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PHARMACEUTI CAL COVPOUNDS Priority of Invention This
application clains priority to United States

woe@vitzdional Application Nunber 60/ 794, 966 t haPCTEBR007/001058
filed on 26 April 2006. The entire content of this
provi sional application is hereby incorporated herein
by reference. Field of the Invention The present
invention relates to pyrimdine derivatives and their
use as i nhi bi , [ [ ' 3- ki nase
(PBK) . Backgr oewsrtd Rtk 'Beﬁhﬁﬁg
Phosphati dyli nositol (hereinafter abbreviated as "Pl")
is one of a nunber of phospholipids found in cel

Priorityiof bevention recent years it has becone clear that P
pl ays.an i.nportant rale in.ingr [1ylar.signal.. .
{r an it ERRn s 2o G 198t Yilei¥siel Abplisatiop
Nutvéter 504704,966 thae wah fikidZan TR APHCI00sh amRhatie @neht biis
3-position of the inositol ring of
proyioeih applinptipn isdierdly inevrpewatedhgreinby referenes, Nat ur e,
332, 664). PI3BK was originally considered to be a
single enzyme, but it has now been clarified that a
Fi¢ld of éhd Iuwenfios ubt ypes are present in Pl3K Each
subtype has .its own nmechanismfor_ regulating activity.
Thr d&© REGSER! 1RYSLien selafes 1) @R@W@%@W@@ﬁﬁm W %n
o j b a2 M trate specificity (B.
intifiR: 088t rsgféaéﬁ@?*i%%’“% 93%@3% B o sol . 22, 267).
Substrates for class | PI3Ks are PI, Pl 4-phosphate
| 4P nd, Pl 4, ?-bi phosphate (Pl (4,5)P2). Cass |
Ba 0 YU i ded into two groups, class
Phosphatidylinositol (hereinafter abbreviated as "PI") is one of a number of

phospholipids found in cell membranes. In recent years it has become clear that PI
plays an important role in intracellular signal transduction. In the late 1980s, a P13
kinase (PI3K) was found to be an enzyme which phosphorylates the 3-position of the
inositol ring of phosphatidylinositol (D. Whitman er al, 1988, Nature, 332, 664).
PI3K was originally considered to be a single enzyme, but it has now been
clarified that a plurality of subtypes are present in PI3K. Each subtype has its own
mechanism for regulating activity. Three major classes of PI3Ks have been identified
on the basis of their in vitro substrate specificity (B. Vanhaesebroeck,1997, Trend in
Biol. Sci, 22, 267). Substrates for class I PI3Ks are PI, PI 4-phosphate (PI4P) and PI
4,5-biphosphate (PI (4,5)P2). Class I PI3Ks are further divided into two groups, class
Ia and class Ib, in terms of their activation mechanism. Class Ia PI3Ks include PI3K
p110a, p110P and p1105 subtypes, which transmit signals from tyrosine kinase-
coupled receptors. Class Ib PI3K includes a p110y subtype activated by a G protein-
coupled receptor. PI and PI(4)P are known as substrates for class II PI3Ks. Class II
PI3Ks include PI3K C2a, C2f3 and C2y subtypes, which are characterized by
containing C2 domains at the C terminus. The substrate for class III PI3Ks is PI only.
In the PI3K subtypes, the class Ia subtype has been most extensively

investigated to date. The three subtypes of class Ia are heterodimers of a catalytic 110
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la and class Ib, in terns of their activation

mechanism Cass la PI3Ks include PI3K pi 10a, p i |
w@Rand29s1 | Od subtypes, which transmt signal BCE/IB297/001058

tyrosi ne ki nasecoupl ed receptors. Cass Ib PI3K

includes a pi | Og subtype activated by a G

prot ei ncoupl ed receptor. Pl and PI(4)P are known as

substrates for class Il PBKs. Class Il PBKs include

oG A S B o iR i
co@%ﬁﬁ{?&cﬁna&iﬁ% axg(* 'giglg tc% fgfl‘os %%%igﬁ%ﬁishog@&yla{eﬁ y' oWl tactor

bt ypes, su en” nost
receptbengitly e kyrosine kshsgatieidy boonkaigene filodutthrtbarebybt ypes

. of, cl h i of talytic 110kDa .

indeing s Palhe e i) 10 Bt e o Bty Pchehgsohes g s

lipiN@bstaad! T8 the SR shBtypA Y8 Onsii&edHIBY d380daed Rithdell
to tyrosine residues phosphorylated by grow h factor

profigerafperoans! eeireinogenesis.osi ne ki nase activity or oncogene

pro h by .i nduci.n he .PBK.activity, of the pi.
D090 08 108558 SRbrb R AR BRof Mghiss Belsy o aevpiyls gich

havelREVitRbeinhibitess o P18 IChmBwhich sapprtsRRaAcetIcell hder ed
to be associated with cell proliferation an

carci nogenesis. WD 01/083456 descri bes a series of

Su&%ﬂﬁr};fgﬂ i‘rﬁ;e‘ﬁrt@ﬂr yl derivatives which have activity
Pl 3 K and whi ch suppress cancer cell
gr oltthas nGwrbeen Younkl thite particairithiendpyrineidineds\a pernt frdiilbvicor
that a partjcular thienopyrimdine |s a potent
of PIaR with Brusskkepipieicqr qmla%1@§d|ph%@a§ﬁ%@ﬁ%ﬁmﬁ#@é|%d

co BRI 05 L AR IR AT KRl P o
Pl fubtygear- for the Pl 10a subtype.

Accordingly, the present invention provides a compound which is a

thienopyrimidine of formula (I):

)
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N NH
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or a pharmaceutically acceptable salt thereof.



Accordingly, the present invention provides a conpound

which is a thienopyrimdine of fornmula (1): or a
w@barieaaeut i cal |y acceptabl e salt thereof. Det ab¢ETB2007/001058

description of the Invention The thienopyrimdine of

formula (1) is 2-(I H1ndazol -4-yl)-6-(4-

nmet hanesul f onyl - pi perazi n- 1-yl net hyl ) - 4- nor phol i n- 4-vyl

-thieno[ 3, 2-d] pyrinm dine A suitable synthetic strategy

Hehiled Q8EipEdn2S o ound of the invention enploys
wm—lﬁo%&ﬁ%de of formula (11): Starting
f i thiepo Blaie dfiternsyl b 115 '

%_I(é;nor rEifn g lle}ﬁ ei t heer or de??ﬂ??%g}ﬁg%h?ﬁ&%{%d
‘ﬁ %‘}j’ﬁ?-?’8’5‘8}?6&4@&5&=Yé1§9r,1w1)f¢gmpqﬂmﬁhelny1aména[3@@6}@&@4%6

am naA kgiblels : nd of the invention nmay be .
pr epar edﬂitl;%/e %ﬂglreggg@%ggﬁfog I?r%ci’)’ﬁ‘ﬁﬁgi the.compepnd;ofdhg inwention
5 cephpsihpstusorabexaldehyde of fbfindlap@y:oni ¢ aci d or ester
thereof of formula (1V): (IV)in which each R15 is H or
Cl-C6 al kyl or theOwo groups OR15 form together with
the boron atomtg which they are attached, a
pi nadBl at o boronate ester group, in the presence of a
Pd catal yst; and tneating the resulting conpound of

forrrula(glll): an amne of formula (V) in the
presence Le reducing agent; or (b) treating
a compou (I'1)with an am ne of formula (V)
in the a'lsui t abl e reduci ng agent; and

treating the resuling-clompound of

Starting from this precursor the synthesis comprises performing,
order, a palladium-mediated (Suzuki

in either
-type) cross-coupling reaction and a reductive

amination. Thus, a compound of the invention may be prepared by a process which
10  comprises:

€)) treatirig a compound of formula (II):

. o
e O
\ N

with a boronic acid or ester thereof of formula (IV):

i

B(OR™), ™)
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/
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formula (VMI): with a boronic acid or ester thereof of
formula in which each R15 is Hor Cl-C6 al kyl or the
wo dm7geaeps ORL5 form together with the bor onPEL/mBROC001058
whi ch they are attached, a pinacol ato boronate ester
group, in the presence of a Pd catal yst. Accordingly,
the present invention further provides a process for
produci ng a conpound of the invention as defined
. I8 . prOC c riges treatin compound of
’?% %*’P.‘? Bk ?ﬁ%ﬁﬂ%ﬁ@ea’m@ml&‘?mﬂn, togetter with the
hores stnaetooihich Sidl 1 e .pr 0cess
t hus defined nayy%ﬁf%ﬁgﬁﬁgg%%??ggﬂﬁg% d%?ﬁ%gﬁﬁguglnﬂm
REgiTBeutic? o catelytred (reating thyresvitiap cogpoursrmoisla ohm:
formula (I1): with a boronic acid or ester thereof of
formula (IV):in which each R15 is H or Cl1-C6 al kyl or
the two groups ORL5 form to@gether with the boron atom
to which they are attachedy a pjnacol ato boronate
ester group, ifhe presengé of{a Pd catal yst. Yet
further, the present inventhgr provides a process for
produci ng a conpoynd of the ijnvention as defined
above, which proce&ss cospri reati ng a conpound of
formula (M): wth §Jd or ester thereof of
formula (I1V):in ch ®ac K15 -C6 al kyl or

the two groups oR15 form t Ojét he vxlh Hne boron at om
lacol™xto bor onat e
a Pd.cat al yst .

to which they are attached, a pi
5 ester group, in the presence of

with an amine of formula (V )

10
H
N
[ j V)
N
s
& | o
in the presence of a suitable reducing agent; or
(b)  treating a compound of formula 1))
15
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N
=
eSS
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The process thus defined may further conprise
produci ng the conpound of fornmula (VI) by treating a
weooopozael of fornula (11) with an am ne of forpai/B20d)001058
in the presence of a suitable reducing agent. A
pharmaceutically acceptable salt of a thienopyrimdine
of formula (1) may be prepared using conventiona
techni ques. Typically the process conprises treating
' | Mdipe of formula (1) as defined above

.ﬁ#?%ﬁgﬁgﬁggé%#ghg h in a suitable solvent. In the
process of the invention as defined above, both the
am nation step and the Pd- ated cross-coupling step
t ake pl ace under conventiopal cpndifhons. The

pal | adi um catal yst may be any that is typically used
for Suzuki-type cross-coupl "ngs, such as Pdd 2( PPh3) 2.
The reducing agent is typicallly a borohydride, for

i nstance NaBH( OAc) 3, NaB PNaCNBH4, i n particul ar
NaBH( QAc) 3. The pi nacol at boLon e ester may be, for

i nstance, prepared by a process as described in either
of Reference Exanples 5 and 6 which follow A compound
irofhe I3 defi ned above may be prepared by a
pr o%gggﬁg\?ﬁ)if% ﬁh)é%ﬁﬁ% F?dglgglgtarg@%t ?lﬁjgtr%“élé isoligelting coropomrideot

5 formula)(VIwith a lithiating agent fol l owed by

N, N -di net hyl formam de (DMF). The reaction is

typi cally conducted by adding a sol @tion of the
l'ithiating agent in a non-polar ofganre solvent, for

I nstance a hydrocarboﬁwéolvent sugch é;rhexane, to a
suspensi on of the compound of formuNa (I X) in an
organi ¢ solvent such as tetrahydrofyran (THF). If

O:S/

7N\
0

with a boronic acid or ester thereof of formula

(V)

B(OR™),

\N
/

N

. . 15 .
in which each R* is H or C;-C alkyl or the two groups ORY form, together with the

boron atom to which they are attached, a pinacolato boronate ester group, in the
presence of a Pd catalyst.
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THF is used the addition takes place at a | ow
tenperature, of about -78C. The lithiating agent is

wo yprazdiby an al kyllithium for instance PCT/IB2007/001058
n-butyllithium A conmpound of formula (VIlI) as defined
above may be produced by a process which conprises
treating a conmpound of formula (VII1): (MI1) wth
nor pholine in an organic solvent. The solvent is
typi cally.an al.cohol, such as nethanol. The reaction

offifgly

is geney c O PrRseRigingentios duathes pevidesier procdsh dor producing a

@aHRaHM df 9k i )at repared by, the .
process des éé%ggh iasrﬁéRﬂé*eg ragﬁgéé/ “%E%ﬁ%tpgesi ,"OIG‘P}/IBV treating a
coposad offormulay(@h): a process. A thi enopyrim di ne of
formula (1) may be converted into a pharmaceutically
acceptable salt, and a salt nay be converted into the
free conmpound, by conventiona nethods. Exanpl es of
pharmaceutically acceptabl @ salNs include salts with

i nor gani caci ds (8uch as hydrochl pric acid, hydrobronic
acid, hydroiodic acid, sulphpyr-c acid, nitric acid and
phosphori c acid; and organic |acids such as

nmet hanesul foni c ag d, benze ul phonic acid, formc
acid, acetic acid,\triyluofdacetic acid, propionic
acid, oxalic acid, mal ¥i [ sucgimic acid,

N
fumaric acid, malleic actd, THcTiT , Mqalic aci d,
oni ¢ aci d,
4ai§'“ﬂlylthe salt is

tartaric acid, citric acid, etha
aspartic acid and glutam c acid.
a nesylate, a hydrochl oride, a phosphate, a
benzenesul phonate or a sul phate. Mst typically the
salt is a nesylate or a hydrochloride. The salts, for
instance salts with any of the inorganic or organic

uﬁﬁhﬁ@mﬁﬁ@ﬂﬁﬁﬁga§byve, may be nono-salts or bis-salts
Thus, for exanple, the nesylate

H ;
N

Q-
N

|
‘ o/ls\o

) |

in the presence of a suitable reducing agent.

The process thus defined may further comprise producing the compound of
formula (II) by treating a compound of formula (II):

CC

with a boronic acid or ester thereof of formula avy:

6



salt may be the nono-nesylate or the bis-nesylate. The
conpounds of fornula (1) and their salts may exi st as
whyararast or sol vates. A conpound of the presepPCT/IB2007/001058
i nvention has been found in biological tests to be an
i nhi bitor of PB kinase. The conpound is selective for
class la PI3 kinases over class Ib and typically
exhibits at |least a 20-fold selectivity for class la
over class Ib PB kinases. In particular, the conpound
Is selective for the pi 10a isoform A conpound of
the present invention %Sqﬁhus be uUb8d as an inhibitor
of PB kinase, in partic Br%f a class Ia PB ki nase.
Accordi ngly, a conpoundiof the present invention can
be used to treat a di g O\, di sorder arising from
abnormal cell grow h, igﬁl or behaviour. Such
abnormal cell grow h, idn or behaviour is
typically associated with PB ki nase. Exanples of such
di seases and di sorders are discussed by Drees et al in
.Expert Cﬁi Ns . Ther. Patents (2004) 14(5):703 - 732.
5 fase Rudis B an€efCs alliyhanthe dive graips OR 'S forgh, eatervith the
' v s ipnfection,, infla tion, .

s URLHEASo (AN e bRy h BinaCSIRR tobeow estarasspus in the
paissuvedefiasPd Ex4lpgtl es of netabol i snm endocrine di sorders
i ncl yde di abetes and obesity. Exanples of cancers

whi ch' & fartsedhe resens ipvsntior praidase pusesis foo prodeaing a

ch WiEs i in nour renal cancer, .

glgglt) ric ﬂctgﬁ g@?mé%asg%gfg s¢ 21% Ve Wﬁj(’?lﬂrﬂ‘fe%?%ﬂéﬁe,s treating a

compewtd, ofifoenuls (VIxing, col on, prostate, ovary and

pancreas. A human or aninmal patient suffering from an

I mmune di sorder, cancer, cardi ovascul ar di sease, viral

s
@ Ny J\cu

N

10

O=— S/

N\
0

with a boronic acid or ester thereof of formula avy:

AV
B(OR), W

\N
/

N

15
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i nfection, inflammation, a netabolism endocrine
di sorder or a neurol ogical disorders nmay thus be

wo e@atizdeby a net hod conprising the adni ni strap¢DIB2007/001058
‘thereto of aconpound of the present invention as
defi ned above. The condition of the patient may
t hereby be inproved or aneliorated. D seases and
conditions treatable according to the nethods of this

g ' j 15 d t .are not limted t@, cancer, .
g e S B W R
bhirer aoen toAVHibIE tHER larSatticE &R SindeYtd 801‘61.‘1511.5 QstkSerovp it the

di sease, autoi mune di seases, atheroscl erosis; ’

RIESenER pka Bd cafalysi- asi s, al lergic di sorders,

inflaﬁmpg' ) j i sorders, a., .

hor none- rrg At gglﬁ gl{egé%‘gfé@%%‘ﬁ“ {57 FPBRYSERIOdpsing thy cappqund of
formyala (Vi)dnystpdating atdoapoundotifoesafal @jency disorders,
destructive bone disorders, proliferative disorders,

i nfectious diseases, conditions associated wth cel
deat h, thronbin-induced pl at et aggregati on, chronic
nmyel ogenous | eukem a (CWM),[|Iiver disease, pathol ogic

i mune conditidls involvindg T cell activation, and CNS
di sorders in a patient. In 0O enbodi nent, a hunman
patient is treated with a conpound of Fornmula | and a
pharmaceutically a i er, adjuvant, or
vehi cl e, wherein sa If Formula | is present
in an anount to d Khhihit Pl 3 ki nase
activity. Cancers which can BE tr&ated according to
the methods of this invention include, but are not
limted to, breast, ovary, cervix, prostate, testis,
vgthnart mine bAformiulzaGl), esophagus, larynx, gliobl astona,
neur obl ast oma, stonach, skin, keratoacanthoma, |ung,
epi dernmoi d carci nona, |arge hell car ci nona, non-snal

cel | [: :] V)
N

I
Ao

in the presence of a suitable reducing agent.

A pharmaceutically acceptable salt of a thienopyrimidine of formula (I) may
be prepared using conventional techniques. Typically the process comprises treating
the thienopyrimidine of formula (I) as defined above with a suitable acid in a suitable
solvent.

In the process of the invention as defined above, both the amination step and
the Pd-mediated cross-coupling step take place under conventional conditions. The
palladium catalyst may be any that is typically used for Suzuki-type cross-couplings,
such as PdCl(PPhs),. The reducing agent is typically a borohydride, for instance
NaBH(OAc);, NaBH; or NaCNBH,, in particular NaBH(OAc);,
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| ung carcinoma (NSCLC), small cell carcinoma, |ung
adenocar ci noma, bone, col on, adenonm, pancreas,

wa@eo@nozasci nome, thyroid, follicular carci nomaPCT/IB2007/001058

undi fferentiated carci noma, papillary carcinoma

sem noma, nelanoma, sarcomm, bl adder carcinoma, |iver
carci noma and biliary passages, kidney carcinong,
nmyel oi d di sorders, |ynphoid disorders, hairy cells,

bucc cavi t harynx_(oral),.lip, tongue, nouth,
phar 3#11}(6 2 }S{#ao?raftg:ggliogl g %i%{éf “1(‘?8 IbSHEOF é‘}f‘f%ﬁ?’ 28 by a process as
destritsediin eithered Refaredve dExaniét S FhicheNQYS system

Hodgki n's and, | eukem a. Cardi ovascul ar di seases which
can b cPmpauholfemailai(Hyas defingd ahetdoasboprepiried by a process

| i j | re l,i m.ed to, restenosis,
dé%?%?%%@gséﬁs%ggﬁ%?%?@ﬂooﬁﬁn%@gidi al infarction,

and congestive heart failure.oNeurodegenerative

di sease whi ch cdl) be treat acgording to the nethods

of this invention include, [but are not limted to,

Al zhei ner' s di sease, Parkin ~“Sdi sease, anyotrophic

| ateral sclerosis, Huntington s disease, and cerebral

i schem a, and neur odegergr at i’ve di sease caused by

traumatic injury, glutgmat EﬁijXiCity and hypoxi a.

I nfl ammat ory di seases can|be treated according
to the nmethods of this invenN©On>oncl ude, but are not
I, m rheumatoid arthritis, psoriasis, contact

| . d o i)
Vﬂéﬁ'n;h];&ﬁqtng,agﬁﬁé‘om el NIy pdimeshd foringinide (DAAEY. Thaseaction is
1t ' Js 1 cal. t . d .
A PR ePRP R8T BRIROE A iinBi SRR iSO polar organic

splventnfoo disitaree iaiyfrcopbon isely et iuch ashk@se,ith aRBEHehidh 3F thé
mellwgﬂﬁg;ed f? drug use. This is_shown for instance

compo offpyla ]:;f) 1pﬁ.g orﬁa@p(bﬁqlte@[t such as tetrahydrofuran (THF). If

THF is used the addition takes place at a low temperature, of about -78°C. The

lithiating agent is typically an alkyllithium, for instance n-butyllithium.
A compound of formula (VII) as defined above may be produced by a

process which comprises treating a compound of formula (VII):

(VI

L

with morpholine in an organic solvent. The solvent is typically an alcohol, such as

Cl

methanol. The reaction is generally conducted at room temperature.

The compound of formula (VIII) may be prepared by the process described in
Reference Example 1, or by analogy with such a process.

A thienopyrimidine of formula (I) may be converted into a pharmaceutically

acceptable salt, and a salt may be converted into the free compound, by conventional

methods. Examples of pharmaceutically acceptable salts include salts with inorganic

9
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assays described in Exanple 3 which follows. In

particul ar the conmpound possesses high aqueous
waoloahdisty at physi ol ogi cal pH; the sol ubili tBCT/BB2007/001058

greater than 100 mM Hi gh solubility at physiol ogical

pH is desirable since it pronmotes bioavailability. The

conpound al so possesses high netabolic stability, as

shown in particular by the hepatocyte cl earance assay

which t oppound_was . shown
R o BURE LS oAt et OB Ry ot et
irzacahael phospleirital; whd brganicQwids 3heh &f mbth¥&isulfonic aCIda

t abol.i . It .c therefore be seen that the conmpoun
b%%&ﬁ%‘ﬂﬁﬁ%%ml ﬁ??VEWthtﬂa agrtis it tl‘ilﬂnnrmﬁetic acid, proplomc acid,

dRXANS h&Q Crﬁﬂ%ﬁaajmda Qﬁichm Cﬁh{aﬁg @ ﬁﬁf??cgzigc%%ﬁa@fc qg}cg malic

retalnlng bi ocheri ca cy as a

aRidp taataric Amdocupmnuﬂd @fthalnhﬂﬂibhﬁ:%tﬁ, abpay@OAdi@ Bnd gﬂta{?ﬁc acid.
var for exanpl

@S’a‘iapﬂ% dl%nlg Myl ﬁésar oﬁpggéglrgwgﬁagpmnwesulphonate
o8 d@alphate! Mdsk QAL eR: §aﬂ‘ltlF Sﬁﬁefsgfa‘te%ij aqlnﬁfd%clfﬁér? > o

suspensi ons or parentera
i nt Péﬁhﬁ%l@ﬁ £¢11 lystamcmsalatwuthuay pf the iserganit aneiagloacidshe

b nj ection or
%& o maar r§ g‘g‘g{og%g‘é ﬂgélsgglt%y@lé}s{ tor gx@npleathe spesylate

salnmlay Bk fige mbeo-AESylaeirdhd bighsksgRRdi tion of the patient
and SJIhelﬂ?aoute of }édm nistrati o% Dai | y dosages can

var y Wif compovpdsef fomuls (Duantl thielrlsalteemaryj pzlmst asthytdeatéshe
i dual requirenents in each particul ar case.
Sd')llyg/}%lbééally, however, the dosage adopted for each route

of adniamistund of die pHeAt RvER TS @eér?fo%ﬁﬂh[‘bﬂo%c%‘ij tests to be
eto t humans is 0.0001 to
f? ﬂ3 ]Iflﬁéser éoémogncbwﬁekétl\l@fongyakgla Riddynases over

cl‘é@s! M%d tﬁﬁ{:ally exhibits at least a 20-fold selectivity for class Ia over class Ib
PI3 kinases. In particular, the compound is selective for the pl10a isoform.

A compound of the present invention may thus be used as an inhibitor of PI3
kinase, in particular of a class Ia PI3 kinase. Accordingly, a compound of the present
invention can be used to treat a disease or disorder arising from abnormal cell
growth, function or behaviour. Such abnormal cell growth, function or behaviour is
typically associated with PI3 kinase. Examples of such diseases and disorders are
discussed by Drees et al in Expert Opin. Ther. Patents (2004) 14(5):703 — 732. These
include cancer, immune disorders, cardiovascular disease, viral infection,
inflammation, metabolism/endocrine disorders and neurological disorders. Examples
of metabolism/endocrine disorders include diabetes and obesity.

Examples of cancers which the present compounds can be used to treat
include leukaemia, brain tumours, renal cancer, gastric cancer and cancer of the skin,
bladder, breast, uterus, lung, colon, prostate, ovary and pancreas. A human or animal
patient suffering from an immune disorder, cancer, cardiovascular disease, viral
infection, inflammation, a metabolism/endocrine disorder or a neurological disorders

may thus be treated by a method comprising the administration thereto of a

10
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[ 0.01 to 1 ng/kg. Such a dosage may be given,
Ifgft Zggﬁm e, from 1n?o % times daily. For intravenous

WO pjogardion a suitable daily dose is from 0. OOORCT/1B20207/001058
ng/ kgbody wei ght, preferably from0.0001 to 0.1 ng/kg
body weight. A daily dosage can be administered as la
singl e dosage or according to a divided dose schedul e.
Typically a dose to treat human patients may range

(f(ﬁiﬁi@uﬁ@@?‘fhek@es@ﬂt lhgfrﬁg)os%é afl qudoag%g{()f i C%ggp%%g Oe];g?g]ggt

I nventi on
Iaﬂnoﬂwgebmfoeumprmdpoamdhormedose m(mé | B)e adm Pnlo fé ered

Fr equIntR¥s ilasbiisicns Sewbbhacomdnate i methibds afttis invention
indladeyBaody AsNisited fbo %ﬁdef“‘ ‘%troi&@ %Ile{f)%{ets,i e f(s9 %ﬁféro cardiovascular

trlbutlon met ab O ISm an excre
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co npggr;cte{rsoxlflch can be treated according to the methods of this invention
include, but are not limited to, breast, ovary, cervix, prostate, testis, genitourinary
tract, esophagus, larynx, glioblastoma, neuroblastoma, stomach, skin,
keratoacanthoma, lung, epidermoid carcinoma, large cell carcinoma, non-small cell
lung carcinoma (NSCLC), small cell carcinoma, lung adenocarcinoma, bone, colon,
adenoma, pancreas, adenocarcinoma, thyroid, follicular carcinoma, undifferentiated
carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma,
liver carcinoma and biliary passages, kidney carcinoma, myeloid disorders, lymphoid
disorders, hairy cells, buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx,
small intestine, colon-rectum, large intestine, rectum, brain and central nervous
system, Hodgkin's and leukemia.

Cardiovascular diseases which can be treated according to the methods of this
invention include, but are not limited to, restenosis, cardiomegaly, atherosclerosis,
myocardial infarction, and congestive heart failure.

Neurodegenerative disease which can be treated according to the methods of

this invention include, but are not limited to, Alzheimer's disease, Parkinson's
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with a low rate of liver metabolism. It can therefore be seen that the compound of

the present invention possess improved physicochemical and pharmacokinetic
properties whilst retaining biochemical potency as an inhibitor of PI3 kinase.

A compound of the present invention can be administered in a variety of
dosage forms, for example orally such as in the form of tablets, capsules, sugar- or
film-coated tablets, liquid solutions or suspensions or parenterally, for example
intramuscularly, infravenously or subcutaneously. The compound may therefore be
given by injection or infusion,

The dosage depends on a variety of factors including the age, weight and
condition of the patient and the route of administration. Daily dosages can vary
within wide limits and will be adjusted to the individual requirements in each
particular case. Typically, however, the dosage adopted for each route of
administration when a compound is administered alone to adult humans is 0.0001 to
50 mg/kg, most commonly in the range of 0.001 to 10 mg/kg, body weight, for
instance 0.01 to 1 mg/kg. Such a dosage may be given, for example, from 1 to 5

times daily. For intravenous injection a suitable daily dose is from 0.0001 to 1 mg/kg
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hari n.
diftrnt 446 %&%pggltlgl?sca%e typically prepared following conventional methods

and are administered in a pharmaceutically or veterinarily suitable form. The
compound may be administered in any conventional form, for instance as follows:

A) Orally, for example, as tablets, coated tablets, dragees, troches,
lozenges, aqueous or oily suspensions, liquid solutions, dispersible powders or
granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions
intended for oral use may be prepared according to any method known in the art for
the manufacture of pharmaceutical compositions and such compositions may contain
one or more agents selected from the group consisting of sweetening agents,
flavouring agents, colouring agents and preserving agents in order to provide
pharmaceutically elegant and palatable preparations.

Tablets contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable for the manufacture of
tablets. These excipients may be for example, inert diluents, such as calcium
carbonate, sodium carbonate, lactose, dextrose, saccharose, cellulose, corn starch,
potato starch, calcium phosphate or sodium phosphate; granulating and disintegrating
agents, for example, maize starch, alginic acid, alginates or sodium starch glycolate;

binding agents, for example starch, gelatin or acacia; lubricating agents, for example
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suglgern intg%%ents, for example, sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl—cellulose, sodium alginate, polyvinylpyrrolidone gum
tragacanth and gum acacia; dispersing or wetting agents may be naturally-occurring
phosphatides, for example lecithin, or condensation products of an alkylene oxide
with fatty acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with
partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with pértial esters derived
from fatty acids and hexitol anhydrides for example polyoxyethylene sorbitan
monooleate.

The said aqueous suspensions may also contain one or more preservatives,
for example, ethyl or n-propyl p-hydroxybenzoate, one or more colouring agents,
such as sucrose or saccharin.

Oily suspension may be formulated by suspending the active ingredient in a

vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a
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the form of aerosols”or so ons For
oRaxaehis oils, ara mineral oil oo Exanyp hqmtiqxarﬁﬁn PF efRfes dFYhese.
S'IﬂtéljJIQ gmtups‘iefygl{gua%ents may be naturally-occurring gums, for example gum
acacia or gum tragacanth, naturally occuring phosphatides, for example soy bean
lecithin, and esters or partial esters derived from fatty acids an hexitol anhydrides, for
example sorbitan mono-oleate, and condensation products of the said partial esters
with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The
emulsion may also contain sweetening and flavouring agents. Syrups and elixirs may
be formulated with sweetening agents, for example glycerol, sorbitol or sucrose. In
particular a syrup for diabetic patients can contain as carriers only products, for
example sorbitol, which do not metabolise to glucose or which only metabolise a
very small amount to glucose.

Such formulations may also contain a demulcent, a preservative and
flavouring and coloring agents;

B) Parenterally, either subcutaneously, or intravenously, or
intramuscularly, or intrasternally, or by infusion techniques, in the form of sterile
injectable aqueous or oleaginous suspensions. This suspension may be formulated
according to the known art using those suitable dispersing of wetting agents and

suspending agents which have been mentioned above. The sterile injectable
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F) Vaginally, in the form of pessaries, tampons, creams, gels, pastes,
foams or spray formulations containing in addition to the active ingredient such
carriers as are known in the art to be appropriate.

Sustained-release preparations of a compound of the invention may be
prepared. Suitable examples of sustained-release preparations include
semipermeable matrices of solid hydrophobic polymers containing a compound of
Formula I, which matrices are in the form of shaped articles, e.g., films, or
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels
(for example, poly(2—hydroxyethyl-methacrylate), or poly(vinyl alcohol)),
polylactides (U.S. Patent No. 3,773,919), copolymers of L-glutamic acid and
gamma-ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic
acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide
acetate) and poly-D-(-)-3-hydroxybutyric acid.

A compound of the invention may be employed alone or in combination with
other therapeutic agents for the treatment of a disease or disorder described herein,

such as a hyperproliferative disorder (e.g., cancer). In certain embodiments, a
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is a time period while both (or all) active agents simultaneously exert their biological

activities.
Suitable dosages for any of the above coadministered agents are those
presently used and may be lowered due to the combined action (synergy) of the
20  newly identified agent and other chemotherapeutic agents or treatments.

The invention will be further described in the Examples which follow:

Reference Example 1: 2.4-Dichloro-thieno[3,2-d|pyrimidine (VIID)
o Cl
COZCH3 S NH s Y
N o N g
H
(1X) (vin;

25
A mixture of methyl 3-amino-2-thiophenecarboxylate (13.48 g, 85.85mmol)

and urea (29.75g, 5eq.) was heated at 190°C for 2 h. The hot reaction mixture was
17
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Exanpl e 1: 2, 4-Dichloro-thieno[ 3, 2-dlpyrindme (VIII)

A m xture of nethyl 3-am no-2-thiophenecarboxyl ate

(13.48 g, 85.85mml) and urea (29.75g, 5eq.) was

heated at 1900C for 2 h. The hot reaction m xture
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Reference Example 2: 2-Chlor0-4-m0rpholin—4-vl-thieno[3.2-d]pvrimidine
(W41}
O
N
S
(2.2 eq) SN
vy ——— \ | //k
MeOH N cl
(VI

A mixture of 2,4-dichloro-thieno[3,2-d]pyrimidine (VIID), (8.68g,
42.34mmol), morpholine (8.11mL, 2.2eq.) and MeOH (150mL) was stirred at room
temperature for 1 h. The reaction mixture was then filtered, washed with water and
MeOH, to yield the title compound as a white solid (11.04 g, 100%).

"H NMR (400 MHz, ds-DMSO) 3.74 (4H, t, J=4.9Hz), 3.90 (4H, t, J=4.9Hz), 7.40

- (1H, d, J=5.6Hz), 8.30 (1H, d, J=5.6Hz).
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42. 34mol ), norpholine (8.1 InL, 2.2eq.) and MeCH
(1501.) was stirred at roomtenperature for 1 h. The

WO eamcti2an m xture was then filtered, washed w PCT/ERDEY001058

and MeCH, to yield the title conpound as a white solid
( 11.04 g, 100% . 1H NVR (400 MHz, 6-DVSO) 3.74 (4H,
t, J =4.9Hz), 3.90 (4H, t, J =4.9Hz), 7.40 (IH d, J
=5.6Hz), 8.30 (IH 5d, J =5.6Hz).Reference Exanple 3:

-fChI or -4-m)rpholin-4 | -thieno[3, 2-

e6: car balel "‘A"'v"'us" ene3@nsi on
of 2-chl oro-4- nor phoki t Ai 2d]p I m di ne
(VI1) (1.75g, 6. 85m“r%' iihidtigid oL b 75¢ was

added a 2.5M sol ution of nBuLi in hexane (3.3niL,
1.2eq.). After stirring for 1 h, dry DVF (796nL,
1.5eq.) was added. The rea Pan mixture was stirred
for 1 h at -780C and then|warmgd slowy to room
tenperature. After a further h at roomtenperature
the reaction mixture pouredMnto ice/water yielding a
yellow precipitate. This was|collected by filtration
and air-dried toogield $ Rthe conpound (1.50 g,
7T%y H NI\/R 00 O 3.76 (4H 1, ./=4.9),

I s&, 10.20 (I H,

3.9 t, =4.90), &
s) . Ref er ence Exarrﬂ'l| e 4
2- Chl or 0- 6- (4- net hanesul f onyl - pi perazi n-1yl net hyl ) -
4- nor phol i n-4-yl -thieno[ 3,(& dl pyrimdine (VD

Feact P PRELHETOf HOPEr-BRSHE el Bvenor . e Py isineeVID
(1.95Y 85hbolh dareat oY) aR7BRF a4k R8adds® B hitfon of nBuLi
in hexane (3.3mL, 1.2eq.). After stirring for 1 h, dry DMF (796pL, 1.5eq.) was
added. The reaction mixture was stirred for 1 h at -78°C and then warmed slowly to
room temperature. After a further 2 h at room temperature the reaction mixture
poured onto ice/water yielding a yellow precipitate. This was collected by filtration
and air-dried to yield the title compound (1.50 g, 77%)

'H NMR (400 MHz, ds-DMSO0) 3.76 (4H, t, J=4.9), 3.95 (4H, t, J=4.9), 8.28 (1H, s),
10.20 (1H, s).
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acid tert-butyl ester. C eavage of the BOC protecting

group using HO (2M in dichl oronethane yi el ded
wazemtitlanesul f onyl - pi perazi ne. HO salt. A m xec¥/E2067/001058

2-chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne- 6-

car bal dehyde (I11) (1.0Qg),

1- met hanesul f onyl - pi perazi ne (750ng) and

trimethylorthofornmate (3.801L) was stirred in

-di chl oroet hane (3Qrl.) for 6 hrs at room
plefy t hi s2afehloraionidimethanesnlfonyl-piperazin-1-

wes stirred for 2 nemdRlnBhthaunce £t isviiniaine
mxture was then quefRed with brine, extracted with

di chl oronet hane, dried (MgSH) ang the sol vent renoved

in vacuo. The residue was tritur wi th hot ethyl
acetate to yield the title corrp und (VI) as a white

solid (1.40g).2 Referencgvgx 5
4- (4A5, 5-Tetramet hyl -ri 1di oxaljor ol an- 2-yl) -

| Hi rdazol e {TVA) - routelgA) ( (Iva) To a

sol uti on of 3-brono-2-methyl i1 meN (5. Qg, 26. 9nmol )
in chloroform (501) wa ot ziaﬁhum acetate

(1. 05eq., 28. 2nm3|</? g) . ¥Erl de (2.0eq.,
53. 7mmol , 5. 07nl) dded with concu ent cooling in
ice-water. The m xpjure’was then stirred at room
temperaturede=4¢0 mnutes after which time a white
gel ati nous sol jd\forned. 18-Crown-6 (0.2eq., 5.37mol,
1.429) was then aawed followed by r-anyl nitrite
(2.2eq., 59.1mmol, 7.94nL) and the m xture was heat ed
under reflux for 18 h. The reaction m xture was

al | o‘T@@d@pﬁ)%?AZineaaﬁlﬁ Iﬁ\gﬁarf%sul}'ony &ﬂggde were reacted together in

dichloromethane and triethylamine to yield 4-methanesulfonyl-piperazine-1-

carboxylic acid tert-butyl ester. Cleavage of the BOC protecting group using HCl
(ZM) in dichloromethane yielded 1-methanesulfonyl-piperazine. HCI salt.

A mixture of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde (I) (1.00g), 1-methanesulfonyl-piperazine (750mg) and
trimethylorthoformate (3.80mL) was stirred in 1,2-dichloroethane (30mL) for 6 hrs
at room temperature. To this was added sodium triacetoxyborohydride (900mg) and
the reaction mixture was stirred for 24 hours at room temperature. The mixture was
then quenched with brine, extracted with dichloromethane, dried (MgSOy) and the
solvent removed in vacuo. The residue was triturated with hot ethyl acetate to yield

the title compound (VI) as a white solid (1.01g).
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bet ween chl oroform (3 x 100mL) and saturated aqueous
sodi um hydr ogen carbonate (100m.). The conbi ned

woe@antaeextracts were washed with brine (100mQT/1B2007/001058

separated and dried (MgSO4). The crude product was

evgporat ed onto silica and purified by chromatography

eluting with 20% "40% Et QAc-petrol to give

| - (4-bromo-indazol | - yl)-ethanone (A) (3.14g, 49% as

an orange solid, and 4-brono-I Hindazole (B)(2.13g,

40% as a pale orange solid. A 1H NWR (400 WMHz, CDC 3)

2.80 (3H, s), 7.41 (IH t, J =7.8Hz), 7.50 (IH d, J

=7.8Hz), 8.15 (IHs), 8.40 (IH 5d5J=7.8Hz). B: 1H NWR
NEA-LX 3) 7. S-Tetrdmeth dibx@Borloldn-2-v1)-

5d5J =7.3Hz), 7.46 ( =7. 3Hz) %e%ll TH

10.20 (IH, br s),To .

| - (4-brono-indazol -1-yl)-ethanone (3.09g, 12.9mmol) in

MeOH (501) was added 6N aqueous HO (30m.) and the

m xture was stirred at rdBimtenperature ®r 7 h. The (Vva)

MeOH|was evaporated andothe m xture partitioned

Hyet ween RHOAC (2 X 5OTL) d water (50m)

co ¢d organig | :

separated and drie SQ@) . The

4- brono- | Hi ndazole (2.36 g, 93%.
the 4-brono-| Hi nda?él e (500 ny, 2.5%fmol) and PN

0] O
bi s( pi nacol at o) di boron (1.5 eq., 3.81mmol) in DVSO
(201) was added potassium acetate (3.0 eq., 7.61 ;

747 nmg; dried in drying pistol) and Pdd 2(dppf)2 (3
nol % O0.076nmmol, 62 ngy). The mi xture was degassed with

ar gomo %r?;@hﬂi%ﬁto?g-‘t%mo-}methyl aniline (5.0g, 26.9mmol) in chloroform
(50mL) was added potassium acetate (1.05eq., 28.2mmol, 2.77g). Acetic anhydride
(2.0eq., 53.7mmol, 5.07mL) was added with concurrent cooling in ice-water. The

mixture was then stirred at room temperature for 10 minutes after which time a white

~ gelatinous solid formed. 18-Crown-6 (0.2eq., 5.37mmol, 1.42g) was then added

followed by iso-amyl nitrite (2.2eq., 59.1mmol, 7.94mL) and the mixture was heated
under reflux for 18 h. The reaction mixture was allowed to cool, and was partitioned
between chloroform (3 x 100mL) and saturated aqueous sodium hydrogen carbonate
(100mL). The combined organic extracts were washed with brine (100mL),
separated and dried (MgSOy).
The crude product was evaporated onto silica and purified by
chromatography eluting with 20%—>40% EtOAc-petrol to give 1-(4-bromo-indazol-
1-yl)-ethanone (A) (3.14g, 49%) as an orange solid, and 4-bromo-1H-indazole

(B)(2.13g, 40%) as a pale orange solid.

A 'HNMR (400 MHz, CDCL3) 2.80 (H, s), 7.41 (1H, t, J=7.8Hz), 7.50 (1H, d,
J=7.8Hz), 8.15 (1H, s), 8.40 (1H, d, J=7. 8Hz).

B: 'HNMR (400 MHz, CDCL) 7.25 (1H, t, J/=7.3Hz), 7.33 (1H, d, J=7. 3Hz) 7.46

(1H, d, J=7.3Hz), 8.11 (1H, s), 10.20 (1H, br s),
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8Q0C for 40 h. The reaction mxture was allowed to
cool and partitioned between water (50n) and ether (3

WO 289161 The conbi ned organi ¢ | ayers were washediBa06e1001058

brine (50mM), separated and dried (MySO4). The crude
material was purified by chromatography eluting with
30% >40% Et OAc-petrol to give an inseparable 3:1

m xture of the

hy 2]d borol an-2-yl)-1Hin
3a§g| g‘f’ '(":%é'ﬁ tif rnglgh/a(“dﬁngﬂa%;z?@i iz(y{(il)ecrhwnem@@g, 12n€émmol) in
MeOfp(soﬁim%a%&édV@Vaq@e%ub 1g§t At PohAnd Bl QY B tirred at

whi ch solidified upon stan

1gem._temperatuse fard h. N&RQHO@S Mvhporﬁteﬂ)hﬁﬂhehlﬂ(ﬁlré })&lﬁtloned

b%wféz]%%‘qf Zr %qj%f %Pad %%(ngﬁy)mhﬁc%%%{léii—ggbgwéqyers were
wBashd (ithibridy (S0HAL), k & gnd gnéhqll\/%@ 2 Th7e7s s ‘ge%t %) &yrejnove d

J =7..9Hz), 7.50 (IH, d,
b}}ffvgp&t?tlorgu@@r rqduce resqunq)tg)rgqu-éJtomo—ZH-iﬁdﬁmle (36 g, 93%).

4- (%"eﬂsg’é“t’l"“t 9fhe fbromor1 Hrindszale (500 spg, %ifipmpand

bhsépmamiato)debc(riﬁ’:/e]) 5eqJ @nsumnaﬂ)(z ﬂll\zthAs(ﬁ@bm 9 \x?ﬁssd‘ahy& b&Hssium

el (T80 Gloiel 7 gmen duedinirsiob ioant POk dppt: (3
o4, 0109 6lnknok 36 mdb. A8 ik DwABHEL LAk o A0 €83 Bl

the deep red so tlon was pour e

8DHME forakOuH. The gegot tifd WaLalldvRa!te dobVankiipabtitfink8 Bedud
OHe for geial—ll-efﬁgj;zol ea(67) (1. 9O ™ fJ m?( Ureré

&rerﬁqw%f@d lper{aa Y oosgmbiecd orgeolo nyspaeaivastiedit
bﬁﬁ@(m APt L %162%@61? rﬁme {’lhcf n'll%t st Svg%stpl{s{ﬁeeg by
under a aIIoon 0 ro or 4 g1¢'e
chortatrgeaphyseluthenwvith Bw%r-em% mrOMEheas] doldve AFhstiEable 3:1
din
msl}?t|11¥eeo the 2 ngyleS 5-tetramethyl -[1,3,2]dioxaborolan-2-y1)-1H-indazole (369
mg, 60%) and indazole (60 mg, 20%); the title compound (IVa) was isolated as a
yellow gum which solidified upon standing to furnish as an off-white solid.
'H NMR (400 MHz, de-DMSO) 1.41 (12H, s), 7.40 (1H, dd, J=8.4Hz, 6.9Hz), 7.59
(1H, d, J=8.4Hz), 7.67 (1H, d, J=6.9Hz), 10.00 (1H, brs), 8.45 (1H, s), and
indazole: 7.40 (1H, t), 7.18 (1H, t, J=1.9Hz), 7.50 (1H, d, J=9.1Hz), 7.77 (1H, d,

J=1.9Hz), 8.09 (1H, s). Impurity at 1.25.
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to yield 1H i ndazol -4-ylamne (68) (63 1ng, 100% . An
aqueous solution of sodiumnitrite (337ng, 4.89mmol)

WO pooraedst (2nml) was added dropwi se to a suspenBCDIB2067/001058
1H i ndazol -4-ylam ne (63 Iy, 4.74muol) in 6M
hydrochloric acid (7.2n) at below OC. After stirring
for 30 mnutes, sodiumtetrafluorobrate (724ng) was
added to the reacti on m xture. A viscous solution

and washed briefly with
&gﬁgé}‘kg@“ 1 H | M&E&E&MMZIdmxaborolan-z-vl)-
tetrafl uoroborate saf-ih@Pbold O%Qe@ as a deep red
solid.Dry MeOH (4nl) was pur@%mon for 5

mnutes. To this was added | H i ndazol e- 4-di azoni um
t enoaf | uoroborate salt (218nmg, 0. 94mml ),

$- pi nacol at o di boron | . Geq.) and NH,

1de (20 . The =z
gnd then filtered nugh kel i Te>The
p | edHusi ng flash A '
desired title conpound |va)H ( 117ny).
Exanpl e 7:
2- (I K1 ndazol -4-yl)-4-nor@nol i n-4-vl -t hi enog§) 2-
di pyri m di ne- 6- car bal dehyde (111) A m xture of
2- chl or o- 4- nor phol iNa-{4- %)/-t hi eno[ 3, 2-d] pyri m d¢li ne- 6-
car bal dehyde (I11) (I 0. 35mmol ),
4-(454,5,5-tetramet iyl - [ lo 3, 2] di oxabor ol an- 2-
yl)-1Hindazol e (70)\T35hg, 0.39mmmol ) and spdi um
carbonate ( 112ng) weré suspended in tol ueneNF=2N5BE)
et hanol (1.5nmL) and wagler (0.7nmL). To this was added
bi s(triphenyl phosphi %) pattadi un(11) chloride (13, 5nm)
and the reaction vess f N
reacti on m xture was mved at 1200C f

To a solution of 2-methyl-3-nitroaniline (2.27g, 14.91mmol) in acetic acid
(60mL) was added a solution of sodium nitrite (1.13g, 1.1eq.) in water (5mL). After
2 h, the deep red solution was poured onto ice/ water and the resulting precipitate
collected by filtration to yield 4-nitro-1H-indazole (67) (1.98g, 81%).

A mixture of 4-nitro-1H-indazole (760mg, 4.68mmol), palladium on charcoal
(10%, cat.) and ethanol (30mL) was stirred under a balloon of hydrogen for 4 h. The
reaction mixture was then filtered through celite, and the solvent removed in vacuo
to yield 1H-indazol-4-ylamine (68) (631mg, 100%).

An aqueous solution of sodium nitrite (337mg, 4.89mmol) in water (2mL)
was added dropwise to a suspension of 1H-indazol-4-ylamine (63 Img, 4.74mmol) in
6M hydrochloric acid (7.2mL) at below 0°C. After stirring for 30 minutes, sodium
tetrafluorobrate (724mg) was added to the reaction mixture. A viscous solution
resulted, which was filtered and washed briefly with water to yield 1H-indazole-4-

diazonium tetrafluoroborate salt (69) (218mg, 20%) as a deep red solid.
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h and then partitioned between DCM and water, the
organi c | ayer was washed with brine, dried over

wore@nasitem sul fate, filtered and evaporated i NnP@EIBRO07/001058

The resulting residue was purified using flash
chromat ography to yield the title conpound (I111)

(97nmg) . Exanpl e 1: :
2- (I K1 ndazol - 4-yl ) -6- (4- nmet hanesul f onyl - pi perazi n- 1|yl
met hy, lin-4-yl-thieno[3, 2-dl pyrindine (T)
A mi XI:)%}’ %I QEP{‘FDTH}}% was PUIged with argoL for 5 minutes. To this was added

%—Iofliﬂﬁgdl&ll@ n@%ﬁﬂ?ﬁ?ﬁpm¥éﬁgﬁfé sdit %ﬁgl%%éﬁl ?%méﬁgi b plzmacolato

dibgran £239nmg, tlgﬁqqg) repd il --b1s(d1phenylphos;?h1n egerrzogene]paklladlum 1))
ro zol e ol uene

PR CORBIRE P37k i iaeor S b haniitbooneh

c(eIite7Tbé reaftilie Rﬁh@p@lﬁﬁ?@ dside ﬁgmam%%ragﬁgttcf ?1 dotrl%% éﬁﬁe& title

in the mcrowave for 90 m nutes
9ﬂ¥§08@%ﬂ¥@)(éiﬁngbd with chloroform washed with
brine, dried (MySH) and the sol vent renoved in vacuo.
The residue was purified using flash chromat ography

Ref¢rbnde Broeipit @: t hen SeOIRHIYAzoRASIRILSA ARY-1-A) -
then trituration with ether yrelrde et %iil'
desired title conpoulByXimidige-hearbaldehydESIH): M+ 514

NVR data: (CDCL3): 2.67-2.71 (4H, m), 2.81 (3H s),
3.29-3.33 (4H, nm), 3.89 (2H, s) 3.89-3.93 (4H, m,

4.08-4.12 (4H, m,7.41 (IH , 7 51 (IH t, J=7.2),
7.60 (IH d, J=8.3), 8. 28 J=7.5), 9.02 (IH,
s), 10.10 (IH, br) Exarrple
2- (I Hindazol -4-yl)-6-(4-ne esttl fonyl -pi perazin-I -
yl met hyl ) - 4-nor pholin-4-yl - h| eno[ 3, 2-dl pyri m di ne
bi snesyl at e o

NN —N

(In —_—
_ NH
H N

()

A mixture of 2-chloro-4-morpholin—4-yl-thieno[3,2—d]pyrimidine-6-
carbaldehyde (II) (100mg, 0.35mmol), 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
yD)-1H-indazole (70) (95mg, 0.39mmol) and sodium carbonate (1 12mg) were
suspended in toluene (2.5mL), ethanol (1.5mL) and water (0.7mL). To this was
added bis(triphenylphosphjne)palladium(II) chloride (13.5mg) and the reaction
vessel was flushed with argon. The reaction mixture was microwaved at 120°C for 1
h and then partitioned between DCM and water, the organic layer was washed with
brine, dried over magnesium sulfate, filtered and evaporated in vacuo. The resulting
residue was purified using flash chromatography to yield the title compound (III)
(97mg).
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2- (1 Hindazol - 4-yl)-6-(4-net hanesul fonyl - pi perazin-1-y
wo pwrhydist 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyr i mPdI/MB2007/001058
(2.00Qg, 3.89mml) in dichloronethane (50m ) and
met hanol (20m ) was added nethanesul fonic acid (2
equiv., 505ul). The reaction mxture was stirred for 3
hours at roomtenperature during which tinme a white

]@ﬁa%?l@itate gr aglual | VoI atils wer e
Tel :

oy ]-pinenazin-1-

)

*in vacus=the 2V ierOplas ey _
diethyl ether, yihewA)-4SRbrfftAM-GRuARM5 %5 ibadine, (@
dri ed under vacuum?to Qi ve tNe trtire conpoutor—tz. <o

NMVR (4 00Kiuze omga)prqé{mﬁnmsulﬁmﬁ-pmemimguyirhggﬂ%&i

sorppoig g tondls, K bBiifline 2, 008) o g et eissnathi- &
[¢ BoRidionabordlabiReyl)-NVERERR (mag%?ftgﬁfén@%z&%)g éi!hg?&l(umL),

bm dtothe f W ng seri
G G eiooRiE aysonite | T ROBPIEhENIuR) (SmeEmisipated t
10D RHAE ol EDoGhinblIK. Was determ ned in 2y

radi onetric assay using purified, _
and ATfR redctian edrtved vaaéddded, diluled MithT¢o0 RSTRL WashMBSith brine,

' di |.uted in 100% DVMSO. The kinase reaction was
ﬁlﬁé @béﬂ) alfné]:f![ q S{vept rergoYRd: 1avpeiaa lihe eesiduedvastirified using

' ' i tj.on of PBS, 0
Ry ROMRRER: Bl O et R Ehaband s
tdstionewforthe yeldedthidesifedahe dbliedsitRRBMpotie (CayPound

@ﬁ?tg{](aéls%%&g?léigtl cF))In3IKnﬁif b: ?isgnt ?Zglnl 2 vvemrvle éeélﬂgj at
opt i INRUEES (CBCI3): 2699, 1elaky, )25 81 4, §n§90ALEY4h0n) 4
3.89 (2H, 5), 3.89-3.93 (4H, m), 4.08-4.12 (4H, m),7.41 (1H, 5), 7.51 (1H, t, J=7.2),

7.60 (1H, d, 7=8.3), 8.28 (1H, d, J=7.5), 9.02 (1H, s), 10.10 (1H, br)

2-(1H-indazol-4- -methanesulfonyl-piperazin-1-vlmethvl)-

4-morpholin-4-yl-thieno[3,2-d]pyrimidine bismesvlate

Example 2:

To 2-(1H—indazol—4-yl)-6-(4-methanesulfonyl-piperazin—1-y1methy1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine (2.00g, 3.89mmol) in dichloromethane
(50ml) and methanol (20ml) was added methanesulfonic acid (2 equiv., 505ul). The
feaction mixture was stirred for 3 hours at room temperature during which time a
white precipitate gradually crashed out. Volatiles were removed in vacuo, the residue
was triturated with diethyl ether, the solvent decanted and the solid dried under
vacuum to give the title compound (2.70g).

NMR (400MHz, DMSO) . Includes the following signals
2.32 (s, 6H), 3.00 (s,3H), 3.84-3.86(4H,m). 4.09-4.1 1(4H,m), 8.8)(1H,s).
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in the presence of test conpound. A amar Blue(tm
aggssubsequegtly added to the assay medium and cells
waweoog/12a6ubated for 6 h before reading at 544nPCT/IB2007/001058
excitation, 590nm em ssion. EC O val ues were _
cal cul ated using a signoidal dose response curve fit.
The conpound had an EC 0 of 5QuMor less in the range
of cell lines utilized. (iii) Caco-2 Perneability

E¥5%§ I ded onto MIlipore Miltiscreen

pla é§3;$ i) 13 /cn2, and were cultured for 20
st G0 r 4 S .

e sauent . cantant oo ERPaRARAR L LIRS v sipryiged o

uently conducted. T
tﬁ%gﬁg’ %?eréﬁlf’?g‘@ g} aspysel | nonol ayers and conpound
pernmeation into the basolateral (B) conpartnent was
neasured. This was perforned in the reverse direction

R i i @i ve transport. A permeability
()B- APIBK Binghestical Streenii P 4 measur e

i Ci l.ue, P for each conpound, a '
81? e{ ]Icﬁde()%lr‘p:({]uté‘d \é‘?’lﬁg%@gﬁ f%%wﬁ detpranigedrinamdicantis zssftﬂ fl%lng
wer e
P, g ol 8Ty ST 5B
wpe 8eHlLy) dilitbesoin d 00 YrDMS fticdinahasedtionvao Heabiiedfor i
i t.h t . she uman
SRk er A8 el s Bminasripoiinandianiof PBS. 1,
valnciowga sabsdquentB delésnindd\Rincdlo Bt RASHLALELAL (B, tO
api cal (A) transport conpare th A'to B
(‘gepkieslapedl. Thesgomnouod had st ICH aphinstIPIOKI T ks Mmch { e, .

i ) Papp
occurrence of active cell ul ar effl ux. The had
values >/= 1.0 x 106¢cnis. (iv) Hepatocyte C earance

(i)  Cellular Proliferation Inhibition

Cells were seeded at optimal density in a 96 well plate and incubated for 4

days in the presence of test compound. Alamar Blue™ was subsequently added to
the assay medium, and cells were incubated for 6 h before reading at 544nm
excitation, 590nm emission. ECsy values were calculated using a sigmoidal dose
response curve fit. The compound had an ECsy of 50uM or less in the range of cell

lines utilized.

(iii)  Caco-2 Permeability

Caco-2 cells were seeded onto Millipore Multiscreen plates at 1 x 10°
cells/cm?, and were cultured for 20 days. Assessment of compound permeability was
subsequently conducted. The compounds were applied to the apical surface (A) of
cell monolayers and compound permeation into the basolateral (B) compartment was
measured. This was performed in the reverse direction (B-A) to investigate active
transport. A permeability coefficient value, Py, for each compound, a measure of
the rate of permeation of the compound across the membrane, was calculated.
Compounds were grouped into low Papp <=1.0x 106cm/s) or high (Papp >/= 1.0 x
10%cm/s) absorption potential based on comparison with control compounds with
established human absorption.
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Suspensi ons of cryopreserved human hepatocytes were
used. Incubations were perfornmed at conpound

w@oemcaeisat i on of ImMor 3nM at a cell densityPCf/IE2087/001058

10 viable cells/nL. The final DNBQ concentration in

the i ncubation was 0.25% Control incubations were

al so perforned in the absence of cells to reveal any

nonenzymati ¢ degradati on. Duplicate sanplef (SOgL)lo
ture .a ye

wer e ,

Do, a0y Biinbil 88 Efpb AHOME S Do Thiférdh Forlls clmptagiitio of

baplyteral (B) ‘mqml (AD) fdiShbrt compan@d WithoA ite BawatdetsthAn N dlues
) e the reaction. Tol butam de,
(&J%&y 1?? © ﬁt‘i‘B ocergtesse of éﬂéfewé}l'élan@fé]@xzalﬁhehhad Papp
vaamgwﬂ@qm%ggs Sanmpl es were centrifuged and the
supernatants at each tine point pooled for analysis by

LC-MSMS. Froma plot of In peak area ratio (parent

/ | standard peak area)
(Rgnp qo% kCIQrea s: thlrggra?]c:n(aj nlto) was B
cal ¢ lﬂlﬁpﬁﬁhoiis of elybpreservéd-hithad H@ﬂafﬂcgfeg‘v&eké & dcﬁwhﬁz)tioﬁs

V x Kk, V\/nere k is the elimnation rate cons

VB Benfraed b pemprung canresitation of hmdé nnmtélra?wcen td;p;hsﬁ)ﬁytcﬁ‘@ 5x
rreter derive, romthe .

19038 el B, T SV e il Th i hodtsgonere 9.25%

(ontrohiactizesions otrel absw feofhed 4 ﬁﬁ%ﬁ@n@é 801546 Hv%)il any non-
CL >=4.6; </=25.2 mM/mn/10 6 cel

eﬂ%yé]?fll%’(c>(§egr aﬁ‘%“%ﬂ@%llﬁ?‘f& saBples (1040L) stesareamyed ftholrtethe incubation
QROM t t erm 0 ave

nﬁe pat oc@;t‘5 gf% Izg gﬁda{}]}iéd:@ %ﬂght%@ o Sawp ’f}fg 86 FHRATSS 9?18?1 and

added te M«p@d R donthlmrtgemtelmvzé BtandardWas0scy-a6 mlﬁea@tﬂa%acugn

1 2C9, 2C19, 2D6, 3A4) at
ToibYl? FI?:’ ﬁt Ins ttgstow;rpp,e yefedped as control compounds.

S:r(r)lglces were centrifuged and the supernatants at each time point pooled for analysis
by LC-MSMS. From a plot of In peak area rati’o (parent compound peak area /
internal standard peak area) against time, intrinsic clearance (CLint) was calculated as
follows: CLiyt (ul/min/million cells) =V x k, where £ is the elimination rate constant,
obtained from the gradient of In concentration plotted against time; V is a volume
term derived from the incubation volume and is expressed as uL 10° cells™.

On the basis of low (CL</= 4.6uL/min/10° cells), medium (CL >/=4.6; </=
25.2 ul/min/10° cells) and high (>/= 25.2ul/min/10° cells) cléarance, the compound

of the invention was determined to have low hepatocyte clearance.

(v)  Cytochrome P450 Inhibition

The compound of the invention was screened against five CYP450 targets
(1A2, 2C9, 2C19, 2D6, 3A4) at 10 concentrations in duplicate, with a top
concentration of 100uM being used. Standard inhibitors (furafylline, sulfaphenazole,

tranylcypromine, quinidine, ketoconazole) were used as controls. Plates were read
using a BMG LabTechnologies PolarStar in fluorescence mode. The compound
displayed weak activity (ICsp >/=5uM) against all isoforms of CYP450.
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concentration of | OQuM being used. Standard inhibitors
(furafylline, sulfaphenazole, tranyl cyprom ne,

wa@eioriteiine, ket oconazol e) were used as contr ol BCT/B2807%2®1058

were read using a BMG LabTechnol ogi es Pol arStar in
fluorescence node. The conpound displ ayed weak
activity (1C0 >/-5vM against all isoforms of

CYP450. (vi) Cytochrone P450 | nduction Freshly isol ated

(E@man ﬂ% eV si ngl e donor were cultured
or 5 Q%Iﬂ or Aﬁtgglg%&i@ioﬁon of test conpound at three
concelrreskdy imhgedindn nehapatoegted dloata siaple nbr ng%:s:lﬂgged for 48

bstrates. for CYP3A4 and CYPLA2 were added for
%ﬂ%ﬁté%d 0P Feshequapaung 36 thepricasrentraionmendbertiedneubated for

020 ProcedubstrABH et AL R (Eg?‘?é? gveg uzgc}]dl[e{a %)r:g)t tg?}}uteosfand 1h

nmet abol i sm of each probe su .
heforgaiavend oftthe meplatiomeAt 7Whascetlo Bhd mleliROV&Y rétBbNE and the
ivid P450s i ncubated at one

AP uBblie B e e Hbuteta ARt i Gur DI/ MRb The

el Pt O sSIORMETed 1S dikH ﬁh'dﬁce@% BF?BE ?ncﬁ{?ilghﬁ%bk %{é gé?f,tﬁcb at
cytochrone P450 enzZynes. (vii) Plasm _r.otel n- Bi i
°85 cORGeyHaLeR inrteiplicate e wathpoBudf he bochiioabhdWaQegligible

. ks I repated in buffer and 10% pl asma
e(ﬂs%%%ﬁ%P? gﬁ“ﬁ%@‘“\ﬁ%ﬁﬁsﬁﬂzy@?% ysis plate was
assenbl ed so that each well was divided in tw by a
s.em | @ cel]lul ose nmenbrane. The buffer sol ution
(\7@ [ dasma Brgtep Bindings of t he nmenbrane and t he pl asma

Lap bo Fhe Lge; d at | were then
condugr g ot 45 Alhndsen, o SEnB PRES SSheratreiam gvere
piprEsdsubeauemt 1006 e ¢oly iaBafTeMeA 98l BT Ms SaRvas

unds were .conbined into two groups

a%’s%%%?eﬁ%&tﬁ%%g wel vgs davideshingvaibig) semi-permeable cellulose

membrane. The buffer solution was added to one side of the membrane and the

plasma solution to the other side; incubations were then conducted at 37°C over 2 h
in triplicate. The cells were subsequently emptied, and the solutions for each batch of
compounds were combined into two groups (plasma-free and plasma-containing)
then analysed by LC-MSMS using two sets of calibration standards for plasma-free
(6 points) and plasma-containing solutions (7 points). The fraction unbound value for
the compound was calculated: highly protein bound compounds (>/=90% bound) had

an Fu </=0.1. The compound of the invention had an Fu value >/= 0.1.

(viii) hERG channel blockage

The compound of the invention was evaluated for its ability to modulate

rubidium efflux from HEK-294 cells stably expressing hERG potassium channels
using established flux methodology. Cells were prepared in medium containing RbCl
and were plated into 96-well plates and grown overnight to form monolayers. The
efflux experiment was initiated by aspirating the media and washing each well with 3
x 100puL of pre-incubation buffer (containing low [K']) at room temperature.

Following the final aspiration, 50uL of working stock (2x) compound was added to
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then anal ysed by LC-MSMS using two sets of calibration

standards for plasma-free (6 points) and
w@bk@smee16ont ai ni ng solutions (7 points). The fPeErIB2067/001058

unbound val ue for the conmpound was cal cul ated: highly

protei n bound conpounds (>/=90% bound) had an Fu </ =0.

1. The conpound of the invention had an Fu value >/=

0.1. (viii) hERG channel bl ockage The conpound of the

j i . vial for . its. ability t dul ate .
SRS 0 DRk VLRI Sl o7 bl SaBRYkEhgion
ERE (ot dighiglic [l las thesiaddeEHt-abh Wl §ivihs the final test
met hodql ogy. Cells were prepared in medium contai ni ng
GRIeRouLRH o aens: ball pltes voBe theningibated ot sovan tpmperature for a
BMBEN OR R nal ayer The, ef £l ux experi nent
was 1 ni t?%l{t%dég%ﬂgg%p rat i n éﬁlto egaﬁlé&ell %??otge\[gﬁﬁrfsg%reé%% h
equivalent tell3 oka DOl mite pné ahalgsddatia somieiéhREion spectroscopy.
fcontainig |OMIE5§#2 gt room tenperature. Follow ng

YRR g@ﬁisi”%& negits 18phdunbicatad ¢ so Gugvest wck fiopx3 top
@gmﬁgnwg§0@gq§d toeach well and incubated at room
tenperature for 10 minutes. 50nL of stinulation buffer
(contai ning high [K+]) was then added to each well

IV t henfjinal test.conpound concentrations. Cel
%?@%}‘mm ed at roomtenperature for a

10 m nutes. 80mL of supernatant from each well

t her
fﬁ& i3 gash Vrig Fegandycqiiningl 25me @ cempound efghevaivention
¢ AhBuRbYrNR! ¥B&WHs:vi @ atom c eni ssion spectroscopy.

The conmpound was screened as | Opt duplicate I C50

:  N=2,; top concentration of | COnM
dsftion for 10.000 thb osition Tablets, each wei ghing
Aktiid cgmpodnd@30a)ni ng 25 ng of a conpound of the
i nvention
Lactose (800 g)
Corn starch (415g)
Talc powder (30 g)

Magnesium stearate (5 g)

The active compound, lactose and half of the corn starch are mixed. The
mixture is then forced through a sieve 0.5 mm mesh size. Corn starch (10 g)is
suspended in warm water (90mL). The resulting paste is used to granulate the
powder. The granulate is dried and broken up into small fragments on a sieve of 1.4
mm mesh size. The remaining quantity of starch, talc and magnesium is added,

carefully mixed and processed into tablets.

Example 5:  Imjectable Formulation

Formulation A

Active compound , 200 mg
Hydrochloric Acid Solution 0.1M or

Sodium Hydroxide Solution 0.1M g.s. to pH . 4.0t07.0
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are manufactured as follows: Conposition for 10,000
tablets Active conpound (250 g) Lactose (800 g) Corn
wger@rake1615g) Tal c powder (30 g) Magnesi um stPEr/E@2007®1058
g) The active conpound, |actose and half of the corn
starch are mxed. The mixture is then forced through a
sieve 0.5 nm nesh size. Corn starch (10 g) is .
suspended in warmwater (90rL). The resulting paste is

h wder. Th | at,e.is dried
gﬁgg‘%aﬁgigqglate t he powder e granu 3b%%% of 158

bro up into small fragnments on a

nmitheesmpeuad of thednvention i digsotitedih hiokt 6 ths ke 35t APT) and
m xed and processe

R PB TRBRE Debeghnh G 70 1 toaby Eorbieriameiciase sodium
' [ rochl.ori c Aci
TOHNES b, JU8 pERTROHEA gl ol FHEBR P e a5
filgered-thaoupht ostarile Snierdpbre filtedr éiito @. sﬁer}lé (D%ﬂlg HmbER tglas?c vitalh(type 1)
. of ' ti [ issolved in nost o e
ﬁmﬁggﬁg‘?%%*%zfégr@?e@%%?ﬂ@g‘ﬁ}%a SIust ed to between 4.0 and
1;70. Oth't h_the hydrochloric acid or the sodi um
rmula

Formulation B
Active Compound 125 mg
Sterile, Pyrogen-free, pH 7 Phosphate
‘Buffer, q.s. to 25mL
Active compound 200 mg
Benzyl Alcohol 0.10¢g
Glycofurol 75 145¢
Water for injection q.s to 3.00mL

The active compound is dissolved in the glycofurol. The benzyl alcohol is
then added and dissolved, and water added to 3mL. The mixture is then filtered

through a sterile micropore filter and sealed in sterile 3mL glass vials (type 1).

Example 6: Syrup Formulation

Active compound 250 mg
Sorbitol Solution 150 ¢
Glycerol 2.00¢g
Sodium benzoate \ 0.005 g
Flavour 0.0125mL
Purified Water g.s. to 5.00mL

The compound of the invention is dissolved in a mixture of the glycerol and most
of the purified water. An aqueous solution of the sodium benzoate is then added to
the solution, followed by addition of the sorbital solution and finally the flavour. The

volume is made up with purified water and mixed well.
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hydroxi de as appropriate. The batch is then nade up to
volume with water and filtered through a sterile

wor@ropase filter into a sterile 101 anber gl BEFIB2061/001058

(type 1) and sealed with sterile closures and
overseal s. Formul ati on B Actiive Conpound 125 ng
Sterile, Pyrogen-free, pH 7 Phosprakf Bﬁfreg,lg.s. to
25mL Active_conpound 200 ng Benzy coho . g
CHycofuroIQiE!ggiS g Water for injection g.s to 3.00r
The active conpound is dissolved in the glycofurol.
The benzyl al cohol is then added and dissol ved, and
hat er Aadopdutdwiich.is 7 dfenpyfitfi@ink of fdeild Qq:t ered
through a sterile mcropore filter and sealed in
sterile 3nmL glass vials (type 1). Exanple 6: Syrup
Formul ati on Active corgpound 250 ng Sorbitol Solution
1.50 g Aycerol 2.007g di um benzoate 0.005 g Fl avour
0. 0125mi()

N

SN
N NH
)
O:S/
/ N\
O

or a pharmaceutically acceptable salt thereof,

2. A compound according to claim 1 wherein the pharmaceutically acceptable
salt is selected from salts with hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulphuric acid, nitric acid, phosphoric acid, methanesulfonic acid, benzenesulphonic
acid, formic acid, acetic acid, trifluoroacetic acid, propionic acid, oxalic acid,
malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid, malic acid, tartaric

acid, citric acid, ethanesulfonic acid, aspartic acid and glutamic acid.

3. A compound according to claim 1 or 2 wherein the pharmaceutically

acceptable salt is a mono-salt or a bis-salt.

4. A compound according to any one of claims 1 to 3 which is a mono-salt or a
bis-salt with methanesulphonic acid, benzenesulphonic acid, hydrochloric acid,

phosphoric acid and sulphuric acid.

5. A compound according to claim 1 which is 2-( 1H-indazol-4-y1)-6-(4-
methanesulfonyl—piperazin—1-ylmethyl)-4-morpholin—4-y1-thieno[3,2-d]pyrimidine

bismesylate.
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Purified Water g.s. to 5.00r The conpound of the

invention is dissolved in a mxture of the glycero
wapa7me™sl of the purified water. An aqueous soPCI/IB2070§01058

t he sodi um benzoate is then added to the sol ution,

foll owed by addition of the38orbital solution and

finally the flavour. The volume is made up with

urifjed water:.and mxed well.CLAIMS 1. A conpo
d\?vhl cH* i §TEC £oR o UGS i COFPPP RGBS afie@ﬂ?d 1§r 0131111 1, which

RbGRE Je§ oAt AL CHRY eof .
conpoun accordlng to éﬁgpﬁ$%ﬁkk Q t he
pharmaceutically acceptable salt is selected from
salts with hydrochloric acidg hydrobromc acid,
hydr oi odi ¢ acid, sul phuric nitric acid,
phosphori c aC|qm)nethanesuLfoﬁzk aci d,
benzenesul phoni c acid, for acetic aci d,
trifluoroacetic acid, propiofic aC|d oxal i ¢ aci d,
mal oni ¢ acid, sucg@nic §C|d fumaric acid, maleic
acid, lactic acid,\\mali ¥, Nartaric aC|d citric
acid, et hanesul f onj ' ¢=dN and gl utamc
acid. 3. A conpodfid acc 4n1lhgr 2 wherein
the pharmaceutically acceptable 8”a nono-salt or
a bis-salt. 4. A conpound accord
5 clains 1 to 3 which is a nono-saltNer a bis-salt with
met hanesul phoni ¢ aci d, benzenesul phoni c acid,
hydrochl ori c acid, phosphoric acid and sul phuric acid.
5. A conpound according to claim1l which is

“ﬁ%QHH-lnda gJ-4fy_ - 6- (4-
gﬁggﬁP PaiVBer azi n-1 -yl net hyl ) - 4- nDrpholln 4-yl

-thieno[ 3, 2- d]pyrin1d|ne
H
[:N:]
N

|
AN

10

in the presence of a suitable reducing agent.

7. A process according to claim 6 which further comprises producing the

15 compound of formula (III) byﬂ treating a compound of formula (II):

0
)] [ j

N
~ "N
' NG |

with a boronic acid or ester thereof of formula (IV):
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bi snmesyl ate. 3 16. A process for producing a conpound
as defined in claim1, which process conprises

wo e@atizaigl a conpound of formula (I11): wth anPEiBreof01058
formula (V) in the presence of a suitable reducing
agent. 7. A process according to claim®6 which further
conpri ses produci ng the conpound of formula (111) by
treating a conpound of fornula (Il) : with a borgnic
acid or ester thereof of formula (I}% R1821 N Whi 8K each
R15 is Hor Cl1-C6 alkyl or the two group$ OR15 form
together with the boron atomto whjis
attached, a pinacol ato boronate ep gro\ulg, in the
presence of a Pd catalyst. 8. A ptQcegs f@ar producing
a conpound as defined in claim1, Which frocess
conprises treating a conpound of fornmula (VI) with a
boronic acid or ester thereof of formula (IV)' in

M Rl | kyl t he
RS SRR R Er el SrsSion noie SR ¢ Grnasetionagth the
5 Riéh @&bmabRaflch thep aRAARIRID a?ﬁ{agglggoeb(iéﬁﬁé eStéd Sé‘fBuP, in the

the presence of a Pd cat al roce
PaRssBeRiigPd entelysti m 8, whi ch further conprises

produci ng the conpound of fornmula (VI) by treating a
conpound of formula (11) with an amne of fornmula (V)

8. ~ A process for producing a compound as defined in claim 1, which process

comprises treating a compound of formula (VI)

i [:j

10

S~ JN\
N SN g
o—=g" Q
/ \\O

with a boronic acid or ester thereof of formula av:
v
B(OR'), ™

N\
N
/

N

in which each R" is H or C;-C alkyl or the two groups OR'® form, together with the
boron atom to which they are attached, a pinacolato boronate ester group, in the

presence of a Pd catalyst.
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in the presence of a suitable reducing agent. 10. A

process for produci ng a pharmaceutically acceptable
waador/1zdgetefined in claiml, which process conpeT/s2907/001058

treating a thienopyrimdine of formula (1): 34with a

suitable acid in a suitable solvent. 11. A process

@.ccor diprgeesoacoeding Islainhrvehich filfithep6bilpfises %%&ﬁfeh%%e

from hydr chl?ric aci d, hydrobrom ¢ acid, hydroiodic

Rﬂ“néﬁf S‘NHJH (R by treafing 3 comprund phissphlardR aci d,

met hanesul foni ¢ aci d, benzenesul phonic acid, formc

acid, acetic acid, trifluoroacetic acid, propionic

acid, oxalic acid, malonic succi nic acid,

fumaric acid, #eic acid, |lactijc acid, malic acid,

tartaric acid, tric acid, ethanesul fonic acid,

aspartic acid and glutamnmic adtd

according to claimdoO or_11,

sel ected from net hafesul i

acid, hydrochloric i

12. A process
erein the acid is
C>Rci d, benzenesul phonic
phosphpri c acid and sul phuric
acid. 13. A pharnmgeuti ition which conprises
a pharmaceutical ly accept abl carrfer or dil uent and,
5 as an active ingredient, a conmpound as clained in any
Qgg of clains 1 to 5. 14. A conposition according to
VRihamanme o femnula (Yor nul at ed for oral adninistration.
15. A conpound as defined inclaiml1 for use in a
nmet hod of treatnment of the hwgan or ani mal body by
t her apy. v)

10  inthe presence of a suitable reducing agent.

10. A process for producing a pharmaceutically acceptable salt as defined in

claim 1, which process comprises treating a thienopyrimidine of formula (I):

o ()

% IN N
TN T
(:)N N NH
N
A

15
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16. Use of a conmpound as defined in claiml in the
manuf acture of a nedi canent for treating a di sease or

wale@onelst ari sing from abnormal cell growth, fRETIB2007/001058

or behaviour. 17. Use according to claim 16, wherein
the abnormal cell growth, fu¥ction or behaviour is
associated with PI3 kinase. 3518. Use according to
claim 16 or 17 wherein the disease or disorder is

sel ected from cancer, imune disorders, cardiovascul ar
#15 838Rab1Y hei@lin b BiBHld Qlvent N | ammat i on,

met abol i snf endocri ne di sorders and neur ol ogi cal

di sor ders. 19. Use accor ding to claim 18 wher ei n the

S et PRt aeESHfiSito THuRRY aher oy By avid tsstiRgied &
I'eas o] era}c LISISEREE 6‘1 head
BidodhesHe ackd) hyam,r@ﬁfé%m RPdrbfdded AN s&&h‘aﬁe h&HMiteacid,

cancer_is. selected fromglioblastons, felanong,

phosehogiceacid: meshamesulfonic apid benzenetplaiic adld;rfgnnihelanﬂ acutic

u hyr
R SRR BE B o R R S LR e e,
furmanic Iamdaﬁlhleld)a/c&d Mactizercid, ¥alipaoid! aiteric beia! difiic acid,
en rinary tract, esoph [ arynx, g1 i obl astoma,
%@&Fﬁ}gf asparberaeid and gf &ml@é‘ﬁﬁi oacant homa, | ung,
epi dernoi d carcinoma, |arge cell carcinonma, non-snall

cell lung carcinoma (NSCLC), small cell carcinons,
1|2ung apmmmrddngaj;o cbeimel 0 @dllowherdlethe mgid ip 8sl6¢tedFom

noc |nona roid, follicu]ar carcinaoma,
AR P EoRlF a?lédb“déF%%SHT@hamc Beidh LY‘HP%M%Q ik phgsphoric acid
SdFuRA0HE: adlB! anoma, sarcoma, bl adder carcinoma, |iver
carcinoma and biliary passages, kidney

13. A pharmaceutical composition which comprises a pharmaceutically
acceptable carrier or diluent and, as an active ingredient, a compound as claimed in

any one of claims 1 to 5.

14. A composition according to claim 13 which is formulated for oral

administration.

15. A compound as defined in claim 1 for use in a method of treatment of the

human or animal body by therapy.
16.  Use of a compound as defined in claim 1 in the manufacture of a medicament
for treating a disease or disorder arising from abnormal cell growth, function or

behaviour.

17. Use according to claim 16, wherein the abnormal cell growth, function or

behaviour is associated with PI3 kinase.
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wo erwgaggienout h, pharynx, snall

carci noma, mnyeloid disorders, |ynphoid disorders,

hairy cells, buccal cavity and pharynx (oral), Ilip,
? i nt esti ne, col oPET/ERW0M01058

| arge intestine, rectum brain and central nervous
system Hodgkin's and | eukendea. 22. A nethod of
treating a disease or disorder arising from abnormnl
cell growth, function or behaviour, which nethod
conprises adm nistering to a patient in need thereof a

' [ . A net had cordjn
RO P e rdif ot 1 61 1 Wheleintile 1f3edlE ol ARoREE R leifha
f&om [saneeyi immrunieslisnsdays i catdiol ast vl ddchs iviabRifecBi®R 4inflAmmation,

ccording ta claim?22 or 23 wherein the disease
%&ggpﬁggﬁggﬁcflge g‘é?r gEcad prgiolqgieal disstdsreonsi sti ng of
cancer, inmmune di sorders, cardiovascular dlseasez
viral infection, inflammtion, netabolism endocrine

1§ sorlrerascerdingrte gladndgi Wlmreidith@ca:dleelgis sé’lScted\ﬁﬁﬁidma tlémours
' i m.24, wherein.the di sease_ or_ disorder

LB, B Al o Whe St e 0 sgase, o g0

cardi ovascul ar di sease, viral infection, inflanmation,

tahol i sm endocrine disorders and n_euro! ogi cal _
soﬁg‘*@@g@@@g tacleind§avhezeinitht eageerds stladted Hdm glivbtaioma,

|
- . [iab t , | anoma,
iR BRshS ARBEHRE ol B S b R i aTbediona and

hepaticellnbpanddkyibid @ncerand t hyroi d cancers. 27. A
met hod gg’cordi ng to claim?24, wherein the cancer is

sel ected from breast, ovary, cervix, prostate, testis,

29€eni (RYhERRYe i 8Gim 18SARAIIUS cah%r&fp :);(elec%d B‘(k))rln%sretza%{r%’vary, :
cervix, prostate, testis, genitourinary tract, esophagus, l@nx, glioblastoma,
neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid carcinoma, large
cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell carcinoma, lung
adenocarcinoma, bone, colon, adenoma, pancreas, adenocarcinoma, thyroid,
follicular carcinoma, undifferentiated carcinoma, papillary carcinoma, seminoma,
melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney
carcinoma, myeloid disorders, lymphoid disorders, hairy cells, buccal cavity and
pharynx (oral), lip, tongue, mouth, pharynx, small intestine, colon-rectum, large

intestine, rectum, brain and central nervous system. Hodgkin’s and leukemia.

22. A method of treating a disease or disorder arising from abnormal cell growth,
function or behaviour, which method comprises administering to a patient in need

thereof a compound as defined in claim 1.

23. A method according to claim 22 wherein the abnormal cell growth, function

or behaviour is associated with P13 kinase.
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27. A method according to claim 24, wherein the cancer is selected from breast,

i

ovary, cervix, prostate, testis, genitourinary tract, esophagus, larynx, glioblastoma,
neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid carcinoma, large
cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell carcinoma, lung
adenocarcinoma, bone, colon, adenoma, pancreas, adenocarcinoma, thyroid,
follicular carcinoma, undifferentiated carcinoma, papillary carcinoma, seminoma,
melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney
carcinoma, myeloid disorders, lymphoid disorders, hairy cells, buccal cavity and
pharynx (oral), lip, tongue, mouth, pharynx, small intestine, colon-rectum, large

intestine, rectum, brain and central nervous system. Hodgkin’s and leukemia.

28. A process for producing a pharmaceutical composition which process
comprises combining a compound as defined in claim 1 with a pharmaceutically

acceptable carrier.

29.  AXit for treating a P13K-mediated condition, comprising:
(a) a first pharmaceutical composition comprising a compound as defined
in claim 1; and

(b) instructions for use.
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31. Akitaccording to claim 30 further comprising instructions for the
simultaneous, sequential or separate administration of said first and second

pharmaceutical compositions to a patient in need thereof,

10 32.  Akitaccording to claim 30; wherein said first and second pharmaceutical

compositions are contained in separate containers.

33.  Akit according to claim 30, wherein said first and second pharmaceutical
compositions are contained in the same container.
15
34. A product comprising
(@  acompound as defined in claim 1; and
(b) a compound having anti-hyperproliferative activity;
for separate, simultaneous or sequential administration in the prophylactic or

20  therapeutic treatment of cancer.
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