ 14 1.57 24 | NA NA
from

anagrelide
{ireatment)

3.3 167 £33 | 1803 £47 8.39 + 21 178 £45.9 1967 +24 13825
dimethyl
anagelide

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

The data in the above table clearly show a much longer half-life for the 3-alkyl substituted
analogue compared to anagrelide itseif (9.39 vs 1.37h) which, if reflected in man, should enable

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

15 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.

20
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In vitro "half-life" in human hepatocytes Anagrelide 1.25h 6.62h 3,3

di net hyl anagrelide No apparent degradation over tinme course of study 22.8h
5The pharmaceutically acceptable acid addition salts of certain of the
conpoundsWéf20piisidt a (1) may al so be prepared in a conkfErEPBAEIHdnner. 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 solvent. For a review on suitable salts, see "Handbook of

Phar maceutical Salts: Properties, Selection, and 10 Use" by Stahl and

Veer mut hed, W.ev dh%ﬁ?z% 0 g R LB d%@p%}enl%fe'dﬁbfogﬁmnggg it i Hal o
means a group se rom uoro, chloro, bromo or i odo. he term
"alkyl"maswaﬂed hereln as a group or a part of a group refers to a straight
or bra Iedhﬁs.buﬁa)llyUI ocarbon u;ﬁq,fﬁ.ouﬁgmmg’l,“ Ny thespegkd Feagreer —of —Tar bon
atons.| For exanple, Ci,10 a neans a straight or branch d aIkyI
contaihing at least | and dt §B§P“f5 ®8ar bon at o2 M ELMRAIPEE®Sf "al kyl " as
used hptepmidencl ude, but ar|g.23t limted to, netBygeh ethyl, n propyl |
n- buty], n- pentyl isobutyl, i sopropyl, t-butyl, hexyl heptyl, octyl,

nony| dec\] all |\] ar oun one—erboet exarpt-e—e hyl,

et hyl, ygpa%gﬁﬁnag[egdgpr opyl . Nr%)'%lg%atré'qt degra‘d%&o ,Ed “r’”S‘r '2? t th IyIUI P

time course of study

5  The pharmaceutically acceptable acid addition salts of certain of the compounds of formula (1)
may also be prepared in a conventicnal manner. For example, 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 solvent. For
a review on suitable salts, see “Handbook of Pharmaceutical Salts: Properties, Selection, and

10 Use” by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).
Definition of terms:-

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

The term “alkyl” as used herein as a group or a part of a group refers to a straight or branched

15 hydrocarbon chain containing the specified number of carbon atoms. For example, C, , alkyl
means a straight or branched alkyl containing at feast I 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

20
The term “cycloalkyl” as used herein refers 1o a non-aromatic monocyclic hydrocarbon ring of 3
to & carbon atoms such as, for example, but not limited to, cyclopropyl, cyclebutyl, cyciopentyl,

cyclohexyl or cycloheptyl.
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20 The term "cycloal kyl" as used herein refers to a non-aromati c nonocyclic
hydr ocarbon ring of 3 to 8 carbon atons such as, for exanple, but not
limted to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or

cycl ohept WO, 2008654608/ 065444PCT/ G132007/ 050697 The t er?rﬁ’ﬁf%%%ﬂ?”é‘l?%r’i c" as
used herein refers to a ring systemjoined to a second ring system at one
carbon atom The term "al koxy as used herein refers to a straight or
branched hydrocarbon chain group 5 containing oxygen and the specified
nunber of carbon atons. For exanple, Cl1_6 al koxy neans a straight or

br anchekheadpieoxepiresyriqi atiunes bareip afers 19 2 4 satemiiredgo AZEHHA 'RE SHES™ B anpl es
of "al kXY, hdsSxHsed herein include, but are not limted to, nethoxy,

et hoxy, propoxy, prop-2-oxy, butoxy, but-2-oxy, 2-nmethyl prop-1-oxy,

2- met hyl prop- 2- oxy, pentoxy and hexyloxy. A C A al koxy group is one
enmbodi t.,. fo I XV, . e elge) : = 210Xy 1 DUt , 10
but-2-g§§]§?£ZgﬁééﬁGFﬁggg?%?%k%ﬁﬂﬁhgQﬁg?#ﬁ“ﬂggé%ﬁggP @?éﬂg%dgﬁgﬁgﬁﬁin as a
group reheisng exygensand diegiptcibed hmecbledboy dioosaFborrawhii O, cdkxginmangg t he
speci fied nunber of carbon atons, MMiﬁE %i subs%gputedrb%rl-B h droFyI

gr oups. SURISAL ek Arpthed 2BPXh e ERVA %K A e NS 28 G PPN §PThr ARERHEE & ky!

chai n ceplainisNGed KQEH i8dudeOtitt 26aKR QMiRE QTEnAREy AdthdxEaBlopORE pRY DL XY |

group; exanples of such group include hydroxynethyl, hydr oxyet hyl

hydr ox yteyy Put-dggh GX%}?‘%%HPB&WX,% RyERUBHRTRRIE Y aPRAL B 0| hedYIophe A Brm

"al kenyl.' as used herejn.as a.group.or a par a group. ref a
straigh k%ﬁy L ane ey clﬁyl}o oAy Ogﬁ’xc alt? n 6%89 ’ésikhﬁ}lg%’gp r?@éig’s%gé?f{l?g’zb%% er of
car bpn wtdmsyand-negytpaeiogy.at | east one 20 doubl e bond. For exanple, the
term"C2_6 al kenyl" neans a straight or branched al kenyl containing at

| east 2 and at nobst 6 carbon atons and containing at | east one doubl e bond.
Exanpl espeobrm ahykerydlkylass wse dehar siaproupckiecep abutighr @ bioichdd Hpdtoeabom,

et henyl, 2-propenyl, 3- butenyl, 2-butenyl, 2-pentenyl, 3- teny

3- met hyfhagy {aéfﬁﬁlfhe gpwgﬂﬁﬂugﬁp_ Qi_z &g até’?he"ééﬁws Sélﬁ%lmle(ig pP9E Rioxyt

lbl_c di gaierblli}?(él m}exﬁmﬁaﬂl -, hbdroxyally! BearRpRESEhal 8nétiatliyNci@inupsingde fidae form
-0-C, al'kenyl, the

15 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

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

6
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

25  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

30 containing at least 2 and at most 6 carbon atoms and containing at least one triple bond.
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25doubl e bond is preferably not adjacent to the oxygen. The term "al kynyl "
as used herein as a group or a part of a group refers to a straight or
branched hydrocarbon chain containing the specified nunber of carbon atons
and cont aM9 WP/ Uf44teast one triple bond. For exanpl e, RHECBHPHINEGT 6

al kynyl " means a strai ght or branched al kynyl 30containing at |east 2 and
at nost 6 carbon atons and containing at Ieast one triple bond. WO

2008/ 065444PCT/ GB2007/ 050697 Exanpl es of aIkynyI as used herein include,
but are not limted to, ethynyl, 2-pr - butyn 2- but yny

2- pentyﬁvmqm%‘ﬁpé%WW%yPswﬁdﬁﬁﬁﬁym9@¢b zﬁﬁﬂm‘émﬁﬁ%HyﬁéﬁﬂﬂQQ?ﬁ¥W3W3? hexynyl
and 1, Jm%!é AR BVl Zzlf)@a@nyl'%ﬁ@n)lnype% %&I@f{ﬁ@@&ﬁﬁlt@%ahﬁbﬂmw af the
form - 6 al kynyl, the tr preferably not adjacent” to the
oxygen. herbieyit @tdm’i 'ilfvhilnethy@we%nﬁ tb wsll @gmzcgu@ﬁﬁi gt 1 lgmqpﬁé:f Baliem ne,
brom ne ! f.er ofn I Ra- S- Rb,
wher el acai ke ber e B bRl s T e ok B SRt e, Ra
andbeuemhﬁBQMMg&ﬁ@u&M@ﬂhmﬂkgﬂﬂﬁbﬁnwsﬁﬁmmﬁuﬂﬁyabﬁm.f0| exanpl e, but not
limted to, any discussed above. 10 The conpounds of the invention, i.e.
those of formula (1), possess antinegakaryocytic activity in humans. They

may be Pardine thlldy s ol radifal LIR,ASLRAWNIRRIY DfuliiyfbaRY Qveh@y dizsiRases. The
conpounds may also find utility in the treatnment of generallsed t hronbotic

di sease®’° hysfqeaben ehpinseRapisy Bie FRESH PRAYC PEFRENE shafbmey 8gt fHBRE™PIfe ude

prophylgﬁh§ﬂ§§&ﬂ@$Qm?gm&gﬁﬂ@$&@ylatlon of established synptons of a
condition. "Treating” or "treatnent" of a state, disorder or condition

i ncludes: (1) preventing or del aying the appearance of clinical synptons of

the stagg, 00%695&2%% % m%ﬁm' L& AbsEeV @Rk NG, dobsed AUABELKLRBLyHIBYIRG in
afflicted wth or predi sposed to the state, disorder or condition but does

not yethuwsgper Teaycmap e diagipulagty olsihnl @raltheohe%mbtélqfrﬂm@@rg}@ﬁ%gﬁwm T8¢ t he
stat e, &!nﬁ)%izgcﬁ ;g,rdk,%%glua 9% g%)ca&n@m&'ag Mistd\Gro ﬁﬁ%@dmgﬂg&order or

condi ti on, arresting; uci ng or aylng t he devel opnent of the

di sease or a relapse thereof (in case of nmaintenance treatnent) or at | east
one clinical or subclinical synptomthereof, or (3) relieving or
attEhuakﬁm@lﬁﬁ@pﬁﬁs@éﬁesmﬁn@mcs@aaaﬁmgihﬁ@ﬂesﬁxmﬂh@ﬁaQW@lgﬁh@ékwﬁﬁsmrder or

condi t i NP1 ed gg‘%{on?sngf oo f V\l}l}&ltz nCI ke 'ﬂegt%l "0l %&?Ae‘nﬂ" (?Iﬁ!l (325

Nyeloproll era I Seases e treata t e conpounds of
t he pr esedition mm ah) @rmhumol @ngtlh@hppphami@écmabﬁé Wiraptopeloy tytshiena. ver a,
chronic |d|op

h | dual
t hr orrbo%’y‘f 8f§1| COP%BQ’%/ Sc%)fg opﬁlchg Iasﬁu & rtfﬁ)ﬂlnga e d cgeld WA %gre ]gllgﬁ‘i n%ge&?to &2 I dua

Fonbocy Os1'S 1 surgi cal
proceduaas”da&danornnmﬁhmnbmommpamt5@pexm¢mmm @Témﬁmtahnmﬁ oreaduiesl t o

30“56“ nlysmep{(t)rgse Otr t g Is<mt%f dlgor}&tgrg?%(sm itio n?lt) ng.)hnb}(tjlrliltl; {hg%td?e df‘é)‘.orsd%r g]”&)%&thn ie.,
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 thrombocylosis, reactive thrombocytosis immediately
preceding a surgical procedures, as an immediate or post operalive preventative measures to

30  minimise the tisk of thrombus formation during or post surgery.
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WO 2008/ 065444PCT/ GB2007/ 050697 Thr onboti c cardi ovascul ar di seases (TCVD)
(i.e. patients at increased generalised thronbotic risk) which may al so be
treatable with the conpounds of the present invention include: ocardial

infarct (WEA866444ck) thronbotic stroke, patients havingCBHEERY

coronary stent 5placenent. The conpounds of the present invention nay find
utility for the reduction of atherothronbotic events as follows: recent M,
recent stroke or established peripheral arterial disease, acute coronary
syndronme (unstabl e angi na/ non-Qrvave M), cardiovascul ar death, M, stroke,
and 10refractory ischema. It is to be understood that conmpounds of fornula

(1) MyTEERbE N LNEvRLulIT: RaRS YTTTRDS (iC. pAGRON1ah@FBed biHifICRNPRAIHIS: Of t he
i nvention can exist as two or nore stereoi soners. 15l ncluded within the

scope ofisky Hehigh axentlsq e dreiabl wite thy Icogpedyiof dhe rmeesericvasio iadidomer s
and di ggéa@%pﬁﬁﬁm %ﬂéart gﬁg&ﬁtﬁbﬁw&om& end %@gﬁh&&a&n@ rfon@ly ddie

conpoun or mul i hcl udi ng conpounds exhi biting nore than one type
of isonEprdesept. and nlxtures of one or nore thereof. 20Solubility studies
were carried out on a nunber of anagrelide derivatives according to the

present invention in various test nmedia. The test nmedia were: a) singly
di still &t mt;@unctsmﬂ (i3 m)asent motngion onaatiindrpsidityness thrardéuction pbatbvrethinghobit ved

00 cal | 7R e AFROL LT RETBLEn B Destibidad Mhedl 900K 1%L PH 0. 6)

25 Cali |on rea vs. concentration were obtained in
NbOIl omﬂ&M£}ﬂymIMﬁKmeebkuh@mwamg@umﬁﬁwﬂh QMQQW%uﬂw‘&@ﬁlé@hhHQubgménce at
ﬁypeﬁﬁxure 2 22 C. The HPLC nethod used a reverse phase Cl18 col um
ﬁ%?”kﬁ:%@%forn1c acid) and acetonitrile gradient. For the
solublllty studi es, saturated solutions were prepared by dissolving in the

desired
It is to be understood that compounds of formula (1) may contain one or more asymmetric carbon

atoms, thus compounds of the invention can exist as (wo Or more stereoisomers.

15 Included within the scope of the present invention are all stercoisomers such as enantiomers and
diastereomers, all geometric isomers and tautomeric forms of the compounds of formula (1),
including compounds exhibiting more than one type of isomerism, and mixtures of one or more

thereof,

20 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 COs.
b) 50 mM ammonium formate (pH 7.9)
¢) 0.1 M hydrochloric acid (pH 0.6)
25
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 Cig column with a water (0.6% formic acid) and acetonitrile
gradient. For the solubility studies, saturated soluiions were prepared by dissolving in the desired

30 medium with the aid of an ultrasonic bath for 20 minutes and the excess solid removed by
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30 nediumwith the aid of an ultrasonic bath for 20 m nutes and the excess
solid renoved by WO 2008/ 065444PCT/ G82007/ 050697 centrifugation. The
concentration of the substance in the supernatant |iquid was determ ned
from t he WO28WBHpeak area. Unexpectedly it was found4HEE28VEREE net al
salts could be prepared follow ng deprotonation at 5 the 1-position of the
qui nazoline ring structure. The value of such salts is seen in their

rel atively nuch greater aqueous solubility than the corresponding I-113r
salts. This is likely to facilitate the rapid dissolution and quantitative
absor pteeTugrtion dBecepepiiratrn §f PoBbrgnchat BF SYBIaBrE QahBo Uk ERY ew
represenl 8. iRiQEaC 4N cal advantage. These salts are Goup | netal salts
and nost usually are sodiumor potassiumsalts. Table 1 shows the results
of the solubility neasurenents. 10Table 1 Solubilities of Anagrelide and

5 VSRR T o 2B OO (RO B 06T (5
hydrfochhottipdetidrQoflthe quinazoline ring structure. The value of such salts is seen in their relatively

much greater aqueous solubility than the corresponding HBr salts. This is likely to facilitate the

rapid dissolution and quantitative absorption of these generally poorly water soluble compounds

and so represent a major clinical advantage. These salts are Group I metal salts and most

usually are sodium or potassium salts. Table 1 shows the results of the solubility measurements.
10 Tablel

Solubilities of Anagrelide and Anagrelide Derivatives (Jg mL" at ca. 20 °C)

Compound Ammonium formate Water Hydrochloric acid
(50 mM, pH 7.9) (pH 5.0) (0.1 M, pH 6.6)
Anagrelide 10 11 169
hydrochloride
33- 6 409 212
Dimethylanagrelide
sodium salt
3,3- 4 20 215
Dimethylanagrelide
hydrobromide
3,3,Spiro- 1 542 28
Cyclopropyi-

anagrelide sodium salt

3.3-spiro- 1 2 35
Cyclopropyl-
anagrelide

hydrobromide

20



169 3, 3- Dinethylanagrelide sodiumsalt 6 409 212 3,3- D nethyl anagrelide

hydr obrom de 4 20 215 3, 3, Spiro- Cycl opropyl - anagrelide sodiumsalt 1 542
28

WO 2008/065444 PCT/GB2O0T50697
3- 5 9 43
Methyleneanagrelide
3- 39 1830 189
Methyleneanagrelide
Na salt

Geomelric isomers may be separated by conventional techniques well known to those skilled in

the art, for example, by chromatography and fractional crystallisation.

Stereoisomers may be separated by conventional techniques known to those skilled in the art -
see, for example, “Stereochemistry of Organic Compounds” by E L Eliel (Wiley, New York,
1994).

10 The compounds of formula I can be prepared using literature techniques and in an analogous
manner (o 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 1somers
of the invention can be prepared. Analogous procedures can be used to prepare the other
compounds of the invention by using appropriate a-haloesters

15
The formation of 3-ethyl anagrelide (compound (4a)) is shown in Scheme A below. 1-amino-Z,
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

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

Scheme A: Formation of 3-ethylanagrelide.
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3.3-spiro- Cyclopropyl- anagrelide hydrobromde 1 2 35 WO
2008/ 065444PCT/ GB2007/ 050697 3- 5 9 43 Met hyl eneanagrel i de 3- 39

WO 2008/065444 PCT/GB2OG7/050697
CO Et
ol {1a) Cl (2a) E
/
NH, NaeN
S
SnCl, H o CNBr \I[\l/ 0
—_— B M. S C t ——
£tOH Cl Y ¢ Toluene  C S
Cl (a8 FEt Cl (@my H

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.

CO Et

)@I, I;L e

H
/
NH, N N
-3
SnCl, H CNBr Y 0
—_———— N COEt — N
EtOH Cl Toluene Gl
R Ct R

Gl

whare A is NH,, or Br, and B is the other of NH, or Br
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1830 189 Met hyl eneanagrel i de Na salt Geonetric isomers may be
separated by conventional techniques well known to those skilled in the

art, for exanple, by chronmatography and fractional crystallisation. 5

St er eoi soWEr80%i§+he separated by conventional techni fESCRHBIIYS t hose
skilled in the art - see, for exanple, "Stereochem stry of Organic
Conmpounds” by E 1, Eliel (WIley, New York, 1994). 10 The conpounds of
formula | can be prepared using literature techniques and in an anal ogous
manner to those described in Formula Schenme | and Fornmula Schenme 1] in US
4256748 heTioemalipnt Hel&)S-<g1! 3vardife candgraseardished Bedic ARG BN dPe exanpl e
to show haw;d BAiMiidYeHemSOMRES Bf hdREsclal VERIdQ8: GaRe BfoRleRMRmiARRl 0gous
proceduﬁes can be used to prepare the other conpounds of the invention by
usi ng adpphspricdtie Sghéted deit epplod® iphbe fryelaphilin s@ptivtien Ky 1&ndgteltde
(conpo I I : 1l-am no-2, 3-dichloro
nitrobgﬁggﬁ% g?éuﬁﬂg ggggwﬁﬁggggﬁﬁﬁ?ﬁkggﬁbstitution with the a-hal oester
R-etthyl- 2- bronpbutanoate to afford conpound (2a). The nitro group is then

reduced.to an ine. ar. I: I.n, chloride in. f: e
di am nglféglﬁ%oaﬁgtgloﬁés)égﬁgtn%‘g‘h%g t%é’a“a%%ﬁ sn%tC en' 5%?3%%?@% é\ﬁ’% 1&3@%3&&
br om destige of Gleyemiestso yi el d the 3-ethyl anagrelide (4a). Schene A
Formati on of 3-ethyl anagrelide.

A person skilled in the art will be aware of variations of, and allernatives (o, the processes

10 referred to above and to those in US 4256748 which allow the individual compounds defined by

formula (1) to be obtained.

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
15  known in the art, for example the art described herein, or using standard textbooks such as
"Comprehensive Organic Transformations - A Guide to Punctional 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
20 Academic/Plenum Publications, (2001 or later editions), "Organic Synthesis - The Disconnection
Approach”, § 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.

25 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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WD 2008/ 065444PCT/ GB2007/ 050697 5The formation of certain derivatives is
acconplished in an anal ogous manner to the synthesis shown in Schene A
above or by reversing the positions of the NH2 group and the Br groups in
t he start MRyORHtEt4tal s, as appropriate to the chem st r{JCYVRFRVEE®7 I n this
case, an a-am noester and a hal obenzyl derivative are used as the starting
materials. The reaction can be generically presented as shown in Schene B
below in relation to the 3-substituted conpound. 10 Schenme B: Formation of
3-substituted anagrelides. CIRCI where Ais NH2 or. Br, and B js the

ot her oformpengy ofghe inygntion gsyges ia pheTrens e rPOBEBYT2dmB e A SR st

(R)-3- &%ghﬁnﬁg\&%hmem@%gﬁaé&%ml fo e%ﬁxb a@%lﬁ@ﬁlgﬁ%d@ﬁ%@ﬁmﬁ the

synthesis s n Scheng A’above. In this case an a-hal oester of t
opposi t methedsr vigk e presipitptiang cpsatlizetiad fepreSinge OASHaY @iy \e @V%ﬂ?rﬁtﬂﬁ%

nudeophiing MDAk B8R i @&C%Fgméns;mled?g r BEQRRRNE anonat e.  Thi s

pr ocedur s generally appli ca f single enantiomers are not required
then: a racem c a-hal oester can be enployed in the first stage of the
synt hesi s. A person skilled in the art will be aware of variations of,

and al t%ﬁ%#@éd&ﬁmq&:ﬁﬁ RGBS ESmthRaddoR VBT & &%@9%@; a&gp&ugast &O@@ in US
4256748 I ow t he individual conpounds defined by formula (1) to be

obt ai newvention wf 1l coaibirptiewihpreet apied sy daighdroenilykhtl wdl bopdpisterd t hat
the Co”gog%ﬁnﬁﬁuokhﬁ hAYERh ORich one or more pharmaceutically acceptable excipients.

Pharmaceutically acceptable excipients include one or more of: anti-oxidants, colourants,

10 flavouring agents, preservatives and taste-masking agents.

Pharmaceutical compositions suitable for the delivery of compounds of the present invention and
methods for their preparation will be readily apparent to those skilled in the art. Such
compositions and methods for their preparation may be found, for example, in ‘Remington’s

15  Pharmaceutical Sciences’, 19th Edition (Mack Publishing Company, 1995). The formulation of
(ablets is discussed in “Pharmaceutical Dosage Forms: Tablets, Vol. 17, by H. Lieberman and L.
Lachman, Marcel Dekker, N.Y ., N.Y., 1980 (ISBN 0-8247-6918-X).

The methods by which the compounds may be administered include oral administration by
20 capsule, bolus, tablet, powders, lozenges, chews, multi and nanoparticulates, 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

25  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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coul d be made by adaptation of the nethods herein described and/ or
adapt ati on of nethods 15 known in the art, for exanpl e the art descri bed
herein, or using standard textbooks such as " Conprehensive Or_gani C
Tr ansf or mB0 280065444 QUi de to Funct i onal Goup Tr ansf or Fet FBHETISYRE Lar ock,
Wl ey-VCH (1999 or later editions), "March's Advanced Organic Chem stry -
Reacti ons, Mechani Sns and Structure", MB Smth, J. March, Wley, (5th
edition or | ater) "Advanced Organic Chem stry, Part B, Reactions and
Synt hesi s", FA Carey, RJ Sundberg, Kl uwer 20 Academ c/ Pl enum Publ i cations,
(2001 ofbej wu@.q&p GH8)be adpyRjsipEe PEFACHEY & by THstey diesHidupithhnbiaphr oach”
S Varr efre bV nG¥o o h28 ﬁtelﬁz%%neghtdb@nﬁadm f@ep?ar&féwgdﬁrﬁ;@@u&; Syntibeses” S
Varren (Wley) (1983 or later edi tions), debook To Organi ¢ Synt hesi s"
RK Mac km@ﬂ\@n@lSDMngﬁ@PHl (nieongienepl (nogEcs; mf~ra*ft‘@1me’dr tiptphgdfhrale frérastgragl. ¢ he
refer SR A" ﬁiu@ma ufhr Gl %bcu&lza%uswghhakﬁé 30vih8 APRALAAL LR RALSON
skilled'in the art at sensitive functional groups may need to be
pr otectiedudmutede }(m@ltl@cg witrehgrdlpgnisyats hessdls-fist imectuhpuiundsion leehvqueavent i on.
This may be achi eved by conventional nethods, for exanple as described in
"Protective Goups in Organic Synthesis" by TWG eene and PGM Wits, John
Wley & Sons Inc (1999), and references therein. 30 WO
2008/ 06511 RETISGBRIO Y osg@gmtmnii@u naslifst epmroflpd aplepssn Gantreinde eeleaot
phar mac, ) ne 3
ot oduct 2Rl s E BB PATU R ool Pl P BT usE SRORS S or
filnms byleawt hods such as precipitation, crystallization, freeze drying, or
spray drying, or evaporative drying. Mcrowave or radi o frequency drying
maylbe used for this purpose. 5 They may be admi nistered alone or in
conbi nation with one or nore other conpounds of the invention or in
conbi nabsageswi t h one or nore other drugs. Generally, they will be
adm nistered as a formulation in association with one or nore
pharmaceutically acceptabl e exci pi ents. Pharnmaceutically acceptable
exci pi ehyyscalinch pipsiome wok daomanothe antital doseigd aviich, wdbbouantutableObt avouri ng
agents,. preseryativ and..t r l. sitions
sui t abl & od?leltshlgl C(&efﬁe € wﬁ(’ ? % e(?m;lg?ﬁr?dfn ‘9}0&%{? %Eéﬁ%sfl gés@n ﬁ#{éénﬁqé%&g met hods
f or 13 hemny pe emmﬁaanﬁomlimebdndb@on eaxdnbw dppacre mtchtdmotth@s@zvstkldi igdspieeifie he art.
Such conposi tions a for the| par |on be fo
exanpl €° I?pﬁun(i?gwlﬁﬁff o s mi‘%g Karirase g %(E:eg}g&l C|‘1ecr%(():ne(s)f Eagb(fr'llpoﬁ 'B g%ﬁ t Mack
PubI i Shboilg vaogipageyieralliR@h), . sex hﬁet,f aodadratinenofofdntidblaats rits of kseasedug n

" Phar mace tical e F b et Vol erman and L.
LachrmncoARORP BoRaRy PRy Pty conden S Gk s Tt B e et hods
by whi ch t he conpounds nmay be adm ni stered include oral adm nistration by
20 capsul e, bolus, table ozenges,

andbar I bk Re o g sl AR VLR b o b g T abaf Qg of
fornul ade?ﬂvcﬂxﬂt%} @iayf o BBurihBCE6lRIiISHE PETTEI® AiSout BOb Ut SHest 5 %fg(ZkOSMTBd)ﬂﬁ Such
formul ati ons may rr‘glo yed as fillers in soft or hard capsul es an

typi cal W‘;?l"’éttﬂ?f‘)fi?ys & faf prrgrghodingeg ofdzompraat 0{Bt Wraboddnamatke OF)?J‘P(Vé‘Eq‘%}’F ene

gl ycol, &rdggxﬁcﬁa%egﬁ WE@Ep enBRkiYdnE 81 H:oth @B&It O%l%%ﬁ(&ﬂh@k@bf bod@NekigHae or
nor e errul Si agents and/ or suspendi ngf agents. uid fornulations 25may
F

al so bepfmiéfpé’ri é@thblyeﬂtlb‘i’élm(@lfﬁo@% £4neeft Gap fe of rem gyt B im t &t meke pidiedexanpl e,
froma &r%%ﬂﬁ:;m 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

30 could be dosed once a day or less.
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The conpounds may al so be admi nistered topically to the skin or nucosa,
that is dermally or transdermally. Typical formulations for this purpose

i ncl ude pour-on sol utions, sprays, powder formulations, gels, dr ogel s,

| otions, WORMRISSH#nt ments, films and patches, and inpf ‘Eﬁ?@ﬂwﬁﬁy

2008/ 065444PCT/ GB2007/ 050697 The conpounds can al so be adm ni stered
parenterally, or by injection directly into the bl ood stream nuscle or
into an internal organ. Suitable neans for parenteral adm nistration

i nclude intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intranuscular
and SUb?ﬁétc%H{f)Qéﬁﬁl is %&Mﬁl@h@y Qﬂh&%aﬁ;@ﬁmp@@ﬁgﬁ @l foR Slintpl s@dnaatam@g\o ighicl ude
needl e (1 ncluding mcroneedle) injectors, need| e-free injectors and

i nf usi off mectmivepisly (Fornd lrrgt moHsconEpiandy Oined] meef aRdeopSrGiEn free gnit
control ol i
releas€h$%§ﬁ§%§tl ﬁ%gﬁﬁ%%q%k%@gé a&g&snkgﬁgggggg@@ﬁmgﬂﬁ&gﬁﬁgggﬂ#gFggse 10
Dos afye sdoFygsi forh fpr exampleysingingng W bl 158@mar 29 mel W0 eng ot dale Ysagel sdiveh wil |
be nost | e i vidual subject. The specific dose |evel and
frequenc§6d¥ﬁ§§§%%§5 %%fgﬁg particul ar individual 15 may be varied and wl|
depend upon a variety of factors including the activity of the specific
conmpound enpl oyed, the netabolic stability and | ength of action of that
canpoung ]%Jﬁﬁd@t%h oK HEh A andIFRELALGDERL Elmfifka pllhpt . MDdE and time of
adm ni stration, rate of excretion, drug conbi nation, e severlty of the
particul ar condition, and the individual undergoing therapy 20 I n general
howgyer a suitable dose will be in the range of from about 0.001 to about
50 ny/ kg, of bpdy wei ght per day, in a further enbodinent, of from about
0.001 t6 about 5 ng/kg of body wei ght per day; in a further enbodi nent of

1.0 208408162 RHOM RN i AV UBLSiogEf A 2P 1 Vel 2

per dayinhihitof uarntdventi-megrddrymepticagentse ranges can be of fromabout 0.1 to
about 750 ng/ kg of body 25wei ght per da in the range of 0.5 to 60

g/ kg/ d&iy whlndeiow thhes farrgapahtive stcawzooi%]/@ﬂs@gh@a@d iFhwealdgih Med raose Wray

ot Sopr St el B8 oREERSO S pibRi S B0 BB Bloty R APSER BATUD 21 €1 e
doses pemnmaynoﬂwmtmkmt@mpbﬂndsmanamadmwﬂmsmewed transde}nally or in
extended rel ease form the conpounds
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30 could be dosed once a day or |ess. WO 2008/ 065444PCT/ GB2007/ 050697 The
conpound is conveniently adm nistered in unit dosage form for exanple
containing 0.1 to 50 ng, conveniently 0.1 to 5 ng, nost conveniently 0.1 to
5 ng of aBOI2SMHGfedi ent per unit dosage form In yetPE/FRAYHEPS

enbodi nent, the conpound can conveniently admnistered in unit 5 dosage
form for exanple containing 10 to 1500 ng, 20 to 1000 ng, or 50 to 700 ngy
of active ingredient per unit dosage form Conpounds of the present
invention and their activities are exenplified below 10 Exanple 1

Conpar aEURarqtEs & wie asserman £ Perntb thaigcudis mad sdvarsg ﬁ‘f"t%ftfgiﬂil&f%ltdéd“%ﬁm ogues
as PDE flj Lfi bitors and anti-megakaryocytic agents The tabl e bel ow shows
t he conparétlve activity of anagrelide and its anal ogues with respect to

15t hei ¢ &hhﬁ&hs O MHGRIRF ¥REY T 0PJ] q@rpbﬁqnprOQﬁﬁamghﬂgng rise to bl ood
pl atellets) and PDE Ihﬁe k&%b &IOF,Q% | eadgytpathyelse cardiovascul ar
responses). WO 20083% Q‘g}ﬁ 59538%1-0” ?{,é’;}gééfﬁdsp vitro

| iyi

assessjrent of potent herap verse fects of anagrelide and
its an ' et | oweri ng)
& S uunpu T O—for—ar t3 megakaryovyhips, {ptatete
[ Aﬁ%égﬁi g’ 2 1 ar ef?

activif for PO i nhi bitign~(cardi ovascl ects) Benefit ratio
(therapeptic to adverse,pffects) | gy 0.016 : 1

anagrelide

3,3 dimethyl 164nM 166nM 1:1

anagrelide

3-spirocyclo 547nM 797nM 145:1

propyl anagrelide

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

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

Assessment of the in vitro anli-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. Hacmost. 1997, 78:37-

10 41 and Cramer ef 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-
spirocyclopropy] and 3,3 dimethyl anagrelide both demonstrated a relatively much better benefit
ratio in these studies.
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Anagrel i de 3-hydroxy anagrelide 27nM 44nM 32nM 0. 7nM *0. 024: 1 0.016: 1 3,3
di net hyl anagrelide 164nM |66nM 1: 1 3-spirocycl o propyl anagrelide 547nM
797nM 1.45 . 1 * Pharmacoki netically adjusted val ue based on
three-fold greater system c exposure to active 5Snetabolite (3-hydroxy
anagrelide) than to the drug itself in man. Assessnent of the in vitro

anti - regadkdMyocytic activity - and potentially therefore the platel et

1. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof

wherein:
R' is an optionally substituted C,4 alkyl or Cs 5 cycloalkyl group which group is

10 optionally substituted by 1 to 5 groups chosen independently from the group comprising: halo,
hydroxyl, cyano, nitro, C,; alkylsulphonyl and COOH; C, ¢ hydroxyalkyl; C, s carboxyalkyl;
and sulphide;
R? is an optionally substituted C, alkyl or Cs5 cycloalkyl group which group is optionally
substituted by 1 to 5 groups chosen independently from the group comprising: halo, hydroxyl,

15 cyano, nitro, C4 alkylsulphony! and COOH; C, 4 hydroxyalkyl; Cy carboxyalkyl; and
sulphide;
or R! and R’ together with the carbon to which they are attached form an optionally substituted Cs 5
cycloatkyl group which group may be optionally substituted by 1 to 5 groups chosen independently
from the group comprising: halo, hydroxyl, cyano, nitro, C,.4 halealkyl, Cy alkkylsulphony! and

20 COOMH:
orR' and R? together with the carbon o which they are attached represent a C, 5 alkenyl or C; ¢ 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, cvano, C, 4 haloatkyl and COOH;

25 R’ is H or Cy alkyl;
R is H or C) altkyl;
R? is selected from the group comprising; fluoro, chloro bromo and iodo;

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

30
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| owering capability - of the 3-substituted anal ogues of anagrelide was
conducted using a well established nodel of neaakaryocytopoiesis
(Cohen-Sol al et al., Thronb. Haenost. 1997, 78:37- 10 41 and Craner et al.,
Bl ood, 1997,789;.2336-46). It can be readily seen that with anaarelide the
benefit ratio therapeutic to adverse effects) was conparatively | ow at
0.024:1 (af Rep Haewrounting for the predonm nant exposure to the cardioactive
met abol i te ighis i v Qiky, BYa OBt kdRtn3- Spirocycl opropyl and 3,3 di met hyl
anagrelide both denonstrated a relatively much better benefit ratio in

t hese studies. 15 CLAIMS A conmpound of Fornula (1) or a pharmaceutically
acceptable salt or solvate thereof 5 wherein: R is an optionally
substituted Cl1-4 al kyl or C34 cycloal kyl group which group is 10optionally
substituted by 1 to 5 groups chosen independently fromthe group
conprising: halo, hydroxyl, cyano, nitro, Cl-4 al kyl sul phonyl and COOH,
Cl. 6 hydroxyal kyl; Ch6 carboxyal kyl ; and sul phide; R2 is an optionally
substituted Cl14 al kyl or C34 cycl oal kyl group which group is optionally
substituted by 1 to 5 groups chosen independently fromthe group
conprising: halo, hydroxyl, 15cyano, nitro, Cl-4 al kyl sul phonyl and COOH,
Cl. 6 hydroxyal kyl; Cl1.6 carboxyal kyl; and sul phide; or R and 1t2 together
with the carbon to which they are attached forman optionally substituted
C34s cycl oal kyl group which group may be optionally substituted by 1 to 5
groups chosen i ndependently fromthe group conprising: halo, hydroxyl,
cyano, nitro, C, 4 haloal kyl, C A al kyl sul phonyl and 20COOH. or R and R2
together with the carbon to which they are attached represent a C2.6
alicenyl or C2.0allcynyl group bound through a double bond to the ring to
which it is attached and being optionally substituted by one to three
groups i ndependently selected fromthe group conprising: halo, hydroxyl,
cyano, C hal oal kyl and C0014;
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25123 is Hor Cl1.6 alkyl; R4 is Hor Cl1.6 alkyl; R5 is selected fromthe
group conprising; fluor, chloro, bnrmo and iodo; R6 is selected fromthe
group conprising: fluoro, chloro, brono and iodo; 30 R7 is H R8 is H and
RO is H, C1,. I , i r a

phar macezth i égglfl%ug%%:rg ?ﬁ%%é%%ﬁ? CJOEPQ@%?J\%J% %ﬂ{a eglreég)%éé%f?%?al rlre Qi n claim|l
wher ei nwRgrep® MH. 3. A conpound or a pharnaceutically acceptable salt or
solvate thereof as clained in claiml or 2, wherein R4 is H 4. A conpound
or a pharmaceutically acceptable salt or solvate thereof as clainmed in any
precedi Mg clAPsiPoRier phirrecativally agrpriphls salt 1 soXaig BiRiseiih aigrd & claim 1 or

phar maceyheat RYis accept abl e salt or sol vate thereof as clainmed in any
preceding claim wherein R6 is chloro. 6. A conpound or a pharmaceutically
acceptable salt or solvate thereof as clainmed in any preceding claim

wher ei n 4R9 Agokpoundtrhypharoscegpeliaeptaliie sei oc ohpouirdobss a phar maceutical ly
accept a I < 0 claimed in any preceding claim

wher ei nglagnﬁ%yér%?ﬁfﬁ%%gg%g%%}%%& {Sc%%% or CHF2. 8. A conpound or a
phannaceutically acceptable salt or solvate thereof as clainmed in any
precedi ng cl RdpMies € bRl aliSalfRtdayhble &) 6t RREORYKIcor £F3 or CHF2. 9. A
conpound_or a pharmaceutjcally agceptable salt or solvate thereof as

cl ai med Ciaﬁméﬁyafw@g‘%&ﬁﬁb%r” ?r%’/ﬁ‘g/\ﬁé &°n Rl is nethyl and R2 is nethyl.

6. A compound or a pharmaceutically acceptable salt or solvate thereof as

claimed in any preceding claim, wherein R® is H, methyl or sodium.

7. A compound or a pharmaceutically acceptable salt or solvate thereof as claimed in any preceding

claim, wherein R! is methyl, cyclopropyl, CF; or CHF,.

8. A compound or a pharmaceutically acceptable salt or solvate thereof as claimed in any

preceding claim, wherein R? is methyl, cyclopropyl, CF; or CHF,.

g, A compound or a pharmaceutically acceptable salt or solvate thereof as clainted n any

. . . . 2.
preceding claim, wheren R' is methyl and R? is methyl.
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10. A compound or a pharmaceutically acceptable salt or solvate thereof as
claimed in any of clains 1 to 6, wherein 12' and R2 together thin, a

cycl opropyl group. 11 A corrpound or a phar maceutical ly accept able salt or
sol vate thereof as in.claim t hyl eneanagrel i de;
33, opi 10 cy ) SBPOR) PLIBrEITHEL S T PR ey S5
hydroxynmrhg/mmaglneedm Kl’em@hdogc@)en@mwmmxwmmyﬂ anagrel ide; or a
pharmaceutically acceptable salt thereof. 12. A pharnaceutical conposition
conprising a conpound of forrmula (1) as defined in any of clains 1 to 11,

or a pharmaceutameatnyr srbeapecatnally aaipfablssalsglselzptethered pediimed iggleither with a

phar mces‘éiebt@tﬁﬂrdrﬂ%ﬁa@ﬂiﬁ%@sﬁkr@hc@'ﬂ%BB—cﬂﬁop%ﬁEﬁa%rehdey\ﬁk~Qﬁleﬂ§§Mn h@ed I3ed for
13. A conp rmJI a (1)

oral, renter or topical admnistration,

as defi ﬂéfammn%wwmm‘eﬁoa‘?dr@ ?P)@mﬁmtﬁf‘mﬁgrﬁlwgrme@mﬂ?ceﬁ Cfﬂi)]f aatcetélﬂf i e sal t
or sol vah@edfher eof, or a pharmaceutical conposition containing any of the
foregoing, for use as a nedicanent. 14. Use of a conpound of fornula (I)
as defined in any of clains Ito 11, or a pharnaceutically acceptable salt
or sol vatle t Herreofaciuficd drenppstive feeraprising & obmmmunred ifcanie (1 asfdgfinet freany pRat ment  of

a di Seasc@auﬁs féqtﬂ%@' Lﬁagmcedamk@& d@émégaﬁopbo@g@&%o%gkw@% alised thronbotic
di seases. a conpoun formul a é}l or har maceutical |y

accept ab?hé“@é?“fmﬁf a%?ﬂta\‘?ﬁtdéue?ﬁéf’%‘fr wichyragyibg adiried fea gl We%qf%{Pﬁtﬁplialt o011l in
t he manufsaetida®nof a nmedi cament for the reduction of platelet count.

13, A compound of formuia (I) as defined in any of claims 1 to 11, or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical composition containing any of the foregoing,

for use as a medicament.

14. Use of a compound of formula (I) as defined in any of claims 1 to 11, 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.

15. Use of a compound of formula (I} or a pharmaceutically acceptable salt or solvate thereof as
defined in any of claims 1 to 11 in the manufacture of a medicament for the reduction of platelet

count.
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