WO 2009/138796PCT/GB2009/050517 P120757WO0 SUBSTITUTED QUINAZOLINES
FIELD OF THE INVENTION 5This invention relates to the discovery of substituted analogues of the
selective platelet lowering agent anagrelide with reduced potential for cardiovascular side-effects

which should" |8&&"?6‘??ﬂ% oved patient compliance and safety in the treatr?n‘éﬂf}(?fzﬂqg/gfgﬁlrﬁliferative

diseasesgi2iffome specifically, the present invention relates to certain imidazoquinazoline derivatives
which have utility as platelet lowering agents in humans. The compounds of the present invention

function 10by inhibiting megakary isl e tion of blood platelets.
BACKGROUND OF THE INVEN&%%@?@%%@@%#@%jg%ryIinO, Xagri.dO) is a novel orally
administered 15 imidazoquinazoline which selectively reduces platelet count in humans and is used for
such pu 85 @Ft - PERE] yeloproliferative diseases (MPDs), such as essential
thromb&%ﬁﬂa‘(ﬁw vated platelet count may put the patient at increased thrombotic
_risk. The chemical structure of anagrelide, 6,7-dichloro-1,5-dihydroimidazo[2,1-b]quinazolin-2(3H)-one

is sgowrrgs the-Rrdioehlesideaonohyerats: Ehﬁ@&&@étpmgx_gog@m%%éﬂ%@gﬁwg@ 15\cfg0
Preparation of anagl_rellde. hydrochloride was referred to in U.S. Patent Nos. 3,932,407; RE31,617 and
4,146.7 fgcsanagre ide with reduced potential for cardiovascular side-effects which should lead to

improved patient compliance and safety in the treatment of myeloproliferative diseases. More
specifically, the present invention relates to certain imidazoguinazoline derivatives which have
utility as platelet lowering agents in humans. The compounds of the present invention function

10 by inhibiting megakarvocytopoeisis and hence the formation of blood platelets,

BACKGROUND OF THE INVENTION

Anagrelide hydrochloride (Agrylin®, Xagrid®) is a novel orally administered
15 imidazogninazoline which selectively reduces platelet count in humans and is used for such
purposes in the treatment of myeloproliferative diseases (MPDs), such as essential
thrombocythemia (ET), where an elevated platelet count may put the patient at increased
thrombotic risk. The chemical structure of anagrelide, 6,7-dichloro-1,5-dihydroimidazo[2,1-5]-

quinazolin-2(3H)-one 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 virro studies of human
megakaryocytopoiesis suggested that, in vive, its thrombocytopenic activity results primarily

from an inhibitory effect on megakaryocyte maturation. Anagrelide inhibited TPO-induced



Anagrelide is a unique, highly selective platelet lowering agent. In vitro studies of human
megakaryocytopoiesis suggested that, in vivo, its thrombocytopenic activity results primarily from an
inhibitory effect on megakaryocyte maturation. Anagrelide inhibited TPO-induced WO
2009/13879@‘%‘?98}?%69/050517 P120757WO0 megalcaryocytopoiesis ih @ §%%&rEdent manner
with an estimsited IC50 of -26 nM, showing it to be a highly potent agent. Anagrelide does not affect
erythroid or myelomonocytic differentiation stimulated by erythropoietin or granulocyte-macrophage

colony-stimulating factoy, demonstrating the selectivity of this compound against the megakaryocytic
o b DS R R RN S e Rl e
clinical value im thegirtbatpoent ofigayelopiogifeiiatvewdisaase affsuchashesseniahihcombacyitiemia.
Anagrelige yas shown ig hie.effesiive. and, selsctive. i fedycing and maintaining platelet count close to
or within the p%ysm ogicgll range n pa"f'ien?g With throrﬁ'bocy?%mla se onéary?o a lsémyea\op‘?’oliferative
disordeifadtha tpmeotstssmplbtestospoitsef Hofine s adplataldttho meeébox208it Jirmnged from 4 to 12
weeks. In the majority of patients, the platelet count can be reduced and maintained at a dose of 1 to

3mg/day. In early volunteer trials, the most frequently reported adverse effects AEs other than
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frequentyfRpOtRsk drugerelatadABseIe eadashe hAalpitatians, Ledemaivis ratsnliatnia.

nausea/a%omitin , diarrhea, dizzjness and abdominal pain. These effects are all likely to arise from the

secondat &5HiioVHEHIY BRI SIS0 4050w SRt vithradtsdra g F@@iﬂﬁﬁ@%o?ﬁ%‘fﬁrﬁﬂ%ry effects
on humalghaesphodigsietas g is(H1Dichl)rapagrelideeiaapaiemtGhoditishiaitacwitaantdCbo 20

V% e of -29 nM fﬁf milringne,da_cl%ﬁsical PDE Ill inhibitor, IC50 = 1EO-§SO nl\gg Inglié)ition ofényocardial
P Llé 111 PRERASHS HSENE iRSHSSY (e H8gCof BPIETcdSPebrACHERS 6F theP Mg, SRdtbased
chronoteaoy (Nreasexbd ieast 4ade)| ndqeripheralnasedaijianrtchecardinasaulac manifestations
of this inhcipiti?p are txfical%seea with the cﬁ%zigal positive inotropes, milrinone and enoximone, and

exploitefflﬁlcfﬁeaéﬁor BRI Pesgtcr)%er% r%hgestive heart failure. However, in the treatment of

a so-called silent disease (i.e., asymptomatic) such as ET, the cardiovascular side-effects of
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etween 25 and 5 to tolerate the drug during long term treatment. 30The
PDE I HiiibiteHy Btspertivstoraiboralide aré ouiteadiStimbterpatiaes pladidet tosverng fastiently
megalcagyaryliciRiferiadndeadiudieshane spmmaR G RN A SWEERPRIGRGY AR AFDE HI
diarrhea, dizziness and abdominal pain. These effects are all likely to arise from the secondary,
cardiovascular pharmacology associated with anagrelide resnlting from its inhibitory effects on
human phosphodiesterase III (PDE IIl}. Anagrelide is a potent PDE III inhibitor with an ICs
20 value of ~29 nM (cf. milrinone, a classical PDE III inhibitor, ICs, = 170-350 nM). Inhibition of
myocardial PDE III leads to positive inotropy (increasing of the force of contractions of the
heart), increased chronotropy (increase in heart rate), and peripheral vasodilatation. Such
cardiovascular manifestations of this inhibition are typically seen with the classical positive
inotropes, milrinone and enoximone, and exploited in the short-term acute treatment of
25 congestive heart failure. However, in the treatment of a so-called silent disease (i.e.,
asymptomatic) such as ET, the cardiovascular side-effects of palpitations and tachycardia
associated with anagrelide limit its utility and a significant proportion of patients — reportedly

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

30  The PDE III inhibitory properties of anagrelide are quite distinct from its platelet lowering anti-

megakaryocytic effects. Indeed studies have shown no correlation between potency as a PDE III



WO 2009/138796PCT/GB2009/050517 P120757WO inhibitor and anti-megakaryocytic effects for
anagrelide and its principal pharmacologically active metabolite, 3-hydroxyanagrelide (3-OH anagrelide

or 3-HA, formerlg}{kr}ow_fp as SPD604 or BCH24426). Surprisingly the latter was found to be over
40-fold more%% ait {ﬁ%ﬁﬁanagrelide as a PDE lll inhibitor. With respect 1§ frinfbRasH 830517

megakahgeyispoiesis (and therefore platelet 5 lowering potential) it was however no more potent than
the parent drug. Anagrelide's active metabolite, 3-HA, is present in vivo in amounts greatly exceeding

those of.the parent drug with typical expgsures_being 2-3 fold greater.. Thus by implication 3-OH
anagreligg%%%%eﬁl{; g-g?ﬁg%ryggﬁ?ﬁbﬁ 5F%o g%reaﬁ%ﬁﬁﬁégoﬁ il g%ﬁgﬁgﬁo%ﬁr Fag#18 addition
to the unwarted:candiey dStularefiegsiiss tiatd dngle RI2E1 13 -iHRbitone thekaonsengusirib&lavation of

cAMP ¢ i [Rr=s[el ffect. ije initially t erty may appear to be.beneficial
in essen%%%?%%%ﬁyﬁ%gﬁg%g?ﬁﬁs%eﬁe igspgxglg %8 %?é)gt%errgtlﬁrf‘gﬁ&?fg ﬁgﬁ%ﬁfﬁ% 3 gﬁ%&ﬁ% Slet effects,
in exces®, B Havehivaem dfiiiagieess s dyubnicasang s daiantsevials fotbéadesirapleteleideed the

haemoriiagiceventseasasionaliyde sery %%Tﬁ%%{ﬁnﬁﬁr%%qﬁéﬂ%ﬂ{gag elidemight bedue to a
combination of the anti-aggregatory effects contributed largely by 3-OH anagrelide and an
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anagrelide .have b en sigown likel toogéceid the in Ziérlo C50 values for inhibition of platelet
aggregatish b A FRCHSE & 35 éﬁmi;i% ENPHEEItEH & F8fovascular side-effects associated with
anagrelide treatment mean that many patients have to be switched to the only significant alternative

therapy,.n ly th ith hydroxyurea..However, this drug is.a simpl ical anti-metabplite which
e Do R T BTSN
synthesiB&Ribbissiiesidel diphdis phatecradiuttase odialyzegtheycoffeersibhibf fiboalicléasides into

deoxyrihgppgigosides, which g thebrilding, blogks:of B%ﬁgw&%ﬁéﬁaﬁlﬂiéﬁga&em%?géar#]&f

ribonucleoside diphosphate reductase explains the cytoreductive and - most importantly - the
mutagefic¥feci¥ORhseccaifthodid: adiianldgdts piitet IBWaTST acivi HijdroBasreeriBagias officially

classifieghasegudesumeshviman eacinaaRteAanieRsPassessing the patertiabieRiRduce
el#emic transformation, hydroxyurea is associated with the induction of difficult-to-treat leg ulcers.

W00 P R60 LB IO PPN e D AT OB e # tras8iEALEptions,
there is efelaar neethioed newiadenGirot eatisatmaent ot thrombogysbenicovhiak:is sekeatii in its
effects %%&“p%%%ﬁgéy%%é’tgp%%é’rigist.’é’é Vgglttgraction with aspirin that is frequently concomitantly
administered. {In some ET patients, plasma concentrations of 3-OH anagrelide have been shown
likely to exceed the in vitro 1Cs; values for inhibition of platelet aggregation by a factor of 3).

20
The PDE III mediated cardiovascular side-effects associated with anagrelide treatment mean that
many patients have to be switched to the only significant alternative therapy, namely that with
hydroxyurea. However, this drug is a simple chemical anti-metabolite which inhibits
ribonucleoside diphosphate reductase {RNR) with resultant profound effects on DNA synthesis.

25  Ribonucleoside diphosphate reductase catalyzes the conversion of ribonucleosides into
deoxyribonucleosides, which are the building blocks of DNA synthesis and repair. Inhibition of
ribonucleoside diphosphate reductase explains the cytoreductive and — most importantly — the
mutagenic effects of this compound as well as its platelet lowering action, Hydroxyurea is thus
officially classified as a “presumed human carcinogen.” As well as possessing the potential to

30 induce leukemic transformation, hydroxyurea is associated with the induction of difficult-to-treat

leg ulcers.



reduced or minimal side effects. While anagrelide offers some selectivity in its mechanism of 5 action,
the limitations to its use are those associated with cardiovascular effects resulting from its secondary
pharmacology and contributed largely by the active metabolite of anagrelide, 3- hydrox yanagrelide.
The metabol ﬂ]%?%ﬁgafelide generally proceeds extremely rapidly, resuﬁ%qﬁ%\%@?%%m ideal 10
pharmaceokiftatic profile of the drug.. The typical half-life of anagrelide is just 1.5 hr (2.5 hr for the
metabolite) necessitating frequent drug administration (up to 4 times per day). This, combined with the
side-effects profile, can lead to poor patient compliance. Furthermore, anagrelide undergoes a large
first pass effect (>50%) leading to considerable intersubject variation in achieved exposures and,
therefor&xpoteniialftivadibinhendring respensepfitss, eexposuskio theipfearmacelagiaallyn agtive
metabolie,yatiGs damaicali Asteen paienls singe s formaten s, dependent an CYR 1A, an
enzyme whose expression 5 Hh?y ependent on exposure %o mdrﬁc%ng ge SFSlich as cigarette
smoke. ©¥esed cthisimaplresklieffedte Madls forastriédal dfbzre straticrléntivatiemtstheinghméatedfwith
anagrelig; 20l SAAR67AR UISalOSeS 2 MynbRL & iidazal 2. aPJaninazolin 2@ E):AngsWhigh have an

analogous structure to anagrelide and which are said to be effective in the treatment of thromboses
resultingFFoRY IR PRERAgH 8y Afshy ensbish Biesly hutdietsshuiaabslite DE Mmasrsiittors: However,
this disclgawsevdeasdmappreciate the entirely separate anti-megakaryocytic potential (reducing
platelet numbers) which could be associated with some 25analogues. Similarly, Kienzle et al (Eur. J.
Med. Chem., 17, 1982, 547-556) describe the use of 1,5- dihydroimidazoquinazolinones as blood
platelet dbgregaticisnibioms:=1\Q2R0AH1IBZEGR G ROAPIASORE 20 Z5éW thidaaly there is a

neeq for compounds .which.possess, anti-megakaryacytic. activity whjlst at the e fime having a
rec?l?cedp ﬁe%nﬁggéiaﬁ%ﬁﬂ%ﬁ i??)srtéeacﬁﬁty@ﬁ%%ﬁ%%%%g%r%w%ﬁ %—:'{a %egf‘racﬁé?/ %Séj?hé‘fégﬁ?rsﬁris an aim
of the pﬁéSemGtﬁb@]&tﬂbn{m@@v@@mnémoUMgammageémﬁ Oxgtotdrnﬁprdmsqrpetheipybp@tﬁes of prior
art compgHiifit.aT Ui s anelialihamenton fearo¥ide an anaa iR eietive wlich bas
improved activity and / or reduced cardiovascular toxicity relative to prior grt compounds In the

treatmert & alseasBdergpsinicharge difsitiorsof dHegakat)doylepdiasit previiiesahit cltffesieiiast

treatmentrikRsrcomRerRIsobHR Rresenldnveirnare aspegially AQbgneficialbecause igy display
less._inhibitory activity towards phosphocliesterase 1] (PDE IIl) and yet surprisingly still retain their

an1]i§m eﬁéﬁ%%%o&ﬂg é’i}i’arﬁ’é‘ﬁ‘&]@%}%{géﬂb‘(ﬁéﬁ?f@b&lgﬁéﬁ}@? dramafically between patients since

its formation is dependent on CYP1A, an enzyme whose expression is highly dependent on
exposure to inducing agents such as cigarette smoke, Overall, this may result in the need for

careful dose titration in patients being treated with anagrelide,

20 US4256748 discloses a number of imidazo[2,1-blquinazolin-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 effects on blood platelets mediated by PDE 111
inhibition.  However, this disclosure does not appreciate the entirely separate anti-
megakaryocytic potential (reducing platelet numbers) which could be associated with some

25  analogues.

Simnilarly, Kienzle et al (Euor. J. Med. Chem., 17, 1982, 547-556) describe the use of 1,5-

dihydroimidazoquinazolinones as blood platelet aggregation inhibitors.



It is also desirable that the compounds of the present invention should have an improved
‘pharmacokinetic profile to aid patient compliance and ensure consistency of therapeutic 15 response.
It is thus a f g%@i f}%provide compounds with a good duration of action i.e. long half-life in vivo.
Additionally it'is a further aim to provide compounds that are available via el dbalP el Enient
syntheti&'grdét&sses.  The compounds described in relation to the present invention satisfy some or
all of the above 20aims. SUMMARY We have found that analogues of anagrelide in which the

principal site, of metabolism,is blocked 25 by. an appropriate group are likely not only to have improved
pharmackzcgffca:t(?1 e%ﬁ:%%ﬁtaa{ggda% etter 8ide g’esff‘g}é]t%r%%%{? ﬁl%t\?\% 8‘%@' RSpECtEY I@’gﬂlﬁb % &fer
tolerabilitgrzndiimphovad patiefitcednipiizince BEREDRAg iahiisoade msipactrumiofrpatientsutosheteffectively
treated. The comppungs of the present disclosure are surprisingly beneficial for two reasons: they

have a 30 dramatically lower PDE Il inhibitory activity than 3-hydroxyanagrelide, yet still retain potent
anti-megakaryocytic activity. Indeed these compounds have therapeutic indices which are likely to be

much marg faverabledhandhat favanagrelide.disele JQIMLY%_@&%@@&&%%B? & praygiedafgmpound of
Formula (I) or a pharmaceutically acceptable salt or solvate thereof: (I) wherein: Rl and are each

methyl GFERICHE ROPESKSH tRIRRRBRASIthI T dathth 2l thswvinentisaytamatdiche anferaide

cycloprapyli-iwes Wire asfounRiRE: REid 28ans R&iaeyeiRaat. andhe rsmaindersslested from

Re and Rb; R9 is hydrogen, C1.6 alkyl or a Group | or Group Il metal ion;
art compourids 1T the treatment of diseases for which modulation of - megakaryocytopoeisis

provides an efficacious treatment. The compounds of the present invention are especially
10 beneficial because they display less inhibitory activity towards phosphodiesterase II (PDE TII)

and yet surprisingly still retain their anti-megakarycocytic and hence platelet lowering properties.

It is also desirable that the compounds of the present invention should have an improved
pharmacokinetic profile to aid patient compliance and ensure consistency of therapeutic
15 respomse. It is thus a further aim to provide compounds with a good duration of action i.e. long
half-life 1n vivo. Additionally it is a further aim to provide compounds that are available via

relatively convenient synthetic processes.

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

200 aims.

SUMMARY

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

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

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

to be much more favorable than that for anagrelide itself,

o]



Ra is selected from Cj.6 alkyl and C2.6 alkenyl, either of which is optionally substituted with 1, 2, 3, 4
or 5 Rb; Rb is selected from halo, trifluoromethyl, cyano, nitro, -OW, -C(0)Re, -C(0)ORe, -0C(0)Re,
-s(0)R’, -N(Re)R6, -C(0)N(Re)Rd, -N(Re)C(0)Rd, -S(0)N(Re)Rd and Re and Rd are each
independently hydrogen or Re; Re is selected from C1.6 alkyl and C2.6 alkenyl, either of which is
optionally substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, cyano, amino,
hydroxy, nitro and C1.6 alkoxy; and 1is O, 1 or 2; and wherein each of the following provisos applies:
when the: c%r%rgtoaﬁ’ %C]fl’s%?r?hlé ¥6 owing f:é)rrﬂﬁjﬁ@:[%g% £ $5 BHErRI SE bt 25ERa0; and (ii)the
compoumdltier setventhoktife following compounds: In a second aspect, there is provided a
pharmaceutical composition comprising a compound as defined above, or a pharmaceutically
acceptable salt or solvate thereof, together with a pharmaceutically acceptable diluent or carrier, which
may be adapted for oral, parentel%l or topical aigministration. In a third aspect, there is provided a
compound of formula (I) as defined abc?\\{e, or & pharmaceutically acceptable salt or solvate thereof, or

a pharmaceutical compositio @ A ngtB]nyU the foregoing, for use as a medicament.
O
N

)]
wherein:
R' and R? are each methyl or R! and Rz, taken together with the carbon atom to

which they are attached, form cyclopropyl;

two, three or four of R®, R, R” and R® are hydrogen, and the remainder selected from

R and RY;
R’ is hydrogen, Cp. alkyl or a Group I or Group Il metal ion;

R? is selected from Cig alkyl and Cog alkenyl, either of which is optionally
substituted with 1, 2, 3, 4 or 5 R®,

R® is selected from halo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R®, -C(OYORS,
-OC(O)R®, -S(OYR®, -N(RIRY, -CLOINRIRY, -N(R)C(O)R’, -S(OIN(RIR® and

NERISOWR;

R® and R" are each independently hydrogen or R,



In a fourth aspect, there is provided a compound of formula (I) as defined above, or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical composition containing any of the foregoing, for
use in the treatment of a disease selected from: myeloprolific diseases and generalised thrombotic
diseases. In a fifth aspect, there is provided the use of a compound of formula (1) as defined above, or

a pharmaceutially aitefiedbEaItorste e réorinttkefantifaeturl oFHheHicaRHeRERST the
treatment of aglisease selagted froms myslopelificfiseasesandgpneraliseditombptigdiseases. In a
sixth aspect, there is provided a compound of formula (I) as defined above for use in the reduction of
platelet count. 2REE RITAP Y -GHE#B dimdkeBtABYDresent disclosure, there is provided a compound -
of Foula (I) or a pharmaceutically acceptable salt or solvate thereof: (I) wherein: Rl and R2 are
each methyl or_together form methylene; or 12, and R2, taken together with 10the carbon to which
they are attachéuforph %iyclopropyl; or one of Rl and R2 is methyl and the other is hydrogen; two,
three or four of R5, R6, R7 and R8 are hydrogen, and the remainder selected from Ra and Rb; R9 is
hydrogen, C1_6 alkyl or a Group | or Group R metal ion; R is selected from C16 alkyl and C2_6
alkenyl, either 1EFFI8 iy SUBSHIDESRIWPPL BPP3%F or 5 Rh; Rh is selected from halo,
trifluoromethyl, cyano, nitro, -OR’, -C(0)Re, -C(0)0OR", -0C(0)12c, -S(0)112', -N(W)Rd, -00)N(RO)Rd,
-N(Re)C(O)Rd,dS(O)lN(Rc Rd and -N(Ra)S(0)1Rd; 12.. and Rd are each independently hydrogen or

1

Re: when the compound is of the following formula;
_ .
NN
X
T =0
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then R° and R® are not each halo; and

(ii)  the compound is not one of the following compounds:
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WO 2009/138796PCT/GB2009/050517 P120757WO0 Re is selected from C16 alkyl and C2.6 alkenyl,
either of which is optionally substituted with 1, 2, 3, 4 or 5 substituents independently selected from
halo, cyano, amino, hydroxy, nitro and C16 alkoxy; and 51 is 0, 1 or 2. In an embodiment. Rl and R2
are each methyl or together form methylene; or Rl and R2, taken together with the carbon to which
they are attached, form c%/clopropyl.,lom another embodiment, R' and R2 are each methyl or R' and

R2. takeR foyatisy W tHEEatb B Y G AP EEE°SPE St SR B e Ao s Bl B By F P AP #oodiment
one or mefed tiefallowingpprovisesiaphly afijwhei theicompolvad iseftte follewingfarmula: Rs R2

then Rsﬁ'agn%&l%gaﬁ?ta@@e%ﬁg@@ﬂ%q or carrier, which may be adapted for oral, parenteral or

topical administration,

In a third aspect, there is provided a compound of formula (I) as defined above, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical composition containing

any of the foregoing, for use as a medicament.

In a fourth aspect, there is provided a compound of formula (I} as defined above, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical composition containing
any of the foregoing, for vse in the treatment of a disease selected from: myeloprolific discases

and generalised thrombotic diseases.
In a fifth aspect, there is provided the use of a compound of formula (T) 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 generalised thrombotic diseases.

In a sixth aspect, there is provided a compound of formula (I} as defined above for use in the

reduction of platelet count.
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(ii)the compound is not one of the following compounds: P120757WO0 In an embodiment the
compound is of the following Formula: 5 or a pharmaceutically acceptable salt or solvate thereof. 10
In an embodiment the compound is of the following Formula: or a pharmaceutically acceptable salt or
solvate thereof. 15 In an embodiment the compound is of the following Formula: WO
2009/138796PCT/GB2009/050517 P120757W0

According to one embodiment of the present disclosure, there is provided a compound of Formula (I) or a

pharmaceuticalty acceptable salt or solvate thereof:

5 ()

wherein:
R and Rz are each methyl or together form methyiene; or R* and R, taken together with

10 the carbon to which they are attached, form cyclopropyl; or one of R’ and R” is methyl
and the other is hydrogen;
twa, three or four of R5, Rﬁ, R’ and R® are hydrogen, and the remainder selected from R*
and R";

15
R is hydrogen, Cy¢ alkyl or a Groap I or Group Il metal ion;
R* is selected from C¢ alkyl and Co alkenyl, either of which is optionally substituted
with 1,2, 3,4 or 5R",

20
R® is selected from halo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R", -C(O)OR",
-OC(O)R?, -S(O}RS, -N(ROR', -CLOINRIRY, -NRIC(OIR’, -S(OWNRIR® and
-NR*)S(O)R

25 R and RY are each independently hydrogen or R®;

bc



or a pharmaceutically acceptable salt or solvate thereof. 5 In an embodiment R9 is H. In another
embodiment, R9 is hydrogen, C1_6 alkyl or a Group | metal ion. In an alternative embodiment, R9 is
Ch6 alkyl and, in this case, the PDE IH inhibiting activity is effectively eliminated. Me represents a
particularly BV&%??@H%F@I substituent. In another alternative embodiment REGEAWPSE T metal ion
and, in thig’gase the compounds show significantly improved water solubility. Sodium represents a
particularly preferred Group | 10metal. According to Formula (1), two or three of R5, R6, R7 and R8 are

hydrogen, and the remainder selected from le and Rh. 15In.an embhqodiment Ra is C1, 6 alky| optionally
substituted wit 11’52.;’6'%2? fgflgfﬁ@mag‘ﬁgﬁ?éo%%é Eé’*i?@‘iﬁ@g’f’qé or éﬁlﬂgﬂ%ﬁ?’a?ﬁpsgm%?ich is
optionally substitttéd2wikht b 3 euldiRie20indap:-edabidirient: R brim Selectsdfsoambhal oh yditagromethyl,
cyano, nitro, - - 6,.+£(0)01C -0C(0)R6, -S(0)1R6, -N(R6)R.6, -C(0)N(Re)Rd, -N(126)C(0)Rd,
-S(O)llV(RG)%?gn%@%fggfés ’F%f:]i%wherein Rd and Rd are each independently hydrogen or C1_
alkyl optionally substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, cyano,
amigo, hydroxy,itre gnd C1_6 alkoxy. 25 In an embodiment Rb is selected from fluoro, chloro,
bromo, iodo, trifluoromethyl, cyano, nitro, -C(0)R6, -C(0)012.6, -0C(0)12.6, -S(0)1126 and -N(R5Rd;
wherein 12." and Rd are each WO 2009/138796PCT/G132009/050517 P120757WO0 independently
hydrogen or ChdaalkyhiptionaRSubstitttad wWith hedh orod siestittents indepradesty'sglegted from
halo, cyano, amjno, hydroxy, nitro and C141 al_koxy. In an embodiment, three of R5, R6, R7 and R8
are hydrogen, & Entf?g%h%&'i@’s@feeﬁg?f‘%w DG BB 2B5REnt £6'8BBYunds in which R7 and

Rg are each hydrogen. In an embodiment the compound is of one of the following Formulae:
10 In another embodiment, R' and R are each methyl or R! and R?, taken together with the

carbon to which they are attached, form cyclopropyl.

In an embodiment one or more of the following provisos appiy: '

15
(1) when the compound is of the following formula:
R°
/
N O
R° =
2
R’ R
then R* and R® are not each halo; and
20

(1)  the compound is not one of the following compounds:



wherein R5 is selected from W and Rb; 10 or, in each case, a pharmaceutically acceptable salt or
solvate thereof. With regard to each of the above Formulae, R5 may be, for example, selected from Ra
and Rb; Whe&%nzfvais:;c&él alkyl optionally substituted with I, 2 or 3 Rb; and le is selected from fluor, 15
chloro, bromo, |oaﬂo,]trﬁ7uoromethyl, cyano, nitro, -ORe, -C(0)12, -C(O)OW?@&W?’@@‘)&W. and
-N(W)Rd%vfigfein Re and Rd are each independently hydrogen or C14 alkyl optionally substituted with
1, 2 or 3 substituents independently selected from halo, cyano, amino, hydroxy, nitro and C14 alkoxy.
In an embodiment R5 is selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, carboxylic acid, 20aminomethyl, fluoromethyl, chloromethyl,
bromomethyl, dihalomethyl and methyjsulphonyl. In an embodiment the compound is of one of the
following Formulae: WO 2009/138796 2009/050517 P120757WO0 wherein R6 is selected from
Ra and Rb; or, in each case, rmamc y é%ceptable salt or solvate thereof.

In an embodiment the compound is of the following Formula:

or a pharmaceutically acceptable salt or solvate thereof.

10 In an embodiment the compound is of the following Formula:

7 RS /Rg
R N N
Y
O
"o

or a pharmaceutically acceptable salt or solvate thereof,
15

In an embodiment the compound is of the following Formula:



5 With regard to each of the above Formulae, R6 may be, for example, selected from Ra and Rb;
wherein Ra is C1-4 alkyl optionally substituted with 1, 2 or 3 Rb; and Rb is selected from fluoro, chloro,
bromo, iodo, trifluoromethyl, cyano. nitro, -OR", -C(0)12", -C(0)012f, -0C(0)12.", -S 0‘211_2.‘ and
-N(R)Rd; w 1M RETd Rd are each independently hydrogen or C14 gIWf(i]ff‘ fc?ﬁ%flfy substituted
with 1, 2er3wubstituents independently selected from halo, cyano, amino, hydroxy, nitro and Cl_g
alkoxy. In an embodiment R6 is selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl,
methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,
bromomethyl, dihalomethyl and methylsulph@nyl. 15In an ghbodiment the compound is of one of the
following Formulae: WO 2009/1. 386PC GBZQ@9/05R§17 P120757W0 wherein R7 is selected
from Ra and Rh; or, in each case, a phar @ |caﬂyﬁc table salt or solvate thereof. 5 With regard
to each of the above Formulae, R7 may be example, sélectéd from le and Rh; wherein le is C1_4
alkyl optionally substituted with 1, 2 dt 3 Rhjyand Rfi is seJested from fluor, chloro, bromo, iodo,
trifluoromethyl, cyano, nitro, -OW, -C(0)W, -g§0)0fe, -0C(0)1e, -S(0)11e and -N(W)Rd; wherein le and
Rd are each independently hydrogen or C14 alkyl optionally substituted with 1, 2 or 3 substituents
independently selected from halo, cyano, amino, 10 hydroxy, nitro and C14 alkoxy. In an embodiment
R7 is se}g(étsgamgge%ggﬁy%L%wa@g%pmjgglga&y&g%oﬁitro, methyl, methoxy, trifluoromethyl,
trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihalomethyl
and methylsulphonyl. In an embodiment the compound is of one of the following Formulae: 15 where

n R§ is selacted lam-RerandiRNinahJdhaasheanted HaIMosaistically apeeptallesalb ohselvate

thereof. With regard to each of the above Formulae, R8 may be, for example, selected from W and Rh;
ion. In an alternative embodiment, R 1s Ci. alkyl and; in this case, the PDE III inhibiting

activity is effectively eliminated. Me represents a particularly preferred alkyl substituent, In
another alternative embodiment, R” is a Group I metal ion and, in this case the compounds show
significantly improved water solubility. Sodium represents a particularly preferred Group 1

10  metal,

According to Formula (I), two or three of R°, R®, R” and R® are hydrogen, and the remainder

selected from R* and R®.
15 Inan embodiment R* is C;.¢ alkyl optionally substituted with 1,2, 3,4 or 5 R

In an embodiment R* is Cy, Cs, C; or C4 alkyl, any of which is optionally substituted with 1, 2 or
3R,

20  In an embodiment R® is selected from halo, trifluoromethyl, cyano, nitro, -OR°®, -C(O)R®,
-C(OYOR’, -OC(O)R", -S(O}R®, -N(ROR?, -CIOIN(ROIR®, -N(RIC(O)R, -S(ONN(R®R and
N(ROS(OWRY; wherein R® and R¢ are each independently hydrogen or Cje alkyl optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, cyano, amino,
hydroxy, nitro and C; alkoxy.

25
In an embodiment R® is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro,

-OR®, -C(O)RS, -C(O)OR®, -OC(O)R", -S(O)R® and -N(ROR® wherein R® and RY are each



wherein le is C14 alkyl optionally substituted with 1, 2 or 3 Rh; and Rh is selected from fluoro, WO
2009/138796PCT/GB2009/050517 P120757WO0 chloro, bromo, iodo, trifluoromethyl, cyano, nitro,
-OwW, -C(0)12.6, Cgl 0126, -0C(0)r, -S(0)lle and -N(126)Rd; wherein 1726 and Rd are each
mdependent % dr égﬁ’ brc14 alkyl optionally substituted with 1, 2 or 3 gﬁﬁé‘fﬁﬁ%‘ﬁ'@sﬂ?&épendently
selectedfoimvhalo, cyano, amino, hydroxy, nitro and Cj4 alkoxy. In an embodiment R8 is selected
from fluoro, chloro, bromo, 5iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy,
carboxyllc acid amln%mée I, fluorome h%flchloro th |, bromomethyl, dihalomethyl and

methylsuqp‘ﬁ}cgsri’}]f}fmlriy Al ShSSitent! 7 59?8 ek e dljog%nora d tHESHHA S wo are

|ndepenﬁénplgnéaidgtmieﬁ‘@mfteramwiby@bm&nnm,rhaﬂmxgmuwmﬂ‘.sﬁ]wﬁﬂmhﬁ? and R8 are each
hydrogen. in an embodiment the compound is of one of the following Formulae: wherein R5 and R6
are each independently selected from le and Ie or, in each case, a pharmaceutically acceptable salt or
solvate Ihareenbadineatiteec EREHRO! Ba@¢&rﬁ@la§mﬂgean@ﬁ@m¢emibetcfbﬁmptel

indepengently selecigd.frosisand R Mhereinde is Gid-aliw) %}ally substituted with 1, 2 or 3 le;

and Rb 20 is selected from fluoro, chloro, bromo, iodo, trlfluorome yl, cyano, nitro, -OW, -C(0)126,
-C(0)0126, -0C(0)R6, -S(0)1126 and -N(126)Rd; wherein 126 and Rd are each independently

hydrogem ek Gi¥oalindrepionatysimastivenwitmd fSiat-hsukstikrpts independently selected from
halo, cyano, amino. hydro>9/ nitro and C14 alkoxy. In an Lembodiment R5 and R6 are each

R°
/

@Q/ 75 @Q/ 0 @@/ 0
o G O

wherein R is selected from R® and Rb;
10

or, in each case, a pharmaceutically acceptable salt or solvate thereof.

With regard to each of the above Formulae, R’ may be, for example, selected from R* and R
wherein R* is C; 4 alkyl optionally substituted with 1, 2 or 3 R and R® is selected from fluoro,
15 chloro, bromo, iodo, tifluoromethyl, cyano, nitro, -OR®, -C(O)R®, -C(O)OR®, -OC(O)R®,
-S(O)R® and -N(R®R’; wherein R and R are each independently hydrogen or Crs alkyl
optionally substituted with 1, 2 or 3 substitnents independently selected from halo, cyano, amino,
hydroxy, nitro and C;4 alkoxy. In an embodiment R is selected from fluoro, chlero, bromo,
iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,

20 aminomethyl, fluoromethyl, chioromethyl, bromomethyl, dihalomethyl and methylsulphonyl,

In an embodiment the compound is of one of the following Formulae:

10



WO 2009/138796PCT/GB2009/050517 P 1 20757WO independently selected from fluoro, chloro,
bromo, iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,
aminomethy‘lwfluoromethe/l, chloromethyl, bromomethyl, dihalomethyl and meth]glsulph%r\%l. 51In an
embodiment, R4S R6 is Rg, wherein Rf and Rg are as defined infthe TREie B\ Rg -CN
Halo -OH2M&HR° Halo C1_6 alkyl Halo C1_6 alkoxy Halo

R’ | R’ R’
/ / /
N N N N N N
X RN RN
N T Neo T o
R° N R° N R N
H H H
N N N N N N
™, 3 3
T N0 T N T o
R® N R° N R N

wherein R is selected from R® and R™
or, in each case, a pharmaceutically acceptable salt or solvate thereof,

With regard to each of the above Formulae, R® may be, for example, selected from R* and R”;
wherein R* is C;.4 alkyl optionally substituted with 1, 2 or 3 R”; and R" is selected from flnoro,
chloro, bromo, ijodo, triflucromethyl, cyano, nitro, -OR®, -C{O)R®, -C(O)OR®, -OC(O)RS,
-S(O)R® and -N(RRY wherein R® and RY are each independently hydrogen or C,4 alkyl
10 optionally substituted with 1, 2 or 3 substituents independently selected from halo, cyano, amino,
hydroxy, nitro and Cy alkoxy. In an embodiment R® is selected from fluoro, chloro, bromo,
iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,

aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihalomethyl and methylsulphonyl,

15  In an embodiment the compound is of one of the following Formulae:

RQ HQ RQ
R Ne. R Neo N RY Ne_ N
T -~ N
T Ol "l
N N N
R N N R N K R N N
2 -~ S,

11



-C(0)0OH Halo -S(0)2-C1_6 alkyl Halo Halo -CN -CN -CN -OH -CN -CN C1_6 alkyl -CN C1.6 alkoxy
-CN -C(0)OH

WO 2009/138796 PCT/GB2009/050517

P12075TWO

wherein R’ is selected from R® and R";
or, in each case, a pharmaceutically acceptable salt or solvate thereof.

5  With regard to each of the above Formulae, R’ may be, for example, selected from R* and Rb;
wherein R* is Cj.4 alkyl optionally substituted with 1, 2 or 3 Rb; and R® is selected from fluoro,
chloro, bromo, iodo, trifluoromethyl, cvano, nitro, -OR®, -C(OR®, -C(O)YOR®, -OC(O)RS,
-S(O)R® and -N(R%)RY; wherein R and R® are each independently hydrogen or Cj. alkyl
optionally substituted with 1, 2 or 3 substituents independently selected from halo, cyano, amino,

10 hydroxy, nitro and C;.4 alkoxy. In an embodiment R’ is selected from fluoro, chloro, bromo,
iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,

aminomethyl, fluoromethyl, chioromethyl, bromomethyl, dihalomethyl and methylsulphonyl.

In an embodiment the compound is of one of the following Formulae:

15
8
R /RQ
NN
\
N
R®
H
Nao—N
N
CU{ CO/ : @U :
N
wherein R® is selected from R* and Rb;
or, in each case, a pharmaceutically acceptable salt or solvate thereof.
20

With regard to each of the above Formulae, R® may be, for example, selected from R* and R"

wherein R* is Cy.4 alkyl optionally substituted with 1, 2 or 3 R" and R is selected from fluoro,

12



-CN -S(0)2-C1_6 alkyl -CN Halo -OH -CN -OH -OH -OH -OH C
P120757W0

10

15

20

R® =X
! / /
Nao N Ne_-N Nao N
ay 2 ~3
N TN T No
R® N = N R® N
R R’
H H
N N N N N
3 iy N
T o T N S
R N R N Re N
RS RS

1.6 alkyl -OH C1_6 alkoxy -OH

WO 2009/13879¢6 - PCT/IGB2009/050517

PL20T57TWO

chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR, -C(O)R®, -C(O)OR®, -OC(O)R",
-S(OYR® and -N(RYRY% wherein R° and R are each independently hydrogen or Ci alkyl
optionally substituted with 1, 2 or 3 substituents independently selected from halo, cyano, amino,
hydroxy, nitro and. C,.4 alkoxy. In an embodiment R is selected from fluoro, chloro, bromo,
iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, triflooromethoxy, carboxylic acid,

aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihalomethy! and methyisulphonyl,

In an embodiment, two of R®, R%, R and R® are hydrogen, and the other two are independently

selected from R* and R”. Of mention are compounds in which R and R® are each hydrogen.

In an embodiment the compound is of one of the following Formulae:

wherein R* and R® are each independently selected from R® and R”;
or, in each case, a pharmaceutically acceptable salt or solvate thereof.

With regard to each of said Formulae, R® and R° may each be, for example, independently
selected from R® and R® wherein R® is C, 4 alkyl optionally substituted with 1, 2 or 3 R" and R®
is selected from fluoro, chloro, bromo, iodo, triflucromethyl, cyane, nitro, -ORS, -C(O)R®,
-C(O)OR®, -OC(OIR®, -S(ONR® and -NRIRY, wherein R° and RY are each independently
hydrogen or C;4 alkyl optionally substituted with 1, 2 or 3 substituents independently selected

from halo, cyano, amino, hydroxy, nitro and C, alkoxy. In an embodiment R® and R are each

13



-C(0)OH OH -S(0)2-C1_6 alkyl -OH Halo 44(0)2 -CN -OH C1_6 alkyl

WO 26009/138796 PCT/GB2009/050517

PLAOTSTWO

independently selected from flworo, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsalphonyl.

5 In an embodiment, R’ is R and R® is R®, wherein R and R® are as defined in the Table below:

R’ R®
-CN Halo
-OH Halo
-N(O); Halo
Cyg alkyl Halo
Ci¢ alkoxy Halo
-C{O)OH Halo
-5(0)-Cy6 alkyl Halo
Halo -CN -
-CN -CN
-OH -CN
-N(O), -CN
Cy.s alkyl -CN
C1 alkoxy -CN
-C(O)OH -CN
-S(0),-C ¢ alkyl -CN
Halo -OH
-CN -OH
-OH -OH
-N(O); -OH
Ci alkyl -OH
Cy alkoxy -OH

14



C1_6 alkoxy -C(0)OH -S(0)2-C1_6 alkyl Halo C1_6 alkyl . -CN C1_6 alkyl -OH C1_6 alkyl. C3-6 alkyl
C1 6 alkyl-C1 6 alkyl

WO 2009/138796 PCT/GB2009/050517

P120757WO
R’ R®
-C(O)OH -OH
-$(03:-Cy6 alkyl -OH
Halo -N(O):
-CN -N(O)z
-OH -N(O),
-N(O) -N(O)
¢ alkyl -N(O);
Ci.6 alkoxy -NEOY
-C(O)OoH -N{O).
-5(0),-C.¢ alkyl -N(O),
Halo Ci¢ alkyl
-CN Cie alkyi
-OH Cr.¢ alkyl
-N{O) Cis aikyl‘
Cre alkyl i alkyl
Ci¢ alkoxy Cy6 alkyl
-C(OYOH Ci alkyl
-5(0),-C 6 alkyl Ci.s alkyl
Halo Cy alkoxy
-CN Ci s alkoxy
-OH Cy.¢ alkoxy
-N(O), Cy6 alkoxy
Ci6 alkyl C.¢ alkoxy
Ci.6 alkoxy C;.6 alkoxy
-C{O)CH Ci alkoxy
-S(0)5-Crg alkyl | Cyug alkoxy
Halo -C(OYOH

15



WO 2009/138796

P12075TWO

R
RY N N R
T
Ls
RY N\\rH R
Tl
Lo

9

R' R®

-CN -C(O)OH
-OH -C{OYOH
-N(O), -C(O)yOH
Ci.¢ alkyl -C{OYOH
Ci6 alkoxy -C(O)CH
-C(0)OH -C(O)OH
-5(0)-Cy ¢ alkyl -C(O)OH

Halo

-5 (O)Z'C] -5 alkyi

-CN -5(0)2-Ci.6 alkyl
-OH -5(0),-Cig alkyl
-N(O), -S(0)2-Cy¢ alkyl
Cro ally] S(095-Crg alkyl
C)¢ alkoxy -S(0),-Cy ¢ alkyl
-C(O)OH ~S(0)2-C.¢ alkyl

‘S(O)Q”C}ﬁ alkyi

—S(O)z—cl-(, alkyl

7

5

R5

In an embodiment the compound is of one of the following Formulae:

.
O

C1_6 alkoxy C1_6 alkyl -C(0)0OH C1_6 alkyl I -S(0)2-C1_6 alkyl C1_6 alkyl Halo C1_6 alkoxy -CN
C1l 6 alkoxy -OH C1_6 alkoxy C1 6 alkoxy C1 6 alkyl C1_6 alkoxy C1_6 alkoxy

PCT/GB2009/050517

Rg
S
N O
R5
N H
T
H5



C1_6 alkoxy -C(0)0OH C1.6 alkoxy -S(0)2-C1_6 alkyl C1_6 alkoxy Halo -C(0)OH WO
2009/138796PCT/GB2009/050517 P 12075/IWO 121 Rg -CN -C(0)0H -OH -C(0)0OH 1 -N(0)2 -

WO 2069/1387%6 ’ PCT/IGB2009/050517

P120757TWO

wherein R” and R are each independently selected from R” and R
or, in each case, a pharmaceutically acceptable salt or solvate thereof.

5  With regard to each of said Formulae, R® and R’ may each be, for example, independently
selected from R* and R”; wherein R is C; alkyl optionally substituted with 1, 2 or 3 R®; and R®
is selected from fluoro, chloro, bromo, iodo, triffuoromethyl, cyano, nitro, -OR®, -C(O)RS,
-C(O)OR®, -OC(O)R’, -S(O)R® and -NRR’; wherein R® and R® are each independently
hydrogen or C,. alkyl optionally substituted with 1, 2 or 3 substituents independently selected

10 from halo, cyano, amino, hydroxy, nitro and Cy.4 alkoxy. In an embodiment R® and R” are each
independently selected from fluoro, chloro, bromo, icdo, cyano, nitro, methyl, methoxy,
triflnoromethyl, triflucromethoxy, carboxylic acid, aminomethy!, fluoromethyl. chloromethyl,

bromomethyl, dihalomethyl and methylsulphonyl.

15  In an embodiment, R® is Rf and R” is R, wherein R’ and R® are as defined in the Table above or

are each halo,

In an embodiment the compound is of one of the following Formulae:
Q

8 8 8
i R i R i R
o ¢L N @v N
\\r RN, AN
0 Y 0 {o
N N N
=¥ R’ R’
RE =N R®
H H H
N N N N N N
X AN N
R° R’ R’

wherein R” and R® are each independently selected from R* and R";

9 9

20
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-C(0)0H C1_6 alkyl -C(0)OH C1_6 alkoxy -C(0)OH -C(0)OH -C(0)0H -S(0)2-C1_6 alkyl -C(0)0H Halo
-S(0)2-C]_6 alkyl -CN -S(0)2-C1_6 alkyl -OH -S(0)2-C1_6 alkyl -S(0)2-C1-6 alkyl

WO 2009/138796 PCT/B2009/650517

P120757TW0O

or, in each case, a pharmaceutically acceptable salt or solvate thereof.

With regard to each of said Formulae, R® and R® may each be, for example, independently
selected from R* and R®; wherein R* is Cy. alkyl optionally substituted with 1. 2 or 3 R and R®
5 1s selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR°, -C(Q)R",
-C(OYOR®, -OC(OIR®, -S(O)R® and -N(R®)R’; wherein R and R are each independently
hydrogen or Cy4 alkyl optionally substituted with 1, 2 or 3 substituents independently selected
from hale, cyano, amino, hydroxy, nitro and C, 4 alkoxy. In an embodiment R® and R® are each
independently selected from fluoro, chloro, bromo, iodo, cyane, nitro, methyl, methoxy,
10 triflvoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethy and methylsulphonyl.
In an embodiment, R is R and R® is R®, wherein R and R® are as defined in the Table above or
are each halo.

15

In an embodiment the compound is of one of the following Formulae:
R’ R’ R’
7 ! 7 / 7 /
O O O
6 N 6 N 6 N
R R R
7 H 7 H 7 H
O O O
8 N 6 N 6 N
R R R
wherein R® and R are each independently selected from R® and R®;

20

or, in each case, a pharmaceutically acceptable salt or solvate thereof,

18



Cl _6 alkyl -S(0)2C1alkyl C1._6 alkoxy -S(0)2-C1_6 alkyl -C(0)OH -S(0)2-C16 alkyl -S(0)2-C1_6 alky!l
-S(0)2-C1_6 alkyl In an embodiment the compound is of one of the following Formulae: WO
2009/138796PCT/GB2009/050517 P120757WO0 wherein R5 and R7 are each independently
selected froM ?ezg‘f%lﬁﬁ“or, in each case, a pharmaceutically acceptabIe@ﬁﬁ)‘?@%ﬂ@é@%ereof 5 With
regard terggeticof said Formulae, R5 and R7 may each be, for example, independently selected from
Ra and Rh; wherein Ra is Ci.4 alkyl optionally substituted with 1, 2 or 3 Rh; and le is selected from

fluoro, ore\%ré) |oacclg é,lfluac{ eth ﬁIe?c ano, njtro, -OR, égg(g%lf ’é‘gﬁg (? 0)1e ,S(0)1le

and -N(I)Ru Whrein &4 are eachm eﬁgﬁ nWﬁyed)ic P'cY Ib‘bf’é’ Sbstituted
with 1, 2deQedulostitBénts! RYepenceritiis€lectdidy] optionally substituted with 1, 2 or 3 R?; and R”
is selected from fluoro, chloro, bromo, iodo, trifiuoromethyl, cyano, nitro, -OR®, -C(O)R",
-C(O)OR®, -OC(OIR®, -S(OyR° and -N(RR? wherein R® and R? are each independently
5 Thydrogen or C;4 alkyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo, cyano, amino, hydroxy, nitro and C,.4 alkoxy. In an embodiment R® and R’ are each
independently selected from fluoro, chloro, brome, iodo, cyano, nitro, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsuiphonyl.

10
In an embodiment, R®is Rland R7 is RE, wherein R' and R are as defined in the Table above or
are each halo,
In an embodiment the compound is of one of the following Formulae:
8 8 8 -
LW F L W F L L F
Nao N Ny ~N Na N
N ~ ~
T o TN T Vo
R N RE N =8
8 8 R®
H H H
N\\rN NYN N\\’/N
O O O
Re N ¢ e N
15

wherein R® and R® are each independently selected from R* and Rb;
or, in each case, a pharmaceutically acceptable salt or solvate thereof,
20 With regard to each of said Formulae, R® and R® may each be, for example, independently

selected from R® and R”; wherein R® is C|_; alkyl optionally substituted with 1, 2 or 3 R® and R®

is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cvano, nitro, -OR°, -C(O)R,

19



10 from halo, cyan, amino, hydroxy, nitro and C14 alkoxy. In an embodiment R5 and R7 are each
independently selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy, trifluoromethyl,
trifluoromethox carbo,éylic acid, aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihalomethyl
and methylsmgﬁ/%gg?ﬂsi % an embodiment, R5 is Rf and R7 is Rg, Wher&ﬁ%%‘?w&a’ re as defined
in the Tablesaove or are each halo. In an embodiment the compound is of one of the following
Formulae: wherein R5 and R8 are each independently selected from le and le; WO

2009/138 T/ {05 7.P1207 or, in each case, a pharmaceutically acceptable salt
or solva'éﬂt%%igocf. m%r%ﬁgar @é%cﬁ%‘%) s'ggé\é!:%}mfﬁ%geﬁ% n8nﬁ81%;I eeﬁ%ﬂlbgﬁ%tﬂg%ﬁi}ﬁle,
indepenieittigesetedied foyh dptamdI Rbpivhizneid Rahid C1 draikydteptienalljndedasitted withtdd 2 or 3
Rb; andRh 3 s se S&ﬁ&@ gu(%rg chloro. bramo, iodo, trifluoromethyl, cyano, nitte, -OR% -C(0)R,
-C(0)01e, -OC(OgRé?a %g(% ile and -Naé)lg%fgw é(r)cgi?h4 g&% an 'Rif %’Fef’%wa%%%]‘ggna gn ybﬁ{f/g?ggen or Cl4
alkyl optisiarpdsabstingleeisgitiram 2fbosos uistitae hrvinele puled entiy seleivted freryhatos tbyano, amino,
hydsoxy, it andi Aatkarsnltian ebadinant Ra andiRg A eagidnderendentiysglesied from

fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy, 10trifluoromethyl, triffuoromethoxy,
carboxyRE R eSnSREmthal e Methvs LR ethyl, bromomethyl, dihalomethyl and
methylsulphonyl.

In an embodiment, R is R and R® is R®, wherein R" and R® are as defined in the Table above or

are each halo.

10
In an embodiment the compound is of one of the following Formulae:
8 8 8
7 i /H9 7 i /’R9 i /Rg
R N R !
O O &
N N N
R’ R’ | R’
7 H 7 H 7 H
O 0 O
N N N
wherein R’ and R® are each independently selected from R* and R";
15

or, in each case, a pharmaceutically acceptable salt or solvate thereof.

With regard to each of said Formulae, R’ and R® may each be, for example, independently
selected from R* and R”; wherein R® is C;.4 alkyl optionally substituted with 1, 2 or 3 R"; and R?
20 is selected from fluoro, chloro, bromo, tode, trifluoromethyl, cyano, nitro, -OR°, -C(O)R",

-C(O)OR’, -OC(OIR®, -S(O}R® and -N(RRY, wherein R® and R® are each independently

hydrogen or C,.; alkyl optionally substituted with 1, 2 or 3 substituents independently selected

20



In an embodiment, R5 is le and R8 is Rg, wherein R1 and Rg are as defined in the Table above or are
each halo. 15 In an embodiment the compound is of one of the following Formulae: wherein R6 and
R7 are each independently selected from le and le; or, in each case, a pharmaceutically acceptable
salt or solva%?ﬁéﬁ’%’&?.’”%o 2009/138796PCT/GB2009/050517 P120757\W6’ﬁﬁﬂ%9é@8¥a7to each of
said Formelae?R6 and R7 may each be, for example, independently selected from Ra and Rh;
wherein le is C14 alkyl optionally substituted with 1, 2 or 3 Rh; and le is selected from fluoro, chloro,
bromo, ipdo, trifluoromethyl, cyanp, nitro, -OW, -C(0)R", -C(0)0126, -0C(0)1e,+~S(0)1R6 and -N(RO)Rd;
Whereint?ef‘em&nh o 5?%%3@1% J%S%Weﬁﬁi}o?ﬂ?}é?b"g B C&%I&W %ﬁflﬁsﬁ%@ﬁuf‘éﬁ%ﬁh 1.2 0r 3
substitugnkspimdiepeén dehityese keate dfisor, halbyroyanomaminds hygraxy, witiko anetil 4adkogy:, In an
e o RS AI R LA SachneRapenil sERc b IOM NG IR, BB MOnAR. fypno. o
methyl, methoxy, tnﬁuorometﬂy , tnffuoromeﬁ'?oxy, cafboxy}lc acﬁ, aminomethyl, fluoromethyl,
chlorombseiprbediib dibahynadityhiomhewipi intbheethylsulphonyl. 10 In an embodiment, R 12.6 and R7
is le; wherein Rl and Rg are as defined in the Table above or are each halo. In an embodiment the
compound is of one of the following Formulae: o

In an embodiment, R’ 1s R" and R® is R®, wherein R’ and R® are as defined in the Table above or

are each halo,

In an embodiment, the compound is of the following Formula:

10
RQ
Ny, N
N,
©Q’\?O
N
- 1
Re
or a pharmaceutically acceptable salt or solvate thereof.
15

In an embodiment the compound is of the following Formula:

20 or a pharmaceutically acceptable sait or solvate thereof.

In an embodiment the compound is of the following Formula:

21



15 wherein R6 and R8 are each independently selected from le and Rh; or, in each case, a
pharmaceutically acceptable salt or solvate thereof, 20 With regard to each of said Formulae, R6 and
R8 may each be, for example independently selected from le and Rh; wherein le is C14 alkyl
optionally sdﬁ‘é’tﬁﬂ{%&v&&ﬁ 1, 2 or 3 Rb; and Rb is selected from Moro, ch%?3/cﬁ§W6GWd%
trifluorometiitocyano, nitro, -0Ole, -C(0)Re, WO 2009/138796PCT/G132009/050517 P 1 20757WO0
-C(0)0W, -0C(0)W, -S(0)1W and -N(Re)Rd; wherein W and Rd are each independently hydrogen or
C14 alkyl optionally substituted with 1, 2 or 3 substituents,independently selected from halo, cyano,
amino, hydroxy, nitro and C14 alkoxy. In an embodlmerﬁRG and R8 are each independently selected

from fluoro, chloro, bromo, iodo, cyano, &%’yrl,methoxy, 5trifluoromethyl, trifluoromethoxy,
carboxylic acid, aminomethyl, fluorome loromethyhrgmomethyl, dihalomethyl and
and R8-sRg, wherein Rf and Rg are as defined in the

methylsulphonyl. In an embodiment, R
Table above or are each halo. In an embodiment the conpound is of one of the following Formulae:
wherein R7 and R8 are each independently selected from R2 and Rb; or, in each case, a
pharmaceutically acceptable salt or solvate thereof With regard to each of said Formulae, R7 and R8
may each b exa inde de (rgihfro le and Rb; wherein Ra is C14 alkyl optionally
substltu(%)eét \%ﬁ%?[acf %?X/a Ceé?%r}) @IS selecte rorrr? fluoro, chloro, bromo, iodo, trifluoromethyl,
cyano, nitro, -OW, -C(0)W, -C(0)OW, -0C(0)W, -S(0)1W and -N(RO)Rd; wherein 12. and Rd are each

indepengently. hydragen QL %ﬁ@%ﬁ@@ﬁ'@@%ﬁ&k‘f?@%%?ﬁ”m 1, 2 or 3 substituents independently
selected WO 20091138796PCT/GB2009/05051 7

RQ
N /

or a pharmaceutically acceptable salt or solvate thereof,

10

In a particular embodiment, the compound is selected from the following compounds:

22



P120757WO0 from halo, cyano, amino, hydroxy, nitro and C1_4 alkoxy. In an embodiment R7 and R8
are each independently selected from fluoro, chloro, brorno, iodo, cyano, nitro, methyl, methoxy,
trifluoromet IV thoxy, carboxylic acid, aminomethyl, fluoromet I l,
bromomethybci&i?%fg{n@g[&ﬁyl and methylsulphonyl. In an embodiment, R7?glg§%l§gglgg§% g, wherein
Rl and le are as defined in the Table above or are each halo. In an embodiment, the compound is of
the following Formula: or a pharmaceutically acceptable salt or solvate thereof. In an embodiment the
compound is of the follgyving Formula: 20or a pharmacgutically acceptable salt or solvqu thereof. In

an embodin < hpound is of the fetfewip N&ngma: WO 20(19/138796PCH N09/050517
P12075[ celically acce ¢ salt gr sol hereof In bodi entt mpound
is of thre LFormla: ol N o = N

In an embodiment R is hydrogen, C;.¢ alky! or a Group I metal jon.

It has also been found that the individual enantiomers of the present compounds show efficacy.
5  The present disclosure therefore also relates 1o 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

the PDE III inhibitory activity of the 3-hydroxy metabolite of anagrelide since this is the

predominant component in plasma after anagrelide treatmment.

10

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

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

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

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

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

20 the use of a compound of formuta (1), or a pharmacentically acceptable salt or solvate thereof in
the manufacture of a medicament for the treatment of a disease selected from: myeloprolific

diseases and/or generalised thrombotic diseases; and

a method of treating a disease selected from: myeloproliferative diseases and/or generalised
25 thrombotic diseases in a human, which comprises treating said human with an effective amount
of a compound of formula (I}, or a pharmaceutically acceptable salt or solvate thereof, or with a

pharmacentical composition containing any of the foregoing,



or a pharmaceutically acceptable salt or solvate thereof. 10 In a-particular embodiment, the compound
is selected from the following compounds: WO 2009/138796PCT/GB2009/05051 7 In an

embodimentidSisshyerqgen. C1..6 alkyl or a Group | metal ion. It has alwmmgmt the
individual enantiomers of the present compounds 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 the PDE Il inhibitory activity of the 3-hydroxy metabolite of
anagrelide since this is the predominant component in plasma after anagrelide treatment. 10
Regardibegtiecese eisheseoniioumeobtesdisclitbes infhirmaang, thexeeis frovidedssengal

pharmaggytical pRmRPSHiaN cyMBLIsing:R: cmpowsptiamila b ta pharmacsytically, acceptable
salt or solvate thereof, together with a pharmaceuticallg acceptable diluent or carrier, 15which may be

adapted PSP AR FAREHELY BITERIE ML HigFaBeR A B 5 SURATOPRIATHR (1), or a pharmaceutically

acceptable salt or solvate thereof, or a pharmaceutical composition containing any of the foregoing, for
use as Mﬁ%c&m%@&x}ent of the present disciosure includes 2 method of reducing blood platelet count
within a patieni{, which method comprises administering fo 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 fo using

anagrelide,

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

thus expect that the compounds will have utility in treating mysloproliferative diseases.

Accordingly, the disclosure also includes the use of a compound of the disclosure, or a
pharmaceutically acceptable salt or solvate thereof in the manufacture of a medicament for the

treatment of myeloprolific diseases.

- The disclosure thus also extends to a method of treating myeloproliferative diseases it a human,
which comprises treating said human with an effective amount of a compound of the disclosure,
or a pharmaceutically acceptable salt or solvate thereof, or with a pharmaceutical composition

containing any of the foregoing.
The present disclosure also encompasses pharmaceutical compesitions comprising a compound or

pharmaceutically acceptable salt of a compound of the present disclosure and a pharmaceutically

acceptable carrier.
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20the 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/or generalised thrombotic diseases; and a method of treating a disease selected from:
myeIoprolife}%‘ﬁ\%‘jg’r‘gé?ges ancldor generalised 25 thrombotic diseases iﬂcér/mg?(%@m&h comprises
treating 8aid’waman 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

foregoi 820,00/? resent disclosure also encompasses a
methodnﬁpﬁmy% 1% ﬁ @ < Fﬁé?%&i@ﬁemia or high blood platelet count, which
method comprises administering to the patient a therapeutically effective amount of a compound of the
present tisciosare 1vveotiver ie mibestich enf ofithe s ent diselosiiteeinshidebed plettiedofeadycing
blood pl 9&‘%&89%?&\4‘.”%@&&9&8%9@@%&%@8%@&@%@?@1%@@%&'@Sfé%ﬁﬁé%@ lepta,

therapeutically effective amount of a compound of the present disclosure. The present disclosure

encoOmpRISsSELpOMEIGeHE iasirM it dY alatsbpresant distiosats fuethidaribehbamatisadoatesve, among

others, whgreinsaahdipioriafy iskaridced cpmpatediie Usinganagisliden Senaratebs e haug found
that both (R) and ($) compounds show gﬁood anti-megakaryocytic activity whilst showing significantly

reducedBRE AER BRI AP RS S SI0E AU grbitigowy el fifuccapnuet i HHePESHIs SOV Wll have
utility in &zeating: myelspaliferativecdisepsass Arerdinghlethewiiselosureialsefnaligesthage of a

compound,of disclosure, or utically acceptable salt or solvate thereof in the
anuad IS BF SO0y S LS HAHR GF PR CIop DA RS RESE P8 Bl STV also
exténdsaodovethtd ehdreating gnymiopyoliterafivetdis8asg saincathumer, witteliddimplispstrelating said

human Wil anfiectiveamOunLalAcomRaUNd il disclestie,gf pharmaceutically acceptable

salt or solvate thereof, or with a pharmaceutical composition containing any of the foregoing. The
present disclosure also encompasses pharmaceutical compositions comprising a compound or
phatinaceutically acceptable salt of a compound of the present disclosure and a pharmaceutically

acceptabls CARIBACIAASAEHESFEREP SotstsTodsiiio g t506 1 Pt 7By W Brend CE S HIBECRIPTION
OF THEANVENTOMNepared in a conventional manner. For example, a solution of the free base is

15 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

Use” by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002),

20 Definition of terms:-

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

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

25 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,

25



The present invention is directed to 3-substituted analogues of the established platelet lowering agent
anagrelide. Substitution at the 3-position of the anagrelide molecule would be expected to 5 block or
hinder the principal site of metabolism and potentially preclude the formagion of the hi hly potent PDE
Il inhibitor 3X %’ﬁga%?lﬁde while substitution at the 1-position has surprigﬁgﬁ/]gg%gﬁﬂ?gﬁnd to abolish
PDE Il inkibitien. The compounds of the present invention retain the anti-megakaryocytic properties
(hence platelet lowering activity) of the parent drug molecule but have reduced PDE Il inhibitory
properties and hence lower potential for unwanted 10cardiovascular and anti-aggregatory side-effects.
They also have the potential for improved pharmacokinetic characteristics as the result of inhibition of
metabolidm tdie Hhenyaceutical acte ptavtetacidsadigitionr Jaltsabkdenjaimoitthe compaungs of

e I nR 50 B AIRPACG I AONNARINILMBRTEN of SXaIAIG. A UlioN OhlaTee base '
15 treated with the

propriate dcid, either neat or in a suitable solvent, and ttfe resulting salt isolated
either byifiigation brabyheyaploratiaetncdarsredlcad pressaterafsthe tedotonsolve Bk dagrles relview on
suitable.salts, see "Handbook. of Pharmaceutical Salts: Propgrties, Selection, and Use". by Stahl and
ke bR oS TSN e ot
selectedfitony: ftubrboshictendshomeprliodn. 2-nPHeman 2aiky)" penwsedahérbimdexa.gréup or a part of
a group r%fers to a straight or. br. nchtec% ZS%drolcarb%n chain containing the sg_ cified l[}1utmber of
carbon g}o%g.%l—;%‘?peisa?nﬁlgn&ﬁ_l na1k§/) r%eénn%ea%%ra?ﬁt Srbranéhe a?’kﬁrg Ataimng at ieast 1 and
at most W@-Carbpnr Aomviprapaplesyof "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
C14 alkyl group is one embodiment, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or
t-blflyl. 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 alkeny!

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-
15 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 compounds of the invention, i.e. those of formula (I), possess antimegakaryocytic activity in
20 humans. They may be particularly useful in the treatment of myeloprolific 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
of established symptoms of a condition. “Treating” or “treatment” of a state, disorder or
25  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, Le.,
arresting, reducing or delaying the development of the disease or a relapse thereof (in case of

30  maintenance treatment) or at least one clinical or subclinical symptom thereof, or (3) relieving or

26



WO 2009/138796PCT/GB2009/050517 P120757WO 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, C1 6 alkoxy means a straight or branched alkoxy containing at least 1 and at
most 6 carbh a%‘g E‘%amples of 5"alkoxy" as used herein include, but%‘?glﬁgf?f%fﬂ‘aﬁ%, methoxy,
ethoxy, prepo%y, prop-2-oxy, butoxy, but-2-oxy, 2-methylprop-1-oxy, 2-methylprop-2-oxy, pentoxy and
hexyloxy. A CIA alkoxy group is one embodiment for example methoxy, ethoxy, propoxy, prop-2-oxy,
butoxy, but-2-0x 2 methylprop -2-0xy. 10The ter "alkenyl”" as used herein as a p or a part of a
group TR )és PRIgRESF bhane ﬁugc'i SRORSHRRIG §|ﬁt308h?é?ﬂ f%t?fecgﬁg ?%cﬁ’lna(?rif’ﬁétr%]fecarbon
atoms anidts@htaming atbddastdngrmdpoble bond. For example, the term "Cmeans a straight or branched
alkenyl 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- 15butenyl,
2-buten\My2lpmatdpipti g gésaises/visahathy be irtehld vEtmbthgdotopnsing{ Shpsesent iamehtion

1, 1ﬁiim%§bm9yte@senw} dhovile, ARRreCiAted takin %eueﬁreﬁwe{@{smw irrefileRybnlg;double

bond is prefera i; not adjacent to the oxygen. The compounds of the invention, i.e. those of formula

(1), pos<BESISitintaaRER oty AeENin DONURSHES ThairaRay b 5amRanTHAY USERNSAi#breatment

of myelgpeelifie diseasasaThecaAmpounds mavraine find jdility B thedrpatreantof genshalisesd

thrombotic diseases,
m?ngmsf se the Tisk of thrombus formation during or post surgery.

10 Thrombotic cardiovascular diseases (TCVD) (i.e. patients at increased generalised thrombotic
risk) which may also be treatable with the compounds of the present invention include:
myocardial infarct (heart attack), thrombotic stroke, patients having undergone coronary stent

placement.

15  The compounds of the present invention may find utility for the reduction of atherothrombotic
events as follows: recent MI, recent stroke or established peripheral arterial disease, acute
coronary syndrome (unstable angina/non-Qwave MI), cardiovascular death, MI, stroke, and

refractory ischemia.

20 Itis to be understood that compounds of formula (I) may contain one or more asymmeiric carbon

atoms, thus compounds of the invention can exist as two or more sterecisomers.

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

thereof.

Unexpectedly it has been found that stable metal salts can be prepared following deprotonation at
the 1-position of the quinazoline ring structure. The value of such salts is seen in their relatively
30 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
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It is to be appreciated that references to treatment include prophylaxis as well as the alleviation of
established symptoms of a condition. "Treating" or "treatment" of a state, disorder or 25 condition
includes: (1) preventing or delaying the appearance of clinical symptoms of the state, disorder or
condition de e(?cfﬁ?r?/d':?ﬁ%ﬁhuman that may be afflicted with or predisposea’ td BB "W Sorder or
conditiohbit@oes 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
developmgnt of the disiease or arela sedthereof (incase of 30maintenance treatmer%% r at least one
clinical 8F Subclificar Symptol thates ,%rvf':?)tzf%ﬁileviﬁée%? W %o‘gﬁt%%%%ﬁtéﬁ%‘é géft%bm 7
P12075@ 0l atiensalinng thedisemsesile., 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 5 include: essential thrombocythemia, polycythema vera,
chronic ieRepwthic peprloripeyshs, eReoried hy siolddeinme mdviite s esttualahrotmitooytosidedanctive
thrombagytasisdrunegintaly %%ﬁg@@%@a@%@mmzmaﬁbﬁnmediate or post operative
preventative measures to minimise the risk of thrombus formation during or post surgery.
10Thrombotic cardiovascular diseases (TCVD) (i.e. patients at increased generalised thrombotic risk)

which nayradsahertreatable withdiae somprendsHal tharpipsentibvsntiopieciude myesargial infarct
(heart attack), thrombotic stroke, patients having undergone coronary stent placement. 15The
compoufids of tﬁ’éa%’l%%’enﬁﬁﬁ%ﬁ%ﬁsﬁ%?#ﬁdg?ﬁﬁ?y 0 é“i‘%ul&i’icﬁ'l%f%iﬁle&‘m?éﬁn%%‘ﬁc}[é\’flénts as
follows: ¥@gént MI, recent stroke or established peripheral arterial disease, acute coronary syndrome
(uq@table angina/non-Qwave MI), cardiovascular death, Ml, stroke, and refractory ischemia. 20 It is to

be understood that compounds of formula (I) may contain one or more asymmetric carbon atoms, thus
compouhswitheuiriaritionuan lexisbapiyperod nsore i8tersoisorisiguénchitiadwithitvthesscope of the

present inyentian e all SIeFERISAFDRIS ISR A ANARIAMRES AR Hiasisrronesss Alkggamplic isomers
and tautomeric forms of the compounds of formula (1),
of illustration, and without [imitation, a compound of the invention may be obtained according to

the following reaction scheme (in which R is, for example, ethyl or other alkyl):
15 '

1. NEt,
EtOH; iscpropanol

R I e R®
i H.SO/ HNO; g7 N 2. NAGNEH, , SnCly HC! R NH,
2 R NG, , to0
g CHO & ﬁ B® N)gLOH
5 R CHO ¢ s , OR 5 g "g?
A R g ORTR R

e
HN i :
Z%LOR
R '®?

toluene/ methanoi a
NaBH, GNBr, toluene
CighgN*MagBr HZN%LOH
teluene R R
8 R "
, 7 R RY No g NH
R NO, AL NO, f R
e—————————g—- RE +R2
i NEt,, SOC A" R® COR
R OH e LU
NEt, 1,0

RS
Hooy
NS
R N*Z:go
5 B H
R
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25including compounds exhibiting more than one type of isomerism, and mixtures of one or more
thereof. Unexpectedly it has been found that stable metal salts can be prepared following
deprotonation at the 1-position of the quinazoline ring structure. The value of such salts is seen in their
relatively 30??{90%?{8( Sg?g? aqueous solubility than the corresponding HBr gﬁﬁé‘?ﬁ%@’f??ﬂ?@ly to facilitate
the rapidigiszoiution and quantitative absorption of these generally poorly water soluble compounds
WO 2009/138796PCT/G82009/050517 P120757WO0 and so represent a major clinical advantage.
These sglts are G Eﬂl%@% n%?tal salts . and most usualgé are_sodjum or potassium salts. Geometric

e

isomers Ty 58 SahSTafed by CERUERASAL RICRIRITES HeAlhdieHES YhbL URRSCRTSTHESH, for
examplep hyohrendatotgrephy €A d IrctHGnealicty stallisakdnd Siéneoisamparsdnadsfinedsep eratath by

conventj Igg%@%&% s known to those skilled in the art - see, for example, "Stereochemistry of
Organic Compounds™ by E L Eliel (Wiley, New York, 1994). The compounds of formula | can be
prepared using literature techniques and in an analogous manner to those described in Formula

Schemeyd and fi0srBrlayBcharee Hin USR58 e Bydnay.ofiiHaiation,ang withaut fimitatign, a

compound of the invention may bée obtained according to the following reaction scheme (in which R is,

for exanipiad éthyPatcotierGRAOMND hoourisshdsmaT AsEribod/estisn rdeprtos nivoheeison
slcilled inhesark wilk her awarsahyrriaions af.anctaliprpativesdanihadrecessielsred ienahove and to

oS I oty Dlgane T 2 A A e e one s T s A ned.
Larock, Wiley-VCH (1999 or later editions), "March's Advanced Organic Chemistry - Reactions,

16 Mechanisms and Structure”, MB Smith, J. March, Wiley, (5th edition or later} “Advanced
Organic Chemistry, Part B, Reactions and Synthesis”, FA Carey, R] Sundberg, Kiuwer
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

15 (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
20 Synthesis” by TW Greene and PGM Wuts, John Wiley & Sons Inc (1999), and references

therein,

Compounds of the invention intended for pharmaceutical use may be administered as crystalline
or amorphous products. They may be obtained, for example, as solid plugs, powders, or films by
25  methods such as precipitation, crystallization, freeze drying, or spray drying, or evaporative

drying. Microwave or radio frequency drying may be used for this purpose.
They may be administered alone or in combination with one or more other compounds of the

invention or in combination with one or more other drugs. Generally, they will be administered

30 as a formulation in association with one or more pharmaceutically acceptable excipients.
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51t 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
TransformatioRg VA &ide to Functional Group Transformations”, RC LaP&&é?ﬁf?f&?%ﬂ (1999 or
later editigngly¥March's Advanced Organic Chemistry - Reactions, 10 Mechanisms and Structure”, MB
Smith, J. March, Wiley, (5th edition or later) "Advanced Organic Chemistry, Part B, Reactions and

Synthesﬁé FA Carey, RJ Sunq)l?grg),}glygvtesr %%fld mic/Plenum Publications, 2[9010%tigater editions),
ion pp%oa](L:1 ﬁ, gl]ﬁvgfrenﬁodﬁ/iféy)? 1&19% oF it edII{F&HSS),

" ) rmaceutic accepta
Organic y%e&s HPhéBisconhe
"Designity 0rgerigeSia thresesitiSdantems@Mimki(d a8&or later editions), "Guidebook To Organic
Synthesis" RK Mackie and DM Smith 15(Longman) (1982 or later editions), etc.,and the references
therein as a guide. Itl also be apparent to a person skilled in the art that sensitive functional groups
may ned@aprsechist cutrand e srotet e gl s sisraperedned Simproethéniyrréietiond This may

be achieyggdday %pVﬁeffoB@gﬁsﬁeﬁdwp%exm\ig_ apsieseribedins P rigelve GrauRs. isRsganic 20
Synthesis" by TW Greene and PGM Wuts, John Wiley & Sons Inc (1999), and references therein.
Compo§REYST thaS NSt idForpmaTH e ticaPa e ity Ve damitistérelicadvaftaliine or

amorpE wm&ﬁm&m Sheycmay be @Jatalmml ik ?@mhagm@@ﬁlmg%powﬂmnmmmﬁo@y .
25methodgs such as precipitgtion, crystallization, freeze dryjng, or spr rying, Qr evaporative drying.
icrowa 085t Tl Rt Chy ARG D e TP BB ta, on) tha e i Hered alone
or in cormisihationMtbebPeldemiSrE.oth &, O3 pAd B bE2HE-dEAXan or in combination with one or

maye other drugs. Generally, they will be administered 30as a formulation in association with one or

more pharmaceutically acceptable excipients. WO 2009/138796PCT/GB2009/050517 P120757W0
The methods by which the compounds may be administered include oral administration by

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
15 carrier, for example, water, ethanol, polyethylene glycol, propviene glycol, methylcellnlose, or a
suitable oil, and one or more emulsifying agents and/or suspending agents. Liguid formulations

may also be prepared by the reconstitution of a solid preparation, for example, from a sachet.

The compounds may also be administered topically to the skin or mucosa, that is dermally or
20 transdermally. Typical formulations for this purpose include pour-on solutions, sprays, powder

formulations, gels, hydrogels, lotions, creams, ointments, films and patches, and implants.

The compounds can also be administered parenterally, or by injection directly into the blood
stream, muscle or into an internal organ. Suitable means for parenteral administration include
25  intravenous, intraarterial, intraperitoneal, intrathecal, intraventricular, intraurethral, intrasternal,
intracranial, intramuscular and subcutaneous. Suitable devices for parenteral administration

include needle (including microneedle) injectors, needle-free injectors and infusion techniques,
Formulations may be immediate and/or modified controlled release, Controlled release

30 formulations include Modified release formulations include: delayed-, sustained-, and pulsed-

release.

30



Pharmaceutically acceptable excipients include one or more of: anti-oxidants, colourants, flavouring
agents, preservatives and taste-masking agents. Pharmaceutical compositions suitable for the delivery
of compounds of the present invention and 5 methods for their preparation will be readily apparent to
those skilled' Y &4 €lch compositions and methods for their preparaﬁgﬁfﬁw(ﬁ@ Id, for
examplens’Remington' s Pharmaceutical Sciences’, 19th Edition (Mack Publishing Company, 1995).
The formulation of tablets is discussed in "Pharmaceutical Dosage Forms: Tablets, Vol. 1", by H. .
Lieberman and L. Lachman, Marcel Dekker, N.Y., N.Y., 1980 (ISBN 0-8247-6918-X). 10 The methods
by which the compounds may be administered include oral administration by capsule, bolus, tablet,
powderdydeggnges, 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 15 carrier, for example, water,
ethanol, Ipsigelihylergiide, pidpfesiaigydot, aatilyestiatosdior av8litablecsil saiteblsné&oormore

emylsifying. agents@eRd/ o RUSRenHing Raenis. kidqd farmulatisns may also.he RiePalgd:Bythe

reconstitution of a soli%?reparation, for example, from a Sachet. The compounds may also be

administBREPEofrEay 1 tHE SRR Herib Say HHct i TuBrivanyGHireala i OTsicarsdifulations
for this purpese dnesleyeeue naeiutinns: MRy snRawder formuati dTshaelsuysigals: lgtions,
creams, ointments, films and patches, and implants. The compounds can also be administered
parentolS1Y, BF 8] IrfERTN HHLENSF i SheBHSo R SL A, UL B S Ao BPGaf Euitable
means fomganeriterahaskninistratibn pacicder2ornitravienoligchithertesialdotpaperitonesy, intrathecal,
intti%venmicular, intraurethral, intrasternal, intracranial, intramuscular and subcutaneous. Suitable

devices for parenteral administration include needle (including microneedle) injectors, needle-free
injectordragebtrdlibioretschnigitrdde digrmilllationimaydseoinfrmadibet A btasbdified onrhoiiéd

release Gantallad release A0lormulatonsinglude Modiied telease fopmplaions ncudesdglayed-
sustained-,"and pulsed- rélease. WO 2009/138796PCT/GB20091050517 P1207/57WO0 Dosages
wetght per day, in a further embodiment of from about 0,001 to about 0.5 mg/kg of body weight

per day and in yet a further embodiment of from about 0.001 to about 0.1mg/kg of body weight
15 perday. In further embodiments, the ranges can be of from about 0.1 to about 750 mg/kg of body
weight per day, in the range of 0.5 to 60 mg/kg/day, and in the range of 1 to 20 mg/kg/day.

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

could be dosed once a day or less.

The compound is conveniently administered in unit dosage form; for example containing 0.1 to
50 mg, conveniently 0.1 to 5 mg, most conveniently 0.1 to 5 mg of active ingredient per unit
25 dosage form. In yet a further embodiment, the compound can conveniently administered in unit
dosage form; for example containing 10 to 1500 mg, 20 to 1000 mg, or 50 to 700 mg of active

ingredient per unit dosage form.
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Typically, a physician will determine the actual dosage which will be most suitable for an 5 individual
subject. The specific dose level and frequency of dosage for any particular individual may be varied
and will depend upon a variety of factors including the activity of the specific compound employed, the
metabolic stability and length of action of that compound, the age, body weight, general health, sex,
diet, mddeAalM $ime of administration, rate of excretion, drug combination, the seventy of the particular
condition, and the individual undergoing therapy. 10 In general however a suitable dose will be in the
range of from about 0.001 to about 50 mg/kg of body weight per day, in a further embodiment, of from
about 01001 to/abaupsumd g of thokhy(Iyeighplendaynicd furtivepehbodine st bifedhemobut 0.001 to
about 0.5 mg/kg of body weight per day and in yet a further embodiment of from about 0.001 to about
0.1mg/kg of body weight 15 per day. In further embodiments, the ranges can be of from about 0.1 to
about 750 mg/kg of body weight gér day, in thegange of 0.5 to 60 mg/kg/day, and in the range of 1 to
20 mg/kg/day. The desir (}dose ay c(&nvenle ly be presented in a single dose or as divided doses
administered at appropriateiterva le as one, two, three, four or more doses per day. 20 If
the compounds are administe xtended release form, the compounds could be
dosed once a day or less,dhe sQmpou venlently administered in unit dosage form; for
example containing 0.1 to 50 mg; onvenlentl 9. Rto5 mg, most conveniently 0.1 to 5 mg of active
ingredient per unit 25 dosage foln. In yet a fufther embodiment, the compound can conveniently
administered in unit dosage form; for example containing 10 to 1500 mg, 20 to 1000 mg, or 50 to 700
mg of active ingredient per unit dosag@)Yorm. CLAIMS 1.A compound of Formula (I) or a
pharmaceutically acceptable salt or solvate thereof: (1)

wherein:

R! and R? are each methyl or R' and R?, taken together with the carbon atom to
which they are attached, form cyclopropyl;

two, three or four of RS, Rﬁ, R’ and R® are hydrogen, and the remainder selected from
R® and R";

R’ is hydrogen, C alkyl or a Group I or Group TT metal ion;

R* is selected from C,¢ alkyl and C¢ alkenyl, either of which is optionally
substituted with 1, 2, 3, 4 or 5 R”;

R® is selected from halo, triffuoromethyl, cyano, nitro, -ORS, -C(O)R®, -C(O)ORS,
_OC(O)RY, -S(O)R, -NRORY, -CLOINRIRY, -NRI)C(ORRY, -S(OMNRIR® and

N(R9)S(OYR’;

R and R? are each independently hydrogen or R®;

32



wherein: Rl and R2 are each methyl or Rl and R2, taken together with the carbon atom to which they
are attached, form cyclopropyli two, three or four of R5, R6, R7 and R8 are hydrogen, and the
remainder selected from Ra and R6; R9 is hydrogen, C1-6 alkyl or a Group | or Group Il metal ion; 118
is selected from Ci..6 alkyl and C2.6 alkenyl, either of whichis optionally substituted with 1, 2, 3, 4 or 5
R6; R6 is seleBfedsfrestediado firtuctomethyl, eydné nitedkemil, eitien 10L6wiegh) i 2ptiondpn)1C
-S(0)1R6, -N(R -G(ON(fe) - 6, < re.each
independentIyS% }i)!nézeé% %Xr%f Bﬁd(g”igI sgélzgc%%%?r%n té?‘%%ﬁﬁ%?%ﬁ?g%%ﬁﬁ%ﬁp gﬁ%%ré(y)%v%ﬁich is
optionally substitintechwdtiexy, 2jBo arst G:suibkaxyenrs independently selected from halo, cyano, amino,
hydroxy, nitro and C1.6 alkoxy; and | is O, 1 or 2; and wherein each of the following provisos applies:
(i) when the compound is of the following formula: Rs then R5 and R6 are not each halo; and (ii) the
compound is das 6nk @fihe following compounds:

and wherein each of the following provisos applies:

(i) when the compound is of the following formula:
R
N N
X
T =0
5 N
R R’
5 2
R R

then R® and R® are not each halo; and

(iiy  the compound is not one of the following compounds:

)]
N
Ne. N
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2. A compound according to claim 1, wherein two of R5, R6, R7 and R8 are hydrogen, and the other
two are independently selected from Ra and Rh. 3. A compound according to claim 2, wherein R7 and
R8 are each hydrogen, 4. A compound according to claim 1 or 2, wherein three of R5, R6, R7 and R8
are hydrogen, and the other is selected from Ra and Rh; 5. A compound according to claim 4, wherein
R7 and R8 are each hydrogen. 6. A compound according to any of claim 1, wherein R5, R6, R7 and
R8 are gach hydrogen. 7.,A compound according to a re 'm%[g iy, e ' %g rogen,
methyl g‘r sodi&m?og?%%%dmaﬁgﬂ% c%or%g%lgm %’c al}?ﬁe%y\t/v%l%rgé?i%R |§ag3(§%%?e{rn.%ﬁ,&%£0 p%’und
according to aaydpitecettivrgetaine, wharaideRdyisdbL6dafiorhddtionhRy. substituted with 1, 2, 3,4 or 5 Rh;
and Rh is selected from halo, cyano, nitro, -OH, C1-6 alkoxy, -C(0)OH and -8(0)2-C1.5 alkyl. 10. A
pharmaceutical composition comprising a compound of any of claims 1 to 9, or a pharmaceutically
acceptable salAorsopeatel theredin goigathenWithsephaiti acdRit attycack dptdoleediluent or carrier, which
may be adapted for oral, parenteral or topical administration. 11.A compound of foimula (I) as defined
in any of claims 1 to 9, or a pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical
composkion conteimimpgndy asktdifgrégoitignior wse2asvherrdidarerent B2 R’ chnpodrid’offormula (1)
as defined ir_l a}?}ydpg %@i@n%%ﬁé)o%hé}r_ig &IP&@?%% iﬁal%@@?ptable s_alt or solvate thereof, ora
pharmaceutical‘coniposition containing any of the foregoing, for use in the treatment of a disease
selected from: myeloprolific diseases and generalised thrombotic diseases.

5. A compound according to claim 4, wherein R’ and R® are each hydrogen.

6. A compound according {o any of claim 1, wherein R’, R®, R” and R® are each
hydrogen.

7. A compound according to any preceding claim, wherein R’ is hydrogen, methyl or
sodium.

8. A compound according to claim 7, wherein R’ is hydrogen.

9. A compound according to any preceding claim, wherein R is Cy alkyl optionally

substituted with 1,2, 3,4 or 5 R® and R? is selected from halo, cyano, nitro, -OH, Cy.
alkoxy, -C(O)OH and -8(0),-C alkyl.

10. A pharmaceutical composition comprising a compound of any of claims 1 to 9, or a
pharmaceutically acceptable salt or solvate thereof, together with a pharrﬁaceuticaliy
acceptable diluent or carrier, which may be adapted for oral, parenteral or topical

administration.



10 13. The use of a compound of formula (1) as defined in any of claims 1 to 9, 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 14. A compound of
formula (I) as defined in any of claims 1 to 9 for use in the reduction of platelet count.

il. A compound of formula (I) as defined in any of claims 1 to 9, or a

pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical

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

5 12 A compound of formula (I) as defined in any of claims 1 to 9, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical
composition containing any of the foregoing, for use in the treatment of a

disease selected from: myeloprolific diseases and generalised thrombotic

diseases.
10
13. The use of a compound of formula (I) as defined in any of claims 1 to 9, 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

14. A compound of formula (I} as defined in any of claims I to 9 for use in the

reduction of platelet count.
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