WO 2009/138788PCT/GB2009/050508 SUBSTITUTED QUINAZOLINES FIELD OF
THE INVENTION This invention relates to the discovery of prodrugs of substituted analogues of the
selective plateleviowerigrgigent anagrelide which have reduced potentialbfor/Gardiovziseslar
side-effects and which should therefore lead to improved patient compliance and safety in the
treatment of myeloproliferative diseases. More specifically, the present invention relates to prodrugs of
certain imidazoquinazoline derivatives which have utility as platelet lowering agents in humans. The
compounds of the present invention $UREIIT By FIhBIiMy HekEdREton of blood platelets.
BACKGROUND OF THE INVENTION Anagrelide hydrochloride (Agrylin(r), XagridO) is a novel orally
administered jmi i dine which selectively reduces platelet count in humans and is used for
such purposeﬁslﬂ-ﬁr'g@ %ﬂgﬁﬁﬁﬂ?oproliferative diseases (MPDs), such as essential
thrombocythemia (ET), where an elevated platelet count may put the patient at increased thrombotic
risk. The chemical strdciwmel anagralide ../ Highiarosd or diftvdraimidazole.t Hlaginazeliny2(3H)-one
(hydrochloride monohydrate), is shown in the following formula: The principal side effects of anagrelide
are cardiovASCTURAI YA ASCTAGRSE AN SA Baib faYD S PR ety st Bitig ™ Hiese are
largely attribodeshiohitsmbtalvotitne 10ad-tdydpoxyeainagirali denplisscompeatag wasesueprisimgly found to
be some 40:fld, mare Hatentasan inihitar,of RREIThand:thereforsntential inotopic adgnt, than

anagrelide itself. Furthermore plasma exposure to this metabolite after treatment with afiagrelide is
typically thrE& i SRR EPAFRIRE S HEAHTEY) HEETF Ry ik G R TeTR s c s UBIIR G series of
3-substitutetharagpelides analogreshasdaaen invast gatedivihichHiasrshawnothaddt ispassible to
introduce WO 20091138788PCT/G82009/050508 metabolism blocking groups at that position and yet
still retain the anti-megakaryocytic actions of the drug. Furthermore, these compounds have
considerabl$ REAUNE (O IEHHIEVNENIAO N ects than 3-hydroxyanagrelide. Indirect steric
hindrance to the formation of the 3-hydroxy metabolite may also be achieved by substitution at the

5-position. The 3-suybstituted compounds typified the dimethyl or spijrocyclopropyl.analogues, are
notably IessA§3%%$§eat %ﬁ{i/rsﬁ%}%}é%%l p(fg%{%%%an ?ﬁélﬁgagréntl%onixpoﬁ%‘glwh|é#%£es%}élt‘§1§e§?ggniﬁcant
challenge tomtivircafficiepiabsbirptiorcAinelgredithecs Clitifsefdsn pobriyase|atrleidryefisitbstahce. In the
pH range of 45 &cthensalibilityimiass thap Libpaimladvae slubility inpieasesaf P valdgs.above and
below this range, for example in 0.1M HC1 the solubility is -170 ps/rnL and at pH 11.4 approaches 1
mg/mL, The BESREHISR L oiLeantO Kl ST PeaBrblS 6°4Ay B3 Werd Eshristed e
solubility/pHhprofiigiofrahafrelideH@l stflnusovenmgrelidef the qithisiolbgidilykbiraigathé-tiug has
very poor aqu&%&&@kp%t%ﬁyﬁﬂaa%ﬁﬂ@%ﬁ Wing)nthe Stomach Rk d1e-MAY precipitate in the

duodenum at pH 5-6. This presents potential problems for the quantitative absorption from the most

testing. As a consequence anagrelide is micronised

e al absorption. This and anagrelide's

- I vitr, §'“7nM and in vivo doses of just 1-2
tion. Indeed, a radiolabelling study in
humans showed that following the oral admninistration of 1 mg labelled drug drug >75% of the
administered radioactivity was recovered if the urine implying that at'IEAY after this dose absorption
was >75%. However for those patients requiring larger doses either as the result of relative
insensitivity YBetRE a7 SHfgHECHY Sf-prisiehife Ly S aTata8 s Br (BTRAR B oRAIRHRLIGRT cthe
possibility exigtsiitar ineorapiete @bserptiop. Thisavauldlbe:Bxpeaated:to leat tonngreasedyaziability in
attained plagma,drig sencenratans, ANd canseguenlial kariabilly 1. patiensesponse. Frthermore for
less potent a%a?ogueg 0 ariagreﬁde,p event “oﬁ’é%] th may have better car iovascular pro?lfes,
problems of Mtdiptée e AP HorsicherAyc R EREB URMERSIE fasProled Watstiss|iilfy/ tisuaithe use of
appropriate ped dRghRie-Urugseianag elidcimaydneratore. oifaasigniiicant atuamniaggda@inimizing
this risk. WQ%OOM 63]%72 relggtgs to.the use of 2-atanl1|noclé2(|?:- umazoilne derlvatl\feé:,_sfur rodélljcmg

therapeutic ag‘cl-:-r%?s 55 thes St SAT PR elf)sppéYﬁera 3 |§e5%qé1§?frﬁgﬁ biood (f)ressursel%fﬁe

bronchodilatichsrSaavipiRYes has been investigated which has shown that it is possible to introduce



This disclosure provides for prodrugs of anagrelide derivatives substituted at either the 3- or 5-
position. In these anagrelide derivatives, metabolism to an analogue of the cardioactive 3-
hydroxyanagrelwie sopksgléed either directly (3-substitution) or indirectly (B&UGBeeRIEHIISThe prodrugs
are notably more soluble in vitro (and under anticipated in vivo conditions) than their ring closed
analogues offering the potential for better absorption from the Gl tract. Such compounds would
spontaneously and completely ring close at pH 7 or above thus offering a convenient means of
delivering tiesebpligndisskraatiipegaikarpociine gpraveletibrrind)cagbnns tekagosystaniiencirculation.
Since the p@f&%ﬁﬁxﬁjtﬁuﬁﬁéﬁfm(lﬁ&@ ﬁn@ﬁ@fﬁ@ﬂﬁ&e@m&mmg\ p&éﬁtial@%n@mgsamﬂikely to
present improv armacokinetic profile and hence improve patient compliance and convenience
Eabiing o BTBAHE T S AT e o, R e, 18 (HETERa o e S eihuted
derivatives inttabXpesteddhaba dshikyed iaupbstintre effbetiveotiden aldmadiebyitoup whenuwyilised to the
‘closed fingiﬁi‘@&i@iﬂﬁ%%%%ﬁ%@é}% ﬁ%%%g%k%@ ﬁﬁﬁfyb&%}!o@i%@ﬂ&;%&ﬂﬁ%ﬁre thus

expected to be of most utility when substituted at the 5-position, A substituent comprising a large
group at théB-SoditH i€ e iBENe P IBPSHEH AN hiRTaF Lo fe U8 T TAE SBUEHEEH DY e Fh&tEolising
cytochrome#bsagtiiaa site. This should inhibit formation of the cardioactive metabolite,
3-hydroxyanagrelide. The ring closed compounds of the present disclosure are especially beneficial
because surprisingly they have dramatically lower PDE Il inhibitory activity (and hence lower

cardioactive patEnal thdncthe aeqoemigiioftassrbiarite ibehs My dess dring e besahlilist also
surprisinglyirgtaintheiroanii-me gakaryatylic acdiviiys lndged dhesamwompeundsdhayre thgeapeutic indices
which are much mare fav ble th 1at for gnagrelide itself. first aspect, there js provided a
compounc SV (YOG LR e e UatnS Sty LRt fach REfRe iR Ra10
0)(Fr (1) whereirriRbandiR2taleintependaii pis2 e eteddifoweth esgroupi domptisinguhaigfmyano; C1-6
alkyl, C2.6 alkeybr G RlkYIA, & eYCoR I HRSHSIN aUeAKW g@ﬁ%{lm@%{%’b%%@@a‘w'

en

groups may be optlonaﬁ( substituted by 1 to 5 groups chosen indepen y from the group
comprising:HEFE hIRBI ERomARE! ERUSEsihoAI™HE EDBH: OREhYHTRSIR101.6
carboxyalkydpadighsulghitiel-6r Whepain-itd mnaP togethe favithe the: catbion ibswhich they dare attached

form a C3-Ecarieudle thamauhs sRenal subsUad b Lo Sarouns

‘ _ cggﬁeepmjinge%gg&dently from
the group comprising: cyano, nitro, C3_4 haloalkyl, Ci_4 al fsu phonyl and COOH,; or

wherein R1BREPREYGGEtHEWins (R carBoes (O VFHITRATEY Qrengittachsdnepiesesiica- 0246 atkeny! or
C2-6 alkynyd:geesipdound:throughca doublaibenditathedogotamwhichid2it andrRRar attached and
being optionally substituted by one to three groups independently selected from the groun comprising:
o yarom o ol ST sl a P S LS e P o T o
hydroxyl Wk@ﬁi@h@e@ﬁh@;ﬁgcﬁé@h@@mns showed that following the oral administration of 1 mg “C-

labelled drug >75% of the administered radioactivity was recovered in the urine implying that at
least after this dose absorption was >75%. However for those patients requiring larger doses
either as the result of relative insensitivity to the drag, higher first-pass pre-systemic metabolism
or greater body weight, the possibility exists for incomplete absorption. This would be expected
to lead to increased variability in attained plasma drzg concentrations and consequential

variability in patient response.

Furthermore for less potent analogues of anagrelide, even though they may have better
cardiovascular profiles, problems of incomplete absorption may be encountered. Improved
water solubtlity through the use of appropriate open ring pro-drugs of anagrelide may therefore

offer significant advantage in minimizing this risk.



R3 and R4 are independently selected from the group comprising: H; halo; cyano; C 6 alkyl, 02-6
alkenyl, C2-6 ancynyl, 03.8 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl groups may be
optionally substituted by 1 to 5 groups chosen independently from the group comprising: halo,
hydroxyl, cyan, nitro, Cia alkylsulphonyl and COOH; C1,6 hydroxyalkyl; C1-6 carboxyalkyl; and
sulphide; 3a or le and R4 together with the carbon to which they are attached form a C3.8 carbocyclic
ring may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:

halo, hygrgxyheyanenitie, &1 @ haloalleyls €3 4.alkyISulRhonyl.and GORKERE %rag%&%iipfether

represent a C2-6 alkenyl or C2-6 alkynyl group bound through a double bond to the ring to which R3
and R4 BrEEREh a8 Beitg disabnan uBsitoalHyraheditsrses gligh dlnad papgertiyisklected
from theygrpuB&egising halo, hydroxyl, cyano, C14 haloalkyl and COOH. R5, R6, R7 and R8 are
each independently selected from hydrogen, 12! and RI); it is H or C1.6 alkyl; RIU is selected from the
group comprising: hydrogen; Ci.6 alkyl, C2_6 alkenyl, C2-6 alkynyl and C3_8 cycloallcyl wherein each
of the f@EgEM@ROUPS may be optionally substituted by | to 5 groups chosen independently from the
group comprising: halo, hydroxyl, cyano, nitro, C)_4 alkylsulphonyl and COOH; or R") is a
pharmaceutically acceptable cation; XisOorS; Re is selected from C1_6 alkyl and C2-6 alkenyl, either
of whicH'iss dptibeaitypswikttioteaodnibs bf 2n434lde BeRb)iRl istseteeted b thalb,drfluoromethyl,

cyano, itte; 5O Rn 5 RGas @eo'ﬁsﬁﬁ%@ﬂﬁefa%@fﬁﬁ'taNéﬁ%}@% e (QINIRERREIOIR,
S(0)1N(Re)Rd and Re and I%d are each independently hydrogen or F%e, Re is selected from C1,6 alkyl
and C2ledireyanagichde of Waikisdscopaodangbubstuhsduiitn lor2indiracdy 5 sastitweons ifdependently
selected {f@moBalR. £an8: AN IINRroXY AN RN HAkNY 3Dt SEhdiRbR) than their

ring closed analogues offering the potential for better absorption from the GI tract. Such

compounds would spontaneously and completely ring close at pH 7 or above thus offering a

convenient means of delivering these ring closed anti-megakaryocytic (platelet lowering) agents

to the systemic circulation. Since the preferred site of metabolism of anagrelide is the 3-position,

such compounds are likely to present improved pharmacokinetic profile and hence improve

patient compliance and convenience enabling a broader spectrum of patients to be effectively

treated. In the case of the 5-substituted derivatives it is expected that a bulky group is more

effective than a smaller group when cyclised to the ‘closed ring’ anagrelide analogue. Groups

such as t-butyl and other bulky blocking groups are thus expected to be of most utility when

substituted at the 5-position. A substituent comprising a large group at the 5-position is expected

to sterically hinder access to the 3-position by the metabolising cytochrome’s active site. This

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

The ring closed compounds of the present disclosure are especially beneficial because
surprisingly they have dramatically lower PDE III inhibitory activity (and hence lower
cardioactive potential) than the active metabolite of anagrelide, 3-hydroxyanagrelide and vyet also
surprisingly retain their anti-megakaryocytic activity. Indeed these compounds have therapeutic

indices which are much more favourable than that for anagrelide itself,



and wherein each of the following provisos applies: (i) R1, R2, R3 and R4 are not all hydrogen; and
(i) when R5 and R6 are each halo, then R7 and R8 are not both selected from H, halo, cyano, C).6
alkyl, Ci..6 haloalkyl, C)..5 alkoxy and C3..6 haloalkoxy. In a second aspect, there is provided a
pharmaceutical composition comprising a compound of formula (1) as defined above, or a
pharmaceutically acceptable salt or solvate thereof together with a pharmaceutically acceptable diluent
or carrier, whicknméspireradaipteciforaidtd paremerad of fopindd @dministrationd aiythitgraspect, there is
provided a compeund.rtfonmula (1) 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 the use of a compound of formula (1) as defined above, or a
pharmaceutically acceptable salt.@gﬁsolvate thereof in the manufacture of a medicament for the
treatment of a disease selegted from. myeloprolific diseases and generalised thrombotic diseases. In a
fifth aspect, there is provid‘% a_cotpoumtof foMitla (1) as defined above, or a pharmaceutically
acceptable salt or solvate thereg rmaeeutical composition as defined above for use in
treating a disease selected from: mys a v%diseases and generalised thrombotic diseases in a
human. In a sixth aspect, fRere is providd a c mpound of formula (I) as defined above, or a
pharmaceutically acceptable salt g’ sq/ase theteof fo Luse in the reduction of platelet count. In one
embodiment, the present disclosure compri€Es a @KBJrug of an anagrelide analogue comprising a 3-,
5-, 3,3- or 5,5-substituted anagrelide compound. Thus, for example, in the 3- substituted derivatives,
first pass metabolism (of the rapidly rincgE:Iosed analogue) to 3- hydroxyanagrelide is directly blocked.
In particular, thgngisglosure relates to prodrugs of an anagrelide analogue wherein first pass
metabolism to the corresponding analogue of 3- hydroxyanagrelide is effectively blocked. According to
the present disclosure, there is provided a compound of Formula (I) or a pharmaceutically acceptable
salt or solvate thereof:

R' and R%, are independently selected from the group comprising: halo; cyano; C,.

alkyl, Cp. alkenyl, Cog alkynyl, Cas cycloalkyl wherein said alkyl, alkenyl, alkyny! or cycloalkyl

groups may be optionally substituted by I to 5 groups chosen independently from the group

comprising: halo, hydroxyl, cyano, nitro, C,.4 alkylsulphonyl and COOH; C¢ hydroxyalkyl;
" Cy.¢ carboxyalkyl; and sulphide; -

or wherein R; and R; together with the carbon to which they are attached form a Cag
carbocyclic ring may be optionally substituted by 1 to 5 groups éhosen indépcndcﬁﬂy from the
group comprising: kalo, hydroxyl, cvano, nitro, Ci4 baloalkyl, C,, alkyisulphonyl and
COOH; or whereln R; and R, together with the carbon to which they are attached represent a
Cy.s alkenyl or Cy.6 alkynyl group bound through a doubie bond to the ring to which R’ and R?
are attached and being optionalty substituted by

one to three groups independently éelected from the group comprising: halo, hydroxyl, cyano,
C1.. haloalkyl and COOH, provided always that one of R! and R? is not hydroxyl when the

other is methyl;

R® and R are independently selected from the group comprising: H; halo; cvanc; Cy¢ alkyl, Cog
alkenyl, Co-galiynyl, Csq cycioalkyl wherein said alkyl, alkenyl, alkynyl or
cycloalkyl groups may be optionally substituted by 1 fo 5 groups chosen independently from the
group comprising: halo, hydroxyl, cyano, nitro, C,. alkylsulphonyl and COOH; Ci4
hydroxyalkyl; C,. carboxyalkyl; and sulphide;
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(I) wherein: RI, R2, R3 and R4 independently represent hydrogen or a blocking group which functions
to prevent metabolic reaction either directly or indirectly at the carbon atom to which Rl and R2 are
attached; or Rl and R2, and/or R3 and R4 together with the carbon to which they are attached form a
blocking group which functions to prevent metabolic reaction at the carbon atom to which Rl and R2

are attached, the remaingder of groups RI to R4 being h&/}drogen; R5, R6, R7 and R8 are each
independently Yefe @SRRI PRPShE REIR PR roperhedditg: @@ carbocyclic ring
2009/138788P:k GB20MABH 508 Rt seiectad Bogrothe erowm GaRpERIRGLNYHA0ER; &hnb alkyl,

C2-6 alkenyl, C2-6 alkynyl.a 3_8 cycloalkyl wheregi f the foregoing gro may be
optionally subsq[?trﬁ{)élé% %‘a{%ngygro’a’?)’sc%ﬁl&g}n%?h éﬁegﬁpﬁgr?ﬂ? f?b‘rr%%%‘&%@ﬁ%% §_r$s§)ﬁb:°ﬁ§|o,
hydroxyl, cyaneuditt &y sethes ratksisuliplionylkent CODHlomRI $soapphanhdregicalipuatceptable cation;

- Xis 0 or S; Ra jgesgiecied S 1A alkyland.G26.alkenyl, ciiheral which is.entionally sybstituted
with 1, 2, 3, 4 or 5 Rb; Rb is selected from halo, trifluoromethyl, cyano, nitro, -OW, -C(0)R4, -C(0)0124,

0C(0)124, -S(OFPRRS, RIRARE A REIR I DN EBE (GTRETSEH) BNPREYRFRhd “NRe 540 IRd; Re
and Rd are eaghidnlitepeidentliihydrogen 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, ar}gi,an, Rydreps ﬁg@ﬁ%%@eﬂg%ﬁc%dﬁom hydrogen, R® and R®:
R’ is H or Cp¢ alkyl;

R is selected from the group comprising: hydrogen; C;¢ alkyl, Cy.¢ alkenyl, Cz_ﬁla]lqrnyl and
Cyg cycloalkyl wherein each of the foregoing groups may be optionally substituted by 1 tc 5
groups chosen mdependently from the group comprising: halo, hydroxyl, cyano, nitro, Ci4
alkylsuiphony] and COOH; orR" is a pharmaceutically acceptable cation;

X@Om&

R® is selected from Ci¢ alkyl and Ch alkenyl, either of which is optionally
substituted with 1, 2, 3, 4 or 5 R

R® is selected from halo, triflucromethyl, cyano, nitro, -OR®, -C(O)R®, -C(O)OR®,
-OC(O)R%, -S(O)R’, -N(ROR’, -C(OINRIRY, -NRIC(OIRS, -S(OWNRIR® and
NER)S(O)R;

" R°and R® are each independently hydrogen or R%;
R® is selected from Cj alkyl and Co.s alkenyl, either of which is optionally
substituted with 1, 2, 3, 4 or 5 substituents independently sele_,cted from halo, cyario,

amino, hydroxy,' nitro and C,.¢ alkoxy; and

1is 0, 1 or 2;
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1is 0, 1 or 2; and wherein 124 , R2, R3 and R4 are not all hydrogen. In an embodiment when R5 and
R6 are each halo, then R7 and R8 are not both selected from H, halo, cyano, C1_6 alkyl, C1.6
haloalkyl, C1_6 alkoxy and C1..6 haloalkoxy. In an embodiment when one of Rl and R2 is methyl and
R3 and R4 are hydrogen then the other of 124 and R2 is not hydrogen. WO
2009/138788PCT/GB2009/050 8 I n embodiment: Ri}(and R2, are independently selected from

the group conBHsTAGTHIE FaF8: W%W(ﬁvﬁﬁs BPRikEryl, C2-6 alkynyl, C3_8 cycloalkyl wherein
said alkyl, alkenyl, alkynyl or cycloalkyl groups may be optlonally substituted by 1 to 5 groups chosen

independently from the gr §3co 4S|ng ha , %% no, nitro, C1-4 allcylsulphonyl and
COOH; C1..6 Wdrox% 18% b%%}hcl_lﬁ ph e; or Rl and R2 together with the carbon to

- which they are attached form a C3-8 carbocyclic ring may be optlonally substltuted by 1 to 5 groups
chosen independently from the groyp co hydr I h lealkyl; C1_4
alkylsulphony! @hd C@é‘fﬂ%?ﬁ%%nﬁrﬁﬁa%g%ﬂﬁ%r% %1 eq):/ ar§ aﬁtn?g%:yrgied
represent a C3;0 alkexyher €2-Siadkynyl ﬁﬁ%@kmlmdétﬂm@ma&bub]ﬁlbamm the ring to which it is

attached and being optionally substituted by one to three groups independently selected from the
group comprising: halo, hydroxyl. cyano, C14 haloalkyl and COOH, provided always that one of R1
« and R2 is not droxgl when the ot her IS. meth%J Iaaa preferred set of compounds, R1 is an optionally

substituted C14 afky6¢ 3a§)(e:‘§}c3|oa?f<%/llér8ffb BrERSBACSEESH cOMPOSIHGE, ROTBTA S pfionally

substituted C14oatkylod G8 ﬁrmm@kwsgdeﬁWMGV@re%m%mﬁw%a&@c@WdnséMhtﬁh at least
one of R1 and H"F n(E)m-C(H)p(F)q, where or 3, and n=(3-m);and p =2
or3,and q = ( Rflglc\a’/ltc%rfge%rl(é e%a%’ly atl_fhg ﬁone 0 %51‘(2 ﬂg’d gjﬁgiéf?fﬁﬁ%sf” élFerF%Iy, at
least one of RItgrddR2ds@B8al, parenieral or topical administration.

In & third aspect, there is provided a compound of forrnular (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 the use of a compound of formula (I) as defined
above, or a pharmaceutically acceptable salt or solvate thereof in the manufacture of a
mediqamcnt for the treatment of a disease selected from: myeloprolific diseases and

generalised thrombotic diseases.

In a fifth aspect, there is provided a compound of formula (I) as defined above, or a
pharmaceutically acceptable salt or solvate thereof, or with a pharmaceutical composition
as defined above for use in treating a disease selected from: myeloproliferative diseases

and generalised thrombotic diseases in a human.

In a sixth aspect, there is provided a compound of formula (I) as defined above, or a
pharmaceutically acceptable salt or solvate thereof for use in the reduction of platelet

count.
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WO 2009/138788PCT/GB2009/050508 In an embodiment, RI is preferably methyl, cyclopropyl, CF3 or
CHF2. Most preferably, RI is methyl. In an embodiment, R2 is preferably methyl, cyclopropyl, CF3 or
CHF2. Most preferably R2 is methyl. In another preferred set of compounds, R' and R2 together form
an optionally substituted C3_8 cycloalkyl group. Most preferably this is a cyclopropyl group. In a
particular set of compounds, Rl and R2 are each methyl or together form methylene; or Rl and R2,
taken together with the carbon atom to which they are attached, form cyclopropyl. In an embodiment:
R3 and R4 are ind ,pende_{gtl selected from the group comprising: H; halo; cyano; C1.6 alkyl, C2-6
alkenyl, 326665}%/%? one: 5?85%19\5%@?313’3?8% RPIERESHA ATRSFR) 195780198 Iky | roups may be
optionallynspbistitgted-by-1 3G SqroLipsictiosed intepdiddentlypisond tHEhgso i eanmpiisjng:thal,
hydroxyl no, nitro C1-4 sulpho d H; C1.6 hydrgxyalkyl: C1 6 carboxyalkyl; and
sulphides}lggr/t eg.nd§ rﬂﬁt{gasé né# {ﬁ% %X{é%rlﬁrgﬁ%%’v ich e?é%éi gifac etljo Bm'3 3-8 carbocyclic
ring maysiseosymegraligess Biseriivddopked. th Bagfoups tbhdisensind egieeemtiydfrgrrfhe group comprising:
halo, hyg{@g%hd‘e/%mdy&eo,v@h&mm%&%@ﬂ%%%%am&?d S?l'a'mgf RaiBpgkRértagether

represent a C2-6 alkenyl or C2_6 alkynyl group bound through a double bond to thering to which it is
attachedrshersemg sl afjestrdiibletked one to three groups independently selected from the
group comprising: halo, hydroxyl, cyano, C124 haloalkyl and COOH. In an embodiment, R3 is H or
C1.6 alkyl. Preferably, R3 is H. WO 2009/138788PCT/GB2009/050508 In an embaodiment, R4 is H or
C1.6 alkyf“® F&ratﬁlf}lﬁépfgsﬁﬁtlrfhe‘?ﬁlﬁﬁrﬁocmﬁ@nf,s REEEEdr MECTIR S et bbeimiat (Reo%s M and
compousidsnnastrichl R Adsept a0y g oo shsalithilitediyhen R9 is a C1..6 alkyl group, such as Me, the
PDE Il inhibiting activity is effectively eliminated. Me represents a particularly preferred alkyl
substituent.

wherein:

_ R' R% R® and R independently represent hydrogen or a blocking group which functions
to prevent metabolic reaction either directly or indirectly at the carbon atom to which R

and R” are attached;

or R and R?, and/or R and R* together with the carbon to which they are attached form a
blocking group which functions to prevent metabolic reaction at the carbon atom to
which R! and R are attached, the remainder of groups R'to R* being hydrogen;

R?, R®, R’ and R® are each independently selected from hydrogen, R® and R";

R’isHor Cie alkyl;



In an embodiment, Rth is H or optionally substituted C1,6 alkyl. Most preferably, R19 is Cix, alkyl. In
an alternative embodiment, RI is Na or K. with Na being preferred. In an embodiment, Xis 0. In a
further embodimvemto®isarsd R2 are independently selected from the groumcTarRprisirsgsasi; cyano; Ci..6
alkyl, C2-6 alkenyl, C2_6 alkynyl, C343 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl
groups may be optionally substituted by 1 to 5 groups chosen independently from the group
comprising: halo, hydroxyl, cyano, nitro. C1-4 alkylsulphonyl and COOH; C1-6 hydroxyalkyl; C1-6
carboxyalkyl; and sulphide; or R' and R2 together with the carbon to which they are attached form a

C3_8 carbocyclic grg.mas-ie mﬂ%@g%ﬁumw;ﬁggbyym%@g upsshesenindependenthyfrom the
group comprising: hgll8, h%/d[im%" cyano, nitrrg&g%%%haloal [, C14 al?qEU|pho%Lyan%COO ; or RI
and R2 together ratéserfta X5 WRES F81 ' B ARSNGB RS SN EhYBLYH'Y dBRINEBdnd to the

ring to which it is &ttdchedrampseingoplioaadln gy listitute dioyronetoithreégroupbdndepeandently

selected from the 19[%‘5@194%9{41?11?95&9@5%:1 sy Y809t Ralealkyland G ROMR3 and R4 are
hydrogen; and R7, R8, R9 and RI are hydrogen. - WO 20(?9/138788PC /GB2009/050508 Another

preferred group of compounds is those in which neither 121 nor R2 is hydrogen. Amongst these, it is
preferred when RBandR2Sare both independently selected from the group comprising: cyano, C1..6
alkyl, C2..6 alkenyl, C2,6 alkynyl, in which the alkyl, alkenyl, and alkynyl groups may be optionally
substituted; or wherein R1 and 12, together with the carbon to which they are attached form an
optionally substitufedscaegedamacetictihrat Wherdimk ridke Boviogethartepibsefeansptionally
substituted C2..6 alkenyt oy, €2 6ritkynyl group. In an embodiment Ra is C14 alkyl optionally
substituted with 1, 2, 3. 4 or 5 In an embodiment le is C1, C2, C3 or C4 alkyl, any of which is optionally

substituted with 1, 2 or 3R5.
R® is selected from halo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R®, -C(OIOR’,

-OC(OIR®, -SIONRS, -NERHRY, -CONMRIHRY, -NROHCIORS, -S(OWNRHR?Y and
-N(R)S(OWR";

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

R® is selected from Cy6 alkyl and Cy¢ alkenyl, either of which is optionaily substituted
with 1, 2, 3, 4 or 5 substituents independently selected from halo, cyano, amino, hydroxy,
nitrg and C; ¢ atkoxy; and

1is 0, 1 or 2;

and wherein R', R*, R” and R” are not all hydrogen.

In an embodiment when R and R? are each halo, then R’ and R® are not both selected from H,

halo, cyane, Cr.e alkyl, Ci.6 haloalkyl, C,s alkoxy and C,.5 haloalkoxy.,

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

R and R? is not hydrogen.



In an embodiment Rb is selected from halo, trifluoromethyl, cyano, nitro, -OR’, -C(0)R6, -C(0)0R6,
-0C(0)128, -SQW, -N(R6)Rd, -C(0)N(126)Rd, -N(126)C(0)Rd, -S(0)11\1(RO)Rd and -N(R5S(0)1Rd;
wherein 126 and&@rssesch independently hydrogen or C14 alkyl optioratycsatstitetes with 1, 2, 3,
4 or 5 substituents independently selected from halo, cyano, amino, hydroxy, nitro and C1_6 alkoxy. In
an embodiment 126 is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OW,
-C(0)126. -C(0)0126, -0C(0)126, -S(0)1128 and -N(Rd)Rd; wherein 126 and Rd are each
independenithyhyeibodereet 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, R6, R7 and

R8 are each hydrogen. In an embodiment the compound is of one of the following Formulae: 9 WO
20001138 10T BI0UTTRIRS NIRRT AR £ NP o AR L5 ARG 50D NS

alkenyl, Cag alkynyl, Cag cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl groups
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:
'halo, hydroxyl, cyano, nitro, C,4 alkylsulphonyl and COOI; Ci hydroxyalkyl; Cis
carboxyalkyl; and sulphide;

or R' and R together with the carbon to which they are attached form a Cag carbocyclic ring
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:
halo, hydroxyl, cyano, nitro, C,_; haloalkyl, C; 4 alkylsuiphonyl and COOH;

or R' and R” together with the carbon to which they are attached represent a Ca.¢ alkenyl or Ca
alkynyl group bound through a double bond to the ring to which it is attached and being
optionally substituted by one to three groups independently selected from the group comprising:
halo, hydroxyl, cyano, C;. haloalkyl and COOH, provided always that one of R' and R” is not
hydroxyl when the other is methyl,

In a preferred set of compounds, R' is an optionally substituted C,, alkyl or Csg cycloalkyl
group.

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

group.

Other preferred compounds are those in which at least one of R! and R? is O (B or

-CH)u(F)a-C(H)(F)g, where m == 2 or 3, and n = (3-m}; and p=2 or 3, and g = (3-p).

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



XR-ro or, in each case, a pharmaceutically acceptable salt or solvate thereof. In an embodiment, three
of R5, R6, R7 and R8 are hydrogen, and the other is selected from Ra and Rb. Of mention are
compounds in wihichR13emsl Rs are each hydrogen. In an embodiment thecaarspanghissof one of the
following Formulae: WO 2009/138788PCTJGB2009/050508 wherein R5 is selected from Ra and Rb;
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; wherein Ra is C14 aIkyI
optionally shbsmlmwddmmtliié oreREbhNUEiscsdlentad o fuBk2 \Wpst preferably, R' is
2009/13878§§1g,'1l'/682009/050508 chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR", -C(0)Re,
-00)01C -0C(0)Rd, -S(0)R and -N(Rd)Rd; wherein 12: and Rd are each independently hydrogen or
C14 alkyl optionally substituted with 1,2 or 3 substituents independently selected from halo, cyano,
amino, hydioxy, sithodimenC R4 &lostyraliamethyb odieernpRS (8 setadtad. frivhosflasforabhldtdisbromo,
iodo, cyano, pifrq, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl,
fluoromethyl, ch oromethyl bromomethyl, dihalomethyl and methylsulphonyl. In an embodiment the
compound is of one of the following Formulae:

In another preferred set of compounds, R' and R* together form an optionally substituted Csq

cycloalkyl group, Most preferably this is a cyclopropyl group.

In a particuiar set of compounds, R! and R® are each methyl or together form methylene; or R

and R?, taken together with the carbon atom to which they are attached, form cyclopropyl.
In an embodiment:

R? and R* are independently selected from the group comprising: H; halo; cyano; C.¢ alkyl, Cy 4
alkenyl, Cnr.g alkynyl, Ci.s cycloalky! wherein said aikyl, alkenyl, alkynyl or cycloalkyl roups
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:
halo, hydroxyl, cyano, nitro, C,» alkyisulphonyl and COOH; C,s hydroxyalkyl; Cis
carboxyalkyl; and sulphide;

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

hale, hydroxyl, cyano, nitro, Cy.4 haloalkyl, Cy4 alkylsulphonyl and COOH;

or R” and R* together represent a Ca.g alkenyl or Ca.g alkynyl group bound through a double bond
to the ring to which it is attached and being optionally substituted by one to three groups
independently selected from the group comprising: halo, hydroxyl, cyano, Cy. haloalkyl and
COOH,

In an embodiment, R’ is H or C1.6 alkyl, Preferably, R*is H.



WO 2009/138788PCT/GB2009/050508 wherein R6 is selected from le and 126; n each case, a
pharmaceutically acceptable salt or solvate thereof. With regard to each of the above Formulae, R6 -
may be, for examplapseiested from Ra and le; wherein Ra is C1-4 alkyl optioseatyosubstisuted with 1, 2
or 3 Rh; and 126 is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR’,
-C(0)12, -C(0)0R6. -0C(0)126. -S(0)tR6 and -N(R5Rd; wherein 126 and Rd are each independently
hydrogen or C14 alkyl optionally substituted with 1, 2 or 3 substituents independently selected from
halo, cyanolreamirabdajroxR ‘riitkb ad.GlldvalRextyrabi aR emBodiment R6 is selected from fluoro,
chloro, bromo, iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,
aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihglomethyl and methylsulphogyl. In an

embodiment'tA’ CSMBBERE Fs Bf%ﬁ‘él‘é?-tﬁ‘é%fflSWﬁ?&%B‘?hﬁldé.H W EPBIRRE S SRR #dt Rd and
Rb; or, in eaclvcase] sophiinadéuticdlly acceptaplersait orcholyate, theRsd! IVithivigaractvigach of the

above Formylag. R4NaREI8" Frample.selecied om Ra.and [id; whgrgURa is Cl4 alkyl optionally

substituted with 1, 2 or 3 Rb; and Rb is selected from fluoro, chloro, bromo, iodo, trifluoromethyl,
cyano, nitro, -ORd, -C(0)Rd, -C(0)OR, -0C(0)Rd, -S(0)1Rd and -N(Rd)Rd; wherein Rd and Rd are each
independently fyeregamean G 4iatkyroptionally sihstittated withid, 2Ma6s3 suhstitierrs’ independently

selected frogﬁ]ql% cyano, %‘mré%ng%g@f{ﬁm{s nd ﬁ;le}i %IK]%)@&I% ?foﬁ{@ ‘odlm_ent R7 is selected
from fluoro, chloro, bromo, |ocFo, cyano, nitro, met y1, methoxy, triflubromet yl, trifluoromethoxy,

carboxylic acid, aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihalomethyl and
methylsulphanylethansmbadinaent the compound is of one of the following Formulae:

In a further embodiment:

R' and R* are independently selected from the group comprising: II; cyano: Cie alkyl, Caos
alkenyl, C,¢ alkynyl, Cs4 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl groups
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:
halo, hydroxyl, cyano, nitro, ;. alkylsuiphonyl and COOH; Ci¢ hydroxyalkyl; Cis
carboxyalkyl; and sulphide;

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

halo, hydroxyl, cyano, nitro, Cy.4 haloalkyl, Cy.4 alkylsuiphonyl and COOH;

orR' and R? together represent a C,.4 alkenyl or Co 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, cyanoc, C;4 haloalkyl and
COOH;

R? and R* are hydrogen; and

RT, RS, R’ and R are hydrogen.



0/-"-----XRi00*-aXR10 wherein R8 is selected from 128 and Rb; WO
2009/138788PCT/GB2009/050508 or, in each case, a pharmaceutically-acceptable salt or solvate
thereof. With regardote/satis of the above Formulae, R8 may be, for exanfgie@elgetedsiwom le and le;
wherein le is C14 alkyl optionally substituted with 1, 2 or 3 Rb; and Rh' is selected from fluor, chloro,
bromo, iodo, trifluoromethyl, cyano, nitro, -OW, -C(0)le, -C(0)019.6, -OC(0)le, -S(0)1le and -N(10Rd;
wherein Re and Rd are each independently hydrogen or C14 alkyl optionally substituted with I, 2 or 3
substituents independently selected from halo, cyano, amino, hydroxy, nitro and C14 alkoxy. In an

embodiment Ry selegied fRup ftsméemgbi%a tar%n% iRdQnEYARQHRIIR] rﬁ@thﬂ,lm

trifluoromethyl, trlflu omethoxy, car aC| mln fluoro eth
oromomet AT SR TR ORY. o h BRGNP D . B [
hydrogen, amdlmelmmratwoﬁ“arcealhﬂeﬁendém ééle@ﬁa@ﬁomdéi@hdiﬂﬁk@f&hemimﬁm@cmrhpounds in

which R7 ala\%,%gﬁ g@% bydregansdnan embodiment the compound is of one of the fol].owing
Formulae: 2009/138788PCT/GB2009/050508

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

substituted C,_s carbocyclic ring

or wherein Ry and Ry together represent an optionally substituted Cy alkenyl or Cys alkynyl

group.
In an embodiment R* is C; 4 alkyl optionally substituted with 1,2, 3,4 or 5 R®,

In an embodiment R* is C;, Co, C; or C; alkyl, any of which is optionally substituted with 1, 2 or
3R".

In an embodiment R® is selected from halo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R®,
-C(OIORS, -OC(OIRS, -S(O)R®, -N(RIR®, -CIONRHRY, -NRHC(OR?, -S(OWN(RHR® and
NRIS(OHRY, wherein R® and R? are each independently hydrogen or Cy5 alkyl optionally
substituted with 1, 2. 3, 4 or 5 substituents independently selected from halo, cvano, amino,

hydroxy, nitro and C,¢ alkoxy.

In an embodiment R is selected from fluoro, chloro, bromo, iodo, triftuoromethyl, cyano, nitro,
-ORS, -C{O)R’, -C(OIOR, -OC(O)R®, -S(O}R® and -N(R®R® wherein R® and R are each
independently hydrogen or Ciu4 alkyl optiomally substituted with 1, 2 or 3 substituents
independently selected from halo, cyano, amino, hydroxy, nitro and C, 4 alkoxy.

In an embodiment, R’ R R(’, R’ and R® are each hydrogen,

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



wherein R5 and R6 are each independently selected from Rd and Rh; or, in each case, a
pharmaceutically acceptable salt or solvate thereof. With regard to each of said Formulae, R5 and R6
may each be, fovezempigsindependently selected from Rd and Rb; whereirReeis@iskmlkyl optionally
substituted with 1, 2 or 3 Rb; and Rb is selected from fluoro, clfloro, bromo, iodo, trifluoromethyl,
cyano, nitro, -OR", -C(0)126, -C(0)0126, -0C(0)126, -S(0)$.6 and -N(R5Rd; wherein 12.6 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
and R6 are each independently Sﬁlecteﬂg@m fluoro, chlqro, bgpmo,Ngdo, cyano, nitro, methyl,
methoxy, trifluoromethyl, 4t Aminometh 2] fluoromethyl, chloromethyl,

fO oxy, carboxylic f
d metfylsufphonyl. In a

bromomethyl, dihalometht
Rg are as defined in the Tabté betow: -CN Halo

NQT/NHRQ Nﬁl/
CC v

O XR'° 0O XR'°
Ne_ NHR® Ny ~NH,
X 1
DY X
0”7 “XR™ 07 “XR"
Ne. NHR® Neo ~NH,
C@E : Yf
N N
o) XR'® O XR'®

T
0”7 xR O

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

In an embodiment, three of R’ , Ré, R’ and R® are hydrogen, and the other is 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:

10



Rg -OH i Halo Halo C1_6 alkyl Halo C1_6 alkoxy

WO 2009/138788 PCT/GB2049/050368

O Rﬂ'} XR‘EO
Ny -NHR’ NYNHQ
N N
5 R®
" 07 xR 07 "XR”
g
Ny -NHR NYNHQ
N N
5 Rr°
? 07 XR" 07 xR
g
Ny ~NHR N\YNHQ
N Nf
5 r°
B o YR 0 xR

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 1. alkyl optionally substituted with 1, 2 or 3 R: and R is selected from fluoro,

11



Halo -C(0)OH Halo -S(0)2-C1_6 alkyl . Halo Halo 1 -CN -CN -CN -OH

WO 2009/138788 PCTIGB2009/650508

chloro, bromo, iode, trifluoromethyl, cyano, nitro, -OR®, -C{O)R, -C(O)OR®, -OC{O)R’,
-S(O}R® and -N(ROR% wherein R® and R® are each independently hydrogen or Ci.4 alkyl
optionally substituted with T, 2 or 3 substituents independently selected from halo, cyano, amino,
hvdroxy, nitro and C;4 alkoxy. In an embodiment R3 is selected from fluore, chlore, bromo,
iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifivoromethoxy, carboxylic acid,

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

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

A 07 xR
N _NHR’ Ny -NH,
\Y \Y
6/©;N HS/CE/N
R
0”7 XR" 07 “XR”
N. _NHR® NaooNH;
\Y Y
6/(1/N S/Q/N
R B
0 Xﬂm O XR'°

12



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

WO 2005/138788 - PCT/GB200%/050508

wherein R® is selected from R* and RB;
or, in each case, a pharmaceutically acceptable salt or sclvate thereof,

With regard to each of the above Formulae, R® may be, for example, selected from R* and R”;
wherein R* is C14 alkyl optionally substituted with 1, 2 or 3 R"; and R" is selected from fluoro,
chioro, bromo, iodo, trifluoromethyl, cyano, nitre, -ORS, -C{OIRS, -C(OYORS, -OC{O)R",
-S(OWR® and -N(R®)R?; wherein R and R 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 Ci.4 alkoxy. In an embodiment R® is selected from fluore, chioro, bromo,
10do, byano, nitro, methyl, methoxy, trifluoromethyl, wifluoromethoxy, carboxylic acid,

aminomethyl, fluoromethyl, chloromethyl, bromomethyl, dihalomethyl and methylsulphony!.

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

13



-CN Halo -OH -CN -OH -OH -OH? -OH C1_6 alkyl

WO 2009/138788 - PCT/GB2609/050508

R~ No _NHR® R* No _NH
S, 2 2
T, Tx
N N
0 ~xR" 0% xR
7 k] 7
R N\T,NHR R NQT,NHQ
N N
0“ xR 0~ xR"
7 9 7

X

0~ “xR" 0

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

With regard to each of the above Formulae, R’ may be, for exampie, selected from R* and Rb;
wherein R is Cy4 alkyl optionally substituted with 1, 2 or 3 Rb; and R® is selected from fluoro,
chloro, bromo, iodo, trifluoromethyl, cvano, nitro, -OR®, -C(Q)R", -C(OIOR®, -OC(O)R",
-S(O}R® and -N(R)R’; wherein R® and R® are each independently hydrogen or Cy.. alkyl
optionally substituted with 1, 2 or 3 substituents independently selected from hale, cyano, amino,
hydroxy, nitro and C;.. alkoxy. In an embodiment R7 is selected from fluoro, chloro, bromo,
iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,

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

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

14



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

WO 2009/138788
R&
N. _NHR®
Q]/ .
N;Iiﬁz
0~ “xR'®
HS
No _NHR®
\\l/
e
0~ “XR'"
R8
N. _NHR®
Y
N;If’
0~ “xr"
RB
N _NHR®
\\l/
Nlif
0~ “xR™
RB
N. _NHR®

D¢

07 xR

wherein R® is selected from R* and R";
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C1l 6akyl RfRg

WO 2009/138788 PCT/GB2009/050508

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 Rb;
wherein R® is C;4 alkyl optionally substituted with 1, 2 or 3 Rb; and R” is selected from fluoro,
chloro, bromo, iodo, trifleoromethyl, cyano, nitro, -OR®, -C(OR®, -C({O)OR®, -OC(O)R",
-S(O}R® and -N(R)RY, wherein R° and RY are each independently hydrogen or Cys alkyl
optionally substituted with 1, 2 or 3 substiments 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, tdfluoromethoxy, carboxylic acid,

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

in an embodiment, two of Rﬁ, RG, 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 hvdrogen.

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

O XR O XR
N._ NHR® NN
S r
N 5 N
R I R I
5 R’
R o XRw o XRm
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C1_6 alkoxy -C(0)0H -S(0)2-C1_6 alkyl Halo C1_6 alkyl -CN C1_6 alkyl -OH C1_6 alkyl C1_6 alkyl

€1 6 alkyl

WO 2009/138788 PCT/GB2005/450508

NH

.2

8 N
N\ NHR \Y
N
9 xR'? O XR'°

NYNHRQ NYNHE

N
R® N R® f
5
R5 16 R 10

0 XR O XR

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 Rb; wherein R* is C,., alkyl optionally substituted with 1, 2 or 3 Rb; and R®
is selected from fluoro, chloro, bromo, iode, triflucromethy!, cyano, nitro, -OR®, -C{O)R’,
-C({OYOR®, -OC(O)RS, -S(O)R° and -N(RR’; wherein R® and R? are each independently
hydrogen or C, alkyl opticnally substituted with 1, 2 or 3 substituents independently selected
from halo, cyane, amino, hydroxy, nitro and C;., alkoxy. In an embodiment R and R® are each
independently selected from fluoro, chloro, bromo, iodo, cvano, nitro, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyi, fluoromethyl, chloromethyi,

bromomethyl, dihalomethyl and methylsulphonyl.

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

-CN Halo

17



'C1_6 alkyl C1_6 alkoxy C1_6 alkyl -C(0)0OH C1-6 alkyl -S(0)2-C1_6 alkyl C1_6 alkyl Halo C1_6
alkoxy -CN1 C1_6 alkoxy -OHI C1_6 alkoxy C1_6 alkoxy | C1_6 alkyll C1_6 alkoxy C1_6 alkoxy

WO 2009/138788 PCT/GB2005/050508
R’ R®
-OH Halo
-N{O)2 Halo
Ci.6 alkyl Halo
C];G alkoxy Halo
-C(O)YOH Halo
-S{0)5-Cy alkyl Halo
Halo -CN
-CN -CN
-OH -CN
-N(O), -CN
(s alkyl -CN
C, 4 alkoxy -CN
-C(O)YOH -CN
-5(0)2-C5 alkyl -CN
Halo -OH
-CN -OH
-OH -OH
-N(O), -0"
Ci6 alkyl -OH
C1 alkoxy -OH
-C(O)OH -OH
-5(0%,-C\ ¢ alkyl -OH
Halo . -N(O),
-CN -N{O)
-OH -N(O)
-N(O)2 N(O)
Ci. alkyl -N(O}),

18



| C1_6 alkoxy -C(0)OH C1_6 alkoxy -S(0)2-C1_6 alkyl C1_6 alkoxy Halo C(O)OH -CN C(O)OH -OH
-C(0)0OH -C(0)0H C1_6 alkyl -C(0)OH

WO 2009/138788 o PCT/GB2009/650508
Rf R®
C,. alkoxy -N{O)2
-C(O)OH -N(O),
-3(0)2-Cy6 akkyl -N(O),
Halo Cre alkyl
-CN Cis alkyl
-OH Ci alkyl
-N(O) Ci-6 alkyl
Cis alkyl Ci alkyl
C alkoxy Ci¢ alkyl
“C(O)OH Crs alkyl
-S{O}-C, ¢ alleyl Ci6 alkyl
Halo Ci6 alkoxy
-CN Cig alkoxy
-OH Ci.¢ alkoxy
-N(O): Ci. alkoxy
16 alkyl Ci alkoxy
C1¢ alkoxy Ci¢ alkoxy
C(O)YOH Cy6 alkoxy
-S(0)-Cy5 alkyl ). alkoxy
Halo ~C{OHOH
-CN -C(O)OH
-OH -C(O)OH
-N(O)2 -C(O)OH
Ci alkyl -C(OYOH
Ci alkoxy -C(O)YOH
-C(O)CH -C(O0H
-5(0),-Cy ¢ alkyl -C(O)OH

1%



C1_6 alkoxy -C(0)OH -C(0)OH -C(0)0OH -S(0)2-C1lalky! C(O)OH Halo -S(0)2-C1_5 alkyl -CN
-S(0)2-C1_6 alkyl -OH

WO 2009/138788 PCT/GB2009/850508

R R®

Halo -S{0),-C ¢ alkyl
-CN -S(0)2-C¢ alkyl
-OH -5(0):-Cy alkyl
-N(O), -S(0):-C alkyl
Cy6 alkyl -S{0)-Cs alkyl
C alkoxy -S{0)-C ¢ alicyl
-C{OHYOH -S(0-C.¢ alkyl
-S(0);-Crg alkyl -5(0)2-Cyg alkyl

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

R N\YNHR R N ~NH:
R’ =3
NIRE Niﬁg
R 0”7 “XR'™ R 07 xR"
R% N. _NHR® RS N _NH
\Y NN 2
N N
R® I R° I
07 “xR" 0~ ~xR"
Rt No  NHR®  R! Ne NH,
e,
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-S(0)2-C1_6 alkyl -S(0)2-Co alkyl C1_6 alkyll -S(0)2-C1..6 alkyl C1_6 alkoxy -S(0)2-C1_5 alkyl
-C(0)OH -S(0)2-C1..6 alkyl -S(0)2-C1_6 alkyl -S(0)2-C1..5 alkyl WO

2009/138788P GNueBROsHB50508 wherein R5 and 127 are each indepernidaatly/eofogted from le
and Rh; or, in each case, a pharmaceutically acceptable salt or solvate thereof. With regard to.each of
said Formulae, R5 and R7 may each be, for example, independently selected from le and Rb; wherein
le is C14 alkyl optionally substituted with 1, 2 or 3 le; and Rb is selected from fluoro, chloro, bromo,

iodo, trifluoromethyl, cyare, ni -OBI -C ([X)ﬂia?-C(O . G-S(B)12b and -N(le)Rd; wherein
le and Rd are each independg ydro en or C14 alkyl ¢ Ally sybstituted with 1, 2 or 3
substituents independently s& cyano, am pydroxi.nif® and Ci..4 alkoxy. In an

embodiment R5 and R7 are eah independ ntyselected from fluoro, chforo, bromo, iodo, cyano, nitro,
methyl, methoxy, trifluoromethyR *trifluorg carboxyh@%md ami ethyl, fluoromethyl,
chloromethyl, bromomethyl dlhalomethypand rﬁ hylsulphonyl In an g‘mboaﬁent R5is le and R7 is

Rg, wherein R1 and Rg e as deflneg in trﬁqﬁeble aaove or are e‘QCh hﬁlﬁ

Y

N

0 xa‘“ x;'-'z“’

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 bf 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 o 3 R® and R”
is selected from fluoro, chloro, bromo, iodo, triftuoromethyl, cyano, nitro, -OR°, -C(O)R",
-C{OYOR®, -OC(OIR®, -S(O)R° and -N(RR®, wherein R® and R® 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,.4 alkoxy. In an embodiment R’ and R’ are each
independently selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
trifluoromethyl, triflnoromethoxy, carboxylic acid, aminomethyl, fluoromethyi, chloromethyl,

bromomethyl, dihalomethyi and methyisuiphonyl.

In an embodiment, R’ is R and R7 is R2, 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:
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In an embodiment the compound is of one of the following Formulae: wherein R5 and R8 are each
independently selected from 128 and 12"; WO 20091138788PCT/6B2009/050508 or, in each case, a
pharmaceuticalkr@acemptaide salt or solvate thereof. With regard to each ofcsaahoswrolae, RS and R8
may each be, for example, independently selected from le and Rh; wherein le is Cl 4 alkyl optionally
substituted with 1, 2 or 3 Rh; and Rh is selected from fluoro, chloro, bromo, iodo, trifluoromethyl,
cyano, nitro, -OR’, -C(0)1e, -C(0)OR’, -0C(0)1e, -S(0)112.' and -N(12')Rd; wherein le and It5 are each
independently hydrogen or €14 alkyl optionally substitutg8l with 1, 2 or 3 substituents independently
selected from halo, cyano, minoNhydrMmitro and C14 alkomy. Inan embodiment R5 and R8 are
each independently selegfedom T‘R@ro, c1hloro, bro @o cﬁ’o, nﬁtro, methyl, methoxy,
trifluoromethyl, trifluorome y, caroxyfic acid, ami lyprorethyl. chloromethyl,
bromomethyl, dihalomethygnd thymnyl. Inan e frment; is le and R8 is Rg, wherein Rt
and Rg are as defined in thgfTable abgye or are each ha®. In an embodiment the compound is of one
of the following Formulae: WO 200®138768BCT/GB2009/050508 00 XR Wherein R6 and R7 are
each independently selectedfrom Rd and le; or, in each gase, a pharmaceutically acceptable salt or
solvate thereof. With regard:‘to each of said Formulae, RB and R7 may each be, for example,
independently selected fropRa 2 hd leNmRErein Ra is Ci Iyl\op ibifrglly substituted with 1. 2 or 3 le;
and Rh is selected from f chlorg, bromo, iodo, trif ethyl, cyano, nitro, -OW, -C(0)126,
-C(0)012d, -0C(0)12d, -StQ)HtdandNN(WHRd; whereinRd re-each independently hydrogen
or ChA alkyl optionally subs if‘guted with 1, 2 or 3 substitu¢nts independently selected from halo. cyano,
amino, hydroxy, nitro and G14 alkox§ agbodimentR6 and ach independently selected
from fluoro, chloro, bromo, iodo, cyatio, ni 8{ methyl, methoxy, trifluoromethyl, trifluoromethoxy,
carboxylic acid, aminomethy fluoromethyl, chloromethyg®romomethyl, dihalomethyl and

methylsulphony!. N‘YNHRQ NYNHZ
D pe
6 16 . RS 1o

O XR ) XR

g

R

N N
R’ f R® Z

0% ™xR'™ 0~ “XR'"®

wherein R® and R® are each independently selected from R® and R™;
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In an embodiment, R6 is W and R7 is Rg, wherein W 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:  wherein R6 and
R8 are each indepemdantipselected from Ra and le; WO 2009/1387338P @T1&B20690:58508 or, in
each case, a pharmaceutically acceptable salt or solvate thereof. With regard to each of said
Formulae, R6 and R8 may each be, for example, independently selected from le and Rb; wherein le is
C1.4 alkyl optionally substituted with 1, 2 or 3 Rh; and Rb is selected from fluoro, chloro, bromo, iodo,
trifluoromethylincsaghassitrhaOiece @) 2a cer by 38t coR{tdhe’06)1126 and -N(e)Rd; wherein le
and Rd are each independently hydrogen or C1,4 alkyl optionally substituted with I, 2 or 3 substituents

independe select d from halo, cyano, m| Q, , hitro and C14 alkoxy. In an embodiment R6
anct 5 are A TSP ErTEN ) SBILGIEE A P, kS, SRS, 15 L9 O HRER

methoxy, trﬁhmt@drfamyk teiftLBFowhethios/, 1sa}bmybrbcaom;aaﬂmmmnem@:mﬂum@mewT @hﬂdi%methyl
bromomethyl, Qa@a&n}ﬁwm@g %@I@@smmw&dm %m@&gm?”éyﬁﬁ Ri@nddr8 iscRg)pwhere n le

and Rg are as defined in the Table above or are each halo. In an embodiment the compound is of one
of the followﬁ,’](é)mmu%%( RS, -S(O)R" and -N(R®)R"; wherein R® and R 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
independently selected from fiucro, chlore, bromo, iedo, cyano, nitro, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsulphonyl,

In an embodiment, R’ is Riand R%is RE wherein R and R are as defined in the Table above or

are each hale.

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

07 XR 07 XR
RX N. _NHR® RX N _NH
Y Y 2
R R
0~ ~XR" 0~ “XR™
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0XRi00:2--.XRio  wherein R7 and R8 are each independently selected from Ra and Rh; in each
case, a pharmaceutically acceptable salt or solvate thereof. With regard to each of said Fermulae, R7
and R8 may eaetebeysfasmeample, independently selected from le and Rircwis@redmviRests C14 alkyl
optionally substituted with 1, 2 or 3 Rh; and Rh is selected from fluoro, chloro, bromo, iodo,
trifluoromethyl, cyano, nitro, -OR’, -C(0)12', -C(0)0OR, -0C(0)Re, -S(0)112" and -N(RI)Rd; wherein RI
and Rd are each independently hydrogen or C14 alkyl optionally substituted with 1, 2 or 3 substituents
independently selected fiam halQ, cyano, armms, hydrox 0 apl C1lanmkoxy. In an embodiment R7
mo,\\tﬁo, cyano, nitro, methyl,
methoxy, trifluoromethyl, {r 6 [, cadroxylic acidhamiametRyl, iloromethyl, chloromethyl,
bromomethyl, dihalometﬁyl and methylsulphonyl. w®& 20097138788PC 2009/050508 In an
embodiment, R7 is 126 and R8 is Rg, whesin Rtand 126 are as defingdn thg Table above or are
each halo. In an embodiment, one of RSC,)RG, R7 and RS is hydrogenpand others are
independently selected ;lfgm Ra and 126. Ir&&_)tn_gembqgjment the CR{TlpOlm%iS of one of the following

[+

Formulae. WO 2009/1 B 9 508 \(

0”7 ™xR' 0~ “XxR"

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, trifluoromethyl, cyano, nitro, ~-OR’, -C(O)RS,
-C(OYORS, -OC(O)R®, -S(O)R® and -NRORY; wherein R® and R are each independently
hydrogen or . alkyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo, cyano, amino, hydroxy, nitro and Cy alkoxy. In an embodiment R® and R are each
mdependently selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
triflnoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chioromethyl,

bromomethyl, dihalomethyl and methylsulphonyl.

In an embodiment, R® is R and R’ is R®, wherein R' and R? are as defined in the Tabie above or

are each halo.

In an embodiment the compound is of one of the following Formulae:
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wherein R5, R6 and R7 are each independently selected from le and le; in each case, a
pharmaceutically acceptable salt or solvate thereof. With regard-to each of said Formulae, R5, R6 and
R7 may each b&darexasmsle, independently selected from Ra and le; wiareGBis@iEdsalky|
optionally substituted with 1, 2 or 3 R.6; and le is selected from fluor, chloro, bromo, iodo,
trifluoromethyl, cyano, nitro, -01C -C(0)126, -C(0)0R6, -0C(0)R6, -S(0)ife and -N(126)Rd; wherein Re
and Rd are each independently hydrogen or C14 alkyl optionally substituted with I, 2 or 3 substituents
independently selected from hal$, cyano, amino, hydroxy, nid and C14 alkoxy. In an embodiment R5,
R6 and R7 are each independently sejectegffgm fluoro, chigro, bigmo, jgdo, cyano, nitro, methyl,
methoxy, trifluoromethyl, triflgoron O}J carhoxylic acidga , flljoromethyl, chloromethyl,

h
following Formulae: W ‘ %
acceptable salt or solvate thereof. With regdrd to each of said FormulagdR5, R7 and R8 may each be,
for example, independently selected fro@Te aﬁ@%ﬁb; wherein le is C1 aIkW%Jf)tionally substituted with
1, 2 or 3 Rb; and Rb is selected fyom fluoro, chloro, bromo, igdo, trifluoromethyl, cyano. nitro, -OW,
-C(0)1e, -C(0)0OR, -0C(0)1C -S()),le and -N(e)RI; wherein Rg'and Rd are each independently

tedNWRA 1, 2 or 3 IBRLS J endently selected from
4 alkoxy. In an ¢ dimenyR5, R7 and R8 are WO

N ende(rg_lﬁ] frofi-flucro, chloro, bromo, iodo,
cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl,
thyl and methylsu i an embodiment the
compound is of one of the following Formulae:" WO 2009/138788PCT/GB2009/050508
R R
N._ NHR® N._ NH

10

0~ xR’ 0~ “XR

wherein R® and R? are each independently selected from R® and R
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NHRONH2 0-C-XR1 or, in each case, a pharmaceutically acceptable salt or solvate thereof. With
regard to each of said Formulae, R5, R6 and R8 may each be, for example, independently selected
from Ra and le; wihaieimResis C14 alkyl optionally substituted with 1, 2 orfS RéBandeRINES selected
from fluoro, chloro, bromo, iodo. trifluoromethyl, cyano, nitro, -Or, -C(0)IC -C(0)0IC -0C(0)12",
-S(0)112c and -N(Rc)Rd; wherein Rc and Rd are each independently hydrogen or Ci4 alkyl optionally
substituted with 1, 2 or 3 substituents independently selected from halo, cyano, amino, hydroxy, nitro
and C1.4 alRbiy cphasernborimieritRILRecapiab R er sabhthiiRpeindently selected from fluoro,
chloro, bromo, iodo, cyano, nitro, methyl, methoxy, trifluoromethyl, trifluoromethoxy, carboxylic acid,

mbodment ikt oML I ar Ao APV Eofuae NERG KIS RS RIS REEREO N 2
R1 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, chloro, bromo, iodo, triflucromethyl, cyano, nitro, -OR®, -C(Q)R",
-C(OYOR®, -OC(O)RS, -S(OYR® and -N(R®R% wherein R® and R® are each independently
hydrogen or C;.4 alkyl optionally substiteted with 1, 2 or 3 sobstituents independently selected
from halo, cyano, aming, hydroxy, nitre and Cy . alkoxy. In an embodiment R® and R® are each
independently selected from fhioro, chloro, bromeo, iodo, cyano, nitro, methyl, methoxy,

trifluoromethyl, triflooromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chioremethyl,

bromomethyl, dihalomethyl and methylsulphonyl.

In an embodiment, R%is R and R*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:

R
RY Ne  NHR®  RZ Ne_ _NH,
Y o \\r o
N
I 10

G XR O XR

R R®
R? NYNHRQ R? NYNHZ
N N
I 10 I 10

O XR G XR
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or, in each case, a pharmaceutically acceptable salt or solvate thereof. With regard to each of said
Formulae, R6, R7 and R8 may each be, for example, independently selected from le and Rb; wherein
Ra is Ci4 alkyl optiesaligsssiostituted with 1, 2 or 3 le; and le is selected frearftzpowbiose, bromo, iodo,
trifluoromethyl, cyano, nitro, -Ole, -C(0)le, -C(0)Ole, -0C(0)1e, -S(0)11e and -N(RO)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, hydroxy, nitro and C14 alkoxy. hi an embodiment R6,
R7 and R8 are each independ@ftly selected from fluoro, chigto, bromo, iodo, cyano, nitro, methyl,
methoxy, trifluoromethylgifluoromethpxy, cageexylicggid, amino thyl‘\ﬁlyoromethyl chloromethyl,
bromomethyl and methylsulpfionydyTn afyémbodiment, ea R5, Rg,R7and R8 is independently
selected from Ra and Rb. It hias also beqn found that the ’ dual egantjomers of the present
compounds show efficacy. The rese t distfidsure therefore™dlso relatesito both the resolved optical

isomers of such compounds as well as mixtlires of enantiomers. For th urposes of comparison of
the compounds of the present disclosuréwith 5ﬁagr elide, the corre@comiﬁﬁhson is that made with
the POE Il inhibitory activity of the 3-hydroxy metabolite of anagrelide since this is the predominant
component in plasma after anag ellde treatment Regardlng e use of the compounds of the

formula (1), or a pharmaceutically acceptable salt or solvate thereof in the manufacture of a
medicament for the treatment of& disease selected from: mggloprolific diseases and generalised

thrombotic diseases; an L2 method o treatlﬁ%ﬁdlse??e selacted from: myeloprolific diseases and
generalised thrombotic 8 } ich comp réa Sai¢ human with an effective
ptabl\e salt or solvate thereof; or with

, or pharmaceutlcal

of the foreg

10 10

O XR O XR

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 Cy. alkyl optionally substituted with 1, 2 or 3 R”; and R"
is selected from fluoro, chloro, bromo, iode, trifinoromethyl, ¢yano, nitro, -OR°, -C{OIRS,
-C{O)ORS, -OC(OIR®, -S(ONR® and -N(R®RY wherein R° and RY are each independently
hydrogen or Ci. alkyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo, cyano, amino, hydroxy, nitro and Cy4 alkoxy. In an embodiment R’ and R® are each
independently selected from fiworo, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
triffuoromethyl, trifluoromethoxy, carboxylic acid, aminomethyi, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsulphonyl.
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The present disclosure also encompasses a method of treating a patient having essential
thrombocythemia or other myelproliferative disesase or thrombotic cardiovascular disease or high
blood platelet caumepavhishessnethod comprises administering to the patienvatiwrapectically 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 methpds lstesdakave’ameondotiers whesein RAMICIOHLIN isfRducetheanuased tapising
anagrelide. The present disclosure also encompasses pharmaceutical compositions comprising a
compound S?Cr?ﬁg}zﬁaf%eutically acceptable salt of a compound of the present disclosure and a
pharmaceutically acceptable carrier. Pharmaceutically acceptable salts of the compounds of Formula
(1) include agid addigian-salis fxgmplegingiude;nydrochiarg.and,hydropmide salis.REHMLED
DESCRIPTION OF THE INVENTION The present invention'is directed to new prodrugs of Substituted
analogues St L Ermfsrad %Iatelet lowering agent anagrelide. These compounds spontaneously ring
close at pH's 7 and above to yield 3-or 5-substituted anagrelides that retain the anti-megakaryocytic
properties (Qp&c&@ggg@“w%&g Activity) of ew%iﬁ%yé p%%lra%‘duced PDEIII inhibitory properties
and hence lower potential for unwanted cardiovascular and anti-aggregatory side-effects. Appropriate
substitution at the 3-position of the anagrelide molecule effectively blocks the principal site of
metabolism and thus pregtudes the fqgmatiqggfthe highly patent RDEIIiphibitor 3-OH anagrelide. The
5-substituted analogues havetheyotentidl to indirectly ste Ry \N@J ?]
2009/138788PCT/GB2009/04 3 hindgr mgtabolism at gferregh 3-position. These 3-or

ide-also the pR)a entiator improv ;?harmacokinetic
characteristics since the 3-positin in the grelide moleculg®is known 1t be the major site of
metabolism which is the principal mechddism dﬁi?ug clearance. Use@© the%ﬁesponding "open ring"
prodrugs of these 3- or 5-substituted analogues,could effer the added value of improved rates of
dissolution and water sofdbity; 2tiqw g@% formufat o « £ aqueous solubility of
anagrelide at 7 is <10ug/ml. hyl5.6:1dichloro-3,4-dih (1H)-Iminoquinazoline-3-acetate HBr -

an unsubstituted but repgs? axan t thesentrg ORg he solubility is - 5.5mg/m1
are likely tq be extremely rapidly and completely cyclised in plasma to
analogyes. Feréxample the'rapid a itative conversion of

in distilled water. Such prodrug
the closed ring 3-alkylanagrelid
ethyl5,6-dichloro-3,4-dihydro-2-(1H)-iminoquinazoline-3-acetate HBr - an unsubstituted but
representative example Gfthesexing bipe phda?ugs -Ré.anagreliddlwa Keimonstrated in human
plasma using LC/MS-MS ang techniques. Human pl as Spiked with anagrelide prodrug
(final concentration 100 ng/m AR ; nd 60 minutes afterward
samples were analysed 1or anag gelide prodriug and anagrelide. Even at the first point of measurement
no prodrug could be found demBnstratin id and comeete cones i )?F%Q, anagrelide itself.
Figure 1 shows the levels of anagrelide gfodru , ethy1-5,6-
dichloro-3,4-dihydro-2-(1gf)-iminoquingzolingrdzacetaig?and anag
plasma, incubated at room teghpératur er one hour. "- Ot tla‘\Plyénefﬁ of improved water
solubility on the absorption g @ Opemyrin nalogugs nown {n a gomparative bioavailability
pstituted etiiyt5,6- R f

qlide ohserved in samples of human

study in the dog. Using tRéUns
dichloro-3,4-dihydro-2-(1H)-imingquinazoli -3-ac{<)—:-tate HBr a8 a model omp%md, a comparison was
made of the systemic availability of anadgeélideXfhen given as this cof@poundfor as anagrelide itself in
equimolar doses (7.7 & 6.1mg/kg respectively). Examination of phatmacokinetic parameters for the
prodrug showed an approximately 17-fold higher C","," and a mean 16-fold higher AUC for anagrelide
than when the drug itself was administered.
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WO 2009/138788PCT/G82009/050508 These results implied that the inherent absorption of
anagrelide at this dose (6.1mg/kg, albeit 200 fold above the clinical dose) was comparatively poor (<
6.25 %) since thepewasshittke evidence for marked changes in metabolisnrdhetikebyoadtesnative
explanation. The metabolite-to-drug exposure ratio after anagrelide was 1.5 compared to 0.9 after the
prodrug. This study (see tables below) also showed that there was also considerably less variability in
Cm", and AUC after the prodrug. For example Cm for anagrelide after the prodrug ranged from 170 -
418 ngmuUl (relative stangd eyjation, RSEEHRBY%) campared to hG to 4443 ngmUl after anagrelide
itself (RSD 62.5%). Similarly 0C 6 anagrelide after dru\g ranged from 367 to 1470

ng.hmuUl (RSD 34%) com ) 88ng.hmUT(RED . 21 grelide itself. The lesser
variability was consistent'with more efficien absorptio%. This[study illustrated the potential benefits of
the open-ring prodrugs to imprdee absor E .JTagle 1 Pharlahsacokine:ﬁ :ramgeters of anagrelide
following a single oral (capsule) adminisigation%]a anagrelide or an esfer opén'ring prodrug of

anagrelide to male dogs at equivalent molar doses Anagrelide (6.1 mg/kg) Dog ID number C",a
(ng/mL) T°.n (hours) AVGE rENF KM A Snaep DMK AAUS B apa v,

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

With regard to each of said Formulae, R°, R® and R’ may each be, for example, independently
selected from R® and R": wherein R*is Cj4 alkyl optionally substituted with 1, 2 or 3 R"; and R
is selected from fluoro, chloro, bromo, iodo, wifluoromethyl, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R®, -S(O)R® and -N(ROR? wherein R® and RY are each independently
hydrogen or Ci4 alkyl optionally substituted with 1, 2 or 3 substituents independently selected
from halo, cyano, amino, hydroxy, nitro and Cj.4 alkoxy. Tn an embodiment R’ . R® and R are
each independently selected from fluoro, chloro, bromo, iodo, cvano, nitro, methyl, methoxy,
triflnoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

' bromomethyi, dihalomethy! and methyisulphonyl.

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

g ~

NIRE NIRE
5 g
R 10 R 10

Q XR 0 XR

NH,
R‘l



t1/2 (hours) 1 15.7 16 141 e 314.81.542.042.3' 0.4459'1.6°

WO 2009/138788 - PCT/GB2009/050508

R
R! Ne_ _NH,
b
N
LI
07 xR
R° R®
RY N. _NHR® RS N _NH
\Y \Y 2
N N
R® jf R’ f
0” ~xR" 0“ xR
R® R°
RY No_NHR®  R? Ne NH,
N, N3
N f> N
R® R®
0~ xR 07 XR™
R° R®
R? No_ _NHR®  RE Ne_ NH,
- -~
N N
R’ R®
0~ “xRY 0~ “XR™

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

With regard to each of said Formulae, R°, R’ and R® may cach be, for example, independently
selected from R* and Rb; wherein R* is C)., alkyl optionally substituted with 1, 2 or 3 Rb; and R°
is selected from fluoro, chioro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR®, -C{O)R®,
-C(OYOR®, -OC(OIR®, -S(O)R® and -N(R®RY; wherein R® and RY are each independentiy
hydrogen or Ci. alky! optionally substituted with 1, 2 or 3 substituents independently selected

from halo, cyano, amine, hydroxy, nitro and C,4 alkoxy. In an embodiment R5, R’ and R® are
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11 25.02 188 193" 0.3119'2.2" 23 9.50 1.5 121.6 23.1d 0.1953d 3.5d 29

WO 2009/138788 PCT/GB2009/650508

each independently selected from fluoro, chloro, bromo, todo, cyano, nitro, methyl, methoxy,
trifleoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsuiphonyl.
In an embodiment the compound is of one of the following Formulae:
N NH,
3 ~
o N

N 2 N 2
ﬂe R Re iﬂ
g 5
R R 10

07 xR™ 07 “XR

N N§T/NH2

R’ R° 10

0~ ~XR™ 07 XR
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44,31 88.9 89.3 0.3031 2.3 Mean 21.9 1.5b 96.3 - SD 13.7

WO 2009/138788 PCT/GB2009/050308

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

With regard to each of said Formulae, R’ , R® and R® may each be, for example, independently
selected from R® and R®; wherein R® is C1, alky} optionally substituted with 1, 2 or 3 R”; and R°
is selected from fluoro, chloro, brome, iode, trifluoromethyl, cyano, nitro, -OR®, -C(O)R,
-C(OYORS, -OC(O)R®, -S(O)R® and -N(R®RY; wherein R® and R® are each independently
hydrogen or Cyi4 alkyl optionaliy substitnted with 1, 2 or 3 substituents independently selected
from halo, cyvano, amine, hyvdroxy, nitro and Cis alkoxy. In an embodiment R®, R® and R® are
each independently selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
trifluoromethyl, triftuoromethoxy, carboxylic acid, aminomethyl; fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsulphonyl.

In an embodiment the compound is of one of the following Formulae:
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or, in each case, a pharmaceutically acceptable salt or solvate thereof.

With regard to each of said Formulae, RG, R’ and R® may each be, for example, independently
selected from R and R" wherein R® is C,.; alkyl optionally substituted with I, 2 or 3 R and R®
is selected from fluoro, chioro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR®, -C(O)RS,
C(OORS, -OC(OIRE, -S(OHR® and -N(R9RY; wherein R® and R® are each independently
hydrogen or Ci4 alkyl optionally substituted with 1, 2 or 3 substituents independently selected

from halo, cyano, amine, hydroxy, nitro and Ci.4 alkoxy. In an embodiment R6, R’ and R® are
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each independently selected from fluoro, chloro, bromo, iodo, cyano, nitro, methyl, methoxy,
trifluoromethyl, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl and methylsuiphonvi.
In an embodiment, each of R, R®, R and R® is independently selected from R* and R

It has also been found that 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 IH 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:

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

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

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

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

the use of a compound of formula (I), or a pharmaceutically acceptable salt or solvate thereof in
the manufacture of a medicament for the treatment of a disease selected from: myeloprolific

diseases and generalised thrombotic diseases; and

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

pharmaceutical composition containing any of the foregoing.
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The present disclosure also encompasses a method of treating a patient having essential
thrombocythemia or other myelproliferative disesase or thrombotic cardiovascular disease or
high blood platelet count, which method comprises administering to the patient a therapeutically

effective amount of a compound of the present disclosure.

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

pharmaceutically acceptable carrier.

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

Examples include hydrochloric and hydrobromide salts.

DETAILED DESCRIPTION OF THE INVENTION

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

and hence lower potential for unwanted cardiovascular and anti-aggregatory side-effects.
Appropriate substitution at the 3-position of the anagrelide molecule effectively blocks the

principal site of metabolism and thus precludes the formation of the highly potent PDEIIL
inhibitor 3-OH anagrelide. The 5-substituted analogues have the potential to indirectly sterically
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hinder metabolism at the preferred 3-position, These 3-or 5-substituted analogues of anagrelide
also have the potential for improved pharmacokinetic characteristics since the 3-position in the
anagrelide molecule is known to be the major site of metabolism which is the principal

mechanism of drug clearance.

Use of the corresponding “open ring” prodrugs of these 3- or 5-substituted analogues couid offer
the added valuve of improved rates of dissolution and water solubility, allowing easier
formulation. For example the agqueous solubility of anagrelide at pH 7 is <10ug/ml. For ethyl-
5,6-dichloro-3 4-dihydro-2-(1H)-iminoguinazoline-3-acetate HBr - an  unsubstituted  but
representative example of these ring open prodrugs — the solubility is ~ 5.35mg/m] in distilied

water,

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

human plasma, incubated at room temperature over one hour,

The potential benefit of improved water solubility on the absorption of these open-ring analogues
was shown in a comparative bioavailability study in the dog. Using the unsubstituted ethyl-5,6-
dichloro-3,4-dihydro-2-(1H)-iminoquinazoline-3-acetate  HBr as a model compound, a
comparison was made of the systemic availability of anagrelide when given as this compound or
as anagrelide itself in equimolar doses (7.7 & 6.1mg/kg respectively). Examination of
pharmacokinetic parameters for the prodrug showed an approximately 17-fold higher Cpax, and a

mean 16-fold higher AUC for anagrelide than when the drug itself was administered.
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These results implied that the inherent absorption of anagrelide at this dose (6.1mg/kg, albeit 200
fold above the clinical dose) was comparatively poor (< 6.25 %) since there was little evidence
for marked changes in metabolism, the likely alternative explanation. The metabolite-to-drug

exposure ratio after anagrelide was 1.5 compared to 0.9 after the prodrug.

This study (see tables below) also showed that there was also considerably less variability in
Chax and AUC after the prodrug. For exampie C,.x for anagrelide after the prodrug ranged from
170 — 418 ngmL" (relative standard deviation, RSD, 26%) compared to 9.5 to 44.3 ngmL™ after
anagrelide itself (RSD 62.5%). Similarly the AUC for anagrelide after the prodrug ranged from
367 to 1470 ng.amL" (RSD 34%) compared to 21.6 to 188ng.hmL ' (RSD 71%) after anagrelide
itself. The lesser variability was consistent with more efficient absorption. This study illustrated

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

Table 1

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

doses

Anagrelide (6.1 mg/kg)

Dog ID Crax T o AUC,., AUC k tly
number {ng/ml) {(hours) (ng.h/ml) | (ng.h/mL) |(hours™) {hours)

1 15.7 i6 141 - i -

3 14.8 1.5 42.0 42.3° (0.4459° 16°
11 250 2 188 193° 0.3119° 2.2
23 9.50 1.5 21.6 23014 | 0.1953° 3.5°
29 443 1 88.9 ¥9.3 0.3031 2.3
Mean 21.9 1.5° 93 - - -

SD 13.7 689 |- -

Ester prodrug of anagrelide (7.5 mg/kg)
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Pharmacokinetic parameters of 3-hydroxy anagrelide, following a single oral (capsule) administration
- of anagrelide or an ester prodrug of anagrelide to male dogs at equivalent molar doses Anagrelide (6.1
mg/kg) Dog ID wanmtmeri@ass, (ng/mL) (hours) AUCO04 (ng.h/mL) AUCInfin fag/bimdopkssesurs-1) 0/2

(hours) 1 14.1 16

Dog ID Coax Tivax AUCq. AUC 1k th2
number (ng/mb) {hours) (ngh/ml) |{(ng.h/mL} |(hours™) (hours)

i 213 3 678 679 0.1965 35
3 17G i 367 369 0.3071% 23
11 418 4 1440 1440° | 0.178¢° 3.9
23 334 3 951 932 0.494] 1.4
29 353 6 1470 1470 0.4857 1.4
Mean 339 3.5 1130 1030 0.3922 1.8
SD 86 390 440 0.1692

Median

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

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

Could not be estimated in accordance with all acceptance criteria, excluded from
calculation of mean

e Could not be estimated from the available data

Calculated as In2/{mean rate constant)
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Table 2

Pharmacokinetic parameters of 3-hydroxy anagrelide, following a single oral (capsule)
administration of anagrelide or an ester prodrug of anagrelide to male dogs at equivalent

molar doses

Anagrelide (6.1 mg/kg)

DogID  |Coax Tonax AUC, AUChz: |k s
number (ng/mL) | (hours} (mg.h/mL) (agh/ml) {(hours™ | (hous)

1 14.1 i6 131 - d -

3 18.0 1.5 64.6 65.0 0.2854 2.4
11 29.9 16 274 |- d -

23 19.4 1.5 50.7 51.8 0.2314 3.0
29 43,0 1.5 122 123 0.2966 23
Mean 24.9 1.5° 128 79.9 0.2711 2.6°
SD 11.7 89 37.9 0.0349

Ester i}rodrug of anagrelide (7.5 mg/kg)

Dog 1D Coan T s AUC,, AUC k 2
number (ng/ml.) | (houss) (ng.h/mL) |(ngh/mL) |(hours™) |(hours)

1 185 3 564 566 0.1569 4.4
3 106 1.5 303 303 0.2510 2.8
11 347 4 1280 1290° 0.1235° 5.6°
23 269 3 876 878 0.4425 1.6
29 241 6 1240 1240 0.3776 1.8
Mean 261 3.5° 990 895 0.3257 2.1°
SD 67 337 337 0.1497
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Animal vomited ca 1 hour post—dose, excluded from calculation of mean

®  Median

Could not be estimated in accordance with all acceptance criteria (excluded from
calculation of mean

d  Could not be estimated from the available data

Calculated as In2/(rnean rate constant)
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For those 3-or S-substituted anagrelide analogues which have a lower therapeutic potency (but
not inherent activity) than anagrelide itself, a potentially higher absolute dose may be needed
which could present problems for absorption. For example 3.3-dimethyl anagrelide (anti-
megakaryocytic ICsp ~160 oM of 27 nM for anagrelide} may need to be given at 6 times the
current clinical dose of anagrelide. In this situation absorption may be less than complete and a

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

Tt is to be understood that compounds of formula (I) may contain one or more asymmetric carbon

atoms, thus compounds of the invention can exist as two or IMore sterevisomers,

Incinded 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),
including compounds exhibiting more than one type of isomerism, and mixtures of one or more

thereof.

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

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

Sterecisomers may be separated by conventional techniques known to those skilled in the art -
see, for exampie, “Stereochemistry of Organic Compounds” by E L Eliel (Wiley, New York,
19945

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

brevity but the skilled person is specifically directed to these documents.
A person skilled in the art will be aware of variations of, and alternatives to, the processes

referred to in 1S 4256748 which allow the individeal compounds defined by formula (I) to be

obtained having been now revealed as desirable targets. The present invention thus further
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encompasses methods of manufacturing a compound of the present invention to the extent that

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

By way of illustration, and without limitation, a compound of the invention may be obtained
according to the following reaction scheme (in which R is, for example, ethyl or other alkyl) ,

using commercially available compounds:

. 5 1. NEY, R

B EiOH: isopropanol SnlLy/ HC i
Al HS0,/HNG, gt NO, 5 NaCNEi“g Py NO Rmiz o)
——— s
N N
s L]
R 7 oHo B CHO on A i PN, OR
1 L # R7TR
‘g)alée;’{lef methanal o BroN, toluene
C My N e, Br
HHI%)JLOH wiuane
R B
HS
Rl Py ~NH
2
- g \Y R HBr
B NOa R N%Rg
R CO,R
RE :
B OH NEL, S0CL,

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

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

It will also be apparent to a person skilled in the art that sensitive functional groups may need to

be protected and deprotected during synthesis of a compound of the invention. This may be
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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.
Definitions:
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

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 Hmited 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-buiyl.

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

cyclohexyl or cycloheptyl,

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

one carbon atom.

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

but-2-oxy or 2-methylprop-2-oxy.
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The term “hydroxyalkyl™ as used herein as a group refers to a straight or branched hydrocarbon
chain containing the specified number of carbon atoms, which is substituted by 1-3 hydroxyl

groups. For example, C, , hydroxyalkyl means a straight or branched alkyl chain containing from

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

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

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

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

doubie 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 alkyayl

26
containing at least 2 and at most 6 carbon atoms and containing at least one triple bond.
Exampies of “alkynyl” as used herein include, but are not limited to, ethynyl, 2-propynyl, 3-
butynyl, 2-butynyl. 2-pentynyl. 3-pentynyl, 3-methyi-2-butynyl, 3-methylbut-Z-ynyl, 3-
hexynyl and 1,1-dimethylbut-2-ynyl. It wiil be appreciated that in groups of the form

-0-C,  alkynyl, the triple bond is preferably not adjacent to the oxygen. The term “halo”

refers to halogens such as fluorine, chlorine, bromine or iodine atoms,
The term “sulfide’ refers to a radical of R,—S5—R,, wherein a suifur atom is covalently attached to

two kydrocarbon chains, R, and R, wherein the two hydrocarbon chains may be, for example,

but not limited to, any discussed above.
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The compounds of the invention, ie. those of formula (I). when cyclised may possess
antimegakaryocytic activity in humans. Such activity may be assessed using a well established
model. Assessment of the ir vifro anti-megakaryecytic activity - and potentially therefore the
platelet lowering capability - of the anagrelide prodrugs can be determined using the model of
megakaryocytopoiesis (Cohen-Solal er al., Thromb. Haemost, 1997, 78:37-41 and Cramer et al.,
Blood, 1997, 89:2336-46). This involves examining the differentiation of human CD34" stem

cells into megakaryocytes which ultimately give rise to blood platelets.

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

thrombotic diseases.

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

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

minimise the risk of thrombus formation during or post surgery.,
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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
as a formulation in association with one or more pharmaceutically acceptable excipients.
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
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
Pharmaceutical Sciences’, 19th Edition {Mack Publishing Company, 1995}, The formulation of
tablets 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
capsule, bolus, tablet, powders, lozenges, chews, multi and nanoparticulates, gels, solid solution,
films, sprays, or lignid formulation. Liquid forms include suspensions, solutions, and syrups.

Such formulations may be employed as fillers in soft or hard capsules and typically comprise a
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known in theagrerfér exempbleviberapthdede Apk e haresrg ol iy Sean darePtexasoora!sigen ais?

"ComprehensisiQrganic chansiennationsyidy @uisle ipdkunctionalic reun sl rapstormationsns RC
Larock, WiI%}/-VEH (1999 oral te editionsg,t'.'Marfch's %dv_anc;etd O;ganic CTerfnistr - Fﬁeactions,
Mechanism® 2 S HURRRE™ l@?ﬁflgrﬁﬁﬂl}s\ﬁ’. FHEREh AR TBER RS S TARSH *XBFSALES organic
Chemistry, Part B, Reactions and Synthesis", FA Carey, RJ Sundberg, Kluwer Academic/Plenum
Publications i o@nperiateraydition) adovgamie Spnirelide PheiDistornetioiA prstetlly S'Warren

(Wiley), (1982 .uclatareditions) roResighnad Q@ ganicrayptheras pSudVarendWileyn(L9gswrlater
editions), "C-%uidepook To O{gg%ic 1Sylnthesis" RK Mackie and DM %mit@hggon rlnarfgn%982 or later
< 4n

editions), et@f“é‘h%t]ﬂ%’ SN et%e?té?ﬁsagr%aﬁlﬁ’i BRRi 8128 Be gﬁbarér?fl onéppers'on skilled in the

art that sensitive functional groups may need to be protected and deprotected during synthesis of a

compound gfthe,iNaRioRa T Ris Ry ReinINS-d QU381 88E G/ AR2ONPINRAS08 @ chieveduby

conventional methods, for example as described in "Protective Groups in OQrganic Synthesis" by TW

Greene and BT RIS SHHHOVRILY B SOAHSIHCOLIE8S) "SR fePBRBELHETBIR BEARi Y Halo
means a grouprselestiedutromrifludrogrehioreabriomtheripdoratheriarr, "aliyltaisaisedrivenam, as a group

ora part of &gigu Iefeinn, 2SR Qukrrnehed yrierathon.ehaln SAIARINAANRSgRjed number

of carbon atoms. For examé)le., C1_10 alkyl means a straight or branched alkyl containing at least | and
at most 10 ¢ABERAEdH SNERARETIIS BRoey IS OIS R HIRTERC YRS Bist AF8ROt rhiga°to, methy,
ethyl, n-propyl, n-butyl, n- pentyl, isobutyl, isopropyl, t-butyl, hexyl, heptyl, octyl, nonyl and decyl. A

C14 alkyl IR Fations may be immediate and/or modified controlled release. Controlled release
formulations inciude Modified release formulations include: delayed-. sustained-, and pulsed-

release.

Dosages

Typically, a physician will determine the actual dosage which will be most suitable for an
individual subject. The specific dose level and frequency of desage for any particnlar individual
may be varied and will depend upon a varety of factors inchnding 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, mode and time of administration, rate of excretion, drug

combination, the severity of the particuiar condition, and the individual undergoing therapy.

In general however a suitable dose will be in the range of from about (1.001 to about 50 mg/kg of
body weight per day, in a further embodiment, of from about 0.001 to about 5 mg/kg of body
weight per day; in a further embodiment of from about 0.001 to about 0.5 mg/kg of body weight
per day and in yet a further embodiment of from about 0.001 to about (.1mg/kg of body weight
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one embodiment, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or t-butyl. The term
"cycloalkyl as used herein refers to a non-aromatic monocyclic hydrocarbon ring of 3 to B carbon
atoms such as, ¥iar Brampies, but not limited to, cyclopropyl, cyclobutyl, cyglopengphs@getohexyl or
cycloheptyl. The term "spirocyclic" as used herein refers to a ring system joined to a second ring
system at one carbon atom. The term "alkoxy" as used herein refers to a straight or branched
hydrocarbon chain group containing oxygen and the specified number of carbon atoms. For example,
C1_6 alkoxycritsank dusthen ghbedipreatic Hied 2k SAE B RIFMG Re dst © abrrathes'e ¢AHEH atoms.
Examples of gy ads #sedherein include,Rukamyeblimited o methexyn slhexmapropoxy,
prop-2-oxy, butoxy, but-2-oxy, 2-methylprop-1-oxy, 2-methylprop-2-oxy, pentoxy and hexyloxy. A C14
alkoxy group is one embodiment, for example methoxy, ethoxy, propoxy, prop-2-oxy, butoxy, but-2-oxy
or 2-methylphep<soxry. dWO 12Q0IIBETEBPCTHGB200M050508iTHe thrm thyelroxyalkyl'tasused

herein as az%ﬁiﬁﬁ’str&é@rﬁ E‘ﬁ;ﬁoﬁ?@t@%&CM%@@?ﬁdﬁYﬁ%ﬁéb&% GRAID F&!ﬂ@'&l@& H@a@e%@ﬂfézd number
of carbon atoms. which is substituted by 1-3 hydroxyl groups. Far example, C14 hydroxyalkyl means a

straight or BfaAEHEHRIRINC AR B RSATg FERETE Y Yalb SRR &P@é&%ﬁ?ﬁ&?&?&yl group;
examples ofsdthegioup snctudehydicoxymethyl, hydroxyethyl, hydroxypropyl, hydroxyisopropyl,
hydroxybutyl and the like.

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 (.1 to 5 mg of active ingredient per unit

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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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 "C26 alkenyl" means 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 the, 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 I.,I-dimethylbut-2-enyl. It will be
appreciated that in grou f the ff)rm -O-C% 6 alkenyl, the double bond is preferabl¥ not adjacent to
the oxyden. THe 8 Qﬁf}?ﬁﬁﬁ“ﬁlg BSEQTHeR Wgeéﬁbel%upa%ﬁﬂg%’é?f?}f & PO efEelto a straight or
branched hydrocarbon chain containing the specified number of carbon atoms and containing at least
one triple bond. For example, the tegm "C2_6 alkynyl" means a straight or branched alkynyl containing
at least 2 and at most 6 carbon atoms and containing at least one triple bond. Examples of "alkynyl" as
used herein include, but arg} pited 1. ethyRRZ-propynyl, 3- butynyl, 2-butynyl, 2-pentynyl,
3-pentynyl, 3-methyl-2-butynyl, 13- hexynyl and 1,1-dimethylbut-2-ynyl. h will be
appreciated that in groups ogt -0-C26 a Sg{g/l, the triple bond is preferably not adjacent to the
luorine, chlorine, bromine or iodine atoms. The

E 3 rein a sulfur atom is covalently attached to two
hydrocarbon chains. Ra and Rb, wherein th&two frécarbon chains may be, for example, but not
limited to, any discussed above. WO 2009/138788PCT/6 B2009/050508 The compounds of the
invention, i.e. those of formula (1), When('r)yclised may possess antimegakaryocytic activity in humans.
Such activity may.he assessed using a well established model. Assessment of the in vitro
~anti-megakaryocytic activity - and potentially therefore the platelet lowering capability - of the -
- anagrelide prodmgs can be determined using the model of megakaryocytopoiesis (Cohen-Solal et al.,
Thromb. Haemost. 1997, 78:37-41 and Cramer et at, Blood, 1997, 89:2336-46). This involves
examining the differentiation of human CD34+ stem cells into megakaryocytes which ultimately give
rise to blood pIageIets.the compounds of the invention may be particularly useful in the treatment of
myeloproliferatvertfidtasesndeendsripoeineishivapmalseing eyt dae awmentot generalised
thrombotic diS@aSESE, 4 alkenyl, Cs.g alkynyl, Css cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl

groups may be optionally substituted by 1 to 5 groups chosen independently from the group

comprising: halo, hydroxyl, cyano, nitro, C,4 alkylsulphony! and COOH; C, ¢ hydroxyalkyl;
Ci.6 carboxyalkyl; and sulphide;

or wherein R; and R, together with the carbon to which they are attached form a Cis
carbocyclic ring may be optionally substituted by 1 to 5 groups chosen independently from the
group comprising: halo, hydroxyl, ecyano, nitro, C,4 haloalkyl, C,, alkylsulphonyl and
COOH; or wherein R, and R, together with the carbon to which they are attached represent a
C, . alkeny! or C, 4 alkyny! group bound through a double bond to the ring to which R’ and R*
are attached and being optionally substituted by
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It is to be appreciated that references to treatment include prophylaxis as well as the alleviation and/or
cure of established symptoms of a condition. "Treating" or "treatment" of a state, disorder or condition
incllédes (dl) pr@&et&ng@@d@amgaaaeea@maeaft?@er%qﬁﬁig@@ngﬁwm%oﬁmﬁ @a{t@xﬂ,i%%gﬁ,r or
condition developing.in.a hu that may. be afflicted with or predispased to the state, disorder or
condition but d?é%hrgé a§%’t e’%ﬁ%&%%’ f%%lé‘i‘;{/“’é‘ﬁﬁi%ﬁf SPESh in?&gl%y%%&%@é’f‘%ﬂé” Siedisorder
or condition, (Xthehibitindrthe state, disorder or condition, i.e., nesting, 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 tipeé state’ sispiddpenaeerndition goal irashopeaipisistinical., syhelinicahgymptpms.

Myeloproliferatiyve diseases which may be treatable with. the compounds of the present invention
include. essenﬁgﬁe{)ﬁlr?orﬁhﬁ%%ﬁ#é?ﬁé?yp‘)}gﬁ?/%ﬁﬁgreﬁ%mvsg}%%lmar%%nﬂigS%X?éé)rmyelofibrosis, chronic
myeloid leukaehfiaNitharewd mabthe ontlooeNxoubstireaétivd terd mbarytosienimérpuiidasly frectding a
surgical procedusgs, @siansiun aaiate.onBa! %@%@Ei\éﬁtm,e\(gmtaaﬁhvﬁsm €5 wamise fhe risk of
thrombus formation during gr post surgery. WO 2009/138788PCT/GB2009/050508 Thrombotic
cardiovascular é&é&é@ﬁ@vﬁf}ﬁ&@&ﬂ 4 sWRkif%ased generalised thrombotic risk) which may be
treatable with the compounds of the present invention include: myocardial infarct (heart attack)

thrombotic Stf%%ﬁ?ﬁ*%d%ﬁéﬁ&%ﬂ@%%%&%%%tﬁ%@'&Ea‘éﬁ@& B NECOMPQUDYR %ﬁlg °

present invention may also utility in indicated for the reduction of atherothromboti€ even

follows: recent™™ cERtLHOReBP iShell ForpBEra e drdsaseicatyidrenrdhans&ihdrome
(unstable angiraMeiitdwmie Mirsardiovaseitar deathloMiystiokeanandipabmetany (ssbemiar’

-~ Compounds of the jnvention intended for pharmaceutical use may be inistered rystalline or
* amorphous prggﬁegsFQFFI{;}?rlf?g?ﬁg%b(tggfn%%n%roégﬁﬁp%? ggg% db;()) u@%&%@%@%&%@@y
methods such &§ piectpititish Fryathliz atoriiavhest endrhirieg optiprelly dnlisiiviod dyvaporaivergrying.
Microwave or radig{regisnedryingdnay peHsed fofthis Buinase: They m%@@;gm,st@@d alone
orin combinatilcl)ﬁ0 -thl%f;g{)ﬁ?re other compounds of the invention or in combination with one or
more other drugs. Generally; they will be administered as a formulation in association with one or more
pharmaceutically z;ué:ceptable8 excipients. Pharmaceutically acceptable excipients include one or more
of: anti-oxidant®;doldtiramt® s enstiiefensadestiprebstodfiveshydreestB rmkRing agents.
Pharmaceutical compositions suitable for the delivery of compounds of the present invention and
methods for thgl'gr, ?Zpa&atmﬂ(%jll be readily apparent to those skilled in the art. Such compositions and
methods for th 'rlg paratidriiay be found, for example, in 'Remington’ s Pharmaceutical Sciences',
19th Edition (Mack Publishing Company, 1995). The formulation of tablets is discussed in
"Pharmaceutwﬁi@%&%&%ﬂﬁﬁ%mg% gl‘iéililéi%}dﬂg@g?fmgﬂﬁpég_lg'afk%ﬁﬁ?@ﬂ’a&ﬂ?ﬁ?%&ekker’
N.Y., N.Y., 1980 (ISBN 0-8247-691 . The methods by which the compounds may be administered
include oral adminfSFRAGHIBYPEHL e BoIS [ PAmE BRI Bt Do AGEYEN RS ifHIH tihbi o 5
nanoparticulatesygelshaehdstiptidanfitnisns fraysowr deiaiformuladidnddguideienmshinelude,
_.suspensions, sgjuti and syr uch:formulations may.be em ed as fillers in soft or hard

.. capsules and t??%%g%@%g%%ﬁgﬁéﬁé%%ogﬁg %ﬁ%ﬂ? gfﬁ%@%@ E%%O Carrier. for example, water,
ethanol, polyethylene glycol, propylene glycol, methylcellulose, or a suitable oil, and one or more
emulsifying agents and/or suspending agents. Liquid formulations may also be prepared by the
reconstitution of a solid preparation, for example, from a sachet. The compounds may also be
administered topically to the skin or mucosa, that is dermally or transdermally. Typical formulations for
this purpose include pour-on solutions, sprays, powder formulations, gels, hydrogels, lotions, creams,
ointments, films and patches, and implants. 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 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.
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Formulations may be immediate and/or modified controlled release. Controlled release formulations
include Modified release formulations include: delayed-, sustained-, and pulsed-release. Dosages
Typically, a physician will determine the actual dosage which will be most suitable for an individual
subject. The specific dose level and frequency of dosage for any particular individual may be varied
and will depena(dbéhoé S;ariety 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, mode and time of administration, rate of excretion, drug combination, the severity of the particular -
condition, and the ihdi¢leciaf uf@Brgbing MlerhpdinCgenalistmdweithen efiitabisdoseontibhalin the
range of from aheut Q9% it about 59 fpg/i. of body weight per day, in a further embodiment, of from
about 0.001 to about 5 mg/kg of body weight per day; in a further embodiment of from about 0.001 to
about 0.5 mg/kg of body weight per day and in yet a further embodiment of from about 0.001 to about

0.1mg/kg of bogy weight1 ¥ QraR0RA3SERRRCHGRIPOYAR0S0RPErERY- lp friber. iments, the
ranges can be of from about 0.1 to about 750 mg/kg of bogy weight per day, inthé rangé of 0.5 to 60

mglkg/day, and - {BFang(OPR to 20 Rndfkg/dakMHB dBSired b6 (R comemSRHBE mdsented in
a single dose ngvql'g(@ﬁﬁggoses administered at appropriate intervals, for example as one, two,
three, four or more doses per day. If the compounds are administered transdermally or in extended
release form, the compounds could be dosed once a day or less. The compound is conveniently

administered inRepioRSageLIMmdRp 99{2%@%%91@@1 to 50 mg, conveniently 0.1 to 5 mg, most
conveniently 0.1 to 5 mg of active ingredient pér unit 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 mgger 0 4Q Qi Mene a@fiyeaiﬁ?feaientegr uiLAgsagalPrar GheIMS LiGempound of
- Formula (I) or a pharmaceutically acceptable salt or solvate thereof (I) wherein:
substituted with 1,72, 3, 4 or 5 substituents independently selected from halo, cyano,

amino, hydroxy, nitro and Cj. alkoxy; and

11s0, 1 or 2;

and wherein each of the following provisos applies:
® R', R*% R? and R* are not all hydrogen; and

(i)  when R and R are each halo, then R” and R® are not both selected from H,
- halo, cyano, Cy alkyl, Ci¢ haloalkyl, Cy¢ alkoxy and C 4 haloalkoxy.
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R'and R2, are independently selected from the group comprising: halo; cyano; C1,6 alkyl, C2.6
alkenyl, C26a alkynyl, C3.8 cycloalkyl wherein said alkyl, alkenyl, alkynyl or cycloalkyl groups may be
optionally substituted by 1 to 5 groups chosen independently from the group comprising: halo,
hydroxyl, cyano, nitro, C1-4 alkylsulphonyl and COOH; C1,6 hydroxyalkyl; C1.6 carboxyalkyl; and
sulphide; or wherein R1 and R2 together with the carbon to which they are attached foiu a C3-8
carbocyglic ringsntayzesptibriatysiab&itoted hyrintodhtgetlypscchnsan ntdependent!yifsamythe group
comprising: ha r CYRR r 1 I yl, C14 alk qu | an herein R1
and R2 togethe%(r?a\ivﬁll}[éhgt?]gfe(:)%%{rgon%d(gl]\%\/théﬁélhggl @g%eagﬁafér%d Zg)%ilgnthé)g%él qiken%uor T alkynyl
group bound tHsiRfY @8Bte bond to the ring to which RI and R2 are attached and being optionally
substituted by one to three groups independently selected from the group comprising: halo, hydroxyl,

cyano, G1 4 h aﬁéj |ded aI s that one of Rb is not hydrox hen the
other |sgmethyl dJ 4are ind %%e Sty af%wtce%‘tfroﬂ REFF %% éﬁﬁwﬁ?lgﬂ#@%t%&%’% &ano; C16
allcyl, C2-6 aIk@ﬁweézl@@)rkymﬁd@88>b}l@lo‘ah€§¢hwﬁerlelmsamcaiklw allsentdalicyrifxdrocyElealkyl
groups may be:gpignallysypstituted by 1 to 5 groups chosen independently from the group
comprising: halo, hydroxyl, cyano, nitro, C1-4 alkylsulphonyl and COOK C7-6 hydroxyallcyl; C1..6
carboxyalkyl; and sulphide; or R3 and R4 together with the carbon to which they are attached form a
C34 carbocycl c ring may be optionally substituted by 1 to 5 groups chosen independently from the
group comprising: halo, hydroxyl, cyano, nitro, C1-4 haloalkyl, C1-4 alkylsulphonyl and COOH; or R3
and R4 together represent a C2_6 alkenyl or C2_6 allcynyl group bound through a double bond to the
ring to which R3 and R4 are attached and being optionally substituted by one to three groups
~independently selected from the group comprising: halo, hydroxyl, cyano, Cj_4 haloalkyl and COOH.

~ R5, R6, 12.7 and R8 are each independently selected from hydrogen, R6 and Rb; R9 is H or C1.6
alkyl; 121 is selected from the group comprising: hydrogen; C1..6 alkyl, C2_6 alkenyl, C2_6 alkynyl
and cycloalkyl wherein each of the foregoing groups may be optionally substituted by 1 to 5 groups
chosen independently from the group comprising: halo, hydroxyl, cyano, nitro, C1_4 alkylsulphonyl
and COOH,; or Rb is a pharmaceutically acceptable cation; XisOorS; W is selected from Ci_6 alkyl
and C2-6 alkenyl, either of which is optionally substituted with 1, 2, 3,4 or 5 Rb;
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Rb is selected from halo, trifluoromethyl, cyano, nitro, -OW, -C(0)W, -C(0)0R6, -0C(0)W, -S(0)1W,
-N(W)Rd, -C(0)N(W)Rd, -N(W)C(0)Rd, -S(0)11\1(W)Rd and -N(W)S(0),Rd; Re and Rd are each
indepengently mym%gﬁﬁm%ﬁﬁ t9) splepteshomn&iy L allhanad G2alkenv.eithesgtygich is

optionally substltuted\% 2 3,h4 ar ggsubs tuents inde endentl selected from halo, cyano, amino,
hydroxy, nitro RUFET nﬁl%%’i AL s 6 ‘?Le b YR Wr & 8acHf the following provisos applies:
() RI', R2, R3 and R4 are not all hydrogen; and (ii) when R5 and R6 are each halo, then R7 and R8

are not koth semgﬁg&nmﬁohﬁh% gyamplﬁimﬁc@ﬂ%u%c&ﬁ&@%ﬁ/& Chblxandthd haloalkoxy.
2. A compound of Iigcré ula (I )1 %Lfgha aceq]ﬁ‘ l%) cce a&ﬁ solvate thereof as claimed in
any preceding c’%ﬁn Erein RIGEEA opflsonﬁg S st?tru{’ i yt'or C3-8 cycloalkyl group. 3. A
compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in any
precedimg claim, sgsein B2 dsamoptienallyrslabstitfigch ik alkyhrbCI%eyaIoalkyl arpuR: id A
compound of Formul harmaceutically,accepta Ie salt or solvate ther f as clai im |n any
preceding clalm(gl Woﬁe?éln Ie{: ?g?net 635 ‘%%8‘6%5} Lﬁ (u,l—ﬁ:%ptgm% }églrlrl})f)hotﬁﬁ%g chgr ﬁ(g (Dora
pharmaceutica#fydtceptable salt or solvate thereof as clalmed in any preceding claim, wherein R2 is
methyl, cyclopropyl, CF3 or CHF2. 6. A compound of Formula (I) or a pharmaceutically acceptable salt

or solvate ther%"&%ﬁ;é}&ﬂﬂﬁ?90%9@{I?EPL%H%%J&%&W?J%M%% 95%&9&8&95@59% an.gptionally

substituted Cm cycloalkyl gro A compound of Formula (I) or a pharmaceutica acceptable salt
or solvatBtREredr &g ?ffﬁ’n’ﬁ%eﬂeiﬂ %n&*} Bradedifly*eiaim, wherein R3 is H or Ci_6 alkyl.

8. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in

any preceding claim, wherein R* is H or Cy.5 alkyl.

9. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in
any preceding claim, wherein two of R’ R% R’ and R® are hydrogen, and the other two are independently
selected from R* and R”,

10. A compound of Formula (I} or a pharmaceutically acceptable salt or solvate thereof as claimed in

claim 9, wherein R’ and R® are each hydrogen.
il. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof according to
any of claims 1 to 8, wherein three of R°, R, R’ and R® are hydrogen, and the other is selected from R” and

Rb

12, A compound of Formula (I} or a pharmaceutically acceptable salt or solvate thereof according to

claim 11, wherein R’ and R® are each hydrogen.

13. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in

any preceding claim, wherein R” is H.

14. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in

any of claims 1 to 12, wherein R® is methyl.

15. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in

any preceding claim, wherein R'® is C ¢ alkyl.
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8. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate thereof as claimed in
any preceding claim, wherein R4 is H or C16 alkyl. 9. A compound of Formula (1) or a
pharmaceutically acceptable salt or solvate thereof as claimed in any preceding claim, wherein two of
R5, R6, R7 and le are hydrogen, and the other two are independently selected from Ra and Rb. 10. A
compound of Formula (1) or a pharmaceutically acceptable salt or solvate thereof as claimed in claim

9. whergin R7 and R8316 <ol NGO, Lod comanune SLEQRMAL) of iR maceyigall

acceptable salt or solvate thereof according to any of cla , wherein three of %m 6iSR7 and
R8 are I{aivsgen anarasetsmeliin sefisstiiront e akd REiondlyAwdsiiped ot Pormtiler @Ror a
pharmaggatally-acermiahle-salt pnsohvate-thereof ateeydingdsotiaim KtowhereindR7 and R8 are
each hydrogen. 13. A compound of Formula (I) or a pharmaceutically acceptable salt or solvate
thereof as claimed in any preceding claim, wherein R9 is H. 14. A compound of Formula (I) or a
pharmadéuticallyraevepialiiesatrmostivatetheien asolimed id &nypokdbinsdiont? iwvierein BY is

methyl. 15. A compound of Farmulah.orapharnacamically agcantablemsalb orsplvatethgreof as

claimed in any preceding claim, wherein Rl is Ché alkyl. 16. A compound of Formula (I) or a

pharmaceutically?HEREHTABIE S5FEBRRGI At ther BT LS QRIRRETSh M ey i RSin W is
C1.6 alkyl optiomatyl sdibstitutednvith 1, 2, 3, 4 or 5 Rb; and Rb is selected from halo, cyano, nitro, -OH,
C.6 alkoxy, -C(0)0OH and -8(0)2-C1.6 alkyl. 17. A pharmaceutical composition comprising a compound
of formula (1) as defined in any of claims 1 to 16, or a pharmaceutically acceptable salt or solvate

thereof, ¥Bgethér fFPauphaintacedtcalyaceipedoe HiluehthiBarkide, Which inbaBererysstdy for oral,
parenteral or tepieplatministraiinnd Sdecnropaund-ahiomuadihassdriinashingny sclaims 1 to 16,
_ora pharmace%gir%a(ljl. a‘%SPESthS'% %%giog Er§eonltvate thereof, or a pharmaceutical composition containing

. any of the foregoir%, r'Use as a medicament. 19. The use of a compound of formula (1) as defined in
any of claims 1 to 16, or a pharmaceutically acceptable salt or solvate thereof in the manufacture of a

medicament forthe feaiment.afadiseaseosalasted fionemyelopralificiseasesand generaljsed
thrombotic diseases. 20. A com Ql{ﬂ%%Of formula (I) as defined in any of claims 1 to 16, or a

: p .
pharmaceuticallHEASHEBIE S5HeBIPREIATHTREE HiFtith ™A R APATR e Co MPUSHISA O PEIaim 17
for use in treatihg sedisease! selested frdarizdnireloprolfepativicdisease suah degeniyalised:thrambotic
diseases in a hypan, 21. A compound of formula (1) as defined in any of claims 1 to 16, or a.
pharmaceutically acceptable salt or solvate thereof for use in the reduction of platelet count.

20, A compound of formula (I) as defined in any of claims 1 to 16, or a pharmaceutically
acceptable salt or solvate thereof, or with a pharmaceutical composition of claim 17 for use
in treating a disease selected from: myveloproliferative diseases and generalised thrombotic

diseases in a human,

21. A compound of formmla (I) as defined in any of claims I to ES, or a pharmaceutically

acceptable salt or solvate thereof for use in the reduction of piatelet count.
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