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the substrates they phosphorylate (e.g., protein-tyrosine, protein-serine/threonine,

lipids, etc.). Sequence motifs have been identified that generally correspond to each

15 ofthese kinase families (e.g., Hanks, S.K., Hunter, T., FASEB J., 9:576-596 (1995);
Knighton, et al., Science, 253:407-414 (1991); Hiles, et al., Cell, 70:419-429
(1992); Kunz, et al., Cell, 73:585-596 (1993); Garcia-Bustos, et al., EMBO J.,
13:2352-2361 (1994)).

Protein kinases may be characterized by their regulation mechanisms. These

20  mechanisms include, for example, autophosphorylation, transphosphorylation by
other kinases, protein-protein interactions, protein-lipid interactions, and proteln—
polynucleotide interactions. An individual protein kinase may be regulated by more

than one mechanism.

Kinases regulate many different cell processes including, but not limited to,

25 proliferation, differentiation, apoptosis, motility, transcription, translation and other
signalling processes, by adding phosphate groups to target proteins. These
phosphorylation events act as molecular on/off switches that can modulate or
regulate the target protein biological function. Phosphorylation of target proteins

occurs in response to a variety of extracellular signals (hormones,



regul ate the target protein biological function. Phosphorylation of target
proteins occurs in response to a variety of extracellular signals
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15 kinases (cdks) and a diverse set of their cognate protein partners termed cyclins.

Cdks are cdc2 (also known as cdk1) homologous serine-threonine kinase proteins
that are able to utilise ATP as a substrate in the phosphorylation of diverse
polypeptides in a sequence dependent context. Cyclins are a family of proteins
characterised by a homology region, containing approximately 100 amino acids,
20 termed the “cyclin box” which is used in binding to, and defining selectivity for,

specific cdk partner proteins.

Modulation of the expression levels, degradation rates, and activation levels of
various cdks and cyclins throughout the cell cycle leads to the cyclical formation of
a series of cdk/cyclin complexes, in which the cdks are enzymatically active. The
25  formation of these complexes controls passage through discrete cell cycle
checkpoints and thereby enables the process of cell division to continue. Failure to
satisfy the pre-requisite biochemical criteria at a given cell cycle checkpoint, i.e.
failure to form a required cdk/cyclin complex, can lead to cell cycle arrest and/or
cellular apoptosis. Aberrant cellular proliferation, as manifested in cancer, can

30 often be attributed to loss of correct cell cycle control. Inhibition of cdk enzymatic
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by the cdk(4/6)/cyclin-D complexes. Hyperphosphorylation of Rb and p130 causes
the release of transcription factors, such as E2F, and thus the expression of genes
necessary for progression through G1 and for entry into S-phase, such as the gene
for cyclin E. Expression of cyclin E facilitates formation of the cdk2/cyclin E

20 complex which amplifies, or maintains, E2F levels via further phosphorylation of
Rb. The cdk2/cyclin E complex also phosphorylates other proteins necessary for
DNA replication, such as NPAT, which has been implicated in histone biosynthesis.
G1 progression and the G1/S transition are also regulated via the mitogen
stimulated Myc pathway, which feeds into the cdk2/cyclin E pathway. Cdk?2 is also

25  connected to the p53 mediated DNA damage response pathway via p53 regulation
of p21 levels. p21 is a protein inhibitor of cdk2/cyclin E and is thus capable of
blocking, or delaying, the G1/S transition. The cdk2/cyclin E complex may thus
represent a point at which biochemical stimuli from the Rb, Myc and p53 pathways
are to some degree integrated. Cdk2 and/or the cdk2/cyclin E complex therefore
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conpl ex3 h@§citotoxicity, and f3-amyloid peptide. Consequently p25 has been implicated in
the pathogenesis of neurodegenerative diseases, such as Alzheimer’s, and is

therefore of interest as a target for therapeutics directed against these diseases.

Cdk7 is a nuclear protein that has cdc2 CAK activity and binds to cyclin H. Cdk7
has been identified as component of the TFITH transcriptional complex which has

20 RNA polymerase II C-terminal domain (CTD) activity. This has been associated
with the regulation of HIV-1 transcription via a Tat-mediated biochemical pathway.
Cdk8 binds cyclin C and has been implicated in the phosphorylation of the CTD of
RNA polymerase II. Similarly the cdk9/cyclin-T1 complex (P-TEFb complex) has
been implicated in elongation control of RNA polymerase II. PTEF-b is also

25 required for activation of transcription of the HIV-1 genome by the viral
transactivator Tat through its interaction with cyclin T1. Cdk7, cdk8, cdk9 and the

P-TEFb complex are therefore potential targets for anti-viral therapeutics.

At a molecular level mediation of cdk/cyclin complex activity requires a series of

stimulatory and inhibitory phosphorylation, or dephosphorylation, events. Cdk
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The pivotal roles of cdks, and their associated proteins, in co-ordinating and driving
the cell cycle in proliferating cells have been outlined above. Some of the
biochemical pathways in which cdks play a key role have also been described. The
development of monotherapies for the treatment of proliferative disorders, such as
20 cancers, using therapeutics targeted generically at cdks, or at specific cdks, is
therefore potentially highly desirable. Cdk inhibitors could conceivably also be
used to treat other conditions such as viral infections, autoimmune diseases and
neuro-degenerative diseases, amongst others. Cdk targeted therapeutics may also
provide clinical benefits in the treatment of the previously described diseases when
25 used in combination therapy with either existing, or new, therapeutic agents. Cdk
targeted anticancer therapies could potentially have advantages over many current
antitumour agents as they would not directly interact with DNA and should

therefore reduce the risk of secondary tumour development.
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mechanism. There are also data suggesting that GSK3o and GSKf may be subtly

regulated by phosphorylation of tyrosines 279 and 216 respectively. Mutation of
20 these residues to a Phe caused a reduction in in vivo kinase activity. The X-ray

crystallographic structure of GSK3 has helped to shed light on all aspects of

GSK3 activation and regulation.

GSK3 forms part of the mammalian insulin response pathway and is able to
phosphorylate, and thereby inactivate, glycogen synthase. Upregulation of

25 glycogen synthase activity, and thereby glycogen synthesis, through inhibition of
GSK3, has thus been considered a potential means of combating type II, or non-
insulin-dependent diabetes mellitus (NIDDM): a condition in which body tissues
become resistant to insulin stimulation. The cellular insulin response in liver,
adipose, or muscle tissues, is triggered by insulin binding to an extracellular insulin

30  receptor. This causes the phosphorylation, and subsequent recruitment to the
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am no aci dGSK3mglivity via the mitogen activated protein kinase (MAPK) pathway through
phosphorylation of GSK3 by kinases such as mitogen activated protein kinase
activated protein kinase 1 (MAPKAP-K1 or RSK). These data suggest that GSK3

activity may be modulated by mitogenic, insulin and/or amino acid stimulii.

20 It has also been shown that GSK3p is a key component in the vertebrate Wnt
signalling pathway. This biochemical pathway has been shown to be critical for
normal embryonic development and regulates cell proliferation in normal tissues.
GSK3 becomes inhibited in response to Wnt stimulii. This can lead to the de-
phosphorylation of GSK3 substrates such as Axin, the adenomatous polyposis coli

25  (APC) gene product and B-catenin. Aberrant regulation of the Wnt pathway has
been associated with many cancers. Mutations in APC, and/or B-catenin, are
common in colorectal cancer and other tumours. B-catenin has also been shown to
be of importance in cell adhesion. Thus GSK3 may also modulate cellular adhesion
processes to some degree. Apart from the biochemical pathways already described

30  there are also data implicating GSK3 in the regulation of cell division via

phosphorylation of cyclin-D1, in the phosphorylation of transcription factors such
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Diffuse Large B-cell Lymphomas (DLBCL)

Cell cycle progression is regulated by the combined action of cyclins, cyclin-
dependent kinases (CDKs), and CDK-inhibitors (CDKi), which are negative cell
cycle regulators. p27KIP1 is a CDKi key in cell cycle regulation, whose

20 degradation is required for G1/S transition. In spite of the absence of p27KIP1
expression in proliferating lymphocytes, some aggressive B-cell lymphomas have
been reported to show an anomalous p27KIP1 staining. An abnormally high
expression of p27KIP1 was found in lymphomas of this type. Analysis of the
clinical relevance of these findings showed that a high level of p27KIP1 expression

25  inthis type of tumour is an adverse prognostic marker, in both univariate and
multivariate analysis. These results show that there is abnormal p27KIP1
expression in Diffuse Large B-cell Lymphomas (DLBCL), with adverse clinical
significance, suggesting that this anomalous p27KIP1 protein may be rendered non-
functional through interaction with other cell cycle regulator proteins. (Br. J.

30 Cancer. 1999 Jul;80(9):1427-34. p27KIP1 is abnormally expressed in Diffuse Large
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common | eukgem. g i tern hem sphere, wth approximtely 10, 000 new
cases diag gbéf}ga@?%gaﬁ\éﬁ?@é@ erggyrgq%ﬁguque%maeeweéﬂ Wﬁg@lmﬁ Cancer
stati stiocs,CIDRLoolawitkreWitthe mbst advhhded sthbe ?atiér&sgﬁalﬁﬂg a Eﬁh%h'sﬁﬁ/iia‘? ot her
forms of |eukaema, the overall prognosis of 10 CLL 1S good, wth even the

nmost advan®$d ¥sege patients having a nedi an survi val of 3 years. The
addition of fludarabine as initial therapy for synptomatic CLL patients has

i L . % v..30 d j f
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used al kyl ab ahighasede of complete responses (27% v 3%) and duration of progression-free

survival (33 v 17 months) as compared with previously used alkylator-based

15  therapies. Although attaining a complete clinical response after therapy is the initial
step toward improving survival in CLL, the majority of patients either do not attain
complete remission or fail to respond to fludarabine. Furthermore, all patients with
CLL treated with fludarabine eventually relapse, making its role as a single agent
purely palliative (Rai KR, Peterson B, Elias L, Shepherd L, Hines J, Nelson D,

20 Cheson B, Kolitz J, Schiffer CA: A randomized comparison of fludarabine and
chlorambucil for patients with previously untreated chronic lymphocytic leukemia.
A CALGB SWOG, CTG/NCI-C and ECOG Inter-Group Study. Blood 88:141a,
1996 (abstr 552, suppl 1). Therefore, identifying new agents with novel mechanisms

. of action that complement fludarabine's cytotoxicity and abrogate the resistance
25  induced by intrinsic CLL drug-resistance factors will be necessary if further

advances in the therapy of this disease are to be realized.

The most extensively studied, uniformly predictive factor for poor response to
therapy and inferior survival in CLL patients is aberrant p53 function, as

characterized by point mutations or chromosome 17p13 deletions. Indeed, virtually
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15  Prior Art

WO 02/34721 from Du Pont discloses a class of indeno [1,2-c]pyrazol-4-ones as

inhibitors of cyclin dependent kinases.

WO 01/81348 from Bristol Myers Squibb describes the use of 5-thio-, sulphinyl-
and sulphonylpyrazolo[3,4-b]-pyridines as cyclin dependent kinase inhibitors.

20 ‘WO 00/62778 also from Bristol Myers Squibb discloses a class of protein tyrosine

kinase inhibitors.

WO 01/72745A1 from Cyclacel describes 2-substituted 4-heteroaryl-pyrimidines
and their preparation, pharmaceutical compositions containing them and their use as
inhibitors of cyclin-dependant kinases (CDKs) and hence their use in the treatment

25 of proliferative disorders such as cancer, leukaemia, psoriasis and the like.

WO 99/21845 from Agouron describes 4-aminothiazole derivatives for inhibiting
cyclin-dependent kinases (CDKs), such as CDK 1, CDK2, CDK4, and CDK6. The



E, Gever MR). 15 Prior Art WD 02/34721 from Du Pont discloses a class of

i ndeno [1, 2-c] pyrazol -4-ones as inhibitors of cyclin dependent kinases. WO
01/ 81348 woamdriratol Myers Squi bb descri bes the use of PETIAB2006/008198 phi nyl -
and sul phonyl pyrazol o 3, 4-b] - pyri di nes;ps cyclin dependent kinase
inhibitors. 20 WD 00/ 62778 al so from Bristol Mers Squi bb discloses a cl ass
of protein tyrosine kinase inhibitors. WO 01/72745A1 from Cycl acel
describes 2-substi.tuted. 4-heteroaryl -pyrimdines  and their preparation,
phar maceut i BXHOBAHYED feHh @6{1‘? ﬁﬁ?ﬁpﬁ lc‘t‘PFd?W%WSacﬁlﬁé’F‘F ofjgharmaceutiglli bi t or s of

cyclin- depaaankitbhaastanbele ccHibianesl llelihodtSst deihimalibsaLEENt | 25 of

proliferative disorders such as cancer, leukaem a, psoriasis~and the |ike.
WD 99/ 2184 5unflogher Aigotdesnbyladsinisteringsfotivioirhd wtodfsudle compoindss f or
inhibiting cyclin-dependent kinases (CDKs), such as CDK1l, CDK2, CDK4, and

CDK6. The Y/ P 2006/.000, 11 i.nvention,is also directed
to the t he\r&gpeu %ﬁgré%?é@()% ?(%OJS%S%S %]3 ﬁplﬂg?’slﬁré@@ﬁ’tt?régldaswﬁposi tions
cont ai nisng ceupoundsbidhdan edndprise afeitioesutefitidERinzag Ml igrdisheN- and
ot her disorders %Padm ni stering effective amounts of such conpounds. WO

01/ 53274 f FORIPAYBEPYROYLI B8R as CDK ki nase inhibitors a class of 5
conpounds whi ch can conprise an am de-substituted benzene ring linked to an

N- cont ai niwe MedEL00GPEAkGcRr e i Rat Rai ol m
di scl oses a cl ass_ of ({3_ ani ic%o(%a %%dggog%gd?%%%g?ﬁgﬁgh%g% né2 derivatives
as pr ot ei n ckiheaswidorthiophensr derivedyd bs HBRAGS kamde MBilHir02369 fr om Agour on

di scl ose conpounds that nediate 10 or inhibit cell proliferation through

t he i nhi bi ty i i such as cyclin dependent kinase or
tyrosi ne ki WaauT SRS NSRS STHEe Ao Gslcls ormBRRcRSreFBARN 1 ng
attachdd didraibiy cell proliGugivrathfdisbitheiinhBiiN EMRstBintiGndaesh BR§éld on of an
i ndazol e ring. WO 00/39108 and WD 02/ 00651 (both to Du Pont

Phar maceut i%Bfsenidgngseiopgyrosine kinase. The Agouron compounds have an aryl or
heteroaryl ring attached directly or though a CH=CH or CH=N group to the 3-

position of an indazole ring.

WO 00/39108 and WO 02/00651 (both to Du Pont Pharmaceuticals) describe
15 heterocyclic compounds that are inhibitors of trypsin-like serine protease enzymes,
especially factor Xa and thrombin. The compounds are stated to be useful as

anticoagulants or for the prevention of thromboembolic disorders.

US 2002/0091116 (Zhu et al.), WO 01/19798 and WO 01/64642 each disclose
diverse groups of heterocyclic compounds as inhibitors of Factor Xa. Some 1-

20  substituted pyrazole carboxamides are disclosed and exemplified.

US 6,127,382, WO 01/70668, WO 00/68191, WO 97/48672, WO 97/19052 and
WO 97/19062 (all to Allergan) each describe compounds having retinoid-like
activity for use in the treatment of various hyperproliferative diseases including

cancers.

25 WO 02/070510 (Bayer) describes a class of amino-dicarboxylic acid compounds for
use in the treatment of cardiovascular diseases. Although pyrazoles are mentioned

generically, there are no specific examples of pyrazoles in this document.



15 heterocyclic conpounds that are inhibitors of trypsin-Iike serine

prot ease enzynes, especially factor Xa and thronmbin. The conpounds are

st at ed t owbeoassefubk as anticoagul ants or for the preveRrCIr@aB20066/000193

t hr onboenbol i ¢ di sorders. US 2002/ 0091146 (Zhu et al.), WO 01/19798 and WO
01/ 64642 each disclose diverse groups of heterocyclic conpounds as
inhibitors of Factor Xa. Sonme 1- 20 substituted pyrazol e carboxam des are

di scl osed i tied  LS.6. 127,382, WO 01/ 70668, WO 00/ 68191, WD
97/ 48672, RO TRk nffl AGiigyoSng Si%t?IBCY Ylesethorpmidsch descri be
conpounds  hievilvigyes €6 uelislthel tle@tm @ bF Yérid] hQ%otS§steth &i?@rd&lﬁ?%ﬁg@}aﬁm

various hyperproliferative diseases including c¢ancers. 2 705 10
(Bayer) des&s Mgaidoned geperally s expmpdesdifdatepanygli¢ groaps butomngpecifids for  use in
the treat i { seases,.-Alt hough pyrazol es are nentioned
genericalr§$&¥ﬁ%?%ﬁ{rgﬂ%%ﬁgg%%#?g%&g¥gﬁwpg§&of pyrazoles in this docunent.
WO 2006/ 077416 PCT/ GB2006/ 000193 12 WD 97/03071 (Knoll AG discloses a
class of heVeryesdlyi(Noeo bloxdisit)diescribes cotapdunds tiad areusediilitoshef phdteiat ment  of
central neryvous s st§n1disorders. Pyrazoles are nentioned generally as
exanpl es ofwﬁgPﬁpﬁ%? Pa%eSyr oups but no specific pyrazol e conpounds are

di scl osed or exenplified. 5 WO 97/40017 (Novo Nordi sk) descri bes conpounds

that are moolosom0s] PIUAKOCEARENS BSHIBRsANGSRBAbASES RRRAARAREY (Univ.

Connecticut) discloses a class of pyrazole 3-carboxam des as cannabi noid
recept or nSdMagingidrerentor medelaioes foe tredtinggicvedlogicaldionditings. It fs statedt at ed

15 d i henot h, but it i
ot 10" maad e daf Bk SRR Rt BE WGER e S ERnE PR R T er mgent s or

whet hed0t heyade atear atlethai the eo@golials a8 e RYERLEARer YRnldrSARER: (R St ol
Mers Squib%%ldisplose camabi noi d receptor nodulators that can"be used

inter alia?fcRdpypisiered 5Pﬂ’éf9m@f)sedi seases. The nmmin use envisaged is the
treatnment of respiratory di seases, although reference is made to the

treatment afo 0178889 ¢Bfistol Myers Squibb) discloses cannabinoid receptor modulators
that can be used inter alia to treat a variety of diseases. The main use envisaged is
the treatment of respiratory diseases, although reference is made to the treatment of

15  cancer.

WO 01/02385 (Aventis Crop Science) discloses 1-(quinoline-4-yl)-1H-pyrazole
derivatives as fungicides. 1-Unsubsituted pyrazoles are disclosed as synthetic

intermediates.

WO 2004/039795 (Fujisawa) discloses amides containing a 1-substituted pyrazole
20 group as inhibitors of apolipoprotein B secretion. The compounds are stated to be

useful in treating such conditions as hyperlipidemia.

WO 2004/000318 (Cellular Genomics) discloses various amino-substituted
monocycles as kinase modulators. None of the exemplified compounds are

pyrazoles.

25  Our earlier co-pending application WO 2005/012256, which was published after the
priority date of the present application, discloses 3,4-disubstituted pyrazole
compounds as inhibitors of CDK and GSK-3 kinases.



WD 01/02385 (Aventis Crop Science) discloses 1-(quinoline-4-yl)-1H pyrazole
derivatives as fungicides. 1-Unsubsituted pyrazoles are disclosed as

synt het i cwoiznaéar’madi at es. WO 2004/ 039795 (Fuj i sawa) di s@eCogERo@moo®s
containing a 1-substituted pyrazole 20,group as inhibitors of

apol i poprotein B secretion. The conpounds are stated to be wuseful in
treating such conditions as hyperlipidema. WO 2004/00 03 1 8 (Cel lular

Genomi cs) d§ scl oses_ yari ous, am no-substituted nonocycles as kinase
modul at or s.%ﬁéﬁiﬂm i fied conpounds are pyrazoles. 25 Qur
earlier co-pending application WO 2005/012256, which was published after

the priorithe igdn8oRbrdvi€esRbAHBEdARR Hab Aty M defbifeh P ibfinppsti t ut ed
pyrazole co loundg fgg inﬁi biﬁ?grs of C[%K a%d G§ -3 kk‘?%‘gliseegnﬂi\’?\%i“%;@bge/ 077416

PCT/ GB2006/ gg aeBvitsurthglygogsh symtbaserkizase3d@SKR inhibigingioon pr ovi des

conpounds i.n ndent ki nase..d.nhi biting or . nodul ating
activity anE g|1"§§1§3a§ﬁ¥ﬁ At ﬂg@gﬁﬁ@fsneélgg?%ﬁ \@éfl&f)usle ilrb%te?’ﬂ&m@ror nodul ati ng
activity, ardtindiictast btates o Qvhdingednydidted be thesghates.i n preventing or 5
treating disease states or conditions nedi ated by the kinases. Thus, for

exanple, it_is envisaged that the conpounds of the invention wll be
useful in zt;q}ﬂué’\fgéﬂaﬁ‘&g?)rﬂ seavisreng thq;{gl?q sRRRRdBobhe dnveaten wilhbe fir st

t, theyl i : i : f f | 1): Rl1 RRa G R
aspec %séfﬂl’l/%%{lﬁ@%ﬂ?%)@i’fé%%&g? ﬂgegﬁpg&% o?laddae formula (1) a

J_ NN // R2b , tautoners, solvates and N oxides
t hereof; wherein: Rl is 2,6-dichlorophenyl;
In a first aspect, the invention provides a compound of the formula (I):

2a

@
10 or salts, tautomers, solvates and N-oxides thereof:
wherein:
R! is 2,6-dichlorophenyl;
R?® and R are both hydrogen;

andR*isa group:

15 O
where R is Ci-4 alkyl.

The term “alkyl” covers both straight chain and branched chain alkyl groups.
The C14 alkyl group can be a Cy, C,, C; or C4 alkyl group.

Within the group of Cy.4 alkyl groups are the sub-groups of:
20 o Ci.3 alkyl groups;

o Ci- alkyl groups;



R 2a and R2b are both hydrogen; and R3is a group: O 11 4 -C11 15 U
where R4 is Cl.4 alkyl. The term"al kyl" covers both strai ght chain and
branched wbabes/|aldygl groups. The Cl-4 al kyl group can PeT&B2M06/002193C3 or
C4 al kyl group. Wthin the group of Cl‘f al kyl groups are the sub-groups
of: 20 C1-3 alkyl groups; Cl1-2 alkyi groups; WD 2006/ 077416

PCT/ GB2006/ 000193 14 C2_3 al kyl groups; and C24 al kyl groups. One
particul ar sub-group is Cl-3 alkyl. Particular Cl -4 alkyl groups are

met hyl, ethyl, iCxradggtigroupspandyl , i-butyl and tert- 5 butyl groups. Another
sub-group of CI-4 al kyl groups consists of nmethyl, ethyl, i-propyl and n-
propyl groups. @ gkwfeesupsd group is a nmethyl group. Qther particular
groups R4 are et hyI and i sopropyl. 10 Accordingly, a preferred conpound of

the invention is _ 4- di chl o nzoyl am no) -1 -1-pyrazol e- 3-carboxylic
acid (1- rret(ﬁ“a"rm Tgr?y‘?pp’érq[ldlﬁlﬂgi yl )-anmi de. The invention also

provides inter alia: A conpound of the formula (1) or any sub-groups or

exanpl es t 'ergaflards,., alieyl $edupR aft MBI, BthiyD-pdSSyLI AbEHE 1 BUBP AN RX4-S Or

treatment of a di sease staté or condition gl ated by a cyclin dependent

ki nase &r ddegeupssynt hase

Another sub-group of C;.4 alkyl groups consists of methyl, ethyl, i-propyl and »-
propyl groups.

One preferred group is a methyl group.
Other particular groups R* are ethyl and isopropyl.

10 Accordingly, a preferred compound of the invention is 4-(2,6-dichloro-
benzoylamino)-1H-pyrazole-3-carboxylic acid (1-methanesulphonyl-piperidin-4-
yl)-amide.

The invention also provides infer alia:

e A compound of the formula (I) or any sub-groups or examples thereof as
15 defined herein for use in the prophylaxis or treatment of a disease state or
condition mediated by a cyclin dependent kinase or glycogen synthase

kinase-3.

¢ A method for the prophylaxis or treatment of a disease state or condition
mediated by a cyclin dependent kinase or glycogen synthase kinase-3,
20 which method comprises administering to a subject in need thereof a
compound of the formula (I) or any sub-groups or examples thereof as

defined herein.

e A method for alleviating or reducing the incidence of a disease state or
condition mediated by a cyclin dependent kinase or glycogen synthase

25 kinase-3, which method comprises administering to a subject in need thereof



ki nase-3. A nethod for the prophylaxis or treatnment of a disease state or
condition nediated by a cyclin dependent kinase or glycogen synthase

ki nase- 3,wo2000n1741h net hod conpri ses adm ni stering to aPsmhlgBote/domBseed

t hereof a conmpound of the forrmula (I) any sub-groups or exanpl es thereof
as defined herein. A method for alleviating or reducing the incidence of
a disease state or condition nediated by a cyclin dependent kinase or

gl ycogen synt hase 25 ki nase-3, which nmethod conprises adm nistering to a
subj ect i n need adommeuhd WHlRFoB1GZ (1) 06 aBCHLGRLYOGIGOAMYEs thaedf agonpound of
the fornmula (1) any sub-groups or exanples thereof as defined herein.
A net hod for tré%ﬁpﬁgﬁgeﬁfsease or condition conprising or arising from
abnormal cell growth in a mammal, which nmethod conprises adm nistering 5

to the manmal «a £ aivader abatinge: dissasaibicontitioncoipyisthiglor grisiupsroal exanpl es
t hereof as defined herein in an anmount effective in inhibiting abnornal

cell growth. A abpemed celdgrogythdwy p mammpelowhick aurthodcampiseh admippdang
S iy ar o | h
Iseasesagigﬁnlgg#%?ﬁggﬁﬁPégé?ggm&¥on?%?%@ﬂhiﬁgﬂ%B9Eﬁ%%ﬁ%ﬁ§§k o nd o

manmmal , co es a eri a conpound of
the formula (I )examphsyheredf-agdefips] lereinxaaphmsuithdicetife iasnldbitinged herein in
an anount effe%’i ve in inhibjting abnormal cell growh. A nethod for
treating a dise Eor@?ald??;]lﬁ&f%’t n conprising or arising from abnornmal cell

growh in a manmal , the nethod conprising admnistering to 15 the nmanmal a
conpound of tRQe A QimHeof AlevitindY r&HRifg tRY BRI RhcLIRIBLERe bhes R onaS

defined herein in an amount effective to inhibit a cdk kinase (such as
cdkl or cdk2) orcogipyistngen asiging feseationasgkcel growthvintaynammahettidd f or

al l eviating or reducing the incidence of.a disease or conditiqn onpri si ng
or ari 3itong fr om%‘%ﬁ%‘# ﬁggpprésgls IaH’GPB g the W&Wﬁl acp H’@OH%(FH%%‘P‘ Tkl
(I) or any sub-groups or examples thereof as defined herein in an amount

effective in inhibiting abnormal cell growth.

e A method for treating a disease or condition comprising or arising from
abnormal cell growth in a mammal, the method comprising administering to
15 the mammal a compound of the formula (I) or any sub-groups or examples
thereof as defined herein in an amount effective to inhibit a cdk kinase (such

as cdkl or cdk?) or glycogen synthase kinase-3 activity.

¢ A method for alleviating or reducing the incidence of a disease or condition
comprising or arising from abnormal cell growth in a mammal, the method
20 comprising administering to the mammal a compound of the formula (I) or
any sub-groups or examples thereof as defined herein in an amount effective
to inhibit a cdk kinase (such as cdk1 or cdk2) or glycogen synthase kinase-3

activity.

¢ A method of inhibiting a cyclin dependent kinase or glycogen synthase
25 kinase-3, which method comprises contacting the kinase with a kinase-
inhibiting compound of the formula (I) or any sub-groups or examples

thereof as defined herein.



20 conprising adm nistering to the mammal a conpound of the fornula (1) or
any sub-groups or exanples thereof as defined herein in an anount effective
t o i nhi biwoaoedik7416i nase (such as cdkl or cdk2) or gl ycegecERyrdene

ki nase-3 activity. A nethod of inhibjting a cyclin dependent kinase or

gl ycogen synthase 25 kinase-3, which method conprises contacting the

ki nase with a kinase- inhibiting conpound of the forrmula (1) or any
sub-groups or exanples thereof as defined herein. WO 2006/ 077416

PCT/ GB2006/ 0001 98meft®d of metutuicg @fcelhddupratéss gfon exahplalcall dpisemdy (f or

exanpl e cell divisjon) by inhibiti he actjvity of a cyclin dependent
Ki ngge or gl yco@‘ékﬁtlélg?zgtﬂi%%célﬂﬁpgﬁgﬁagl %?P%%nyﬂt% %Lﬁlr‘écogFXfmllangrﬁul a (1)
or any sub- gr ougsQE-3 BHRHYRASHIURE beRk fasmde{l) BeanhaegBupdor A compound of
the formula (1) or any sub-groups or exanples thereof as defined herein

for use in the praphlestherepf@s detinesihersie. of a di sease state as descri bed
herein. The use of a conpound of the formula (1) or any sub-groups or

exanpl e t her eof as_defi erejnnfor r i canent ,
wher ei ngt he 10 %WB%Wn&?%%F%PiagPy&gﬁ%Q@?‘%ﬁégﬁ%ﬂ el&fjtggrgmeefi ned
herein. A phar meiged hérain fooigeds itlid BOpIg0as bsiregmentadnplisensk afteahe fornul a
(I') or any sub-groups or exanples thereof as defined herein and a

phar maceuti cal | e&@&@éﬂlﬁ@% carrier. A pharnmaceutical conposition
conprising a conpound of the fornmula (1) or 15 any sub-groups or exanples
t hereof as defi re j ier in a
form suitabl eif gl(rEh %odrg gioﬂlgﬁ?%?@?ﬁoﬁﬁﬁﬁ%ﬁ%&ﬁ%@%@%%gb%g?@néjslr a (1) or
any sub-groups aherextasplefined haeimddbr the mahafichee ohe nedivafment, whereimtheedi ci ne.

20 A nethod for the di a9n sis and treat 'ﬁl”t of di sease state or
condi tilfn medicament Is for any one or more of the uses defined herein.

A pharmaceutical composition comprising a compound of the formula (T)
or any sub-groups or examples thereof as defined herein and a

pharmaceutically acceptable carrier.

e A pharmaceutical composition comprising a compound of the formula (I) or
15 any sub-groups or examples thereof as defined herein and a
pharmaceutically acceptable carrier in a form suitable for oral

administration.

e A compound of the formula (I) or any sub-groups or examples thereof as

defined herein for use in medicine.

20 ¢ A method for the diagnosis and treatment of a disease state or condition
mediated by a cyclin dependent kinase, which method comprises (i)
screening a patient to determine whether a disease or condition from which
the patient is or may be suffering is one which would be susceptible to
treatment with a compound having activity against cyclin dependent

25 kinases; and (ii) where it is indicated that the disease or condition from
which the patient is thus susceptible, thereafter administering to the patient a
compound of the formula (I) or any sub-groups or examples thereof as

defined herein.



medi ated by a cyclin dependent kinase, which nmethod conprises (i)
screening a patient to determ ne whether a di sease or condition from which
t he pati ew0D 20&/0074160y be suffering is one which woul d becsazetdobive t o
treatment with a conpound havi ng activﬁ&y agai nst cyclin dependent 25

ki nases; and (ii) where it is indicated that the di sease or condition from
whi ch the patient is thus susceptible, thereafter admnistering to the

patient a conpaynd of the forrmula () or any sub-groups or exanples
thereof as d& i HsPsROf aiCAMPYERDRIThs formalee P rnesEbEsrWeeT s8amplys The use

of & compound ofhtage IRk @néietn BF aRNarkithngl SRl RXARL AR Lher eof as

defi ned herein for the manufacture o r treat nent or
prophyl axi s of draimerse psiphykxorofacisthie state bncanditidn iant patdent wWigshasbeen

screened and has _heen det.erm ned as sufferin rom_or being at risk of 5
suffering from Sba?e]&is%rgg’seél a&&’_@% ?:ﬁntqe_fﬁ’i‘_nﬂ‘?ﬁ@ﬁgw%‘?ﬂr@ fm s pfchedist tisk 0? o
treatmest with auCRAREBBE, BAYeRE &%hd&ﬁ&ﬂwﬁ%'vvahdBxeuhéc@;latﬂﬁ@?d“dem ki nase.
A conmpound of the fornula (1) or any sub-groups or exanples thereof as

defined herein ftEatmen with 4 egmpaiund hgving aetivitygggeinsheyctinalepenvent kinasd conpound
of the fornmula (1) or any sub-groups or exanples thereof as 10 defined

herein for usg ip_[nhibifi he grow h of tumour cells (e.,g. [nh a

manmal ). A met r@&b‘@;} b'ig{r%(%fglﬂ foﬁﬁlu%u(bo A0 SRR UPR Oﬁe’fﬂﬂﬁlréﬁ th?’@?tﬁs a human),
whi ch method cakfinedkaemddi tdesih &itiibiging urh A fgmwmha(rﬁarﬁma@ human) an
effective tunour growt h-inhibiting anmount of a conpound of the fornula (1)
or any 15 sub-groups or. exanples thereof as defined herein. A nethod of

i nhibiting th® df&NRROWH afitheiprmala (Dsoraay gub-gravibes or exdnmepthersefits i n a
manmal (guch as - WA . [.S8s ntact i t he tunour
cells v%/i%th an ef%fe ggé@@%eltn\t,}’err%ggr% lcerﬁlpﬁgP%%r{)n |%fﬁﬁ?lﬁar %ﬁ%@gﬁg' B¢ a conpound

of the fornula (mgmmmnl)any sub-groups or exanples thereof as 20 defi ned
her ei n.

* A method of inhibiting tumour growth in a mammal (e.g. a human), which
method comprises administering to the mammal (e.g. a human) an effective
tumour growth-inhibiting amount of a compound of the formula (I) or any

15 sub-groups or examples thereof as defined herein.

* A method of inhibiting the growth of tumour cells (e.g. tumour cells present
in a mammal such as a human), which method comprises contacting the
tumour cells with an effective tumour cell growth-inhibiting amount of a

compound of the formula (I) or any sub-groups or examples thereof as
20 defined herein.

e A compound as defined herein for any of the uses and methods set forth

above, and as described elsewhere herein.

General Preferences and Definitions

In this application, unless the context indicates otherwise, references to a compound
25  of formula (I) includes all subgroups of formula (I) as defined herein and the term
‘subgroups’ includes all preferences, embodiments, examples and particular

compounds defined herein.



A conpound as defined herein for any of the uses and nethods set forth
above, and as described el sewhere herein. General Preferences and
Def i ni ti owe 2bev/a7i1s appl i cati on, unless the context i ndiPCatGERI@IMIEINI SE,
references to a conpound 25 of formul @ (1) includes all subgroups of
formula (1) as defined herein and the term "~ subgroups' includes all
preferences, enbodi nents, exanples and particular conpounds defi ned
herein. WO 2006/.07741 CT/ (3B2006/.00 8 Any references to fornmula (I)
herein shalWafcdgensss ?Qa élf?u':ao&)roléel“’é}“ Sﬁ%?éﬁm%%we%mefegﬁ%W@w ¥npounds
wi thin fornaba éff donBitfinddWit S the
cont ext req@ji Is;aoes ot herw se, Mgglt)fﬁggag@%&??ﬂ%%%%ﬁ%ﬁ%%@g%%ﬁ@@e Oxi des,
Esters, Prddlasgthenontextguivesotbersviseef er ence to a conpound of the formul ae
(1) and sub-groups thereof also includes ionic forns, salts, solvates,
| soners,  t aONEY SaroNTONARS, 18R N-oRIRITMIS, P SLOPES, (AR, pr ot ect ed
forns thereof, TOr exanpre, as urSCuSSed berow{ abty, the salts or
tautomers or isomers or N-oxides or solvates thereof; and nore preferably,
the sabts Amreferancotea sompouddwmfitieformnias ¢l) uad esb-phrpe tercb® alvbmycledegpounds
of the forrrul.aﬁ%llrg can g)il(iazt in the formof salts, for exanple acid
addi tion saPt& IS S Y AT ISOREEs taygmers, dY-oxidgs estersa REPITyESy §8iePes bases
such as capho¥tk fo ts are
W LB B L he g L LBl e B R e
formul a (1 )oritawemere ot kemstd ar N{ogides onfolvadtes thenepl) and sore preferdiilg, thal t s of t he
present iny I an be nthesi zed fromthe parent conpound that
cont ai ns aSglggsérgglggmgﬁoail\i'%me%f)gls Vt??‘otﬁ?fgﬁ)l‘lt]i onal chenical nethods such as
nmet hods descri bed in Pharmaceutical Salts: Properties, Selection, and Use,
P.  Heillr i Marft @nipoufdd dfth forfad (1) €anGxistb tRetfbrmt EHEAQY for eXABNE acid
3-90639-026-&,,, rdcover, 388 pages, August 2002. Cenerally, such salts
can be prepd 1@8“%@“2@ meegEpinfgsesalty plerganip andinotganic fasensichbhs t hese
conmpounds J aghd,.j ter .. an _organic
ol vent ot I8, SHRMARL AUPLBRRe Bl SAURUNIRLRL whtin'de 8,868

this invention, and references to compounds of the formula (I) include the salt

forms of the compounds. .

15 The salts of the present invention can be synthesized from the parent compound that
contains a basic or acidic moiety by conventional chemical methods such as
methods described in Pharmaceutical Salts: Properties, Selection, and Use, P.
Heinrich Stahl (Editor), Camille G. Wermuth (Editor), ISBN: 3-90639-026-8,
Hardcover, 388 pages, August 2002. Generally, such salts can be prepared by

20 reacting the free acid or base forms of these compounds with the appropriate base
or acid in water or in an organic solvent, or in a mixture of the two; generally,

nonaqueous media such as ether, ethyl acetate, ethanol, isopropanol, or acetonitrile

are used.

Acid addition salts may be formed with a wide variety of acids, both inorganic and
25  organic. Examples of acid addition salts include salts formed with an acid selected
from the group consisting of acetic, 2,2-dichloroacetic, adipic, alginic, ascorbic
(e.g. L-ascorbic), L-aspartic, benzenesulphonic, benzoic, 4-acetamidobenzoic,
butanoic, (+) camphoric, camphor-sulphonic, (+)-(1S)-camphor-10-sulphonic,

capric, caproic, caprylic, cinnamic, citric, cyclamic, dodecylsulphuric, ethane-1,2-



nonaqueous nedi a such as ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile are used. Acid addition salts my be fornmed with a w de

vari ety oWoaeésds74ibot h i norganic and 25 organi c. Exanplres/ai2o@aiooivaddi ti on
salts include salts fornmed with an aci¢gdysel ected fromthe group consisting
of acetic, 2,2-dichloroacetic, adipic, alginic, ascorbic (e.g.

L-ascorbic), L-aspartic, benzenesul phonic, benzoic, 4-acetam dobenzoic,

but anoi c, canmphori c, nphor - sul phonic, (#)-.(1S)-canphor-10-sul phonl c,
capri c, CaFj}l%{lﬁho%ﬁﬂyp?%lfp?@p}?ﬂg-rhygroxg?tbmeéulpb%p,aﬁqpelc fsersky | sul phuri c,

et hane-1I, 2 éé!%c@a@fé%&ﬁéf’clélu'@&iﬂ'] profc, %ﬁg%gﬁlu&goﬁib%&%‘%Hﬁ%’ﬂcﬁroni?r actaric

et hanesul phoni c r oxyet onic ormc
genti sic, glutamlne@tg)m glutabrig), amghl;cargpl, glgfuolmihqop(uﬂc,glydaatgbmm,ur oni c),

0 o o o h R PSR, Lt Ll BB P 0™

| act obi gni Cmal['fﬁk—?-llﬁmaﬁc rﬁiﬂtlbﬁw %j—)[)ﬂ-rrfﬁﬁ&élfé nﬁﬁlaﬁ@du@pheﬁﬂc) h@lﬁﬁ@&f& ic,

nethanesulphonlc napht hal ene- honi ¢, napht hal ené- 1, 5- dISU|ph0nIC
1- hydr oxy- zsulnilpntch@ar&ltharh@r@olt,ﬁmsellphmmr H:lydroesy@r@,phﬁwom, inécotivieanitic, pal mitic,

pamoi ¢, phq 0 i Q am c, sall

4- am no- saloﬁ%?/’l clfréﬁc okt lg‘glpgﬂm?? ’e%arn?éé pguécjp@ioﬁl Cproglgpghgrgyéoglytgﬂlm c, (+)-L-
tartaric, tslahngcammmcpsamﬂywmeswmrstean@,,sucmdlecwllﬁmri@ anficy@)gr-i c acids, as
wel | as 10 acylated am no acids and cation _exchange resins. One parti cuI ar

group of séﬁlﬂ%ﬂ% Bpegyenis. ptolygnasulphenipamdesydenia ard V%,len%w%@hwslrl.aé
hydri odigc, aggﬁ%gﬁ%m acidh bad gabloﬁté lﬂgi: peﬁlrgl tric, lactic, succinic, naleic,

malic, isethionic unarlc enzenes oni c, toluenesulphonlc
nethanesulphonlc (nesylate), ethanesulphonic, napht hal enesul phoni c,

val eric, adetd mrtigﬂm*pgmup of saltssoltsiﬁtmﬁﬁahs formled filom aggtiochyrdomihdorand

| act obi on| ((él ehsub roug .sal.t.s consi sts .of %aj ts formed from
hydr ochl or| 18+ PROSPhGHS, FEH e STHRRHE fri CAiC A, succpnicapalpic; @aliy pL- | acti ¢

aci ds. AnOtlE&hloﬁiébﬁﬂEaQiép b@ﬁz&@émﬁh&mwﬁ&ﬁsﬂ{m&rﬁ@ A&RAREEphoms Y| at e,
et hanesul phonate, DL- | actate, adi 111)at e, D-glucuronate, Dgl uconate and

hydr ochl or i (s yate). ethapesutphanic npplthaleneswlphenic,nadericnagetie, propasiat i on of
liquid l(Se %ut&%ﬁ?&%ﬂm&%r@c%%mé %?c?lagtfoblomc acids.

One sub-group of salts consists of salts formed from hydrochloric, acetic,

methanesulphonic, adipic, L-aspartic and DL-lactic acids.

Another sub-group of salts consists of the acetate, mesylate, ethanesulphonate, DL-

lactate, adipate, D-glucuronate, D-gluconate and hydrochloride salts.

20  Particular salts for use in the preparation of liquid (e.g. aqueous) compositions of
the compounds of formulae (I) and sub-groups and examples thereof as described
herein are salts having a solubility in a given liquid carrier (e.g. water) of greater
than 10 pg/ml of the liquid carrier (e.g. water), more typically greater than 0.5
mg/ml and preferably greater than 1 mg/ml.

25  Inone embodiment of the invention, there is provided a pharmaceutical
composition comprising an aqueous solution containing a compound of the formula
(I) and sub-groups and examples thereof as described herein in the form of a salt in
a concentration of greater than greater than 10 pg/ml of the liquid carrier (e.g.

water), more typically greater than 0.5 mg/ml and preferably greater than 1 mg/ml.



t he conpounds of fornulae (1) and sub-groups and exanpl es thereof as
described herein are salts having a solubility in a given liquid carrier
(e.g. watwopowforgrieater than 10 g/m of the |iquid car PCEGK2006p0018at er)
nore typically greater than 0.5 ng/n12€nd preferably greater than 1 ng/mnm .
25 I'n one enbodi nent of the invention, there is provided a pharnaceuti cal
conposition conprising an aqueous sol ution containing a conpound of the

formula (1) and sub-groups and_ exanpl es thereof .as describped herein in the
formof a i‘érhfe GOFPOXNE 15 ARG OF hata BcHonal SEupwhish Biag ke SPIOPKAE-820 pg/ i of

the liquid i o 2 1 : r.&than 0.5 ng/mM and
preferably g%%%{gaygﬂﬁagqo?}glﬁ%Sa&@%%%%i?éﬁmgﬁg%om% 20 If

t he conpourkkangplesmfenitahle ororgemic catibunucludagbut greongy limtitedto akalimetahi oni ¢
(e.g., -COOH may b ), en a_ sal be formed.w a; sui.t abl e
cation. Efa%ﬁ%ﬁ%&%ﬁ? : Iaélt(qq%reﬁﬁﬁfn(‘?%a&g%%ﬁ§u?l}ﬁﬁ Jé?’_“‘i) g afbdnot

l'im tedsto,otRdrkeatibnsbRhs APONExSHERs 8B suNabledRshnicteatBhi fUR, B@htdndret al
cations such as Caz+ and My2+, and 5 other cations such as Al3+. Exanples

of suitabl dimitefbini enganivenioni(hel Nile,) andsubstisntedammonivin és{o®g., anroni um i on

(i.e., N4 bst i tsltre ag’rr%ni um.iopns (e. g. R+, NHZ2R2+. NHR3+,
NR4+) . Exarrlﬁt).ﬁ)I %Ig?glf}gg 6%“%% ta ’ s&%%lmef ﬁf%oé%%h%etfﬁggi%ﬁ% agllnéontl%se
derived frdohs &t lhdsadeiiecd fibre! &ilylaming dietHylaneine eyl gk Plamind, 1 i et hyl ani ne,
but yl am ne, .ethyl enedi am ne, et hanol am ne, diethanol am ne, 10 pi perazi ne,
benzyl ami nérleﬁbméﬁy%bﬁwrawﬁhﬂemmé?, qtegolamipe digthapolamigaet hami ne, as

wel | aspam i . aS i ‘@@.ﬁg r G-l aﬂﬁeofa conmon
quat er fllgr y ﬂe}l eréﬁ#%%e@@?@hﬁ%%% er g’ %gh@?ﬂ%g&é, of the formula (1)
cont ai n an teometkarhimacdsivesl] ast dngine acidy, shich s lysjuabed agininammekamplsalfts, for

exanple by reaction with an alkyl.ati nt 15 according to nethods well
known to trfgngi%?f}wae%wémWO%ﬁ%ﬁoatﬁ?@% y ammoni um conmpounds are within

the scope of formula (1). The salt fornms of the conpounds of the invention

are typi calWieRhRd eBREFIINS of 1h¥ fordG L QY s t8inSdlahiine AMEtiSX INRL @fyTbrm
pharmaceutical |y acceptable salts are discussed in Berge et al., 1977,

" Phar maceutqueteriayy paspiun sdtssiiregamply byppastion et an alkjdptingggent
15 according to methods well known to the skilled person. Such quaternary

ammonium compounds are within the scope of formula (I).

The salt forms of the compounds of the invention are typically pharmaceutically
acceptable salts, and examples of pharmaceutically acceptable salts are discussed in
Berge et al., 1977, "Pharmaceutically Acceptable Salts," J. Pharm. Sci., Vol. 66,
20 pp. 1-19. However, salts that are not pharmaceutically acceptable may also be
prepared as intermediate forms which may then be converted into pharmaceutically
acceptable salts. Such non-pharmaceutically acceptable salts forms, which may be
useful, for example, in the purification or separation of the compounds of the

invention, also form part of the invention.

25  Compounds of the formula (I) containing an amine function may also form N-
oxides. A reference herein to a compound of the formula (I) that contains an amine

function also includes the N-oxide.

Where a compound contains several amine functions, one or more than one

nitrogen atom may be oxidised to form an N-oxide. Particular examples of N-



20 pp. 1-19. However, salts that are not pharmaceutically acceptable may
al so be prepared as internediate forns which nay then be converted into
phar macewocaddog74iaccept abl e salts. Such non- phar maceut iPcaldBro@owepsabl e
salts fornms, which may be useful, for,exanple, in the purification or
separation of the compounds of the in%gnti on, also formpart of the

i nvention. 25 Conpounds of the fornmula (I) containing an am ne function may
also formN oxides. A reference herein to a conpound of the fornula (1)
that cont ai fddesrrrethedroxidghet 3 sy amineg|apiBagenponof RindEoseRher e a
conmpound cq ks am ne functions, one or nore than one nitrogen
at om may be&?}%ﬂgﬁggg%ﬁg%lgrm an N-oxide. Particular exanples of N WO
2006/ 077416 PCT/ GB2006/ 000193 21 oxides are the N-oxides of a tertiary
am ne or a NiQxidesemande donnefd by tnéatmeg et theomntespaniding dueine madyenl exidisingxi des

agent - such enrapeh a5 BT BETURTRUIE P EPERIE et S e OB T By | 0
acid), see for bQMAX AMRIRADI2HHETHERHHP by SRS BichY4™ BYitibar Wileylr ch, 4th

Edition, Wley  Interscience, pages. re particularly, N-oxides can be

made by t henjsiwsisngernages. More partigudarliy N-syides @orhamads by, thy progedurs ofl) i n

which th ' ' i.th. h b | id
(NPB) | ar SRR [0 7 Qo Vi BERERR N BRER fane. 10

Conpounds akadtédewithimvuhlardpe)oxyBshz0id sid (MCRPBAYYBLEx@ipleliihbeimn geonmetric
isoneric, and tautoneric forns and references to conpounds of the formula
(1) i ncl ud®lvgnt sush@p dichlorgmethape.t he avoi dance of doubt, where a compound
can exist in one of several geonetric isomeric or tautoneric forns and

onl'y ong | Scamgsiil 6RlHe orrs o xR ish G REBR SopERiNever thel ess
enbraced by fom a (l)e. OI:LS Fgl?hg‘?aﬁr(pl (la, ?erqﬂ%eg%gb%gﬁc%%@ﬁgwf ormula (I)
t he pyr azolisoméni agdtaugomeric forms el teforences tit amepdund$ of the fexmantd(IB bel ow. For

sinmplicity,. t.h ne f orpul [),illustrate formA but the.formula is
Co be t akerindu9e AR Tt o o ticlisir 6T 4 Bhethor Bemnpoity can tist
one of several geometric isomeric or tautomeric forms and only one is specifically

described or shown, all others are nevertheless embraced by formula (I).

15  For example, in compounds of the formula (I) the pyrazole ring can exist in the two
tautomeric forms A and B below. For simplicity, the general formula (I) illustrates

form A but the formula is to be taken as embracing both tautomeric forms.

0O O
NH NH
H H AN
A B

Other examples of tautomeric forms include, for example, keto-, enol-, and enolate-
20  forms, as in, for example, the following tautomeric pairs: keto/enol (illustrated

below), imine/enamine, amide/imino alcohol, amidine/amidine, nitroso/oxime,



NHNH H/ / HNNNN HH AB Oher exanples of tautoneric forns

i nclude, for exanple, keto-, enol-, and enolate 20 forms, as in, for
exanpl e, wbeodel7raei ng tautonmeric pairs: keto/enol (ill estrrca2ees/o0bsBow),
i m ne/ enam ne, am de/imno al cohol, a 'gi ne/ am di ne, nitroso/oxinme, WO
2006/ 077416 PCT/ GB2006/ 000193 22 thi oketone/enethiol, and
nitro/aci-nitro. HeO\ SOHHO \ --Q /C=CQ /C=C H keto enol enol ate

Wher e conpounds, of, the. forrmula (1) .contain one or nore chiral centres (e.g.
as in tme) tﬁ&’g‘gtol}?/e{‘%ﬁloi&ﬁgu&mfd Cli)mtéﬁ"ei n R4 is 2-butyl), and can exist in
the formof t @ Or mre opLy ca|_|+isorrers, references to conpounds of the
fornmula (1) -igcktde_al | \ng(i;’cal isamerhg_ e? s t her eof (e.g. enantiomers,
epi mers and di astereoi sehers), eptheras “Nndi vi dual ~optical isonmers, or

m xtures (e.g. racemc mxtures) or two or nore optical isoners, unless

t he cont ext réﬁ@i res ot he? W se. The optdneae i somers may be characterised
and identified by their optical activity (i.e. 10 as + and - isoners, or d

and | isonegs r @C, Is ' r f . their absolute
st ereochem st %@%&g{pﬁgﬂ%s@h‘%ﬁéﬁgﬁ@ ér?gl#é%g eaét)punrase)r% ?&fé}f%%‘gas geyg a&gh_n, ~I'ngold
and Pr el og,ths esse Ad tenoathotndawherei@ s SthuyylRyind ear yxibhinahs fofinlbf tdi ti on,
John Wiy & Sons, .New YorKk, t,’L992, pages 109-114, and see al so Cahn,
Ingol d & Pr&Msye Oﬁﬁé\lf‘i\ﬁonﬁﬁ%ﬁ? ejentes tpqompagds ,Ofi}%’@rmsl,al(%sclu@%al_l 15I Opt i cal

i somers ca SRAE ; g ra
chr omat ogr ;bgﬁsal?chr oriraréafﬁga?glgﬁeﬁgﬁg'ggngﬁ%%%g’g%gg%?t%?a Qﬁ“é@& n%ec?hni gues are
wel | either as individual optical isomers, or mixtures (e.g. racemic mixtures) or two or

more optical isomers, unless the context requires otherwise.

The optical isomers may be characterised and identified by their optical activity (i.e.

10 as+and —isomers, or d and [ isomers) or they may be characterised in terms of
their absolute stereochemistry using the “R and S” nomenclature developed by
Cahn, Ingold and Prelog, see Advanced Organic Chemistry by Jerry March, 4T
Edition, John Wiley & Sons, New York, 1992, pages 109-114, and see also Cahn,
Ingold & Prelog, Angew. Chem. Int. Ed. Engl., 1966, 5, 385-415.

15 Optical isomers can be separated by a number of techniques including chiral
chromatography (chromatography on a chiral support) and such techniques are well
known to the person skilled in the art.

As an alternative to chiral chromatography, optical isomers can be separated by
forming diastereoisomeric salts with chiral acids such as (+)-tartaric acid, (-)-

20  pyroglutamic acid, (-)-di-toluoyl-L-tartaric acid, (+)-mandelic acid, (-)-malic acid,
and (-)-camphorsulphonic, separating the diastereoisomers by preferential
crystallisation, and then dissociating the salts to give the individual enantiomer of

the free base.

Where compounds of the formula (I) exist as two or more optical isomeric forms,
25  one enantiomer in a pair of enantiomers may exhibit advantages over the other

enantiomer, for example, in terms of biological activity. Thus, in certain



known to the person skilled in the art. As an alternative to chiral

chromat ogr aphy, optical isoners can be separated by formng

di ast er eoveanmvi7e4isal ts with chiral acids such as (+)-tacraB0aoi3 (-) 20
pyroglutam c acid, (-)-di-toluoyl-L-tagjaric acid, (+)-nmandelic acid,
(-)-malic acid, and (-)-canphorsul phonic, separating the diastereoi soners
by preferenti al crystal | isation, and then dissociating the salts to give

t he individy of Where conpounds of the formula
(1) exist ;Lgl% %ﬂg% m)%'%ayob tcleéléﬁr‘ﬁ? LDOWSF‘F G%kfecS?R?:’smc agant gRly W Hiairskel i n a
pair of enznhhtiumedrs, orayilyextdi dfialplad U ARG QfImdriie At d18in 1\ ntiomer, for
exanple, in terns of bi ol ogical activity. Thus, In certal r% 2006/ 077416
PCT/ GB2006/181R1i98 providesicompreitiontecntaining sepmipeuntbef tha Iﬁd>rm1ﬂa3(I)Jha3/m§ a

t her apeut | f [ nt| r of a
pllur al Tty oFogs Dor Mt S8R o R i G0 Wkt R oo tat e

conposi Bi oréd%e Bavaonvagr %%}nﬂihﬂd&tﬂn}&funﬂb@ﬂfe%ﬂﬂlhla (D9 pRegattAga Sfﬂ R Or nore
chiral centrg vvhere('ln at |.east 55% (e.g. at |east 68% 65% 70% 75% 5
80% 85% SBYEYS egfellaﬁtéo@ﬁrrﬂfdh?ﬁé?r@?ﬂsqfh@f@r‘?ﬁ?l%n@la) embodimesient as a
singl e optgg Iy i [£0 [l one gener al
enbodi nment , ngrw?glg@mrée&sa@awpso?gﬁﬁh a gl?tﬂ%tﬁ éo?ﬁg%tné }t “amount  of

t he corrpourf@lm@iﬂaﬂhélawb@rm@ﬂeat z(sla)SU@g/optmcaprsemen(e @%nantionnglog optical isoner
(e.qg. enantdla%{rﬁer O d{ astereoi soner). 10 The conpounds of the invention

i ncl ude cornpou G WEh one or nore isot opic substitutions, and a reference
to a particular elenent includes within its scope all isotopes of the

el ementl) Fdheesmpphugls oﬁﬂﬁeemeémmqnéledéﬁa@ﬁp&ﬁas it lowd %§ mthd @bﬂa scope
1H, 2H (D), and 3H (T). Simlarly, references to carbon an ngen i ncl ude
wi thin t heiS¥ Sél@&}?@sar@éﬁééf@rwwo 3 pgticylgClemantincudesdwitlio issdok80l 15 The

i sot opes e ti I n_one .enbodi,nent of the
i nven!tO i onn?s')téﬁ ggﬁgfg(&n sén\éolrig {Aﬁ-ﬁ%&' rag%tg%gc ?/038' df%%?fldﬂggdeséxﬂfgﬂnétﬁnpounds
are pref eseaqpe 'HofH(DRradeH(T). Sistilarlyrefieideeto ebadimbslygchnnier , the

conpound ntain one or. radi oj goto Conpoun s cont ai ni ng such
ra(rer oi sot Og\é‘gl rh&?lr scope respectlveqmize 13a Cand’ Cang?ﬁs and ' g

15 The isotopes may be radioactive or non-radioactive. In one embodiment of the
invention, the compounds contain no radioactive isotopes. Such compounds are
preferred for therapeutic use. In another embodiment, however, the compound may
contain one or more radioisotopes. Compounds containing such radioisotopes may

be useful in a diagnostic context.

20  Esters such as carboxylic acid esters and acyloxy esters of the compounds of
formula (I) bearing a carboxylic acid group or a hydroxyl group are also embraced
by Formula (I). Examples of esters are compounds containing the group
-C(=O)OR, wherein R is an ester substituent, for example, a C; alkyl group, a Cs.59
heterocyclyl group, or a Cs.p aryl group, preferably a C.; alkyl group. Particular

25  examples of ester groups include, but are not limited to, -C(=0)OCH;,
-C(=0)OCH,CHj, -C(=0)OC(CHjs);, and -C(=0)OPh. Examples of acyloxy
(reverse ester) groups are represented by -OC(=0)R, wherein R is an acyloxy
substituent, for example, a C;.; alkyl group, a Cs.59 heterocyclyl group, or a Cs.p

aryl group, preferably a C;.7 alkyl group. Particular examples of acyloxy groups



be useful in a diagnostic context. 20 Esters such as carboxylic acid esters
and acyl oxy esters of the conpounds of formula (1) bearing a carboxylic
aci d grouwwoanos7mdr oxyl group are also enmbraced by ForowlGB2(dc)e0of8zanpl es
of esters are conpounds containing the Agroup -C(=O OR, wherein Ris an
ester substituent, for exanple, a Cl. 7 | kyl group, a C3.20 heterocyclyl
group, or a C5.20 aryl group, preferably a C1 7 al kyl group. Particular 25
exanpl es of ester groups include, but are not limted to, -C(=0 OCHS,

- ¢( =0) OCH2 Gridude, Bt=@ O DHEFB1o, @G(—W(MxMF@éCHtCH&yl oxy (reverse

ester) grou a es y'}aﬂcﬁﬁ_ mﬂ%ﬂerel n Ris an acyl oxy
substituent B%f( b?%% Sage@f% (O a C3_20 heterocyclyl group,
or a C5_70 aryl group, preferably a CL.7 al kyl group. Particular exanples
of acyl oxy M&@mn&f@s%ﬁ%ﬂﬁﬁﬂﬂ&@)B@&fﬁiﬂﬁﬁél@ﬁ&ﬂ@ﬁm @fthe nompoendsput are not

I ted t - t OoC(=0
Iog( 8) Pho sak %@W( acﬁco%xmﬁ)%Séﬁgdﬁﬁ?&g@aaowleﬁe% mlg{’{c{tﬁs %&1@ any
pol yrmor ghi G, f, 0 AFqo sIu]cfl Q?cﬁ:%ﬁ& BiSor co g@léﬂ%g %th(lﬁet n{)gﬁ't‘ﬂé %ﬁgéundgonpl exes

(e.g. inclusion co exes or C athrat W th ounds s

cycl odextrlamd,pr@dnrg@mﬁﬂammpmhdls rﬁy‘épredrugi”mhmaubfmpamdglp aand pro-drugs of
t he conpounds

. By, "prodrugs"” is meant far. ex dthat is
convert ed icr‘?mxﬂ%‘% flﬁﬂ§'°8ng‘?rEﬂdd6|"e’gllm>9 ae{tﬂ?]log’@aﬁgﬁg Iut ornula (1).
For exanpl efonﬁ,ggtggpr odrugs are esters of the active corrpound (e.g., a 10
physi ol ogi cal Iy acceptable netabolically labile ester). During metabolism
the ester group (-C(=0)OR) is cleaved to yield the active drug. Such
esters may Fbmemnnbdsonhﬁypr@ét@ﬁ afe esters ofthe peivesmpored (g any of the
car boxy]]Oat C' d ggr gfée& bl'e %ﬁ%ohcﬁll 4 glre%@{eggtDLﬁﬁ{ﬁqﬂé’thohs‘ﬁﬁ ks espper €

appropr tive® groups present in the

par ent COTTD%Q C(ﬂd))@l’l\ﬁd c&ﬁvﬁﬁﬂ@rﬁéldme aunive ﬂnrgecﬂuchestersjrﬁaﬁmfm% of such
ally | a

met abol i c bile esters include t f the rmul a Cvahereln
Ris: O _7dpispferification, for example, of any ofhtge Garb oxyhrc]: acI groups ( C= c6)0

the parent compound, with, where appropriate, prior protection of any other reactive

groups present in the parent compound, followed by deprotection if required.

15  Examples of such metabolically labile esters include those of the formula -
C(=0)OR wherein R is:
Cj-7alkyl
(e.g., -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu);
C)-7aminoalkyl
20  (e.g., aminoethyl; 2-(N,N-diethylamino)ethyl; 2-(4-morpholino)ethyl); and
acyloxy-Ci7alkyl
(e.g., acyloxymethyl;
acyloxyethyl;
pivaloyloxymethyl;
25  acetoxymethyl;
1-acetoxyethyl;
1-(1-methoxy-1-methyl)ethyl-carbonxyloxyethyl;
1-(benzoyloxy)ethyl; isopropoxy-carbonyloxymethyl;
1-isopropoxy-carbonyloxyethyl; cyclohexyl-carbonyloxymethyl;
30 l-cyclohexyl-carbonyloxyethyl;



(e.g., -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu); G _7am noal kyl 20
(e.g., am noethyl; 2-(N,N-diethylam no)ethyl; 2-(4-norpholino)ethyl); and
acyl oxy- Gvo2adckylh416e. g., acyl oxynet hyl ; acyl oxyet hyl ; Ppiricaogdoaaet hyl ;
25 acetoxynmethyl; 1 -acetoxyethyl; 1 (1 -nethoxy- |

-met hyl ) et hyl - car bonxyl oxyet hyl ; 1-(b% zoyl oxy) et hyl ;

| sopropoxy-car bonyl oxynet hyl ; 1-i sopropoxy-car bonyl oxyet hyl ;

cycl ohexyl - car bonyl oxynmet hyl; 30 1 -cycl ohexyl - carbonyl oxyet hyl ; WO
2006/ 077416 yPoleclogoeirbonlogmetyl; cycl ohexyl oxy- car bonyl oxynet hyl ;

1-cycl ohexyy_ wcarbonyl exvet hyl. . (4-tetrahydropyranyl oxy)
car bonyl oxylrrgf%%/l}e?ylgfy(‘:ﬁr—%toéﬁpgﬁvwlbpyr anyl oxy) car bonyl oxyet hyl; 5

(4-tetr ahyc(naatya}@ﬂwp)yﬁaamyhﬁ@yhawrcrff%me'thﬁﬁd 1- (4-tetrahydropyranyl)c
ar bonyl oxyet h Ig. Al'so, sqne prodrugs are activated enzymatically to yield
t he active]c@§6 agropyragylosgeasbemdoxysiyh, upon further chenical reaction

yi el ds Egtra @%MH‘?@@?@%}?@{’%O@Q e! as in ADEPT, GDEPT, LI DEPT,

etc.). exanple a sugar derivative or other
gl ycosi de doff-tegrahelromyramf)catbongloxgethylp aci d ester derivative. Biol ogica
Activity The conpounds of the fornmulae (1) and sub-groups thereof are

inhibitors pf cyclin .dependent kjnases, FEor ex | e, .conmpounds, of the
i nvention dﬁéo’is me.mr?qug?gp aghvel ?qzﬁmag?f’élﬁ(&%er?‘i?gﬁer‘?ﬁggesgg)%mﬁnorﬁart i cul ar
cyclin depepgpdtnkiviahespsitfuttbechefi@®Meaction, yields the active compound (for
example, as in ADEPT, GDEPT, LIDEPT, etc.). For example, the prodrug may be
10 asugar derivative or other glycoside conjugate, or may be an amino acid ester

derivative.

Biological Activity

The compounds of the formulae (I) and sub-groups thereof are inhibitors of cyclin
dependent kinases. For example, compounds of the invention are inhibitors of

15  cyclin dependent kinases, and in particular cyclin dependent kinases selected from
CDK1, CDK2, CDK3, CDK4, CDKS5, CDK6 and CDK9, and more particularly
selected from CDK 1, CDK2, CDK3, CDK4, CDK5 and CDKD9.

Preferred compounds are compounds that inhibit one or more CDX kinases selected
from CDK1, CDK2, CDK4 and CDKD9, for example CDK1 and/or CDK2,

20  Compounds of the invention also have activity against glycogen synthase kinase-3
(GSK-3).

As a consequence of their activity in modulating or inhibiting CDK and glycogen
synthase kinase, they are expected to be useful in providing a means of arresting, or
recovering control of, the cell cycle in abnormally dividing cells. It is therefore

25  anticipated that the compounds will prove useful in treating or preventing
proliferative disorders such as cancers. It is also envisaged that the compounds of
the invention will be useful in treating conditions such as viral infections, type II or

non-insulin dependent diabetes mellitus, autoimmune diseases, head trauma, stroke,



CDK1, CDK2, CDK3, CDK4, CDK5, CDK6 and CDK9, and nore particularly

sel ected from CDKI, CDK2, CDK3, CDK4, CDK5 and CDK9. Preferred conpounds
are conpomodsoddiatici nhi bit one or nore CDK ki nases sel eeCeaB2hocnmmd GBK1
CDK2, CDK4 and CDK9, for exanple CDK1l ? d/ or CDK2. 20 Conpounds of the

i nvention also have activity against g gcogen synt hase ki nase-3 (GSK-3).
As a consequence of their activity in nodulating or inhibiting COK and

gl ycogen synthase kinase, they are expected to be useful in providing a
means of arfrpélgpSYngeuredegeﬁ@r@bwdmmea:@n epAlahrimertre moson neyganiediseaseabnor mal | y
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cancers. | texampid aoianvirkaledsdshal nblﬁk@d@gbﬂ@@biﬁaals@efses.t he invention will be
useful in treating conditions such as viral infections, type Il or

non-i nsul i n_dependent |abetes mel |itu aut oi nnyne dlse es, head trauma
stroke, WO 98 YA 8 W@B@@@Gﬁ@é@fg@omﬁf’éﬁtIl%‘i%"grsagﬁga’%@@generati ve
di seases suchhRsmdl shgé Renfon WRE O uddfi e Qﬁh@stgbﬁﬁgﬂ%fe&t R RS F Y he
supranucl ear pal sy, corticobasal degeneration an s di sease, for
exanpl e autdiseanesrraddicsrwdsgsneraticre disaasesiegener at i ve di seases. One sub-group
of di sease st at es and condi tions where it is envisaged that the 5 conpounds
of the inve sef ui .con of viral, infectio aut oi nm une
a& ggl cell

di seases an(gb 5&? aé’cf‘ 8&6 13 tiff T5pe E¥se ABPRIPSLS, sy Fs‘ndnl’ he regul ation

of the celldiffgehBaticR@tCss $unchbﬂn$ﬁérbﬁir¢ @DK ishibitek eslild dkivesfubindh&NS
function. Therefore, CDK inhibitors coul d be useful in the treatnent of

di seases i nreRfmen of Hiseases & whishdlreisra dsordergyfinrelifaration, apeptosisesi s or 10
f f
di eren] A laalffgfénﬁé{fd?l figh ﬁ?@%‘g& ﬁ rE@LElEnl §B+%f8tu§%+¥ g%@&&aﬁmﬁﬁ%ﬁgo be

particu y sensitive to I'brtors. rstmay a

sensi tive tsenile to GDKhnhibitsrs. EBargimeusimealsebs sankitivh tclsr@y)Kbe i nhi bited
i ncl ude, re not limted to, a carcinoma, for exanple a carcinona of
t he bladdermh§F8§st colon (e.g. colorectal 15 carcinomas such as col on

adenocar ci nonma and coI on adenoma), kidney, epiderms,
Examples of cancers which may be inhibited include, but are not limited to, a

carcinoma, for example a carcinoma of the bladder, breast, colon (e.g. colorectal

15  carcinomas such as colon adenocarcinoma and colon adenoma), kidney, epidermis,
liver, lung, for example adenocarcinoma, small cell lung cancer and non-small cell
lung carcinomas, oesophagus, gall bladder, ovary, pancreas e.g. exocrine pancreatic
carcinoma, stomach, cervix, thyroid, prostate, or skin, for example squamous cell
carcinoma; a hematopoietic tumour of lymphoid lineage, for example leukemia,

20 acute lymphocytic leukemia, chronic lymphocytic leukaemia, B-cell lymphoma
(such as diffuse large B cell lymphoma), T-cell lymphoma, Hodgkin’s lymphoma,
non-Hodgkin’s lymphoma, hairy cell lymphoma, or Burkett's lymphoma; a
hematopoietic tumour of myeloid lineage, for example acute and chronic
myelogenous leukemias, myelodysplastic syndrome, or promyelocytic leukemia;

25  thyroid follicular cancer; a tumour of mesenchymal origin, for example
fibrosarcoma or habdomyosarcoma; a tumour of the central or peripheral nervous
system, for example astrocytoma, neuroblastoma, glioma or schwannoma;
melanoma; seminoma; teratocarcinoma; osteosarcoma; xeroderma pigmentosum;

keratoctanthoma; thyroid follicular cancer; or Kaposi's sarcoma.



l'iver, lung, for exanple adenocarcinoma, small cell lung cancer and
non-small cell lung carcinomas, oesophagus, gall bl adder, ovary, pancreas
e.g. exocwpneogeEnaseati ¢ carcinoma, stonmach, cervix, trgT@EBpOGOOBBat e, or
skin, for exanple squanmous cell carciponma; a hematopoietic tunour of

| ynphoi d | i neage, for exanple |eukem a; 20 acute |ynphocytic | eukem a,
chronic | ynphocytic | eukaem a, B-cell |ynphoma (such as diffuse |large B

cell 1ynph . _T-cel |l | ynphoma, , Hodgkin's | ynphoma, non-Hodgkin's
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sarcoma. WO 2006/ 077416 PCT/ GB2006/ 000193 27 The cancers may bé cancers
whi ch are s¥Rgpdentkingss manboiatesrinest byampansd agell goowth assay aseidapémdent

ki nases sel ed %51 S .an , for exanple,
one or mretﬁéé)mllélﬁlgsgé@s%%cte ?(%glr%% I,ﬁﬁf%}fonéﬁ%%d%%f e.g. CDK1

and/ or CDKDiagnoAls&t her or not a particular cancer is one which is sensitive
to inhibition by a cyclin dependent kinase may be determ ned by neans of a

cell growt sa s set out.in he exanpl es | ow or, by a nethod as set
out ig t he F%r‘fﬁsr?elﬁlﬁ’@ﬂl tol‘Pé‘iyl"f’oWie @fapoﬁioélﬁri?fgﬁg’rqnmfe%aﬁ?%%nq<novvn to

play a 100l erdnBeritidntads ifere BFOCDKEhRDItER cold A& BNk Al iilgﬂle‘m:g neIJnQ_of
transcription and therefore CDK inhibitors could also be useful in the
treat nent dhe fllewitgpdisensphethel thamemsen vhelinfaetionss fmesample egpesivinugct | ons,

for exanpl . Vi LU oX i Lus, .Epstei n:Bar i -Si.ndhi s virus,
adenovi ?Esi’ogﬁ;\l}?ﬁ’ls—l:ﬁ@elﬁ%ﬁa\ﬁﬂw’ i\&f%‘s ng&éﬁ‘lqvwﬁl%@&é&ﬂegmm in
HI V- i nf ect eiCMW ipvdvdtieibis of ATD® Béeelopniknt /B 9 féctdd $RBwiE8als;f @rorffxanpl e

system c | upus erythenmat osus, autoi nmune )
inflammafory diseases, for example systemic lupus erythematosus, autoimmune

15 mediated glomerulonephritis, theumatoid arthritis, psoriasis, inflammatory bowel
disease, and autoimmune diabetes mellitus; cardiovascular diseases for example
cardiac hypertrophy, restenosis, atherosclerosis; neurodegenerative disorders, for
example Alzheimer’s disease, AIDS-related dementia, Parkinson’s disease,
amyotropic lateral sclerosis, retinitis pigmentosa, spinal muscular atropy and

20  cerebellar degeneration; glomerulonephritis; myelodysplastic syndromes, ischemic
injury associated myocardial infarctions, stroke and reperfusion injury, arrhythmia,
atherosclerosis, toxin-induced or alcohol related liver diseases, haematological
diseases, for example, chronic anemia and aplastic anemia; degenerative diseases of
the musculoskeletal system, for example, osteoporosis and arthritis, aspirin-senstive

25 rhinosinusitis, cystic fibrosis, multiple sclerosis, kidney diseases and cancer pain.

It has also been discovered that some cyclin-dependent kinase inhibitors can be
used in combination with other anticancer agents. For example, the cyclin-
dependent kinase inhibitor flavopiridol has been used with other anticancer agents

in combination therapy.
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Another particular cancer is diffuse large B cell lymphoma
3

Another sub-set of cancers includes breast cancer, ovarian cancer, colon cancer,
15  prostate cancer, oesophageal cancer, squamous cancer and non-small cell lung

carcinomas.

The activity of the compounds of the invention as inhibitors of cyclin dependent
kinases and glycogen synthase kinase-3 can be measured using the assays set forth
in the examples below and the level of activity exhibited by a given compound can
20 be defined in terms of the ICsp value. Preferred compounds of the present invention
are compounds having an ICsg value of less than 1 micromolar, more preferably less

than 0.1 micromolar.

‘Advantages of the Compounds of the Invention

Compounds of the formulae (I) and sub-groups thereof as defined herein, for

25  example the compound 4-(2,6-dichloro-benzoylamino)-1H-pyrazole-3-carboxylic



Anot her sub-set of cancers includes breast cancer, ovarian cancer, colon
cancer, 15 prostate cancer, oesophageal cancer, squanobus cancer and

non- smal Iwoebdeé/d7a41g carci nomas. The activity of the compoGBisocvotBe
invention as inhibitors of cyclin depezgent ki nases and gl ycogen synt hase
ki nase-3 can be neasured using the assdys set forth in the exanples bel ow
and the |level of activity exhibited by a given conpound can 20 be defined
in terms of the 1C50 value. Preferred conmpounds of the present invention
are conpouni$id Hampeihgnesylphopy-riperidingsyl)-amide; haye advantages myeaprionsst e
preferablyd% %pan 0.1 mcronol ar. Advantages of the Conpounds of the

| nvention §%§hn s of the fornulae (1) and sub-groups thereof as defined
herein, for 25 exanple the conpound

4- (2, 6- di chPaemialienizogdnapaundy efltHe pyveatian kavd-phasibchepticd p€pe2EGn0TH4 16

PCT/ GB2006/ 001?3 29 acid (1-nmet hanesul phonyl - pi peridi n-4-yl)-am de, have
advant ages 'OV8¥! pFR%BMCart conpounds. Potentially the conpounds of the
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be dosed at onger u ar,
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relative to_prior art conpounds. Oral bioavailability can be defined as the
ratio (F) pethe pl asma exposure of a conpound when dosed by the oral
route to the plasma exposure of the conpound when dosed by the intravenous

(1.V.) TOUlRpafiIRS o%ﬁds &f 1RE T ?‘ﬁ?exh]rﬁt QunGa1 B‘l%éﬂzd?ﬁbﬂfﬂy or al
bloavallablllty (F val of greater t re preferably greater
than 40% aehtipatd pmrlaairdoynpndmdmt Qué bmvmhbﬂh}aban beegefmed ab the ratio (F)
of the plasma exposure of a compound when dosed by the oral route to the plasma
exposure of the compound when dosed by the intravenous (i.v.) route, expressed as

a percentage.

15  Compounds having an oral bioavailability (F value) of greater than 30%, more
preferably greater than 40%, are particularly advantageous in that they may be

adminstered orally rather than, or as well as, by parenteral administration.

The compound 4-(2,6-dichloro-benzoylamino)-1H-pyrazole-3-carboxylic acid (1-
methanesulphonyl-piperidin-4-yl)-amide, for example, has 40-50% bioavailability

20  when administered to mice by the oral route.

The compounds of the invention, for example the compound 4-(2,6-dichloro-
benzoylamino)-1H-pyrazole-3-carboxylic acid (1-methanesulphonyl-piperidin-4-
yl)-amide, have greater in vitro kinase (CDK2) inhibitory activity and more potent
anti-proliferative effects on cancer cell lines. In addition, the compounds have

25  lower activity versus GSK3p and are more selective for CDK2 over GSK3.
Therefore the action of the compounds is dominated by cell cycle effects via the
CDK inhibition and not complicated by the additional consequences of GSK3beta

inhibition on, for example, insulin sensitivity, growth factor action. The
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ot herwi se, thepépedrimed hereftor Williere 4 neferericg ds made eckestalp Rs gad §f 6upy and

exanpl t ok, et n [ el I i e a group R1
and RBG%)r a02§5r1 (afgt%%%l’ fﬂ&eF??e%él ?t goﬁl p%ﬂ%%%}% géfrll ﬁfﬁsﬁéﬁ{sgd?%?h%& Sg%%pan?%squesti on
is as set autowhove falldwhs sesttdns@fithis Applieatidrohnlessithgcaredtiransresf this
application unless the context requires otherw se. Conpounds of the

formul a (1)°R&WI®Be prepared in accordance with synthetic methods wel |
known to the skilled person, and by nethods set out below and as 15

descri bed idf‘br\ﬂj\gclsuéﬁ%ﬂ}fé%ﬁﬂﬂa%é%ﬁ%ﬁé@@%ﬁc%oﬁd&&@%ﬁ@%ﬁ&iﬁ), the

contents o are incorp ted rein by reference.
methods well known to the skilled person, and by methods set out below and as

15  described in our application PCT/GB2004/003179 (WO 2005/012256), the contents

of which are incorporated herein by reference.

For example, compounds of the formula (I) can be prepared by the sequence of

reactions shown in Scheme 1.

The starting material for the synthetic route shown in Scheme 1 is the 4-nitro-
20  pyrazole-3-carboxylic acid (X) which can either be obtained commercially or can
be prepared by nitration of the corresponding 4-unsubstituted pyrazole carboxy

compound.



For exanpl e, conpounds of the fornula (1) can be prepared by the sequence
of reactions shown in Schene 1. The starting material for the synthetic
rout e showo 2006/8ed1iene 1 is the 4-nitro 20 pyrazol e- 3- carhmGB20@w/m@eiod ( X)
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Scheme 1

The nitro-pyrazole carboxylic acid (X) is converted to the corresponding ester (XI),
for example the methyl or ethyl ester (of which the ethyl ester is shown), by
reaction with the appropriate alcohol such as ethanol in the presence of an acid

5 catalyst or thionyl chloride. The reaction may be carried out at ambient temperature

using the esterifying alcohol as the solvent.
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of the aci do oM FE RN RCOG Hine Serdtbe bR G PReRuif pBRARES 4
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of am ((:Ie c 1’i%ﬂ © %gﬁi é\{oéfmt g ehleddsenm Be rigrareq by treaimentolihe i on of

. | . ” . H .2 .
pepti degl i I‘Hﬁ?&&ghc @ié@b@?@;ﬁ%ﬁggl&ﬁggﬁﬁ dr F?Fé‘]a‘d%&l g"ltﬁgﬁg%l %}(‘)lgfldelg55, 77

di cycl ohexyl car bodi i m de n et al; ner .

1067), 1- etinyhe 3egeBee of sreathlytia mnnomrofdithgthylaotmatnide] oieby( reedtemrafd t o her ei n

either as EDC .or EDAC but .al so Kk in.the art as EDCl and WSCDI )
(Sheehan etP 5> Sag@?&eg%m%ﬁ'étﬁlo,xgﬁggﬁ?rl%, 2525), uroni um based coupling
agents such as O (7- azabenzotriazol-l-yl)-N,N,N ,N -tetranethyl uroni um

hexaf | uor ophwapdldeatived Wing diechcRhdSdiienhetidbdaseebsdativ e ag@ S such as
%;:5;2]23;) ) E &g(ﬁls 1936{1!% é( Bé(][)rtl’xjels't-ed gop%fl[e raglliciled(i)gl% %9 ?esapc):ggg Ivvlljtr}]l1 tgg égfbg);y?irc%giﬁlos phate
15 R'CO,Hin the presence of amide coupling reagents of the type commonly used in
the formation of peptide linkages. Examples of such reagents include 1,3-
dicyclohexylcarbodiimide (DCC) (Sheehan et al, J. Amer. Chem Soc. 1955, 77,
1067), 1-ethyl-3-(3’-dimethylaminopropyl)-carbodiimide (referred to herein either
as EDC or EDAC but also known in the art as EDCI and WSCDI) (Sheehan et al, J.
20  Org. Chem., 1961, 26, 2525), uronium-based coupling agents such as O-(7-
azabenzotriazol-1-yl)-N,N,N’,N *-tetramethyluronium hexafluorophosphate (HATU)
and phosphonium-based coupling agents such as 1-benzo-triazolyloxytris-
(pyrrolidino)phosphonium hexafluorophosphate (PyBOP) (Castro et al,
Tetrahedron Letters, 1990, 31, 205). Carbodiimide-based coupling agents are
25  advantageously used in combination with 1-hydroxy-7-azabenzotriazole (HOAt) (L.
A. Carpino, J. Amer. Chem. Soc., 1993, 115, 4397) or 1-hydroxybenzotriazole
(HOB) (Konig et al, Chem. Ber., 103, 708, 2024-2034). Preferred coupling

reagents include EDC (EDAC) and DCC in combination with HOAt or HOBt.

The coupling reaction is typically carried out in a non-aqueous, non-protic solvent

30  such as acetonitrile, dioxan, dimethylsulphoxide, dichloromethane,
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The carboxylic acid (XIV) can then be converted to a compound of the formula (T)

by reaction with an amine R*-NH, using the amide forming conditions described

15  above. Thus, for example, the amide coupling reaction may be carried out in the

presence of EDC and HOBt in a polar solvent such as DMF.

An alternative general route to compounds of the formula (I) wherein R is

hydrogen is shown in Scheme 2.
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Scheme 2

In Scheme 2, the nitro-pyrazole-carboxylic acid (X), or an activated derivative
thereof such as an acid chloride, is reacted with amine R*>-NH, using the amide

5  forming conditions described above to give the nitro-pyrazole-amide (XV) which is
then reduced to the corresponding amino compound (XVI) using a standard method
of reducing nitro groups, for example the method involving hydrogenation over a

Pd/C catalyst as described above.

The amine (XVI) is then coupled with a carboxylic acid of the formula R!-CO,H or

10 an activated derivative thereof such as an acid chloride or anhydride under the
amide-forming conditions described above in relation to Scheme 1. Thus, for
example, as an alternative to using an acid chloride, the coupling reaction can be
carried out in the presence of EDAC (EDC) and HOBt in a solvent such as DMF to
give a compound of the formula (I’) which corresponds to a compound of the

15  formula (I) wherein R* is hydrogen.

Compounds of the formula (I) can also be prepared from a compound of the
formula (XVII):



NI NH NNH\~/ H(XVII) by reaction with an appropriate sul phonyl ati ng
agent, for exanple a sul phonyl <chloride such as nethanesul phonyl chlori de.
An i || ustwetnesn7raact i on sequence showi ng the conver si orCofiGRRO@GWPOANd of
the 5 formula (XVI1) into sul phonyl dﬁé%vatives of the formula (1) is set
out in Schere 3. 00 RI~"NHO R -" 0 aR-SOCI $R / N~NH Base z
NO O NNHNNHH((XVII) H(XIX) Schene 3 As shown in Schene 3, a
conmpound of the formula (1) ipn which R3 is a piperidine ring bearing a

sul phonyl group -S02R4 (i.e. conmpound of the formula (XI X)) can 10 be
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An illustrative reaction sequence showing the conversion of a compound of the

5  formula (XVII) into sulphonyl derivatives of the formula (I) is set out in Scheme 3.

0 0
J J o
R NH o R NH 5 N o
~R
R4-S0,Cl S
Y NH <¢L7/l( N7TH
/) N Base / N 0
N—N H —_— N—N H
H Xvii) H
(XIX)
Scheme 3

As shown in Scheme 3, a compound of the formula (I) in which R? is a piperidine
ring bearing a sulphonyl group —~SO,R* (i.e. a compound of the formula (XIX)) can

10 be prepared by reacting the compound of the formula (XVII) with a sulphonyl
chloride R*SO,CI (such as methane sulphonyl chloride) in the presence of a non-
interfering base such as diisopropylethylamine. The reaction is typically carried out
at room temperature in a non-aqueous non-protic solvent such as dioxane and

dichloromethane.

15  The sulphonyl chlorides of the formula R*SO,Cl may be obtained from commercial
sources, or can be prepared by a number of procedures. For example,
alkylsulphonyl chlorides can be prepared by reacting an alkyl halide with sodium
sulphite with heating in an aqueous organic solvent such as water/dioxane to form
the corresponding sulphonic acid followed by treatment with thionyl chloride in the

20  presence of DMF to give the sulphonyl chloride.



In an alternative preparation, a thiol RASH R4aSH can be reacted with
potassium nitrate and sul phuryl chloride to give the required sul phonyl

chl ori de.wOroosanry416f t he reacti ons descri bed above, it may/dBoeawedsary to
protect one or nore groups to prevent éeacti on fromtaking place at an
undesirabl e location on the 5 rolecul & Exanpl es of protecting groups, and
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be protect qfl)r%§a1ﬁﬁlee§ﬁ @rﬁlnfe%oﬁlﬁﬁ’yb@pro@e%tedaas%ﬁlaé KNR: forg€. 9., a

met hyl ester; utyl "ester); a Cl-7 hal oal ester (e.g., a Cl-7
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for exanpl NHECﬁOTdICPE)gh@IIH-(BoE )a,zﬁ he@&@%l’opoxﬁ@md@(bﬁﬁ@@l- t hi oet her; an
acet am dorret h(ygﬁet her (-S-CH2N 25 Novel chem cal i nternedi at es

(for exanpl@C étcaéhﬁpﬂu nHE-Bpoe)ras af%ﬂﬁmeaﬁlme(qu&yla}m &N-Fmoegizps and
(1)) 520 e B KL 29 it g, coem
PCT/ GB2006/ D&},28 a 23 2-trichloroethyloxy amide (-NH-Troc), as an allyloxy amide
15  (-NH-Alloc), or as a 2(-phenylsulphonyl)ethyloxy amide (-NH-Psec). Other
protecting groups for amines, such as cyclic amines and heterocyclic N-H groups,
include toluenesulphonyl (tosyl) and methanesulphonyl (mesyl) groups and benzyl
groups such as a para-methoxybenzyl (PMB) group. A carboxylic acid group may
be protected as an ester for example, as: a Cy.7 alkyl ester (e.g., a methyl ester; a t-
20  butyl ester); a Cy7 haloalkyl ester (e.g., a C;-7 trihaloalkyl ester); a tri-Cj.; alkylsilyl-
Ci-7alkyl ester; or a Cs.po aryl-Cy.7 alkyl ester (e.g., a benzyl ester; a nitrobenzyl
ester); or as an amide, for example, as a methyl amide. A thiol group may be
protected, for example, as a thioether (-SR), for example, as: a benzyl thioether; an

acetamidomethyl ether (-S-CH,NHC(=0)CHs).

25  Novel chemical intermediates (for example novel compounds of the formulae
(XIII), (XIV), (XV) and (XVI)) used in the processes set forth above and in the

examples represent a further aspect of the invention.

Methods of Purification




The conpounds may be isolated and purified by a nunber of nethods well
known to those skilled in the art and exanpl es of such nethods include
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Phar maceutical Fornulations Wile it is possible for, t r%e active conpound to
be admi ki stlr@mafos e preparpiive Builisaienindpnelytisalnalysisioticpmpeund

phar maceut i gal,; &OTRIIA Rl ( So3; sty Fa-gt i on)

One such system for purifying compounds via preparative LC-MS is described in
the experimental section below although a person skilled in the art will appreciate
that alternative systems and methods to those described could be used. In particular,

20  normal phase preparative LC based methods might be used in place of the reverse
phase methods described here. Most preparative LC-MS systems utilise reverse
phase LC and volatile acidic modifiers, since the approach is very effective for the
purification of small molecules and because the eluents are compatible with
positive ion electrospray mass spectrometry. Employiﬂg other chromatographic

25  solutions e.g. normal phase LC, alternatively buffered mobile phase, basic
modifiers etc as outlined in the analytical methods described above could

alternatively be used to purify the compounds.

Pharmaceutical Formulations

While it is possible for the active compound to be administered alone, it is

30  preferable to present it as a pharmaceutical composition (e.g. formulation)



WO 2006/ 077416 PCT/ GB2006/ 000193 38 conprising at |east one active
conpound of the invention together with one or nore pharmaceutically
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with the other ingredients of the fornmulation. Accordingly, in a further
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for oral, parenteral, topica I nt ot1c, al ,
i ntra-vagi nalmixong dt teastsaheractle compound, as defined above, together with one or

15 more pharmaceutically acceptable carriers, excipients, buffers, adjuvants,

stabilizers, or other materials, as described herein.

The term “pharmaceutically acceptable” as used herein pertains to compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of a subject (e.g.

20  human) without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio. Each carrier,
excipient, etc. must also be “acceptable” in the sense of being compatible with the

other ingredients of the formulation.

Accordingly, in a further aspect, the invention provides compounds of the formula
25 (D) and sub-groups thereof as defined herein in the form of pharmaceutical

compositions.

The pharmaceutical compositions can be in any form suitable for oral, parenteral,
topical, intranasal, ophthalmic, otic, rectal, intra-vaginal, or transdermal

administration. Where the compositions are intended for parenteral administration,



adm ni stration. Wiere the conpositions are intended for parenteral

adm ni stration, WO 2006/ 077416 PCT/ GB2006/ 000193 39 they can be fornul ated
for intrawvernoesn77iiat ramuscul ar, intraperitoneal, subcutramaR2806/000193

adm nistration or for direct delivery ggto a target organ or tissue by

i njection, infusion or other neans of delivery. The delivery can be by
bolus injection, short tern infusion or |longer terminfusion and can be

via passive,5 delivery or through the utilisation of a suitable infusion
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fornul ati on, isotoni.c with the blood of the intended recipient.
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formulations, Pharmaceutical Research, Vol 21(2) 2004, p 201-230).

A drug molecule that is jonizable can be solubilized to the desired concentration by pH
adjustment if the drug's pK. is sufficiently away from the formulation pH value. The

20 acceptable range is pH 2-12 for intravenous and intramuscular administration, but
subcutaneously the range is pH 2.7-9.0. The solution pH is controlled by either the salt
form of the drug, strong acids/bases such as hydrochloric acid or sodium hydroxide, or
by solutions of buffers which include but are not limited to buffering solutions formed
from glycine, citrate, acetate, maleate, succinate, histidine, phosphate,

25 tris(thydroxymethyl)aminomethane (TRIS), or carbonate.

The combination of an aqueous solution and a water-soluble organic solvent/surfactant
(i.e., a cosolvent) is often used in injectable formulations. The water-soluble organic
solvents and surfactants used in injectable formulations include but are not limited to
propylene glycol, ethanol, polyethylene glycol 300, polyethylene glycol 400, glycerin,

30 dimethylacetamide (DMA), N-methyl-2-pyrrolidone (NMP; Pharmasolve),



solvents and surfactants used in injectable fornulations include but are
not limted to propylene glycol, ethanol, polyethylene glycol 300,

pol yet hylwoeogloreab 400, gl ycerin, 30 di nethyl acet anm de pCDMB2006/000193

N net hyl - 2- pyrrol i done ( NVP; Phatnasolﬁg) WO 2006/ 077416 PCT/ GB2006/ 000193
40 di met hyl sul phoxi de (DVBO), Sol ut ol 15, Crenophor EL, Crenophor RH 60,
and polysorbate 80. Such fornulations can usually be, but are not always,
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phar maceut Ilﬁé}nbra% %iln(il %1}1 ?Hne%%@luggu {ot w19}’ an X%)rail &13&@ rof Cﬂ%(wnd of

pm. Depending on the level of hydrophobicity, moderately hydrophobic drugs

can be solubilized by liposomes if the drug becomes encapsulated or

15  intercalated within the liposome. Hydrophobic drugs can also be solubilized by
liposomes if the drug molecule becomes an integral part of the lipid bilayer
membrane, and in this case, the hydrophobic drug is dissolved in the lipid portion
of the lipid bilayer. A typical liposome formulation contains water with
phospholipid at -5-20 mg/ml, an isotonicifier, a pH 5-8 buffer, and optionally

20  cholesterol.

The formulations may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of the sterile liquid carrier, for

example water for injections, immediately prior to use.

25  The pharmaceutical formulation can be prepared by lyophilising a compound of
Formula (I) or acid addition salt thereof. Lyophilisation refers to the procedure of
freeze-drying a composition. Freeze-drying and lyophilisation are therefore used
herein as synonyms. A typical process is to solubilise the compound and the

resulting formulation is clarified, sterile filtered and aseptically transferred to



Formula (I) or acid addition salt thereof. Lyophilisation refers to the
procedure of freeze-drying a conposition. Freeze-drying and |yophilisation
are t her evoneocusedé herein as synonyns. A typical proce®seTiGB20@/®0198bilise
t he conpound and the resulting formulgtion is clarified, sterile filtered
and aseptically transferred to WO 2006/077416 PCT/ GB2006/ 000193 41
containers appropriate for lyophilisation (e.g. vials). In the case of
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15 benzalkonium chloride and cetylpyridinium chloride. The buffers mentioned

previously, as well as dextrose and sodium chloride, can be used for tonicity

adjustment if necessary.

Bulking agents are generally used in lyophilisation technology for facilitating the
process and/or providing bulk and/or mechanical integrity to the lyophilized cake.
20  Bulking agent means a freely water soluble, solid particulate diluent that when co-
lyophilised with the compound or salt thereof, provides a physically stable
lyophilized cake, a more optimal freeze-drying process and rapid and complete
reconstitution. The bulking agent may also be utilised to make the solution

isotonic.

25  The water-soluble bulking agent can be any of the pharmaceutically acceptable
inert solid materials typically used for lyophilisation. Such bulking agents include,
for example, sugars such as glucose, maltose, sucrose, and lactose; polyalcohols
such as sorbitol or mannitol; amino acids such as glycine; polymers such as

polyvinylpyrrolidine; and polysaccharides such as dextran.



25 The wat er-sol ubl e bul ki ng agent can be any of the pharmaceutically
acceptable inert solid materials typically used for |yophilisation. Such
bul | ri ng wQenta774161 ude, for exanple, sugars such as glraTmB2)oamAbIGSE,
sucrose, and | actose; polyal cohols su as sorbitol or mannitol; am no
acids such as glycine; polynmers such as™ pol yvinyl pyrrolidine; and

pol ysacchari des such as dextran. WO 2006/ 077416 PCT/ GB2006/ 000193 42 The

ratio of t wei.ght of the bul ki ng agent to the wei ght of active conpound
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embodi ment Wrauterdavipg afihe yials ensthpis spntents at anproprigengiessisof e is in a form

suitable f i . .00 .St i.00;.4f by injeagti or_ 1 nfusion.
Phar maceut ?%)g?ul\é%%%gﬁcﬁsb r;[gl @tg*q? I%l ﬁg f%{metgée(tﬁ({ﬁ%%/reeﬁp }r%lgurﬁ}?? 8@3?%?% ral
i nj ecti on gasparatictbefareplelisay fheexampiudiluziahlidtodaitsié sbtiR iffisionlaclagqueous or

nonaqueous sol utions, 15 dispersions, suspensions or emulsions as well as

sterile po rs for recanstitution ipto sterile injectable solutions or
di spersio n\gg’ﬁﬂ?@rﬁ?‘?%‘? I?JBCt&g’éOE@QQW‘g@SB‘FHSW {23y % Pr%ﬂ%ﬁﬁ%‘l)ﬁgmaﬁtﬁi ¢ 0naqueous

carrierns, HHdvdRRY granSiRk¥BMtH1Q¢. vehicles include water, ethanol, polyols
(such as gl'ycerol, propylene glycol, polyethylene glycol, and the I|ike),

car boxynet hyl cel | ul ose and suitable m xtures thereof, vegetable oils (such
as 20 ol i véneng prefeirrd qophasiimeny] of thr iguentionethe pharmageiticab canpysitianl isdt e.

Proper fl ui di > . (18} i foor exampl e, .by the. use of coating

materi al s Sa?g{]r}{g@ ééglﬁ)tr ﬁ?ﬁé&ﬁeﬂsﬁ %‘gon’rt;%ie gll;?g&rib efnbﬁc}/lf)ﬂgrp’g% %ed particle

size in the case of dispersions, and by the use of surfactants.
Pharmaceutical compositions of the present invention for parenteral injection can

also comprise pharmaceutically acceptable sterile aqueous or nonaqueous solutions,
15 dispersions, suspensions or emulsions as well as sterile powders for reconstitution
into sterile injectable solutions or dispersions just prior to use. Examples of suitable
aqueous and nonaqueous carriers, diluents, solvents or vehicles include water,
ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, and the
like), carboxymethylcellulose and suitable mixtures thereof, vegetable oils (such as
20  olive oil), and injectable organic esters such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use

of surfactants.

The compositions of the present invention may also contain adjuvants such as

25  preservatives, wetting agents, emulsifying agents, and dispersing agents. Prevention
of the action of microorganisms may be ensured by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol
sorbic acid, and the like. It may also be desirable to include isotonic agents such as

sugars, sodium chloride, and the like. Prolonged absorption of the injectable
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( NVP, Phar rmgomee) commgpylyatiluted Witlensitable IE’Lexccsrl@rmﬁW drptreee; ntfered
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romyl o gryRE PO GehTy REHER SoRRIM AR A0S, SR BBl POV
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conbi nat i orsohyeatspad snrfyctants aregaoRy ef}eﬁ%‘i XEGHY. BELGPE, qt n@ lus or IV

s TBBL g ey B ppmacg o o 20
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One particular non aqueous solution is composed of 70% propylene glycol, and

30% ethanol. Another is 80% propylene glycol and 20% ethanol Normally these

solvents are used in combination and usually diluted at least 2-fold before IV bolus

or IV infusion. The typical amounts for bolus IV formulations are ~50% for

20  Glycerin, propylene glycol, PEG300, PEG400, and ~20% for ethanol. The typical
amounts for IV infusion formulations are ~15% for Glycerin, 3% for DMA, and
~10% for propylene glycol, PEG300, PEG400 and ethanol.

In one preferred embodiment of the invention, the pharmaceutical composition is in
a form suitable for i.v. administration, for example by injection or infusion. For

25  intravenous administration, the solution can be dosed as is, or can be injected into
an infusion bag (containing a pharmaceutically acceptable excipient, such as 0.9%

saline or 5% dextrose), before administration.

In another preferred embodiment, the pharmaceutical composition is in a form

suitable for sub-cutaneous (s.c.) administration.
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pills, lozenges, syrug sol utrons, ers 'xirs and
suspensi onsSUSBﬂmbiOnm@u linguabtabtess, vmédreospabcrhepand:bwahpajcl’msccal pat ches.
Phar maceuti cal conpositions containing conpounds of the fornul a (I) can be

5 formnul at [ h. known techn e see f.or exanp
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t oget her th an |nert di luent or _ carrier such_as a sugar or sugar

al cohol , ed’hmrcyeal Ssirapess Mack Syblishing Compamyh Resten, PAdd$Ar a non- sugar
derived d| I uent such as sodi um carbonate, 10 cal ci um phosphat e, calcium

carbonat e, TusabRt EthRERidNs c?ﬁﬁbrﬁﬁh'a\{ﬁntt#@{g%(?% EAH kpegel Iul ose,

ethyl cellul ose, hydroxypropy cel ose, and s arc such as corn
starch. TabViéh sn gyt dallust axeatrizr aucﬂmsm wgamiaughrlahgﬂlelj leg;rihstoafs strogti ng and

granul atin ts such.a Vi r ol diisintegrants (e.g
Sl bl o oRAEL bF Rt S AR S el as oG BirBorta,
car boxyiet hualcteh lpHbghede, cdltinfil GAdnae, 49 SARIsE of Beidvativt BRTEIRTh as
preservatives (e. par abens anti oxi dant s (e.g. BHT), Dbuffering agents

(for ex arrp|réetbwcf§ﬁnl@§@ eﬂwl @i: Lrlaseehnu\ﬁxse:rr@gyl mﬁhvleﬁlﬂwdpseeanéstarcagemh such
as citrate/ CSFH 338’@ tTa aﬁ%o ¢o, aq%gﬁ(c% Lﬁ%él% {e\fﬁ\% bmg})n% d do not

need to be discusse et a| ere. W% the

hard gel at |gmamﬂatﬁngetgegelsa¢h 1 pbayvlﬂﬁlyyr@&moﬁ@rﬂlﬁﬁtegﬁﬂfsa(b@ tRelladtd | ve
conponent in s]QI id, yam solid, or liquid form Gelatin capsules can be
A R

formed frorfF eSS L§Ls ﬁuﬁ’rass%‘i?ﬂshélfq aghoxpmaiiylcgpioyodlubgorting ent s

ther eofys agents (e.g. stearates), preservatives (e.g. parabens), antioxidants (e.g. BHT),
buffering agents (for example phosphate or citrate buffers), and effervescent agents
such as citrate/bicarbonate mixtures. Such excipients are well known and do not

need to be discussed in detail here.

Capsule formulations may be of the hard gelatin or soft gelatin variety and can
20  contain the active component in solid, semi-solid, or liquid form. Gelatin capsules

can be formed from animal gelatin or synthetic or plant derived equivalents thereof.

The solid dosage forms (eg; tablets, capsules etc.) can be coated or un-coated, but
typically have a coating, for example a protective film coating (e.g. a wax or
varnish) or a release controlling coating. The coating (e.g. a Eudragit ™ type

25  polymer) can be designed to release the active component at a desired location
within the gastro-intestinal tract. Thus, the coating can be selected so as to degrade
under certain pH conditions within the gastrointestinal tract, thereby selectively

release the compound in the stomach or in the ileum or duodenum.
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active ingredient. Pharnaceutic i OnhS nvention
may be, 15 Kmpwnetedhgreakilled intlietaridose form such as in the form of anpoul es,
vials, suppositories, dragees,tablets or capsul es. Pharnaceuti cal

conposi ti onfhf m ni stration can _be obtained by conbining the

| ..
active ingreli @{Wgéﬁ%tuﬁgag(fpmoﬁl&??q W?*ﬁ%&%ﬁﬂ@ﬂ“@?%iﬁi@i ng a resulting
mxture,  ampriRsessiNg, hefblx hieippkdifieRly Al fIR68RRAY g0l LT the

addi tion of appropriate 20 excipients, into ta , dragee cores or
capsul es. |3ctive ingredhiernsJuinippesutioal comprsitiondrecoidingtopibe atventidmimay p¢,ast i cs

carriers that eﬁlﬂﬁg\f ih DG Gk OFm! snu%fleé‘t(sjﬁnetrﬁte ot 0 elmfllgouu gs, 81ralst,)e

suppositories, dragées, tablets or capsules.

Pharmaceutical compositions for oral administration can be obtained by combining
the active ingredient with solid carriers, if desired granulating a resulting mixture,
and processing the mixture, if desired or necessary, after the addition of appropriate
20  excipients, into tablets, dragee cores or capsules. It is also possible for them to be
incorporated into plastics carriers that allow the active ingredients to diffuse or be

released in measured amounts.

The compounds of the invention can also be formulated as solid dispersions. Solid
dispersions are homogeneous extremely fine disperse phases of two or more solids.
25  Solid solutions (molecularly disperse systems), one type of solid dispersion, are
well known for use in pharmaceutical technology (see (Chiou and Riegelman, J.
Pharm. Sci., 60, 1281-1300 (1971)) and are useful in increasing dissolutioﬂ\ rates

and increasing the bioavailability of poorly water-soluble drugs.
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15 A particularly suitable polymeric auxiliary for producing such solid dispersions or

solid solutions is polyvinylpyrrolidone (PVP).

The present invention provides a pharmaceutical composition comprising a

substantially amorphous solid solution, said solid solution comprising
(2) a compound of the formula (I), for example the compound of Example 1; and
20  (b) a polymer selected from the group consisting of:

polyvinylpyrrolidone (povidone), crosslinked polyvinylpyrrolidone (crospovidone),
hydroxypropyl methylcellulose, hydroxypropylcellulose, polyethylene oxide,
gelatin, crosslinked polyacrylic acid (carbomer), carboxymethylcellulose,
crosslinked carboxymethylcellulose (croscarmellose), methylcellulose, methacrylic
25  acid copolymer, methacrylate copolymer, and water soluble salts such as sodium
and ammonium salts of methacrylic acid and methacrylate copolymers, cellulose
acetate phthalate, hydroxypropylmethylcellulose phthalate and propylene glycol

alginate;
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net hacryl ate copol yners, cellul ose acetate phthal ate,

hydr oxypr opyl nmet hyl cel | ul ose phthal ate and propyl ene glycol alginate; WO
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a single package, usually a I ster pack. ent pa &t an advant age
over tradi tlubrigdntpr ssfaciapt, iaod s glidiver Eheachehableaghlsitcan @bitatiee solpat i ent ' s
supply of a arnmgceuticgl froma bul k supply, in that the patient always
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M SSing | n fRiciddity HeAPGLEPE ANBudHRARNLS! £t BlinflcPAGEAge | nsert has
been shown 20 to inprove patient conpliance wth tﬁe physician's
instructions. Conpositions for topical use include ointnents, creans,
sprays, pat "Elppegh,an@éqeg,tlcal formulations may be presented to a patient in “patient packs”

15 containing an entire course of treatment in a single package, usually a blister pack.
Patient packs have an advantage over traditional prescriptions, where a pharmacist
divides a patient’s supply of a pharmaceutical from a bulk supply, in that the patient
always has access to the package insert contained in the patient pack, normally
missing in patient prescriptions. The inclusion of a package insert has been shown

20  to improve patient compliance with the physician’s instructions.

Compositions for topical use include ointments, creams, sprays, patches, gels,
liquid drops and inserts (for example intraocular inserts). Such compositions can be

formulated in accordance with known methods.

Compositions for parenteral administration are typically presented as sterile
25 aqueous or oily solutions or fine suspensions, or may be provided in finely divided

sterile powder form for making up extemporaneously with sterile water for

injection.
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the actiye SQTRRYBACHABEINGidthd B AhdenSby e ahd fho BONEE Ritodlient such as

| act ose. oun S of or mu genera e presented in
uni t dosag est&mﬂam fcmmd;sn@pcsm inhalelr deviggs araletosoldisgeasing slaficei Sch conpound

to provide desired |ev bj al ogi cal i V]t For exanple, a
fornul ati on %%FS@B%‘EVS\]#EII n]rg aﬁférﬂ gﬁtﬂﬁr’ct&’ n% l@#‘%‘%ﬁh 0 %tr?‘{;g i ngredi ent,
e.g. from lipanRGoaybRally @bﬂnbhﬁhr tﬁgﬁctﬁfe &)ﬁiﬁo\dﬁd tdg@ﬂ{e?qhtﬁ% indf¥ §dMan this

range, particul ar sub-ranges of conpound are O. ligrams to 2 grans
of active ipgréaeddiduentrench agdacddsey from 10 mlllgrams to 1 grain, e.g. 50
mlligranms to 500 mlligrans), or 1 microgramto 20 mlligranms (for

or e e T SERRT o BTl P B s B PR 2 L o

contai n fromd] askuchi gilatpicall? coﬂﬁln@uﬁiﬁientlﬁfﬁmpoﬁnmﬁo@b‘l'lﬂe ddegtiddlleqians to 1
gram for ex rtpi? 50 mlli ramsto gram., e.g. 100 mllqramstol grain,
of active c gisal aetiyityc Pwm&fﬁanwmn @éyaamﬁalﬁifg% d¥negan tat i ent

in need thep %f’a{ms(gfoacu@é(ﬂfgpéd?ent, e.g. from 1 nanogram to 2 milligrams of active

ingredient. Within this range, particular sub-ranges of compound are 0.1

15  milligrams to 2 grams of active ingredient (more usually from 10 milligrams to 1
gram, e.g. 50 milligrams to 500 milligrams), or 1 microgram to 20 milligrams (for
example 1 microgram to 10 milligrams, e.g. 0.1 milligrams to 2 milligrams of

active ingredient).

For oral compositions, a unit dosage form may contain from 1 milligram to 2
20  grams, more typically 10 milligrams to 1 gram, for example 50 milligrams to 1

gram, e.g. 100 miligrams to 1 gram, of active compound.

The active compound will be administered to a patient in need thereof (for example
a human or animal patient) in an amount sufficient to achieve the desired

therapeutic effect.

25  Methods of Treatment

It is envisaged that the compounds of the formula (I) and sub-groups as defined

herein will be useful in the prophylaxis or treatment of a range of disease states or



a human or animal patient) in an anount sufficient to achieve the desired
therapeutic effect. 25 Methods of Treatnent It is envisaged that the
conpoundswof2oadng7fier mul a (1) and sub-groups as defined Ppheraiznooiobio3be
useful in the prophylaxis or treatnent 3f a range of disease states or WD
2006/ 077416 PCT/ GB2006/ 000193 49 condi®i ons nedi at ed by cyclin dependent
ki nases and gl ycogen synt hase ki nase-3. Exanples of such di sease states
and conditions are set out above. The conpounds are generally adm nistered
to a subj eccoridhtiqmenbdidteébzhyclmoﬂepﬁm@nﬂaina@aand gl’ycemrth‘élase kivaserB.or ani nal
atient, fer The of0) unds ically be adm nistered
Pn am)unts &ﬁféftlﬁg éﬁﬁ%ﬁftst %ﬁwconﬁ P%ﬁﬁf?‘%ﬂttaﬁ‘g‘fq y useful and which
general ly are non-toxi c. However, in certain situations (for exanple in
the case of The tanphnﬁahwwg'eﬁera@lyaemﬁaﬁedtthes a&fih héeddf sugklm ni stering a
conpound of the formula (1) may_ outweigh the di sadvantages of any toxic
effects or afmimistptigpier exam%aéﬁmeaeéammahww% Pedprablyey amaesi rabl e to 10
adm ni st er conpounds in anounts that are associated with a degree of
toxicity g@% to

mai nt ai n5 benggf((g:l? Qﬂ‘glrla%%utl C e CI%Fegﬁﬂ i tgqllazgm ni stggut%fgpg} a short
peri od onl yor piopleylactically byefulk ehrelwlnaly gbreralyrare nemmd Howavgruinscattaine or

cont i nuous ner i cal dail e . of the la (1) can
be in the rgtﬁb/lelotlsr ﬂ‘i?églp(f ??érog?é e thgeaiein F?a?%ﬁgatﬂﬁgf)'e‘if?%g%logr am of
body wei ght adfiRlisteringd &ﬁﬂl}idﬁnﬁ of ARNBEHATRI) nPay2utiwbich it @SRivAsthgdd dfogr am of
bodywei ght, and nore usually 10 nanograns to 15 mlligranms peér kil ogram
(e.g. 10 nahl@gtoam;effestsm s1ﬁe|etffegtsalwh1dn@ase money bﬁymrﬁtﬂerﬁyi dPSmfdfP tsgr am per
kil ograpyto ) r._Ki mto 10
mlligr gorrs %%Igmﬁrghl[ og?tgl ngﬁ%gg(rﬁ lﬁ o{g)s%faa?tn”% %%%%rx@[ a (ﬁ% u& "hi gher or

| oner doses nmay be adm ni stered where required. The conpound of the
formula (I )Thaaoxbpomdainﬂyateefdﬁﬂmem@l cdrafhprdtmg'ea tarn mﬁnﬁnfaﬁ’p‘mﬁaﬁmblaSi S
every 2, or 3, or or 5, or or 28 days for

10
exanpl e. H@raes%o%fﬁ%s Frmhke t%lewtqreﬁfr‘qrrwhg% psa?# glirﬂgt Misgnagivelyl y in a

range of dogR$mdyWe administered in a pulsatile or continuous manner.

A typical daily dose of the compound of formula (I) can be in the range from 100
15  picograms to 100 milligrams per kilogram of body weight, more typically 5
nanograms to 25 milligrams per kilogram of bodyweight, and more usually 10
nanograms to 15 milligrams per kilogram (e.g. 10 nanograms to 10 milligrams, and
more typically 1 microgram per kilogram to 20 milligrams per kilogram, for
example 1 microgram to 10 milligrams per kilogram) per kilogram of bodyweight
20  although higher or lower doses may be administered where required. The
compound of the formula (I) can be administered on a daily basis or on a repeat

basis every 2, or 3, or 4, or 5, or 6, or 7, or 10 or 14, or 21, or 28 days for example.

The compounds of the invention may be administered orally in a range of doses, for
example 1 to 1500 mg, 2 to 800 mg, or 5 to 500 mg, e.g. 2 to 200 mg or 10 to 1000

25  mg, particular examples of doses including 10, 20, 50 and 80 mg. The compound
may be administered once or more than once each day. The compound can be
administered continuously (i.e. taken every day without a break for the duration of
the treatment regimen). Alternatively, the compound can be administered

intermittently, i.e. taken continuously for a given period such as a week, then



exanple 1 to 1500 ng, 2 to 800 ng, or 5 to 500 ny, e.g. 2 to 200 ng or 10
to 1000 25 ny, particul ar exanples of doses including 10, 20, 50 and 80 ng.
The conpowoadooaay4ibe admi ni stered once or nore than onceceas2aapo193he
conpound can be adm nistered conti nuoqr@ly (i.e. taken every day w thout a
break for the duration of the treatne reginen). Alternatively, the
conmpound can be administered intermttently, i.e. taken continuously for a
gi ven period, such as a week, then WO 2006/077416 PCT/ GB2006/ 000193 50
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admi ni strat E&arnplesbﬂﬂéatmbﬁlgiegiﬁf@s\i&iwﬂ\&ngnﬁéiﬂ‘lwﬁélﬁhﬂﬁimﬁfaﬂoﬁ ihdludeycl es of one
week on, one week off; 5. weeks on, one week off; or three weeks on,

one week of Fegl%?n%wr%@ﬂ@lﬁﬁtratt%s ingyisles obpre week o ame week 9o AT W week's
off; or 9”9\7\)@@1@(019 Bné D88 o eshireR eeks I)I%\rone QREk BFr: 8?(\@0 @l!s%?x g 2 3,

4, 5 6, 7, 8, or 10 or nbre cyc n ‘exanpl e’ o osage

admi ni strat M@d(Sfof cmf@ﬂ\keeks)gnam p@e]ssocvffcmrmpe ineels on detad wesltsecrffn@ra corrpound
of the fornula %l( % efln h§§g6 arting dosage 10 of 4.5-10.8
ngy/ 60 kg/ day™{ ¥dt ’i‘?aﬁy8 fet% 78 %89 Oy g?d’é% LRSS Bquent |y by an

ef fi caci ous dose of 44-97 ng/ 60 kg/day (equivalent to 0.7-1.6 ng/kg/day) or

an ef fi cacihausafgrefafdoéZzebéi. Vﬁdlﬁﬁuéﬁ&ﬁgﬁwor(a%ﬂlkﬂ/c@rﬁﬂtpefs@n sordpfsed
ng/ kg/ day) although hi gher or | ower doses may be adm nister ed wher e

required. T W@Gﬁfﬂ’@lg adessepanedof thedlarmeulp (10 ap defaneddiereinyt gsteningtiosagewei ght .
15 | , f usi
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ten d?yz i ?eﬁﬁagmomdcme ofip49G md/60 kg/day &tqﬁﬁflaleﬁﬂﬁ ovedka m@{(l@/da!??oi a[n??t m?:’\t
repeated a esir ch as two weeks, in particul ar
every three® %‘Rg“s ?Bglﬁgéﬂﬂ/éqF&/daya(eﬁ‘élt"?]@ﬂ"ttorﬂa%r"ft?em@’ﬁk\%@lﬁ}’hn i nfusi on of
a conpound gkhdubR hfg%f‘&l BwelQodel na R% a%ﬁﬁlﬁgéd%he?yﬁegpﬁ par%%/kfgor 5 days

and the treatnent repeated every three wee n a | ar dosi ng
schedul e, adgatwaid sqate proweta fanaryndivei bodyoveight30 i nut es

15 Inone particular dosing schedule, a patient will be given an infusion of a compound
of the formula (1) for periods of one hour daily for up to ten days in particular up to
five days for one week, and the treatment repeated at a desired interval such as two

to four weeks, in particular every three weeks.

More particularly, a patient may be given an infusion of a compound of the formula
20  (I) for periods of one hour daily for 5 days and the treatment repeated every three

weeks.

In another particular dosing schedule, a patient is given an infusion over 30 minutes
to 1 hour followed by maintenance infusions of variable duration, for example 1 to

5 hours, e.g. 3 hours.

25  In a further particular dosing schedule, a patient is given a continuous infusion for a

period of 12 hours to 5 days, an in particular a continuous infusion of 24 hours to 72

hours.



to 1 hour followed by maintenance infusions of variable duration, for
exanple 1 to 5 hours, e.g. 3 hours. 25 In a further particular dosing
schedul e,wapatdi7ent i s gi ven a continuous infusion for a&cTmB2@d00f9312
hours to 5 days, an in particular a continuous infusion of 24 hours to 72
hours. WO 2006/ 077416 PCT/ GB2006/ 00019 51 Utimately, however, the
quantity of conpound adm nistered and the type of conposition used wll be
commensurate with the nature of the disease or physiological condition

bei ng tr eat Gtinatelyyhdweveg the quanéityofxongonohadihinidiereg hpd theitgpe of The
conpounds of fornula .and sub-groups .as, def.i ne erein can be 5

admi ni st er eﬁo%osg}u?él @gﬁh Q‘ﬁﬁ%?%@ﬁgﬁu&é{gd"é th%PatPﬁe‘%%t S8R5 8Bini ni stered in
conbi nat i onpityRRYIGHYal WhAdItiSNBeifh tERES afd REI b& AHTROBIRERIbR b the PRy TEIRA. of a
particul ar disease state, for exanple a neoplastic disease such as a cancer
as hereinbefore defined. Exanples of other therapeutic agents or therapies
that may béhaepmpauadepiiprgpl disebreres af defnaddierdpaenbs ently or at

differe t] 10, ] j : i tion include
but  ar o ot Ak hEhE B bl dfer QPR SaT P B BT et o

ant i met abol ¢dnglsinatiofAheiapyglediih, one wif arond ofhet eompdunts forteafntenbofan t argeti ng
agents), nonocgl nrgii anti bodjes andlﬁSin%ngllp .transduction inhibitors,

particul ar %ﬁ"ﬁf‘ 53385 Hateciol SKURpls a neg ﬁtf‘rf{ige&ﬁ%?ﬁc @5 2 CHBSEE ARbi ci n,

I rinot ecan, héréiﬂg;@iﬁ?qbddﬁed.5ﬁkjanr}r%ﬁ§ 8\Gier (Ll BLHR defiis BPhetlisAhitghaPY. 15 For
the case of COK inhibitors co her tTherapies, the two or nore

ined with o
treat ment s bagdnbipisgaredor ised itogtther Gulbdther cpnewriantly do sediffetestitings and vi a

differe routes. | re the c nd of.the formula (). dm nistered in
Combt nall o niritii syl o3 RuS AR By Pliio Fethé B e b sbe ey apeut | o
agents ( prefopbRBm¥ra8 MhitokyalkylHing agefls, Rhfmedblités, MG, bihdkes,compounds can
be adm ni stered simultaneously or sequentially. Wen adm nistered

sequent i al | jpicretybylednlibiters faphilin torgstiag agenty) moapglony apbbpdiesand\signgl (f or

exanpl e ove i - 10,11 I | r.d (for exanple
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doxorubicin, irinotecan, fludarabine, SFU, taxanes, mitomycin C and radiotherapy.

15  For the case of CDK inhibitors combined with other therapies, the two or more
treatments may be given in individually varying dose schedules and via different

routes.

Where the compound of the formula (I) is administered in combination therapy with
one, two, three, four or more other therapeutic agents (preferably one or two, more
20  preferably one), the compounds can be administered simultaneously or sequentially.
When administered sequentially, they can be administered at closely spaced
intervals (for example over a period of 5-10 minutes) or at longer intervals (for
example 1, 2, 3, 4 or more hours apart, or even longer periods apart where
required), the precise dosage regimen being commensurate with the properties of

25  the therapeutic agent(s).

The compounds of the invention may also be administered in conjunction with non-
chemotherapeutic treatments such as radiotherapy, photodynamic therapy, gene

therapy; surgery and controlled diets.



required), the precise dosage reginen being coommensurate with the
properties of 25 the therapeutic agent(s). The conpounds of the invention
may al so We 2aewi7niist ered in conjunction with non- chenoPoerGzees(0e193
treatnments such as radi ot herapy, phot o%narﬁc t her apy, gene therapy;
surgery and controlled diets. W 2006/ 0677416 PCT/ GB2006/ 000193 52 For use
in conbination therapy wi th anot her chenotherapeutic agent, the conpound
of the fornula (1) and one, two, three, four or nore other therapeutic
agents can bBerusear cenbimplien therappnyvith angtheo geanhetherapedicagsaigthef or m cont ai ni ng
two, three, four .o .nofe t apeutic aggnts. In an alterpativ t he

i ndi vi dual g?’um %‘Bgt?lf it}ée rlggféﬁbsa%ﬁé)ye,gt&/of @F‘?ﬁﬂ F%L}ré)& rrgo(g%gtfhg{ @ﬂ;lpg‘ﬁt&c pr esent ed
toget her i nagdhes da@Ibe) Rk eRadsple, forilatednaddiber\h b oédps tfome toRaigink Aol hei r use.
A person skilled in the art would know t hrough his or her commobn gener al

know edge t Fieed &air 9g masg theeapeticiagesifpilh ap pliernativs; tsiiadividyaliberapmtiichods of

D agnosis 1 i 1.l I a(l), a
pati ent Srgrayg%egwslg{riyeféérzgogﬁg%agé%? %%{ﬁl%pnggv%g?e%%;&nggﬁ?%rgg%%?&% %tt ion from
whi ch t he peapticmally méthdnstroeyiohefor sheifwesei ng is one which woul d be suscepti bl e
to treatnent with a conpound having activity against cyclin dependent

ki nases. For, exanmp a hiologicgl sanple taken.froma patient may be

anal ysed toA_ﬁ?rs(ﬁ’&skﬁrﬁfiﬁ%Bw%8@8§n88%09g%ﬁ156’f hgy eABE} BN as cancer,
that the pakh@®ibdgethedosTRY reghfiesauid @nivhehtioh WMBrhsieLRduswhi ch is characterised
by a genetic abnormality or ~ abnormal protein expression which |leads to

over-activation of CDKs or to sensitisation of a pathway to normal CDK
activity. EMsthedsofddiagnesis abnornalities that result in activation or
sensitisation of the CDK2 signal include up-regulation of 20 cyclin E

( Har wel 10 R\VPrigvfio|adBeistEagionent apompisydafiths forkaula (),Bi mwitieteay bogdekned/ar 26;
279(13):126 54_91 (]D(?rép:él variants

21O11S). 1SRl Ol s Syl Sl B BEGTSRBS 15T
Vogel st ei n Bifferingigantewhich wotid bé Suscefftidfe tyhreathdt S Empolmé bhvind unour s
with nmutants of i i
activity against cyclin dependent kinases.
For example, a biological sample taken from a patient may be analysed to
15 determine whether a condition or disease, such as cancer, that the patient is or may
be suffering from is one which is characterised by a genetic abnormality or
abnormal protein expression which leads to over-activation of CDKs or to
sensitisation of a pathway to normal CDK activity. Examples of such abnormalities
that result in activation or sensitisation of the CDK2 signal include up-regulation of
20  cyclin E, (Harwell RM, Mull BB, Porter DC, Keyomarsi K.; J Biol Chem. 2004
Mar 26;279(13):12695-705) or loss of p21 or p27, or presence of CDC4 variants
(Rajagopalan H, Jallepalli PV, Rago C, Velculescu VE, Kinzler KW, Vogelstein B,
Lengauer C.; Nature. 2004 Mar 4;428(6978):77-81). Tumours with mutants of
CDC4 or up-regulation, in particular over-expression, of cyclin E or loss of p21 or
25  p27 may be particularly sensitive to CDK inhibitors. The term up-regulation
includes elevated expression or over-expression, including gene amplification (i.e.
multiple gene copies) and increased expression by a transcriptional effect, and

hyperactivity and activation, including activation by mutations.



CDC4 or up-regulation, in particular over-expression, of cyclin E or |oss
of p21 or 25 p27 may be particularly sensitive to COK inhibitors. The term
up-r egul avoanos/i7mabudes el evat ed expressi on or over - expPeIgB)6/400Budi ng
gene anplification (i.e. multiple gens copies) and increased expression by
a transcriptional effect, and hyperac ?vity and activation, including
activation by nutations. WO 2006/ 077416 PCT/ GB2006/ 000193 53 Thus, the
patient may be subjected to a diagnostic test to detect a narker
char act er i sThus, tfe pagiemtaga ket subjected to palidgnogtic test td detsctof mptker or p27, or
presence of (Iﬁ?..ar'ants. The t.er l.agnosi s _hncl udes screeni ng. By
mar ker we iﬂg?%’éwﬁﬁ8#8??%9W§FWé#§yghg$ﬂ%?%§fEPg 059%ﬁﬁ¥8#”?ﬁ§0 asur enent
of DNA conpgpi4i vfiaht®. The €2 dihghosidtiadlidee ScrebnibXCBy nldiRerl ¢ ch@eker al so
i ncl udes markers which are characteristic of up requlation of cyclin E,

t

i ncl udi ng egehphe magary incipding, fgrpxampley tegneasymept A qozipgsitionto

phosphoryl a g . . I ot ei ns.
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parti cul ar | ghasstaistic w€up eeguldionifiicipélinof, Sncluding ensynmeyctivitef enzgmei al | y be 10
screened foy upregulation of cyclin E, or |oss of p21 or 7 prior to

t r eat nent . {e’?‘?}ﬁs‘?nzi’lﬁé statR Geéqpﬁmoﬁ’éat%ﬁj%%ﬁ I?BN% é’i"ﬁl@ Hgﬁﬁ c test to
detect a maykeimenfBAEAGRIiLS Tum@ls Withiu Qslcgh%ibf?ef S LIENE o ﬁbsﬁofgm boss of
p21 or p27. The diagnostic tests are typically conducted on a Dbi ol ogi cal

sanpl e sel eplkaay bo purticulady setsitopsy CGRITmbdsitorh | Towebusampy esef¢iesttdlytieon and
enrich t of sh tunmour .. 15 cel.l s),, stool i opsi.es,. sputu hr omosone
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Raj agopal anTRis, &le fabiefituhi®y bQitfechdilito 4 HABO0GR/B3t'1d deBd)a mhiat there were

nmut ati ons present 'in (al so known as Fbw7 or Archipelago) in human
col orect al ekawdsristia of vprevation oficyelimBerrdogssppdt kr 827.al , Cancer Res. 2002
20 Aug 15;62(16):4535-9). ldentification of individual carrying a nutation

in CDC4 nm . | _ent e I i for

t r eat ment Wﬁ‘{lﬂ&%@%ﬂ@%ﬁ%ﬁg%&é@?fﬁ%&% c;r?rlaaygig#g?%ﬂe% lgls?lgét%gms)@r eened for
presence of tumduDbibpspedmpies, bisddatanipiest(iselatior atd enfivaneat efshedgupowcess wil |
typical H/ ! Qéigg,vs?oo 'blro%gi%s,ssleou uer:% r(])%iosome analysis, pleural fluid, peritoneal fluid,

or urine.

It has been found, Rajagopalan et al (Nature. 2004 Mar 4;428(6978):77-81), that
there were mutations present in CDC4 (also known as Fbw7 or Archipelago) in
human colorectal cancers and endometrial cancers (Spruck et al, Cancer Res. 2002
20 Aug 15;62(16):4535-9). Identification of individual carrying a mutation in CDC4
may mean that the patient would be particularly suitable for treatment with a CDK
inhibitor. Tumours may preferentially be screened for presence of a CDC4 variant
prior to treatment. The screening process will typically involve direct sequencing,

oligonucleotide microarray analysis, or a mutant specific antibody.

25  Methods of identification and analysis of mutations and up-regulation of proteins
are well known to a person skilled in the art. Screening methods could include, but
are not limited to, standard methods such as reverse-transcriptase polymerase chain

reaction (RT-PCR) or in-situ hybridisation.



oligonucleotide mcroarray analysis, or a nutant specific antibody. 25

Met hods of identification and analysis of nutations and up-regul ation of

pr ot ei ns waneoowldicknown to a person skilled in the art PCB@Beswa0gIoget hods
could include, but are not limted to,,standard nethods such as
reverse-transcriptase pol ymerase chain”reaction (RT-PCR) or in-situ

hybri di sation. WO 2006/ 077416 PCT/ GB2006/ 000193 54 In screening by RT-PCR,

the level of NRNA in the tunmur is assessed by creating a CcDNA copy of the
MRNA fol | o S%%Fnénegm RTER dhe bovel ¢fanRINAN Y arur ispssaserikbybéresor a

amplificati t i LREr .condi ti anplification,
a?g known thI;Apéﬁg(?%ltlgeﬁl' i edﬁlhlr?%eﬁe% é&@lﬂa&éﬁeﬁhééﬁgﬁ‘n@ﬁ?%ﬁr ations 5 and
PCR ar e car Megabdswf PER asuifttation,tkd sedattion af primsst hlh?d)nﬂfﬂon@)é@})l e i n2004
Ausubel , F,_M..et al. ds. rrent Protocols in Ml ecular Biolagy, )
John Wl ey %fn%]éﬁ%atlophg? ,E“%\m %’ﬁpgr,sowflﬁ. e _-tg‘f' art. Hygleic PABPBIEEPRS a gui de
to met hosls antPEGRRAK GtiePBS by stABrd ACRIGTLEdREEES fo§§§a1£g1F%A8§ﬁ)%ﬂ' ons.
and nmani pul ations invol ving nucleic acid techniques are SO escribed in
Sanbr ook et FM. et abogis, CrmgniERyotavplsds Maleculdr Riblogy 2104 Aldbab¥ilay & Sonvnual |

Col d Spri . Pr Al ternatjvel omer ci al |
avai | aBIr ;ng{r{?}% g?%%&%t' Ei%ledé'ig(?%fpémﬁﬁi%@ gy ﬁgg@t@qd%gp%@gﬁagaﬁ%) may be
used, or neldpRydlcadsmia PrastSdndbico.i ReddticheshdShahiBslatiOR 0619 b BERiB28;

4,683, 202; 4,801,531, 5,192,659, 5,272,057, 5,882, 86?, and , 218, 529 an_d
i ncor por at e%FW%Eﬁ‘P@i“ﬁuWI? alse deseaibed wsSapbreslasirile 2001, 30 Bda Moleanlatybr i di sati on

techni g f Sp. r i uorescence in-situ
ybr 1 di St | o T o el Ml O Bflng PR aRo A PR S5 % )

General | y, Ahemiaﬂi‘telhybomdiezczialﬂpmad;lahmﬂcﬁtsfeﬁREkIglR gﬂok oxvinfgle R@b@d{ st telos f gﬁ)
fixati of i ssue.to be al yzed; (2) pre ridization treatnent o e
s:a)r(rgl Ieo'? 0 i%@ﬁ%&ﬁa&%ﬁaﬁ%@& Izﬁet‘ﬁfeé)forp%ﬂ 1%@(;9{5&%%&%%&%&%9&gduce
nonspeci f i cpdiérfisliy 886,808)4,64m/M10; dighalshens pdo §4ie smipstodres Qﬁ%%kf il ¢ acids to
the nucleic acid in the biological ~structure’of tissuUg;

post - hybr i df.2b.phandeisberporatedriensin by mefetesce aci d fragnments not bound in
the hybridization, and (5) detection of the hybridized nucleic acid

15 Anexample of an in-situ hybridisation technique for assessing mRNA expression
would be fluorescence in-situ hybridisation (FISH) (see Angerer, 1987 Meth.
Enzymol., 152: 649).

Generally, in situ hybridization comprises the following major steps: (1) fixation of
tissue to be analyzed; (2) prehybridization treatment of the sample to increase

20 accessibility of target nucleic acid, and to reduce nonspecific binding; (3)
hybridization of the mixture of nucleic acids to the nucleic acid in the biological
structure or tissue; (4) post-hybridization washes to remove nucleic acid fragments
not bound in the hybridization, and (5) detection of the hybridized nucleic acid
fragments. The probes used in such applications are typically labeled, for example,

25 with radioisotopes or fluorescent reporters. Preferred probes are sufficiently long,
for example, from about 50, 100, or 200 nucleotides to about 1000 or more
nucleotides, to enable specific hybridization with the target nucleic acid(s) under
stringent conditions. Standard methods for carrying out FISH are described in

Ausubel, F.M. et al., eds. Current Protocols in Molecular Biology, 2004, John
30  Wiley & Sons Inc and Fluorescence In Situ Hybridization: Technical Overview by
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Tumours with mutants of CDC4 or up-regulation, in particular over-expression, of

15  cyclin E or loss of p21 or p27 may be particularly sensitive to CDK inhibitors.
Tumours may preferentially be screened for up-regulation, in particular over-
expression, of cyclin E (Harwell RM, Mull BB, Porter DC, Keyomarsi K.; J Biol
Chem. 2004 Mar 26;279(13):12695-705) or loss of p21 or p27 or for CDC4 variants
prior to treatment (Rajagopalan H, Jallepalli PV, Rago C, Velculescu VE, Kinzler

20 KW, Vogelstein B, Lengauer C.; Nature. 2004 Mar 4;428(6978):77-81).

Patients with mantle cell lymphoma (MCL) could be selected for treatment with a
compound of the invention using diagnostic tests outlined herein. MCL is a distinct
clinicopathologic entity of non-Hodgkin's lymphoma, characterized by proliferation
of small to medium-sized lymphocytes with co-expression of CD5 and CD20, an

25  aggressive and incurable clinical course, and frequent t(11;14)(q13;932)
translocation. Over-expression of cyclin D1 mRNA, found in mantle cell
lymphoma (MCL), is a critical diagnostic marker. Yatabe et al (Blood. 2000 Apr
1;95(7):2253-61) proposed that cyclin D1-positivity should be included as one of

the standard criteria for MCL, and that innovative therapies for this incurable
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herein as antifungal agents. The conpounds of the fornula (I) and

sub- groups trestedwtth aL 16 finkibdotresmadvideddyereis. used in ani mal nedicine (for

exanple in the treatnment of mammal s such as hunans), or in the treatnent

of plants (g, in riculture and horticulture), or as general antifungal

agents, forggﬁgﬁ%g\%@% preservatives and disinfectants. 20 In one

enbodi nent, the invention provides a conpound of the fornula (1) and sub-
In a further aspect, the invention provides the use of the compounds of the formula

15  (I) and sub-groups thereof as defined herein as antifungal agents.

The compounds of the formula (I) and sub-groups thereof as defined herein may be
used in animal medicine (for example in the treatment of mammals such as
humans), or in the treatment of plants (e.g. in agriculture and horticulture), or as

general antifungal agents, for example as preservatives and disinfectants.

20 In one embodiment, the invention provides a compound of the formula (I) and sub-
groups thereof as defined herein for use in the prophylaxis or treatment of a fungal

infection in a mammal such as a human.

Also provided is the use of a compound of the formula (I) and sub-groups thereof as
defined herein for the manufacture of a medicament for use in the prophylaxis or

25  treatment of a fungal infection in a mammal such as a human.

For example, compounds of the invention may be administered to human patients
suffering from, or at risk of infection by, topical fungal infections caused by among

other organisms, species of Candida, Trichophyton, Microsporum or
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amount of a compound of the formula (T) and sub-groups thereof as defined herein.

15 The invention also provides a method of treating a fungal infection in a plant or
seed which comprises treating the plant or seed with an antifungally effective
amount of a fungicidal composition containing a compound of the formula (I) and

sub-groups thereof as defined herein.

Differential screening assays may be used to select for those compounds of the

20  present invention with specificity for non-human CDK enzymes. Compounds which
act specifically on the CDK enzymes of eukaryotic pathogens can be used as anti-
fungal or anti-parasitic agents. Inhibitors of the Candida CDK kinase, CKSI, can be
used in the treatment of candidiasis. Antifungal agents can be used against
infections of the type hereinbefore defined, or opportunistic infections that

25  commonly occur in debilitated and immunosuppressed patients such as patients
with leukemias and lymphomas, people who are receiving immunosuppressive
therapy, and patients with predisposing conditions such as diabetes mellitus or

AIDS, as well as for non-immunosuppressed patients.
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which is the concentration of the test compounds, in a suitable medium, at which

growth of the particular microorganism fails to occur. In practice, a series of agar

plates, each having the test compound incorporated at a particular concentration is

inoculated with a standard culture of, for example, Candida albicans and each plate

20  1is then incubated for an appropriate period at 37 °C. The plates are then examined

for the presence or absence of growth of the fungus and the appropriate M.1.C.

value is noted. Alternatively, a turbidity assay in liquid cultures can be performed

and a protocol outlining an example of this assay can be found in the Examples

below.

25  The in vivo evaluation of the compounds can be carried out at a series of dose levels
by intraperitoneal or intravenous injection or by oral administration, to mice that
have been inoculated with a fungus, e.g., a strain of Candida albicans or Aspergillus
flavus. The activity of the compounds can be assessed by monitoring the growth of
the fungal infection in groups of treated and untreated mice (by histology or by

30 retrieving fungi from the infection). The activity may be measured in terms of the
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15 singly or two or more at a time as appropriate. The physician in any event will
determine the actual dosage (effective amount) which will be most suitable for an
individual patient and it will vary with the age, weight and response of the

particular patient.

Alternatively, the antifungal compounds can be administered in the form of a

20 suppository or pessary, or they may be applied topically in the form of a lotion,
solution, cream, ointment or dusting powder. For example, they can be incorporated
into a cream consisting of an aqueous emulsion of polyethylene glycols or liquid
paraffin; or they can be incorporated, at a concentration between 1 and 10%, into an
ointment consisting of a white wax or white soft paraffin base together with such

25  stabilizers and preservatives as may be required.

In addition to the therapeutic uses described above, anti-fungal agents developed
with such differential screening assays can be used, for example, as preservatives in
foodstuff, feed supplement for promoting weight gain in livestock, or in disinfectant

formulations for treatment of non-living matter, e.g., for decontaminating hospital
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15 For agricultural and horticultural purposes the compounds of the invention may be

used in the form of a composition formulated as appropriate to the particular use
and intended purpose. Thus the compounds may be applied in the form of dusting
powders, or granules, seed dressings, aqueous solutions, dispersions or emulsions,
dips, sprays, aerosols or smokes. Compositions may also be supplied in the form of
20 dispersible powders, granules or grains, or concentrates for dilution prior to use.
Such compositions may contain such conventional carriers, diluents or adjuvants as
are known and acceptable in agriculture and horticulture and they can be
manufactured in accordance with conventional procedures. The compositions may
also incorporate other active ingredients, for example, compounds having herbicidal
25  or insecticidal activity or a further fungicide. The compounds and compositions can
be applied in a number of ways, for example they can be applied directly to the
plant foliage, stems, branches, seeds or roots or to the soil or other growing
medium, and they may be used not only to eradicate disease, but also
prophylactically to protect the plants or seeds from attack. By way of example, the

30 compositions may contain from 0.01 to 1 wt. % of the active ingredient. For field
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di cate di ) t al hyl i call tect t .pl gnt
ceods 11 om Strakts @ptealy’ Gronkd st the 6w ebRpBL teiSine el ai n 1 rom
0.01 to 3 Whe t¥n@erk BﬁscﬁP\Iivh(?&i@ IPIearﬁ%r ﬁgweﬁéddgwdsffoﬁééédm# 0PGARY 716

PCT/ GB2006/ 000193 61 use, y ap Ilca ion rates of fhe active
i ngredi ent pefusisn. fAlseregtemplagddy theirnveusticn is theTire of theerrmipnindd efithe

I h f.th ds, of 1he f I I d. b-
Cher cor as. mapLRd fheupie i SRBCAONR BhediSsind P ioke Flinghdand Tn' s

the treat mestheOhorsglaht lEiek@n Bhrpal mfgeon. paddy fields for seedlings, or
wat er for perfusion. Al so contenplated by the invention is the use of the
conpounds of _the faornmula (1) and sub-groups thereof as defined herein to
protect sto =2 and other non-plant loci fromfungal infestation.
EXAMPLES 10 The invention will now be illustrated, but not limted, by

referenge tond HeSRRCHII fow BIIREIBA I HSSHhHLE By IréfeI(‘jeIﬂ@e I&)gtgb;'%cﬁﬂq exanpl es.

In the exanples, the follow ng abbreviations are”used. acetic acid
BOC t ert - buempbadipents ospyibed irsthebblldwing examplosny| di i mi dazol e

In the examples, the following abbreviations are used.

AcOH acetic acid
BOC tert-butyloxycarbonyl
15 CDI 1,1-carbonyldiimidazole

DMAW90 Solvent mixture: DCM: MeOH, AcOH, H,O (90:18:3:2)
DMAW120 Solvent mixture: DCM: MeOH, AcOH, H,0 (120:18:3:2)
DMAW240  Solvent mixture: DCM: MeOH, AcOH, H,O (240:20:3:2)

DCM dichloromethane
20 DMF dimethylformamide
DMSO dimethyl sulphoxide
EDC 1-ethyl-3-(3’-dimethylaminopropyl)-carbodiimide
EtsN triethylamine
EtOAc ethyl acetate
25 Et0 diethyl ether
HOAt 1-hydroxyazabenzotriazole
HOBt 1-hydroxybenzotriazole
MeCN acetonitrile

MeOH methanol



DMAWBO Sol vent mi xture: DCM MOH AcOH H20 (90:18:3:2) DVAW20 Sol vent
m xture: DCM MeOH, AcOH, H20 (120:18:3:2) DVAW240 Sol vent m xture: DCM
McOH, AcQmMp 2bi07¢0A40: 20: 3: 2) DCM di chl or onet hane 20 DMPCaiGER2béwydod B mam de
DMSO di net hyl sul phoxi de EDC _ _
1-et hyl - 3- ()?:' -dnngt hyl am nopr opyl ) - car b‘6%di imde Et3Ntriethylamne EtOAc
ethyl acetate 25 Et20 diethyl ether HOAt 1-hydroxyazabenzotriazole HOBt
1- hydr oxybe triazole I\{ECN cetonitrile MeOH nmet hanol WO 2006/ 077416
PCT/ GB2006/ %8193 2P @‘mﬁgﬁ:ol eum ether Si 02 silica TBTU
N, N, N, N -tgig,anmet hyl sifed benzotriazol -1-yl)uronium tetrafluoroborate 5 THE
tetrahydrofuran Anal ytical LC-Ms System and Met hod Des.cr! ption In the
exanpl es, t ABTEompounbisN Y .2éatenetisi ©-Grearatcinzlt Isgidurbyiuhi qui d _
chr omat ogr aphy and na%?ra 8&\%r ogecopy using the systens and operating
conditions set out below 2FE atons with different isot opes are present,
and a singl EHRass 10 guehwiofuidie nmass quoted for the conpound is the
nonoi sotopi c nass (i.e. 35Cl1; 79Br etc.). Several systens were used, as
descri bed bel qw. were equipped with, and were set up to run
under, cl osel$ ¥ Desiein ppg Mchodi gsgiptionThe operating conditions used
are al so described bel ow. Waters Platform LG MS system

In the examples, the compounds prepared were characterised by liquid

chromatography and mass spectroscopy using the systems and operating conditions
set out below. Where atoms with different isotopes are present, and a single mass
10 quoted, the mass quoted for the compound is the monoisotopic mass (i.e. *°Cl; ”Br
etc.). Several systems were used, as described below, and these were equipped with,
and were set up to run under, closely similar operating conditions. The operating

conditions used are also described below.

Waters Platform L.C-MS system:

15 HPLC System: Waters 2795
Mass Spec Detector: Micromass Platform LC
PDA Detector: Waters 2996 PDA

Analytical Acidic conditions:

Eluent A: H>0 (0.1% Formic Acid)

20  EluentB: CH;3CN (0.1% Formic Acid)
Gradient: 5-95% eluent B over 3.5 minutes
Flow: 0.8 ml/min

Column: Phenomenex Synergi 4y MAX-RP 80A, 2.0 x 50 mm

Analytical Long Acidic conditions:

25  Eluent A: H>0 (0.1% Formic Acid)
Eluent B: CH;CN (0.1% Formic Acid)
Gradient; 05-95% eluent B over 15 minutes

Flow; 0.4 ml/min



15 HPLC System Waters 2795 Mass Spec Detector: Mcromass Platform LC PDA
Detector: Waters 2996 PDA Analytical Acidic conditions: Eluent A: H20

(0. 1% ForwDeowsi7@die 20 El uent B: CH3CN (0. 1% Form c Aci @#CT/GB20ahi/@nt93 5- 95%
eluent B over 3.5 mnutes Flow 0.8 mJ/mn Colum: Phenonenex Synergi 4
MAX- RP 80A, 2.0 x 50 mm Analytical Lo Acidic conditions; 25 Fluent A:
H20 (0.1 % Formc Acid) Eluent B: CH3CN (0.1% Formc Acid) G adient:
05-95% el uent B over 15 minutes Flow 0.4 mi/mn WO 2006/ 077416

PCT/ GB2006/ Golyrgs  63PImslomenex PieanginbndbAIGRPG, 240 KASO R 80A, 2.0 x 150 mm
Platform M5 conditions: Capillary voltage: 3.6 kV (3.40 kV on ES negative)

Cone vol tag ia § %?ﬁi ?Oqls]'errperature: 120 C Scan Range: 100-800 anu

| oni sation ; y Positive or ElectroSpray Negative or

El ectroSpray Pgsitive & Negativ rs Fractionl ynx LCG-M system HPLC
System 276‘);21%8?%’5"8 $er - 2525§‘l§i]1?(1{/a€%40§f§18f1 nesa Mass Spec Detector:
Waters ZQ PBéndpdiegtor: Waters 2996 PDA Anal ytical Acidic conditions:

5  Source Temperature: 120 °C
Scan Range: 100-800 amu
Ionisation Mode: ElectroSpray Positive or

ElectroSpray Negative or
ElectroSpray Positive & Negative -

10  Waters Fractionlynx LC-MS system:

HPLC System: 2767 autosampler — 2525 binary gradient pump
Mass Spec Detector: Waters ZQ
PDA Detector: Waters 2996 PDA

Analvtical Acidic conditions:

15  FEluent A: H,0 (0.1% Formic Acid)
Eluent B: CH;CN (0.1% Formic Acid)
Gradient: 5-95% eluent B over 4 minutes
Flow: 2.0 ml/min

Column: Phenomenex Synergi 4p MAX-RP 80A, 4.6 x 50 mm

20  Fractionlynx MS conditions:

Capillary voltage: 3.5kV (3.2 kV on ES negative)
Cone voltage: 25V (30 V on ES negative)
Source Temperature: 120 °C
Scan Range: 100-800 amu

25  lonisation Mode: ElectroSpray Positive or

ElectroSpray Negative or
ElectroSpray Positive & Negative



15 Eluent A- H20 (0.1 % Formc Acid) Eluent B: CH3CN (0.1% Form c Acid)

G adient: 5-95%eluent B over 4 mnutes Flow 2.0 mM/mn Col um:
Phenomenew03gesan7giic4 MAX- RP 80A, 4.6 x 50 nm 20 Fracti ecirxgBeodd®00193
conditions: Capillary voltage: 3.5 kV (3.2 kV on ES negative) Cone
voltage: 25 V (30 V on ES negative) Source Tenperature: 120 C Scan Range:
100- 800 anu 25 lonisation Mde: ElectroSpray Positive or ElectroSpray
Negative or__El ectroSpray P05| ti ve & ative WD 2006/ 077416 _

PCT/ GB2006/ Miass Directed Ryaficat] lﬁxﬂ%ﬂl cation LC-MB System Preparative
LC-M5 is a standard_and effectlve rrethod used for the purification of

smal | or ganPepamstive LCd¥Sds e standard pad eBeqiive mshetbesed ifreitie purifi¢ation e net hods

f the | and nmass ct.ronetr a

varied to s S oah R TRPAIARI, b Ao R R R HOL Yo ¥ s oved
det ecti on ofhetlineid haomhiegraply NE) 4ot rass spédt@me@?r (MB® carn 8pah@add e gr adi ent
LC met hgﬁd will Jﬁg\éo' ve varying colums, volatile eluents and nodifiers,

and gradl enP¥VidgdeRererapionef the cridsuppterinly snd immrovegrdetgstiparotiheg Such
reparative h uc
Iron::t IEI)OdS ar esaéligpscrl ?%illl?%gée{h&tnpg? E{ﬁgfﬁﬁ{)@& ﬁ}%nt%%]%(ocf&{mﬁr ac? i on
collecting varylpgephmats; vcdathl@/eh@ntstmﬂmaﬁﬁamand%@ﬂﬂentﬁ([ﬂéthodsl&&e weld an]g
Leister W trauss K kKi. D, Zhaq Z ve op nt of a
cust om hi gh® h%ﬁ‘?%roé%‘é‘}lﬂtlg VEPPIaLe &C%dP@géﬁ?%{ﬁﬁge BdPr onet er
platform f olsurifg%oﬂl@@@@asatsmwn&madé 'aFeade's&'ibeﬂriH R%@&i@é%é&ﬁ'mﬁ;aﬁby sis of
compound libraries; JComb 200 3); 15 One such system for

purifyiHy c@ﬁ&b@@h@@tl@n@b@@mrilapfﬂperatl@ NS dé’gtzﬂbl@w 2004; 6(2), 159-
64 and Leister W, Strauss K, Wisnoski D, Zhao Z, Lindsley C., Development of a

custom high-throughput preparative liquid chromatography/mass spectrometer
platform for the preparative purification and analytical analysis of compound
libraries; J Comb Chem.; 2003; 5(3); 322-9.

15 One such system for purifying compounds via preparative LC-MS is described
below although a person skilled in the art will appreciate that alternative systems
and methods to those described could be used. In particular, normal phase
preparative LC based methods might be used in place of the reverse phase methods
described here. Most preparative LC-MS systems utilise reverse phase LC and

20  volatile acidic modifiers, since the approach is very effective for the purification of
small molecules and because the eluents are compatible with positive ion
electrospray mass spectrometry. Employing other chromatographic solutions e.g.
normal phase LC, alternatively buffered mobile phase, basic modifiers etc as
outlined in the analytical methods described above could alternatively be used to

25  purify the compounds.

Preparative LLC-MS Systems:

Waters Fractionlynx System:

e Hardware:

2767 Dual Loop Autosampler/Fraction Collector



bel ow al t hough a person skilled in the art wll appreciate that alternative
systens and nethods to those described could be used. In particular,

nor mal phaieeoogu7eqar ati ve LC based net hods m ght be use@#CreRb@E®oDB t he
reverse phase nethods described here. st preparative LC-MS systens
utilise reverse phase LC and 20 vol atil€ acidic nodifiers, since the
approach is very effective for the purification of small nolecules and
because the_eluents are conpatible with positive ion electrospray nass
spectronetr%zﬁa'ﬁﬁp@?’ﬁl\‘ﬁgpml?mr chromat ographi ¢ solutions e.g. normal phase

LC, alter na??pg@g%ﬂugng{%@gg%ég%@%%ﬁggggggh sQIaeEtiiC nodifiers etc as outlined

in the anal ove " coult al ternati vel y be used to
25 purify t RMAWatcunttagei®nemaga) by @aképubyst ens:  Waters Fractionl ynx
System I—%ﬁ - 2767 Dual Loop Autosanpl er/Fraction Collector WO

2006/ 077416 P 87 fometegs 2525 preparative punp CFO (col urm

flui di c or ganii§endod Phots PibINARSY A6kl RVA (Waters reagent manager) as
make up pu Waters ZQ Mass Spectronmeter 5 Waters 2996 Photo Di ode Array
det ect or \r}\g\faéﬂszmmm&peﬁpembteorreter Software: Masslynx 4.0 Waters M
runni ng conditions: 10 Capillary voltage: 3.5 kV (3.2 kV on ES Negative)
Cone vol t age: g&t&/arsegurce Tenperature: 120 C Miltiplier: 500 V Scan Range:

125-800 anu
Masslynx 4.0

e  Waters MS running conditions:

10 Capillary voltage: 3.5kV (3.2 kV on ES Negative)
Cone voltage: 25V
Source Temperature: 120 °C
Multiplier: 500V
Scan Range: 125-800 amu
15  Jonisation Mode: ElectroSpray Positive or
ElectroSpray Negative

Agilent 1100 L.C-MS preparative system:

e Hardware:
Autosampler: 1100 series “prepALS”
20 Pump: 1100 series “PrepPump” for preparative flow gradient and 1100 series
“QuatPump” for pumping modifier in prep flow
UV detector: 1100 series “MWD” Multi Wavelength Detector
MS detector: 1100 series “LC-MSD VL”
Fraction Collector: 2 x “Prep-FC”
25  Make Up pump: “Waters RMA”
Agilent Active Splitter

e Software:
Chemstation: Chem32



15 lonisation Mdde: ElectroSpray Positive or ElectroSpray Negative

Agi l ent 1100 LC-MS preparative system Hardware: Autosanpler: 1100 series
"prepALS'WDQodNTR4161100 series "PrepPunp” for preparati peTidBEaosgoen3ent and
1100 series "QuatPunp" for punping modjgfier in prep flow U detector: 1100
series "MAD' Multi Wavel ength Detector MS detector: 1100 series "LC MsD
VL" Fraction Collector: 2 x "Prep-FC' 25 Make Up punp: "Waters RMVA"
Agilent Actjve i tter Software, Chenstation: ChenB2 WO 2006/ 077416

PCT/ GB2006/ boo‘i@"ééﬁgr}&&“l“@rﬁ“n%'%hm ng conditions: Capillary voltage:
4000 V (350Capillary voRadlegat i ve) 4G0@UTBEIPV GHIN Drying gas flow
13.0 L/mn _5 Gas Tenperature: 350 C@Nebuloﬁ?esiNﬁéaggé re: 50 psig Scan
Range: 125- BragmsHier/ (it sat i on M1 El ectroSpray Positive or ElectroSpray
Negat i ve 1]99;% raphi ¢ Condjtions: Colums: 1. Low pH

chr omat ogr aphy: g’@%ﬁenex Syne?%9 -RP, 10, 100 x 21.2mm (alternatively
used TheY noGay/ Penpdrhtuléeyst one Hyfusd ty Aquastar, 5p, 100 x

Nebuliser Pressure: 50 psig

Scan Range: 125-800 amu

Ionisation Mode: ElectroSpray Positive or
ElectroSpray Negative

10  Chromatographic Conditions :

¢ Columns:

1. Low pH chromatography:

Phenomenex Synergy MAX-RP, 10 L, 100 x 21.2mm

(alternatively used Thermo Hypersil-Keystone HyPurity Aquastar, 5p, 100 x

15 21.2mm for more polar compounds)

2. High pH chromatography:
Phenomenex Luna C18 (2), 10p, 100 x 21.2mm

(alternatively used Phenomenex Gemini, 5 K, 100 x 21.2mm)

¢ FEluents:

20 1. Low pH chromatography:
Solvent A: H,0 + 0.1% Formic Acid, pH~1.5
Solvent B: CH3CN + 0.1% Formic Acid

2. High pH chromatography:
Solvent A: H>0 + 10 mM NH,HCO; + NH40H, pH=9.2
25  Solvent B: CH;CN

3. Make up solvent:
MeOH + 0.2% Formic Acid (for both chromatography type)

o  Methods:



15 21.2mm for nore pol ar conpounds) 2. Hi gh pH chromatography: Phenonenex
Luna C18 (2), 10, 100 x 21.2mm (alternatively used Phenonenex Gem ni, 5,
100 x 21.\ompos/o7Eheents: 20 1. Low pH chronmat ography: Secrar200s/00620 + 0.1
% Form c Acid, pli1-1.5 Solvent B: CH3 + 0.1% Formc Acid 2. High pH
chromat ogr aphy: Sol vent A: H20 + 10 nM'NH4AHCO3 + NH4AOH, pH=9.2 25 Sol vent
B: CH3CN 3. Make up solvent: McOH + 0.2% Fornmic Acid (for both

chr omat ogragh%/ éiype) é}?ods WO 2006/ 077416 PCT/ GB2006/ 000193 67

Accor di ng t BCtdinga heranalyricel e ﬂﬁf@"%ﬁl’mﬁﬁﬁﬁ@mna&%t@e heomategrarhy

chr omat ogr a nal yti cal
LC- M5 usi ng@?ﬁg a%;}fg‘gseﬁ{g’? t%@?%ﬁg%tbﬂg%r‘%%ﬁ? %Igvagl? M&%Sﬁlg egtgzp ?ed for
conpound st eldrematog@pbe (Iotveor highap i} mostsuttedfor csﬂnpwdi gawothre [Omgalogr aphy a

itabl e pr rat thod of the 5 sa t s chosen ical runnin
zlcj)lndi ti onpf %fE‘ 56’&41 f?°8\rﬁ5ﬁaw ﬁ?%d‘ﬁﬂna@ﬁ’fa@ ?éﬁ!ﬁ%bﬁﬂ QIeH%Ttaﬂ%l%le&@p@ ahﬁl ow rat g:
24 ml/man Goaadd éwa@@lﬂ%éﬁ' Typidll rustiag b&fiSor R4 bah lb@'atnﬂqlll }gpﬁ mn step

with 95% A + 5% hen according to analytical trace m n gradi ent
was chosen ¢hﬁ0@a@@raphbneeélmdéweere 10 good separation (e. g from5%to 50% B
for early retaining conpounds; from35% to 80%B for m ddl e retaining
conmpounds ma&mn 1.2 mnute wash step was perforned at the end of

e o o e AR BB pa P D4 S Sleh WiB 3 R 3 ves T
Then according to analytical trace a 3.6 min gradient was chosen in order to achieve
10 good separation (e.g. from 5% to 50% B for early retaining compounds; from 35%
to 80% B for middle retaining compounds and so on)
Wash: 1.2 minute wash step was performed at the end of the gradient

Re-equilibration: 2.1 minutes re-equilibration step was ran to prepare the system for

the next run

15  Make Up flow rate: 1 ml/min

e Solvent:

All compounds were usually dissolved in 100% MeOH or 100% DMSO

From the information provided someone skilled in the art could purify the

compounds described herein by preparative LC-MS.

20  The starting materials for each of the Examples are commercially available unless

otherwise specified.

EXAMPLE 1

1A. 4-Nitro-1H-pyrazole-3-carboxvylic acid methvl ester




15 Make Up flowrate: 1 m/mn Sol vent: All conpounds were usually

di ssolved in 100% MeOH or 100% DVSO Fromthe information provi ded soneone
skilled iwothe/@rsiscoul d purify the conpounds descri be@CinaBDb/(09193
preparative LC-MS. 20 The starting mat ggl als for each of the Exanples are
commercially avail abl e unl ess otherw specified. EXAMPLE 1 | A

4-Nitro-| H pyrazol e-3-carboxylic acid nethyl ester N OOw NNHW
2006/ 077416 PCT/ GB2006/ 000193 68 Thionyl chloride (2.90 m, 39.8 nmol) was
sl owl y adde@hipoylechidride? 80al, 29.8inmol) 3vas plomdy addeddp lbanixture O%mdrqs 68 g,

36. 2 nmmol e dt m xture stirred
for 48 hoLr@'ra%\éﬁ%c Wﬁ?%cﬁég%?éggég&lﬁ’?} %Q?QR§@?F hl?ﬁ ough azeot rope
with tol uenﬁlﬂp@raairé@ﬁ&iﬂf&rﬁixwre-shﬂrbcpw%as(hbers?» ﬁe@‘ﬁkﬁ@é‘%b Eed&@édiznm?t hyl ester
as a white solid. "H NWR (400 MHz, DVsO-d6) S 14.4 (s, 1H), 9 (s, 1H),

3.9 (s, 3H)vacyganddyied %04811%?9@%%9 \@ﬂgto(beanﬁ&ﬂf@ré 4epifrg- H%pﬁwolé&er NHZ O
I Ove s N%‘J’o‘f%f‘&w&tfﬂgfﬁy@ Biaghwhgtejsghcpyrazol e- 3-carboxylic acid nethyl

ester and 1 was stirred under an atnosphere of hydrogen

vacuo and it BMEARIARISDNSoAs Tidls DT ket b 1P g™ ' 1o reteet I

4- am no- 1H pyrazol e- 3-carboxylic acid nethyl ester.
1B. 4-Amino-1H-pyrazole-3-carboxylic acid methyl ester

NH, o
M
/ OMe
N—N
H

A mixture of 4-nitro-1H-pyrazole-3-carboxylic acid methyl ester and 10% Pd/C in
10 EtOH was stirred under an atmosphere of hydrogen for 20 hours. The mixture was
filtered through a plug of Celite, reduced in vacuo and dried through azeotrope with

toluene to afford 4-amino-1H-pyrazole-3-carboxylic acid methyl ester.
'H NMR (400 MHz, MeOD) & 7.2 (s, 1H), 3.9 (s, 3H)

1C. 4-(2.6-dichloro-benzoylamino)-1H-pyrazole-3-carboxylic acid

Cl Cl

>

CO,H
-N

=z

15

2,6-dichlorobenzoyl chloride (8.2 g; 39.05 mmol) was added cautiously to a
solution of 4-amino-1H-pyrazole-3-carboxylic acid methyl ester (5 g; 35.5 mmol)
and triethylamine (5.95 ml; 42.6 mmol) in dioxane (50 ml) then stirred at room
temperature for 5 hours. The reaction mixture was filtered and the filtrate treated

20 with methanol (50 ml) and 2M sodium hydroxide solution (100 ml), heated at 50 °C

for 4 hours, and then evaporated. 100 ml of water was added to the residue then



1H NWVR (400 MHz, MeOD) S 7.2 (s, 1H), 3.9 (s, 3H 1C

4- (2, 6-di chl oro- benzoyt am no) - 1H pyrazol e-3-carboxylic acid CI CI ONH/ /
CO2H N- Nv02004/072416- di chl or obenzoyl chloride (8.2 g; 39P0%/GBréc)00NEmS added
cautiously to a solution of 4-am no- #'{;" pyr azol e- 3-car boxylic acid nethyl
ester (5 g; 35.5 mmol) and triethylam’ne (5.95 m; 42.6 mmol) in dioxane
(50 M) then stirred at room tenperature for 5 hours. The reaction m xture
was filtered and the filtrate treated 20 with nethanol (50 ml) and 2M

sodi um hydr aidified S\mﬂhwonmmtl(am@(hydTQChlommédTh@ s@l s dadlectgd hydigaticand t hen

evapor at ed. 0 o0 .the res e 2006/077416
o d006) HEvpe JiterD T B SREReL A8 ch e %%ﬂd#y%%%‘%ﬁﬂa 1Q0%¢i d. The
solid was Chdnz8lh@ehd)y H- pir@ﬁ@IEBOéh,rboMS heid awiatpalewablet sdliH0@.ayMs:aqd sucked
dry to glve 10. OQﬂg}of 4- 2 6- di chl or o-

benzoyl ani nd£o1M é%l’é ®.carboxylic acid as a pale violet solid. (LO MS:
Rl 2.26, [MtH +300 / 302). 5 ID. 4-{F4-(2,6-dichl oro-benzoyl am no)-1
rpyrazol & PcaPOn i ABkuzorDIRe). Ao kAL bASK IR Lor ! - bul Y
ester A mx - df cni or 0- benzoyt ant noj - LH pyrazol e- 3- car boxylic
acid (6.5 gpipediné 1rariiokylid acidirearoblityB&Eemi peri dine (4.76 g, 23.8 r cool),
EDC (5.0 g, 25.9 nmmol) and HOBt (3.5 g, 25.9 mol) in DW (75 m) was

stirred at Aqsixukeof a@er@&m@@-ﬁe@zoﬁ&nmwHrpﬁhrﬁ)lé—eaﬁfﬂoﬁmmhaiﬂUQG6gWaS
reduced in vacuo and the residue partitioned between et h%@ acet ate (100

m) and sat#th ﬁtngﬁlo%cﬁﬁéﬁ’@ LBAGRIpeHiios (b oha: 2L ammeh. &Pféi ? The
organi c | ay ced i n vacuo.
The resi dueﬁl\%\n/as t d\lﬁ%ﬂﬁgj Wﬁ %5 %@@-ﬁw %%ﬁﬁ%)qu e i ﬁssl%ll ubl e materi al
was col 1E&ct echpoyatdre o 24t howms. aflk reactmmeanixnire wab@Mdutéd amdicde aedithien vacuo to
give 4-{[4- I(e%i’due gl%hﬁédobe?\%ggnoéh}%rgcgt% & 55 RM) andl sla?u_re%c_ed aqueous sodium

bicarbonate solution (100 ml). The organic layer was washed with brine, dried

(MgSOy) and reduced in vacuo. The residue was taken up in 5 % MeOH-DCM
(~30 ml). The insoluble material was collected by filtration and, washed with DCM

15  and dried in vacuo to give 4-{[4-(2,6-dichloro-benzoylamino)-1H-pyrazole-3-
carbonyl]-amino}-piperidine-1-carboxylic acid tert-butyl ester (5.38 g) as a white
solid. The filtrate was reduced in vacuo and the residue purified by column
chromatography using gradient elution 1:2 EtOAc / hexane to EtOAc to give further
4-{[4-(2,6-dichloro-benzoylamino)-1H-pyrazole-3-carbonyl]-amino }-piperidine-1-

20  carboxylic acid fert-butyl ester (2.54 g) as a white solid.

1E. 4-(2.6-dichloro-benzoylamino)-1H-pyrazole-3-carboxvlic acid piperidin-4-

ylamide hydrochloride

Cl Cl

Z4
N
H

Z

.HCI

A-solution of 4-{[4-(2,6-dichloro-benzoylamino)-1H-pyrazole-3-carbonyl]-amino} -
25  piperidine-1-carboxylic acid tert-butyl ester (7.9 g) in MeOH (50 mL) and EtOAc



carbonyl ] - am no} - pi peri di ne- 1-carboxylic acid tert-butyl ester (5.38 g) as

a white solid. The filtrate was reduced in vacuo and the residue purified

by col umwochsatatiegr aphy using gradient elution 1:2 Et @t/GB2hexanm3t o

Et OAc to give further

4-{[ 4- (2, 6-di chl oro- benzoyl am no) - 1H pyr azol e- 3-carbonyl ] - am no} - pi peri di ne
-1 20 carboxylic acid tert-butyl ester (2 54 g) as a white solid. 1E.

i i i No) - boxyl d di n- 4-
o1 et e e oDl B et Meh Sk RO AR Ut phen o 'atcmaéécrafg'hﬁfr%f' "
4-{[ 4- (2, 6- gioatkt@nBCAFAM AR 1 reyerneéefﬁe aha! lalle
(50 rrL) and

i peridine-l-carboxylic acid tert-bu ester
Et %Ac WO 20@6?@%&%‘1@@@5 mm&ﬁ@mm res?dlle(tﬁﬁnﬂi)admaﬁl EtOeAa:t €fhewi t h sat.

HCI - Et CAc I ht . The duct, di d not

crystalli sc(a gu % Qg p%oie}lgéﬁiggg?a%lpﬁgl\rﬁ%loni?éﬁfgﬁtﬁ‘ﬁé;gﬁ@ _T_;‘Lkégctl on
t wasdy\oapbe sihed tagite 6B Jfasi2Bigichlokd-Yé ole

;ne)s(uﬂleng of?wﬁte sollgl\e/:vas colleected t()) fi Itr?atlon) washed with Et CAc

and sucked %7 1&9"9’ ig acidiipegidin-drylaraidg |a@81661}'§§30b¥0r1d6 salt. (LC/MS: R; 5.89,

4-(2,6-dich W m no) - 1H pyrazol e- 3- carboxylic acid
pi E)erl di n- 4“Mf§m deZ/?sgh?he hydrochloride salt. (LCMsS: Rt 5.89, [MtH + 382

/ 384 1F. 4- (2. 6-di chl oro- benzoyl am no) - 1H pyrazol e- 3-carboxylic acid (I
met ha)nesul plﬁm(flyf&épﬂ_lphhomjbmm;fhm1mmHé-wﬁiol@@:dﬂ:b@h@acﬁ(ll/b / / NN 110

methanesulphonyl-piperidin-4-y1)-amide

Cl (@]
(@] NH
2 ’\é/Me
4 W
/ N 0
N—N H
10 H

To a mixture of 4-(2,6-dichloro-benzoylamino)-1H-pyrazole-3-carboxylic acid
piperidin-4-ylamide hydrochloride (1 mmol) in acetonitrile (10 ml) was added
diisopropylethylamine (2.2 mmol) followed by the methanesulphony! chloride (1
mmol). The mixture was stirred at ambient temperature for 16 hours then reduced

15 invacuo. The residue was partitioned between ethyl acetate and water, the layers
separated and the organic portion washed with brine, dried (MgSOy) and reduced in
vacuo to give the title compound. [M+H]" 460 R, 2.67. LC/MS. r.t. 2.67 min; m/z
460.11

'H NMR: (400 MHz, DMSO-dg) & 13.51 (s, 1H), 10.20 (s, 1H), 8.50 (d, J = 8.0

20 Hz, 1H), 8.41 (s, 1H), 7.66 — 7.56 (m, 3H), 3.95 — 3.89 (m, 1H), 3.61 (d, J = 12.0
Hz, 2H), 2.92 (s, 3H), 2.84 (t, J= 12.0 Hz, 2H), 1.89 — 1.86 (m, 2H), 1.79 — 1.70
(m, 2H)

EXAMPLE 2



10 HN H\~ To a m xture of
4- (2, 6-di chl or o- benzoyl am no) - 1H pyrazol e- 3-carboxylic acid
pi peri di wo-29écaotvdde hydrochloride (1 mmol) in acetoni tripCe/qB00amo)199as
added diisopropylethylamne (2.2 nmmol ) followed by the nethanesul phonyl
chloride (1 mml). The m xture was stifred at anbi ent tenperature for 16
hours then reduced 15 in vacuo. The residue was partitioned between ethyl
acetate and water, the Iayers searat ed and the organic portl on washed

, 42 pedichlo 1 e inog-d i-p 3vcathen ¢ B-isopropyi-t | e conpound.
[ MtH] +460 RL 2. 67 LC/ : in, mz 460.11 HNIVR (400 MHz,
DVMSO- d6) 6 , . 8.50 (d, J=8.0 20 Hz, 1H), 8.41
(s, 1H, 7. 66 - 7.56 (m 3H, 3.95- 3.89 (m IH, 3.61 (d, J= 12.0 Hz,
2H), 2.92 (s, 3H), 2.84 (t, J= O Hz, 2H), 1.89 - 1.86 (m 2H, 1.79 -
1.70 (m 214) EXAMPLE 2 WD 2008/Q77416 PCT/ GB2006/ 000193 71
4- (2, 6-di chl oro- benzoyl am no)el pyt@zol e- 3-carboxylic acid (1-isoprop |-
sul nhonyl -ni peridin-4-yl)-anmde A _CCI ONH Qg ~(/ frNOThe title conpound
was prepared by the nethods des®@ri Bed rrpcie 1 but using 5
i sopropyl sul phonyl chloride inste r@ phonyl chloride and was
purified by preparative LC M5 rNt_N B3 z 488.22 IH NVR (400 WHz,
DMVBO-d6) 6 13.42 (s, 1H), 10.16 (§, 1H) 8. 46 (d, J =80 Hz, 1H), 8.35
(s, 1H, 7.60 - 7.51 (m 3H), 3.92 - 3.87 (m 1H), 3.65 (d, J= 12.0 Hz,

2H), 3.35 - Tﬁe fitfe éérﬁﬁidjﬂd)was%) @%r&f by tile n'lle%h&is "d%f_ﬁrﬁ)@i in lqixﬁg%le 1ouf Gsib? 2 H)

1.66 - 10 1.59
4-(2,6-d chisopmpblewpbgrﬂlﬁwhlw)ie hrtdtqa;imézrrﬁﬂanﬁsdphdngkghlomd&amddwas purified

(1-ethyl- suLg;) prepgratlve LC/MS. r.t. 2.83 min; m/z 488.22
'H NMR: (400 MHz, DMSO-ds) & 13.42 (s, 1H), 10.16 (s, 1H), 8.46 (d, J = 8.0
Hz, 1H), 8.35 (s, 1H), 7.60 — 7.51 (m, 3H), 3.92 — 3.87 (m, 1H), 3.65 (d, J=12.0
Hz, 2H), 3.35 - 3.27 (m, 1H), 2.95 (t, /= 12.0 Hz, 2H), 1.80 — 1.76 (m, 2H), 1.66 —
10 1.59 (m, 2H), 1.22 (d, J= 8.0 Hz, 6H)

EXAMPLE 3

4-(2.6-dichloro-benzoylamino)-1H-pyrazole-3-carboxylic acid (1-ethyl-sulphonyl-

piperidin-4-y1)-amide

Cl Cl
0 NH
2
N
H

=2

15 The title compound was prepared by the methods described in Example 1, but using
ethylsulphonyl chloride instead of methanesulphonyl chloride, and was purified by
column chromatography, eluting with P.E.-EtOAc (1:1 — 0:1). LC/MS. r.t. 2.74
min; m/z 474.17



piperidin-4-yl -amde G ? (0 ONHOO NS / NGO HNHI15 The title
conpound was prepared by the nethods described in Exanple 1, but using

et hyl sul pNoregéé/ohdier i de i nst ead of rret hanesul phonyl chl ecraB20eMH0183S
purified by colum chromat ography, ggl ng wwth P.E.-EtQAc (1:1 - 0:1).
LOMS. r.t. 2.74 mn; mz 474.17 WD 2006/ 077416 PCT/ GB2006/ 000193 72 1H
NVR (400 MHz, DMSO-d6) 8 13.45 (s, 1H), 10.17 (s, 1H), 8.51 (d, J = 8.0

, 7 7.60 - 3.91 - 1 61 (d,
?f 12. o Hf WR(@%W@DM&O%D Sé@m%m@em, lm,&zgmwmm 1.80 -

i (72 6 oh o’rloé%gﬁgo(yﬁzﬁl? %@"f—é Q%%‘a? 3 9§t—ca§%g;zyﬁﬁ>'*€gg-3('§%— |FAVPLE 4

(1- propyl - slepm)wsslm () Jpe8iHR, zH)yiz 86 ayUee1 0 Hej 21D, 80O R78 ([ 21M),GN HN H

The title c epar ed the met hods described in Exanpl e 1, but
using 10 p?gg g‘h f%ﬁ)yil 244t efr‘l @Hz3Hrad of nethanesul phonyl chlori de,

and was purified by preparative LC/MS r.t. 3.11 mn; mz 488.18 1H NVR
(400 MHzs Dpkanp)E8 13.42 (s, 1H), 10.15 (s, 1H), 846(d J=8.0 Hz,
1H), 8.36 (s, II-T), 7.60 - 7.51 (m 3H), 3.91 - 3.84 (m 1H), 3.60 (d, J=

12.0 Hz, J1'1)(2 6?&1&901‘()tbel‘1£0871§11‘19'10I)—|%H MZolgS%ﬁrl;o&vhc] ac1&%l groH%'l SL%FPIOIW% 82 -

1.78 (m 2H),
01/9\01
o NH

piperidin-4-yD-amide
7 !?’Ol\/\
/ N 0
N-N H
H

The title compound was prepared by the methods described in Example 1, but using

10 propanesulphonyl chloride instead of methanesulphonyl chloride, and was purified
by preparative LC/MS r.t. 3.11 min; m/z 488.18

"H NMR: (400 MHz, DMSO-dg) & 13.42 (s, 1H), 10.15 (s, 1H), 8.46 (d, J = 8.0

Hz, 1H), 8.36 (s, 1H), 7.60 — 7.51 (m, 3H), 3.91 — 3.84 (m, 1H), 3.60 (d, J = 12.0

Hz, 2H), 3.00 (t, J= 8.0 Hz, 2H), 2.85 (t, J= 12.0 Hz, 2H), 1.82 — 1.78 (m, 2H),
15 1.72-1.62 (m, 4H), 0.9 (t, J = 8.0 Hz, 3H)

BIOLOGICAL ACTIVITY

EXAMPLE 5
Measurement of Activated CDK2/CyclinA Kinase Inhibitory Activity Assay (ICsq)

Compounds of the invention were tested for kinase inhibitory activity using the

20  following protocol.

Activated CDK2/CyclinA (Brown et al, Nat. Cell Biol., 1, pp438-443, 1999; Lowe
E.D., et al Biochemistry, 41, pp15625-15634, 2002) is diluted to 125pM in 2.5X
strength assay buffer (50mM MOPS pH 7.2, 62.5 mM B-glycerophosphate,
12.5mM EDTA, 37.5mM MgCl,, 112.5 mM ATP, 2.5 mM DTT, 2.5 mM sodium

>



15 1.72 -1.62 (m 411), 0.99 (t, J= 8.0 Hz, 311) BIOLOCGE CAL ACTIVITY
EXAMPLE 5 Measurenent of Activated CDK2/ CyclinA Kinase Inhibitory Activity
Assay (| Gso20@uTpaends of the invention were tested for PKirrcaReos/ahiobi t ory
activity using the 20 follow ng protocaql. Activated CDK2/ CyclinA (Brown et
al, Nat. Cell Biol., 1, pp438-443, 1999; Lowe, E.D., et al Biochemstry,
41, ppl5625-15634, 2002) is diluted to 125pMin 2.5X strength assay buffer
(50mMM MOPS pH 7.2, 62.5 nmM R-gl ycerophosphate, 12.5mM EDTA, 37.5nM MyCl 2,
112. 5 nM ATerthavagadaka, Dﬁﬁ,mg/nﬂ%mr@@dﬁunml oo end Yy phwixed widsbORBIf000193

73 orthovan te, .0 2 / vi.ne, seru umny. .and .10 1. m with 10
[2of" i ot onaleE setraRam @ pBBY P paFRHE T iy AR fu el

Bi ot echnol oga0 piSH /33! PG v PAATP) kiAddB8 16 D6 W3B BiaAkRlonditadqgdft o 96 wel |
plates along with 5 | of _various dilutions of the test conpound in DVSO

(up to 2.5%yariopsdilpdensiqféhe test compopadisDVE Qfupdeded % br The reactivnipur s bef ore

bei ng stopp i 4t f i i 299 .

y33P- AT vvhi%c ‘Wrdé ng?ér;bg géﬁ?qﬁzgtg?lp%o?%% lgbgarleﬁj?wp eﬁ i‘&g@oa%ee(’%fgsio?oggo[?ar at ed

f ][ Otmhph(l\)/lsA ghphclgsb?cbrimhdiri ﬁ;:itrm 2040). qﬁPaA’glg/Mhﬁqdﬁemﬁmlahuﬁncbrﬂormq imltcat‘nred ;I'Ee vvtelhl S
0 e pl ate _are we Wi . 5% or.t ho oric__aci en the
results of @0 EHdE ﬁwraa?cﬁgm é@ﬁ@@%@ﬁ&l&%@ﬁif%?é@miﬁﬁﬁqf iltration
uni t t hr ougftiaeirhs weliobt fwivarti I%té%{'é Oxa&tedt\f@i%h 088} Jitfophspiasiged twice

with 200 | of 0.5% orthophosphoric acid. ce the tfilters have dried, 20 |
of M cr oscéaeid, 220 tlari the rdshbinof the reagtien aredttrednwith e dditlimde varuamPackar d

Topcount, f Of.. 3 secands., The % inhjbiti of the CDK2 actiyi ds

cal oul aled Hitan SRR e dulte: BoheMastifhone EretaRanehed Vi or ¢ est
conpound 1 egithed ull 6f 0.5% dikHophOdshefic béid, Oh¥eAhe EiGtbis\Haty dfit;20)ul OEXAVPLE 6
Measurenment of Activated CDK1/CyclinB Kinase Inhibitory Activity Assay

(1 Cso) Microscint 20 scintillant is added, and then counted on a Packard Topcount for 30

seconds.

The % inhibition of the CDK2 activity is calculated and plotted in order to
15  determine the concentration of test compound required to inhibit 50% of the CDK2
activity (ICsp).

EXAMPLE 6

Measurement of Activated CDK1/CyeclinB Kinase Inhibitory Activity Assay (ICsq)

CDK1/CyclinB assay.is identical to the CDK2/CyclinA above except that
20  CDKI1/CyclinB (Upstate Discovery) is used and the enzyme is diluted to 6.25 nM.

Compounds of invention have ICsy values less than 20 uM or provide at least 50%
inhibition of the CDK2 activity at a concentration of 10 pM. Preferred compounds
of invention have ICsy values of less than 1 pM in the CDK2 or CDK1 assay.
EXAMPLE 7

25  GSK3-B Kinase Inhibitory Activity Assay

GSK3-B (Upstate Discovery) are diluted to 7.5nM in 25mM MOPS, pH 7.00,
25mg/ml BSA, 0.0025% Brij-35, 1.25% glycerol, 0.5mM EDTA, 25mM MgCl,,
0.025% B-mercaptoethanol, 37.5mM ATP and and 10 pl mixed with 10 pl of



CDKI / CyclinB assay.is identical to the CDK2/ CyclinA above except that 20
CDKI / CyclinB (Upstate Discovery) is used and the enzyne is diluted to 6.25
nM  Conpword&/wof4ibnvent i on have | C50 val ues | ess than 2P0TMB20GOOMBde at

| east 50% inhibition of the CDK2 activ7ity at a concentration of 10 M
Preferred conpounds of invention have ﬁCSO values of less than | sMin the
CDK2 or CDK1 assay. EXAMPLE 7 25 GSK3-B Kinase Inhibitory Activity Assay
GSK3-R (Upstate Discovery) are diluted to 7.5nMin 25nM MOPS, pH 7. 00,

25ng/ M BSAsubgtrate 25i% Bhejsutssratetmixsioy @lsiiéeﬁ 12, @MWOEDTI’O&gb@&gﬂm |vgc| 2,

2082/5?7(7?116 Tt BEe g%%g&sgag B%Q%E an‘é‘?l Or}dﬁb( “f‘ﬁgaiﬂgé gféﬂlgn X ?er

GSI C3- (3 i SEAZmEe Md@m@sm@a@lam@mf% ﬁmmpmee%ealdi@mlltmsrpﬂoﬁé@ﬁhgte Di scovery)
inInm of water with 35 pG y33P-ATP. Enzyne and substrate are added to 96

vel | pl at esdiytimg ofifherjesy Cglnpé’ﬁndﬂélrIPMﬁQ (uﬂlhp @t5‘V®n§thfreaeCﬁQntISa%H0W9drtpound in
DVBO (u 0, I ovve roceed f hour s

( GSK3- (p% %Sgee@ regﬁg‘“%t %%kb %e?%r bem é’ggd BV#t%c?ﬁeﬁEseSSBﬁ%‘g%on c acid (5
| at 2%. Tblﬁasbhd;ﬁdzaﬁd @umae/@dqme ﬂlﬁatﬁ)‘h Ifr@éedﬁfetlb waFRhctiohid/ Cycl i nA assay
above. EXAMPLE Anti-proliferative Activity 10 The anti-proliferative
activities EPRORIBIMAassEr aRave. i nvention can be deternmined by measuring
the ability of the conpounds to inhibition of cell growh in a nunber of

cell lines.gkphpiftigon of cell growh is neasured using the Al amar Bl ue
assay (Nociarr, M M Shalev, A, Benias, P., Russo, C Journal of

| mrunol ogi cAhti-pk@ifbative AREBity 213, 157-167). The nethod is based on the
ability of viable cells to 15 reduce resazurin to its fluorescent product

f ach..proliferation_.a a are Iated nto .96 wel |
ol ates ha T o ERoB R tegPr S3m g hite sV pube Ferbediibamint of

i nhi bi tor ceypesing iy alﬂllfylﬂﬂtﬁ@éong&)uﬁlﬁyfoﬁnhfﬁudnr&‘ BN GrRhthliR g nhGuPat i on
period 10% (v/v) A amar Blue is ad i ncubated for a further 6 hours
prior to of cell'lines. Inhibition of cell growth is measured using the Alamar Blue assay

(Nociari, M. M, Shalev, A., Benias, P., Russo, C. Journal of Immunological
Methods 1998, 213, 157-167). The method is based on the ability of viable cells to

15 reduce resazurin to its fluorescent product resorufin. For each proliferation assay
cells are plated onto 96 well plates and allowed to recover for 16 hours prior to the
addition of inhibitor compounds for a further 72 hours. At the end of the incubation
period 10% (v/v) Alamar Blue is added and incubated for a further 6 hours prior to
determination of fluorescent product at 535nM ex / 590nM em. In the case of the

20  non-proliferating cell assay cells are maintained at confluence for 96 hour prior to
the addition of inhibitor compounds for a further 72 hours. The number of viable
cells is determined by Alamar Blue assay as before. Cell lines can be obtained from
the ECACC (European Collection of cell Cultures).

In particular, compounds of the invention were tested against the HCT-116 cell line
25  (ECACC Reference: 91091005) derived from human colon carcinoma.

Many compounds of the invention were found to have ICsq values of less than 20

uM in this assay and preferred compounds have ICsq values of less than 1 uM.

EXAMPLE 9



determ nation of fluorescent product at 535nM ex / 590nM em In the case of
the 20 non-proliferating cell assay cells are nmaintained at confluence for
96 hour pwoanodiag74i6he additi on of inhibitor conmpounds f®cTsaGH2066d0er9372
hours. The nunber of viable cells is term ned by Al amar Bl ue assay as
before. Cell lines can be obtained from” the ECACC ( European Col |l ection of
cell Cultures). In particular, conpounds of the invention were tested

agai nst the HCT- 116 ceII Ilne .25 (ECACC Reference: 91091005) derived from
human col onDek#m; i of QOral\Bieayiq of the invention were found to have

| C50 val ues of Iess than 20 M in this assay and preferred conpounds have

| C50 I 1 GB2006/ 000193
75 D\e/'ii elrj(ransrrﬁgét ?%ﬁﬁ%?‘;@g t}é%gl\?géﬁ %E@S%f%qoﬁg%%ﬁég\?gl aclﬁl P ty of the

conpounds ofollossnul a (1) nmay be determined as follows. The test conpound
is adm nistered as a solution both I.V. and orally to balb/c mce 5 at the

foll d I I I t d i
109N 509 TS HHPRTRT By oSyl stbicer ol LS Oudgraly (L hief kg PO
formul at®ed htthd oMY AT 8hd JIOUEF AR ion® various tine points after

dosi ng, bl ood sanples are taken in heparinised tubes 10 and the plasna
fraction is cal | bogkeg IVdrmawlateydsn éO%DMS@I%)I‘Vg/@ bydrexymogyrl}-fken by LG MS/ M5

after protein prec 1 sanpl es are quantified by conparison
with a standard %ya?:lqodr??‘g @E(ya‘fvﬁ@ a8’glnstruct ed for the test conpound. The

area under . the StpKe Hohultel 109 DMSH DR BEBlSER], evel Vs i me

profile by standar met hods. The oral bioavailability as a percentage is
calculated fromthe followng 15 equation: AUCno x doselV x 100 AUC v
dosePO By f 8t yasigupgimerpointy ﬂﬂ@ﬁ)@@mg, ed samplosiang taken in heparinised tubes

4-(2,6-gff c hén%rtﬂe Bﬁ%(g)ﬁlagm)rpl%)collected for analysis. The analysis is undertaken by LC-

MS/MS after protein precipitation and the samples are quantified by comparison

with a standard calibration line constructed for the test compound. The area under
the curve (AUC) is calculated from the plasma level vs time profile by standard
methods. The oral bioavailability as a percentage is calculated from the following

15  equation:

AUCpo X doselV X 100
AUCiv dosePO

By following this protocol, the compound 4-(2,6-dichloro-benzoylamino)-1H-
pyrazole-3-carboxylic acid (1-methanesulphonyl-piperidin-4-yl)-amide, was found

20 tohave 40-50% bioavailability when administered to mice by the oral route.

EXAMPLE 10

Xenograph Studies

The compound of Example 1 has an anti-tumour action in nude mice engrafted with
human tumour derived cell lines. Treatment with the compound of Example 1

25 causes inhibition of tumour growth in such xenografts implanted sub-cutaneously
when dosed orally at doses which cause inhibition of the tumour biomarkers. These

biomarkers include suppression of phosphorylation of substrates of the cyclin



pyrazol e- 3-carboxylic acid (1-nethanesul phonyl -pi peridin-4-yl)-am de, was
found 20 to have 40-50% bi oavail ability when adm nistered to mce by the
oral routwo200MRLE 10 Xenograph Studi es The conpound eCTEsmp/®@om3has an
anti-tunmour action in nude mce engrafted with human tunour derived cel
lines. Treatnment with the conmpound of anple 1 25 causes inhibition of
tunour grow h in such xenografts inplanted sub-cutaneously when dosed
orally at doses which cause inhibition of the tunmour biomarkers. These

bi omar ker s depshdent kinapgsrees sétinpbigfstaptroprptien. yThe domposhd olibsampledsisof t he
cyclin WO 2006/.077416 PCT/.GB2006/ 93 . 76 dependent ki nases £.g.

Ee1 nobl ast ORRUSE SRR ANERILT Cark s ot sdbea R IR DN SPRRERoBeden gi ven
in a range &dveshl {etsent schedul es including chronic dosing for several
weeks. EXAMPLE 11 5 COVPARATI VE EXAMPLE The bi ol ogical activities of the
conmpound of Exaggle 1, which contains a 2,6- dichlorophenyl group, were

conpared w kel ogical activities of its 2,6- difluorophenyl
anal ogue. The 2,6-difluorophenyl anal ogue, which is described in Exanple
131 in our ' CT/ 0B2004/003 1 7 9 (publication nunmber 10

WD 2005/ 012256), has the following structure NO NHF H O 0O=—~S=0 Mre

particul arl / C ] ] re - hej4 cactivities

agai nst Cuéhiplrgg) g&gﬁ‘gl{@%ﬁ f‘f nglge gﬁgE%%Plr@ légﬁcﬁll[c;oﬂ%atg}fkﬁin |6bi t the

proliferati dichloedphkk3il-gtou wentreomparbdwith alnclivlogehal sctivities ofiitedge i nhi bitory
CE n

activities gi?l(ljlo;opﬁenyl analogue. The 2,6-difluorophenyl analogue, which is described in

Example 131 in our earlier application PCT/GB2004/003179 (publication number

10 WO 2005/012256), has the following structure

More particularly, the compounds were compared with regard to their activities
against CDK2 kinase and GSK3 kinase and their ability to inhibit the proliferation
of HCT-116 human colon cancer cells. The kinase inhibitory activities and the

15 HCT-116 inhibitory activity were determined using the assay methods set out above

and the results are shown in the table below.

Prior Art Compound Compound of
(Example 131 of Example 1
PCT/GB2004/003179)
CDK2 ICs 0.0022uM 43% @ 0.0003 pM
GSK3B ICsp 0.014uM 0.22 pM




15 HCT-116 inhibitory activity were determ ned using the assay nethods set
out above and the results are shown in the table below. Prior Art Conpound
Conpound wb 20¢erapl e 131 of Exanple 1 PCT/ GB2004/ 0031 P@)/GIKG:/doaB8

0. 0022uM 43% @ 0. 0003 M GSK30 1 C50 0.Ql4uM 0.22 M WO 2006/ 077416

PCT/ GB2006/ 000193 77 HCT- 116 cell proli'feration 1C50 0.74uM 0.11 .tM The
conpound of Exanple 1 of the present application has advantages over the
conpound of _its difluoro-analogue for the following reasons: The conpound
of Exanpl e : - Lot : pPAtEM,nant i - prolifenagtiqy, effect on human
col on cancaﬂ{dlz?ﬁl-@icfgpég{lf&#lloﬁ,b?ov\hen@conpar ed to its ?'fc}i uor o- anal ogue.
The conpound—of—Exanpte—tthas greater—+n—vitrokinase{(COK2)—nrhtbirtory

activity co i i . Th 0 anple | has
over act | vty iy dsEyilrble Db08 BB R icol R i TRABEL N RE 0. 014
M. 10 Thecanppadrd itelifficasmphsoduchfastigrfeidwingsedsend:i vity for CDK

i nhibition over GSK3(3 (>200-fold) conpared to its difl uoro-anal ogue
(--6-fold). PHARVACEUTI CAL_FORMULATI ONS EXAMPLE 12 (i), Tabl et Formul ation
15 A tabl et °coHnT935‘s‘iomR9Hn ShEZMHPIRd hes adnfrékld ancse peisat adi-prolifergtive s

prepar ed by 1M dttddforfluilEh floh BEncEPITRUNS Mllihe! Ihed Torbfartbdfd @5 (BF) as
diluent, and 3 ny nagnesium stearate as a | ubricant and conpressing to
forma tabl et idifluorovamalogeener. (ii) Capsule Fornul ation 20 A capsul e
formul ation is prepared by mxing 100 ng of a conpound of the fornula

e  The compound of Example 1 has greater in vitro kinase (CDK?2) inhibitory

activity compared to its difluoro-analogue.

e  The compound of Example 1 has lower activity versus GSK3p (0.22 uM) than
its difluoro-analogue (0.014 pM).

10 e  The compound of Example 1 has greater selectivity for CDK inhibition over
GSK3B (>200-fold) compared to its difluoro-analogue (~6-fold).

PHARMACEUTICAL FORMULATIONS

EXAMPLE 12

(1) Tablet Formulation

15 A tablet composition containing a compound of the formula (I) is prepared by
mixing 50 mg of the compound with 197 mg of lactose (BP) as diluent, and 3 mg
magnesium stearate as a lubricant and compressing to form a tablet in known

manner.

(i) Capsule Formulation

20 A capsule formulation is prepared by mixing 100 mg of a compound of the formula
(I) with 100 mg lactose and filling the resulting mixture into standard opaque hard

gelatin capsules.

(iii) Injectable Formulation I




(I') with 100 ng | actose and filling the resulting mxture into standard
opaque hard gelatin capsules. (iii) Injectable Forrmulation | WO

2006/ 077446 2p66I7EBR006/ 000193 78 A parenteral conposi t ipom/dB2006/000193

adm ni stration by injection can be pr e;}gr ed by dissolving a compound of
the formula (1) (e.g. in a salt form iR water containing 10% propyl ene
glycol to give a concentration of active conpound of 1.5 %by weight. The
solution is then sterilised by filtration, filled into an anpoul e and 5
seal ed. (ivj parﬁjnmralad@hmoﬁmﬁomfbmdndnisuaﬁoh yaimgaction adn bopropared bmn for

injection is. pLe aredb ter ompound, of the. formula (I
I(eJ g. : n siaalf‘ gr)a CE’%‘Pﬁb‘}%@%ﬁWﬁ%@? o 1 %68‘1&8?‘%3 yiwater 8?I}t'11181n1g| lteri ng(g :
the sol uti onpwaRgogylddeighgcol B3 Sive @abadthBatlondf Actiad %@po@ﬁmqlse%b 10

v)ljectable formulation I1] formulation for i.v. delivery bylnjectlon or

i nfusi on cawelgbt prhgsetwiongy thegistesidised bigfiltreiondilisdunie aranmsiadnd (1) (e. g.
|nasal f% in water at 20 ng/m. The vial is then sealed and
sterilised y autoclaving. vi) Injectable formulation IV 15 A fornul ation
for i.v. delivery by injection or infusion can be prepared by dissolving
t he conpoun@vohjdctablaf@nuldtiondl g. in a salt fornm) in water containing a
buffer (e.g. 0.2 Macetate pH 4.6) at 20ng/m . The vial is then seal ed and

sterilised a cl avin (SFV| |}ﬁﬁubcut aneo é ction Formulation 20 A
Somposi &1 onArt chen g PER R RediBbeT G SEvBEt R s ng a
conpound Oéorﬁlbtﬁmfi%'f ft’ﬂé‘ ﬁrrﬁh])a (Y)'(E'@ ﬁ%ltﬂ&%ﬁ@'n@g’a‘inlﬂéxﬂ%arﬁﬁtbﬂ(%l rh%/hﬂ) give a

concentrati on of osition is sterilised and filled into a
sui tabl e coﬁ@lalierfé‘?ermgfth S)Ohllmrﬂﬂdlﬁ ieglintosesiable § wh vials euorpoulss. f or nul at ed
conmpound of forrmula (I) are put into 50 nL vials and 25 |yophilized.

Duri ng iO’OpWﬂniie%%“oie%rmﬁﬁﬁoﬁ?ﬁpOSi tions are frozen using a one-step

A formulation for i.v. delivery by injection or infusion can be prepared by
dissolving the compound of formula (I) (e.g. in a salt form) in water at 20 mg/ml.

The vial is then sealed and sterilised by autoclaving.

vi) Injectable formulation IV

15 A formulation for i.v. delivery by injection or infusion can be prepared by
dissolving the compound of formula (I) (e.g. in a salt form) in water containing a
buffer (e.g. 0.2 M acetate pH 4.6) at 20mg/ml. The vial is then sealed and sterilised

by autoclaving.

(vii) Subcutaneous Injection Formulation

20 A composition for sub-cutaneous administration is prepared by mixing a compound
of the formula (I) with pharmaceutical grade corn oil to give a concentration of 5

mg/ml. The composition is sterilised and filled into a suitable container.

viii) Lyophilised formulation

Aliquots of formulated compound of formula (I) are put into 50 mL vials and
25  lyophilized. During lyophilisation, the compositions are frozen using a one-step
freezing protocol at (—45 °C). The temperature is raised to —10 °C for annealing,

then lowered to freezing at —45 °C, followed by primary drying at +25 °C for



freezing protocol at (-45 C). The tenperature is raised to -10 C for
annealing, then lowered to freezing at -45 C, followed by primary drying
at +25 Cwonowd72066/ 077416 PCT/ GB2006/ 000193 79 appr orcmaB2hys/ (0400

m nutes, followed by a secondary dryingow th increased steps if
tenperature to 50 C. The pressure during primary and secondary drying is
set at 80 mllitor. (ix) Solid Solution Fornmulation 5 The conpound of

Ex le 1 i i di chl / et 1:1) at a concentration
of 8 o 50 PRI Nadmbee) RN b e o g it Boesprestavates el
usi ng condi ifitempergtare 0 HOCad i TH éﬁr&sﬁﬂé%ﬁngﬁhnﬁw aﬂ&&@?“tﬂhﬁg{@n ; Isgt " The

e

data gi ven 'n.]ﬁ,he table inclu the concentrdtion o ound" of
Exanpl e 1, §¢1@1'1Fﬂret and outlet tenperatures of the spray drier, the total
yield of spray dried solid, the 10 concentration of the conpound of Exanple
1 in the spagysdid KAuisd FdmuPgSaY) . and the particle size distribution
(P.S.D.) of the particles ma g up the spray dried solid. conc sol. tenp.
tenp. % el PSDran e m Batch wvol inlet outlet d assay (mg/g) ( g) ()
BRLA 16 % 14ty ongwugd 87 Eganpled. id disdoltéd mliatBoroBRiRndGtHdRA: a8 C 97. 00

246. 65 14,83 - o1 . R24, 20% 160 C 80 C 99, 40 239.60 15,86 - 85.01 BR3A
209 180 ¢ 108 EHYSLgt SR D et ?S@mﬂ@%. 820 “phand Beisalugion it srswy e he
conpound ofusingavplitiohs adreesPYRIIEER Bbid LY ?JREin ftﬂel)tlaﬁg befl. efﬁéocﬁlat%gitvg% h?ﬁr )C(I od

gelatin or HPMC ( hydroxypropyl nethyl cellul ose) capsules,
wi t h phar mdB &R I“P%Ju ‘E‘éSt’wnﬁafefxwfﬁh@mmp@mdmfﬁxaimpldd,m@ ageahd,

glidants i sul es .could, cantain the ¢ ound of

Exanpl e 1 ?{ﬁltlgin%ﬁlﬁ’%%ﬁﬂéfoﬁieg?g%gﬂa ern%e&ﬂ@P %‘GB‘C C??J&Pfaﬁ‘/d%negﬁa Itee 10, 20 and 80
ny. EXAQPLEoaGnDetien of thatbmpontd MTiahislgRin Aelshityd¥ied Qol}_c{‘%s?ag?jiaftlﬁngal
activity of, the icclce)rg}%gté?s%slbof the formula (1) can be determn

the paft ution (P.S.D.) of the particles making up the spray dried
solid.

Batch C(;?/i,(s)(;l' tiel:]llel: ::)(:11;1]1; % yield| assay (mg/g) | PSD (range) (um)
BRIA| 16% | 140°C | 80°C | 87.00 246.41 4.46 - 52.76
BRIB| 16% | 180°C | 80°C | 97.00 246.65 14,83 - 91.70
BR2A | 20% | 160°C | 80°C | 99.40 239.60 15,86 - 85.01
BR3A| 20% | 180°C [100°C| 79.50 246.64 15,09 -91.84

The solid solution of the compound of Example 1 and PVP can either be filled

directly into hard gelatin or HPMC (hydroxypropylmethyl cellulose) capsules, or be
15 mixed with pharmaceutically acceptable excipients such as bulking agents, glidants

or dispersants. The capsules could contain the compound of Example 1 in amounts

of between 2 mg and 200 mg, for example 10, 20 and 80 mg.

EXAMPLE 13

Determination of Antifuneal Activity

20 The antifungal activity of the compounds of the formula (I) can be determined

using the following protocol.



using the follow ng protocol. WO 2006/ 077416 PCT/ GB2006/ 000193 80 The
conpounds are tested against a panel of fungi including Candi da

par psi | oswe,2006@andisda tropi cali s, Candi da al bi cans- ATCCr8®@320@m1H0193

Crypt ococcus neoformans. The test organi sns are naintai ned on Sabour ahd
Dextrose Agar slants at 4 C.  Singlet §Qspensi ons of each organism are
prepared by growi ng the yeast overnight 5 at 27 Con a rotating drumin
yeast-nitrogen base broth (YNB) with amino acids (Difco, Detroit, Mch.),
pH 7.0 wi t hThe @mpdunds pledbstetbagainspapasl bphmgi mchiding CanidisRS)arpsilosissuspensi on

is then cengrifuged.and washed tw ce w .85% NaCl, before _sonicating the
washed ool | CEiERGEA SRdisubbnteat B 28 hiharorsu s ReG

Danbury, Coffk test okBshighatehaiftaRsl 08 RAP ST BefiRise i k1antd alf °C.
haenocytoneter and adjusted to the desired concentration in 0.85% NaCl . The

activity of Singlet suspensiansd gaehsorganistatacs prieparedd by grayviag thediepsteaeinightof a

broth j crqdi-lit i on techni que. Test.co unds. _ar i uted in Otoal0
mi 1ot o e TR O S AR R e e B e

(Fl uconazol @ift®, D&&dit,ete{icht)bFchmwritﬁlo)ostM 1A6PHbLIR lﬁoﬁﬁfeklhl Hori®heitli on of each
conmpound. Usi n% a 96-well plate, 15 wells 1 and 3 throu 12 are pr epar ed
with YNB br QdRQPS). dhesusnengipp i themeengrifugad andwaghsd heics ¥ifh 0. 83vod¥aClvade i n

wells 2 to ﬂéfox(e%Bﬁlt%f?t’(i}%lé %%%Pécﬂ%@l}?%gﬁe{nﬁioﬁ%}49§er&%5(§3&{£11.)Smﬁ\fé&' 1 serves

as a sterility con a e spectrophotonetric assays. Well
12 serves amodel@0yDinmontCaoin.). Thesinglet blihstbsporgsl aat esundgdeinianocul ated wit h
10 p1 ip each of well 2 to 11 (final. inoculumsize,.i 04 organi sns/m ).
| nocul ated nmceﬂogget%{raaﬁiaﬂwaﬁséﬁ%ﬁlefd&ﬁlréésc%maﬂap i 880 L T 50 val ues
are determ ned spectrophotoinetrically by neasuring the absorbance at 420

nm (Aut omat ke advvarly QP ! testRBAGSIndsPY BaBimih 8 hidikdT® RcdificAlibAongbRAL  Del . )
after agitation of the plates for 2 mnutes with a vortex-m xer

(Vor t e- Geni miczodi{ution tecniquat Test eompornds ere dibited indVSBdpank-@mermafio The
| o0, endpol s 81 B0 DR Y BRI AN 00
control wel the cWitidl) tdgrovide i vibrkihgasRiyn bibschi @npelhdddkigsa Dbavell ghvest dr ug
concent fAtT O0ieT and' Stough 13 re plepared with YNB bioth, ie fold dilutions ofthe
compound solution are made in wells 2 to 11 (concentration ranges are 64 to 0.125
ng/ml). Well 1 serves as a sterility control and blank for the spectrophotometric
assays. Well 12 serves as a growth control. The microtitre plates are inoculated with
10 pl in each of well 2 to 11 (final inoculum size is 10* organisms/ml). Inoculated
20  plates are incubated for 48 hours at 35 °C. The IC50 values are determined
spectrophotometrically by measuring the absorbance at 420 nm (Automatic
Microplate Reader, DuPont Instruments, Wilmington, Del.) after agitation of the
plates for 2 minutes with a vortex-mixer (Vorte-Genie 2 Mixer, Scientific
Industries, Inc., Bolemia, N.Y.). The IC50 endpoint is defined as the lowest drug
25  concentration exhibiting approximately 50% (or more) reduction of the growth
compared with the control well. With the turbidity assay this is defined as the
lowest drug concentration at which turbidity in the well is <50% of the control
(IC50). Minimal Cytolytic Concentrations (MCC) are determined by sub-culturing
all wells from the 96-well plate onto a Sabourahd Dextrose Agar (SDA) plate,

30 incubating for 1 to 2 days at 35 °C and then checking viability.



(1C50). Mnimal Cytolytic Concentrations (MCC) are determ ned by
sub-culturing all wells fromthe 96-well plate onto a Sabourahd Dextrose
Agar ( SDAyophexw74180 incubating for 1 to 2 days at 35 Cramb:BE2b@moctyecki ng
viability. WO 2006/ 077416 PCT/ GB2006/ 028193 81 EXAMPLE 14 Protocol for

t he Bi ol ogi cal Eval uation of Control in vivo Wil e Pl ant Fungal

I nfection Conpounds of the fornula (I) are dissolved in acetone, with
subsequent serial 5 dilutions in acetone to obtain a range of desired
concentratlﬁKﬁME@dﬂ treatment vol umes are obtained by adding 9 vol unes
of 0. 05% aqgyeou : e di nlupon t he
pat hogen. THE tOmr 8 ] 5 t he
conpounds ofnfédtidn |nvent| on agai nst tomato bl i ght (Phyt opht hora i nf est ans)
using the folTowi ng 10 protocol. Tomatoes (cultivar Rutgers) are grown from
seed in a sEhhpbeRR d?%l?éfoﬁﬁﬁﬁ?l) a?@Hfsbd‘lGecf%’&Eé’tBﬁe Wity éub%%}a%eﬁtes%ﬂh] ngs are
10-20 cmtall. The pl ants are then sprayed run- of h the test
conpound at dléutms &n afetanggo pbmn afange oPdesired psncteh‘eatt@st Fiphldraagmerdr e

i nocul at ed rayin an. agquegus s i a_suspensi ﬁf Phyt opht hor a
i nf est ans, ng Ei%é bﬂ‘m&e (@H}%{#X? W%Bﬁégﬁ? ° QPRSI ar €%t hen
transferredot)q)%Mohbmmmeagmaglguj@bhkh@mgg devel ops on the untreated
control plants. Simlar protocols are also used to test the activity of the

conmpounds of_ the invention in conbatting Brown Rust of Weat (Puccinia),
Powdery M | §Bwanpasiiogs arq thex gsesie twﬁ\er@icﬁv@) of thp sampewndsof ther  Monon), Leaf

(Lopt osphacr enioeBRLE tofyd bligth o iRl OHEE o olbfll .

present Bl f protdcok TW&MQCldeVM|Ru1§¢I‘B)E%tre popwrhom rseethin a03vil- lambeahbasledl not be
W readi | oHEE TRk e ABLC A BT R Laliea g them Wraeidns | may
be made to hieoPReMIth esEeRRsHuiB At £ of 1R JpRY %d o0 HeRCHE R] 1@5&9% and 25
illustrated in the exanples wthout departiing fromthe principle

under | yi ng ateénoculated by spraying with an aqueous sporangia suspension of Phytophthora

infestans, and kept in a dew chamber overnight. The plants are then transferred to

15  the greenhouse until disease develops on the untreated control plants.

Similar protocols are also used to test the activity of the compounds of the invention
in combatting Brown Rust of Wheat (Puccinia), Powdery Mildew of Wheat
(Ervsiphe vraminis), Wheat (cultivar Monon), Leaf Blotch of Wheat (Septoria
tritici), and Glume Blotch of Wheat (Leptosphaeria nodorum).

20  Equivalents
The foregoing examples are presented for the purpose of illustrating the invention

and should not be construed as imposing any limitation on the scope of the
invention. It will readily be apparent that numerous modifications and alterations
may be made to the specific embodiments of the invention described above and
25  illustrated in the examples without departing from the principles underlying the
invention. All such modifications and alterations are intended to be embraced by

this application.



invention. Al such nodifications and alterations are intended to be
enbraced by this application. 82 CLAIMS 1. A conpound of the forrmula (1):
Rea 0 3 R-NN R2b N NH (I) or salts, tautonmers, solvates and N oxides
thereof; wherein: Rl is 2,6-dichlorophenyl; R2a and R21 are both hydrogen;
and R3 is a group: O -CNNSSR v O whef%e R4 is Cl.4 alkyl. 2. A conpound
according to claim1l wherein R4 is Cl1_, alkyl. 3. A conpound according to
claim2 wherein R4 is methyl. 4. A conpound according to claim2 wherein R4
is ethyl. 5. chamwgpound according to claim2 wherein R4 is n-propyl. 6. A
conmpound according to claim2 wherein R4 is isopropyl. 7. A conpound
accordi ng to1any énempburtdétherf@oeti(hg clainms which is not in the form of a
salt or N-oxide. 8. A conpound according to any one of claims 1 to 6 in the
formof a salt, solvate or N-oxide. 9.,,A conpougd according to any one of

claims 1 to 8 for use in the prgdhyl affs R
N N
2b
0 I\ R
_N
N
H

(1

or salts, tautomers, solvates and N-oxides thereof;
wherein:

R' is 2,6-dichlorophenyl;

R* and R? are both hydrogen;

and R* is a group:

O
[l 4
N—ﬁ—R
O
where R* is Cy.4 alkyl.
2. A compound according to claim 1 wherein R*is Cy3 alkyl.
3. A compound according to claim 2 wherein R* is methyl.
4, A compound according to claim 2 wherein R* is ethyl.
5. A compound according to claim 2 wherein R* is n-propyl.
6. A compound according to claim 2 wherein R* is isopropyl.
7. A compound according to any one of the preceding claims which is not in the form
of a salt or N-oxide.
8. A compound according to any one of claims 1 to 6 in the form of a salt, solvate or
N-oxide.
9. A compound according to any one of claims 1 to 8 for use in the prophylaxis or

treatment of a disease state or condition mediated by a cyclin dependent kinase or
glycogen synthase kinase-3.



treatment of a disease state or condition nediated by a cyclin dependent

ki nase or glycogen synthase kinase-3. 83 10. A conpound according to any
one of clainms 1 to 8 for use in the prophylaxis or treatnent of a disease
state as described herein. 11. The use of a conpound according to any one of
claims 1 to 8 for the manufacture of a $edicament, wherein the medi canent
is for any one or nore of the uses defined herein. 12. A pharmaceuti cal
conposition conprising a conmpound according to any one of <clains 1 to 8 and

a pharmaceutijgal | y c%%&mdaal%&dnﬁ@{ordn%ne F3ainks p@%rfaﬁg@wthgaﬂogmrmi tion
conprising a conpound accor 'gs%ﬁttag?gqn% one of clains a
r

phar maceut i cal | y JERBSPLRIPLISE SEIoEB PR8I t abl e for oral

adm ni stration. 14. A conpound according to any one of claims 1 to 8 for use
i n medi ci ne. 115. Ahe osgd@rvdmacundradéangjng to aangneori elainfs ictb Biforshelmamuf@tdieor any of
the uses and met NGs eSelnd PLHARA FeaBifboS leArbiRGhHL SaNNGEE herei n.

16. A process for the preparation of a conpound ined in any one of
claims 1 to 8, mﬁ?@ﬁdﬁP@@ess conprises the reaction of a conpound of the
formula (XVI1): O RLNHVNOH NNHH(XVII) a sulphonylating agent (for

exanpl e a suliphonw phafhReitdel coMmeEsitRs conpisiharaesmbplrarstordihd Brandede &ui t abl e
for |ntrodUC|ng th npound according to any

r 2

one of clains Fgﬂ?PP EwgaﬁﬁﬂﬂFﬁ@?ﬁQ%aaﬁ?mﬁeﬁ@dFCanent for the treatnent
or prophyl axis of a disease state or condition in a patient who has been
screened and 1Ras Kedarmksedicalcamdositon somprsingrgrofnipound ageordingioragy ave ofi sk of
suffering from adlimeass Hk acpfagmarcmean\foﬁa&&eta\a@%menﬁ 2S4S Forki0
treatment with a conpound having activity against cyclin dependent kinase.
18. A conpound ac@PisHE Mo any one of clains 1 to 8 for use in inhibiting
t unour

14. A compound according to any one of claims 1 to 8 for use in medicine.

15. A compound according to any one of claims 1 to 8 for any of the uses and methods
set forth above, and as described elsewhere herein.

16. A process for the preparation of a compound as defined in any one of claims 1 to 8,
which process comprises the reaction of a compound of the formula (XVI11):

)OJ\

|

R NH 0
WN "

(XVil)

a sulphonylating agent (for example a sulphonyl chloride such as
methanesulphonyl! chloride) suitable for introducing the group SO,R*

17. The use of a compound according to any one of claims 1 to 8 for the manufacture
of a medicament for the treatment or prophylaxis of a disease state or condition in
a patient who has been screened and has been determined as suffering from, or
being at risk of suffering from, a disease or condition which would be susceptible to
treatment with a compound having activity against cyclin dependent kinase.

18. A compound according to any one of claims 1 to 8 for use in inhibiting tumour

growth in @ mammal.



growh in a manmal . 84 19. A conpound according to any one of clains 1 to 8
for use in inhibiting the growh of tunour cells (e.g. in a mamml).

84

19. A compound according to any one of claims 1 to 8 for use in inhibiting the growth of

tumour cells (e.g. in a mammal).
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