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to prevent netabolic reaction either directly or
indirectly at the carbon atgmto which Rl and R2 are
attached; or Rl and R2, and/or R3 and R4 together wth
the carbon to which they are attached form a bl ocki ng
group which functions to prevent netabolic reaction at
the carbon atomto which R and R2 are attached, the
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WO 2009/ 138788PCT1GB20091050508 R is selected from

the group conprising: hydrogen; Cl1L 6 alkyl, C2 6
w@bdoensd7gs C2_6 al kynyl and C3_8 cycl oal kyl wheP€&l/6B2@/50508

of the foregoing groups may be optionally substituted

by 1 to 5 groups chosen independently fromthe group

conprising: halo, hydroxyl, cyano, nitro, Cl_4

al kyl sul phonyl and COOH, or R is a pharmaceutically

acceptable cation; XisCorS; Ra is selected fromCl_6

WO200aVd6sh 72nd1ated _R qjlﬁk %%l of QL&trﬁh%B 20f- ﬂzﬁéﬁihﬁl‘mb sd@Rhtieaakdy producing

substituted with 1, 3, is sel ected
therapewticopgdiad dor thei i¢atoensnes hwbbptqlé?:r@tlvm idiseases.- logh blood pressure and

-C(0)0OW 0C(0)Rc, -S(0)1Rc, -N(10Rd,
bronchodcé%ﬁ%m( 10Rd, -N(10C(0)Rd, -S(0)11\1(10Rd and N(10S
(0) 1Rd; Rc and Rd are each i ndependently hydrogen or
Re: Re is selected fromCl _6 al kyl and C2_6 al kenyl,
SUMME F tional |y substituted with 1, 2,
3, 4 or 5 substituents independently selected from
hal o, cyano, am no, hydroxy, nitro and Cl1_6 al koxy;
This inesntiod previfes fbr prod2ugsasfdanapetide el ativeR sutRBtuantlatRathar eéhe 3- or 5-
not all hydraogen. |n an enbodi rent when R5 and R6 ar
positions glapthgsg anagmzé% eI RANGAROER (@3t HNSIDRUE (R ofF rfioactive 3-

hydroxﬁ'na%@ i@ iCYRBLI GiheP dﬁlegt}y (3- Q&)Sétuﬁ@lﬁgéil hﬁﬂhrectg-v\l(ﬁﬁsubstltutlon) The

xy and Cl1_6 hal oal ko In an enbodi ment
prodrugsfarqRhotably R2rei solublt yvirra r(dnd?Bn@m anfdipatee inydp ageditibherthan their

ring cl(?sﬁgga)ni %Q%E@ﬂ@%%ﬁ%@%%& b|?3¥ter agsorptlonv\gom 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-hydroxyanagrelide.

The ring closed compounds of the present invention 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 yet also
surprisingly retain their anti-megakaryocytic activity. Indeed these compounds have therapeutic

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



In an enbodinent: R and R2, are independently

sel ected fromthe group conprising: H halo; cyano;
W@2008/134788/1 , C2_6 al kenyl, C2_6 al kynyl, C3_8 PCT/GB2009/050508

cycl oal kyl wherein said al kyl, al kenyl, alkynyl or

cycl oal kyl groups may be optionally substituted by 1

to 5 groups chosen independently fromthe group

hal hyd , Cl-4 .
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together with the carbon to which they are attached
hydfoxfx‘aéﬁgféb%ts chfeepvedy Blogkaslyl or C2_6 al kynyl group bound

through a double bond to the ring to which it is

attached and being optionally substituted by one to
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of conpounds, R is an optionally substituted Cl1 4

al kyl or C3_8 cgtloal kyl group. In a preferred set of

conpounds, ;R2 ik an optlonalgy substituted Cl_4 al kyl

or C3 8 c HiRher preferred conpounds

are those in ea 1one of Rl and R2 is

-C(H)"(F) mg ~"(m (Hq Mwmam =2 or 3,
and n = (B-m; X = 2Yor 3 and = (3-p). Mre
preferably at B'sh4;=e f R and is CF3 or CHF2.

Most preferably, ' of RI and R2 is CF3. WO
2009/138788PCTlG820091050508 In an enbodinment, R is
preferably methyl, (Bycl opropyl, CF3 or CHF2. Nbst
preferably, R is nethyl. In an enbodinent, R2 is
preferably nethyl, cyclopropyl, CF3 or CHF2. Mbst
@ eferably R2 is methyl. In another preferred set of
dbinds, R and R2 together forman optionally
substituted C3_8 cycl oal kyl group. Most preferably
this ig ac clopro yl group. In a particul ar set of
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{Bgéljé%n? tab% ic %V%:ﬁn?] ﬁer cfn% t(:fy o{ ﬁx%%%&?r at"i’hé ar{)&? atom to which R’

on a are’ a
smikbmeaamﬂwdjn an enbodlnent R3 and R4 are

i ndependently selected fromthe group conprising: H
han cyano; Cl_6 alkyl, C2-6 alkenyl, C2_6 al kynyl,
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R’is Hor Ci alkyl;



or R3 and R4 together with the carbon to which they

are attached forma C3_8 carbocyclic ring may be
W@pivassIBs y substituted by 1 to 5 groups chosePCT/GB2009/050508

i ndependently fromthe group conprising: halo,

hydroxyl, cyano, nitro, Cl_4 hal oal kyl, Cl_4

al kyl sul phonyl and COOH;, or R3 and R4 together

represent a C2_6 al kenyl or C2_6 al kynyl group bound

t hrough a double bond to the ring to which it is

rttiachedeandmhat BeHu 9%&@&%@1@%@@% g estyDY, QRReh ), Cas alkynyl

three groups independently sSel’ected fron1¥ he group

ashfos & syqigalkﬁawhﬁrelhmﬂm? the foyegetng goups mjaK daldpyipnallydsubstituted
I Cl 6
Y ers shr 1 RBeRaIERel B 68 BadhaipciBaiiotansgat cvane

hitroa @, @ﬁlﬂmﬁhl@ﬁﬂﬁyl a4 OGO @R 'Ciis BplahkyiteutiPiBf cagthiyle cation;
R4 is H In an enbodinent, RO is Hor Me. In one
enbodi nrent, R9 is H and conpounds in which RO is H

od solubility. Wen RO is a C1_6 al kyl group
gﬁﬁgyégywe the PDE 11l inhibiting activity is
effectively elimnated. Ne represents a part|cularly

referred al kyl substitu

B Pt P SubH Y Ll GLkEmA| RYFT OB apBpa yysubsuwted
&%hh32QﬂAﬁn%h@y| In an alternative enbodi nent, R

K> wth Na being preferred. In an enbodlnent, X
|s 0 In a further enbodinent: R and R2 are

Eygglﬁgse?eé?'&t ‘)éFk;??F‘l%Ct ed grig?r}%ng{y | c %%Ugmggw% Q%g))gl, C(O)OR®,

COCHORE KV (OhT LY RERY YN RIRKeDNIR ) @lRRAY | seb)N(R )R’ and
cyc oalké> groups may be optional 'y substituted
ps

thﬁFéﬁﬁﬁﬁ chosen independently fromthe group
conprising: halo, hydroxyl, cyano, nitro, Cl-4
al kyl sul phonyl and COOH; Cl1-6 hydroxyal kyl; Cl-6
RARMDRY e keydhi indeskngedtphtiydigogearor R, and R2 toget her with
the carbon to which they are attached forma C3_8
carbocyclic ring may be optionally substituted by 1 to

e (o) . . .
goggp%lf%?eﬁlgﬁ&%e(? zﬂﬁ@ darq{gd@ ’ l\ﬁéeI{ 1, éﬂhtﬁptgf %?égpli Li)ptlonally substituted
h/fa:hdaIZ}(& 14, orG substﬂtluktytls ﬂm]lepehmlaydly m@:{:tﬂiﬂﬂn hato, Byar@nammd, hydroxy,

e present a C2_6 al kenyl or C2_6 al kynyl

1% Hﬁé&ﬁ@“?ﬁr%ﬁbh a doubl e bond to the ring to which
|t is attached and being optionally substituted by one
to three groups independently selected fromthe group
topdios2ng: hal o, hydroxyl, cyano, G _4 hal oal kyl and
COOH;, R3 and R4 are hydrogen; and R7, R8, RO and Rl
are hydrogen. WD 2009/ 138788PCT1GB20091050508

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, cyano, C,¢ alkyl, C,¢ haloalkyl, C, alkoxy and C;_¢ 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.



Anot her preferred group of conpounds is those in which
neither Rl nor R2 is hydrogen. Anpbngst these, it is
weew@pass7esl when R and R2 are bot h i ndependent PGI/GB2009/050508

selected fromthe group conprising: cyano, Cl_6 alkyl,
C2_6 al kenyl, C2_6 al kynyl, in which the al kyl,
al kenyl, and al kynyl groups nay be optionally
subst |tuted or wherein RL and R2 together with the

In an erpbQdiBFNY 5 which they are attached form an optional Iy
substituted C3_8 carbocyclic ring or wherein Rl and R2

| ?gether represent an optionally substituted C2_6
R and B ylldepﬁnd@mﬁseéﬁcmﬁrfwm ghrecﬁrpup Fempiisiegidbdiatm syamRa Gis alkyl, Cas

alkenylggn yn 1 pt I 3 rrgﬂﬁ flt'lrlglsnt I t 1%%1 W}Eg:tr]lgll a&hgﬁﬂr yc?oall§,yl groups

may be @btl&ﬁﬁll@/f&ubﬁlt@t@ﬂ |b9 nab |5ygr51hiﬁsdhb§dﬂ1t iadepahddntly, fromn ehie g’roﬁb comprising:
I n an enbodi nent is selected fromhalo

halo, - hydyopylsof vsviet HACO- @yanél vhitphenyl- ognd  CEOB}RE s hydroxyalkyl; Cig

0)Rc, -S(0)1Rc, - N(Re)Rd, 0) N( 10Rd,
Carbox%l’%@?@?@g&- )S( 8) 11\ (1()10R8 and( K% 10S( O)C(lR)d (V\her ei n

Rc and Rd are each independently hydrogen or Cl_6

al kyl optionally substitu with 1, 2, 3, 4 or 5 .
or R oG tpgtiear ies Hibeeniein 1 pce dhecoadtinrish RN g, Coy gaBocyclic ring
Talek it
may be gﬁ%()di I%Er?sﬁggtﬂff%d b9 146 gcﬁglgas%oganhggféﬁdeﬂtlﬁl ffdn the %I'Olrl:% comprising:

Rb iIs fromfl or o,
halo, hyidoeiy], dyriid, Initor, ﬁmthhxdalkybyiémodkyﬂmlﬂp}@nyl @R! COQH0) Re,
-qmo&,-Mﬂ»%,-ﬂ@l&:md-wmnmtvmaanl%
and Rd are each independently hydrogen or Cl_4 al kyl

or R' aPR? @Rty witBd bdibbieh Which tHoy e Qftached WRRtdeht€ 0L § alkenyl or Cag
i ndependent|y sel ected from hal o, cyano, am no,

alkynylhgra@ppbpundithiopglarsd dgbly bgnﬂdsaythe Iringate afmishditnisrattaciksl and being

R8 a each h e a nt the o
optlonaﬁg subs?1tu ecij by gpeto] {o° three SrEPURS Q%endentl S %c%ugr%%ogl Srpyy comprising:

halo, hﬁ@&gﬂ 1@8\18,8@@ ﬁiﬁﬁﬁﬁ%nﬁ&ﬁ@@gl, 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,4 alkyl or Css cycloalkyl

group.

In a preferred set of compounds, R” is an optionally substituted C;4 alkyl or Cag cycloalkyl

group.

Other preferred compounds are those in which at least one of R! and R? is -CH),(F), or
-C(H)a(F)m-C(H)p(F)q, where m =2 or 3, and n = (3-m); and p=2 or 3, and q = (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 CFa.



or, in each case, a pharmaceutically acceptable salt

or solvate thereof. In an enbodi nent, three of R5, R,
W@QR700an38788 are hydrogen, and the other is sel eR€BEGBRI00/OF0508

le and Ro. O nention are conpounds in which R7 and R8

are each hydrogen. In an enbodinent t he compound is of

one of the follow ng Fornul ae:

In an ORISR dh> REETCGRY PRVZGERC 83@8“@ BIFA e M RRFyFrably. R i

methylacceptable salt or solvate thereof. VVth regard to
each of the above Fornmul ae, R5 may be, for exanple,
selected fromle and Rb; wherein Ra is Cl 4 aIkyI

i an <EDUREL Y, SRR S Setorb R s By

methyl.

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

cycloalkyl group. Most preferably this is a cyclopropyl group.

In a particular 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, Ca.
alkenyl, C,¢ alkynyl, Cs3 cycloalkyl wherein said alkyl, 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;4 alkylsulphonyl and COOH; C;¢ hydroxyalkyl; Cie
carboxyalkyl; and sulphide;

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

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

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

In an embodiment, R’is H or Ci¢ alkyl. Preferably, R’ is H.



chloro, brono, iodo, trifluoronethyl, cyano, nitro,
-OR, -C(0)Rc, -C(O)OW -0C(0)Rc, -S(0)1Rc and

WO D{0905%I88 wherein Rc and Rd are each i ndependeP@T/GB2009/050508
hydrogen or Cl_4 al kyl optionally substituted with 1,
2 or 3 substituents independently sel ected from hal o,
cyano, am no, hydroxy, nitro and Cl1L 4 al koxy. In an

enbodi nment, . [ o, chloro, brono,
In an exigg ety B AT E-6 S RGOSR tRASG 1 i f1 vor oot byl

trifluoronethoxy, carboxyllc aci d, an1nonethy|

fluoronet hyl, chloronethyl, bronnnethyl d|halonethyl

In an erabrilimenth Rl sﬂuﬂipthl In ang eztbodivbrnd Rreint %rtdecqmmp@dmn which R’ is H

enioy o3 G i B b b SOBE it Me e P T ippiine aceivie

is effeclivedyreli@iratd. R rePreseihtd a pagRRuRay referrghakppaeitichedl |y
acceptable salt or solvate thereof. Wth regard to

each of the above Formul ae, R6 may be, for exanpl e,

In an eﬁl%l)glﬂe?l? IUOqEnﬁ t%f ?E rglﬂ% Wﬁﬁgtﬁﬂeg CRa %ﬁ)&glM%s Jégelrably, s Cis

onal’l'y subs and
alkyl. Iﬁahahémdtﬁer anbddimentoR '‘cik Naraw K bmdmsia beiag @referred.
trifluoronethyl, cyano, nitro, -OR, -C(0)Rc, -C(0)0OW
-0C(0)Rc, -S (0)1Rc and - N(10Rd; wherein Rc and Rd are

Inaneﬂﬁ%ayn]ﬂdgggﬁﬁently hydrogen or Cl_4 alkyl optionally
substitUted with 1, 2 or 3 substituents independently

sel ected from hal o, cyano, am no, hydroxy, nitro and
Inafrgci‘e @OCE I'n an enbodi ment R6 is selected from
ureLgr oro brono, iodo, cyano, nitro, methyl,
nmet hoxy, trifluoronethyl, trifluoronethoxy, carboxylic
acji d, am nonethyl, quoronethyI chl or onet hyl
R' and R omrmdmndermhthﬂmpét figm e cEraen ﬁymguslpgoﬂzlcyanqq G@r alkyl, Co

t & he unﬁﬁfs of e
alkenyl,FgJ? ?mikgn{/]l Ct3 8 63’(&8%&1 ﬁélRSfﬁN ﬁﬁkenyle Ikynyloor C)Q:loalkyl groups
may be optionally substituted by 1 to 5 groups chosen independently from the group comprising:
halo, hydroxyl, cyano, nitro, C;4 alkylsulphonyl and COOH; C;¢ hydroxyalkyl; Cie
carboxyalkyl; and sulphide;

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

halo, hydroxyl, cyano, nitro, C;_4 haloalkyl, C;.4 alkylsulphonyl and COOH;

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

R* and R” are hydrogen; and

R’, R®, R? and R'® are hydrogen.



WO 2009/ 138788PCT/ GB2009/ 050508 wherein R7 is
selected fromle and Rb; or, in each case, a
web@ensssetiti cal |y acceptable salt or sol vate tPEr/e8ke9/050508

Wth regard to each of the above Formul ae, R7 may be,

for exanple, selected fromle and Rb; wherein Ra is

ClL 4 alkyl optionally substituted with 1, 2 or 3 Rb;

and Ro is selected fromfluoro, chloro, brono, iodo,

trifluoronethyl, cyano, nitro, -OR, -C(0)Rc, -C(0)0OW
Another QFEXEE grou( 81 EBmpatishs- N R in WogER feidRer ®RMAhdRIRAKE hydrogen.

each independently hydrogen or Cl_4 alkyl optionally
Amongsfitbesei itus @eefolirechwhen R qind Rquip betht inderesdémilyesstastednfrom the group

.selected frq 0, a am no, .hydr itrq and
COMPHICS AV A% od;&‘ﬁ.aﬂ%y?faéazr? LR et ORI i %g%‘i%)é%? é‘@‘yi’ ke and alkynyt

groupsfrlla%é@pti@ﬁlllgrs@bstmeafo, i odo, cyano, nitro, nethyl,
nmet hoxy, trifluoronethyl, trifluoronethoxy, carboxylic
acid, am nonmethyl, fluoronethyl, chloromnethyl,

or whelgglggﬁg 2] IEIZI mﬁéihél%ﬂﬁ“?ﬂé%hb&{‘?o %gﬂg@%g hg?%fék%c\l/m !fc%gf"‘gn optionally

enbodi ment” the conpound 1s o
substitukaalr Guk agmbocyHRENNH2 R11IRi N... ~ R2N... R2

or wherein R; and R, together represent an optionally substituted C,.6 alkenyl or C,6 alkynyl

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

In an embodiment R* is C;, C,, 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(O)OR’, -OC(O)R’, -S(O)RS, -N(R)R?, -C(ON(R)R?, -N(R)C(O)R?, -S(O)N(R)R and
-N(R)S(O)R?; wherein R® and R? are each independently hydrogen or C;¢ alkyl optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from halo, cyano, amino,

hydroxy, nitro and C;_¢ alkoxy.

In an embodiment R’ is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro,
-OR¢, -C(O)R®, -C(O)ORS, -OC(O)RS, -S(O)R® and -N(RY)RY; 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, Rs, R6, R’ and R® are each hydrogen.

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



wherein R8 is selected fromRa and Rb; WO

2009/ 138788PCT1GB20091050508 or, in each case, a
web@ensssetiti cal |y acceptable salt or sol vate tPEr/e8ke9/050508

Wth regard to each of the above Formul ae, R8 may be,

for exanple, selected fromle and Rb; wherein Ra is

ClL 4 alkyl optionally substituted with 1, 2 or 3 Rb;

and Rb is selected fromfluoro, chloro, brono, iodo,

trifluoronethyl, cyano, nitro, -OR, -C(0)Rc, -C(0)0OW

-0C(0)Rc, -S )1R:N|_ﬂ§5d - N(10Rd; \wherpi n RgHand Rd are
each ipleps ggnt?y ydrogen o 4 arNkyl &btionally
substi | with 1,2 or 3 su uent 8 i ndependent |y
sel ecteg o/ _pyano, am™me? hyd Ri'tro and
Cl_4 al koxy. In arl enbodinent R8 is selected from
fluoro, chloro, nn,wiodo, cyano, ni > nghyl,

met hoxy, trifl uofomeXRyl, trifluoronetkoxy,”Carboxylic
acid, am nonethyl, fluoronethyl, chloronethyl,

br omonesky! . Nli haNHRt hyl and_aeghytNu . In an

i twoyof R5, R6, R7 R8 afe hydrogen, and
e i ndependent gl ectgd from Ra and
Rb. O oA~ arg-conpounds i n¥whi ch R7Yand R8 are
each hydrogen. |In|an enbodi nent the conpgund is of one

of the foIIomAq@B d@%hae: WO ') 10

2009/ 138788PCT1&B20091050508 wherein R5 and

R6 are each indep tly selected fyyom l\@yand Rb; or,

i r~,ﬁ] Egﬂ%gceutica s Jghﬁégﬁéfsalt or

greof | Wth regard | dch oft sajd Fornmnul ae,
ray edch/be, for exangFeinal ently

sel ected”"from Ra gnd Rb; wherein le is Cl 4 al kyl

optionally substitluted with 1, 2 or 3 2and. Ro is

sel ected from foaororthl oro, brono, i©do, XR

trifluoronmethyl, cyano, nitro, -OR, -C(0)Rc,

-C(0) ORc,_ - 0G{ 0) RsyyHrS( 0) 1Re

apa\.- Hwherein Rc
and Rg ars -a&hrrndependently dfogenfor Cl_4 al kyl
optio Llly subsiituyted with 1 dr 3 guUbsA\i tuents
def N d from halé

i ndepe &, ho, no,
hydroxy, nitro and Cl1_4 al koxy. In an enbodi nent R5
and R6 are each_isdependently sel ected kauor o,
chloro, bromo, Podo,XByano, nitro, methyl, fEthoxy,
trifluoromethyl, trif] uoronethoxy, rbo¥%%ic aci d,
ami nongthyl N4 A&t hyl , chlorRage < Brononet hyl ,
di hal d éhﬁpnethylsulpho In aH enbodi nent, R5
af

is Rf & R6 | SNRO, erein R NRQ e defi ned
in the Tabl e™pel oW [
10

07 “XxR'"

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

In an embodiment, three of RS, R6, 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



Rf Rg -CN Hal o Rf Rg -OH Halo Halo Cl1_6 al kyl Halo
C _6 al koxy Halo
WO 2009/138788 PCT/GB2009/050508

o) XR1° O XF{10
N. _NHR® Ny ~NH,
\\( \\(
N N
5 R®
R o XR10 o) XR10
N. _NHR’ NaNH;
\\r \\(
N N
5 R°
R o XR10 o) XR10

N\\rNHR9 N\\rNHz

N N

07 “XR'" O

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 example, selected from R* and Rb;

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

11



-C(0)OH Halo -8(0)2-C1_6 alkyl Halo Halo -CN -CN -CN
-OH-CN -CN G _6 alkyl -CN C1_6 al koxy -CN
WO 2009/138788 PCT/GB2009/050508

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

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

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

o) XR1° O XF{10
N._ _NHR® Noo -NH,
\\( \\(
6/E:£/N 6/@(/’\]
R R
') XR'° @) XR'"
N. _NHR® N -NH;
\\r \\(
6/@/[\] 6/E:£/N
R R
o) XR1° O XF{10

12



-C(O)OH -CN -8(0)2-C1_6 alkyl -CN Halo -OH -CN -OH -CH
-OH -OHG 6 alkyl -OH G _6 al koxy -OH
WO 2009/138788 PCT/GB2009/050508

NH,
N

N. _NHR® N
Y OLX
R6/©1/Nf R°® f
10 0~ “XR'"

O XR

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 example, selected from R* and Rb;

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)R®, -C(O)OR®, -OC(O)R",
-S(O)R® and -N(R®)R?; wherein R® and R? are each independently hydrogen or C,. alkyl

optionally substituted with 1, 2 or 3 substituents independently selected from halo, cyano, amino,

hydroxy, nitro and C;4 alkoxy. In an embodiment RC 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 is of one of the following Formulae:

13



~C(0)OH -OH -8(0)2-CL 6 alkyl -OH Halo -CN -OH

Cl 6 al kyl
WO 2009/138788 PCT/GB2009/050508
7 9 7
R N\\(NHR R N\\rNHz
N N
07 “XxR" 07 “XxR"
7 9 7
R N\\rNHR R N\\rNHz
N N
0“7 ~xR" 0“7 ~xR"

L

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

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

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

14



Rf Rg C 1 6 alkoxy -C(O0)OH -S(0)2-C1_6 alkyl Halo
ClL 6 alkyl -CNC 16 alkyl -OHC1L 6 alkyl C 1 6 alkyl
WO 2009/138788 PCT/GB2009/050508

07 “XR 07 “XR
R® R®
N. _NHR’ N _NH
b b
07 ~xR'" 07 ~xR'"
R® R®
9
N\\(NHR N\\(NHQ
N N
07 xR 07 xR
R® R®
9
N\\(NHR N\\(NHQ
N N
07 xR 07 xR
R® R®
9
N\\(NHR N\\(NHQ
Nf Nf
07 xR 07 xR

wherein R® is selected from R* and Rb;
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C16 alkyl C1_6 alkyl C1_6 alkoxy C1_6 al kyl -C(0)OH
C16 alkyl -S(0)2-C1 6 alkyl C1 6 alkyl Halo Cl1_6
W@bwongs78&CN C 1 6 al koxy -OH Cl1_6 al koxy Cl_6PEi/&82009/050508

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

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

In an embodiment, two of R’>, R®, R” and R® are hydrogen, and the other two are independently

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

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

N. _NHR’ N
AN \\r )

R’ R,
5 R°
R o YR o XR'°
0 Ne_ _NH
N\ NHR \\r 2
R® NI R® NI
5 R®
R o YR o XR'°
Ne__NHR’ N NH2
S N
\Nrf 6 N
R° R
5 R°
R o YR o XR'°
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C16 alkyl C1 6 alkoxy C1 6 alkoxy C 1 _6 al koxy
-C(0)OH C1_6 al koxy -S(0)2-C1_6 alkyl Cl1_6 al koxy Hal o

WO g9nse488 CN - C(0)OH -OH -C(0)0H -C(0)OH PCT/GB2009/050508
N. _NHR® NaNH;
\\r \\(
6 N 6 N
R R
5 R°
R o XR1 o o XR10

') 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 Cy4 alkyl optionally substituted with 1, 2 or 3 Rb; and R®
is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R, -S(O)R® and -N(R9)RY; 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, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsulphonyl.

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

-CN Halo

17



C1_6 al kyl -C(0)OH Cl_6 al koxy - C(0)OH - C(0)OH - C(0) OH
-5(0)2-C1 6 alkyl -C(0)0OH Rf Ry Halo -S(0)2-Cl_6

W@bRdogh3s7@N - S(0) 2- C1_6 al kyl PCT/GB2009/050508
R' R®
-OH Halo
-N(O), Halo
C alkyl Halo
Ci.6 alkoxy Halo
-C(O)OH Halo
-S(0),-C ¢ alkyl Halo
Halo -CN
-CN -CN
-OH -CN
-N(O)» -CN
Ci.6 alkyl -CN
C, alkoxy -CN
-C(O)OH -CN
-S(0),-Cy6 alkyl -CN
Halo -OH
-CN -OH
-OH -OH
-N(O), -OH
Ci.6 alkyl -OH
C¢ alkoxy -OH
-C(O)OH -OH
-S(0),-C) alkyl -OH
Halo -N(O),
-CN -N(O),
-OH -N(O),
-N(O). -N(O)2
Cy.6 alkyl -N(O),
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-OH -S(0)2-C1_6 alkyl -S(0)2-C1_6 alkyl Cl1_6 al kyl
-5(0)2-C1 6 alkyl C1_6 al koxy -S(0)2-C1 6 al kyl

WO B{00)sH488 S(0) 2-C1_6 al kyl -S(0)2-Cl_6 al kyl PCT/GB2009/050508
-S(0)2-C1_6 alkyl In an enbodi ment the conmpound is of
one of the follow ng Formul ae: WO
2009/ 138788PCT1GB20091050508

R' R®

C¢ alkoxy -N(O),
-C(O)OH -N(O)»
-S(0),-C) alkyl -N(O),
Halo Ci alkyl
-CN Ci.6 alkyl
-OH Cy.6 alkyl
-N(O)» Ci.6 alkyl
Ci.6 alkyl Ci.6 alkyl
C, alkoxy C alkyl
-C(O)OH Ci.6 alkyl
-S(0),-Cy6 alkyl Ci.6 alkyl
Halo C, alkoxy
-CN Ci.6 alkoxy
-OH Ci.6 alkoxy
-N(O), Ci.6 alkoxy
Ci.6 alkyl Ci.6 alkoxy
Ci.6 alkoxy Ci.6 alkoxy
-C(O)OH C, alkoxy
-S(0),-C alkyl Ci.6 alkoxy
Halo -C(O)OH
-CN -C(O)OH
-OH -C(O)OH
-N(O)» -C(O)OH
Cy.6 alkyl -C(O)OH
C, alkoxy -C(O)OH
-C(O)OH -C(O)OH
-S(0),-C) alkyl -C(O)OH
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wherein R5 and R7 are each independently selected from
|l e and Rb; or, in each case, a pharnmaceutically
wWaQewenssiks e salt or sol vate thereof. Wth regardI/G82009/050508
each of said Fornulae, R5 and R7 may each be, for
exanpl e, independently selected from Ra and Rb;
wherein e is C1 4 alkyl optionally substituted with
1, 2 or 3 Rbj—and—-Rb+is—seleetedF+omiluoro, chloro,
brono, iodo, |trifluoronethyl, cyano, nitro| -OR,
-C(O)Rc, -C(0)0Rc, -0C(0)Rc, reS(0) 1Rc and 1N(Rc) Rd;
wherein Rc and Rd are each iindependently hydrogen or
Cl_4 alkyl optionally substituted mﬁth 1, 2 or 3

substituents “ependent.y sel-ected nHal o, cyano,
am no, hydro>§iT Gitro and Cl %ﬁgFE?ﬁﬁmyl an

enbodi nent R _@and R7 are eachsanggggageptl) sel ect ed
fromfluoro, [chloro, brono, |iodo, cyand, nitro,

met hyl , nethonHitr|fIuoronet&&DzChzaﬂWhoronethoxy,
car boxyl i c act amnofeth ||y| on Y1
chl or onet hyl , %ﬁ nethyl d| gbbﬁ% @Wland
nethylsulphonxj iy an enbodigeni-c,Raiyd R and R7 is
Rg, wherein Rflgﬁgng are as ef%né }R > Tabl e
above or are éh@hﬂ«myo I N anrSENbEis abayt the conpound
is of one of Htheftgllowngtorrulae: >in R5 and
R8 are each |ng§%%ﬂdently se %@ﬁegffﬁdéffzfand Rb; WO
2009/138788P:ﬂygﬁgggg;@§p5oz gq) A GAGD Case, a
t

pharmaceutically "‘acceptable " or "sofvate t her eof .
Wth regard to each of said Fornulae, R5 and R8 may

In an ergﬁanﬁsnt tm:fjcgtgrgsq)ilangg %or@lo(hﬁ)eaf ent qsrg]ll[l Ct ed fromRa

substituted with 1, 2 or 3 Rb; and Ro is selected from
fluoro, chloro, bronn i odo, trlfluoronethyl cyano,

nitro,R% Q) Re,NHEE 0) ORe, 0) R, - 3(\)1Rc and
- N( Re) Rd; ein~C and Rd are § ndependent |y
hydr ogen 4 abkleogtlonall' o.tit edRwith 1,
2 or 3 sub €pendent | y>s& “hal o,
cyano, am no., hydroxyl nitro and Cl.4 alkoxy In an
enbodi ment R5 and aach i ndependent | &ﬁgted
fromfluoro, chlor br i odo, cyano, tro;

met hyl ,; met hoxy, trlfluogonethyl trifl uoronet hoxy,
car bo t hyl , 3 N N

chl or onet met hyl , di hal

met hyl sul g A, LN.an nbodinen

Rg, wherei nTRf and Rgfare as defin

above or argseach hal I n an enbogd

is of one of the fg pd° For nul ae

RZ N. _NHR® RY No _NH
\\r \\r
PR
R o R
07 ™XR 0

20



WO 2009/ 138788PCT/ GB2009/ 050508 OXR-i 00XR-i 0
wherein R6 and R7 are each independently selected from
WO 200ansB78; or, in each case, a pharmaceuti cal PFT/GB2009/050508
acceptable salt or solvate thereof. Wth regard to
each of said Fornulae, R6 and R7 may each be, for
exanpl e, independently selected fromRa and Rb;
wherein |le |s ClL 4 aIkyI Joptionally substituted with

1, 2 & R N NKRR3el edted frem N lyordNHghl or o,
bronD [ [ or onet hyl , s [ , -OR
-C(0) Re, QRc, N2O )Rc, - S(( B and n N( )Rd;
wherein Rc ahd Rd™ ar ch i ndepenyént 'y hy en or
Cl_4 al kyl ptlonally substituted W , 2 pr 3
substituentS i ndep LRye sel ected from O xgyano,

am no, hydroxy, nitro and Cl 4 al koxy. In an
enbodigrent R6 a R7 seachyi ndependeqt 'y | ect ed
fromfﬁf‘ 'qq @ﬁ%no r%.. VAP ﬂ @@2

met hyl , trlfluoronethyl
car boxyl i . thyl, fl oegrgethyN

chl or orret hylf, bronnne hyl , di hal o gt hyl and

met hyl sul phpayl . In npodlnent RR6 is R_Aand RY is
Ry, wherein Rf andORg aK& as defined in tKE TakRe

above or are each halo I n an enbodi nent the conpound
is of one of the follow ng Formul ae: wherein R6 and

IRo8) Taeauth I RRTO0 I atedl LAl IR MRRDT T 7O

phar maceutically acceptable salt or solvate thereof.
Wth regard to each of sajd Fornul ae, R6 and R8 may
or, in eqch CASGy @ Phigraceticaly éccepwa@p%méﬁ?weé@r%& ed from Ra
and Rb; wherein le is Cl_4 alkyl optionally
substituted with 1, 2 or 3 Rb; and Rb is selected from
With rdgandotoo gaahhdfosand Fbmmtaﬁ, Rdadod R r infaly warlo et foyrl exaopém andependently

M EECNPL 00 U S0 0L T AT M

is selecjﬂéﬂj FR@E Mulfo, Chidroalbkotho, ORkib O ﬂﬁﬁdo\forﬁé@?ﬁ | dydh& dm‘ﬁ‘o}q hokr, -C(O)R",

or 3 substituents |nde engentl selected from hal

-C(O)OByaﬂ@C(Q)R noS(MRdr andy -NRRIR' wheieio1 R4 aaldk Bxyare | Qaclanndependenﬂy
hydroge%n or 8 (l):Zth ﬁi¥ s&s%{u%ec? tﬂ 1 r}d §P § sgb PEueX%s 1nde%%¥1§ently selected

from hzﬂ@td%ﬁho aﬁﬁﬁcﬁlQ?yhlroxfy[ hiﬁﬂo%ﬂ@ﬁtdﬂk/dxy tih Iafﬂettﬂfoﬂﬁﬁ!ﬂﬂ ®Xyind R’ are each
car boxylic acid, am nonethyl, fluoronethyl,
independpntdy GRksetg | tromr Sipivet Ao, drorapoftionydyagmgnitro, methyl, methoxy,

tnﬂuonﬁﬁétﬂ%]h %Hhﬁ’&i%@é hox&l n&éﬂ(gf}@%Q@éld&E&lﬂO%@tﬂg? 't @or%}% h§§ éh?oromethyl

monmm&hmﬂemthak&u@amhanWBuu%nnﬁn enbodi nent t he conpound
is of one of the follow ng Formul ae:

Iuoronethoxy,
s N

In an embodiment, R’ is Rfand R’ is Ré&, 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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wherein R7 and R8 are each independently selected from

|l e and Rb; or, in each case, a pharnmaceutically
wWaQewenssiks e salt or sol vate thereof. Wth regardI/G82009/050508

each of said Fornulae, R7 and R8 may each be, for

exanpl e, independently selected from Ra and Rb;

wherein e is G _4 alkyl optionally substituted with

1, 2 or 33 Ro; and Rb is selected,fromfluoro, chloro,

. =8
br ono, |cdo trifluoronethyl, ckgano, nitro, -OR,

-C(0) Re, C(CNORC Q(:(O)Rc -5(0) 1Rg an N(Rc)Rd

wher ei ¢t an are each i ng yﬂrogen or

G 4 a opti onalgy substit withll, g'or 3
subst i ' gdéntly sebegteshfrb R3, cyano,
am no, hydroxy, niftro and Cl1_4 al koxy. In an

embodi meRt R7 andJR8 are each iRdepende se| ect ed

from fluoro, chDéro XBromo, i odo, cyan©,” ni XRo,
nmet hyl , nmethoxy, trifluoronmethyl, trifluoromnethoxy,
car boxylRc acid, am nonet hyl, fRuoronethyl,

chl or oneg hyl bro hyl , d|halonethyl

met hyl Mmk/ 2009/ 138 88RO ’\@ﬁ%%ososos I'n
an enb 3 7 is Rf and R erein Rf and
Rg are i the Tabl» pove _oN.are” each hal o.
In an e oodlnent one of R5, R6 R7 and R8 is

hydr ogeng® and th others are i ndependent seL&cted
from Ra and Rb.Ofn @xREnbodi ment the c ouxg 1s of
one of the follow ng Formulae: rNHRONH2 OXR-io 10 WO

2009/ 133:2'888PCT1G|320091050508 NHROR7NNH2 NR6N
HR® N

by by
R' R X
N\\rNHR
N N
0~ “XR X

0 R
R® R®
Ne__NHR’ Ne_ _NH,
~ ~
N N
07 “XxR'" 07 “XxR'"

wherein R’ and R® are each independently selected from R* and R";
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OXR100XR10 wherein R5, R6 and R7 are each
i ndependently selected fromle and Rb; or, in each
w@a®e/13818phar maceut i cal |y acceptabl e salt or sPCT/&B2009/050508
thereof. Wth regard to each of said Fornmul ae, R5, R6
and R7 may each be, for exanple, independently
selected fromRa and Rb; wherein le is G _4 alkyl
onal substitfuted with 1, 2 or Rb;. and Rb is
or, in eigBicath aandBERIan occeehpl ot OBF%lﬁ%te%?%%O&
trifluoronmethyl, cyano, nitro, - , -C(0)Re,
-(0)ORc, -0(0)Re, -S(0)1Rc and N( Rc) Rd; wherein Rc
With regaul Rd eagheofe saith H‘ontdel@e,nﬂe and R may cﬁgelm ber fagi exampleyindependently

aII S ul Stlt SCWlth bst i t.yent
selectedo 1{‘% dmpen dRy y gré: neC t e If4 alk logflonacflé/ ng%tl'{u gfln V&HHI f' or 3 R"; ; and R®

is seledﬁe}fﬂlﬁ@iﬁy ﬂuﬂtd rénl@od bsknd aidtsomudr&nanylem@@m ngifo, FBR®, -C(O)R’,
each | ndepend(ent |y selected from fiuoro,

C(0)0B PBOR ordOTdeN CYHRAR nvberan Rt R gt fggly ndcpendenty
LT O L -
from hedicb h:@hmnatrhtyd) }ﬁrdrbxm%mhyslmdl@h@ml;dxy IIn aarenﬂmﬁxmhntrﬂﬁtanﬂw are each

ound is of one of the foll ow ng Formnul ae;
indepergdg cglseted gﬁ‘iﬁ‘aiﬂﬁﬁ@e TRt f%orae,c é‘iﬁoatﬂyén%aplt“oormethyl methoxy,
tnﬂuorosrﬂét}{% Qnﬂﬁ‘(?r()ﬁl@{hoxw Eaﬁb&%@f@rﬁl& oarﬁﬁ@ﬂle@l Sﬁhd}oﬁg{hgpl &foromethyl,
7 a each for exanple; i ndependen
bromonmlhﬁcdhdefmthyi Raimndilyﬁblphmmr einleis Cl_4 alkyl
optionally substituted with 1, 2 or 3 Ro; and Rb is
selected fromfluoro, chloro, brono, iodo,
In an ethbbdilneRt, RARS RYAnd RYRRE, whEdelOR! addRS are & Q2 MR%ed in the Table above or
]% YORC, -0C(0)Rc, -S (0)1Rc and -N(Rc)Rd; wherein Rc
are eacla@loRd ar e each |ndependently hydrogen or G _4 al kyl
optional ly substituted with 1, 2 or 3 substituents
i ndependently sel ected from hal o, cyano, am no,
In an erhiydlli@¥i, thélbdrhpormdds ot afltkofoylowiny Poinideodi ment RS,
R7 and R8 are WD 2009/ 138788PCT1GB20091050508 each
i ndependent |y selected fromfluoro, chloro, brono,
i odo, @yano, nityro, hoxy, trifluoromethyl,
SN leCTSI @ H

trifluadhey 2

fl uor omet chlorone ghyl, brony i halomet hyl
and metgh Rony N In n enmhod 0 nd is
of on&of the forl ow F€ mft ae: il

2009/ 138788PCT1GB200 50508 NHRONNHZ NREN
07 xR 07 xR

07 xR 07 xR
7 9 7
R N\\rNHR R N\\rNHz
R® N R® N
07 xR 07 xR
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OXR100XR10 or, in each case, a pharmaceutically
acceptable salt or solvate thereof. Wth regard to
we2aww/18878&ai d Formul ae, R5, R6 and R8 may eachPGEGBR@O/050508
exanpl e, independently selected from Ra and Rb;
wherein le is G _4 alkyl optionally substituted with
1, 2 or 3 Rb; and Rb is selected fromfluoro, chloro,
i odo, trlfluororreghyl 7(:yano, nitro, -OR,

- C(0) RE_- Q) O B) Rc, O ARC 2 Fkg)Rd
wherei n R{ 0 re each |ndep: ydrogen or

_ . pti onalN_y bstitut ed P: 1, N o\ 3
subst iR Gents” i ndepen ly s&k v 71 halg—cyano,
am no, hydroxy, nitrol and Cl_4 al koxy. In an
enbodi nent R5, R6 ¥ e each indepen %R'°
sel ected fromfluoro, chloro, brono, iodo, cyano,
ni tro,p7net hyl, t ho tarifl rorrethl

R e N,

>

trifluoropety® \ﬁ«e( oxyllc acind :

fl uor omet chl orlonet hyl, bro I hal omet hyl
and by vy N an enbndies N: und is
of one' of the fol |l ow hg For : or, in each case,
a pharmaceutically eptabl e salt or sol v t her eof .

Wth regard to eacof ¥& d Fornul ae, RS,
may each be, for exanple, independently selected from
Ra and Rb; wherein le is Cl_4 alkyl optionally
M ected from
g%iﬂoﬁ grﬁf%]rl\%ya o maep% Bd%ﬂ%ele%ﬁuor orre yl',” cyano,
nltro -OR, C(O)Rc -C(0)ORc, -0C(0)Rc, -S(O)ch
and -N(Rc) Rd; wherein Rc and Rd are each independently
or, in em&ﬁﬁgéah@m@u%aﬁy R§ICPEBIG BHAr PYVEEN¥FHut ed with 1,
2 or 3 substituents independently sel ected from hal o,
cyano, am no, hydroxy, nltro and C1_4 al koxy. In an
With rezatsbth saht OIR@a,ld Rorande RB® ané R'WDay each be, for example, independently

selectecﬁ Oggﬂgﬁgﬁﬁé P%ﬂem)gp ](ﬂﬂc??lfﬁ QB$8% y siuggtglqggnt | 1 2 or 3R and R”

is seledidd Fm TRLRY | chidBt BRiNe, fodbfl LURAIREBERYI, \cyano, mtro -OR", -C(O)R",
trifluoronmethoxy, carboxyl |(§ aci d, am nofret hyl ,

-C(O)OR' uo@@(@lﬂnyl S(OR oamheN[ﬁﬂ)R bwb«rmmeRﬁyqndaRd are ‘each independently
hydrogen %{ %848 2Lljlh<§r)p n}%}e/onéllrl]l glﬁ asﬁ&u%fgg W, St(&:l{'ﬁ:g’.t IS st19uenB epe}lilenﬁy selected
from hzm@&yalhcﬁ Canbﬁ@ myﬁmx@dnﬁlbaindtmg alleskiyv i1 lz,u:lIenrfti@afmtletnfﬁm{éraqﬁdcpzf7 are each
) t he present conmpounds show efficacy. The present
mdepenidﬁ%)ntsrel@ﬁtefl hispaf Hpercal ddprpebaerae, (QslopgtyANY:hBitjoe SBEthE methoxy,
r n r
oo G ih ey, SHESRTRIL HinfmelRL, AR EHorometny!,
bromonm]my:lpcﬂmdsmfhyl hel peésBoiphbnyenti on with anagrel i de,
the correct conparison is that made with the PDE |11
inhibitory activity of the 3-hydroxy netabolite of
In an erﬂﬂ@cﬁfn@hﬂ e i SRNGR }thi!sng' ShifRm RY §R0R8 fant ERBRAAKE Tivle above or
plasma after anagrelide treatnent. Regarding the use
are eaclohalohe conpounds of the invention in humans, there is
provi ded: a pharnmaceutical conposition corrpri sing a
compound of formula (1), or a pharmaceutically
In an erd6S@RERARhE cSApdun@lis §0bneaifehd PORA{g Fdra@@icher with a
pharmaceutically acceptable dil uent or carrier, which
may be adapted for oral, parenteral or topical
adm ni strati on;
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a conmpound of forrmula (1), or a pharnmaceutically
acceptable salt or solvate thereof, or a

W@b@p1sso8tIt i cal conposition containing any of PBEEGB2009/050508

foregoing, for use as a nedicanent; the use of a
compound of formula (1), or a pharmaceutically
acceptable salt or solvate thereof in the manufacture
of a medicanmgnt for the treatnent of, a disease
selected frgm nmnyeloprolific di seages and generalised

thronboti c di seases; 9a net hod

ronbot i cRdi seases

conpr =' SANDG unma g ~ef 0 /LR amount
of a npound of fornula (1), or a pharmaceutically
acceptable salt or vate thereof, or wth_a

phar maceut i cal conf¥si t XBn cont ai ni ng anbefAtPﬁB1C
foregoing. WO 2009/138788PCT/ GB2009/ 050508 The

h 8, -
present invBntion al so enconpassesRa net hod of
treating a patient hayi,Ag essentiall thronbo hem a or
ot her nyely s.'ﬁgkﬂkﬁgﬂadisesase 0 qxgz
car di ovasf di sease or high b

D ﬁ%rﬂl
pl at dl et count,
0 i

whi ch 1% ap sadm n 2 b _patient a
therapeutically effective andunt of a conmpouhd of the
present invention. t her enbodi nent of thed{present

i nvention incl udesQf neXROY of reduci ng blaod MRAl el et

count within a patient, which nethod conprises
adnministeripy to the patient a thepipeutically

ef fective anount_of cggpound of tlhe p&eseq&
i nvention N {ﬁr;NH nventi on _etQpp Hpoviding
t he conpoy of the present inve for| the nethods
l'i sted abs nopdl.ot/hers, whe e didNoxicity is
reducddl conpared’to U ng anddyrelide. THe pr¥sent

i nvention al so enco sses pharmaceutical c ositions
conprising a conmpo xRdhar maceut i cal | y gi€cenrabl e
salt of a conpound of the present invention and a
pharmaceuti pél |y acceptabl e carrieg® Pharmaceutical ly
acceptabl e galts of the gonpounds df Fo&nula (1)

i ncl ude acithagde HBI ts. Exanpts H,
hydr ochl o and hydr obr om de saI TAI|LED
D 5

DESCRI RTLQN _CA THENI | ON Eg egent N1V ion is
di rectRed t o~hew pr odr of Hbsti Tt ed~ana es of
the established plate] et |owering agent anagfelide.

Y

These conpounds spgy#tangpisly ring close & NS0 7
and above to yield 3-or 5-substituted anagrelides that
retain the aati-megakaryocytic propgrties (hence
platel et |owering activify) of anagrelide but have
reduced PD j

| _iNgi hiNIBRy propert jes _apb henske, | ower
pot ent i al unvva_ ted cardi ovas and
E) 0 [)
’V

anti - aggrx y side-egffects. A I at @
subst iR°Gt | OF at “the osi ti qa-of tHe amagrefrde
nol ecul e effectively plocks the principal site of

)

met abol i sm and t hu udes the formati 0 e
hi ghl y potent PDEI i nhi bi tor 3-0H anagrelide. The
5-substituted anal ogues have the potential to
indirecgly sgerically .
wherein R” and R are each independently selected from R* and R”;
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WD 2009/ 138788PCT1GB20091050508 hi nder net abol i sm at
the preferred 3-position. These 3-or 5-substituted

W@ embospres of anagrelide al so have the potentiBCT/G82009/050508
i mproved phar macoki netic characteristics since the
3-position in the anagrelide nolecule is known to be
the major site of netabolisntmhich is the principa

. chani sm of drug,cleara t he correspondi ng
or. in cdlF At p PRI I UGAC P b ok O3Solgite iemiar | ¢ uf oq
anal ogues coul d offer the added val ue of inproved
rates of dissolution and water solubility, allow ng

With regasd tor edchr pfubad iFonmuler Re)@afhﬂ emahecagly beotrs exompls. lihdgpendently

jedle , at 19u
selected” {r%m&ggaél% Cﬂvﬂlgrreb EL 13 G aTk / C())%Eo?aﬂyl) su[>smt1t1r1]t8al l}lmna L, 02| or 3 R - and R
is sele&emelehatfaodercmoran bdiss! bﬁ)ﬂbt difttbronbthy e UyasE& Nhidbl veR -C(O)RS,
e of these rl@f open prodrugs - the §o|ub|I|t

CO0RE B @RS/ 1 OHR G NS GRSy Bhre DB gy B Aiyragip dhdependently

hydrogén &#gﬁs Llﬁypgptﬁﬁgﬁg F@gs%l dfté?clp gv%%l @In(gr f g%ltlrﬁ}eeﬁ sﬁn&é@%h&éﬁ‘} selected

from he&na:lya)lgu Mmchuydmxanmltte zﬁlheﬂluaﬂitcd(yarld aq Ld:aﬂiodirmm\l?é and R® are each
conver sj on

independepfiy selscigr cttPIar Sluer04 %ﬁl?tg?d 05D 1940 | YRRV BItIRaZBF il - methoxy,
trlﬂuor(%n@tﬁ t Qﬁﬁuc&“x’@ﬁtefho@ Tl 4did eﬁnllﬂanefh?prﬁt?&Bﬁt@{hS/}/ €hloromethyl,
[e of these |ng open prodrugs - to anagrel
bromommlsyld@huinettlai adl mathiylsophopylasma usi ng LC/ M5- VB
anal ytical techniques. Human plasma was spiked with
anagrelide prodrug (final concentration 100 ng/nli).
In an ethPEEAAL &FYs Rf 4R RNMORENGhe ROOR BEnd 2 ardQs dé@nednd (RO Table above or
m nutes afterward sanpies were anal ysed for anagrelide
are eaclphaelr ug and anagrelide. Even at the first point of
measur enent no prodrug could be found denonstrating
the rapid and conpl ete conversion to anagrelide
In an erhb&inént tht gathpouhdsefénet dfehd @VIelvengOforaindgt el | de
prodrug, ethyl-5, 6-
di chl oro-3, 4-di hydro- 2- (1H) -i m noqui nazol i ne-3 acetate
and anagrel Lde observed in sanples @f human pl asma,
i ncubat ed af' room tenperature over ne hour. The
' znef if_of NiRPovedy
he open-rlng ang
oavai abRI ty stud

g. RUsi ng
t he unsubs U%

di chl oro- 3, 4- dlhydro- (1FD-|ntnqu|nazoI|ne 3- acetate
HBr as a nodel q conpari son was oﬁothe
system c avallablrEty oxRanagrellde when étven X85 this
conpound or @s anagrelide itself ingequinolar doses

" m nation of

the orodNug sgqwed an

> Q)‘Téan 46-fold
e drlug itself

These results |an|ed that the inherent abso ption of
anagrelide at this 6, 1/ kg, al beit 3._fol.d
above the clinical oseX S conparativelﬁ)pooXFK<
6.25 % since there was little evidence for marked
changes in netabolism the likely alternative

expl anation. The metabolite-to-drug exposure ratio
after anagrelide was 1.5 conpared to 0.9 after the
prodrug. This study (see tables below also showed
that there was al so considerably less variability in
Cmax and AUC after the prodrug. For exanple Cnmax for
anagrelide after the prodrug ranged from 170 - 418
ngnL-1 (relative standard devi ation, RSD, 26%
conpared to 9.5 to 44.3 ngnlL-1 after anagrelide itself
(RSD 62.5% . Simlarly the AUC for anagrelide after
the prodrug ranged from 367 to 1470 ng. hniL-1 (RSD 34%
conpared to 21.6 to 188ng hnL 1(RSD 7196 after

a1 r S




Tnaax (hours) AUCO4 (ng.h/nmL) AUC nfin (ng.h/nm) k
(hours-1) t1/2 (hours) 1 15.7 16 141 - e 3 14.8

WO 2009/138788 PCT/GB2009/050508
R® R®
7 9 7
R N\\rNHR R N\\rNHz
N N
07 ~xR" 07 ~xR"
R® R®
7 9 7
R N\\rNHR R N\\rNHz
N N
07 ~xR" 07 ~xR"
R® R®
7 9 7
R N\\(NHR R N\\rNHz
Nf Nf
0~ “xR" 0~ “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 C)_ alkyl optionally substituted with 1, 2 or 3 R’ and R”
is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R, -S(O)R® and -N(R9)RY; 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, trifluoromethoxy, carboxylic acid, aminomethyl, fluoromethyl, chloromethyl,

bromomethyl, dihalomethyl and methylsulphonyl.
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1.5 42.0 42. 3" 0.4459c 1.6¢c 11 25.0 2 188 193" 0.3119c
2.2'" 23 9.50 1.5 21.6
WO 2009/138788 PCT/GB2009/050508

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

are each halo.

In an embodiment, one of R’>, R®, R’ and R® is hydrogen, and the others are independently

selected from R* and RP.

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

0~ “XR 0~ “XR
R? Ny -NHR® RS N NH,
R NI R NI
5 5
R 0~ “XR" R 0~ “XR"
RY N.. _NHR®  R? N._ _NH
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23.1d 0.1953d 3.5d 29 44.3 1 88.9 89.3 0.3031 2.3 Mean
21.9 1.5b 96.3 -
WO 2009/138788 PCT/GB2009/050508

R% N. _NHR® R% No _NH

) y

N N
¥ f ¥ f
5 5
R R 10

07 xR 07 “XR

wherein R, 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, R® and R’ may each be, for example, independently
selected from R* and R®; wherein R* is C)_ alkyl optionally substituted with 1, 2 or 3 R’ and R”
is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R, -S(O)R® and -N(R9)RY; 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 RS, R® and R are
each independently 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 is of one of the following Formulae:

N

NI ) NI )
5 5
R 0 R 0

O XR

NH,
R’
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SD 13.7 68.9 - Ester prodrug of anagrelide (7.5
ng/ kg) Dog I D nunber Cmax (ng/nL)
WO 2009/138788 PCT/GB2009/050508
R R
R No_ NHR®  R! Ne_ _NH,
N N
N N
0~ “XR" 0~ “XR"
R R
7 9 7
R N\\rNHR R N\\rNHz
NI NI
R R
0~ “XR" 0~ “XR"
R® R®
7 9 7
R N\\(NHR R N\\rNHz
R R
0~ ~XR" 0~ “XR"
R® R®
R No__NHR®  R! Ny _NH,
N N
N N
0~ ~XR" 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 each be, for example, independently
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, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R, -S(O)R® and -N(R9)RY; 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 RS, R’ and R® are
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Tmax (hours) AUCO04 (ng.h/mL) AUC nfin (ng.h/nmL) k
(hours-) t1/2 (hours) 1 213 3 678 679 0.1969 3.5 3a
WA 7®9/138788 PCT/GB2009/050508

each independently 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 is of one of the following Formulae:

R R
Ne__NHR’ Ne_ _NH,
N ] N )
R R
R® NIRE R® N LR
R’ R’
07 “XxR'" 07 xR
R® R®
Ne__NHR’ Ne_ _NH,
N N
R® N R® N
07 “XxR'" 07 xR
R® R®
9
N\\rNHR N\\rNHz
R’ R’
07 ~xR'" 07 ~xR'"
R® R®
9
N\\rNHR N\\rNHz
R® Nf R® Nf
R’ R’
07 ~xR'" 07 ~xR'"
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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 C)_ alkyl optionally substituted with 1, 2 or 3 R’ and R”
is selected from fluoro, chloro, bromo, iodo, trifluoromethyl, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R, -S(O)R® and -N(R9)RY; 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 RS, R® and R® are
each independently 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 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, R® R’ and R® may each be, for example, independently
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, cyano, nitro, -OR®, -C(O)R",
-C(O)ORS, -OC(O)R, -S(O)R® and -N(R9)RY; 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 R6, R’ and R® are
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bromomethyl and methylsulphonyl.
In an embodiment, each of RS, R6, 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 invention 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 invention with anagrelide, the correct comparison is that made with
the PDE III inhibitory activity of the 3-hydroxy metabolite of anagrelide since this is the

predominant component in plasma after anagrelide treatment.
Regarding the use of the compounds of the invention in humans, there is provided:

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

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

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

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

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

diseases and 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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anagrelide or an ester prodrug of anagrelide to male
dogs at equival ent nol ar doses Anagrelide (6.1 ng/kg)
Dog I D nunber Cnax (ng/nmL) Trmax (hours) AUC04

The prgsrf]:gt' qgl%lliorf\ aiso rfr:]nc(,grgparysergua gle&% Uof _tl)eattlr:ll'g/ 2a i)gt?e%rt Sﬂaving 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 invention.

Another embodiment of the present invention 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 invention.

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

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

acceptable carrier.

Pharmaceutically acceptable salts of the compounds of Formula (I) 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 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 precludes the formation of the highly potent PDEIII
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 could offer
the added value of improved rates of dissolution and water solubility, allowing easier
formulation. For example the aqueous solubility of anagrelide at pH 7 is <10ug/ml. For ethyl-
5,6-dichloro-3,4-dihydro-2-(1H)-iminoquinazoline-3-acetate  HBr - an unsubstituted but
representative example of these ring open prodrugs — the solubility is ~ 5.5mg/ml in distilled

water.

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

human plasma, incubated at room temperature over one hour.

The potential benefit of improved water solubility on the absorption of these open-ring analogues
was shown in a comparative bioavailability study in the dog. Using the unsubstituted ethyl-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 Cp,.x, 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
Cmax and AUC after the prodrug. For example 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.hmL™" (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 Cruax T pax AUC, AUC,60 k %3
number (ng/mL) (hours) (ng.h/mL) |(ng.h/mlL) (hours™) (hours)

1 15.7 16 141 - e -

3 14.8 1.5 42.0 42.3° 0.4459¢ 1.6°
11 25.0 2 188 193° 0.3119° 2.2°
23 9.50 1.5 21.6 23.1° | 0.1953¢ 3.5¢
29 443 1 88.9 89.3 0.3031 2.3
Mean 21.9 1.5° 96.3 |- - -

SD 13.7 689 |- -

Ester prodrug of anagrelide (7.5 mg/kg)
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Dog ID Cax T max AUCy, AUC6n k 2%
number (ng/mL) (hours) (ng.h/mL) |(ng.h/mlL) (hours™) (hours)
1 213 3 678 679 0.1969 35
3 170 1 367 369 0.3071 2.3
11 418 4 1440 1440* | 0.1789" 3.9
23 334 3 951 952 0.4941 1.4
29 353 6 1470 1470 0.4857 1.4
Mean 330 3.5 1130 1030 0.3922 1.8
SD 86 390 400 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 meet 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)

Dog ID Cax T max AUCy, AUC6n k 2%
number (ng/mL) (hours) (ng.h/mL) |(ng.h/mlL) (hours™) (hours)

1 14.1 16 131 - d -

3 18.0 1.5 64.6 65.0 0.2854 24
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 2.3
Mean 24.9 1.5 128 79.9 0.2711 2.6°
SD 11.7 89 37.9 0.0349

Ester prodrug of anagrelide (7.5 mg/kg)

Dog ID Cax T max AUCy, AUC6n k 2%
number (ng/mL) (hours) (ng.h/mL) |(ng.h/mlL) (hours™) (hours)
1 185 3 564 566 0.1569 44
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

39




3 564 566 0.1569 4.4 3a 106 1.5 303 303 0.2510 2.8 11
347 4 1280
WO 2009/138788 PCT/GB2009/050508

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/(mean rate constant)
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For those 3-or 5-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 ICsy ~160 nM cf 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.

It 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 more stereoisomers.

Included within the scope of the present invention are all stereoisomers such as enantiomers and
diastereomers, all geometric isomers and tautomeric forms of the compounds of formula (I),
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.

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

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 US 4256748 which allow the individual compounds defined by formula (I) to be

obtained having been now revealed as desirable targets. The present invention thus further
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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:

- 1. NEt,

R EtOH: isopropanol SnCl/ HCI
R H,SO,/ HNO; g NO, 2 NaCNBH, NO j@/
- . _—
6,
R CHO R® CHO %OR
5

RS

CsHgsN*Me Br
H N 16" '33 3
2 %LOR toluene
RT 2

R

R7 NO, RS N+R2
. R CO,R
R

s NEt,, SOCI,

It will also be appreciated by a person skilled in the art that the compounds of the invention

t’\c‘J;L:BeJe/ methanol \ o BrCN, toluene
R®

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

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

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

be protected and deprotected during synthesis of a compound of the invention. This may be
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straightfourrtt)rgr?crhed 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 “alkynyl” as used herein as a group or a part of a group refers to a straight or branched
hydrocarbon chain containing the specified number of carbon atoms and containing at least one

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

containing at least 2 and at most 6 carbon atoms and containing at least one triple bond.
Examples of “alkynyl” as used herein include, but are not limited to, ethynyl, 2-propynyl, 3-
butynyl, 2-butynyl, 2-pentynyl, 3-pentynyl, 3-methyl-2-butynyl, 3-methylbut-2-ynyl, 3-
hexynyl and 1,1-dimethylbut-2-ynyl. It will be appreciated that in groups of the form
-O-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,—S—Ry,, wherein a sulfur atom is covalently attached to

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

but not limited to, any discussed above.
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cells 1nt%%e% Fﬂy&éq% CH% tﬁ%ﬂtclg%\f?/ﬁgte_tg B%’ﬁg’\%%de@ butyl, n-

I sopr exyl, heptyl
octyl, nonyl and decyl. A Cl4 al kyl group i's one
enbodinen for, exanple nmethyl, ethyl
The C(Pl’gg(ﬁ,}llgﬁyp% Hlebdpwntlopsm yl?e o]?arflaggtl)w use%hle lflerﬂ?‘ﬁ treatment of

myelopnﬁﬁf&lae@é &XéasesaST HS® Cg{(}ﬁﬁ@é Hay el& ﬁﬁd‘hﬂh AR RERTRA! & generalised

monocycl i ¢ hydrocarb ring of 3 to arbon atons
thrombetircdiseasgs. f or exanpl e, but not I|n1ted to, cycl opropyl,

cyclobutyl, cyclopentyl, cycl ohexyl or cycl oheptyl.

The term "spirocyclic" as used herein refers to a ring

It is to BY apBeihel MR réfBreRc S AR rhdMInGYE SBpRHaAn8s GRMNERR”Mhe alleviation
atom The term "al koxy" as used herein refers to a

and/or gregoigpitabdishdst aympleshyidp owadision. chbieating oo “treatment” of a state,

disorder or condition includes: (1) preventing or delaying the appearance of clinical symptoms of
the state, disorder or condition developing in a human that may be afflicted with or predisposed
to the state, disorder or condition but does not yet experience or display clinical or subclinical
symptoms of the state, disorder or condition, (2) inhibiting the state, disorder or condition, i.e.,
arresting, reducing or delaying the development of the disease or a relapse thereof (in case of
maintenance treatment) or at least one clinical or subclinical symptom thereof, or (3) relieving or
attenuating the disease, i.e., causing regression of the state, disorder or condition or at least one

of its clinical or subclinical symptoms.

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

minimise the risk of thrombus formation during or post surgery.
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cont ai ni ng oxygen and the specified nunber of carbon

atons. For exanple, Cl_6 al koxy neans a straight or
whe@nabsse8 al koxy containing at |east 1 and at P@BGBBS009/050508

carbon atons. Exanples of "al koxy" as used herein

i nclude, but are not limted to, nethoxy, ethoxy,

propoxy prop- 2- oxy, butoxy, but-2-oxy,

0 yl prop- 2- oxy, pent ox 1d .
Thromﬁggﬁﬁagﬁglxp %H@lgflseé&/ %iﬁf)g d]pg Ig;'lp R aé%(ag?spré rgfsf\{er]g]gsred thrombotic
risk) wRiKRMRlyeodBRENEY wil (ROX6BmpBhiRRABYthe %Dé%@ntzm%ﬁﬁon hHE18XY  myocardial

but - 2-oxy or 2-nethyl prop- 2- oxy.
infarct (@@ AR BT BBPOFAtERROE0.IIBHOMS Bavihg undargenergptenaxy stekiyilacement.
as used herein as a group refers to a straight or
branched hydrocarbon chain containing the specified
The coﬂﬁp@fﬁﬁlﬁ IFfthe€ prbet intedfibn Nyl Abo Fisid Sitilbist int dRdteBYfol the reduction of

ydroxyl groups. For exanR} Cl4 hy roxyalkyl neans a
atheroﬂgﬁmh%wveéxts BY Satkoriesdl refeRry Mlc Feseht stbtkeaprristglishegnperipheral arterial

disease, ac(fl?er chgn%&%gﬁdl%ﬂg @ﬁlsthﬁgsﬁ%é%%h Hzﬁi\g%ylk/ﬂﬁ TQHRovascular death, MI,

Xymet

stroke, Myﬂkﬁxyenhyﬂmnhydroxypropyl hydroxylsopropyl
hydr oxybutyl and the |ike. The term "al kenyl" as used

herein as a group or a part of a group refers to a
Compo§ﬁcfs&Hf gfﬂé 1nQEntmnaiﬂEéli139d oy %ﬁ%@e{c@ﬁﬁap fad Hay BE E@Ihﬁﬁﬁ&ectl he crystalline

speC| nber of carbon atons and contalnlng
or amoﬂpba@tprodm:tsj (Tllnby enadydrechbtdiogd, éxraxpingle, thelidgrings; @2v_v&ers or films by

method S PRGBSt G i S et P P - SRz evaporatve

drying. meltoaoa% BPradio fr&fRhe PASIHOHBY Be BRAGor BXPWPRE. Of
kenyl " as used herein include, but are not limted

to, ethenyl 2- propenyl 3 butenyl 2- butenyl

2- pen enten met h but en
They mqu) denfl is ereél é‘l F]Oeerélrr]la ory Cf% one of r}{ofe other compounds of the

inventich, drldldiﬁﬁitim&tlbtﬂwﬁr @rﬂ:yd)r mbite cth:r| drbgis @ppeatyathed willdk administered
groups of the form-0-C26 al kenyl, the double bond is
as a fcrgmgfaélpabqny as({f,@leata@} FEENONE Prt ﬁ@rq)ﬂ;@@pﬁceutmally 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 liquid formulation. Liquid forms include suspensions, solutions, and syrups.

Such formulations may be employed as fillers in soft or hard capsules and typically comprise a
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The term "al kynyl " as used herein as a group or a part
of a group refers to a straight or branched
woydpassisHon chain containing the specified nupdBEGBRG09/050508
carbon atons and containing at |east one triple bond.
For exanple, the term"C2_6 al kynyl" neans a straight
or branched aIkynyI containing at |east 2 and at nost

carrier, %r?%rab a%tﬁt@@oegget zimol %ﬁxﬁ%ﬁénea@y%,leﬁr%ﬁtgplgqngl &C&ﬁgedcellulose ora
suitableldf, adll SnB ‘%Y rﬂdré’ﬂefrﬁﬂsﬂgﬁ)g el Mbior odpeRBYP¥bentd-Liquid formulations
but'ynyl , but ynyl pentynyl, 3-pentynyl,
may alsg hﬂr&atrfrp,aredznykih@ anstltmqumﬁomtp@amm fos exmpdy,rfwm arygchet.
1, 1-di methyl but-2-ynyl. It will be appreciated that in
r ou of the form. 6 al kynyl e triple bond i.s
The CO‘%P%‘FE‘? 4Bt Ao e zf&F’é%léﬁ‘?f%t_‘BP’FFﬂg 6‘195&:‘9“ PhEUERHFMB 4 Sermaﬂy of
transdefn®fIBY STypicdl #2084 fonS YSNthASpurbskerihdl8de FEURIH fButiddk O8Pri}B, powder
or iodine atons. The term™sulfide" refers to a
formulatigas, gals. afdregel Sl®ipnseaned, pindmenfs fiilmsand prickes, and implants.
covalently attached to two hydrocarbon chains, Ra and
Rb, wherein the two hydrocarbon chains nay be, for
The co@p¥aifidls &anildo BOtdminiiteed pagentamyy, Br Ut oRDéEly id® the blood
2009/ 138788PCT1GB20091050508 The conpounds of the. o
stream, jIANsE et Ploto pn dnteknpbgeganf SwigbIIMEaRy for paFraferelyadmigisgration include
e, AOSERSE ELTFABIEL AL, AL AUADR, e
intracranmﬁein.traﬁmmﬂ;aﬁrmrd solicutdmeoudn Stiitable QMd:esnﬁ@albmerya@ytadmlmstratlon

V|ty -. and pote t|aJIy t her re.the platelet
include |n6 f (iAgfuding QHFW“FVF ¢) igecPfe n%ﬁf‘g ?rs? ety 66(5 figesiyigchniques.
be determ ned using the nodel of negakaryocytopoiesis
(Cohen-Sol al et al., Thronb. Haenost. 1997, 78:37-41
Formulatimohs Cmayre be e'trmabdiate Boodidr medfied 8@)@@3&1 4i@)easeThCentrolled release

o R R S o T B T R -

release.f i se to blood platel ets. The conpounds of the

invention may be particularly useful in the treatnent

of nyeloproliferative diseases. The conpounds nmay al so

find utility in the treatnment of generalised
—Sﬁgx%hronbotlc di seases. It is to be appreciated that

references to treatnent include prophylaxis as mell as

t he aIIeV|at|on and/ or cure of established synpto of
Typically, c BRysiGigih wik -[c}eéﬁéfquﬁgtheo@ctuq r@osegfe Mhichowilh bet e sultable for an

r [ [

mdlwm%%?%lgﬁgﬂt?{] e&gg%e&grsg nﬁkggp%djﬂﬁ%ﬁlné%?)f #sG ? f)HrrTB aﬂg #)gltttlﬁ:glar individual
may bestaaieé ,andiveitlr dbpend npmoad/lahet(ymfdﬁamekwmch@mgntha ahthIlﬂjn of the specific

t hat e affllc th or predi sposed
comPO@Baqnépqa%ng (S]Fedg}etaé)p i¢ éﬁml{ty SR denety @ gcﬁgt obél%at compound, the age,
body w%ﬁ? ok RGN th déeSPURY, fibdeUrfBimOlof %%ﬁllét&'tl‘éﬁ' rafY SR ion, drug
e state, disorder or condition, (2) 1nhibiting
combingtim, dteergrityl jof thedurtiautarcondition.amngd the individuat edeirgrgng therapy.
reduci ng or del aying the devel opnent of the di sease or
a rel apse thereof (in case of maintenance treatnent)

In genefl halvel @ AShitAH)E d6de WHlIEY inQhe fahai?é? bf fbmHbosYIDO P about 50 mg/kg of
thereof, or (3) relieving or aftenuating the disease,

body wpight perc%m ithg frslpr esdiodimatt, efhigomtakoat 0.805 & degut §r mg/kg of body
weight éé)r I OJ] I’hera ém% i %%ntmﬁeffom aix%uﬁ f()cddlﬂlo \;@!)%ﬂj;e 5n§/ksg of body weight
per dayvdﬁdﬁﬁl yB’tBey fdﬁ&lef élﬁaéﬁbieﬁt ¥l frbm tabeutc@OPoNtDuOf. 1 tlgtkg of body weight

present invention include: essential thronmbocythen a,

pol ycyt hema vera, chronic idiopathic nyelofibrosis,

chronic nyeloid | eukaem a with residua

t hronbocytosi s, reactive thronbocytosis i medi ately

precedi ng a surgical procedures, as an i medi ate or

post operative preventative neasures to mnimse the

risk of thronmbus formation during or post surgery. WO

2009/ 138788PCT/ GB2009/ 050508 Thr onboti c cardi ovascul ar

di seases (TCVD) (i.e. patients at |ncreased
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Conpounds of the invention intended for pharnmaceutica

use may be adm nistered as crystalline or anorphous
wWEe@dnsd788 They may be obtai ned, for exanple, BGI/&8R104/050508

pl ugs, powders, or filnms by nethods such as

precipitation, crystallization, freeze drying, or

spr ay drying or evaporative drying. M cromave or

per day Ry pt AR S e n g o! BoM pbLh iR bt A igtee of body

weight ﬁ&@ia?rln'mé ﬁngé beD.5¢O B HMNESABSL afd B thOVHBE 60N tODO hﬁ!;/kg/day
onbi hation Wi th one or nore other drugs. Generally,

they Wi Il be admnistered as a fornulatlon |n
The delit& G aetbl Ogy Vgo%\ben?en%gogﬁnqgseenpelaar macem os oL h#% divided doses
acceptabl e “excl pten harmaceutt carl acceptab

adminiseef€d P §ptpriaRCintegeal Q6 Sanmply & die; tvad) ihre@XbaladittBore doses per day.
col ourants, flavouring agents, preservatlves and

If the copppandre g Bgerdsransa Al cuiin cafendeshisdesse ffoms the compounds
elivery of conpounds of the present
Cmﬂdbéaé%ﬁ?%g%gg%%gﬁﬁy%ods for their preparation will be
readlly apparent to those skilled in the art. Such

npositions and methods for their preparation may

The compeig, s Fa?veél%'élﬂps|aémﬂ?lﬁtereﬂém%td@ﬁagesfowamé@mﬂie&&rltammg 0.1t

50 mg,%%h@é?l‘f&ﬁ?lﬁf 0.195 B8 &gl &b&%&b@ﬁ&lt@“@ |1't§r§ MB@QYngredlent per unit
e formuldtion of tablets is diScussed in

dosage f@haﬂmuctezufurdat eDbsdigenfehersomalens coivainiently ,adbynikiered in unit

dosage FyFE Tof SR STHVTREI %) URHES a0k HoRDU BYE @ BHOTHR me of active

ingredidi® PROMAC R sBBYfol@. adm ni stered incl ude oral
adm ni stration by capsul e, bolus, tablet, powders,
| ozenges, chews, multi and nanoparticul ates, gels,
solid solution, filnms, sprays, or liquid fornulation.
Li quid fornms include suspensions, solutions, and
syrups. Such formul ati ons may be enployed as fillers
in soft or hard capsules and typically conprise a WO
2009/ 138788PCT1GB20091050508 carrier, for exanple,
wat er, ethanol, polyethylene glycol, propylene glycol,
met hyl cel l ul ose, or a suitable oil, and one or nore
enmul si fyi ng agents and/ or suspendi ng agents. Liquid
formul ati ons may al so be prepared by the
reconstitution of a solid preparation, for exanple,
froma sachet. The conpounds may al so be adm ni stered
topically to the skin or nmucosa, that is dermally or
transdermal ly. Typical formulations for this purpose
i ncl ude pour-on sol utions, sprays, powder
formul ati ons, gels, hydrogels, |otions, creans,
ointnents, filnms and patches, and inplants. The
conpounds can al so be adm ni stered parenterally, or by
injection directly into the bl ood stream nuscle or
into an internal organ. Suitable neans for parentera
adm ni stration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial,
i ntramuscul ar and subcut aneous. Suitabl e devices for
parenteral adm nistration include needle (including
m croneedle) injectors, needle-free injectors and
i nfusi on techni ques. Formnul ati ons may be i nmedi ate
and/ or nodified controlled release. Controlled rel ease
formul ati ons include Mdified release formnul ati ons
i ncl ude: del ayed-, sustained-, and pul sed-rel ease.
Dosages Typically, a physician will determ ne the
actual dosage which will begrmst suitable for an
i ndi vi dual subject. The specific dose |evel and
frequency of dosage for any particul ar individual nmay
be varied and will depend upon a variety of factors
including the activity of the specific conmpound
enployed the netabollc stablllty and Iength of action
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The desired dose may conveniently be presented in a
single dose or as divided doses adm nistered at
wapprops7saat e i ntervals, for exanple as one, tweCT/GBR@E/050508
four or nore doses per day. If the conpounds are
adm ni stered transdermally or in extended rel ease
form the conpounds coul d be dosed once a day or |ess.
!ge compound i s conveniently adm nistered in unit
CLAI sage form for exanple containing 0.1 to 50 ng,
conveniently 0.1 to 5 ng, nost conveniently 0.1 to 5
nmg of active ingredient per unit dosage form In yet a
L. pn@ﬁbE@m&mﬂ ) ot hphatmapanticall x zaseptable enlk ensdlyate therof
adm nistered in unit dosage form for exanple
containing 10 to 1500 ng, 20 to 1000 ng, or 50 to 700
nmg of active ing¥edient per unit dosage form WO
2009/13878§PCT1=-2009105050§;CLAINB 1. A conpound of
Formul a ( R~Nor pha &lHRcal Iy acceptable salt or
sol vate thero ) ﬁh relm R, R, R3 and R4

i ndependent | y , Qgen or a bl ocking group
whi ch fungf 0 -‘eve tabolic reaction either
directly or ind 5 at the carbon atomto which R
and R2 are atta ; 0f and/or R3 and R4

together with the carbon to mhlch they are attached
form a bl ocki ng grqu whi ch functions to prevent
nmet abolic reaction at the carbon atomto which R and
R2 are attached, the remainder of groups R to R4
bei ng hydrogen; R5, R6, R7 and R8 are each
PhegPendent |y sel ected from hydrogen, Ra and Rb; R9 is
Hor G _6 alkyl; R is selected fromthe group
conpr|3|ng hydrogen Cl 6 alkyl, C2_6 al kenyl, C2_6
’l kR(anI aad ®”* GBleBeraiently ﬁpkgslent\/m&llr@en (Eadj’]ocﬂﬁng g’(eup Wthh functions

f oregoi n ups may bhe o nal | stitute to
¥ Ingg é‘geé‘”ﬁ’&g‘é ﬁeacﬂaé FERR éﬁﬁﬂf@ Y PF rFﬁE‘/ {3% pt o ot to which R
GOURY hsiakhehal o, hydroxyl, cyano, nitro, Cl_4

al kyl sul phonyl and COOH, or R is a pharnmaceutically
acceptabl e cation; WD 2009/138788PCT1GB20091050508

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’is H or Ci alkyl;

R'% is selected from the group comprising: hydrogen; C, alkyl, C,.6 alkenyl, C,.¢ alkynyl
and Cs 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, C;_4 alkylsulphonyl and COOH; or R' is a pharmaceutically acceptable cation;
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XisQorS;, Rais selected fromCl_6 alkyl and C2_6
al kenyl, either of which is optionally substituted
waran/138782, 3, 4 or 5 Rb; Rb is sel ected from Pel/GB2009/050508

trifluoronethyl, cyano, nitro, -OR, -C(0)Rc, -C(0)0OW
0C(0)Rc, -S(0)1Rc, -N(Rc)Rd, -C(0)N(Rc)Rd,
-N(10C(0)Rd, -S(0)11\1(10Rd and N(10S (0)1Rd; Rc and
ggrgfeégach i ndependently hydrogen or Re; Re is

Fect’et from C1_6 al kyl and C2_6 al kenyl, either of
which is optionally substituted wwth 1, 2, 3, 4 or 5
substituents i ndependently sel ected fron1ha|o cyano,
Bmlmf:lecmﬂdfr@myCl aalkyloananics Gilkenyal dithey of amérhiisioptionally substituted

©in each of the follow ng provisos

th% 2§?%*H >, R2, R3 and R4 are not all hydrogen;
and (ii) when R5 and R6 are each hal o, then R7 and R8
are not both selected fromH, halo, cyano,

&1 (g Jekictal kipm halp, @rifpRieRiptathd CEN06 fﬁ%i%oa@l%ox;ﬁ(oéRA -C(O)OR’,
[d ﬁl er, gnd
gg%%%degg y éeﬁh¥%g§hfnggﬂyﬁ%)grodgaEg%LrlS|ng(O¥NG§)R’ and
nmmﬁﬁx@maﬁo C _6 alkyl, C2_6 alkenyl, C2_6 al kynyl,
C3_8 cycl oal kyl wherein said al kyl, alkenyl, aIkynyI
or cycloal kyl groups may be optionally substituted by

ke b R %%H&?‘mg@;%@@ntl P&‘g’é‘ﬂ%‘?ke from the group

conpri sing: hal o, oxXyl ,” cyano, nitro, Cl 4
al kyl sul phonyl and COOH G 6 hydr oxyal kyl ; Ci _6

Eg[ 0 o%‘%/fgﬁlfjg%lﬁi&q nd ggg%g%%lkg}ylmgﬁ% of, wiich_is ppgignally substituted

vagat hes, mbrtNsubberueds RRRpdRleMiN gére&étﬁﬁfoar}@oatya@h@ﬂmo hydroxy,
forma C3 8 carbocyclic ring may be optionally

sitlosnidiutsadtkasy; and o 5 groups chosen i ndependently from
the group conprising: halo, hydroxyl, cyano, nitro,
Cl_4 hal oal kyl, Ci1-4 al kyl sul phonyl and COOH

1is 0, 1 or 2;
and wherein each of the following provisos applies:
(i) R! , Rz, R? and R* are not all hydrogen; and

(i1) when R’ and R® are each halo, then R’ and R® are not both selected from H, halo,

cyano, C, alkyl, C;¢ haloalkyl, C,¢ alkoxy and C;_¢ haloalkoxy.

A compound of claim 1, wherein

R' and R? are independently selected from the group comprising: H; halo; cyano; Cj
alkyl, C,¢ alkenyl, C,¢ alkynyl, C;3 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, Ci4 alkylsulphonyl and COOH;
Ci.6 hydroxyalkyl; C;¢ carboxyalkyl; and sulphide;
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or wherein RlL and R2 together with the carbon to which
they are attached represent a C2_6 al kenyl or C2_6

wW@RkMyngd7syr oup bound t hrough a doubl e bond to BE¢EGBRIVG/050508

to which it is attached and being optionally
substituted by one to three groups independently
sel ected fromthe group conprising: halo, hydroxyl,

G BTG S ek B P s R rom

BRbEYkclic JingAmEP BE WphenARCALLIiREA By ¢8I Il cRo dependent]
mhe?%&ﬁcﬁggand9R4Q§renl%ﬁepeﬁdent?@ sefg%tgg fr&ﬁ?#ﬁémﬂlen y

@pmuﬁh@omppspﬂ@prlﬂng hdialy, bydiavyl. Glyagoal iy, (G2 daloalkyl, Ciy
C3-8 cycl oal kyl wherein said
%#%ﬁﬂ%h %ﬁ§5§¥gynyl or cycloal kyl groups may be

@Mvh&’@ﬁﬂ Iklyarﬁitlbﬁtbg&tﬁéﬁdltlbﬁle]cafﬁbnﬁo @ﬂﬁé}pﬁleﬁ Hﬂ:&&ﬁched represent a Cag
|ndependentI§ fromthe group c:onprlsm?p(9
e xaf | Co-c sy gipyn bound thyoughicg (depls ﬁ9|t0 éh%l riggxtpy; which it is

V. I
%eg%&(;}ifgagé}{g ?ﬁbnal%uﬁstﬁ%ggﬁr @eﬁ%ttgre&%qclﬁﬂt ﬁ@%})‘égcrl%f?l"y selected
abiahb %doﬁp)tdmms(i@_&ahﬁmlydﬁ)}xgl, icgartd, gy Jlﬁj/oaﬂiqll and COOH, provided
optionally substituted 1t groups chos
e et PR 139R tin eogmsiwyg Wi?ﬁ‘il s Giaer 1wal|e§w1-
hydr oxyl, cyano, nitro, Cl 4 haloal kyl, Cl1 4
alkylsulphonyl and COOH, or R3 and R4 together
Aepmement agc@ing tal kanyl oor2, @@eﬁelml&mﬂleamupddp@umtly selected

hroygh a doubl e .bo the r
b hiOuh GO BB St PaRs Frayos G aiedt G pliaHaCes atkmyl, Cas
&m(@ﬁkﬁrm&nlsaﬂieﬂﬁﬂd@n&h%a SRR QeI M fgeolq;s%@ be optionally
conpri'sing: halo ydrox yano, Cl 4 hal oal ky
bottutet, b)A 1cmr§cgrﬁ@pSthQ§¢Iallmelild¢ndmf_ qm éb@@rmg) @cpraplmmg halo,

optiQ I tit t g
@%ﬁrgx yccly%%? ky rogr@éﬁfp ﬂ@'llsuﬁ) ouaﬁlg as clai r]rﬁdﬁ%ko%a}/kyl’ Cro
parbeeAIINY mdaulphidsher ein R2 is an optionally

substituted Cl1_4 al kyl or C3_8 cycloal kyl group. WO
2009/ 138788PCT1GB20091050508 6. A conmpound as cl ai nmed

bInRan¥d R¥ ﬁfg@%&ggltﬁltﬂécﬁggmg @hﬁ ey ae gﬁ&ﬁ%h form a g3,g carbocyclic

cycl opr opy pound as cl ai he
ﬁng nmyéxeejj)tmgalm saubsitutel diyel to SIQmups chetséry in,dependently from the group

GHGPOn PR o angrfti G- FHIRY -+ DB Ehorbbr COOH:

an optionally substituted C3_8 cycl oal kyl group 9. A
gﬁfund as claimed in any preceding claim wherein R3
1togetab1k§dpres¢1ﬁ1 a Ez@ @ﬂmmhdr 8's¢ allgingegroup temypd through a

Cl 6 al
5%@3%3%0"@5&% Ik SR i iah Bt g e S iy by one (o
thi&: Qlfouﬁ%"smdgﬁenda?ﬂyaﬁkqecﬁ@d %ﬁl ﬂﬁécgrgﬂﬁﬁemﬁinﬁn%bhﬁd@tﬂ'jﬁfoxyl cyano,
two are independently selected fromRa and
Conpdanllylaanddf@PRed in claim 11, wherein R7 and R8 are

each hydrogen. 13. A conpound according to any of
claims 1 to 10, wherein three of R5, R6, R7 and R8 are
hyemggend aaothihéeioihiepret&lisetiart,edhdreiaR 'R aargtiBially substituted

Ci.4 alkyl or Cs¢ cycloalkyl group.

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

Ci.4 alkyl or Cs¢ cycloalkyl group.
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10.

11.

12.

13.

14.

15.

16.

17.

14. A conmpound according to claim13, wherein R7 and
R8 are each hydrogen. 15. A conpound as clained in any

WEe@oashi7eg) claim wherein RO is H 16. A conpoRCGB2009/050508

claimed in any of clainms 1 to 14, wherein RO is
methyl. 17. A conpound as clained in any preceding
claim wherein R is C1L 6 alkyl. WO
2009/ 138788PCT1GB20091050508 18. A conpound as cl ai ned
in any preceding claim wherein Rais C _6 al kyl
Anddnidahd Ys s1aRRdd Ind§hrbedthglolaif, vﬁlere‘}n R 1s5m|8¥hyl Q‘ﬂl@lo&bpyl CF;
is selected fromhal 6, cyano, nitro, -CH Cl-6 al koxy,
oiGCHFOH and -S(0)2-Cl1_6 al kyl. 19. A pharnmaceutica
conposition conprising a conpound of formula (1) as
defined in any of clains 1 to 18, or a
Artajhmﬁwtas cRithat BCASNiraddldthgSalin, AWhefdh Ratiemetsl,@9tlopropyl, CF;
aether with a pharmaceutically acceptable diluent or
HFer, which may be adapted for oral, parenteral or
topical adm nistration. 20. A conmpound of formula (1)
as defined in any of clains 1 to 18, or a
phammmuedtas cadingd 4o ceptdhildmsal to Br whatiak batd 82 eofether form an
or .a pharmaceutjcal conposition containing any of the
PHF%’&EY ﬁ‘ébmf”é? GaecsoU 8 "anent . 21. The use of a
conpound of formula (1) as defined in any of clains 1
to 18, or a pharnaceutically acceptable salt or
Aoiovraioand hecleifediin ahh erecediog ot ehaéin® et @ dierikyi.or
the treatnment of a disease selected from
nmyel oprolific di seases and generalised thronbotic
Al @ARDARd addainfed B AP Preedihs Rl NGhdeidiFE'aa s G! (a2 d
from nyeloproliferative di Seases and general i sed
t hronbotic dlseases in a hunan, mhlch conprlses
'1:—\ c Al IOrl]l d ? cl)mﬁ% Il%l ala })recgclﬂa% fCIarllréld W ﬁreénnywoo %Ifs and R® are
h@dragen, and alepiﬂaaf R6 etitih@dlehyentigaept@b f@nsRI indR",
sol vate thereof, or with a pharmaceutical conposition
containing any of the foregoing. 23. Use of a conpound

BlcohfioTh & (e AREMNGhe RN Ald 1€ b Benthylufogtf. fOf

ction pI atelet cou

A compound according to any of claims 1 to 10, wherein three of R, R® R’ and R® are

hydrogen, and the other is selected from R* and R",

A compound according to claim 13, wherein R’ and R® are each hydrogen.
A compound as claimed in any preceding claim, wherein R’ is H.

A compound as claimed in any of claims 1 to 14, wherein R’ is methyl.

A compound as claimed in any preceding claim, wherein R'? is Cy.¢ alkyl.
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18.

19.

20.

21.

22.

23.

WO 2009/138788 PCT/GB2009/050508

A compound as claimed in any preceding claim, wherein R* is Cj¢ alkyl optionally
substituted with 1, 2, 3,4 or 5 Rb; and R® is selected from halo, cyano, nitro, -OH, C,
alkoxy, -C(O)OH and -S(0O),-C;6 alkyl.

A pharmaceutical composition comprising a compound of formula (1) as defined in any
of claims 1 to 18, 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) as defined in any of claims 1 to 18, or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical composition containing any of the

foregoing, for use as a medicament.

The use of a compound of formula (I) as defined in any of claims 1 to 18, or a
pharmaceutically acceptable salt or solvate thereof in the manufacture of a medicament
for the treatment of a disease selected from: myeloprolific diseases and generalised

thrombotic diseases.

A method of treating a disease selected from: myeloproliferative diseases and generalised
thrombotic diseases in a human, which comprises treating said human with an effective
amount of a compound of formula (I) as defined in any of claims 1 to 18, or a
pharmaceutically acceptable salt or solvate thereof, or with a pharmaceutical composition

containing any of the foregoing.

Use of a compound of formula (I) as defined in any of claims 1 to 18 for the reduction of

platelet count.
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