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PY RKMLDKNES The present invention relates to a process and

i nternedi ates useful in the preparation of certain pyrido-pyrimdine
conmpounds, which act as inTOR kinase inhibitors; to salt forns thereof, and
their forrmulation, particularly in tablet form and use 5thereof.
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30  (Morice et al., New England Journal of Medicine (2002) 346, 1773-1780). Furthermore,

the rapamycin analogue, everolimus, can reduce the severity and incidence of cardiac

allograft vasculopathy (Eisen et al., New England Journal of Medicine (2003) 349, 847-
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prevention and treatment of a wide variety conditions.

Summary of the Invention

According to a first aspect of the present invention there is provided a process for

the preparation of a compound of Formula 1,
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wherein
R! is hydrogen or OR?;
R? is CH,OR*, CN, CO;R’ or CONRR’;
R? is C 4alkyl group;
25 R*is a—COR® group wherein R3 is a secondary Cj.¢alkyl or tertiary Cs.alkyl

group,



R3 is C4 alkyl group; R4 is a -COR8 group wherein Rs is a secondary
C3,ai kyi or tertiary & _bal kyl 5group; R5 is Cl.4 alkyl group; R6 is
hydrogen or Cl 4. al kyl group; and R7 is Cl.4 al kyl group; conprising

reacting a C%’%Fo/und of Formula 2a 0 10 wherein Ris hyéj{/(?g%%m%@g?.& R2
I'S"a - COR8

is Cl120R8, R or CONR6le; R3 is C )4 al kyl group;

ginp wherein RS is a secondary C3 6al kyl or tertiary C4.6al kyl group; RS is
Cl4 al kyl group; R6 is hydrogen or Cl.4 alkyl group; R7 is (21.4 alkyl
group; and 20Ru, .Rb are each independéntly hydrogen or a group sel ected
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pot assi um cg@lkaioarhareoﬂ rn@oib@ESs silkyhcarbamoyl; and
R’ is C|.4 alkyl group which is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, Ciealkyl, Cisalkoxy, haloCsalkyl,
20  haloCyealkoxy, hydroxyC,¢alkyl, hydroxyC,.alkoxy, CisalkoxyCi.salkyl, Ci.salkoxyCi.
salkoxy, amino, C;salkylamino, bis(C.salkyl)amino, aminoCsalkyl, (Cisalkyl)aminoCi;.
¢alkyl, bis(Calkyl)aminoC, salkyl, cyanoC|ealkyl, Csalkylsulfonyl, C,.
salkylsulfonylamino, C,salkylsulfonyl(C.calkyl)amino, sulfamoyl, C,salkylsulfamoyl,
bis(Csalkyl)sulfamoyl, C; salkanoylamino, C¢alkanoyl(C;salkyl)amino, carbamoyl, C.
25  alkylcarbamoyl and bis(C.alky!)carbamoyl,
comprising reacting a compound of Formula 2
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wherein

R'is hydrogen or OR* R



hydroxi de, in a further enbodi ment, the potassiumsalt is precipitated and
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. 4al kyl mr%?tttwn} g@ups S_eﬁ(eég,ﬂ fogyAAu IcY HGy MEP gy 0x0; Cre Y& dtkoxy,

C: t. oat kyt stdldd Qe I( klloC Balkkyy, hadtoREG ARV BRyRYlyC s&koky; OalikbyISubkamoyl "

bi s(t_ol kyl ) sul fanmoyl , C, .. 6al kanoyl arni no, Clxal kanoyi (Cl. 5al kyLt am n. o,

car banoy 64 kﬁ?lkéélr‘(_ﬁaﬁ]k_@% a8 hi-efkalaninabiyf el barineyamingfuspkyl, (C.

am nonet hyi gnenaambyvatdne b?sr(CQJdlk?[S)Eﬂﬁ%B@[_(?Jl@r}j%y?%@l_}’a?ﬁ)ll,"(,el:(,alkﬂsﬂﬂﬁ%/f?@Od' ment
y

t he am nonet hytene derivative 1s Itutéd al koxy his(am no)ncfhane such

ubst |

as Fi r eder eglkysulferadpemno, (G stlkylox{pnbi(s (alkbemip atupmoylnet dababs) fanheyLanot her
embodi ment i@, Afuky1)sHRIRGH B EREIBHINAT, YifiahSy1fe SURSHAHE Sdrh bR de
salkylcarbamoyl and bis(C;salkyl)carbamoyl; and
R’ is C,_q alkyl group which is optionally substituted by one or more substituent
groups sclected from halo, cyano, nitro, hydroxy, oxo, Cisalkyl, C.¢alkoxy, haloC, salkyl,
haloC,_¢alkoxy, hydroxyCi.salkyl, hydroxyCsalkoxy, C,¢alkoxyC, salkyl, C, salkoxyC;.
25  salkoxy, amino, Ciealkylamino, bis(C,.salkyl)amino, aminoC,alkyl, (C;salkyl)aminoC;.
salkyl, bis(Cealkyl)aminoC, salkyl, cyanoC, ealkyl, Cigalkylsulfonyl, C,.
salkylsulfonylamino, C;_¢alkylsulfonyl(C, salkyl)amino, sulfamoyl, C, salkylsulfamoyl,
bis(C,_salkyl)sulfamoyl, C;.salkanoylamino, C, galkanoyl(C, salkyl)amino, carbamoyl, C;
¢alkylcarbamoy! and bis(Csalkyl)carbamoyl; and
30 L is a leaving group,

with a 6-substituted uracil equivalent.



acetal. for exanple a dinethyl forinam de dial kyl acetal such as dinethyl
Run/am de di nethyl acetal. 30The reaction ofa conpound of Forrmula 3 with an
anmonet hyl ene derivative nmay WD 200/ 153597PCTI 6B20419/ 050695

ni et hyl pyral 33cl one or dirnethylthrthath "AV CI m m xt f a _polar
non- pol ar SHP V¥R Yuch as al,.. atie solvents such asuécg'?%%%9%°ﬁ6%one
cnbodi nremthe orthol brmate is tri met hyl or t hor or mat e. A conpound of
Formula 2 where L is a leaving group selected fromS. Rd and nal ogen nay be
prepared front the correspondi ng phenyl8 acetyl enic ketone |w for exanple
hydr ohabgenation, or by reaction withy thiols, (see Yakabi ko Nishio et. el,
J.C. S Perkin I, 17198 LmbdSitie8B38is M@%Qg&&%&%@@t&%&Nﬁw drt Kahedron Letters
2000 00 4709-471 Shengmi ng Ma. Orgfhern. 1992 (573 709- 713)
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, sai kyl car hagpyh 1) drbimséd 52l Ky1) eanhata@Mtheterocyclic rilg8vicseibydrqgen or (24
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koxv, I dC.; ral koxyC4 oxy, amo, CA6at Kyl ar'ni no,
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d .. 6alicyl ani ng, orkWasboEARhhyOarstbstiestearhaoGuiviical k¥ l6anfifduraciial kyl )am noC4
6ti ikyl, b tsoﬁhc 45al I tyi)arni noCcyanoCt C 1 ai k\d. saiionyl, C4. 205al
kyl sul for Ay lﬁ‘gamtﬂfrdﬁfl}ﬁ%ﬁk’ﬁﬁt#‘ﬁ‘i’?? (C;..oalkypainitto, suliramoyl, C

riathy ist3 For examplc, 6-aminouracil, and dcrlvativcs thereof, include compounds of formula
@)
N/RN1
H,N r?J/KO
RN2

25  wherein R™ and R™ each independently are hydrogen or a protecting group, for example a
benzyl group.
For example, 6-aminothiouracil, and derivatives thereof, include compounds of

formula



bitt(C .6al kyltsulthrooyl, G .c,n tkianiayl Mne, (Laaikaraiyi(CDami no,
earbanoy |, C4.. 6a ky lcarbanoyt and bis(C | .5tti kyi)carbanmoyl, with an
am no net hyl ene derivative to give a conpound of FOrtall9al 2 0 25wherein

is hydrogen or ON R2 is GLOMo UN. CO2R5 or COM e' R7: 4 mow, WO
2009/ 153597‘583?0&1?@?7 15 Rl is a --COR8 group wherein Rs%&cgzo@é%géﬁaary
G al kyi or C. 4ertiary al kyl group; 12) is a G .olkyl, a carbocvelyl,

a carbottycl yl1Cl. 1al kyl, a hercrocyclyi or heterocycl ylCL, Ial kyl group
which is optionally subsPtuted by one & nore substituent groups sel ected
from hal o, cyan, nitro, 'yd OX oxo, Cl.6alkyl, G ..6all oxy, ha IOCC | .6al
kroc ye hvctroxyLlai kyL hydroxyCt . 6al koxy, O .6alkox y C 6a ikyl, C
_6al koxyCG 6al koxy, amino; d.r;alkyiarnilpo, bis(c 1.6alkyl)am no;

am noC: .sal kyl, (C rialkYpam|toC - bi - -6al kyDam noCl . 6al kyl ,

cyanoC: . 6al kyl , _nal kyi sul fonyl, ralkyl 1;u| t bnyl am nci ;

sul fonyl (C. . 6al kyl ) amhao, sul fanoyl - sul fai yl,

Obi srC . 6al kylyiul farrioyl, C, .6al I&'&h'oyl ni n§; carbanovl, C..

6al kyl ear bamoyi and bi s(C(. 6al kyQcar bar ngy¥; R6 is hydrogen or C.,' alkyl
group which is optionally substituted by one or nore substinient groups
sel ect ed f vdmrdiraRe,andyRar tash imdeperlenthyate bxdrogzammon 2 pCitecsiat Riplp, f@lsxgabkaxy

i takC . 6al I%% ‘Qégr oxyCi .. 6al kyl, hydroxyG . 6al koxy" C,,alltoxyC
ifG...6al ko@&g. | koxy, am no, Cal kyl am no, Le: al kyl - pmar ni noCt al kyl ,

6al | yi t ami noCt . Gélckyb-arhbinstfCuragalok§ kinawimoCticréatiks/is gmployed any protecting

eyanoC. ..6al | rytsuirdnyl 6akyi , suf |l am no, C . 6al kyl stil ny I (C
“Eal Ky Pam= S et Atksr G e R BB Rl oy
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from hal o, ceyanRilyldNyt k& Garb&yydiaX KalkPxy, (b ihio) b cabbcyolytikioxy

haloC . 6al koxy, hydroxyGCi 4al kyt, hydroxyG . 6al koxy, Cl.6al koxyC a Lk yl ,
G . cal koxy CPPossI KoK KYERP#EUPC; . . - | al kyl ani no, bits(d _sal kyl ) ar ni no,

am tt oGlp. 6al kyl j, £ enfbodinftng, iRt pré@kddmhy bdiakddoueal ky *n)e%n@é oGoslekty For
cyanoGi . 6al kyl, C3.6all ylsu ifonyl, g 6al kyl sul f onyl am nm udai kvl sui i onyh
C. 1, alkyt )cH2mpiadaCT 8Rickys Stienspiveits sygh as dinggilyl cpmeaidryf-yrsthytpysaiisane.

C. 1. 5al kanqyl ami08nhKidel ok Yler Cal i cyparnitto, carbantoyl, C" ai tt anoyi
and his(C _a+é§§-]$l??:z% ﬁ)aermv‘h,ﬁmgng L is a Leaving group, 16 Accordi ng

to a further aspecfurdfr whedpnesaht pioprsent thopresdieneeitonprag\pe dedcdoprincess of
the prepar ad Sr@se%e & a%%@iﬂ?%pgxa?r{p]g N J@iﬂ‘fi‘c aei®such as acetic acid.

15 In a further embodiment, the compound of Formula 1 is isolated as the potassium

salt by reaction with a potassium base, such as potassium carbonate or potassium
hydroxide. In a further embodiment, the potassium salt is precipitated and collected, for
example, by filtration. The compound of formula | can then be regenerated from the
potassium salt by treatment with acid, for example citric acid.

20 According to another aspect of the present invention there is provided a process for

the preparation of a compound of Formula 1,

wherein



conposing 5 i) reacting a conpound of Formula 3 0O wherein R is hydrogen
or OR3; R2 is Cl-120R4, CN, CO2R5 or CONR6R7; 10R3 is Cl4 al kyl group; R4
is a-CONgroup wherein R6 is a secondary C _ol kyl or terti. group;

C4. . 6al kyl R5 is CIA al kyl group; R6 is hydrogen or Cl.4 al kyl
gaup; and 15R7R|1§h¢dxﬁgerabﬂ<®R3,gr oup with au ami no nethyl ene derivative to
give a co 0 1747' - wherein Rl |s 8&%}% or OR3; 20R2 is CH20R4, CN, CO2R5
or CON int 7. BRdsCELBR:, QNkazE)r%% 2t 09/ 153597pet t i n009/ 45069.5 1. 2'
15 a CONgro r s a secondary C alkyl or tertiary CX\ groin);
ft is G _4 P/@Srghﬁlg%bu S hydrogen or C L4 alkyl group; Ris CL4 alkyl
group; and ICR‘%/iba&(E) Ragbup wilersenilental sgednddriogeselion ontegfiasygssalkdct ed from
Ct. 6al kyl, carbocyclyi, a carbocyclylCl sal kyl, a beterocyclyl and

het erécytﬁrml 6al kyl group which group is opti onal Iy substituted by one or
nore substi ments @QyYRkyFelcept €d fromhalo, cyan, nitro, hydroxy, oxo.
Cjaikyl, G ol koxy hal 6C1L b6al kyl , hal oCl. 6al koxy, 10hydroxyC, 6al kyl,

hydr oxyCL (: nllkaxjnydrﬁgenat@o«glkyl @a‘llpcylhd Ci . cal koxyC _@al koxy, ami no,

gilg?(él kyl am ng, Clky? (XlDam no, aminoCL6 a [kyi, (Cl_6al kyparninoCl_ 6
- comprising reacting a compound of Formula 2a
O
2 a
R - 'T‘/R
1 R’
10 R
wherein
R' is hydrogen or OR’;
R? is CH,0R*, CN, CO;R’ or CONR'R’;
R? is C ;4 alkyl group;
15 R*is a —-COR® group wherein R® is a secondary Cs_salkyl or tertiary Cy4.¢alkyl
group;
R’ is C alkyl group;
R® is hydrogen or C;_4 alkyl group;
R7is Ci4 alkyl group; and
20 R? R® are each independently hydrogen or a group selected from Cj.qalkyl, a

carbocyclyl, a carbocyclylC salkyl, a heterocyclyl and heterocyclylCsalkyl group which
group is optionally substituted by one or more substituent groups selected from halo,
cyano, nitro, hydroxy, oxo, Ci.salkyl, Cj.salkoxy, haloC, _¢alkyl, haloC,_¢alkoxy,
hydroxyC.salkyl, hydroxyC; galkoxy, CisalkoxyCi.salkyl, Ci.¢alkoxyCi salkoxy, amino,

25  Ci.alkylamino, bis(C;alkyl)amino, aminoC,salkyl, (Ci.salkyl)aminoC;.alkyl, bis(Ci-
salkyl)aminoC_ealkyl, cyanoC,.alkyl, Cisalkylsulfonyl, C;.salkylsulfonylamino, C;.
calkylsulfonyl(C;.salkyl)amino, sulfamoyl, Ci.alkylsulfamoyl, bis(Ci.calkyl)sulfamoyl, C;-
salkanoylamino, Cy_alkanoyl(Csalkyl)amino, carbamoyl, Cyealkylcarbamoyl and bis(Ci-
salkyl)carbamoyl, or



6at | cyl)am noCl, 6al kyl, cyanoCsal kyl, C!'_6al kyl sulionyl,

G . oal kyl sul fonyl ai ni no, C ei al kyl suI I onyl( Cl_6at kyl )am no,

sul famoy1, bi s(Ci aal kyI )sul fatnoyi, Ci, 6alicanoylainino, O oikanoyl (c
; _eal kyl)am rio, carhanoyl, G sti i kyl car banoyl and bis(C

156al kyI )ca‘mﬁﬁ%gi’:’w or It and Rh together with the ni tr%@éﬁ“@?%%o@g whi ch

they are attached forma 4- to 10- nenbered heterocyclic ring wherein |, 2
or 3 ring carbon atons is optionally replaced with NN 0 or S and which ring
is optionally substituted by one or norld aubstinient groups selected from

hal o, cyano, nitro, hydroxy, oxo, C, aal koxy, hal oC _6al kyl, 20hal oCkoal koxy,

hydroxyC 1 _6 a Rkyls 'y tﬁ%’fm%_tﬁéiﬁlhf ,at&@l&«%yhthem@qttac@ed Rahkyd-g¢ ni no,
his(CG _f; “al ky Darni no af f t| sinyam noC hi s(C1_6al kyi

) at ni noCol M91merwéﬁdd@&er®aplmng v@ereues .8 ondting gaghpayfomsgy optionally repfaced
6al kyl sutf %?flll‘@t(?bp@arb(f;xsl?@?hlé%ls%yi(g I(bgmﬁeaé%%%e{ab@%u saulehtf%wwg'

Ct _aal _kyl aul f anoyi armyh kanoy arnit
Cl6al. kanoptl¢@id fr¢a hhlloypanmmmo,, hE(HDmanmle ls@ky1266@lkhw élallOEadelwl and

bi s(C Gl | car n I W th

6- am ncc);S r agllx‘: bﬂ‘%‘lkgo%’ dmxg aikh’ hgglr%l%gélrf‘gllkgx}p %'T?a%%g UJP:(P dm4leq§§%hul a 2a
may be r eae&lk&y\/\hmimop@r(,akylamaj bgehatlkylpnagentsnadh 6@h§dl @&l ealkyl pppiady.
reagents to ound rrTuI i s hal ogen or
0S02R9, \Ahé?lgyl @668 Cgﬁl@ o léﬁ&yl & %a“‘gﬁ@%‘m‘z?ron, such as PF6-.
E;<arrpl Ies ofsallayahtﬂgﬁplamnmgca@ﬁmmfbm(lcudﬂkﬁhﬁﬁﬂh@ﬂﬁ@qy«;h]l@arlkydanfamoyll,:_xarrpl es
of enolate tr ents |n | ud rif ul phonyl chl ori Thus,
accor di ng tb8(§ lﬁ' B‘I”r@fg‘mﬁﬁpgt qﬁglnﬁré@éﬁge qer@éﬁ‘?lfy(pFﬁ)mfl}‘i’e?dégdlnéoyb (gw ded a
processoof gik@cppepan aﬁdlﬁlﬁ(apﬁall@l)%mauﬂd of Formula 1 9 10 conprising 1)
reacting a co ound of Formula 3 wherein 15Rl is hydrogen or Oe; R2 is

Cl- 120R4, Cfth iR8UTgFil CONRGR2; R3 is Cl4 alkyl group: IC is a -CONgroup

wherein R5 is almfe%%da{eauﬁle BB S rPofn@h kY 2 EOWR miRBird SF d1ydr ogen or
Cl. 4 al kyl group; and , 6alkyl or terti ary C4_1lal kyl
aminouracil and an ac1d for example an organic such as acetic acid.

In a further embodiment, the compound of Formula 1 is isolated as the potassium
15  salt by reaction with a potassium base, such as potassium carbonate or potassium
hydroxide. In a further embodiment, the potassium salt is precipitated and collected, for
example, by filtration. The compound of formula 1 can then be regenerated from the
potassium salt by treatment with acid, for example citric acid.
A compound of Formula 2 where L is a leaving group selected from NR*R® and

20  OR‘ may be prepared by reacting a compound of Formula 3

O
RZ
R’
wherein
R' is hydrogen or OR?;
R* is CH,OR", CN, CO;R’ or CONRR’;
25 R’ is Cp4 alkyl group;

R" is a ~<COR® group wherein R® is a secondary C.alkyl or Cytertiary alkyl
group;
R’ is a Cyqalkyl, a carbocyclyl, a carbocyclylCsalkyl, a heterocyclyl or

hetcrocyclylC) qalkyl group which is optionally substituted by one or more substitucnt



WO 2009/ 153597PCTI GH20091059695 19 H. is Cuj aikvigroup with an am no
nmet hyl ene derivative to give a conpound of Fornula 2a wherein His nydngen
or OP. ; RPis CHZOR, ON, CO2R5 orNR6R. 7, R3 is Cul alkyl group; is a

-- COO gr OUp‘VﬁhﬁPﬁﬁgs’ﬁs is a secondary C34al kyi or tertlgé%ﬁgﬁwi%gﬂ ogroup;

10R"' is C1 grotip R is hydrogen or C A’ is C3
al kyl group; and W Rh are each independently hydrogen or a poop
: sdeekd from C earbocyclyi, a carbocycl ykT a!kvL.a heterogyelyi and

het er ocyel y1C, .011: 15group is optiondRly substituted by one or nore
substinent groups selected from hal o, cyano, nitro, hydroxy, oxo,

Cl. 6al kyl, a1 kc@Yronhad hity! hydddiy 06k Hal, oy, C,hwds ky1l,
hydr oxyC | gg;)élzlgljlsl r oxy, oC ErlglQ arﬁgc{%al kdla&i C L6é1| koxquQxal ){%g%caﬁ&koy C

_sal kyl ani h8loChiadiory. ydrayt yatiyhdydaiyv melera, 15385y < L-alvkypat o€ 6 al ky

glo gg stﬁ\g/l {;P?&n){%, (E@fi}% %aﬁhi%i&nhﬁyn 2’3&‘?6@%‘?}%@“ ,am%c+?alﬁ§|||;(§ atlk)ldagmdol

bi s( Cual ky@kdl isfroyd kyl@minoC, s@b}ddwam(hrs@(yl6§l@ém&ﬁylwm4él kyI | am no,
car bamoyl {1%}1%%?%!&%"11%36?6 @Y&lf&ﬂﬁ(% Pht@(?,‘lmlﬁ}f'a f ar Q)(\]qulfa&r 1Ra a”d R

t oget her wi° trogen, atomto ey are at'tac
10- menber éads(@ﬁiaéﬂybwfamoyl Ci-atkenmdareinn, ersalltamnyl(s‘lxailk}g)amarobcmbmczyﬂm? u S
optionally r S.and which ringis optionally substituted

by one or Q ﬁ%n?ywﬁn%?l\écc‘f]?aéli?/ﬁcarba 2¢ted from halo, Cyan:), nitro,
Eygr Oxy,CI 0)6( 0. kCRI‘" ks)ﬂéc}fglgietls;ai (IKIQ)fykyl l@f)h?@h(l)c@@%d;lﬁ&nldmgabsthmdd oxyE orffmalrckyl

yar oxy 0X al KOX . , . 0OX . ani no, ;

o byl a1 h TR P SRRy T o A SR o: C GHi a8,
bi | K1- Gii i ko 1Gay,_pillo GaEk yalloxy ey;am@ci sall, Nij,rﬁroxﬂ]pélal{()ékﬁlﬂ] foRyC NI,
20091153597C1/ GB 200 0020%%%2(2 | ké{ﬂ%?':%il;ort y ﬁlpogfl?lm%yfaﬂlw&;{ﬁm
(21. 5al kys§l % r?ﬂg’
bis(Cfr 6a'dﬂl(yl?’dn{lﬁ(ﬁ@lyghlkylcbﬂs@@ﬂh{j}'l?aﬁ’ﬂlﬁb@ calk§d J:yan@d‘l'%@ikkﬁﬁl _paiynunedyl, ¢,

ra

arhainoy | , ¢c a rbanpby and b e arb am oyl ,
ii)reacti ngalbyleléf?ﬁbéﬁ@%ﬁl @&Y#wlfanﬂ@mlkﬂiaanwaw&éwﬂﬂfhga Brituligrmogt i oI at e
trapping Sb@@maﬂ&gsﬂfa}ﬁ%yﬁc(ﬁ%mﬁyﬁgnfﬁt) & 65%ﬁ®l(®6azkylﬁmwlof Earbamoyl, C,.

15  salkylcarbamoyl and bis(C,salkyl)carbamoyl; and
R’ is C\.4 alkyl group which is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, Ciealkyl, Cysalkoxy, haloC,_salkyl,
haloCy_salkoxy, hydroxyCsalkyl, hydroxyC, salkoxy, C;ealkoxyC,ealkyl, C;salkoxyC;.
salkoxy, amino, Cygalkylamino, bis(C).salkyl)amino, aminoC,salkyl, (C;.salkyl)aminoC;.
20 galkyl, bis(C,.salkyl)aminoC,salkyl, cyanoC, salkyl, Ci.salkylsulfonyl, C;.
salkylsulfonylamino, C, salkylsulfonyl(C;.salkyl)amino, sulfamoyl, C,_salkylsulfamoyl,
bis(Cy_galkyl)sulfamoyl, C, salkanoylamino, C, salkanoyl(C, salkyl)amino, carbamoyl, C,.
salkylcarbamoyl and bis(C.salkyl)carbamoyl,
with aminomethylene derivative or an orthoformate derivative.
25 In one embodiment the aminomethylene derivative is substituted alkoxy
bis(amino)methane such as Bredereck's reagent (t-butoxy bis(dimethylamino)methane).
In another embodiment the aminomethylene derivative is a substituted formamide
acetal, for example a dimethyl formamide dialkyl acetal such as dimethyl formamide
dimethyl acetal.
30 The reaction of a compound of Formula 3 with an aminomethylene derivative may

be carried out in the presence of solvent, for example a polar aprotic solvent such as N-



R wherein s hal ogen or 0SO2R9, where RO is perfluoroC 4alkv], and A- is
a counterion, such as PF6' 10and reacting a conpound or horroul aith
6am nouracii to give a conpound of Fornula Conpounds of FormuLa | may find

use in the‘g @@ratlon of nNIOR ki nase i nhibitors, 3§§ (Lg ;he ni f OR
; N '%gé%gﬁa}w.

ki nase i nhi'b?¢8745%¥scribed in W2007/ 060404 and 5W20

Thus, according to a further aspect of the present invention there is
prOV|ded process for the preparation of a mMIOR kinase inhibitor of Formula
5 -N conpri sng preparing a conpound df Formula | by 0110 Ottfl & C of the
processes descri bed bereinbefore, WD 2609/153597 GOreacting the conpound.

of For r nul a e o184 diRlop g@nalyl REMABIRRL orlif nGkMes 8f QWM&@&VE@&H&” a 4
wherein (iii) reacting the conpound of Fornula 4 with nethyhnotphoth (iv)

and opt i onaPyoler WIYRBVIHPSHFErEE g yrishps ofusngi ve an nTOR ki naso
i nbi bi lor of Formy. Ffpolment th Brtib ﬁMaE&@Erlrﬁépﬁ&tthd?(fmﬁa&e present invention

there is provided a. process or the preparation of a MFOR Kinase
i nhi bitor of Forispaus! dfFormdeaprhicsiing a(lFavpreepermgloaicd Srpotidnéf Formats 1

compound. of EBRALTS B R TR e gEnSeh RERy B! oS Tl Gech e Br K iRy
For mul a 4 hydrohalogenation, or by reaction withy thiols. (sec Yakahiko Nishio et. al., J.C.S Perkin
I, 1981, 934-938; Jose Juan Conde et. Al,, Tetrahedron Letters 2000 (41) 4709-4711; or
Shengming Ma et al., J.Org.Chem. 1992 (57) 709-713).
Compounds of Formula 3 may be prepared by literature methods.
10 According to a further aspect of the present invention there is provided a process of

the preparation of a compound of Formula 1

comprising

1) reacting a compound of Formula 3

O
R
s R
wherein
R' is hydrogen or ORY;
R?is CH,0R", CN, CO;R’ or CONR°R’;
R’ is C\4 alkyl group;
20 R” is a —COR® group whercin R® is a sccondary Csealkyl or Cytertiary alkyl

group;
R’ is a C,_salkyl, a carbocyclyl, a carbocyclylC)_salkyl, a heterocyclyl or

heterocyclylCy 4alkyl group which is optionally substituted by one or more substituent

groups selected from halo, cyano, nitro, hydroxy, oxo, Cjsalkyl, Cisalkoxy, haloCisalkyl,



WD 2009/ 53597Pcri c B20091050695 22 wherein X is a halogen, (iii)reacting
the conmpound of Formula 4 with netityl norpholi EIC, civ)optionally renoving
protecting groups to give an rnTOR ki nase inhibitor of Fornula 5, (v)and
optionally jsaqlati t he conpound of fornula 5 as a sal dt wll be
appreciatedwﬁﬁgﬁhﬁggﬁain of the various ring substituen%%”?ﬁmgwgm%gnpounds
of the present invention nmay be introduced by standard aronmatic
substitution reactions or generated by conventional functional group

modi fications either prior to or i medildtely followi ng the processes

menti oned above, and as such are included in the process aspect of 10t he

i nventi on. h&facl-@zﬂau;ip! dfg‘ostwpgan@ﬁ hQfro kA MHlk8xy2 CTBYKROCLANVET edid:te tinber

conmpounds of Fornul a standard aromatic substitution reactions or by
convent i onatk$uneninerfalsa ki lmitee 816G o#tky mano. Sméty tn etltli GnsliaflgminoC,.

modi ficationgyifn Bicy faffind@X 2R & ahg&ggﬂﬁgm_&n{ﬁgﬁgﬁ yttstinent by neans

of an ar OITB6.'[ I C Suléls—galql% ution reaction, reduction stituents,

al k. yl at i onaloflsdisbsieiningeit-elkylptpollisisakdfamest, sxl&mogsCerilkylpafinon,

am datiqrt i i.on~of j t Sy Ther a ion
conditignsb%@?“%ggﬁ&%@%?g%SFggéggé&agkﬁﬂﬁggﬁﬁwﬁgl?ﬁgigﬁéﬁ?g%?éggﬁkh

Parti cul ar @kdmpbasoydhndrigfatilly ! substhotlut i on reacti ons include the

i ntroduction of ja.nitro group using concentrated nitri id, the

|t roduct i on of Fait iRt 3 RGeS PERR AR P B iP5 Lew s
aci d (such sastialettigronps Reledte Chdo hildejyatn adéro, hydredebxOakilsylcondikbkgns: t he

i ntroduction of an al group using a al kyl _halide and Lew s acid (such
s al um ni AL 1D G {hey HREER R Eaato BTar Y ComtPtY Snet < iap o

i nt Ir oguot ih@q_saféo@c_m@dlm?,m@ﬁ@tm:6all%’ﬂamin©utbia(cl_wr@mhﬂﬁ), @rﬁ]inmdgagldy@qm_onsl

i ncl ude the reduction a nitro group . to an am no group by for exanple,
catal ytic H?}Wléf@éwliﬁﬂgywlfwlaa%l .]Ilocéaflél’ly"s}’tan‘bql-ﬁf é'af: ylwft"h‘/‘iiqlon in
the presencaiafulfdrehl Qg_éaﬂcy?sﬁlfgn}%fddl,@albﬁ?aiﬂiﬁtg sul@kigatd, oniAfuidiiyl thio to

al kyl sul finyt or al kyl sol fonyl; hydrolysis of an ester to give an al cohol

or acid; ré&#feribuDoifaayleStetkapeylynie, QralkprayH6l <Ay Drgince sl dsi ng
netal hydridessHahh@snd bib@l, W pREARYEI d&, 11 thi um al um ni um hydride or

M sobut yl ahi m ni um hydride: and reduction of a nitrile to give an al cohol
by for léxanpl e Ri i@yt giongwoish iy @digetliyonbsitutedey grictar inloge jubstdvent mi ne
usi ng net al g , ! i1 sob I oy rj ol &0 by
hydrolysisggg%g%%gﬁéfﬁgyggm3?§gig%%aﬁ%%h§lg“%%%“@%&é%ﬁggﬁghﬁgkéV%§9%Idehyde
usi ng net alhaleydsalldes, hyswahCasikso diydoox orsetiydr, iCdelkoxyCi saldyt, CamsdlkoxalCso he

appreciated that in sonme, of the reactions .nentioned rein may be
necessary: Akt Bore Bl shE AN T R bR Gty

i nstances whikylebis(\(D:209)atin36 1 IBCTHEA320619)106069ys2Bopi,at,ecti on i s
necessary or. desjrable and suit abl t s .for prot i are known to
Those. o1 rik SRR Ger Cr el indar BRSRuet B §oE e Thug Beibed | n
accor dance bt hasdpadandylpCagliaaeyl{hian, € husidyal @iky®Reinb, Wib{ieen,
Protective gioup in Cngﬁn'cgﬁgnth sis, John Wley and Sons, 1991). Thus,

i f react ant¥<Y REPHRHY! g7 ﬂth- a0 %8ino, carboxy or hydroxy it may be
desirabl e tQmhQhLBES mENGICOS QYR alivE 1§ QTR aQbmbhaidloe @6t @ns mentioned herein.

A suitable protecting group for an am no or al kylam no group is, for
exanpl e, an acyl gro for exanple an al kanoyi group such as acetyl, an

al | coxycar ho exanpl e a netlioxycarbonyl, ethoxycarbonyl or
tert-but oxycar i@ an aryl nel li oxycarbonyi group, fbr exanple
henzyl oxycar bo or an aroyl group, for 1l0exanple benzoyl. The

&prot ecti orreontit1 ons for the above protecting groups necessarily vary
with the choice of protecting group. Thus, for exanple, an acyl group such
as an abkanoyl wohemlnkoxycarbonyl group or an aroyl group may be renoved fbr
exanpl e, by hydrol ysi i .sui tabl e base such as an alkali neta

hydr oxi de, thr BxgﬁﬁFéggﬁéiPéﬁh or sodi um hydroxide. Alternatively an acyl
group such as aRfer@H{OR okNcadbony iCONRIRY, may be 15renoved, for exanple, by
treatment with ?ﬁs 'taﬁ!i aci d as hydrochloric, sulfuric or phosphoric acid
or trifluoroaceti & dci®dYai§"&n aryl met hoxycar honyl group such as a

benzyl oxycar bonyi group may be renoved, for exanple, by hydrogenation over
a catal yst such as palladi umon-carbon, or by treatnent with a Lewis acid
for exanple boron tris(trifluoroacetate). A suitable alternative protecting
group for a primary amno group is, 20for exanple, a ptithal oyl group which
may be renoved by treatnment with an al kylam ne, for exanple

di et hyl ar ni nopropyl am ne, or with hydrazine. A suitable protecting
group for a hydroxy group is, for exanple, an acyl group, for exanple an

al kanoyl group such as pivaloyl. The deprotcction conditions for the above

The




30A suitable protecting group Iix a carboxy group is, for exanple, an
esterifying group, for exanple a nethyl or an ethyl group which nay be
removed, for exanple, by hydrolysis with a base such as sodi um hydr oxi de,
or far exanple a tert-bu tyt group which WD 2009/153597 | 009/ 050695
24 may be r&fgV8d>*>tor exanple, by treatment with an acf%ﬁg?ﬁig%ﬁéﬁple an
organic acid such as trifitioroacetic acid, or for exanple a benzyl grunp
whi ch nmay be renoved, for exanple, by hydrogenation over a catalyst such as
pal | adi um on- car bon. The protectildg groups may be renoved at any
conveni ent stage at ti 1C synthests using conventional techniques well known

in the chem cal paRn., 1(oR fbid DL MO D] M dart Mg kPR @UNE Rl drgyimul a 5 may
be isolated as a salt Salts fOr use in pharnmaceutical conpositions
wi |l be pharmacé®Pcal |y acceptable salts, hut other salts nay be -useful

in the producti @nisgiclt_ﬁlgﬁ(gp,gwgg‘l@%,gfa Clgg)()g}ylb)ﬁgga gathlggiorc%aﬂ%rraceuti cally

accept abl e salts, armaceuti cal'ly acceptabl e salts of the invention 10nay,
for exanpl éctciasgéipde Al dradditi¢hon ostaingdy pbsigorpbunee ofmEosyhstiacs, as

herei n defi i d 0 'S~ S i.Ci | sicto
for i n sdon LG LOSKGH bE SATRAUARIEOL R ol X L LOE, dise

defi ned, whelh€l mlitde, lgadnpeUngllof, hFdworul aakoks GudlfdxgCentlyy @GQeilth:xyCio fOrit
such sails, in e, enpbodi t compound of r nul i ..s isol ated
SeCh ohos piidteey: s SranS RO TR B R AR ket & eftghiifog 2%
Funflftr a:e sakil, ?ihql_@mfylﬁmmlemﬂml, iﬁam@lqtamplucdsaﬂiylldﬁﬁbmmjt(ai_51s isg! at esl .
asi at e, - rtrate aor finnara S ) n r odj nmen e
eommound. orkgs kg O i AR R Sk haing. sritrinf S AR T B he

i nt er medi atwscdafdynadfaheyeicn Ateoyioveb, @ndikbesE€ allie/ R, 688aras:1,aC,
20Farther feature of the invention, In :his specification the generic term
"Cp_gali nclstsbyney! ev¢ B healedkrhaRAY: br anched- chai n al kyl gr oups.

However referenges ﬁﬁrdgeﬂbwmtmlylg} QYRS iR MG B itutRd BPYhd orddRe speci fi ¢
for the straight chain version only (i.e. n-propyi and |soproprl) and

r ef er ences stBliusHi &P earlcgedfiendaloc tiane nardaiy digkbepe Sutlhylas¢etkery.- but yl

are speci figfQra 'ltﬂmcb_rﬁte&@e, 09{58/'( 1 N8/ AR 90| ko & LKy S idary
Cp_o" indicafééﬁg#%nchedfchaingél yI'6$%£p§9tﬁg k%aﬁéﬂiﬁﬁ isy&?%@ﬁg al pha
car bon 18t orfj1sflbexyéxsatipixe, drsieedndalkyla@Bogbib iy kalkythenipr, efmineCpsaliedlK{l- and

ot her terns, " .are int ) . hDi ndi cat t, [ f carbon
at oms ¢ har AeEEHEAE AR, B RE Sl M ERRIG AL BERGEI Sy, M RRT, €T
30C,a[ky:)QMkymvﬁmytﬁmaLEyhﬂ$@Tm®hwGlgvkﬂkmvhm@pwp?yr(hsﬂh?pﬂ?p§W%aP? -

i sopropyl) .a a n- ec- bu i S [ and tert- : e
tern1C>aik&%&gﬁg%gbfééngbgﬁgghm ?ﬁﬁﬁiééﬁgﬁypggﬁﬁﬁ%ﬁﬁﬁyﬁﬁ6%é§m¥ﬂéxterm
Ci}.4alkgnggﬁ?gﬂﬁpgnge&jbm@LgMHM¥%gggmﬂumF. The ternlhal? hncludef flgo&,
chloro,_ b: and_.i odo : r boc is saturated, .unsaturated or
o o1 20y aat ur & S gighgin iR R N eg b P e s SR

cont ai ni ng g @Rsedi@ fidn hilogyab@ iBro, WAEBSSI, Bx@ O, kg G kgL, uploTrMIghe

replaced with a G0 qcyclyi" kgclude "aryl" cl oal kyl "

roup. "Cat , ot

and " Cp_ gév%paawglwd{owgwﬁhy AR argiary &1 §efaék,yh&1é§%?>iyglor
tricyclic cakbeyehih; C [.Jaﬂ&lanﬁﬁ(&,bo%(@l_ﬁalkyliamfﬁ&&miﬁﬂgﬁlﬁﬁl KemyljantiSo@n
unsaturated or parti al saturated E10°10Cydic, bicyclic or tricyclic
car bocycl yiealkyngis€ystlerhaganaGiatlkrh maneclap@lkvlegsﬁlk.*/@ul’sg "Hohd and wherein a
ring Clis groupiehyR&ifeR, ae8kubhil(@ )@Y Rulfamoyl, Cyealkylsulfamoyl,

bis(Csalkyl)sulfamoyl, C; salkanoylamino, C,salkanoyl(C,alkyl)amino, carbamoyl, C;.

salkylcarbamoyl and bis(C,salkyl)carbamoyl; and

L is a leaving group,
and

30 i) reacting a compound of Formula 2 with a 6-substituted uracil equivalent to give a

compound of Formula 1.



"Cp.,icycloai kyr is a saturated rfieftOCydiC, bicyclic or tricyclic
carbocyclyl ring systemand wherein a rlbng CH group may be replaced with a
C- 0 group, "Ileterocyclyl"™ is a saturated, unsaturated or partially
saturated nmonocyclic, bicyclic:: or tricyclic ring systemcontaining horn $
to 14 ring at onsoedingy £furtheRasped ofithelpriSanit iy eati@ntherrie poivadedra frocass of
nitrogen, sul fur or oxygen, which ri q may be carbon or nitrogen |linked and
wher ei n ahe preparatipp PB@E‘PWB‘P“@LﬂffFIOPP“]gt om may be oxi di sed and wherein a ring
CH2 group may be replaced wth a G0 group, "Heterocycl yr includes
"lieteroaryl”; "cycloheteraqgal kyl" and "cycl ohet eroal kenyr, "Heteroaryl" is
an aromati c nonocycli bieyclic or tricyclic: hetcrocyclyl, 20particularly

of! ichl, 2., 3 or 4ring atons arc chosen

where a ring nitrogen or sul fur may be

cl oNl'et @qoal’lieyyr is an unsaturated or partially
saturated no ic, bicydlic or tricyclic hetcrocyciyi ring system

parti cul aply he g 5to 10 ring atonms, of which 1, 2, 3 or 4 ring atons
are chosen from ni nogem sul fur or oxygen, which ring may be carbon or
25nitrogq&ng}g§%p and wherein a. ring nitrogen or sulfur atom may he
oxi di sed and wherein a ring CH7 group may be replaced with a G0 group.

" Cycl Shetidmakctyg 4 compeuslatfdioansd nonocyel i c, bicyclic or tricyclic

het erocyclic ring s¥§ten1 particularly having 5 to 10 ring atons, of which
1, 2, 3 or _4 ring atjpns are chosen fromnitrogen, sulfur or oxygen., which
ring may B8 . nitrogen |inked and wherein 30a ring nitrogen or

sul fur atom ne ¢ oxi di sed and wherein a ring CH 2 group may be repl aced
with a GO0 grlo This specification nmay nmake use of conposite terns to
descri be gf onprtsti nore than one functionality, Unless otherw se
descri bed herein, such terns are to be interpreted as is understood in the
art. For wkawipl e earbocyclyicl kyl conprises alkyl. substituted by

ear boeyetyl, heterocycMcai kyi; conprises (21al kYl substituted by

het erocyclyi aRdiSHY PET Mt kyDami no conprises amino substituted by 2 C
al kyL groups wht ghr @@N’@Zga@gmﬁiﬁj erent, -thioE, .alicyl is a
(2,-,..9galkyl group thatanbstitutd by |I or nore hal o suhsttuents and
parlildul atly IR’ B (G Bkharepsubstituents, Sinmilarly, other generic terns

taining hal g, hai 0e8. . ., alk tain | |
Cubsti tuent s ol oo R egp Py pres RofEvertRrt 3kl e BEEIGR 0, o

441 SS a ghugc. - group that is substituted by 1 or nore hydroxyl
substituents and particularly by 1, 2 or 3 hydroxy substiMents. Sinmilarly
ot her generic Resfe«cdai@eitmg hydroxy such as hydroxyc. cat koxy may contain
1 or nore and particul arl , hydr oxy subs:intents.
Cp...4a|koxycyglgﬂ?@ﬁ”ﬁéoéc%f?ﬁ%fEVﬁpg¥gbp that is substituted by or nore
Cl nkaj¥koxy subrtistoemskangdoparticularly 1, 2 or 3 Co_gal | Koi cy
subs:it:lents. Simiariy other generic: terns og%ainin Cp...ialicoxy such
as eal koxv@?@éﬁk’éﬂ@eﬂﬂiméélﬁf%‘twelto&Ver?o‘foé“@p StFrHyéht s and
particularly 1, 2 orn3 Clal koxy substituents. Were optional substituents
are chosenzfron1"l on 2", frong, or 3lI' or from" 202, 3 or 4" groups or
substit uels_i t+.s t'o he et ood that this definition includes al

(D O

t.

substituents chosen fr'om one ol die specified groups i.e. al

substi t herds the sanmerdr the substithents being chosen fromtwo or
nore of tiRE-speeified groups i.e. the substituents not being the sane.
Compounds of the present invention have been naned witn the aid of conputer
25sof t war wh¢irC. Y Nane version 9.0): Sui t abl e Nal ues for any R group
or any pari. of;substi Ment  such groups include; for Crethyl, ethyl,
propyl, butyI,kZFﬁﬁﬁﬁyﬁﬁfgégg’and tert-botyl; for c:kyC 4aikyl, perttyl,

2, 2- dp@mi et hyl prépytH, GRIE Y OWWr R eyl ; 30for C.-3..ocycl cycl opropyi,

eyel ebutyl., eyelo entét and fcir C34-1kyltcYcl opropy;inethyl,
cycl opr opyl et h{il is @yctlspugrgimiet hyl , cycl opentyl met hyl and cyckt hexyl net hyl ;

oxi di sed.




27 for aryl;phenyl and naphthyl; for atylel, 4al kyl : behzyl, pi/nethyl,
napht hy imethyl and Ha thyl iyl; for earbocv!varvi, cycl obexenyt and
C3..6¢cycl oal kyl ; for halo,fluor, ehloro, bronmo and M Io 5f or

halogen flugﬂiﬂﬁ/ hlorine, brom ne and iodine; for G Lhoxy,
et hoxy, propoxy %% i sopropoxy; for C _Gal koxy: CL4aIkoxy, penggﬁoxg?

1- et hyl propoxy andy. oxy; for C _sal kanoyl : acetyl; propanoyl and

2- met hyl propanoyi; for heteroaryl: pyrldrl inithzoiyl, qui nol i nyl ,

ci nnol yl , pyrinidinyl, thienyl, pyrroly 7 pyrazol yl, ihiazolyl, thiazolyl,
triazolyl, oxazolyi, isoxazolyt, furanyl, pyridazinyl" pyrazinyl,

henzof uranyi; dilbenzelCoRAdraapythecank beazabhi@nyl ;alify0br tertiary Cysalkyl

het er oar yl Iﬁrpobylneihyl,inidazolylmathyi, i nticiazotyl ethyl,

pyrazol yl me , pyrazol yl ethyl, 15furanyltnethyl, furanylethyl,

thi enyl methyl, tiviieayl @kfyouppyri dyl nethyl, pyridviethyl, pyrazinyinmethyl,
pyrazi nyl et hy pyrén1d|nylnethy yr|n1d|nylethyl pyrimlinyl propyl,
pyri mi di nyl buryi® 1?H¥H%§BFWF@#@EWH¥mWWIdazonIbutyI qui nohnyl propvh

134- trla;olylprq@ygcg4ggﬁ¥%ﬁ@lenethyI for neTerocycIyI het er oar yl ,
pyrrolidinyl™ isoquinoliny spi nosa) ny!, benzothi azol yl, henzoxazolyl

pi peridinvl, pi pﬁer Rz#Agich 1&%@Pﬁ®n%ylwdm€phb# Bioyp sel@céqdrfaprhﬁdcadkyé@qm nol i nyl ,
tcirailydro n
y A0k 1YL, I}(l:arb(')c@/gﬁl %{}L%eghaé@g d%lﬁ'ihcpl){ertuﬁrg cléﬁa g"alkéﬂgr?%% which

25t ctraby' drof ura noi e exa ernms used
in the descgim IS@ntlwéy ﬁldtstllutqmbty oRa pt inguglsapstivahugsupsfsclRtted ﬁ@m hsl8, 54, K5,

fl6, 57, re, 0 |l ues may be used
i n ok B0 RGP B on B8 s

wher e approﬁ?la nect i1 on, or part
t her eof 10 anlufdwwwﬁl aarﬂsyl dfydtoneC defkony, td lgmtsquCIl_aankw, (c1r6alemmjkarﬂmxtysamleé,i ned

R o A N TGN T
one aspect @fkyt)hﬁnnﬂ:CBM%]Ll:&an‘B(QM&yl,}C \Rélkylsulfonyl, Cqealkylsulfonylamino, C,.
calkylsulfonyl(Calkyl)amino, sulfamoyl, C\.calkylsulfamoyl, bis(C; galkyl)sulfamoyl, C;.
salkanoylamino, Csalkanoyl(C.salkyl)amino, carbamoyl, C; salkylcarbamoyl and bis(C;.
15  galkyl)carbamoyl, or
R” and R together with the nitrogen atom to which they are attached form a 4- to 10-
membered heterocyclic ring wherein 1, 2 or 3 ring carbon atoms is optionally replaced
with N, O or S and which ring is optionally substituted by onc or more substituent groups
selected from halo, cyano, nitro, hydroxy, oxo, Cysalkyl, C, salkoxy, haloC_salkyl,
20 haloC;ealkoxy, hydroxyCi.salkyl, hydroxyC.salkoxy, CsalkoxyC)salkyl, CysalkoxyC.
salkoxy, amino, Cjsalkylamino, bis(C.salkyl)amino, aminoC,alkyl, (C;alkyl)aminoC,.
salkyl, bis(C.salkyl)aminoC, ealkyl, cyanoCy ¢alkyl, Csalkylsulfonyl, C;.
salkylsulfonylamino, Cealkylsulfonyl(C ealkyl)amino, sulfamoyl, C, salkylsulfamoyl,
bis(C\ ealkyl)sulfamoyl, C)_¢alkanoylamino, C, salkanoyl(C, alkyl)amino, carbamoyl, C,
25  alkylcarbamoyl and bis(C,_alkyl)carbamoyl,
and
ii) reacting a compound of Formula 2a with 6-aminouracil to give a compound of Formula
L.
Compounds of Formula 2a may be reacted with certain halogenating agents or

30  enolate trapping reagents to give a compound of Formula 2b



In one aspect of the invenbo-COR wherein RS is C4. tertia In one aspect of
the invention Wis -C C(CH3)3. R5 In oré aspect of the invention .Ilks-1,

phenyl or benzy group In one aspect of the invention_ R 3 is nmethyl. In one
aspect of the invention R' is hydrogen or Cl In one aspect of the invention
R is hydrogen or nethyl. In ore aspect of the invention R{' is hydrogen it
lit oneet of the inRent Cl 4dalkyl, in Ope aspect of the in R8 in one aspect
in one aspect R9 | n ‘one~aspec o orN" enti n R ts nethyl. in one aspect
of the invention Ris ydro en or Cahl, ~in another aspect of the
invention R' is hydrogen.of nethyh il another aspect of the invention R

is methyl. 124 In one aspect of the invention Ris hydrogen or Cl 4allityl.
anot her aspect %]‘r the invention Rh is hydrogen or nmethyl. In another aspeci
of the invention R is met hyl. 29 In one aspect of the invention Re is

sckteted from Rd | 1z ayel@spee OST,RE hehdraRé iy pefluddCi salisdeetded from Wand W
in one aspect of the inventign oniy one of Ra and Rh is hydrogen. In
anot her aspect of thespeQaneren sreh #sPlsydr ogen and Rh is C. in anot her

aspects of the i j LS Y, 1 h%gl?ﬂo?u%?( brigd. N anot her aspect
of thtg inventi%%@égﬁgﬁ%%a}%%%&ﬁmﬁypI n ano%ﬁgrmaspect of the
i nventi on WAndEs@nples ofenblate trapping agents include trifluoromethanesulphonyl chloride.

Thus, according to a further aspect of the present invention there is provided a

process of the preparation of a compound of Formula 1

10 comprising

i) reacting a compound of Formula 3

(@]
R
R’
wherein
15 R! is hydrogen or OR?;

R?is CH,OR*, CN, CO,R? or CONRR’;
R? is C 4 alkyl group;
R*is a—COR® group wherein R® is a secondary Cj.galkyl or tertiary Cy¢alkyl
group;
20 R’ is C 4 alkyl group;
R® is hydrogen or C;.4 alky! group; and



I n anot her aspect of the invention Ka and Rh together with the atons to

w nch they are attached forma ring. in one aspect of the
invention L is NR Rb 15l n one aspect of the invention L is NNl.e2. X In one
aspect of the invention X is cHorine or bromi ne. In another aspect _ of the

i nventi on XYP2Y%HPSTT ne. 20in one aspect of the inventi'on’ZBIE"ENPorine or
-0S02C173. in another aspect of the invention Z is chlorine, in another
aspect of the invention Z is 0S02CGEt. Thus, according to a further
aspect oF the present invention there il8 provided a process for the
preparation of a MIOR kinase inhibitor of Fornmula 5a WD 2009/ 153597PCT10
B2009/ 050645 30p7 ;Qf, St %gﬁreof, conprising (i)preparing conpound of
Forrmuli a wherelin 5is 08;%3; R is CH2OCOC(CE13) 3or CO2013; by one or nore
of the processesdesorihbet dreiveivbetor e comppundrogFetiuigla he conpound of
Formula 1 with a hal ogenating ggent to give a conpound of Fornula 4 1U
wherein Xis a hal ogen, (40reacfling the cgnpound of Forint& 4 with

met hyl mor phol i ne, an&~ej the ., -R when R2 is CE12000C( Cl1-13)3
hydrol ysing this ester ting groﬁg to give a 15mIOR ki nk: se inhibitor
of Formula 5a or when, CO2C. FL rReducing this ester group to give a
ornmul a 5a, and (v)optionally converting the

mMTOR ki nase i nhi bit oR of
conmpound of Fornmula 5a to a salt, 20in one einhodirnent the processes
descri bed WEFE™h may be used to prepareinarate salt of

(5-12, 44) i s[ ( 3SR! &-Hyatdayh ookl i n-4-yi |l | pyrido[ 2, 3-d] pyrimdinv-yl) -2
met hoxyphenyl ) mgt ﬂaélﬁzldR“, CN, CO;R’ or CONR'R;
R® is C4 alkyl group;
R* is a —COR® group wherein R® is a secondary Csealkyl or tertiary Cysalkyl
group,
10 R’ is C\.4 alkyl group;
R® is hydrogen or C, 4 alkyl group;
R’ is Cy4 alkyl group; and
R?, R® are each independently hydrogen or a group selected from C salkyl, a
carbocyclyl, a carbocyclylC salkyl, a heterocyclyl and heterocyclylC) galkyl group which

15  group is optionally substituted by one or more substitucnt groups sclected from halo,
cyano, nitro, hydroxy, oxo, Cjsalkyl, C;alkoxy, haloC,salkyl, haloC,salkoxy,
hydroxyCealkyl, hydroxyC, salkoxy, Ci.alkoxyC,.salkyl, C,.salkoxyC_salkoxy, amino,
C,salkylamino, bis(C;_alkyl)amino, aminoC, salkyl, (C,salkyl)aminoC,salkyl, bis(C;.
salkyl)aminoC_galkyl, cyanoC salkyl, Ci¢alkylsulfonyl, Cisalkylsulfonylamino, C;.

20  salkylsulfonyl(C,.salkyl)amino, sulfamoyl, C,salkylsulfamoyl, bis(Csalkyl)sulfamoyl, C;.
¢alkanoylamino, C) salkanoyl(C, ¢alkyl)amino, carbamoyl, C.salkylcarbamoyl and bis(C;.
salkyl)carbamoyl, or
R* and R® together with the nitrogen atom to which they are attached form a 4- to 10-
membered heterocyclic ring wherein 1, 2 or 3 ring carbon atoms is optionally replaced

25  with N, O or S and which ring is optionally substituted by one or more substituent groups
selected from halo, cyano, nitro, hydroxy, oxo, C;salkyl, C;salkoxy, haloC, salkyl,
haloC\_salkoxy, hydroxyCsalkyl, hydroxyC,salkoxy, Ci.salkoxyC .salkyl, CisalkoxyC).
salkoxy, amino, C, ¢alkylamino, bis(Cy.salkyl)amino, aminoC|salkyl, (C alkyl)aminoC,.

salkyl, bis(Calkyl)aminoC,salkyl, cyanoC,_salkyl, C,salkylsulfonyl, C,.



31 A particular conpound of fornula 5a is (5-

(2,4-bis[(3.5)-3-rnethyl norpholin-4- yljpyrido[2,3-ripyrimdin-7-yll

- 2- met hoxyphenyl ) et hanol . The active conpound or pharmaceuti cal

conposition conprising the active conpound nay be adm nj st er t subj ect

by any conv‘@ﬂizgm&tl”*%t e of adninistration, whether systlé(fsi'i/(g%ﬁ%?9;//9°&99

peripherally or at the site of desired action, including but not limted

to, oral (e.g. by ingestion); topical (including e.g. transdermnal,

i ntranasal, ocular, buccal, and subling@al); pulnonary (e.g. by inhalation

or insufflation therapy using, e.g. an aerosol, e.g. through nmouth or

nose); rectalyisMRgiRAkno, PREANSAIEy(Ch Qllk@NRIR, Qultoy, T, 84k @MFambC! udi ng

subcut aneous,” I ntradermal , i ntranmuscul ar, intravenous, intraarterial,

i ntracar di a6(Caeikpbydemeral) cilanedapinpdl saikproy dEapdiaminos eeapsliGr |

i ntraorbital.,l ' [ ted cheal , subcuticular, intraartieular,

subarachnof%?wgﬁgﬁ?ﬁ??%gﬁggﬁgv?hﬁ%%?h%ﬁént of a depot, for exanple,

subcut aneous!| y orctinga @mpsoud erHoymulyii ethiathalogemposg idsheorfeoplatchieppiogi ve

conpoung. %QeQﬁ)%9”3Q§Sﬁﬁﬁgdfﬁh%ﬁﬁqbit is preferable to present it as a

phar mac ut i*e4l c%n%o%f??on ?e.g., fi'hmul ation) conprising at 15| east one

active conpound, as defined abave, together with one or nore

pharmaceutical ly accggtable canriers, agpuvants, excipients, diluents,

fillers, buffers, stabihiSers, presernyati ves, |ubricants, or other

materials well known to i skilleg%gn Ahe art and optionally other

t herapeutic or prophylta g~ agent s. rmul ati ons suitable for oral

adm nistration (e.g., by ingestion) nay be presented 20as discrete units

such as capsul egheeachets or tablets, each containing a predetei m ned

amount of the active_conpound; as a powder or granules; as a solution or

suspension in an aquésuslesen ApRSAdtiettide | guic TogiCigalkdna; | - i n- wat er

l'iquid emul sion or azvatehadttidl duchh@pid enul sion; as a bolus; as an

el ectuary; or as a paste. The active ingredient may be adm nistered in the

form ofl0a teahl et. A tablet nmay be 25 namde by conventional neans, e,g,

conpr essi on:; j i it R, OF : ; i di ents.

Compr eased BT e L e B L R S e

active congdound in a fitc-flowing folio such as a powder or granul es,

optionally m xed with o i . j in, acaci a,

sorbitol, tragaggﬁ?gwl 95?@%§%$%§@fﬁ§?ﬁ%ﬁnggl &ngéégﬂﬁ?PF%%%'or di luents

(e. g. | act osehitd3QivrcxaaplysicahTOR&iet inulbase desabad uriV O/ dgeMdndsphat e) ;

| ubricants esium stearate, talc, silica); disintegrants (e.g.

sodiunﬁgtaﬁ&ﬁzgﬁvggg e, cross-linked povidone, cross-linked sodium

car boxynet hyl cahlybaseling surffiace ageti ofehcpredhispemsontenris petidedg 32

agents (e.g., sodiumlauryl sulf ), and preservatives (e.g., nethyl

p- hydr oxyth%*af%t?‘e BFGBEM{%Q waf@gﬁ)‘@ﬁ%ﬁ@&?f i d). Moul ded tabl ets

may be made by nmoulding in a suitable nmachihne a m xture of the powdered

conpound noi stened with an inert liquid diI:ISL. The tablets may optionally
er

be coated or scored and may be fruul ul atled so as to provide slow or
controll ed rel ease of the active conmpound™i in using, for exanple,

hydr oxypr opyl net hyl cellul ose in varying pfoportions to provide the desired
rel ease profile. Tablets may optionatType~pgovided with an enteric
coating, to provide release in partJ of [the ¢ut ot her than. the stomach

We have now di scovered a howe Qr.Athatt o rsing a fumarate salt of a
10 conpound of Fornmul a 5a. accytical conprises a fumarate
salt of a conpound of Fornuyla ith narinitoﬂxxanbther pi nui t deeut i cal
conposition conprises a tRmarate salt of a conpound of Fornula 5a, narmite
and dicalci%inhlgosphate. Anot her pharmaceuti cal conposition

conpri ses a’flimarate salt of a conpound of Formula 5a, mannitol and

di cal ciaom pho§phateepanhgrb ebmpdung of€oghta t by bie @fmdraafthe potdbaalesiribod
phosphate is fromabout 10:1 to about 1:1. For exanple, the weight ratio of
manni tol to dical 4 utffﬁ‘gg’phate is fromabout 7.5:1 to about 3:1. in

anot her enbodi mrent the weight ratio of mannitol. to dical cium phosphate is
about 7.5:1 to about 205:1. in a thriller enbodi nent the weight ratio of
manni tol to dical cium phosphate is fromabout 3:1 to about 1:1. For exanple
the weight ratio of mannitol to dical cium phosphate is about 2.35:1.
Mannitol refers to mannitol as described in the European Pharnmacopoei a
(PhFur). The conposition according to the invention nay use any narmtol
suitable for use in




25 pharmaceutical conpositions such as tablets. in one enbodi nent the

mai mtol has average particle size in the range of from about 25 to about
180 ton, for exanple about 50 to about 170um for tablets containing a
fumarate salt of a conpound of Fornmula 5a. In a particu j ment t he
manni t ol ha¥%2h4vE’age particle size of about 160 gm Eﬁﬁ?ﬁ%ﬁ@gh bul k
(poured) density of the inarmtol (prior to incorporation into the
conposition) is about 0.6 30to about 0.7 g/cnB and the tapped density is
about 0.8 to about 0.9 g/cnB. For exanplle in one, the bul k (poured) density
is about 0.66 gicrri3 and the tapped density is about 0.85 33 g/cnB. In
one enbodi mentjjt hep@RRHQbmySuRWIshARiA k)i o HaRBedKinpmimt St prior to

i ncorporation into the coqp05|t|on according to the invention (for exanple
contai ni ng | ess t heampsundoigiormesly wei ght water). in another embodi ment the
mani a tol contains about 0.1 to 0.5%Kky weight of water prior to

i ncorporation into the conposition, fér exanple about 50.2% Mrnite' as
used herein may al so refer to roeainitel, sold under the trade nane
Pcarlitol (r) (ex Roquette Frere ) , N n one enbodiment the marmtol is
Pearlitolc'' 160C.  R% Dikcal ed umepho ate refers to cal ci um hydrogen

phosphat e, anhydrous as |0 i bedVin Bhe E&ropean Phar macopoei a ( PhEur),
The conposition accordi ng the invention may use any dical ci um phosphat e
suitable for use in pharmaceutical conpositions such as 10tablets. Suitably
the bul k (poured) density of the dical cium phosphate (prior to

i ncorporation into t W8CEBPES 14BAY i s about 0.6 Wein3 to about 1 gl cn8 and
the tapped depsjt VrchSingBRUbmbowR IFeHBIIL @ valomihimdphMent * . For exanple in
one enbodi nent the tapped density is about 1.28 glenB, In one enbodi ment
the di cal ci unfiphospHaPEoTaYy SURSTIIPIEFING U I Eisnithil ORUieasH Hhiitor ¢f

i ncor poration intoﬁ%gﬁmgpnposition according to 15the invention (for
exanpl e containing |l ess than 10, 5 or 3% by weight water). In another
enmbodi ment t hin alfughtreseat phbsphsneingenioaitvse iabovnided aPracessF95thy wei ght  of
wat er priorré n&@?%f?ﬂh?ﬁi%ﬂs%ﬂhﬂﬁ%?gfﬁ psd tion, thr exanple about 1%
Eicalciunlﬂhéép ate as use erein may al so refer to dical ci um phosphate
sol d under the trade nane ipham (ex Innophos, Inc.). In one enbodi nent
t he di cal ci um phosphate i g Cal | pharm 200ne ph. annaceut kal conposition
additionally contains one lqr re disintegarits, fri another aspect, the
phar maceuti cal conposition dittonally contains one disintcgrant. In

anot her aspect, the pharmaceutical conposition additionally contains

| ow substituted hydro lose (1.,--HPC). Any grade of 1.2-1-1PC
suitable fo gpharnace|t formul gti on may be used, for exanple LH 21
(Shi n Et sn Chegrtak Co~)\7 2 jceutical conposition additionally
cont ai ns one o e bi nders. Sulltabl e binders include, for exanple,

| act ose, star pdi fi ed staréhes#)sugars, um acaci a, gumtragacanth,
guar guy pectin, wax binders, nethylcellul ose, carboxynethyl cell ul ose,
hydroxyprog%hmﬁghgylcelIulose, hydr oxyet hyl cel | ul ose, hydroxypropyl

cel lul ose, copol yvidone, gelatine, polyvinylpyrollidone (PVP or Povi done)
30and sodi um £) gi naeeeringaspMeeungivaFrmeeut b anc eongie st the orocasden deporal | y
contains one bindeg, selegted fromlactose, starches, nodified starches,
sugars, gum acaci a, gum traeacanth, guar gum pectin, wax binders,

met hyl eel | ul 068, carbogymetompbeel dftfolosle | Wil nabeotiyprepyfo give a

met hyl egl | ul ose, h X | Il ul ose, hydroxypnpyl cell ul ose,
copolyyﬁ%one, gela%?ﬁ%?mf (§W§§¢lpytollidone (Povi done) and sodi um

al ginate. In another aspect, the pharwaceutical conposition additionally
cont ai ns hydroxyrropyl cellulose. The|skilled reader will understand that a
conmponent of the tablet can act 7 nporeppt han one capacity. For exanple

m crocrystallice cellul ose coul as bi nder and/or a disintegrant as
well as a filler. e $£/ yxconposi tion additionally
contains one or nore |lu . Suitable lubricants include, for exanple,
magnesi um st ear at c, 1ea acid, paimtic acid, calciumstearate, talc,
carnuba wax, hydrogenated vegetable oils, mneral oil, polyethylene

10gl ycol s and sodi um stearyl fumarate. |In another aspect, the
pharmaceutical conposition additionally contains one |ubricant selected
from magnesi um stearate, stearic acid, palmtic acid, calciumstearate,
talc, canuba wax, hydrogenated vegetable oils, mineral oil, polyethylene
glycol s and sodium stearyl fumarate. In another aspect, the pharnaceuti cal
conposition additionally contains nagnesi um stearate. 150ne pharmaceuti cal
conposition. contains from2 to 50% by wei ght of a fum gate salt of a
compound of Fornmula 5a. For exanple it contains from15 to 35% by wei ght of

a
G




5a. I n another aspect the conposition, such as a capsule or tablet,
contains 25 ng of a funmarate salt of a conpound of Forrmula 5a. |In another

t he conposition, such as a capsule or tablet, contains 125 ng of a fumarate
salt of a conpound of Fornul a 5a. Anot her pham aceuti cal 0Si 1]

contains fro8MmBY165°95 ' ->1i by weight of filler. 25In 5&@%@?%%@9
conposition contains from60 to 75% by weight of filler. in particular, it
contains 65 to 69 % by weight of filler. I n one pharnmaceuti cal
conposition, the filler is marmitol. Ir2another aspect, the filler is

manni t ol and di cal ci um phosphate. In oric,the conposition contains about 35
to 60 % by weight of ,HBARIY Rlahafd@kn,exanpl e about 45 to 49% by weight. In
anot her, t he 30conposition contai ns about 15 to 25%b KOV\BI ght of dical cium
phosphat e, fo@ll)exarﬂfgﬂﬂégﬁ@@empqgldtoéFQQH% by ieieghtmopholggr ti cul ar, the
conposi tion copt ai s, dd Qe ol 9840 L faL SiitimopPhosphat e.
In another th 9) r%osm 0?1 (2‘6%% r?s %y%m ab t 45mto 45 % by wé)l ght of

marm tol and aboutFOIlaultad 22 % by wei ght of dieal ci um phosphat e.

Anot her phar eutl r % by wei ght of

di sint egrmt rrqaﬁ par ogtl?n%[ﬁ?%l% aHl g&ﬂé&gggﬁ n?)[}]ag ag%%t“;'j}/ﬁ)v\el ght of

di si ntegr ant Nmﬂlh:empmhaam&emmmlofd&mausmﬁurrgmub@ﬂteatsnmthfercomp@mﬂ@ 5 % by
wei ght of der. icula a| ns one or nore
b1 cant s Ariorisstigpiedlion mrn R EERARY rRbREramets oG IE
particul arlyn&atédby corReifidayl furitighil cang respleiiand gther. p?ﬁ,r toCbrlmﬁ'EdJAlel}by

wei ght. One phara eut kal conposition rjses ate sal t

conpound off® ﬁ%% PR EPSHS ’a‘ﬁma’ﬁ*ﬁ%fﬁw&f‘mg? béreﬁchﬂfgd FYRE AP toI
in an auounte Bferfont PordR¥mbl coRb@Hds ()ifﬂfmﬁlﬁeﬂm&)ebe‘l&nﬁedeﬂ .148 ﬁﬁth% by weight);
and di cal ci um phosphate in_ an anmpunt of 18 0 to 22.0 %b

In
anot her aspeBPowKe of Rramd by ?t@da’ﬁdﬁorf‘%ﬁcaubﬁ}ﬁ‘&m‘?ﬁ6‘5’&?‘?‘5% g’étf"(“?'on

conpri si ng;qdHIRL &k GipSAdifi@lioR, m&&ﬂgnﬁnd%wam&aomndmueamramw of 23.0
to 27.0% by 'eight; mannitol in an anobunt of 45 to 49 % by ight (for

exanpl e 45.iBiredycud) & 2opibitugei Ghmyans 200 dpEAiCTIbHIBRES Tt r?dﬁw%ml Hrount  of
18.0 to 22’599%%n%139}n£t10n dr sﬁ%g{ugﬁ(t}( mggm}ms(%ﬁleétwb Q3RritiPatBR, a@iﬁ@ém)h aRf 6,5 to

75%by wel one or nore icants I n an anount of 0.75 to 2.0%
by wei glit (c{xmatlexaﬁqyb‘élt@ntBSTh@reageZE a9l ypctivei qghditions for such procedupesarot her

eyt LAV ERkR L EhAER O AANAITRAG (ORmARTROR AR SRR S 001

25fumarate s a compoun ormu I'n an anount
by wei ght ; inectedethe oﬂtroductlamo’amtrntgrcmb u415gk:mc4ﬁra%dorytrmp@htﬂ16(ﬁtmdu®wanﬁl e 45.5

to 48.5 %b 'iP) aIC|umphos t of .1 0220%by
wei gt 30 TEgara T Bt PRSSTIAIE i BTRB R e & st
wei ght ; an dnctaﬁndd)ragctteﬁhettél Stﬁarcaﬁc&ncmg (603 1mnwmbn of arDaliéB gtamp 2si0&eaidy we| ght
(for exanpl 75t0t25 (Vg .. _Anot her r | conposition
conpri :23 aﬁ@’%ﬁﬁ"&rz‘&@ cwigpapid ¥ucge%% “bf}}‘rqf‘(??ﬁ{ﬂ%gr%éf’%u%é%ﬁ amount  of
23.0 to 27. QYaibyn Vel Oit introB@MBh HOh hilBgeakr@FOREHic.Odr edBmbles FMSbitutivel ght
(for exanple 45.5 to 48.5 % by wei ght);
include the reduction of a nitfo group to an amino group by for example, catalytic
hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric
acid with heating; oxidation of alkylthio to alkylsulfinyl or alkylsulfonyl; hydrolysis of an
25  ester to give an alcohol or acid; reduction of an ester to give an alcohol by for example
using metal hydrides such as lithium borohydride, lithium aluminium hydride or
diisobutylaluminium hydride; and reduction of a nitrile to give an alcohol by for example
first carrying out reduction of the nitrile to an imine using metal hydrides, such as
diisobutylaluminium hydride, followed by hydrolysis of the imine to give an aldehyde and
30 reduction of the aldehyde using metal hydrides, such as sodium borohydride.

It will also be appreciated that in some of the reactions mentioned herein it may be

necessary/desirable to protect any sensitive groups in the compounds. The instances where



di cal ci um phosphate in an anount of 18.0 to 22.0 % by wei ght;

L- 1l ydroxypropyl cellulose in an amunt of 6.5 to 7.5 % by weight; and 10s
one or nore lubricants in an anount of 0.75 to 2.0% by wei ght (for exarrple
0.75 to 1.25 % |ght Anot her pharnmaceuti cal conpos |ses
flanarate S\gptzoog%ll 3gs‘corrpound of Formula 5a in an armunti’(%#/eg@&gwo 27. 0% by
weight; is rnannitol in an anmount of 45 to 49 % by wei ght (for exanple 45;5
to 48.5 % by weight); dicalciumphosphate in an amount of 18.0 to 22.0% by
wei ght; L-Hydroxypropyi cellulose in & anount of 6,5 to 7.5 % by wei ght;
and inaltnmesium stearale in an anount of 0.75 to 2.0 % by wei ght

(for exanplgytletibn id &cgs@élry &P A6 Ve Okt ble methﬁ&s ok Iloté@ﬁorf aakhsadko ther e

herein conpositions arc described in turn:: of % r%ht of corrponents of
the conposiskillshin thpert. S BTIORHETUE WS RESUGhEas e 'éﬂeﬁ IpFCCPTRENCE SYPOHERTS of the
conpositio 7g1e:] c5$,lm t as
descri bed g}cg?%&&q%mggmbsregga@eg%@hﬁg{: P[R%gr aﬁ%lqltépf %hw hegfﬁggb@?s

descri bed H¥ileiandrbays, 389 lor Bpariéctapyntp istudh atouphsuch as paine. ceiloar onet

granul ati o , a
Qompreadi by figpb e Qe BRk E BRLERE e LRt AR BhulAeRIREL AR0E:
honogeneo u s co rrpossmtable) protdceng g;rompfoe ss eminorr alkyatylimet grplrpels,9°01t @(aplptcdm: e

tabl ets. lrm' I‘é pﬁ [g IrgeCt ok JTRE Saln(e)l caqu U

30car ef ul | fc)éear%‘i?t anW? TRy SIS B TR &1 ST 8 YOS % o?en3| ty,
physi cal f ekimple a(h’(eﬂiﬁiky&eﬁ)bcmybIefﬂoS}eJaﬂ)gﬁj‘zllomnzrdwtox‘yganbbn(yl aopuana to ensure

sui tabl e ro and co ssi on rodgr?rt [ 37.S Ipro erties Ay al so be
conferred b‘§?y BRI AT B SR ple @5%8@@“‘%’9“ TRl B M@W Particles
(powderi®) akempradentool. arﬁl@@drpeotmloﬁeﬁmﬂlcal@g@rthe afal & plpaaemgegtbmeleeas@army es

call ed granules. Ganulation noimally nces after initial dry m xing of
the powder @i Yigh BaCaHESOIPEOIEHRE gwaTlms Of TN e R St gﬁOBB.ﬁlfCBﬁbsf?{

i ngr edi ent SaIEaHBﬁ%Q Bikb RRafbbiXyliofoud @R b e ¥ gr&@tﬁ?’!)eaﬂéin@%dnﬁi hodsicap he

divided into two typos, wet granul ation netho that utilize a liquid to

form t he griwAtes vaHE Bitgblerbinoud Braelkab nssd bydedy nsraplr SiTFRE| ves

m xing the sgﬁm%%ﬁet ﬂlt&ﬁat%@%la@ﬁ%l@%u& éjsraYtembﬁtogiil&'f‘b @m@y fumar at e

salt of a conpou Formul a di l'uent (s), disinte rant

opt i onaldl y rempyeddier pxanfie bmﬁyatmext w@amqulmgtdé@lhmﬁ) I, faﬂgphtu ng fluid

to form 10 .91 heg dry mx to

formgr anu%r 8&}) hﬁ?%ﬂ ?“I}tkhﬁér)rgn‘% lgfi ?gg&ﬁd erlh%%( %&kh@g@%ﬁgy %8h % 0950% by

\évei ght, 3 uHieatyIlq(yﬂzﬁbdmyl QIIEW@ ey Wwe irgpintved.dbr flgqamnhl et nnigogchatiod over sadtiédt t o t he
ry mx durj ranul ati on. ranu n ied. ntain a

sol vent, @ﬁ lémroélr?grbga 05 byér%atg\r?gi{]wgﬁ%tc‘%s aClH iy c)%?%? 18% o ably

however, t hﬁs(gffamﬂaaétatl)gAfduUahje hlseriveait e protethiey grbamﬁnlr alpnm@,ryf dmihdgoan 1sbe used

al one q h a bjndi hg .agent (hi.nder). to en rticl adhe |on in the

Gty ot e B ARy saanye enattigeis Srong PR S «BASER ol ut i on

(as part 0ff01t M@[@Mbtﬁ&lﬁﬁ@obfdp&ﬁ)m@[ olsitidiydraviceri al m xed with the

primary powder particles (as part of the dry m X Sui tably the ranul ati ng
liquidis added “ Bitthe PEYSFUBGHIEr farahyfigxye Hh‘e%orl%arﬁ?l%\?flﬂgy §r°u% for
subst ant i aldxympiRiah Qlkahdyil gwug 6L BRaloly N Thd 8o pidisdtish Rondiins EXARPARVEOY
spraying the liquid onto powder during the 20qr anul ation. Wet
granul at or @r%@m&@rqupkwmecaﬁaﬂlawryswft @BF@lﬁr%frPEﬂ BRUSE SR HWSUSed to form
the wet)sgr anyles. anTaQ?lr o &ch ﬁﬁall%b?‘ Jrﬁf?@l%y %roﬂ}?ﬁlagﬁ@fémo%d)'for shear
granul ators (such as”planetary m xers ear m xer gr anul ators (such
as Vector, rabldely, hydotlyst vish Gpatablsbag S@é*h%)analﬁﬁllﬁmqml@Yﬁéﬁldgrfafrﬁ}a!n?@r s
(such as A t t ng wet
mass my bg{tggglsderg @%??Hgllﬁ&%iec@gérréée?% qﬁe hm%l Wk% aesag%él%ﬁgg hes h) to
renove any marlgaeremuvqylsfqrhmmpfaybyhadlewmhmdvedalcatmlgbttSh@l agr anul ati on. The
granul es are d&hr%%ntc%rb%nsu' tabl e noisture content, typically less that 2%
by wei ght %er using a suitable drying nmethod such as fluid bed drying.

The resul ting grﬁamtldms patectihf eroup driaaaeloky givb [beﬁbrbmngﬂegen abtmfymghormgenous
article size dlstrlbtlon Oin dr r l. at i nmet hods owder
Bartl cl es %uPa(ffﬁlﬁé 86 nﬁzﬂargpr an eth}x gl% prfuc% elemove% for BYd ample, % P

hydrolysis with a base such as sodium hydroxide, or for example a tert-butyl group which



pressure (or conpaction). There are two main processes: a |arge tabl et
(also known as a slug) is produced with a heavy duty tablet press or the
powder particles are conpressed 38 between two rollers to produce a sheet
or 'ribbon' of material (process known as roller conpacti n%. In both
cases, the ¥BAYACIEY material is mlled using a suitabl™&HFIPHRG'PRchni que
to produce granular material. The granules can then be conpressed in a
standard tabl et press to produce tablets. Fol | owi ng granul ati on the
granul es might be used in a capsul e cofdosition or conpressed to forma
tablet. Suitably to forma tablet, the granules may be blended with a

| ubri cant bte b&ﬂ?&erﬁef SSEREL, b%@mﬁl@[ﬁlvﬁihsan oS EARY e ap@f%am&acr@%cﬁ hen be
applied to t ablets as describ her ei n

phar maceut i2e mﬂuomp@wtcudo@r foa@ampk:cal tged grrep eihichrayy saeppepaied dpla. 10wet
granul ati og I(/&’r‘c‘sge%%nwf\!erh%atélgéttsﬁ%' Eﬁ’e[du&ﬁ Bh-cadgl ni stration. Anot her
phar rraceutl 081 tion may be obtal nabl e by a wet granul ation process
conpri sing a fuffargbecte grogfs r@aydmrrpowed abfnyFonvanicat agovin the spretherit ol and

di cal ci ym phos resent, i nvent I have found that they are

able to rraﬁlhlfl%g?nvl’ﬁétlosn% tecshfnac%lfisovrvgug cheesChe lcflﬁe preferred conposition,
usi ng either a ti4gechecorpiess, mc@n@dmcbcrf Farmﬂa Sgrraar’lxahmatMSQrsalde of

mannitol, by a ranul t| on ess Di.rect co | on de

mann Lol +, For SRl B BhpiaReR G FaRsTEpS UL T LR R B s ok
Chem cal s Ll buteafr bets m%aa&qulby tha muworwmhd@n@bmmus isngdt he
inannitol to crystallls in a i ke mcrostruchure Ie bui.l ding up

a granul ar EOTRICTFSEYIFREY peEePt: ?f tbi 9L"c”i’i1é°e&9%ﬁné{dé°eﬁ Eisglfse éli‘ezléveé‘fw‘f he

di rect 1QONRLLSHI Oy Qe HRABILOkitibiSsaAh 0BtordRAnd 6 B2RuRM af IRFcie¥aHRl e 200
to 300 Juni. Swtably the direct conpression grade marmtol has a bul k

(pour ed) devsiofthe gppesungd of Fwew#qo%xbaﬁﬁ@wnﬂhwwttﬁ@@bﬁ%‘b@ﬁltﬁaa@ﬁjoa%fsala*bout 0.4
to 0.5 gi ¢ ofibdm@Rfd bPEorhARPEYs H8HS L HnddSwRBAH th QorpodLdTF ol RuigBauUt 0. 65
gcns. Exanpl es of direct conpression grade mannhol prepared by spray drying
TMIMTM 25 iswidicigaey Pagic ecliorvpod, salbart eck M300, Pearlitol SD200 or Mannogcm

Ez 10 one 1 m eRpalamRliph HOLhANGHLE P Fﬁﬁﬁ]mmmba pRofaLEeck MOO.
"Wet granul ation gra ti te genera as a nore gr Anul ar particle
shape tllﬁan_suﬂphzﬁc;thydmgpnebhatgnnegatadarmrtmiratobr fu&arattea&alty the wet granul ation
gr ade ranni tOI a(?l’le CImoo men ecgrg OQ%I 9%{%\%&& 5 IS lb%lid?ésd d% %l PH&bﬁHRé Il§-es CUbI ¢

crystal s having a mean |arre of ,&n
phar maceut |tmhte0f)ﬁ1msatésailn rray be obt ai nabl e by a wet granul ati on process

conprising wet ati on,. of umar at of Formula 5a
W S i tol Shirodiecan B R sorme B Card P iSO G Bty S Gy ade
man- 1MA i s usedMalﬁybhmemm@ﬂa&shaﬁneamemmeﬁ@vel and theseéfkqirdﬂ\&ded asa

phar mac%utl onposition nmay be obtainable by a wet granul ati on process
conpri si et ruPHET BRBP a fumarate salt of a compound of Formula 5a
wi th manni tol andindisgaliGduoh phesphatemer ain” mtudgsrmmmﬁgmwﬁadﬁ
marmtoi is used in the 10wet granul ation process Were the

conposi ti oPrEEhRSr Ghaing g A ST A Al @ e isfarenges tg “%f%YfB‘t% AYYFORSSHI A 5a with
manni tol ang g, leal'ccépk’éﬂi@ﬁf?%%%hi &aﬂr&%n%IM cvﬁﬁrogﬂflaaﬂ&' hb@bﬂoﬁﬂ) and

particularly wet granul ation grade mannitol i's used ar maceuti cal

conmposi tio ﬁefmyC%éO oBtvauablishechpdr chpimetiylgrenms bechia n’elffbuﬂfl o8 §B€°é"t9rfbﬁ' i sing

wet grasul %Ed@nafnuv at&ysalt of a conpound of Foonula 5a, mannitol,
dicalciump osp %r oxypropyl cellulose, optionally a binder and a
| ubricant, The Mmt monqﬂnafmﬂvﬁ’tm@adtescmmb@ thaomalipd prdves.obhewi thabl e by a

et granul Lo BIOFASSSATHELS R YL, SFA0UL Sl fumeratc salt of o
cel l ul ose, opti O“habﬂeﬁx &, bim@gplkahahd other terms (where p and q are integers) indicates
the range of carbon atoms that are present in the group, for example C,_salkyl includes
30  Calkyl (methyl), Cralkyl (ethyl), Csalkyl (propyl as n-propyl and isopropyl) and Cjalkyl
(n-butyl, sec-butyl, isobutyl and zerz-butyl).

The term C, qalkoxy comprises —0-C,qalkyl groups.



magi csi um st em at e. Anot her pharmaceutical conposition may be

obt ai nabl e by a wet granul ati on process conprising wet granul ation of a.
finnarate salt of a conpound of Forrmula 5a, marmtol, diealciun1phosphate
L- h7fdroxypropX cellul ose, optionally hydrltltxypropyl cellul ose and
lubricant. WOZ0%IAR8t her phar maceuti cal conposition may"bE“BEPEIHED e by a
wet granul ati on process conprising wet granulation of a fumarate salt of a
conpound of Forrmula 5a, mannitol, dical cium phosphate, L-hydroxypropyl

cel lul ose, optionally hydroxw opyl cel |23l ose and nagnesi una stearate
30Anot her pharnaceutical conposition may he obtainable by a wet granulation
process conpri sifgpatc g&gﬂ“kﬁ&ﬁ&&héﬁ %M&ﬂg&ﬁﬁ@ salt of a conpound of
Fornmul a 5a, mannitol, dicalclum phosp hate droxypropyl cellul ose and
nagne3|un1stearahewﬂnbablmﬂwksﬂn@ph@ﬂmpﬂﬁemaé@ﬁpﬂ@al conposition may be

obt ai nabl e by a.. b i f a
feanarate salt o rﬁ)o@é%ou%ééﬂ%@or wgﬁategg)%%%%r?p H}Qﬁg%?lcg#glhﬁgmbgﬂ%gphate
L- hydr oxy proopydyclielidgHyss@ candinot framaltd y4 angaatmde mwherein a nngﬂﬁﬂt renp may
B S B h SOBERL’ 0 TRYahe ARl PA 2 Y Bl gine ot o
conpound ochﬁMamehﬁ ba, mannl ttd d| cal ci um phosphat e, L-hydroxypropyl

cel l ul ose and optignal | lic. bievali %kgﬁi’g the r sultlng
granules with a fbr§ &4 ?maté‘hlaonocyc 16, DIEYGHEPr te¥8 Cﬁ‘gyltrh‘@s Sture from
step (iii) int m‘t@hb@bﬂ@@& iRak me;aerat@irm@smnpmmﬂa&n@hodyhﬁc wapdidal

di eal ci um phosphat g,

ydr oxypr op cel |l ul os |nder nd.l ubricants
descri bed Hef%&t ﬁc‘ﬁﬁ‘gﬁyﬁléfp ¥ béé’i“r?"ﬁéfnﬂrigd’&lleé? f?% ?ﬁ';ijr"r‘i‘fit“g‘ere’l*M e (gﬁ

granul atyi on,r@rAds ggquﬂhgeqlwﬁm@gmlagarl itol 160 C One
phar maceutical conposition is in solid dosage form such as a tablet or

capsul e. I n anot fhercyclpHly pﬁa?r%%ﬁ‘é%@ﬁ m@%cyﬁlt‘iﬂb‘&é‘ihﬁobﬁ”lcyiﬂsc ‘iaFPOPYFéY f38ti of a
tabl et. gst&ﬂ B&'@/ﬁereﬂﬁatrh‘% @@J@@@d ﬁlaﬂ;e ﬂe?laéé& difk £cE0rmgf a tabl et

desi gi ed fo |mTe late rel ease.” Suitab he 1 mredi ate rel ease tablet wll
di si ntegrate qui‘BRiespci@yli’ dvii wgar@tddnumaéqratad piorrtzadly etpeiadedneexcligescri bed.

For exanpl r ntil of about 2
to 20 m nu?d e M(p{)jﬁﬁ%%gé Fy}% %Slm(ﬁlqai@}{%nhﬁﬁl\@ettg I%r%%@g%s%w Eb thg%zorrepar ation
of a phiar maceutdncalrg clmeﬂpﬁmnmltmgera(mltﬁrrdxr ngygen, wiheh @@z inmyentailon oconpri ses

m xi ng a fupar at e a. conp [ and

di cal ci um pho trosgﬁﬁ {ng 81?6}1111“ ,EEQ% Orbl(ﬂhlr dl ﬁr)lg E?Qgi)iuthbosa %Fgﬁ!r such
as a tabl etnr(grcmzag?&m reay bdrepla&dmldr:ae@so gfcmbl dw:ta@cynlydi’ ngludfs &efehan;dr‘ ate

salt of a co nd t he ,manni tol and. dical ci um phosphate
(and ot her 8%@&8#&?3?%9?@.%33‘? 4lk@ilii red such 25as a binder and
di si ntegrant as “hefegianvefsan erodesic hicaedklit, becydlixdrurie,clis hgeratytlat ed and

formed into a suitable unit dosage f table ranul ati.on t hods are
as her e\nberbialegedeyinpetr (e %%Ehﬁ?gmcchi QT I BEHRMYFEC GG F YRl at ed as

descri bed hgk&leR; bume&oaygunm&eaﬁnyﬁeegdnmr@mmrmm%kfdibe@ t he bi nder such
as hydroxypropyl _cellul ose may be incorporated into the m xture prlor to

granul ation as aCy¢lghgsaamliesy! Bore W‘H&‘“ﬁfr%r%‘l“&'tli{ Hirgot mengakuPEEclitay be

dried and mrltﬂlég@ll@ﬁt%roé}@l‘yl B2 0RS, pERRLEP BRLh %qu%m %mn%t of @ﬁctd??c“ bed
her ehabef ore ui tab the conposition is provided w a nmeans for
protecting 3@ Ialgfamm& &t ehasan frowfitgoeebripbiurnd osf2erof hgh anway Porahangtit

degr adajd o sifionis
in the 5Ior rr}%llg(?geg?tﬁg{?l %tﬁ q’htlaﬁﬁet?% gﬁé ﬁl%%s pr lcl)lglﬁ %ﬂ;&l I\?l\na){ Eé]gﬂ?l%gﬁdtnggfﬁg{éect ive
coating as et grewi) me}rb,fi wplacagnyith a C=0 group. A process for the preparation
of a phartnaceut at e t to the
i nvention corrprl gé ohete(rozj % Es_a sraﬁlraﬁ%ﬁ%oﬁo%?éh% bl?fc%??ﬁlc&&lﬂﬂlgﬁeﬁ%%fé @%r mul a
5a and t he sysami paoficusngy hEleQISEM) 110 rnposphdivdich 1, 2, 3 or 4 ring atoms are chosen

from nitrogen, sulfur or oxygen, which ring may be carbon or nitrogen linked and wherein
30  aring nitrogen or sulfur atom may be oxidised and wherein a ring CH, group may be

replaced with a C=0 group.



(ii1) granulating the mxture forned in step (i) to formgranules; (iii)
optionally mlling the granules; 10(iv) m xing the granules with a

| ubricant; and (v) conpressing the granules into a tablet.

Addi tional excipients such as a disintegrant and bi nder_may be included in
the mi xtur é’V‘i)ﬁO"E/t‘?éB”( 1) of the process as described ber&HHE G e End
illustrated in the exanples. In particular the granulation step (ii)
is a wet granul ation as described herei nbethre. Wien the granul ation step
(ii) is a wet granulation, the granul egbare suitably dried prior to mlling
(if carried out) and subsequent conpression into tablets, in a
further process 1i,arlhg.RbeRAY flak Ol cbhfosRO ALMBREHE B ordu @lshigr el ease
tabl et conposition, the process further conprises coating the tablets from
step (v) wintoke @arf plenfusdnilify. Unless otheThese flgnva bt eramsuchormzg acowpsund of
Formul a 5a.exi I E Q. C alli r arl : umar at e
salt of a (l:nggr%%heﬁ(?s (ljnsfuq@%'lrsﬁﬁ?gl tég%'s#(l&rnegz%}lé/lgtc g‘??#ﬁ@@é‘%‘%ﬁ&%ﬁsg Cfp] n anot her
phar maceut idlall sconposi tyi cerboas: Ifigrgirnablou@ défli medrisa G.arbyl atlstiseddtbyof a

conmpound of Foiiiuda 5a js |n.a crystalline.form. An i eutical
conposi ? i o%etg@%cﬁe?nﬁ@‘b%t\;lé“ag(é'p?%nél LI %rélénoasu?%tliturtr%&a}fh%&‘?%’l??%% conpound
of For nul avwh&hwhsrieithe dahe wdlfferdns. present in one or nore crystalline forns.

Anot her pharnaceutical conposition as, hereinabo efined conprises a
futnarate salt %f‘logl" M&r}’np% yg%?‘t‘ﬁﬁh?:\t ‘%%‘bﬁﬂéﬁeg?’ﬁ t°ﬁ81°§egtfa€° ?ngtBP%lzsent in
one or nor @nChaséddrlyl Ne of ama® ssehieehed SRRy Fithd ghnerfcaérmsBoanidingdam C.

30Yet anot her pharnmaceutical conpasition g(g hereitibefore ggfi ned conpri ses
a fumar at e S$A1% halpCautdonp Sl OB ESE MAF Qe sOyBEehindeiry y&r@%’i%l l'ine
Form Ao 4Zalo substitQt her pharmaceutical conposition as herei nabove defined
conprises a furnarate salt of (5- i )

(2, 4- bi s[ ( 35) - 3HxdOKYG rdkkpHe B Cnacdkx) Bfe thag S[spbsityied by Lo PR dydessi- y1) - 2-

met hoxyphenyne, whei givth ' i |8

crystalli ng for %ns Eﬁe)(i %actleéﬁwgrrlf ggf?ﬁh%rb%,ofﬁﬁl&g@gﬁsd %??n%cgﬁer@ ® cYet

anot her ph&mmcenitinpahydonposhes byiresy Chetleixy mivefconieinded imEe 2ebnpri ses a
fumarate s . - ,i4=5hi B1-3-nmet hyl nor phol i n-4-yfj pyrido[ 2, 3-d.
pyri m di n- %!1@1&1%%1%? zn%'t%h@g@;?ﬁ[esﬁj}%ltﬁén%%hanol substantially as crystalline
Form A.15 Subst aft.jadiokyCaglkFbsmO\aednesouptthdt it fubstauted byt eamere Gohako95 % of
Form A presen

t.. in particul ar, the I 5,..9reaf han. 96 % .
Particul ar Ibk} 41%'5?% d‘ip(gp déerl%lzlg r@rl’?rﬁ’é?\%@fﬁ%}%ﬁﬁ%ﬁ{ﬁei& ?hn%%zrily tolﬁl%fjgé é{réf There is
great er thanm98oailep @, ulkdarsuilcasl Gr hlitotyidgr@kixy ngayeatemn It dramor®9;, % For m A

In. particular there is greater th 99.5 % FormA. Particularly there is
geater than® .yssug/%t@ﬁ%a%‘.j pﬂ%&?l%rﬁx gr}pqri\ﬁ?’dﬁ%o’%}' “g‘)’%‘fc&ﬁt ine formof a

f umﬁr i’it e Salht | Om(eﬁe-(?p](tﬁnﬁ-stgisfifu(e%)ire?vhosen fré)m “1 or 2”,| from “1, 2F]0r 3” OrI; fromI ‘;l, Hanol
met hyl rnorphol i n-4-yl ] pyrido[ 2, 3-69pyrim din-7-yl|-2-netho enyl ) met hano
havi ng 24n F5XROY pHetRss SesyFits ity éétR%ef%{?Odzt-K%tﬁ{%‘f‘ gefpaion ‘Bﬁ%’ﬁ\)ﬁﬂa. 0, 9.6,
12. 2, 13. 0 sgduddis Being chosen AB@IBe bSthPERI R GrapSTY sl @histientt B&iAY oF a
furnarate salt. of - (2,4-his[(35)-3- . .

i net hyl nor HoE Prrﬂlas'éf&ww%b@}%cw GG pr-orerg of the sprsifiseeypme hyIthsret hanol
havi ng an XRRuRALL GhMHERTRE Lsing peaks at 2-theta (A =1.541 8A) 6.0, 9.6,
12.2, 13.0, 17.1, 17.6, 17.9, 18.3, 19.2, 19.4 and 21.6. There is
provi ded a crys€amppynas pbthmpesferd ifvigntirar gy e besainpmed with thefapd af_ymgpies. 5) - 3-
met hyl i,por i N+ | i ci]pyrimdin-7-yl-2-trtetlioxypheriyl)neth
anol . havi nggg‘#%iéc%g{%%&%ﬁ%??si ng peaks at 2-theta 0,-1,5418A) 6.0,
8.5, 9.6, 12.2, St ahes far.2@y R group orFhepet prssupttionantied secherapes alcludpe f ot in
of a furnarate salt of (5-(2,4-his| ).-.3- : :

met hyl nor pk@rl i l%ylyl ] pyrido[ 2,'%%1:1y§ye&€y§rﬁpé|§pﬁ'—l"})}l §7|"]2'r-“§t-h YIRSy %lgf%‘ﬁglﬁ?b’ret hanol
havi ng an 2ZoR.Bkpattern conprdisilhg, peaks?, atlindtiyhetpyl( Riebyb40484)d 6. 0, 8.5,
9.6, 12.2, 13.0, 17.1, 17.7, ih?.ﬁ, 18. 3 and 19. 3. There is provided a
crystalline formof a fumarat€“§4tt of (5-{2,4-his[(38)-3-

met hyl reor phel ¢ Neddoyii do[ 2, 3-gtipyiobi dictobuift, yidepntye kitoegyphenyi ) met hanol
havi ng an XRD pattern conprjsing peaks gﬂt 2-theta (t‘12=1'54%8%6' , 9.2,

10. 1, 14. 4 ‘arferstelqldomatyt i XCIBPeRYastyh ces Qe ey P SPEY Bty f Ui nar at e
salt of (5-42,4-his[(35)-3-  ¢yclopentylmethyl and cyclohexylmethyl;



met hyl mor phol i n-4-ylipyrido[ 2. 3-dl pyrimdin-7-yl1l1-2-nmet hoxyphenyOni et hari ol
having an 43 XRD pattern conprising peaks at 2-theta (A -1.5418A) 6.3, 92,
10.1, 113, 14.4, 18.9, 20.3 arid 220 A person skilled in the art wll
appreci ate WB"{ iffraction pattern data presented 0 .S to be
construed as aog%{%g?g (for further information see Jenk!}(ralrsrg%dgﬁgﬁ%er,
S5RE_ 'introduction to X-Ray Powder Diffiractonetry ;John Wley & Sons,
1996). Therefore, it shall be understood that the crystalline formis not
intended to be limted to the crystals that provi de X-ray powder
diffraction patterns identical to the X-ray powder diffraction patterns
descri bed hereiyn. The present piMenhiamphalyso i ncl udes any crystals

provi ding X-ray, powder diffraction patterns bstantially the sane as those
descri bed 10R&PE RakA per son slP&nlz{iefépePﬁhiflh’éaPE&W1“%ﬂ¢h>9(?‘?da’§apb@\)(k§€whdi ffraction
is able to foudgsod/e substantigl| siddHeryt ¥ndaf, (Krd@vypowder diffraction
patterns and wi |l "understand that differénces may be the result of various
factors forfoekdppl e measur enentluase.csloso. beasi aridrigdct r om neasur ement

condi ti ons fsugh,As equi pment, sanp| GiPheRRbANE AR Riinkhe machi ne used);
intensity variations resulting from nmeasurenent conditions and sanple
prepar at i onfor €55a40a¥i ve i nt ensinethoxparcthaty, orrponf apglasksonoagul ting from

vari ations }neSi r non-unitar i,0 stals. d the

posi tion offoggf"?agg)? ?'ons whi ch gé%lkgg}pz)%%%?%o} %%ﬁg)rﬁgg%raegihg)gl e ght at

whi ch t he s@anplellshtd: i n t he dickfyl,actpenet end Zndthyheomeod; cal i brati on of the
di ffract Omattoreflét r‘?)“crl]d .surface pl an%ri Er}{idggol tlheuiso 111 lI Si nAl‘sl merr};[lii Slnfd

her ei nbef ore, w?lenry{‘he COfT'pOSiQ}I[rO SR nE o iy of "%t BBt efi, Ythe 20t abl et
is suitdbly coated with a fil nthiehpl, pyrenlylt yeabipbaidlyiotidzslyl, ridzbgl,f or m of a
tabl et coated with a coating, suitably a fil.m cqating, conprisin iron
oxi de pigment. The iron oxide %aéﬂﬁaﬁfsgi‘a@'g’.liﬁfrﬁﬂqypyﬁlgg@@atpq}g “1 bd%{‘)%g’. 025 to
1% by wei ght of the tablet. inbaBshrahfiedibebfigaydendtegr®iitnyils present at
about 0.06% by weight of the tablet. In a further, the iron oxid.e pignment
is present %f KQHBWI(%:‘@I%Iby \A/el?ydT‘Pﬁyl‘S‘Fthé’]l’néyrt"%lblF‘é‘ﬁ’l,’ InfigEZoldBF Y] coat i ng may be
25applied using for exanple a ﬁg@g}gry{gﬂgll,lMr@g%&@ﬁy[g)ﬁ%pﬂém,hsuch as the
Opadry filnms supplied by Col orcon Inc, e pharmaceutical conposition

is atablet with a coating conmpFranginggydrisragylehph iegleumildbicagenyls. | n
anot her, the pharmaceutical copRE$intdugn ﬂyﬁdﬁett}@pt)ﬁldziwdh@thgl,Coati ng
conprising one colouring agent.” in anothér aspéct’, the pharmaceuti cal
conposition is a 30tabl et w t hyaazswastivngoyconpnylsicty L anrimiconlokilde pi gnent .

I n anot her, the pharmaceuti cal iggﬁm’g i 1] i . t Wi ting
conprising iron oxide yell ow ati ﬁgfgwgggpglﬁrﬁ?lﬁ ’llm\r{\%atnzglggjfcﬁjg,ﬁpi gnment s
are commercially avail abl e, f omidszalyplue/| Quadhtiyylptopyel Bawrif£odt poern85F38196
or Col r’rﬂj a 85F32410), which ma a%i %Peﬁ! il_ed to the tablet as an aqueous
sol uti on or suspension. e E ar meceut i cal conposition is a tabl et
wi th a wei gt hotrocaatli ng bet weleigrodrol pexaitplyé isbqtiaoi¥qusioediings 2 and 10%
by weight of the tablet core i , far exanple 3.t0.6% by wei ght of the
tabl et core weight. In parti cn‘?eﬁ%]‘h‘?ﬁOéﬁvmna‘Pﬁ@?}f/L ROSTHAY: PRESARE: 4 op by
wei ght of the tablet core wei ghttidihyl, aoghbleryl tthehweogbduiefinylhe coating is
fromabout 1 to about 2% by weight of the tablet core weight.. On
phar maceuti cal conposition is ’ﬁg{‘la’ﬂfoét’mﬂk”%’l d‘ﬁ'&i‘t 8111?éjdr8' Py EHh g bne or
nmore 10f§ I mforners. In anot hegiayierphafmaceuti cal conposition is a tablet
with a coating conprising one filmformer, in another, the pharnmaceuti cal
conposi tion is dfthapidde nfed thag segrissmyy eadagringiuef 8 thedeasrindign aisinet
filmformer;gsugh as a polyvinyl alcohol (defined in the Phfitar). One
pharnmaceutical conposition is a tablet with a coating conprising one or
more 15paci fi er Sartichlagrdedsert R theRpiarfaBedt'i RaR donPo&i th onl X sreast abl et
with a coati I, S L5 Ler : i cal
conposi ti onﬂopgwgo%rgglvgl? %n%ﬂ&a&g%gﬁlﬁsp%%ﬂbaﬁﬁ %ﬁfﬁtﬁﬁiauﬂlg{&g%%? e. One
phar mac¥ut i ioednticomposit theowf,iagd ithahy ef thevil¢fnitaons odtinn gr gomgmaindg fiose or
nore anti -tﬁack agents. In another, the phai maceutical conposition is a

. Crein. .
tablet wth a coaltl ng

R



20conprising one anti-tack agent. in another, the pharmaceuti cal
conposition is a tablet with a coating conprising talc. One
pharmaceutical conposition is a tablet with a coating conprising one or
nore plasticisers. |In another, the pharmaceutical conposition is a tablet
with a coatVRG"COrbr1 sing one plasticiser. In another, FHECPHEYHEERutica
conposition is a tablet wwth a 25coating conprising a polyethyl ene glycol
pl asticiser, for exanple Macrogol 3350 (defined in the PhEur). Tabl et
coating may be carried out using con vedtional nethods well known in the
art, for exanple coating in a pan coater, The filmcoat nay be applied by
spraying an aqueous SHIPENEE AReRiont€s ifydkdpch OF Byl OPaci fier, plasticiser
and col ouring agents onto the 30tabl et "Cores. Anot her pharnmaceuti ca
conposition confises a furnarate salt of a conpound of Fornula 5a which is

a tablet with afgaling: SARPILSING PROM@BEs-Xel| o 68 ARakher

phar maceuti cal conposition conprises a i hmarat alt of a”conpound of

Ni | Hui | a 5dCaBNeleH:;s a tablet with a coating conprising polyvinyl alcohol,
titani urcy di oxi dcﬁs Maer ogol 3350, iron oxide yellow and talc. Anot her
tabl et conprises—a core conprising a a fiimarate salt of a conpound of
Fornul a 5a wi t hInmamnispal o&thd indbimhdhiinmphelsphat e and a coating conpri si ng
iron oxide yellow and talc. Anot her tablet conprises a core
conprising a furmarate salt of a conpound o Fornmula 5a with marm tol and

di cal ci um phosphateespitofthe Qatithg RCMprOs! wEerpalry vi Oyl tertibgahiel., titani um
di oxi de, Maerogol 3350, iron. oxide yell @f(]_fl talc. 10l n another, the
coating cont ai ne? ?‘Fe&*ﬂ’eﬁ)o{ © BSRIN? ?@‘ﬁ&c #Imformer. In particular, it
containg 38,0 t®’42.0 % by wei ght of filmforners. I n anot her, the
coating contains from5 to 25 1/0 by weight of pacifier. In one enbodi nent,
it contains 8.0t encpat o By nyertghtl of Cpatyt ipeenyl prbeazsl gFRer embodi nent ,
it contains betywegn 2debofdikentRn ¥’ lymwaight of opacifier. 15in another,
the coating contains from10 to 30 % by weight of plasticiser. In
particular, it &ntains 18,2 to 22,2 % by wei ght of plasticiser. In
anot her, the coat] [ 6 0 ight of iron oxide

pi gnents. In onZI],i b@%@%ﬁ%g@gg@%&g‘ﬂ 1%%%(%%‘;&%1 ght of iron oxide

pi gnentl$, I n a fuetdrepsct pftheontationR s Bydrazed oembihylvei ght of iron oxi de

pi gments. 20l n anot her c I NG,6GO ' from14,5 to 15.1 % by wei ght
of talc. In ano?lhgée,dg?%éggtggfn%%éwg%ﬁ%%@%@fﬁbm 0.05 to 1. 0% by wei ght of
iron oxide pign®it(s) and fromO0.25 to 1.5 % by wei ght of titanium di oxi de.

For exanple in one, a coating contajni ng agbout 0.6% by wei ght of iron oxide
and about 0.4% E@o%ﬁsﬁ‘f‘fgoé%%vf‘g}ﬂn lﬁjﬁbﬂ?ﬁﬁ , or ina further, a coating
cont ai ni ng aboutin BaddBfecbyr meighiticdfR’iis @Bthexi de 25and about 0. 94% by wei ght
of titazgifum di oxi;de, wherein the weights are % weight relative to the

wei ght the tablet core to which the coating is applied. One
phar maceut i cal q@mi}é& eNnthe QNRficsas iact abhmty 4Qfie and a coating wherein
the tabl et core conprises; a fumarate salt of a conpound of

S.. . . .
Formula 5a in amh aifosnect of tho Biventiog Ry 7s 89-bYy)>30wei ght of the core; marnitol
in an amount of A#5.5 to 48.5 % by wei ght of the core; and 4(i diealeium

phosphate in an~amount of 18.0 to 22.0% by wei ght of the core;
In one aspect of the invention R” is -CF;!

25 R*
In one aspect of the invention R* is hydrogen or C_salkyl.
In another aspect of the invention R* is hydrogen or methyl.
In another aspect of the invention R* is methyl.
R

30 In one aspect of the invention R® is hydrogen or C,_salkyl.
In another aspect of the invention R is hydrogen or methyl.

In another aspect of the invention R® is methyl.



and wherein, in one, the coating on the tablet core conprises: iron oxide
yellow in an anobunt of 12.5 to 17.5 % by wei ght of the coating; and,
titanium dioxide in an amount of 8.0 to 12. 0% by wei ght of the coating and
in a further, the coating on the tablet core !conprises: airon oxide yellow
in an amoufO3PY45%°% o 2. 0% by wei ght of the coating; did CBPYEHPUm

di oxide in an anount of 22.0 to 25.0% by wei ght of the coating.

Anot her pharnmaceuti cal conposition. conprises a core conprising a fumarate
salt of a compound of Formula 5a and, 2R one, a coating conprising: 10 a
wat er-soluble filmfornmer such as polyvinyl alcohol in an anount of 38.0 to
42.0 % by wei ghgs a polyethylene glycol plasticiser such as Maerogol 3350
in an anount of 718.2 to 22.2 % by weight; talc in an anmobunt of 14.5 to
15.1 % by wei ghin aBaspccorf toxingentipe R bwelegicdffoanount of 12.5 to 17.5 % by
wei ght of the cgating;, and; titaniumdioxide in an amunt of 3.0 to 12.0 %
by weight of the-coating; In a further, the coating conprises: a a

wat er - sol ubl e f lrl mmefasranest tswiohcengion BOisyeicoyd framcohol in an amount of 0 to
42.0 @b?y wei ght.; 20an,a pol yet hyl ene gl ycol piasticiser such as Maerogol
3350 in“an anvu§%3%£§i8.2 to 22.2 %by weight; talc in an amount of 14.5
to 15.1 % by weirghte;aspdcr @hoixieeioy ehllyowe bR and &fixintreén.1. 0 to 2.0 % by

wei ght of the copating; and; . titanium.di oxjde in, an. t of 22.0 to 25. 0%
by wei ght of th& PGHET ??@?Ctﬁﬁkk}ﬁé‘wé?tﬁf’“tr%mésM“b&‘??én%ﬁc“gfgg%jpxkei ght of the
coating. IARQtHaeEspPRAF B GRhiiGaR” iICHyIRaEh bhOR® Bawgtilses a core
conmprising a fumarate salt. of a conmpound of Fornula. 5a and nmaanitol wth
optional di cal clACPRbSBRACENS MY Hrad RasdoatiHy conprising: a

wat er - 99! ubl e f i MofiRF ABEIHER iRchidORMMi RY ks mdtg@hol in an anmount of 38.0
to 42.0 30"A by melqgt; 47 a polyethylene, glycol plasticiser such as
thahef

Macr ogol 3350 i H &m pt opfhe igreptiqnok ‘apd R dpepiackitlythe atoms g which ey anpunt
of 14.5 to 15.1,%, QY. Wek@hta ridef ON Oxide yel low in an amount of 12,5 to 17,5
% by wei ght of the coating;; titani um di oxide in an anpunt of 8.0 to
1.2. 0% by wei ghL of the coating. In a further, the coating conprises: a

wat er - sol ubl e f%d5@;&%&&%fﬁyﬁpmﬁﬁnEﬁL%M@@Wl al cohol in an amount of 38.0 to
; ; a pol yethy

42.0 % by wei ght; ene gl ycol plasticiser such as
Maer ogdb 3350 i im ar aapesuntthomvdBiol [tioNMI22. 2 % by wei ght ; talc in
an anount of 14,5 to 15.1 % by wei ght; iron oxide yellow in an
anmount of 1.0 t& 2,0 % by weight of the coating; and,

Tn one aspect of the invention X is chlorine or bromine.

In another aspect of the invention X is chlorine.
Z
20 In one aspect of the invention Z is chlorine or -OSO,CFs.
In another aspect of the invention Z is chlorine.
In another aspect of the invention Z is -OSO,CFs.
Thus, according to a further aspect of the present invention there is provided a

process for the preparation of a mTOR kinase inhibitor of Formula 5a

(L

25 MeO



titani um di oxide in an anount of 22,0 to 25.0% by wei ght of the coating;
wherein the weights are % by wei ght of the coating. 15Anot her
pharmaceutical inmediate rel ease tablet conposition conprises a tablet core
and a coating, wherein the tablet core conprises: a fianparate s_alt; of a
conpound ofwg&P??ﬂng"Sa in an anount of :3.0 to 27.0% by WEPHHY”6Y*Fhe

tablet core; .mannitol in an anmount of 45,5 to 48.5 % by wei ght of the
tabl et core; 20 &cal ci um phosphate in an anmount of 18.0 to 22.0 A by wei ght
of the tablet core; irhydroxypropyl cel¥ ul ose in an anount of 6.5 to 7.5

[1/* by weight of the tablet core; and a lubricant (for exanple magnesi um
stearate) inR;afk @I omBisiig 10 2. 0% by weight (for exanple 0,8 to 1.75 %
by weight); and wherein the coating on the tablet core conprises an iron
oxi de pi gnent (tand mgﬁcpm@t@éafgwgl%l present in an amount of 3 to 6% by
wei ght of the tablet core. Anef her pharmaceutical imedi ate rel ease

tabl et conposition conprises a tdablet core and a coating, wherein the

tabl et core conpri ses; X il_gnar ate salt of a conmpound of Formula
5a in an anount of 23,0 to|27. 0% b)}\l Owei ght of the tablet core;

mai mtol in an &R tQ 4 % by wei ght of the tablet core; 48
di cal ei um phosphat e f 18.0 to 22,0 % by wei ght of the tablet
cove; L- hydroxypr1o Ilulose ih an anmount of 6.5 to 7.5 A by wei ght of
the tabl et core;Rand a lubricant (for exanpl e nagnesium stearate)

in an anount of 0.75 to 2.0% by 5weight (for exanple 0.8 to 1.75 (1/0 by

wei ght) ; artdsifierei n, in one enbodi nent, a coati ng on the tablet core
conprisisng: a watgrizgelubl e tilmlbrmer such as polyvinyl alcohol in an
anount of 38.0 to 42.0 % by wei ght; a a polyethyl ene al ycol plasticiser
such as Macrogol 3859 CHOGRCARduner @P2:(E8: 2 to 1022.2 % by weight; talc in
an anount %0 by.. Wei b ide yellow in an anmount of
12.5 to 17.0Jg oé’l%étt))gm&%iOg%%épége?%éﬁgbggﬁdnh&é%g?é titani um di oxide in an
amount of 8. 0(ito 1Ra@ngshsycomppghitofdbrinke | odta hatpegenating agant tofgéye a t he coat i ng
conprises; 1l5a a r- iL,mfotflier mll as polyvinyl alcohol in
an anount of 38. 0"‘@%1%251?08&,{1% 131/1fa\7xllei ght; a polyethylene glycol plasticiser
such as Maerogol 3350 in an anount of X18.2 to 22.2 A by weight; a talc in
an amount of 14.5 to 15.1 % by weight; 20a iron oxide yellow in an anount

of 1,0 to 2.0% by wei ght of the coati ng;N and; a titaniumdioxide in an
anount of 22.0 to 25. 0% by wei ht of thg coating; wherein the weights are %

by wei ght of the coa G » e coating is present in an
anount of 2.5 to 5% by we | of the tablet cove, for exanple about 4.0% by
nmourigeriesis as well as nunerous ot her diseases.

wei ght of the tabl etrh_\g It is known that InTOR ki nase and the PI 3K
tu
Phar maceut i cal conmpogj,Li.Qn GoMpideahng a fbnarate

enzyneslthave vol es i
(iii)  reacting the compound of Formula 4 with methylmorpholine, and

(iv)  ecither
when R? is CH,OCOC(CH3); hydrolysing this ester protecting group to give a
15 mTOR kinase inhibitor of Formula 5a
or
when R? is CO,CHji reducing this ester group to give a mTOR kinase inhibitor
of Formula 5a, and
v) optionally converting the compound of Formula 5a to a salt.
20 In one embodiment the processes described herein may be used to prepare a fumarate
salt of (5-{2,4-bis[(3S5)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl }-2-
methoxyphenyl)methanol.



salt of a conpound of FOIMJ .QO b5a may possess potent anti-tunour activity
by way of inhibition of MIOR ki nase. Accordi ngly, the conpounds
are. of value as anti-tunour agents. Particularly, the 30conpounds are of
value as anti-proliferative, apoptotic andlor anti-invasive agents i.n the
contai nment and/or treatnment of solid and/or |iquid tunour disease.
Particularly, the 49 conpounds are expécted to be useful in the prevention
or treatnment of those tunmours which arc sensitive to inhibition of tri TOR
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20such as fluoropyrimdines like 5 fluorouracil and tegaftir, raltitrexed,
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THFt 25 ahplhrohosudical compositions such as tablets. In one embodiment the mannitol has average
particle size in the range of from about 25 to about 180 pum, for example about 50 to about
170um, for tablets containing a fumarate salt of a compound of Formula 5a. In a particular
embodiment the mannitol has an average particle size of about 160 pm. Suitably the bulk
(poured) density of the mannitol (prior to incorporation into the composition) is about 0.6

30 to about 0.7 g/cm’ and the tapped density is about 0.8 to about 0.9 g/cm’. For example in
one, the bulk (poured) density is about 0.66 g/ cm’ and the tapped density is about 0.85
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Pearlitol® (ex Roquette Freres S.A.). In one embodiment the mannitol is Pearlitol® 160C.

Dicalcium phosphate refers to calcium hydrogen phosphate, anhydrous as described
in the European Pharmacopoeia (PhEur). The composition according to the invention may
use any dicalcium phosphate suitable for use in pharmaceutical compositions such as

10  tablets. Suitably the bulk (poured) density of the dicalcium phosphate (prior to
incorporation into the composition) is about 0.6 g/em’ to about 1 g/em’® and the tapped
density is about 1.25 g/em’ to about 1.35 g/em’. For example in one embodiment the
tapped density is about 1.28 g/cm’. In one embodiment the dicalcium phosphate is
substantially free from moisture prior to incorporation into the composition according to

15 the invention (for example containing less than 10, 5 or 3% by weight water). In another
embodiment the dicalcium phosphate contains about 0.3 to 2% by weight of water prior to
incorporation into the composition, for example about 1%. Dicalcium phosphate as used
herein may also refer to dicalcium phosphate sold under the trade name Calipharm (ex
Innophos, Inc.). In one embodiment the dicalcium phosphate is Calipharm A®.

20 One pharmaceutical composition additionally contains one or more disintegrants. In
another aspect, the pharmaceutical composition additionally contains one disintegrant. In
another aspect, the pharmaceutical composition additionally contains low-substituted
hydroxypropyl cellulose (L-HPC). Any grade of L-HPC suitable for pharmaceutical
formulation may be used, for example LH-21 (Shin Etsu Chemical Co.).

25 One pharmaceutical composition additionally contains one or more binders.
Suitable binders include, for example, lactose, starches, modified starches, sugars, gum
acacia, gum tragacanth, guar gum, pectin, wax binders, methylcellulose,
carboxymethylcellulose, hydroxypropyl methylcellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, copolyvidone, gelatine, polyvinylpyrollidone (PVP or Povidone)

30  and sodium alginate. Another pharmaceutical composition additionally contains one
binder selected from lactose, starches, modified starches, sugars, gum acacia, gum

tragacanth, guar gum, pectin, wax binders, methylcellulose, carboxymethylcellulose,



USP- NF conpression) EMPROVE(r) Lid. (UK) JP Filler (wet granul ation)
Pearlitol 160C Roquette Freres S. A (France) Cellulose, mcrocrystalline
PbEur USP-NF Filler (direct conpression) AvicelOlk) PH 102 FMC Bi opol yner
(lreland) JP Filler (wet granulation) Avieelt PH 101 D basic cal cium
PhEur Filler (direct Enconprese JRS Phanna |Inc. phosphate diftydrate USP-NF
conpression) (USA) Dibasic calciumPhPBdr Filler (wet Calipharrn D
hydroxypropyl methylcellulose, hydroxyethyl cellulose, hydroxypropyl cellulose,
copolyvidone, gelatine, polyvinylpyrollidone (Povidone) and sodium alginate. In another
aspect, the pharmaceutical composition additionally contains hydroxypropyl cellulose.
The skilled reader will understand that a component of the tablet can act in more
5  than one capacity. For example microcrystalline cellulose could act as a binder and/or a
disintegrant as well as a filler.
One pharmaceutical composition additionally contains one or more lubricants.
Suitable lubricants include, for example, magnesium stearate, stearic acid, palmitic acid,
calcium stearate, talc, carnuba wax, hydrogenated vegetable oils, mineral oil, polyethylene
10  glycols and sodium stearyl fumarate. In another aspect, the pharmaceutical composition
additionally contains one lubricant selected from magnesium stearate, stearic acid, palmitic
acid, calcium stearate, talc, carnuba wax, hydrogenated vegetable oils, mineral oil,
polyethylene glycols and sodium stearyl fumarate. In another aspect, the pharmaceutical
composition additionally contains magnesium stearate.
15 One pharmaceutical composition contains from 2 to 50 % by weight of a fumarate
salt of a compound of Formula 5a. For example it contains from 15 to 35% by weight of a
fumarate salt of a compound of Formula 5a. In one the composition contains 20 to 30 %
by weight of a fumarate salt of a compound of Formula 5a. In particular it contains 23 to
27 % by weight of a fumarate salt of a compound of Formula 5a. Suitably the composition,
20  such as a capsule or tablet, contains 12.5 mg of a fumarate salt of a compound of Formula
5a. In another aspect the composition, such as a capsule or tablet, contains 25 mg of a
fumarate salt of a compound of Formula 5a. In another the composition, such as a capsule
or tablet, contains 125 mg of a fumarate salt of a compound of Formula 5a.
Anotherpharmaceutical composition contains from 50 to 95 % by weight of filler.
25 In another the composition contains from 60 to 75% by weight of filler. In particular, it
contains 65 to 69 % by weight of filler.
In one pharmaceutical composition, the filler is mannitol. In another aspect, the
filler is mannitol and dicalcium phosphate. In one,the composition contains about 35 to
60 % by weight of mannitol, for example about 45 to 49 % by weight. In another,the
30  composition contains about 15 to 25 % by weight of dicalcium, phosphate, for example

about 18 to 22 % by weight. In particular, the composition contains 19.0 to 21.0 % by
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Cal i pharm I nti ophos (USA) phosphat e anhydrous LI SP-NE JP granul ati on)
Povi done PhEur Bi nder Pl asdoti eR 1SP Technol ogi es,

10

15

20

25

30

35

weight of dicalcium phosphate. In another the composition contains from about 45 to 49
% by weight of mannitol and about 18 to 22 % by weight of dicalcium phosphate.
Another pharmaceutical composition contains from 1 to 10 % by weight of
disintegrant. In particular, it contains 6.5 to 7.5 % by weight of disintegrant.
Another pharmaceutical composition contains from 0 to 5 % by weight of binder.
In particular, it contains no binder.
Typically one or more lubricants will be present in an amount from 0.5 to 2.5 % by
weight, particularly 0.75 to 2 % by weight and especially 0.75 to 1.25 % by weight.
One pharmaceutical composition comprises:
e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by
weight;
e mannitol in an amount of 45 to 49 % by weight (for example 45.5 to 48.5 % by
weight); and
o dicalcium phosphate in an amount of 18.0 to 22.0 % by weight.
In another aspect the invention relates to a pharmaceutical composition comprising:
e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by
weight;
e mannitol in an amount of 45 to 49 % by weight (for example 45.5 to 48.5 % by
weight);
e dicalcium phosphate in an amount of 18.0 to 22.0 % by weight;
o L-hydroxypropyl cellulose in an amount of 6.5 to 7.5 % by weight; and
e one or more lubricants in an amount of 0.75 to 2.0 % by weight (for example 0.75
to 1.25 % by weight.
In another aspect the invention relates to a pharmaceutical composition comprising:
e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by
weight;
e mannitol in an amount of 45 to 49 % by weight (for example 45.5 to 48.5 % by
weight);
e dicalcium phosphate in an amount of 18.0 to 22.0 % by weight;
e L-Hydroxypropyl cellulose in an amount of 6.5 to 7.5 % by weight; and
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e magnesium stearate in an amount of 0.75 to 2.0 % by weight (for example 0.75 to

1.25 % by weight).

Another pharmaceutical composition comprises:

e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by

5 weight;

e mannitol in an amount of 45 to 49 % by weight (for example 45.5 to 48.5 % by
weight);

o dicalcium phosphate in an amount of 18.0 to 22.0 % by weight;

e L-Hydroxypropyl cellulose in an amount of 6.5 to 7.5 % by weight; and

10 e one or more lubricants in an amount of 0.75 to 2.0 % by weight (for example 0.75

to 1.25 % by weight.

Another pharmaceutical composition comprises:

e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by
weight;
15 ¢ mannitol in an amount of 45 to 49 % by weight (for example 45.5 to 48.5 % by
weight);
¢ dicalcium phosphate in an amount of 18.0 to 22.0 % by weight;
e L-Hydroxypropyl cellulose in an amount of 6.5 to 7.5 % by weight; and
e magnesium stearate in an amount of 0.75 to 2.0 % by weight (for example 0.75 to
20 1.25% by weight).

As will be realised, where herein compositions are described in terms of % by
weight of components of the composition, the sum of the % by weight of all of the
components of the composition is 100%.

A further pharmaceutical composition, as described herein, may be prepared by wet

25  granulation. The tablets described herein may be prepared by granulation, in particular wet
granulation.

In direct compression methods, the drug substance, a compressible filler and other

ingredients, if required, are mixed to a homogeneous composition then compressed in a
tablet press to produce tablets. All materials used in a direct compression process must be
30 carefully selected with regard to particle size distribution, density, physical form in order

to avoid segregation during mixing and to ensure suitable flow and compression properties.
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10Har dness te§tul\é\_'ﬁ8r({%§§w§ aryi ai%e%eu?()%geé e%gb%&g‘?gr&tﬁ e(glh i“glggrhqlgigtp g!?légss V(zllsntc}ér
Model  61)yripkare @atkivik @wddrs) st maneantibentd fofahbrgroeellippeicspeointitied in the
Eur opean Pharnacopoei a (Resistance. to crushing of tablets),  except that

t he nunbesallef gradkerandataunape !y somprarqs aigr fHtigl ey %Pé?fﬁ?é’oﬁgﬂfﬂess of

each tabl.af Jf2s 35 5?%3?'@%%&1&&%@%%? Enﬁgﬁﬁlgﬁﬁ%@e‘hé Rk ARARVEE

reported K8 30n ( sintegrati D sintegration
'IEEI me $as Ggﬁﬂ‘ﬂ“ﬁ@dme‘hbd* caralscdividad deo wivd hypichew ¢ ipomethiioe nsgleadsfthaditiline & he
uropean Pharmacopoeia, without a disc and using water as the nmedium
_IE_)|h3| &egrléltu:j‘bﬁ;;?;ﬂﬂlq fal?‘ﬂ ﬂgygﬁ?ﬁqﬁﬁlﬂ%g"M'n. ). 20 Compound Assay Test,
e fLonmpound ; RI%AE theadthpbRbab td BPsHEAIAEE a6 QREERLE(fYET €
determ ned usi na %?%{H tgoel?l?%’(r) mance Ligqlfi d &Er onmat ogr%%hy HPEC. Eflﬂsa(rrpl e was
i nj ect ed examplea fmbirdte sgihatecaoppnid oif igrioula Fa: dilvehi®r danéesad@) and n wat er

(Eluent A / 1% trifluorqacetic acid in, acetonthi Gl t ,

defined BPUPH Iyt %‘6‘?@&1 Jllﬁ? 8’@?’3% is thepAppssedusing %\%anuia%ng ﬂ‘lllﬁgtgsfgﬂjti g?\ for
the ijgpurd i8S, dREREBh AL deSTRE ePatded tdthe @Y M€ td PAnighamia donapmhenei ght
of 5 whol®e tablets using 1:1 aceionitrile:water as extraction solvent,

fol | owed grgnlaticnrranéass fohexsayte 20 O 386 by sredght bl 15tte 23Rt weigha Ol t he

0-6ng! . s s e e By Bur DB Tl ioh Tk iy
pr ogr ammechihfiEn § §41M&at, which can be removed by drying, and is non-toxic. Suitably however,
the granulating fluid is water. The granulating fluid can be used alone or with a binding
15  agent (binder) to ensure particle adhesion in the dry state. Binding agents can be added to
the system as a binder solution (as part of the granulating fluid) or as dry material mixed
with the primary powder particles (as part of the dry mix). Suitably the granulating liquid
is added to the dry powder mix in a manner to provide a substantially uniform liquid
content in the mixture, for example by spraying the liquid onto the powder during the
20  granulation. Wet granulators are well known and any suitable granulator may be used to
form the wet granules. There are three main types of wet granulator, shear granulators
(such as planetary mixers), high shear mixer granulators (such as Vector, Fielder, Collette
Gral or Diosna) and fluid bed granualtors (such as Aeromatic or Glatt).
Following wet granulation the resulting wet mass may be passed through a coarse
25  mesh (for example a 9mm mesh) to remove any large lumps that may have formed during
the granulation. The granules are dried to a suitable moisture content, typically less that
2% by weight water, using a suitable drying method such as fluid bed drying. The
resulting granules are then optionally milled to give a more homogenous particle size
distribution.
30 In dry granulation methods, primary powder particles are aggregated under
pressure (or compaction). There are two main processes: a large tablet (also known as a

slug) is produced with a heavy duty tablet press or the powder particles are compressed

|



Y%A %8 0 80 20 16 70 30 25 10 90 26 80 20 30 80 20 The. nobil e phase
starts as 80%eittem Al 20% el uent B at tine zero, then the conposition is
nodi fied gradually and linearly such that after 16 m nutes the nobile phase
conprises 70% ehtent A and. 30% einem B. A steeper linear gradient is then
applied, such that after 26 m nutes the nobil e phase conprises 10% el uent A
and 90% & ent B. Upon conpletion of daB3& collection at 25 minutes, the

ei nem conposi tion is adjusted t080% ei nem A/ 20% el uent B and held from 26

m nutes t.,0, 30 s in_or.der to |I| | rati on
of i mpur ﬁeﬁgge"&'g rﬁg?rf; &% RRoguekst ﬂ’g? On 0?(5& ttgmll gﬁrog& %éggﬁﬁfer nal

di amet er Qagisegony klbolie4se®, tﬁ%&ﬂpacfdd%aeﬁasﬁmlnédasnfgwsﬁﬁaatelmmafg/ phase
having 3 pin particle size. The nobil e phase flow rate was 0, 75 nt k}{arrg nut e,

t enper at Uednigus te oradust Beaular meooal. dhg grfmlﬁ% a2y thesrRecommpaesseshin faian

determn b arison bsor bance at 245nrm neasured using a variable
wavel engﬁdblﬁyp ngc?d%% té%fl?tﬁ that of an 1l5external reference standard

sol utison C0prrF(ﬂloﬁQng:Qﬂfaﬁulaﬁo@&lefgmﬁﬂésaﬁghtBbssdhmhlcapsule compoBit®s@rut i on was

det d di toth | d f the United
Phar Mo BEIEEUER) a1 Eb Ao et aP o Bl  HOSGORE EBRUlS: 2 LUTALA at o
buf f er atlg&i@ﬂt énds h@ﬁ cgﬂ{lglse%édg?f&gaﬁglg' %nétﬁt@gle%o%ﬁé &y th%ﬁ%(ipﬁﬁedn%rtﬂé n. At

15, 30 an m nu I ssol ution nedi a was w t hdrawn and
filtered thhllemagrdewmbaahhmm 0. 45 nm pol ypr opyI ene filter. The amount of
Formula 5a in

olﬁ n was determ ne 5P rosc y eI engt h of
365ri m agai nst3MehRBFRAGeuEE ﬁﬂ’é’PBSI Ble’tsl bsﬁ é%%??@rﬂ% IESPFﬁWre é’af ree
base. 18 58wgtr thﬂitiotrﬁ’process thaFYﬁ'ﬁit%lE?&l&ﬁlsadYﬁﬁ@trmr ately wei ghed and

placed in a rot ating drum (Copley TA-10 or equivalent). The dram was

rotated 100 tifAestharpharmhecentibll spmppsition ady beobiénablishy west gramdeden f r om dc
51 ose. of MRSS EMUPTInE S WRPET S0 ag 48 bopld Ebborhte S Wi BIARRR S 100
Exanpl e lgicalBlu¥pprfsphdeet er Route 5-aeetyl-2-nethenbc zyl pivalate (1)
The present inventors have found that they are able to manufacture satisfactory
15  batches of the preferred composition, using either a direct compression grade or a wet

granulation grade of mannitol, by a wet granulation process.

™
“Direct compression grade mannitol”, for example Parteck M grades of mannitol

supplied by Merck Chemicals Ltd., can be produced by a spray drying process causing the
mannitol to crystallise in a needle-like microstructure while building up a granular

20 macrostructure. Suitably the average particle size of the direct compression grade
mannitol is about 150 to 350 pm, for example 200 to 300 pm. Suitably the direct
compression grade mannitol has a bulk (poured) density (prior to incorporation into the
composition) of about 0.4 to 0.5 g/ cm’] and the tapped density is about 0.55 g/em’ to about
0.65 g/cm’. Examples of direct compression grade mannitol prepared by spray drying

™ ™ ™
25  include ParteckTMMZOO, Parteck MB300, Pearlitol SD200 or Mannogem EZ. In one

™
embodiment of the invention the mannitol is Parteck M200.

“Wet granulation grade mannitol” generally has a more granular particle shape

than direct compression grade mannitol. Suitably the wet granulation grade mannitol has

™
an average particle size in the range of about 100 to 300 pm. For example Pearlitol 160



10 (I') Pivalic acid (33.42g, 3272 mmol) was added to NNW (200nm) and

pot assi um car bonate (45.2g, 3271 mmol) at RT under an at nosphere of
nitrogen. To the resulting suspension was added |

-13-(chl oronet hyl ) - 4- net ho. xyphenyi j et hanone (50g, 251.7 mol) suspended 15
in NWP (100nmL). Further NWP (50nmL) was added to the reaction vessel. The

m xture was heated to 65C and held theB® thr 120 m nutes, Water (600nL) was
t hen added thil owed by toluene (400m.). The resulting solution was all owed

I d.. : iCy | . i .ned J. I
et ract i oitehed by MRapi i BERS 2 2B0RE “SRBERC sy T BUSRRGFYS The

resul tingephganine. | ayer was washed with 20water (250nm) and concentrated in
vaeue to afford a colourless oil (125tnL) containing the desired product
(1) and t ol uenfmotiyirgphgesaceutinal cqrmpwxm(m@mggbwme%m@carmwl%!% (9H, s),

2.52 (31-1, s 3.92 (3H, s) 5.12 (2 - (111,
d), 7.98 P(“i‘ift,s3 %?P“%‘éé WE‘Q?@%‘Eﬁtf%“4‘§§an§%a§%t%ﬁ1ﬁ%%1§%§°6%g° ! é#gh@? rsrét“ﬁﬁ’ Mau 21
5(2) §- aGeinhitoRadedibasyhesioypkhddé wab@iredifdeb 2dmpres2ai grademmhjitdlasusdded t o
Bredereek's reagent (175.5 g, 1000.7 nmmol) held under a nitrogen

at nosphertee wehgrapdsfidn piegessol uti on was heated at 54C for 240 minutes. Water
(600nL) was th : ] X idaB1ey 4 whiQdra@lathur . Met hyl
teit-butyl et h%&tﬂv%}%?%%ggté%zgoﬁﬁ%%mgﬁhgpﬁgl 10m >2)t u?vetogsr?i r?ed and

al | oned tposet tdmdpristewepgenulatigaol cfuhayse sslasf sepapanddf dpfmaladamathai ned.

Further methyl-tert-hbutyl ether s then added.(500n-il) .and the.m.xture

stirred dnentaiol sRtedicaleivarphasahateiergyHRp! %'P‘Q)‘gﬁﬁ“%‘ gﬁ%‘?m\)}ﬂg’l ése‘bsgﬁéﬂ;lg of f

and %”bi‘{?&%%i{u?]ﬂghfiﬁo&"sé.gi nal upper organic |ayer. The conbi ned organic
she

| ayers were twice with water (2 x 300n), discarding the two |ower
aqueous washesWhse!the pemp@Sdm Jonipsisirgrinethrite oat 62 edrepquad ©f Fermply Sa

at nospheri ¢ distillatioon and isc-hexane (1Q0-nth) ad The.. | ution
was al | owlidh P’&n’i%(glan%léh WW@?%@;{S W?P%rg,g%é’ r%eg%%u?ag@ns%ﬁlﬁllﬁgéwoﬁt ai ned.
Furt her iégﬁ'{ﬁ ORbinivAass @dded and the solid filtered off at around

20C. The solid was washed twice wth fresh iso-hexane (2 x 100nl) and dried
t o const ant weAgmheItphaanaQ@p@czgggmppmtlmn@@@p,obgnnable by a wet granulation

SpeotPumPIHRRRIPAURE 15 baRpas SR bR LRy PENRNGuR g a2 TN
s), 3.0 -manrdtol IHitaldit@ashosphate3d L8Bydr3ifipropyl, ceBulbie, (0ptbnadlly,a tindet-a6d 83 ( 1H,

d), 7.05-7.09 ng, d, 7.6-- 7.7 (111, d), 7.84 (1H, d), 7.90 (111, dd)
fyLpt. g82ubd@nt25 60 ,4-4 A-1:1,3A ririvirfilqglL2tov

tfitfitt-7-vl)z2- .fhtaﬁﬁ j 0= Am IR %@n al) was

added to gl aci%ﬁmg(ézII IC %%l }j@?fﬁ&gb?lg?ﬁ%@gﬁéﬁ %%a?ﬁ@?%@?zet ) %ﬁg&g he

m xt ure hgatad compAdag wat gahulation obd fifnR2ESaB-of dicompoytiaofiHeomhlacys, 2-

enoyll- 2- met hoxyhenzyl pival at 119, 9.5.r [) in. O (9 inlL) was then

addedzoove‘ina%@larﬁ?ﬁﬁ@é@. ﬁ’?ﬁé‘@%iﬁﬁﬁ"%&?‘%@@ tcglﬁr‘ﬁg%f’ 8?“‘%@3'? fmdg?r %¢t her 50

m nut es alggg;eg fedi9el0 OC. A solution of potassium hydroxide (24g, 3616
in

m ne!) ter (48nL) was then added to achieve a pH of around 7.0.
Aqueous pot assiuotheaptponatatinelsonipesitian dey bebiginahlebra piat sRnalabemd 10.

After an hour at RT,. a beige lid s fil]t hiad times
with aquleﬁgesﬁ(SP‘alBg‘Flﬂ&W&iE%&H%ﬁBngﬁ\é\%ﬁﬂ?r %dsg{/t?)gf(é%lp(ﬁ@son {{%‘gfaf%ﬁ’ter, The
bei ge sol jdnias, dibasiuaOsiREpiae, . -BRlrokymapaicellilbsd, opi@iatly hydibgypriopyMat er
(44ml) and the m xture 15mai ntai ned at 20C for 60 m nutes. The resulting

cr eamdp whidlalaseland aebsicesiol ated by filtration and washed with water until
neutral pH of the [ r bt ai ' LBHo4 0
constant wei gh%‘nf)tr%l\égélgdﬁllga%&gaa P&%&ghgaﬁgofgo%nﬁg%}) %\3&3 oducto(3). NVR
Speet nnri proddsk cOIMPritdQavet ZPankvtizion OVB@udShteBalt.of A coBidpus) of Br@R(B¥L, s) ,
5.14(211, 20s), 7.31-7.34 (1H, d?l, 7.79-7.82 (111, d), 8, 26-8 29 91111, d),
8 31-8. 35@2&@?016@16‘)191“81. p'-tg)s?liqq?’ L-hydroxypropyl cellulose, optiodally hydroxyprop

cellulose and magnesium stearate.

30 Another pharmaceutical composition may be obtainable by a wet granulation
process comprising wet granulation of a fumarate salt of a compound of Formula 5a,

mannitol, dicalcium phosphate, L-hydroxypropyl cellulose and magnesium stearate.

+ |



d), 11.41 (114, broad s), 11,67 (1H, broad s). Mpt, 260-266C. 25 61
S-(2,4:4inR11, 4, 14-t et lakdroladpl 43-dflpvivatitlitt-7- \11-2. elk)ate (3)
(Al ternate nethod) (3) 6-Amrtouraell
(2.69g9, 22.5 mmol) was added to glacial acetic acid (55.2 nth) and water
(13.8 nth) and the m xture heated to 95C. A solution of

5-1(210-3-(di nmet hyl i m i no) prop- 2-enoyHd- 2- net hoxybenzyl pival ate (6. 25g,
18.79 ramol) in DIVISO Uri nth) was then 10added over 240 m nutes, After

2o o1 e o0 e UAEE bt I e G0 o8 SRR 12 o
et hoxy beRBYdss le’ﬂﬁhﬁhg W %& qg&gof Pinrhte@hI@ of & }é&hﬁ(‘)ddd&ﬁ'tﬂoﬂﬁula/sfat er

conpl ete addi ti on of O solution, the reaction m xture was maintai ned

at 95C fcmamlfuhrctwaémummlmosphmq Lelmir@cypg@m@lgellulgseta@d@mona&fﬁaebmm m nutes at

60C, the d t ed by..15f ] It t
Fol | owsd by act@RPuRIA R ReT Cort Goig e biey o RBeRr ey YRR ERniafich 20
t hus aff o[;rgbéggcgmgggn f desired product (3). NNI R Spectntm ' 171 NWR

(500, 132 ‘Mz d 1.19 (911, 2},}3923H s), 5.14(2H, s). 7.31-134
(111, d.), 739(1)7wetgremliat10n of) fus@salesaé ferqompoypd o Ferpuiga §5 rpangitolyq) | 8. 48

(54115 4-7 8?)e 1F%1)1‘r%18§§1/ I{Oé@iaﬁg:} g?dr{\gl%ng](;)b’ Z]'}&ll)i{gnélb(f?r ae%lmxylll}){gnivl ZS?VEIGS'LC e (4).

25 d (ii) blending the resulting granules with § lfhbrlcant and
5-(2, 4-di oxo-1, 2, 3, 4- tetrahydropyrm[z 3- c%g ti 7-yl)-2-rnethoxybenzyl
pi vaiate 62 ( l)mgnpr%l@g hEHEie stgp; (HPARORRIAS DL PEA” (4. 29g, 3123 mmol)

and ngf hoxybenﬁﬁ EselRpkikion {ngﬁ&gﬁé Hanmcmlcmu%ﬁo@pﬁaka 1 BSBAy R was

t hen added and t e mxture st at RT for 60 mnutes. The m xture was
t hen heat @flutose 30fier Ahd &ubrit8its desvuibed heriat reay he usedg In parBgulanhe maritoddded
and the solution cooled to 5C. HPLC anal ysi sp,bshowed the desired reaction
to he conpglaete gradulgtionagatcahanr(@bsthwaPetdhicri ddded fol | owed by aqueous

di pot assi um hydrogen phosphate solution (26nil, 2.0 nol Li). The resulting
yel | ow sol i d wase phatht:emcb}ycdmmsrtmllsm asmdiddtdisegt formsi Bich agle jablai of he

filter. The ol i t hen added t afr hre v

aqueous d?aﬁﬁ‘%/lﬁ ﬁiﬁ‘f ﬁ@?ﬂiﬁ%ﬁ%lﬂceﬁ]% pHAatre Si§8flﬁﬁ]in rél 4 totr’]ﬁt %?%d't

fol | oped By Blytitias aliatge HHA Aakibletldesi fghé‘@ﬂirtﬂnﬁﬁ:dﬂa&yﬂda@w Slﬁ{ab[i' thas
isolated by filtration and washed with esh ethyl acetate r\)b@fThe

resul ti nglrmuedldtemlsaaeéd?lait@dl cbyn’(egra[tcp atirlidi fallewviag |a€@1ft1§$f9<§1@ﬁ§§ Qﬁrtel Bht in

vacua at C.,.a rdin

5- (2, 4- di %P%pr I §8 ‘gpgn I%I%’rese‘?ted&yé“ MThSSBEAITE Vo e €4 The
structur emmutémddgplbmgdl(}:@nmuﬁﬂuews conf| rmed by I11 NIVR anal yS| s. NMR
Spectrum /H NMR (400.132 MHz, DIVBOClG) 6 1.20 (9H, s), ag s), 5.20
15(2H, s) 7. 27Aprages iy thejprepgatign of aphqrmpgeuticyl coglp@altlen&m ngdq the

8. 69- ﬁ) 741(n]\7|e_l’1t1c99 conjl\érg%s m%gﬁél Q flmarate salt of a compound of Formula 5a and the mannitol

and dicalcium phosphate and forming the mixture into a unit dosage form such as a tablet

or capsule.
In one process, following mixing of a fumarate salt of a compound of Formula 5a

and the mannitol and dicalcium phosphate (and other optional ingredients as required such
25  as a binder and disintegrant as hereinbefore described) the mixture is granulated and

formed into a suitable unit dosage form. Suitable granulation methods are as hereinbefore

described. For example the mixture may be wet granulated as described herein. When a

binder is used in the composition the binder such as hydroxypropyl cellulose may be

incorporated into the mixture prior to granulation as a dry powder. Following granulation
30 the granules may be dried and milled and, for example, compressed into a tablet as

described hereinbefore. Suitably the composition is provided with a means for protecting



5.12,4-diehlor wido a 'din 7 1E2.-niet '41 Al ernate nethod) 20 (4)
5-(2, 4-di oxo-1, 2, 3, 4-tetrahydropyrido[ 2, 3-a] pyri mdin-7-yl)-2-nmet boxyhenzyi
pi vai ate prepared by the alternate nmethod (6.95g, 18.1 mmmol) was stirred
wi th DLIPEA (6.8g, 52,7 25ntnol) and toluene (55.6 itilL). Phosphorus

oxyel doride (8.1.g9, 52.7 minol) was then added and the m xture stirred at
RT for 60 mnutes. The m xture was thedlheated to 80C over 120 m nutes.
After 140 minutes at 80C, water (0.16g, 9.0 minol) was added and the

reacti on m xture nitored b PLC.. |- 1.PLC,. 1S, : desired
reaction 3 3THEMES ?%f %qmﬁoé\nﬁé%;:ar o‘fﬂﬁr5 3# ‘ ngig?f \(}g%(ﬁ{]%\g%g%ﬁ gd and the
sol uti on 1p@hefer! Gobé&xamie wied th€sdthpdsiithnyielid O foh bfla Wbkt itBotableets by

filtration, washed with fresh. tetrahydrofuran (13.9nL) and dried visibly
dry on t hwovided with athght prdestive aeatig) as desgaibed heteHeftetr i ed to constant wei ght

tn vacuo at 70 f I . of 5- L >

dThyri ni di n- 7-‘&8- e?%@% ﬁ%ﬁ? en‘%}f‘)1 Bi ﬁ%’&ﬁ%&t‘ﬁ@%@{sﬁl{%ﬁfj&?lﬁ t he
desired comgeitidnwasordiag-tb thetilve@diohyomptisédVR anal ysis. NNIR Spectrum tH
NVR (400. 132 MAiz, . DM5O-.d6) 6 L20 (9H, s),. 3.95 (311 s), 5.20.(2H, .s)
7.27-7, 32 (1H,()gyixing afudirate solf of & gympeingd ptdogmplpda agst ,theame@n%.%?a% 1H, d).
M pt. 202-207C; nlei .

155- (2, 4-di eh%?%%lyﬁ@%){%}}a&’di ntrimdin-7-yl)-2-nmethoxybenzyl piyalate
(1.12, 2,49 mm@i) eravaktiag tdednixture ddmedan §EpF0 b foramgraDPEA (0. 321g, 2. 49
m noi ) (38)-3-,.inethyl norpholine (0.755g, 7.46 ninol) was then added and
the m xture he%‘f)e(a’t’l‘%al%ﬁn%f@rgr % ng at 513C for 10 minutes, the
reactjigpon was t(fp@)r}nfxm ﬂﬁ@@rgﬁg@g%t};gui,ﬁ%t; 4Ngt er 480 m nutes, 1-1PLC

anal ysis showed the desired reaction to be conplete. The reaction was
20cool ed to RT(vhremprsserg (b6 gSanujesdd@erdtablebl | oned by et hyl acetate (3.3nl).
Upon separatio . the_l.ower agueous. t . ") was
added dr opwi segg@{%%ef‘%lp{eﬂés Sé‘?lﬁ?/?aglélent%ggemeaﬁggglgtgﬂnﬁﬂég‘gﬁ#éﬁgo further
2- met hyl papinaten §3p &?ﬂ;ﬂheapr@crdsgm degedibeavtiesahbadorvamd dilwented Th éheresatnptesng
solid was filtered off at RT and washed with fresh 2- nethyl pentane (3.3nl)
to afford 1,084 Rerticulajdhe grandlationistepdp) 18 paret RIPRuRHAN pescuped bereigpalpst ent

1 oh 1007 iR R GERTRAINCA ) 1 R SRR b beQfud ghbprdTETLS) ©

3. 64 - 4. 0Rillifd &f caryied 3uty@nd Sdbbegjent dordfressich i fabldis. m), 4.57 64 --- 4.69
E iﬂ g; , 4.93 nlaHﬁlrt%grO;%gcgsg%or(tﬁy bre%)%r’atigfl gP th(elp lar’magc)eﬁticzl iéln%mg&i]a't%’relgzis’e 7.98

tablet composition, the process further comprises coating the tablets from step (v) with a
film coating.
20 The fumarate salt of a compound of Formula 5a exists in certain crystalline forms.
In particular a fumarate salt of a compound of Formula 5a is in crystalline Form A.
In another pharmaceutical composition as hereinabove defined, a fumarate salt of a
compound of Formula 5a is in a crystalline form.
Another pharmaceutical composition as hereinabove defined comprises a fumarate
25  salt of a compound of Formula 5a wherein the salt is present in one or more crystalline
forms.
Another pharmaceutical composition as hereinabove defined comprises a fumarate
salt of a compound of Formula 5a wherein the salt is present in one or more crystalline
forms selected from Form A, Form B and Form C.
30 Yet another pharmaceutical composition as hereinbefore defined comprises a

fumarate salt of a compound of Formula 5a substantially as crystalline Form A.



8.12 (11-1, d), 812(111, dii). Mpt. 107110C. 5-1bis |
(IM3-nmethstriorpholin-t- yllpyridol2,3-dl pyrind d in-7-v11-2- neth
oxyberizvi pivalate (5) (Alternate Method) (5) 10

5- (2, 44i chl oropyrido[ 2, 3-al pyri m din-7-y1)-2-nmedi oxyhenzyl pivalate (15. 1g,
35.6 initial) prepared by the alternate nethod was added to tol uene

(60, 0L, ) and potassium carbonate (10.Qg, 71.2 innvol).

(33) - 34- net hAnor phol i ne (8.4e, 81.8 mm. 1) was then added and the m xture
heated to 110C, After heating at 110C for 16 hours, LC anal s showed
the 15desi red MBcHEBHTREFcHECH SHBPRYIECN FHRTFBgavedls R SRR BB 1 o
60C and f ank yﬁﬁ,ﬂ the m xture
al | oned t{)ﬁz)?l(é C{bﬁg&g&%@equetn S%}el?lty%he}n{%ﬂﬁgﬁsh?pa at ?ﬁ%ﬁg@ ﬁ? ﬂze | ower
aqueous | mythoxymenﬁbmyﬂhpmitvdweel(l 11505tk 19 peasnt addedordnapwisséalbite B0@st o t he

upper toluene e t he desired conpound were then
added (4 e’dltgﬁi"‘%o%& ﬁ{aé@if xture cool ed 20steadily to 20C. The
resul tsi ng sol i ?et%%tﬂe%kﬁﬁfrﬁge&ifcﬁl @;m fﬁoﬁrag h%%hﬁfbr%&ﬁhédrc%ﬁ{pri%es a

met hyl pent ane to afford : a yellow solid that upon NVR

anal ysi s ﬁumrat@ﬁidt @ﬁ(éﬂ{t2 %EHWhé—m@hﬂn@m@émﬁme@IZ 3R spdot-7hn-2-

11- INVR 35 (3H, d), 1.46 (3H d),
3.37 (11(T°t?‘f’ e%et%]l sz‘bﬁ(‘?{)“auﬁa% At P K, I(’l) 27b0 (3.H, ( s), ¥ 30

-4.40 (lii; i nSubséanﬁZH}Z@s FornftA 68canb Mat t}ﬂ:r@@ g‘éalélr thabf %a% ¢f)Eorfn. Alﬁre(sé’rim s),
7.00 (111, d), 7.42 (1H, d), 7.98 8.22 (111, dd)

M pf . 187mmd@ular6lgere dgrzatqn thp 99 g/sf orm ﬁeng}w}ﬂ@flpi Néﬂr? Hv‘l%e%}ml t&m P42, 3-4
DV ri ﬂ)‘ ' %&%ﬁh@% Yﬁ&g&éﬁé&%ﬁ @E Ia/a @8ﬁn %Gbartlc(lﬁ}lly t@%r??%’_éﬁbﬂlﬁgﬁ OX' de

solutlon( t0 a solution o

10hi s[ (3599 %Ft&hh&l ]ilimapdmileirnheireyd grpatet ithah 29 3-°4 Pprm rAniPditivularlyither2-4sm0t hoxyben
zyl pival ate ( 30 nol) in THF (6.9 nl..) and nethanol ( 1,7m L)
at RT und&fatght %%@pﬁgf’é‘n(ﬁ ni trogen. After 240" mi nut es, HPLC anal ysis

showed conpl et-gpdgi ﬁgﬂeﬁam%Fys&ﬁhﬁe%nﬁto@atfﬁrﬂgraf%ﬁrdf@s (o dhgy(eAski on vas

mai ntai ned at RT overnight (for conveni ence) and aqueous cCi tr| C acid (20%
WV, 2ri tm)ath\yhnomhaﬂeﬂifyd)]lpynda{d 3oy premidih &g } hinethioephech Srmkthandtihevimgper

aqueo was extract ed t I

il oriide CEBlelGins it aneeab oo Gy brd EARRDNEE: B0 a8l el b of the

met hyl ene chl Wh&@lsaﬁrf)@lﬁg&g crystallme form of a fumarate salt of (5 {2,4-bis (3S) 3-

(5-12, 4- hi sr(35) - 3- net hAnor phol i n-4-ylip S7yr|d0[2 pyrim 7-yll-2-
(o}

met hoi t ypheﬁhy@mhﬁahé-lyl]@@ldd@ %d}pennw Vi - m@@ixmbenylzmethm desEeEgm | i
3 10 o RP e o By ® arp i O»n; Sytgtbog, %f')w LEE R

s) 3.843. 3 (BH, 19)4 ardl. A%.- 4. 47 (2H . 4. 58 (21 1, s), 4.74 4.81 (1H,
m, 5.19 (1H broad s), 7.08 -7.13 (1H, d), 8.05-
8. 09 J01H, dd) Therg 35 mowée‘émrysep}hn ng(om Ia)iratez@%}pf (%1{2 42113%32%53 C. 66

(5,224 A A AP SRy s b
XRD pattern comprising peaks at 2-theta (\=1.54184) 6.0, 8.5, 9.6, 12.2, 13.0 and 17.9.
There is provided a crystalline form of a fumarate salt of (5-{2,4-bis[(35)-3-
methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl}-2-methoxyphenyl)methanol having an
25  XRD pattern comprising peaks at 2-theta (A=1.5418A) 6.0, 8.5,9.6,12.2,13.0, 17.1, 17.7,
17.9, 18.3 and 19.3.
There is provided a crystalline form of a fumarate salt of (5-{2,4-bis[(35)-3-
methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl}-2-methoxyphenyl)methanol having an
XRD pattern comprising peaks at 2-theta (A=1.54184) 6.3, 9.2, 10.1, 14.4 and 18.9.
30 There is provided a crystalline form of a fumarate salt of (5-{2,4-bis[(35)-3-

methylmorpholin-4-yl|pyrido[2,3-d]pyrimidin-7-yl}-2-methoxyphenyl)methanol having an



(6) Potassium hydroxide solution (9.96nL, 133.20 ranol) was added over 30
mnutes to a solution of 5-
(2,4-bis[(35)-3-nethyfiriorpholin-4-ylipyrido[2,34pyrimdin--7-yl) -2-

i net hoxybenzyl pival ate prepared by the alternate nmethod (25.16g, 0.30
rnnol ) in methanol ( 244nlL) at 50C under an atnosphere of nitrogen. After
120 m nutes at 50C, HPLC anal ysis showed3conpl ete di sappearance of the
starting material . Seed crystals of the 10 desired conmpound were then added

gs%iﬁlrr?sh cr yg?tt% i’$ar 8Fa igggéang%@%%a&%dg%gégC%g 4'%{]%& 201L3hen

added oveand 32101 nut es mal ntaining a reaction tenperature of 50C. The
reaction mxture is then cooled to 20C and the resulting yellow solid

i sol ated by fi lpaserovkillephia tlgﬁam &w\'/l gmrpeatmlgatwquwn rathgrn datapsesgnigd ol ; )
d dried |
o0 by SRRl K ASPLEAN 00N (B KOS B 8 ERE R Syt

met hoxshemyl.)* ihttﬁtdlubmﬂ to()G—)Rané’o&/dﬁeUlmcﬁbﬁidt@ Idlﬁh W3gy & Hivs, Bmﬁ)t r um | H NWR
(400. 132 ? 23- 1,28 (3H, -1. 40 311

3, 14- 3. 27%@@6 thyha lsbem erS@O%h%(tih@ %ysta pe fense ngt lmer\dsﬁto bfhblmlted@r (311,
s) 3. 84- 3 1 (1
)35 Bl brodh R, o g Pyl gy el Ve bl

8. 05- 8. Oglffradm:m whttprns Bled21b8Aberelrl - The pre@nB8ihvedtionlalsainclulbpany @02al1205C. 67

Exanmple 2 - Est er Met ac - met hoxybenzoat 7 7
Wty 5 B Sy AP SRt O St eotdas Sy ERyES HBs e SadeetotD DF
(381 aﬁé'reﬂﬂ@?@ﬂs@ﬁblﬁﬁé@%&@rt(o@&?@ poRler &ifiFRioh i8hbIRTo Ia Ethean

at nosphere of ni en. To the resulting suspension was added net hyl iodide

(90.5g, 68wbsEniADIiNIlAKTy aftX- mmvedendrfﬁaqma&gmsandmll upfleretendthiaf f i ng at RT

f 30 d cCcd trat
compi ot o PHiseeesh Ry g d BBt e B SR B R e ety ot PRy = "
(380nL) afdnt Meadufsiknt cogibrist (Gudalsieduiphidnt, 8h@gledrépdrRiodf JrahdmBehidg of the

desired, water wet product (7). NVR Spectrum 11 N AR (400,132 MHz, CDC13)
8 2.60 (3P|S€d§) intensiyy varions yesulfinggrqm megsurgmentzopditipng gnd sample prgparation;

8. 10-

Sa( 28 %ﬂ‘?&lﬁ@“ﬁ“@%ﬁ#& 15k (ARG B3 kb in sz g nppyumitpgaspect
20Met hyI Eatmsef yirsiaist medthewhanﬂoﬁmleéﬂdns%lgh céiBhDafforadd)bywaas padized to N, N-
di net hyl f m d th acet al 6 g, 374.5 mmol) held under a

ni trogen g?‘%%"ﬁl’f@\‘& rﬁ% %‘%P]@sséfﬁ 'E‘Hli’ﬁ agiomstenfad heesretrlbratonettes 60

m nutes. YekhanRktet HAALYr lgrhﬁlﬁ}é{)p@ig\é%q Ry atnospheric distillation and
further N, N-di nethyl fonnam de I hyl tal (8.90 g, 74.9 mmol ) added.

The resul ting delnrntionediageinbefoed wien $xCdngrositiva if urthhcﬁmrﬂ(ﬂth tab]net;ttl&s The
reaction then oI ed.to,50C and eth acet a ol vent
(35mL %é)l s%ﬁ c?ﬁf‘tteﬂgv ey ﬁ"ﬁl ﬁ" éﬁ?ﬁg}?ﬂéﬁl% it ‘% ﬁati?fd fresh
ethyl acetadted b mebatﬂf»gj @ﬁitab’ﬁré g rco&ﬁlg\/ @&hplﬁs?iﬁgﬁﬁ kebn bRide %@H&ﬁi Thomh he

reaction by atnospheric distillation and fresh et hyl acetate (50n) added.
The react PYHe pistapt & suiablgPreseot asdbew OFORSvihdPeby weraht dé&lﬁﬁdﬂetphnmsmthe

crystalli [ d soI at ed
by filtr aﬁ?%ﬁg%e gn%‘t?sv&ﬁcgen\?ﬁar?o f@géﬁqphy%géto ‘t‘téib%g f? Elﬁti]}f d Yti ed

t 0 const aokidepigint is(pra‘feht)ﬁtchbﬂnlt B8y Wf wtikt stahé 1a8tkt. Eichybletroatigiimd be

(di nehyl am no) prop- 2- enoyll- 2-t net hoxybcri zoate (8). N MR Spectrum 1H NMWR

400.282 d M@ x abhple 9 orhdidrcidll 180le cddtng(sd 3H,
g), 3.89 %@31?116 s), 539X5p331 (1I{rl| dc)1 ml&aegz (f(llaiggﬁ)ﬂl@@éigbl gggs(lll(ﬂ d),

8078. 12 dsl)ppli8d by Coldrcorclne. M pt. 112- 114C.

One pharmaceutical composition is a tablet with a coating comprising one or more

colouring agents. In another, the pharmaceutical composition is a tablet with a coating
comprising one colouring agent. In another aspect, the pharmaceutical composition is a
30 tablet with a coating comprising an iron oxide pigment. In another, the pharmaceutical

composition is a tablet with a coating comprising iron oxide yellow. Coatings containing



10Met hyl 542, 4-di oxo- 1. 2. 30-tetrahydropyri del 2J-di pvri m di n-7-v1l) - 2-

nnet howber azoate (9) (9) 6-AminotErni' (14.32g, 1123 mmol) was added to
glacial acetic acid (112,5n) and water (75nL) and the m xture heated to
99C. A solution of nethyl 5-[(2E)-3-

(di met hyl am no) pr op- 2- enoyl | - 2- net hoxybenzoate (159, 56.3 mml) in DMVMBO (75
int..) was then added over 180 m nutes44The reaction was stirred at 99C for
a further 90 m nutes and cooled to 60C. Water (75nL) was then added and the

reacti on .mai nt,&i ned at 60C. for.a fur] r 60 mn t83 (gnﬂ %{,ﬁhﬁn filtered off
to af f or " BefGREESRIsEre qaRMEsialy axaLa dHerr ARl Ope YA RENQY (75M) and
dried vi icdlofcAHREFE 8B FIANEAbAGSEH480), HhiMBhE] biabpiRalth theltlet AAnNVR
Spectrum 11 NMR (400.132 MHz, DVMSO d6) d 184(3H, s), 3.92(3H s),

7. 31- 7. 3q@kbus,sobifion ot Suspedor(.1 f1, d), 8.26-829 (11li, d), 8.31-8.35 (1H,

28)11 3331% ( 1';’9 81)1é El}]é%m?% i%giggg{%c(}?i%oﬁ )1§ a t]é%le?\Zvitil]éHWeiEﬂtooﬁdcogaﬁg ‘t];ettwleglt, for

5- (2, 4- di @xBple Riodt(¥s,tRER 8y dh® Py, ol & gt Ry fablRAeh 8 whi ght) fo2 exdagil B @xy benzo
ate (0.5g, 1,5 mmol) was stirred wi th DI PEA (0.42237 3.29 ranol) and

t ol uene (@ bymejght phdsphldeuerro gt dripasicplar, thgweighsof efiatingis)3 (e " ien
added and_t. Xt U heat ed .t 0,80C ., After . i v S
Shoved 1 rtip R by DGRERP PRt e bHPo MO e (T EER AR VRIS )|
vol ati | e geupPReYtveeisiaaViadtab)t cirstaeighat i on in vacua to afford | .43g 10 of
an oil that upon MAR anal ysis contai ned 31%&%% wei ght of the desired
conpound ( 10) . Ong marmagsagicel semaorition goa elket it a ZFOPriANYEnq qoreg) |

4. 03 1(3H, 5r.7, - DH_HO;- : AH, dd),

5 5 8-1@. 6 1?1??_{0%%. Tél ayéfﬁeﬁtﬁ% p a?ﬂ%%aﬁc %%n 193 tabﬁget 5&5&1821 &%ﬁg‘

5-: 2, 4- bi @n(@BS)ngdredilmyfoangoiphoither; the phimeaceweioa] Gmdpaitpyris aitabilet-withyd 1- 2-
15 net hoxybel uoate (111 Meth . .

5- (2, 4- di CRIBSE BPPPHNGP zaéﬁr-ép%blﬁrﬁlm-ﬁarmrﬁ%aﬁ 2 0B pseholddeinqdgn g,

0. 315 nrqgﬁingas added to anisole (1.85mL..), (3S)-3-inethylnorpholine
(0.095g, 0.945 anniol) 90and catalytic quantities of glacial acetic acid at
RT. The react i Onc plsmatratichleatgosition 180@bleaftitra @AOngremprsng d @ mergl ysi s

sho the desired reaction.to he copplete..The r ti.gn was. cooled to RT
and S5t urdheaiek foaE e pb it GOl B oS 1 1AL e SR b et hy)
acet at e (oheIphdifietRR BnBRATRhnReufidi® cdiBodianetk S tatlet Willeh csatngr at ed
aqueous citric acid solution (4naL) was added to the upper ethyl acetate

| ayer. TreomprGingditiminedlietideous citric acid solutions were then washed with
esh ethyl acetéxtlcfe %%a%hgg%ﬁcalgcﬁgﬁggﬁ%ﬁqéﬁ {aBikt Withtahﬂ?)agﬂgt?{)}h&gsqifﬁgﬁé or(rﬁg yl

acet ate) phase, ower aque ase was treate ous sodi um
hydr oxi deanfiOta2bsglents3 InldndtieiDihg pharhhgelitkalitdrpgitial ivhitdhletweish exdatiagt ed twi ce
with fresh ethyl acetate (2 x 7,5nl,) and_the organic |ayers conhi ned and
5dri &8 ovMMIHERSFEtiragnsnt it apathirathe phagyaceiqa) ForRpestAnas fe %@%
| ei rnm ci - disti]l-at i in vacua to afford 0.19g of a yellow oil that
upon NMR %%%?ﬁgg:céﬁlk%%?g?aggd 71% by wei ght of the desired conpound (11). NWMR
Spectrum 'H NMR pBMadS2icAHomioMEOndS) tablet $3thld@afiB¢icordprisidg 8fc erimdi®
(31-1, d),, 3,17-3,27 (AH, . m, 3.40-, 3.50 (114, ..3,085 - 3.99 (911, m,
3.87 (3H,Plagiicisgrsoln angphsyy the ;vbarmaswﬁcmg&tzow ?)ta&’.lemﬁl oEAINg 114, 1y,
7.28- 7. %n(é)’h]sﬁlg &hepldstibiker. Tn B therlthe pHirmBediReal Sordfbositidd is €Qabl&-with 8. 36
(114, dd), 8.56 (1H, d),

25  coating comprising a polyethylene glycol plasticiser, for example Macrogol 3350 (defined

in the PhEur).

Tablet coating may be carried out using conventional methods well known in the
art, for example coating in a pan coater. The film coat may be applied by spraying an
aqueous suspension of the film former, opacifier, plasticiser and colouring agents onto the

30 tablet cores.
Another pharmaceutical composition comprises a fumarate salt of a compound of

Formula 5a which is a tablet with a coating comprising iron oxide yellow.

| |



M pt, 97401C. (5- (2,4-his[(35)-3-inethylnierpho4-yilpyrido[2,3-d]pyrt.
-7-yl '} -2- 15rnet hoxyphenyl)nettanol (6) A solution of lithium alum nium
hydride (2M solution in THE, 1.01nlL, 2.01 nutter) was added Los sol ution of
met hyl 5- (2, 4-his[(3,5)-3-nethyl norpholin-4-yl]pyrido[?2, 3-

20a]l pyrimdirr-7-yl}-2-net hoxyberizoate (1.47a, 2.68 nmol) in TI-1F( 19.8
m,) at Oct under an atnosphere of nitr4asgen. After 60 m nutes, further
['ithium al um nium hydri de (2M solution in THF, O, 67n‘n 1. 34 nmol ) was added

and the sol ut wed to stir at .RT for 900 e resulti
ot o o (BB oEDa{ R S ATPPHROD FRBRES (i dalol Sarapd e
ui L et yhoiel 8 @nicR2IE bl ANLEYARBRALh AfriGh b b@l@rvﬁltyhmzolﬁﬁeﬁtﬂﬁlﬁm i.2g of

(5-12,4- 25bis [(35)-3-nmethyl morpholin-4-
[ 2, 3- ef | pYirkidedVincrpgyll 13 50 2iromexideo x§ljsive hanol (6) is obtained as a

el l ow solid. ectr m 11 NVR (400. 3 ---
Lo Care At BRESHeT o SMRaR Y adthaiRsa PR ciRdog 85,1
3.55 -5 3. F@n(ldba with madnfdl &ﬁlﬁealéﬁm}h%épha%d(ﬁ@oﬁtm@}om is38g fron oxified7
(2171, in), 4.58 (214, s), 4.74 --- 4,81 (11-1, in) (114, broad 0,
7.08 --- welloy qurgled) . 7.56 - 7.63 (1H, d) 8.05- 8.09 (1H, dd), 8.12 8.16

bi 5(38) - 3. met Ay snsAkt s, € chp o ERA A Bt s PeonpiRl B e 157 12A

2- et hOXym'tﬁﬂi‘l/aiLKmﬁith afnhitbl aﬂinlqi}ﬂkﬁtlm phOsgiate and a coatmg comprising polyvinyl

(2,4-Bi s[(38)-3-nethyl nmorp hoI|n pyri do - dl yr|md|n7y11 2-
r net hoxyp"ﬂ%‘l’hﬂ]-lrfﬁﬁfﬁﬂlﬁcﬂlo’(@e Bdgcrogol 3 %ﬁglfdf%’s‘)"“g‘b}‘ﬁ‘i té Cacid (0, 78g,

6. 8mp) es) andln%t()m&gﬁﬁgoa?lﬂ rcbﬁtaln@#b?ﬁ 50&15(70%@%1 hilor AL dorMEr, §n Char ged
to a 100nl reactor and heated to re cooling”i n stages product
sol i di fi echartiRraditcontaas 3i8dbloat2etl%o lysawhgtit ofi film fosmretshy| at ed spirit

i ndustrial 74 P. .and dried in 50C 8la of (5-
{2, 4- Bi s[ ( 331- B-490thp %F%?BEFH“%“V%‘[ g? Zaéltfvﬁkﬁh i %ﬁaﬁlfgrgiﬂfnez (
triet hoxyaﬂﬁ‘&ﬂl%ﬁ‘teh%ﬂﬁlns@ m@%%ﬁy @'&gﬁt U@ﬂa@i‘ﬁe?%ﬂa%rther%o@ﬂﬁ&ft rigm ' H
NNW (400. 132 MHz, 'DMSO-d6): 6 1.28 , 1.45 -1.55 20(314, d),
3.33-4. 01cqn1a3n$bmveem2123a(u125 SG’ijyzw@lt@ snp.acf@lf)r 4.59 (2H, s), 4.72 - 4.80
(2H,

5 55 11T, o el ehs ool Abr i B he eolen Rt 114, 5

2-ratet howﬁaﬂaﬁ hlcaﬁﬁah@rmlz foIsPhas fwe@ﬁt of pladi®iser.
(2,4-Bis[(3.5)-3-nethylinorpholin-4- Eyl’ISICI [2,3 gyrl mdl n-7-yll-2-
net hwi yphertylWﬂ@ﬁrth‘F cwa@g@pgf@ms\%mn 10 20,86 by Werght obReexi depigmealy; this
sol ution A dr pp aci d
ani on caubestSBEGTE.0% B BF wicfheBotiodh oS ARl SR BRCALOMAS “L

t hen | eftl 09 =0 P4 bpweighnofindn aildéprgmetne;rrper ature before filtering and.

i sol ati ng t he reC| pi tﬁte Ap -ra% di ffre})fﬁ)l on pattern was recorded
usi ng¢% Br aker npedT-d ?F?aé@s&%&ag}s aRavEPdngeH ey XsigfoTiRlg418 A cu
source, Vol tags 40y hd LR gtcoﬁﬂ&hé%‘fdﬁ'i‘o‘é)@%)l 0958y Rlcfsht WEL6n SE@Bned from
2-40' 20 using a 0.02' a 1 second per step tine 10 count. (see
Fi gur e 1)pigment(s) and from 0 25 to 1.5 % by weight of titanium dioxide. For example in one, a

coating containing about 0.6% by weight of iron oxide and about 0.4% by weight of

titanium dioxide, or in a further, a coating containing about 0.06% by weight of iron oxide
25  and about 0.94% by weight of titanium dioxide, wherein the weights are % weight relative

to the weight of the tablet core to which the coating is applied.

One pharmaceutical composition comprises a tablet core and a coating wherein the
tablet core comprises:
e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by

30 weight of the core;

¢ mannitol in an amount of 45.5 to 48.5 % by weight of the core; and



Peaks were observed at: Aiigle/20e,.=1.5418A) d-spacing A 5.99 14.74 7,87
11.23 7.18 12.31 11.97 739 12.60 7.02 13.55 6.53 27A1 4.02 24.49 3.63
is[(3.5)--3-otettivireetphotin-t-Iliwideip43-41lpytin 'd 15
2- met honphenyl ) metti onol phosphate On a 501ing scale using a 1:1.1 nolar
rati o of (5-12,4-Bis[(35)-3-inethyl norpholin-4-
yl ] pyrido[ 2, 3-arl pyrimdin-7-yl1-2-netgexyphenyl) net hanol : Phosphoric
acid. 50ngy of
(5-12, 4-Bi s[(33)-3-net!l ayl nor phol i n- 4-y]| ridol2, 3-dipyrimdin-7-yll -2-
met hoxyphen$| et Hamathofiatginsgsmapgt P%l 4&0 #4-Bphy W&hﬁ%ﬂ% thgcogs hy?/
Acet at e, i l . -wi-se.to a vial containing the
phosphor iagiae‘lvzt}e%h\?\ﬁlhg é’gg%é@%ﬂkgﬁ%‘gﬁg%@c%%%w{%&f nmedi at el y preci pi tgt e.
The exper i mentiroheskiddrgilomeintantadn®int 6f 8 to 11.§M batveighoot thenpatigf, and bef ore
filtering and isolating the precipitate.

e titanium dioxide in an amount of 8.0 to 12.0 % by weight of the coating

5 and in a further, the coating on the tablet core comprises:
e iron oxide yellow in an amount of 1.0 to 2.0 % by weight of the coating; and;
e titanium dioxide in an amount of 22.0 to 25.0 % by weight of the coating.
Another pharmaceutical composition comprises a core comprising a fumarate salt

of a compound of Formula 5a and, in one, a coating comprising:

10 e a water-soluble film-former such as polyvinyl alcohol in an amount of 38.0 to 42.0
% by weight;
e apolyethylene glycol plasticiser such as Macrogol 3350 in an amount of 18.2 to
22.2 % by weight;

e talc in an amount of 14.5 to 15.1 % by weight
15 e iron oxide yellow in an amount of 12.5 to 17.5 % by weight of the coating; and;
e titanium dioxide in an amount of 8.0 to 12.0 % by weight of the coating;
In a further, the coating comprises:
e a water-soluble film-former such as polyvinyl alcohol in an amount of 38.0 to 42.0
% by weight;
20 e apolyethylene glycol plasticiser such as Macrogol 3350 in an amount of 18.2 to
22.2 % by weight;
e talc in an amount of 14.5 to 15.1 % by weight;
e iron oxide yellow in an amount of 1.0 to 2.0 % by weight of the coating; and;
e titanium dioxide in an amount of 22.0 to 25.0 % by weight of the coating;
25  wherein the weights are % by weight of the coating.
Another pharmaceutical composition comprises a core comprising a fumarate salt
of a compound of Formula 5a and mannitol with optional dicalcium phosphate and, in one,
a coating comprising:
e a water-soluble film-former such as polyvinyl alcohol in an amount of 38.0 to 42.0

30 % by weight;



73 Powder X-ray diffraction indicated that the material was anorphous.

kat npk 31z"(}42.4-Bis((3,5)-3-neitlivirtuitpholin--:. 11 Tido 2

2-i net hoi cvphenvOrethariet DLiatiut OH OH 6 (5-

{2,4-Bis[(3.5)-3-inethyl norpholin-4-yl]pyrido[2,3-dl pyrimdin-7-y1}-2-

met hoxyphenypi net hanol (1.50g (i,P, 94% w, 3,1 nunolcs), Dtartaric Acid
(0,51g, 3.4nrunoles) and nethylated spyrgit industrial 74 O P. (15.0nD were
charged to a 1.00nml reactor and heated to reflux. Product began to
precipitate. On cooling nore product 10precipitated. Product s isol ated,
washed wit h-rre'qm}yeah:éanes@watp?qsﬁa@%rts'uplaps Macrogpl 3%5&dn&piawuphov¥€1§c%t9m oven
at 50C for 41]2353(%;/]; 1 diod-989 of (542, 4-Bi s[(357)-3-met hyl i norpholin-

4-yl | pyrido[ 2,3-d. B);/rl di n-7-y1}- 2- ntl hoxyphen. yOni ethariol D Tartrate as
a yel | ow sobi dalchVih Speahtrafimd.s tol INM R {y408igh32 MHz, Dt VI SO-d6) 6 1.22 ---
1.26 (3H, d), 1.34 -1.39 15(3H, d), 3.14-4 002]/( 1914, overlapping in),
430211, s), *4.inm @ifle wllovyingp quppnt eff 12.3 107515 4 Bp weight obthesating and;- 523

(1K) mpt * AugHE il lmpgubed proiband 43ud bt aftudng "y s

20 A povﬂﬁrafﬁrtﬁ@yt}@icf)ﬁtﬁr@édn%’ﬁsﬁﬁtter ns was recorded using a Bruker D5000 di
fib:ameter (wavel ength of X-rays 1.5418 A Cu source, Voltage 40kV,
filament enPsdigaezenmle fibarprae swek as pdlavinzkbale¢homirpamgnoyrg ofid$.Ago 420, 02'
step and a 1 S8 or%g igﬁr step time count. (see Figure 2) 74 Peaks were
observed at: Aﬂgﬁyeef 20 (11,=1.54] 8A) d-spaeing! Relative intensity / ./0

6.17 14.31 100 fblythydéndglfolblasBcibér 8h bs Macifo#3350 in an amount of 18.2 to
10 22.2 % by weight;
e talc in an amount of 14.5 to 15.1 % by weight;

e iron oxide yellow in an amount of 1.0 to 2.0 % by weight of the coating; and;
e titanium dioxide in an amount of 22.0 to 25.0 % by weight of the coating;
wherein the weights are % by weight of the coating.
15 Another pharmaceutical immediate release tablet composition comprises a tablet core
and a coating, wherein the tablet core comprises:
e afumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by
weight of the tablet core;
e mannitol in an amount of 45.5 to 48.5 % by weight of the tablet core;
20 e dicalcium phosphate in an amount of 18.0 to 22.0 % by weight of the tablet core;
e L-hydroxypropyl cellulose in an amount of 6.5 to 7.5 % by weight of the tablet
core; and
e alubricant (for example magnesium stearate) in an amount of 0.75 to 2.0 % by
weight (for example 0.8 to 1.75 % by weight);
25  and wherein the coating on the tablet core comprises an iron oxide pigment and wherein
the coating is present in an amount of 3 to 6% by weight of the tablet core.
Another pharmaceutical immediate release tablet composition comprises a tablet core
and a coating, wherein the tablet core comprises:
e a fumarate salt of a compound of Formula 5a in an amount of 23.0 to 27.0 % by
30 weight of the tablet core;

e mannitol in an amount of 45.5 to 48.5 % by weight of the tablet core;



16.29 5.43 23.5 17.50 5,06 29.6 18.20 4.8! 39,7 18.80 4.71 34.1 19.76 4.491
50.2 1 20.63 4.30 37.5 TGA was recorded using a TA Instrunent TGA, @000
series. Typically less than Sing of naterial, contained in a 1000 pl ati num
pan, was heated over the tenperature range 25C 5to 325C at a const ant
heating rate of | Cct per mnute, A nitrogen purge gas was used with flow
rate 100m per mnute. The material exhd4®ited a |l oss of 4.4%up to 50C

fol | oned by an additional |oss of 1.7% between 70 and 140C suggesting that

the material is Ivat The product was further dri n a_yacuum oven
at 50C overnt gﬁlfca PHRP PSFi’a?ea‘S} agpferaf 16 ford: Q:é‘t@ﬁwﬁlgﬁé th%Eab%ﬁt core;

tall t 3
ﬂn);fpﬁol : 3![ I ?/pm(%%ﬁ%f%rgzg‘;ﬁ %%lehiagcﬁm%éaéfp% iﬁ Aﬁxgﬁehoémﬁfﬁhgrtﬁlgt e 15
50m g sanpl es @bret ad

(5-12, 4- Bi sR381- 3- rrethél m)rpholln 4-2,41 p:, Tido[ 2,34] pyrimd
y11- 25§ net hoky BHerfiAaBhdehamBIPlooraResia @emﬁeéusaru@mvw 0f9r75ft1>?fé> @ays in (i)

Et OAc at room I ol 9 toMEAN, tenperature, and (iii) MeCN at
6C11C ?n MeCN. \&%erw(%l}?lgo %tlof fraé’tatls atterns were recorded. using a
Bruker D5000 dlaﬁdi maetednyen ene émhmhhmntgahoaﬁng)@rrtaya;abletﬁéﬂe&omﬁsin‘gour ce,

Vol tage 4001, filament em ssion 40 75 Sanpl es. were scanned from 2- 40

20 using a O° ozevaé%rewl%ﬂﬁhmfmwséﬂ@ %?é?fohé‘tl’élﬁ aéqcml idgrmount 8.0 i ied
X-ray diffracti lo®By RAfdier NS i ndi cated that for each of the slurry conditions
above, the isolated materials had substantially similar crystal forns. The
mat eri al i sod abedlyethydenetdigeos blastigisdr Buet dyNaaogdlad3s0\umsn appedrodd 8l2aobe t he

Most ¢rystalling.) o, by weight:

e talc in an amount of 14.5 to 15.1 % by weight

e iron oxide yellow in an amount of 12.5 to 17.5 % by weight of the coating; and;

e titanium dioxide in an amount of 8.0 to 12.0 % by weight of the coating;

In a further, the coating comprises:
15 e a water-soluble film-former such as polyvinyl alcohol in an amount of 38.0 to 42.0

% by weight;

¢ apolyethylene glycol plasticiser such as Macrogol 3350 in an amount of 18.2 to
22.2 % by weight;

e talc in an amount of 14.5 to 15.1 % by weight;

20 e iron oxide yellow in an amount of 1.0 to 2.0 % by weight of the coating; and;

e titanium dioxide in an amount of 22.0 to 25.0 % by weight of the coating;
wherein the weights are % by weight of the coating.
Suitably the coating is present in an amount of 2.5 to 5% by weight of the tablet
core, for example about 4.0% by weight of the tablet core.

25 It is known that mTOR kinase and the PI3K enzymes have roles in tumourigenesis
as well as numerous other diseases. Pharmaceutical composition comprising a fumarate
salt of a compound of Formula 5a may possess potent anti-tumour activity by way of
inhibition of mTOR kinase.

Accordingly, the compounds are of value as anti-tumour agents. Particularly, the

30 compounds are of value as anti-proliferative, apoptotic and/or anti-invasive agents in the

containment and/or treatment of solid and/or liquid tumour disease. Particularly, the



Peaks were observed at: Angle / '20 (2,-1.5418A) d-spacingRel ative
Intensity / 6.18 14.28 100.0 9 .62 9.18 13.16 6.72 12.0 13.55 6.5316.3
16.60 5.3323.5 17.60 5,0345.5 19.07 [ 4.65 45.2 25.20 3.53 37.0
11:41.9104.t Lis:j3-3,2,4-13isif3S)-3-nethylinocultolle-4-yld 10

met howphenvi ) met hat aul Fumarate salt. (5- {2,4-Bi s

[ (3S)-3-nethyl norpholim4-yl]pyri do [293 -d] pyrim

met hox. yphertyl)methartol (10.00g (2i 96510w w, 20,6 noles), fanaric Acid
(2.63g, 22. 7mmol es), water (b§4rr£3L(%j and nethyl ated spirit industrial 74 0.P.
(16. 0nt) mr@ue%@rséap@sedﬁe hmth@atetvsmlw %Of gopefumgury which. The

hot sol ut f ﬁf!ﬂ% A

washed V\Adtrﬁ&gl\gﬁlﬁ,f t{)JrI{eh?tg)l s\gper E g a%(}ﬂgg&ﬂé? at egf‘erex[pg%’{tgd |dnlg ulgst rral 74
O P. ( 3mithe pfaventool orrtg:atrhmt@tﬁtitaxsel aandurs whathese medﬂtﬁdtalqﬂ’re&muppambgd

g; ioggct O%i‘@kdqii%tc%gg)o\gg shr%gy us eusé(iq t)(/)lp% uq:eS I r”f‘(t)Rlegg}l/Jrgé 1rn'hab1tory ef(%ect' and
(5-1, 3, 4-Bi;sl {r3rdo3d LML MRREPbF ficfttiéhinint i do[ 2, 3-d] pyri m din-7-y11-2-

i net hoxyphenyprnetlianol Fumarate as a yellow solid. NVR Spectrum LH NWVR
(400. 132 MHz, IBhibit8G dB)TER kinge shoulclbeof Bietdaped; valueltbr i t5®t15¢r8bf d),

:(32I%|1 4 Ooérllélt]érdtlve%}s’easéle s]ﬁgh $ g‘eﬁlcerdgnd in paélcl(.ﬂ]ér séh({j t)utnours suc as carct Oléllla7alzld4 80

sarcomas and the leukaemias and lymphoid malignancies and in particular for treatment of;
for example, cancer of the breast, colorectum, lung (including small cell lung cancer, non-

10 small cell lung cancer and bronchioalveolar cancer) and prostate, and of cancer of the bile
duct, bone, bladder, head and neck, kidney, liver, gastrointestinal tissue, oesophagus,
ovary, pancreas, skin, testes, thyroid, uterus, cervix and vulva, and of leukaemias
[including acute lymphoctic leukaemia (ALL) and chronic myelogenous leukaemia
(CML)], multiple myeloma and lymphomas.

15 Anti-cancer effects which are accordingly useful in the treatment of cancer in a
patient include, but are not limited to, anti-tumour effects, the response rate, the time to
disease progression and the survival rate. Anti-tumour effects of a method of treatment of
the present invention include but are not limited to, inhibition of tumour growth, tumour
growth delay, regression of tumour, shrinkage of tumour, increased time to regrowth of

20  tumour on cessation of treatment, slowing of disease progression. Anti-cancer effects
include prophylactic treatment as well as treatment of existing disease.

A mTOR kinase inhibitor, or a pharmaceutically acceptable salt thereof, may also
be useful for the treatment patients with cancers, including, but not limited to,
haematologic malignancies such as leukaemia, multiple myeloma, lymphomas such as

25  Hodgkin’s disease, non-Hodgkin’s lymphomas (including mantle cell lymphoma), and
myelodysplastic syndromes, and also solid tumours and their metastases such as breast
cancer, lung cancer (non-small cell lung cancer (NSCL), small cell lung cancer (SCLC),
squamous cell carcinoma), endometrial cancer, tumours of the central nervous system such
as gliomas, dysembryoplastic neuroepithelial tumour, glioblastoma multiforme, mixed

30 gliomas, medulloblastoma, retinoblastoma, neuroblastoma, germinoma and teratoma,
cancers of the gastrointestinal tract such as gastric cancer, oesophagal cancer,

hepatocellular (liver) carcinoma, cholangiocarcinomas, colon and rectal carcinomas,

| |



broad m, 6.63 (211, s) 7.15 (1H, d), 7.82 (1H, d), 8.12 (11-1, dd), 835
(211.s and d overlapped). Mpt 175-178T. 10 Powder X-ray diffi action
pattern was recorded on a Braker D8 diffractoneter (wavel ength of X-rays
1.5418 A Cu source, Voltage 401N, filanment emi ssion 40 mA) with the

hum dity stage attached. XRD patterns were recorded under varying humdity
conditions; the material was scanned frgm 5-40020 using a step size of
0.014' and a 0,2 seconds per step tine count. (see Figure 4 - FoimA) 15
Peaks were observed at: Angie!20 (2.-1.5418A) 6.036.0) d-spaci nglA 14. 64
(14.6) Fapozs phthgpmyll zmeﬁtglezpancaezhz@ar(cm ognegrsnf theskgy suchas geelqnpmag) 6. g1

(6.8) 17(1:91@ar£1&1?1a13ﬁ1etgst3{§c {aq%la%))maj]; zh}ggld(c]azcqu, Sundks GP tthead and neck and
cancers of the salivary glands, prostate, testis, ovary, cervix, uterus, vulva, bladder, kidney
(including renal cell carcinoma, clear cell and renal oncocytoma), squamous cell

5 carcinomas, sarcomas such as osteosarcoma, chondrosarcoma, leiomyosarcoma, soft tissue
sarcoma, Ewing’s sarcoma, gastrointestinal stromal tumour (GIST), Kaposi’s sarcoma, and
paediatric cancers such as rhabdomyosarcomas and neuroblastomas.

The compounds, or a pharmaceutically acceptable salt thereof, are expected to be
particularly useful for the treatment of patients with lung cancer, prostate cancer,

10 melanoma, ovarian cancer, breast cancer, endometrial cancer, kidney cancer, gastric
cancer, sarcomas, head and neck cancers, tumours of the central nervous system and their
metastases, and also for the treatment of patients with acute myeloid leukaemia.

The compounds can also be used in combination with existing therapeutic agents
for the treatment of cancer. Such therapeutic agents may include one or more of the

15  following categories of anti-tumour agents:-

1) other antiproliferative/antineoplastic drugs and combinations thereof, as
used in medical oncology, such as alkylating agents (for example cis platin, oxaliplatin,
carboplatin, cyclophosphamide, nitrogen mustard, melphalan, chlorambucil, busulphan,
temozolamide and nitrosoureas); antimetabolites (for example gemcitabine and antifolates

20  such as fluoropyrimidines like 5 fluorouracil and tegafur, raltitrexed, methotrexate,
cytosine arabinoside, and hydroxyurea); antitumour antibiotics (for example anthracyclines
like adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, mitomycin-
C, dactinomycin and mithramycin); antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and taxotere and

25  polokinase inhibitors); and topoisomerase inhibitors (for example epipodophyllotoxins like
etoposide and teniposide, amsacrine, topotecan and camptothecin);

(i1) cytostatic agents such as antioestrogens (for example tamoxifen, fulvestrant,
toremifene, raloxifene, droloxifene and iodoxyfene), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone acetate), LHRH antagonists or LHRH

30  agonists (for example goserelin, leuprorelin and buserelin), progestogens (for example
megestrol acetate), aromatase inhibitors (for example as anastrozole, letrozole, vorazole

and exemestane) and inhibitors of 5*-reductase such as finasteride;



17.93 (17.9) 4.94 18.30 (18.3) 4.84 19.16 (19.2) 4.63 19.41 (19.4)
4.57 21.63 (21.6) 4.10 77 crystal form This change was reversible, as
the sanple returned to the original formas the humdity was rai sed again.
This was confirned by the powder X-ray- diffraction. Under |ow humdity
(5%, peaks were observed at: Angle! "20 (2c=1.5418A) 6.04 (6.0) 8.55 (8.5)
d-spacing 14.62 (14.6) 1034 (10.3) 51

(ili)  anti-invasion agents (for example c-Src kinase family inhibitors like 4-(6-
chloro-2,3-methylenedioxyanilino)-7-[2-(4-methylpiperazin-1-yl)ethoxy]-5-
tetrahydropyran-4-yloxyquinazoline (AZD0530; International Patent Application WO



Rel ative Intensity / % 100.0 (100) 5.0(5) 9.60 (ih) 9.20 (9.2)9.3(9) 12.20
(12,2) 7.25 (7.2)5.3 (5) 13.00 (13.0) 6.80 (6.8) 3.1 (3) 17.13 (17.1) 5,17
(5,2) 7.2 (7) 17.72 (17.7) 5,00 5.8(6) 17.91 (17.9) 4.95 9.7 (10) 18.33
(18.3) 4.83 5.6(6) 19.28 (19.3)4.60 6.0(6) (See Figure 5 FormB) A variable
tenperature XRPD experinment was performed on Form A, which showed that on
heating Form A converts to Form 13. In {4 ght of this observation, nelting
points for Form A nmay reflect the nelting point of FormB. Mlting point:

180C (onset 174 - 0 terial dded,t I
vial, along w ﬁggﬁﬁfégﬂéﬁﬁ%miﬁwlﬁgﬁqn r%%@ﬁ%‘iﬁ/@awg%l&@h%amoﬁt
conpl et el iU MFRILxhRGIIBINi8e, ifhiBREEOF iffedrinea bB@sndtibe An@ delgestand];t he
vial was placed on a stirrer plate at roomtenperature to stir at

applr OXi (rjrat el 31/53{)11(D- 3006tpar donaging\egsints. suThaes Shmbrejasigiis Ahard ¢asapamnds and
anal yse . . ' i
1T ot oS BIoTD S emaR R Pt Ape g B EouRh I, MR I o1,

filament ek ssdoowW@ 0198224, SRONIEH443%ens WO 02108303 pm to i nprove counting
statistics. XRPD patterns were collected over the range 2' to 40'0 using a

step size of 0(Id57antisgrrg therapios fewarplpbpsswbish @ fitectadiea the tAfgste / ' 20
0,-1.541 ﬁs’At‘ggébS(R/%%uQH abISIS 2503, an anti-ras antisense;
(viii) gene therapy approaches, including for example approaches to replace
aberrant genes such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene directed
10  enzyme pro drug therapy) approaches such as those using cytosine deaminase, thymidine
kinase or a bacterial nitroreductase enzyme and approaches to increase patient tolerance to
chemotherapy or radiotherapy such as multi drug resistance gene therapy; and
(ix)  immunotherapy approaches, including for example ex vivo and in vivo
approaches to increase the immunogenicity of patient tumour cells, such as transfection
15  with cytokines such as interleukin 2, interleukin 4 or granulocyte macrophage colony
stimulating factor, approaches to decrease T cell anergy, approaches using transfected
immune cells such as cytokine transfected dendritic cells, approaches using cytokine
transfected tumour cell lines and approaches using anti idiotypic antibodies.
It is to be understood that the uses and methods of treatment described herein may
20  use any of the compositions comprising a fumarate salt of a compound of formula (5a)

described herein.

General Experimental

The invention will now be further explained by reference to the following

25  illustrative examples.

The following abbreviations are used herein or within the following illustrative

examples :-

HPLC  High Performance Liquid Chromatography
GC Gas Chromatography

30 NMP N-methylpyrrolidin-2-one;
DMSO dimethylsulfoxide;



78 (See Figure 6 - FeC) Melting point of Form C neasured by DSC 159C (onset
148' C). DSC. Typically less than Sing of naterial contained in a sanple
pan was heated over the 5tenperature range 25C to 300C at a const ant
heating rate of 1.0C per mnute. A purge gas using nitrogen was used - flow
rate 100ml per mnute. Exanple 3s - (5-kli351-3-4-etvrimdin-7-v(E2, -

nmet hoxyphenyf | met hanol Fumarate salt. 5(AI ternate Method) 10 (5-

(24-13i s[(357) 3- et hyl nor phol i n- 4- yI]pyrl do[ 2, 3-al pyrimdin-7-yll -2-

met hoxypher tyl t ol are by the alternate method (10.00g,

20. 6f mol W‘? Kﬁ{l)f[&"g g, 22.7mvl es), water (84nl) and net hyl at ed
spirit mﬁlﬂsr daltet??ﬂ.1 rofuran( 16. OnD were charged to a 250nl reactor and

heated to reflux (92'C). The hot solution was filtered 15to renove
ext r aneoUde@dlt t encthdtod; filter was washed with a mixture of water (17nml) and

of  For mireBHep neary dre Ao o e Friiray gt oo CYetAe

crystal | igaton.acdidgitiRsul ting suspension is held at 60C for 2 hours to
establish crystallisation and the growth of suitably sized crystals. The
desired ﬁPGNﬁct qwlé@iomeﬂmléd out on further cooling of the suspension. The
79 produ S | th methylated spirit industrial 74 0.P.
and dri e§5 \(%933” ejﬁg}@ V‘ﬁfr{ﬁﬁm‘%

{2, 4- Bi sag8) 3- nhﬁtda:yystammmmmﬂ vi]pyrido[2,3-Apyrinidia-7-yl1-2-

met hoxyphen I)rret hanol Fumar ate as el | ow sol id. NVR Spectrum 1H NWMR
(400. 132 IR)F% st cageiym phosphatgglif Efﬁlated) 1.44 -1.52 5(3H, d), 3.31-4.00

e e R R

and d ovSS(appech))diuMﬂarchfg!Bycbm | D Ref erence Exanpie 4 Conparison of

bi oaccess %‘ C}ty of of Fo:l(%n g) 5a free base and funarate salt

Bi oacces B QOYstu St’é PPTHE MR8 a in the formof a free base and
a furnarajgr sal t;oWRsh @8 pﬁﬁ%é{@l ng a TIMI nulti-eonpartnental in vitro
nodel (rNo Quality of Li The Netherlands). 15initial assessnent of

sol ut i onsMght susq;gnsumeamtet he free base format concentrations of

| Orri.ghn d dos of, 20 and were perforned using a standard

pr ot olgol Lpﬁgpl d Roi‘é‘{l Olhc{ 5‘?5??“%(615 stric pH of 2 and a gastric

hal f-ti megpf 30 Hyd yBﬁ}pyl&'éled&SUl ts showed little or no difference in the
anount of drug available for absorption. (see Table 3). 20 Table 1

Bi oaccesskbi | i t yropm tempepiuse (apasivptebhl’ ©dvfelind of Formul a Sa using in
vitro rmd& TSEnToT e % 200 ing solution of dose 200 ng suspensi on

m/z mass/charge ratio.
20

The chemical names were generated by software from ACD labs Version 9.0
Unless stated otherwise, starting materials were commercially available. All

solvents and commercial reagents were of laboratory grade and were used as received.

25

30



j €j unum Absi nption 57.90 54.90 Tot al
Absorption 80.00 78.40 Tot al

resi dues and rinses 6.30 5.80 Total
sol uti on500 ng suspensi on
il eum Absorption 23.80 23.40 Tot al

jej+il

Materials

Table 1 Materials: pharmacopeial status, function, grade and supplier

80 Tot al
jej-t-i

i | eum Absorpti on,
il eum effluent 10.50 13.50 Tot al

22.10 23.50

recovery 96.80 97.60 1 00 ny

54

j €j unum Absorption 52.10 Total
Absorption 75.90

Material Pharmacopeia | Function Example Supplier
Mannitol PhEur Filler (direct | Parteck M200 | Merck Chemicals
USP-NF compression) | EMPROVE® Ltd. (UK)
JP Filler (wet Pearlitol 160C | Roquette Freres
granulation) S.A. (France)
Cellulose, PhEur Filler (direct | Avicel® PH- FMC Biopolymer
microcrystalline USP-NF compression) | 102 (Ireland)
JP Filler (wet Avicel® PH-
granulation) | 101
Dibasic calcium PhEur Filler (direct | Encompress"® JRS Pharma Inc.
phosphate USP-NF compression) (USA)
dihydrate JP
Dibasic calcium PhEur Filler (wet Calipharm D® Innophos (USA)
phosphate USP-NF granulation)
dihydrate JP
Dibasic calcium PhEur Filler (direct | Anhydrous JRS Pharma Inc.
phosphate USP-NF compression) Encompress® (USA)
anhydrous JP
Dibasic calcium PhEur Filler (wet Calipharm A® Innophos (USA)
phosphate USP-NF granulation)
anhydrous IP
Povidone PhEur Binder Plasdone ISP Technologies,
USP-NF K29/32 Inc. (USA)
JP
Hydroxypropyl PhEur Binder Klucel® EXF Ashland, Inc.
cellulose USP-NF (USA)
JP




75.40 Total ileumeffluent 12.60 11.20 Total residues and rinses 5.00 5.20
Total recovery 93.60 91.70 However, at the 500ng dose, in situ
sanpl es fromthe duodenum conpartnment showed hi gher concentrations at early
time-points for the solution in conparison to the suspension presentation
(See Figure 7). 5This led to a concern that a higher gastric pH and / or
reduced gastric enptying tinme could leag to reduced bioavailability. A
further study mas perforned wi th an increased initial gastric pH of 5 and a

ﬂf\n'l'vln —npe—af

éggfsgﬁeﬁ@§* e;ab% 16?@%ﬁ@?§a§§ig‘FﬁFéﬁ@fo?L Héh ;”gaéé %ﬁﬂﬂﬁﬁzarate
salt of TdRERIRAKNd of phepaul a 5a WeidnepnRer edifepe” Tabl e Hoqutkg Fides) |
10 Tabl g 2 IIIoacceSS|b|I|ty of a conmpound of Formula 5a (free base and
| umar at ehgﬁlzftglitiusi ngTIEdSEI:Iﬁ vi tro| model Dosage Form Zploqngsfz‘\r é&apee 200
gast 11 |ebaet BN st L DR 5 p1160TORaE e LRTEC ABEO! pt ) SRESEO 17, d1
?gig ;’g @Jdrd,dg%ﬁ?yﬁbsor ppion 23.50 10.83 20.47| Total jej+il| chahicptCOn
. cellulose Ltd. (Japan
Crospovidone PhEur Disintegrant | Polyplasdone® | International
USP-NF Specialty
Products (USA)
Magnesium PhEur Lubricant HyQual® Mallinckrodt Inc.
stearate USP-NF (USA)
JP
Sodium stearyl PhEur Lubricant Pruv JRS Pharma Inc.
fumarate USP-NF (USA)
Polyvinyl alcohol | PhEur Film former | Opadry II Colorcon Limited
USP-NF, Yellow* (UK)
Titanium dioxide | PhEur Opacifier
USP-NF
JP
Talc PhEur Anti-tack
USP-NF agent
JP
Iron oxide, yellow Pigment
(Fe(OH)s, goethite,
CAS#20344-49-4)
Polyethylene PhEur Plasticiser
glycol (Macrogol) | USP-NF
JP

' PhEur: European Pharmacopoeia 6" Edition (Directorate for the Quality of Medicines of

the Council of Europe) 2009.



Total ileumeffluent 13.50 47.46 9.16 Total residues and rinses 5.80 16,77
6.91 Total recovery 97.60 92.96 95.12 It was concluded that the
fumarate salt of the conpound of Formula 5a dosed as 15200ng (free base
equivalent) of a |OnglitiL suspension at high gastric pH gave the sane SI
bi oaccessible fraction as the free base dosed under standard conditi ons,
thus reducing the risk of in vivo variagility. Thus, the fumarate salt was
sel ected for further wor k. Reference Exanple 5 SStablllty st udy The

State was VRl Hpded§if P ednsneBeincl dAGHORR setbvep LAV B ()

(R11) |an@Hg&% gaqggvgghyggbggene hags inside a fibreboard outer for |ong

teal, stability testln I'n addi tion, accel erated and stressed stability

testi ng \R/d? mlaﬁesmi’bdmaacopea(l:i Bt Bnglish0cGsipn (Sofetybf &apanésgni dity) in

doubl e Ii §e%£%k§ne bags inside fibreboard outers. Further stress

testing n exposed sanples at 40C 75% RH and at anbi ent

t enpesat urThe'ﬁlmacda't gl beRaphed dpResasth n%@oﬂcdﬁtraﬂerwgn@ﬁad&pmduu on | ux
W 1 as shown in Tabl e 5.

hours visible |ight and 200 watt - hours/
Tabl e 3 Sdemsifier tS%FQS 1R$) or powderpaiggure Hiaf reguirps fﬁsmsﬁltutm@ pyBbigd watepdsies 3

to application as an aqueous suspension to the tablet cores.

Hardness

10 Hardness testing was carried out using a Schleuniger Hardness Tester Model 6D or
equivalent, in accordance with the procedure specified in the European Pharmacopoeia
(Resistance to crushing of tablets), except that the number of tablets tested was as specified
in the table. The hardness of each tablet was measured along its diameter. The average

‘hardness’ is reported in kiloponds (kp).

15
Disintegration Time
Disintegration time was measured out in accordance with the procedure specified in
the European Pharmacopoeia, without a disc and using water as the medium.
Disintegration time is reported in minutes (min.).
20

Compound Assay Test.

The Compound of Formula 5a, Aldehyde, and total impurities contents were
determined using High Performance Liquid Chromatography HPLC. 5uL sample was
injected into a mobile phase comprising 0.1% trifluoroacetic acid in water (Eluent A) /

25  0.1% trifluoroacetic acid in acetonitrile (Eluent B), as defined by the gradient program in
Table 2 below.

The solution for the impurities determination is prepared by extraction from a
known weight of 5 whole tablets using 1:1 acetonitrile:water as extraction solvent,
followed by filtration through a 0.45 micron PVDF filter, such that the target concentration

30 ofFormula 5a fumarate in the test solution is 0.6mg/mL.



mont hs, 25C/ 60%i || 3 nonths, 40C 75%Ii 3 nonths, 50C If) days,
|'i ght -exposed Assay (water and solvent-free, %ww 99.4 100.3 99.7 99.3 96

95,5 Organic inpurities Largest single inpurity 0,16 0,16 4116 0. 16
0.16 0.97 (1/4) ww
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Table 2 Gradient program - Compound Assay Test

Gradient programme  Time (mins) %A  %B

0 80 20
16 70 30
25 10 90
26 80 20

30 80 20

The mobile phase starts as 80% eluent A / 20% eluent B at time zero, then the
composition is modified gradually and linearly such that after 16 minutes the mobile phase
5  comprises 70% eluent A and 30% eluent B. A steeper linear gradient is then applied such
that after 26 minutes the mobile phase comprises 10% eluent A and 90% eluent B. Upon
completion of data collection at 25 minutes, the eluent composition is adjusted to80%
eluent A / 20% eluent B and held from 26 minutes to 30 minutes in order to re-equilibrate
the column.
10 Separation of impurities was performed using a column 10 c¢m long x 4.6 mm
internal diameter packed with Thermo Scientific BetaBasic® C18 stationary phase having
3 um particle size. The mobile phase flow rate was 0.75 mL/minute, temperature was
controlled at 30°C, and impurity concentration was determined by comparison of
absorbance at 245nm, measured using a variable wavelength uv detector, with that of an

15  external reference standard solution comprising Formula 5a free base.

Dissolution
Dissolution was determined according to the general procedure of the United States

Pharmacopoeia (USP) using Apparatus 2 with 900mL of 0.02 M sodium acetate buffer at
20 pH 4.5 as dissolution medium and a stirrer speed of 75rpm. At 15, 30 and 45 minutes, 10

ml of dissolution media was withdrawn and filtered through an unused 0.45 pm

polypropylene filter. The amount of Formula 5a in solution was determined by uv

spectroscopy at a wavelength of 365nm against an external standard solution comprising

Formula 5a free base.

25



Total organic inpurities' 0.31 0,36 (131 0.26 0.44 2.28 (1/0 ww)

Water content CAwWw 3.4 5.0 4.55.6 0,6 5.0 The results show t hat

sanpl es stored at 25C/ 60% RH, 40' 075% RH and 50C All exhibit no significant
degradation over a period of 3 nonths. There is sone evidence of thernal
degradation for the sanple stored at 50C. Foll ow ng exposure to |ight
tinder stress conditions, the sanple hag darkened on exposed surfaces and a
| oss of assay and corresponding increase in organic inpurities was seen. An
al dehyde was ,i,he | ar gest observed inpurity in this sanple. These data

i ndi cat e ¥H2Rilifat funarate salt of the conpound of Formula 5a may be
stored at roony{ &P eddtyiire dHOMRMES whigBb@ahd PlAcaLiaiNBlatiog AASH (Copley TAght

may ameliorate degradation effects. Al dehyde inpurity (relative nol ecul ar
mass 463, B)r ey0ivaleRef Ehednen Framited 50amesaid the tabdetdiremeicdskoase det i on

st udy Tab‘%%tr%mv(\)&‘algg frrorrErlﬂHg Boied grgd (48 e R w Bl ROY! Iﬁfe'fﬁ@oiﬁﬂﬂs giqgrggsted as the

conpr essi
5  loss of mass and it is calculated as a percentage of the initial mass.

Example 1 - Pivalate Ester Route

5-acetyl-2-methoxybenzyl pivalate (1)

10
1)
Pivalic acid (33.42g, 327.2 mmol) was added to NMP (200mL) and potassium carbonate
(45.2g, 327.2 mmol) at RT under an atmosphere of nitrogen. To the resulting suspension
was added 1-[3-(chloromethyl)-4-methoxyphenyl]ethanone (50g, 251.7 mmol) suspended
15  in NMP (100mL). Further NMP (50mL) was added to the reaction vessel. The mixture
was heated to 65°C and held there for 120 minutes. Water (600mL) was then added
followed by toluene (400mL). The resulting solution was allowed to settle and the upper
organic layer retained. The lower aqueous layer was extracted with further toluene
(200mL) and the organic layers combined. The resulting organic layer was washed with
20  water (250mL) and concentrated in vacuo to afford a colourless oil (125mL) containing the
desired product (1) and toluene.
NMR Spectrum: '"H NMR (400.132 MHz, DMSO-d¢) § 1.19 (9H, s), 2.52 (3H, s), 3.92
(3H, s) 5.12 (2H, s), 7.12-7.17 (1H, d), 7.88 (1H, d), 7.98 (1H, dd).

25



15 processes, using the fumarate salt of a conmpound of Fornula 5a and the
conpositions shown in Table 6. Table 3 Conditions for conposition and
process selection study Secondary Fifier D siotegrant Lubricant Binder
DCPA 1, 11PC SSE PVP DCPD 1..-11PC SSF 11PC DCPD |.-HPC MySt HPC DCPA L- HPC
SSE HPC DCPD L-HPC SSF PVP 83
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5-[(2E)-3-(dimethylamino)prop-2-enoyl]-2-methoxybenzyl pivalate (2)

0]
%LO 5
s ~

0
(2)

5-acetyl-2-methoxybenzyl pivalate (66.24 g, 251.7 mmol) was added to Bredereck’s
reagent (175.5 g, 1000.7 mmol) held under a nitrogen atmosphere. The resulting solution
was heated at 54°C for 240 minutes. Water (600mL) was then added and the mixture
allowed to stir for an hour. Methyl tert-butyl ether was then added (500ml) and the
mixture stirred and allowed to settle. The upper organic layer was separated off and
retained. Further methyl-tert-butyl ether was then added (500ml) and the mixture stirred
and allowed to settle. The upper organic layer was separated off and combined with the
original upper organic layer. The combined organic layers were washed twice with water
(2 x 300mL), discarding the two lower aqueous washes. Solvent (850mL) is removed from
the reaction by atmospheric distillation and iso-hexane (100mL) added. The clear solution
was allowed to cool to 20°C whereby a white, crystalline solid was obtained. Further iso-
hexane (50mL) was added and the solid filtered off at around 20°C. The solid was washed
twice with fresh iso-hexane (2 x 100mL) and dried to constant weight to afford 64g of the
desired 5-[(2E)-3-(dimethylamino)prop-2-enoyl]-2-methoxybenzyl pivalate (2).
NMR Spectrum: '"H NMR (400.132 MHz, DMSO-d¢) 8 1.19 (9H, s), 2.8-3.0 (3H, broad s),
3.0 —3.2 (3H, broad s), 3.88 (3H, s), 5.11 (2H, s), 5.74-5.83 (1H, d), 7.05 -7.09 (1H, d),
7.6 —7.7(1H, d), 7.84 (1H, d), 7.90 (1H, dd)
M.pt. 82-84°C.




NY. Drug Primary Secondary Rua Process Level Filler Filler
D si ntegrant Lubricant Binder 6 Wet 40 MCC DCPD SSG MgSt HPC 7 Wet 10 MCC
DCPA L- FI PC MySt

60
5-(2,4-dioxo-1,2,3.4-tetrahydropyrido|2,3-d|pyrimidin-7-yl)-2-methoxybenzyl pivalate
[€)]
5 3

6-Aminouracil (2.50g, 19.1 mmol) was added to glacial acetic acid (24.6 mL) and water
(6.1 mL) and the mixture heated to 99°C. A solution of 5-[(2E)-3-(dimethylamino)prop-2-
enoyl]-2-methoxybenzyl pivalate (3.1g, 9.5 mmol) in DMSO (9.2 mL) was then added
over 280 minutes. The reaction was stirred at 99°C for a further 50 minutes and cooled to

10  0°C. A solution of potassium hydroxide (24g, 363.6 mmol) in water (48mL) was then
added to achieve a pH of around 7.0. Aqueous potassium carbonate was then added to
afford a pH of around 10. After an hour at RT, a beige solid was filtered off, washed three
times with aqueous potassium carbonate and pulled visibly dry on the filter. The beige
solid was then added to a solution of citric acid (7.1g) in water (44ml) and the mixture

15  maintained at 20°C for 60 minutes. The resulting creamy white solid was isolated by
filtration and washed with water until neutral pH of the wash liquors was obtained. The

solid was dried to constant weight in vacuo thus affording 3.34g of desired product (3).

NMR Spectrum: 'H NMR (500.132 MHz, DMSO-d¢) & 1.19 (9H, s), 3.92(3H, s), 5.14(2H,
20 s), 7.31-7.34 (1H, d), 7.79-7.82 (1H, d), 8.26-8.29 (1H, d), 8.31-8.35 (1H, dd), 8.48 (1H,

d), 11.41 (1H, broad s), 11.67 (1H, broad s).

M.pt. 260-266°C.

25



PVF Wet 10 Mannitol DCPD SSG MgSt PVP 9 Wet 40 Mai mitol DCPA L-HPC MySt
HPC 10 Wet 10 Mannitol DCP A SSG SSF HFC 11 Dry 40 Marmite' DCPD SSG SSP
li PC 12
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5-(2,4-dioxo-1,2,3.4-tetrahydropyrido|2.3-d|pyrimidin-7-yD)-2-methoxybenzyl pivalate

(3) _(Alternate method)

0 0

%0 A8
-

N~ 'N° "0

H

5 @
3)

6-Aminouracil (2.69g, 22.5 mmol) was added to glacial acetic acid (55.2 mL) and water
(13.8 mL) and the mixture heated to 95°C. A solution of 5-[(2E)-3-(dimethylamino)prop-
2-enoyl]-2-methoxybenzyl pivalate (6.25g, 18.79 mmol) in DMSO (18 mL) was then

10  added over 240 minutes. Afier 25% of the solution was added (approximately 60 minutes)
seed crystals of 5-(2,4-dioxo-1,2,3,4-tetrahydropyrido[2,3-d]pyrimidin-7-yl)-2-
methoxybenzyl pivalate were added to initiate crystallisation. After complete addition of
the DMSO solution, the reaction mixture was maintained at 95°C for a further hour then
cooled gradually to 60°C. After 60 minutes at 60°C, the desired product was obtained by

15 filtration and washed with water followed by acetonitrile. The solid was dried to constant

weight in vacuo thus affording 6.82g of desired product (3).

NMR Spectrum: 'H NMR (500.132 MHz, DMSO-ds) 8 1.19 (9H, s), 3.92(3H, s), 5.14(2H,

s), 7.31-7.34 (1H, d), 7.79-7.82 (1H, d), 8.26-8.29 (1H, d), 8.31-8.35 (1H, dd), 8.48 (1H,
20 @), 11.41 (1H, broad s), 11.67 (1H, broad s).

M.pt. 260-266°C.

5-(2.4-dichloropyrido[2.3-d]pyrimidin-7-yl)-2-methoxybenzyl pivalate (4).

25

Q)]
5-(2,4-dioxo-1,2,3,4-tetrahydropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzyl pivalate



Dry 40 MCC DCPD L-HPC MgSt PVF 13 Wt 40 MCC DCPA SSG SSF PVT? 14 Dry 10
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(5.20g, 13.29 mmol) was stirred with DIPEA (4.29g, 33.23 mmol) and methoxybenzene
(52 mL). Phosphorus oxychloride (6.11g, 39.87 mmol) was then added and the mixture
stirred at RT for 60 minutes. The mixture was then heated to 80°C. After 180 minutes,
water (24mg, 1.33 mmol) was added and the solution cooled to 5°C. HPLC analysis
showed the desired reaction to be complete. Ethyl acetate (26ml) was then added followed
by aqueous dipotassium hydrogen phosphate solution (26ml, 2.0 mol L™"). The resulting
yellow solid was isolated by filtration and dried visibly dry on the filter. The yellow solid
was then added to a fresh reaction vessel and aqueous dipotassium hydrogen phosphate
solution (26ml, 2.0 mol L") added followed by ethyl acetate (10.4ml). The resulting
yellow solid was isolated by filtration and washed with fresh ethyl acetate (10 ml). The
resulting solid was isolated by filtration and dried to constant weight in vacuo at 70°C
affording 6.7g of 5-(2,4-dichloropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzyl pivalate
(4). The structure of the desired compound was confirmed by '"H NMR analysis.

NMR Spectrum: 'H NMR (400.132 MHz, DMSO-dg) & 1.20 (9H, s), 3.95 (3H, s), 5.20
(2H, s) 7.27-7.32 (1H, d), 8.36-8.44 (2H, m), 8.44-8.49(1H, d), 8.69-8.74(1H, d).

M.pt. 202-207°C.

5-(2,4-dichloropyrido[2,3-d|pyrimidin-7-yl)-2-methoxybenzyl pivalate (4). (Alternate
method)

Q)
5-(2,4-dioxo-1,2,3,4-tetrahydropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzyl pivalate
prepared by the alternate method (6.95g, 18.1 mmol) was stirred with DIPEA (6.8g, 52.7

mmol) and toluene (55.6 mL). Phosphorus oxychloride (8.1g, 52.7 mmol) was then added
and the mixture stirred at RT for 60 minutes. The mixture was then heated to 80°C over
120 minutes. After 140 minutes at 80°C, water (0.16g, 9.0 mmol) was added and the
reaction mixture monitored by HPLC. HPLC analysis showed the desired reaction to be

complete. Tetrahydrofuran (13.9mL) was then added and the solution cooled to 5°C. The
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10 5-{2.4-bis[(35)-3-methylmorpholin-4-yl]pyrido|2,3-d]|pyrimidin-7-yl}-2-methoxybenzyl

.

pivalate (5)

®)

15  5-(2,4-dichloropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzyl pivalate (1.1g, 2.49 mmol)
was added to toluene (5.50mL) and DIPEA (0.321g, 2.49 mmol). (35)-3-
methylmorpholine (0.755g, 7.46 mmol) was then added and the mixture heated to 50°C.
After heating at 50°C for 10 minutes, the reaction was then further heated to 110°C. After
480 minutes, HPLC analysis showed the desired reaction to be complete. The reaction was

20 cooled to RT and water (5.5mL) added followed by ethyl acetate (3.3ml). Upon separation
of the lower aqueous layer, 2-methylpentane (7.7mL) was added dropwise at 60°C to the
ethyl acetate extract. On addition of further 2-methylpentate (3.3mL) a bright yellow solid
was given. The resulting solid was filtered off at RT and washed with fresh 2-
methylpentane (3.3mL) to afford 1.08g of a yellow solid that upon NMR analysis was

25  consistent with the desired compound (5).

NMR Spectrum: 'H NMR (500.132 MHz, CDCl;) 5 1.24 (9H, s), 1.35 (3H, d), 1.46 (3H,
d), 3.37 (1H, m), 3.56 (1H, m), 3.64 — 4.02 (9H, m), 3.90 (3H, s), 4.30 — 4.40 (1H, m), 4.57



.-'s ricpp or DCPA I 37.5 15 37,5 15 Disintegrant 12.5 5 12.5 Binder 10 4
10 4 Lubricant 2.5 1 2.5 | Direct Conpression grades were used in
the dry process, and wet granul ation grades were used in the wet process
see Table 1 5These tablets were tested using the Conmpound Assay Test
descri bed above, and water content immediately after preparation and after
peri ods of storage under various conditgqons of tenperature and relative
hum dity (RH), as shown in 'fable 8, Table 5 Stability data summary -

oo | R APPSR LEEH RS SABELS 7.00 (L b Faute By ¥ QteEs 2°C

40C 60{1/0
8.12 (1H, d), 8.22 (1H, dd).

M.pt. 107-110°C.

5  5-12.4-bis[(3S)-3-methylmorpholin-4-yl|pyrido[2.3-d]pyrimidin-7-yl}-2-
methoxybenzyl pivalate (5) (Alternate Method)

®)

10
5-(2,4-dichloropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzyl pivalate (15.1g, 35.6 mmol)
prepared by the alternate method was added to toluene (60.0mL) and potassium carbonate
(10.0g, 71.2 mmol). (3S)-3-methylmorpholine (8.4g, 81.8 mmol) was then added and the
mixture heated to 110°C. Afier heating at 110°C for 16 hours, HPLC analysis showed the
15  desired reaction to be complete. The reaction mixture was cooled to 60°C and fresh
toluene (30mL) added. Water (45mL) was added and the mixture allowed to stir and
subsequently settle. Upon separation of the lower aqueous layer, 2-methylpentane
(150mL) was added dropwise at 60°C to the upper toluene extract. Seed crystals of the
desired compound were then added (40mg, 71pumol) and the reaction mixture cooled
20  steadily to 20°C. The resulting solid was filtered off at 20°C and washed with fresh 2-
methylpentane (2 x 45mL) to afford 17.2g of a yellow solid that upon NMR analysis was
consistent with the desired compound (5).
NMR Spectrum: 'H NMR (500.132 MHz, CDCl3) § 1.24 (9H, s), 1.35 (3H, d), 1.46 (3H,
d), 3.37 (1H, m), 3.56 (1H, m), 3.64 — 4.02 (9H, m), 3.90 (3H, s), 4.30 — 4.40 (1H, m), 4.57
25 —4.69 (1H, m), 4.93 (1H, broad s), 5.22 (2H, s), 7.00 (1H, d), 7.42 (1H, d), 7.98 (1H, d),
8.12 (1H, d), 8.22 (1H, dd).
M.pt. 107-110°C.



Forrmul a 5a (ng/tablet) 23.80 91.97 23.82 22.24 21.41 (25ng, dry) Al dehyde

(9% Total

inmpurities (% 0.34 1.25 0.38 1.30 0.42 1,34 2.10 4.36 181 6.13

Water content (44w w) 1.73 Not determined Run 2 Forrnula 5a 25.89 24.88
25,85 25.50 23.52 (25ng,
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(5-{2.4-bis[(3.5)-3-methylmorpholin-4-yl]pyrido|2,3-d]pyrimidin-7-yl}-2-
methoxyphenyl)methanol (6)
()
N

= ~N
OH |
SN N/)\N 7
°
\O o
(6)

Potassium hydroxide solution (1.7mL, 3.10 mmol) was added to a solution of 5-{2,4-
bis[(3.5)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl}-2-methoxybenzyl pivalate
(172mg, 0.30 mmol) in THF (6.9 mL) and methanol ( 1.7mL) at RT under an atmosphere
of nitrogen. After 240 minutes, HPLC analysis showed complete disappearance of the
starting material. The reaction was maintained at RT overnight (for convenience) and
aqueous citric acid (20% w/v, 2mL) was added followed by methylene chloride (15mL).
The upper aqueous layer was extracted with two further extractions of methylene chloride
(2 x 15mL) and the organic layers combined. Evaporation of the methylene chloride
afforded (5-{2,4-bis[(3S5)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl}-2-
methoxyphenyl)methanol (6) as

a yellow solid (133mg).

NMR Spectrum: 'H NMR (400.132 MHz, DMSO-de) 8 1.23 — 1.28 (3H, d), 1.35-1.40
(3H, d), 3.14-3.27 (1H, m), 3.40 - 3.50 (1H, m), 3.55 - 3.79 (6H, m), 3.87 (3H, s) 3.84-
3.97 (3H, m), 4.38 — 4.47 (2H, m), 4.58 (2H, s), 4.74 — 4.81 (1H, m), 5.19 (1H, broad s),
7.08 —7.13 (1H, d), 7.56 - 7.63 (1H, d), 8.05- 8.09 (1H, dd), 8.12 - 8.16 (1H, d), 8.32 (1H,
d).

M.pt. 202-205°C.



wet) (ng/tablet) Al dehyde (%9 0.46 0.41 0.52 2.03 0.86 Total inpurities
CyO 1.53 1.38 1.53 3.93 3.00 85 Initial 4 weeks storage 25C, 40C 60%R H.
70C 70C / 809%R1li Water content 3,91 Not determ ned. (1'i bw w)
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(5-12,4-bis[(35)-3-methylmorpholin-4-yl|pyrido[2.3-d]pyrimidin-7-yl}-2-
methoxyphenyl)methanol (6) (Alternate Method)

(6)
5 Potassium hydroxide solution (9.96mL, 133.20 mmol) was added over 30 minutes to a

solution of 5-{2,4-bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl}-2-

methoxybenzyl pivalate prepared by the alternate method (25.16g, 0.30 mmol) in methanol
( 244mL) at 50°C under an atmosphere of nitrogen. After 120 minutes at 50°C, HPLC
analysis showed complete disappearance of the starting material. Seed crystals of the
10  desired compound were then added ( 122mg, 257umol) and the reaction was maintained at
50°C for 2 hours to establish crystallisation of the desired product. Water, (244mL) is then
added over 15 minutes maintaining a reaction temperature of 50°C. The reaction mixture
is then cooled to 20°C and the resulting yellow solid isolated by filtration. The yellow solid
was washed with water (3 x 97mL) and dried initially in air and then in vacuo at 45°C to
15 give (5-{2,4-bis[(35)-3-methylmorpholin-4-yl|pyrido[2,3-d]pyrimidin-7-yl}-2-
methoxyphenyl)methanol (6) as a yellow solid (19.33g).
NMR Spectrum: 'H NMR (400.132 MHz, DMSO-ds) § 1.23 — 1.28 (3H, d), 1.35 -1.40
(3H, d), 3.14-3.27 (1H, m), 3.40 - 3.50 (1H, m), 3.55 — 3.79 (6H, m), 3.87 (3H, s) 3.84-
3.97 3H, m), 4.38 — 4.47 (2H, m), 4.58 (2H, s), 4.74 — 4.81 (1H, m), 5.19 (1H, broad s),
20 7.08-7.13 (1H, d), 7.56 - 7.63 (1H, d), 8.05- 8.09 (1H, dd), 8.12 - 8.16 (1H, d), 8.32 (1H,
d).
M.pt. 202-205°C.

25



Run 3 Formula 5a 22.97 22.72 23.05 2323 22.70 (25ny, drl) (ng/tablet)
Al dehyde (A) 0,32 0.30 0.44 1.07 0.45 Total inpurities (9% 1.21 1.18 1.33
2.46 1.56 Water content 2.74 Not determ ned (9 w)
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Example 2 - Methyl Ester Route
Methyl 5-acetyl-2-methoxybenzoate (7)
CH3000:©)(L
~o
@)

5  Methyl 5-acetyl-2-hydroxybenzoate (95.3g, 490.6 mmol) was added to DMF (381mL) and
potassium carbonate (82.2g, 588.8 mmol) at RT under an atmosphere of nitrogen. To the
resulting suspension was added methyl iodide (90.5g, 637.8 mmol) whilst maintaining
good agitation. After stirring at RT for 30 minutes, the crude reaction mixture was
analysed by GC demonstrating complete reaction. Water (380mL) was added followed by

10  further water (380mL) and the resulting white solid filtered off to afford 82.5g of the
desired, water wet product (7).
NMR Spectrum: 'H NMR (400.132 MHz, CDCl3) § 2.60 (3H, s), 3.92 (3H, s), 3.98 (3H,
s), 7.03-7.05 (1H, d), 8.10-8.13 (1H, dd), 8.40 (1H, d).
M.pt. 93-94°C.

15
Methyl 5-[(2E)-3-(dimethylamino)prop-2-enoyl]-2-methoxybenzoate (8)

0
CH,00C I~

~o

®

20  Methyl 5-acetyl-2-methoxybenzoate (11.98 g, 48.0 mmol) was added to N,N-
dimethylformamide dimethyl acetal (44.6 g, 374.5 mmol) held under a nitrogen
atmosphere. The resulting solution was heated at 95°C for 60 minutes. Methanol (10ml)
was then removed by atmospheric distillation and further N,N-dimethylformamide
dimethy! acetal (8.90 g, 74.9 mmol) added. The resulting solution was heated at 95°C for

25  a further 270 minutes. The reaction was then cooled to 50°C and ethyl acetate (35mL)
added. Solvent (35mL) is removed from the reaction by atmospheric distillation and fresh
ethyl acetate (35mL) added. Further solvent (35mL) is removed from the reaction by

atmospheric distillation and fresh ethyl acetate (S0mL) added. The reaction mixture is



Run 4 Fornmula 5a 90.61 91.76 95.15 96.47 91.37 (100ng, dr30 (ng/tablet)
Al dehyde () 0.29 0.27 0.29 0.59 0.37 Total inpunities (I/1i) 1.16 1.15
1.22 1.63 1.41 Water content 4.36 Not determ ned (%M w)

10

15

20

25
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cooled to RT whereby the desired product crystallises out as a granular, free flowing solid.
The solid was isolated by filtration, washed twice with fresh ethyl acetate (2 x 30mL) and
dried to constant weight to afford 11.39g of the desired methyl 5-[(2E)-3-
(dimehylamino)prop-2-enoyl]-2-methoxybenzoate (8).

NMR Spectrum: '"H NMR (400.132 MHz, DMSO-ds) 8 2.93 (3H, broad s), 3.15 (3H, broad
s), 3.81 (3H, s), 3.89 (3H, s), 5.79-5.84 (1H, d), 7.15-7.22 (1H, d), 7.67-7.75 (1H, d), 8.07-
8.12 (1H, dd), 8.17 (1H, d).

M.pt. 112-114°C.

Methyl 5-(2.4-dioxo-1.2.3.4-tetrahydropyrido|2.3-d]pyrimidin-7-yl)-2-
methoxybenzoate (9)

€))

6-Aminouracil (14.32g, 112.7 mmol) was added to glacial acetic acid (112.5mL) and water
(75mL) and the mixture heated to 99°C. A solution of methyl 5-[(2E)-3-
(dimethylamino)prop-2-enoyl]-2-methoxybenzoate (15g, 56.3 mmol) in DMSO (75 mL)
was then added over 180 minutes. The reaction was stirred at 99°C for a further 90
minutes and cooled to 60°C. Water (75mL) was then added and the reaction maintained at
60°C for a further 60 minutes and then filtered off to afford a beige solid. The solid was
washed with fresh water (75mL) and dried visibly dry thus affording 19.6g of water wet
solid (9).

NMR Spectrum: '"H NMR (400.132 MHz, DMSO-d¢) & 3.84(3H, s), 3.92(3H, s), 7.31-7.34
(1H, d), 7.79-7.82 (1H, d), 8.26-8.29 (1H, d), 8.31-8.35 (1H, dd), 8.48 (1H, d), 11.41 (1H,
broad s), 11.67 (1H, broad s).

M.pt. 301-303°C.




Run. 5 Formula 5a 101.2 94.57 98.29 97.06 94.83 (I 00ng, wet) (lly/tablet)
Al dehyde (%9 7 0.29 0.25 0.28 0.89 0.39 Total inpurities (%9 1.33 1.17
1.23 2.05 1.54 Water content 4.35 Not determ ned (9 w)
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Methyl 5-(2,4-dichloropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzoate (10).

(10)
5  Methyl 5-(2,4-dioxo-1,2,3,4-tetrahydropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzoate
(0.5g, 1.5 mmol) was stirred with DIPEA (0.426g, 3.29 mmol) and toluene (2.5 mL).
Phosphorus oxychloride (1.15g, 7.5 mmol) was then added and the mixture heated to 80°C.

After 180 minutes, HPLC analysis showed the reaction to be complete. The reaction was
cooled to RT and all volatile components removed by distillation ir vacuo to afford 1.43g

10  of an oil that upon NMR analysis contained 31% by weight of the desired compound (10).
NMR Spectrum: 'H NMR (400.132 MHz, CDCls) § 3.95 (3H, s), 4.03 (3H, s), 7.15-7.19
(1H, @), 8.14-8.18 (1H, d), 8.55-8.59(1H, dd), 8.58-8.61(1H, d), 8.75(1H, d).

Methyl 5-{2.4-bis[(3S)-3-methylmorpholin-4-yllpyrido[2.3-d]|pyrimidin-7-y1}-2-

.

15 methoxybenzoate (11)

= [ NN
CH,00C S N/)\N/\\O
- -
Q)

Methyl 5-(2,4-dichloropyrido[2,3-d]pyrimidin-7-yl)-2-methoxybenzoate (0.37g, 0.315
mmol) was added to anisole (1.85mL), (35)-3-methylmorpholine (0.095g, 0.945 mmol)
20  and catalytic quantities of glacial acetic acid at RT. The reaction was then heated to
130°C. After 270 minutes, HPLC analysis showed the desired reaction to be complete.
The reaction was cooled to RT and saturated aqueous citric acid solution (3mL) added
followed by ethyl acetate (7.5ml). Upon separation of the two layers, further saturated

aqueous citric acid solution (4mL) was added to the upper ethyl acetate layer. The



Run 6 Fomuila 5a 96.74 96.11 97.81 99,51 95.14 (100ng, wet) (ng/tablet)
Al dehyde (%9 0.26 0.27 0.29 0.89 0.33 Total inpurities (% 1.20 1.21 1.24
2.10 1.35 Water content 4.47 Not determ ned (1'i oM w)
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combined aqueous citric acid solutions were then washed with fresh ethyl acetate (7.4mL).
Upon separation of the unwanted upper (ethyl acetate) phase, the lower aqueous phase was
treated with aqueous sodium hydroxide (0.25mL, 3.15 mmol). The resulting solution was
extracted twice with fresh ethyl acetate (2 x 7.5mL) and the organic layers combined and
5  dried over anhydrous magnesium sulphate (3g). Ethyl acetate was then removed by

distillation in vacuo to afford 0.19g of a yellow oil that upon NMR analysis contained 71%
by weight of the desired compound (11).
NMR Spectrum: 'H NMR (400.132 MHz, DMSO-dg) § 1.23 — 1.28 (3H, d), 1.35 -1.40
(3H, d), 3.17-3.27 (1H, m), 3.40- 3.50 (1H, m), 3.55 - 3.99 (9H, m), 3.87 (3H, s), 3.93

10  (3H,s), 4.38 —4.47 2H, m), 4.74 — 4.81 (1H, m), 7.28 — 7.35 (1H, d), 7.61- 7.66 (1H, d),
8.15-8.19 (1H, d), 8.32 — 8.36 (1H, dd), 8.56 (1H, d).
M.pt. 97-101°C.

(5-{2,4-bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
15  methoxyphenyl)methanol (6)

(6)
A solution of lithium aluminium hydride (2M solution in THF, 1.01mL, 2.01 mmol) was
added to a solution of methyl 5-{2,4-bis[(35)-3-methylmorpholin-4-yl]pyridof2,3-
20  d]pyrimidin-7-yl1}-2-methoxybenzoate (1.47g, 2.68 mmol) in THF (19.8 mL) at 0°C under

an atmosphere of nitrogen. After 60 minutes, further lithium aluminium hydride (2M
solution in THF, 0.67mL, 1.34 mmol) was added and the solution allowed to stir at RT for
900 minutes. The resulting solution was quenched by the addition of water (11.76mL) and
extracted with ethyl acetate (22mL). On evaporation of the ethyl acetate, 1.2g of (5-{2,4-

25  bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl }-2-
methoxyphenyl)methanol (6) is obtained as a yellow solid.



Initial 86 4 weeks storage 25C /40C70C 60%H 70C | 80%H Run? Fornul a 5a
24.48 23.78 24,2923.68 22.20 0. wet) (ng/tablet) Al dehyde (% 0.38 0.36

0.441.78 1.80 Total inpurities (%9 1.32 1.31 1.383.50 3.78 Water content
3,55
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NMR Spectrum: "H NMR (400.132 MHz, DMSO-d) & 1.23 — 1.28 (3H, d), 1.35 —1.40

(3H, d), 3.14-3.27 (1H, m), 3.40 - 3.50 (1H, m), 3.55 — 3.79 (6H, m), 3.87 (3H, s) 3.84-

3.97 (3H, m), 4.38 — 4.47 (2H, m), 4.58 (2H, s), 4.74 — 4.81 (1H, m), 5.19 (1H, broad s),

7.08 —7.13 (1H, d), 7.56 - 7.63 (1H, d), 8.05- 8.09 (1H, dd), 8.12 — 8.16 (1H, d), 8.32 (1H,
5 d).

Example 3 — Preparation of Salts

Example 3a - (5-{2.4-Bis|(35)-3-methylmorpholin-4-yl|pyrido[2,3-d|pyrimidin-7-yl}-

2-methoxyphenyl)methanol Diphosphate

)
N .,
= XN
OH | 2H,PO,
SN N/)\N/\\O

10 N
(5-{2,4-Bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol (1.50g, 3.2 mmoles), phosphoric acid (0.78g, 6.8mmoles) and
methylated spirit industrial 74 O.P. (15.0ml) were charged to a 100ml reactor and heated to
reflux. On cooling in stages product solidified. Product was isolated, washed with

15 methylated spirit industrial 74 O.P. and dried in vacuum oven at 50C to yield 1.81g of (5-
{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol Diphosphate as a yellow solid.

NMR Spectrum: ‘H NMR (400.132 MHz, DMSO-dg): 8 1.28 — 1.36 (3H, d), 1.45 —1.55
20 (3H, d), 3.33-4.01 (13H, m), 4.23 (1H, d), 430 (1H, d), 4.59 (2H, s), 4.72 — 4.80 (2H,

broad m), 7.15 (1H, d), 7.84 (1H, d), 8.12 (1H, dd), 8.33(1H, s), 8.35 (1H, d).

Example 3a(i) (5-{2,4-Bis[(35)-3-methylmorpholin-4-yl|pyride|2,3-d|pyrimidin-7-yl}-

2-methoxyphenyl)methanol phosphate

25
On a 50mg scale using a 1:1.1 molar ratio of (5-{2,4-Bis[(3.5)-3-methylmorpholin-4-
yllpyrido[2,3-d]pyrimidin-7-yl}-2-methoxyphenyl)methanol : Phosphoric acid. 50mg of



Not det erm ned (9 w) Run 8 Formal a 5a 23.96 24,19 24.8622.82 22.87
(2 )mg. (ng/tablet) wet) Al dehyde (% 0.50 0.41 0.452.76 0.80 Total
inmpurities 1.'/0O 1.43 1 .35 1.445.13 1.92 Water content

72

(5-{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol was dissolved in the minimal amount of MeCN, this solution
was then added drop-wise to a vial containing the phosphoric acid which caused a yellow
solid to immediately precipitate. The experiment was then left to stir over night at room

5 temperature before filtering and isolating the precipitate.

A powder X-ray diffraction pattern was recorded using a Bruker D5000 diffractometer
(wavelength of X-rays 1.5418 A Cu source, Voltage 40kV, filament emission 40mA).
Samples were scanned from 2-40° 26 using a 0.02° step and a 1 second per step time

10 count. (see Figure 1)

Peaks were observed at:

Angle/°20 (A=1.5418A) | d-spacing/ A Relative Intensity / %
5.99 14.74 100

7.87 11.23 40.9

7.18 12.31 9.4

11.97 7.39 344

12.60 7.02 13.6

13.55 6.53 12.3

22.11 4.02 32.2

24.49 3.63 18.8

Example 3a(ii) (5-{2,4-Bis[(3S5)-3-methylmorpholin-4-yl|pyrido[2,3-d|pyrimidin-7-yl}-

15 2-methoxyphenyl)methanol phosphate
On a 50mg scale using a 1:1.1 molar ratio of (5-{2,4-Bis[(3.)-3-methylmorpholin-4-

yl]pyrido[2,3-d]pyrimidin-7-yl}-2-methoxyphenyl)methanol : Phosphoric acid. 50mg of
(5-{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido{2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol was dissolved in the minimal amount of Ethyl Acetate, this

20  solution was then added drop-wise to a vial containing the phosphoric acid which caused a
yellow solid to immediately precipitate. The experiment was then left to stir over night at

room temperature before filtering and isolating the precipitate.



4,10 Not determ ned (/0w w) Run 9 Foliatilit 5a 93.96 92, 65
94.2193.31 91.41 (100n2, wet) (nag/tablet) Al dehyde (/{)) 0.24 0.23
0.280.56 0.39 Total inmpurities WO 1.15 1.14 1.191.58 1.27 Water content
2.35 Not determ ned
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Powder X-ray diffraction indicated that the material was amorphous.

Example 3b - (5-{2.4-Bis[(3.5)-3-methylmorpholin-4-yl|pyrido|2.3-d|pyrimidin-7-yl}-

2-methoxyphenyl)methanol D-Tartrate

(5-{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol (1.50g @ 96%w/w, 3.1 mmoles), D-tartaric Acid (0.51g,
3.4mmoles) and methylated spirit industrial 74 O.P. (15.0ml) were charged to a 100ml
reactor and heated to reflux. Product began to precipitate. On cooling more product
10  precipitated. Product was isolated, washed with methylated spirit industrial 74 O.P. and
dried in vacuum oven at 50C for 4h to yield 1.98g of (5-{2,4-Bis[(3S)-3-methylmorpholin-
4-yllpyrido[2,3-d]pyrimidin-7-yl}-2-methoxyphenyl)methanol D-Tartrate as a yellow
solid.
NMR Spectrum: 'H NMR (400.132 MHz, DMSO-d¢) § 1.22 — 1.26 (3H, d), 1.34 -1.39
15  (3H, d), 3.14-4.00 (19H, overlapping m), 4.30 (2H, s), 4.40 (1H, d), 4.57 (2H, s), 4.72-
4.80 (1H, broad), 5.11-5.23 (1H, broad), 7.09 (1H, d), 7.60 (1H, d), 8.05 (1H, dd), 8.16
(1H, d), 8.31 (1H,s).

M.pt: Begins to decompose from about 128°C onwards forming a resin.

20
A powder X-ray diffraction patterns was recorded using a Bruker D5000 diffractometer
(wavelength of X-rays 1.5418 A Cu source, Voltage 40kV, filament emission 40mA).
Samples were scanned from 2-40° 26 using a 0.02° step and a 1 second per step time
count. (see Figure 2)

25



(9 w) Run 10 Formul a 5a 23.89 24.26 24.1722.72 23.27 (25nmg, wet)
(ng/tablet) Al dehyde (% 0.45 0.39 0.503.35 0.67 Total inpurities (% 1.39
1.32 1.446.30 1.78 Water content 1.45 Not determ ned (9/ 0w w)
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Peaks were observed at:
Angle /°20 (A=1.5418A) | d-spacing /A Relative Intensity / %
6.17 14.31 100.0
13.33 6.63 17.8
14.58 6.07 344
16.29 5.43 23.5
17.50 5.06 29.6
18.20 4.87 39.7
18.80 4.71 34.1
19.76 4.49 50.2
20.63 4.30 37.5

TGA was recorded using a TA Instrument TGA, Q5000 series. Typically less than S5Smg of
material, contained in a 100ul platinum pan, was heated over the temperature range 25°C
5 10 325°C at a constant heating rate of 10°C per minute. A nitrogen purge gas was used
with flow rate 100ml per minute. The material exhibited a loss of 4.4% up to 50°C
followed by an additional loss of 1.7% between 70 and 140°C suggesting that the material

is solvated.

10  The product was further dried in a vacuum oven at 50°C overnight. Powder X-ray

diffraction indicated some loss of crystallinity. (see Figure 3)

Example 3b(i) (5-{2.4-Bis[(35)-3-methylmorpholin-4-yl|pyrido|2,3-d|pyrimidin-7-yl}-

2-methoxyphenyl)methanol D-Tartrate

15
50mg samples of the (5-{2,4-Bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-
yl}-2-methoxyphenyl)methanol D-Tartrate were slurried for five days in (i) EtOAc at room
temperature, (ii) MeCN at room temperature, and (iii) MeCN at 60°C in MeCN.

20  Powder X-ray diffraction patterns were recorded using a Bruker D5000 diffractometer
(wavelength of X-rays 1.5418 A Cu source, Voltage 40kV, filament emission 40 mA).



Run 11 Formul a 5a 95.26 92.43 92.3498.03 94.92 (1 0093g, (ng/tablet)
"al 87 4 weeks storage 25C/ 40C 70C 70C

10

15

75

Samples were scanned from 2-40° 26 using a 0.02° step and a 1 second per step time
count.

The powder X-ray diffraction patterns indicated that for each of the slurry conditions
above, the isolated materials had substantially similar crystal forms. The material isolated

from the slurry in ethyl acetate was appeared to be the most crystalline.

Peaks were observed at:

Angle /°20 (A=1.5418A) | d-spacing /A Relative Intensity / %
6.18 14.28 100.0

9.62 9.18 8.5

13.16 6.72 12.0

13.55 6.53 16.3

16.60 5.33 23.5

17.60 5.03 45.5

19.07 4.65 45.2

25.20 3.53 37.0

Example 3c - (5-{2.4-Bis[(35)-3-methylmorpholin-4-yl|pyrido|2,3-d]pyrimidin-7-y1}-2-

methoxypheny)methanol Fumarate salt.

(5-{2,4-Bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol (10.00g @ 96%w/w, 20.6 moles), fumaric Acid (2.63g,
22.7mmoles), water (84ml) and methylated spirit industrial 74 O.P. (16.0ml) were charged
to a 250ml reactor and heated to reflux (92°C). The hot solution was filtered to remove
extraneous matter. The filter was washed with a mixture of water (17ml and methylated

spirit industrial 74 O.P. (3ml). On cooling the combined filtrates product precipitated.



80%RH dry) Al dehyde (% 0.26 026 (129 0.67 0,29 Total inpurities (A 1.17
1.17 1.19 1.74 1,32 Water content 5.27 Not determ ned (lia,viw
Run 12 Fern:lulu 5a 95.10 93.58 94.41
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Product was isolated, washed with methylated spirit industrial 74 O.P. and dried to yield

10.12g of (5-{2,4-Bis[(3S)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-

methoxyphenyl)methanol Fumarate as a yellow solid.

NMR Spectrum: 'H NMR (400.132 MHz, DMSO-dg) § 1.28 — 1.36 (3H, d), 1.44 -1.52
5 (3H,d), 3.31-4.00 (14H, m), 4.19 (1H, d), 4.38 (1H, d), 4.59 (2H, s) 4.72 — 4.80 (2H,

broad m), 6.63 (2H, s) 7.15 (1H, d), 7.82 (1H, d), 8.12 (1H, dd), 8.35 2H, sand d

overlapped).

M.pt 175-178°C.

10  Powder X-ray diffraction pattern was recorded on a Bruker D8 diffractometer (wavelength
of X-rays 1.5418 A Cu source, Voltage 40kV, filament emission 40 mA) with the humidity
stage attached. XRD patterns were recorded under varying humidity conditions; the
material was scanned from 5-40° 26 using a step size of 0.014° and a 0.2 seconds per step

time count. (see Figure 4 — Form A)

15

Peaks were observed at:
Angle/°20 (A=1.5418A) | d-spacing/ A Relative Intensity / %
6.03 (6.0) 14.64 (14.6) 100.0 (100)

1 9.602 (9.6) 9.20 (9.2) 14.4 (14)
12.20 (12.2) 7.25(7.2) 6.5 (6)
12.98 (13.0) 6.81 (6.8) 5.0(5)
17.06 (17.1) 5.19(5.2) 9.2(9)
17.60 (17.6) 5.03 (5.0) 9.6 (10)
17.93 (17.9) 4.94 18.2 (18)
18.30 (18.3) 4.84 9.9 (10)
19.16 (19.2) 4.63 12.1 (12)
19.41 (19.4) 4.57 10.0 (10)
21.63 (21.6) 4.10 11.5 (11)

In situ in the X-Ray Diffractometer, when the humidity levels were reduced to 20%

humidity or less, the powder X-ray diffraction pattern obtained indicated a change in



101.8 95.54 Ora& (ng/tablet) 2 dr3/) Aldehyde (I"Al,) 0.29 0,26 0.28
0:77 1.02 Total inpurities (% 1.21 1.16 1.19 1.95 2.29 Witer content
7.17 Not detei Etlined (9 w)
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crystal form. This change was reversible, as the sample returned to the original form as the

humidity was raised again. This was confirmed by the powder X-ray diffraction.

Under low humidity (5%), peaks were observed at:

Angle /°20 (A=1.5418A) | d-spacing/ A Relative Intensity / %
6.04 (6.0) 14.62 (14.6) 100.0 (100)
8.55 (8.5) 10.34 (10.3) 50(0)
9.60 (9.6) 9.20 (9.2) 93(9)
12.20 (12.2) 7.25(7.2) 5.3(5)
13.00 (13.0) 6.80 (6.8) 3.1(3)
17.13 (17.1) 517 (5.2) 7.2(7)
17.72 (17.7) 5.00 5.8(6)
17.91 (17.9) 4.95 9.7 (10)
18.33 (18.3) 4.83 5.6 (6)
19.28 (19.3) 4.60 6.0 (6)

5  (See Figure 5 — Form B)

A variable temperature XRPD experiment was performed on Form A, which showed that
on heating Form A converts to Form B. In light of this observation, melting points for
Form A may reflect the melting point of Form B. Melting point: 180°C (onset 174°C)

10
A 10-30mg of Form A material was added to a sample vial, along with a sufficient volume
of water to achieve mobility without completely dissolving the sample. A magnetic flea
was then added and the vial was placed on a stirrer plate at room temperature to stir at
approximately 200-300rpm for 5 weeks. The slurry was then isolated and analysed by

15 XRPD. Measurements were made using a Bruker D4 diffractometer (wavelength of X-
rays 1.5418 A Cu source, Voltage 40kV, filament emission 40 mA), samples are spun at 30
rpm to improve counting statistics. XRPD patterns were collected over the range 2° to

40°0 using a step size of 0.00570° and a 0.03 second per step count time.

Angle /°20 (A=1.5418A) | d-spacing/A Relative Intensity / %




Run 13 Formul a 5a 96.98 92.54 94.81 94.56 91.97 (ieG ag,
Al dehyde (%9 0.27 0.26 0.31 0,97 0.76 Total inpurities (% 1.20 1.19 1.28

2,24 1.73 Water content 2.87 Not determ ned (9 w)

10

15
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6.29 (6.3) 14.03 (14.0) 100.0 (100)
9.19 (9.2) 9.61 (9.6) 42 (4)
10.14 (10.1) 8.72 (8.7) 6.2 (6)
13.26 (13.3) 6.67 (6.7) 42 (4)
14.42 (14.4) 6.14 (6.1) 48 (5)
18.86 (18.9) 470 (4.7) 17.8 (18)
20.30 (20.3) 437 (4.4) 5.6 (6)
21.99 (22.0) 4.04 (4.0) 10.1 (10)

(See Figure 6 — Form C)

Melting point of Form C measured by DSC 159°C (onset 148°C).
DSC: Typically less than 5Smg of material contained in a sample pan was heated over the
temperature range 25°C to 300°C at a constant heating rate of 10°C per minute. A purge

gas using nitrogen was used - flow rate 100ml per minute.

Example 3¢ - (5-{2.4-Bis[(35)-3-methylmorpholin-4-yl|pyrido[2.3-d|pyrimidin-7-yl}-2-
methoxyphenyl)methanol Fumarate salt. (Alternate Method)

0]
L) o
N l JJ\y\H/OH
Y HO

OH | =N
o)
ST
- K/

0

(5-{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido[ 2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol prepared by the alternate method (10.00g, 20.6mmoles), fumaric
Acid (2.63g, 22.7mmoles), water (84ml) and methylated spirit industrial 74 O.P. (16.0ml)
were charged to a 250ml reactor and heated to reflux (92°C). The hot solution was filtered
to remove extraneous matter. The filter was washed with a mixture of water (17ml) and
methylated spirit industrial 74 O.P. (3ml) and heated to 60°C. Seed crystals of Formula 5a
Fumarate are added to the filtrates to initiate crystallisation. The resulting suspension is
held at 60°C for 2 hours to establish crystallisation and the growth of suitably sized

crystals. The desired product precipitated out on further cooling of the suspension. The

wet) (ng/tablet)



Run 14 Formul a 5a 23A8 23.24 25.17 23.10 22.70 (25ing, dry) (ng/tablet)
Al dehyde() 0.33 030 0.38 1.40 0.85 Total inmpurities (%9 1.24 1.20 1.40
2.84 2.42 \Water content 4.69 Not determ ned (9 w)

10

15

20
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product was isolated, washed with methylated spirit industrial 74 O.P. and dried to yield
10.12g of (5-{2,4-Bis[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]pyrimidin-7-yl } -2-
methoxyphenyl)methanol Fumarate as a yellow solid.

NMR Spectrum: 'H NMR (400.132 MHz, DMSO-ds) § 1.28 — 1.36 (3H, d), 1.44 -1.52
(3H, d), 3.31-4.00 (14H, m), 4.19 (1H, d), 4.38 (1H, d), 4.59 (2H, s) 4.72 — 4.80 (2H,
broad m), 6.63 (2H, s) 7.15 (1H, d), 7.82 (1H, d), 8.12 (1H, dd), 8.35 (2H, sand d
overlapped).

M.pt 175-178°C.

Reference Example 4

Comparison of bioaccessibility of a compound of Formula 5a free base and fumarate salt

Bioaccessibility of a compound of Formula 5a in the form of a free base and a
fumarate salt was assessed using a TIM-1 multi-compartmental in vitro model (TNO
Quality of Life, The Netherlands).

Initial assessment of solutions and suspensions of the free base form at
concentrations of 10mg/mL and doses of 200mg and 500mg were performed using a
standard protocol (lipid-fasted with starting gastric pH of 2 and a gastric half-time of 30
minutes). The results showed little or no difference in the amount of drug available for

absorption. (see Table 3).

Table 1 Bioaccessibility of the free base of the compound of Formula 5a using TIM-1

in vitro model

% of dose

200 mg solution 200 mg suspension

Total jejunum Absorption 57.90 54.90
Total ileum Absorption 22.10 23.50
Total jej+il Absorption 80.00 78.40
Total ileum effluent 10.50 13.50
Total residues and rinses 6.30 5.80
Total recovery 96.80 97.60

500 mg solution 500 mg suspension




Run 15 Formul a 5a 93.48 95.40 95.79 92.37 92.65 (100ng, drY) (ng/tablet)
Al dehyde (% 0,28 0.26 0.30 1.35 0.42 Total inpurities (% 1.19 1.19 1.22
2.78 1.43 88 Water content (l/oww Initial 3.98 4 weeks storage 25C

/ 40C70C 60%H Not determ ned 70C / SWAM
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15
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Total jejunum Absorption 52.10 51.90
Total ileum Absorption 23.80 23.40
Total jej+il Absorption 75.90 75.40
Total ileum effluent 12.60 11.20
Total residues and rinses 5.00 5.20
Total recovery 93.60 91.70

However, at the 500mg dose, in situ samples from the duodenum compartment
showed higher concentrations at early time-points for the solution in comparison to the
suspension presentation (See Figure 7).

This led to a concern that a higher gastric pH and / or reduced gastric emptying
time could lead to reduced bioavailability. A further study was performed with an
increased initial gastric pH of 5 and a reduced gastric half-time of 20 min. In this study,
200mg (free base equivalent) doses of 10mg/mL suspensions of the free base and fumarate

salt of the compound of Formula 5a were compared (see Table 4, Figure 8).

Table 2 Bioaccessibility of a compound of Formula Sa (free base and fumarate salt)

using TIM-1 in vitro model

Dosage Form 200 mg free base 200 mg free base 200 mg fumarate salt
suspension  suspension gastric suspension gastric pH 5
gastric pH 2 pHS
Total jejunum Absorption 54.90 17.91 58.57
Total ileum Absorption 23.50 10.83 20.47
Total jej+il Absorption 78.40 28.74 79.04
Total ileum effluent 13.50 47.46 9.16
Total residues and rinses 5.80 16.77 6.91
Total recovery 97.60 92.96 95.12

It was concluded that the fumarate salt of the compound of Formula 5a dosed as

200mg (free base equivalent) of a 10mg/mL suspension at high gastric pH gave the same



Run 16 Formul a 5a 24,21 21,84 24.59 27.10 23.79 (Thing, dry) (ng/tablet)
Al dehyde 041 039 0,33 0.39 1.95 1.34 Total inpurities (%9 1.32 1.17 1.35
3.99 3.49 Water content 6.57 Not determ ned (9 w)
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bioaccessible fraction as the free base dosed under standard conditions, thus reducing the

risk of in vivo variability. Thus, the fumarate salt was selected for further work.

Reference Example 5

Stability study
The stability of the fumarate salt of the compound of Formula 5a in the solid state

was investigated for samples stored at 25°C/60% relative humidity (RH) in double lined
polyethylene bags inside a fibreboard outer for long term stability testing. In addition,
accelerated and stressed stability testing was performed at 40°C/75% RH and 50°C AH
(ambient humidity) in double lined polyethylene bags inside fibreboard outers. Further
stress testing was performed on exposed samples at 40°C/75% RH and at ambient
temperature in a light chamber (exposed to a minimum of 1.2 million lux hours visible

light and 200 watt-hours/m? UV light), as shown in Table 5.

Table 3 Stability study

Test Initial 1 month, 3 3 3 10 days,
40°C/ months, months, months, light-
75%RH  25°C/ 40°C/ 50°C exposed
exposed 60%RH 75%RH

Assay (water and 99.4 100.3 99.7 99.3 96.8 95.5

solvent-free, % w/w)
Organic impurities

Largest single impurity 0.16 0.16 0.16 0.16 0.16 0.97
(% wiw)

Total organic 0.31 0.36 0.31 0.26 0.44 2.28
impurities®
(% wiw)

Water content (% w/w) 3.4 5.0 4.5 5.6 0.6 5.0




Ref erence Exanple 7 Stability Study.11 0 and 100ng tablets, with coating
.Al A conposition conprising 25% Fornula 5a funmarate salt, without a

bi nder, 5 selected for further study. Tablet cores of 10 and 100i ng
strength active agent were prepared and coated with a yellow filmcoating
hayi ng a high content of iron oxide pignent and were investigated in a
stability study varying tenperature angshumdity. AlOtig tablet
conposition is shomn |n Table 9, 10 Table 1 10ng tablet (10ng Fornul a 5a,

1170 of cORPNRGRR R erPBl vapr et 25 s0% BRI PSP REar T Ay 11218

25.0 Dru xﬁmﬁﬁ@ﬁgﬁﬁwﬁﬁﬂbﬁhmﬁ Hvef 4 plridd bt BmobiRAaThereGaksihélBviphiRsphat e
anhydrous 10.0 20.0 Filler LOMFSUbStItUtIOﬂ hydr oxypropyl 3.5 7.0
Di si nt egrtastmal degradatlon for the sample stored at 50°C. Following exposure to light under

stress conditions, the sample had darkened on exposed surfaces and a loss of assay and

5  corresponding increase in organic impurities was seen. An aldehyde was the largest
observed impurity in this sample. These data indicate that that fumarate salt of the
compound of Formula 5a may be stored at room temperature, however protection against

exposure to light may ameliorate degradation effects.

Aldehyde impurity (relative molecular mass 463.52)

10

Reference Example 6

Composition and process selection study

Tablets were manufactured using wet granulation and direct compression
15  processes, using the fumarate salt of a compound of Formula 5a and the compositions

shown in Table 6.

Table 3 Conditions for composition and process selection study

Drug Primary Secondary

Run Process Level Filler Filler Disintegrant Lubricant  Binder
1 Dry 10 Mannitol DCPA L-HPC SSF PVP
2 Wet 10 MCC DCPD L-HPC SSF HPC
3 Dry 10 Mannitol DCPD L-HPC MgSt HPC
4 Dry 40 MCC DCPA L-HPC SSF HPC

5 Wet 40 Mannitol DCPD L-HPC SSF PVP



89 cel |l ul ose Magnesi um stearate 0.5 1.00 Lubricant Cure tablet weight
50.0 Tabl et coating (A) nmg / % of coating Function tablet weight

Pol yvi nyl al cohol 0.800 40.00 Filmfornmer Titani um di oxide 0.200 10.00
paci fier Pol yethyl ene glycol 3350 0.404 20,20 Pl asticiser

83

Drug Primary Secondary

Run Process Level Filler Filler Disintegrant Lubricant  Binder
6 Wet 40 MCC DCPD SSG MgSt HPC
7 Wet 10 MCC DCPA L-HPC MgSt PVP
8 Wet 10 Mannitol DCPD SSG MgSt PVP
9 Wet 40 Mannitol DCPA L-HPC MgSt HPC
10 Wet 10 Mannitol DCPA SSG SSF HPC
11 Dry 40 Mannitol DCPD SSG SSF HPC
12 Dry 40 MCC DCPD L-HPC MgSt PVP
13 Wet 40 MCC DCPA SSG SSF PVP
14 Dry 10 MCC DCPA SSG MgSt HPC
15 Dry 40 Mannitol DCPA SSG MgSt PVP
16 Dry 10 MCC DCPD SSG SSF PVP

In the dry process, the powdered ingredients (other than the lubricant) were charged
to a suitable blender and mixed to produce a uniform distribution of drug substance (the
fumarate salt of the compound of Formula 5a ). The lubricant was added to the mixture

5  prior to additional blending. The blend was compressed into tablet cores using a single
station press to give tablets of the required hardness, disintegration and appearance.

In the wet process, the powdered ingredients (other than the lubricant) were
charged to a suitable mixer and mixed to produce a uniform distribution of drug substance
(Formula 5a fumarate salt). Water was added gradually to the powders with further mixing

10  until a suitable wet mass was formed. The resultant granules were dried to an appropriate
moisture content (less than 2% by weight). The dry granules were then passed through a
suitable screen (mesh size 1.0mm), before the lubricant was then added prior to blending.
The blended granules were compressed into tablet cores using a single station press to give

tablets of the required hardness, disintegration and appearance.



I ron oxide yellow 0.300 15.00 Col ouring agent Talc 0.296 14.80 Anti-tack
agent % of core weight Nom nal coating weight 2.000 4.00 The tabl ets
may be prepared using the followi ng wet granul ati on process: nl Formul a 5a
fignarate suit (0.250 kg), mannitol (Pearlitol 160 C. Roquette Freres S. A,
0.470 kg); Dibasic cal cium phosphate anhydrous (CalipharmA , innophos,

0. 200 kg); and Low substitution hydroxygropyl cellulose (L-HPC LH 21, Shin
Et su Chemi cal Co., 0.070 kg) were m xed together in a Collette Oral 10 high
shear mjxer [ ol K itiO . i nute) was sprayed
into th al)’(‘[e\éfg:%énr{ggltfﬁg f‘r’r‘?%’ﬁéj(gsl%éna%ﬂ E%‘gcﬁ&jf soe?ecéggﬁbﬂ{@{% m nutes. The wet
mass was -passed-t-hrough—a—sereen—(nesh—size—9-5—m)-—Fhe—granules—were—
dried in a Vector FLM 3 flQdrecbbdsedR{me /tabidtet aft0%otfmepesatl(Pmel BOL, air
flowrate sufficient to fluidise the granule bed) to a noisture content of<
2% w w and the dried cranmpesbh m || edousi ng a Quadhp@alCom | 194% screen nesh
0.062 inches (1.6 nm, 400rpm. Two of the above portions are conbined and

0. 020g mepnesiiam singahat e3pelkled. Thep2s kg batch iz transfeuedsgo a
Pharrnatech MB100 bl ender (10 litre drunm) and the 15 m xture bl ended. The

m xture i ghhes SeEessefsgdsy o tablgts (50 ng cgypressi on wepght, plain,
4.5

round, hi-convex mm dianeter) using a Riva Piecola tablet press (30,000
tablets p kN c ession farce), The t ets are th coat ed
using an %bﬁaﬁf%y?gg‘éoat ?‘ﬁ#l - X coater (15 inch%l#un) with qggdry 11

Yel | ow ( lortcon t85F38196 300 g/ kg - 90 aqueous §%Ifsuti on). Theg total
coating soiTRFBAMappl i ed 1% equi val eht to 40g/ kg of Qpadry pef mass of

t abl et coges. A 100ng tabl et conposifion is shom?éjl'abl e 10. 5T$bl e 6 1000!g
tablet (1 BYEFor mul a 5a, ul -atol | di basic cal ctum phosphat e”anhydr ous
filler
) Lubricant 2.5 1 2.5 Il
1 Direct ComI;'_e;siorI grades were used in the dry process, and wet g-r_anulation

grades were used in the wet process — see Table 1

5 These tablets were tested using the Compound Assay Test described above, and
water content immediately after preparation and after periods of storage under various

conditions of temperature and relative humidity (RH), as shown in Table 8.

Table 5 Stability data summary - composition and process selection tablets

Initial 4 weeks storage
25°C/ 40°C  70°C  70°C/
60%RH 80%RH

‘Runl  Formula S5a (mg/tablet) 23.80 23.97  23.82 2224 21.41
(25mg,

Aldehyde (%) 034 0.38 042 210 281
ay) Total impurities (%) 125  1.30 1.34 436  6.13
Water content (Yow/w) 1.73 Not determined
Run 2 Formula 5a 25.89 24.88 25.85 2550 23.52
(25mg, (mg/tablet)
et Aldehyde (%) 0.46  0.41 052 2.03 0.86

Total impurities (%)  1.53 1.38 1.53 3.93 3.00




Ingredient ng / %of core ',A ight Function tablet Tabl et core

Formul a 5a funaarate salt 125.0 25.0 Drug substance Mat-mta] 235.0 47.0
Filler Dibasic; calciumphosphate anhydrous 100.0 20.0 Filler

Low substitution hycl roxypropyl cellulose 35.0 7.0 Disintep-ant Magnesium
stearate 5.0 1.00 Lubricant Core tablet weight 500.0
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Initial 4 weeks storage i
25°C/  40°C 70°C 70°C/
60%RH 80%RH

Water content 3.91 Not determined N
(Yow/w)

Run 3 Formula 5a 2297 2272 23.05 2323 22.70

(25mg, (mg/tablet)

dry) Aldehyde (%) 032 030 044 107 045
Total impurities (%) 1.21 1.18 1.33 246 1.56
Water content 2.74 Not determined
(Yow/w)

Run 4 Formula 5a 90.61 91.76 95.15 96.47 91.37

(100mg,  (mg/tablet)

dry) Aldehyde (%) 029 027 029 059 037
Total impurities (%) 1.16 1.15 1.22  1.63 1.41
Water content 4.36 Not determined
(Y%ow/w)

Run 5 Formula 5a 1012 94.57 98.29 97.06 94.83

(100mg, (mg/tablet) 7

et Aldehyde (%) 029 0.25 028 0.89 0.39
Total impurities (%)  1.33 1.17 123  2.05 1.54
Water content 4.35 Not determined
(%w/w)

Run 6 Formula 5a 96.74 96.11 97.81 99.51 95.14

(100mg, (mg/tablet)

wef) Aldehyde (%) 026 027 029 0.89 0.33
Total impurities (%) 1.20 1.21 1.24 210 135
Water content 4.47 Not determined




Tabl et coating (A) ng / % of coating weight Function tablet Pol yvi nyl
al cohol 8.00 40.00 Filmfoosker Titaniumdioxide 2.00 10.00 ()pacifier
Pol yet hyl ene gl ycol 3350 4,04 20,20 Plasticiser Iron oxide yellow 3.00
15.00 Col ouring agent Tale 2,96 14.80 Anti-tack agent % of core wei ght
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Initial 4 weeks storage

25°C/ 40°C  70°C  70°C/

60%RH 80%RH

Run7  FormulaSa 2448 2378 2429 23.68 2220

(25mg, (mg/tablet)

wet) Aldehyde (%) 038  0.36 044 178 1.80
Total impurities (%) 1.32 1.31 1.38 350 3.78
Water content 3.55 Not determined
(Y%ow/w)

Run 8 Formula 5a 23.96 24.19 24.86 22.82 2287

(25mg, (mg/tablet)

wet) Aldehyde (%) 0.50  0.41 045 276 0.80
Total impurities (%) 1.43  1.35 144 513 1.92
Water content 4.10 Not determined
(Yow/w)

Run 9 Formula 5a 93.96 92.65 9421 9331 91.41

(100mg, (mg/tablet)

L Aldehyde (%) 024 023 028 0.56 039
Total impurities (%)  1.15 1.14 1.19 1.58 1.27
Water content 2.35 Not determined
(Yow/w)

Run 10 Formula 5a 23.89 2426 2417 2272 2327

(25mg, (mg/tablet)

iet) Aldehyde (%) 0.45  0.39 0.50 335  0.67
Total impurities (%) 1.39 1.32 144 630 1.78
Water content 1.45 Not determined
(Yow/w)

Run 11 Formula 5a 9526 92.43 92.34 98.03 94.92

(100mg, (mg/tablet)




Nom nal

| ong-term (25" 060% RH) ,

coating weight 20,0 4.0

91
accel erated (40" &75% RH) and stressed (50C anbi ent

The 100ng tabl ets may be prepared
usi ng an anal ogous nethod to that described for the preparation of the
10i ng tabl ets shown in Table 9.

A stability study covering

R11) conditions was perforned on hatches of yellow filmcoated 10 and 100ngy
9 and 10 which were stored in US

hi gh-density pol yet hyl ene (HDPE) bottles with standard, |ined, screw neck

[ [ —TFable—7-Stability
marate salt with

tabl ets prepared as described in Table

cl osur es;—and-t-he
data summary for tablet conpositi

oREIRf 4 weekssiorags f

- 17dogd osed)
9.6 9.5 9.5 9.5

0.29
1.32

95.54

1.02
2.29

91.97

0.76
1.73

22.70

0.85
2.42

92.65

0.42

Zga’([);gogmA Initial 4 weeks storage 25 C%ORHMQCJ?
i (open) 50C 10ng tablets Fornula 5a (ny/tabl et
9.7 Largest single inpurity (% 0.16 0.6D8cKE16 0.16 0,16 &WHBH inpurities
ol 036 dry) Aldehyde (%) 026 0.26 029  0.67
Total impurities (%) 1.17 1.17 1.19 1.74
Water content 5.27 Not determined
(%w/w)
Run 12 Formula Sa 95.10 93.58 9441 101.8
(100mg,  (mg/tablet) 2
dry) Aldehyde (%) 029 026 028  0.77
Total impurities (%)  1.21 1.16 1.19 1.95
Water content 7.17 Not determined
(Yew/w)
Run 13 Formula 5a 96.98 92.54  94.81 94.56
(100mg, (mg/tablet)
wiet) Aldehyde (%) 027 026 031 097
Total impurities (%)  1.20 1.19 1.28 2.24
Water content 2.87 Not determined
(Yow/w)
Run 14 Formula 5a 2348 2324 2517 23.10
(25mg, (mg/tablet)
dry) Aldehyde(%) 033 030 038  1.40
Total impurities (%) 1.24 1.20 1.40 2.84
Water content 4.69 Not determined
(Yow/w)
Runl5  Formula Sa 93.48 9540 9579 92.37
(100mg,  (mg/tablet)
dry) Aldehyde (%) 028 026 030 135
1.19 1.19 122 278

Total impurities (%)

1.43




038 041 0.37 0.46 Dissolution 98 98 99 97 99 (% release after 45 m nutes)
100ng tablets Formula 5a (ng/tablet) 98 99 99 98 99 Largest single
impurity (%9 0.16 0.17 0.17 026 QA 7 Total inpurities (%

88

Initial 4 weeks storage

25°C/ 40°C  70°C  70°C/

60%RH 80%RH
Water content 3.98 _ Not determined
(Yow/w)
Run 16 Formula Sa 2421 2184 2469 27.10 23.79
(25mg, (mg/tablet)
dry) Aldehyde (%) 039 033 039 195 134
Total impurities (%)  1.32 1.17 1.35 399 349
Water content 6.57 Not determined
(Yow/w)
Reference Example 7

Stability Study (10 and 100mg tablets, with coating A)

A composition comprising 25% Formula 5a fumarate salt, without a binder, was
5  selected for further study. Tablet cores of 10 and 100mg strength active agent were
prepared and coated with a yellow film coating having a high content of iron oxide

pigment and were investigated in a stability study varying temperature and humidity.

A 10mg tablet composition is shown in Table 9.

10

Table 1 10mg tablet (10mg Formula Sa, mannitol / dibasic calcium phosphate

anhydrous filler)
Ingredient mg/ % of core weight Function
tablet
Tablet core -
Formula 5a fumarate salt 12.5 25.0 Drug substance
Mannitol 23.5 47.0 Filler
Dibasic calcium phosphate anhydrous  10.0 20.0 Filler

Low-substitution hydroxypropyl 3.5 7.0 Disintegrant




0.31 0.32 0.39 0.36 0.47 Dissolution 99 100 99 99 100 (% rel ease after 45
m nut es) 92 No significant change in description, assay, degradation
products or dissolution has been observed for tablet conpositions of
formula 5a furnarate salt with coating A alder storage for up to 4 weeks
under the conditions studied. The extent of the observed 5degradati on at
the 50C condition is considered acceptggle for all tested strengths.

Ref erence Exanple 8 Photostability Stu?y (10 and 20trig tablets, with
coat i ng B)-10-Fhe-tablet—core—conpositi-on—+rom-Exanple?was—selected-for
further selldipse Tablet cores of 10 and 20ng strength active agent were
prepared I@Q%legﬁﬂ{ ad.W.th a yellow filymg coati n]go(Favi ng a |lowpeeptgnt of iron
oxi de pignment were i1nvestigated in a photostability study, 15A I Orig

t abl et cdhpoesdhistoveigls shown in Tabl e502. Table 1 10ng tablet (10ng Formul a

5a, rraanl,ll;a% /I di ba(%c cal ci um phosprrlrfg)a anh%gro%gat{nlgl ler)  runction

et coating
tablet weight
Polyvinyl alcohol 0.800 40.00 Film former
Titanium dioxide 0.200 10.00 Opacifier
Polyethylene glycol 3350 0.404 20.20 Plasticiser
Iron oxide yellow 0.300 15.00 Colouring
agent
Talc 0.296 14.80 Anti-tack agent
% of core weight
Nominal coating weight 2.000 4.00

The tablets may be prepared using the following wet granulation process:

™
Formula 5a fumarate salt (0.250 kg), mannitol (Pearlitol 160 C, Roquette Freres

S.A., 0.470 kg); Dibasic calcium phosphate anhydrous (Calipharm A , Innophos, 0.200
5  kg); and Low-substitution hydroxypropyl cellulose (L-HPC LH-21, Shin Etsu Chemical
Co., 0.070 kg) were mixed together in a Collette Gral 10 high shear mixer. Water (0.150
kg, addition rate of 0.100 kg/minute) was sprayed into the mixture and the mixture
granulated for about 6.5 minutes. The wet mass was passed through a screen (mesh size
9.5 mm). The granules were dried in a Vector FLM-3 fluid bed dryer (inlet air temperature
10 60 °C, air flow rate sufficient to fluidise the granule bed) to a moisture content of < 2%
w/w and the dried granules milled using a Quadro Comil 194 (screen mesh 0.062 inches
(1.6 mm), 400rpm).
Two of the above portions are combined and 0.020g magnesium stearate added.
The 2 kg batch is transferred to a Pharmatech MB100 blender (10 litre drum) and the
15  mixture blended. The mixture is then compressed into tablets (50 mg compression weight,
plain, round, bi-convex 4.5 mm diameter) using a Riva Piccola tablet press (30,000 tablets

per hour, 3 kN compression force). The tablets are then coated using an O’Hara Labcoat

™
II-X coater (15 inch drum) with Opadry II Yellow (Colorcon 85F38196, 200 g/kg



Ingredient / tablet % of core weight Function Tablet core Formul a 5a
thmarate salt 12.5 25.0 Drug substance Mannitol 23.5 47.0 Filler D basic
cal ci um phosphat e anhydrous 10.0 20.0 Filler Low substitution hydroxypropyl
cellulose 3.5 7.0 Disintegrant Ndagnesium stearate 0.5 1.00 Lubricant Core
tabl et wei ght 50.0

90

aqueous solution). The total coating solution applied is equivalent to 40g/kg of Opadry per

mass of tablet cores.

A 100mg tablet composition is shown in Table 10.

5 | Table 6 100mg tablet (100mg Formula Sa, mannitol / dibasic calcium phosphate

anhydrous filler)

Ingredient mg / % of core weight Function
tablet

Tablet core o

Formula 5a fumarate salt 125.0 25.0 Drug substance

Mannitol 235.0 47.0 Filler

Dibasic calcium phosphate anhydrous  100.0 20.0 Filler

Low-substitution hydroxypropyl 35.0 7.0 Disintegrant

cellulose

Magnesium stearate 5.0 1.00 Lubricant

Core tablet weight 500.0

Tablet coating (A) mg / % of coating weight Function
tablet

Polyvinyl alcohol 8.00 40.00 Film former

Titanium dioxide 2.00 10.00 Opacifier

Polyethylene glycol 3350 4.04 20.20 Plasticiser

Iron oxide yellow 3.00 15.00 Colouring

agent
Talc 2.96 14.80 Anti-tack agent
% of core weight
Nominal coating weight 20.0 4.0

The 100mg tablets may be prepared using an analogous method to that described
for the preparation of the 10mg tablets shown in Table 9.
10



Tabl et coating (B) ng / tablet %ol coati ng wei ght Function PO yvin yl

al cohol 0.800 40.00 Filmformer Titanium di oxide 0A70 23.50 Opacifier

Pol yet hyl ene gl ycol 3350 0.404 20.20 Pl asticiser 93 iron oxide yell ow
0.030 1.50 Colouring agent Tale 0.296 14.80 &M .-tack agent % of core
wei ght Nom nal coating wei ght

91

A stability study covering long-term (25°C/60% RH), accelerated (40°C/75% RH)
and stressed (50°C ambient RH) conditions was performed on batches of yellow film-
coated 10 and 100mg tablets prepared as described in Tables 9 and 10 which were stored in
US high-density polyethylene (HDPE) bottles with standard, lined, screw-neck closures;

5  and the results are summarised in Table 11.

Table 7 Stability data summary for tablet compositions of formula 5a fumarate salt

with coating A
Initial 4 weeks storage
25°C/60%RH 40°C/75%RH 40°C/75%RH 50°C
(closed) (open)
10mg Formula5a 96 95 95 9.5 97
tablets (mg/tablet)
Largest single 0.16  0.16 0.16 0.16 0.16
impurity (%)
Total 0.36  0.38 0.41 0.37 0.46
impurities (%)
Dissolution 08 98 99 97 99
(% release
after 45
minutes)
100mg Formula 5a 98 99 99 98 99
tablets (mg/tablet)
Largest single 0.16  0.17 0.17 0.16 0.17
impurity (%)
Total 031 0.32 0.39 0.36 0.47
impurities (%)
Dissolution 99 100 99 99 100

(% release
after 45

minutes)




2.000 4.00

The tabl et cores may be prepared using,
wet granul ation process described previously (see Exanple 7).

for exanpl e,
The tabl et

t he

cores are then coated using an O Hara TM Labcoat 11-X coater with Opadry 11
Yel | ow (Col oreon 85F3210, 200 g/ kg aqueous sol ution).

cores.

(Thug Fornula 5a, nannitol
I ngredi ent ragj tablet

A 20no: tabl et conposition is sh

The t ot al
solution applied is equivalent to 40g/ kg of Opadry per mass of tabl et

in Table 13. Table 8 20ng tabl et
/ di basic cal cium phosphate anhydrous filler)
% of core weight Function Tablet core

fumarate salt 25.0 25.0 Dni g substance Mannitol 47.0 47.0 Filler

coating

For mul a 5a
Di basi ¢

cal ci um phosphas & gaiHaNetrPHSg A8 desaHtiOn Fiskd e HedrBidtorPsbducts dratssbidba xyPr opy|
cellulose 7.0 7.0 D sintegant Magnesi um stearate
been observed for tablet compositions of formula 5a fumarate salt with coating A after

10

15

storage for up to 4 weeks under the conditions studied. The extent of the observed

degradation at the 50°C condition is considered acceptable for all tested strengths.

Reference Example 8

Photostability Study (10 and 20mg tablets, with coating B)

The tablet core composition from Example 7 was selected for further study. Tablet

cores of 10 and 20mg strength active agent were prepared and coated with a yellow film

coating having a low content of iron oxide pigment were investigated in a photostability

study.

A 10mg tablet composition is shown in Table 12.

Table 1 10mg tablet (10mg Formula 5a, mannitol / dibasic calcium phosphate

anhydrous filler)

Ingredient mg/ % of core weight Function
tablet

‘Tablet core o - -

Formula 5a fumarate salt 12.5 25.0 Drug substance

Mannitol 23.5 47.0 Filler

Dibasic calcium phosphate anhydrous  10.0 20.0 Filler

Low-substitution hydroxypropyl 3.5 7.0 Disintegrant

cellulose

Magnesium stearate 0.5 1.00 Lubricant

Core tablet weight 50.0

Tablet coating (B) mg / % of coating Function
tablet weight

Polyvinyl alcohol 0.800 40.00 Film former

Titanium dioxide 0.470 23.50 Opacifier

20.20 Plasticiser

Polyethylene glycol 3350 0.404




1.0 1.0 Lubricant Core tablet weight 100.0
tabl et % of coating wei ght Function Pol yvi nyl
former Titanium di oxi de 0.940 2%$.50 Opacifier
0. 808 20.20 Pl asticiser
I ngredient ng / tabl et

Tabl et coating (13) ng /
al cohol 1.600 40.00 Film
Pol yet hyl ene El ycol 3350
I ron oxide yellow 0.060 1.50 Colouring 94

% of core wei ght Function agent

93
Iron oxide yellow 0.030 1.50 Colouring
agent
Talc 0.296 14.80 Anti-tack agent
% of core weight
Nominal coating weight 2.000 4.00

The tablet cores may be prepared using, for example, the wet granulation process

described previously (see Example 7). The tablet cores are then coated using an O’Hara

™
Labcoat II-X coater with Opadry II Yellow (Colorcon 85F32410, 200 g/kg aqueous

5  solution). The total coating solution applied is equivalent to 40g/kg of Opadry per mass of
tablet cores.

A 20mg tablet composition is shown in Table 13.

Table 8 20mg tablet (20mg Formula 5a, mannitol / dibasic calcium phosphate

anhydrous filler)

Ingredient mg/ % of core weight Function
tablet

‘Tablet core o o ) -

Formula 5a fumarate salt 25.0 25.0 Drug substance

Mannitol 47.0 47.0 Filler

Dibasic calcium phosphate anhydrous  20.0 20.0 Filler

Low-substitution hydroxypropyl 7.0 7.0 Disintegrant

cellulose

Magnesium stearate 1.0 1.0 Lubricant

Core tablet weight 100.0

Tablet coating (B) mg/ % of coating weight Function
tablet

Polyvinyl alcohol 1.600 40.00 Film former

Titanium dioxide 0.940 23.50 Opacifier

Polyethylene glycol 3350 0.808 20.20 Plasticiser

Iron oxide yellow 0.060 1.50 Colouring




Tal e 0392 14.80 Anti-tack agent ?/1? of core weight Nom nal coating

wei ght 4.00 4.0 The 20ing tablets may be prepared using an

anal ogous nethod to that described for the preparation of the 10ng tabl et
conpositions shown in Table 12. Photostability was assessed for the 10 ny
and 20 ng tabl et conpositions described in Tables 12 and 13 above. An
illumnation of not less than 1.2 mllig@n | ux hours and an integrated near
ultraviolet energy of not |less than 200 watt hours per square netre (Wi nR)
was applied to the 10 ng and 20 ( : i-A—an—epen
petri di SHECEIPPE bottles only and fIBPE bot (4 85C9TR g ndary pirk
consisting of a cardboard carton withygardboard liner. The photostability
data are presented in Tables 14 and 15, 10 Table 14 10 ng tablets Test
Initial Open DPE bottle 11DPE bottle in secondary container agestcri ption

Pl ain, round, biconvex, yellow film ed tabl et [-i* NCH . N Di ssol
99 99 100ld90 (45 ni nut es) 8%%5 i4'§|8 Antl-tacc:tr;gent

% of core weight

Nominal coating weight 4.00 4.0

The 20mg tablets may be prepared using an analogous method to that described for
the preparation of the 10mg tablet compositions shown in Table 12.

Photostability was assessed for the 10 mg and 20 mg tablet compositions described

5 inTables 12 and 13 above. An illumination of not less than 1.2 million lux hours and an

integrated near ultraviolet energy of not less than 200 watt hours per square metre
(Wh/m2) was applied to the 10 mg and 20 mg yellow film coated tablets in an open petri
dish, HDPE bottles only and HDPE bottles in secondary pack consisting of a cardboard
carton with cardboard liner. The photostability data are presented in Tables 14 and 15.

10  Table 14 10mg tablets

Test Initial Open  HDPE bottle HDPE bottle in
secondary container

Description Plain, round, NCH* NCH* NCH*
biconvex, yellow
film-coated tablets

Dissolution 99 99 100 100
(45 minutes)

Active agent 9.8 9.3 9.7 9.8
(mg/tablet)

Largest single 0.13 2.50 1.13 0.12
impurity (%)

Total impurities 0.25 3.80 1.58 0.23
(%)

* NCH = No change from initial time-point



Active agent (ng/tablet) 9.8 9,3 92 9.8 Largest single inmpurity (% 0.13
2.50 L13 OA2 Total inpurities 0.25 3.80 1.58 0,23 (% Table 15 20ng
tablets 95 Test Initial Open HDPE bottle HDPE bottle in secondary

cont ai ner Description Plain, round, biconvex, yellow filmcoated tablets
NCH*

95
Table 15 20mg tablets
Test Initial Open  HDPE bottle HDPE bottle in
secondary container

Description Plain, round, NCH* NCH* NCH*

biconvex, yellow

film-coated tablets
Dissolution 98 98 99 98
(45 minutes)
Active agent 19.5 18.9 19.4 19.5
(mg/tablet)
Single impurity 0.12% w/w 1.75 0.49 0.13
(%)
Total impurities 0.18 2.47 0.76 0.24
(%)

NCH = No change from initial time-point

For the tablets with coating B, degradation occurred in the unpacked tablets and in
5 the tablet packed in the HDPE bottle only. No significant degradation, or changes were
observed in tablets packed in HDPE bottles within a secondary cardboard carton.
Packaging consisting of a HDPE bottle in a secondary cardboard carton with cardboard

liner imay therefore ameliorate light effects on tablets with coating B.

10

15 Reference Example 9
Stability Study (10. 20 and 100mg tablets, with coating B)

Assessment of stability was performed for the 10 mg and 20 mg tablet
compositions described in Tables 12 and 13 above, and in addition for a 100mg tablet

20  composition as shown in Table 16.



-NCH* NCH* Dissolution 98 98 99 98 (45 m nutes) Active agent
(ng/tablet) 19.5 18.9 19.4 19.5 Single inpurity 0.12% w w 135 0.49 0. 13
(94) Total inmpurities 0.18 2.47 026 024 (% NCH = No change from
initi4,i time-point

96

Table 16 100mg tablet (100mg Formula Sa, mannitol / dibasic calcium phosphate

anhydrous filler)
Ingredient mg/ % of core weight Function
tablet
‘Tablet core -
Formula 5a fumarate salt 125.0 25.0 Drug substance
Mannitol 235.0 47.0 Filler
Dibasic calcium phosphate anhydrous 100.0 20.0 Filler
Low-substitution hydroxypropyl 35.0 7.0 Disintegrant
cellulose
Magnesium stearate 5.0 1.00 Lubricant
Core tablet weight 500.0
Tablet coating (B) mg/ % of coating weight Function
tablet
Polyvinyl alcohol 8.000 40.00 Film former
Titanium dioxide 4.700 23.50 Opacifier
Polyethylene glycol 3350 4.040 20.20 Plasticiser
Iron oxide yellow 0.300 1.50 Colouring
agent
Talc 2.960 14.80 Anti-tack agent
% of core weight
Nominal coating weight 20.00 4.0

The 100mg tablets may be prepared using an analogous method to that described for the

5  preparation of the 10mg tablet compositions shown in Table 12.

A stability study covering long-term (25°C/60% RH), accelerated (40°C/75% RH) and
stressed (50°C ambient RH) conditions was performed on batches of yellow film-coated

10, 20mg and 100mg tablets prepared as described in Tables 12, 13 and 16 which were



For the tablets with coating B, degradation occurred in the unpacked
tablets and in 5the tablet packed in the FIDPB bottle only. No significant
degradati on, or changes were observed in tablets packed in FIDPE bottles
wi thin a secondary cardboard carton. Packagi ng consisting of a HDPE bottle
in a secondary cardboard carton with cardboard liner imay therefore
ameliorate light effects on tablets witdy coating B 10 15 Reference Exanple
9 Stability Study (10. 20 and 100ng tablets, with coating B)

Assessnent of .s NN s perfor t 10 n 0 tabl e
conposi t i YHE Hb@gﬁ\lﬁggqsﬁg?ﬁg'le@?ﬁn?@?&%égoggﬁ)\v/vét,h%aﬁ%hﬁgﬁg??rlegﬁnqc r a
100ng t all)§fured0sRMBe$édults BredSmphRided inTdmblie. 16. 96 Table 16 100ng tabl et
(100 ng Formul a 5a, amanita! / dibasic cal cium phosphate anhydrotts filler)

Ingredient mg / % of care weight Function. tablet Tabl et core For mul a

5a fumar ai‘a?blg ql7 tSt]zi%ﬁti d%?a‘ s%mqrnggy ?o%qgﬁﬁe? ng%sriﬂ!)ﬁsotl)f t%i?’%upa §a7fu9narate salt

5  with coating B

Initial 4 weeks storage

25°C/60%RH 40°C/75%RH 40°C/75%RH 50°C

(closed) (open)
10mg Formula 5a 9.8 9.7 9.7 95 97
tablets (mg/tablet)
Largest single  0.13 0.12 0.12 0.12 0.15
impurity (%)
Total 0.25 0.25 0.27 0.23 0.34
impurities (%)
Dissolution 99 99 100 101 100
(% release
after 45
minutes)
20mg Formula 5a 19.5 19.4 19.3 19.0 19.2
tablets (mg/tablet)
Largest single  0.12 0.12 0.12 0.12 0.15
impurity (%)
Total 0.18 0.24 0.26 0.23 0.33
impurities (%)
Dissolution 98 98 100 99 99
(% release
after 45
minutes)
100mg Formula 5a 99 100 101 100 102

tablets (mg/tablet)




Filler Dibasic cal cium phosphate anhydrous 100.0 20.0 Filler

Low substitution hydroxypropyl cellulose 35.0 7,0 Disintegrant Magnesi um
stearate 5.0 1,00 Lubricant Core tablet weight 500.0 Tabl et coating (B)
rig % of coating weight Function tablet Pol yvi nyl al cohol 8.000 40.00
Filmformer Titanium dioxide 4.700 23.50 pacifier Polyethylene glycol 3350

98

Initial 4 weeks storage

25°C/60%RH 40°C/75%RH 40°C/75%RH 50°C

(closed) (open)
Largest single  0.13 0.12 013 013 0.14
impurity (%)
Total 0.19 0.24 0.29 0.26 0.54
impurities (%)
Dissolution 97 96 95 97 96
(% release
after 45
minutes)

No significant change in description, assay, degradation products or dissolution has been
observed for tablet compositions of formula 5a fumarate salt with coating B after storage
for up to 4 weeks at under the conditions studied. The extent of the observed degradation

5 at the 50°C condition is considered acceptable for all tested strengths.



4.040 20.20 Plasticiser Iron oxide yellow 0.300 1.50 Col ouring agent Talc

2.960 14.80 Anti-tack agent % of core weight Nom nal coating weight
20.00 4.0 The 100ng tablets may be prepared using an anal ogous
met hod to that described for the 5preparation of the | Orng tablet
conpositions shown in Table 12. A stability study covering |ong-term
(25C/ 60% RH), accelerated (40"C/ 75% R1l-dg) and stressed (50C anbi ent RH)
conditions was perforned on batches of yellow filmcoated 10, 20ng and

100ngy tabk§g§lﬁkqﬁgzed as described in Tables 12, 13 and 16 which were

stored i nsity polyethylene (1-1DPEl bottles with standard,
l'i ned, seTleolleskngcd@atiess arattdertieedrleseint s are sunmarised in Table 17.
Table 17 Stability data sunnagy for tablet conpositions of fornula 5a
famarat e DAPOWE ehaod¥tiifg 38> 75020°81(1950 609RI T 4 weeks st orage

40PCI 75Y A, Ta WL pho 8423880 §8PAN 2574-12578 (1994)
5  3) Sabatini, et al., Cell, 78, 35-43, (1994)

4) Sabers, et al., J Biol Chem, 270, 825-822 (1995)
5) Abraham, Curr Opin Immunol, 8, 412-418 (1996)
6) Schmelze and Hall, Cell, 103, 253-262 (2000)
7) Burnett, et al., Proc Natl Acad Sci, 95, 1432-1437 (1998)

10  8) Terada, et al., Proc Natl Acad Sci, 91,11477-11481 (1994)
9) Jeffries, et al., EMBO J, 16 ,3693-3704 (1997)
10) Bjornsti and Houghton, Nat Rev Cancer, 4, 335-348 (2004)
11) Gingras, et al., Genes Dev, 13, 1422-1437 (1999)
12) Gingras, et al., Genes Dev, 15, 807-826 (2001)

15  13) Neuhaus, et al., Liver Transplantation, 7, 473-484 (2001)
14) Woods and Marks, Ann Rev Med, 55, 169-178 (2004)
15) Dahia, Endocrine-Related Cancer, 7, 115-129 (2000)
16) Cristofano and Pandolfi, Cell, 100, 387-390 (2000)
17) Samuels, et al., Science, 304, 554 (2004)

20  18) Huang and Houghton, Curr Opin Pharmacol, 3, 371-377 (2003)
19) Sawyers, Cancer Cell, 4, 343-348 (2003)
20) Huang and Houghton, Curr Opin in Invest Drugs, 3, 295-304 (2002)
21) Brunn, et al., EMBO J, 15, 5256-5267 (1996)
22) Edinger, et al., Cancer Res, 63, 8451-8460, (2003)

25  23) Lawrence, et al., Curr Top Microbiol Immunol, 279, 199-213 (2004)
24) Eshleman, et al., Cancer Res, 62, 7291-7297 (2002)
25) Berge, et al., J. Pharm. Sci., 66, 1-19 (1977).
26) Green, T. and Wuts, P., “Protective Groups in Organic Synthesis”, 3rd Edition, John
Wiley and Sons (1999).

30 27) “Handbook of Pharmaceutical Additives”, 2nd Edition (eds. M. Ash and 1. Ash), 2001
(Synapse Information Resources, Inc., Endicott, New York, USA).
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50C 10ng tabl ets Fosaiula 5a (ng/tablet) 9.8 9.7 9.7 9.5 9.7 Largest
single inpurity (GA) 0,13 0.12 0.12 0.12 0.15 Total inpurities (% 0.25
0.25 0.27 0.23 0.34 Dissolution 99 99 100 101 100 (% release tiller 45
m nut es)

100

28) “Remington's Pharmaceutical Sciences”, 20th edition, pub. Lippincott, Williams &
Wilkins, 2000.
29) “Handbook of Pharmaceutical Excipients”, 2nd edition, 1994.



20ing tablets Formula 5a (ng/tablet) 199p 19.4 19.3 19.0 19.2 Largest
single inpurity (% 0.12 0,12 0.12 0.12 0.15 Total inpurities (% O0.18
0.24 0.26 0.23 0.33 Dissolution 98 98 100 99 99 (% rel ease after 45
m nut es)

CLAIMS
1. A process for the preparation of a compound of Formula 1,

O

| N NH
RA 2 /g
N N O

H

R’

5  wherein

R! is hydrogen or OR?;

R? is CH,OR*, CN, CO;R’ or CONR‘R’;

R? is C,4alkyl group;

R* is a —COR® group wherein R® is a secondary Cs.alkyl or tertiary C4.galkyl

10 group;

R’ is a Ci4alkyl, a carbocyclyl, a carbocyclylCy_4alkyl, a heterocyclyl or
heterocyclylC,4alkyl group which is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, Ci.salkyl, Ci.salkoxy, haloC, salkyl,
haloC,¢alkoxy, hydroxyCi.salkyl, hydroxyC,.salkoxy, Ci.salkoxyCi.salkyl, Ci.salkoxyC;.

15  salkoxy, amino, C;_ealkylamino, bis(C;_salkyl)amino, aminoC,.salkyl, (C.salkyl)aminoC;.
salkyl, bis(C;.¢alkyl)aminoC, ¢alkyl, cyanoC,.ealkyl, C;¢alkylsulfonyl, C;.
salkylsulfonylamino, C;_salkylsulfonyl(C,_salkyl)amino, sulfamoyl, C.salkylsulfamoyl,
bis(C).ealkyl)sulfamoyl, C,_salkanoylamino, C;.¢alkanoyl(C;.salkyl)amino, carbamoyl, C.
salkylcarbamoyl and bis(C;.salkyl)carbamoyl;

20 R® is hydrogen or C;4 alkyl group which is optionally substituted by one or more
substituent groups selected from halo, cyano, nitro, hydroxy, oxo, C;ealkyl, C,.salkoxy,
haloCy_salkyl, haloC,.¢alkoxy, hydroxyC,.salkyl, hydroxyC; ¢alkoxy, C;.salkoxyCi.salkyl,
C1.salkoxyC ¢alkoxy, amino, C;.salkylamino, bis(C;_¢alkyl)amino, aminoC;_salkyl, (Ci-
salkyl)aminoC,_¢alkyl, bis(C;¢alkyl)aminoCi_ salkyl, cyanoCj.salkyl, Csalkylsulfonyl, C.

25  galkylsulfonylamino, C,_¢alkylsulfonyl(C,_alkyl)amino, sulfamoyl, C,.salkylsulfamoyl,
bis(C;salkyl)sulfamoyl, C;.¢alkanoylamino, C,.salkanoyl(C,.salkyl)amino, carbamoyl, Ci.
salkylcarbamoyl and bis(C;.salkyl)carbamoyl; and

R is Cy4 alkyl group which is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, C;.salkyl, C,.salkoxy, haloC.salkyl,



100ng tablets 99 100 101 100 102 Fatifp G| a 5a (ng/tablet) 98

Initial

25C/ 609R1-1 4 weeks storage 40075, - 13R1140C 759%R1E1 (dosed) (open)

50C Largest single inmpurity (% 0.13 0.12 0.13 0.13 0

10

15

20

25

30

haloC.salkoxy, hydroxyC,ealkyl, hydroxyC;.salkoxy, C;.salkoxyCi.salkyl, Ci¢alkoxyC;.
salkoxy, amino, C;_alkylamino, bis(C,_alkyl)amino, aminoC_salkyl, (C;salkyl)aminoC;.
ealkyl, bis(C,.salkyl)aminoC,.salkyl, cyanoCi ealkyl, C;.salkylsulfonyl, C;.
salkylsulfonylamino, C;_salkylsulfonyl(C;.salkyl)amino, sulfamoyl, C;.salkylsulfamoyl,
bis(Cy¢alkyl)sulfamoyl, C,_salkanoylamino, C;.salkanoyl(C,.salkyl)amino, carbamoyl, C;.
¢alkylcarbamoyl and bis(C,¢alkyl)carbamoyl,
comprising reacting a compound of Formula 2

O
RY =

wherein

R' is hydrogen or OR’;

R? is CH,OR*, CN, CO,R® or CONRR’;

R’ is C\4 alkyl group;

R* is a—COR® group wherein R® is a secondary Cs_galkyl or C4.tertiary alkyl

group;

R’ is a Cy.4alkyl, a carbocyclyl, a carbocyclylCy4alkyl, a heterocyclyl or
heterocyclylCiqalkyl group which is optionally substituted by one or more substituent
groups selected from halo, cyano, nitro, hydroxy, oxo, C.salkyl, Ci.calkoxy, haloCy.ealkyl,
haloC.salkoxy, hydroxyC, salkyl, hydroxyCi_ealkoxy, Ci¢alkoxyCjalkyl, Ci¢alkoxyC;.
salkoxy, amino, Cj.¢alkylamino, bis(C).¢alkyl)amino, aminoC.salkyl, (Calkyl)aminoC;.
salkyl, bis(C;_salkyl)aminoC,.¢alkyl, cyanoCi.alkyl, Cialkylsulfonyl, C;.
salkylsulfonylamino, C;_salkylsulfonyl(C;_¢alkyl)amino, sulfamoyl, C;.salkylsulfamoyl,
bis(C}.¢alkyl)sulfamoyl, C,.¢alkanoylamino, C,.¢alkanoyl(C;.salkyl)amino, carbamoyl, C;.
¢alkylcarbamoyl and bis(C;_galkyl)carbamoyl;

R® is hydrogen or C;.4 alkyl group which is optionally substituted by one or more
substituent groups selected from halo, cyano, nitro, hydroxy, oxo, Cy.salkyl, Ciealkoxy,
haloCy.alkyl, haloC,_¢alkoxy, hydroxyCi.salkyl, hydroxyC,.calkoxy, Ci.salkoxyCialkyl,
Ci.salkoxyCy_galkoxy, amino, C;.salkylamino, bis(C;.salkyl)amino, aminoCi_alkyl, (C;.
salkyl)aminoCy_salkyl, bis(C.salkyl)aminoC;.salkyl, cyanoC,ealkyl, Ci_galkylsulfonyl, C;.
salkylsulfonylamino, C_alkylsulfonyl(C.salkyl)amino, sulfamoyl, Csalkylsulfamoyl,
bis(C.salkyl)sulfamoyl, C;.¢alkanoylamino, C;.salkanoyl(C,.salkyl)amino, carbamoyl, C;.
salkylcarbamoyl and bis(C,.¢alkyl)carbamoyl; and



Total inpurities (%9 0.19 0.24 0.29 0.280,54 Dissolution 97 96 95 97 96 (%
rel ease after 45 m nutes) No significant change in description,

assay, degradation products or dissolution has been observed for tablet
conpositions of formula 5a fumarate salt with coating B after storage for
up to 4 weeks i. de he condition extent of th gbserved
degr adat i on. e EgEO(BWdY IR H 9P 3108%}%' ﬁugétllt&fgi) PR B198e F téllept t est ed
strengt hsgroy efactwemﬁﬂha%t ahBenifre! h ?Qm) odeaUNBIYE (Al8kbL), anpusedkyler ei n.
1) Brown, gret&gst Nat ur e, 756- 75 )gg my |6u %ﬁal Prat Nat!
Aced Sc!,haaC @u@xm@mc(l 19y hgByx bsaﬂqoﬁy, c@@u@syc@@ikyl Gigalkgryds,

1994 Sab t -8 9 h
(1994) sl R €8y S AR 1587 S (5 B2
253- 262 (A090)bis(C 6a11791)aﬁﬁﬁ6©1tgall@ll o@rhnocpr@l&yl\l@l 6&1291@1115911 ©5, 1432- 1437
(1998) 108) Terada, eta, PrOC Acad Sc!, 1147741481 (1994)

Jeffries,cabeyimlfopNpOID, Cl@IkQB@ﬁ)IG’K@4 Gf(lliﬂmmﬂf)ulfﬁn@bﬂsﬁl salkdsyiémmitlon,

(Ri\gl 9 g)a ne e[;ié(d} _6a1§§1§su%§10g/12, 1-631k3ﬂt)yla§11ﬂg,r &E _gau&h@l(c 1 _6%5§mnjr-3? \éarbgnﬁoyl:,l' 622 143 7

salkylcarbamoyl and bis(C,.salkyl)carbamoyl; and
L is a leaving group,

10  with a 6-substituted uracil equivalent.

2 A process according to claim 1 for the preparation of a compound of Formula 1,

wherein
15 R! is hydrogen or OR?;
R” is CH,OR*, CN, CO;R’ or CONRR’;
R® is C,4 alkyl group;
R*is a—COR® group wherein R® is a secondary C;_¢alkyl or tertiary C4.galkyl
group;
20 R’ is C 4 alkyl group;
R® is hydrogen or C; 4 alkyl group; and
R is Cy4 alkyl group;

comprising reacting a compound of Formula 2a

25



12) G ngras, et at, Cenes Dev, 15, 8071826 (2001) 1513) Neuhaus, el al.,
Liver Transplantation, 7, 473-484 (2001) 14) Wods and Marks, Ann Rev Med,
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16) Cristofane and Paridolfi, Cell, 100, 387-390 (2000) 17) Sainuels, et
al ., Science, 304, 4 (2004) 2018) Huang and Houghton, Curr Opin
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of Pharmai .. c.R3ilsiG:1a!allEokg'r<mpeni s", 2nd edition, 1994. 101 CLAIMS A process
for the preparation @ Co und gf . Formula 1, R.' wherein R4 is hydrogen
or (R3; R | SOPORDR FOUREBRET R i seBary Rl € erapRifrogkBhp:

R4 is a - group wherein Rs is a secondary- C2..5alkyl or tertiary

.. 6a1ky%r 10gr oup; R5 is a C _alkyl, a earbocyclyl, a

car bocycl yl G Rl g4 atkyhgtapocycl yl or heterocycl y10E4al kyl group Wiich is

optionally subgéituted b ne_or, nore substiuent groups selected from hal o,
cyarto, ni tro%h\?fﬂh?%? - §§<§}‘4 é%&?ﬁ%, Cl_6al kaxy, haloC _6al koxy,

hydr axy G _6al | R¥is,C hyatly0xiddp; aipl koxy, C "6al koxyC3_6al kyl, C [_&al krucyd _
156al koxy, am no,  CE. 6al kyl am no, bis(Cl4, al kyl)arnirto, am noCl. 6al kyi,
(Cl_5alkyl ) anifhoe& aregegckyindeppndeptty hpdiore P &ioHD eFl8¢RY fromcyasdbial 2ol kyl |

C16al kot St oyt BRI o ER pod bperpgy sy P g whieh
hi s( G " &agrisyp JssiptibhalhyogubstitGtesl Hyaomeyir andre eybsBietingroapoyd dotad. foah kylb) am no,
carbamyl . Salivl erbarmyt, 20 G0 ¥ Ghsal bicantaile 2RSS hyarogen
o B9 SO S, LT I O G Puty
hydr oxy C3C 6allytenyino, bis(C.salkyl)amino, aminoCsalkyl, (C;.salkyl)aminoC;.salkyl, bis(C;.
salkyl)aminoC, ¢alkyl, cyanoCi.¢alkyl, Ci.¢alkylsulfonyl, C.salkylsulfonylamino, C;.
salkylsulfonyl(C,_salkyl)amino, sulfamoyl, C,_salkylsulfamoyl, bis(C;_¢alkyl)sulfamoyl, C;.
salkanoylamino, C;_galkanoyl(C,.¢alkyl)amino, carbamoyl, C;_salkylcarbamoyl and bis(C;-
20  ealkyl)carbamoyl, or
R® and R® together with the nitrogen atom to which they are attached form a 4- to
10-membered heterocyclic ring wherein 1, 2 or 3 ring carbon atoms is optionally replaced
with N, O or S and which ring is optionally substituted by one or more substituent groups
selected from halo, cyano, nitro, hydroxy, oxo, C;alkyl, C;.¢alkoxy, haloC;_salkyl,
25  haloC,_¢alkoxy, hydroxyC,_alkyl, hydroxyC, salkoxy, C,.¢alkoxyCi.salkyl, C,.salkoxyC;.
salkoxy, amino, C;.¢alkylamino, bis(C;.¢alkyl)amino, aminoCi_alkyl, (C;_salkyl)aminoC;.
salkyl, bis(C;.¢alkyl)aminoC,_salkyl, cyanoC,.salkyl, C.salkylsulfonyl, C;.
salkylsulfonylamino, Cy_salkylsulfonyl(C;.salkyl)amino, sulfamoyl, C,salkylsulfamoyl,

30



G _5al koxyCi _6al koxy, am no, Cl. 6al kyl ay&i no, bi s(C _6al kypai ni nci,
am noC3_6al kyl, (Cl. 6al kyl)am noCal kyl, his(d _6al kyl)am noG _6al kyl
eyanoC . 6al kyl , C 15al kyl sul fonyi, G _ 256al kyl sul f onyl ar ai no,

Cl. . 6al kyi sul fortyK1_6al kyl ) arni no, sul famoyl, Cl1_6alkyl sulfanoyl,

bi s( G sl kyl )sul ~Hoal.kanoylanni £10,, C1 a_|,kano.y 1

(1 6at kybatar kBT apeginso e K ESVRARR, ety el RRint, tarbamoy, ©:.

bi s( Cl_6alakyldagstitamand bis@ndalkyl)carbd®doyls G ., i al kyl group which is
optional |l y substituted by one or nore substitueM groups sel ected from hal o,
Cyan, ni twish 6tmipegcil.oxo, C1_6al kyl, Cl1_6al koxy, 102 halo C 1, ai koxy,
hydroxyC 1 6a | kyl, ilydroxyel oal koxy, C E 62il koxyC 14al kyi, G .oal koxyC
1. Ga%koxy, am no, Cl1_6al kyl ai ni no, bis(el. 6al kyi)am no, am noCl, 6al kyl

(C 4al’kyl )am npoel 6al ky-1, bis(Cl,..6al kyl)am.noCl 6al kyl, cyanol .oal kyl,
C fal ol i grocegmacet hia Qi 21501 prdraraty of g goppruid (EROMa b
kyl)arn ino, sulfanmoyl, Clahkyisl3.ifanoyi. bisi(C ;Cl,6al kanoylaini no, C
.. 6al k. anoyl (C1_6al kyl ) arniho, carbanmoyl, Cl_ 6al kyl ear hanoyl and

bi s( Cal ky1l) ear banoyl [ '\'Qg reacting a conmpound of Formula 2 wherein
10RE i s hydrogen or 1-1,,0R1, CN, CO2R5 or CONRGR 7; R3 is Cl4
al kyl grogp; i - - CAW gr wherein R8 is a secondary C34al kyl or
C4..6tertiaryalkyl” griup; N5R"Q@s a Chal ky', a carbocyelyl, a
earboeyclylc,kalk 1, a hetédfocyclyl or heterogyel y1C, _4al kyl group which is
optional | g'sub tuted by one or nore substituent groups selected from
hal o, eyano, nitro, hydroxy, oxo, Cl,.6alkyl, Cl14, al koxy, hal oCl. 6al koxy,
hydr oxyeiddgrisidpydr oxyel_6al koxy, Gal koxy, am no,

Cl. 6al kyl am no, bis(C _sai kyeam no, ai ni noCt4al kyl, (el _6al kyl)anaitioCt.
206alkyl ,1) Kastiea a camRryBrrdfiipsoula Bal kyl , cyanoCl_6al kyl , Cal kylsti 1f ony1,

C _ Galkyl sultbny I fin , e t_ualkyl sullony-1(Csvifanoyl, C
34,a|ky|su£fanny|, s(C6al kyl )stil fanioyl, C3_6al kanoyl am no,

Cl. 6al kanB gal kyitam ti o, earbanoyl, C, 6al kyl carhanovl and

hi s(C _6al kyr ar noyi ; R6 is hydrogen or G .e3 al kyl group
which is o?ti y substituted by one or nore 25substittient groups

sel e de Rrom hal o, cyan, nitro, hydroxy, oxo, Cl.6alky-1, Cl.6;al koxy,
hal oC;". 6al kyl, hai oCal koxy, h ydrox y-C.,_6al kyl, hydro xyCl_6al koxy,

Ci 6ai koxyeharedal kyl , _eal koxyd _bal | coxy, amino, Cl.6alk yi ami o, bis(C
_Galkyl)arnitig,.am,no tk 3(C 1 _ 6alkyl)arnin oC 6al kyl, b st,Cl _6a
no Cl.6al kyl ,ﬁcvgﬁgﬁﬁﬁ%g{b$1 , Ct_salkyisultbnyl, C _ oalkylsul fonylanin
o, Cl 6ai kylsugtfy GRY chaldoyrf apaioNrérSul t hmoyf C 1. Kal kyl sul f anoyl

30bi s(el_6aikyl)sul fhriloyl, k anoyi am no, Cl_6al kanoylte 1.6alky aini no,
car harnoyl , CIR isakladarea@oyi and bi s(CL. 6al kyl )carbarnoyl ; and | 03

R7 is,.Cl4 al ky},sgro ' ' L® it . 0 re
subsﬁétuent gr%u%§’§§?§ﬂ?§gpkﬁgﬁgﬁgl%%l%%8%%?§E%f@%ﬁqﬁgﬁP%&ﬁ?ﬁékgf,

Catii e 0, IO L 0 gl |0 1o ve

. 6al kyl, hydro_xyC 1- <:0 xy, al koxC6ai kyi . _6al ko xyC _

6al kw, ,,, am n® is€ i Byl Ui no, bi s(C . oal kypami no, ani noCléal kyl. (C

i _6al kyl )am n . i 5 1.naC _6al kyl, cyanoC34, al ky1,
CE.("aIkyIsul?%i?ﬂ?d%¥#§%gﬁﬁ§?%§réﬁn ﬁ?@nino, C.6alky I s fon yl
(Clalk{fgarniE&?msukumqﬂ%mhF Eiééq 6a|ky|%su| fano%l, Clk6?lk gno y!anid
no, _ ano al. no, carbann S yl ear banoyi an
b; 5 U1~ Cafth g O RE dEFERACIS B ARG g PEERTABR t h o 6. Subat i fut ed
i kracil equivalent.

R? . R

R A

Wherein



2. A process according to claiml| for thgspreparation of a conpound of
Formula 1, 'O wherein 15R is hydrogen or ON R2 is CH2OR4, (TN, CO2R5 or
CONR6R7; R3 is CMal kyl group; R4 is a -COR3 group wherein R5is a
secondary C36alkyl or tertiary Cpbal kyl mull; 20R5 is C 4 alkyl group; R6
is hydrogen or_(Cl A al kyl gp; and R7 is ClA al kyl group; conprising
reacting a con%o\ﬁﬁéfg@ggrl‘—'&g{) iad 2a 104 wherein RE is hydrogen or ON R2 is

CH2OR4, CN, CGRs (a1, drCNBNDCe),RR3r CONRPRA, al kyl group; R4 is a --COR8 group
wherein R8 is a secondary CB_éalkyl or tertiary C4.6alkyl group: RDis C

al kyl group; R® is€ihptnbgempor C1.4 al kyl :3,goup; 10R7 is Cl.4 al kyl
group; and 4. are each.ipgdependent |y hydrogen or [ sel ected
from a . 6al kyl® lﬁa(:_agr(%gc%f&‘g/i‘”,%e%?%gr ﬁ@cvﬁ?gﬁaggﬁé%&%f t ‘%?é%%@% yl and
het er gcycakydys:3. 6al kyl group which group is optionally substituted by one or
more substitu.ent groups selected fromhalo, cyano, nitro, hydroxy, oxo,
C3_6al kyl, Cl WKaiskoxylkyhatayes 6al kyl , hal oC3_6al koxy, hydroxyd . 6al kyl ,

hydr oxyCi _oal kﬁ“’%.@%@ﬁfﬁ%@@%ﬁ“ C3_6al koxyC _6al koxy, am no,

CE. 6al kyl am no, o?’ ar ai noCl . . 6al kyl ,
(CL. 6al kyDami nRG3 (Galakiyl grdups{faB_ 6alkyl ) ami noCléal kyl , cyanoCl. . 6al kyl ,
C3. 6al kyl stil f0{1 L, C3.6al kyl sul fonyl ai ni no, G

e

G .
6al kyl stil fort¥ eaneh yadeaendenBy hidnogemhend groep sgsetrd frem ¢ eattiyls 2
bi .6 f | K i i Dai ni no,
car ety gy E, A R B Py RO W 2
Rb t oget habumistdptivhalyndubstitgead tatamedr aiore hehstitueet @btipshsetecfadrfona hdlo, t o
10- menb d het. i i i , 2 3 ri b t i
opt 1 onal 15 Rl SeAa SRR Co-HRTCart: BROFF AT GRERFy Subst i ¢ ut ed

by one or t hibst i : ) Oalafox G pRBkoxR] Ah
hydnxy, 01}3{88(?)@8% gg?%’/%l%{%?&c%%%zyéﬁéfgﬁgﬁg&ﬂ% k%!)?y ,Oxgyggraoxoy 6aloi<yl ,

hydr oxy C3C 6alkytayino 33s(Ealskbxtyaiine adrkipb C 1 @ik y 6] kalkylgaminoEabatierlybiséim no,
G O3 AT Rns RS G SRR e, AVBOERSOR it PrufICE 103 —
= 62ia:<iiyfééhl{%gﬂ@{??g?@aﬁﬂds)éhl&’éih(ﬁ}ﬂmr-éh(l@sulﬁﬁioly}g Ib) s pdkyl sultirasmyd;
- 6a1kan0y1amirio, C1.¢alkanoyl(C;.salkyl)amino, carbamoyl, C,.salkylcarbamoyl and bis(C;-
salkyl)carbamoyl, or
R® and R® together with the nitrogen atom to which they are attached form a 4- to 10-
20 membered heterocyclic ring wherein 1, 2 or 3 ring carbon atoms is optionally replaced
with N, O or S and which ring is optionally substituted by one or more substituent groups
selected from halo, cyano, nitro, hydroxy, oxo, C;salkyl, C.salkoxy, haloC_salkyl,
haloC.salkoxy, hydroxyC_salkyl, hydroxyC; salkoxy, C;.salkoxyCi.alkyl, Ci¢alkoxyC;.
salkoxy, amino, C,_¢alkylamino, bis(C;.salkyl)amino, aminoC;salkyl, (C.salkyl)aminoC;.
25  alkyl, bis(C,.¢alkyl)aminoC, galkyl, cyanoC;.galkyl, Ciealkylsulfonyl, C;.
salkylsulfonylamino, C;.salkylsulfonyl(C;.salkyl)amino, sulfamoyl, C;alkylsulfamoyl,
bis(C.salkyl)sulfamoyl, C,.salkanoylamino, C;.salkanoyl(C;_salkyl)amino, carbamoyl, C.
salkylcarbamoyl and bis(C;.¢alkyl)carbamoyl,
and
30 i) reacting a compound of Formula 2a with 6-aminouracil to give a compound of Formula

1.

4. A process for the preparation of a mTOR kinase inhibitor of Formula 5



bi s(Cl. 6alky-1)sul fanoyl, .. 6al kamayl ar pjFt o, _6al kanovt (G _5al kyl ) am no;

car bai noyl , oal kyl carbarnayi and bis(C _6al kyl) carbaanoyl, with
fi-umnouracil, A process according to Caim2 for hie preparation of a
conpound of Forrmula 1 NH conprising i) reacting a conpound of Formula 3
0 wherein R is hydrogen or OR; 5&2 is Cl-120R4, CN, CO/R5 or CONR6le; R is
C 4 alkyl group; 15R4 is a - oup wherein le is a secondary C3_5al kyl
or ertiary C4_6alkyl group; R|is CI|A al kyl group; R6 is hydrogen or C., 4
al kyl group; and R is Cl4 aIE p 20 with an am no net hyl ene
derivative to give a conmpound of YFornul a 2a "herein 106 RA is hydrogen
or OR3; R2 is Cl1-120R4, CN,_.CO2 or CONR6R7; R3 is Cl 4 alkyl group; R4 is
a -COe group wherein itrg i
gout); is CEA ﬁbkyl group| RD IS ygrog n or CE. 4 al kyl group;

R1

wherein
R! is hydrogen or OR?;
R? is CH,OR*, CN, CO;R’® or CONRR’;
5 R’ is C4alkyl group;

R* is hydrogen or a —COR?® group wherein R® is a secondary Cs.¢alkyl or tertiary Cs.

salkyl group;

R’ is a C;4alkyl, a carbocyclyl, a carbocyclylCy_4alkyl, a heterocyclyl or
heterocyclylC.4alkyl group which is optionally substituted by one or more substituent

10 groups selected from halo, cyano, nitro, hydroxy, oxo, C;_ealkyl, Ciealkoxy, haloC.salkyl,
haloCi.salkoxy, hydroxyCj_salkyl, hydroxyC,salkoxy, C.salkoxyCi.salkyl, Ci¢alkoxyC;.
salkoxy, amino, Cy.¢alkylamino, bis(C;_¢alkyl)amino, aminoCi.salkyl, (C;salkyl)aminoC;.
esalkyl, bis(C,ealkyl)aminoC, ¢alkyl, cyanoC;_galkyl, C.¢alkylsulfonyl, C;.
salkylsulfonylamino, C.salkylsulfonyl(C,.calkyl)amino, sulfamoyl, C;.salkylsulfamoyl,

15 bis(Cy.ealkyl)sulfamoyl, C;.¢alkanoylamino, Csalkanoyl(C.salkyl)amino, carbamoyl, C;.
salkylcarbamoyl and bis(C,_¢alkyl)carbamoyl;

R® is hydrogen or C,.4 alkyl group which is optionally substituted by one or more
substituent groups selected from halo, cyano, nitro, hydroxy, oxo, Cialkyl, Ci.salkoxy,
haloCi_galkyl, haloC_salkoxy, hydroxyC; ealkyl, hydroxyC,.salkoxy, Ci.salkoxyC;alkyl,

20  CiealkoxyC.¢alkoxy, amino, C;galkylamino, bis(C;.salkyl)amino, aminoC;_alkyl, (C.
salkyl)aminoC,_salkyl, bis(C;.salkyl)aminoCy_ealkyl, cyanoCi.salkyl, Ci.salkylsulfonyl, C;.
salkylsulfonylamino, C,¢alkylsulfonyl(C,.salkyl)amino, sulfamoyl, C,.salkylsulfamoyl,
bis(C.salkyl)sulfamoyl, C,.¢alkanoylamino, C;.salkanoyl(C,.¢alkyl)amino, carbamoyl, C;.
salkylcarbamoyl and bis(Ci_salkyl)carbamoyl; and

25 R’ is Cy4 alkyl group which is optionally substituted by one or more substituent groups
selected from halo, cyano, nitro, hydroxy, oxo, C;.salkyl, C_¢alkoxy, haloCsalkyl, haloC;.
salkoxy, hydroxyCj_salkyl, hydroxyC;salkoxy, C;.salkoxyC;.ealkyl, Ci¢alkoxyC.calkoxy,



7 . R is Cl_4 alkyl group; and pa, Rhigge each independently hydrogen or a
group sel ected from G _bal kyl, 10carboeycl yk a car hoeyel y1OE. 6al kyl, a
het erocycl yl and heterocycl y10E 6al kyl group which group is opti onal | y
substituted by one or nore substituent gr oups sel ected from hal o, cyano,

t hyd Cléalkyl . 6al kox b ,
hychr gxycéané%ﬁ{?us ﬁﬂ@f’d?lé}@&é%jeﬁlgﬁ} i Lot i DS R OXY
CE. 6al koxy aksﬂ ino@f! &anée). Jﬁm}@r%rk@g(ytsug()@ O al ksl afshiamino,

am noCE_6al u&@ i/ am noCE bal : 156al kyf | am noCE, bal kyl ,
eyanoCd _bai-de yls nﬁé@k lelatarR sulfarmwlzﬁl Jaindltameyl, é?rﬁ(ﬁmalkyl)wlfamoyl

Co e e T R oG REA LHAPpind )
car barsoylbls(@mgmymarmm&ga,rmyl and hi s(CE_ 5'ai kyl )carbanoyi, or and Rh
together with the nitrogen atomto which they are attached forma 4- to 10-
20 nenber‘é@lmr@rocycl ic ring wherein 1, 2 or 3 ring carbon atons is
optlonally pIa i i i tituted
by one-or mive. oUR0Pt e AcoppRuRlot @RIty bl e BRELABE SR, i oxy.
oxo, CE 6a1ky1 Claibal koX33y hal reChbal kyl, |ial oCE_6al koxy,
D41 Koxy, aniRb, ” ciaclke Ky<QRBac B st ggf“ﬁbukf@i%eg?@ég%ﬁnh&g@%%FLkf’xyCE
al koxy, ani y
(A _bgl kyl)am noggm ggl{dqyfi ForRiuB{(£E. 6al kyl') ar ai noCE_bal kyl , cyano(4,1.. 6al k,
Cl. 6al kyl sul fortyi, 6a| kyltail fonyl am no, _
A _bal kyl sul f onyl (CE_bal kyl )am no, suKfanoyl, C1..6alkyl sul fanoyl, bis(C
E- Ogl kyl I)sulc}‘zam)v: 3 ICI bgl kanoyl am no % ga: Ilzaln;)yl (gl. 6a: k)" éaglon_oi)
car banoyl , eal kyl ear banoyi . 6al kyl ) car banmoyl , an i
reacting a conpound of Formul a -am nouracil to give a conpound of
2 ‘ of a ritTOR kinase inhibitor of
rogern or ;. R2 is CH20R4, CN, CO2R5 or
CONRBR7; 5R3 is G mlgy oup; 11' is hydroged 03a -COR8 group wherein R38
is a secondary C36zR kyi or tertiary 6al kyl group; R5 is a Cholkyl, a
ear bocycl yl, a carboeyelyl G ol kyI a heteroeyelyl or heterocycl leE 4i | kyl
group which is optlwhﬁlellyxéiﬂ_)h@%m,ed by one or nore substituent 10groups

sel ected fromhal 0 Cl. 6al koxy,

hal oCt _aal kyl', | |r§ cggg%éa 01?@)?&/1?8 §5¥%§<‘§§a?’ﬁ °‘ﬁ‘§§r ogy@ﬂgal koxy,

E_6al koxyC Iiv) 6alogyibnally rbmovﬁglﬂr@tecm;g@rgulﬁablgmwa mddRnbinak. mhlbab]kgﬂ am no,
bi s(G_m kyl)airtino, am noCE 6al kyl, (Cl_(al kyl)ami noCE, 6al kyl,

bi s( G2 bal kyl ) ar &i°FiPBleR. . 6a1ky| cyarioCl_6al kyl, CE_6al kyl sul fonyl, C _
6al kyl s-ul t*a#/)t yl %Fm&'ogﬁonag% tﬁbllca‘nﬁ a&r{dcaffoﬁﬁhlsx'a)sa shil no, sul fanoyl,
CE_6al kyl sul't'anoy k )stll artioyl, CE 6alicartoylam no,

Cl_6al kanoy1( CE. . 6al kyl) ar ni no ear bant oyl , CE 6al kyl car bar noyl and

bi s(Ct _6al kyl) arbarn | ;.. R6 i dro en or Cl4_al k rou |ch IS
opt i onaII subétﬂr?‘iﬁs%ﬁy%yh%@ %lialrﬂér@legégélg TR §?‘8 ‘}[lggq%’csf’%&e

hal o, spHdt& I'sdl hﬁﬁédléfﬂ%gerﬁiﬂ?hat@&n@l'a{%y bltra@Etamr&‘tébi(ﬁlmd}@tb@@tl 6al kyI

hal oCE oa koxy, hydroxy 6al ky hydr oxyCE4afkoxy, CE_6al koxyCE_6al kyI
200 _Xhl 1coxyCE, 6alkoxy, amino, C3..6al kyi a3ni 310, bi s(CE_6al kyl ) ami no,

am noCt _6al kyl 6al k0 | i -l kyl,
ey- anoCl. bal kyf",p(“ﬁﬁe.s%%(fclgycﬁn%} %1?1 yl Qv%ggi ?{% ?(onlti)éﬁ#lg%) ony#&%héamsgg% &2
Cl_6alkyl amhdr@eywhl(C _6al kyl ) am no, sul famoyl, Ct.6al kyl sul f ai noyl ,

bi s( G 4al kyd) sul fanoYl, C3_6al kanoyl am no, CE. 6al kancryl1( CE, 6alkyl ) amnm no,
ear banoyl , CE. 6al kyl carbanoyl and bi s(C E oal kyl ) earbanoyl; and 25R2 is
C34 al kyI grou 0 : it uent
gr oups se ‘ecte }%@ée‘éé‘ﬁéc‘%rdm goaﬁ%&ﬁﬁlfﬁ{gébﬁ%gfa g;ﬁy?f’%gig‘b@hdl%ﬁhw%f
Cl_6dl¥oxFornhdd 6C) . 6al ityl, hal oCE_ 6al koxs,,, hydroxyCl. 6al kyl ,

hydr oxyd _6al koxy, Cl_6al koxyCl_6al kyl , Cl1_6al koxyCl_6al koxy, 108 am no,
C _6alkyl anmino, his(C, 6al kyl|am no, am noCr.val kyi,

(G _oal kyl | arni noCk6al kyl, bis(C 1al kyani noCli al kvl, eyanoCl_6al kyl,




Cl. 6; al kyl sul fony1(Cl4al kyl ) sul fanmoyl , 1§L6ai kyi sui f anoyl ,
bi s(C _6alkyl)sul fanoyi, C _6alkanoyl am no, Cl. 6al kanoyi (C, . 6al kyDam no,
carhanoyl, C , 6alkyl carbanmoyl and bi s(C k6al kyl ) carbanoyl, conprising (i)
preparing a conpound of Fornula 1 by any one of the pr ocesses according to
Clainms Ito 3, (ii) reacting thecgorrpound of Fotmula 1 wth a hal ogenati ng
agent to give a 1l0conpound of Formila 4 X wherein X is a halogen, reacting
the conpound of Fornula 4 with nethyl merpholine, (iv)optionally renoving
protecting groups to give a ri nase i nhibitor of 15Formula 5 and
optionally isolating the conmpound of fonuila 5 as a salt 5. A process
according to Claim4 wherein_the corrpound of Fornula 5 is isolated as a
phosphat e, sul phate, hydr , |late, citrate, tartrate or
fumarat e salt.R20 6. oces according to Claim5 wherein the conpound
of Fornmula 5 is isel ated a: sakt. 7. A process according
to claim4 for the aratlon of a rinTORIki nase inhibitor of 25 Formula 5
109 wherein %1 s~hydr ogen or OR ; AS\,SOCI-IZCR& CN, CO2R5 or CONR6RY;
R3 is C, .4al ky* group; ft.4 is hydrogen or a ----COR8 group wherein R8 is a
secondary C%elgal kyl or tertiary C4.. balky! group; R5 is a Cl.4alkyl, a
ear bocycl yl? a casboeyel yl G _aal kyl, a heteroeyel yt or
het eneyel yl C1.RYglhktloger OUPRWhi ch is optionally substituted by one or nore
substituent 10gyoups seglected from hal g ,cyano, nitro, hydroxy, oxo,
G ..6alkyl, GRO&IGHEAR" AR G@aR af KOVR Ry dr oxyCai t eyl , hydroxyd _tial koxy,
Cl. 6a| koxyCl_ | xyC _ 6al koxy, amino, C k6al kyl ani no,
bi s( CI5 Gal kyl %ﬁxr?64gﬁ‘élg§k§¢ bi s( C . 6al kyl )am noC _6al kyl, cyanoCl_6al kyl ,
Cl_6alkylsulf arf igihydrogen or zﬁaC@R sudponlydreini *rie a secondary Cs. (,alkyl or tertiary Cq.
Cal kyl suf f ortyk ol kyl | ai ni no, sul fainoyl, Cl_6alkyistilfanoyl, 15bisic
.6a/ kyThsti | qaﬁ%(F > G . 6al kanoylam E10, C E. sal kanoyl (C _6al kyI ) am no,
ear bar noyl , 6ahkyl I kP25 A@¥ocyclylor R6 i's
hydrogen or C?kailxl?ﬁ?l g%ggxcﬁgﬁayiﬁgéﬁb?g* ?ﬂbl%} %str t ut ed y one or 3D.ore
subst i budmerm}rwbdcsalled tgeehpf whigh ltﬁe@pﬁlonel%amstlhﬁqdrlw ortpyat maky sulskitnent

G . Kglpky! groups sefl Rom halo, cyano, nitro, hydroxy, oxo, Cy.salkyl, Calkoxy, haloC; salkyl,

haloCy_salkoxy, hydroxyC,_salkyl, hydroxyC,.salkoxy, C; ¢alkoxyC;.¢alkyl, C;salkoxyC;.
salkoxy, amino, Cqalkylamino, bis(C;_¢alkyl)amino, aminoCj.salkyl, (Ci.salkyl)aminoC;.
salkyl, bis(C;.¢alkyl)aminoC, ¢alkyl, cyanoC,.salkyl, C¢alkylsulfonyl, C,.
salkylsulfonylamino, C,.salkylsulfonyl(C,.salkyl)amino, sulfamoyl, C;.salkylsulfamoyl,

15  bis(Cealkyl)sulfamoyl, C;¢alkanoylamino, C;.salkanoyl(C;.salkyl)amino, carbamoyl, C;.
salkylcarbamoyl and bis(C;.salkyl)carbamoyl;

R® is hydrogen or C,4 alkyl group which is optionally substituted by one or more
substituent groups selected from halo, cyano, nitro, hydroxy, oxo, Ci.salkyl, Ci¢alkoxy,
haloC,_¢alkyl, haloCalkoxy, hydroxyC;_ealkyl, hydroxyC, ¢alkoxy, C,.salkoxyC,.salkyl,

20  CyealkoxyC,salkoxy, amino, C;galkylamino, bis(C;.¢alkyl)amino, aminoCi_ealkyl, (Ci.
salkyl)aminoC_salkyl, bis(C;.¢alkyl)aminoC,.¢alkyl, cyanoC,.salkyl, Ci.salkylsulfonyl, C;.
salkylsulfonylamino, Cy_salkylsulfonyl(C,.salkyl)amino, sulfamoyl, Ci.¢alkylsulfamoyl,
bis(Calkyl)sulfamoyl, Cy.¢alkanoylamino, C;.salkanoyl(C;.¢alkyl)amino, carbamoyl, Ci.
salkylcarbamoyl and bis(C,.salkyl)carbamoyl; and

25 R’ is Ci4 alkyl group which is optionally substituted by one or more substituent groups
selected from halo, cyano, nitro, hydroxy, oxo, C.salkyl, Calkoxy, haloC;_¢alkyl, haloC;.
salkoxy, hydroxyC,.salkyl, hydroxyC, salkoxy, C;.salkoxyC;alkyl, Ci¢alkoxyCi.calkoxy,



hal oG _bal koxy, hydroxyCl_6al kyl, hydrexyC _sal koxy, Cl1, 6al koxyCl. ol ky1,
20C1 . 6al koxyCl4al koxy, am no, Cl1_6al kyl am no, bis(Cl_6alkyl)arni no,

am noCl_6al kyl, (C bi s(Cl. . 6al kyl ) ar ni noC1_6al kyl ,
eyanoCl, 6al kyI C k6al kyl sul fonyl, g

6al kyl sti] f S ( 6 kq)qfa

G _sal kyl €4 1% aﬂ(yTab ?éb@%@k?@ a#lolg}P € @%’a 51k955§‘§1fn8§ ar am)vl
CE_ oal kydis@; faﬂkyll)zﬁmlno@nghllbﬂ&(}@ﬂ;o©ﬁdal<1¢yl\| @aahginitbnyl a0 daB5R0ifoaylehing, al kyI
group which tiona substituted by one or nore substituent groups
sel ected ¢r @Fhﬁﬁé‘if@nyléc}mﬁﬁ(y Daminay suliarap dxy1-sabdsuliamogh breff eaﬁqyl)aallf%w

C 1. oal Ko esakadATREnfpd, (Won b O Ry an RSP
bi s( O5_GabikiypaalkinarbamyE OC ' 1, 1. . 6al kyl )anirtoC 1..6 al kyl,
bi s( G si kyl ) am noCbeal kyl , cyartoCl. 6al kyl, Cbai kyi sui tonyl,
gl_gallllzyl‘é)ﬁ‘?ﬁr}sfﬁﬂ am no, sulfam)yl Ca%k?/isulafam)yl bi SO(QC A

. 6alkanoylgmi ng .ol B@ad Y Y th€HfoRaNBY docording t
Choul kyl car @rmy?reg%n% %? (ﬁyl ) car batyflllg%/fﬁ conprl si ng ((icﬁ)r E)r; egarl ng a
conmpound of For mallamis 1ty 3any one of the processes according to Clains 1 to
=" 10compoundor  EBEHEE DFoHREHE! Al S NAMGEHOEeneR g EPLRdTRG the o
conpoynd of For mgb@pdudl tFdieutyd mor phol i nc, (iv) optionally renoving
proi ecting groups to give a nlfOR kirtasc i nhi bitor of 15Foxinul a 5, and
where a conpound of Formula 5 is conv@rted into a further conpound of
Famtila Shy standard aromatic substitution reactions or by conventional
functional group nodificationsy” 83A pr opess according to Caim4 for the
preparation of a i nTER ki nuse i of 20Fortnula 5a 111 wherein R
is OC-13; R is C Reecc 4y 3 & ur by any one of the processes
according to Cains | (1) eactlng t)ﬁe conmpound of Forrmula 1 with a
hal ogenati ng agent }?Q ) a conpound of Felnula 4 X

wherein X is a halogen,
(iii)  reacting the compound of Formula 4 with methylmorpholine,
(iv)  optionally removing protecting groups to give a mTOR kinase inhibitor of
15 Formula 5,
and where a compound of Formula 5 is converted into a further compound of Formula 5 by

standard aromatic substitution reactions or by conventional functional group modifications.

8. A process according to Claim 4 for the preparation of a mTOR kinase inhibitor of
L
N
OH N
/)\ N l\

MeO

20 Formula 5a

, or salt thereof, comprising

(1) preparing a compound of Formula 1



wherein X is a halogen, 10(iii) reacting the conpound of Fornula 4 with
met hyl nor phol i ne, and (iv)either when R2 is CH20OCOC(CH3) 3 hydrol ysing this
ester protecting group to give a nrfOR kinase inhibitor of Foimula 5a or
15when R2 is CQ Cl1l13 reducing this ester group to give a InTOR Kkinase

i nhi bitor of Fornula 5a, and oquonally converting th.e conmpound of Formula
5a to a salt.

X" NH

O

Iz

R1

wherein
R'is OCHs;
R? is CH,OCOC(CHj3); or CO,CHs;
5 by any one of the processes according to Claims 1 to 3,
(i1)  reacting the compound of Formula 1 with a halogenating agent to give a

compound of Formula 4

wherein X is a halogen,
10 (iii)  reacting the compound of Formula 4 with methylmorpholine, and
(iv)  either
when R? is CH,OCOC(CH3); hydrolysing this ester protecting group to give a
mTOR kinase inhibitor of Formula 5a
or
15 when R? is CO,CHj reducing this ester group to give a mTOR kinase inhibitor
of Formula 5a, and

optionally converting the compound of Formula 5a to a salt.



