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POLY( ADP- Rl BOSE) POLYMERASE | NHIBI TORS 5 Field of the invention The present
invention relates to inhibitors of PARP_and provides conpounds and

conposi tions containing the disclosed conpounds. Moreover, the present

i nvention provides nethods of using the disclosed PARP i nhi bitors for

I nstance as a nedicine. 10 Background of the invention The nucl ear enzyne
pol y(ADP-ri bose) pol ymerase-1 (PARP-1) is a nenber of the PARP enzyne
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PARP-1 is a major nuclear prote| n of 116 kDa consisting of three donains :
the N termmar—DBNADBT T mg—domerm contar g tWo—zZimc T Tgers; —the
autonodi fication domain and the CGtermnal catalytic domain. It is present
in al nogt f Gy The enzyme synthesizes poly(ADP-ribose), a
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nost notably in the i Mmune system heart, brain and germline cells. Under
nor mal _physi ol ogi caI cond| t ions, there 25 is mniml PARP activity. However,
DNA da -.:--‘-:- hiDenpentione activation of PARP by up to 500-fol d. Among
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Ieadstos re.depl etii on of NA f r|n m nmassi ve DNA
danage. pE?ISCPPP rﬂagfs«?)_gop%ergqc %ﬁ&}{%@?ﬁé‘@éf&ow Sé@ tla§ in a rapid turnover
rate. mce pol y(ADP-ri bose) is forned, it | s quickly degraded by the
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20% - 2- e nor nal a scenario IS especla rient al
during i scp;ggmeesymhmzes poly(ADP-ribose), a branched polymer that can cons1st of over 200

20  ADP-ribose units. The protein acceptors of poly(ADP-ribose) are directly or indirectly
involved in maintaining DNA integrity. They include histones, topoisomerases, DNA
and RNA polymerases, DNA ligases, and Ca**- and Mg®*-dependent endonucleases.
PARP protein is expressed at a high level in many tissues, most notably in the immune
system, heart, brain and germ-line cells. Under normal physiological conditions, there

725 is minima] PARP activity. However, DNA damage causes an immediate activation of
PARP by up to 500-fold.

Among the niany functions attributed to PARP, and especially PARP-1, is its major
role in facilitating DNA repair by ADP-ribosylation and therefore co-ordinating a

30 number of DNA repair proteins. As a result of PARP activation, NAD" levels
sigﬁificantly decline. Extensive PARP activation leads to severe depletion of NAD" in
cells suffering from massive DNA damage. The short half-life of poly(ADP-ribose)
results in a rapid turnover rate. Once poly(ADP-ribose) is formed, it is quickly
degraded by the constitutively active poly(ADP-ribose) glycohydrolase (PARG),

35 together with phosphodiesterase and (ADP-ribose) protein lyase. PARP and PARG
form a cycle that converts a large amount of NAD" to ADP-ribose. In less than an
hour, over-stimulation of PARP can cause a drop of NAD* and ATP to less than 20%



deprivation of oxygen has already drastically conprom sed cellular energy
out put. Subsequent free radical production during reperfusion is assuned to
be a nmajor cause of tissue damage. Part of the ATP drop, which is typical
in many organs during 5 i schaem a and reperfusion, could be |linked to NAD+
depletion due to pol y(ADP-ribose) turnover. Thus, PARP or PARG i nhibition
is expected to preserve the cellular engrgy |evel thereby potentiating the
survival of ischaemc tissues after insult. Poly(ADP-ribose) synthesis is
al so involved in the induced expression of a nunber of 10 genes essenti al
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may also become depleted.

25 It has been reported that PARP activation plays a key role in both NMDA- and NO-
induced neurotoxicity. This has been demonstrated in cortical cultures and in
hippocampal slices wherein prevention of toxicity is directly correlated to PARP
inhibition potency. The potential role of PARP inhibitors in treating neurodegenerative
diseases and head trauma has thus been recognized even if the exact mechanism of

30 action has not yet been elucidated.

Similarly, it has been demonstrated that single injections of PARP inhibitors have
reduced the infarct size caused by ischemia and reperfusion of the heart or skeletal
muscle in rabbits. In these studies, a single injection of 3-amino-benzamide (10 mg/kg),
35 either one minute before occlusion or one minute before reperfusion, caused similar
reductions in infarct size in the heart (32-42%) while 1,5- dihydroxyisoquinoline (1
mg/kg), another PARP inhibitor, reduced infarct size by a comparable degree (38-48%)



PARP activation can al so be used as a neasure of damage foll ow ng neurotoxic
insults 5 resulting fromexposure to any of the foll ow ng inducers |ike
~glutamate (via NVMDA receptor stinulation), reactive oxygen internedi ates,
anyloid J3-protein, Nnethyl-4- phenyl-1, 2,3, 6-tetrahydropyridine (MPTP) or
its active netabolite N-nethyl-4 phenylpyridine (MPP+), which participate

i n pat hol ogi cal conditions such as stroke, Al zheinmer's disease and

Par ki nson' s di sease. O her studies have continued to explore 10 the rol e of
PARP activ
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d?seases and conditions including epilepsy, stroke, Alzheimer's disease, Parkinson's

disease, Amyotrophic Lateral Sclerosis (ALS), Huntington's disease, schizophrenia,

25  chronic pain, ischemia and neuronal loss following hypoxia, hypoglycemia, ischemia,
trauma, and nervous insult. Glutamate exposure and stimulation has also been
implicated as a basis for compulsive disorders, particularly drug dependence. Evidence
includes findings in many animal species, as well as in cerebral cortical cultures treated
with glutamate or NMDA, that glutamate receptor antagonists (i.e., compounds which

30  block glutamate from binding to or activating its receptor) block neural damage
following vascular stroke. Attempts to prevent excitotoxicity by blocking NMDA,
AMPA, Kainate and MGR receptors have proven difficult because each receptor has
multiple sites to which glutamate may bind and hence finding an effective mix of
antagonists or universal antagonist to prevent binding of glutamate to all of the receptor

35 and allow testing of this theory, has been difficult. Moreover, many of the compositions
that are effective in blocking the receptors are also toxic to animals. As such, there is
presently no known effective treatment for glutamate abnormalities.



The stinulation of NVDA receptors by glutamate, for exanple, activates the
enzynme neuronal nitric oxide synthase (nNOS), |leading to the formation of
nitric oxide (NO, which also nediates neurotoxicity. NVDA neurotoxicity
may be prevented by treatnment with nitric oxi de synthase (NOS) inhibitors
or through targeted genetic 5 disruption of nNOS in vitro. Another use for
PARP inhibitors is the treatnent of perifpheral nerve injuries, and the

resul tant pathol ogi cal pain syndrome known as neuropat hic pain, such as that
i nduced by chronic constriction injury (CCl) of the common sciatic nerve
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am noberiz andistaptien sfyNO$ ircvitrohi bi t or of PARP activity. Inhibition of PARP
activity reduced the inflamuatory response and restored the norphol ogy and

the energetic status of the distal colon. 20 Further evidence suggests that
PARP i nhi bi Anotherarse farPARP inhibitors ie dtei tregtraerit lof peripherdFuervh énjuriesPalPthenhi bi t or s
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degener at i veyteplasapandquclepplaps|(sa-edlledridark enusoms) @Fawss.r epl i cati ve senescence,
age-rel ated nuscul ar degeneration, imune senescence, AIDS, and other )
i mmune senescence disease; and to alter gene . expression of senescent cells.

30 It is al Bedmiealo ekists thatRARmhibitowsase usefil{foriseating ilanBEABRAYRL,  af f ect
overal | DNAdisdr@dtaisich & doBitiBOBpedifidally, KA WaS indubed M F4t8 B9 IntRPiAilale OF

ionizing radjation, The pivotal. role of PARP.in.the r ir.o strand

br eaks NSO, q%lpfglaqpte@gnggobg}:z‘egq ?V%l‘iwgg‘gﬁﬁ?@chﬁﬁt aSoni zi ng
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met hyl ati ng .?ntq%l t.opoi spnerases | inhi glt?rs nd oéh@r ch rﬁgt her apeuti c
agents as c‘icggll KigHeestae it 9Ty TesRoRsg androstosed die pporpaolggy AR the o ckout -
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domai n), antisense and snmal| nol ecul ar wei ght inhibitors have denonstrated

the role of PARP in repair and cell survival after induction of DNA danage.
The 20  Further evidence suggests that PARP inhibitors are useful for treating arthritis. Further,

PARP inhibitors appear to be useful for treating diabetes. PARP inhibitors have been
shown to be useful for treating endotoxic shock or septic shock.

PARP inhibitors have also been used to extend the lifespan and proliferative capacity of
25  cells including treatment of diseases such as skin aging, Alzheimer's disease,
atherosclerosis, osteoarthritis, osteoporosis, muscular dystrophy, degenerative diseases
of skeletal muscle involving replicative senescence, age-related muscular degeneration,
immune senescence, AIDS, and other immune senescence disease; and to alter gene
expression of senescent cells.
30
It is also known that PARP inhibitors, such as 3-amino benzamide, affect overall DNA
repair in response, for example, to hydrogen peroxide or ionizing radiation.

The pivotal role of PARP in the repair of DNA strand breaks is well established,

35  especially when caused directly by ionizing radiation or, indirectly after enzymatic
repair of DNA lesions induced by methylating agents, topoisomerases I inhibitors and
other chemotherapeutic agents as cisplatin and bleomycin. A variety of studies using



i.nhi bition of PARP enzymatic activity should lead to an enhanced sensitivity
of the 5 tunor cells towards DNA damagi ng treatnents. PARP inhibitors have

~ been reported to be effective in radiosensitizing (hypoxic) tunor cells and
effective in preventing tunor cells fromrecovering frompotentially |etha
and subl ethal damage of DNA after radiation therapy, presumably by their
ability to prevent 10 DNA strand break rejoining and by affecting several
DNA damage si gnaling pathways PARP i nhi bitors have been used to treat
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20 A recent comprehensive review of the state of the art has been published by Li and
Zhang in IDrugs 2001, 4(7): 804-812.

There continues to be a need for effective and potent PARP inhibitors, and more
particularly PARP-1 inhibitors which pro&uce minimal side effects. The present

25 invention provides compounds, compositions for, and methods of, inhibiting PARP
activity for treating cancer and/or preventing cellular, tissue and/or organ damage
resulting from cell damage or death due to, for example, necrosis or apoptosis. The
compounds and compositions of the present invention are especially useful in
enhancing the effectiveness of chemotherapy and radiotherapy where a primary effect

30 of the treatment is that of causing DNA damage in the targeted cells.

Background prior art

EP 371564, published on June 6, 1990, discloses (1H-azol-1-ylmethyl) substituted
35 quinoline, quinazoline or quinoxaline derivatives. The described compounds

suppress the plasma elimination of retinoic acids. More in particular the compound

3-ethyl-7-[(1H-imidazol-1-ylphenylmethyl]-2(1 H)-quinoxalinone (compound No



Conpound 19 Compound 20 5 Description of the invention This invention ;
concerns conpounds of formula (1) H R 1 R4 3CH2)n | NO RI~\ :R m 10
R5v R6 the N-oxide forns, the addition salts and the stereo-chem caIIy
isoneric forms thereof, wherein 15 nis0O,1or2; Xis Nor CR7, wherein R7 is
hydrogen or taken together with Rt may forma bivalent radical of fornula
-CH=CHCH=CH-; 20 R is Cl _6alkyl or thienyl; R2 is hydrogen, hydroxy,
Cl_6atkyl, C3_6al kynyl or taken together with R3 my form=0; R3is a

radi cal selected from25 -(CH2)s-NRsR9 (a-1), -0-H (a-2), -0-R 10 (a-3),

'Cf' le k(f‘ 49, ofthe présent Egﬂﬂcﬁt@m’fa aéld}’dz@é(ﬁhpbunﬁlﬁR4%hl%ﬁfpﬁenylF$HllﬁudﬁUp
a X a car
di (d . 6al ky{I § Q‘Hég ﬂé‘g’fﬁéﬂ’ﬂcﬁml@% felérpq@}q) 20 of the present

Cl1- 6al kyl cag ?meﬁwe@@sgﬁﬁé&gyl ,  pi perl d| nyl G _6al kyl ,
pi peri di nyl 6al kyl am nocar bonyl, d _6al kyl oxy, thi enyI Cl1_6al kyl

pyrrolyl CL
aryl car boryl pi peri di nyl Cl-
aryl d - 6allkyl (G - 6al kyl ) a

yl, hal oijndozol yl pi peri di B I G - 6al kyI or 10

O N H
~
X x
N \N .
Compound 19
Compound 20
5
Description of the invention
This invention concems compounds of formula (I)
2 ¥
R— .
R} A x—(CHh S
[i\ R’ Z Y
A X X~ R!
10 R® RS

the N-oxide forms, the addition salts and the stereo-chemically isomeric forms thereof,
wherein

15 nisQ,1or2;

X is N or CR’, wherein R is hydrogen or taken together with R! may form a bivalent
radical of formula -CH=CH-CH=CH-;

20 Rlis C1_6alkyl or thienyl;
R? is hydrogen, hydroxy, C;.salkyl, Cs.salkynyl or taken together with R* may form =O;

R3is a radical selected from

25 -(CH,)s- NR*R’ (a-1),
-O-H (a-2),
-O-RY (a-3),

-S-R" (a-4), or



R10 is Cl.4al kyl, C -6al kyl carbonyl or di(d _6al kyl )anunoCl6al kyl ; and R
is di (G -6al kyl)am noG .4alkyl; or R3 is a group of formula 15 -(CH2) 1-2Z-
(b-1), wherein tis0,1,20r3; Z is a heterocyclic ring systemselected from

| j~ R12 HNNN HN\NL 12 \N1 12 ' >R13 R12 J-RH R 20 (c-1) (c-2) (c-3)
(c-4) H ~ 1 ~1i 12 ORI2 \ N N HN NHA1, “RI12 (c-5) (c-6) (c-7) O (c-8)
RI3 0/ \ RI2 1il~]~ I~ N-RI2 v R2 NH (c-9) (c-10) (c-11) 25 -8-

wherei n each R12 independently i s hydr ogen, Cl_6al kyl, am nocar bonyl
hydroxy, 1 / NH__= ﬁal kanediy N C1. 6al kanediyl ~ O

Cl. 6al kyl oxyd _6al Cl- 6al k TJXyCI - 6al kyl am no, di (phenylC2. 6al kenyl),
pi peri di nyl Grhefeh kyI C3.iocycl oal kyl, C3.locycl oal kyl d -6al kyl, 5

aryl oxy( hydrox§)]g2 6 l kyl, hal oi ndazolyl, aryl ClL. 6al kyl, arylC2.6al kenyl,
nmor phol i no 1% yhim dazol yl, or pyridinyl Cl-6al kyl am no; and each R13

i ndependent IRF is sSCHQy Epgrdky], hyidpeayCaliallyl, Gr.cabicyjdarboRgl, R5 and R6 are
eachi ndgpendget | i FifhRfEdaliyL®, RARYIBIFE: il &, idIEAbSTRERAoC, calkyl,
piperidinylC;.¢alkyl, piperidinylC;.¢alkylaminocarbonyl, C;.alkyloxy,
thienylCi salkyl, pyrrolylCi_salkyl, arylC,.¢alkylpiperidinyl,
arylcarbonylC,.¢alkyl, arylcarbonylpiperidinylC;¢alkyl,
haloindozolylpiperidinylC, ¢alkyl, or
10 arylC,_¢alkyl(C;.¢alkyl)aminoC;_galkyl;
R’ is hydrogen or Cyalkyl;
) RYjs Ci6alkyl, Cyealkylcarbonyl or di(C;.salkyl)aminoC;.galkyl; and
R is di(C;.galkyl)aminoC;.galkyl;
orR’isa group of formula
15 -(CH}-Z- ®-1),
wherein
tis0,1,20r3;
Z is a heterocyclic ring system selected from

\—’Q—R” = RY == \=1\1—7—R12
20 c-1) c2) (c-3) (c-4)
! I .
/N X v S g
—_— \ / ko/ R12
(c-5) (c-6) (c-7) O 8
e 0
4 > 12 f l -
N —R - \
N Va kN/\Rlz l\/ R
| H
(c-9) (c-10) (c-11)

25



10 tri hal omet hoxy, C.6al kyl, CI1.6al kyl oxy, di (Cl6al kyl)am no,

di (G _6al kyl yami noCt _  6al kyl oxy or Cl.6al kyl oxycarbonyl; or when R5 and R6
are on adjacent positions they may taken together form a bival ent radical
of formula -OCH2-0O (d-1), 15 -0(CH2)2-0- (d-2), -CH=CHCH=CH (d-3), or
-NH-C(O-NR 4=CH (d-4), wherein R14 is Cl.6alkyl; 20 aryl is phenyl or
phenyl substituted with halo, Cl-6alkyl-8or Ct_6al kyI oxy; wth the proviso
that when nis 0, Xis N, R is Cl.6alkyl, R2 is hydrogen, R3 is a group of
formula (b-1), t is O, Z is the heterocycllc ring system (c-2) wherein said
het erocycl i oylidréig eS&ﬁR’éﬁthﬁerﬁdeBﬁy atyaedzes, COalkyt ah@fdcatfonyhydokgcul e with a
nitrogen atom and R12 is hydrogen; thepat |east one of the su stituents
R4, R5 or R6 is other than hydrogen, h16a| kyl or Cl. 6al kyl oxy.
Whenever the heterocyclica~ng system ®|Hns a -CH2-, -CH=, or -NH

noi ety the 30 Cs e inat s 2 and R130 e rest of the nolecule can be
attached to the carbon o nj troge i ch case one or both hydrogen
atons are replaced. The coffpounds lfﬁ‘l ogy‘la (b) may also exist in their

tautoneric fqr gﬁ(ylﬁygnsaj@q 2 R&mwgéﬁmmﬁﬁmltﬁehhﬂz kdmgn?gt ed in the above

formul a are |ntend incl uded. w thin e scope of the present

i nventi on. Pﬁﬂ%‘@& maﬁiymmo%l@alki% Cﬁﬂ@y?IB?li@’&Iﬁ@lkﬂefl niti ons and

her ei naft er a@?@xt m@kﬂ@%almrmdedzolﬂmﬂ@lgﬂkﬂs c];e”amteﬁyluﬁsﬁ)hgﬁﬁ& as such
or in conposite in oregoj ng definitions an

herei nafter, &]kéff?’gfaﬁ%lﬁleﬂﬁmcg Ipué?ﬁgﬁa@ﬁ‘loo%&i bronp and iodo; Cl_6al kyl
defines st rwaghR‘%ﬂdhpbﬂdmdywl}Qh@gdn pipéridia %:llejjamgrocar bon radicals havi ng
from1l to 6 carbon atonms such as, e.g. net et hyl, propyl, butyl,

pentyl, hexyl 1- net hyl et hyl, 2- nethylpropyl 2-met hyl - butyl, 2- nethylpentyl
and the 10R% ReandR 4t emhentependtafly mslectdai fraindrytirpen diald) triletsméthginc hed »

e T od?ampnie Sl SRR IC AR ol G el shifh, bR ROG.EL 218 )T

1, 5- pent aneds@lkylolyﬁ(ﬁeaakhywwarb@mdl, the br anched i soners ther eof such as,

¢ PR T A oy R 0500

radical of formula

-0-CH,-0 (d-1),
15 -O~(CH,),-O- (d-2),
-CH=CH-CH=CH- (d-3), or
-NH-C(0)-NR "“=CH- (d-4),
wherein R™ is Cy.galkyl;

20  aryl is phenyl or phenyl substituted with halo, Cy_galkyl or Cj¢alkyloxy;

with the proviso that when
nis0, XisN,R'is C,¢alkyl, R?is hydrogen, Rlisa group of formula (b-1), tis 0, Z
is the heterocyclic ring system (c-2) wherein said heterocyclic ring system Z is
25 attached to the rest of the molecule with a nitrogen atom, and RZis hydrogen; then
at least one of the substituents R*, R or R is other than hydrogen, halo, C;_¢alkyl or
C;.salkyloxy.

Whenever the heterocyclic ring system Z contains a ~CH;-, -CH=, or -NH- moiety the
30  substituents R’ and R® or the rest of the molecule can be attached to the carbon or
nitrogen atom in which case one or both hydrogen atoms are replaced.

The compounds of formula (I) may also exist in their tautomeric forms. Such forms
although not explicitly indicated in the above formula are intended to be included within



15 Ci1. 6al kyl containing three identical or different hal o substituents for
exanple. trifluoronethyl; C2_6al kenyl defines straight and branched chain
hydr ocar bon radi cals containing one double bond and having from2 to 6
carbon atonms such as, for exanple, ethenyl, 2-propenyl, 3-butenyl,
2-pentenyl, 3-pentenyl, 3-nethyl-2-butéfiyl, and the |ike; C3_6al kynyl
defines straight and branch chai ned hydrocarbon radi cals containing 20 one
triple bond and having from3 to 6 carbon atons, such as, for exanple,
2- pr opynyl the @opriofithg presént amentign., 2- pentynyl, 3-pentynyl, 3-hexynyl, and
the like; C3_10cycloal kyl includes cyclic hydrocarbon groups having from 3
to 10 carbons, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cycl ohexyl A nymben b sesmy iseddy dheobesgpip definifionsoingthereinafter arecexplaingd 25 The term
"addition sglhnge ﬁoﬁés'eﬁéﬁstali’@so?ﬁéutr&s%ﬁaﬁg sﬁél?oﬁﬁ%ﬁ’i 848 t&fms Oormul a (1) are
able to formwth organic or 1 norganic bases such a am nes, alkali netal
bases aAd earth al kaline netal bases, or quat er nary annnniun1bases or with

organi ¢ or AdRed §ahé for8diftSdefiitidhs @8d Hér@ﬁéﬁér Rt ena% {o¥Midro, 2RI AS,

b I d ﬁ\} d t
O ¢ e i AES ] tines S b Biabehs St secied Miikeafons ool exes
Sble  tof ey (i o GRARA atoris 1ach ?mgéﬁe‘é"%“ﬁﬂﬁé‘f";%fm@i e e
phar maceut {PERY}; ye’é}’éc]eﬂlegb’ll"éhigcf @%ﬁ’ %&& Hiyf Ic)'étbl »amethylpeptyl and the
phar madéut ilike] C%aﬂmm@tuylahﬁmesanvajermstrénglstemdbchnbhadmlmaieﬂsatamtedlo ment i oned
her ei nabov re ant,. t rise.th euti active no -toxic acid

ot oxhyaopuBer Tl BRI 1 by 6 e AR fuchhs, dhs ararmpEmeBykibn (|
ZP e \,gﬁ{'e ? d,2- étbmmdlyTHe3-plfuppmﬂn3dsi @butﬁxwdrm,l ]as-bbﬁtamjé)l ,6degarieadisi ancpthegeg It |) es
n nyert { t n t
byt reat | ngrstiet idtee Mirlar B 2 S Rt BEE SRR B AR T 21 o " ds
conpri se, fdimetbylbugpheliylj hﬁf@amhglbatandhylsmd thealske; tihdld(alsalkyldefides e. g.
hydr ochlsor i '(9 akyﬂasﬂfaﬂglgm& 18&&&1 o?r‘dh?éféﬂt%alo%faédtﬁenté’fb?%J?J}gﬁléC and the like

aci ds; ‘or

hydr oxyac ettli1 uoromethyk; £, 6%5?%1/11@1“36%&413@ anqirg{aggne@l chgmgwﬁmcerb@p f@.dlc%t anedi oi ¢
aci d), bfitaini rHH 'd%ubl%#;%(?] fmcd ﬁa‘%!r@affdrﬁ 266 tc?x’b?m a B&ﬁ&? 5%‘ k(tl‘%&hﬁl

et hanesul fon| C, enzenesu uenesul foni c, am c, afl cylic,

p- ami nosal .eﬁwyle%ppmnyle%mtfnylh8—nent|z@yla%p@menyﬂﬁemﬁwbamybfand thenul a (1)

whi ch have likej € glkphylpiefihésestralphy aftEbravh\chained hydiod s radiehld comamirg cal | y-

acceptabl e base ‘addition salts b¥ treating said acid formwith a
20 one triple bond and having from 3 to 6 carbon atoms, such as, for example, 2-propynyl,

3-butynyl, 2-butynyl, 2-pentynyl, 3-pentynyl, 3-hexynyl, and the like; C3.jgcycloalkyl
includes cyclic hydrocarbon groups having from 3 to 10 carbons, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
cyclooctyl and the like.
25
The term “addition salt” comprises the salts which the compounds of formula (I) are
able to form with organic or inorganic bases such as amines, alkali metal bases and
earth alkaline metal bases, or quaternary ammonium bases, or with organic or
inorganic acidé, such as mineral acids, sulfonic acids, carboxylic acids or phosphorus
30 containing acids.

The term “addition salt“ further comprises pharmaceutically acceptable salts, metal
complexes and solvates and the salts thereof, that the compounds of formula (I) are able
to form.

35
The term “pharmaceutically acceptable salts” means pharmaceutically acceptable acid
or base addition salts. The pharmaceutically acceptable acid or base addition salts as



sui tabl e organic or inorganic base. Appropriate base salt fornms conpri se,
for exanple, the ammoniumsalts, the alkali and earth al kaline netal salts,
e.g. the lithium sodium 15 potassium mnagnesium calciumsalts and the

|i ke, salts with organic bases, e.g. the benzathine, N nethyl-D glucanm ne,
hydrabam ne salts, and salts with am noj@gci ds such as, for exanple,
arginine, lysine and the like. The terns acid or base addition salt also
conprise the hydrates and the solvent addition forns which the conpounds of

formil a (1)m@1{tf§> ?tﬁfléarfihgo(;vggaﬁaemgﬁrﬁrf@k r‘?ﬁfe tﬁé’ﬁﬁf%@ﬁt{zﬁll 81\%rd%net091c a@1¥idr ates,

al cohol at es term rre Xes ans [ ex forrred

bet ween a camudprouﬁ@%ba*@ddﬁﬂpa salf figrms yehichntae éommnﬂés of tpamiuta (b)rarﬁ abledani c
netal salt ? la ?I?'vﬁ'n@lrlﬁ%' bﬁsu.of)rog 84 &ﬁirﬁe%oﬁ%ﬁe?l ionpri se

t he hal ogenlggs n|t at es, at es, phosphates cet at es,
trifluor oadb@lapbajmaequﬁléﬂlycﬁcsap,tehlma@g adém@p sdlisdydeating said b@s@sfon@ withamat es,

e 9. 8t ydobikiQRAR Agbroftdi e sk ffef\@,za@me Rk AiSanchgpzoat es and

the |like of nmetal s '0f the second main rom) e, peri odi cal stem

e.g. the nmayiedilipads, e@ahscclre?hlgw pishydsgbremie ackd; sylfusic; fltsuis,tnhos@honcgn up,
e.g. alum nhefike adlds ot @Fﬁn@%cﬂd@kﬁchaa% fohexanﬁplé sa*ceﬁco fdpﬁnab,q{}ﬂbo)@ya&ﬁ%l tion

groups of the peri odi cal system suc 30. chr om um
manganese, ?‘FttFnPyrEB‘Ba‘P c HP%IREHC S“(?S‘}B‘!feé bH“H’@ ‘ﬁemfaﬁe!@e M, M3HE,

st ereoch e M taAdricy citdd ﬁ’ﬁ%lhaﬁesfu@lfoﬁﬁ: ethage’ 0BeHe denBdnedulfofiie] A-télugnesalforiis ed

her ei nhef ore, . defi I§ajes al | ssublg nﬁs! r’rﬁ e u of the sane atons

bonded tqyglamic, sahcylic, pearpmmogsli Frd’sag% \ erent three-dinensional

?t ; uctures Wi:lcﬁ)hlpaﬂli&ismﬁforﬁﬁlla @ ehivhdngeadidie éaro'gtmeb éﬂdye:ecmnmwﬂdﬁ rt}hrir folr mul a
1) may posses ) s _at n ar..in chem ca

Gesi gnat | orPrarniceial3 A EbURIX RS i) B 85 bbunelig R formlyily §1

st er eochemisnithbly organiaer 1rmrgammhasmhAppropwatdbase rsplo fombs cemprise] forpasmples. Sai d
m xture ”aypr ¢ nnurnﬁnﬂﬁhts %%‘El‘(l:cgﬁ ﬁf?&'@eg& i@ rme%]%ﬁ# gg‘s{hﬁlh%uﬁxhgod%ﬁ' ¢

nol ecul ar struc soneri ¢’ fornms of
t he cdrﬁpommslam, fagnesium, abcmmsaltsmndﬁmldcet galisvath qrgara@lhasm g2 the t h each

th f
"hvent o, \SHRARCH hREHRDEPREARRC, idmbabulditys ARSI wif ImBbRilbuch 1o
conpri se twésf@rema%@rmn@flymmmﬂﬁw@ky wherein one or several nitrogen -
atoms are Omeclerﬁﬁohcf&rtb% acﬁﬁn&?daltea%ol\énﬁfphgﬁhem@mtateg 'dh@EHe)’soI\}EH@z?ddNTdﬁX' des.

wher ei n one or nopre of the piperldine- F razi ne_or pyridazinyl-nitrogens
are N oxi difeaes whigh W&W@inéoﬂﬂlémaﬁa@ e togfpyan.  Bxamplesofsyeh EEM8t £ or mul a

(1)" | 20meand e.pohydRgéssleoholates and the like.

The term “metal complexes” means a complex formed between a compound of formula
(I) and one or more organic or inorganic metal salt or salts. Examples of said organic or
inorganic salts comprise the halogenides, nitrates, sulfates, phosphates, acetates,

25 trifluoroacetates, trichloroacetates, propionates, tartrates, sulfonates, e.g.
methylsulfonates, 4-methylphenylsulfonates, salicylates, benzoates and the like of the
metals of the second main group of the periodical system, e.g. the magnesium or

-calcium salts, of the third or fourth main group, e.g. aluminium, tin, lead as well as the
first to the eighth transition groups of the periodical system such as, for example,

30 chromium, manganese, iron, cobalt, nickel, copper, zinc and the like.

The term stereochemically isomeric forms of compounds of formula (I), as used
hereinbefore, defines all possible compounds made up of the same atoms bonded by the
same sequence of bonds but having different three-dimensional structures which are not
35 interchangeable, which the compounds of formula (I) may possess. Unless otherwise
mentioned or indicated, the chemical designation of a compound encompasses the
mixture of all possible stereochemically isomeric forms which said compound may



al so the N-oxide forms, the pharnmaceutically acceptable acid or base
addition salts and all stereoisoneric fornms. 15 The conpounds described in
EP 371564 suppress the plasma elimnation of retinoic acids. The conpound
3-ethyl-7-[(1H i m dazol - 1- yIpheny]neth%I] 2( 1H) - qui noxal i none (compound No
19 of the present application) and theléonpound 7-[(4-chl orophenyl)-

1H i m dazol - | -yl met hyl ] - 3- et hyl - 2( 1H) - qui noxal i none (conpound No. 20 of the
present application) have been disclosed in EP 371564. Unexpectedly, it has
been 20 f opogedsh@aidhiature mayenoteincdl dikgerpomers ahd/onerantioners oh e HasieP

those compdsulasyesnbor Ls boltbll, 2n MWBEAERCA iSO AR itfel T

restricti oeemppidy of faymitkdbrbbth inZfird)for oz iNadmix@RT | W1W¢e¢fe¢thel1:§te| s hydrogen;

OL R or (nGRleYd be hibeed skl MABE: ofthe Bl afiehfig. 52! | o8 oot eq F o
or 'S

(a-1) rou ormu O, 1 or 2, 30 g)R8 is
Cl_6al k91 or aryl Cl. 6a| kyI(C3 6al kyl )am noC _6alkyl; h) t is O, 1 or 2; i)

Z is a het %ggxu&)ha&g)hhpef ﬁ&%&ﬁp&@ﬂk %ﬁ&ﬂmfar@mxé @%ﬁt to @&ngﬂse thése3) . (c-4),

(c-5) or (c each R12 e endentﬁi; rogen
Cl. 6al kyl oﬁ9@m0167dﬁlé foampladl) wherein ene pagve @g@m@myaﬁesom%nddgéhﬁ and 35 1)

RA, RS and s, esov 600, ansLaRRIARG V- oRitk efhatinl dne B et 88 pipRalifler

Cl_6al kyl . -12- second. group of interesting conpounds consists of those
conmpounds @FPWFWBY‘(‘%ZIHY\]NHBWPW #ad-oHdigete of the foll owing restrictions

apply:18) nis Oor 1; b) Xis N, 5c) R is Cl-6alkyl; d) R2 is hydrogen;
e) R3 is aadical of farnula (a-1), ' ,,forrmla b-1); f)sisO;
0) R 15 aryReorve R hereinatics g o Hen mda o mmbladd)” i et tiudh 7 { 4%
het er ocycl IalSo the1g-oxide tfemnss tegh@thckitivally @cdebta@te dcit éh)biasé ddderbunhsaltd and

I ndependent h)éteremso}él%llrlggoen or Cl6al kyl oxyCr 6al kyl am no;

15 The compounds described in EP 371564 suppress the plasma elimination of retinoic .
acids. The compound 3-ethyl-7-[(1H-imidazol-1-ylphenylmethyl]-2(1H)-quinoxalinone
(compound No 19 of the present application) and the compound 7-[(4-chlorophenyl)-
1H-imidazol-1-ylmethyl]-3-methyl-2(1H)-quinoxalinone (compound No. 20 of the
present application) have been disclosed in EP 371564. Unexpectedly, it has been

20 found that the compounds of the present invention show PARP inhibitory activity.

A first group of interesting compounds consists of those compounds of formula (I)
wherein one or more of the following restrictions apply:
a)ynisQor l;
25 b)XisNor CR7, wherein R is hydrogen;
c) R'is Cygalkyl;
d) R%is hydrogen;
e) Ris a radical selected from (a-1) or (a-2) or is group of formula (b-1);
f)sis0,1 or2;
30  g)R%is Cyealkyl or arylCy.¢alkyl(Cy.galkyl)aminoC;.salkyl;
h)tis0,1 or2;
i) Z is a heterocyclic ring system selected from (c-1), (c-2), (c-3), (c-4), (c-5) or (c-11);
j) each R" independently is hydrogen or C;.salkyloxyC;.salkylamino;
k) each R'? independently is hydrogen; and
35 1R* R andR® are each independently selected from hydrogen, halo or C;_galkyl.



k) each R13 independently is hydrogen; and k) R4, R5 and R6 are each

i ndependently sel ected from hydrogen or halo. 15 A third group of

i nteresting conpounds consists of those conpounds of formula (1), the first
group of interesting conpounds or the second group of interesting conpounds
wherein Z is a heterocyclic ring systemother than the heterocyclic ring
systemof fornula (c-2) or (c-4). 20 A group of preferred conpounds

consi sts of those compounds of fornula (1) wherein nis O or 1; Xis N or

CR7, wh

rad| cal egg: gcet%zﬁdgrr ﬁ%@fﬂ&%&u EC fnﬁ%@ds@@{#éﬁfé ?%ﬁgse&a;%%&%% ?B %5 d)s is 0, 1
or 2; R8 ivheGlin 6nd wnor@rofdreyfptbpwmlrwmqt@@sapwl yam noCl _6Galkyl; t is 0, 1
or 2; Z is§§ I;ge(s lrpcycl ic 25 ring systemselected from(c-1), (c-2), (c-3),

(c-4), (c- c-11); each R12 independently is hydr ogen or

Cl. 6alkyl oky & is®Hl kyl ami no; each R13 independently is hydrogen; and R, R5
and R6 grecyﬁcﬂclggﬁ(?pndently sel ected from hydrogen, halo or Cl.6al kyl. 30
A further éf erred conpounds consists of those conpounds  of

forml a (I% R\Mlﬁehb@mgeﬁ,ls Oor 1; Xis N R is CO.6alkyl; R2 is hydrogen; R3
is a radi cg)Rrdfs aflﬁ&emlo@forhmaga fgrorllssa Qroﬁﬁ@ﬂfbr&illaf(ﬁfl')l” a (b-1); s is 0, R8is
aryl C1. bal k I (CL6aI kyl ) am no is 0; Zis a heterocyclic ring

syst em sel t88; from(c-1) or (c- 2) each R12 independently is hydrogen or
Cl . 6al kyl oxygP is 2351 EaIR9T)arBHe T 1§ ndependently is hydrogen; and R4,
R5 and 5&6 >§)’ gcﬁ glgglndent)l y sellg%ltayed from hydrogen or halo. -13- An
even fdPth yup of preferred compounds consists of those conpounds of
for][rul a ((jl )i)Zimrgéwmllohnggﬁm@a&tﬁ@ﬁpmqaqsoﬁ(c -2)he further grﬁUp 01;1 ]
preferred co S a r system ot her than the
het er ocycl € ’T;Eﬁ Q%RCB @fi’ 01 %‘?ﬁﬁf‘y‘?'{fa&)"pﬁg ‘he nost preferred
conpounds &) each mahpieﬂtlentl‘wshgdlrogaumddNo 9 , conpound No 2 and conpound No

LN kFIRk, ﬁb and RE are each independently selected from hydrogen or halo.
15
A third group of interesting compounds consists of those compounds of formula (I), the
first group of interesting compounds or the second group of interesting compounds
wherein Z is a heterocyclic ring system other than the heterocyclic ring system of
formula (c-2) or (c-4).
20

A group of preferred compounds consists of those compounds of formula (I) wherein
nis 0 or 1; X is N or CR?, wherein R is hydrogen; Rlis Ci-¢alkyl; RZis hydrogen; R3
is a radical selected from (a-1) or (a-2) or is group of formula (b-1); sis 0, 1 or 2; R®
is Cyalkyl or arylCy.alkyl(C;.¢alkyl)aminoC,galkyl; t is 0, 1 or 2; Z is a heterocyclic

25 ring system selected from (c-1), (c-2), (c-3), (c-4), (c-5) or (c-11); each R
independently is hydrogen or C,.salkyloxyC,.salkylamino; each R independently is
hydrogen; and R*, R’ and R are each independently selected from hydrogen, halo or

Cy.salkyl.

30 A further group of preferred compounds consists of those compounds of formula (f)
wherein n is 0 or 1; X is N; R!is Cy.¢alkyl; R? is hydrogen; R*is a radical of formula
(a-1) or is a group of formula (b-1); s is 0; R® is
arylC,.alkyl(Ci.salkyl)aminoC;.¢alkyl; t is 0; Z is a heterocyclic ring system selected
from (c-1) or (c-2); each R independently is hydrogen or C,_¢alkyloxyC,.

35 salkylamino; each R"? independently is hydrogen; and R*, R and R® are each
independently selected from hydrogen or halo.



'\ T v conpound 5 conpound 9 .C2H204 (1:2) ~J 6kca H OH O conpound 1
conpound 2 .C2H204 (2:5) 10 The conpounds of forrmula (1) can be prepared
~according to the general nethods described in EP 371564. A nunber of such
preparation nethods will be described hgreinafter in nore detail. O her

met hods for obtaining final conpounds of" " fornula (1) are described in the
exanpl es. 15 Conpounds of formula (1) wherein R2 is hydrogen and R3 is

-NR9- CHO wherein R9 is hydrogen or nethyl, herein referred to as conpounds
of formul a An ey fudher greupmnfapsefewed copauniisepnsisisiaf tnsp eompreings of farmulza (1)
wherein R2 t onpounds
of formul a (?b(??}: érB%%ihgfefr eserﬁ otlﬁ’dsrﬂgrthrfcg%rth&%rﬁﬁﬂ‘%fr ﬁ%ﬁﬂe@%owaﬁ% her e

i ndi cat ed asWhere@rfqisdi lmeé@cxghc figg fypteam pthey thap e he@myéh%‘@msystqmom R LN H
0 tic CH -/g ogn@gg%f\ﬁcgt)\\( 11-1 " " Il :":~ +NHRO-CHO -- \ | |I' J~% Ri
1/\~~% R RS Ro a) (I1) (1-b) Conmpounds of formula (1), wherein R3
S hydro’&y, herein referred to as conpounds of fornula (I-c), can be

pr epar ed bwreqﬁys@rﬁréfe&ea BEmpSinaB afRbfipurf N6 STRePSMd0 &, E&ﬁf%ﬂn@ Nd-a) into

an hydroxy group, I\ﬁ)n appropriate reductant, e.g., sodium borohydride
in a suitabt &2 Fﬂ’mm met hanol and fgfrnh\/drnfuran HH :

acfo |ofae

compound 5

compound 9
CoH04 (1:2)

W)
O Lo
:Io/ compound 1

compound 2
.C2H204 (2:5)

HN/\/O\

10 The compounds of formula (I) can be prepared according to the general methods
described in EP 371564.
A number of such preparation methods will be described hereinafter in more detail.
Other methods for obtaining final compounds of formula (I) are described in the
examples.

15
Compounds of formula (I) wherein R” is hydrogen and R is -NR*-CHO wherein R’ is
hydrogen or methyl, herein referred to as compounds of formula (I-b), can be prepared
starting from compounds of formula (I), wherein R? taken together with R? forms =0,
herein referred to as compounds of formula (I-a), in the presence of formamide or

20  methylformamide, here indicated as intermediates of formula (II), and formic acid.



R(CHRS5 (CH2)nr\\ 02)nl NOi I\ OR Nr XR~\ XR R\ 6 RR6 (I_a)
(I ¢) 10 Conpounds of fornula (I-a) can be prepared by converting conpounds
of formula (I- c¢), wherein R2 is hydrogen, herein referred to as conpounds
of fornmula (l-c-1), in the presence of a suitable oxidant such as chrom um
trioxide and an acid such as sulfuric agid, in a suitable solvent such as
2-propanone. HOHOR (CH2)n / I NO RCH2)n / I NO WX %R ~v\ XR R R6
R5 R6 15 (l-a) Conpounds of formula (1) wherein R2 is hydrogen and R3 is a
(I-f), can be prepared by reaqtrng conpounds ofpefBrmula (1) whegein R2 is
hydrogen and a radr cal rrrula (c-8), 450 erein referreg t
conmpounds o e of

an approprr iadr cal A@ f'—é’s t 4bl e sol ve ucpl as

met hanol a¢ ui tabl e redagent h as sodi u @( nobor ohydr rde. X- 1 R' O
(I-d) Internediates & f or mul a (IV) wherein Wis an appPopriate |eaving
group such as, for exanple, chloro, brono, nethanesul fonyl oxy or

treating saempewRssehimia(®), whersn Bb%sély A2 sraompoundsefi oxy
chloride orfo@ﬁmraqne}suhﬁw%b EdBW:@rNeﬁﬁ'lg 106 k@coha:h&eszmbmﬁgounﬂeeﬂent such as

radical of formula (c-1), herein referred to as &Honpound of formula

(o), )~ regn Ra is
NHR Rtz JR3 RC R4(CHz)" \ NORa N(Crz) NOR’X RS1/ X R R5 R6 Rsv\R6
benzenesulfonyl oxy, can be prepared 5;from conﬁqrglrr\lgg %1; formula (l1-c-1) by
€9 PmSB R)rmu%a) into an hydroxy group, with an appropriate reductant, e.g., sodium

borohydride in a suitable solvent, e.g. methanol and tetrahydrofuran.

R“\\ (CHy), R\\ Z(CHZ)n
ﬂ/ X x” g! ﬂ/ X N x” g!
RS\// RS | RS\/ R®

(I-a) (I-c)

10 Compounds of formula (I-a) can be prepared by converting compounds of formula {d-
c), wherein R” is hydrogen, herein referred to as compounds of formula (I-c-1), in the
presence of a suitable oxidant such as chromium trioxide and an acid such as sulfuric
acid, in a suitable solvent such as 2-propanone.

HQ IIEII O Q IIEII O
RE\\ (CHp), R“\\ (CH,),
I / Z 1 ﬂ Z 1
P g X R 2 \G
R’ V\R6 RS/\/\ 6 -

15 (I-c-) i)

Compounds of formula (I) wherein R%is hydrogen and R? is a radical of formula (c-1),
herein referred to as a compound of formula (I-f), can be prepared by reacting
compounds of formula (I) wherein R%is hydrogen and R? is a radical of formula (c-8),

20  herein referred to as compounds of formula (I-d), with an amine of formula (III),
wherein R* is an appropriate radical, in the presence of a suitable solvent such as
methanol and a suitable reagent such as sodium cyanoborohydride.



RORANO I(CH~\ (I(CHZ), SM XR ~SRR\VI XR R R (N 10
Conmpounds of fornula (1), defined as conpounds of forrmula (1) wherein Ro is
as defined in RB8 and Re is as defined in RO, or Ro and Re taken together
with the nitrogen to which they are attached, form an appropriate

het erocyclic ring system as defined in15Z, herein referred to as conpounds
of fornmula (1-h), can be prepared by reacting an 15 internedi ate of fornula
(I'V) with an intoermedi ate of fornula (V). The reactjon.can be perfornmed in
a reaction-inertj sol vent such as dinethyl formam de or acetonitrile, and
optionally |n presence of a suitable base suc 29 for exanpl e sodi um
car bonat e, M car bonq.;e or thriethylam ne Re HWi ~(~~

HNRbR' (CH~n\ Ol R 5\ XI\R~ §I7\y\J7 RRR6 R 0 (n") ( (I The
conmpounds o (S, alfso be convertedréito c ), rt knovvn
reactions off nctl onal .. ansfdy Wit ioms. Unber of

transforrratl are - 16- aI ré‘addeescrl bed her / bove O he e%’a rRés are

hydrol ysi s Bf cRir boxy(w)c esters to the corresPondi®ng car boxylic acid or

al cohol ; hydrolysis of "am des to the rresponding carbbXylic acids or

am nes; hydrolysis of nitriles to the correspondi ng am des; am no groups on
|rn|dazole or phenyl e ced by en by art kno 5

di azot at i orl“?egg%‘f?t%%{?ﬁ’aﬂg Qéée\ﬁ i \Q’éﬁ ate)#ea ing gEﬂ“&zsb‘V\g%@%‘ by
hydrogen;  exbh@gleotiodphron®, ﬁemmshﬁdnylaipoﬂsdn@ms@mymxbeaﬁbe pfepﬂi%ﬂy am nes

b ted t tert
T oeesor gt ema ST BRI 4 i ol SRR S F BB e ey
group may heg. @mlvzmemﬁfdnylnxy chlaride eshearergsultgnylorychlobids, orarmlogdaatingsertion in

th L 10 catal yst. Hence, ds of
R R S

(I-i),
W ¥
(CHy), R‘l\/ﬁ)‘(CHz)n —@Njo
ﬂ R! ﬂ/ X x” R!
RS 6 R5v RS
(I-c-1) av)

10
Compounds of formula (I), defined as compounds of formula (I) wherein R is as
defined in R® and R® is as defined in R®, or R® and R® taken together with the nitrogen
to which they are attached, form an appropriate heterocyclic ring system as defined in
Z, herein referred to as compounds of formula (I-h), can be prepared by reacting an

15 intermediate of formula (IV) with an intermediate of formula (V). The reaction can be
performed in a reaction-inert solvent such as dimethylformamide or acetonitrile, and
optionally in the presence of a suitable base such as, for example, sodium carbonate,
potassium carbonate or thriethylamine.

R /

Y—«:H»,.-@E :/(+ R N(CH%‘@[ KRI

20 ) W) ()

The compounds of formula (I) may also be converted into each other via art-known

reactions or functional group transformations. A number of such transformations are



(I-j) and (I-k) can optionally be the subject of one or nore of the
follow ng conversions in any desired order: 15 (i) converting a conpound of
formula (1) into a different conmpound of forrmula (1); (ii) converting a
conpound of forrmula (I) into the corresponding acceptable salt or N oxide
thereof; (iii) converting a pharnmaceutijgal |y acceptable salt or N-oxide of a
conpound of formula (1) into the parent conpound of formula (1); 20 (iv)
preparing a stereochem cal isonmeric formof a conpound of formula (I) or a

h t R
1I‘O o?;run?gegv%{i?ddy\ﬂ?ma%%%hﬁbé@ bﬂ?err ekiﬁ;gkgﬁf |h B astf{c gﬁcd s"{]({‘gen t oget her
with the cmemtesppndmg&arhomﬂyc %qléomlc éwdrqlbﬁiwmmdgﬁmodb? ¢aatespdnsting ocycl i c
25 di at ‘
of 1 or mul 3 CYOpyR il o ahii d““‘gﬁ“oﬁﬁmo IEPRRE paes PR, Mnidel] by M a1t oo
fornul a (agoupspe rrexdrazcde prsphqavh@ay beeplaged by pdydroged bY pdmewnas R |
accor di 99 Hﬁaéfﬁo%ﬁﬁ&ﬁnﬁ%h@QﬂﬁeqﬁﬂPﬁgﬁémﬁ&h%EHﬂﬂhm&ﬁ@obﬁb h?ﬁ@gé%e (VI) in

an aqueous aCI titon in th resence of a reaction iner SO| vent, e. g.
t et r ahydr ofl¢phels may bg;ssmﬁedmt@e sfersangd sthers; Primansamiaeipay besanyerted aci d. 30 R

-, RA HR (Méc@ndarﬁdort Ainineh} &aubia‘bdnd%rﬁy bt Ei%geﬁt&olﬁﬁs (V) (V1) -17-
Conmpounds of for ])emirel n W{ﬁjro e and IS as dgfl ned above,

herein ref@¥¢segn Bg§1§c (FHde (b‘fadFélr &')OUPé%ﬂﬂbSé’ObYeétﬁ iR & arting
fromint er sged @b@sby edrbéPmaHbadd Mkértion Rytha p%%élﬂﬁtdf‘é%uﬁwlé pARARI on of said
mterrrE(g1 iate wth an appropriate reducing agent such as, for exanple with a
nobl e taF’S‘@]ts such as platinumon 5 charcoal, palladi umon-charcoal and
the like and an appropriate reductant such as hydrogen in a suitable

POLVent SuEnd? SEEORIRI iy Bl o). e (20, O, (R Y, X R -

(I-j) and (I-k) can optionally be the subject of one or more of the following conversions

in any desired order:

15 (i) converting a compound of formula (I) into a different compound of formula (I);
(ii) converting a compound of formula (I) into the corresponding acceptable salt or
N-oxide thereof; | ,
(iii) converting a pharmaceutically acceptable salt or N-oxide of a compound of
formula (I) into the parent compound of formula (I);

20 (iv) preparing a stereochemical isomeric form of a compound of formula (I) or a
pharmaceutically acceptable salt or N-oxide thereof.

Intermediates of formula (VII), wherein R and R® are appropriate radicals or taken
together with the carbon to which they are attached, form an appropriate heterocyclic
25 ring system as defined in Z, can be prepared by hydrolysing intermediates of formula
(VI), wherein R*is a group of formula (b-1) or a radical of formula (a-1) wherein s is
other than 0, herein referred to as R®, according to art-known methods, such as stirring
the intermediate (VI) in an aqueous acid solution in the presence of a reaction inert
solvent, e.g. tetrahydrofuran. An appropriate acid is for instance hydrochloric acid.

30
e\ /Rd
RE 4 IIEII O
Rs\é\R6 . R R

(VD (VID



10 Conpounds of formula (1) can be prepared by hydrol ysing internedi ates of
formula (M I1), according to art-known nethods, by submtting the
internediates of fornmula (VIIl) to appropriate reagents, such as,
tinchloride, acetic acid and hydrochlorjc acid, in the presence of a
reaction inert solvent, e.g. tetrahydrdﬂuran H RZRZ ~ R3)n 0-1 R3 CHOn
\' 1l XR RSV R6 R5 R6 15 (um Cbnpounds of formula (1) can be prepared
starting from N oxides of formula g converting the internedi ates of
formula (I X)ompoundfeoibﬁoanelaﬂé vdtferedn uiStfe@rogen andjBhis as definedsaboyadietaim car bonat e

i chl or ot Hahel S BibgtRRLSMIPI, Gint redRd g R Alnfitpen, | g
X R1v\' 6 dRipeuks(VIR, by arselwwem@raggmﬁ@@u ﬁﬁgaléintq%rqumteawnh B0 aproptiate X i s CH
herein ref EfE('iLEﬂwta% n@tésu%ﬂgm ﬁm%: w1ﬁP£§BHl@cz(t§igkt} TUCH%’ Blifitn R Ot ai ned by

cyclizing an | Nt I zat on reaction of

i nt er medi atcharcod, paladinmron-gharaer) anbthe dika ard arapEeRsial feguetantapeh aknown
cyclizi ng mfyafe s suifdbRfsB VR shch Elﬁméﬁgﬂ‘dﬂ on is carried out in the presence
of a 5 suitable Lewms Acid, e.g. aluminumchloride either neat or in a

sui tabl e sol vent such as, for exanple, an aromatic hydrocarbon, e.g.
benzene, chl o b,GR‘izene met hylpenzene and the |ike; hal ogenate

hydrocar bons, efg. tr| chI or omdt hane, tetrachloro thane and th l'i ke; an
et her, tr 2 #9i oxane and %f such
sol vents S%xe er era-t-w:es-»preu |y betwe 0 1 and
stirring 1/ i rOf thereac/f . 0zg Rl
6 R6
’ (VI ax

10  Compounds of formula (I) can be prepared by hydrolysing intermediates of formula
(VIID), according to art-known methods, by submitting the intermediates of formula
(VII) to appropriate reagents, such as, tinchloride, acetic acid and hydrochloric acid, in
the presence of a reaction inert solvent, e.g. tetrahydrofuran.

O — O

Compounds of formula (I) can be prepared starting from N-oxides of formula (IX) by
converting the intermediates of formula (IX) in the presence of a suitable reagent such
as sodium carbonate or acetic anhydride and when appropriate in a solvent such as

20  dichloromethane.

o H

leq 4 R c 1'\1 0]
/ﬁ)vmﬂ;)n—@[ j\ | NS H?.)n—@[ I

# 1 P 2 1

X R 5/\>\R6 X R

) @



a NHAQ~=Q~-CH (CH / O (~RBHI \ -- 1/ \R3BI / R 1IrO°~W 6 RS
RS W6 R R (X 01) The conmpounds of forrmula (1), wherein Xis N, herein
referred to as conmpounds of formula (I-i) may be obtai ned by condensing an
appropriate ortho-benzenedi am ne of 15 formula ()(l) with an ester of

formula (XIl1) wherein Rh is Cl_6al kyl. _i{ghe condensation of the substituted
ortho=diam ne of formula ()(1) and the ester of formula (Xl I) can be

carried out in the presence of a carboxylic acid, e.g. acetic acid and the

ke, a m nelmoRidl Ha AP bR RIRER RS RGBT tasBohoniof o1 © 201 0

or a sulfonic ac anesu

benzenesul fformua aqo,dnawalmbmbtmﬁby]emlmmgmnanm@m@e oafmnmlae(X)ﬂIhe Sonmewhat
el evat ed  aRperAbi it Py iREnARRARPH! ﬁhﬁuﬁgxz 3t SohdiferdlcEordfile tb B
reaction and I'n sonme cases the reaction na be carrie he
reflex terpowacyeliging progrdurasa Breferablyithe maeuomm@awa:d@ut inthe presqnce ober at ed
during tshe t I cal .
disti T SRR ERIR AR, < B luninbR SRIEHe LIAECor T s L IR loh 3R e -
(~ \ | N Ofreexample; pn apmatiy hydmearbomiess/bewsney chigradpenzena, methylbenzene

I nter medi at g yQf hlJeOﬁzElHyé‘la(er' dﬁ)@ﬁkb@ﬁ‘s e geﬁféhﬁﬂoﬂ&hﬁé“ 'tétfa@hlbfbn?é?i‘ndi‘l@ ahgducti on

reaction starting th an internedi at fornul a ) . 1n the presence of

a netal catthe ks a%ﬁ@ﬁf epgtetrahydrafiean, fjdcqiexangfad the %Pbﬁ?’ftﬂ%‘)f% ctant such

as hydr ogenyolvents. S&hbﬁﬁét%l@ﬁieﬁ@éﬁ%rﬁu&l@ prefer@ilyBétWeen REP- RID°CREM stibrifdCHz) n
NOz R4’\ ~( CHZ n._cx fZ
enhance the rate of the reaction.

NH——&CR‘-CH— (CH
P\q*%@ = ”“(Ifi

&) ' ()

The compounds of formula (I), wherein X is N, herein fefeﬁed to as compounds of
formula (I-1) may be obtained by condensing an appropriate ortho-benzenediamine of
15 formula (XI) with an ester of formula (XII) wherein R" is Ci.salkyl. The condensation
of the substituted ortho-diamine of formula (XI) and the ester of formula (XII) can be
carried out in the presence of a carboxylic acid, e.g. acetic acid and the like, a mineral
acid such as, for example hydrochloric acid, sulfuric acid, or a sulfonic acid such as, for
example, methanesulfonic acid, benzenesulfonic acid, 4-methylbenzenesulfonic acid
20  and the like. Somewhat elevated temperatures may be appropriate to enhance the rate
of the reaction and in some cases the reaction may even be carried out at the reflux
temperature of the reaction mixture. The water which is liberated during the
condensation may be removed from the mixture by azeotropical distillation, distillation

and the like methods.
25
H

4 R NH 0 ' N0
P\\ (CHy), R < (CHy),

INES + R —— » lﬂ\\ L I

X NH, 0 /X N R
R R ' RS

XD X )

Intermediates of formula (XTI) can be prepared by a nitro to amine reduction reaction
starting with an intermediate of formula (XIII) in the presence of a metal catalyst such



(XII1) (Xt) 5 Internediates of formula (XI11) can be prepared by

hydrol ysing internedi ates of fornula (XIV), according to art-known nethods,
such as stirring the internmediate (XIV) in an aqueous acid solution in the
presence of a reaction inert solvent, e.g. tetrahydrofuran,. An appropriate
acid is for instance hydrochloric acid:19%0 Rz R* (CHIn / 02 O R (CHz)n NO2
\ RB\ Nt~ ZI R NH2 R5v\R6 RS R6 (XIV) (XIW Internediates of formula (X
can conveniently be prepared by reacting an aniline of forrmula (XV) with a
hal i de of farRmbpNickel gndian appreppiste sedceanofuch abhgdrogercin aasmitphle isoivealt 15 i n a
sui tabl e sol vgnsg %ﬁ%{blas di chl oronethane. 2 2 O NHCCR=CHCH R (CH2) \
NH2 (CH2)n BRETENEL Y RS R~ R6 0 (XVI) RS R6 11 (XV) W C CR =CH CBH5
Internmediates of forrmula (VII1) wherein nis 0, R2 is hydrogen or hydroxy
and when R2 20 iig hydrogen then R3 is hydroxy hgfein referred to as

I nt er medi at of "forpyla ( | -8, can be prlepared byl eat#ng HH
TR , Wherein Wig<h0),wt anolithi um
6R.3g. n-b Lthiumin a rig%ogo i nert sO eﬁﬁ e.g.
t h® an

I nt er medi at

reagent suc

t et rahydrofu and subsequentlf“rﬁ}2 reacting §fa\'r’ pnternmedi ate w ,

i nt er medi at 8 of Rformul a (XVII1) wherein R is ﬁydrog or a radical as
defined in R3. 25 -200#D OH\\ ~+ 11 \ R RNW& *YARI| RSR6 RS 6
(XVI1) (XVITT)

Intermediates of formula (XIIT) can be prepared by hydrolysing intermediates of

formula (XIV), according to art-known methods, such as stirring the intermediate
) (XIV) in an aqueous acid solution in the presence of a reaction inert solvent, e.g.
tetrahydrofuran,. An appropriate acid is for instance hydrochloric acid.

R2

rR* N (CHy), NO; 0 Rf\\ (CHy), NO,
ﬂ\ R J\ ﬂ/ X R NH.
/\/ 2 NH .Rs\é 6 2

(XIV) (X1I)

10

Intermediates of formula (X) can conveniently be prepared by reacting an aniline of
formula (XV) with a halide of formula (XVI) in the presence of a base such as pyridine
15 in a suitable solvent such as dichloromethane.

0

o 2 i) NH, ., E G NH——-ICII—CRECH—CGHS
20 )

ARG

RS/\é\:Rts VD Rs/\;KR(s .

0

1
W—C—CR'=CH—C¢Hj
0.4%) X

Intermediates of formula (VII) wherein n is 0, R is hydrogen or hydroxy and when R?
20  is hydrogen then R? is hydroxy herein referred to as intermediates of formula (VIII-a)
can be prepared by treating an intermediate of formula (XVII), wherein W is halo, with
an organolithium reagent such as, e.g. n-butyllithium in a reaction inert solvent, e.g.
tetrahydrofuran, and subsequently reacting said intermediate with an intermediate of
formula (XVII) wherein R'is hydrogen or a radical as defined in R?,
25



(M R-a) The present invention also relates to a conpound of fornmula (1) as
defi ned above for wuse as a nedicine. 5 The conpounds of the present
i nvention have PARP inhibiting properties as can be seen fromthe
experimental part hereinunder. The present invention contenplates the use of
compounds in the preparation of a 10 npgli canent for the treatnment of any of
t he di seases and disorders in an aninmal described herein, wherein said
conpounds are conpounds of formula (1) H 23 / RCH2~n/ ~ 1 XR R5~ R6 15
the N-oxide fornms, the pharmaceutically acceptable addition salis and the
st er eo- chenlcally |soner|c fo nms t Kereof, mhereln n|:0,10r2 0 %585 N or
CR7, wherein R7ZAS d B en o ke together w t R R y f | ent
radi cal of for Rs Cl.6al k IRP{ i 25 R2 is .
' rimay form

hydr ogen, hyd '
-0-H (a-2), -21-

O/ aykyl al kynyl or ta e X
radi ca sepected gF 1T OFg- (CH2) s- NR$RO 6?{

=0; R3is :

-ORIO (a-3), -S R11 (a-4), or -C--N (a-5), V\/nerel 5 sis0,1,20r3; R8is
-CHO, d _6alkyl, ®Mlir oxyd - al ky/XVE) - 6al kyl car bonyl ,

di (A _6al kyl ) ani noC1-6al kyl, d _6al kyl oxyCt _6al kyl , (VIll-a)

Ct _6al kyl car bonyl ami noCt - 6al kyl, piperidinyl C1- 6al kyl ,
pi peri di nyl Cl6al kyl am nocar bonyl, C1. 6al kyl oxy,
The present invention also relates to a compound of formula (I) as defined above for

use as a medicine.

The compounds of the present invention have PARP inhibiting properties as can be
seen from the experimental part hereinunder.

The present invention contemplates the use of compounds in the preparation of a

10  medicament for the treatment of any of the diseases and disorders in an animal
described herein, wherein said compounds are compounds of formula (I)

Ili :
N 0
XN (CHz)n
y | ey
X R
R ;
15 the N-oxide forms, the pharmaceutically acceptable addition salts and the stereo-
chemically isomeric forms thereof, wherein

nis 0,1 or2;

20 X isNor CR’, wherein R’ is hydrogen or taken together with R! may form a bivalent
radical of formula -CH=CH-CH=CH-;

R'is Cy.¢alkyl or thienyl;
25  R%is hydrogen, hydroxy, C;.salkyl, Cs.salkynyl or taken together with R* may form =O;
R3is a radical selected from

(CH,)s- NR*R’ (a-1),
-O-H (a-2),



thi enyl A _6al kyl, pyrrolyl Cl al kyl, aryld -6al kyl pi peridinyl, 10

aryl car bonyl C1. 6a| kyl, arylcar bonyl pi peridi nyl G _6al kyl

hal oi ndozol yl pi peri di nyI C _6al kyl, or ‘

ary1Cl. 6al kyl (G _6al kyl ) anmi nod . 6a| kyl 5, RO is hydrogen or Cl.6al kyl; R10is
Cl. 6al kyl, O -6al kyl carbonyl or di(d - %al kyl )am nod _6al kyl ; and 15 R' is

di (G - 6a|ky|)an1noCt 6al kyl; or R3 is a group of fornula -(CHz)t-Z- (b-1),
wherein tiso, 1R%§£¢R 20 Zis a geterocycl ic ring systemselected from12 \ N
12 ~I 12 \N >R 1L R12 ((é-’ (c-2) (c-3) (c-4) \ RI2H12 () tz ~HY
NI p~Rtz (c-5) s(_tR-lB) (c-7) O(@ma}r 25 R13 n 12 1/v\l HDL~ N/ N Rz Rtz
H (c-9) (c- 10)_(1‘C -22- @ in each R12 independently is hydrogen,

Cl- 6alkyl, am nocarbonyl hydr >§ 1 NH -Clbalkanediyi-Q'" 4 0

- Cl4al kanedlv@Herelﬂ\l G _o6al kyI oxyG . bal kyl', Cl. 6al kyl oxyd . 6al kyl ani no,

di (phen | C2. 6 pi peri di nyl C14al kyl, C3-1ocycl oal kyl,
C3-1 ocy I oalf Rﬁ%ga é)r’kyl

R®is -CHO, C.salkyl, hydroxyC;.¢alkyl, Cy.salkylcarbonyl,
di(Cy.¢alkyl)aminoC;.¢alkyl, C;.¢alkyloxyCi.salkyl, Cy.¢alkylcarbonylaminoC;.galkyl,
piperidinylC,.6alkyl, piperidinylC,.¢alkylaminocarbonyl, C, ¢alkyloxy,
thienylC,_¢alkyl, pyrrolylC,.¢alkyl, arylC,.salkylpiperidinyl,

10 arylcarbonylC,.salkyl, arylcarbonylpiperidinylC,_salkyl,
haloindozolylpiperidinylC, ¢alkyl, or
arylCy.¢alkyl(C,.¢alkyl)aminoC; galkyl;

R’ is hydrogen or C,alkyl;
R"is Calkyl, Cy.salkylcarbonyl or di(C;.¢alkyl)aminoC;_galkyl; and

15 RYis di(CyealkylaminoC,.salkyl;

or R? is a group of formula

«(CHo)-Z- (b-1),
wherein
tis0,1,2 or 3;
20 Z is a heterocyclic ring system selected from
\' \ ’\ N
R12 \ HN\ §_R12 HN\N\_RIZ
\ s \__/ 7R \—/ \—!
} (c-1) (c2) ' (c-3) (c-4)
\ N /-——'\R12 lIiII IL
/ N\ o2 X - \l l 12
R HN NH R
\J I\O>\R12
(c-5) (c-6) (c-7 o (c-8)

25
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5 aryl oxy(hydroxy) G _6al kyl, hal oi ndazol yl, aryl Cl-al kyl, arylC2-6al kenyl,
nor phol i no, C1. 6al kyli m dazolyl, or pyridinyld _6allylamno; and each R13
i ndependently is hydrogen, piperidinyl or aryl; R4, R5 and R6 are each

i ndependent|y sel ected from hydrogen, halo, trihalonethyl, 10

tri hal onmet hoxy, G -6al kyl, Cl6al kyl oxy;2di (G . 6al kyl ) am no,

di (G _6al kyl )am noCi 6a| kyl oxy or O _6al kyl oxycar bonyl; or when R5 and R6
are on adj acent positions they may t aken together forma bival ent radical

of formula 12 ,gdga gﬁ%w (d-3), or
-NH-C(O) - Nm‘é%%eﬁ ?ﬂ{ g ]‘}‘de\ﬁﬁ‘é‘?"é‘uﬂgs( &nl &ﬁ(lyi)alnuno enyl or
phenyl substituted wt h hal o, C _6al kyI d 6a| Kyl oxy. The present

i nvention al so contenpl at t he use of p7a ds of formula (1) in the
prepar at i on of-Casalkeeidybmdint f\or t he treat hen of one or nore diseases and
di sorders in a n ani rral des | bed t]erely\?, %I’EI n the conmpound is a
conpound of formula (I- N T Epselkepgi i) the N-oxide forns, the

camor i c 1 orseifARRGERs ﬁ’%mb‘*ﬂ%‘?&z@ﬁﬁ Sdﬁéb%nil‘:%ﬁﬁﬁwﬁheﬁ‘ef i or

ethyl; R2 llapcmdimy:l@emlk)& ERiocylaalkyl, @pocwcloaldwlﬁnsalkyb 1); t is 0; -Zis the

att ached o THEFURIRE iy URHBNMC AR IC, e MR, Coen

and Ci.¢alkylimidazolyl, or pyridinylC,_ ¢alkylamino; and

each R independently is hydrogen, pipetidinyl or aryl;

~ R%,R’andR° are each independently selected from hydrogen, halo, trihalomethyl,
10 trihalomethoxy, Ci.¢alkyl, Ci.salkyloxy, di(C.salkyl)amino, di(C;.¢alkyl)aminoC;.
salkyloxy or C,; salkyloxycarbonyl; or
when R’ and R® are on adjacent positions they may taken together form a bivalent
radical of formula

-0-CH,-0 (d-1),
15 -0-(CHy),-O- (d-2),
-CH=CH-CH=CH- (d-3), or
-NH-C(O)-NR"=CH- (d-4),
wherein R' is Cygalkyl;

20  aryl is phenyl or phenyl substituted with halo, C;.¢alkyl or C;_alkyloxy.

The present invention also contemplates the use of compounds of formula (I) in the
preparation of a medicament for the treatment of one or more diseases and disorders in
an animal described herein, wherein the compound is a compound of formula (I-1)

25

Yoo
[y L, o

R15

the N-oxide forms, the pharmaceutically acceptable addition salts and the stereo-
chemically isomeric forms thereof, wherein
30



10 R15 is hydrogen, hal o, Cl.6alkyl or Cl.5al kyloxy. Mre in particular the
conpound of fornmula (1-1) is 3-ethyl-7-[(1H i m dazol -1 -

yl phenyl net hyl ] - 2( 1 H) - qui noxal i none (conpound No. 19 of the present
application) or .

7-[ (4-chl orophenyl)-1Himdazol - 1-yl rrég%—yl ] - 3-met hyl - 2( 1H) - qui noxal i none 15
(compound No 20 of the present application). In view of their PARP binding
properties the conmpounds of the present invention nay be used as reference
conpounds BiS®racer conpounds in which case one of the atoms of the

ol ecul e ngy;se replaced with, for instance, a radioactive isotope. 20 To
prepare the;pharmaceutical conpositions of this invention, an effective
amount of B 1SgatRylOuFHYLl conpound, in base or acid addition salt form as the
active i ngRéggilg,afoggﬁ; conbined in intimate adm xture with a pharmaceutically
acceptabl e_garrier, ict] C grier may take a wide variety of forns
dependihg BnitHEORPIPERY ﬁr(l?e‘g ration desired 25 for administration. These
phar maceut t 3@ conpositions are desirably in unitary dosage formsuitable,
preferably,,faor mnistrati on ora rectall er.cut anequsly, or by

Par ent or al % 110 SRR CBE e s iR 662} Hoosk B ReferoRELE SHBSERR AL T o7 a
dosage f or agtachahty thd restod thesmalecylb avitheckittbgaradtomedi a may be enpl oyed, such
as, for exgmpl te glycols, oils, alcohols and the like in the case of
oral Iiqui lﬁgﬁ‘g\é\gﬁﬁ’é%% such as 30 suspensions, syrups, elixirs and

sol uti bhs; R(5$is bydrogeng baloj GrelkylahCaslkylagyches, sugars, kaolin, |ubricants,
bi nders, disintegrating agents and the like in the case of powders, pills,
capsul es and tablets. Because of their ease in admnistration, tablets and
capsul es Mg imgeticuidn éhermompoxnd effomguladdds dtethjd JagbHamidazélel-m i n whi ch
case solid bl Gal ;6 i loy, - parent er al
conposi ti Owﬂ&%@&gg@g g@l ((]edr;ﬁ’év)\,{ 116%5%@?%?0%29505 st rrg%éfnga@?{g}o?ﬁat | east
in |arge p&F{-J(4tohgpheayld H-imidezokd i dmethyllihmstiyl-2diuinaxglingpe exanpl e, may
be i nchsidegondpBieENabiccrind iek’ébéﬁﬂ&%plfcﬁﬁon).exaﬁm e, may be prepared in which
the carrier conprises saline solution, glucose -24- solution or a m xture of
sal i ne and gl ucose solution. Injectable suspensions nmay al so be prepared in
whi ch casenpipgwastrthélt @ AIRPObinding Pibpeetics, thé UEBAOEAS Bf VYL PpleSend Mibehfién | | ke may
be enpl oyed. I n the conpositions aui t&bl e for percut ﬁg}gous adm nj stration,
the carri efnaYbﬁP?@rPéFF{}P%%ﬁ?%%l S Op BT FARPRRds Ak RCh fgseeperf thhd/ or &
sui t abl e wefokisof tlRgRslEculEmapbe espdcey withnfor iesthnot, tdradiohdtbelisotasddi ti ves of * any
nat ur e én m nor proportions, which additives do not cause a significant

del eteff ous effect to the skin. Said additives may facilitate the

adm ni st r affoprephre thdphaskaceutioal/compostionseoftilek prfvehtidm an pffegipve anguhbhef adesi r ed
COMPOSi ti 0f5 i HACREaRIR O bide ¥ Seil M aiiEn RIS EEHE dor VR iMBEkRHS vaYs. e 9.

as a

combined in intimate admixture with a pharmaceutically acceptable carrier, which
carrier may take a wide variety of forms depending on the form of preparation desired

25  for administration. These pharmaceutical compositions are desirably in unitary dosage
form suitable, preferably, for administration orally, rectally, percutaneously, or by
parenteral injection. For example, in preparing the compositions in oral dosage form,
any of the usual pharmaceutical media may be employed, such as, for example, water,
glycols, oils, alcohols and the like in the case of oral liquid preparations such as

30  suspensions, syrups, elixirs and solutions; or solid carriers such as starches, sugars,
kaolin, lubricants, binders, disintegrating agents and the like in the case of powders,
pills, capsules and tablets, Because of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. For parenteral compositions, the

35  carrier will usually comprise sterile water, at least in large part, though other
ingredients, to aid solubility for example, may be included. Injectable solutions, for
example, may be prepared in which the carrier comprises saline solution, glucose



transdermal patch, as a spot-on, as an ointnent. It is especially

advant ageous to 10 fornul ate the af orenenti oned pharnaceuti cal conpositions
in dosage unit formfor ease of adm nistration and uniformty of dosage.
Dosage unit formas used in the specification and clains herein refers to
physically discrete units suitable as ygitary dosages, each unit containing
a predeterm.ned quantity of active ingredient calculated to produce the
desired therapeutic effect in association with the required 15

h bl
(i el adi g oio . Bikrs gt Sme R Blugst OupB cHBld o Bnffy R8s, <
waf ers, i npepiradiewhichchsemapprapriatedigupbomsiion ssuspeadsygagerits i thedike asgyoo nful s

and the 11 ke 0B GORYRL uBL8Re o BekiBheon? SR rAPROHE YRS, L1

pr esent i nved can trfea Sue“danage resultin
damage or optimally umnpnsesa@ﬂwamom enlmpojngagent; and/ion a awitdbleoweitiog lagcnt,al or

cardi OV b‘ﬂ)t?cfn l# §§ﬂ{8mg&‘gfftgesmt£ﬁé: %\d{ﬂﬁ\ﬂ% of Qﬁ%ngtﬁlle iff %{?& eﬁ ?ﬁcﬁ’hoﬁss

nmyocar reperrusion In rous |seases
and condl tadih@ve@akrwdcanse aébgati‘@ainadewert;ws reffan tatheu skdn: ﬁald:@ddlevasenay or

| ncrease t fgpiid ﬂ-@%ﬂn{ﬁ%uﬁ}fdﬁ' tbftlf‘e{ﬁc‘iﬂ Xrﬁi/&ﬁn@ﬁ?@ﬁélﬁtﬁl £k gfe?: 135 tHe Uittt e the

gene expreSS|0n 0 senescent ce can radl osensitiz
chenpsensi ¢9mRositiNs s Thesergemppsifions may be administsredinpariges vays: 9- gs @dkes the

cells frommasmay gh@ﬁ Sas E@N&Wak B ointierth 1§@ ci‘Bfly A&VWHnAlo e&fg tloS

irreversible depol arizatio neur.ons, prOV|
neur opkbt eff’é'inél]f@te tho af‘ﬁ?mﬂ’f@nﬁ%P@ﬁ@ﬁaﬁfgltlﬁélé‘é’msmpﬁ%mﬂoé@ér\m“l ﬁKPé fari on furt her

rel ates tOesde BEhdAFiatioRehd ﬁmﬁmit {30 d8salgb e DBRRY uhit FbrnY asafsk@ ¢ fhwe amount of
t he above-identified ¢ ngvg]ﬁ an anpunt .suffi ci ent ai)&ﬁlnhlblt PARP |
activity, $RSC é'é?n%ﬂdcg?l ’Ee“l‘l' ﬁlg’ﬂ%}’ﬁ’& diserete units guit BrYdamage or
death due dexa éab‘hl Lﬁut%nﬁﬂﬁnlig @?ﬂeﬂeteﬁﬂn@d’l gemtitpofMmetvOigtedient talvilhtgd Not

medi at ed %6 @C Xk Cl t t e %geﬁ&a neur naI t}ml VItY @Edl ated by 35 NVDA
toxicity, PP %“GF h[efaé’gﬁtép eASPREL °P."H§1 P oYL heni a and

reper f 1fsi opharmawmyal aamuroEmnpla& ofiush ddeags vain domsBurorbges(@chidivg di seases;
to prevent_or r 0 vent rdi ovascul ar
di sorders; SC% di %teg¥2}a!i)i"£fi5 rli’all?lfg’g %ﬁg,pé\gd rgﬁgl?e(t)s (N&Peggruag?tgﬁgaglﬁg%s Oe{ge-

rel at ed wwpémromagmpeoﬁulsomblespdbﬁﬁﬂmahcbthbhke iandsegregaaimsltiplese di seases,

i nflammatign gout, arthritis, atherosclerosis, cachexia, cancer,

degeneratlve 8|seases of skeletal muscl e involving replicative senescence,
dlabetes head trauma, inflammatory bowel disorders (such as colitis and

o ohn % 4 PReGsApoumdUPHY pRebiNen B Yan Ok BPAEl h&% dafLCRRG) lﬁg

chronlc an ute paln such as neur op at paln ren
retinal i s@ﬁr@rﬁeﬂ amage prdeg tp Berpsig er m&qsex%\ araghiogats netuﬁloprs kin aging,

to extend ¢hgiobascBRPaus AEmRED irlchiirfl thiEfoflaRAf fodal Rch&lal diyotfdial t er
infarction, and reperfusion injury; can treat various diseases and conditions caused or
exacerbated by PARP activity; can extend or increase the lifespan or proliferative
25  capacity of cells; can alter the gene expression of senescent cells; can radiosensitize
and/or chemosensitize cells. Generally, inhibition of PARP activity spares the cells
from energy loss, preventing, in the case of neural cells, irreversible depolarization of
the neurons, and thus, provides neuroprotection.

30 For the foregoing reasons, the present invention further relates to a method of
administering a therapeutically effective amount of the above-identified compounds in
an amount sufficient to inhibit PARP activity, to treat or prevent tissue damage
resulting from cell damage or death due to necrosis or apoptosis, to effect a neuronal
activity not mediated by NMDA toxicity, to effect a neuronal activity mediated by

35 NMDA toxicity, to treat neural tissue damage resulting from ischemia and reperfusion
injury, neurological disorders and neurodegenerative diseases; to prevent or treat
vascular stroke; to treat or prevent cardiovascular disorders; to treat other conditions



gene expression of senescent cells; chenbsensitize and/or radi osensitize
(hypoxic) tunor cells. The present invention also relates to treating

di seases and conditions in an 10 ani mal which conprises admnistering to
said aninmal a therapeutically effectiv?s_annunt of the above-identified
conpounds. In particular, the present Thvention relates to a nethod of
treating, preventing or inhibiting a neurological disorder in an ani mal,

whi ch conprises adm nistering to said animl a _therapeutically effective
anount of erdordisRrders guah aspRedelatsdsBIsWar deﬂ’-?aerfsome‘mﬁ Wgiogther IAIEBe der i s

sel ected fEgideh€e Gk, ﬁﬂﬁ%ﬁﬁdtiioﬂg%d&i, APt HeHeRdscREOKIH BAhBYia, Gaabsred by
physi cal injury qor disease statf, raumati.c brain inj uré@ physi cal damage to
the spi nal degsnerativg disgases,fskeletal mysls tnyolying Wpﬁ%‘f‘é@é‘?neﬁ 5%, dlabeteeni a, gl obal

i schem a, LR IFRANINMtOH bowe EdGHiED fuch @s Bb1RA%ME Gokh'O\@ikag¢)0gi cal
di sorder relating to .neurodegeneration. .20, The Ergdzsent i nvention al so

cont enpP at SWseHiy dysEoRlY; o3 AHS o8teopgPsi chrqnig andier achtspaisy (Sichasparp
activity, heuropdiliatphiny, rejd] €k, irgtthabischiondia Wepiitichock $5dk aslemidgsxid esul ting

f | deat h due, t t OSi . t ting,

or oventi ng B0 AR RN gl & et SRagF oan an BETRe s e b selS o 60Hhe erm
" prevent i ngenmesxpredsige oeseatscent cellscheresentitiee adl/od ragiobensitize ¢epbxic) _

i seaser " Siinedfy peaRGRIA ARl a4 MR RIS 0P B dulioRtR T
pr evenid ng ahimal which comprissiegemesstatingto said pamakntherapbaticallp efieatwady suf f ering
from or ha\éﬁoﬁ%rmttl%n%& -Iicfientif‘)fgd Sl 98 jenerative disease. The term

"treatment” "as used herein covers -any treatnment of a disease and/or

condi ti on In partienlam thegireseptanveangion selatgs to amethnd ofiveatingcpreventing 0 ) pr event i ng
a di sease g{hqg lobicaNgifdr@&PiR i li % A iqe

predi sposed t ()Iﬁlé%%ﬁ%iﬂgé)giggr%né?‘?rl %H@gdr?g?’{l}lg}léqb ”egg not é;@lgr{gg%‘ﬁ

di agnosed aBim#hd thegapenticallyieffectivgi amauntef the abeyeddenified cgmppundsodBeti on, i.e.,

arrestijpg inboldi¢al MBETA s sdibdtéd fré@ theedtols cofdtutiflh D€ pafpHRAIAGopANAI t i On,
I .e., causing regresslagn,of t‘gjg di sease and/or candition. -26-" THe term
"r adi osensFRYSe@PY physical, iy QEfisease state, Haymaficbrain 1njuRy Phytical damagster apl y a

| ow ol eceapindPédi] stitRt assutigted i brhis ldamage, fecal INchdthia, % Bbdl iehanRrUt i cal |y
effective ampunts.to |~$ﬁ(§5eﬁse. t he sensiti wqt5 .of the cells to ionizing
radi ati on &PE7IBHOR BUY ofispyeliBatingdisepseandneprolesical disgrder refghing o ar e t r eat abl e
W t h ioni znagodepgdherhii@n. D seases which are treatable with ionizing -
radiatEBn i ncl ude neopl astic di seases, benign and mal i gnant

The present invention also contemplates the use of compounds of formula (I) for

inhibiting PARP activity, for treating, preventing or inhibiting tissue damage resulting

from cell damage or death due to necrosis or apoptosis, for treating, preventing or

inhibiting a neurological disorder in an animal.
25

The term "preventing neurodegeneration” includes the ability to prevent

neurodegeneration in patients newly diagnosed as having a neurodegenerative disease,

or at risk of developing a new degenerative disease and for preventing further

neurodegeneration in patients who are already suffering from or have symptoms of a
30  neurodegenerative disease.

The term "treatment" as used herein covers any treatment of a disease and/or condition
in an animal, particularly a human, and includes: (i) preventing a disease and/or
condition from occurring in a subject which may be predisposed to the disease and/or

35 condition but has not yet been diagnosed as having it; (ii) inhibiting the disease and/or
condition, i.e., arresting its development; (iii) relieving the disease and/or condition,
i.e., causing regression of the disease and/or condition.



tunors, and cancerous cells. lonizing radiation treatnent of other di seases
not listed herein are also contenplated by the present invention. 10 The
term "chenosensitizer", as used herein, is defined as a nolecule, preferably -
a low nolecular weight nolecule, admnistered to animals in therapeutically
effective anounts to increase the senspg-ivity of cells to chenot herapy

and/ or pronote the treatnent of diseases which are treatable with

chenot herapeutics. Di seases which are treatable with chenotherapy include
neopl asti ¢ di seases, benign and malignant tnors 15 and cancerous cells.
Chenot herapy treatnent of other diseases not listed herein are also

cont enpl at eﬁleﬁm Fradiesensisizer”, as/usad hergin, Siefisethpoumelsculeoprstesahly adew and

met hods of Iﬁ&ecﬁwegg thOWENE 'é&ﬁuﬁﬁt@reﬁ% Bﬁlﬁiﬁh@ihltﬂera ﬁ%ﬁi Jf{%u‘é/é eating or
preventing tissue e resulting fromcell deat 3% ue 20 to

necr osi s oralmp'@ﬁtt@sﬂl@eaﬁrﬂ'@ sensiivithefdhe eellsie lwegemauwendﬁ%bw PIEAOse

"anti - C%ncgﬁe REAMERL of dddabdd WIREHTA higRable Qﬁﬂﬁi@ﬁi‘éﬁm%sradlﬁﬁéd TiseaRes vagkl growt h
agent s’ anti - neopl.astic agents". For fﬂgtlggﬁ t he net hods_of the

i nvention aretreatehlewithjenizing sediatipnineiuds aeop eAtes braign jand FRglignant or

radi osensi tymbRYatdCHACerd8s Ealls! mn%rgqaﬂlau&uﬁ&mnﬁ@mez Qise4sRE H6t IRgedt unor s,
acute | ynphocytic | eukem a, %tg&gyfé}enonl E%i hoc tic |l eukema, cancer of the

adr enal  corhegsin axs; alspgontemp] AT nbreast cancer, cervi cal
cancer, chronic lynphocytic |eukem a, chroni c nyel ocyt ic | eukerri a,

I I T-cel h
SSOBLSébil B0 “cheRIoNgRTIER, f5ihec hatsi By Criied SLaREFCUlenBrefFRIERIOW uken
head &neck melesasdir, wéighigholatde, Iaﬂmﬁlmd t@eniktmixiaithesapeaticalyeeffektidney cancer,

i ver cancer a ( [ nant
peritoneal aé?quﬂgsqgﬁn ﬁaéghbe S%H?l e@dggﬁ Eof@@gx%g%rapmg)%b&mm%ﬁgg t hel i oma,
mul ti pl e miedaonent ofi diseasbs whtohm&; trcmble withl ghé motberapenticn nRjseases whichare ona,
ovarian ca t iC
cancer, penl eablce%i?lé?h re 1“0%(18?}56&2{3&1? Q{Sggstﬁg b%m%ﬂ%ﬁ ?E[{ahgsue Igi{:jllﬁscorra

S quarmd§ ceintl cagceeussehs ﬁemoﬂtemmmamnc of otheredisdasesinat ligtad berein areglsoi d
cancer, tr Wp?a% erine cancer, vagi nal cancer, cancer of
the vul va ;z%iég rﬁL'(isG%,gﬁngirP%sgﬁ{Z@yﬂ-%hce t he corrpounds of the present

i nvention can be used as "radi osensitizer"” and/or "chenobsensitizer"

Radi osensi tigch ﬁﬁfdskeéiﬂﬁoéﬁbds%ﬁ& ﬁéﬁﬁ)d& Bﬁth@%?e%bﬁt'lﬂ\l'énﬁoﬁfa C;ﬁﬂ&‘&'léﬂft cel | s:to

the toxic 5 effécts of ionizing radiation. Several nechanisns f he node

of action dise }ﬁ|tli9§’élﬂ%‘?rtl?f§‘éﬁ"§m§§§%’el§é@ﬁces’i‘}§ yJung fgm gellideathor damage due

i ncl udiopg: tb},ﬁ@@ggglgop@dptos{sadl osensitizers (e.g., 2- nitroimdazole

conpounds, .gnd benzo azine di oxi de .
P ﬁw compoun&s of € present fvention can be "anti-cancer agents", which term also

encompasses "anti-tumor cell growth agents" and "anti-neoplastic agents". For
example, the methods of the invention are useful for treating cancers and
chemosensitizing and/or radiosensitizing tumor cells in cancers such as ACTH-

25  producing tumors, acute lymphocytic leukemia, acute nonlymphocytic leukemia,
cancer of the adrenal cortex, bladder cancer, brain cancer, breast cancer, cervical
cancer, chronic Iymphocytic leukemia, chronic myelocytic leukemia, colorectal cancer,
cutaneous T-cell lymphoma, endometrial cancer, esophageal cancer, Ewing's sarcoma
gallbladder cancer, hairy cell leukemia, head &neck cancer, Hodgkin's Iymphoma,

30  Kaposi's sarcoma, kidney cancer, liver cancer, lung cancer (small and/or non-small
cell), malignant peritoneal effusion, malignant pleural effusion, melanoma,
mesothelioma, multiple myeloma, neuroblastoma, non- Hodgkin's Iymphoma,
osteosarcoma, ovarian cancer, ovary (germ cell) cancer, prostate cancer, pancreatic
cancer, penile cancer, retinoblastoma, skin cancer, soft tissue sarcoma, squamous cell

35 carcinomas, stomach cancer, testicular cancer, thyroid cancer, trophoblastic neoplasms,

uterine cancer, vaginal cancer, cancer of the vulva and Wilm's tumor.



conpounds) m m cking oxygen or alternatively behave |ike bioreductive agents
under hypoxi a; non-hypoxic cell radiosensitizers (e.g., hal ogenated
pyrim di nes) can be 10 anal ogs of DNA bases and preferentially incorporate
into the DNA of cancer cells and therehy pronote the radiation-induced
breaki ng of DNA nol ecul es and/or prevent the normal DNA repair nechani sns;
and various other potential nmechanisnms of action have been hypot hesi zed for
radi osensitizers in the treatnment of di sease. Mny cancer treatnent

prot ocol s HHgneeethe cgmporsids pf the pressetrinyentigr can bewsed g (radivsangitizer’ and/ob
radiation efy éﬁmﬁé% exanpl es of x-ray activated radiosensitizers include,
but are not n1te to, the follow ng: netronidazole, m sonidazol e,
desnethyln1son|dazole pi noni dazol e, etani dazol e, ninorazole, mtonycin C

RSU 1069, Igejémzée%:e Bﬁwn%%reage %tgeﬂﬁml Pof cﬁ?&;&imeﬁ@e@ma togwe (BUdR),

5- |ododeox br onodeoxycyt i | uor od eoxgurl I ne (FudR),
hydr oxydr eéf e‘é‘i gﬁguoaltzmrg ra%teprg§evq1@rraiféa@1ﬁ@&fqrﬁh%mp@fc@ﬁ agomphl ogs and

derivati Ve%acﬁ’éseﬁd?ﬁze%ﬂme bE’é}f)édggé’éﬂé‘H‘ithé f‘t@fa%&b!u(cﬁ@?ﬁ -Alpeadeqr s enpl oys
visible light as the yadiati.on, actlvator of the senS| i zi ng. agent. Exanples

of phot odyﬁfﬁh‘?sénﬁﬂa%ﬁfso &s 1Riraydazoly aaapounds. apdbengofriagine BigKidgr e not 1 m t ed

to: hemat opemphitids) miAEkina bk yes, orBhéih@cﬁ\rdmbehab@nmsfeabwvemﬁ&ﬁé uygki ves, tin
eti opor phyrin, heo or bi.de bact eri ochl or ophyl | télggl ocyani nes,

25.na
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compounds, A wa?rné,@ﬁ%ﬁar‘%ﬁl&bbﬁ-?qd%cﬁb Ghe BN ARG et h

i ncor por at momalﬂ)Nmmbpa&emhamms and oatioes dileor getentid Inheghard empofiaeden 30 whi ch
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cell s cnims e Bl PRI pdSssnRth b b BHAPH T o W thout
addi ti onal Mamhcameotrgatrrmnt mmolswhﬂcmbmployatald;osefsimmlneomunmiourvdﬁl for
treatipg C%ﬁfo&?ﬁ x%{)&ﬁﬁx%ﬁﬁééﬁx ra%)Eﬁ&ﬁ gé??ad?Jse ?ﬁyel‘s 18&ﬁhe tbﬁﬁ&@ﬂgut Ic agents

that may be use unctron | osensiti zer t are not
limted tolingted rtcmcslneoﬁ@llawmg metroridezald, mis@tidazglei mms&ybnmgudamlwm di ne,
oxygen, Cg@%q&ﬁ&hzgree&aﬁabiolé RS Hfifom et ! RSUQGES ;sgv %§3eE@)9 rpF! uosol 10

DA), 2,3 cal ci um chan bl oc pent 0X

ant i angi ogéhth |H§O€BW@GQETOWE?WEQW4BUM i

chenot her apgyphddeox ye§tidine SiotodebR yuﬂmﬂe qmdw% %9dﬂo§@ymﬁ9£lc}éﬁlhhhodhdw th
radi osensitizers . inclyde, but ar?el}fr n adrianycin, canptot heci n,

car bopft i Hhergpeutisallyeffectivs analogs, valdves gg@lsamedoxor ubicin, interferon
(al pha, bemotoeymiﬁ& theraptyqpbe?nbf ¢anders lefrllplb% eiile lignas tﬁezmﬁhuon icapgbecan, and

t herapeuti c effective S rivativyes of. t
P o? >gensﬂiz?ng agent. %?campl%s ofSl &otoc?ynanu% raéflosensmzers mc?uc{mthe

following, but are not limited to: hematoporphyrin derivatives, Photofrin,

benzoporphyrin derivatives, tin etioporphyrin, pheoborbide-a, bacteriochlorophyll-a,

25  naphthalocyanines, phthalocyanines, zinc phthalocyanine, and therapeutically effective
analogs and derivatives of the same.
Radiosensitizers may be administered in conjunction with a therapeutically effective
amount of one or more other compounds, including but not limited to: compounds
which promote the incorporation of radiosensitizers to the target cells; compounds

30  which control the flow of therapeutics, nutrients, and/or oxygen to the target cells;
chemotherapeutic agents which act on the tumor with or without additional radiation;
or other therapeutically effective compounds for treating cancer or other disease.
Examples of additional therapeutic agents that may be used in conjunction with
radiosensitizers include, but are not limited to: 5-fluorouracil, leucovorin, 5' -amino-

35  5'deoxythymidine, oxygen, carbogen, red cell transfusions, perfluorocarbons (e.g.,
Fluosol 10 DA), 2,3-DPG, BW12C, calcium channel blockers, pentoxyfylline,
antiangiogenesis compounds, hydralazine, and LBSO. Examples of chemotherapeutic



5 Chenosensitizers may be adm nistered in conjunction with a therapeutically
effective anount of one or nore other conpounds, including but not limted
to : conmpounds which pronote the incorporation of chenbsensitizers to the
target cells; compounds which control the flow of therapeutics, nutrients,
and/ or oxygen to the target cells; 10 cigenot hearpeutic agents which act on
the tunor or other therapueutically effective conpounds for treating cancer
or other disease. Exanples of additional therapeutical agents that may be

used in Coryg&ﬂgh'la?ﬂlaybta sdel1f U ARSI i caloBéilsHftErs iRibd@ bt f18Thot b ©d 1O

met hyl at i ng©agen oposi SOITE ase tors an er C earpeutic

agent s sucnommgma@ampt@th@mmc@mwlﬁm, cigatirh daunempieinddocexelor nul a (1) can
al 30 be UseglibiibRELSHibiGon 43@{1% b, debindfaforlcBiaH 2, flcechi éﬂﬁiak@lu' ar the

PARP- 1 receptor se the conpounds of or mu tan be

| abel ed. saombt«pmeandctbmam ea,ffeéavef anglngs laed detbiapivesoefshe samgy of a

radi oi sqtope, spin label, antigen |label, enzyne |abel fluorescent group or
a chem ['uniiniscent group. 20 Those skilled in the art coul d easily

det er m ne tGhemesensitizersanaiihe administsrad in sonjunetionaeith a therapeetically stfeetiveei naf t er .

I n general ahiouhtsoﬂ‘&iet&m&@étﬁ& uﬁﬂh aichuedd MR naMBmiéd wotsoehp%ﬁndsf rom 0. 001
ng/ kg to 100 ng/ kg body weig particular fromOQ, 005 ng/kg to 10

a
mg/ kg body %ﬂgmomorq thﬁﬁwa’@raém%ﬁmra@sen%wamtm @rest celie cma@nqdéd dose as
two, three,wdéh Edhitiiol e fRSW@f theHapsities, slu&ren@pmmrdxgg@x ﬂorth@faygét gelldr oug hout

t he daé Sgh rﬁlb doses @63‘ for% ated as uni ft dosagC fo

exanpl 0 £ Pﬂgelﬁl%%e% 3gpon ths fumor orpthertheraptieu aily eFthCZOO my of
active i ngreegipeidsifer trésting cd@aﬁgeothﬁrdﬂseaﬂ%hﬂxixﬁblbs)w aamnﬁmamhbﬁ eutichust rate
t he present art Hereina i s defines

ot ot T ety i g e sl BRI Bt B fosditZeRapctide, butHERPt g o
di i sopr opy llingitedao ; niefiyFdting agetes, itoppdisameisd\F hibitbisydnti otz chetrothearpidtic | s

def i ned 1 def i ned di chl th , 35
"t oron | < s ST SEARD AR BlepmBe . P LGer Thed a6 tetrahyar of uran,
"MEK" 1§ defined as net hyI ethyl keton. -29- A Preparation of the

I nter medi atyge COMBUREDE oA e al® befds&PRY @tdcPBr REnd Y PRRP S | -

more in particular the PARP-1 receptor. For that purpose the.compounds of formula (T)

can be labeled. Said label can be selected from the group consisting of a radioisotope,
spin label, antigen label, enzyme label fluorescent group or a chemiluminiscent group.
20
Those skilled in the art could easily determine the effective amount from the test results
presented hereinafter. In general it is contemplated that an effective amount would be
from 0.001 mg/kg to 100 mg/kg body weight, and in particular from 0.005 mg/kg to 10
mg/kg body weight. It may be appropriate to administer the required dose as two, three,
25  four or more sub-doses at appropriate intervals throughout the day. Said sub-doses
may be formulated as unit dosage forms, for example, containing 0.05 to 500 mg, and
in particular 0.1 mg to 200 mg of active ingredient per unit dosage form.

The following examples illustrate the present invention.
30

Experimental part
Hereinafter, “BulLi” is defines as butyl-lithium, “MeOH” is defined as methanol,

“DIPE” is defined as diisopropyl ether, “DMF” is defined as N,N-dimethylformamide,
“DME” is defined as 1,2-dimethoxyethane, “DCM” is defined as dichloromethane,

35 “EtOAc” is defined as ethyl acetate , “THF” is defined as tetrahydrofuran, “MEK” is
defined as methy] ethyl keton.



NH 1 Nitric acid (fumng) (26.7m) was added dropwi se at roomtenperature to
a solution, of N [4-(2-0x0-2-phenylethyl)phenyl]- acetam de (0.2128 nol) in
acetic acid, anhydride 5 (1100m) while the tenperature was kept bel ow 30C
The mixture was stirred for 1 hour, pouped out into ice water and
neutralized wth a concentrated NH4ACOH §8Fution. The precipitate was
filtered off, washed with water and with diethyl ether and dried, vyielding
409 (63% of internmediate 1. bl.Preparation of internediate 2 NH T 107 o
Sodi um hydralepara ftheiptemmediatiggempeunds porti onwi se at 10C under N2 fl ow
to a 10 solution of internediate 1 (0.096 nol) in nethanol (350mL). The

m xture wasExample A4 at 10C for 30 nin, poured out into ice water and
extracted W) tPherdafMon bR tt&hitaitel | ayer was sepgﬁated, dried (MgS»™4),
filtered and"the sol'vent was evaporated tjl| wess, yielding 229 (76% of
internediate 2. c) Preparation of internefia 3 06,P nBs" "NH~1 o

Met hyl sul fonyl chloride (0.076 nol) wfs Jadded dippwi se at OC under N2 fl ow
to a 15 suspension of internmedite 2 (%038 mol)®and triethyl am ne (0.076

mol ) i n DCMyit§d Q9 thimind) 2261741 Wil a@l RSpwise s hBh tdpliatiksto alddfutalogent was

evaporated (w thout = heating). The product was used W thout further
pur 11 cat 1 ML oK xR BB RIDEhET - ACPATAe 0cA 28 820 njscetfratis aphtdideon of
iI nHt er m%‘g,i atﬁﬂlmrg])%w%gmﬁtemp&gﬁé?h@@p@ﬁelb\ggﬂpﬂgm. b'eaﬁ]ﬁ(t tite (s @ﬁﬁedﬁl&)l;

i rni dazol e :  npl ). and, pot assi u ..car bonat e in
acetonitri IQ@“( Fﬁil)ou\tn}é‘ég‘:‘?f’i an(gﬂﬂ‘tﬁag]ﬁdu‘%ﬁa%ﬁ‘ceﬁgmﬁé&?‘gé%{aﬂ‘é‘ Tcool ed to
room t enperHieyrecipitaeiwasfibered offf washed with weiteraind wattt diedtiyleghediahd diédyl  The
organic Iayer1 was Sﬁ@?tfed dr(ﬁetd (MgS™), filtered and the sol vent was
evapor at-ed YFAMEF0p0E%0) Ofptermpedista b " yas burified by col urm chromat ogr aphy
over sili cab)Réparaimn of atermtediatd "M CH3OH NHAOH 95('5/ 0. 1). The pure fractions

were collected and the solvent was evapopatp N el di ng 4.5g (34% of

Sodium hydroborate (0.1056 mol) was added portionwise at 10°C under N, flow to a
10  solution of intermediate 1 (0.096 mol) in methanol (350ml). The mixture was stirred at e
10°C for 30 min, poured out into ice water and extracted with DCM. The organic layer
was separated, dried (MgSOy), filtered and the solvent was evaporated till dryness,
yielding 22g (76%) of intermediate 2.

¢) Preparation of intermediate 3 QP g
/s\ O NH
(o
g ]
) Methylsulfonyl chloride (0.076 mol) was added dropwise at 0°C under N, flow to a

15  suspension of intermedite 2 (0.038 mol) and triethylamine (0.076 mol) in DCM
(100ml). The mixture was stirred for 12 hours. The solvent was evaporated (without
heating). The product was used without further purification, yielding (quant.) of
intermediate 3.

(o}
ti f int diate 4
d) Preparation of intermediate U ?;

w

A mixture of intermediate 3 (0.038 mol), 1H-imidazole (0.076 mol) and potassium

20  carbonate (0.076 mol) in acetonitrile (300ml) was stirred and refluxed for 15 hours,
then cooled to room temperature, poured out into ice water and extracted with DCM.
The organic layer was separated, dried (MgSOy), filtered and the solvent was
evaporated till dryness. The residue was purified by column chromatography over silica



O~ NHI f O Amxture of internediate 4 (0.0128 nol) in sodi um hydroxi de
(110m ) and ethanol (30m) was stirred at roomtenperature for 3 hours,
poured out on ice and extracted 5 with DCM The organic | ayer was
separated, dried (MgSM), filtered and the solvent was evaporated till
dryness, yielding 2.759 (70% of intermpdiate 5. f)_Pre_paration of
internmediate 6 r,u A mxture of internediate 5 (0.0089 nol) in nethanol
(150m) was hydrogenated under a 3 bar pressure for 45 min with Raney

Fiter edtRPORgECBERUCTLOIONEIOR Py e o o Y ks o B BFUALC.

yi el di ng 2 sél9ent (Wad @¥gpondted, ntieldimgdi ft B4%) of iBtcampdieteA? a) Preparation of

nt er medi at 7 [ .0~ A.mxt ure of 3[21'; benzophenonedi am ne (01743 nol)
and et hyl -%?(%B%r 'a#ocﬁftlét'@f%é@g%g mol) in ﬁj @f ng7( 820nml) was stirred and
refluxed for 5 hours and then cool ed. | 5

lvent was evaporated. The
resi due was taken up in an aqueous safuriated NaBCO3 sol ution. The m xture

was extracted with DCM The organic | ayer was separated, dried (MSH),
filtered addmixture obintgmediates €1O128mole th sodium hydroxide (110nd) arskéthianel ( 70. 3g)

a aya . ;
Do 2° pr op it ¥af Sisg SR IBRGRLERTYY PHGrs ToblATGh icethllRRiaced, g e
sol vent SwaibRpMr Aheargagicdprysr wps separseds gried (Ve @snfilierad endthepalventof it was
crystall i zggg Eﬁag&a@éﬁgmﬂyn%sb?fﬁgﬁ%@%ggé {708 P int&id¥aiate 3he precipitate was

e ) " Oli INJ"

filtered off_and drie yield nternediate 7, nelting point _
197C. b~ Pidyapasationpfanteimediatefdi ate 8 alWo pum hydr oborate (0.0719 nol)
was added at OC under N2 flow to a suspenskig internediate 7 ((0.0719

mol in nethanol (300ml) and THE (100 @ The i Xture was 25 stirred for 30
mn and poured out into ice water. TheMrecipitate was filtered off, washed

ith t d dried. A t_(0.7 this f i 8. 3
o yst all i 2 Agmixge o %M%%@-Oﬁ@%twéﬁwﬁﬁoﬁw% QY‘gg%G‘é’é\gﬁi“F‘g@'r ed of f
g nd dri te_d, aBibfaf plrief@r@fo'i ag trmh swi'ttﬂRQ’fe\?Q?élfbﬂ 63Jas ﬁreiri]thl'ylﬁg Aﬁgf nﬁtﬁﬁé)&(H 5 @é
reparatli on Q I.nt e a . ' . nesu on C ori ae
(0 o042 R, i calliatya fttgrea Sorimeh cette #iching RiR Vot tsBiteg il
i nt er m@di adeyn8ss( Yieldinp32.69¢ {10860 of intetiediasené.ne (0. 0108 nol) in DCM..

Example A2

a) Preparation of intermediate 7 I H
I
o

A mixture of 3,4-benzophenonediamine (0.1743 mol) and ethyl-2oxobutanoate (0.3486
mol) in ethanol (820ml) was stirred and refluxed for 5 hours and then cooled. The
15 solvent was evaporated. The residue was taken up in an aqueous saturated NaHCO;

solution. The mixture was extracted with DCM. The organic layer was separated, dried
(MgSQy), filtered and the solvent was evaporated till dryness. The residue (70.3g) was
purified by column chromatography over silica gel (eluent: DCM/2-propanol 98/2; 20-
45 5m). The pure fractions were collected and the solvent was evaporated, yielding

20 15.5g of intermediate 7. Part of it was crystallized from diethyl ether and petroleum
ether. The precipitate was filtered off and dried, yielding 0.85g of intermediate 7,
melting point 197°C.

b) Preparation of intermediate 8 ™ v
L

Sodium hydroborate (0.0719 mol) was added at 0°C under N, flow to a suspension of

intermediate 7 ((0.0719 mol in methanol (300ml) and THF (100ml). The mixture was
25  stirred for 30 min and poured out into ice water. The precipitate was filtered off,

washed with water and dried. A part (0.7g) of this fraction (8.33g) was crystallized




5 (IOM) and THE (10m). The m xture was stirred at roomtenperature for 5
hours. The solvent was evaporated cold. The product was used w t hout

- further purification, vyielding (10099 of internmediate 9. dj Preparation. of
internediate 10 HH H A m xtureof N-(2- ggt hoxyet hyl ) - 1- (phenyl net hyl ) -

4- pi peridinamne (0.0402 nmol) in ethanol (100m ) was hydrogenated at 40-C
for 2 hours and then at roomtenperature 10 under a 3 bar pressure for 3
hours with Pd/C 10% (1g) as a catalyst. After uptake of H2 (1 e uiq\Q, t he
cat al yst wdEom methapelgn h\fa&;g”ﬁhmefnpé@tem&ﬁherewogfwnétdﬁawwldmQ- iltrate
was evapor ghefnedldie 8 PhAEHE hopsorrged wi thout further purification, yielding
6.59 (99% _of internediate 10. 15 Exanple A3 a) Preparation of internediate
11 . (Br A9Psepartopelntesmediaied) cn) oro-o?»s-\thylﬂ- qui nol i ne (0.0697 nol) and
NaOCH3 30% (0.3483 nol) in nmethanol QAN vas~s2irred and refluxed for 15
hours. The m xture was cool ed, poure @ |ce water and extracted with
DCM The organic | ayer was separated, dried ( ), filtered and the

sol vent waMetaqesulédryticlilotide @ 00942 E moliveas 20dgal 0 OBC undaNUB@dtod t hout - furt her

urificatiaon il.el ding 12,.2 99,,0f . nt.er. i at e b~ . Pr hon of
Fnt er nedi atSESpfgSIPn Of m\ger?leﬁhggé-@r%@ﬁ@ §Eﬂ§ an(igngggﬁ% (ﬁ)%\}/g% W&ﬁgmpw se at
-60C under (Amb)laodVTHF A0mbl Thée puxtofe wasrstigedatdbamderfiperatire0f8 5hohis. The THE
100mL) an ' t 4 - f . tion of
(2- benzg)yl e%ﬁb}@& %ﬁuﬁogﬁnaé@gor?o*rg@@dﬁ&omﬁﬁéﬂ%@@hg@% pu\/\lgé('sdﬂélg’ded dr opwi se.
The i xt ur eyielding 41 in aiePo -20C while stirring and then 25 stirred
& 006%/065 termgdiate P

for 2 hour ok ob e iR E; ROLY ed o Nnt o an aqueous N144Cl sol ution and
extracted \?&)trgéb%mc 'é"'d'r"lgaa'ﬁl"c | aye rated, dried (MySO4),

filtlered and the -32- solvent was evaporat®d till dryness. The product was
used w thout further ri ficatj I e] din 7..680:.( quant I pter medi at e
1520y Pr ok bis Pt oy O et h ik AL oS et 4 bt e to.0add mofi”
ethanol (100ml) was hydrogenated at 40-C for 2 hours and then at room temperature
10  under a 3 bar pressure for 3 hours with Pd/C 10% (1g) as a catalyst. After uptake of H,
(1 equiv), the catalyst was filtered through celite, washed with ethanol and the filtrate

was evaporated. The product was used without further purification, yielding 6.5g (99%)
of intermediate 10.

15 Example A3

a) Preparation of intermediate 11 /m ”
N

A mixture of 6-bromo-2-chloro-3-methyl- quinoline (0.0697 mol) and NaOCH3; 30%
(0.3483 mol) in methanol (90ml) was stirred and refluxed for 15 hours. The mixture
was cooled, poured out into ice water and extracted with DCM. The organic layer was
separated, dried (MgSOy), filtered and the solvent was evaporated till dryness. The

20  product was used without further purification, yielding 12.2g (69%) of intermediate 11.
b) Preparation of intermediate 12 O

0 /N ~
DO LA
n-BuLi (0.0624 mol) was added dropwise at -60°C under N; flow to a solution of
intermediate 11 (0.048 mol) in THF (100ml) and the mixture was stirred at —60°C for 1
hour. A solution of 2-benzoylethyldimethylamine (0.0576 mol) in THF (100ml) was
added dropwise. The mixture was allowed to warm to —20°C while stirring and then

25  stirred for 2 hours. The mixture was poured out into an aqueous NH4Cl solution and
extracted with EtOAc. The organic layer was separated, dried (MgSOy), filtered and the



A mxture of internediate 12 (0.0496 nol) in HC 3N (261m) and THE (133nil)"
was stirred and refluxed for 8 hours. The m xture was cool ed, poured out on
ice, basified 5 with a concentrated NHAOH sol ution and extracted with DCM
The organic | ayer was separated, dried (MgSOX), filtered and the sol vent was
evaporated till dryness. The residue vgs purified by colum chromat ography
over silica gel (15-40 m) (eluent: DCM CH3OH NH4OH 95/5/1). The pure
fractions were collected and the solvent was evaporated, yielding 6g (36%
of i nternmedj eyl [ R ' : e A
mixture of PREG S EARHRER Rhes ThoRaRS! B R Pund Vg Aottt e
stirred andi¢lding 4x68sfanant) efdpiermediated®xt ure was cool ed, poured out on ice,
basifi ed | OH sol utiongand extracted with DCM The
organic |a;\%?&-%ﬁﬁe‘gggﬁi@ggﬁmau?ﬁed (MsS™) , tered and the sol vent was
evaporated till dryness. The residue B Jtall i.zed from di et hyl ether.
15 yifel ding 1.5g of

intermedi ate 14. Exanple A4 a) Preparation intermediate 15. E | cNx A
m xture of A fmdifersfimteddiad DB ([0/0496/m6l) irPACPBN Y6 )ml) Rl THPEDE3 ) wA686 nol )

in DCM (200Q ngd ace chlgrjde. (20 m stirred for 12. haours at
room t em(:)e rsgf‘gé %"frfg“’é“ﬁicfto%/ hQﬂ“’isﬁthes’&’ﬁ(f%rﬁth\ﬁk)ﬁgngﬁié’BBFegtoé‘Hoﬁ’rcflz t}"‘”FH%CC)lr esi due
vv?? talés 3 lwléh mco_ﬁhicla’éd_’aydd NHk(gH séﬁﬁgﬂ?)nd e:]Ethﬁ&dt\hﬂl ]dgM The ogga@ﬂillﬁye_rwm filtered
of f an rie di . 0 internedi ate . nme ng poi nt
Osec b1 pr cpsirastd St oSO Allerbd And theSoiveh! Wi Vagorglef il e yp° P

i nt er medi atresidife W ffificdrby polumnrobtdaatograpiR0eventkilicavael (5540 ped (alueRC and a

sol uti on of ' 0 ) i tar S d i se, then
She 5o s OSRGOS thetille Firopt Retiofibord S Snd P SIERAN o2 | oD
sol vent wasvamvated ryidldidg 6F1020% kefi thiermedmteeld.r act ed wi t h DCM CH3OHI H20 and
the extr aCtd)‘P@e%aration of intermediate 14

10 A mixture of intermediate 13 (0.0178 mol) in HCI 3N (90ml) and THF (47ml) was
stirred and refluxed for 2 days. The mixture was cooled, poured out on ice, basified
with a concentrated NH4OH solution and extracted with DCM. The organic ilayer was
separated, dried (MgSOy), filtered and the solvent was evaporated till dryness. The
residue was crystallized from diethyl ether. The precipitate was filtered off and dried,

15 yielding 1.5g of intermediate 14.

Example A4

a) Preparation of intermediate 13 &o
o 9
O

A

A mixture of (4-amino-3-nitrophenyl)(4-chlorophenyl)- methanone (0.0686 mol) in
DCM (200 ml) and acetyl chloride (20 ml) was stirred for 12 hours at room temperature

20  and then the solvent was evaporated dry. The residue was taken up in diethyl ether (50
ml), then the desired product was filtered off and dried, yielding 21.6 g (99 %) of
intermediate 15, melting point 138°C.

b) Preparation of intermediate 16 &O
|
BORS®
o

X

A mixture of intermediate 15 (0.066 mol) in methanol (200 ml) was stirred at 0°C and a
solution of sodium hydroborate (0.066 mol) in water was added dropwise, then the




dried (MgSH). Finally the solvent was evaporated and the desired product
was collected, yielding 20.4 g (97 %9 of internediate 16, nelting point
198C. c) Preparation of internediate.l7. ¢c' \ 10 OX 5 1In a 3-neck reaction
flask (500 m), equipped with an addition funnel and thernoneter, a mxture
of internediate 16 (0.062 nol) and trié@hyl amne (0.125 nol) in DCM (200

m) was cooled to OC and net hanesul fonyl chloride (0.125 nol) was added
dropwi se Kkeeping the tenperature at 0-5C, then the reaction m xture was

sti rred fomreattibromistumtwasrstiond ferigeuattuvemdenipgeureahdshe solmend waat er (1000

ol vent  wac Bosties DAEReR ot SEREALRR PO de Bt 1,

Pr epar at i orried (MgS@u)nEmaéy the sglvent-vaus' e@aporated and thesifedtprodust was e 17 (0. 088
| 4 2 |
R e e O

stirred at 40C for 12
hours and tchBrepatiatiemof intermediaiedrat ed (v esidue was taken up in 15
wat er and the m xture was extracted wt organlc | ayer was dried
(MyS®) and the sol vent was evaporaté&d dry. The Nf"e3| due was purified by
| i qui d chromat ography over silica gel (eluent:?® )Eb\/) The product fractions

wer e col5l edh ed-reok rdabiorsfiask€HR0 mda)seqmapmﬂmmtmcb,ddmoalfﬂmm addthgridnietdy, oil) of

of it o mechia e B o Fps BRI 0b 2 B R IR @ 161 P neh b ™ 20°

TI f F/ met hamal) wad Goaldd towi€ aad methadesudfion 8 hlopide £0.425 nmb)m/asemlrled diopwese t hen t he
| uti t : W th
vat er “The 1Tt @@ i R 0BG, dhon BOAERHR It B AbeaBF BESREE 0 2 o

dry.) The 0|r0qm teenpemjere(ang Jpeuigy outiaty wated LOQImby The grgaplerlaw wamce |iquid
chromat;ggr 4 at9d’%F1e @4)951t ré@bff%ﬂa the @@m 81/a9e)d gO{ dguct
25 eva

fractlons we e sol vent was orate ng 10 g
(71 % of |(ﬁ*ﬂ§|5r%mfdﬂ@@9dlatﬁé7tl ng point 124C._-34- h) Preparat|on of
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JUCAS
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A mixture of intermediate 17 (0.088 mol), piperidine (0.446 mol) and potassium
carbonate (0.442 mol) in acetonitrile (250 ml) with a small amount of KI was stirred at
40°C for 12 hours and the solvent was evaporated (vac.). The residue was taken up in
15  water and the mixture was extracted with DCM. The organic layer was dried (MgSQOy)
and the solvent was evaporated dry. The residue was purified by liquid chromatography
) over silica gel (eluent: DCM). The product fractions were collected and the solvent was
evaporated, yielding 16 g (47 %, oil) of intermediate 18.
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¢) Preparation of intermediate 19

A mixture of intermediate 18 (0.0413 mol) in sodium hydroxide (1.5N) (160 ml) and
20  THF/methanol (10 ml) was stirred for 48 hours at room temperature, then the solution
was neutralised to pH: 7, extracted with EtOAc and washed with water. The organic
layer was dried (MgSOy) and the solvent was evaporated dry. The oily residue (12.5 g)
was purified by high-performance liquid chromatography over silica gél (eluent:
DCM/CH30H 99/1). The product fractions were collected and the solvent was
25  evaporated, yielding 10 g (71 %) of intermediate 19, melting point 124°C.



~I N H/NNH A mxture of internediate 19 (0.0289 nol) in nmethanol (200

m ) was hydrogenated for 2 hours with Raney Nickel (10 g) as a catalyst.
After uptake of H2 (3 equiv.), the solution was filtered over a celite
path. yielding 9.1 g of internediate 20 (used as such in the next reaction
step without further purification). 5 Bi4-Preparation of the final conpounds
Exanple B | Preparation of conmpound 1 J NI ~/ HOA mxture of internediate
6 (0.0089 nol) and ethyl 2-oxobutanoate (0.0178 nol) in methanol (50mM) was
stirred and | uxe / r t hen cool edfto room 10 tenperature,

pour ed out ih:ir?fjepﬂfégnméﬁ@e}glﬁgﬁgx Tacted with BCM The organic | ayer was
separated, dried (MJSO™4), filtered and the sokyent was evaporated till
dryness. The residue (3.1g) was purified by.ca chr omat ogr aphy over
silica gel (15-40m) (el uent:tol uene/ 2- pr ghadol ANHIOH 85/15/0.8). The
desired fractions were collected and tH& s¥] vent~was evapor ated. The

resi due was purified by colum chromat ograpﬁ}fi 15 over silica gel (15-40
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m xture ofﬁlﬂn eﬁr%?{re Fat[ogl Sgép?%hg(gﬁg&rﬁ%g ) mtqglr%)r'redi ate 10 (0.0052 m)l() a)nd

pot assi dm carbonate (0.0129 nol) in acetonitrile (15m) was stirred at 80C
for 15 hours, then cooled to roomtenperature, poured out into ice water

and ext r acte i dickloPe fiddl8omBsunde’ 9ani ¢ | ayer was separated, dried
(MgS™), fi red an € solvent was evaporated till dryness. The residue

(2.29) was mlaipid B¢ by col unm chromat ography over silica gel (15-40 m
(el uent: HACH 95(“-3/0. 2). Th re fractions were collected
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A mixture of intermediate 6 (0.0089 mol) and ethyl 2-oxobutanoate (0.0178 mol) in
methanol (50ml) was stirred and refluxed for 15 hours, then cooled to room

10  temperature, poured out into ice water and extracted with DCM. The organic layer was
separated, dried (MgSOy), filtered and the solvent was evaporated till dryness. The
residue (3.1g) was purified by column chromatography over silica gel (15-40pm)
(eluent: toluene/2-propanol/NH4OH 85/15/0.8). The desired fractions were collected
and the solvent was evaporated. The residue was purified by column chromatography

15  oversilica gel (15-40 pm)(eluent: toluene/2-propanol/NH,OH 85/15/0.8). The pure
fractions were collected and their solvents were evaporated. The residue (0.3g) was
crystallized from 2-propanone and diethyl ether. The precipitate was filtered off and
dried, yielding 0.3g (10% ) of compound 1, melting point 166°C.

20 Example B2

Preparation of compound 2 NS

e
I'; CH04 2:5)

A mixture of intermediate 9 (0.0043 mol), intermediate 10 (0.0052 mol) and potassium
carbonate (0.0129 mol) in acetonitrile (15ml) was stirred at 80°C for 15 hours, then
cooled to room temperature, poured out into ice water and extracted with EtOAc. The




and the solvent was evaporated. The residue (0.27g) was dissolved in

2- propanone and 5 converted into the ethanedioic acid salt (2:5). The
precipitate was filtered off and dried, yielding 0.25g of conpound 2,

mel ting point 98C. Exanple B3 Preparatjon. of com, ound 3 ~ HNi
Internediate 14 (0.0107 nol) in methai o (60m ) was hydrogenated with Pd/ C
10% 10 (0.36g) as a catalyst for 16h under a 3 bar pressure. After uptake
of H2 (leq), the catalyst was filtered through celite and the filtrate was
evapor at edrgaiiclaygr wa@&;@aramb drieé §Mgh@.)( Bltgedand the S@lucntfwad:vhgpratml tiln

h t CH
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y|eId|ng compound 4
/] H -~ gamfnemd mmhélsﬁwa@@omcmb (#s)- )Thmsecumf@t@oww ilpeed off end dged | ow to a

suspen5|0$K£in0@Q5Jgﬂ@ﬁﬁﬁgmaQenél % wt8gq@l ) in methanol (300ml) and THE
(100m) he m xture was stirred r 30 mn and poured out into ice water.
The precipitate was filtered off, washed wth water and dried. A part
(0.7g) of this fraction (8.33g) was crystallized from nethanol and water.
The preci p# s filtered off and dried, yielding 0.59g of conpound 4,
mel ting pPPrddhraBOR6E cobmdosaspl e BS Prepara n of conpound S I~ HNI No
-36- A solution of 2-oxo-butanoic acid (0.8”94 mol) in acetic acid (30 m)
was added to a solution of intermagivt 28 40,0288 mol) in water (70 ml) at
OC and the reaction mxture was stil(readfor 2 hours at” 0C. The resul ting
soljution was poured out into ice- water, neutralised with sodi um hydroxide

(3N) and d&nemmdiatedl 40t (H ODEM]) hmebenpd (6QmI5 WashpdrogemitedrwiddPd/O8%4) and t he
sol venr %3&\5 309 Eﬁﬁ@gt fJF Yoh (hGr 283 eres%ﬁé AREE hf)faﬁg of H; (1eq), the

catalyst was filtered through celite and the filtrate was evaporated till dryness. The

residue (3.58g) was purified by column chromatography over silica gel (15-40 pm)
(eluent : DCM/CH3;0H/NH4OH 93/7/0.5). The puse fractions were collected and the
solvent was evaporated. The residue (1.45g) was crystallized from methyl ethyl keton.

15  The precipitate was filtered off, washed with diethylether and dried, yielding 0.82g
(30%) of compound 3.

Example B4

Preparation of compound 4 § 0
ULl

Sodium hydroborate (0.0719 mol) was added at 0°C under N, flow to a suspension of
20 intermediate 7 (0.0719 mol) in methanol (300ml) and THF (100ml). The mixture was
stirred for 30 min and poured out into ice water. The precipitate was filtered off,
washed with water and dried. A part (0.7g) of this fraction (8.33g) was crystallized
from methanol and water. The precipitate was filtered off and dried, yielding 0.59g of

compound 4, melting point 202°C.
25

Example B5
Preparation of compound 5




by liquid chromatography over silica gel (eluent: toluene/2-propanol/ NHACH
90/10/0.1). Two product fractions were collected and the sol vent. was
evaporated. The upper fraction after purification was crystallised from

di et hyl et her/ DCM MEK and the desired product was collected, yielding 1.15 g
of conmpound 5. 10 Table F-1 lists the cB6pounds that were prepared according
to one of the above Exanples. The foll ow ng abbreviations were used in the
tabl es: Co.No. stands for Conmpound Number, Ex. [Bn ] referred to the sane
met hod as dﬁ%ﬁfdu%figg%'axé 'Bﬁtaﬁ ggg;!d%@é mo})inEéaiceacﬂd (Bb'fmmv'ak &ddea él}'aoo- No.
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Ex. [B4ls; nRyerdvdt@ried IeSOLY arld the solvent was evaporated dry. The residue was purified

by liquid chromatography over silica gel (eluent: toluene/2-propanol/NH,OH

90/10/0.1). Two product fractions were collected and the solvent was evaporated. The

upper fraction after purification was crystallised from diethylethet/DCM/MEK and the

desired product was collected, yielding 1.15 g of compound 5.

10
Table F-1 lists the compounds that were prepared according to one of the above
Examples. The following abbreviations were used in the tables: Co.No. stands for
Compound Number, Ex. [Bn° ] referred to the same method as described in the Bn®
éxamples.
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Table 1:

C2H;04 (2:5); Co. No. 2; Ex. [B2]; mp.

98°C
oL
Co. No. 3; Ex. [B3] Co. No. 4; Ex. [B4]; mp. 202°C
N

g

X
0 Jogeed
Co. No. 5; Ex. [B5] Co. No. 6; Ex. [B1]; mp. 182°C

)

Co. No. 7; Ex. [B1]; mp. 176°C Co. No. §; Ex. [B1}; mp. 210.4°C




\ 0O NH\ ~~ N Co. No. 11; Ex. [B4]; mp. 202C Co. No. 12; Ex. [B5]; mp.
174.6C 1\ I\ HF ~N\ | NCo. No. 13; Ex. [B5]; mp. 2(03.1 C Co. No. 14;
Ex. [B5]; mp. 230C N/ NM%,N\ / H N _C N Co. No. 15; Ex. [B5]; m p.

184C Co. No. 16; Ex. [B5] H QXN~ N N/ ~ ~\ LN Co. No. 17; Ex. [B5]; m
p. 264.4C Co. No. 18; Ex. [B5]; mp. 118C cl /ggNNNVNNI |/
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Conpounds pf the present n ion were|tested in an in vitro assay based on
SPA 5 technol ogy (pr opfeta t o Aner sham Phar maci a1 ' I n principle,
the assay [elies upon wel | established SPA tgsbral-ogy\] the det ¢ction

of pol y(ADpP-ri bosyl j otinyl at ¢d t ar geth pf ot ei ns, Hj . e hi st on¢s.
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which 50 Al DNAse solution (1ng/m in 0.15 M NaCl) was added. After an
I ncubation 15 of 90 mn. at 37 C, the reaction was term nated by adding 1.45
g NaCl, followed by a further incubation at 58 C for 15 min. The reaction
m xture was cooled on ice and dialysed at 4 C for respectively 1.5 and 2
hours against 1.5 1 of 0.2 MKCl, and 138 ce against 1.51 of 0.01 MKC1 for
1.5 and 2 h respectively. The m xture was aliquoted and stored at -20 C.

Hi stones (1 nmg/m, type I1-A supplier: Sigma) were biotinylated 20 using
the biotin L RB1okichl GhmdiEr sham and stored aliquoted at - 20 C. A stock
solution o pol y(vi nyl toluene) (PVT) beads (supplier:
Amersham) was made in PBS. A stock solution of [3H]-NAD+ was nade by addi ng

120 Al of [136kr, JuHatatiOn BroXithitihesa3YBPA} for PAYEN) 1ﬂlﬁb1§o dyigubation buf fer
(50 mM Tri STHCL, pH 87 0.2 NV ; n-of 4 nmM NAD+

|
(supplier: %@H@é&‘?ﬁ/ﬁéherﬂéﬁn%lvaqm&@ﬁ&SFBGH“ BOFH @fm(as-‘sadrha@pdlqmsm st ock
sol utios '@echﬁélsgy ﬁir@ﬁrﬁ%rﬂoAn%%h%Ph-ﬁﬁﬁameﬂi’eck)enZym? was produced using

art known techni ion of the proteln startlng

u .e. C on|
from hunanlmpvwﬁemassm%lﬁmq ee‘@H@ ;b@cs‘tsﬁé tgehnglogy for the detgeliRrence of
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W th tE nicked DNA and the m xture was pre-incubated for 30 mn. at 4 C

Equal rts of this histones/PVT-SPA beads sol uti on and PARP-1 enzyne/ DNA
sol ution V\ﬂ(sendlﬁcxﬁ@fl%KRP 12nzydhe axfuvhdsu sickedDNAewdsqyepatad. Fot this, 25 Alg off

i orott er Y BopRhe: Sigmn Vs fiEdhyein o BRSO (BF B Tos HOL PR e ver e 2
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DVBO wi t hou corrpou | ank i ncubati on (containi.ng O but no PARP-1

enzyme or %d(: gﬁﬁ‘ﬁpﬁs(l(‘%fﬁ@ VR§ KefSopsppphier: %Bﬁ‘?}féef&r‘i’dotgtﬁ?é% nd
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made in PBS. A stock solution of [’H}-NAD* was made by adding 120 ul of [°H}-

NAD" (0.1 mCi/ml, supplier: NEN) to 6 m! incubation buffer (50 mM Tris/HC, pH 8;

0.2 mM DTT; 4 mM MgCl,). A solution of 4 mM NAD" (supplier: Roche) was made

25  in incubation buffer (from a 100 mM stock solution in water stored at - 20 °C). The
" PARP-1 enzyme was produced using art known techniques, i.e. cloning and expression

of the protein starting from human liver cDNA. Information conceming the used
protein sequence of the PARP-1 enzyme including literature references can be found in
the Swiss-Prot database under primary accession number P09874. Biotinylated histones

30 and PVT-SPA beads were mixed and pre-incubated for 30 min. at room temperature.
PARP-1 enzyme (concentration was lot dependent) was mixed with the nicked DNA
and the mixture was pre-incubated for 30 min. at 4 °C. Equal parts of this
histones/PVT-SPA beads solution and PARP-1 enzyme/DNA solution were mixed and
75 ul of this mixture together with 1 ul of compound in DMSO and 25 pl of [PH]-

35 NAD" was added per well into a 96-well microtiterplate. The final concentrations in the
incubation mixture were 2 pg/ml for the biotinylated histones, 2 mg/ml for the PVT-
SPA beads, 2 pg/mi for the nicked DNA and between 5 — 10 pg/ml for the PARP-1



concentration of 10-6 M Wen the conpounds showed activity at 1006 M a
dose- response curve was nade wherein the conpounds were tested at :
concentrations between 10"5M and 10-8M In each test, the blank val ue was
subtracted fromboth the control and the sanple values. The control sanple
represented maxi nal PARP- 1 15 enzyne @&etivity. For each sanple, the anpunt
of cpm was expressed as a percentage of the nmean cpm val ue of the controls.
When appropriate, |1C50-values (concentration of the drug, needed to reduce
t he PARP- 1 eanymyard fiec tncubatipntod thed®bxddre forel Sanint atabdmuemperatoreythetreattioni ng
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inhibitory activity at the initial test concentration of 10 M (see Tabel-2).

In vitro filtration assay for PARP-1 inhibitory activit

25
Compounds of the present invention were tested in an in vitro filtration assay assessing
PARP-1 activity (triggered in the presence of nicked DNA) by means of its histone
poly (ADP-ribosyl)ation activity using [*’P}-NAD as ADP-ribosyl donor. The
radioactive ribosylated histones were precipitated by trichloroacetic acid (TCA) in 96-
30  well filterplates and the incorporated [32P] measured using a scintillation counter

A mixture of histones (stock solution: 5 mg/ml in H,0), NAD" (stock solution: 100
mM in H,O), and [32P]-NAD+ in incubation buffer (50 mM Tris/HCl, pH 8; 0.2 mM
DTT; 4 mM MgCl,) was made. A mixture of the PARP-1 enzyme (5 — 10 pg/ml) and
35  nicked DNA was also made. The nicked DNA was prepared as described in the in vitro
SPA for PARP-1 inhibitory activity. Seventy-five ul of the PARP-1 enzyme/DNA
mixture together with 1 gl of compound in DMSO and 25 pl of histones-NAD*/[*?P}-



10 solution (Mcroscint 40, Packard) was added to each well and the plates
were transferred to a TopCount NXTT (supplier: Packard) for scintillation
counting and val ues were expressed as counts per mnute (cpm. For each
experinment, controls (>) (containing PARP-1 enzynme and DVMSO wi t hout
conpound), a blank incubation (contai ngllj dg DMBO but no PARP-1 enzyne or
conpound) and sanples (containing 15 PARP-1 enzyne and conpound di ssol ved
in DMSO) were run in parallel. Al conmpounds tested Were di ssol ved and

eventual |y further diluted in O f'r t unds wer e
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4-am no- |, : n assay.
The teste ‘wﬁg %@s owe N %gg gn gc{al){@lL t}ﬂﬁ‘&]ﬁ: {(Pgﬂ 0% E(%&%l?a RJt gst
concertr at sodlmomf(l\/ﬂlﬁomt(@eé’adl@b@W@)addetﬂ)toehmh W‘EHlaadtm: plates/wereo In vitro SPA
filtratio np 05 4 6.388
5 6,625 6. 108 eo A BTHGOUERIRETE (bl Bagal fo iniaioh ol >S4 © 3

values were expressed as counts per minute (cpm). For each experiment, controls

(containing PARP-1 enzyme and DMSO without compound), a blank incubation

(containing DMSO but no PARP-1 enzyme or compound) and samples (containing

15 PARP-1 enzyme and compound dissolved in DMSO) were run in parallel. All
compounds tested were dissolved and eventually further diluted in DMSO. In first
instance, compounds were tested at a concentration of 10”°M. When the compounds

showed activity at 10°M, a dose-response curve was made wherein the compounds
were tested at concentrations between 10°M and 10*M. In each test, the blank value

20  was subtracted from both the control and the sample values. The control sample
represented maximal PARP-1 enzyme activity. For each sample, the amount of cpm
was expressed as a percentage of the mean cpm value of the controls. When
appropriate, ICsp-values (concentration of the drug, needed to reduce the PARP-1
enzyme activity to 50% of the control) were computed using linear interpolation

25  between the experimental points just above and below the 50 % level. Herein the
effects of test compounds are expressed as pICs (the negative log value of the ICso-
value). As a reference compound, 4-amino-1,8-naphthalimide was included to validate
the filtration assay. The tested compounds showed inhibitory activity at the initial test
concentration of 10°M (see Tabel-2).

30



9 6.506 10 6.258 11 6.039 12 6.138 5.444 13 6.144 5.306 14 5.797 5.573
15 6.483 5.195 16 6.239 5.344 17 6.476 18 6 5.384 19 6.636 6.211 20
5.386 < 5.000 The compounds can be further eval uated in a cellular cheno-
and/ or radi osensitization 5 assay, ?ssay measuring inhibition of
endogenous PARP-1 activity in cancer cé lines and eventually in an in
vivo radi osensitization test. -42- CLAIMS 1. A conpound of formula (1), 1-1
R2 n X RIRBCHZA I/ \ X R (t) Sv 5 RR6 the Noxide forns, the addition
salts and the stereo-chemcally isoneric forns thereof, wherein 10

ni sO, lor 2; pgdi9 N or CR7, wherein R7 |s hydrogen or taken together with R
may fornra ent radlca of —formyui a7 CH=CHCH CH; 15 Rl is Cl_6al kyl or
thienyl; R2 is hydrogen, hygdroxy, Ci} g&( . . 6al kynyl or taken together
with R3 may form=0; R3 is|a adicalé& |%%¥®HEFF%H12O -(CH2), - NR8R9 (a-1

0.No.
0-H (a-2), plC50 plC50
1 6.687
2 8.125
3 6.046 5.005
4 6.388
5 6.628 6.159
6 6.087
7 6.232
8 6.386 5.852
) 9 6.506
10 6.258
11 6.039

12 6.138 5.444
13 6.144 5.306
14 5.797 5.573
15 6.483 5.195
16 6.239 5.344
17 6.476 :
18 6 5.384
19 6.636 6.211
20 5.386 < 5.000

The compounds can be further evaluated in a cellular chemo- and/or radiosensitization
5  assay, an assay measuring inhibition of endogenous PARP-1 activity in cancer cell

lines and eventually in an in vivo radiosensitization test.



-OR10 (a-3), -S RI1 (a-4), or -C-N(a-5), 25 wherein sis0,1,20r3; R8
is -CHO Cl1 _6al kyl, hydroxyd _6al kyl, Cl.6al kyl car bonyl ,

di (C.6al kyl)am noC fialkyl, C _fial k‘% oxyC _6al kyl ,

Cl. 6al kyl car bonyl ami noCl . 6al kyl ,  piperidinyl O _6al kyI

pi peri di nyl Cl. 6al kyl am nocar bonyl, Cl. 6al kyl oxy, 30 t hi enyl Cl _6al kyI

pyrrolyl d _6al kyl, aryl Cl. 6al kyl pi peridinyl, arylcarbonyld 6al kyl ,

aryl car bonyl pi peri di nyl Cl. 6al kyl, hal oi ndozol yl pi peridi nyl G _6al kyI or
aryl C 1. 6al KILAISIS 6al kyl JaminoC i _6alkyl; R9 is hydrogen or Cl. 6al kyI ;
-43- R10 is Cl-6al kyl, Cl-6al kyl carbonyl or di (G -6al kyl)ani noG - 6al kyl ; and
R11 is di (C 1-6al kyl)am noC 1-6al kyl; or R3 is a group of formula

-(CHg) 1- Z- (Ib- 1) A canphadeif oo (1),, 20r3; Zis a het erocyclic ring system
selected from1l z \N_ NHNRHN1 -N12 HNig HN1 Rig R13 (c-1) (c-2) (c-3)
(c-4) 10N ~\ OlzHNNH\"RM (RRz Rz (Hc 5) (c-6) (c-7) O(c-S) R13
OR1I2 I _I HN NIz NR12 R R2

the N-oxide forms, the addition salts and the stereo-chemically isomeric forms thereof,

wherein
10 nis0O,1o0r2;

X is N or CR’, wherein R’ is hydrogen or taken together with R' may form a bivalent
radical of formula -CH=CH-CH=CH-;

15 Rlis Ci-¢alkyl or thienyl;
R?is hydrogen, hydroxy, Ci.¢alkyl, Cs.¢alkynyl or taken together with R? may form =O;

R%is a radical selected from

20 -(CHy)s- NR*R’ (a-1),
-O-H (a-2),
-O-R" (a-3),
-s-R" (a-4), or
—C=N (a-5),
25 wherein
sis 0,1, 2 or 3;

R%is -CHO, Cialkyl, hydroxyC,_ ¢alkyl, C;¢alkylcarbonyl,
di(C,.galkyl)aminoC;.¢alkyl, Cy.salkyloxyC,.salkyl, C;¢alkylcarbonylaminoC,.salkyl,
piperidinylCi.salkyl, piperidinylC,_¢alkylaminocarbonyl, C,_alkyloxy,

30 thienylC.¢alkyl, pyrrolylC,.salkyl, arylC,.alkylpiperidinyl,
arylcarbonylC, galkyl, arylcarbonylpiperidinylC,.salkyl,
haloindozolylpiperidinylC, galkyl, or
arylC,.¢alkyl(C,.¢alkyl)aminoC; salkyl;
R’is hydrogen or C,.salkyl;



H (c-9) (c-10) (c-11) 15 wherein each R12 independently is hydrogen,

d . 6al kyl, am nocarbonyl, hydroxy, -C-6alkanediyl-N1 ~NHI| y N

- Cl_b5al kanedi yt/ ~0, Cl1-6al kyl oxyd - o4 kyl, C1-6al kyl oxyd _6al kyl am no,
di (phenyl C2. 6al kenyl ), piperidinyld.6al kyl, C3-10cycl oal kyl,

C3. 10cycl oal kyl C1- 6al kyl, aryl oxy(hydroxy)d . 6ai kyl, hal oi ndazol yl,
aryl C1. 6al kyl , aryl Cz. 6al kenyl, norpholino, 20 C1-6al kylim dazolyl, or
pyridi ny1Cl. 6a| kyl am no; and each R13 i ndependently is hydrogen,

pi peri di nyl R wr@/ll calkil, C |RBlkglvdrbiRbylaoreli@aglikyaemetdenik ylyaskel ect ed from

hydr ogen, halu . jhal omet hoxy, Cl.6al kyl, . 6al kyl oxy,
di (O . 6al kyl )Ig Jl Ky E%gﬁ&gyrio )}f’%l&n noCd _ 25 6al kyl oxy or

G . 6al kyl ox@@& tmmgnoup@ffomnﬂa when R5 and R6 are on adjacent positions they
may taken toget hefcfigrm a bi valge_(gt radi cal of formula -O CH2-0O (d-1),

-0- (CH2) 2- 0- (d 2§ 55 CH=CH- Clli- (d-3), or -NHC(O-NR14=CH (d-4),
wherei n R14 i%h Et1131116al kyl ; aryl is phenyl or phenyl substituted with hal o,

Cl - 6al kyl or tGQ,oSplzkdepxy 10 with the proviso that when nis 0, Xis N, R
is G .6al kyl |shdro R3 is a group of formula (b-1), t is O, Z is
the heter ocycﬁsc,a heierg g}@t%sé'ﬁte‘?)selﬁﬁ@aéfwg)sai d heterocyclic ring systemz
is attached to the rest of the nolecule with a nitrogen atom and R12 is
hydr ogen; the | eas{~rone of tReysubstitugnts R4, R5 or R6 is other

t han hydr ogen;% ,R7CI m?él}yl 1,0r H& Sa kzyl ﬁ md with the proviso that
7-benzoyl - 3- met hyD>2(31H) \gJ._u/n5xaI [ no\a:e:ll S excu.lﬁ‘ 3 2. A conpound as

claimed in claiml wherein 20 nis 0 or 1; Xis or CR7, wherein R7 is
hydrogen: R is{d 6al kyl €% is hydiofen; R¥EVs a radi cal sel ected from
(a-1) ong(a-2) or is group of formula (b-1); s is O, 1 or 2, R8s

Cl - 6al kyl or aryl CL. 6al kyl (C1. 6al kyl )am' noC _6al Ifyl ; tis 0, lor 2, Zis a

\‘N ~— R N
/ AN\ 12 T _ _\1_ 12
¢ R HN' ~ NH \I Lo R

(¢-5) (c-6) (c-7) © (c-8)

R" 0
N/ \____Rlz _I_\Ei‘ HN’\\

A R12 |\/_R12

(c-9) (c-10) (c-11)

15 wherein each R'? independently is hydrogen, C,.salkyl, aminocarbonyl, hydroxy,

—C, _6alkanediyl—]\© Q\NH

—Cl 6alkaned1yl/

CiealkyloxyCi.salkyl, C;¢alkyloxyC ¢alkylamino, di(phenylC,.¢alkenyl),

piperidinylC,.salkyl, C;.jpcycloalkyl, Cs.jpcycloalkylC).galkyl,

aryloxy(hydroxy)C.ealkyl, haloindazolyl, arylC,_galkyl, arylC,.salkenyl, morpholino,
20 Cisalkylimidazolyl, or pyridinylC,.¢alkylamino; and

each R independently is hydrogen, piperidinyl or aryl;

R*, R’ and R® are each independently selected from hydrogen, halo, trihalomethyl,
trihalomethoxy, Cjgalkyl, C,¢alkyloxy, di(C,.salkyl)amino, di(C;.galkyl)aminoC;.
25 salkyloxy or C,_salkyloxycarbonyl; or



heterocyclic ring systemselected from(c-1), (c-2), (c-3), (c-4), (c-5) or
(c-11); each R12 independently is hydrogen or Cl-6al kyl oxyd _6al kyl am no;
each R13 25 independently is hydrogen;4hnd R4, R5 and R6 are each

i ndependently selected from hydrogen, halo or Cl.6alkyl. 3. A conpound
according to claiml1 and 2 wherein nis Oor 1; Xis N R is Cl. 6alkyl; R2
I's hydrogen; R3 is a radical of formula (a-1) 30 or is a group of formula
(b-1); s is 0; R8 is arylCl _6al kyl (Cl _6al kyl)am noCl.5alkyl; t is O0; Zis a
het erocycl i avieh/Rj aay R°are 6lehdiﬁdeﬁdp6§itﬁlfﬁs(tl(fcy]ﬂla)ofakélﬁto%)et’heﬁﬁﬁﬁ dbiRalent

| ndependently is h or . 6al kyl oxyd _6al kyl am no; each R13
independently qs%alﬁgg‘?"glélz% and R4, R5 and R6 are each i ndependent | y

sel ected from hyd@egdrOor hal o. 35 4d-1A conpound according to claim1, 2
and 3 sel ected fr@rtgp und No 5, (ig_ ound No 9, conmpound No 2 and
conmpound No 1. HHN J~H NN/ / v N\ N conpound 5
conpounds9 C2H2GAHECIREHAANE-N N~ Nd-3Wad | H\ N~f Nv conpound 1 v

conmpound 2 CZHZ]SQ @g))qu FC@I cgnpm{gq)accordl ng to claim1 wherein R3is a

radi cal sel ected rom,(a-
wherein R 1s C1 6a1ky1

aryl is phenyl or phenyl substituted with halo, C.salkyl or C,.¢alkyloxy;
10
with the proviso that when
nis 0, XisN, R'is Ci.salkyl, R?is hydrogen, R’isa group of formula (b-1),tis 0, Z
is the heterocyclic ring system (c-2) wherein said heterocyclic ring system Z is
attached to the rest of the molecule with a nitrogen atom, and R'? is hydrogen; then
15 at least one of the substituents R*, R’ or R® is other than hydrogen, halo, C,alkyl or
Ci-salkyloxy; and
with the proviso that 7-benzoyl-3-methyl-2(1H)-quinoxalinone is excluded.

2. A compound as claimed in claim 1 wherein

20 nisOor1; XisNor CR7, wherein R’ is hydrogen; R'is Ci-salkyl; R%is hydrogen;
R?is a radical selected from (a-1) or (a-2) or is group of formula (b-1); sis 0, 1 or 2;
R is Cisalkyl or arylC,¢alkyl(C,.¢alkyl)aminoC,¢alkyl; tis 0, 1 or 2; Z is a
heterocyclic ring system selected from (c-1), (c-2), (c-3), (c-4), (c-5) or (c-11); each
R'? independently is hydrogen or C;.¢alkyloxyC,salkylamino; each R

25 independently is hydrogen; and R*, R’ and R are each independently selected from
hydrogen, halo or C;_¢alkyl.

3. A compound according to claim 1 and 2 wherein
nis0or1; Xis N; R'is C alkyl; R? is hydrogen; R} is a radical of formula (a-1)
30 or is a group of formula (b-1); s is 0; R® is arylC,.¢alkyl(C,.salkyl)aminoC .galkyl;
tis 0; Z is a heterocyclic ring system selected from (c-1) or (c-2); each R'?
independently is hydrogen or C;.¢alkyloxyC,.¢alkylamino; each R" independently
is hydrogen; and R?, R’ and R® are each independently selected from hydrogen or
halo.
35
4. A compound according to claim 1, 2 and 3 selected from compound No 5,

compound No 9, compound No 2 and compound No 1.



5 6. A compound according to claim1l wherein Z is a heterocyclic ring system
other than the heterocyclic ring systemof fornula (c-2) or (c-4). 7. A
conmpound as clained in any of clains 140 6 for use as a medicine. 10 S. A
pharmaceutical conposition conprising pharnmaceutically acceptable carriers
and as an active ingredient a therapeutically effective anount of a
conpound as clained inclaiml to 6. 9. Use of a conpound for the
manuf acture of a nmedicament for chenpsensitization or 15
radi osensi ti zjati on, wherein sajd conpound {is a corrpounciég rrul a(l)H R
-
is

1 N R-3CH)n 0 / \ ~R (tR5uR620the N oxi de t he
pharmaceutical |y acceptah) e addition salts| and the ste chem cally
isomeric forns thereofg wgerein,~46- n is 0, 1 or 2, is NLor, CR7, wherein
R7 is hydrogen or taken ¢o th R nay form ntY 5 radical| of
formula - CHEQH CH=CH; R" is Cl-6al kyl or [thienyl; en, hydrjoxy,
Cl-6al kyl, C3| 6al kynyl or taekgsuddopether with R3 may form=0, 10 R3 isl a
radi cal selected from -(CH2)s NR8RO (a-1)|, -OH (a-®@mpound®R10 (a-3),| 15
-S- R1 (a-4), or -C=-N(a-5), wherein sis 0,1,2or -8Hp8, (12)- CHO
G . 6al kyl , hydroxyCl- 6al k @i . 6al kyl carbonyl, 20 FJN

di (d . 6al kyl )am nod - 6al kyl , Cl-6al kyl oxyd . 6alkyl, ~y AN

C _6al kyl car bonyl am nod|. 6al kyl, pi peridijnyl C - 6a O N0

pi peridinyl G | 6al kyl am nogar bopyl, C1. 6al kyl oxy, O H

:IO/ compound 1

compound 2
.C,H,04 (2:5)

5. A compound according to claim 1 wherein R?is a radical selected from (a-1) or (a-
2).

5 6. A compound according to claim 1 wherein Z is a heterocyclic ring system other than

the heterocyclic ring system of formula (c-2) or (c-4).
7. A compound as claimed in any of claims 1 to 6 for use as a medicine.
10 8. A pharmaceutical composition comprising pharmaceutically acceptable carriers and
as an active ingredient a therapeutically effective amount of a compound as claimed

in claim 1 to 6.

9. Use of a compound for the manufacture of a medicament for chemosensitization or

15 radiosensitization, wherein said compound is a compound of formula (I)

~~

R} E o)
4
Rmsmmn‘@[ j .
5/ X X° R
R R®

20  the N-oxide forms, the pharmaceutically acceptable addition salts and the stereo-

chemically isomeric forms thereof, wherein



thienyl Ci.6al kyl, pyrrolylC 1-6al kyl, aryl Cl-6al kyl pi peridinyl,

aryl carbonyl G _6al kyl , aryl carbonyl pi peridi nyl G _6al kyl

hal oi ndozol yI pi peri di ny1Cl. 6al kyl , or- 4%

aryl C1- 6al kyl (C1. 6al kyl ) am noCd _6al kyl; R9 is hydrogen or C 1.6al kyl; R10
is G .6al kyl, Ci-6alkylcarbonyl or di(Cl-6al kyl)am noC -6alkyl; and R 1 is
di (Cl-6al kyl )am noGCi . 6al kyl; or R3 is a group of formula 30 -(CH2) 1-Z-

(b-1), wherein tis0,1,20r3; Z is a heterocyclic ring systemselected from
12 \N\N \NQ HN RHNLNRL2Z Hv 13 /-R glz 11INRI2 35 (0-1) (c-2) (c-3)
(c-4) -47- nls§ BI JNH K) -~i-R12 \/ I\GQ R g (c-5) (c-6) (c-7) (c-8 R13
O N R12 HN- I 4%%NRigH(c 9) (G 10) (o0-11) 5 wherein each R12

i ndependently is hydrogen, G -6al kyl, am nocarbonyl, hydroxy,

-Cl bal k H , |
6a?ky?2)e<?/%¥ I%%% gﬂl a‘Jr>niier§€c:)m(ﬁ7 I;pﬁﬁgg‘%(% t%k ? y??%lh%ﬂl{gé% |r(|?1r$%l Q‘%‘ng kyl,
C3 10cychoal kydical fq)@@}}%I'Q)HFQ A=68-kyl , 10 aryl oxy(hydroxy)Cl - 6al kyl ,

hal oi ndazol yl, aryl Cl. 6al kyl, arylC2-6al kenyl nmor phol i no,

Cl- 6al kyl i m_dazaol yl, or r|d|nICI 6a|k|amno and
y q1s C %lkyl or thl;l)gnyl y y

R? is hydrogen, hydroxy, C,alkyl, Cs.salkynyl or taken together with R* may form =0;

10
R’ is a radical selected from
-(CH,);- NR*R’ (a-1),
-O-H (a-2),
-O-R" (a-3),
15 -S-R" (a-4), or
—C=N (a-5),
wherein
si1s0,1,2 or 3;

R® is -CHO, Calkyl, hydroxyC.salkyl, C.alkylcarbonyl,

20 di(Cj.alkyl)aminoC_ealkyl, C).¢alkyloxyC,.salkyl, C;¢alkylcarbonylaminoC,.¢alkyl,
piperidinylC,_salkyl, piperidinylC,.¢alkylaminocarbonyl, C.salkyloxy,
thienylC,¢alkyl, pyrrolylC,.¢alkyl, arylC, salkylpiperidinyl,
arylcarbonylC,_ealkyl, arylcarbonylpiperidinylC,.salkyl,
haloindozolylpiperidinylC,.¢alkyl, or

25 arylCalkyl(Cj.¢alkyl)aminoC,.¢alkyl;

R’ is hydrogen or C,.salkyl;
R"is Cy.galkyl, C salkylcarbonyl or di(C).salkyl)aminoC,alkyl; and
R''is di(C}.¢alkyl)aminoC.¢alkyl;

or R is a group of formula

30 -(CHy)-Z- (b-1),
wherein
tis0,1,2 or 3;

Z is a heterocyclic ring system selected from

SN X N ;

—R!? HN\\N HNY Y \‘\N\\ 12

HN 7 —R2 ——_x!2 HN"=>_p
\_/ Rl3 \_/ \=/ _I\f

35 (c-1) (c-2) (3) (c-4)



each R 13 independently is hydrogen, piperidinyl or aryl; R4, R5 and R6 are
each independently selected from hydrogen, halo, trihal onethyl, 15

tri hal omet hoxy, Cl.6al kyl, G -6al kyl o><‘87' di (C -6al kyl ) am no,

di (C . 6al kyl )am noCl- 6al kyl oxy or Cl -6al kyl oxycar bonyl; or when R5 and R6
are on adjacent positions they may taken together form a bival ent radical

of formula -O-CH2-O (d-1), 20 -O(CH2)2-0- (d-2), -dI=CHCH=CH (d-3), or
-NH-C(O) -NR 14=CH (d-4), wherein R14 is Cl.6alkyl; 25 aryl is phenyl or
phenyl substituted with halo, Cl6al kyl or Cl.6alkyloxy. 10. Use according to
claim9 wherein the nedicanment is for chenDsenS|q|zat|on -48- 11. Use
according to cr\f aim9 V\/nerel n tlpe medi c!,i}mant I's fp radi osensitization. 12.
Aconblnatlon/ \\agonpo Ialn:Bﬁ_l any  _oficlaims | to 6 with a 5
chenot her apeut\i_c aBent A proces§\\ gep a conpound as clainmed in
claim 1, characterized by a) the hydrolysi ternedlates of formula
(M), accordicsg to art-knogyn net hods(c_7) by subnOt dgyg the internedi ates of

formula (VII1) to appropriate reagents, such as, O tinchloride, acetic
acid and hydrochloric acid, in the presence of a reaction inert solvent,
e.g. tetrahydRBfuran. H H ), NW Rr4 (C2)n NU RRL CH} R\ X~-R-
R5 R6 R5 R6 )  wherei toR6 nananreasdeflnedlnclalml
15 b) the cyciq(z ti pf i |at e% oryul a (X), according to
art-known cycli pr ocedu \@\tno co Rds of formula (1) wherein X is
CH, herein refdrred to as conpounds of fornmula (I j), preferably in the
presence of a sujdtgble Lew s Amd, (c-11)

5

wherein each R'? independently is hydrogen, Csalkyl, aminocarbonyl, hydroxy,

—C, galkanediyl—N /" "NH

—C 1_6a1kanediyl/

CisalkyloxyCigalkyl, C,.¢alkyloxyC;.¢alkylamino, di(phenylC,.¢alkenyl),
piperidinylC_salkyl, Cj_jocycloalkyl, C;.jocycloalkylCi galkyl,

10 aryloxy(hydroxy)C,.salkyl, haloindazolyl, arylC,.salkyl, arylC, ¢alkenyl, morpholino,
Ci.salkylimidazolyl, or pyridinylC,.salkylamino; and
eachR" independently is hydrogen, piperidinyl or aryl;

R*, R® and R® are each independently selected from hydrogen, halo, trihalomethyl,
15 trihalomethoxy, C,.¢alkyl, Cisalkyloxy, di(C,.salkyl)amino, di(C,.¢alkyl)aminoC;.
calkyloxy or C;_¢alkyloxycarbonyl; or
when R’ and R are on adjacent positions they may taken together form a bivalent
radical of formula

-0-CH»-O (d-1),

20 -O-(CH,),-O- (d-2),
-CH=CH-CH=CH- (d-3), or
-NH-C(0)-NR "*=CH- (d-4),

wherein R' is C).¢alkyl,;
25  aryl is phenyl or phenyl substituted with halo, C,_ealkyl or C;_galkyloxy.

10. Use according to claim 9 wherein the medicament is for chemosensitization.



e.g. alumnumchloride either neat or in a suitable solvent such as, for
exanpl e, an 20 aromati c hydrocarbon, e.g. benzene, chl orobenzene,

nmet hyl benzene and the |ike; hal ogenat®d hydrocarbons, e.qg.

trichl oromet hane, tetrachl oronethane and the |ike; an ether, e.g.
tetrahydrofuran, 1, 4-dioxane and the |like or m xtures of such solvents. o
11 R a R NHCCRS=L-CH5 R~ R(C'12)" NO R3RCH)" ( RR R5 R6 Rs R6
25 (X) 0-i) wherein R to R6 and n are as defined in claiml; -49- c) the
condensati on of an appropriate ortho-benzenedi ami ne of fornula (XI) with an
ester of for e | k n of forrrula
(n, V\herellw&ﬁydﬁ \A@c'riﬁre ‘évp?ljee t%mén’glc%%lﬁ%tolﬁn ra&% n%)n%# gﬁs (I -i), in
the presence of a carboxylic acid, e.g. acetic acid and the |ike, a m ner al
acid such agy %QBm%mﬂB{x%f?c&%ﬁ&ﬂﬁMs% o@5] fhy ol 3G 8 wififa @ Sulfonic
acid such as or exa ane- on| c acid, benzenesul foni ¢ aci d,

4- et hyl ﬁenfhﬂé@hﬂﬁﬁ‘?ﬂt@ aeMd and the like. 20z It a R (CH2)n Ri (CI tA/
NO ( RB+ORMn RB /v NF- 0/ A\ NR RS RRRhP+) (xI) (XIl) wherein R1
to R6 and n (r)g as defined i.n claimlr@and vvherelqR ig Cl sal k¥l; 10 14.
Use of a cor]r’g PECCEELOF BTRgrPG2 epRPRyns! a5 clagmedin ¢lpidn heigrasBrigF@OYvf a

medi canment  af the hyli®l{sieatinrfhedihtes aNfo@mula (VIII), according to art-known methods,

by submitting the intermediates of formula (VIII) to appropriate reagents, such as,
10 tinchloride, acetic acid and hydrochloric acid, in the presence of a reaction inert

solvent, e.g. tetrahydrofuran.

H H
4 R2 II\I O R4 R2 (CH ) II\I O
R n
YL Sy T L
P & 1 // ~ X Rl
RS/\7\R6 X R RS\/\RG

(VIII) I

wherein R' to R®, n and X are as defined in claim 1;
15
b) the cyclization of intermediates of formula (X), according to art-known cyclizing
procedures into compounds of formula (I) wherein X is CH, herein referred to as
compounds of formula (I-j), preferably in the presence of a suitable Lewis Acid,
e.g. aluminum chloride either neat or in a suitable solvent such as, for example, an
20 aromatic hydrocarbon, e.g. benzene, chlorobenzene, methylbenzene and the like;
halogenated hydrocarbons, e.g. trichloromethane, tetrachloromethane and the like;

an ether, e.g. tetrahydrofuran, 1,4-dioxane and the like or mixtures of such solvents.

H—C—CR' C—C6H5 (CHz)nm
—(CHo, \\

25 X) (1)

wherein R! to R® and n are as defined in claim 1;
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¢) the condensation of an appropriate ortho-benzenediamine of formula (XI) with an
ester of formula (XII) wherein R"is Ci.salkyl, into compounds of formula (I),
wherein X is N, herein referred to as compounds of formula (I-i), in the presence of
a carboxylic acid, e.g. acetic acid and the like, a mineral acid such as, for example
5 hydrochloric acid, sulfuric acid, or a sulfonic acid such as, for example, methane-

sulfonic acid, benzenesulfonic acid, 4-methylbenzenesulfonic acid and the like.

H

R | (CH,), NH, ] 0 R? : (CH,) N0
m @N; R\")‘\ORh — Dﬁ% znﬁ I |
R5\7 " b 0 RSV\Rﬁ N SR
(XD (X1 (-
wherein R to R® and n are as defined in claim 1 and wherein R" is Cy.salkyl;
10
14. Use of a compound according to claim 5 or 6 for the manufacture of a medicament

for the treatment of cancer.





