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WD 2008/ 047082 PCT/ GB2007/003888 1 Pht hal azi none
Derivative The present invention relates to a
wa@eoshaioBt ne form and i nproved net hods of syntbPeBGB2@7/003888
a particular phthal azi none derivative, internedi ates
in the synthesis and pharmaceutical 5 conpositions and
uses of the crystalline form The mammal i an enzyne
PARP (a 113-kDa mul tHHiRATB2iRoRE DbAVAYvaS been
inplicated in the signalling of DNA damage through
its ability to recognize and rapidly bind to DNA
The pr%békgh@veﬂflon EEPaLES & §bﬂy§ﬂéﬂ|nbf&ﬁ1@1d(lﬁ AVeH nfeth&ds @'synthesns ofa
LE em J. 42, 249-268 %1999 10 Sever al
partic "H \Péﬁ"lﬂﬁ? ativee ptarmeginies in e yaihesis and Phpipgseutical
compdgitiohs @hP ab&Sofithe aryéallinefornPf DNA- rel ated functions
i ncl udi ng gene anplification, cell division,
differentiation, apoptosis, DNA base excision repair
The manthabs @nﬁfnﬁ@PE\RPO(a 1t1elkw5&ﬁ@tud®mﬁ broaélﬁl) mi“srwmamma:ated in the

dda d et a
signaifigof PrA darbioq apa R dasdas'zs ancirar s i B jingle o
doublenétraHa Jrédks (tmﬁmbea aD’\BrobﬁH@ﬁlJ F2d249-beg (1eugpesses
has identified its inportance in t he formatl on of
poly (ADP-ribose) chains within the cellular nucl eus

Severélﬂb&h&ﬁﬁonsﬁwaﬂe lttd the EdHcRIsion@hat PP Partieipiiedtin 80afdty of DNA-

relate ﬁ:?\tf:tlle@g?n Zigenqs%%pﬁﬁg?%g%o(g\lngghed %ﬂt&%l{gﬁgg&%iosus DNA base
excisi@Ciepyinbed alRdBRetts Iohlté'leﬁleféqawdtﬁ an@ chipfid3BmieZtaIfy Y’ Adda di
ose% on a 8’(1Of nucl ear target proteins,

Fagag?’ﬁc?t@&’”@t“f ﬁ@(’s%’é?a@ea RP¥-ones and PARP itself
(Rhun et al. B| ochem Bi ophys. Res. Commun., 245,
10 (199@2% ADP-ri bosyl )ati on has al so been
Stud'ea§§6@f TP T Y H‘é’ﬂ'ci rfaRE "qua%éqsd?%f?wf andgithenpipRssees has

|dent|fiBARE’ irAgdrtatick ¥n the fBﬂnﬁahl@h of Bol? bﬂ)P-$|Bb§§) Qﬂﬁlﬂg Wltlﬂin tﬁé cellular nucleus
eukeni c

f d f t
(Athag R SRR DB B bRl gfrPqu?nsg%@%waﬂggwd Biological

s.gn.fa@doevspryngtehar@rlé EBéiIﬂ'UQN&?)? NThé'DNABounkl C446Q 666H FARINGkilizes NAD to
Arch. Bi ochem Bj ophys

SyntheRige PO TADEAsE 997 varieh b e arapt ProBeinaegs teagisomerase,

histon&% &md PARE.itselt lRhurd 3Ba/d ochd M/ Bloph ) kel Cammudt, 28k 1-10 (1998))
Cancer Res. 43, 3441- 3446 (1983 ). 30 A nunber of

| ow ol ecul ar - wei ght inhibitors of PARP have been used

Poly ( AlP&ibU@)H)@ﬂbﬁ?hbé"EIsoB_éé\‘ﬁhéébﬁi&kedﬁﬂhﬁm@lfgr@ﬁ{ fx‘ansformatlon For example,
ation in

PARP I RGNt ih dip plattgrictel pESNAMratstargedSrasiagts. nbierboth

leukerhi@ c@ns“mfd@ﬂbn Mc@ﬂ@@lslsﬁo@%hst é@rydqet&&iauk@man a@ecﬁmJallent normal
kacz al Nat ure, 283,

leukocytes g RolsbuTinoss (s, cTaluiAteh GHPoRETe BidehyS 181, 343641 (1977
Burzio{ 88415 Prac. $2c. Exp. Bioi. Med., 149, 933-938 (1975): and Hirai, et al., Cancer Res.,

43, 3441-3446 (1983)).

A number of low-molecular-weight inhibitors of PARP have been used to elucidate the
functional role of poly (ADP-ribosyl)ation in DNA repair. In cells treated with alkylating agents,
thé inhibition of PARP leads to a marked increase in DNA-strand breakage and cell killing
(Durkacz, et al., Nature, 283, 593-596 (1980); Berger, N.A., Radiation Research, 101, 4-14

- (19895)).
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WO 2008/ 047082 PCT/ GB2007/ 003888 2 Subsequently, such
i nhi bitors have been shown to enhance the effects of
WO aeb8a¥708N response by suppressing the repai rPOf/GB2007/003888

potentially |lethal damage (Ben-Hur, et al., British
Journal of Cancer, 49 (Suppl. VI), 34-42 (1984);
Schlicker, et al., Int. J. Radiat. Bioi., 75 91-100

Subseﬁih&&@) §uch9ﬁﬁﬁ’torb RBUObESH shodaMs ehﬁmertﬁ@aﬁé&ﬁoﬁ radiafon response by
fective in radig senS|t|S|n% P ic tunmpur cells
suppr?sgggéh% repsy oéggtentﬁlyéetgi@iam éﬁé %gr §t g 4,18rg§§)/ournal of Cancer,

49 (SUppl. Mne BAR g1 98 HiiBIRGKSN!., [PARRadiat. BiciN 758d 151 c&m Bb9)). PARP

nomc:lnstablllt%lnres onse to aIkIatln ent s

|nh|b|tgrﬁdpaye PEeN RPRFtEd P fiffg:tlv% rgplo sepgifisiag X|ct mo r ceIIs (Us

5,032,808-U6 2013738 )and =6 841,663 de  Mircia, et al ., Proc.
Nat|. Acad. Sci. USA, 94, 7303-7307 (1997)). 10 A role
for PARP has al so been denonstrated in certain

Furthermsfell PARPOirbe R SPARBPL) m@.b@@xmbn geadaie Mstabilfy W rgspdde to
neur ot oxi cj t a%Cant Bi ochi

alkylam%gengﬁoa_miv a(tlggg\@[fmg fgb%eneétD%s(i 9m595I93 |58§)H/995) Menissier de
Murcid, Y 85tProc. 4). Aéd-ScBUSAL 9977303-Barqegerpdi cal DNA
danage that | eads to strand breaks in DNA, which are
subsequent |y recogni sed by PARP, is a major

A roleGSHBARMHAS BEo beeh aéhehstfé?ecﬁw‘o@rtdlhS@Q&ﬁarsdis’ﬂaeés %S,pﬁ&mwak
by PARP i nhi bitor studies (Cosi,

lschaqq@glnjurggnd ggur@@X(oltgggﬁntogaqetcpl @{octgm Blcmhgﬁ A%t1|014 1 -7 (1989);
Szabd g4, JSGIm IMe%tAmO 933- 755@‘&94’992))(y§&9@d)0al MQ?\Qiamage that leads to
recent | as been denonstrated to arolein
strand; tygaks-p m&em%afeﬁuh%ﬁﬁﬂw{%?@'%ﬂWcﬁﬂ%ﬁ’_u i adrajor qoptributing
factor & suchF(’fls%ése Nedtds ad'Sfin BCPARPinpitfitor stddies Cos'ioea% LN Posci.
2 &J&a 20 I't has al so ‘been denpnstrate
Res., 89.f38c46(1094): Batsy et &1, Areg ti Aerd SCinbintril: |95n4Q5§r46§2 (3996)). More
recentW Wlmwbeehrh%nﬁcfhgfr%ﬁ k®p1aph r@éRPth%%'tHHngesns'sb'ﬂ’fhemorrhaglc

I'nhi bition of reconbinant retroviral vector infections
shock\(kigudedrefah. PeocotlatirAdad. Sair Vald- 8T(®).&10803-18298 (2009es

(Gaken, et al., J. Virology, 70(6), 3992-4000

(1996)). I nhi bitors of PARP have thus been devel ope
It has fisp bepe desenstrateshthat offieignt rekieyirghintactiam af mAmmakiar 6?"5 is blocked by

the mﬁlﬁlﬁ@ﬁ GEPARG WA/ §§§~9 Mlbltlgﬁ oM?eEGﬁ’iBﬁént rBl‘NRP ra'l V&!t@r' ibfeStibns was

been specul at ed Et e onset of &‘)
ShOWftﬁaﬂCﬁ%'t'@WPﬁQqsc@ﬁﬁ?fﬁntCF‘RJr%H‘F‘Sf( Bresbiehdh o/ (F@’P@éﬂo (3992-4000

(1996%)"| Iﬁﬁiﬁsts:r@'o@@’hﬁm h¥eARtYSeenetelo r the25k(iR hnti 6§§'t|§e7r3p|es and in

his may be related to the role that PARP
cancepiregtyenh(WerRlY 859 hg tel onere function (d' Adda di
Fagagna, et al., Nature Gen., 23(1), 76-80 (1999)). 30
VO 2004/ 080976 di scl oses a nunber of pht hal azi none
Moreqyer.iRARR inbibitionias bege sPequiated 1o dalayi the P3RS of paing chaagteristics in

humah IﬂSﬂo’bla@@Qﬁ%ﬁé’r@Qﬁd @iark’%oéﬁémt rB?dﬁhk g?é%aﬁg% ‘Xm?i)h@% 672 (1994)).
adj unct to radioth eralg) enpt her apy, or as
This @p&hg related do theepte that PAR plays in controlling telomere function (d' Adda di

Fagagna, et al., Nature Gen., 23(1), 76-80 (1999)).

WO 2004/080976 discloses a number of phthalazinone derivatives, their activity in inhibiting
PARP, and their consequential use in treating cancer, whether as an adjunct to radiotherapy or

chemotherapy, or as a stand alone agent.

WO 2005/053662 describes the use of PARP inhibitors, in particular phthalazinone derivatives,

as base excision repair (BER) inhibitors. The use of these inhibitors in the manufacture of
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35 WO 2005/ 053662 descri bes the use of PARP

inhibitors, in particular phthal azi none derivatives,
w@2008aswSEXCi Si on repair (BER) inhibitors. TheP@F6BRG07/003888

these inhibitors in the manufacture of WO 2008/ 047082

PCT/ GB2007/ 003888 3 nedi canents for the treatnent of

cancers which are deficient 3n Honol ogous

medicAtREMT R MAL tr@&meﬁk@caﬂ@&gmar% SR ik ﬁBﬁH‘ofog@Gi R\ébérﬁbmatlon

in particular for cancers which have a

(HR) dapendens BNACD SR TRV P A WRs ot PEGRTS WBch hae a BRCAT andlor
a BRCA2[ i één%nelf@?@ﬂ@@@%fb@@ny' pi perazi ne-1

- car bonyl) uor o- benzyl | - 24 pht hal azin-1 -one

(conpound A) disclosed in WD 2004/080976: O NH iNOA
4-[3-(4- Cgclc%rgaaﬁe%aﬂfonﬂadlﬁérgﬂh@ﬁ cbmoﬁylfaiﬂuoﬂeobérﬁyl‘]'@-l -phthalazin-1-one

, ound was synt hesi sed aS one of a

(comppyiR} digglosadip Q) 208#BBRRTEs  from
4-[4-fl uoro-3-(pi pepazi ne-1-car bonyl ) -benzyl ] - 2H pht ha
| azi n-1-one (conpoumd B): 0 / NH iN OBk N') / F
~NH by the add on W cycl opropanecar bonyl chl ori de:
0O C 15to a s@lMign of (B) in dichloronethane,
fol | owed by Hunig's [base (.,N—dllsopropylé$hyl am ne).
This reaction is car o4 h stlrrlng at room
tenperature for 16 ho an Iting conpound
bei ng purified by prepa }Ne The pi per azi ne
derivative (B) was prepared by degiotecting
4-[2-fluoro-5-(4-oxo0-3, 4-di hydro- 20

is of paiithiat iaterest1- y| met hyl ) - benzoyl ] - pi per azi ne- 1- car boxyl
c acid tert-butyl ester (conpound C): WD 2008/ 047082

PCT/ GB2007/ 003888 4
In WO 2004/080976, compound A was synthesised as one of a number of library compounds

from 4-[4-fluoro-3-(piperazine-1-carbonyl)-benzyi]-2H-phthalazin-1-one (compound B):

by the addition of cyclopropanecarbonyl chloride:
o)

A

to a solution of (B) in dichloromethane, followed by Hinig’s base (N,N-diisopropylethyl amine).
This reaction is carried out with stirring at room temperature for 16 hours, and the resulting

compound being purified by preparative HPLC.

The piperazine derivative (B) was prepared by deprotecting 4-[2-fluoro-5-(4-oxo-3,4-dihydro-
phthalazin-1-yImethy|)—benzoyI]-piperazine-1-carboxylic acid tert-butyl ester (compound C):
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ONH iNO e /CF oio by the use of 6M HCl and

et hanol for 1 hour, followed by basification with
wa@powsni@si o pH 9, and extraction into dichl orelEGB2V2/003888

5 The Boc-protected piperazine derivative (C) was

prepared from 2-fl uoro-5-(4-o0xo0-3, 4-di hydr o-

pht hal azi n-1-yl met hyl ) -benzotc acid (conpound D): O NH

iNOD eOHF by the addition of

pi perazi ne-1-carboxylic acid tert-butyl ester: HN NyO

O 10 NH

acetan1de fol | owed
rms of conpound
D %g exanple with
regard to their solubility and/ ir stability
and/or their bioavailability and/or their inpurity
by the ype pf §M HGA @né ethang! foné hpur, fdllowed by hasificatiar with jagtriania to pH 9, and
extracﬁﬂﬂ{,@rd,gmbﬁ,eﬁl,ra“éng characteristics and/or their |ack
hygroscopicity, and/or they may be easier to handle
and/or m croni se and/or forminto tablets. It is also
The B&E%fe%fédt&pé?éﬁﬁe 88riVaihE RY)akhs HEPREd %msz’md?S%' @-dxB% 4-dihydro-
itable for synthesis of ~conpound
phtha'?ﬁﬂ'ﬂﬂ“@‘?tﬁm Bengoic ackh(cappsred Ryl y, a fi rst aspect of
t he present invention provi des
4-[ 3- (4-cycl opr opane aro-nyl
pi per azi ne- 1- car bo Huor o- benzyl ] - 2H pht hal azi n-
1-one (conpound A) . in rystalline form
and in particular in For ¥ 2008/ 047082
PCT/ GB2007/ 003888 5 " Subs in crystalline
fornm' as used above, neans at at | east 50% by wei ght
of

di i sopropyl et hyl ami
by stirring for 18 ho

by the addition of piperazine-1-carboxylic acid tert-butyl ester:

HN/\

ey
o]

2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) and N,N,-

diisopropylethylamine in dimethylacetamide, followed by stirring for 18 hours.

Particular forms of compoun.d A may have advantageous properties, for example with regard to
their solubility and/or their stability and/or their bioavailability and/or their impurity profile and/or
their filtration characteristics and/or their drying characteristics and/or their lack of
hygroscopicity, and/or they may be easier to handle and/or micronise and/or form into tablets. It
is also desired to have an improved method of synthesis that is suitable for synthesis of

compound A on a multi-gram scale.

Accordingly, a first aspect of the present invention provides 4-[3-(4-cyclopropanecarbonyl-
piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one (compound A) substantially in

crystalline form, and in particular in Form A.
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compound Ais in crystalline form preferably at
80% or

| east 95% by wei ght,
nore by wei ght

70% by wei ght,
werdsMivent s, at
even 99. 5% or

90% by wei ght.

may be

| east

In sone

99% by wWeCTBB2@7/003888
in crystalline

form 5 Conpound A as crystalline FormA has an X-ray

diffraction pattern (A=1.5418A) containing specific
"SubstQﬁ@ﬂ? |r13‘&r¥$’caﬁJﬁ§Ifor%8 ab ggedlaﬂove mégnﬂhatzat]l%as‘% 50% %l;wé%ht
oun as cr I ne

compcwadé i§ HbcrvﬁPIHBWQﬁg\ aeedRrably ﬁblleaitagt%sbuawemht §9% <1r090% by welght In
some %Eédlﬁ@ﬁﬂsoé‘t IQ?éttQSB/JWb%( ﬁe‘@hﬁéﬁ‘%%} (\)Ne;%ﬁ%r éderl 9&5% or mo@e by weight

Conpoun

mayb%FV%Y%PW”%E”morn1A may al so be characterised by any
or nore peaks selected fromthe

conbi nati on of three

|ist of 10a§eaks above.

CompeyidtAs s Crypt

specifi !
able to readily form

a str

iIcture in

nol ecul es can occupy

porAkt

éRs(HA-1 i

| atti ce. Such sol vat
stoi chionetric in na

'S, N0
ur e

nq@qﬁsar

CAn _CONSI §

sol vate (e.g. Conpour

d A N

bt hdddd at 6

A Tet rahydr of ur anat e)

15 A representative powder XRD
BRFOUIM & hesaan Xenndifiaptionspriter (AT 1 SddéMecastaining
bbhautt -Wi shing to be bound by theory,

conmpound A is

whi ch sol vent

n the crystal

ily

t of one pure

, and 20 Conpound
can consi st of

Of ppt EIE.]ITJ[I Ty
nmore than one solven

di -ethyl ether). The

conponent (e./g. nethanol and
softveht @8l%culles typically lie
Wi thin pockets createdgbythegpmpgund A nol ecul es.
In certain circunstances, the volunmg of these pockets
are suffici ently flexible to incorporate a range of
\Y { .
Compoﬁ.ﬁd /?Fé §rgs{aﬁ§1§ érjnpﬂ nHI} AI ﬂév@ éﬁ%%ﬂ&ﬁmg%fjhmgnaq ?5@5{1$r}t-ray

ence sSnal

diffracfiom na’n@rr)(RPmSﬂGBA)ect i ons. V\D 2008/ 047082
PCT/ GB2007/ 003888 6 Peak | 26° (£ 0.1°)
6 10.5
7 14.0
8 21.7
9 243
10 26.1

Compound A as crystalline Form A may also be characterised by any combination of three or

more peaks selected from the list of 10 peaks above.

A representative powder XRD pattern of compound A as Form A is shown in Figure 3.

Without wishing to be bound by theory, compound A is able to readily form a structure in which
solvent molecules can occupy positions within the crystal lattice. Such solvates, not necessarily
stoichiometric in nature, can consist of one pure solvate (e.g. Compound A methanolate, and
Compound A Tetrahydrofuranate) or potentially can consist of more than one solvent
component (e.g. methanol and di-ethyl ether). The solvent molecules typically lie within pockets
created by the Compound A molecules. In certain circumstances, the volume of these pockets
are sufficiently flexible to incorporate a range of solvents, resulting in little change in the overall

structure of the material, and hence only small shifts in the XRPD reflections.
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Sol vates, including those which share the same overall
structure, arise fromsolution maturation and

w@eoosH#ioB: sat i on experinents from di chl or onet hBeEGB2007/003888
et hyl acetate, nethanol, ethanol, isopropanol,
2- but anone, t-butyl net hyI et her, tol uene,
t et rahydr of uran, water, cycl%hexane 5 cycl opropyl
nmet hyl ket one, 1 2 dichloroethane et hyl

Solvatt?é gr]:c:!#ﬁrg%ﬁggé a ﬁi)ilarléﬁ % gsrlﬂé gp%gﬁ?ﬁétgrl%;grﬁs’e from solution maturation
and crystalidaiiph ekpgHngagiPbm didhidremethBas tathyd Ge@ta RN hekHdnsl, ethanol,

. tri or.oet hy| ene, triflyuoroto hept a
soPropSl AHOLS0HE BAYTTFIBN Lheroliene. BurBaciparaeE cyclohexane,
cyclopvdpgnmethgiketatd, wjztdicmreéﬂnene SRt &glg%cggagﬁg Ut?tobenzenehexaﬂuoro-

diffrac n ttern of t
so-pragapol; st s hesRh Oty ety Frrbety - SAPER AT e PRI,
trichlof@etHyleinB | @ie-GiflerkSudte, ﬁ@;&bﬁé thﬁ(ahé Séc@ﬁbnitﬁleb%itlﬁ’é’h’as%?é(solvents or

20 ( 0, 1 (t,\:l. 5418A) 10.1-10. 6
when clcgntIn%w@z anotier sglvegt. dhe - rgx dgfr%yog pager@pf gwezrgog common solvate
structu?d isGshdwinn Figurd 4 |anBQypHMI9 lcshtaPd rhd¥Rintdrize peakeht peitions listed

intensities of peaks shown in the figures nmay vary
below:accor di ng to the orientation of the sanple under test
and on the type and Seddaknp2e% (fd¢°) |i nstrument used so
that the intensities|in thg XRE cles included herein
are illustrative and|not {8 ed to be used for
absol ute conparison. [FofmA o;f,o_qz_:grp und Ais
substantially free fromsolvent. _The term
"substantially free from 5olQ&1P® gs used herein
refers to the form havigig pnig1i1B8F gni fi cant anounts
of any solvent, e.g.|—aformwth ajtotal of 0.5% by
wei ght or less of any sblvent85tA& tjotal anpunt of any
solvent, 20 includin rer 2 {ggiEe 0. 25% 0.1% 0. 05%
or 0.025% by weight or les orm A jof conmpound A may
al so be characterised Ui ng B8825Rorjm A of conpound A
when heated from 25€t 31%#1}% | per minute wll
begin nelting at 21001 7'(JZ 1 C 27'repr'esent ati ve DSC
trace for conpound A as FormA is shown in Figure 5.

: Vi
It will tge%%qgﬁséﬁ@%egagwﬁ |Rtf2n% gé‘s & p%%%‘&hdm?h fhd RELrEL AUy I8
accordina:todpe g@qn@tmrqjmwrmlpgngmtﬁs;.a])d on the type and setting of the

instrur?@g:%%gﬁ%%l%f B%F%ﬂ%%ﬂéﬁ%ﬁ%ﬁﬁ}%&@%ﬁ@gf'em S&ilustrative and not

intended to be used for absolute comparison.

Form A of compound A is substantially free from solvent. The term “substantially free from
solvent” as used herein refers to the form having only insignificant amounts of any solvent, e.g.
a form with a total of 0.5% by weight or less of any solvent. The total amount of any solvent,
including water, may be 0.25%, 0.1%, 0.05% or 0.025% by weight or less.

Form A of compound A may also be characterised using DSC. Form A of compound A when
heated from 25°C to 325°C at 10°C per minute will begin melting at 210.1°C £1°C. A

representative DSC trace for compound A as Form A is shown in Figure 5.

The second aspect of the present invention provides a method of obtaining 4-[3-(4-

cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl}-2H-phthalazin-1-one (compound
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7 A) as crystalline Form A which conprises

crystallising conpound A in a solvent and then
waele@ploaosng t he sol vent fromthe crystalline fRPCHGBRE0MN/003888

a di splaci ng agent. The displacing agent nay be water

or a mxture of a ClL 2 alcohol and water. 5 In a first

embodi nent, this nethod conpfises the steps of: (i)

A) as &iéféiﬁn%l ﬂ:érﬁ'l AW%hich comprlses crystalllsmg compound A in a solvent and then
cl opr opanecar bony V\ﬁtg perazi ne- 1- car bonyl
R

[3-(4
d'SP'aWQ}BPéDBSWZfW‘]‘ Imwﬁﬁ'{'woam Qjﬁéa‘('%m%‘t&nah?\)ﬂsp laging agent
may b&wafek 8e8 mixtltd df a &, fdMoHar &kl Wwatkr, SOl vent i s not
et hanol, treating t'he crystalline conpound A with
ethanol; (iii) treating the crystalline conmpound A

InafrswleHbo‘dﬁﬁ@ft thid h&tRBY BorhprdeResk &kpasrol ; 10 (iv) drying
resul t i ng product. The sol vent used in the

() crvetgagia el AR PRBREa bR R SIFEISt oforbsrui-toro-benzyll2H-

phthaléiﬂlrﬁhloﬂé%ﬂ?ﬁéw’rha AQrfronﬁQGbIOéHtt“ l'e. 15 The nethods for
obtaj njng FormA gener al | i nvol ve sol vent

(i) if thF@HPQE yent is ot ﬁg@nglegﬁatmgdh erystalipe E%’ﬁﬁ%‘tﬂﬁ’d\ With ethanol;

(iii) tre&ting3héitlyb@@iie icOMPUGHY A Wi Yv4tdtad réricventlppel iBtHdR8I;
t al attlc are formed which can trap sol vents,

(W)dWUpﬁ © Frakiting Fr difficult to remove. The nethod of
the first enbodi nent can be used in particular if the

ol vent uedl he 20 crystal]isation of conmpound A
The sof@nii486 1 T tanah 6oL o be. 3 aEten g REoTethans or
acekmdmehloronethane as a solvent with ethanol as a

sol vent can be carried out by distilling the solution

of conpound A at atnospheric pressure in the presence
The méthods foabbtaining Eoraa RaygRneillg mwbétﬁvmeébléé&né‘rﬂad has been

erature a aches the boi/l nt of eth
found {EFEOTR A A GBS R Spir & Bt tna: SRaelsa dhes oo cp are formed
which eaav teapesbivaiits, hyusthaking therodifiiodlt folremewé.ori ty of the DCM
then adding a volunme of 25 ethanol. The distillation
is then continued, wth replacing batches of
The methsd bf thaffiest whiblodetpndkban b@LseEia pafticalah# i solvent used in the
he et hanol solv

ervsaliFiEn Bl rartp e oG RSP RShERG. Lo tieh BhExehangh By dgtsrometnane

asa scg\v?ft %}thbth‘anb?ﬁa tsdslf%h:; (l)‘@ﬁlbe aaldleglbntéb;pdlet:llﬁfgabg )soluﬁorabmdrnpound A
e crysta ou ma en be renmo

at atmqSEBR BIeGRY 51" K PS8 Ef STor o Ihe PIRAaPF @ algoNeg the head

tempeﬁtumypbmathes&thedoﬂmg hoinbadfethanol, egyravieastr7apPedth padiana the

excnor P EMBPHIS IR TG PR o bR ome o

ethanoht Theedistillatibm sethérocorginuadidvithrreplaciady batches ofadistiliatef vaithr equal
e crystalline conpound A 35 may be renoved

V°|um?sr°qr%§nangpen3| on in water by filtration. WO 2008/ 047082

PCT/ GBZOO?/ 003888 8 Drying the resulting product of

Crysta&gﬁg %Ql%%?%l’?dti&?mh\ the %ﬁ%‘noyso?velﬂ r%\é)(/e gé cgr%red e Erypcodhng ¥he solution to
below 15°C, preferably less than 10°C, and more preferably to about 8°C. The crystals of

compound A may then be removed from solution by filtration.

The crystalline compound A may be treated with water to remove trapped ethanol by
suspended the crystalline material in water and heating at reflux for a sufficient time, for
example at least three hours, and preferably for about four hours. The crystalline compound A

may be removed from suspension in water by fiitration.
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product in an oven at a tenperature of at |east 60C,
preferably at about 70C. In another such enbodi nent,

wo beswoetobnd conprises the steps of: 5 (i) obteCTGB07/003888
conmpound A as crystalline form containing solvent;
(ii) if the original solvent used in the synthe3|s of
conpound A in the crystallin® formis not a nixture

Dryingthe Y&dufih %%H@t thhg a%\fém% is(rbadly a‘EﬁféUé’J‘ oI’ror é%tal?@féo b) heating the

treatlng onpound A in stalline formwt
produgtiin gy p¥enat aigmeeravrg Oéatifag Ggf(gafeieratw et)ahgpwqwg t he

resul ting product. 10 The resul ting product can be

further treated with a mxture of water and a Cl1_2
In anoffie¢ sHe) embetimapt, the method Femaprises the stepepf i sol at e

0} obt&ﬁiﬂ@@@ﬁﬁoeﬁndA‘a§cﬁfs)é‘mn@|fbﬂnn§on'i_‘§lﬁlﬁbéolvgﬁle m xture Of
water and Cl_2 alcohol is preferably in the rang

(ii) if the arigingl golyeriyisedinthe ; SY'HH‘EF'SLSf ‘%?B?P@UB? é‘f'eﬁmrysti"'ee f.P”Pd)S nota

ixturé ol wateP¥ny IcoRolRPE trhéHAR) | ethaHoBl &4t cmﬁbbUﬁ&Al $thé
mbeur gr?’ v(\e/at'er tcgg]lé.CZ Rarts Cl1 2 al cgﬁol %\ngo !

CfYStaﬁa? far@yyithrg g ’%H"Sfoél”ﬁ?ﬂ 3R #ar&!9e80k parts vvat er to 1

(ii) dryp@rtﬁe fekuiinglpfsfuet. . The Cl_2 al cohol is preferably
et hanol . Compound A as crystalline Form may be

obtai ned by crystallisation of the conmpound A froma

The redQItif® brRIDEL canettaRkdritRAtdARVEmixtlire of Maks Bhd bre33taBRRbl, and dried
in step may be carried out by suspending conpound

in ordef tp fPrihﬁé'(sFﬁa ‘Eﬂ"ép°“8fj ARt Y AN A cohol  and

heat i ng to refl ux with stirring. This may be foll owed
0|n to  between 55 a 65Candf|Iter|
The mifHrE 4 HelR? 2bl Co o alsa! PrRRTer Ry Byte cAGee 2Hoto g i e, and
more Mfefdﬁaiﬂygj & 1nf|o|XIt EB%yQBlr;JbWﬁi X paficul4ely preftired fhﬂ(tukvaﬁﬂr;ﬁrt water to 1.2
el stil]led at I ent es ure t
parts G2 SR Ao R e Y BUATEREHER e ¢ Breeife T B Ca alcool

The C$48IpSH isQitefehatlly éthah@ft at room tenperature before
subsequent filtration. The resulting filter cake may
be washed with water. Drying the resulting product of

Compbb}ﬁj AkeystiRe Fosmimeadbd yotainbd By ed/staffisatiaxsfine eompaund A from a
30 product in an oven at a tenperature of

t he
s°"’e"ﬁtas|i>eég? %’O@°V5referably at about 60C. The further

t r eat ment may proceed in a simlar manner to that
i rd enbodi nent. the

The sgﬁepg rtered n?g\ssteﬁ) ii) g@gﬁ:&ﬂﬁrr}e& % SH?anﬂinigr?og‘pﬁ‘F?({] gg%the mixture
of watef ambC £1 alédhd| andRealinglte adfiak with stifiegs Thisandy, be (ollov)red by coolmg to

oo b 1 S BREE, 5, B L it e i wesh v

a mixtd R0 /M2detGha @QH@BB%Tér@(h’é&@&dlstmed &i ambidntyprassurd@isually 1 atm), or
abovef ﬁﬁeﬁ}éﬁllﬂ%dgr Odugwttoﬁge:d %'5{] r Odgﬁgt‘,ﬁ:} %ﬁ aak%e@nitemperature

beforeadubsbqlent filrdtiahr. iTeéd resulting fi f Iter cake may be washed with water.

Drying the resulting product of the above step is readily achieved. For example, by heating the

product in an oven at a temperature of at least 50°C, preferably at about 60°C.
The further treatment may proceed in a similar manner to that described above.

In a third embodiment, the method comprises:
(i) suspending compound A in a mixture of water and a C;., alcohol as the solvent;
(i) heating the suspension to reflux;

(iii) cooling the solution and seeding with compound A as Form A;
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in order to further isolate conmpound Ain a

crystalline FormA. 5 The m xture of water and Cl1_2
w@bmehwolost s preferably in the range of 2:1 to BCEHGBR007/003888

volune, and nore preferably 1:2 to 1:4 by volunme. A

particularly preferred mxture is 1 part water to 3

parts Cl1_2 alcohol. The C1.2 alcohol is preferably

iv) dn'RGbsulthfy fb@ct(i11) may conprise cooling the
() drih S?utl on tjrg,%?etween 65 and 75C (e.g. 70C) and

fllterlng, e.g. through a celite pad. The filter pad

The reﬁﬁlﬁn@ﬁro‘&ﬁm b fifhek tf@at@dliﬁlﬁh Hhnixt@t OF waftd akd 2% 3/ ARRBI and dried
before being distilled (e.g. at anbient pressure, or

in °’deé6%f}’é‘f‘e’ *?H'ég%%ﬁl?%@drf’a'i) ao“éYﬁE?”"!ﬁ‘f‘EF“ Rhe result] ng
flltrate has been cooled to between 40 and 50C (e g.
The resulti ng suspension nmay be cool ed

The ma%F Shvates ape Car alcahqlds pyefesaRly injthe FANSREA: 12toéﬂ§jb¥3volume and
more ;h@féf@ol;( €200 1140by2vduri@ UApartRORryBicfdraddamtté isSRbaH water to 3 parts

nperature for |on n hto establ i sh
C123'E‘W’ét5h9 satirehe! 'STFHE?’ q?bh% hg®lbet ween 12 and 24 hours,
and rray be for about 16 hours. At the end of this
further water may be added. The, anount . be .
Step (ﬁb'BGY 0%’&8%\?‘9 tePlipg the g1y ¥%Pet¥"8?'égg ape v grﬁa (e.g. \A7:§9t gag'}ﬂwfgte"”g
e.g. thfeligh aadefﬁfb’}ﬂid) We&ﬁt@ﬂbacﬁdfihdﬁ BE)Ivagﬁecﬁ\dmd nﬁthhr;d of, wafté}f and C1. alcohol
er a period o ours.
beforedh AU AEHISHIBH (5 PG @ st s chaved < hisesaeclivamay g afer the
resultih g Bitraet s tﬁséellobbﬁa to E&Weeﬂﬁo emap*ca(e‘@?szch Uﬂ’lfeSr_esJ tneg
syspensi on t hen a e resultin
suspeRot BV LRLSOIH) BEDIRILIRAPIATE (& onPo D ebeReR? 358 3 hours (e
2.5 hoats} ah@ Imaandnwtaesaud td’m;ﬁarzitaxfel for |eﬁg bréuyhad edtaBlishclystalfisation. This

may bg@%{y@egﬂgpquf %/ a&pg el&/fgagb y ?g gsg%gﬁttheovdt cﬂ‘%hls period,

furtheheater mgy bbadded. Oﬁh&hmbﬂhtaﬁaymeeibdund@lal Yeeitis woludrie 6f total solvent

(watertarqucg %)‘E\fe)l) I%];ngﬁ{? mB¥ 8@, Pg(g%d6 ﬁ%%)l(ag'(?plg %eercat peorTOd of4to 6
(e.g. wham@e%slsn@mmwa\ﬂbeﬂhém emmbuenuempdra&re @ftpr theiwager addition, for

30 (i) adding a pre-m xed sol ution of
exam‘l'? Foéiiﬂﬂpé% ne and cycl opropane carbonyl chloride, in

an appropriate organic solvent (for exanple, DCM
i ch or oITe hane ontro e mapner. .to . .
The sqpRETRA AL e b teshdrene Hes g fites KARE ey bpifyasned with a mixure
of C,.tatdgher aidawateo(in thatio efdletweedn :Dandid:2cemyt 1@l3)ed t o be
bel ow 20C. 35 In sonme enbodi nents, the method further
conprises the step of: (ii) agitating (e.g. stirring)
Dryingd the résmtlnigtdra@xs of ulmbiabnvé stepis(repdilyreichlevedieF oreaaimipte by hieating the

st maj nt ai n| € U f the
procug B Bush o ASte B D S B A s A Boasss
10 The addition in step (|) may take place in a
. dr opwi manner, . Thi s et h}%% IS
A i 388 3 PRREP i S Bl RS e R bl ¥Rl A rom
compound B comprising the step of:
0] adding a pre-mixed solution of triethylamine and cyclopropane carbony! chloride, in
an appropriate organic solvent (for example, DCM (dichloromethane)) in a controlled
manner, to compound B in the same organic solvent with the temperature of the

solution being controlled to be below 20°C.

In some embodiments, the method further comprises the step of:
(i) agitating (e.g. stirring) the resulting solution from (i) until the reaction is complete,

whilst maintaining the temperature of the solution below 20°C.
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5 regioselective addition of the acid chloride. The
| ess controlled nethod of the prior art can lead to
wa@easwviaos2 of the acid chloride at the phthal azPeG82007/003888
ni trogen and or oxygen, as well as at the desired
pi peridine nitrogen. It is preferred that the above
method is carried out under 18 nitrogen atnosphere. 10
It is further preferred that the tenperature of the
solution in stage (ii) is maintained between 10 and
The adgdifon 'rrﬁtsep;mmﬁyd@k%wla%@ aWeRWISE &¥NPbN i s preferably
wor ked up by at |east one water washing step. 15 More
preferably the work up contains an initial and fina

This "WHtOér'S Rshrenirodedthan ﬂaﬁidieﬁmb@ﬂ e W Q2 @04/QRODR B rgsditing)ig a more

reglosélébt% a@dﬁ'lbh of ﬁe%lodohlcﬁ‘rdg Tﬁe/"lé‘éstcbhﬁol%'rﬁ’etﬁ&ﬁ B th@Brior art can lead
ilute base, e.g o sodi um car bonat e

to addifip af e aciecse o s BRe 37HHorSini e SBHIO" ORXGBM PO as at the
desire®pPei@RE ndrogh.hod of synthesising conpound A from 20
conmpound D conpri si ng reactlng conmpound D with
1- (cycl opropyl car bonyl ) pi perazine, or a mneral acid
It is pr&ired tHaefrRibové etk ifcasea %@t @deRrB nFigeR atRG¥PHER
agent and a base, for exanple, an anmne (e.g. a
tertiary am ne, such as diisopropyl ethylamne). The
It is fu:ﬁﬁdﬂ%féférré’d?thdt B /témpBatde of the lsoRY &R sﬁag%et (Neis maintained between 10
(yldr ochloride salt. 25 The addition o
and 1 (cyclopropylcarbonyl)p|pera2|ne or a mneral acid
salt thereof, to conpound D nmy be carried out in any
sai ta?l e a}ol vent f or exarrB,I acetonitrile. am de
The predugiiof g abgumteactian 5 rssterably worseq ippntelﬁisﬂnﬁéo@é?r washing step.

More pr¥fe}ably thé v&maup eér‘tﬁlﬁEfah)le] @ﬁu ﬂﬁalh@s&fmsarr@pdfé&pbﬁd Rtermediate
prefera sol yti on

Was“"ﬁi‘%%‘i‘%?ﬂ %HW% aF'Bo?r9| ?é CﬁB‘f aczsi ﬁ%'”t'?ﬂ ??'Pyembaﬂ@r%\'vtea@sa e.g. 5%
sodiundQarbahite siutiGropr opyl et hyl am ne and conpound D over a

period of tinme, for exanple 30 mnutes. The

tenperature of the resulting solution may be

A fourthigdspéction e prbset iaventidnedrovidés métHodast syBk&¥ing Bo@ipoutid A from
After its addition, bhe re?ultln

uton
compaas ELmRrngy RGP RO Pttt EYEPREBY R LB, or
minerdl eﬁ‘ﬁ&émthﬂrébfr |ﬂghé1ﬁe36ndécﬂfdlh%1méleolﬁﬂhglhgm afll arb2e8) for example,

erature for
an ampqu %@%8985”& asrﬂlésopléagﬁlpﬁ]y%g- npound A may be
renoved fromthe solutlon by cooling to bel ow 10C (or
erlo of time (e.qg.

C f
The mpSIRIAF Sait G13) Re ! ByeT PR Pl VEREI RIS Slooul t | ng

corrpound A may be vvashed for exanple, with cold
The s A I OBt g o, Srpouna

may be carried out in any suitable solvent, for example, acetonitrile. The amide coupling agent
is preferably 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU).
It is preferably added to the solution of 1-(cyclopropylcarbonyl)piperazine, or its mineral acid
salt, diisopropylethylamine and compound D over a period of time, for example 30 minutes.
The temperature of the resulting solution may be maintained at 25°C or below (or 20°C or
below, e.g. at 18°C). After its addition, the resulting solution may be left to stand for a period of

time. A preferred temperature regime is holding the solution at room temperature for 2 hours.



10

15

20

25

F/ OHO~-P<OWB HOWB GF OOcc NHO FOH FE

D D net hyl phosphite was added drop-wise to a sol ution
wo@Roosodiosan nmet hoxi de i n met hanol at OC PCT/GB2007/003888

2- Car boxybenzal dehyde (H) was then added portion-w se

to the reaction mxture as a slurry in 10 methanol,

Wi th the tenperature kept bdlow 5C. The resulti ng pal e

The re¢@tih@¥orfgdud O hayae ramoi@sirorh the?dMlutRNey cholito-below 10°C (or
I\/p(g&anesul hopi.c_acid was_added to the react]l

J . ction
below g G IouP@IRin P Chior ALSiPY PHENGR9-d el EfemEH bidlration. The
resultify égapingd\ may \baGkihed 6r ahiph, Wath icdldeacetsnitileenched
with water and extracted into chloroform The
combi ned organi c extracts were washed with water,

In WOGdI002880975, tH0Mwing i6lte Yesusmpsuad D i8 dikdkeedt o yi el d
(3-o0xo0-1, 3-dihydro-i sobenzgf uran-1 15 yl) phosphonic
acid dingt hy)y ester (G_asja whitg solid ield: 95

% . Thi S\hen ysef put , fur Lfication
in the tage. Ta [ xt ure of
(3-oxo-1, 3-dijyydro-i sobenzpf yran- 1- osphonic acid

di methyl ester (G in té&fra }Z'arofuran and
2-fluoro-%-fornyl benzonitail é fF) i n tetrrahydr of uran
was added triethy amne 20 drop-w se@over 25 mn,
wWith the tepperafure kept bel ow . AAhe reaction

m xture wa &r 1"hour and
concentr at ed . ¥he white fle wag slurried
in water or 30 mw, filtered, washed w glh water,

nitrile (E) as a %0:50 m xture of E andp Z i soners

(yield: 96 %9. 25 To a suspension -of

2-fluoro-5-(3-0xo0-3H i sobenzof uran-1-yli denenet hyl ) ben
Dimetiyd phdgphite wak)added disptwiite Wos selditbmcbf3gdiamitethodde in methanol at 0°C.

hydr oxi de sol ut.i on .and 41e reacti.on m xture was heated :
2-CartkReherioE PR D I PO R HIVELS P ORPIGABTKe B & stuy i
methandlxvithi thevtesppaatdre keptybetawo &2l The réd€iinggpatk Ylow solution was warmed

.2008/ 04708 CT/ 007/ 003888 2. hydrazi pe hydrate

t0 20°G RS r raCe o 899 Yo ARtRACHe Raelonmdgh i and tne
resultingahite suspeasios aaksedaparateddmvacuo. The white residue was quenched with
water and extracted into chloroform. The combined organic extrécts were washed with water,
dried over MgSO,, and evaporated in vacuo to yield (3-oxo-1,3-dihydro-isobenzofuran-1-
yl)phosphonic acid dimethyl ester (G) as a white solid (yield: 95 %). This was then used without
further purification in the next stage.

To a mixture of (3-oxo-1,3-dihydro-isobenzofuran-1-yl)phosphonic acid dimethyl ester (G) in
tetrahydrofuran and 2-fluoro-5-formylbenzonitrile (F) in tetrahydrofuran was added triethylamine

drop-wise over 25 min, with the temperature kept below 15°C. The reaction mixture was

warmed slowly to 20°C over 1 hour and concentrated in vacuo. The white residue was slurried

in water or 30 minutes, filtered, washed with water, hexane and ether, and dried to yield 2-
fluoro-5-(3-ox0-3H-isobenzofuran-1-ylidenemethyl)benzonitrile (E) as a 50:50 mixture of E and
Z isomers (yield: 96 %).

To a suspension of 2-fluoro-5-(3-oxo-3H-isobenzofuran-1-ylidenemethyl)benzonitrile (E) in
water was added aqueous sodium hydroxide solution and the reaction mixture was heated

under nitrogen to 90°C for 30 minutes. The reaction mixture was partially cooled to 70°C, and
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tenperature and acidified wwth 2M HCI to pH 4. The
m xture was stirred for 10 mnutes and filtered. The
wo e®shyiosy solid was washed wi th water, hexanePCEGBe007/003888
ethyl acetate and dried to vyield conpound D as a pale
pi nk powder (yield: 77%. 5 It is also desired to have
an i nproved nethod of synthd@is of conpound D.

hydraAARE Ry dthte a4 aﬂjdEH fahb sﬁﬁ&%tr 10hotird&t I?D‘QSS emte re4tiBRWa8kooled to room
provi des a_ net hod ¥§§ esi sing conp

tempefq{@resa(ng@c@f edmjth 2y i Pl 4i gh%@n@:rgw| stlrred foqu()) mmuteg and
fllterec( Fhexesulting- i Was Qfa%h&?WEIWvaeaﬂTex%né/ | ki OStRN QIR ata®e 4rfd dried to

from 2- carboxy benzaldeh % synt hesi si ng
yield comppyed B-as-9 Qéﬂ? EPK(PSWSQ Eldo M»éf ur an
1(3F l) - yI|dene)nethyl]benzon|tr|Ie (E) from di et hyl
(3-0x0-1, 3-di hydro- 2- benzofuran- 1-yl)phosphonate. 15
Itis algq d?%reﬁ rt%f‘%‘fer %‘H'”%Hﬁ%\‘teddﬁ?ﬁb% Rksyathesis of GPmP%Pda‘Ped in
the synthesis. This nmethod avoids the use of the

di It of di methyl hite which tabl e
I LI NI S—r

compr@.r@qhglstecp cgol ution. It is preferred that the step (a)
in t rahydrof yran i n ich the di u

(@ syRE9Ica SR R Poph SR Peat B a  PRPSPRORRE (OO
carboXyper®BAddnydé(H)y by adding di ethyl phosphite to a cool ed :

sol ution of sodj -a ate in
(5) sYRBRSIIS EAmay B B o SHene e A eneetadaegzanivie (€
from didthyil (Pbxait Stdiyydrepasphbileanmy)despdiawred by reaction

w t h net hanesul phonic acid. Step (b) may be carried

out in 2-nethyltetrahydrofuran, with the addition of
It is prefeiret hlyét%mri’peund @5is haeisoratddan thef sypyHekise Jihis methcd apsidsthe use of

i sl 4SO Sk A o MBS P s

4350 @98 ONir dlcor®li¢ EBYution. Ot ishdrbfembd-thatRefstepiiay ooqosim-E by

e S S A 8T RADESI v o

formedh yrdsibydriding3iethyighoéshiten@y cheledabiutivedf dndiuns t-agylate in 2-

t 1.1 apd 1. i yal ent f i dr at
o5k TS o PN HRLE Bl A R AFR  oowed
by reaeticrewith methanzsulphdnjddacd.e usi ng acetic acid. WO

2008/ 047082 PCT/ GB2007/003888 13

Step (b) may be carried out in 2-methyitetrahydrofuran, with the addition of triethylamine.

The method of synthesising compound D may further comprise the step of:

(c) synthesising 2-fluoro-5-[(4-oxo0-3,4-dihydrophthalazin-1-yl)methyl]benzonitrile (ED):

from compound E by reaction with hydrazine hydrate; and

(d) synthesising compound D from compound ED by reaction with sodium hydroxide.

Step (c) may be achieved by using between 1.1 and 1.3 equivalents of hydrazine hydrate in

tetrahydrofuran followed by neutralisation of the excess hydrazine hydrate using acetic acid.
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A sixth aspect of the present invention provides the
conpound ED: O NHiNF EDand its use in the
wayslemss of conpound D. 5 A further aspect BPET/GB2007/003888
i nvention provides a mneral acid salt of 1-
(cycl opropyl car bonyl ) pi perazi ne, and a net hod of
synthesi s thereof by reacti pi perazine with acetic
acid, followed by addition of cycl opropanecarbonyl
chloride. 10 A seventh asPect of the gresent i nvention
AS'“%?WF‘o‘EéheaP’ﬁﬁ%?tﬁ%‘@éﬂ?” RrQVIdES MSFOMPCYRY EBrpri sing a
conpound of the first aspe;t and a pharnmaceutically
acceptable carrier or 8nt . An ei ghth aspect of the
present invention pro S d“conpound of the first
aspect for use in a

hog?'bf treatnent of the hunan
or animal body. 15 A ninth asect\\of the present
i nvention provides the use o colpound as defined in
the first aspect of the inve in the preparation
of a nmedicanent for inhibiting the activity of PARP
Further aspects of the invention provide the use of a

and itsausiepo thedsyathedisfaf cemipound Be first aspect of 20 the
invention in the preparation of a nedicanment for the
treatnment of: vascul ar di sease; septic shock

A furthes a$rehofdhe ijventjon prevides amimralchidmmm aghi ¢ shock;

(cyclo&béﬁ%ar%&ﬁa@ﬁ%}g neeOEn 5 o?f s&ﬁﬁb&ngkﬂetr%ﬂ b9¥? ?H é) I’perazme with

acetic asig fotiowetd bmeddmweoftcvdnprppmcaé@nﬂmhlqnlde use of a
conpound as defined in the first 25 aspect of the
invention in the preparation of a nedi canent for use

A seventh aspestipfithe presanidayridion prdvisiea gypharmacsutipd cemppsitiomepmprising a

compotuﬂ%'f’f eGirdtlas &Rrantir 32% Qée&%%& dfcegﬂt b1 YafrdFbAdilught. OF

ennt er ape BET ¢ er aspects of the
i nvention provide for the treatnent of disease

An eigggﬁ'ranis'g%tac}f Ak Pr\ésérh‘?nveﬁgod B3l ke h%gm%lfrf) I'_t>he ﬁr‘%f'psrde%{ fdPusein a

sterin I'n need t reat nent
mehoﬂnéhaﬁﬁﬁmt@aheyumenpéemnv@bqhbunt of a conpound as
defined in the first aspect, preferably in the form of
a pharmaceutical conposition and the treatnment of
A nintieasrest of the Rasest inyeriighiprivides thegse of acommpsiuad @sdefined in the first

aspectH U MZ%% i gﬁ ;?@é?r?? é@%ﬁgdlcérﬂeﬁt%ﬂﬁﬁgmﬁé tﬁerfc'ﬁ(nthARP

a therapeutlc ectlve anmount of a conpound
defined in the first

Further aspects of the invention provide the use of a compound as defined in the first aspect of
the invention in the preparation of a medicament for the treatment of: vascular disease; septic
shock; ischaemic injury; neurotoxicity; haemorraghic shock; viral infection; or diseases
ameliorated by the inhibition of the activity of PARP.

Another further aspect of the invention provides for the use of a compound as defined in the first
aspect of the invention in the preparation of a medicament for use as an adjunct in cancer
therapy or for potentiating tumour cells for treatment with ionizing radiation or chemotherapeutic

agents.

Other further aspects of the invention provide for the treatment of disease ameliorated by the
inhibition of PARP, comprising administering to a subject in need of treatment a therapeutically-
effective amount of a compound as defined in the first aspect, preferably in the form of a

pharmaceutical composition and the treatment of cancer, comprising administering to a subject
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aspect in conbination, preferably in the formof a

phar maceuti cal conposition, sinultaneously or
waegsesosal [y with ionizing radiation or PCT/GB2007/003888

chenot herapeutic agents. 5 In further aspects of the

present invention, the conpounds may be used in the

preparation of a nedi canent'4f or the treatnent of

in neeG aﬂﬁ&ﬂm‘é’ﬁ! 5therépedﬁéal|9Jeﬂe&tuvbrbnhkmpbwmpd%ﬁﬁca§meﬂﬁéd Bfhe first
repair activity in the

aspeclipSRPBAIT PR 18 e (1™ 8 BRGEIacaHehodgposdion; Simeligneously

or sequéntidity ARP RIMEETY ratiifodSEcHepAM dragsiitic \gbits. conmpri si ng
adm nistering to said patient a

t herapeutically-effective amount of the conpound. 10

In furthEhaspiRtslenae geagbnﬁh%rmw the pa;inpomishﬂwbé @35 if $he preparation of a
tran e

. _doubl e- DNA vi honDI ous, . .
medicGiBE {7 Gt o5 P HTRER WO A FEEM RACHAIP9pp Regombination (HR)
dependé&aDNA BSE rEpdir actizitk 20 ih the Nebtmdnt 64 patieht 3) a carcér ¥bith is

oo ope R PRI 5Pl A, SRRy B rer
therapédtidalpftective ambbtlof(idvtdpdind) , RAD51 L1 15
" "(NM_002877), RAD51 C (NM 002876), RAD51 L3
(NM_002878), DMCL (NM 007068), XRCC2 (NM 005431)),
The HR%SQnddNNDWSB)'e aRAdQ'BﬁN b 2db(B)e-stFahdDiéaks (DSBs) in DNA via

homol%gg 3:% %Bﬁdggﬁ or| &%ﬁwlz‘lég@@w kR&EI%A Qaoa7n2dg§ }3 Jackson,

Nat. Gehidl | mxsﬁsz@y 25420 H1 Thélbb Pty of the R depeatientDBNA DSB repair

oA et A e B RRER, Ao b i BB oo

(NM_00RRTHeRADAYE ¢NM_002876),, RARS 1L3 (MIVG 00287 §)BiAB4 3RE) D0TFIRS), XRCC2

<NM—@??Eﬂ?%?@&?f‘@éi@@%%@@%‘ﬁzﬁ"@gﬁé\@té“ﬁkwm?@g% RADS4B
(NM_cdef )i BRCAH iNMROOEZSS).(BREA DM X osep amoamawm: Q0BT3IBEMRE11A
(NM_ o%ga&@ Hj\gsﬁbg@ggqogés@gﬁ?qee{ S%‘F"{%%ﬁ% é\%ﬁlv?g Iﬂm %ggependent DNA DSB
repair patheag inctddatregtﬂaogafbmaysuch =13 m&e(ﬂ@hamlespal dl.sCell, 118,

i DSB
pos23isafh B o oDES Bitet e BB GAEH H At TBRe2E 1ABHd26°

(2001)cancer cells. The activity of one or nore conponents
of the HR dependent DNA DSB repair pathway nay be
abol i shed in the one or nore cancer cells of an
A cangen dlih\dhdsl déf dient imigR alepamdsat DNAI @$8 iépaﬁ'eﬁéy:d:oﬂimlsiemr c3ikist of one or

more ngﬁ% Bh&at%g rthtbcgl ro?gé&og%@) gq@n\ﬂé‘e?alr bﬂi dﬁs through that

pathwayh aelamleablrmﬂdallcalls e tlae activisyef the HRedepeptent DM OSBatpair pathway

al ., Science 1,.1284-1289 200 and include the
may b feducEd P RS ienED iy g B or PR CAME Sl or r o

enbodi nents, the. cancer cells rmy have a BRCA1l and/ or

defi ci ent 0 i.e, d/ or

The a@ul5f Snetd e EPlopdéhiLBE HAEferientsnt A DR 14pE patpway may be
abolisived ihghe or@ammoreamlnbsr oalls bf arhindiviphalrtavingea ceyebehich is deficient in
HR deggrgcge E)glgggg%%gawgpﬁ%ggggﬁé 115 depengxﬁrlﬁ@/& 'D%% r\é\galr pathway

are well characterised in the art (see for example, Wood, et al., Science, 291, 1284-1289

(2001)) and include the components listed above.

In some preferred embodiments, the cancer cells may have a BRCA1 and/or a BRCA2 deficient
phenotype i.e. BRCA1 and/or BRCAZ2 activity is reduced or abolished in the cancer cells.
Cancer cells with this phenotype may be deficient in BRCA1 and/or BRCA2, i.e. expression
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and/ or activity of BRCAL and/or BRCA2 may be reduced

or abolished in the cancer cells, for exanple by
wWOore@n®4782 mut ati on or pol ynor phi smin the encoRPdCTIGB2007/003888

nucleic acid, or by neans of anplification, nutation

or polynnrphlsn1|n a gene encoding a regul atory

factor, for exanple the EvBY gene whi ch encodes a

and/or BRGAR of BRTAAt aHdyor ERG A2 méawbe heficba vt 8SolisRéd Ml the et cells, for
&h 523- f5 535 R?Al BRCA2 are known tunour
examp, 1%!*8%%509 iaBond %ﬂ“‘if?'ﬂiémé” el egodiPg nFlgig el by means of

amplifittih, mumtlbhl BPP6IgmMOfphitet BrDger@he Pete@BIZoGiAY hirédHatodXaét8r, Mr.example the
Onco 82 981- 93 2002 Tuft, et al.
EMSYgreB«Ia] W&f‘f Bg?fg)reggqt rydact(JQ@-bjgp§s-D§HI§s etal., Cell, 115, 523-

535). aSSOC|at|on of BRCAL and/or BRCA2 nutations 10 with
breast cancer is well-characterised in the art
(Radice, P.J., Exp din Cancer Res., 21(3 Suppl),

BRCAPad?BR2A22)re knd\ﬂ@ldrﬁd@ 8l pméssbf's Wh&eﬁMﬁYtyﬁ@ aﬂ?elesy\é"r'eqfféquently lost
s a BRCA2 |nd|ng@fac

in umGeS S hele ey AU raPieEnLRYaE: bUsideah EUADPSO LY (ABRE Bt et al,

TrenddeﬂWlé@ ng(1e)n SB*R@A@ZQQH/ Phie &B%Ztléﬂ' & BRGM Qﬁd/SJ BREAL thutations
ri sk of cancer of the ovary rostate and

with brﬁ%ﬁﬁ&?@% < Wl RATRCIBSAR AR (BB bt oEXk Gl Cancer Res., 21(3

Suppl) le'ZV(QGW@ A|$| h%ﬁérpéMggﬁﬁnéYoéer%nﬁ/hf&H eﬁ%d’esvaaéR@kg(Bﬂﬁimg factor,
Plonsan pol ynor phi snms, i n BRCAL and/ or

is also Bmt%be asspélgtﬁdaw'm brepghasgfovaracanget ect i on of

variation in BRCAL and BRCA2 is well-known in the art

and is described, for 20 exanple in EP 699 754, EP 705
Carrlerg@gmumlgﬁg%%lﬁCAg apd/op BRCAZtare Alge @t elpvated ngéﬂfeqancqrecgtthe ovary,
prostatt:andPpan&da$.1992) ; Chappnis, P.O and Foul kes, WD.,

Cancer Treat Res, 107, 29-59 (2002); Janatova M, et

al ., Neopl asnma, 50(4) 246-50 (2003); Jancarkova, N.,
In som@?ﬁéﬁ‘érr@y Qlﬂbé’cklmen@%h@mdnllauﬁ is lﬁé’t@r@%}dous f&eér%rcmnﬁkﬂé 'innatlons such

fication of BRCA2 bi nding factor EMS
as m”‘ﬁ%r%“ﬂeﬂﬂ"ﬁ"ﬁ”pmﬁ@ﬁe@ %%%"d/@tha@Az °@fq9“'ai<lféhe’e°f The

detect|5|23f vatialion MrBROARGHE BRI s Rl XABK® [ tﬁ@%rtaaﬁa‘?&!ié’écﬂged for
cancer nay be detected at the nucleic acid | evel

exampwr'&&%‘%&?%glf 10501085 Bkhausen.S b aandPstrander. &2, Genet. Test, 1, 75-

83 (199896RANY, PAd. dEFRUIRIsIND |, @\éﬁ&erWeéi%%C‘iaﬁQg -49"©002); Janatova
presence Of a vari ant i.e. anutant or allelic

M., et %/arN%m’é)S"ﬁb 504346420 (2903)pdancarkpya . pebknGielp!. fifi(Bs11-6
(2003)f iCRterhindboMef SMSIIfNM}rPBf the ﬁﬁg‘A‘iCB indi ﬁt{ fafor W |s descnbed in

treatnent (exanple ; shows 1he po
Hughepfiavies netet., €6iIdenoRASID. FormA after water treat ment
(example 1); Fig. 3 shows a representative powder XRD
pattern of conpound A as FormA; 35 Fig. 4 shows a
Mutatiqnsanddreitmarplyismp gaeraiatogkmitih sancer maybedstastashat tire agcleic acid level

by det&BhY MG ed M@l or YWRaANH LRI R SlqlelBsOA thOPREAR Ievdfoy detecting

the presence of a variant (i.e. a mutant or allelic variant) polypeptide.

Brief Description of Figures

Fig. 1 shows the NMR of compound A after water treatment (example 1);

Fig. 2 shows the powder XRD pattern of compound A as Form A after water treatment (example
1

Fig. 3 shows a representative powder XRD pattern of compound A as Form A;

Fig. 4 shows a representative powder XRD pattern of compound A as solvated form;
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Fig. 5 shows a representative DSC trace of conpound A
as Form A obtained by heating from 25C to 325C at 10C
w@eoosioimst e. Use 5 The present invention provPC@EEB2007/003888
conpound A as Form A as an active conpound,
specifically, active in inhibiting the activity of
PARP. The term"active" as U8ed herein, pertains to
Fig. 5 §iievsCd rappssentatioe 0s0 @ac@&ﬂ@bﬁﬁo@‘fd A BQ'FQhﬁ 'Anrﬂ)té: A& by heating from
e assa whi ch may conveniently be used in
25° CtB?’éérd ?%magn @'TLH PARP inhibition 10 offered by the
conpound i s described in the exanples bel ow. The
present invention further provides a nmethod of
Use i nhibiti ng the activity of PARP in a cell conpri sing
The présetit atiehtich pravides ebrhpoMndn a8F &rnd R%%'a\ﬁ%cﬂ?@?%p&fndt Hecifically,

ound, referably in the formof a
active Bﬂﬁi’ﬁﬁegﬁ"t activity 0 d’c%%Ppt abl e conposition. Such a method
may be practlsed in 15 vitro or in vivo. For exanple,

I f t d-th ctl
o e st o s Wi s G5t Pave

activityl. ®neehdsagtwhidh ﬁ\BﬁC@f%ﬁ@{dﬂWb@ﬂbédh?%ﬁ%éﬁ%&&@W MARP irf¥bition
’ e anount o repair
°ﬁere‘£'>?<3f ggtCQB’WH"%'Sc‘%SP%P%’ I fr}?ee’ﬁﬁlpﬁ%é)ew erm ned. Were
the 20 active conmpound is found to exert an influence
e

The prgpert iiefien RPROFOUTY HEeREI K B b GO Bamsh RGP ima col.
comprﬁmblmd&cﬁh’ﬁg $di@aéll Wigh an Eﬂédtle@hmﬁaﬁtf of ittgadtivb |c5mp6und Pesferably in
the orR Al &y AT R LR REERRa0le COTBRHTONG SLDGHEPHOg ey be practised i

vitro opieivai ns generally to 25 treatnment and therapy,
whet her of a human or an animal (e.g. in veterinary
applications), in which sone desired therapeutic

For exafplech siampha(ﬂ‘ficeuse:day beyrawnanpit®, arlditRe hetvelbotpeOn® broukt into

contacF W?l? ﬁ% gﬁ’se anl I‘}ber%@ei,cggft the 56[H§$l?ndl cﬁmcwﬁgee F%{gé)rbggr%eé Rs examples of
veffecirtbg arwant of NA rapaiteffoctedn 4 batatotite maybe @eﬂdrnﬂnb&cﬁ Where the
condi Treat nent -as a pro actlc neas
actve piTRELTp b o PG e R BEIE bimon S s = prognostc or
diagnosticlinariet of the effivady bthe compedratie Snetifodshsf tréaencPd patiedt carrying cells
fth act i Ve %ﬁr%ound in conjunction with known therapeutic
otthe spMpEelu ®veans include cytotoxic reginmes of drugs

and/or ionising radiation as used in the treat ment of
di {.f er ent,, cancer, t articular, the ac

T tefth S RARe. “BNESR poUAT e B Bf ok Fee ieie EaTEiBRPatfing oeneraiy 1o
treatmemtrdmdrtherépyl‘,aﬂ'ceﬁrer@he hoinae ro&pry amhea(err@.nh vetevilarg ppizations), in

de t t opai s rase .cl a 0l spns_(.e..d.
which f%rB%g I rq’qﬁerrapgt&cee ﬁt IS Iaatﬂe\f é‘JS goﬁ)exarﬁﬁllgt 8flnr§|ﬂgg‘,\6 the progress of
the coritify, @dd OBRIIRES/r&RRAOM I8 8428 of Arogkasevanhalt inth@tat@ gf progress,
amelioga?@gtsc’)? th%ec'go%d@ga L%H éél?enﬁfztge conodt Jn aIr}eatpnlen asn g r;;]ro%%ylactlc measure

(i.e. prophylaxis) is also included.

The term “adjunct” as used herein relates to the use of the active compound in conjunction with
known therapeutic means. Such means include cytotoxic regimes of drugs and/or ionising
radiation as used in the treatment of different cancer types. In particular, the active compounds
are known to potentiate the actions of a number of cancer chemotherapy treatments, which

include the topoisomerase class of poisons (e.g. topotecan, irinotecan, rubitecan), most of the
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cisplatin) used in treating cancer. The active
conpound may al so be used as cell culture additives to
WO piosloi08PARP, for exanple, in 5 order to senBCT/GB2007/003888

cells to known chenotherapeutic agents or ionising

radi ation treatnments in V|tro The active conpound

may al so be used as part of T&n in vitro assay, for
known%ﬂ@lﬁﬂh@a?érﬂs (&Q’%leoten%bfémé)%nﬁﬁbﬁth@h tﬁs&@ﬂmgg"{%ﬁ carboplatin,

[ benefit fromtreatnent wth

C'Sp'at'EbH’p%’LJHHePWQ Q@Cﬁbestl on. Adninistration The act i ve

conpound or pharmaceutical conposition conprising the

i ve conmpound rmay be administered to a subéect by

The acavﬁycwm@ﬁlw al5Q,b¢ 4Sef 2560l GHuTera8ItuPe toiREPREARP, for example, i

order t6 ¥6istiFeGRlId ¥/ knbwnRPemplifiraddutic Bgerdd of BRisHrEdiffon treatments in
desired action, including but not limted to, ora

(e.g. by |ngest|on) topi cal (including e.qg.

transdernmal, intranasal, ocular buccal , and

ubl i nqual)); nar |nhalat|on or
The aC?st%ﬁ'? %Fd?@f ﬁ%?ngwsgf’sﬁswagﬂ Ofearun viro asgaly dey exampig, in order to
determwermﬂsermanhldafe Haxs &) likely@6 bahefit freMdidaBthentAthené e6beund in
for exanple, by injection, including subcutaneous,

vitro.

questiqnn; r ader mal , i ntramuscul ar, intravenous,

intraarteri aI , intracardiac, intrat hecal , .intraspinal,
Adminii ttracap_sul ar, 20 subcapsular, intraorbital,
————~§%P@§per|toneal, i ntratracheal, subcuticul ar

The active tampdund Wr harnsddeaticat Borapskitionasdehprising &sd &dtive lcombyu nd may be

somin R0 e B8 S  SGASHSPLHe i

periphexaliynarl at thee siterdf ebsiaddeactioh Atluding BatMBRlimitéd topdeinte.§.ydngestion);

toplcal?gclaél nggar%ﬁ'gaider@aﬁnrﬁ}gﬁ%%al gocu%t Cﬁyﬁfaﬂo and %L{l?gnqu,@_l)gpulgonary (e.g.

by inhaldioaat )nsuffigtivrnthefapyqising, 8.Ql &€ ero8olPé.j NAtcugh IhAULRBr nose); rectal;

. {(e.qg..a nke r ape),.a nmonke . 0. harnose

vaginaf, fadnielaiBp Snole S3F Rlegidh, elkebsuRpdan gt BFaptTebng,
intram@cblagriljtravenous hw:raanenﬁontrradamlh@naratr\%bl tiabpinal, mtracapsular
subca%ﬁ%ﬁgﬁqu%[rblféi |ttFag¥e§ 05‘8?' i rsp‘g&@ggﬁybcuggulgr? Err}é%aalcu{ar subarachnoid,
and intpastarnacleuitiptaalt ot @ dppat) for exanigle Gubclitanenusytdrintyamuscularly.

conprising the active conpound, as defined above,

together with one or nore pharnaceutically acceptable
The subjact mey be azdkaryatet sn anienatigiettebmate animak ltmamfnial lagodent (e.g. a

suinall ! SR 1) BRI Nl LURGEY Bl e 0.

cat), equirte @rgl adprse)naplimatet sieviart (eqy. apeerikey ooape)r axp’ropkay:(el.@ marmoset,
g 3 S e fur
vabooiP S0 hgk (75 obE cobirBbE Hiladldher BRS04 Ren.
above, and nethods of making a pharmaceuti cal
Formuig%r;gso& tion conprising adm xi ng the active conpound,
efi ned above, together with one or nore
While ipis goorsibledorn tbalabtweaawwuad keebe administesed W¥ON2 008 /pDfZRBR to present

w35« B ERIRA SRR o 15 B oG e p R . o
definedaladyet fogether with one or more pharmaceutically acceptable carriers, adjuvants,
excipients, diluents, fillers, buffers, stabilisers, preservatives, lubricants, or other materials well

known to those skilled in the art and optionally other therapeutic or prophylactic agents.

Thus, the present invention further provides pharmaceutical compositions, as defined above,
and methods of making a pharmaceutical composition comprising admixing the active

compound, as defined above, together with one or more pharmaceutically acceptable carriers,
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active conpound remains as crystalline FormA. The

term "pharmaceutically acceptabl e" as used herein
w@eosaii82 t o conpounds, materials, 5 conpositiPCEGB2007/003888

and/ or dosage fornms which are, wthin the scope of

sound nedi cal judgenent, suitable for use in contact

with the tissues of a subjed® (e.g. human) without

excipidhts B8fér¢Cadjvedntd, tsl'ﬁa’blllséﬂ'sr bricthdr@Rateddl$, AsHeR chtRNRNSA, sueh that
ot her problemor ¢ l'ication, commensurate with a

active F@Bemﬂﬁ@am&@ﬁéﬂsﬂ? ineshormAp i 0. Each carrier,
exci pient, etc. nust also be "acceptable" in the sense
of bei ng atible with the other ingredients of the
The tefTh RRARBFHICIBCACSEPIEEI & bsachessia Pedping i gampounds, materials,

compo%?ﬁ@h@'aﬁﬁlo‘i doSdde foﬁﬂ@wh@h faféJ RathinAh& E@U&&J’f @ound medlcal judgement,
armaceutical texts. for exa Handboo

f
su'tab'pﬁ%fr%scfé Gontedwiiae Lssiss ofa zhweﬁd?engwe@d@thom %‘@ﬁs've toxicity,
irritatiohN Biidrgic ASdpbnse, 49 @thet §Wbﬂa‘h‘$6r ddﬁﬁ]’i&ﬂ&inl Q(BmR@ﬁQMbtéaﬁlth a reasonable

benefi qﬁﬁgrrﬁtécg gg%qhgcgrne\gglg)&%%ék etc. ;%@ agalt{e 8f epgqr])é_ in the sense of being

compatibRPithaRE btheYigrédidrits 8f tWé drmaratio?000; and 15 "Handbook
of Pharnmaceuti cal Excipients”, 2nd edition, 1994. The
formul ati ons may conveniently be presented in unit

Suutabmmsfd)mman&dw\tbezt@ lcep 8é eslindyin stanyardgihandscenttdl texts. See,

o e e o o LR b A e M AR

2001 (BlyhdpsehsfoanstiontRessliceb, IﬁenEhcﬂltdtt mwmkdUSApl“leemlngton s

Pharm 3R R CUP By DA PPy bR Wltegt ENE, A004 308

“HandB&skosfiFdaracdultiCal Extipients @naaaditdn eda. | i qui d carriers
or finely divided solid carriers or both, and then if
necessary shaping the product. Fornul ations may be in

The fothalafietsimay caivepienty bspresértbd at unit @lsagmfoem anpona&ebesprepared by

any mEERRSHEL e §105 o0 o PR TPFL: Pt TErg0s B SEkp inaing nt
associatiyh the aﬁﬂ%ecnmmhnﬂawtﬂﬂ taﬁ bﬂtlel;: whigh tsngsltutés arse crapsnel aesessory
ach cont ai ng

ingred%?g.gq?ﬁ} S%?err?lt @e f%raqlﬁ}@n% SFFp%SPlﬂed 2 %gl"f‘cbr o&ﬁ%’?‘} @gima{éﬁ/%ringing into
assocgt@?tﬂe%tnv@ﬁorﬁpmmlmﬂlﬂltqord agrrtleaﬂloaf?wmged soiédnagdpjeousoth, and
30 1i aste ablet ma e made
then 'fcﬂ?ﬁe‘e@%ﬂ%?% 3@38?4%8{3 . conpression gr nol di ng,y
optlonally mnth one or nore accessory ingredients.
Form GAORR 57 S Y B4 BRSBTS, LR BRI g oot

pills of pastessuch as a powder or granul es, 35 optionally m xed
with one or nore binders (e.g. povi done, gel atin,
acaci a, sorbitol, tragacanth, hydroxypropyl nethyl
Formutatiohsi ksoigab)e fof ot adminintratibrh (esgnt by ihgesiion) ey bedresented as discrete

units %gég%é%/szl;leas lcéghreltsc an B'Ie SSéich gb%ka%lHQ]a ?%Yéjc{ ear ined amOLint of the

activesiohpoand; adisspawdey pag:tasures) @ana,rs@em@zm an aqueous or non- aqueous

liquid: 'or s GRpQfk// 003888 19

A tablet may be made by conventional means, e.g. compression or moiding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active compound in a free-flowing form such as a powder or granules,
optionally mixed with one or more binders (e.g. povidone, gelatin, acacia, sorbitol, tragacanth,
hydroxypropylmethy! cellulose); fillers or diluents (e.g. lactose, microcrystalline cellulose,

calcium hydrogen phosphate); lubricants (e.g. magnesium stearate, talc, silica); disintegrants
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(e.g. sodiumstarch glycolate, cross-Ilinked povidone,
cross-linked sodi um car boxynet hyl cel |l ul ose);
wewoBacmsact i ve or dispersing or wetting agentBCT/€Bg07/003888
sodium lauryl sulfate); and preservatives (e.qg.,
met hyl p-hydroxybenzoate, propyl p-hydroxybenzoat e,
sorbic acid). Mlded tablef8 may be made by nol di ng
(e.0. séd?urﬁ Bt %\W:cﬁatga&%Q fnkdd rﬂo?ﬂHHﬁée c%sstllhﬁec{’&ymfu %Qrboxymethyl
npound moi stened wth an inert di [ uent.
ce"uI°$eib$téia§e1¢ﬁ§weo$ftd'%n@aslmgforb'éeterem@wt%(e @c%qdeun iavey! ﬁtﬂfﬁte)béf‘d
preser&é?u(/géjtéﬂé eghef &%y&r@xﬁi’e‘ﬂ%ﬂ@ p‘-‘rbﬂ)ﬁ’pq{ydfb‘ig)&é&%@dsérﬁﬂc%ﬁ? Molded
active conpound therein using, for exanple
tabletsm%yrtww%bx/ meiding,in Q:%Matalpcs%%,chm /BPYTA @f me@@wﬂﬁrqgr@mpound
moisteh&d RItP%h %rttliaﬁlddcﬁlﬁéﬁte q‘h%%tﬁ%%ay%d%hél@ be lcdalRit sBE¥d and may
optionally be provided with an enteric coating, to
be formylated ge ap &o E'é’é’é’elsllp"bﬁrr‘i%‘tfeﬂed release af theastive ‘foﬁ%ﬂpuﬂﬁ gherein using,
for exﬁp@‘ﬂ?&ox@oﬁlﬁ@%%éﬁuﬂ@éf ind VY M?Srobbﬁw%fd HrBviBO IHeHfled release

pensi on. Formul ati ons suitable for topical
profile. aa?ﬁ’ﬁtﬁ ﬂqyé{gtlgﬁaltyé)@roylg%ga@ pﬁﬁptenp ﬁ@@tgﬁa@aqrow% [ﬁI%se in parts of
the gutk&ﬁ&qhan ABGtormady i ngual ) may be fornul ated as a paste.
Formul ati ons suitable for topical administration to

the eye al so include eye drops wherein the active
A capstRIASHRAEILLS tH /508 8 pbihdBin SUsdeMRion. carri er,

especi al |y an aqueous sol vent for the active

conmpound. - 20 Fornul ations suitable for nasa

FormuR€lsAdduitabitfboBpicHEInfhiBtration (63! fra¥detrfaldinfr@hdsdl, ocular, buccal, and
i nclude a coarse powder having a particle size, for

SUb""gé‘?ﬁﬂ‘ﬂﬂVé’e fPH“&"H@draér?g%aséef about 20 to about 500 microns
Whl ch |s adm n| stered in the manner in which snuff is

nhalatlon t hrough t he nasal )

F°’mu|@él%'§a§’étaP'P6ﬂﬁ tap'eelrﬁdg“w&vattw ? fe ‘?}’&\ﬁg%’? nFluicie Gops yperein the
active EEmpdidN® s@speRbedpr MtlliRbleWasrics léspabib®y drdaqueous solvent for the active

adn1n|strat|on by inhal ati on include those presented
compoyRd.an aerosol spray froma pressurised pack, with the

use of a suitable propellant, such as

di chlorodlfluoro hane, trichl orof | uor onet hane
F°"““l9 igpRrtaplefPasgon %’B‘PﬁHﬂ%P" FE’F('JH?‘BFGS{ 8365 @ 9id. {geiydp a coarse
powde Havitdh pagierasze, WP e28ABIOH AAS Parige bf eBAAQ0/t6aB&HS00 Acrons which

o SRS ook SR S Sl S P FRS R nse

passaddfeora @ldovitairi [P e sbwden Reld @loge Up adrtHeaidsent to pati ent.
Determ ning the optimal 5 dosage will generally
i nvol ve the bal ancing of the |level of therapeutic
Formub?ﬁﬁéh éditaﬂ@&bﬂ@dmmrs}faf drSl’&/ iBhalatibal iatiede those s'reie?]teﬂ fas@hzaerosol
the treat pr.ese nven n. The
spray Eam edverr Rehbas b e Kaeld Saupet PHPelA s RS of
dichlorbaifiti erometHadk Ligichigroflboitontetiiank| dithard-téteaflubfoettaot| earbon dibxide, or

other stufilgblg agragels(.: ul ar
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conmpound, the route of adm nistration, the tinme of
adm nistration, the rate of excretion of the
w@eoopowms? the duration of the treatment, othePCUHGBY®;7/003888

conmpounds, and/or materials used in 10 conbinati on,

and the age, sex, weight, condition, general health,

and prior nedical history oOthe patient. The ampunt

of conpound and route of administration wll

ultimately be at the discretion of the physician,
Dosagg) { hough generally the dosage will be to achieve |oca

It will beQippRItidted tHabapptbpridie dosdges oPthe AetivePEbnitiung, Qf?d“écﬁ?ﬁ?osmons
the desired effect w thout causing substantial harnf

compriging dg agtvpicampourd. ¢ar ypmdiorspatiegt inatiants (Reterning the optima

dosage/ WilQgehaiallp hveiveasd Bﬂahdhg?éﬁhéj RV of GMhP U %%hé/flt%bamst any risk or
vi ded doses at appropriate

de'ete"%eﬁl%f@eﬁ% ?f?tl*aéjg?%m@ntswé thegripsent Bveptiafat Hherselectad drsage level

will de;ﬁénddﬁi £Vl BOfatidRs mﬂDéih?( But R&IINR A 1B ARS adisly SpEaPartRllar
strat*on are well known to those of skill in the

°°mp°aP<E fﬁwutw qdryigisiratign, Hedtime ¢ladministration. thedaterapxcretion of the

compotjhl@rtﬁ@yuratlhlﬁ?opﬂhém@ﬁﬁ?né?ﬁ dtihe drRy atmipodrﬂ@ érﬂi'/&%at@ﬁélé used in
20 treated, and the subject being treat

°°mb"§?ﬂ@| iddpe BF1 5581 WOEBnFoNALEnaBesHl healin 359 PaPF Pedicalfystory of the

patientwiThl anidudt B0ssnpotivie lanarslit® at écﬁﬁlﬁlsﬁﬁidh?mglﬁltlﬂ'?‘teﬂﬂ bbf)ﬁt ihEQilscretlon
treatin i ci an eneral, a.suitable dose o

of the pIyS|CiAD. 'Hf’%féﬁ ggnerally Weﬁ%réaqeaw@ bede aghiB\r o8 rgneantrakiong at the

site of &€1dn wiichpachiew? the dysimsdadfeviifiolt edusingesudsBhisl thafeful or deleterious

side- ef%?éh-pZS WO 2008/ 047082 PCT/ GB2007/003888 21 Exanples

le 1. Synthesis of compound AO o NHNH iNiNO
CZH\ DCF OO NHNH VNN NNBLNHAFNYII~I

Adminigrgqun(jg é’ffgicﬁn reE%@tg;& UgwéosséyggnlglﬁSét?s?ydortmtermI%emay P e.g., in divided
doses at appropriate intervals) throughout the course of treatment. Methods of determining the
most effective means and dosage of administration are well known to those of skill in the art and
will vary with the formulation used for therapy, the purpose of the therapy, the target cell being

treated, and the subject being treated. Single or multiple administrations can be carried out with

the dose level and pattern being selected by the treating physician.

In general, a suitable dose of the active compound is in the range of about 10mg to about 600

mg per m? body area weight of the subject per day.
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5 Methods Preparative HPLC Sanples were purified with
a Waters nmass-directed purification systemutilising a
wMai0ens70600 LC punp, Waters Xterra C18 col ump¢BGBR2001903888
nmm x 50 mMm) and M cromass ZQ mass 10 spectroneter,
operating in positive ion el ectrospray ionisation
node. Mobil e phases A (0.1 % formc acid in wat er)
Exam;ﬂagl B (0.1 %formc acid in acetonltrlle) were used in
qradl ent; 50B to 100%over 7 mn, held for 3 mn,
Exam%le aSynipgsisafcompamdA/ nin. Anal ytical HPLC- VS 15
Anal yti calp HPLC was carried out woth a Spectra System
and Jones Cenesis CI olum (4 pm 50 mm
Mbil e phases A (0} L6 fW¥tnic acid in
~B (acetonitrile) wefeaded igy a gradient
of 5 %B flor 1 njf:?Hrising to 98 %(B afte 5 mn, held
for 3 mn ow rate of 2 ni tecti on was
LP detector at 254 angd Nepange
210- 600 nm PDA. The Mass spectroneter was a Finni gan
LCQ operating in positive ion 20 el ectrospray node.
NVR 1H VR spectra were recorded using Bruker DPX 300

‘ a t andar d.

Unl ess st'at e se all sanples|were djssolved in

DVBO- d6. W @:}@2 PCT/ GBZOO?/O 38" 82 |a)

4 di hydro pht hal azi n- 1-yl met hyl ) - benzoyl] p| peram\l}ni 1

-carboxylic acid tert-butyl ester (C) To a stirfed
Start|n§ MatdriaP (D)Abast dytHesREl b %émb%u Alscldséd 5|QNG))200'4/080976

di met hyl acet am de (DMA) (3561 m) at room

t enper at ure under nitrogen vvas added HBTU (2-(1
Methodit benzotriazol -1 -yl)-1, 1,3,3- tetramethyl uronium

hexaf | uor ophosphate) (1402 g) in one portion. Hunig's
Preparglive HPL®r oNEt , 1096 m) was then added with the

Samplé SWBR! firileewite EWVQ@FSV‘&SQS directddl pibfficdtRinl sYu@eh iRNisifg a Waters 600
sol ution_ of 1- Cpl era2|ne (637 g; in DMA;l48rr1)

LC P“’ﬁPthaieFPex‘FEﬁﬁéﬁm Bé?’%é‘eﬁﬁ’ ME) ppd bigromags 43anass

spectr&ﬁétéf loﬁéra‘ﬂﬁéfm%idsitﬁ/@‘i’orﬁéleétﬂﬁmag%ﬁ?ﬁt@h Wicief %bﬂe blﬁéé;é?; A (0.1%
led for conpletion n co

formic GRE 1 BT ks pedicrsy ﬁ@s?teu'grﬂﬁ) deTe LR M agTEent; 5% B t
100% 60&085mmuéldmrt3hnhh@taﬂméaimmum@.t between 15 to
25C and the solid filtered off, washing with water (2
x 7131 m), hexane (2 x 7131 m) and net hyl
AnalytkgerPLka ether (MIBE) (2 x 3561 m). The solid was
for

Analytleald-llr\’elrﬁ was, aar@ﬁg E\gﬁtt ﬁ%ppft;ahgystem '93;088' pump awgtJ%Les Genesis C18

column (4 um, 50 mm x 4.6 mm). Mobile phases A (0.1 % formic acid in water) and B

(acetonitrile) were used in a gradient of 5 % B for 1 min rising to 98 % B after 5 min, held for 3
min at a flow rate of 2 ml / min. Detection was by a TSP UV 6000LP detector at 254 nm UV and
range 210-600 nm PDA. The Mass spectrometer was a Finnigan LCQ operating in positive ion

electrospray mode.’

NMR
'H NMR spectra were recorded using Bruker DPX 300 spectrometer at 300 MHz. Chemical
shifts were reported in parts per million (ppm) on the § scale relative to tetramethylsilane

internal standard. Unless stated otherwise all samples were dissolved in DMSO-ds.
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15 This reaction was then repeated, see table: Batch
Yield (g) Purity Water Content Corrected yield (HPLC
woe@asd7ogK. F.) 1 1571.3 86.80 24.3 1032.5 g (FGEA&HB2®7/003888
2781.6 85.00 40.3 1411.5 g (10699 a. Geater than
100% yield attributed to non-representative sanpling
(b) 4-[ 4- Fl uor o- 3- ( pi per azi Ré-
car bonyl) benzyl ] - 2H pht hal azi n- -one (B) 20 To a
d solution of industrial Iated spirits
(@) 4- @ﬁ(ﬂ@/@ﬁzﬁw%ﬁ §- ddwdf%ftmf@é?ﬁ"r-at}'éwthxf}/ -benzayllpiperazingak carboxylic

ac,dtegq;;l,gglegt@npgund C (2780.2 g) in portions at room
erature under nitrogen, the foam ng
To a iR

$o41tios @f Hie stading arteriabh (Befk @).in W@etaﬂmtar@mw)aw’t) (361 mi) at
room téﬁmbér‘éﬁﬂe ghderitk e%%s%lfde@@lBT@ ?Rﬁ ﬁsoeﬁ%’tréf’dm Lyad gr3_

npl eti on (HPL pon co etion the sol ution wa

fetram@bﬂbfﬂnma@fa&wmﬁv@@w (1 f2 @na opR ORIGN DAY’ é)b??%\(i%NEt 1096
ml) wa¥kreh ddd@EwAthtRe ﬁan?’p@&ufé er%‘ét@é@n 1 H& PHORRoviAcH iS4 Sélution of 1-

to >8 using concentrated The resultant
Boc-pirgrazipg (Rad<9)im BMAI{ 1448 &) Wt Wemﬁ?mraw@m bﬁf\qeearﬂé to 25°C.
extracted with CH2C12 (4 x 3500 m), vvashed vvlth
wat er %2 X 2000 mzﬁ dri ed over MgSO4 2508
The solifigp Yagstided hioop) igaweRtYa 2 hanss arthesmele fqr.cea\pieﬁon (HPLC).
Upon @h%t%n(tl%@&umn) w@éﬁo@;@(?l@dlgbfbuw gﬁrré@%%rF?OSSm?wnh the
ri

sul tant suspens and
tempergihas KPRReOYAE T8 P0G £ N Rale OReg O BFSIUR il Bt x 715
ml), hekhid(2ax PLB1 ) anafmémyl 1&%0’(‘@ AU IMPBEPELx 3561 ml). The solid was then
PCT/ GB2007/ 003888 %
dried oyenigl (ﬁ“@@l"&&f‘tﬁ’ﬂ%ﬂfeb‘é{ ﬁaﬁwera.aaefcaamwel RURGr bonyl ) - 4-
fI uoro benzyl ] - 2H pht hal azi n-1-one (A) To a stirred

enS| n of c ound (1290 g) in CH2CI 2 (15480 m)
This 'eﬁﬁ &FBQ%??%’\%“%EP(?&I a pre-nixed sol ution of
t r[TEiE | pviclegf & ﬁurliﬂl_) and c} Wawrcmaém G e yield

chl oridel (306 5 in 1290 m ) |dropwi se with
tHe tenperature k@'ﬂ%L%TeG%)Z E‘?he sol utli on was then

st[fred @i5705 15(B4.86 15 M nibgs and samj I1@9215(3;”(78%
campletilon.—The Feaction mxture was found to containl

orfld 1. 18348956 st p83-PPg nat er | 4P-3B and so |t ﬁ@a@f)?"éh

a. Greatéflifan AEIRAESId £&ABUdEd nadpfesdntibve shidiel WasS then worked- up.
10 The reaction m xture was washed with water (7595

m), 5%citric acid solution (7595 nm), 5% sodium
(b) 4-[£Blubar2{mperakintitecarbaryhDent))]-2thphivataein-{-860B)M ) . The

To o s ok e BT il S] AR M DB v s
ml) wab added exhnpdundt @ (2¥@0t2hg)om gortiGied attreoranempératuge dnder nitrogen, the

foaming was controlled by the addition rate. The solution was then stirred at 15 to 25°C for 30

minutes and sampled for completion (HPLC).

Upon completion the solution was evaporated to remove any IMS and the aqueous extracted
with CH.Cl; (2 x 3500 ml) before the pH was adjusted to >8 using concentrated ammonia. The
resultant slurry was then diluted with water (10000 ml) and extracted with CH,Cl;, (4 x 3500 ml),
washed with water (2 x 2000 ml), dried over MgSO, (250g) and evaporated. The crude product
was then slurried in CH,Cl, (3500 ml) and added to MTBE (5000 ml). The resultant suspension
was filtered and dried at 50°C overnight yielding 611.0 g (58.5% yield) of material with a purity
of 94.12%
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15 251 vessel. CH2ClI 2 (8445 m) was then distilled out
at at nospheric pressure and ethanol (10000 m) added.
wor@Biokiost i on was then continued with every 40POI/GB2@f7/003888
distillate that was renoved being replaced with
et hanol (4000 m) until the_head tenperature reached
73.7C. The reaction volume?das then reduced (to 7730
(c) 4- [ﬂ4)CPdIoMﬂBp%chﬁb6ﬁy/1ﬁlfér§1ﬁﬁéi1 Ic@%ﬂfll?-mﬁuﬁroh%zyféﬂgﬁﬁhalazm 1-one
.9C and the solution was allowed to cool
(A) overm ght. The solid was then filtered off, washed 20
To a stédsupBrion of(dbaﬂﬁuﬁdlb(dﬂgb ih@H, 81, (751@0% ﬁﬂdé}mitro en was
Yleld—13773 HPLC purity (99. [area0 ).
added agye g?"ﬁ?@os%‘t@ﬁ ping fty Ogni) gog © %Wawnyk‘?ﬂmde (306
mi) in Q¥A5cas (1@9@%!?&%&)@ v Re Wﬁbe‘?eta@ Kept BEIBRDF O NTHY solutlon was then

roduced by the nethod

d A
‘ stirred E&g@gg% f_Pr 1%!’?"0\5&?%?'% ?3 pl? qucPrr\R,!%lopreTéleéaaqt@nrr@ﬂu[g(was found

to contaPforfy N98%Sof stePtHgdlateRall® and E@fﬁé&éé‘ét%ﬁ@va@"!ﬁefﬁehtc%ﬁﬁféte and the
The solid was washed with water (2754 m) and dried

batch wes thEEWN!GHRht . Yield = 1274.8 g (92.6%. HPLC
purl ty (99 49%[area %) Cont ai ned 0.01 % et hanol and
% NVR spectrum of conp

01
The fee‘tsm@'a*@ye vas wawq%ﬁ’gmtm\%a%f?é% b &Pee 208 SRR (7595 b, 5%
sodiunttfbémate %oluff&iﬁ(?ﬂgﬁ\ﬂ'ﬂbr andRlateRl769%5 M0 Th&erganienslefwas then dried

followng water treatnent is shown in Figure 2,
over magngiie §UHe R000he conpound is as Form A. WD

2008/ 047082 PCT/ GB2007/ 003888 24 Exarr_pl e 2:
e oL AR T Bt BRI o gt oo s shaped o
251 vedsel. GHXCI,QBKAS MI)Nvashthéh Histilled/ out at-Ahospherfe pPrbdsaasiand &thatbl (10000
mi) added. Do Swasthen Sdnthed with every 4000 ml of distillate that was removed
being replaced with ethanol (4000 ml) until the head temperature reached 73.7°C. The reaction
volume was then reduced (to 7730 ml) by which time the head temperature had reached 78.9°C
and the solution was allowed to cool to 8°C overnight. The solid was then filtered off, washed
with ethanol (1290 ml) and dried at 70°C overnight.
Yield = 1377.3 g (90%). HPLC purity (99.34% [area %]). Contained 4.93% ethanol and 0.45%
CH,CI; by GC.

(d) Water Treatment of Compound A

A suspension of compound A (1377.0 g), as produced by the method of Example 1, in water
(13770 ml) was heated to reflux for 4 hours, cooled to room temperature and filtered. The solid
was washed with water (2754 ml) and dried at 70°C overnight.

Yield = 1274.8 g (92.6%). HPLC purity (99.49% [area %]).Contained 0.01% ethanol and 0.01%
CHCl; by GC.

'H NMR spectrum of compound A (DMSO-d6) following the water treatment is shown in Figure
1.

The powder XRD pattern of Compound A following the water treatment is shown in Figure 2,

which shows the compound is as Form A.
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1H NMR spectra were recorded using Bruker DPX 400
spectroneter at 400 MHz. Chemical shifts were
WO 2psnsme2 i n parts per million (ppm on the 6 BCHG82007/003888
relative to tetranmethylsilane internal standard.
Unl ess stated otherw se all sanples wer e dissolved in
DVBO- d6. 10 Mass Spectra Vads spectra were recorded on
Examp@az»%uére.ai.v&qnﬂhea.stdfarb cﬁn%mgomy%iombp&arwﬁm
mass spectronetry ( for structural
Piperagipff i r nmat i on. The |nstrunent was operated in a
pogjitive ion elctrospray node. 15 (a)
4-II3- (4- Cycl opr opanecar bonyl - pi per azi ne-
M uome- benzyl ] 4 gHht hal azi n- 1- one poliid A)
FLuor o- 5- [ (4- Qégéﬁ 4/di hydr opbt hal ‘az#Fn
enfoi ¢ acid (D) ( g, 51.07 mmol ) was
i #¥®Hg under bitrogen in acetonitri Nﬁ)j
Jpyl ethyl agine (19.6 m, 20 112, 3 m}ag,/N\[(A
ol'f owed by 1- cyclopropylcarbonylblpera2| e
(1)(9.45g, 61.28 mvl) and acetonitrile (1 m). The ©
reaction m xture was cooled to 18C.
Benzotri azol - 1-yl - tetranethyl uroni um
Nm”””ﬁé?@?ﬁﬁé?@ﬁﬁ%?b%ﬁf% (25.18g, 66.39 mvl) was added
NMR over 30 mnutes and the reaction mxture was stirred
] égr 2 hours at roomtenperature, The reaction m xture
H NMIG,Speclia 491 deqasestusiiRiBrHPTORK ADD saectomelon at dge Mz, Chemical

shifts wies reboRed!In, pé?t%frﬁafr énilien ) ioh ey 8dcald Rtatfviel th Bdtratfetidditne
%Qﬁg éol d (30 acetonitrile (120 m ) before
internaliangs TP SPte A SRS A SR RDSa SN 1D AMS G che
conmpound as a pale yellow solid (20.21 g). Mass
Spectrum M+ 435 1 H NVR (400MHz, DWVSO-d6) b: 0.70

Mass Spectrayy  1.88 (br s, 1 H), 3.20 (br s, 2H), 3.56 (m
Mass spébtra wer@ récctded 6n aR bﬂlbgerﬁ-)@ﬂ' ibh trag nidss gﬁeé’u%n(éiék using;_i)andem mass
spectro{ri?%r%iﬂdng%) g)r Ech(térgl éﬁﬁmz:altiolipzfl'@%?fnggur%grtﬂpfja_ls %ratZd ?n a positive ion
elctrosp@P810ad7082 PCT/ GB2007/ 003888 25 Exanpl e 3:

Al ternative synthesis of Conmpound A using

1- (cycl opropyl carbonyl) piperazine HCI. salt OO0 NH
(a) 4-[3N-CtciddZoddnebadokyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-phthalazin-1-one

(Compound A)
2-Fluoro-5-[(4-ox0-3,4-dihydrophthalazin- 1-yl)methyl]ben20|c acid (D)(15.23g, 51.07 mmol) was

suspended with stirring under nitrogen in acetonitrile (96 ml). Diisopropylethylamine (19.6 ml,

112.3 mmol) was added followed by 1-cyclopropylcarbonylpiperazine (1)(9.45g, 61.28 mmol)
and acetonitrile (1ml). The reaction mixture was cooled to 18°C. O-Benzotriazol-1-yl-
tetramethyluronium hexafluorophosphate (25.18g, 66.39 mmol) was added over 30 minutes and
the reaction mixture was stirred for 2 hours at room temperature. The reaction mixture was
cooled to 3°C and maintained at this temperature for 1 hour, before being filtered. The filter
cake was washed with cold (3°C) acetonitrile (20 ml) before being dried in vacuo at up to 40°C

to give the title compound as a pale yellow solid (20.21g).

Mass Spectrum: MH+ 435

1H NMR (400MHz, DMSO-d6) &: 0.70 (m, 4H), 1.88 (br s, 1H), 3.20 (br s, 2H), 3.56 (m, 6H),
4.31 (s, 2H), 7.17 (t, 1H), 7.34 (dd, 1H), 7.41 (m, 1H), 7.77 (dt, 1H), 7.83 (dt, 1H), 7.92 (d, 1H),
8.25 (dd, 1H), 12.53 (s, 1H).
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CZH O\ N-) DI/ 1. A/ F~NY F O 5 (a)
1- (Cycl opropyl car bonyl ) pi perazine HCl salt (1') Acetic
w@eiod/ 047080 M) was treated with piperazi ne (50PCDGB2007/003888
0.581 nol) portionwi se over 15 mnutes with stirring
under nitrogen The reaction_m xture was warmed to 40C
and maintained at this tengerature until a conplete
solution mas obtained Cycl opr opanecar bonyl chl ori de
was added over 15 mnutes. The
Examn'eécf\itewqﬁwmsuﬂwmofs@?mpeun% ysiegr 1oy cleprapyloarhanyl)
plperaQM%rHK':lQETIt The reaction mxture was filtered and the
Itrate distilled under reduced pressure until
-0430ml of distillates had been collect . Tol uene (550
N\ VS charged to the reaction crengnd reduced
prdSsure di StiHy ét\\ on gonti nued un a_further 400nt
Ndistillates Q@ Fected. A f NET chapge of
Ql ugnecnd0 nl) wasi added and reduced Rre '
3 ation contindfed until 350nl of di Iatew/ re
: d. The rédsulting slurry was djl ut
toluene (200 mM) and stirred overnight. Further
t ol uene (500nl) was added in order to nobilise the
(a) 1- (QYQRR’WY/"H‘T@’Q’()G’PPS?ZWQﬁ%SPFé’r ed, washed with tol uene
Acetic G&QQ'VOO mBRFhsdrdatd with N pEdSinaY(50. %Ot&ﬁio‘lé%ohmﬁwﬁdetdv@r 15

ound as an off white solid

minuteS SR SH1p8 R’ NSaSesThe aRigR AR MES WATTRROLISSS agd maintained
at this fen%rétme uHth a c&m RBte é’BIutian)as obtaifed. r@ycl%b%paﬁe@agbc(d}'l chloride 59.2

mpound

mi, 0. 6§g%plu aylaé ag&n% 2"%)3@ n\_a,m;gf'tea1 fﬂﬁd,eagmnﬁ’glygyﬁ Wag stirred at room
temperaltire BEérh h] bﬁf&l@b@tlcﬁﬁh&ttﬁ@)vég fikSr8d and #H FRE Histsd under reduced

e i rring under nltrolggenln acetonitrile
pressur—aur?ﬂ y43(§n|(of dﬁjlﬁ%ﬁ% Beg g%lezrbqollected )Toi enes( (590 ml) was charged to the
reactioh@hiktareantyledi€6Y prasdiex afshlua(ﬁbﬁ) ebxfRBa LAt (B8 40bnt bBdistillates

3.83 ol ). was added f ol d b
were Ci"%cg’ﬁchgEF%WP a5 W'b‘?’}?e(gmgrri‘?ézﬁc?dg%ﬂ #nq reflpeedpygssure
distillafforB dorTimkd unfM359MP6LJIMtlIefes WerdtsIRclel. PRéesultifg Qﬁrmls)dlluted

with toﬁgpe ?7&3) ml&pn§§%rfe§{n%nurtuelest ed%m?cﬁlé%p%:?‘itﬁo rs wa Mo ed in order to

mobilisedtA€ lufr). m@GIWryewwﬁlte?é@|vﬁ!$hta@m&ﬁ:tcﬂﬁ%d’(30mhﬂlaﬁcddr%ﬁ in vacuo at
j erature 30 for hou 4](8%%{8@6 being filtered.

om . b his ter
40°C te-giye hq fitig.compound, as af off (3C) acetonitrile
(2 m) WD 2008/ 047082 PCT/ GBZOO?/ 003888 26 before
ei d_r'gldigvacuo at up to 40Cto give the title
M“‘ig%ﬁfga%fh & 12%al e yellow solid (0.93g). (c)
1H NMRE@OUMHR| DiC)es:1 092 @h, £19)TR®8NEh, AHS, 1320 @I LEBHUS 380hBHMOB.84 (m,
2H), 4.08 (m, 2H).

(b) Compound A

2-Fluoro-5-[(4-ox0-3,4-dihydrophthalazin-1-yl)methyl]benzoic acid (D)(0.95g, 3.19 mmol) was
suspended with stirring under nitrogen in acetonitrile (4 ml). 2-(1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU) (1.45g, 3.83 mmol) was added followed by
1-cyclopropylcarbonylpiperazine HCI salt (I')(0.73g, 3.83 mmol). Diisopropylethylamine (1.39ml,
7.98 mmol) was added over 3 minutes and the reaction mixture was stirred for overnight at
room terhperature. The reaction mixture was cooled to 5°C and maintained at this temperature

for 1 hour, before being filtered. The filter cake was washed with cold (3°C) acetonitrile (2 ml)
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5 Compound A (9.40g, 21.64 mmol) fromstep (b) was
suspended in a mxture of water (100 m) and net hanol
w@ 1@8/0410%2 The suspensi on was heated to refl uxp@i/GB2007/003888

stirring. The hazy solution produced was then cool ed

to 60C and filtered through a pad of harborlite. The

filter pad was washed wi th?® nixture of water (5 m)
before B&iflg AB&éN ANRIcub Bt B Jo 40PLA0 GivkthaitR WATootha bk lal sk ﬁéllow solid

at nospheric pressure until 115 m of distillate had
(0-939)heen collected. Distillation was then stopped 10 and

the suspensi on produced allowed to cool to room

emperature. The resultant suspension was stirred for
(c) Recwsa//w@aqarsob@wfm@ndé friem epveausenkthaned filter cake was

CompoWR§ R]Y.40h 1 4 B“@hﬁﬁ Cz(f?&n Heb:(b) W& §Us P@édﬁg adhi | gﬂ’@aterngmo ml)

vacuo at u Ive the tl e conmpoun

and methapel gz\mplf d hgcﬁup@enS(qg\ was hpatedity refluxawithpstigiingy hhe ey solution
producé@@a&tﬁén%e@‘w@w ancph@%&j@ml%h aopJoOof(Hé}l_Bo‘h% ' The ﬁ%r pad was

washeé\ptbth aml)itpre( Qf waleq.{;i(ml)zalgilm@g@noljﬁ 1) 'I7he4f1trf\itmwa§ qq)tllled at
atmospheac,7 pr@gﬁ;re]ﬂnw 11 57ml8b3 d(s‘fﬂll_ste hac‘il"l)e(aer? cSliécted: Dr%tlIHa)tlon \A%szﬁen stopped

Recrystallisation of

and thw*aenm W°fil=‘€ﬁﬁ %lhwge&%ceql trafeem eatiirg. Fhe syt suspension

was stifdd fft ~m|ohrsfﬂe%?b%bﬁie fiitBred "Aife fiee E@lﬂg\ﬁgs Wﬁsﬁbdﬂnm Water (20 ml),
of water (100 m) and ethanol (50 m). g’bgeny on

before 9\%@9 Heed @d/alceo PE¥R A Ctte giyeithe ﬁlthgcommenﬁ a&@o @6 iagyhite solid
(8.67 gproduced was then cooled to 60C and filtered through a

pad of harborlite. The filter pad was washed with a

m xture of water (5 ml) and ethanol (5 m). The

Mass Spectrupd: mMagagi stilled at 25 atnospheric pressure
of disti I | ate had been coll ected.

untl 3 m
1H NMR;(400M iz DMBOugf) &: HEF0 §v.ofiPet 88 &bk, 1 HY 2L BeRs?IHIN3.56 (M, 6H),
4.31 (sP;EPi)dWWQt aH) M4l (dd0 1ANG 41 @h, 1POTR FE[ER, I-? #88+(dtTA), 7.92 (d, 1H),
resul tant sUspension 'was stirred for' hours before
8.25 (dghetHhg12.6B(®r'Eé0. The filter cake was washed with water
(20 m), before being dried in vacuo at 60C to give
the title conmpound in FormA as a white solid (8.74
(d) Recgystallisgtinm gscagprawd throraguenys ethanfR (400MHz, DNVBO- d6)

Compoﬁnd Q. (§Q0§ n21 éh)nmob fﬂﬁn ‘sféjzw (B)y wds é‘t')spc(aﬁ’ﬂe%Qn (ati‘hleufe 3H)/ater (100 ml)

and ethfnp.b(58 miy f he ﬁpsqeqq)on w;as—,hpa qgitto rqﬂq)q)W|th7stlggwg( 'd"he hgzw_ﬁolutlon

producgd ¥3s trén cboldd to 68:C and ﬁ'ldareéth"augh]azpa'ﬁgof(h%rb&htbb ThesﬁteV\Pad was
008/ 047082 PCT/ GB2007/ 003888

washquyvttrépﬁra{(tp(peofM@Hégplgam et@gmjé@ﬁé} 5) hgr%qu was distilled at

atmospheric pressure until 53 m! of distillate had been collected. Distillation was then stopped

" and the suspension produced allowed to cool to room temperature. The resultant suspension

was stirred for ~18 hours before being filtered. The filter cake was washed with water (20 ml),

before being dried in vacuo at 60°C to give the title compound in Form A as a white solid (8.74

9)-

Mass Spectrum: MH+ 435

1H NMR (400MHz, DMSO-d6) &: 0.70 (m, 4H), 1.88 (br s, 1H), 3.20 (br s, 2H), 3.56 (m, 6H),

4.31 (s, 2H), 7.17 (t, 1H), 7.34 (dd, 1H), 7.41 (m, 1H), 7.7 (dt, 1H), 7.83 (dt, 1H), 7.92 (d, 1H),
8.25 (dd, 1H), 12.53 (s, 1H).
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ONHNH CNOIOINO OHCNNI \ OH E ED D (a)

2-Fluoro-5-[(E 2)-(3-0x0-2-benzofuran-1(3H)-ylidene) ne
wo boosobmszonitrile (E) Sodiumt-anyl ate (99. 00PQI/GB283403888

nol ) and 2-net hyltetrahydrofuran (960 m ) were cool ed

to 5 2C under a nitrogen atnosphere. Di ethyl

phosphite (110 m, 0.855 moP§ was added dropwi se

Exam;ﬂ@hn;\ﬂbmaﬁgets?ﬁth%@l@cﬁ"’(%diﬁ@uﬁd p<>C.
Met hyl t et rahydrofuran (40 nl) was added as |ine
wash. ~The reacoion was stirred At 2C for 1 hour &4

e addi tion. FRe
H m) 10 was a.
to 20C and hel d at¥20€ for 20 m nu
Met hanesul phonie acid (66 nl, 1.01 erI) was added overp

0 2 AR R A0 e S ARy )

Sodiumviismglater (98 @0y, 035& noalpand2-giethyltetkéttydenteran |(§B00mi) svese cabled to

2°C uné_zh%%’wyg%nég&haq%b%rg}’ﬁiﬁég ﬁgggodsm'léeo l1 16‘(’5\@1t %gg? éng twas added dropwise

mamtasﬁngthederaperatﬁlfé atot5°a. 2-Mettndtetrahydoafnmn (Y& mdrwasi@iiediap line wash.

The re%@%ﬂmg%%rrga %? h?)@l&'l’(gﬁwﬂ\:uggosﬁﬁ?sgﬂ:tlgn% ﬁ%gl%l &)F%g.éaldehyde

°C M Xt er a
(H)(80 i ﬁﬁﬁ&mol)ﬂné métby!mtrahm:efum (289 o) maddmbmmtamdg the

tempelséﬂjrgta %&&E@Sh@?%é@acﬁ dp&awmg%\h%h (055 r#&h)qte rghy'iﬁélfuﬁ%l ()10 ml)

ganic
was adyiephﬁsa reapiont mixkirewss sarmeedth %Q°Crammelot #RA08C &QrLaoemmmes

Metha&%%&@ﬁi?ﬁwggg n*l hfe6]1 H& wa%"&%heé‘%&%%uﬁ&#dﬂd ?\'ﬂgjl\f%st? Ifo(l)lﬁwed by 2-

ganr ¢ on was retalned
methyltgftratlydrotuyan (40 mI) The reactlon mlxture was stirred at 20°C over night.

Methar’(__% g?ﬁ%g%]p%' ('?¥r|§’|[)§;|]§% g}%pm{s%?gilmwddaegg@%mn@ma}ahﬁ cj:?%an (7 ml)
and the ceactien strr@alrateofci fae tai fortherichaune Watge (408 ml)/\)ugs gddedratgoom
tempe%&urggﬁ'd the fe Iﬁﬁg%ﬁ%&%rmstlrrgd Qtﬂ%ﬁﬁﬁg %ﬁjré?@% rsninutes The

ovmsefo methyltetra Puran
lower ameousemen was removed endva§owtlom o%mpt@ﬁSIm@cexb@ﬂatﬁu(gﬁﬁo g, 0.534 mol)

in watérrg?(?;b r‘ﬁg agciasdglgcri |105th9 ffé%érﬁrf Lt TH@E@ﬁgsdr | e)ﬂur’e%%rtﬁrbalat room

and t in vacuo at

temperature éor 2p0anuigs gnd @qrhtbeﬂqwer @qeeAHsRehEon was zeypvedr The organic
fractlo%@rgg réglﬁgq '(ééﬂ]tlon dl%ﬁ\?l %EA%ONM% ﬁfd?g-%ﬂ?enzm ﬂ%pl‘h&sphonate 2-
FIuoroT55f@rmyI§)enzpnu|r@e (q 0.429 mol);quﬁ)adqegldp(g}g orgqmlggagton anpdithe mixture
was st*ﬁ%‘d@t ‘ZEWré)hyla% Xe@(d@ml 8.4 i lad SRIER Fdpwide RHlowdd byl2-
methyltetrahydrofuran (7 ml). The reaction mixture was stirred at 20°C over night, then cooled to
5°C, filtered, washed with industrial methylated spirit (480 ml) and then dried in vacuo at up to
40°C to give the title compound (91.2 g).

Mass Spectrum: MH+ 266

1H NMR (400MHz, DMSO-d6) &: 6.89 (s, 1H, major isomer), 6.94 (s, 1H, minor isomer), 7.40
(dd, 1H, minor isomer), 7.58 (t, 1H, both isomers), 7.70 (t, 1H, both isomers), 7.89 (t, 1H, both
isomers), 7.95 (d, 1H, both isomers), 8.05 (d, 1H, both isomers), 8.15 (m, 2H, major isomer).
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isoners), 7.95 (d, 1 H, both isoners), 8.05 (d, 1 H
both isonmers), 8.15 (m 2H, mgjor isoner). 30 WO
wQe8H0#HFDNB2 PCT/ GB2007/ 003888 28 (b) PCT/GB2007/003888
2- Fl uor o- 5-[ (4- oxo- 3,
4- di hydr opht hal azi n-1-yl ) met hyl ] benzonitril e (ED)
2- Fl uor 0- 5-[ (E/ Z) - (3- oxo0- 2-B&nzofu ran- 1
(b) 2- Fluék&s ymldi@fbez)ﬂﬁ%wp}:%%mw glimétﬁyljb%)&&%/e (ED) 40 mTD' )

t et r ahydr of Ur an were stirred at 'ro

2-Fluos e rpEo-2rheBFottrafs HPHp Ui Re mespHEpezonse (5508, 75.40 mmo)
and tetFHh?Hrtoﬁﬁan @C@rrﬁﬁ Wafe WMW %cﬁﬁ ﬁen‘ﬁbré‘tgre'ﬂnde9g nr>g&ARtmosphere for

was added, [ owed [ i ne wash
30 minytgp . Hysljering moaﬂhs(dAatm( 4011He90r%3a@m°8rwafﬁ agddge efoljgyeed by a line wash

of tetrah{drbfuPsh @tmi Oﬂ’@ &S&Rﬁﬁﬁ&tﬂx’f@w&@étnrﬂed@Méorﬂ@emﬁ@rﬁﬁ%@ﬁr 1 hour 45
Acetic acid m 20 mmol ) was added and the

minutep.getic apd i - tﬁ‘?'e1 NP ﬁ’é‘?}P')t‘%as w&d anféhe '@é&@qrb'ﬁ'xFHrﬁf”@frBed to

60°C. m@srebaloﬂ ra&tué@ﬁaehsﬁmt gbio o@mgmeaﬁé FeARtiGH Mixeire vmscooled to
wat er n ) added dropw se.

50°C at‘% M‘ﬁ%’é%qpr '@')\ﬁggeﬁr’:ﬂf%t”éﬁ%gﬁe famnesrtuieny 3 [AIGLRINed 3¢ C throughm‘t

the addiﬁmi trh@ ﬂeacﬂ?ﬁ? nma«%twmdaeettu Q@%W&i&e@@o\}vsawefd%m.xture of water
a mxture of water

(30 mi g EAWHIRIROAIR . DD Prict At o oedP"F o give s tte

compodhd UB.1§. 40C to give the title conpound (18.7 g).
Mass spectrum M+ 280 1 H NVR (400MHz, DWVMSO d6) b:
4.38 (s, 2H), 7.46 (t, 1 H, 7.72 (m 1 H, 7.85 (dt,

Mass eld}ruﬂ:-l\ﬂ'z*iZé@ ([n)ZH), 7.99 (d, 1 H, 8.27 (dd, 1 H),
1H NM - 438 (32l dr- B e Ha 472400 )7R% Q41 1D 7-92
(m, 2H?f729§@ #9), 8 A7QNd, 1H), 12.57 (s, 1H).

| uor o- 5 [ (4- oxo- 3, 4- di hydr opht hal azi n-1-yl ) nethyl ] b

enzonltr|le (ED) (9.60 g, 34.37 mmol) and water (40
(c) 2- Fmb)o m%xats J-U#ﬁd@bh%@z/nZM/ﬁmhwmehy&é a&uqls) ( 36

2-Fluogech Bexad-HEYdoRENE RS ARRMAPRTAo e FP YA 60 rad 37 mmol) and

water (4@ aflf Wwérd oiitrsé Ut 20°CraM S&ﬂurﬂ%y@r@xﬁ@gm € ITREO0aHho v@@%dded the
filtered. The filter Bad was washed wi

reaction RXASRATESIP L A1 Pr diak e BPeL BV O S eacton mixture
was cobled. t@%dﬂi&rﬁpé&btu@%@ﬂ@fe&ghwwtp%ﬂ .wab@ashe@ithtwaigr (10 ml) and-
ensi on was CQo

the combines NratP FAGa 4 GVlie ao . 2 ramab o ROt VB A0 rynidese The
resultlrtsd‘@sbérﬁdlcﬁ'l ﬁmwtoﬁﬁ ﬁ h}dgﬂlfggrgﬂwﬁzéﬁeﬂgvﬂﬂg&bgﬁjnlggﬁdﬂed in
vacuo egl?p tQI_q)On&yo gwe(trbedtltilel orquou?s 2§ a(\lyﬂlt’ef%?&%é)dr ( dt 2H) |

7.90 (dt 1 H, 7.98 (d, 1 H), 8.27 (dd, 1 H), 12.59

Es, 1 13.22 (br s, 1 H). WO 2008/ 047082
Mass A '7']*@(9§888 29 Exanple 5: Recrystallisation of
1H NMFO@DOMAE, HIMS00E6 P8LUS B8 Ss,&H) angd (dd, 1H), 7.59 (m, 1H), 7.84 (dt, 2H), 7.90
(dt, 1H), 7.98 (d, 1H), 8.27 (dd, 1H), 12.59 (s, 1H), 13.22 (br s, 1H).
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4- (3-{[4-(cycl opropyl carbonyl ) pi perazi n-1-yl ] carbonyl }
- 4-fl uorobenzyl ) pht hal azi n-1(2H) -one (conpound A)
W@ 20800ms2 44. 66 mol ) was suspended in a m xt UP€r/GB2007/003888
water (50 m) and ethanol 5 (150 m ). The suspensi on
was heated to reflux with stirring. The sol ution
produced was then cool ed t&®70C and filtered. The
Exampglé bt Rac@aﬁlm.owfmnqpm R FOnkbhiuoyf eth@hsr (8 nl)
and et hanol he filtrate was cooled to 45C
with stirring.

4-(3-{[4(c f@’loﬁﬁoﬂylé&rﬁ@hﬁ);ﬁ&%’ﬂlr@w ﬁ@d?bf&r)yﬁ}'-@ﬁtﬁ&éﬂ)éhz}?ﬂ%alazm 1(2H)-one

uor obenzyl ) pht'hal azi n-1

(COmPC(%Grﬁ)é%QXQ\)‘Mr% RS GOSRAIGRC IS TREHE! WateTPRIEN) and ethano
(150 mﬁeﬂﬂe §J’$@eﬁ%n6ﬂi W%@ hea_tQS td RSk WitR StiFiHS) pﬁ{ésédﬁﬂm\"\%?ocﬁfé% &ds then

2. rs and was stirfred at this
cooled ﬂ%ﬁ%& %ti%ff't@r?do rT ha f F%rrﬂa\qéfva%aqﬁ\sd mdthjampxiye Pf water (8 mi) and
ethanoP@ba@k).i sh crystallisation. Water (200 m) was added
- over 5 hours maintaining the tenperature at 20C. At
the end of the addition the suspension was held at 20C

The ﬂtfa@é was B@Mé& to 4#@ Wi h\estﬁﬁhi)o arqgi{[?qcyaéprswnéa%&%?geratzm-

| ter cake washed with ure of

Y'lcafb%m’é} -4-{lerrabenzyphhglaziny @H)sorACampesnd &) M@rralﬁs@r%g@was added

in ordeﬁtb%e@ﬂ'tl@éjnim&@rTNéi@éUIﬂhéiﬁu n&iBFwak o8l € 20%Covel 2l5ehours and
nmpound (Form A) as an off white solid (18.

was stlrvgg Bbinis tegweratyrsifer qqurthqergm haurggingyrdey tpmgpsh)@ﬁ?talhsatlon Water

(200 mﬁ'mﬂiéraﬁidgd oGaBRsLE m‘élrﬂﬁnlﬁg {8 npRRNGHRat éof@)#\t the end of the
fraction was recorded with a Bruker D50

add't'°'ai#ferfft§{9?feﬁmw?s b@\ﬂ@é?%ﬁgfph%fwfﬁ rays 1. 5418 A Cu
source Vol t age 40kV, filanment em ssion 40 nA)

es were scanned from 2-40 20 usi
The SU&P‘HF??“&’I’R? fiteredsandhe 'F‘?’rfék%a’@ﬁ'i‘ed with @W%HP 9(!%?5‘3“0' 24 ml) and

water (Es gu)“ Fhé .s(oméwwiadva‘é cﬁ@ch&ﬁdeuaatna@né@ uAderR@00GH aK40-89°C, to give
ract i the sgl vate ezmly was recorded with a

n
the t't'e\?Pé“p"KRé—g‘UﬁbAH‘F??’}% Wit sdid (18-Weel ength of X-rays
1.5418 A Cu source, Voltage 40kV, filanment em ssion 30
urved position sensitive detector

};ﬁ‘T fitted with
Methods gﬂ?ti'.?ﬂ‘ng)'ﬂuress%ﬂgfes were scanned from 2.5-40 20
PowdeBQlRlEDSJ- Figuid ?gc%@h@dwusdiohnt%{?l cal It_y }Mts h a total
collection tine erenti canni n
PowdepXrrgy fiffgactign P’BSC?W‘?@E ‘@'H}%Blé‘k%@%%g'ﬁ@&&"&‘é‘a‘ @é?"ﬂ@"%{h of X-
rays 1.5818 A@u @S%Zqﬁltdgeuokvsﬁﬁﬁ%nM@QB@HD CmAY. Ba@iples were scanned
cally less than 5ng of material, contained in a

from 24856 45 AR ConSIRRIMAIN ATEce iS00 HTEBRRR | | was

heat ed 35 over the tenperature range 25C to 325C at a

cost ant heat| ng rate of 1OC per mnute. A nitrogen
Powdep XRD. Bigure,d (comboundhAas faid 100m per minute. WO
Powde?QQ‘g{I Qﬂf?&%gn 8%%@9@%69\@93&8'3 recdfed with a Inel XRG-3000 diffractometer

(wavelength of X-rays 1.5418 A Cu source, Voltage 40kV, flament emission 30 mA), fitted with

a curved position sensitive detector (range 120° 268) . Samples were scanned from 2.5-40° 26

using a 0.03° step width typically with a total collection time of 300s.

Differential Scanning Calorimetry (DSC) — Figure 5
DSC was recorded using a Mettler DSC820E with TSO801RO robotic system. Typically less

than 5mg of material, contained in a 40l aluminium pan fitted with a pierced lid, was heated

over the temperature range 25°C to 325°C at a constant heating rate of 10°C per minute. A

nitrogen purge gas was used with flow rate 100ml per minute.
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Exanple 6 Inhibitory Action In order to assess the
inhibitory action of the active conpound, the
WO i0Bowi0By assay was used to 5 determ ne an | EB50DGB2007/003888
val ue. Mammal i an PARP, isolated fromHela cell nuclear
extract, was i ncubat ed with Z-buffer (25nM Hepes
(Sigma); 12.5 mM Mgd 2 (Sigd); 50nM KCl (Sigma); 1 nM
DIT (Sigma); 10% G ycerol (Sigma) 0.001% NP 40
péSl gna); pH 7.4) in 96 well FlashPlates (TRADE MARK)
ExampleN, UK) and 10 varying concentrations of said
Inhlbltbﬁhcf«&'iJrPrs added. All conpounds were diluted in DVBO
ave final assay concentrations of between 10 and
In ordeotooa.ssms thetinhilbitesy N0 abtherrtive cempounsl thedolinmdng assay avas used to
determfhfeﬁ% Pefiyerel | The total assay volume per well was
After 10 nminutes incubation at 30C the reactions
were initiated by the addition of a 10 | 15 reaction

Mammma?ﬁtF“ch@P |§<95‘tfe6'fr'?>hﬂﬂe|§'%9| Eéﬁéér’ ggla'tt'\lﬁ?s REGb A0 Rth Q%!Fr‘eﬁ‘(zsmm

tran ositive and negative

Hepes (Sig@e); dR- fwsM Mg%n(%lgm@héio seh@ngra@).. bmNGDTH (§dﬂmﬂ3uiﬁa% Glycerol
(s.gmawobff% mmbregm BHN 7 9 fede \R/QI ﬂé&rﬁ%@& ?r&ﬁ@@mm() (NEN, UK) and

tivities. plates’were then shaken for

varymgeﬁwcerntaﬁlsa% @fﬁ?afi injipitorsgaddad, /Hi t‘mmF@gndszweM"Mm in @M&@ and gave
- [
fnal o< B e hPaon 3 PE D 102D WG AFRE DO BB RO ot 2 fna
concenpriatieresft W& per walk M hehetiakeasshy volime@er wall wasdfpul.

tenperature. The plates were transferred to a TopCount

NXT ( TRADE MARK) (Packard, UK) for scintillation
After mmlmitémngcubémbu @t 30¥the deattianewe@linitistep &y tha amlmtmr(mfmno ul

oW n C tin each 25 wel |

reaction T Bt na 4TS P e AR A omE uni 3P ienLp A oioss.
Designatedigsttie ahd hémﬁve geatjuaivetiwereSddnelin borhbinationlWith eompound wells

100x mof n nean. hegatj ve nea
(urknof B35 oGRSt HIER AaRputs SRR, The gefiiers tietharenfor 2
minute§ @ng vetibated an3GeC fohas mirk@ds. of the enzynme activity is

i nhibited) were cal cul ated, which are determ ned over

a range of different concentrations, nornmally from 10

FoIIowan e ACltsatioR, tQQlediﬂhoM@re' duefchedl Byathe abditiotS 6C5AR 30% acetic acid

arative values to identify increased conpound
to eac"p\ﬂ? ntheRiates wvethen FERITIOR S hperat cea tempiaiees 31

Compound A has an 1 C50 of about 5 nM Potentiation
Fact or

The plates were transferred to a TopCount NXT (TRADE MARK) (Packard, UK) for scintillation
counting. Values recorded are counts per minute (cpm) following a 30 second counting of each

well.

The % enzyme activity for the compound is then calculated using the following equation:

% Tnhibition =100 —(100x( (cpm of unknowns —mean negative cpm) J

mean positive cpm—mean neagative cpm)

IC5, values (the concentration at which 50% of the enzyme activity is inhibited) were calculated,
which are determined over a range of different concentrations, normally from 10 uM down to
0.001 uM. Such ICs values are used as comparative values to identify increased compound

potencies.
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The Potentiation Factor (PF50) for the active conpound
is calculated as a ratio of the 1C50 of 5 control cell
w@easnkrost vi ded by the | C50 of cell growth + PRRPGB2007/003888
inhibitor. Gowth inhibition curves for both control
and conpound treated cells are in the presence of the
al kyl ating agent nethyl nefhanesul fonate (MVB). The
Comp&ﬁgm%@g@g&ﬁ%@uwm at a fixed concentration of 0.2
m cr onol ar he concentrations of MVS were over a
range fromO to 10 g/m . 10 Cell growth was assessed
PotentistiondFdcsy sul f orhodam ne B (SRB) assay (Skehan P., et
(1990) New colorinetric cytotoxicity assay for

The P%ﬂ“ﬁ&%&%ﬁor&’ﬁgﬁ & thepagtivg compowm is calcylgtasyas ah@mo ofthe ICs of
control %éﬁ’%roﬂﬂ arv)ded %yQIQ@Id"?éfQ:eﬁ ngﬁh AR RRRE: . Id}B\chquitlon curves

lat-b ! mecrotiter E ate In a
for bothy gpntrebang cqm@oqndéf?etqdr&quateela th%?reeeWéhea@l yating agent methy!

\ metharfeBlikshate MM $).t TIY tesERInSoRAd Wak RisedBLA fixet @h@eMFativhoho.2

medi a contai ning PARP inhibitor at a final
micromotsic dhe cangestiatignseef HIMS were gvania rasgedsemd) tadOaugdnl oved
to grow for a further 1 hour before the addition of
MVS at a range of concentrations I§< pically 0, 1, 2,
Cell grawthavasasspapedoisting Swirademire B{ERBheway (SKahsnoP . Pitp(1990)

New cdl lik B¥toto fcﬁ)%% ‘?&I drticarfdel-bitigidcRnGg. W, Nlatl P@ﬁﬁ:er Inst. 82,
BTG Sftotck -

tor al one MB used to assess t
1107- 11 h#)-b2.009 HeLweHsmerpARededqlntomacb well 26 ad@t—b@ﬁqm@ﬂ-welt microtiter

plate H; {’Pol@mfe Wk ﬁg aérﬁ S&{b%?eéiﬁg{/v @E?lg% %Pl\'&?ﬁfr. {gg%ﬁ%ﬁ%ﬂﬁ& r@ﬂ?ced with

W ng t hour's
media 8I3f ofiWith medlaacmmm BARPaninbitdl aba dindllvencenitiatioh ok@8, 1 or 5 uM.

cots vt ghvitia S I B e ipL Ui nt GO SFRLo AFb 't
concerﬂrbeohsmimy Dour2, B sESavd thugail)as eitheralmtieield cefls 6iePARP inhibitor
was then staine i 10 4% SRB
eated {2l ; (olh Fesfed ity HaR i0nibtor Borgiere S top bt Ipighagh mnbiton
by the RARP idhiBftarceti c acid. Plates 25 were then dried for 2
hours at roomtenperature. The dye fromthe stained

cells was solubilized by the addition of 100l of 10nmM
Cells were ftBarsefurthéiol ﬁ?bmhs vefote reBIaatngShmdlagai'ﬂtdllywmakeaells to grow

fora fuﬁggr t?sh%s ?h%'}’ onP cﬁ% ﬁ/tgg E%n&g{ngggg]ﬁ%%ﬁ]teézells F xed W|th 100p! of
ice coldvi O%QWMEHchmrﬁdéhb b@iﬂ. Pt Ratee AQRY inculfatéP A TTer 20 Mawites and
a PF50 at 200nM of at | east 20, WD 2008/ Q47082

then waskeddpurdimesowdpuater. sbachwell gfigelis was then stained with 100ul of 0.4% (w/v)

SRB |n41"% Beétit S0P PO PRANES BEBRIWAshiHgIBhRIhELwilh w.mna b&m APlates
| uor o- benzyl ]-2H pht hal azin-1- one as crystalli

were thq@rqﬂe,qforg,'z Qourqﬁbroem]tﬁmﬁ@tlgp dhadke fomdbe sigi rtqqecells was solubilized
by the EMI{IMM@OQMH@W‘TT@)Bh& REPEhiwEIR AMRE Rere’fihitly sRR@ and left

at room temperature for 30 minutes before measuring the optlcal density at 564nM on a

Microquant microtiter plate reader.

Compound A has a PFs, at 200nM of at least 20.
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112.0 2 17.8 3 21.1 4 22.3 5 29.2 3. The conpound
of claim1 having the follow ng characteristic peaks

W0 moog/oposzier XRD:

Peak 20 ( 0.1

) (A=1. 5418A)PC1GB2000/003888

2 17.8 321.1 422.3 529.2 6 10.5 7 14.0 8 21.7
9 24.3 10 26.1 10 4. The conpound of any one of
claims 1 to 3, which begins3%elting at 210.1 C1 C

CLAIMENEN
DSC.

crysta
one as(g,m;gllmq Hogmnrfy

4-[3-(4-cycl opropanecar bonyl -

fluoro-benzyl]-2H

heated from 25C to 325C at 10C per minute in

. 5. A nethod of obtaining
4-[ 3- (4-cycl opr opanecar bonyl -

1. f4L[§QﬁQYcIQ&BBXAJca%n9p§ iP&thAAL-A=chrisyN

pi per azi ne- 1- car bonyl ) - 4-

?I)ﬁWHM{@ZF@?hthalazm 1-

[1ne Form A Conprising the Steps of

pi per azi ne- 1- car bonyl ) - 4-

pht hal azi n-1-one from a sol vent;
2. (ThP)COWPOF'PFEOfcﬁ"P'@'i hB?V"':‘Sﬂhﬁé‘PﬂOW"!Q ghafaciqristiseeakstip éélOWH@r XRD:

the crystalline conpogggdk A ¥ egpdnol WO
2008/ 047082 PCT/GBZOO7/00?888 33 S ii) treating the
crystal line conpound A wi t|HAvkE€8A ¢ renove trapped
et hanol; (iv) drying tyhejresyhlging|product. 6. A
met hod of obt ai ni ng
4-[ 3- (4-cycl opropanecardonyl 67§era¢ine-l-carbonyl)-4-
fluoro- 5 benzyl]-2Hpghgrazpg+1I—-9ne (conmpound A) as
crystalline Form A cionprising the stleps of: (i)
crystal lising 4 223
4-[ 3- (4- cycl opr opanefcargory g@euallne-l-carbonyl)-4-
fluoro-benzyl]-2H phthal a2| n-1-oneffroma sol vent;
3. The compbund of claim 1 having the following characteristic peaks in a powder XRD:
Peak | 26° (£0.1°)
(\=1.5418A)
1 12.0
2 17.8
3 211
4 22.3
5 29.2
6 10.5
7 14.0
8 217
9 243
10 26.1
4, The compound of any one of claims 1 to 3, which begins melting at 210.1°C +1°C when

heated from 25°C to 325°C at 10°C per minute in DSC.

5. A method of obtaining 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyi)-4-fluoro-

benzyl}-2H-phthalazin-1-one (compound A) as crystalline Form A comprising the steps of:

(i) crystallising 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyi)-4-fluoro-benzyl]-2H-

phthalazin-1-one from a solvent;

(ii) if the original solvent is not ethanol, treating the crystalline compound A with ethanol;
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(ii) if the original solvent used in the synthesis of
conpound A in the crystalline formis not a mxture
wo@Roosmsm®s2 and a Cl. 2 al cohol, heating the conppCrGB2407/03888
a mxture of water and a Cl1.2 10 al cohol; (iii)
distilling the m xture at anbient pressure; and (iv)
drying the resulting produc®3 7. A nethod of obtaining

(iii) treé}mb %é érygasmh@ eaap&nﬁmmﬁ Waker B RBAAR! trb%péa efaReny! ) - 4-
benz 2H- pht hal azi n-1 -one (conmpound A)

(iv) drY!:5‘§ tE‘FS@HB’PSPH@“Fbrm A conprising the steps of: (i)
suspendi ng conmpound A in a mxture of water and a Cl1_2
al cohol as the solvent; (ii) heating the suspension

6. Yymeibed o obtaining 4-BodrevalgPEaranesarbanybaiparidingsleeArhgn 4 fiuoro-
benzylm%aﬁzﬁ\ ﬁéné; g:’ompﬁund Al 3 chI&t41IRE FORR AT @Mprisingdhe steps of:

g nmet hod synt hesi si ng
(i) crys J'FW@J%?&%‘BP@BQP@@&Q%WPerEF'B%‘ﬂa“z"!”?@lyﬁ %M?fﬁ?‘l‘éyl]z?f‘
phthala‘zinuabﬁe frbﬁmyéllfer{%H pht hal azi n-1-one from
uor o per azi ne- 1- carbonyl& benzyl} 2H pht ha
(i) if the QEglﬁallsoIV@ﬁéuiﬁggﬂ,thes§yﬁ§19§ﬁé>f §9@BOL5Td in tj1e SO qlllﬁmeaform is not a
mixturePsfavdibrdid 50l Lihiconbl Heatifd fhbh:)éh\%ﬁhﬁ@wﬂﬁd RGOSR N a C, .,
carbonyl chloride, in an 25 organic solvent in a
alcoholy ont r ol | ed manner, to
(iii) dnstﬂm{gélrhélnwatuﬂ,ra’i Mlmrp?e?s‘sﬁl%' angar bonyl) - benzyl ] - 2H
F@t hal azin-1-one in the same organic solvent with the
(iv) dry;ngipe resuliipg p()‘?d“Phe solution being controlled to be
beIom120C 9. A nethod of synthesising

7. A oSBOBHS, F Gr s RPIRAGRbor GHerez e -carbny)-4-fuoro-

, benzylﬁzmpummzﬁr( Bn&x@dmbodnd AN EQstalihe #oar iAncolnprismBtthey stepdof:

enzoic acid Q ri sing reacti
(i) suspenging GeEwPeLRd; - &g@“&’%?fwfénﬁmﬂm ajoqhe! gs Werﬁé’!"l‘w}) b
(ii) heaﬁrﬁgmec‘suaséﬁkl.m tbhgﬂul( | (cyﬁl opr]?pyl car bonyl ) pi per af2| ne
neral acid salt, thereo esence of an
0 coc Fhe SeiigpiarAgagn tth S8TREIdM ReFRTR Ry nt nosi of ng
(iv) dryihgfthél edsaitiag (pfodue0- 3, 4- di hydr o- pht hal azi n-1-yl nmethyl ) -b

enzoic acid, conprising the step of: WD 2008/ 047082
PCT/ GB2007/ 003888 34 (a) synthesising diethyl

8. (ABmethod of Syrithégislh@4-23-broyiipisfanedari bnypipepdieat-eadbbayn)-4-fluoro-
venzyl 24 PRIGPER: 065 EPm HUgiets HBRTERCr dreelton)ReneRphpalezin-1-
one cohfpyihhbmezgepbn le from diethyl
0] (addlng a plre mlxed Xcﬂutlon of?ne%ﬁgrlhj{nggn% cyclggrlgpa ehganrgor?yl crﬁoride, inan
organic solvent in a controlled manner, to 4-[4-fluoro-3-(piperazine-1-carbonyl)-benzyl]-2H-
phthalazin-1-one in the same organic solvent with the temperature of the solution being

controlled to be below 20°C.

9. A method of synthesising 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-
benzyl]-2H-phthalazin-1-one from 2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethyl)-benzoic
acid comprising reacting 2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethyl)-benzoic acid with
1-(cyclopropylcarbonyl)piperazine or a mineral acid sait thereof in the presence of an amide

coupling agent.

10. A method synthesising 2-fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethyl)-benzoic

acid, comprising the step of:
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11. The nmethod of claim 10, further conprising the
step of: (c) synthesising
wQ@2d080om082 5- [ (4- oxo- 3, 4- di hydr opht hal azi n- 1- yl paeGBYd0[/003888

enzonitrile (ED): O NIiNF ED fromconmpound E by

reaction with hydrazine hydrate; and 10 (d)

synt hesi si ng conpound D f r otft conpound ED by reaction
(a) syntHle§|B|n§QﬁEtt§ﬂ}§1M% q))SLcﬂl%ldro—t%enzofuran 1- Yl)phosphonate from 2-

| uor o- 4- oxo- 3, 4- di hydr opht hal azi n yl)methyl]b

carboxghengaifiehydee ( ED) : o N iN\ \\N F ED 15 13. A

(b) syn(h@é%ﬁ@Qﬁonk&BJ[(EOD)U@Qﬁdotz BEhZORINEN- H(%'H)‘-Qh&erfé@rﬁ@tﬂyﬂ'&nzomtnle from
one of clains to 4 and

n a
diothy! S S P E e WHRROBRI RSy or i | uont. 14. A
conpound accordlng to any one of clainms 1 to 4 for use
a of treatnent of = 20 the human or ani mal

1. B-Bay?“eﬂl%j Of&'%@ﬂﬁomehﬁ%ﬁ”ﬁ"}ﬁg‘h?éwﬁrﬂ/ one of claims 1
(c) synth@siding QtflubRE5-@0x0rB, 4-difytiftpHthalazinthylithéthtbenEdiinid (ED):
the treatment of the human, or animal body. 25 16. The

use of a conpound accordi to any one of clains 1 to

4 in the preparation ¢ Nedi canment for inhibiting
the activity of PARP. Oé8/047082 PCT/ GB2007/ 003888

clalrrslto4|nthe pr epars a nedi canent for
the treatnment of: vascul ar septic shock;

i schaem ¢ injury; neurotoxicitYy;F haenorraghi c shock;
viral infection; or diseasms aneliorated by the

hi bi n of the t 0 PA 5 18. The use of
from COHBOLIITFS} eaaé:&l nW tﬁ% {irazmx hyorﬁte OREC| aims 1to 4in

(d) synthesisiog @palpatlmch fm?n aompound ED by reaction with sodium hydroxide.

12. 2-Fluoro-5-[(4-oxo0-3,4-dihydrophthalazin-1-yl)methyl]benzonitrile (ED):

13. A pharmaceutical composition comprising a compound according to any one of claims 1

to 4 and a pharmaceutically acceptable carrier or diluent.

14. A compound according to any one of claims 1 to 4 for use in a method of treatment of

the human or animal body.

15. A compound according to any one of claims 1 to 4 for the use in a method of inhibiting

PARP in the treatment of the human or animal body.

16. The use of a compound according to any one of claims 1 to 4 in the preparation of a

medicament for inhibiting the activity of PARP.
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medi canment for use as an adjunct in cancer therapy or
for potentiating tunour cells for treatnent with
wO oov8muTog2 r adi ati on or chenot her apeuti ¢ agent sSPCT/GB1®7/003888
Use of a conpound according to clains 1 to 4 in the
manuf acture of a medi canent_for wuse in the treatnent
of cancer in an individual,3%herein said cancer is

17. qLﬁé uSé 8N4 cbMpsiiRdRR eI anPUAe Qﬁ@al'ir?soﬂiou iRahdWRYarafin of a

accord| ng to claim19, wherein said cancer
medlcamqb s rqﬁg@e@rofms@ulg%gga‘secgqtlg shqak; jsghagpic épjury; neurotoxicity;

haemofr@{ri-h@%cﬂr vufﬂpfn%&@cbr%@ebéésyaﬁ&o?éieé‘b{/ tHVAnibEEh QVthE‘Bctlwty of
rel at

ive to normal cells. 21. Use according to claim
PARP.20, wherein said cancer cells have a BRCAL or BRCA2
deficient phenotype. 20 22. Use according to claim
21, wherein said cancer cells are deficient in BRCAL

18 Jhe gpgaba compoundsaccardiis e ay ons OhFFIMsktodt indhepigparation of a
medlcahﬁnl?%r ubd18¢ ah @dj%ﬁbtdn cansbey tHératy drSorfrﬁitéﬂnaﬁrYgg@%uf eéns fér
tation.in a e encodi ng’P conponent of the

treatmed‘é]ﬂ@h(fé‘l‘?ﬂ”%ﬁﬂ'a eheagth PaAPHNEPISDS: 24, Use accordl ng

to cl aim 23, V\/nerel n saidi nd| VI dual is het erozygous
Lﬂ ? mut ati op in ., BRCAl and/ BRCA2
38 67 B ALY LARFOHES BrOAE 1P A mihersan daciure fagresgament for

use in th@tréateIME 6f cdnSebih@ASAdiviIOYA WhereiRBARF &nBeGE dBfi dirita BR dependent
ncer. %:zo 26. Use according to any one of clains 19

DNADtg; renair RARWRY- 1 said treatment further conprises
adm ni stration of ionising radiation or a

Ejrgermth rapeutij c

20. e according to claim 13%\%erem said cancer comprises one or more cancer cells

having a reduced or abrogated ability to repair DNA DSB by HR relative to normal cells.

21. Use according to claim 20, wherein said cancer cells have a BRCA1 or BRCA2 deficient
phenotype.

22. Use according to claim 21, wherein said cancer cells are deficient in BRCA1 or BRCA2.

23. Use according to any one of claims 19 to 22, wherein said individual is heterozygous for

a mutation in a gene encoding a component of the HR dependent DNA DSB repair pathway.

24, Use according to claim 23, wherein said individual is heterozygous for a mutation in
BRCA1 and/or BRCA2.

25. Use according to any one of the claims 19 to 24, wherein said cancer is breast, ovary,

pancreas or prostate cancer.

26. Use according to any one of claims 19 to 25, wherein said treatment further comprises

administration of ionising radiation or a chemotherapeutic agent.



