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1 Polymorphic Form Of
413-(4-Cyclopropanecarbonyl-Piperazine-1-Carbonyl)-4-FluoroBenzyl]-2H
-Phthalazin-1-One The present invention relates to a crystalline form
and improved methods of synthesis of a 5particular phthalazinone
derivative, intermediates in the synthesis and pharmaceutical
compositions and uses of the crystalline form. The mammalian enzyme
PARP (a 113-kDa multidomain proteﬂ‘n) has been implicated in the
Polgipratindg ohDPMA-thatfhdys idmopghdts dioiiy)- Bipreatigait < arba malpitHyi linok
Bertg MMASIBGRIEH 1 Qdeuble strand breaks (D'Amours, et a/., Biochem. J.,
342, 249-268 (1999)). Several observations have led to the conclusion
that PARP participates in a variety of DNA-related functions including
The gerrerdiRPHCATS RIS dicTsstHingifrire At iR Oupsbprikes's Diatiasis of a
partiexeisibthaepaisrantalsiyeffeeimedidelomeredengibiand pheamosones

complRARin (HAddedliFAgagnaGRhal., Nature Gen., 23(1), 76-80 (1999)).

Studies on the mechanism by which PARP modulates DNA repair and
other processes has identified its importance in the formation of poly
The (AayPIARHSEFERAaIRARTEA théRamutifeineie o ighiiea Sermrmalisateidntes,
sign8linABIRHRibasdasianont P natebngy orysnalednangiBiologicabNA single or
doudi9SianiGanee (SRHBgEr Y/ ellag, Hen (198 Hielis Hikypound,

activated PARP utilizes NAD to synthesize poly (ADP-ribose) on a variety

of nuclear target proteins, including topoisomerase, histones and PARP
Severebib@Rvaionethave BidthibmoBidpigs REBARD namiginatoxs avaG ¢ 1gIBYH-
relatPOMIABR-F0sy) e Aasliatsadieas a&mam;wmmaliwsis, DNA base
xcillBNIB 0. Ok AN Qé?orggrp’féﬁfhaa%ﬁ Mo ENeIadg [3PkIe

nuclei of 5V40-transformed fibroblasts, while emic cCells an
FagiRrPEan A HBIRSN G RighsPRiS9ME activity than the equivalent normal
leukocytes and colon mucosa (Miwa, et al., Arch. Biochem. Biophys., 181,
Stuo%%@% Qﬁ&h#ﬂ@lﬂh%ﬁ @'ﬁ@%a&%‘%% 344r6 Igl(w%got%%)fl Brodaskl3ts
and Hirai a
e ST or BPEAAPRAYL Db (Ririgies

m“’*@ﬁfcf’é&téfﬂ&fﬂﬁ% &aﬁ??&@@ﬁﬂﬁ?%ﬁfﬁrﬂw%ﬁaﬁ%%w Ripagicah
Signdels deeateidositiiealiy| &tinig agen)s, The IniikisbondobEiRdRE [oERIB toliges NAD to

syntm@%%mrgasm@ay%%g@amrﬁ@@%@@@p@@é&mlmléa @%s&%@ase
hts,mNature % f hu;}10 591) h q_.%latlgn Rese reh, 1 101, 4-14
oty ently, §uc |n r’gﬁwgve en Hd o 5% rnRSHCETRe
effects of radlatlon response by suppressmg the repair of potentlally lethal
Poly daDfagietiiiicH tinsetiat bBsitishsdouphat Gangent 43rSuppliod]) F3deddmple,
PARFLAG A, RANCKST AL Aol d R8BI ZRs B QR EREN RS
leukemic cells and colon cancer cells show higher enzyme activity than the equiva%ent noremal
leukocytes and colon mucosa (Miwa, et al.; Arch. Biochem. Biophys., 181, 313-321 (1977);
Burzio, et al., Proc. Soc. Exp. Bioi. Med., 149, §33-938 (1975); and Hirai, et al., Cancer Res., 43,

3441-3445 (1983)).

A number of low-molecular-weight inhibitors of PARP have been used to eiucidate the functional
role of poly (ADP-ribosylation in DNA repair. In celis treated with alkyiating agents, the inhibition
of PARP leads o a marked increase in DNA-strand breakage and cell kiliing (Durkacz, et al.,
Nature, 283, 593-596 (1980); Berger, N.A., Radiation Research, 101, 4-14 (1985)).
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inhibitors have been reported to be effective in radio sensitising hypoxic

tumour cells (US 55,032,617; US 5,215,738 and US 5,041,653).

Furthermore, PARP.knockout (PARP 4-) animals exhibit genomic

instability in response to alkylating agents and y-irradiation (Wang, et at,

Genes Day., 9, 509-520 (1995); Menissier de Murcia, etal., Proc. Nett

Mad. Sat USA, 94, 7303-7307 (1997)). 10 A role for PARP has also been
demonstrated in certain vascular dlseasesz septic shock, ischaemic injury

and neurotoxicity (Cantoni, et at, Biochim. Biophys. Acta, 1014, 1-7
(1@@?%%5@5%@@33’@4%‘%%8%?“ 1*@5{3""#2?ﬁ@ﬁ@@gﬁﬁe@Wéﬁl?wdwm& by
Dbl clegviag énéhapdrad g dtesiedin thibee aksyan el B, Wil @it A esstilisgauerithf Cancer,

regoeISaARY £ARBR:d84 %%@JEH@%M?UWPQ/ 1R18LI0BIS SEeh HigRRs@sg)). PARP
states as shown b% blt%estudles Cosi, at at, J. Neurosci. Re

3G PR TGS EERPT AR 15 BReRKh MARS SERT g NP YRS 48GLUS
(1D0BBVIAHE PetEniRE aAMRIS A&4HEEH. demonstrated to play a role in the
pathogenesis of haemorrhagic shock (Liaudet, at at, Proc. Natl. Acad. Sci.

{%rﬁ\w%ﬂé)PAQ%%&%SWKQQ% %%J‘sa&ﬁ#&%ﬁ% 9%&8&%&[ %?&H&%Ee to

ient retroviral infection of mammalian cells is blocked he nhibiti

o PIHRPEASAITS S5, ERTFERUA BT e o RIHE Rt PO RRER s

- whisrshowirstofrecuvall vard RBelifféie A8 cBIDBPEY (DRE®@N, at at, J.

Virology, 70(6), 3992-4000 (1996)). Inhibitors of PARP have thus been
developed.f e use in anti-viral the ies and.in cancer treatmen

i S g A e T S

th’é‘-‘@ﬁ%@tcdwa@l ﬁg@?&’r@@ﬂ@ﬁ%&aﬁf%ﬁaﬁﬁ fiEP6hiEs %ﬁé&aﬁ?l‘anboﬁaw (1989);

Bioeitemet Bipphysn. Ressi eotnT220342)5655- Q%3 dd004)sallihiA ey dae that leads to

relgted [.0e rosRabhbARR e@a&geﬁggtgeug}%%'gmw RCLion; @08 uting

Fag t &t, Nat 30W020040076
GG R IR SR LSRN Sy ASEE T (%amc'

PRRP 38ntBHe 1 edisSqidential. L&Qfm\héa‘tm Sohdd S -hB3h6688s46R2 (1996)). More
‘adildnchyiopraehiothe raRY @srhamatiermpy aras n iapstigaragentashorhagic

di f h .
R Ao B8 e R (S ol BT Loy L0, i

partlcular for cancers which have a BRCA1 and/or a BRCAZ2 deficient
phicatyise bis:descrinetiated that efficient retroviral infection of mammalian cells is blocked by

443 (rneiopreRABELARS kP RRTBRNIFs LS RRaRYA Abiai RReYEedlibns was

phihalazin-1-one (compaund /). diSSIosed WS, 2P0HOB0976: 0), 30924000
(1996)). Inhibitors of PARP have thus been developed for the use in anti-viral therapies and in
cancer treatment (WO 91/18591).

Moreover, PARP inhibition has been speculated to delay the onset of aging characteristics in
human fibroblasts (Rattan and Clark, Biochem. Biophys. Res. Comm., 201(2), 665-672 (1984)}.
This may be related to the role that PARP plays in controliing telomere function (d'Adda di
Fagagna, ef al., Nature Gen., 23(1), 76-80 (1998)).

WO 2004/080076 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 2005/0536562 describes the use of PARP inhibitors, in particular phihalazinone derivatives,

as base excision repair (BER) inhibitors. The use of these inhibitors in the manufacture of
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is of particular interest. 10ln WO 20041080976, compound A was

synthesised as one of a number of library compounds from
4-[4-fluoro-3-(piperazine-1-carbonyl)-benzyl]-2H-phthalazin-1-one

(compound B): 0 by the addition of cyclopropanecarbonyl chloride: 0 15to

a solution of (B) in dichloromethane, followed by Hunig's base
(N,N-diisopropylethyl amine). This reaction is carried out with stirring at

room temperature for 16 hours, and the r§sulting compound being purified

by preparative HPLC.  The piperazine derivative (B) was prepared by
dg@s@@gmﬁa@ m[ghﬁw@r(m{)g@q@@_ym%a@a deficient in Homologous Recombination
2@t laslazifedt pRretinB renzayidihpipemiinr Foc adnoxyliragichie e HBREA1 andfor
esteRComRaMBEg %-?ené%g' NoEyhe use of 6M HCI and ethanol for 1

hour, followed by basification with ammonia to pH 9, and extraction into
dichloromethane. 5The Boo-protected piperazine derivative (C) was
p@ﬁg@@mmmm@@mm@im&dmm@wI)4—ﬂuoro—benzyl]«2H phthalazin-1-one
pmm&aﬁuky&ﬁgaﬂgyammmmmpound D): 0 by the addition of
piperazine-1-carboxylic acid teg-butyl ester: O

is of particular interest.

In WO 2004/0808786, compound A was synthesised as one of a number of library compounds
from 4-]4-fluoro-3-(piperazine-1-carbonyl)-benzyl}-2H-phthalazin-1-one {compound B):

by the addition of cyclopropanecarbonyl chloride:
0

.

to a solution of (B) in dichloromethane, followed by Hiinig'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.ny!mathy!}benzoyl]—piperaiine»1-carboxylic acid teri-butyl ester (compound C):
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102-(11-1-benzotriazol-1-y1)-1,1,3,3-tetramethyluronium
hexafluorophosphate (H BTU) and N,N,- diisopropylethylamine in
dimethylacetamide, followed by stirring for 18 hours. Particular forms of
compound 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 15their 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
synthesis of compound 44

ethod of synthesis that is suitable for
maslti-gram scale. 20Accordingly, a first
éovides413-(4-cyc|opropanecarbonyl-

A) substantially in crystalline fort @- in-partigular in Form A.' 5
"Substantially in crystalline form as 9 Q § that at least 50%
by weight of compound A is in crystalline form, pleferably at least 70% by
weight, 80% or 90% by weight. In some embodiments, at least 95% by
wRidie LoD ob ¢ Hidigrd eihavelicod Bogrdetnsrs by Reaiffetiphayithemmonia to pH 9, and
ceystalireiiarmcHiocarpasd A as crystalline Form A has an X-ray
diffraction pattern (A=1.5418A) containing specific peaks at : Peak 200 (
0,1) 112.0217.8 321.1 422.3 29,2  Compound A as crystalline form A _
may SRSPHIRESHh R BIRRII SeLRB A FRRREBH S PR fc}iﬂ?l”r"aéffé’r?m**"”‘d‘hyd“’”
pritezisPLyinathgikbepraik 20 ¢copP @IS

0!

0
=N o D

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

"

2-{1H-benzotriazol-1-yl}-1,1,3,3-tetramethyluronium hexaflusrophosphate (HBTU) and N,N.-
diisopropylethylamine in dimathylacetamide, followed by stirring for 18 hours.

Particular forms of compounld A may have advantageous properties, for example with regard to
their solubility and/or their stability andfor thelr bicavailability 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 handie 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 particutar in Form A, )
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714.0 821.7 924.3 1026.1 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. 15A 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 20C8mpound A Tetrahydrofuranate)
o porienially vanyetitisistfoiner estrbeboree velverihebrmisesidiitfdigweight of
mepnelentd ¢-eldirbenmhesabieat maleruesyiirigaledn Bithin by weight. In
Pogkets created.y Ihe P@%%”Q&n%!ﬁ(&%‘e% ILESTRIDECNSIANGES,y weight
the volume of these pockets ar sufﬁuenty fexible to incorporate a range
off@ybe s Rl little change in the overall structure of the material,
and hence only small shifts in the XRPD reflections. 6 Solvates, including
thoseruHE A 28 r9stBRRARAON RERILATKUGIHER-AHRR HAM-SOlLHIBR18A) containing
ms%t‘éE ] élOéla ngt crystallisation experiments from dichloromethane, ethyl
aceta e,pme %an‘ol, ethanol, isopropanol, 2-butanone, t-butyl methyl ether,
toluene, tetrahydrofuran, water, ¢yt8hex@hdz&tlbpropyl methyl ketone,
1,2 dichloroethane, ethyl trifluorgacetate, flutsgmbenzenehexafluoro-
iso-propanol, methyl nonafluorobutyj-etirer,2smgethyl-1-propanol,
nitromethane, propionitrile, trichlpraethylene _cula-trifluorotoluene,
heptane, dioxane, acetonitrile, e thet as pur bivents or when combined
with another solvent. The X-ray diffractipn pa@&&rn of the most common
solvate structure is shown in Figlres, gnd typigattyjcontains most intense
peaks at positions listed 10belov-Reaki20-£0-10)- (A= 1.5418A) 17.0-7.5
210.1-10.6 315.1-15.6 418.5-19.0 521.0-21.5 624.8-25,3

Compound A as crystalline form A may also have the following additional peaks an X-ray

diffraction pattern (A=1.5418A):

Peak | 26° (£0.1°)
6 105
7 14.0
8 217
9 243
10 261

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 patiern 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. methano! and di-sthyl ether). The solvent molecules typically lie within pockets
created by the Compound A molecuies. in certain circumstances, the volume of these pockets
are sufficiently flexible o incorpofate 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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727.0-27.5 1t will be understood that the relative intensities of peaks

shown in the figures may vary according to the orientation of the sample

under test and on the type and setting of the instrument used so that the
intensities in the XRD traces included herein are illustrative and not

15intended 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 %my 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, 20including water, may be 0.25%, 0.1%,

0. D5%ter, 002564 thysweibinh shiestherarms dvefaiomnpounteAsatayradsitiad maturation

c%ﬁ&%@ﬁ@%ﬁl%@ﬁ@nﬂm Mﬁ&em%m &hw@%&asa{%yme%ﬁo[
tr(éS%Ze%Ca%gl t?gte{frrﬂl e VIV;'HE nﬁg{h@e tl@% %ajf ]&%ro ran, wate|c_, g;ﬁ;iohgxane

sgnta |ve I’ CcO orm IS S own In
25%&%?% wgt'éhﬁi@nﬁo%dmmmiheaﬁn s%é&@ry%aﬁﬁt?g fesrmpeirsashexafiuoro-
insa-palpent anetthencisplatingy e oiveatriorptheaasystetinetiare) wiidnitrile,
d&ﬁ@ﬁ%@%ﬁ%ﬁé‘taﬂl‘?rﬂn'.%%?o‘?ﬂéﬂ@%@&taR%aé(.?)?a?{\éata%'e%ﬁ\»@'%Hﬁgr A Bure solvents o

C1.2 alcohol and water. 5In a first embodiment, this method comprises the
St%lbe? Gpmeyﬁe%@l |§§1maer solvent. The X-ray diffraction pattern of the most common solvate

AdBstveysigprepinBoarbéryidiyrivelinentrivarhostytietsfusrakbetaptibaHisted

pbéazin-1-one (compound A) from a solvent; (ii) if the original solvent is
not ethanol, treating the crystalllq%eqfﬁp%ﬁmethanol (iii)
treating the crystalline compoungd A with wat r?o emove trapped ethanol;
10(iv) drying the resulting produtt. The S8REAFIRA in the original
crystallisation may be, for example,idichlorpm&thang or acetonitrile.
15The methods for obtaining Formzrmay;gemggltyjinvolve solvent
replacement. It has been found that cnmnmmd A-crystallises in such a
way that channels in the crystal lattite are fotmed which can trap solvents,
thus making them difficult to remové. The®éthdd of the first embodiment
can be used in particular if the spivgnt tiseq maie 20crystallisation of
compound A is dichloromethang—Fae-step m‘ % ﬂha ging the
dichloromethane as a solvent with ethaho as a solvent can be carried out
by distilling the solution of comppund A|at?atfhé5pheric pressure in the
presence of ethanol. The exchange is complete when the head

it will be understood that the relative intensities of peaks shown in the figures may vary
according to the orientation of the sample under test and on the type and setfing of the
instrument used so that the intensities in the XRD traces included herein are illustrative 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-
cyclopropanecarbonyi-piperazine-1-carbonyl)-4-flucro-benzylj-2H-phthalazin-1-one (compound
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temperature approaches the boiling point of ethanol, e.g. at least 73C. In
particular, the exchange may be carried out by distilling out the majority of
the DCM, then adding a volume of 25ethanol. The distillation is then
continued, with replacing batches of distillate with equal volumes of
ethanol. Crystallising compound A from the ethanol solvent may be
carried out by cooling the solution to below 15C, preferably less than
10C, and more preferably to about 8C. The crystals of 30compound A
may then be removed from solution by filtfation. The crystalline compound
APirrssychistalina Edwith witte Coopenes vey stellpealcothemuoldsy is aspbrdeanththen
Cﬁ&@ﬁ&iﬁ@tﬂé@@b@ttiﬂdﬁﬁﬂ% @?ﬁdﬂﬁh@ﬂﬁfh&tﬂﬁeg %sﬁtﬁ)ﬁcﬁtg?h!g@ﬂ@ﬁfﬁér@r%pl%ng agent
e a refer r about four hours. The
C@%Q‘éﬁl’%imegl glgeﬁséo}ﬁr{;%ﬁ A %&%ﬁ y %c%e%o\c?eac%ﬁe gm suspension in water by
filtration. 8 Drying the resulting product of the above step is readily
alcradrgenitodisrantn pis, hstinsatimptisesphedtagtsinfan oven at a
twewﬁgaipstd@e%e%mt&mw SbeRoHEAQGrIohaNAthes S iwehzyi-2H-
e‘ggga algteptd $metoglp % nses the steps of: 5(i) obtaining compound
A as crys <Yalime for contai Ing soF\/enf1 (i) if the original solvent used in
48 EhtioaaiRab WS MRHERARh E AR D R RN RCABPE R AU Gthand,
Wil dreatigh sh€ drBialtod obifireumbthetokaethanethstreatimeged ethpaiitnd A in
the) Ghysialaedanmmyvwadaixture of water and a C1-2 alcohol; (H) drying
the resulting product. 10 The resulting product can be further treated with
a mixture of water and a Ci.2 alcohol, and dried in order to further isolate
cOifFolYRDt sshsl i dheREginRl FrotialliaatiPRE AYiRe fer iamps. dishieamethane or
adeetraltitiepreferably in the range of 2:1 to 1:2 by volume, and 15 more
preferably 1.5:1 to 1:1.5 by volume. A particularly preferred mixture is 1

rt water t0.1.2 arts C1.2 alcohol. Another artlcular referred m|xture
o SRR, AT 68 AR THE T D TN FREREFARN ! s been
dirvaddhat cormenisot Rty Helisasristafirevwry thehshgnbelobitinetriigl lattice are formed
onysinltisatian ivhescerp marm SisntimcAse emivas described above.
The solvent treatment in step (ii) may be carried out by suspending
compound A.in the mixture of water and C1..2 alcohol and heating to
e RRRCH AR SR RAY B ?Sﬁ&tﬁéaeﬂy‘c%%ﬂﬂtja{dfB’é‘t\ﬁ%'é?f‘%%sﬁ%tﬂ‘ the
oo atieetite Aheprepgunidrd ipfichicesitethrig. Tihe fieerobaxkhaagitetveatitideromethane

Vééhs solvent with ethanol as a solvent can be carried out by distilling the solution of compound A

at atmospheric pressure in the presence of ethanol. The exchange is complete when the head
temperature approaches the boiling point of ethanol, e.g. at least 73°C. In particular, the
exchange may be carried out by distilling out the majority of the DCM, then adding a volume of
ethanol. The distillation is then continued, with replacing batches of distillate with equal

volumes of ethanol,

Crystallising compound A from the ethanol solvent may be carried out by cocling the solution to
helow 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 crystailine compound A may be treated with water to remove frapped 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 filtiration.
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25a mixture of water and C1.2 alcohol before being distilled at ambient
pressure (usually 1 atm), or above. The distillation may be stopped to

yield a suspension that is left at room temperature before subsequent

filtration. The resulting filter cake may be washed with water. Drying

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

by heating the 30product in an oven at a temperature of at least 50C,

preferably at about 60C. The further treatment may proceed in a similar

manner to that described above. In a thirc?embodiment, the method

compddbs resfipauwsplintirigrecbpeuied & inatim sebirvest \Fatexamdia gyheating the
alsehotas dhesalventetiddienting hessisneosinardabaibbandil voaing the
solution and seeding with compound A as Form A; 9 (iv) drying the

resulting product. The resulting product can be further treated with a

mikERE6T frster bR ent. aeshsr sHErdresfn BR8&Plo further isolate
cOhptamicgAdmpoendsiadliney Relime Aors Tedaminauevehivater and C1.2
akﬁ?ﬁ@lﬁfsrﬁ{{ﬁé@%@h%ﬂéggli@ﬂ@%y@ﬁl?éé&st@f SoprByuvRlUManha e SRR form is not a
preferably 1:2 to 1:4 Ay volu A particularly, preterred mi i

RS el 8 B e B R P KB A
16BN TR YR Ho AP Hormg R ShueBiF B between 65 and 75C

(diy dROQ prenediltergngpdudgt. through a celite pad. The filter pad may be

washed with a mixture of water and C1.2 alcohol before being distilled

(e.g. at ambient pressure, or.abqve). The seeding. m ccur after th .
e B R e el e T B s B . ano e
rd3 QrRGt {EPen SRR BRUeE Add aSFRBRAE B8MPerature (e.g. 20C) in
between 2 and 3 hours (e.g. 152.5 hours) and maintained at said

teFRP RIUWEAW QP Y RNOUUL IR S ablishchy RialliSaHER of NiSteNEY tRBvolume, and
bﬁ for abo t16f}§ours. t the end

bet 2 4h -and f
TRt WA ) 0 TP BRI AR Bk e 12

. . may ne a equa
torlite Gohrrehet tonataevercuirdc aifticd MXtHIE ho BB YaIRr hliRFAf -2 alcohol.

berrddeckrlawlys fesiexspmpteaaver a period of 4 to 6 (e.g. 5) hours. The
suspension may be held at ambient temperature after the water addition,

for 20example for 2 hours. The su%geﬁslondrga§ thter]. b% filte{&d, and thed Afr
rSSURRRY R AR SRERIRF HR T LBRE R IR RIS B e Y S BRSP IR A from &
weakeiinas fesuibtbabaven 1:3 and 1:2, e.g. 1:2.3). 25Drying the resulting
product of the above step is readily achieved. For example, by heating the

The soivent treatment in step (i) may be carried out by éuspending compound A in the mixture
of water and C..; alcohol and heating to reflux with stirring. This may be followed by cooling to
between 55 and 65°C and filtering, e.g. through a celite pad. The filter pad may be washed with
a mixture of water and C,_, alcohol before being distilled at ambient pressure (usually 1 atm), or
above. The distillation may be stopped to yvield a suspension that is left at roo;:n temperature
before subsequent filtration. The resulting filter 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 reatment may proceed in a similar manner {o that described above.

in a third embodiment, the method comprises:

(i} suspending compound A in a mixture of water and a C..; alcoho! as the solvent;
(if) heating the suspension to reflux;

(iif) cooling the solution and seeding with compound A as Form A
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product in an oven under vacuum at a temperature of between 40 and

60C. A third aspect of the present invention provides a method of

synthesising compound A from compound B comprising the step of:
30(i)adding a pre-mixed solution of triethylamine and cyclopropane
carbonyl 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 th& solution being controlled to be
below 20C. 35In some embodiments, the ‘method further comprises the
stepbFing fag a9 duthring) the resulting solution from (i) until the
reaction is complete, whilst maintaining the temperature of the solution

b%%vye%gg:n %PDJJ?:‘? @aqqzlg(?u%ﬂf%gtgé mﬁ%%ﬁu@%@%%@ﬂ@@‘ﬁ IS&icohol, and dried

manner ThIS method i1s more controlled th tde cribed in WO
2BPAN5EEYBNPEERIRISS ARG & (R GiBRERY t?/ A d%lon of the acid

chloride. The less controlled method of the prior art can lead to addition of
theariskehioridetat dhe Phibrirzne prRibgeNieNGRy@IEm BS Walbate, and

afthe §%%Fsaﬂ%df%9%9&ﬁ9 K rﬂEﬁfﬂy% thatdhe,aReve Mehegis o 3 parts

carried out under a nitrogen atm ere is further preferred that the
térmperaite bt %ﬂﬁ?ﬁ@h’?ﬁ%@éﬁl?@?ﬁhmtamed between 10 and 1St.

The product of the above reaction is preferably worked up by at least one
VST PSRN RiSe1R My enbrediatah i trenwerls s Breoriasng. g iitipdantltering,
o 4 Yees Peeh SRR AN B MEARIEAaS IR SRS B E c.. sicono

5 Gitric Acid solution by a dilute base, e.g. 5% sodium

c&%ﬁé’ﬁéﬂﬁcﬁlﬁl%’ (5 %0 AHATRISSE PESEHTR: PrBRRYR) inl AR IBRJVRIRSY T after the
meshbidgoflisytethesisiag comp dubehwedroth 2OCHIT (uadt6°Conthsiryiting
r%&ﬂ&%@ﬂ%l?%@@d&m% én(saéﬁhqeﬁﬁﬁévé@ﬁét{@@ylﬁmﬂ@bme@ﬁ 2 SR FRkrs (e.g.
o R AN o ST uru o oG WA RGHAARN &8 Raton. o

dﬁ”@p‘?@ﬁ%ﬂ%ﬂéﬁﬂﬂéﬁh@fﬂ-ﬁé%ﬁé&kﬁ éoo{l?mws&%ﬁ eRbipRAGAENis period,
hygieatiatidenagbe 2tided. The amount may be about equal to the volume of total solvent

{water and C,., alcohol) present and may be added slowly, for example over a pericdof 4106
(e.g. 5) hours. The suspension may be held at ambient temperature after the water addition, for

exampie for 2 hours.

The suspension may then be filtered, and the resulting filter cake may be washed with a mixiure

of C4., alcohol and water (in a ratio of between 1:3 and 1:2, e.g. 1.2.3).

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

product in an oven under vacuum at a temperature of between 40 and 60°C.

A third aspect of the present invention provides a .method of synthesising compound A from
compound B comprising the step of:
V{E) adding a pre-mixed soiution of triethylamine and cyclopropane carbonyi chioride, in
an appropriate organic solvent (for example, DCM (dichloromethane)) in a controlied
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) untif the reaction is compiete,

whilst maintaining the temperature of the solution below 20°C.
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The addition of 1-(cyclopropylcarbonyftpiperazine, or a mineral acid salt
thereof, to compound D may be carried out in any suitable solvent, for
example, acetonitrile. The amide coupling agent is preferably
2-(1H-benzotriazol-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU). It is preferably added to the solution of
1-(cyclopropylcarbonyl)piperazine, or its mineral acid 30salt,
diisopropylethylamine and compound D over a period of time, for example

30 minutes. The temperature of the resulﬁﬂg solution may be maintained

at 25C or below (or 20C or below, e.g. at 18t). After its addition, the
resiliagisslwiorpminnbelel instand srviesriemedtime. A preferred
temperature regime is holding the solution at room temperature for 2

hours. 11 The resulting compound A may be removed from the solution

oy U BIFRP R LR SEORSEP el v e imsie 290 e g i = more
timgiqespclivh@ddjtidolibibe ddiy fitecition Tihiesesoltinied orefrodrd therpdyr b can lead
Wi shiagiofosrexa iR enit G kd agatamililend Hardieh 200 HQB99H0 athRell as at the
foé%%yyig%iroe%emteonﬁ%m nound D is disclosed: 000 Dimethyl phosphite was

added d c?p-W|se to a solution of sodium methoxide in methanol at OC.
2-Carboxybenzaldehyde (H) was then added portion-wise to the reaction
ntbdurefesed flattherbOmetitaodis vathetheutentse mtitregke ptrbedole&C.

The resulting pale yellow solution was warmed to 20C over 1 hour.
Meshangsulphionis acias addad to e reachon dipRise.and ey beween 10
resulting w ite suspension WaS evaporated in vacua. Re While residue

wA¥ dédnched with water and extracted into chloroform. The combined

organic extracts were washed with water, dried over MgSO4, and

SYRPRFALEE K MRGHAO lth Barerdratrdl by Reer BPReR20fur 3Re nater washing step.

#ﬁyl’)gpo?%hom% amdrkdlmethyli_esteri’g%%'%s Pt ite t%?!bd i|eId: 95 %ﬁfi it diat
RS T 2R A MR R TRt PO RO tRE SR g giePe Pg intermediate

MREINEIGTEBS dRing Bty RG-S G & Frrefify apic SOlyipm dplleursié Ricrdilute base, e.g. 5%

dimetiy besterategdmtigirahydrofuran and 2-fluoro-5-formylbenzonitrile (F)

in tetrahydrofuran was added triethylamine 20drop-wise over 25 min, with
the temperature kept below 15C. The reaction mixéure was warmed slow c‘yA for

. y € |
16 LB R e AP RO REHIRERITH PR QTSRS Y AV ge fraRoUn
skaTieeknt WRRMRSE0 iedastites:ofrae huihddxiippivarserhendinperagne, or a
ethieerfRdislBgckkeryi®lch Zhe presence of an amide coupling agent and a base, for example,

R 3 RARPRAREO LA Ld Al dpRaaidyzonitrle () as a

fi

50:50 mixture of E and Z isomers (yield: 96 %)."25 To a suspension of

2-fluoro-5-(3-o0x0-3H-isobenzofuran-1-ylidenemethyl)benzonitrile (E) in
wEite miresshelde datiquaydss foodiamrisidneXidéasbiotidmsaltd the reaction

mixture was heated under nitrogen to 90C for 30 minutes. The reaction

n?ééuggd\ﬁ{gr? &%r—t(lglyltl‘.Yog%%ly cgantgoggf)!%ip%?gzine. or a mineral acid salt thereof, to compound B

may be carried out in any suitable solvent, for example, acetonitrile. The amide coupling agent
is preferably 2-(1H-benzotriazol-1-yh)-1,1,3,3-tetramethyluronium hexaflucrophosphate (HBTU).
it is preferably added to the solution of 1-(cyclopropylcarbonyl)piperazine, or its mineral acid
salt, diisopropylethylamine and compound D over 2 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 iefi ¢ siand for a period of

time. A preferred temperature regime is holding the solution at room temperature for 2 hours.
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.12 hydrazine hydrate was added and stirred for 18 hours at 70C. The

reaction was cooled to room temperature and acidified with 2M HCI to pH

4. The mixture was stirred for 10 minutes and filtered. The resulting solid

was washed with water, hexane, ether, ethyl acetate and dried to yield

compound D as a pale pink powder (yield: 77%). 5 It is also desired to

have an improved Method of synthesis of compound D. Accordingly a fifth

aspect of the present invention provides ethod synthesising compound

D, comprising the step of: 10(a) synthesising diethyl

(3T iR Erautingi RGP D AT B RRTPMIAVBH Fies o Relkdi ety frepfing-to below 10°C (or

catoxghefzaicetmpde $FD) f4h) pymtliesianige.g. 1 hour), followed by filiration. The .
2+luaERsRd Py Ab RRaiHr -0y RRnskmethyiibgnzonitrile

(E) from diethyl (3-oxo-1,3-dihydro-2-benzofuran-1-yl)phosphonate. 15It is

preferred that compound G is not isolated in the synthesis. This method

aliofe 89844080BT thivefuiinwirg sivisf idinretnuphBsphitsiosith is unstable

(Pelchowicz, et al., J.Ghem.Soc, 4348 4350 (1961)) in alcgholic solutlon

It is preferred't a

which the sodi

formed in situ by adding,;diethyl phosph

t-amylate in 2- 20rgethyltetrahydrofur8n Tds}eereactlon with the sodium salt

of dlethyl phosphite may be followed By reaction Wlthomepthanesulphonlc

addltlon of triethyla

Jhe methpd of syn smg*‘%ompound D may
further comprlse the N

eS|S|ng

synthesising compound D fr%m compound ED by reactlo fwith sodium
hydroxide. 30

Dimethyl phosphite was added drop-wise o a solution of sodium methoxide in methanol at 0°C.
2-Carboxybenzaidehyde (H) was then added portion-wise to the reaction mixture as a slurry in
methanol, with the temperature kept below 5°C. The resulting pale yellow solution was warmed
to 20°C over 1 hour. Methanesulphonic acid was added to the reaction drop-wise and the
resulting white suspension was evaporated i vacuo. The white residue was guenched with
water and exiracted into chloroform. The combined organic extracts were washed with water,
dried over MgSQ,, and evapaorated in vacuo to yield (3-oxo-1,3-dihydro-isobenzofuran-{-
yhiphosphonic acid dimethy! ester (G) as a white solid (yield: 85 %). 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 dimethy! 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 stowly to 20°C over 1 hour and concentrated in vacuo. The white residue was siurried
in water or 30 minutes, filtered, washed with water, hexane and ether, and dried to yieid 2-
flucre-5-(3-oxo-3k-isobenzofuran-1-ylidenemethyl}benzonitrile (E) as a 50:50 mixdure of E and
Z isomers {vield: 96 %).

To a suspension of 2-fluore-5-(3-oxo-3H-isobenzofuran-1-ylidenemethylibenzonitrile (E} in
water was added agueous sodium hydroxide solution and the reaction mixture was heated
under nitrogen {o 80°C for 30 minutes. The reaction mixture was partially cooled to 70°C, and
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13 A sixth aspect of the present invention provides the compound ED: ED

and its use in the synthesis of compound D. S A further aspect of the

invention provides a mineral acid salt of 1-

(cyclopropylcarbonyl)piperazine, and a method of synthesis thereof by

reacting piperazine with acetic acid, followed by addition of
cyclopropanecarbonyl chloride. 10A seventh aspect of the present

invention provides a pharmaceutical compé)smon comprising a compound

of the first aspect and a pharmaceutically acceptable carrier or diluent. An
elyHiRzispastaetaspddssirin sl IPHIB RIES & CBrRpbim@wTigievmsstooled to room
aspegiriire sadradonedhvath ofitreziim gt THerma Y Anigdabbudyinles and
Afﬂé'?éﬁ FFRGELANAS MEPFEN YR UAR &BQé/Hdﬁécé'ﬂS %ﬁ%PB&ﬁ%@MEQHaa&aed to

defined in the first aspect of the invention in the preparation of a
nYéed‘i’c%gﬁ‘t"fSHrﬁlﬁl?ﬁa ?Wé RRHCR UP'BARP) Further aspects of the

invention provide the use of a compound as defined in the first aspect of

2B eiveiiien i Hhe: prepRralan-edtRcmetigammant Josdhedusatment of:
vascular disease; septic shock; ischaemic injury; neurotoxicity;
haemorra ghlc shock; viral infection; or diseases ameliorated by the

irfMRBREF RO TS HRERAE Drihspras et RUPR PIRYPSRP AR FE GG fompound D,

previprsnihghetersef.of a compound as defined in the first 25aspect of the
irmsggti@ﬁbanstﬁ@ﬂ%ﬂ@ﬁ%ﬁ@:m&d@%@%f@mw@mﬁmm@@ipfmm 2-

neer eraanﬁ(eg otentlatlng tumour cells for treatment with ionizing

)z4
3|at| norc eutlc agents, Other further aspects of the

|d\%ﬁ¥i’&5‘i’?§‘ﬁﬁﬂ§éﬂﬂﬂ’%% E’Fé%?rﬁﬁé?f?&%ﬁgé‘ggéi‘aﬁ{é’r%ﬁﬁf&&%&?%ﬂb&nmf‘“ﬂ‘e €)
30omtn et (GERAR P-dégnTpiisiegzatimmibidmhgstdensigbject in need of
treatment a therapeutically-

it is preferred that compound G’ is not isolated in the synthesis. This method avoids the use of -
the sodium salt of dimethylphosphite which is unstable {Pelchowicz, ef af., J.Chem.Soc, 4348-
4350 (1861)) in aicoholic solution. It is preferred that the step (a) occurs in 2- |
methyltetrahydrofuran in which the sodium salt of diethy! phosphite is stable. This salt may be
formed in situ by adding diethyl phosphite to a cooled solution of sodium t-amylate in 2-
methyltetrahydrofuran. The reaction with the sodium salt of diethyl phosphite may be foliowed
by reaction with methanesulphonic acid.

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

The method of synthesising compound D may further comprise the step of:
(c) synthesising 2-fluoro-5-[(4-oxo-3,4-dihydrophthalazin-1-yhmethylbenzonitrile (ED):

from compound E by reaction with hydrazing 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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effective amaount 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 14 in need of treatment a
therapeutically-effective amount of a compound as defined in the first
aspect in combination, preferably in the form of a pharmaceutical
composition, simultaneously or sequentially with ionizing radiation or
chemotherapeutic agents. 5In further aspgcts of the present invention, the
compounds may be used in the preparation of a medicament for the
treatment of cancer which is deficient in Homologous Recombination (HR)
depondesicBNAHa SRsepaivactivityrooidss the tregtotedEaE a patient of a
cancer which is deficient in HR dependent DNA DSB repair activity,
comprising administering to said patienta therapeutically-effective amount
of the compound. 10 The HR dep A DSB repair pathway repairs
double-strand breaks (DSBs) in DN?
reform a continuous DNA helix (K.K. Kha S #>.P. Jackson, Nat.
Genet. 27(3): 247-254 (2001)). Theicomp sFof the HR dependent
DNA DSB repair pathway include, but are not limited to, ATM
(NM_000051), RAD51 (NM_002875), RADS51L1 15 (NM_002877),
RRDER eseNNPODPEESTS RAPBRATEENM 002878), DMO1 (NM_007068),
XRCC2 (NM_005431), XRCC3 (NM_005432), RAD52 (NM_002879),

R, é%@%@%ﬁ%eﬁ%ﬁﬁﬂ“&lﬂ%@é{@d BiGAL (NM_007295),

- BRCAZ2 (N 00059), RAD50 (NM_005732 RE11A 005590 d. )
N BRI O AT P T T NI S S DR e i

DASEfipcsisir ipkanRmAbyi AeiiRe Al GYHARIRPIABEBFERY LN RETMSY

(Hughes-Davies, et al., Cell, 115, 20pp523-535). HR components are also
deserbed 19 N0 0ANE ¥ senCIRRFBor BrbvikeS4 Ar8H 420RLY ASRBGEEN comprising 2
which is gef%uer}t in H epgndglnt DNA PSIP repair may comprige or

cOHERABE ShE O TG TRACE PRI WASIEh Favé B TR AUCSE or abrogated

ability to repair DNA DSBs through that 25pathway, relative to normal
celsigatihepactivityiopibiet Rvdepensent BN bgBurepsithpdiktapattdyr use in a

be Jedbcpd A ARRIRRSHINDE s RarBgyg, cancer cells. The activity of

one or more components of the HR dependent DNA DSB repair pathway
may be abolished in the one or more cancer cells of an individual having a
cérmith asiett if hefrtrasninnSendRdepidrgdie PR ATD SBrRayaf as defined in the first

CamnobentsiafhrdiRice pepdentPMA baftiepairgathiviaygare amility of PARP.
characterised in the art (see for example, Wood, et al., Science, 291,
1284-1289 (2001)) and include the components Iistedﬁbove Ins

| ! ome
o AHEIEAFER R R RS EARELS EISR AL REVEATERE S A AP rot aspect of
BROAZutisfidietie36ehrsaiistypbd seBiramant indie irBRTIMDActhsey!ps disease; septic
redboetkeanmishag nthawangenaatisrsgancaicer! i wiidhisnp bedietypes
MRS S EiEAL ARG HCUBRRRE ARebe: expression

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 2 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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15 and/or activity of BRCA1 and/or BRCA2 may be reduced or abolished

in the cancer cells, for example by means of mutation or polymorphism in

the encoding nucleic acid, or by means of amplification, mutation or
polymorphism in a gene encoding a regulatory factor, for example the

EMSY gene which encodes a BRCA2 regulatory factor (Hughes-Davies,

et al., Cell, 115, 523- 5535). BRCA1 and BRCA2 are known tumour
suppressors whose wild-type alleles are f{fquently lost in tumours of
heterozygous carriers (Jasin M., Oncogene, 21(58), 8981-93 (2002); Tulft,
et"a’leeér?flff‘é?m@fl‘&lémﬂé’ﬂ’e‘@(’f% effedtie RYL RfPrHeER G asaleBRd in the first
BREA imoshoinBRE AReratdisti onid Bwitbflarsastearaetdscomposition, simultaneously

weleharacipripgdnishe AlidRaAcenEmlnErRdulin dganeer Res., 21(3
Suppl), 9-12 (2002)). Amplification of the EMSY gene, which encodes a

BRCAZ binding factor, is also known to be associated with breast and
olrefHEhecasrasts of theRipsens iDYemiraLibn SIMBRTIA IanbrosBRICAS prparation of a
alsedrbelavdte che sefifreanoedatih eovaiy/ddipuastatd abddas @eambnation (HR)

SQ&QS&E%?%@E%E‘?QSAW&&R%{@? gy MH&PS@%}&? H?af‘eér%?vﬂﬁch is

more varjations, such as mutations and pal ymorp hisms, in BR 1 and/or

BREES'R E*?&&BFA}%?'%P!&?SFHS%&% t‘f8¥r S?Wﬁﬁ%lﬂ% AR B‘Fi?f‘ﬂ& tg,5q'd patient 2
BRervedticalteRacivg amenst afthmeprgestribed, for 20example in EP 699
754, EP 705 903, Neuhausen, S.L. and Ostrander, E.A., Genet. Test, 1,

7%@@4%%8&%&1%’&&%&’ ré%af’i"agti'a: é{{‘?@&a il b{é%ﬂ%ﬁé Bk Rfs‘Bs];WDNA via

29-59 (2002); Janatova M., etal. asma,

JB?fE&W&?\V& MgcheRss ByRBRBIA %’@ ‘.i’.‘)”“’ﬂ ’%"{&66‘3‘5)(%{8??&%?%5& Jackson,
alveplifendoATENtIRE BESE ADBiNdTG FaotorrEMSH ThectR clébentiimt DNA DSB repair

Hiseies, Rauies vat ale {eelintd o2 am. BEONBJI)@M%@@W 002875), RAD51L1

p d
@M%? AR Rl 6 RO U 06 alc.?’e A Bd0se). xrco2
Mo QSR KReFByNIAaBE th%%%meoaﬁa?@amw MM OGS, RADS4B
alNMCOARAEE)) BRI £ 0GOET B RIBAZ (NI 0PO0D Sy RADFOI NI _SIIGVARXHERE 1A
I\{M\ﬁi @ésyymmm@bé@gw wmésgeftﬁaslg&(smmm&:@g? ﬁ!ﬁb@&é’?&@ﬁ DNA DSB
no CO a or. a reatmen
P e R R T U kS BafBR R cen. ves.
C@{pﬁé@;@ﬁ@ Ai-ﬁ%cpﬁmﬁn,qﬂts are also described in Wood, ef al., Sc;ence 291, 1284-1289

(2001).

A cancer which is deficient in HR dependent DNA DSB repair may comprise or consist of one or
more cancer cells which have a reduced or abrogated ability to repair DNA DSBs through that
pathway, relative to normal cells i.&. the activity of the HR dependent DNA DSB repair pathway
may be reduced or abolished in the one or more cancer cells.

The activity of one or more components of the HR dependent DNA DSB repair pathway may be
abolished in the one or more cancer cells of an individual having a cancer which is deficient in
HR dependent DNA DSB repair. Components of the HR dependent DNA DSB repair pathway
are well characterised in the art (see for example, Wood, et al., Science, 281, 1284-1289

{2001)) and include the components listed above.

in some preferred embodiments, the cancer cells may have a BRCA1 and/or a BRCAZ deficient
phenotype i.e. BRCA1 andfor BRCAZ2 activity is reduced or abolished in the cancer cells.
Cancer cells with this phenotype may be deficient in BRCA1 and/or BRCAZ, i.e. expression
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35Fig. 4 shows a representative powder XRD pattern of compound A as
solvated form; 16 Fig. 5 shows a representative DSC trace of compound

A as Form A obtained by heating from 25C to 325C at 10C per minute.

Use 5The present invention provides compound A as Form A as an active
compound, 'specifically, active in inhibiting the activity of PARP. The term
"active" as used herein, pertains to the compound which is capable of

inhibiting PARP activity. One assay whic Jnay conveniently be used in

order to assess the PARP inhibition 10offered by the compound is
deR¥ApaAi BB FREBEBRAT Reiphe sedicer atfetisipehia thsreongascalls. for
meathgsledfyi naidniting theaact vty oy RARRratee Bncarmprisic gcantactiBgmeans of
Saml ﬁﬁ‘é!a%ﬁhfﬁﬂa%ﬁﬁ%‘}'\é%tm&%ﬁf At@eggﬂgﬁhcs%@ »@%@W@é&% Y} example the

uch ‘a method

orm of a harmaceutlc%)éaccep
RS e R i e et RIS

'b&3§rown in vitro and the active compound brought into contact with said

cells, and the effect of the compound on those cells observed. As

eéﬁ@meﬁé’ E@ﬁ&mtbﬁo%ﬁ‘&e tﬁ?&%’ﬁ'@‘sg%PNh%gg g;?éj ﬁea g‘rtgg}et %uently iost

0 active compoun oun tO exert

may be determined. Where t
|ﬁ‘ﬁgﬁf&€ﬁo‘?§ bRteEHaoRICEHASS blatiady. é?%’ﬁ?ﬁ@rﬁ%ﬁ%’o?g&haﬁé%‘%@ Tutt, et al.,
nTaekds Ybtive¢ffR{aZy BT tite (2002poTneldssmithods BREAAtANG/ar BROAI mutations

C@W%?Qagtiél(?nQthtl&%{éﬁ]{Etl%{%?;MééJYrP%Eheqﬂét‘&etrﬁ?xtnﬁ‘%ﬂtlcf‘nﬁ;%;éﬁ&q Res., 21(3
rein.in the context of tr a|n a.con ertains generally tQ

SRR hei PPy T 1 B R e AR AgE T A2 bincing factor,
vEtaEn&pgwpiel mﬁm?iwmmhrgm@deww wegdeutic effect is

achieved, for example, the inhibition of the progress of the condition, and

'@H%‘?éo%%?ﬂ#‘éﬂ%'@ d %ﬁd%f@@@ﬁ&‘tﬁi %i?@g 'DDSIRIRCLUIULIF the ovary,

amelioration of the condition, and cure of the con |t|on Treatment as a
p?ﬁ?fﬂ}%?ﬁ RRIEESTe (i.e. prophylaxis) is also included. 30 The term
"adjunct" as used herein relates to the use of the active compound in

CRINSRETRETANLR KRBYEMBRERRLHEIHNANS nSHAIT ISR Vo BRILEIGRYEQISEEons, such
r%fg'mﬁétBr‘;QéH%o%ﬂ%’? n%%?'r}g QE‘R%'QEE%? BRRANe treal ‘%P&Q& Tne

rent cancer es. |n part ICU r, the active compoun S are now
pRRisTHRSTMY 'ﬁtﬁ?fbﬁ‘ss(?f‘ﬁﬁ @ﬁ%@?%ﬁ%&?ﬁ‘ﬁ%’f @P%Yﬁ@iﬁ‘é?&iﬁﬂ%ﬁ'tﬁ?é}:ﬁged for
vemheB5mER 680t B4 R RISNAe Bade i ase S bisod Oesandepatacaenet. Test, 1, 75-

IAQREaN CREYERRAR) ONOR BIUREs, W.D., Cancer Treat Res, 107, 29-59 (2002); Janatova
M., ef al., Neoplasma, 50(4}, 246-50 (2003); Jancarkova, N., Ceska Gynekol., 68(1), 11-6
(2003)). Determination of amplification of the BRCAZ binding factor EMSY is described in
Hughes-Davies, et al.,, Cell, 115, 523-535).

Mutations and polymorphisms associated with cancer may be detected at the nucleic acid level
by detecting the presence of a variant nucleic acid sequenc or at the protein level by 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 patiern of compound A as Form A;

Fig. 4 shows a representative powder XRD pattern of compound A as solvated form;
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17 known alkylating agents (e.g. DTIC, temozolamide) and platinum

based drugs (e.g. carboplatin, cisplatin) used in treating cancer. The

active compound may also be used as cell culture additives to inhibit

PARP, for example, in 5order to sensitize cells to known

chemotherapeutic agents or ionising radiation treatments in vitro. The

active compound may also be used as part of an in vitro assay, for

example, in order to determine whether a candidate host is likely to benefit

from treatment with the compound in 1qu6estion. Administration The

a€tiye ebmisauRarevastaiva Autiaes ebrappeiticricoriiprisifgltrinadtivdeating from
castpaundsmaytheadraimigiesed to a subject by any convenient route of
administration, whether systemically/ 15peripherally or at the site of

desired action, including but not limited to, oral (e.g. by ingestion); topical
(iHéﬁJding e.g. transderrnal, intranasal, ocular, buccal, and sublingual);

plhe eress{ Egenion mhedidds gaondpss ffazPotive fogpyansintyeccomacuad resatifically,
e githnaughomeine chege); pastal; vaginal; parenteral, for example, by
injection, including subcutaneous, intradermal, intramuscular, intravenous,
intraarterial, intracardiac, intrathecal, intraspinal, intracapsular,

20BEIRAD SHAF, iFRraRSbREISThIPERRIAIA €4 CATARAVEE HEYEN &t BRR AR REinhibiting PARP
irardieityic Glor ssedandctinmory, @ndemitraiytbenak dip mjelant:abese épotARP inhibition
exganniayIHbestaneas sueldamuas Warhpiddwsprbject may be a

eukaryote, an animal, a vertebrate animal, a mammal, a rodent (e.g. a

guinea pig, a hamster, a rat, a mouse), murine (e.g. a mouse), canine

(S0 BreRRT), munRtiondughar Pouidpserniftee to tinaibitng dye agivit P ARR g cell,
(egnrrishgniey=oiirgps)d asheitkey é¢dagtivaamoosedf babating, cameped epgeferably in
0id!kanf INRRABARSRIRBGMLRAG HRNQML i 1SR s I ARNS. Wik e in

it i§ ossible for the active compound to be administered alone, it'is
VILEO OF I VB0, . . .-
pre erablets present 30it as a pharmaceutical composition (e.g.,
formulation) comprising the active compound, as
For example, a sample of cells may be grown in vitro and the active compound brought into

contact with said celis, and the effect of the compound on those cells observed. As examples of
“affect”, the amount of DNA repair effected in a certain time may be determined. Where the
active compound is found to exert an influence on the cells, this may be used as a prognostic or
diagnostic marker of the efficacy of the compound in methods of treating a patient carrying celis
of the same celiutar type.

The term “treatment’, as used herein in the context of treating a condition, pertains generalty to
treatment and therapy, whether of a human or an animal (e.g. in veterinary applications), in
which some desired therapeutic effect is achieved, for example, the inhibition of the progress of
the condition, and includes a reduction in the rate of progress, a halt in the rate of progress,
amelioration of the condition, and cure of the condition. Treaiment as a prophylactic 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 inciude cytoloxic 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 aciions of 2 number of cancer chemotherapy treatments, which
inciude the topoisomerase class of poisons (e.g. topotecan, irinotecan, rubitecan), most of the



10

15

20

25

30

35

defined above, together 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. 35Thus,

the present invention further provides pharmaceutical compositions, as

defined above, and methods of making a pharmaceutical composition

comprising admixing the active compoun{[jr as defined above, together

with one or more pharmaceutically acceptable carriers, 18 excipients,

b 2lirlpgrserdtdBils Bid Coteatprtiamideriig plasinisa baprdtidiarela,o. carboplatin,
stispidtrgtiaetieteaimgaiandsremains as crystalline Form A. The term
"pharmaceutically acceptable" as used herein pertains to compounds,

rq%terlatjs 5 co S|t|ons nd/or dosa forms which are, within the

o B Y SRR R e 150 G e 28 A B e LA A\ ARt exame, i

ti@’é‘@é@éﬁ@?%@)@ﬁ (e Ganaraas) ierene dirceassipeotdxitsity fadiationireatments in
ahigegic response, or other problem or complication, commensurate with a
reasonable benefit/risk ratio. Each carrier, excipient, etc. must also be
"acceptable” in the sense of being compatible with the other ingredients of

 tHASEFNGISHORCYY SR et S SRRiLRian Aimattayeter ¥Rl in order to

fotisthinsvehethathshadivriedystisl slydo Serefdroax aeaptentMih disowinebund in
Rjsesmaceutical Additives”, 2nd Edition (eds. M. Ash and I. Ash), 2001
(Synapse Information Resources, Inc., Endicott, New York, USA),
"Remingto,n's Pharmaceutical Sciences", 20th edition, pub. Lippincott,
ilkins, 2000; and 15"Handbook of Pharmaceutical

Enveipidivestp@poliad itiarat@8zeuliba formosiivorsmpsiyinpthecitretisolrgound may be
m&am%#wai&mf 3 o¢ Jﬁpmoaoa%@am% RfeRAIREIRY ANV Resbags i aty/

wointhe art of pharmac met n ep o ringin
B B e B R &Y Poesion
JRRIGS @ﬁﬁk@‘ﬁ%é@sé’éﬂf"%"ﬁﬁg%@%ﬁ%’ ﬂ‘f‘&%’n%‘r‘&?abrﬁé‘?(ﬁﬁ‘ﬁmaﬁﬂhé"éf@”aw €.g.
prejpheddideyon mfoffelipatheintinatedy dogiragingristd, agsoc@aipbnmiherantivese); rectal;
C\@@]FPQU;EQFM%U%F@)&%ﬂ@r%y@fnfé%ﬁaﬁ daegeﬂgsa!%@@ﬁ@s&g %J%@Mrld

then if ne essa%rg/s c{ Forrmatlo & in
inframuyscular, miraveno s t traart na Fracard:a ntrathecal, in asé ﬁ ntréxga ular,
form of suspensions, tabléts, granules, pow érs capsules, cac ppﬁ

cﬁ“B‘%ﬁé’éa‘l—?&?ﬁaﬂ%t?bdgﬁéﬁﬁﬁ?ﬂ%aﬂ&r'ﬁfaifﬁa}?ﬁh|§fP&HW[€é dtregringesfyRFrachnoid,
&y ibieapraseinbydnadadizdre tepm) o sacimhae capsutesotayhe tistarmtakiets)y.
each containing a predetermined amount of the active compound' as a

wder.or granules; as asus ens:on in an gous or non-a u
e subject sy eaéy R?eb namm avert ammaiﬁtmﬁn‘ rodent {e.g. a
Iquid; Or as'a paste. Ata tmay € made y conventio mea e.g.

,mgm&&eﬁw%w.r@,w&e%ww&e ArIALTR) AR - 3 dog), elie (0.9, 2

ingfieaioins (G mprets et dablats snsyrbe. pre panedbyr apa)piesaiRgyife . marmoset,
S4iRBls, mAghing dheoARlve RYmRRUNGINAdRe SIoMNg Josmuseh as a

powder or granulés, 35optionally mixed with one or more binders (e.g.

povidone, gelatin, acacia, sorbitol, tragacanth, hydroxypropylmethyl
deasEysillers or diluents (e.g. lactose, microcrystalline cellulose,

calgie Mihyskoge opihespiiaéasmiaican béagnmagraswnesiaamisetale, to present

' ﬁilm’pqwg%gﬂ%‘éfscomposmon (e.g., formulation) comprising the active compound, as

defined above, together with one or more pharmaceutically acceptable carriers, adjuvants,
excipients, diluents, fillers, buffers, stabilisers, preservatives, lubricants, or other materials well

known {o those skilled in the art and opticnally 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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19 (e.g. sodium starch glycolate, cross-linked povidone, cross-linked

sodium carboxymethyl cellulose); surface-active or dispersing or wetting
agents (e.g., sodium lauryl sulfate); and preservatives (e.g., methyl
p-hydrmrybenzoate, propyl p-hydrmrybenzoate, sorbic acid). Molded

tablets may be made by molding in a suitable machine a mixture of the
powdered compound 5 moistened with an inert liquid diluent. The tablets

may optionally be coated or scored and may be formulated so as to

provide slow or controlled release of the active compound therein using,
fovairiamipl EufgraraiyRIY PSR EALRYSE WIS SHeTRRSTIE8n, such that
peewide-theslesirethsrleaserprafites Fablats may optionally be provided

with an enteric coating, to provide release in parts of the gut other than the
stomach. 10 A capsule may incl d;e the active compaqund in suspension

F PR ST e TAERBIE T SOTE R AR 2 AR S arRgcs. materias
irfparpaskinnscandiotinege BTEsUbEHGRIYHSSEoR® efmwadmwgemem
1euksrrdations soitabl aithriopicabadmisisieti ghghiireae)ywittlan dnckyeies toxicity,

exﬁtéi[gf%n@gm@pta%@%}vo%ngpm&amﬂ%&uﬁ%@mdm@m%mrg%asonaue

especially an"aqueous solvent for the active compound. 20Formulations

Sheg 8%&*‘?\5%&3%&{(%%?&9»? G THTLA S r9ERRUBRE, INENGFEe of being
coargeifitmwity thavihgr inprarients sivbeftorregatinple, in the range of about

20 to about 500 microns which is administered in the manner in which

guf{aﬁet%gp*%s gl 39&1@ %Qc’&h?tlgtéqp EQE%%M p@éﬁhﬁ’mﬁxgﬁgm&i fexts. See,

container o € OW er ose up to the nose. 25Formulations

sEﬁfeﬁﬁW?aH‘ﬁﬂH‘i’é’ﬁﬁ%ﬁWﬁFﬁfﬁ?ﬁiﬁ‘?ﬁﬁ'ﬂﬁfe g &Aipaderitclf fshand I Ash),
aeposdbpapsefiraaiive fasdsedpiuk, MidiceticNsseYofia S6abRemington's

pm%&umsaséwlgmdﬁm.ora@éhgaﬁnmwwwm@mﬁhamo and

Cieharpisailioreeliane, Gubon ovie.gr gigsuitable gases. 20
Dosage reciated that approprlate dosages of the active

compound, and compositions comprising the active compound, can vary

frome fatientitogpatie ptnketiendy e grésentastimanitdissgg dovillega meraly prepared by

W%%QW@%BQ&E%@ lovel HidheiaPeilis RrRiRIEE AaRBS RNM &Sk BFinging info

del %Eaegégso ?\Ig gc Ll;egts of ttthg trlﬁ'\at rgecgit's'ste?wm&pres e!QYJen% rric:v-l'-g| gccessory
se ecte onosa e eve?wﬂ? epend on a variety 0 ors INnCiu

litngeagiestarie mﬁfﬂy Be e AHRAA S CBIRRIRFhYY, %ﬁé%wé“b‘f mt'mateiy bringing ino
adgstistiatite, ditrditoenof idrwitiSkyaticnriérs vafeaf dixciatieviidtangers or both, and

CRERAYURL. {06, iy, 1%4;@1@ Hrgatrgatment, other drugs, compounds, and/or

materials usedin ombination, and the age, sex, weight, condition,

general health, and prior medical history of the patient. The amount of
cﬁmwmmweraydeﬁ@dbmﬁmrﬁémﬁwﬁnﬁd&hﬁ&t@pﬂb@%& PRV ERERBARSYIBY, cachets,
theuplaygisirk, although generally the dosage will be to achieve local
concentrations at the site of action which achieve the desired effect

without causing substantial harmful or deleterious side-effect
Formuiations sa%table for oral admtmstrat?on {e.g. %ycn)ngestion) ma Cbe presented as discrete

uhits such as capsules, cachets or tablets, each containing a predetermined amount of the
active compound; as a powder or granules; as a suspension in an aqueous of non-aqueous

fiquid; or as & paste.

A tablet may be made by conventional means, e.g. compression or molding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active compound in a freevﬂowing form such as a powder or granules,
optionally mixed with one or more binders (e.g. povidone, gelatin, acacia, sorbitol, fragacanth,
hydroxypropylmethyi celluiose); fillers or diluents (e.g. lactose, microcrystalline cellulose,
caicium hydrogen phosphate); lubricants (e.g. magnesium stearate, taic, silica), disintegrants
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15 Administration in vivo can be effected in one dose, continuously or
intermittently (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 20treated, and the subject being treated. Single or
multiple administrations can be carried ogrg with the dose level and pattern
being selected by the treating physician. 1 general, a suitable dose of the
actuesedwipgard mirPiie mprsdivtanvideom§resaissat setumgpbpnipethy
bagvicieasveighl-afiibersijeaines-datingtagthts Glardogunaterals(Btejasnd
?fr‘%@éﬁﬁ@g é’.%h%’tmgyggmgﬁﬂ)ﬁe\‘%g;‘%?B—WQ@Z&?OMSFQQ‘%& acid). Moided
re I with a

p'ﬁhi%aratlve PLC Samples were purifie aters mass-directed

B8N S Tt i e DA tHIe B0 T C AP PR D Repdeest gompound
cokistengs with a0inerhigBOdivedtaftiavHbiesprasy donalisbel cpated or scored and may
S@@ﬁmm@é@rs@m@ﬁr@ihé RRSIH/RIanoRIRGERSpEY IRNIRHNO BOMPSI therein using,
ohile S 19 [ ol %. formi id,in.;
e N R ARl W o B i rtense
Ritast d 3R GPERTHY BRI OAREER PRI M T8 AR ARt TBIptse In parts of
Wwis paniest dunwithsti8adetra System P4000 pump and Jones Genesis
018 column (4 pm, 50 mm x 4.6 mm). Mobile phases A (0.1 % formic acid

in, water) and B (ace nitrié'e were used in a gradient of 5B for 1 min rising
Y Dttt e
Formulations suitable for topical administration {e.g. transdermal, intranasal, ocular, buccal, and

sublingual) may be formulated as a paste.

Formulations suitabie for topical administration to the eye also include eye drops wherein the
active compound is suspended in a suitable carrier, especially an agueous solvent for the active

compound.

Formulations suitable for nasal administration, wherein the carrier is a solid, include a coarse
powder having a particle size, for example, in the range of about 20 to about 500 microns which
is administered in the manner in which snuff is taken, i.e. by rapid inhalation through the nasal
passage from a container of the powder heid close up to the nose.

Forrulations suitable for administration by inhalation include those presented as an aerosol
spray from a pressurised pack, with the use of a suitable propellant, such as
dichlorodifluoromethane, trichlorofivoromethane, dichoro-tetrafluoroethane, carbon dioxide, or

other suitable gases.
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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 20electrospray
mode.' NMR 1H NMR spectra were recorded using Bruker DPX 300
spectrometer at 300 MHz. Chemical shifts were reported in parts per
million (ppm) on the 5 scale relative to tetramethylsilane 25internal
standard. Unless stated otherwise all sar%)les were dissolved in
DMSO-d6. 22 (a)
4-12-Fluoro-5-(4-oxo-3,4-dihydro-phthalazin-1-ylmethy0-benzoyikpiperazi
n@stagarboxylic acid tert-butyl ester (C) To a stirred solution of the starting

malgria %;ﬁf&:@a% '&Q'Bb%t‘a}! %?@&%Q%@é‘s @M&&%@%rﬂ?}%lﬂﬁsﬁg%mposmons

tem eratu under nltrojg T{/as added

(55 ”Sne%zotP%‘z o1 £3 V?@’h%?ﬂ"e?ﬁ%?rtéﬁ Ripnt. Determining the optimal
h@@&ﬂewﬂiwgfﬁﬂmeyma@@ gyleneine P dredrveHTithgensade FmefiNgeinst any risk or
1996qnd).weisdleaacedsiasbwibitnetermnperpisienkepbhrivesR i5idasiosage level

folipued v é%ﬁl% oqffalctﬁsomeﬁga m%@r%zmg& 'te PMAGAZS m@ amu.ar

the temperature kept between 1 he solution was stirred

rSBRPERT B farerat 2ty @3%&6 %%”B@Fﬁrﬁ a’bﬁ‘?rﬁi?_@’)e’tﬁf?&ﬁ” of the
centiplationttisctsutinionf thadreattiedtotiiy drous|yostirpotdwsed/¢1 #B8Sint used in
véshtrdenpaiatiaagee phbaiae e dfuidw e ﬁ@atﬁogﬂdfuwme@féan history of the

%%ﬁ@h@gfﬁggéﬁ’&}ﬁ{ c“izcérégb%?ﬁﬂud r@g%e%m g'gtlo V)"Pgrle df% e at he discretion

tert- but}syether (MTBE Wast en ern

e @3%|@'H‘?8am&?a?fe%mﬁ%ﬁ?a%w@rﬂfcﬁ|-‘ﬁafmﬁ *fsa*rm%fagaﬂs at the
vsils chetiipapdutb dchieret tisl deBau bf¥ibldtig) FuarisingH B sCavtia %o atedeleterious

cRRriemeds.F.)

Administration in vivo can be effected in one dose, continuously or intermittently (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 1o 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 suitabie 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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Corrected yield 1 1571.3 86.80 24.3 1032.5 g (78%) 2 2781.6 85.00 40.3
1411.5 g (106%) a. Greater than 100% yield attributed to
non-representative sampling (b)
444-Fluors-3-(piperazine-1-carbony0-benzyl]-2H-phthalazin-1-one (B)
20To a stirred solution of industrial methylated spirits (IMS) (2200 ml) and
concentrated HCI (4400 ml) was added compound C (2780.2 g) in
portions at room temperature under nitroan, the foaming was controlled
by the addition rate. The solution was then stirred at 15 to 25C for 30

niiremesnd sampled for completion (HPLC). 25Upon completion the

sehiipnavas pvaperaiad smpmeye any IMS and the aqueous extracted
with CH2CI2 (2 x 3500 ml) before the pH was adjisted to >8 using

over Mg304 (250g) and™é
rried iwd3H2CI2 (3500 ml) a
sion 30was filtered an d

“yMi’BE (5000
O\C{ Nernight
A

%

Starting material (D} was synthesised by the method disclosed in WO 2004/080978

Methods
Preparative HPLC .
Samples were purified with a Waters mass-directed purification system ulilising a Waters 600

LC pump, Waters Xterra C18 column {5 um 19 mm x 50 mm) and Micromass ZQ mass
spectrometer, operating in positive ion electrospray ionisation mode. Mobile phases A (0.1%
formic acid in water) and B (0.1 % formic acid in aceionitrile) were used in a gradient; 5% B to
100% over 7 min, held for 3 min, at a flow rate of 20 ml/ min.

Analvytical HPLC-MS
Analytical HPLC was carried out with 2 Spectra System P4000 pump and Jones 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 88 % 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 o tetramethylsilane

internal standard. Unless stated otherwise all samples were dissolved in DMSO-ds.
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23 (¢)
413-(4-Cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyll-2H-
phthalazin-1-one (A) To a stirred suspension of compound B (1290 g) in
CH2C12 (15480 ml) under nitrogen was added a pre-mixed solution of
triethylamine (470 ml) and cyclopropane carbonyl chloride (306 5 ml) in
CH2CI2 (1290 ml) dropwise with the temperature kept below 20C. The

solution was then stirred at 10-15C for 1g{ninutes and sampled for

completion. The reaction mixture was fouiid to contain only 1.18% of

starting material B and so the reaction was deemed complete and the
basch-manthes-osked: upiitl Oithenreastion- pdine) Wers washesasiib- 1-carboxyiic
watarl {39 ,rgg)eﬁ(%) citric acid solution (7595 ml), 5% sodium carbonate
solution (7595 ml) and water (7595 _mtlg],_‘The Qrganic layer was then dried

olRP HAGA SRR RN AfSBH0 AR HE A S )b IR RRILE (UM ARE T D 2t
tiermi saterdiufigterdgrthitonggh @asdiaddeddiBMBrfed tobarebBzoldsdet. 1.3,3-

GHRGRHEAER hwastbepidistiias) oul et @imesehRFRRIEERYIEraBE (iPrNEt, 1096

480 sl rinee
e e LB oo
(R BRFEAR (674 b A EAZAAE 1Y% FRRPTEHETORPOLIEMERRAS ha

reduced (to 7730 ml) by which time the head temperature had reached
7th8 SofshiiesSaltEe B AEAWERIR080) Kbl AEERIghEd FHSRAIRINASHPLC).

then filtered .off, .washed 20with ethanol (1290 ml) a i VA .
BT PO R MBI SRR SRR S Fh i win e
CompsiRErAePiheRIREM 6P A A0UEW tha-polsh Bieigdnd, Wap iRy water (2 x 7131
Trdlabeent 2 Componnand BByt tespautgietheaf(BOMBOENA3BE(181]. 7TBeg) laisvas then
PERSYGRARIMBRIMRIN QS-S RMPIG dodtaNBLRH @%H&FB&W@S he_ated to
reflux for 4 hours, cooled to room temperature and filtered. The solid was
washed with water (2754 ml) and dried at 70C overnight. Yield = 1274.89
(DiswRctipy es Binltyemaiadosemiaieys)). Contained 0.01% ethanol and
0.01% CHER byrled (@0 LPLNMR spect]wvatﬁr(ﬂ:ﬂmﬁu CCAr{#2Mibee6)
following the water treatme QH@SL\‘E’,*‘RPQMP W‘? 1. The powder XRD

pattern af. Compound A following.th

2 27816 85.00 40.3 1411.5 g (108%)

a, Greater than 100% yield attributed to non-representative sampling

(b) 4-[4-Fluoro-3-(piperazine-T-carbonylj-benzylJ-2H-phthalazin-1-one (8)

To = stirred solution of industrial methylated spirits (IMS) (2200 mi) and concentrated HCI (4400
ml) was added compound € (2780.2 g) in portions at room temperature under 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 exiracted
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,Clz (4 x 3500 mi),
washed with water {2 x 2000 mi}, dried over MgS0, (250g) and evaporated. The crude product
was then slurried in CHzCl, (3500 mi) and added to MTBE (5000 ml}. The resultant suspension
was filtered and dried at 50°C ovemnight yielding 611.0 g (58.5% yield) of material with a purify
of 94.12%
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Example 2: Alternative synthesis of Compound A using
1-(cyclopropylcarbonyl) piperazine 5Methods (also for Examples 3 & 4)
NMR 11-1 NMR spectra were recorded using Bruker DPX 400
spectrometer at 400 MHz. Chemical shifts were reported in parts per
million (ppm) on the 5 scale relative to tetramethylsilane internal standard.
Unless stated otherwise all samples were dissolved in DMSO-d6. 10 Mass
Spectra Mass spectra were recorded on gn Agilent XCT ion trap mass
spectrometer using tandem mass spectrometry (MS/MS) for structural

cEA i tiScrPPBARRRAFRERt RS BB atea TP A PIsTiOE bR a1t AR azin- 1-one
ngaéde. 15 (a)

4#% %ﬂr@é{ @&%@1 %HQ@QU%BM RIB]A ISy e RV 2 NP Q88 g was

P alazin one

R R RS A M ARG AT ARERYERRERTE SppRAfore (06

5028@ BLO7 ﬁmmmgm@%é@\kﬁwgtﬁrﬁgk@hﬂ@*m?@g@nmﬁ solution was then
agetenirile-(360mk)1 Dilsapss pytetayamming cbohBamn 20l 2 momabtwvasias found

a@%%ﬂtLﬂ'SMYF? @A%F&%RR&QRXJ&%@QXMB%@%H&%tM%a%S&e%@ BoMARD) and the

and acetonitrile (1m1). Thereaction mixture was cooled to 1
OPBIER 265 598 PR Amethyluronium hexafluorophosphate (25.189,
66.39 mmol) was added over 30 minutes and the reaction mixture was

stirerbdeiod Rpif A JORBLREHRE! ALER (7508 FIRCHDBIRY SR WA OB mI), 5%

3 and aintained at eral u eing fil
AN A BRI B b e e o
b%‘fﬁb"?ﬁ?@ﬁ?H“\’/éﬁ‘tﬁS%@BBgﬂo 40C to glve the title compound as a pale
yellow solid (20.21g). Mass Spectrum: MH+ 435 1H NMR (400MHz,

DM§@‘I$@) @mQaYr@n%r&Hlt I%y%g WRE %xé]a"'gmigtgtp f1REr8q Mu&@ﬁaiﬁ@a@ﬁ)iﬁarged to a
Sé)é (57 ég) {fﬁgs H%h(%jhigdéj éf%eg ﬁﬁnsnbsphg’nz ;ngs tr‘e]élﬁl eZhanoi {10000
mi added D:stlllatron was then continued with every 4000 mi of distillate that was removed
being reptaced with ethanol (4000 mi) 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 {o cool to B°C overnight. The solid was then filtered off, washed
with ethanol (1280 mi) and dried at 70°C overnight.
Yield = 1377.3 g (90%). HPLC purity (89.34% [area %]). Contained 4.93% ethanol and 0.45%
CH,Cl; 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 rﬁ!) 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% ethanot and 0.01%
CH,Cl; 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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25 Example 3: Alternative synthesis of Compound A using
1-(cyclopropylcarbonyl) piperazine HCI salt 0 CI H,N.Th CO,HO 5(a)
1-(Cyclopropylcarbonyl)piperazine HCI salt (P) Acetic acid (700 ml) was
treated with piperazine (50.00g, 0.581mo1) portionwise over 15 minutes
with stirring under nitrogen The reaction mixture was warmed to 40C and
maintained at this temperature until a complete solution was obtained.
Cyclopropanecarbonyl chloride 59.2 ml, 0,638mol) was added over 15
minutes. The reaction mixture was stirred at room 10temperature
dvatga AiteradibmorvRibesie sl 4o meered Anering tifeustoaromdentinagf)
rpisegdnaressure until -430m1 of distillates had been collected. Toluene
(550 ml) was charged to the reaction mixture and reducedopressure

arije of toluene
¥ntinued umntil

slurry was filtefedrwashed with toluene (100m1) and drfed in valea at
40C to give the title compound as an off white solid (86.78g). Mass

Spectrum: MH+ 155 201H NMR (400MHz, DzO) 6: 0.92 (m, 4H), 1.98 (m,
Tirbkn3d 9480, et Dxatmpled B g 2411), 3.84 (iii, 2H), 4.08 (in, 2H). (b) Compound

Ay luoro-5-[(4-oxo-3,4-dihydrophthalazin-1-yOmethyl)benzoic acid
(1 .95¢, 3.19 mmol) was 25sus r%ended with stirring under nitrogen in

SRR ese s2peidadersia R DX 140 srediqap s i iufrhemical
rs&)faflu@mphommea(rhﬁiéuw{ﬂadﬁg;@ 8Btherdctalas!aiilddd fetoveatyioiane
nerrlp BraRMRR NS RIBRIASINE S 1af Alndia Qv S BRNADMS O-d.

Diisopropylethylamine (1.39m1, 7.98 mmol) was added over 3 minutes
and the reaction mixture was stirred for overnight at room temperature.
MasySRegha mixture was cooled to 5C and maintained at this temperature
Mass spectra were recorded on an Agllent XCT ion trap mass spectrometer using tandem mass

spectrometfry {MS/MS) for structural confirmation. The instrument was operated in a positive ion

elctrospray mode.

{a} 4-[3-{(4-Cycilopropanecarbonyl-piperazine-1 -carbonyf}-4-ﬂuom-benzyl}-zf—{-phtha!azin- f-one
{Compound A}

2-Fluoro-5-(4-oxo0-3,4-dihydrophthalazin- 1~yi)mathyl}benzoic acid {){15.23g, 51.07 mmol} was
suspended with stirring under nitrogen in acetonitriie (86 mi}). Diisopropylethylamine (19.6 ml,
112.3 mmol) was added foliowed by 1-cyclopropylcarbonylpiperazine (1}(8.45g, 61.28 mmol)
and acetonitrile (1ml). The reaction mixture was cooled to 18°C. O-Benzotriazol-1-yl-
tetramethyluronium hexafluorophosphate (25.18g, 66.38 mmol) was added over 30 minutes and
the reaction mixture was stired for 2 hours at room temperature. The reaction mixture was
cooled to 3°C and maintained at this temperature for 1 hour, before being fiitered. The filier
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 (4000MHz, DMSO-d8) 8;: 0.70 (m, 4H), 1.88 (brs, 1H), 3.20 (br s, 2H), 3.56 (m, 6H),
4.31 {5, 2H}, 7.17 (¢, 1H), 7.34 (dd, TH), 7.41 {m, 1M}, 7.77 (dt, 1H), 7.83 (dt, 1H), 7.92 (d, 1H]),
8.25 (dd, 1H), 12.53 (s, 1H).
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30for 1 hour, before being filtered. The filter cake was washed with cold
(3C) acetonitrile (2 ml) 26 before being dried in vacua at up to 40C to give
the title compound as a pale yellow solid (0.93g). (c) Recrystallisation of
compound A from agueous methanol 5Compound A (9.40g, 21,64 mmol)
from step (b) was suspended in a mixture of water (100 ml) and methanol
(120 ml). The suspension was heated to reflux with stirring. The hazy
solution produced was then cooled to 60C_and filtered through a pad of
harborlite. The filter pad was washed with a mixture of water (5 ml) and
methanol (5 ml). The filtrate was distilled at atmospheric pressure until
1&pambof distiltaie hackbetrgslidctedpbigil alennyas(fyersiopaestbbayi)
ag@ép&ﬁgm&n produced allowed to cool to room temperature. The
resultant suspension was stirred for -18 hours before be|ng filtered. The
filter cake was Washed Wlth water (20 ml), before bemg Hried | invacuo at

320( H), 3.56 (m, 6H)431 17,.%_|
' H)Z 7.41 (m, 1H5> 717 (dt, 1H), 7.83 (dt, 1 92 (EW ),
2.53 (s, 1H)" 20(d) Recrystallisation ocomp8une A m%l
agueous ethanol Compound A (9.40g, 21.64 mmol) from step (b) was ©

Slﬁé?w@eﬂdfb@/ﬁﬂwﬂ)gfp\é&aﬁf@(l@ﬁﬁ!)@nd ethanol (50 ImI) The tuced

S wit Irri ut| ro uce

b LS T R e R R g
p'&d"xh‘)%t%%%’é‘ﬂ%ﬂ‘f% W?f?ﬁ?r‘é%?ﬁ%@(‘d‘?ﬁ?}’%?n‘d%tﬂéﬁ?ﬁ@ﬁ\?) CT?“Q maintained
fidtr titie immpaiattitboghtita 26natisto Spphdinc wae sbiripash v Bprinehdistiiaty tiddride 59.2
been. GQ&%@IP%Q!@HH&@Q&W@ﬁmmﬁﬂssmﬁgﬁcﬁ&ﬂrﬁ%%ﬁﬁﬁQﬁrin%'a at room

produced all owedt ol to room tem erat e Ther ﬁ( s spension '
R AR e e S T A Ry roceo

Vﬂfﬁs%?éf”%ﬁw*déwﬁé"B@ﬁaa&r@&nﬁ%et?& Mﬁdﬁ@@tﬂé&mr@ar@eé to the
cemtionmixnrE anchridased prékterealisil8ivd Q)ntB0dd ass) SpettenntoMidtdistilates

4@&4&5%&?&@9&4&%@%&%@&@& ?ﬁﬁ?ﬁ%ﬁ%&@%w@u&@ o

m

Qi) 2560 S0 2 ogllh A AL P O L
aa)th toiuene (200 mi} and stirred overmght Further toluene (500mil) was added in order to
2nfolbltye e fELA) - (B<0x0r-Den gidted wiBid) witidene)aethytpe szonitéein vacuo at
(B9 -2Q0 1R IR UGN 0 B 4O V.8 (e -FBgEhYItetrahydrofuran

(960 ml) were cooled to 52C under a nitrogen atmosphere. Diethyl

phosphite (110 ml, 0.855 mol) was added dropwise
Mass Spectrum: MH+ 155

1H NMR (400MHz, D,0) &: 0.92 (m, 4H), 1.98 (m, 1H), 3.29 (m, 2H), 3.38 (m, 2H), 3.84 (m,
2H), 4.08 (m, 2H). '

(b} Compound A

2~F1uoro—5~[(4-oxo-3,4~dihydrophthalazin-1-yi)methyi]benzoic acid (D}0.95g, 3.19 mmol) was
suspended with stirring under nitrogen in acetonitrile (4 ml). 2-(1H-benzotriazol-1-y)-1,1,3,3-
tetramethyluronium hexafiuorophosphate (HBTU) (1.45g, 3.83 mmol) was added foliowed by
1-cyclopropylearbonylpiperazine HCI salt (I)(0.73g, 3.83 mmal). Diisopropylethylamine (1.38mi,
7.98 mmol} was added over 3 minutes and the reaction mixture was stirred for overnight at
room tenﬁperature. 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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maintaining the temperature at <5C. 2-Methyttetrahydrofuran (40 ml) was
added as line wash. The reaction was stirred at 2C for 1 hour 40 minutes.

A solution of 2-carboxybenzaldehyde (H)(80 g, 0.533 mol) in
2-methyltetrahydrofuran (200 ml) was added, maintaining the temperature
at <7C throughout the addition. A line wash of 2-methyltetrahydrofuran (40
ml) 10was added. The reaction mixture was warmed to 20C and held at

20C for 20 minutes. Methanesulphonic agid (66 ml, 1.01 mol) was added
over 1hour and 10 minutes, followed by 2- methyltetrahydrofuran (40 m1).
ﬂ?@%é@ﬁ@ﬁ?ﬁﬁdﬂt’é%ﬁ@%tﬂ%&%%@%? GO R RS RO HRE At RP!id
(T88g0.101 mol) was added, followed by 2-methyltetrahydrofuran (7 ml)
and the reaction stirred at 20C for a further 4 hours. Water (400 ml) was
added at room 15temperature and the resultin Iphasic mixture stirred at
G FerRBE s AR FoPo Lt ﬁ%"’ﬁﬂi&éfrﬁgﬂ?@%s layer was removed
drracollifadl. 49 Gtessimmolitarh steatis) §8s508 penBadlimrotiveatew §40@100 mi)

YEMW%QHQQW&HDGW%@&{w‘EQ‘Hé@@BQ@iFeﬁUMFﬁsWﬁﬁgsﬂﬂ@ﬂéy solution
oo ced d%ur%&%(e%?o@&&%ﬁd%grgﬁg égehlgwer aeﬂg)u C}e Oﬁgf%}er pad was

as remove anic fraction was re al SOolu on O

(ga@;lgq_vgt!ammrg Wf(ﬁﬁﬂlf’ﬁ)‘ﬁﬁ%bﬂdﬁ&f ). The filtrate was dnsts!led at
20khspherb-foessytbengohitrid (6digtiGié2adhebnvaticacdclittittierongarien stopped

fﬁa@tﬂ?@ B[R BRoMNEERE AoPRGocthiRiRplabIRS {68 Fé‘iuQaﬂF suspension
o) s s siopuise folowed by - petvietaydoan () oo )

{6 FEAGTON miXture wWas stirre over n|g then ¢66 I
fredcePeingtied WitaHe asuRdp FRothiratise @ﬁlfﬁi“-’(&%ﬁ?ﬂ)“éﬁd: ﬂfé’tf‘d??eﬂ"i’r‘?“e solid
vaergpt up to 40C to give the title compound (91.2 g). 25 Mass
Spectrum MH+ 266 1H NMR (400MHz, DMSO-d6) 5: 6.89 (s, 1H, major
), 6.94 (s, 1H, minor isomer), 7.40 (dd, 11, minor isomer), 7.58 (t,

AR RIEAAL "747360 1H, both isomers), 7.89 (t, 1H, both isomers),

)RR (49030, GBERAS) § (DBTQ:I@MHbétﬂﬁéUTﬁetH), 8 25(ens, 2H), mafoim, 6H),

ISQm@J)ZI—Q& ﬁl?)(t 1H), 7.34 (dd, 1H), 7.41 (m, 1H), 7.77 (g, 1H), 7.83 (dt, 1H), 7.92 (d, 1H),

%E%u(xa % ggﬁ% d|hydr_ophthalazm 1-yOmethyllbenzonitrile (ED)
oro-5-[( 2-benzofuran-1(3H)-ylidene)methylibenzonitrile

(E)(20g, 75.40 mmol) and tetrahydrofuran (200 ml) were stirred at room

teinRerxairtiaatide pEcoitroged Afmosphere fet/@0ahinutes. Hydrazine

mehghyxdtat@e(éeﬁozmwm) eROlaNas add %ds;t@tt@y&e&i DiRcIRENAREr (100 mi)
20 terahy ‘i§§ fasé Il %Q%J%%%XP” Q&'%‘é hsé e a%hg%az solution
emperatur hour minutes ce ic acid irg mmol) was
Mguegmf@%aewsﬁ v diined tuee ?fﬁé ?&%ﬁ?&ﬂ“ﬁw ixfrBlGrpad was
tveishad @QE zovidtnig lof. Welter (& adliemdraixinob(i/ad).cObddUltdbOE distilledser
@%%ME&@QE@@M& Fer e EiRRLAEE %é’léﬁscm@é@@iﬁ%q{ﬁ;@@as then stopped

ton g? {Xt;%re as C?a ZQC sLiSpbension
was are oeigj Warer 3§8 an tetngﬁ oijrofuran ffB eﬁ ana
tweﬁ%rﬁe@ fm vé%@eté% bpfaes secadligod ¢ ﬁtt@reahtmﬁbeftsdwr WRSRIG20 mi),
Spéntrbaindingd 280acuo AHNMIERR §l@0NHite DihBaddiGA urdh 38a¢sz @hie solid (8.74
79.)46 (t, 1H), 7.72 (m, 1H), 7.85 (dt, 1H), 7.92

Mass Spectrum; MH+ 435

' iH NMR (400MHz, DMSO-d6) & 0.70 (m, 4H), 1.88 (brs, 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 (at, 1H}, 7.83 (dt, 1H), 7.82 (d, 1H),
8.25 (dd, 1H), 12.53 (s, 1H). '



10

18

20

25

30

15(m, 21-1), 7.99 (d, 1H), 8.27 (dd, 1H), 12.57 (s, 1H). (c¢)
2-Fluoro-5-114-ox0-3,4-dihydrophthalazin-1-yOrnethylibenzoic acid (D)
2-Fluoro-5-[(4-oxo-3,4-dihydrophthalazin-1-yOmethypenzonitrile (ED)
(9,60 g, 34.37 mmol) and water (40 ml) were stirred at 20C. 2M Sodium
hydroxide (36 ml, 72.00 mmol) was added, the 20reaction mixture warmed
to 90C and held at this temperature overnight. The reaction mixture was
cooled to room temperature and filtered. 'ghe filter pad was washed with
water (10 ml) and the combined filtrate a%ded to 2M HCI (56 ml, 112.00
nExrstipde 600terratine syhibeels. aifeoresei@dgbsuspension was cooled to
50C and filtered, washed yvith water (57 ml) ang dried in vacuo at up ¢o

4-(3-(14- (cyclopropylcarbgnyflplperazm -1- yI)carbony[;} fa- -fluorobenzyflphth, F

2H) 0] 20. 6 mm as su dina
WL o e R P N g
e {orrexlate WﬁW%ﬂrr@rﬁj"“Tﬁé) g@mawm@yewwm@%a@werﬁ)wed to
7DC anibfidtereshehefisphepadieis/ \yhshstdevith o iXBEe rodiywede afBan fropwise
Emgiaﬁ e mdtie il Q@t@ W%&%&%F@tﬁ‘%ﬂ'mmﬂ@& added as line wash.
114-(c clopro é t@gﬁg‘\{ I1}1E)era n- - A | £ b deh
LR R B F RS AR T HiE AR AL BSaRRpgazaidenyce
F(bBKﬁQAG(Q B¥ynalkis amww@w@wéda%@m?@%w@gam the
SKFRRAGING JYaB cnaletid@ s auetienbA e & asnchivas atipieetaiythisuran (40 mi)

tm&&a&ufﬁg éaéusmxmehpmm&imave%ﬁ@%ém chysadlisptigthinutes.

Water (200 ml) was added over 5 hours malntalnlng'g}(he tem%eratu

e B G AT e LS B LRI Dot gujes: Ftowed by 2-
hoeftwiteBalihdrofuspdaAtioh. Whis i Retfen] g wat retiredlas 2058 9ser WRhta
rméih'éﬂéaﬁ@m&cﬂcﬁa‘&?rmb an01wiads WEbaadd [ofoisadale d-selit) easnhydrofuran (7 mi)

é%%@ﬁéqsgc%ds #W alﬂas'fd %ﬁsq&me@tﬁ%@%&w Sothe fitle g&u@@%@m

orm A) as an 0 hite solid OMethods for obtainin

otFE‘% BRYRPe. rﬁ@'ﬂ?g @%ﬁ&; ae ,&tlggq:%t%omtemperatuge 920 mmutes The

lower aqueous layer was removed and a solution of potassium bicarbonate (53.50 g, 0.534 mol)
in water (400 ml) was.added to the organic layer. The biphasic mixture was stirred at room
temperature for 20 minutes and then the lower aqueous solution was removed. The organic
fraction was retained (solution of diethyl (3-oxo1,3-dihydro-2-benzofuran-1-yl)phesphonate). 2-
Fluoro-5-formylbenzonitrile (84g, 0.429 mol) was added to the organic fraciion and the mixture
was stirred at 20°C. Triethylamine (86 ml, 0.473 mol) was added dropwise foliowed by 2-
methyltetrahydrofuran (7 ml). The reaction mixture was stirred at 20°C over night, then cooled to
5°C, fittered, washed with industrial methylated spirit (480 mi) and then dried in vacuo at up to

40°C to give the title compound (81.2 g).

Mass Spectrum: MH+ 266

4H NMR (400MHz DMSO.dB) 8: 6.89 (s, 1H, major isomer), 6.4 (s, 1H, minor isomer), 7.40
(dd, 1H, minor isomer}, 7.58 (t, 1H, both isomers), 7.70 (t, 1H, both isomers), 7.88 (1, 1H, both
isomers), 7.85 (d, 1H, both isomers), 8.05 (d, 1H, both isomers), 8.15 (m, 2H, major isomer).
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Powder X-ray diffraction was recorded with a Bruker D5000 diffractometer
(wavelength of X-rays 1.5418 A Cu source, Voltage 40kV, filament
emission 40 mA). Samples were scanned from 2-40 20 using a 0.02 step
width and a 4 second time count. 25 Powder XRD - Figure 4 (compound A
as solvated form) Powder X-ray diffraction of the solvate family was
recorded with a Inel XRG-3000 diffractometer (wavelength of X-rays
1.5418 A Cu source, Voltage 40kV, filament emission 30 mA), fated with a
curved position sensitive detector (range™120 20) . Samples were scanned

fiéhe-21808050 30 asifodd oioB twrvindty tysituliyspreririeaitollection
tirrauefa30QE/Diffesentiab eanring Cajafiteal )y Sshendogtie &) R&C75.40 mmol)
V\é?ltci @WM@@@@ MSW@F&Q§%§%@EW%%§&Q%WJ@PQH?régét]&%%osphere for

ically less than 5mg of material, contained in a 4 pl al uminium p

B YR rRe f"&"%ﬁ%"%ﬁi&&%@b@&ﬁ%@%‘mﬁ’éﬁaﬁﬁ?s%fﬂ'&é"ﬁ%&y B line wash
ﬂmmargbmdﬁmaﬂﬁ deastivohbo@eperstingtbataogit deyepreintpfefakhour 45
Wahuse A i Hia 1aterdi00aTh ReMoMines @dd3a EneiRiieaBrliH WY warmed to

the? he | Qa%ﬁ%%@t&‘r%%ﬁé? QS& BREe A é‘r‘&”‘r‘%f t@%&%ﬂ‘éﬁn&&@@%'&%acﬂ to

ollowin i assag/ was use Sdetermine 0 value. Mammalian

PREPETY m*maeééafwasa%@ﬁ@eewa@ RS BRI R AR ffriroughout
(2Brafditdepeiss(Sipite) rbRibermis Mged B BItPnhl)e SOmdskedIBigmajiute of water

npdd MY dn il Hird A%4rhuGRIDLAS BRAIR DRI L DIRAR (Sitads Bive Trd)title
in 96 weII I §h lates (TRADE MARK) (MEN, UK) and 10varying

conc%ntra ons f said inhibitors added. All compounds were diluted in
DMSO and gave final assay concentrations of between 10 and 0.01 gM,
vilids sherMGH Meingat a final concentration of 1% per well. The total

aﬁ@%ﬂ&ﬁﬁﬁ}@f@%g—é@? é%@e(s%m%% ingubation atg0Lsth@r 11y, 7.92

réactions Were mitiate % e addition of a 10 pi 15reaction mixture,

Gh .199 #p' @pﬁf ‘WPAB%&% ier double stranded

DNA-oligos.
(c) 2-Fluoro-5-f{4-ox0-3,4-dihydrophthalazin-1-yfimethylibenzoic acid (D)
2-Fluoro-5-[{4-ox0-3,4-dihydrophthalazin-1-ylymethyljbenzonitrile (ED) (8.60 g, 34.37 mmol} and
water (40 mi) were stirred at 20°C. 2M Sodium Hydroxide (36 mi, 72.00 mmol) was added, the
reaction mixture warmed to 80°C and held at this temperature overnight. The reaction mixture
was cooled to room temperature and filtered. The filter pad was washed with water (10 mi) and-
the combined filtrate added to 2M HCI (56 mi, 112.00 mimol) at 80°C over 40 minutes. The
resulting suspension was cooled to 50°C and filtered, washed with water (57 ml) and dried in

vacuo at up to 60°C to give the title compound as a white solid (8.72 g).

Mass Spectrum: MH+ 288
1H NMR (400MHz, DMSO-d6) 5: 4.36 (s, 2H), 7.24 (dd, 1H), 7.59 (m, 1H), 7.84 {dt, 2H), 7.80
(dt, 1H), 7.98 (d, 1H), 8.27 (dd, 1H}, 12.59 (s, 1H), 13.22 (br s, 1H).
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Designated positive and negative reaction wells were done in combination
with compound wells (unknowns) in order to calculate % enzyme
activities. The plates were then shaken for 2 minutes and incubated at
30C for 45 minutes. 20Following the incubation, the reactions were
guenched by the addition of 50 pl 30% acetic acid to each well. The plates
were then shaken for 1 hour at room temperature. The plates were
transferred to a TopCount NXT (TRADE MARK) (Packard, UK) for
scintillation counting. Values recorded ar®counts per minute (cpm)
falkawiplg &: Seewstaiisetionth§ ohpachdXoieth Fhe:oteathame activity for
the compound is then calculated using the following equation: % Inhibition

nk owns -m atl tlve

?ﬁ%ﬁ e t'?vaégc S e R AR iy -one

/J‘B?%ﬂ%@r{g aﬁﬁ@ﬁjﬂ?ﬂ‘?ﬁﬁﬁﬁé&i%@?@%&léw aﬂwewra@ m!) and ethanol
d@@rmimedmpwwwﬁeﬁedemtmmmt@nmgs Therviatlyrfrosauledibds then
dawe&%@&@lagwhéw HORUAES A ESRt AT AHRARIMEMAHESS and

ntlféé Q%P@sed compound potencies. 31 Compound A has an IC50 of

otentiation Factor The Potentiation Factor (PF50) for the

actlve compound is calculated as a ratio of the IC500f 5control cell growth

divielgictdny wae $6:8684a6 %H@mwﬂﬁmBARP{iﬁhMMpr@fmmdﬁWHﬁ@ﬁzm 1-
fé‘é?ﬁotﬂﬂgpﬁlﬂ&ggé@b HeRIRA kIS Usated 'iﬁ #%%PA%%SF s added

the Iatln ent me é/l_l meth nesulfonatenﬁi he test compoun

RS S T b DY BRSPS ORGSR gours and
of 3 B statshin/iampetaige fpomftmt@rl‘(ﬁ begrslinlgdligeetablisiverystallisation. Water

a0 9N GHssiagdinever Boihind amnerth§ SREIASSALIS KEPRT. R tRl&Hd of the

( imetri t f anticancer-drug screening.
;glilﬁﬁg ﬂ%%nscggé glﬁgtb%%% 1%%%{%1%(15%% )?osf?%OQHseLa cells were seeded into

each well of a flat-bottomed 96-well microtiter plate in a volume of 100 ul
artg msobegiod YorsGitmedsod B0l elisewesbedtivih replstoedohsthame (a m!) and
aleng eewigh me@'a&@@b%iﬁa m&?&ﬁ%ﬁg&ﬂtﬂmcﬁf@a findd:cRRGeREAHERML, 1o give

Qh%,t ,.'éliﬂ%glls Ff‘”%Wﬁqeth% Y& fpr @ further 1 hour before

the a d|t|o range of concentration (typically 0, 1, 2, 3,5, 7
and 10 jig/m1) to either untreated cells or PARR inhibitor treated cells.
GilthadsdtecbfitinPARRBuniBitSalone were used to assess the growth

ipRULORAYY e RARPUMBBIIN-A as Form A)

Powder X-ray diffraction was recorded with a Bruker D5000 diffractometer (wavelength of X-

rays 1.5418 A Cu source, Voltage 40kV, filament emission 40 mA). Samples were scanned

from 2-40° 20 using a 0.02° step width and a 4 second time couni.

Powder XRD ~ Figure 4 (compound A as solvated form)

Powder X-ray diffraction of the solvate family was recorded with a Inel XRG-3000 diffractometer
(waveiength of X-rays 1.5418 A Cu source, Voltage 40kV, filament emission 30 mA), fitted with
a curved position sensitive detector (range 120° 28) . Samples were scanned from 2.5-40° 20

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 Mettier DSC820E with TSO801RO robotic system. Typically less
than Smg of material, contained in a 40p! 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 100m! per minute.
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20Cells were left for a further 16 hours before replacing the media and
allowing the cells to grow for a further 72 hours at 37C. The media was
then removed and the cells fixed with 1001.11 of ice cold 10% (w/v)
trichloroacetic acid. The plates were incubated at 4C for 20 minutes and
then washed four times with water. Each well of cells was then stained
with 1000 of 0.4% (w/v) SRB in 1% acetic acid for 20 minutes before
washing four times with 1% acetic acid. Ig_&ates 25were then dried for 2
hours at room temperature. The dye from the stained cells was solubilized
by the addition of 1001.11 of 10mM Tris Base into each well. Plates were

. gRailygshaken and left at room temperature for 30 minutes before

MeasHLN% he optical density at 564nM on a Microquant microtiter plate

‘reader. 30Compound A has a PF50 at 200nM of at least 20. 32 CLAIMS

YA AR DS ANU BB R P ipidRg AR cemmRigh DR fRliryng assgm rgs used to
Higdmthiakaini . vriveas crystalline Form A. 5 The compound of claim 1
having the following characteristic peaks in a powder XRD: Peak 20 ( 0.1)

Qﬁﬁé%i“%éi%%@#&ﬁj%é%ggg fr%n?% Hela cell nuclear extract, was incubated with Z-huffer (25mM
Hepes (Sigma); 12.5 mb MgCl, (Sigmay); 50miM KCI (Sigma); 1 mM DTT (Sigma); 10% Glycerol
{Sigma) 0.001% NP-40 (Sigma); pH 7.4) in 86 well FlashPlates (TRADE MARK) (NEN, UK) and
varying concentrations of said inhibitors added. All compounds were diiuted in DMSQ and gave
final assay concenirations of between 10 and 0.01 uM, with the DMSO being at a final

conceniration of 1% per well. The total assay volume per well was 40 pl.

After 10 minutes incubation at 30°C the reactions were initiated by the addition of a4 10 gl
reaction mixture, containing NAD (5uM), *H-NAD and 30mer double stranded DNA-oligos.
Desighated positive and negative reaction wells were done in combination with compound wells
(unknowns) in order to caiculate % enzyme acfivities. The plates were then shaken for 2

minutes and incubated at 30°C for 45 minutes.

Faollowing the incubation, the reactions were quenched by the addition of 50 W 30% acetic acid

fo each well. The plates were then shaken for 1 hour at room temperature.

The plates were fransferred 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:

{cpm of unknowns —mean negative cpm)
mean positive cpm—me&an neagative cpm)

% Inhibition =100 -(EOOX(
{Csp 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
0.601 uM. Such ICsp values are used as comparative values to identify increased compound

potencies.
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21.1 4 22.35 29.2 3.The compound of claim 1 having the following
characteristic peaks in a powder XRD: Peak 28 ( 0.10) (A=1.541BA) 1
12.0217.8321.14223529.26

31
Compound A has an 1Cs; of about 5 nM,

Potentiation Factor

The Potentiation Factor (PFsq) for the active compound is calculated as a ratio of the 1Cy of
controt cell growth divided by the Cg of cell growth + PARP inhibitor, Growth inhibition curves
for both control and compound freated cells are in the presence of the alkylating agent methyl

methanesulfonate (MMS). The test compound was used at a fixed concentration of .2

micrormolar. The concentrations of MMS were over a range from 0 to 10 pg/mi

Cell growth was assessed using the sulforhodamine B (SRB) assay (Skehan, P, et al., (1880)
New colorimetric cytoto'xicity assay for anticancer-drug screening. J. Natl. Cancer inst. 82,
1107-1112.). 2,000 Hela cells were seeded into each well of a flat-bottomed 98-well microtiter
plate in a volume of 100 pl and incubated for 6 hours at 37°C. Cells were either replaced with
media alone or with media containing PARP inhibitor at a final concentration of 0.5, 1 or § pM.
Cells were allowed to grow for a further 1 hour before the addition of MMS at a range of
concenirations {typically 0, 1, 2, 3, 5, 7 and 10 ug/mi) to either untreated cells or PARP inhibitor
treated cells. Cells treated With 'PARP inhibitor alone were used to assess the growth inhibition
by the PARP inhibitor.

Cells were left for a further 16 hours before replacing the media and allowing the cells to grow
for a further 72 hours at 37°C. The media was then removed and the cells fixed with 100pl of
ice cold 10% (w/v) trichloroacetic acid. The plates were incubated at 4°C for 20 minutes and
then washed four times with water. Each well of cells was then stained with 100p! of 0.4% (w/v)
SRB in 1% acetic acid for 20 minutes before washing four times with 1% acetic acid. Plates
wete then dried for 2 hours at room temperature. The dye from the stained cells was solubilized
by the addition of 100ul of 10miM Tris Base into each well. Plates were gently shaken and left
at room temperature for 30 minutes before measuring the optical density at 564nM on a

Microguant microtiter plate reader.

Compound A has a PFs at 200nM of at least 20.



10.5714.0821.79 24.310 26.1 104.The compound of any one of
claims 1 to 3, which begins melting at 210.1C t1C when heated from 25C
to 325C at 10C per minute in DSC. 5.A method of obtaining
443-(4-cyclopropanecarbonyl-piperazine-1-carbony0-4-fluoro-
benzyl)-2H-phthalazin-1-one (compgynd A) as crystalline Form A
CLAj prising the steps of: 15(i) crystallising
%—(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyl]-2H-
" phthalazin-1-one from a solvent; (U) if the original solvent is not ethanol,
1. treat{pgstheciopystatinatonyponadznsvithethay pk-133-$ibp tradatig dealazin-1-
one Gy SiAling£omRQUNd A with water to remove trapped ethanol; (iv) drying
the resulting product. 6.A method of obtaining
4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-
2. The compound of claim 1 having the following characteristic peaks in a powder XRD:
Peak | 28° (£ 0.1%)
(A=1.5418A)
120
17.8
21.1
223

28.2

o B W] N -

3. The com;ﬁound of claim 1 having the following characteristic peaks in a powder XRD:

Peak | 28° (£ 0.1°%)

(A=1.5418A)
12.0
17.8
21.1
22.3
29.2
10.5
14.0
217
24.3
26.1

W] o] ~| O Uy B L N —

—_
<

10 4. The compound of any one of claims 1 fo 3, which begins melting at 210.1°C £1°C when
heatad from 25°C to 325°C at 10°C per minute in DSC.

8. A method of obtaining 4-[3-(4-cyclopropanecarbonyi-piperazine-1-carbonyl)-4-fluoro-

benzyl]-2H-phthalazin-1-one {compound A) as crystaliine Form A comptising the steps of:
18 (i) crystallising 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzyt}-2H-

phthalazin-1-one from a solveni;

(i) if the ariginal seivent is not ethanol, freating the crystalline compound A with ethanol;
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5benzyl]-2H-phthalazin-1-one (compound A) as crystalline Form A
comprising the steps of: (i) crystallising
443-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-benzy1]-21-
4- phthalazin-1-one from a solvent; (i) if the original solvent used in the
synthesis of compound A in the crysialline form is not a mixture of water
i) tgngl a % g al,tg:a lp'o heatin Lhe £omp O%Jnd W|th a mlxturiof water and a
C1. 2% 05I83RE ﬁ,(‘)oﬁ‘%?‘ff“ng FE R B @ﬁ?‘pdr aur\pé and (iv)
{iv) Wﬁé%@?@ﬁ&ﬂﬁf@qﬁﬂﬁduct 7.A method of obtalnlng
443-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-fluoro-

R e ) e e
in u i IX w
benzgﬁ?ﬂ @Q’%i oho g%?\?? tas(c) séa;ﬂlr%gt s S'e‘ucsopm NSio % Fg ﬁfx (i)

i) crygigliistyarel %‘é‘l‘uﬁﬂﬁh’%{ﬁEﬁﬁé‘é?dhﬁ’@x}vﬂﬁ%ﬁﬁﬁﬁu?ﬂib/&”dﬁ'ﬁ8Fﬁ1°APW)f’h?ﬁng
phihthezire Sultie gqnadite@) 8.A method of synthesising

(i) |f4f4§aeégsgxﬂgm@@mrﬁe@yhﬁ&%raz&%&ommnm 4Bz form is not a

1 hthalazin-1- “one
e R A AR BRI B AR v =
alcomprising the step of: (i) adding a pre-mixed solution of triethylamine and
(iii) distiliopropanewariamyietiorder ani 250rganic solvent in a controlled
(iv) SRAHNBE A b fmer@3-(piperazine-1-carbonyl)-benzy1)-2H-
phthalazin-1-one in the same organic solvent with the temperature of the
solution being controlled to be below 20C. 9.A method of synthesising

7. 445 RbpaiehrBRRIRCABU NP eI bR R AN irGRAgRonY!)-4-fluoro-

~ benZB0l2ehgytH 24 ip hibrad dzimdconiArestrystalline Form A comprising the steps of:

(i) sAPEHRIRy Rl rR¥Ac A RviRertPaRZIR kWM e iy liReNZO G R

(i) h ar[:% Sm ree%csgonq reflux

5 g(5 £0%0- ﬁ (‘ﬁw dro-phthalazin-1-ylmethyl)-benzoic acid with
(il @%E%W%FBW%?BBﬁ?%“ﬁé*%ﬁ?@’ﬁ?‘ﬁ’?rﬁﬁérﬁ?%@ salt thereof in the
(iv) qoyegeheeestisingamideicoupling agent.

8. A method of synthesising 4-[{3-(4-cyciopropanecarbonyi-piperazine-1-carbonyl}-4-fluoro-
benzyi]-2H-phthalazin-1-one from 4-[4-fluoro-3-(piperazine-1-carbonyl}-benzyil-2H-phthaiazin-1-
one comprising the step of:
{(iy adding a pre-mixed solution of triethyianﬁine and cyclopropane carbonyt chloride, in an
organic solvent in a controlled manner, {0 4-14-fluoro-3-(piperazine-1-carbonyl}-benzyl}-2H-
phthalazin-1-one in the same organic soivent with the temperature of the solution being

controlled to be below 20°C.

g A method of synthesising 4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl}-4-fluoro-
benzyi]-2H-phthalazin-1-one from 2-fluoro-5-(4-oxo-3.4-dihydro-phthalazin-1-ylmethyl)-benzoic
acid comprising reacting 2-fluoro-5-{4-ox0-3,4-dihydro-phthalazin-1-ylmethyi)-benzoic acid with
1-(cyclopropyicarbonyl}piperazine or a mineral acid salt thereof in the presence of an amide

coupling agent.

10. A method synthesising 2-fluoro-5-(4-oxo-3 4-dinydro-phthalazin-1-yimethyl)-benzoic

acid, comprising the step of;
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3510.A method synthesising
2-fluoro-5-(4-ox0-3,4-dihydro-phthalazin-1-ylmethyl)-benzoic acid,
comprising the step of: 34 (a) synthesising diethyl
(3-0x0-1,3-dihydro-2-benzofuran-1-y9phosphonate from 2-
carboxybenzaldehyde; (b) synthesising
2-fluoro-5-RE/7)-(3-0xp=2-benzofuran-1(3H):yliden h onitrile
o B B e The
carbpehBiRFIRERM 10, further comprising the step of: (c) synthesising
(b) spfhaewrtnd J{Aord-H @S dropHthatakirai-§Ohellvpiissmetbmitriie: (RD)e R
diethifQBI&KeMBAINGIE- Ry deastian-withhysaziae. hydrate; and 10(d)
synthesising compound D from compound ED by reaction with sodium
hydroxide. . .
1. 1 oThermeded R pRBk S s brh aTSPRIRRE HER Smethylibenzonitrile (ED):
(c) s PD<BIRE Afpharikbtouticsd-dinwreiticregoriytisiely viksorspiilad=D):
according to any one of claims 1 tg 4 and a pharmaceutically acceptable
carrier or diluent. 14. A compoupd according to any one of claims 1 to 4
for use in a method of treatm of 20the human or animal body.

ED

from compound E by reaction with hydrazine hydrate; and

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

12. 2-Fluoro-5-{(4-oxo-3,4-dihydrophthaiazin- 1-ylymethyljbenzonitrile (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 hurman or animal body.

18, 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 1o any one of claims 1 to 4 in the preparation of a

medicament for inhibiting the activity of PARP.
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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.
2516.The use of a compound according to any one of claims 1 to 4 in the
preparation of a medicament for inhitgng the activity of PARP. 35 17.
The use of a compound according to any one of claims 1 to 4 in the
preparation of a medicament for the treatment of: vascular disease; septic
shock; ischaemic injury; neurotoxicity; haemorraghic shock; viral infection;
17. wrwmm@mw@w@mmﬁgnbiﬁ'rtmgfdfnﬁm&vi%m‘ b PARRpiftibhef a

medicatnent AR altjmen o?o\ygg?: I! 2§ nga%geS%f la'@oc& ta%c%é%% S| neurotoxicity;
prep aratlon Pa medicament Tor Use as ‘an F3«:1punct in cancer r]aa/ Lfl

haem%r@@ﬁﬁébﬁgkturﬁ@kjﬁﬂ@éﬂ@ﬁo@ﬁ@%@ﬁﬁ@ﬁt%ﬁi%ﬁﬁ@%@r@@ﬁmt&n of the activity of
PARP chemotherapeutic agents. 10 19. Use of a compound according to claims
1 to 4 in the manufacture of a medicament for use in the treatment of

cancer in an individual, wherein said cancer is deficient in HR dependent
18.  DRAUSSB repairprithtagcasrg. tonacosrafigime hiin 49, i ererarsdion of a

medicHABREPOEASBR QAR IHREREANEBFLS S HaVHEATRHYCRMBr cells for treatment
it abro ggagjad abl|l?/ éﬂg%ﬂ DNA DSB b?/ HR relative to normal cells. 21.
WIE 1ORRIES& (’ﬁﬁﬂq‘g ﬁ%‘&%ﬁ%% cancer cells have a BRCAL or
BRCA2 deficient phenotype. 22. Use according to claim 21, wherein said

19.  QI&eef Q%M&%%@PBFHQBBQA%QH BRRCAZ & o ACFROHIASuRBYent for
ne of claims 19 to 22, wheremﬁ ;:ilndlwdual Cgheteroz %‘d s fora

use in [oE EGRIMRTLCH ERRERELRHE W BRI UREIRBFAIY SR BESSTRIGI RAD gependent

DNA D admpathatbyra24. 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
ARGt Br‘&!@?&‘té%dﬁt“é?’%a'E‘Jé’Q”&@é&%mFﬁ'?SSaﬂ“fo?{m %I%\Wi‘&eige“s
havingte @Bpmmmmameammmfmmrmm pigse byadR elatiati nnofricadisellg.
radiation or a chemotherapeutic agent.

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

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

23. Use according to any one of claims 18 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 BRCAZ.

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

pancreas or prostate cancer.

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

administration of ionising radiation or a chemotherapeutic agent.



