PARP INHIBITOR COMPOUNDS, COMPOSITIONS AND METHODS OF USE FIELD OF THE
INVENTION 10011The present invention relates to tetraaza phenalen-3-one compounds which inhibit
poly (ADP-rM@s¥PYbtRi8rase (PARP). BACKGROUND 10021 The presdiifAV2ati#R78eMtes to
inhibitors of the nuclear enzyme poly(aclenosine 5I-diphospho-ribose) polymerase ["poly(ADP-ribose)
polymerase" or "PARP", which is also referred to as ADPRT (NAD:protein (ADP-ribosyl transferase
(polymerising)) and PARS (poly(ADP-ribose) synthetase) and provides compounds and compositions
containing thé RIBAN$H®B LOMROUOM PIOOINDSrCOMPOSETI ONSNANDIVOETHODSIOXIESEUSINg the
disclosed PARP inhibitors to treat cancer. 10031 There is considerable interest in the development
of PARP inhibitors as chemosensitizers for use in cancer therapy and to limit cellular damage after

ischemia or endotoxic stress. In partiﬁ Btﬁnlt j Eﬂomide cytotoxicity observed in
preclinical studies with potent PARP- ' T of base excision repair and
subsequent cylgigygeity due ipdpcamplaiediReRag of NemelYlguanine A Meivdadanine:
There is now a body of preclinical data demonstrating that the cytotoxicity of temozolomide is
potentiated Byhibhdelin{<uabigibesa PARPeIAsEERAEher in vitro or in vivo. Plummer, et al., Clin.
Cancer Res., 11(9), 3402 (2005). 10041Temozolomide, a DNA methylating agent, induces DNA
damage, which is repaired by 06-alkylguanine alkyltransferase (ATase) and poly(ADP-ribose)
polymerase-1 (PARP-1)-dependent base excision reﬁair. Temozolamide is an orally available

monofunctional DNA alkylating agent used nd malignant melanoma. Temozolomige
is rapidly absorbed and undergoes spontaneous breakdown to form the active monomethyl triazene,

543-methyl-I-trid J8AbI MG REES M- AEAHIKER G ONHBIMER rBRHer v L Ee Dol 9RIR W thylation
products, thepigderphatarperias eig N7 josiaiguaoe (foMhdNEsnethpagenineniQio) and
06-methylguanine (5%). Unless repaired hy 06-alkylg,.uanine alkyltransferase, 06-methylg,uanine is
cytotoxic dué'td ﬁ?ﬂ%ﬁ?ﬁlﬁ%%lﬁﬂﬁ&jﬁwﬁﬁﬁt gPe]')p DRSS h SRS JRRIN B S By ATk d on the
daughter straadRisy(paisiratih rigpad) pyateinsnchthe dhidaine exocised dawenpditibass the original
06-methylguanine nucleotide jn the parent sirand is repaired by ATase-mediated. removal of the methyl
adduct, thynﬁﬂ%t%lBH“%é%Feﬂci%%l?t“é?&CﬁHB’é’EH?éé- AAERS &Eed?r%ﬂ’ii}?é(eé%‘?%ﬁoﬁﬁﬁﬁﬁ%% ibn
opposite an usirgPhielsObsnEItRIail gt oriale dlidecaanges a state of persistent strand breakage and
the MutS branch of mismatch repair system signals G2-M cell cycle arrest and the initiation of
apoptosis. The ¢0@dititatineety coarid dmpleriatet &dt in-the tthylgloqnicet afid ARPrigtiyilademine nucleotide
alkylation prgggctssggrsr.?%d b¥ tremozolomiglgat re rapig(liyt(r)eﬁ)lg'ﬁecél al% =X excis'éoe? rseﬁalirriif(l)l%mmer, et
al., Clin. Cancer Res 11 f§3 evd (‘E(f@gf ?%@V&emoseng Ization by BARPhRIDItors i€ not limited
to temozolomide:@Gytctosds. diugsit gater adycaiatdaiattannserp indlide aetisationyaftRé&RId-Iy and it has

been demonstrated that inhibitors of PARP-1_can patentiate.the DNA damaging and cytotoxic.effects
o chem oo A Rl B B e e o

repair in respodsetiscRNA daragingyadents repnepéntspeoneesingris v’ foredytyuesistanseNA-tumors,
and inhibition o{ thlis enzyme. has been shgw tg.enhance tr&e at(:itivit of I nizing radiation and several
. ethyladeénine. There 1S now a body ot preclingcal dgta demdnstrating that the tOX1CIty
cytotoxic antitumor agents, including temozotomide and opotecan. Suto e{lgl., inUSPat No:
5,177,075, digtlosezsbueidt isqouimoknakbhysed dorieshaticingfth® ARRaihbffecis oftienizing vadiation or
chemotherapeutic.agents on t cells, Weltin et al o+ t of 8(5H)-Phenanthridinone, an Inhibitor
of Poly(ADPYr%%SQ 6?%555’2@,%”@? u?%’”d%‘hw@r@i@?&%%%?}?es., 6:9, 399-403 (1994) disclose
the infibition of AR aafyie.fercadheiokferiianaf Jumen el GO A Maked Binefqstic effect

when tumor cells are co-treated with an alkylating drtig.” PARP-1 is thus a potentially important
therapeutic tmlgﬁétd@)bﬁr@faﬁk:nfigu?mm@éfﬁhgih@f@améﬁﬂﬁl@%m@bp0‘1}’([1@0@111"1%13(@ helivieresedn also
inhibit the arewdh phigells bavipeicastab it g atepus KeeRIRARIam AR RAiaway of
double-stranded DNA repair. See Bryant et al., "Specific killing of BRCA2-deficient tumours with
inhibitors of W?MP%D@@NMW@@%N&MW@@@&31'(<2I®@6)1;nﬁanﬁiigﬂétl‘am€'lmg§ting the DNA
repair defectigRBGAMIANT GR35 AR ARG W IBIRISoNABEA AP4ib (28BN s effect

operates without the presence of chemosensitizers. Id. Known states associated with HR defects
include BRC#¢tiveefeamngiRd Kigzdetebt63-andiiFaricoimizanelnudaselsciatatbeamaeds. McCabe et al.,
"Deficiency in the Repair of DNA Damage by Homologous Recombination and Sensitivity to
Poly(ADP-Ribose) Polymerase Inhibition," Cancer Res. 66. 8109 (2006). Proteins identified as
associated with a Fanconi anemia include FANCA, FANCB, FANCC, FANCD2, FANCE, FANCF,
FANCG, FANCL, and FANCM. Id. For reviews, see Zaremba et al., "PARP Inhibitor Development for
Systemic Cancer Targeting," Anti-Cancer Agents in Medicinal Chemistry 7, 515 (2007) and Lewis et
al., "Clinical poly(ADPribose) polymerase inhibitprs for the treatment of cancer,” Cum Opin.
Investigational Drugs 8, 1061 (2007).



[0071 Large numbers of known PARP inhibitors have been described in Banasik etal., "Specific
Inhibitors of Poly(ADP-Ribose) Synthetase and Mono(ADP-Ribosyl)- Transferase", J. Biol. Chem.,
267:3, 1569%8 499#528hd in Banasik etal., "Inhibitors and Activators of AFCTHSMAAfRMIReactions”,
Molec. Cell. Biochem., 138, 185-97 (1994). However, effective use of these PARP inhibitors, in the
ways discussed above, has been limited by the concurrent production of unwanted side-effects. See
Milani et al., "Inhibitors of Poly(Adenosine Diphosphate-Ribose) Synthesis; Effect on Other Metabolic
Processes," Hommnoeth}2 8;1688e9b1h984ycral DDO8 Inletladalitconpto dnet g by erddARAdtdhipdars have

been disclosed and-described in the f ipg international nt applications: WO 00/42040; WO
00/39070: W&' sa'i‘&ﬁq;’ aé‘&?ii%%?%g@éﬁyfﬁﬁlwgﬁ étglffé) W@é%)éaé’é%?% 99/11644:
WO 99/1194BnM0ro8dirt649; @hdlMYR09I50 913 IhansinpsehOfisheehidgiewint thestatxiofdihetart has
been published by Li and Zhang in I1Dru 1, 4(7): 804-312 (PharmaPress Ltd ISSN 1369-7056).
o6 The ST AR R B ek R R TR B o
tumor cells tdanghtyrtetaxid effesssefathematipeotpeuticdhenty mas kaeis adpbltectinr imdealihc US

2002/0028815; US 3/0134843; US 2004/0067949: White AW..et al.. 14 Bioprg. and Med.,Chem
Cots. 2433 (R St R tu e miER oo e Ja L St Bt BIATRE NG e
Med. Chem. 1240 {2003hFanthet HidetglthiBhbledorecItin{drdeApRcpOG6Ye PivremamdRoet al., 11(9)
din. Cancer Res..3402 (2005); Tikhe JG, et al.. 47 J. Med. Chem. 7 (2004); Griffin R.J., gtal., WO
0873350 e HGuRS e Ui Ba SR ol SR R o
common facteosadiatig dhpeapytenithtchdrhotherapendi thd MgsS Quasthofnainohddctricepgirisieemology,
249, 9-17 (29| %)a-ls,C&E!NPE'%ﬁr%?%e'%ﬁiﬁ”e%{?gnﬁ‘%ﬁéolgﬁ‘}%‘%o'ﬁ %‘f%' ISRliectane H&‘tﬁ{%‘i‘v‘é‘f"?z%?eg the use of
many of the conventional (e.g.; Taxol, vincritine, cisplatin) and newer chemot eraple}ai e.g. velcacle,
epothilone). Daerainy ondthe lgubsianeediNedahylrdesarsonyleviilpaiisidhrienopdtys @ithasisplatin,
oxaliplatin, cayaeniafith it TP RADSEMEloh PEORAIGH LAl EINHGVOMEMeR, Of the
autonomic nervous system (wit ncristing, taxal, suramin) can Snsue. eurotoxicity depends on the
total cumulativedoséeand D, tyHe2d2803g used. In individual cases neuropathy can evolve even after

a single drug application. The recovery from symptoms is often incomplete and a long period of
regeneration is 1888lfeltrtoossstavaauprc o AfpPranhiviorews aatdisnaied 40 &paore lomielatslytorevisnt or

cure chemoterapy-induesd gsuieRAI . PQLIITErR Ae0fiDHeS ibe aeed.Op&lfective and potent

PARP inhibitors which enhance the lethal effects of chemotherapeutic agents on tumor cells while
producing milsimensigedhatiahiboer) pf Rddifoh crnmieisitsitesidedsaagipepuidety tof e ffective
in radiosensiliging. RANIAIHITA, £l ARLRRELMR BRI ANIRY UmAT eqlls TRmiresgysring from
potentially lethal damage of DNAafter radiation therapy, presumably by their ability to prevent DNA
repair. U.S. BARRt NosdBiad Doy repgi snzggpeiid © AN s 93nrpongiRessHepissieitons suggest that
PARP inhibitoes ilh Oreast gancrsseliR hatars A TeeiHL RIGRSE AR0CRL ARSatIalRd paRR And -2
(BRCAL/2). These studies suggest that PARP inhibitors may be effective for treating '
BRCAL1/2-as¥dtanesdlisragistibnAE&BIng figdiptdempndeayier DOGSt 3 g I e S2tpiaiechE Intl. J.
Med. Sci. 20063oldrhid ANt Sloploa kiR 0054 8ds Hd. INQ03ATTNeTS cARtipUES(R:e a need for
effective and potent PARP inhibitors which enhance the lethal effects of ionizing radiation and/or
Chemotheraml@éi@ﬁﬁw for enhancing the lethal effects of ionizing radiation or

chemotherapeutic agents on tumor cells. Weltin ez al., "Effect of 6(5H)-Phenanthridinone,

an Inhibitor of Poly(ADP-ribose) Polymerase, on Cultured Tumor Cells", Oncol. Res., 6:9,
399-403 (1994) disclose the inhibition of PARP activity, reduced proliferation of tumor
cells, and a marked synergistic effect when tumor cells are co-treated with an alkylating
drug. PARP-1 is thus a potentially important therapeutic target for enhancing DNA-

damaging cancer therapies.

[006] PARP inhibitors can also inhibit the growth of cells having defects in the
homologous recombination (HR) pathway of double-stranded DNA repair. See Bryant et
al., “Specific killing of BRCA2-deficient tumours with inhibitors of poly(ADP-ribose)



tumor cells, or inhibit the growth of cells having defects in the homologous recombination (HR)
pathway of double-stranded DNA repair, while producing minimal side-effects. SUMMARY OF
INVENTIONNO®S)PHEHresent invention provides compounds described hBfi/B89R/A8898S thereof
and their uses to inhibit poly(ADP-ribose) polymerase ("PARP"), compositions containing these
compounds and methods for making and using these PARP inhibitors to treat the effects of the
conditions described herein. [0016]The present invention also provides a tetraaza phenalen-3-one
compound op&grnecdsc(’l)yar:aept3dr H s €D \F aicoeptable Shitrghaneahe D e R dsfie) NRIR2,

wherein RI i cted from the gr consisting of hydrogen, C1- ight or branched chain alkyl,
Co-06 straigh R oA i s B o e e e e T A SRS et
phenoxy, bemztHonyiNRARBACIF At strsighitiacisraft hgdoshamaatkyl)s IMRARB {E 2R @ «fratight or

Sl A1) G SO A S N Tl

! \earbonyl, (6206 staight or
branched chain alkenyl)carbony cycloalkyl)carbonyl, kol straig Forbranched chain

alkyl)oxycarbdohbG2-4 6 ‘Siraligittnoy bhnathe ireg ah aifiDalde Mdtoxye dsbHoyho G @GR ecombination
;?’lf;g"""ky')ox%c 000 RMSPRIND PHRBYL) PSR ARG - AR AP 60§
Proteins identified as associated with a Fanconi anemia include FANCA, FANCB,
FANCC, FANCD2, FANCE, FANCF, FANCG, FANCL, and FANCM. Id. For reviews,
see Zaremba et al., “PARP Inhibitor Development for Systemic Cancer Targeting,” Anti-
Cancer Agents in Medicinal Chemistry 7, 515 (2007) and Lewis et al., “Clinical poly(ADP-

ribose) polymerase inhibitors for the treatment of cancer,” Curr. Opin. Investigational

Drugs 8, 1061 (2007).

[007] Large numbers of known PARP inhibitors have been described in Banasik et al.,
"Specific Inhibitors of Poly(ADP-Ribose) Synthetase and Mono(ADP-Ribosyl)-
Transferase", J. Biol. Chem., 267:3, 1569-75 (1992), and in Banasik ef al., "Inhibitors and
Activators of ADP-Ribosylation Reactions", Molec. Cell. Biochem., 138, 185-97 (1994).
However, effective use of these PARP inhibitors, in the ways discussed above, has been
limited by the concurrent production of unwanted side-effects. See Milam et al.,
"Inhibitors of Poly(Adenosine Diphosphate-Ribose) Synthesis; Effect on Other Metabolic
Processes," Science, 223, 589-91 (1984).

[008]In addition to the above, PARP inhibitors have been disclosed and described in
the following international patent applications: WO 00/42040; WO 00/39070; WO
00/39104; WO 99/11623; WO 99/11628; WO 99/11622; WO 99/59975; WO 99/11644;
WO 99/11945; WO 99/11649; and WO 99/59973. A comprehensive review of the state of
the art has been published by Li and Zhang in IDrugs 2001, 4(7): 804-812 (PharmaPress
Ltd ISSN 1369-7056).

[009] The ability of PARP-inhibitors to potentiate the lethality of cytotoxic agents by
chemosensitizing tumor cells to the cytotoxic effects of chemotherapeutic agents has been
reported in, inter alia, US 2002/0028815; US 2003/0134843; US 2004/0067949; White
AW, et al., 14 Bioorg. and Med. Chem Letts. 2433 (2004); Canon Koch SS, et al., 45 J.



aryl(C)-C6 straight or branched chain alkenyl), aryl(C1-C8 cycloalkyl), (C1-C6 straight or branched
chain alkyflaryl, (C2-C6 straight or branched chain alkenyflaryl, (CI-Cs cycloalkyl)aryl, aryl,
heterocyclyMMeet8e88¥eHN Ci-C6 straight or branched chain alkyl), and hete R eyApROSE 4 raight or
branched chain alkenyl); wherein each heterocyclyl has between 1 and 7 heteroatoms independently
selected from O, N, or S. and wherein each of RA and RB are independently selected from the group
consisting of hydrogen, C1-C6 straight or branched chain alkyl, C2-C6 straight or branched chain
alkenyl, and L <hyaloddiol; (2002 R Biakslecial étarh, telghdup. Ciraisting ¢f003yJGustraighteor
branched chajn alky|, C2- ight or. ched chain alkenyl, Cl- cloalkyl, C1- Ikoxy,
C2-C6 alken?/{'cb?é,lj' p ae%{ﬁ,%&iﬁ?x%}) le%gy[}?ﬁ;)ﬁﬁf\rlﬁrﬁﬁﬁﬁcﬁ%g/"sfriaki(&?%}é'bc;gﬂc 1)e éh%%@ alkyl),
NRxRY C6 gizaight drkbrafehetchthéiinl aMedyh¢@i- &8 3tta0gH) oGbraindhéd ahdin siRyPRIaRsany !,
(C2-C6 straiglq(ti?f %@Ch@d ;:hgi%k%()%)/aﬁ% yl,cycloalkyl)carbonyl, (C1-C6 straight or branched
aI},’( 5'¢%s raig

chain aIkyI)oxycar%ony t or branched chain alkenyl)oxycarbonyl,

cycloalkyl)oxyc l, arylgar I f Ifonyl, aryl(Ci-C j I hain alkyl),
aryl(C2-C6 straiagqglﬁg brancﬁ%&%ﬂ?a kgepr%!ig,ﬂ)g{r‘lﬁ C%é-%gp%%%c%lﬁy%),ﬁi{g@%héag{?gigﬁf?ﬁgr&&énched
chain alkyl)atyr¢mevdh shetegriherabeatichiazsh v albeffdahHatCRLC d. dyeivalikgflaryh), Sl

heterocyclyl 78'2?863f%’ﬁ%%%&g%ﬂ%%@iﬁé}%@%ﬁi&Q%ﬁ’&é@%@ct%ﬂgﬂ%;@#’ﬂ&ﬁ@@ﬁ%?@e%Igé‘ight or

branched chain alkenyl); wher has between eteroatoms independently
selected fromfonanyorfShasehvintiennléach dRRY. antcRYhareiindispenddmbyvsedsiadtiranapite group

consisting ol (NCKRGEN. i SHEIIALARNEDE S AL 2 CB sralaht gy bianahed, ehain

alkenyl, and CI=Cs cycloalkyl; wherein and R2 are independently substituted with between 0 and 4

substituents peBkstpitieie petib riNasalcrtedpiedin, katbodatioeos raiykebsdnsmtheldichairranty C2-C6

straight or brapgned, AN Ak GG? Ak BIHOFRRGHM, il aaityh ARthamiQg; and
provided that R1 and R2 may not both be methyl, and R2 may not be (phenyl)prop-1-y1 when Rl is

hydrogen; osurabirasaeepssabdirure vivityotmeadn QdheltatalLbstitleits, deseiddbp éyiveritly
selected frorg, e, deau SRmRIBHAY AL AAIR L FGR AlliPxYo HlAremBIY I HiluiaGtivl £GP straight
or branched chain alkyl, C2-C6 straight or branched chain alkenyl, C3-C8 cycloalkyl, NRcRD,
NRcR1(Ci-Céhstrapgheor firanehiegionains1ken, inernmistrndedans serindrfaesragietied hain
alkenyl), whergin,each LBf AnRR iLpdsRsRIRYsRiesed Taab e HeUBIGoRsising afiydrogen,
C1-C6 straight or branched chain alkyl, C2-C6 straight or branched chain alkenyl, and C3-C8
cycloalkyl; asbckéicisivrantiarednevsopatittient is of the form NRcRD, each occurrence of RC and RD
is independently selected from the group consisting of hydrogen, C1-C6 straight or branched chain
alkyl, C2-C6 strafftlbr branthfds eRmiRuskENDS aneed Roafisgtivanad nefen( Y RRRISERN having
between 1 apgiéihetaraatamsidpiarendantiycaslastrd d/RMi0 abbi & ARSLRRAYIRAAgIwWeen 0 and 4
substituents independently selected from the group consisting of halo, haloalkyl, hydroxyl, nitro,
trifluoromethBACthiRst SRitHIaide 6 (&gt or branched chain alkyl, C2-C6 straight or branched chain
alkenyl, C1-C6 alkoxy, C2-C6 alkenyloxy, phenyl, phenoxy, benzyloxy, amino, thiocarbonyl, cyano,
imino, NRLRI(CI®¥L&raight &7 B d‘&@?ﬂ%?@ﬁ?&%@@%‘f%@ﬁ?(?rf%FéWEHBd chain

alkenyl) sulfhygiodetbiaaikyhdioxa semoetiyls (ad <EBEtRIghp K branghathehainsatkom carbonyl,
(C2-C6 straight or hranched chain alke%carbonyI#Ci-CG straight or branched chain

alkyl)oxycarbBR)CTES ERERAHiEoY brAF HemeaaM RREh NG RUAOR P IAPRESHYT BBy 1,
arylsulfonyl, s eH1G6 sirpigvimemNanaiadc clag) piyh:. Moyl (€836 straghtonisrandrediahess.
alkenyl), aryl(C1-Cs cycloalkyl), (C1-C6 straight or branched chain alkyl)aryl, (C2-C6 straight or
branched chain gié&sily paryl RgeE payibtaatiod anytearyhahBieRaCdibitb e kit dyehd( Cirfcér skBsght or

branched chain alkyl), and heterocyclyl(C2-C6 straight or bran i ), wherein each
otorocyclyl T BEAUER A A Er PP ERSme DR ) el b o) N &fhercin each
gf REhandd i&@hls;idpemmlyrﬁﬂlm b dﬂagrhe:lhﬁ@tmqof' ctlmsiﬁml' Bﬁ(thxdmgem@li@&smaigr;lt or

ranched chain alkyl. C2-C6 straight or chain alken C3-C8 cycloalkyl; a n more
than one sub B SR Toim N Lot Sl e B i e b iy Eefected
from the group7cdhsiating of Hyelnoge?) 314386, Siraight or branched chain alkyl, C2- C6 straight or

branched chain alkenyl, and C3-C8 cycloalkyl; wherein each of said 0-4
[0014] There continues to be a need for effective and potent PARP inhibitors

which enhance the lethal effects of ionizing radiation and/or chemotherapeutic agents on



substituents is independently substituted with between 0 and 4 further substituents, and each said
further substituent is independently selected from halo, C1-C6 straight or branched chain alkyl, C2-C6
straight or bYEPEAEHAM alkenyl, C3-C8 cycloalkyl, C1-C6 alkoxy, trifluordfa&tH§roBsMigetrethyl, and
amino; provided that R has at least one substituent when R is an N-piperidinyl, N-pyrrolidinyl or an
N-morpholinyl group. [0017]in some embodiments each ring of each heterocyclyl of Formula (1) is
independently 5-7 atoms in size. [0018]Some embodiments include one, two or three nitrogen atoms
in at least onariogoefltherhetkitticyiadyrok tharfroglds (i@ IR]kr samthe hibodiogentscthenbéatetioayclyl of
Formula(l) c |se 1-3 rlp%§ I?e me e ments t ehgeter ﬁyI qgfsm%; Pete pa%oms
independent IBcttedaﬁ%m URI (?%d h s0Mme ambo meR{s erocyc comprises 1-2 rings.
In some embodlments, the heterocyclyl comprises one ring. in some embodiments, the various
occurrences of the heterocyclyl of Formula (I) each independently comprise 1-3 rings. In some
embodiments, the various occurrences of the heterocyclyl of Formula (1) each independently comprise
1-2 rings. In some embodiments, thex/aM! h N TONeterocyclyl of Formula (1) each
independently comprise one ring. [0020]in some embodiments, the heterocyclyl of Formula (i) is

selected from th03t8lip conbiSPigSADIBXSRIAIPERBEIAVIPBYRLRIFS ﬂaﬁayﬁrsgwawatwes

tetrahydropyfigydopyHg il RyeimidiaNib g 'WQHYP‘H‘I’ISB@&J peirakysiropPARKA NYbmpositions
hexahydropyrimidinyl, dlhydropyrazmyl tetra ﬁdr razmyl yrrolldlnyl imidazolidinyl, g yrazolidinyl,

pyrrolyl, dihyRBINHBIGIRIRSBRBRYHI pyra 619%%%5 FAS EKIR BZBRAYRT 19,2]
diazepanyl, talisbaze-parnt tlclcdhdiggsanydirdalvtegihydroindolyl, isoindolyl, dihydroisoindoly,
dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl, and tetrahydroisoquinolyl; or subsets thereof
[0021]The presqno'mentiom@pr@lﬁﬁeﬁlwmi@harmQﬁewtﬂ@alaqeffmsiﬁﬁm@mti@ﬁag:éhhpound
therapeuticallggamou fa compound of Formula g al?s?éﬁ a?f) ?rmaceutlcally acceptable carrier..
WO 20091046265PEY ?‘@%6%1&% DACFRRI iAY&htion provides compounds which
inhibit the in vitro

Q)

wherein R is

(a) NR'R?, wherein R' is selected from the group consisting of hydrogen, C;-Cg straight
or branched chain alkyl, C,-Cs straight or branched chain alkenyl, C3;-Cs cycloalkyl, C;-Cs
alkoxy, C,-Cs alkenyloxy, phenyl, phenoxy, benzyloxy,

NRAR® (C;-C straight or branched chain alkyl), NRAR® (C,-C straight or branched chain
alkenyl), (C;-Cs straight or branched chain alkyl)carbonyl, (C,-Cs straight or branched
chain alkenyl)carbonyl, (Cs;-Cs cycloalkyl)carbonyl,

(Ci-Cg straight or branched chain alkyl)oxycarbonyl, (C,-Cs straight or branched chain
alkenyl)oxycarbonyl, (Cs-Cs cycloalkyl)oxycarbonyl,

arylcarbonyl, sulfonyl, arylsulfonyl, aryl(C;-Cs straight or branched chain alkyl),



andlor in vivo polymcrase activity of poly(ADP-ribose) polymerase (PARP), and compositions
containing the disclosed compounds. 100231The present invention provides methods to inhibit, limit
and/or contiWIAREOHNEBSand/or in vivo polymerase activity of poly(ADP-ribBSEYYSERAFBTEEE (PARP) in
solutions cells, tissues, organs or organ systems. In one embodiment, the present invention provides
methods of limiting or inhibiting PARP activity in a mammal, such as a human, either locally or
systemically. 100241in one embodiment, the invention provides a chemosensitization method for
treating canceykOpEristrigetoptaatinghidtbobaincelkeallh vaityl @ cyiptoxioityikpbicntiating tetraaza

phenalen-3-ope compound of For a#]l or.a phar edtically acceptabl It thereof and further
Contacting 1o CaoN SR e e e BB R R e R e cene
invention prayig€s aychehgydangitization method wherein a first dose of at least one compound of

Formula (T) pr.a pharmaceutically acceptable salt thereof js administered singly or re ly.to a
patient in neg%t?ﬁgc)ecr%%n}’a%lg]?\e/\rlﬂc el F(s(éﬁbéaéaggl é(g}é%%cr%lg%%%%noﬁg as ggfwgéeéﬂ@r%%?lﬁe?é&p%utic
agent is admimisgduted biagbhat cepmatbaiyyly sdidrpatiechditerracyniel hesibdttoepndviad dn effective
B o CHAsRIR RGN, AR AN ARGt O e BISSCH HENIL RIS AyBlieracoutoa
formulation comprising the ompourYoFo]TeEormu a (fyin 2 forn selected from the group consisting of
Non-limiting exapeplés 0§ sakltet dmot ey apewti cany ety arehnyabivgdnb elavi. piangia ce tiesdlye d

acceptable fr%e.ba S Ealté; o} E}]trt]egt ﬁrs‘e{[gcrﬁ $9 vqltleeﬁdiglt%(% s%scri(;%g&%,cagg m@xiures thereof.

, hydr
According to-a furthe asﬁ_ec ,Sfée armaceutical form rco prlseg a pharmaceutically

acceptable carrier and, optionally, a chemotherapeutic agent. The following embodiments arc for

llustrative pyippReR Al ANAAIE 10! IBLEACSR UL A0y W e SSRBR RLING s ipvention. I
one embodiment, a pharmaceutica Fdtmunation of the invention ¢ mprises a compound of’thé
invention in &pktaspbiceuticalbhacceptablecsalrier-Gia aradthtrydribddinibntya ph&kmboaytica!,

formulation qf the invention rjises euti fa o of the
invention in &S bt S atie TGl ot SeEeL R n e oL
formulation df¢keaphentibnaoohegrivemalkompbnc0f theightertionmmhddoriaoratiyhcarbonyl,
chemotherapgutj ' r i e carger, | I djment, a
pharmaceuti%%af%?rﬁ%qagl}gréqoﬁﬁg%@e%ﬁ%ﬂn%%%gﬁgg§ @%Lﬁ%ggectﬁ?é%%@%%?a lé allt%;éfa
compound oftthegveritienched dwea atlybeetiebeotetepéutitragdhty branphesriaceutically
acceptable (?Eégplﬂggcgmg examples of such chemotherapeutic agents are recited below.
Ing to

[0027]Accor itional-aSpects of the invention, the chemosensitizing compound and the
chemotherap€uriic: agene bind)adyemisarddedsathvaly sitioitaheadsw oo sindCordingttaigi aspect of

the inventio%r%%%éﬂ?ﬁbﬁ@i%@l?@?@6i§traight or branched chain alkenyl), aryl(Cs-Cs

cycloalkyl), (C;-Cg straight or branched chain alkyl)aryl, (C,-Cs straight or branched chain
alkenyl)aryl, (C;-Csg cycloalkyl)aryl, aryl,

heterocyclyl, heterocyclyl(C;-Cs straight or branched chain alkyl), and heterocyclyl(C,-Cs
straight or branched chain alkenyl); wherein each heterocyclyl has between 1 and 7
heteroatoms independently selected from O, N, or S, and wherein each of R*and R” are
independently selected from the group consisting of hydrogen, C;-Cg straight or branched
chain alkyl, C,-Cs straight or branched chain alkenyl, and C;-Cs cycloalkyl;

wherein R' and R” are independently substituted with between 0 and 4

substituents, each independently selected from halo, C;-Cs straight or branched chain
alkyl, C,-Cs straight or branched chain alkenyl, C;-C¢ alkoxy, trifluoromethyl,
trifluoroethyl , and amino; and provided that R' and R? may not both be methyl, and R’
may not be (phenyl)prop-1-yl when R' is hydrogen; or



selected from the group consisting of temozolomide, adriamycin, camptothecin, carboplatin, cisplatin,
daunorubicin, docetaxel, doxorubicin, interferon-alpha, interferon-beta, interferon-gamma, interleukin
2, irinotecanty P28NPH&EL04 taxoid, dactinomycin, danorubicin, 41-deoxydoxoPGHidiR24B N,
pilcamycin, mitomycin, neomycin and gentamycin, etoposide, 4-OH cyclophosphamide, a platinum
coordination complex, topotecan, therapeutically effective analogs and derivatives of the same, and
mixtures thereof According to a specific aspect, the chemotherapeutic agent is temozolomicle.
[0029]In anoth@) emplodginmes;,itine preage bt tweenticmgprositestneethodsofrideptimiy ity efectaf cancer
and/or to rad{jlrose itize cancer.cells ta render the cancer cells more sysceptible to radiation therapy
and thoreby 1 BObeR LIl AR A eG A ] HBlEm G 1A RS e DA after
radiation thesapightempnsicigddministeyh§ieCa subdot@arbefiebtiyelmmalktofla@efpound of Formula
(1) or a pharmageuti salt thereof. ethod fgwi embodijment is gk d

specifically acr?'&%?gfgcrﬁe&lr?lla y tadiosen |tIZ|rfgS?crgl?:lé?) {:Hejﬁ%nfgﬁ é:rnallélt%%ycig]r?gérﬁc}gﬁﬁg?eégusceptible
to radiation tktesihy ¢hdrandmedurhain cékisn {00 30§ him prebarftRivendtR ] ial solgrenvides asaiettold of
treatment of cancer in a subject jn need thereof comprising administering to the kaj t
therapeutioall BrLCH S At AP CLOHGISSH o Pt e BB e raie s
thereof wherginighe cabeecbeallshwavelbedgfeatdrCepaicyol addkyleastr avideddNAsoission. in one
embodiment, (36 defect inapalr of double-signded, PG sqission i@ defest i omplogpus.g
recombination. Tn one embodiment, the cahcer cells have a phenotype selec rom he group
consisting off BRIGAxD defect st iBREARIdefact, @ BRERghmod BRCheQ defectikaghd Edhconi anemia.

WO 20091045'%10%E%g%giﬁ%g%%ggﬂg&%o%&i% gagtperl garﬂ(bgdgpent, the present invention provides

methods of treatﬁ1g associated breast cancer gompﬁéing administering a compound of
Formula (l) or a pharmaceutically acceptable salt thereof [0032]According to one embodiment of the

raciosensiizati aihe B I o oo e AL I R o G have o
defect in rephir of Sould|bastigbiest N A sedssirbstiathiod oidtreidvetyionlcigal dompideaaglected
from Form“'%oﬁ%ﬁ{i p&ar{ﬁk?}%%&‘&%ﬁ%g}’, AGGRRIGP B LIRS A IRRN AR ASRRGH, BeCOomRRiRd IS
selected from the group consisting o
or branched chain alkyl, C,-Cs straight or branched chain alkenyl, C;-Cs alkoxy, C,-Csg
alkenyloxy, phenyl, phenoxy, benzyloxy, amino, thiocarbonyl, cyano, imino, NR"R"(C;-
Cs straight or branched chain alkyl), NR"R"(C,-Cg straight or branched chain alkenyl)
sulthydryl, thioalkyl, dioxa-spiroethyl, (C;-Cs straight or branched chain alkyl) carbonyl,
(C,-Cg straight or branched chain alkenyl)carbonyl, (C;-Cs straight or branched chain
alkyl)oxycarbonyl, (C,-Cg straight or branched chain alkenyl)oxycarbonyl, arylcarbonyl,
sulfonyl, arylsulfonyl, aryl(C;-Cs straight or branched chain alkyl), aryl(C,-Cg straight or
branched chain alkenyl), aryl(Cs-Cs cycloalkyl), (C;-Cs straight or branched chain
alkyl)aryl, (C,-Cs straight or branched chain alkenyl)aryl, (Cs;-Cs cycloalkyl)aryl, aryl,
heterocyclyl, heterocyclyl(C;-Cs straight or branched chain alkyl), and heterocyclyl(C,-Cs
straight or branched chain alkenyl), wherein each heterocyclyl has between 1 and 7
heteroatoms independently selected from O, N, or S, wherein each of R" and R" is
independently selected from the group consisting of hydrogen, C;-Cg straight or branched
chain alkyl, C,-Cg straight or branched chain alkenyl, and C;-Cs cycloalkyl; and when more
than one substituent is of the form NR"R" each occurrence of R* and R" is independently

selected from the group consisting of hydrogen, C;-Cs straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, and Cs-Cs cycloalkyl; wherein each of said 0-4
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substituents is independently substituted with between 0 and 4 further substituents, and
each said further substituent is independently selected from halo, C;-Cs straight or
branched chain alkyl, C,-Cs straight or branched chain alkenyl, C;-Cg cycloalkyl, C;-Cs
alkoxy, trifluoromethyl, trifluoroethyl, and amino; provided that R has at least one

substituent when R is an N-piperidinyl, N-pyrrolidinyl or an N-morpholinyl group.

[0017] In some embodiments each ring of each heterocyclyl of Formula (I) is

independently 5-7 atoms in size.

[0018] Some embodiments include one, two or three nitrogen atoms in at least

one ring of the heterocyclyl of Formula (I).

[0019] In some embodiments, the heterocyclyl of Formula(l) comprises 1-3 rings.
In some embodiments, the heterocyclyl has 1-7 heteroatoms independently selected from
O, N, and S. In some embodiments, the heterocyclyl comprises 1-2 rings. In some
embodiments, the heterocyclyl comprises one ring. In some embodiments, the various
occurrences of the heterocyclyl of Formula (I) each independently comprise 1-3 rings. In
some embodiments, the various occurrences of the heterocyclyl of Formula (I) each
independently comprise 1-2 rings. In some embodiments, the various occurrences of the

heterocyclyl of Formula (I) each independently comprise one ring.

[0020] In some embodiments, the heterocyclyl of Formula (1) is selected from the
group consisting of piperidinyl, piperazinyl, pyridazinyl, dihydropyridyl, tetrahydropyridyl,
pyridinyl, pyrimidinyl, dihydropyrimidinyl, tetrahydrophyrimidinyl, hexahydropyrimidinyl,
dihydropyrazinyl, tetrahydropyrazinyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl, pyrrolyl,
dihydropyrolyl, imidazolyl, dihydroimidazoyl, pyrazolyl, dihydropyrazolyl, azepanyl,
[1,2]diazepanyl, [1,3]diazepanyl, [1,4]diazepanyl, indolyl, dihydroindolyl, isoindolyl,
dihydroisoindoly, dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl, and

tetrahydroisoquinolyl; or subsets thereof.

[0021] The present invention also relates to a pharmaceutical composition
comprising (i) a therapeutically amount of a compound of Formula (I) and (ii) a

pharmaceutically acceptable carrier..



Cl WO 20091046205PCT/U S2008/078606 [0033]The present invention also provides means to treat
chemotherapy-induced peripheral neuropathy. According to an aspect of the invention, the compounds
of the preseWAHEHEIUre administered prior to, or together with, the admRFIHEEASEF8¢I€ast one
chemotherapy agent to prevent the development of neuropathy symptoms or to mitigate the severity of
such symptoms. According to a further aspect, the compounds of the present invention are
administered after the administration of at least one chemotherapeutic agent to treat a patient for the
symptoms of nej@@g2ithy or Thenmtigate mmmmﬂﬂsmchmymptmm&im anoblirethaspeatothe present

invention provides a method to retard, rrest pf cancer na mammal
comprising tﬁegéleolrmlnls‘fra?dl 'GFEE ecrg%oﬁyera & ri agenlgos?\j/ 8?2188 li)grgpr}gatﬁe administration

of a compoucmimfoﬁmrmﬂleo(ﬁamm p:ﬂtaalmdoemdlcaﬁ;pam@table salt thereof in an amount sufficient to
potentiate the a Mggﬂ er ac%ltécgsg%d %g %th%a utlc ic gaent cLOQ?h ,[StlI” oﬁher Aspects

advantages oft sent invention will become rea y apparen ose skiedintie"ar irom the
following detailettkdesdriptioriveherbimériseshawitantipoegckibBed brsto rpehyemiaw(MRﬂS) ofi the
invention, S|m(§ bx VXQM |Ilustrat|on of the best mode ntemé) age&llof c{arrﬁ/ 8(;liout the |n¥ent|on As

will be realize e Inven sﬁon IS cao%af[é ofr oﬁ%lrlg S ecrinf?erentn emIBodlm é an %egte{/nevr% CPFR&HS arc

capable of mndn‘ldaslarmhudea]fdumnmg/mumhdspegtEA\RMtvthpam mgpfromltlsech as a human,
either locally or systemically.
[0024] In one embodiment, the invention provides a chemosensitization method
for treating cancer comprising contacting the cancer cells with a cytotoxicity-potentiating
tetraaza phenalen-3-one compound of Formula (I) or a pharmaceutically acceptable salt

thereof and further contacting the tumor or cancer cells with an anticancer agent.

[0025] An embodiment of the present invention provides a chemosensitization
method wherein a first dose of at least one compound of Formula (I) or a pharmaceutically
acceptable salt thereof is administered singly or repeatedly to a patient in need thereof, and
wherein subsequently a second dose of at least one chemotherapeutic agent is administered
singly or repeatedly to said patient after a time period to provide an effective amount of

chemosensitization.

[0026] An aspect of the present invention provides a pharmaceutical formulation
comprising the compound of Formula (I) in a form selected from the group consisting of
Non-limiting examples of such chemotherapeutic agents are recited below.
pharmaceutically acceptable free bases, salts, hydrates, esters, solvates, stereoisomers, and
mixtures thereof. According to a further aspect, the pharmaceutical formulation further
comprises a pharmaceutically acceptable carrier and, optionally, a chemotherapeutic agent.
The following embodiments are for illustrative purposes only and are not intended to limit
in any way the scope of the present invention. In one embodiment, a pharmaceutical
formulation of the invention comprises a compound of the invention in a pharmaceutically
acceptable carrier. In another embodiment, a pharmaceutical formulation of the invention
comprises a pharmaceutically acceptable salt of a compound of the invention in a
pharmaceutically acceptable carrier. In another embodiment, a pharmaceutical formulation

of the invention comprises a compound of the invention and one or more chemotherapeutic



invention. Accordingly, the description is to be regarded as illustrative in nature and not as restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS [0035]Figure 1. - The oral administration of PARP-1
inhibitor CoNEIMEH8285TMZ demonstrating the enhance survival of mice BEAAHGIHOBPB/melanoma
model. [0036]Figure 2. - The or& administration of PARP-1 inhibitor Compound 13 + TMZ
demonstrating the enhanced survival in the intracranial SIGBM glioma model. [0037]Figure 3. - The
oral administration of PARP-1 inhibitor Compound 37 + TMZ demonstrating the enhance survival of
mice bearingagjeﬁtBlﬁ apdlanemaitivetgladoB38idgureict. -Ii heovhat anhbtidisﬁemiﬂpm@ﬁﬁd%ﬁrﬂckﬂhibitor
Compound Z de nstratln%the enhanced survival in t intracr oma,model.
PT53i46R
it e

[OO39]F|gur§ﬂ7‘:§r ul1 &0ral adminie ratnon mplt-}%\efiﬁ’pfl W%Cfutl a pgﬁeé emonstratlng
inhibition of twinlor gmmmmmf@mmhhmhmmmgﬂns[ﬁmmﬁweeﬁt1eei[lyelma;btable

adminisratiop, of PARE RGOy e 7 AR RINS RIUOR. AL gfeyf gl BROAL mutant

[0027] According to additional aspects of the invention, the chemosensitizing

compound and the chemotherapeutic agent are administered essentially simultaneously.

[0028] According to an aspect of the invention, the chemotherapeutic agent is
selected from the group consisting of temozolomide, adriamycin, camptothecin,
carboplatin, cisplatin, daunorubicin, docetaxel, doxorubicin, interferon-alpha, interferon-
beta, interferon-gamma, interleukin 2, irinotecan, paclitaxel, a taxoid, dactinomycin,
danorubicin, 4'-deoxydoxorubicin, bleomycin, pilcamycin, mitomycin, neomycin and
gentamycin, etoposide, 4-OH cyclophosphamide, a platinum coordination complex,
topotecan, therapeutically effective analogs and derivatives of the same, and mixtures

therecof. According to a specific aspect, the chemotherapeutic agent is temozolomide.

[0029] In another embodiment, the present invention provides methods of treating
the effect of cancer and/or to radiosensitize cancer cells to render the cancer cells more
susceptible to radiation therapy and thereby to prevent the tumor cells from recovering
from potentially lethal damage of DNA after radiation therapy, comprising administering to
a subject an effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof. A method of this embodiment is directed to specifically and
preferentially radiosensitizing cancer cells rendering the cancer cells more susceptible to

radiation therapy than non-tumor cells.

[0030] The present invention also provides a method of treatment of cancer in a
subject in need thereof comprising administering to the subject a therapeutically effective
amount of a compound of Formula (I) or a pharmaceutically acceptable salt thereof,
wherein the cancer cells have a defect in repair of double-stranded DNA scission. In one
embodiment, the defect in repair of double-stranded DNA scission is a defect in
homologous recombination. In one embodiment, the cancer cells have a phenotype selected
from the group consisting of a BRCA-1 defect, a BRCA-2 defect, a BRCA-1 and BRCA-2

defect, and Fanconi anemia.
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DETAILED DESCRIPTION OF THE INVENTION [0041]The present invention provides compounds
described herein, derivatives thereof and their uses to inhibit poly(ADP-ribose) polymerase ("PARP"),
compositiony@3atitaIhese compounds and methods for making and usHgItREEWEBHESUNdS to
treat, prevent and/or ameliorate the effects of cancers by potentiating the cytotoxic effects of ionizing
radiation on tumor cells. [0042]The present invention provides compounds described herein,
derivatives thereof and their uses to inhibit poly(ADP-ribose) polymerase ("PARP"), compositions
containing thesd 3 hpoundmamdtheethatds donaakirgasdni singrtties prooidpourdsotts € atdiezeffects
of cancers by, aigniiating the ulolexic sffsels ofchemalheransulic adenis o (uppr cells; [GL3IThe
present invention provﬂes & chemosensitizat onmetho orntrealilné LGP ahdror cancer cells
comprising cophactiagessichlipncesmetie waththecemipound of Formula (1) and further contacting said
cancer cells with an anticancer agent. [0044]The present invention provides compounds described
herein, derivativi93éreof ahdctirdingseste tmhboid ipwipl ADiReribvse) qolihn epage (RIARRYe in
compositions,containi - . d: s for i nd usi e pounds to
b the g
double-stranednDNA oe titrfaouS T hieceneapuinatiimiig campositis he of s fsnt semtiavrerition can be
used in the RIESERCE 81 ARG R1Ia0i0Hf A1CIAiSROSHSS Al JOR JEeAIMEnL Al eapser. The
compounds and compositions are preferably used in the absence o? radio- or chemosensitizers where
the cancer hbsravglefeldtanaipbaimamsiaially kecoptithtasidhtiieR) foathweghsf derssie thranded DNA
repair. Such defects are ?ﬁé&%@tﬁg With, %?g%hc%\ﬁgimﬁé)g{enotypes of, BRCA-1 defects, BRCA-2
defects, dual BRCA-1/BRCA-2 defects, a anconi anemia. [0046]Fanconi anemia is a genetically
heterogeneous disease and patients with Fanconi anemia have a greatly increased risk of cancer.
Eleven proteins have been associated with Fanconi anemia. FANCA, FANCB, FANCC, FANCE,
FANCFOFAI\E:G, and FAN CM forn&a niitlear core complex. The complex interacts with FANCL to

incorporat¥ ubiguinone of FANCD2."Mgtlifted FANCD2 is n r repair of DNA cross-links. FANCd2
accumula ites of DNA daynage &nd & sociate?@th -1 and BRCA-2.
NH N

AN
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[0047]Exemplary cancers that can be associated with HR defects include breast cancer and ovarian
cancer. Breast cancer for treatment by the methods of the invention can include an types of breast
cancer and Pref&yludes invasive ductal carcinoma and invasive lobf&TEaYIAHHECOvarian
cancer for treatment by the methods of the invention include all types of ovarian cancer, preferably
epithelial ovarian tumors, germ cell ovarian tumors, and sex cord stromal tumors. WO
20091046205PCT/US2008/078606 [0048]The compounds of the present invention can be synthesized
using the stafting materials and methods dlselosed in U. S Application Serial No. 10/853,714, which is
mcorpo arge 'heqein by referenceAt™Nts ery
Formula (I usdd in the compo of the in ntlon will have an |gpo for |nh|b|t|ng poly(ADP-ribose)
vitrgliof affoutp0 Kiv or eSSy efenably Jess tn 3 out 10 ktM, more preferably less
than abd RM referaly less thaly abayt MNmo
[0050]A convenNent method to determine TC50 ¥f a PARP Inhibitor compound is a PARP assay usmg
purified recombinant human PARP frem Trevigan (Gla‘lthersburg, Md.), as follows: The PARP enzyme
assay is set yp on ice in a volume of 100 microliters consisting of 100 mM Tris-HC1 (pH 8.0), 1 mM
KCl 28 mM NaCI 3. 0 Rg ml DNase l-activated herring sperm DNA (Sigma, Mo.),
Nucleatide (62.5 mCiImmoIe) 15 micrograms/ml PARP

enzyme ncub ting he mlxture at %5 Hutgs of i Ation, the reaction is terminated by
adding 5 Rerdfiterso (Wt ctitl acieiN\{he precipitate formed is transferred
onto a glass fiber filter (Packar lter-GF/C) and washed three times with 70% ethanol. After the

filter is dried, the radi®activity is d&termined by scintillatién counting. The compounds of this invention
were found to have potent enzymatic actiyity in the range of a few nanomolar to 20 micromolar in IC50
in this inhibitign assay. [0051]As usexjherein, "alkyl" means a branched or unbranched saturated

hydrocdPhgn®hain comprising a desig ated"\humber of carbon atoms. For example, C1-C6 straight or
branched alkyl fiydrocarbon d}‘rg QATaY RS carbon atoms, and includes but is not limited to
substitu chrsm thyf, p |so;9{36 butyl, iso-butyl, tertbutyl, n-pentyl, n-hexyl, and
the like, SO erwqg;‘% ed somaem : RIKY chaln is a C1 to C6 branched or
unbranched carbon ¢hain>Tn some embodlments the aIkyI plis a C, to C5 branched or

unbranched carbor €hain. in same embodiments,lthe alkyl chain is@d.C1 to C4 branched or
unbranched garbon chain. In some embodlmentsche alkyl chain is a C2 to C4 branched or
unbranghed q;arbon chaln in same embod| Nthe alkyl chaln |s a C3 to C5 branched or

=g/lkyl chainis a C., to C; branched or

unbranchesgarde I_Fhaln In some embodi
a br nch{b or unbranched unsaturated hydrocarbon

0 cha",\|ln [0052]"Alker@g'3'

19 20 N
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chain comprising a designated number of carbon atoms. For example, C2-C6 straight or branched
alkenyl hydrocarbon chain contains 2 to 6 carbon atoms haying at least one double bond, and includes
but is not liMYteda8deXdtuents such as ethenyl, propenyl, isopropenyl, butBalURSO08(9ESa9¢,
tert-butenyl, n-pentenyl, n-hexenyl, and the like, unless otherwise indicated. in some embodiments, the
alkenyl chain is a C2 to C6 branched or unbranched carbon chain. In some embodiments, the alkenyl
chain is a C2 to C5 branched or unbranched carbon chain. In some embodiments, the alkenyl chain is
a C2 to C4 branched or unbranched cgrbon chain. In soFra embodiments, the alkenyl chain is a C3 to
hain. [0053]"AlKg gans the group -OZ wherein Z is alkyl as
herein defiyfed ¥ can also be a bra cheg or unbranch d hydrocarbon chain containing 1 to
2 -J 0054]"2ychiH, usethie 0 a structure character zed by a closed

' I ro br mo, or iodo moiety, unless otherwise indicated.
[0056]EaskoT™ N INRXRY™ ERF" as described herein independently
encompass aminoAiNH,) as well as substrtutedzamrno For example, NRARB may be -NH(CH;),
-NH(cyclohexyl), and - N(CHZCHB)(CHB) When more than one substituent is of the form "NRARR",
"NRxRYy, "NRCRD", or "NRF{RF" 8 occurrérhce of RA, RB, Rc, RD, Rx, or R" is independently
selected Tpm e group consiy drowy EM -C6 straight or hed chain alkyl, C2-C6 straight
or branch Al 2 cyclolkyl ISuch examples are for illustrative purposes only and

[ ed tﬁjﬂel |t|ng>|n any way. 0057 'Ar)Nt‘arb nyl"™Nefemd to a carbonyl radical substituted
with arylrag#e / Non-limiting&exazap! cl enylcarbonyl and naphthylcarbonyl.
[0058]"Alkylcarbonyl" refers to a carbonyl radical é\hbstrtuted with alkyl as described herein.
Non-limiting examplegfhclude acyl and propylcarbonyl.3 ,

H
o N\IN 0 N\IN F
N F EkaH (\N/Kj
/)\/N\/\Ej N/)\/N\)
31 , 32 ,
Os N H
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[0059]"Alkoxycarbonyl” refers to a carbonyl radical substituted with alkoxy as described herein.
Non-limiting examples include methoxycarbonyl and ten-but yo xycarbon yl. [0060]"Ar" or "aryl" refer to
an aromaticV¥aQri¥eidtedhoiety having one or more closed rings. ExamplesBREL§R00# ARG limitation,
phenyl, naphthyl, anthraccnyl, phenanthraccnyl, biphenyl, and pyrenyl. [0061]1-leterocyclyr refers to a
cyclic moiety having one or more closed rings, with one or more heteroatoms (for example, oxygen,
nitrogen or sulfur) in at least one of the rings, and wherein the ring or rings may independently be
aromatic, nonaromatic, fused, and/or bridged, Examples ingltide without limation piperidinyl,
piperazinyl, pyridazinyl, dihydropyridyl, tefrahydropyridyl, yI, pyrimidinyl, dihydropyrimid nyl,
tetrahyd?Qp Wir@idinyl, hexahydrop@gmithqyl, dihydropy ANy, tetrahydropyrazinyl, pyrrolidinyl,
imidazolidipyl, gy idi syrolyl, dihydippyrolyl, imid 1, dihydroimidazoyl, pyrazolyl,

dihydro etaoyt, ¥4,3]di ep%{ yl, [1,4]diazepanyl, indolyl, dihydroindolyl,
isoindol ey IyI,t trah nr;:anolyl, dihythoisoquinolyl, and
tetrahythofSoquiholy10062]"Arylalkyl*fefers to an alkeytTadical substituted with aryl. Non-limiting
examples include Bénzyl, phenylethyl, and pheifylpropyl. [0063]"Alkylaryl" refers to an aryl radical
substituted with alkyl. Non-limiting examples,include tolyl and dimethylphenyl. [0064]"Cycloalkyl" refers
toa hy%ocar{@gn cyclic moiety that is nogaramatic. Examples include without limitation cyclopropane,

cyclobutaig, cyidlopentane, W@E20001046205CT/US2008/078606 cyclohexane, cyclopheptane,
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[0065]The term "nervous insult" refers to any damage to nervous tissue and any disability or death
resulting therefrom. The cause of nervous insult may be metabolic, toxic, neurotoxic, iatrogenic,
thermal or cHERAI04385includes without limitation, ischemia, hypoxia, cer@6fVa2eH A7 #8eident,
trauma, surgery, pressure, mass effect, hemorrhage, radiation, vasospasm, neurodegenerative
disease, infection, Parkinson's disease, amyotrophic lateral sclerosis (ALS), myelinationldemyelination
process, epilepsy, cognitive disorder, glutamate abnormality and secondary effects thereof [0066]The
term "neuropfrbtective” refers to the gffeciaftigducing arresting or ameliorating nervous insult, and

P vous -n\ at has suffered nerva# uIt. [0067]The term

aljive disease or

preventl er! Iéur g er%(ﬂon in patients vk fead from of have symptoms of
a neurodegene Q5jh[0068]The term "t rs te: (i) preventing a disease,
disorder or conaﬁtlon from occurring in an animal thé&t may bevpredisposed to the disease, disorder
and/or condition, but ha&%not yet been diagnosed as having it;>dnd/or (i) inhibiting the disease,
disorder or cgndition, i.e., arresting its developme,qt' and/or (i) reIieving the disease, disorder or
conditioDyJ.eN causing regression @ diseage. njsorder and/or condEoMmy[0069]The term
"chemose sitizgr", as used her% c' efined a a mpolecule, such a% olecular weight molecule,

S g, |mals dpgulically effectiye-a ants[t—d‘que%@te the antitumoral activity of

utl%: §n/L](:h chemosensi are sefLNmofj?example to increase the tumor

growth-ret&rding or >dfre effect of a givemdosa 5 efie herapeutic agent, or to improve the
side-effect profile of g,chemotherapeutic agent by allowing;for reductions in |ts dose while maintaining
its antltumorall_l| efficacy.

H Cl
0 N
N (? 0 N\N O/O/

"preventing nelJ odegener tion{
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WO 20091046205PCT/US2008/078606 [0070]The term "radiosensitizer", as used herein is defined as
a molecule, such as a low molecular weight molecule, administered to animals in therapeutically
effective am¥rie'9P#4eé98ase the sensitivity of the cells to be radiosensitizeBiih'&eepdHghetic
radiation and/or to promote the treatment of diseases which are treatable with electromagnetic
radiation. Diseases which are treatable with electromagnetic radiation include neoplastic diseases,
benign and malignant tumors, and cancerous cells. Electromagnetic radiation treatment of other
diseases not listed herein is also cofitemplated. [0071]"Effective amount" refers to the amount required
07R]"Substituted” means that gf Tejst one hydrogen on a designated
group is replaced with anothe [, provided that the deséi‘jq \ateq grBup's normal valence is not
exceeded, With respect to ay Aro fa) pstituents, such groups are not
intended tq intrgduce any subsfitQtion that|is stgrically in{})@ Cat?) synthetically non-feasible and/or
: S on
Nent.

i, N sﬁﬁ mbodimeptSaiherjgyen described herein, a substituent may
adical, which sai?j radical i$ a sybstit or example, in the compound shown
al/vée\pﬂr only, the pipéraziyl rirg | eterocyclyl, which may be substituted
with 0-4 substituent®as described herein. In the exd@mple compound, the piperazinyl ring is substituted
with arylsulfonyl wherein aryl is phenyl, and wherein the arylsulfanyl may be further substituted 0-4
times as described herein. In the exagtple compound, the phenylsulfonyl moiety is further substituted
with tcrt-butyl. Such example is' en for illustrative purposes only is not intended to be limiting in
any way. [Oqu]"Subject" refe cell or tissue, in vitro or in vi animal or a human. An animal
or humaj sulject may also i pefefred to asa” atient." WO 20 6205PCT/US2008/078606
100741"ARimalNrefers to a Iiv:B’ngDrganism pringpsensation ands_% power of voluntary movement,
ichA fstence oxygen ahd odhanic foWamples include, without limitation,
007

mamI}naIian and p RS speRies. Broadly, the compounds and
Neptiivention can Be N7 N
63

2 2
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used to treat or prevent cell damage or death due to necrosis or apoptosis, cerebral ischemia and
reperfusion injury or neurodegenerative diseases in an animal, such as a human. The compounds and
compositiony 92H&@8&nt invention can be used to extend the lifespan arf§ Broftar&NEeapacity of
cells and thus can be used to treat or prevent diseases associated therewith; they alter gene
expression of senescent cells; and they radiosensitize hypoxic tumor cells. Preferably, the compounds
and compositions of the invention can be used to treat or prevent tissue damage resulting from cell
damage or d€ath due to necrosis or apoptosis, and/or effect neuronal activity, either mediated or not
mediatedNgy 'l\\'IM]DA toxicity. The compo R§ '\bﬁ\the present inventior &ge 'Homlimited to being useful in

: : related to PARP
activation,_gs'\deserbecNhergin. 100761 2 inyeQtign provid&s cermperads whickoinhibit the in
vitro and/or in viVo polymeﬁ s astivity of poly(AbP-ribosa RpfRrerase (PAﬂP) ndc NP0 SHons
containing the diselosed c%lOO??lThe present 91 provides me%f?ods fa limit
and/or control the in vitro andloY’in vive polymerase activity of poly(ADP-ribose) polymerase{PARP) in
any of solutigps, cells, tissues, organs or organ systems. In one embodiment, the present invention
provide® QetQds of limiting or inhibiting PARP activity in a mammal, such as a human, either locally
allyjL00781The compounds of the invention act as PARP inhibitors to treat or prevent

Hemey [ NExoxic effects of the chemotherapeutic agents. The compounds

DN agkzs{lﬁl\}ARP itors to treat or prevent cancers by sensitizing cells to the cytotoxic

n. Te cympounds of the invention act as PARP inhibitors to treat or prevent

BRCA1/2-associatedbreast cancer. WO 2{Q3L04620rRE N HR2PR8(0 (860m4Q8F 91 The compounds
of the present invention may possess one or more asymmetric center(s) and thus can be produced as
mixtures (racemic and non-racemic) of stereoisomers, or as individual enantiomers or diastereomers.
The individual steregisomers may be obtained by using an optically active staring material, by

resolving a racetffB 8k non-rAee RS RBP4 A OEFRANA KNS ShEcab e @%?é(g‘@%}fﬁ?e
synthesis, onpbyigesalutiandfathe. caoyeeung @f rosspuba dHiHE imvidristaRct b dagdndivigiial

stereoisomers as well as mixtures (racemic and non-racemic) of stereoisomers are encompassed by

the scope of RS dLFRHNSH RS MIBEED LT REXMOS ittt trdtnthsribRinitraier fiatdsde base
form, in the ferecat pbaiEraseLiiaally pesapiahle Rkish PhaiacRutsi RoEaptahle divdrates,

pharmaceutically acceptable esters, pharmaceutically acceptable solvates, pharmaceutically
acceptable d%ﬁﬁﬂ&sflﬁﬁﬁmfété’e‘iﬁf&ﬁ%%%ﬁ%Iéﬁ?@fﬂf&ﬁif@é} Bt #RReor St PRRR IS &ftically
acceptable sfigsepisennaiserthesa-domsaseal witbintbenannaefiticodigdastite

100811"Pharmaceutically acceptable salt", "hydrate", "ester" or "solyate" refers to a salt,é;%/drate,

ester, or soN R B RVER RS UM BEHHR O s SEBRLMHS Y HEARHR OGP bsivity
and which issgeiher diolegicathy nei haemigr Lngesiralde reXganeagids pavidesusartiopreduce
salts, hydrates, esters, or solvates such as agetate, adipate, alginate, aspanate, benzoate,
benzenesulféﬁgligj %e- uBh&LEHd St%r,OB‘fgfhﬁgfé‘flgfﬁf%\ 518, TR HHBRORE Wityrate, citrate,
camphorate adaiifiessiviiatatehayicldopepant-psepionaddutighiconpiesifl@decylshifiadaation of a
ethanesulfonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfate heptanoate, hexanoate,
o ycironyett RSO AL FfdSES T G BHSFRIEVS Sl A B RSt ncotinate
oxalate, tosyateidagt unpeearaatthd aotganieranitdsicanfieidsacnhiothtesheeisalisntydrates, esters, or
solvates such as hydrochloride, hydrobromide, hydroiodidc, and thiocyanate.

[0034] Still other aspects and advantages of the present invention will become
readily apparent by those skilled in the art from the following detailed description, wherein
it is shown and described preferred embodiments of the invention, simply by way of
illustration of the best mode contemplated of carrying out the invention. As will be
realized the invention is capable of other and different embodiments, and its several details

are capable of modifications in various obvious respects, without departing from the
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[0082]Examples of suitable base salts, hydrates, esters, or solvates include hydroxides, carbonates,
and bicarbonates of ammonia, alkali metal salts such as sodium, lithium and potassium salts, alkaline
earth metal W4k3089@#62%5 calcium and magnesium salts, aluminum salts, arRfZIRSHA/Y 73O
20091046205PCT/US2008/078606 [0083]Salts, hydrates, esters, or solvates may also be formed with
organic bases. Organic bases suitable for the formation of pharmaceutically acceptable base addition
salts, hydrates, esters, or solvates of the compounds of the present invention include those that are
non-toxic anéhstroig edaeghltogiyrnhs debesalionhydodie s¢gsterd aoilbolvates. ik onpueposiasoohs
illustration, the clatss of such organic bases may include mono-, di-, and trialkylamincs, such as
methylaminer,es %e%eylaminc, triethylamine and dicyclohexylamine; mono-, di- or
trinydroxyalkylamines, such as mono-, di-, and triethanolamine; amino acids, such as arginine and
lysine; guanidine; N-methylglucosamine; N-methyl-glucamine; L-glutamine; N-methyl-piperazine;
morpholine; ethylenediamine; NgheRay NP BIVIRON KPR DR ANC IR @minoethane; and the like.
See, for example, "Pharmaceutical safts,” J. Pharm. Scl., bo. 1, 1- - Accordingly, basic
nitrogen-containing groups can be quaternized with agents including: lower alkyl halides such as
methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl sulfates such as dimethyl,
diethyl, dibutyl qodxspmy! spifates] longebainaliesaHeh asrdaerlIauditBrishp and gtearyl
chlorides, bromides and iodides; and aralkyl halides such as benzyl and phenethyl bromides.

[0084]The adid4ARMSRLEHG R sRbanes v ivl ofuee DeaTing sdh! BARTHBORSTOL e prepared

either by dissolving the free base of a compound of the present invention jp.an agueous or an aqueous
alcohol solution [§%8%her suiFdB}Ees%iv_eﬁ%%BFﬁ ' bnfﬁtéagﬁﬁr%%?iéﬁpé i OPEAEE ORe Y dting the salt
by evaporatimyihedsaluticratAfetivadivelycdbefrer daseef iateampelsd @B Ve frese rdayention can be
reacted with an acid, as well as reacting a compound of the present invention having an acid group
thereon with a b@®d;7$uch tHgtine Jeattionsah el midntarganed BalR@at, inhwhichCasedhmdstlt-separates
directly or cap\hs gbtained,by.concentrating the cplytion. [B085].Ahaimaceyicaly, accgplable prodrug
refers to a derivative of the inventive compounds whic unoeerg S biotranstérmation prior to exhibiting
its pharmacologj ect(s)..The pro is formulated with t iective(s) of improved, ghemical
stabity, improvi TS elint At Eence L Ra B OB & eracon o
action, improVed odgensetettigithe ienpaoved Somnd htioth¢endra¢norad §¢G Byt ghsohabilioglsland/or
decreased side effects (e.g., toxicity). The prodrug can be readily prepared from the inventive
compounds usinf0#¥hods Kigswmin-thbcarrabybhiastiisyecfdstRBet ibhiBiry eeameididdl Chemistry

and Drug Chemisiry, ffi Rtk ihn@idil 6 RioP $PoR8r iR thoddf SHAPEdNeOvERIYe

compounds can be transformed into prodrugs by converting one or more of the hydroxy or carboxy
groups into esteyigy JAPB6]" PhatRageutioally ACKRRIARIE.MAIPPHR PaTaiRitR S

undergone a metabolic transformation. After entry into the body, most drugs are substrates for
chemical rez#aiBARSHE TS RhEEAGS tremih i 83l bfopaliastdnerdivlogic effects. These metabolic
conversions, which usually affect the polarity of the compound, alter the way in which drugs arc
distributed in and excreted from the body. However, in some cases, metabolism of a drug is required
for therapeutic effect. For exan"ﬂple,Eanticancer drugs of the antimetabolite class must be converted to
their active forms after thcl,)].’:.:.fv ‘IEbP‘D%S‘gERLTu A LHE INYENLION, ost drugs undergo
metabolic transfﬁ)rggiﬂon of Eme kinc%,.the t%iochemicdal reactionsdthgtlt pIaB/ 1rlole.in gru metabolism
may be numerotiS and divers THEHalh SHeC IR HetaBBREN RS TIVET, KiHBuGH SHiEFtissues

may also pasticipafend their uses to inhibit poly(ADP-ribose) polymerase ("PARP"), compositions

containing these compounds and methods for making and using these compounds to treat,
prevent and/or ameliorate the effects of cancers by potentiating the cytotoxic effects of

ionizing radiation on tumor cells.

[0042] The present invention provides compounds described herein, derivatives
thereof and their uses to inhibit poly(ADP-ribose) polymerase ("PARP"), compositions

containing these compounds and methods for making and using these compounds to treat
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[0087]Further still, the methods of the invention can be used to treat cancer and to chemosensitize and
radiosensitize cancer and/or tumor cells. The term "cancer," as used herein, is defined broadly. The
compoundsWPtARIBPAENt invention can potentiate the effects of "anti-cancBERGEAESWHieh term also
encompasses "anti-tumor cell growth agents," "chemotherapeutic agents,” "cytostatic agents,"
"cytotoxic agents,” and "antineoplastic agents”. The term "BRCA1/2-associated breast cancer”
encompasses breast cancer in which the breast cancer cells are deficient in the breast cancer tumor
suppressor gbhnefdRCAdaacOBREARaiNQBIFeyr @xain plt;dhe fivhtnabohpletinwgnticroare useful
for treating cancers Sﬂ-gCh as ACTH-producing tumors, acute lymphocytic leukemia, acute
nonlymphocy]f‘llcrzl?euﬁemia, cancer of the adrenal cortex, bladder cancer, brain cancer, breast cancer,
cervical Cancer’ﬁ'ﬂif%”'c ympROSYIC 1 kGRS &S’v’l'&egﬂé@ﬂ‘é &k%ﬁ?fﬂl%%%%qﬁé’r‘ﬁéﬁ%%‘t?é‘e[%ﬁ%“
cutaneous T-cell lymphoma, enclometrial cancer, esophageal cancer, Ewing's sarcoma, gallbladder
cancer, hairywsiiienftemniantear dncb ngek teneeraciodgkinsinegshethvay Kapesissansbata, kidney
cancer, liver | lor. - e li ' al effusion, malignant
ﬁ&%ﬁ%a B”a%&%&‘%ﬁér(g{gl?&cﬁﬂg o t%%héép%gllf‘s e %%@h@&r o0

pkural effusion, melanoma, mesothelioma,” multiple myeloma, neur stoma; non-Hodgkin's

lymphoma, osteggaigoma, oM AR ECANGR/eRYH % GEHN Col RAME s RITRkCARE Sl R EAtIC

cancer, penile cancer, retinoblastoma, skin cancer, soft-tissue sarcoma, squamous cell carcinomas,

stomach cariberceé snduhaicassede, My ebitodPrdphiebradtie praspABMB Pllepipransaiéens vaginal
cancer, cancefofihg.viba@ ang ﬁhﬁﬁ?éﬁﬁqﬂ&ﬂ%??&mq%%&ﬂ@dm@ﬂ%?é“&%ﬁﬂ%%ﬁ&%t%ﬁﬁﬂcef

and/or tumor cells are selected from the group consisting of brain cancer, melanoma, head and neck

cancer, non gipanoveih iphes BaReeingalsieeamnciadwmeleaean wenstrinesion (EBhcerthvayeétal cancer.

[0090]The presant yaRiAASOfglaies to a pharmaceutical composition comprising (i) a
therapeutically effective amount of a compound of a compound of Formula (T) and (ii) a

pharmaceuticallyggsertable gapigip a1 haesRpyeidiscussinn Rt thiR Mg iPeafertetied in
embodiments utility and administration of the compounds of the present invention also applies to the

pharmaceutit REHTHESRORPST AR QS rsitn i ERMSN SPIOZErh Etha tiSAUPRICL GhRsHy ddtSeptable

carrier” as UggthHGURIR HALEED K BEVIGR HRY prile B AL IBNh SHSRA0E B a6 Nbr URKiA8LINg agent,
adjuvant, vehicle, delivery system, emulsifier, disintﬁgéant, absorbent, preservative, surfactant,

colorant, flavSPaHiZer Ssstehe cosso B o drst P RS Jeeao o By HpyRbiBAt i NE RSB AYmay be

administerechf double-stranded DNA repair. Such defects are associated with, and have the phenotypes

of, BRCA-1 defects, BRCA-2 defects, dual BRCA-1/BRCA-2 defects, and Fanconi

anemia.

[0046] Fanconi anemia is a genetically heterogeneous disease and patients with
Fanconi anemia have a greatly increased risk of cancer. Eleven proteins have been
associated with Fanconi anemia. FANCA, FANCB, FANCC, FANCE, FANCF, FANCG,
and FANCM form a nuclear core complex. The complex interacts with FANCL to
incorporate ubiquinone of FANCD2. Modified FANCD?2 is need for repair of DNA cross-
links. FANCd2 accumulates at sites of DNA damage and associates with BRCA-1 and
BRCA-2.

[0047] Exemplary cancers that can be associated with HR defects include breast
cancer and ovarian cancer. Breast cancer for treatment by the methods of the invention can
include all types of breast cancer and preferably includes invasive ductal carcinoma and
invasive lobular carcinoma. Ovarian cancer for treatment by the methods of the invention
include all types of ovarian cancer, preferably epithelial ovarian tumors, germ cell ovarian

tumors, and sex cord stromal tumors.
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orally, parenterally, by inhalation spray, adsorption, absorption, topically, rectally, nasally, bucally,
vaginally, intraventricularly, via an implanted reservoir in dosage formulations containing conventional
non-toxic pfth?A¥2Afly-acceptable carriers, or by any other convenient RfoEAF20HAT8%e term
parenteral as used herein includes subcutaneous, intravenous, intramuscular, intraperitoneal,
intrathecal intraventricular, intrasternal, and intracranial injection or infusion techniques. [0094]When
administered parenterally, the composition will normally be in a unit dosage, sterile injectable form
(solution, suspefdid8]or emiilsiaronwhichl ssofthtepadsknisatamiGonitartie bjaddattiesegplent with a
pharmaceutigally acceptabie carmier Examples.of susfisierls iisciable farms resierle [jeglable
aqueous or oleagifnious suspensions. These suspensions may be formulated according to techniques
known in theiamwusing geddbteitispectingnor imettingtagnts and suspending agents. The sterile
injectable forms may also be sterile injectable solutions or suspensions in non-toxic
parenterallyaccéPbeBle diluehypiorloltantsnipowxbimile) asthotatigioimul 8 (dutaseddlicihédmong the
acceptable vehj d?zﬂgs I X ghny d Iy s(y ARJ 's solution, dextrose
solution, isotcgér%:ﬂ §§t|um%%%%m§%%%gﬁ¥lgﬁﬁg aniég%ﬁﬁ%\ﬁr@tllﬁngos |§§é%ls?e%ﬁ£0,ssl ed oils are
conventionalpp mpieseth agrsodfabtib? S udpending ey, IFssrtthig ghagodedhyntsiend fixed ol
may be emplgued/prEng SYIRRHG MONe: BN AAI RAPITeH A3 A sesame
oil. Fatty acids such as ethyl oleate, isopropyl myristatc, and oleic acid ahd its glyceride dérivatives,
including olivbavikhndt &a&tatMil, especially in their polyoxyethylated versions, are useful in the
preparation of injectables. These oil solutions or suspensions may also contain long-chain alcohol

diluents or dispda¥ls. 10095 Beris ANl doptefeiraeedamiar aRd B iebivosrIBPaEften
sufficiently waie{gplylle, e HRRS AR LA SR PGFIRAYCORAIN AR @naMNts of

additives, such as substances that enhance solubility, isotonicity, and chcm cal stability, €.g.,

anti-oxidantVigukfes ARy dderTARR SN2D09 61520 H SPATBrRNIER db R VR RS Hibidesgfliters
administration, (Sueh 88 SAib AiaPEing ePyees disnensing fermulationsk may £ampriae Ryt 0.1% to

about 5% w/w, for example 1% w/w of active ingredient. The formulations for human medical use of

the present ingeRtHRIIApAastarisdaTingrarientiN AsseratoN a3 4 prgieRdeiutically acceptable
carrier thereP&ﬁﬁ@@tﬁi@Hﬁ@@ﬂM&ﬂﬂ%rdﬁ*ﬂﬁ@&ﬁﬂfé%%‘%ﬂ@%ﬁ)o1%5),01%7191‘1\{&’11?)%%%%@F}ﬁ@d orally, the
wi

composition usually be formulated into unit dosage forms such as tablets, cachets, powder,

granules, be&ERhetd DI RerRjss nEaHenfeR! thsuiaaneyndo i kussedsibhs isrdintd Mt iBtedimilar

dos_,age f_orm§y Waing _&%ﬁ@_i%@hﬁ‘éﬂﬂﬁﬁﬂ @E@ﬁﬂ;&%?@ﬁi%ée@.kﬂ@c\é@i 'ihﬂ]ﬁté’sr to SHELIRHRUlgLoNS
typically include a solid, semisolid, or liquid carrier. Exemplary carriers include lactose, dextrose,

sucrose, sorbitStioRdn it sHsEREedding HABucrelien Pl prospHaR, mimardrishiasase sk, oil of
theobroma, aig fragasanth. el atite SYauh e X Calldiasker PRIXRIEIRYISRE SOFAItARNd

monolaurate, metgﬁ/ ydroxybenzoate, propyl h drOX)ébenzoate talc, magnesium stearate, and the

I
like. [0098] THE XS BBERTBME FHEAYEntHA phdter Aby iR iiiede tha sad IRARAVIRY & tablet

containing a &inglgint A det dessoaldhamanmaexnd ohbanmuwa dkanrharasedticaly asaaptable salt
thereof Tthe composition may be administered as a sterile solution, suspension, or emulsion, in a

single or divieRIGHG88Y Malifetst kY BohtiAngs bt Sl Mo 28 ienm sl th Gndidhisbricating
agents suchagiBiagnesitn stearate. Capsules may contain diluents including lactose and dried corn
starch.

[0051] As used herein, "alkyl" means a branched or unbranched saturated
hydrocarbon chain comprising a designated number of carbon atoms. For example, C;-Cg
straight or branched alkyl hydrocarbon chain contains 1 to 6 carbon atoms, and includes but
is not limited to substituents such as methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, tert-
butyl, n-pentyl, n-hexyl, and the like, unless otherwise indicated. In some embodiments, the
alkyl chain is a C; to Cg branched or unbranched carbon chain. In some embodiments, the
alkyl chain is a C; to Cs branched or unbranched carbon chain. In some embodiments, the

alkyl chain is a C; to C4 branched or unbranched carbon chain. In some embodiments, the
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[0099]A tablet may be made by compressing or molding the active ingredient optionally with one or
more accessory ingredients. Compressed tablets may be prepared by compressing, in a suitable
machine, th® @2N&eA¥dient in a free-flowing form such as a powder or gR{AUIE208$HBI8Ay mixed
with a binder, lubricant, inert diluent, surface active, or dispersing agent Molded tablets may be made
by molding in a suitable machine, a mixture of the powdered active ingredient and a suitable carrier
moistened with an inert liquid diluent. [00100]The compounds of this invention may also be
administeredliedtallyimitheoton(Ofisapgesitoriesrihdse carbposiitinsioanthe gnépdiediby, vhixing the
drug with a s 'taé)l non-irrjtating.excipient.which is s ”%r at room temperature, but liquid at rectal
Al 5 i et A e A v ke N D S i SR
butter, beeswty] ahgipolpathytete lgiyedisd [@0ddtiEdmpositonsizid. inethiod s mbthBriewnentibe also
may utilize coptrolled release technology. Thus, for example, the disclosed compounds may be
incorporated(a:)'ll:ll1 098 ?d?%%?k%%%%%%%ﬁ%&rr&hggﬁ con rcrgﬁaer Orlél%%é% over a period of days. The
composition of fypigyention figy {ferheeldedinia 85plds QL SHIRTRIY:3pRisd patch,
suitable for pro dlng\fefficacious concentrations o(# téle %AR%%E%%% over a pr %cr)nged period of time
without the rehedhfoprfreasiagterdesigsirigd Sunthaorielibenraiemse fitmexarspielCkiiovtraghenart.
Particularly pieigited AICHARSARImAPING SYRlSIS ReLesATRIS Alabmascommonly
employed for this purposethat may be used in the present invention include nondegradable
ethylene-vinylbabétdendopalyinvdvde tibyjr stdads| dnzittit taciebsfifaotic seid eppdigmybsrontiehl.may be used

extemally oripisAh GRAGID, Rliagsie sush an aoh iyt imelhoeripiaiar Rolyiinyiaicono)

also may be usef t for shorter relea othef polymer felease systems, such as

those mentiqﬁb@rwb@\ﬁed{@@mzlprs@n@ﬁﬁmmm,tﬁ@ elyeloi ighaisatie Sizo_@g@séim@mbeécﬂymgr or
mixture of bigdearadahle, Rl WIR ARPORIIGHINE RleaRe AAGHeNSIIES ANE.GigaR Kinetics.

The composition of the invention may then be molded into a solid implant suitable for providing

efficacious conteprzagiessscorne dup by peinoemtm thisntiorbevakenprehoty sdderiodCaf time without
the need for ffequent seiiRsingndneARMRASIHOM Ab e ARRSARKIRAYERHORILER PerHlAqRPFateyl into the
biodegradable polymer or polymer mixture in any suitable manner known to one of ordinary skill in the
art and may forhicatisthegeneneherhedrbantshtia.biodegradable polymer, or may be encapsulated in
some way within the polymer, or may be molded into a solid implant. [00103]In one embodiment, the
biodegradable polymer or polymer mixture is used to form a soft "depot” containing the pharmaceutical
composition of the present invention that can be administered as a flowable liquid, for example, by
injection, but whHitfPmains éUkRSENtRHEE T HP WRaiRtamhFrs Braiacel Atk e tsé&tdn 4vithin the
localized arcgaarguthecthiniRatiansiigbrhihendegradationiae @itoa depptsatiamed eap bavmiied
from several days to a few years, depending upon the polymer selected and its molecular weight. By
using a ponﬁ*@P’éomposition in injectable form, even the need to make an incision may be eliminated.
In any event, a flexible or flowable delivery "depot” will adjust to the shape of the space it occupies
wit e oty IRt Bh a0 OSBRI TSGIES TS BN MR EGhBb&iton of the
present invegligsdsiiged in amounts that are therapeutically effective, and may depend upon the
desired release profile, the concentration of the pharmaceutical composition required for the
sensitizing effeci)@] the letigalo bitiraes titdt thieopb dtnoacatiticad, dampositidndoaad@tye rekased for
treatment. [OO%O%L‘[Sh(alnc(Pmpe(ands of the invention arc used in the composition in amounts that are
therapeuticaﬂy itective. The compositions may be sterilized and/or contain adjuvants, such as
preserving, stabijlizing, welli r (A0, S, SRS IGHDPr tersy Salts f lati e
osmotic pressutr);eh,ﬁan /or bu%gecrg.oﬁ’ﬁgﬁ%gn’,t ey maygllfgoqggn’tgﬁla%ﬁgrt e%p%t%%%%@%%%}gble
substances, sdehcadewitheutimitatioamihe (NH,) as well as substituted amino. For example, NR“R®

may be -NH(CH3), -NH(cyclohexyl), and -N(CH,CH3)(CH3). When more than one
substituent is of the form "NRAR®”, "NR*RY", "NR“R”", or "NRFR"", each occurrence of
R, RE, RS, R”, R, or RY is independently selected from the group consisting of hydrogen,

C;-Cs straight or branched chain alkyl, C,-Cg straight or branched chain alkenyl, and Cs-Cs
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specific chemotherapeutic agents recited herein. The compositions are prepared according to
conventional mixing, granulating, or coating methods, and contain about 0.1 to 75% by weight,
preferably ayQRWY845208% by weight, of the compound of the invention. [00PEIYP§29e38e%ve
therapeutically as central nervous system targets, the compounds of the present invention should
readily penetrate the blood-brain barrier when peripherally administered. Compounds which cannot
penetrate the blood-brain barrier can be effectively administered by an intraventricular route or other
appropriate detileatitdySiarh suitaples foe ddmlhistratiionpa poech kaity. $00 bo6feoimmdiabtabe, the
amount req ilrl%d[.of the active ingredient to achieve a therapeutic effect will vary with the particular

compound, the ToL emo?lgdvrvn%stration, the mammal under treatment, and the particular disorder or

disease being trgiye). A S“lt%t%s';gﬁ%ﬁ%‘rﬁgo??gfg&%% QR 68 9a"iﬁ9ar£1}‘5'§ti rﬁ?i@hﬁ‘x ?ftel nora

pharmacologically acceptable or a mammal suffering from, or i to satfer from, any of
condition as disstitibé ddreneiivefdraiisnig ¢henmpley enchulequited vl oyt teaboatht g emdpaay bf the
active ingredient compound, the typical dosage being about Ito about 10 mg/kg. [00107]lt is
understood, ho@&8] that a dplexiths tusd 1eviride arspivanidurdigd sepstiiicdedhalispbis a variety of

factors incluging tHe AR RIS SREHS i&xﬁﬁiﬁl@?%ﬁ@l@?&%}_’ﬁﬂd 115 398:rBoAY weight, general health,

sex, diet, time of administration, rate of excretion, drug combination, and the severity of the particular

disease being trgayes| and fornakadmipisyration-{0948Hs s nslarsias thak themidimasily skilled

physician or veterinarian will readily determine and prescribe the effective amount of the compound for
prophylactic $stibbtreaNatirigntt brssasuaniva e i weatba _Rhddfimistered. In so

proceeding, Hie,RIRi&#BH9N. veterinarian can, for example, employ an intravenous bolus followed by
an intravenous infusion and repeated administrations, parenterally or orally, as considered

appropriate. Whitsgop possiple-for auractiveingradienintib e aproibBteiedca/ontito s eleaile to
present it as a formulation. [00109]When prggaring dosage form incorporating the compositions of the

invention, th& & pBERdE Y 51 DS iekiephitmitdiRr Myl seiyiie therca®hinders, including

gelatin, preggiaiinizeehsdalehpipRehtneaiiies Judigants, such as hydrogenated vegetable oil, stearic
acid, and the like; diluents, such as lactose, mannose, and sucrose; disintegrants, such as
carboxymethylcediodase and shdiuse wiBICHglrsalaia;yslisprodiythagapisSnsucmas pdxiddrdgpolyvinyl

alcohol, and the like; absorbants, such as.silicon djoxide; preservatives, sych as methylparahen,
o, B Rae) i

propylparabgw,t REC<Yditi® 5?1?8%&%1}1% PASTEHEE St % sBHfB&e?a?frW alllé,ab I%ﬁ fafe 80, and

the like; colonentsigiaundanierandimvasienelisHhaymricpuiidaiidoceptalalicencipiematare well known

Viack PUblSHRGICE. EhBIO ot 2O Wt 00N KRGO B AEBShoa Excipionts

American Phayiidaceyticaihidegsiatiet, t¥itashingpeonidil @yridigyl is¢ridtiding 13ddhds ph9Bedihgh4, and

2000, respe gy A O e A R I VS A IR IR NS YRS 0L R ComRoHag At fiynula () in
pyrrolidinyl, imidazolidinyl, pyrazolidinyl, pyrrolyl, dihydropyrolyl, imidazolyl,
dihydroimidazoyl, pyrazolyl, dihydropyrazolyl, azepanyl, [1,2]diazepanyl, [1,3]diazepanyl,
[1,4]diazepanyl, indolyl, dihydroindolyl, isoindolyl, dihydroisoindoly, dihydroquinolyl,
tetrahydroquinolyl, dihydroisoquinolyl, and tetrahydroisoquinolyl.

[0062] “Arylalkyl” refers to an alkyl radical substituted with aryl. Non-limiting
examples include benzyl, phenylethyl, and phenylpropyl.

[0063] “Alkylaryl” refers to an aryl radical substituted with alkyl. Non-limiting
examples include tolyl and dimethylphenyl.

[0064] “Cycloalkyl” refers to a hydrocarbon cyclic moiety that is nonaromatic.

Examples include without limitation cyclopropane, cyclobutane, cyclopentane,
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the preparation of a medicament for the treatment of any disease or disorder in an animal described
herein. In an embodiment, the compounds of the present invention are used to treat cancer. in a
preferred eMidaI&62fl3e compounds of the present invention are used toP$Ji&IMA&/ Ay totoxic
effects of ionizing radiation. In such an embodiment, the compounds of the present invention act as a
radiosensitizer. In an alternative preferred embodiment, the compounds of the present invention are
used to potentiate the cytotoxic effects of chemotherapeutic agents. In such an embodiment, the

compounds ofthd@rasentyitivphtionanact ad @ ctamaesehsgitizenclicgelotieer mrefgcieticpmbadindent, the
compounds gfén)%gre%seent invention are used to inhibit the growth of cells having defects in the
homologous r‘écom%ma‘tion (HR) pathway of double-stranded DNA repair. [00111]Any

pharmacologicallysagpentabis,chmalelpReyic AIRILILAS AgiS bk darieinaBNA ineuliegls as the

chemotherapeutic agent of the present invention. in particular, the présent invention contempiates the
use of a chersthidtapeuticallyesftoi/thenfoamt dftet deest ohechemothdrapsubie mgabvincluding, but
not limited tqy,(QazalomIde AHUAIC I CAMMPIEIN. FAReRIeliCRRL fgagDicin docetael,
doxorubicin, interferon-alpha, intetferon-beta, interreron-gamma, interleukin 2, irinotecan, paclitaxel,
topotecan, aitakoiiadhgpiewimyeitbtzscubichecalatedxyaoxorutgicin, iesmycinagiledesycin,
oy i, EAR L AN RIRRSIpS AR axGIaRosphamds R AR RSRACALOY
complex, topotecan, and mixtures thereot Accordingto a preferred aspect, the chemotherapeutic
agent is temdissiomigiay W Rodeecd 62BERE TAJS2008078606/d00Yd2TFheni nvesaiorcpderained

herein demonsiiates e SN NESRAL U SAMARLOAE 200 cARRORIATR AL fhe present invention in

treating and/orpreventing cancer, such as by radiosensitizing and/or chemosensitizing tumor and/or

cancer cells to gigggitherapaidic agents-@ndirdabmit e @r%téffe%psﬂ%ehaxiﬁ%% : i the

homologous recombination (HR) pathway of double-stranded DNA repair. 1001 ollowing
examples ard"SHANGERANIEVRUIBEES SR PAPIE AP NERSHIEHIBE LT 1iioE tHE Sepyidbfitsacabptication.
100114]in ong emeedimant. dheipigsent invention provides a tetraaza phenalen-3- one compound of
Formula (1), or a pharmaceutically acceptable salt thereof. wherein R is

[0067] The term "preventing neurodegeneration” includes the ability to prevent a
neurodegenerative disease or preventing further neurodegeneration in patients who are

already suffering from or have symptoms of a neurodegenerative disease.
[0068] The term "treating"” refers to:

(1) preventing a disease, disorder or condition from occurring in an animal that may
be predisposed to the disease, disorder and/or condition, but has not yet been diagnosed as
having it; and/or

(i1) inhibiting the disease, disorder or condition, i.e., arresting its development; and/or

(iii)  relieving the disease, disorder or condition, i.¢., causing regression of the disease,

disorder and/or condition.

[0069] The term “chemosensitizer”, as used herein, is defined as a molecule, such
as a low molecular weight molecule, administered to animals in therapeutically effective
amounts to potentiate the antitumoral activity of chemotherapeutic agents. Such
chemosensitizers are useful, for example, to increase the tumor growth-retarding or -
arresting effect of a given dose of a chemotherapeutic agent, or to improve the side-effect
profile of a chemotherapeutic agent by allowing for reductions in its dose while

maintaining its antitumoral efficacy.
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(a) NR1R2, wherein R is selected from the group consisting of hydrogen, C1-C6 straight or branched
chain alkyl, C2-C6 straight or branched chain alkenyl, C3-Cs cycloalkyl, C1-C6 alkoxy, C2-C6
alkenyloxy, PREMAYPHEADXY, benzyloxy, NRKRB (CI-C6 straight or brancheBdnai k)T oRRkRB
(C2-C6 straight or branched chain alkenyl), (C1-C6 straight or branched chain alkyl)carbonyl, (C2-C6
straight or branched chain alkenyl)carbonyl, (C3-C8 cycloalkyl)carbonyl, (Ci-C6 straight or branched
chain alkypoxycarbonyl, (C2-C6 straight or branched chain alkenyl)oxycarbanyl, (C1-C8
cycloalkyl)oxycdgatyl, aryldabanyl,“sadiomyts aixdsUlterngk dhgl(Ed 1 Cae simadyint onlandheghchain
alkyl), aryl(C2-C6 straight ar braaned hain alkenyl), aryl(C1-C8 cycloalkyl), L%:i- 6 straight or
AR X Ol K R T T L i L R,
heterocyclylanetenoctciyhCad€ bhstraiglitiar oodtiah ed s haive atidibs ans dinaetevody clydi@ziebistraight or
branched chain.alkenyl); wherein each, heterocyclyl has between 1 and 7 heteroatoms independently
sotected from DAL bl S LTS A MR Bhd Toars Tk h SR ST o e group
consisting ofelpairogegndit-@B6istxaig bt erbranthadach sicatdkid Wit El6cstomgphardorahetied chain
alkenyl, andi%gﬁg}g cgcltl)alké{l' g@eg %2tjsn§ellle(1:ltggn frﬁ’”ﬁ 2;[het rou gon%iasl'ﬂ:ntlgoofS Ce :C6 straight or
branched chain a yI}, aég S ralg?ﬁ or branched chan akeny?, I-E:dB cyc oa}]ky(f, 1-C6 alkoxy, C2-C6
alkenyloxy, gHectybnpweoxyrab@npyl topf iRk e { GhGGiskaightot Intad dvecichaabakot)eNRxeC6
straight or branched chain alkenyl), (Ci-C6 straight or branched chain alkyl)carbonyl, (C2-C6 straight
or branched chd®0ZMeny!)cabmaetiyq @Ra@8tlyclowikyoarmanyi! (Sivdedsteaibduscibharisiieddchain
alkyl)oxycarhepyl, (C2-C6 straight or branched chain alkenyl)oxycarbonyl, (C2-C8
cycloalkyl)oxycarbonyl, arylcarbonyl, sulfonyl, arylsulfonyl, aryl(Ci-C6 straight or branched chain alkyl),

aryl(C2-C6 straigfipaf branchgghehiain.aaaxh A (ERES SERaloin GLGB et eE sanched
chain alkyl)aryl, (C2-C6 straight or branched chain alkerr%él)aryl, (C3-C8 cycloalkylaryl, aryl,

heterocyclyl Igsscydth aeotlics ragisrin by isemh e dheHEanSIRAY SiaumefRYBRYciAlkDocasSiFaight or
branched chajp lkenyiiihelpin eachers a/&wmﬂ%bﬁfefv&%&@ﬂﬁ)&ihﬁﬁ%@%%?m%e@@dently
selected from 0, N, or S. and wherein each of R." and RY are independently selected from the group
consisting oY ditsgead LUt duesighy skbiaeedhah airtansalle srpsstical sy Bihstsabld@hain

alkenyl, and £276R cyaleaikyb-ubsrsinRhiand R2.aisipdepsnaeninsuRstiisrwilbbsbygen 0 and 4
substituents, each independently selected from halo, C1-C6 straight or branched chain alkglq,?gz-CG

straight or bri2figed SHRHBHEMAY CUBEEIR & diFth SrbisTetRid radaerdis dtrslf 2 aHBSERERTS:;
provided that B1,8Rd R @ynhRatthB& Metiav. AR MAY %elﬂﬂzﬁe(pbﬁ@zyk}wggyérﬂn R1is

hydrogen; or  (b) aryloxy, substituted with between 0 and 4 substituents, each independently selected
from the gro%ﬁpad%?ﬁ%ligﬁ)‘ﬁjgéf Waish ecs andsidiuieividis hdtnhstiaersrostdgsctaed bestinid Attbe
branched chaia e anGil O REIACRE EhaRAllRRh B3GR AYEIAKHE IR GRR:s
NRcR1(Ci-C6 straight or branched chain alkyl), and NW-RD(C2-C6 straight or branched chain
alkenyl), whéRspvéan! a\flm@laﬁaepem@iﬁ%ﬂéﬂ@éhﬂﬁ@ea%%w%%ww &dH&stiRgbf hydrogen,
C1-C6 straightembranshed:ehaincaiig - Gf SiraighterRianshes shaimrikeny and Gk s

cycloalkyl; and when more than one substituent is of the form NRcRD, each occurrence of RC and RD
is independdftly ¥erb eGSRk GrsivsedpsiSungasrrpioges clyeskirdghisidrient®d chain
alkyl, C2-C6stipightieahyanghed chain alkenyl, and C3-Cs cycloalkyl; or  (c) a heterocyclyl having
between 1 and 7 heteroatoms independently selected from O, N, or S; and having between 0 and 4
substituents independently selected from the group consisting of halg, haloalkyl, hydroxyl, nitro,
trifluoromethyl, trifluoroethyl, Cl-C6ostrai§:ht or branched chain ER-C6 straight or branched chain
alkenyl, C1-C6 alkoxy, C2-C6 alkenyI3Ky, penyl, phenoxygb DXy, amino, thiocarbonyl, cyano,
imino, NRLRI(CiC6 straight or branchegg chain alkyl), EfSE] 6 straight or branched chain
alkenyl) sulfhydryl, thioalkyl, dioxa-s ( qi%gﬁiiight r branched chain alkyl) carbonyl,
(C2-C6 straight or branched chain akeg N(CI6 straight or branched chain
alkyl)oxycarbonyl, (C2-C6 straight or branched chain alkenyl)oxycarbonyl, arylcarbonyl, sulfonyl,
arylsulfonyl, aryj§gh§i6 straighiigedranshedschain alolbaryi( G256 aieht or branghsd,chain
alkenyl), aryl(C1-Cs cycloalkyl), (C1-C6 straight or branched chain alkyl)aryl, (C2-C6 straight or
branched chBitiaikerimaler FoRIeGhH BISY, &p9 R Ee&THEI R P t@RSEREYI(Ci-C6 straight or
branched chain alkyl), and heterocyclyl(C2-C6 straight or branched chain alkenyl), wherein each
heterocyclyl has between 1 and 7 heteroatoms independently selected from O, N, or S. wherein each
of RE and RF is independently selected from the group consisting of hydrogen, C1-C6 straight or
branched chain alkyl, C2-C6 straight or branched chain alkenyl, and C3-C8 cycloalkyl; and when more
than one substituent is of the form NRFRF each pccurrence of RE and RF is independently selected
from the group consisting of hydrogen, C1-C6 straight or branched chain alkyl, C2- C6 straight or
branched chain alkenyl, and C3-C8 cycloalkyl; wherein each of said 0-4




substituents is independently substituted with between 0 and 4 further substituents, and each said
further substituent is independently selected from halo, C1-C6 straight or branched chain alkyl, C2-C6
straight or bYEPEAEHAM alkenyl, C3-C8 cycloalkyl, C1-C6 alkoxy, trifluordfa&tH§roBsMigetrethyl, and
amino; provided that R has at least one substituent when R is an N-piperidinyl, N-pyrrolidinyl or an
N-morpholinyl group. [00115]in some embodiments each ring of each heterocycle of Formula (T) is
independently 5-7 atoms in size. [00116]Some embodiments include one, two or three nitrogen atoms
in at least one rifi9Béjthe hetdnaaydierofdroronulay (g [B94diFihrhsoime sensbodimeadthetbewatefocyclyl of

Formula(l) comprises 1-3 rings. In some embodiments, the heterocyclyl has 1-7 heteroatoms
1 RN S 4hn R :

independent‘f/y séteaé?’e%l??lgrnﬁ t n a [b%lfi@ﬁnosrétr%gxé% h6aim él, the %rgﬁenrlgcf/)glyl of Formula

(1) is selecteixirmpld¢hénghalep wahsistingicit piperidnlytr pifetadinyhapyndarimaaldnydpomyatdy |,
tetrahydropysridé@i, Eyridinyl, pyrimidinyl, dihydropyrimidinyl, tetrahydrophyrimidinyl,
hexahydropyrl?mlgmyl, dihydropyrazinyl, tetrahydropyrazinyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl,

AT RO, [ e L A B R B AT R
dihydroquinolg¢dtearabatdropanailykadipdretsogulngly hentd teseedwsleoispepiirialy Ljobiad dphemsther
embodiment, {16 MG FRALIMATINCS: REQUARS S GARMROHIG SEISEIGHHRMING S QYR FORRISIRGOr 910
compounds and compositions of the present invention can be used to extend the lifespan
and proliferative capacity of cells and thus can be used to treat or prevent diseases
associated therewith; they alter gene expression of senescent cells; and they radiosensitize
hypoxic tumor cells. Preferably, the compounds and compositions of the invention can be
used to treat or prevent tissue damage resulting from cell damage or death due to necrosis
or apoptosis, and/or effect neuronal activity, either mediated or not mediated by NMDA
toxicity. The compounds of the present invention are not limited to being useful in treating
glutamate mediated neurotoxicity and/or NO-mediated biological pathways. Further, the
compounds of the invention can be used to treat or prevent other tissue damage related to

PARP activation, as described herein.

[0076] The present invention provides compounds which inhibit the in vitro
and/or in vivo polymerase activity of poly(ADP-ribose) polymerase (PARP), and

compositions containing the disclosed compounds.

[0077] The present invention provides methods to inhibit, limit and/or control the
in vitro and/or in vivo polymerase activity of poly(ADP-ribose) polymerase (PARP) in any
of solutions, cells, tissues, organs or organ systems. In one embodiment, the present
invention provides methods of limiting or inhibiting PARP activity in a mammal, such as a

human, either locally or systemically.

[0078] The compounds of the invention act as PARP inhibitors to treat or prevent
cancers by chemopotentiating the cytotoxic effects of the chemotherapeutic agents. The
compounds of the invention act as PARP inhibitors to treat or prevent cancers by
sensitizing cells to the cytotoxic effects of radiation. The compounds of the invention act as

PARP inhibitors to treat or prevent BRCA1/2-associated breast cancer.

25



2830 5859 CI WO 2009/046205PCT/US2008/078606

WO 2009/046205 PCT/US2008/078606

[0079] The compounds of the present invention may possess one or more
asymmetric center(s) and thus can be produced as mixtures (racemic and non-racemic) of
stereoisomers, or as individual enantiomers or diastercomers. The individual stereoisomers
may be obtained by using an optically active staring material, by resolving a racemic or
non-racemic mixture of an intermediate at some appropriate stage of the synthesis, or by
resolution of the compound of Formula (I). It is understood that the individual
stereoisomers as well as mixtures (racemic and non-racemic) of stereoisomers are

encompassed by the scope of the present invention.

[0080] The compounds of the invention are useful in a free base form, in the form
of pharmaceutically acceptable salts, pharmaceutically acceptable hydrates,
pharmaceutically acceptable esters, pharmaceutically acceptable solvates, pharmaceutically
acceptable prodrugs, pharmaceutically acceptable metabolites, and in the form of
pharmaceutically acceptable stereoisomers. These forms are all within the scope of the

disclosure.

"non

[0081] "Pharmaceutically acceptable salt", "hydrate", "ester" or "solvate" refers to
a salt, hydrate, ester, or solvate of the inventive compounds which possesses the desired
pharmacological activity and which is neither biologically nor otherwise undesirable.
Organic acids can be used to produce salts, hydrates, esters, or solvates such as acetate,
adipate, alginate, aspartate, benzoate, benzenesulfonate, p-toluenesulfonate, bisulfate,
sulfamate, sulfate, naphthylate, butyrate, citrate, camphorate, camphorsulfonate,
cyclopentane-propionate, digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanoate, glycerophosphate, hemisulfate heptanoate, hexanoate, 2-
hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, oxalate, tosylate and undecanoate. Inorganic acids can be used to produce salts,
hydrates, esters, or solvates such as hydrochloride, hydrobromide, hydroiodide, and

thiocyanate.

[0082] Examples of suitable base salts, hydrates, esters, or solvates include
hydroxides, carbonates, and bicarbonates of ammonia, alkali metal salts such as sodium,
lithium and potassium salts, alkaline carth metal salts such as calcium and magnesium salts,

aluminum salts, and zinc salts.
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WO 20091046205PCT/US2008/078606 1001201in some embodiments the invention provides the
compound which is or a pharmaceutically acceptable salt thereof [00121]In some embodiments the
invention prXfRe8HMi&seEmpound which is 37 or a pharmaceutically acceptBOREZRHERWP1001221in
some embodiments the present invention provides a method of chemosensitizing cancer cells in a
mammal in need of chemotherapy, comprising administering to said mammal a compound of Formula
(I) as described herein, or a pharmaceutically acceptable salt thereof In some embodiments, said
mammal is a hufd@ss|in sonsalembphttuteentstcsaidradivmistratipnlie ddfinstdatidth of gpbdaymceutical

Compo?'t")“&%’é“?ﬁ{é 'Qgeg'%‘hqt&&ré‘il‘?%ﬂg t%?#la igﬁ‘a@ﬁ‘&ﬁn‘%&%ﬁ%ﬁ ceplable caprier addition Salts
embodiments, the chemosensitization method further comprises admimi ering 10 said mammal a
chemotherapgdtie @agesttrin aowils aes lnd div eots) caidsahfahrosessiti Zmng mompotindeahdssalcht

chemotherapeutic agent are administered essentially simultaneously. WO

50091040508 T B BB T8 Db N e Sh A rovides a
method of chemposensitiingreancetheellssiod vuammehio beed whghechatherapy;, chmaprising
administering tq,said mammal a compound selected from.the ar consisting of compounds 7-28,
0046, 5060 B G M RPN foccrbea herein. i
same embodimpeitdieszidmizanmanhds,alihvmarhyih coralkdmbodirentsasaidmdndinistrdtion is
administratiotrr1i e%gt parmaceutical c%mpog.fﬂgsn comprisin thga.id conglegt?é{%j;ﬂi}]rr{d aﬂmgrmaceutically

nolamine. ami 03{:1 S %u 1n1Be ana. & N Hle 8’ .
acceptable carrier. [n somé embodiments, the chemosensitizatiorrmetho er comprises

administeringlte swichinta iNrmad thydhidncethexa pe gtic ageat Narsetind-embedinee nisysaidne;

g:‘n‘fmt%ieer;sdtseiﬁ}/il%ﬁé’&?a?%@91\?-%%1§z€§9p%%%9?8§*1‘aen%‘%‘19e‘% AR AR ARSI G GRS ety rike.
See, for example, "Pharmaceutical Salts,” J. Pharm. Sci., 66:1, 1-19 (1977). Accordingly,
basic nitrogen-containing groups can be quaternized with agents including: lower alkyl
halides such as methyl, ethyl, propyl, and butyl chlorides, bromides and iodides; dialkyl
sulfates such as dimethyl, diethyl, dibutyl and diamyl sulfates; long chain halides such as
decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides; and aralkyl halides such

as benzyl and phenethyl bromides.

[0084] The acid addition salts, hydrates, esters, or solvates of the basic
compounds may be prepared either by dissolving the free base of a compound of the
present invention in an aqueous or an aqueous alcohol solution or other suitable solvent
containing the appropriate acid or base, and isolating the salt by evaporating the solution.
Alternatively, the free base of a compound of the present invention can be reacted with an
acid, as well as reacting a compound of the present invention having an acid group thercon
with a base, such that the reactions are in an organic solvent, in which case the salt

separates directly or can be obtained by concentrating the solution.

[0085] "Pharmaceutically acceptable prodrug" refers to a derivative of the
inventive compounds which undergoes biotransformation prior to exhibiting its
pharmacological effect(s). The prodrug is formulated with the objective(s) of improved
chemical stability, improved patient acceptance and compliance, improved bioavailability,
prolonged duration of action, improved organ selectivity, improved formulation (e.g.,
increased hydrosolubility), and/or decreased side effects (e.g., toxicity). The prodrug can be

readily prepared from the inventive compounds using methods known in the art, such as
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[00124]In some embodiments, the chemotherapeutic agent of the invention is selected is selected
from the group consisting of temozolomide, adriamycin, camptothecin, carboplatin, cisplatin,
daunorubiciW, QR¥84E0oxorubicin, interferon-alpha, interferon-beta, inte REAIHSHHATEMAterleukin
2, irinotecan, paclitaxel, topotecan, a taxoid, dactinomycin, danorubicin,
4'-deoxydoxorubicindeoxydoxorubicin, bleomycin, pilcamycin, mitomycin, neomycin, gentamycin,
etoposide, 4-0H cyclophosphamide, a platinum coordination complex, and mixtures thereof In some
embodimentshditedebatbothey dheytic Adetitisalefhorokorpigel dvragsalhthasayf. [T EE]iN slomep.
embodiments, he preggntinvention Rrovides smethad.of tadigsensiizing cancer cells Iy a mammal
in need of radiation therapy comprising a s ering to said'mantmal @ compoun o?rl%rmu‘fa () as
described hareidrugs dypbanmeaceg oally acoeptiitile lsalt thgreofdrbeoymgembodnestets, said mammal is
a human. In some embodiments, said administration is administration of a pharmaceutical composition
comprising said[668found aPlerenpleanticdbuaicaiyabbraptabidicdmider{00 d2alitlsdrhevembodiments,
the present inyeign.PIqyidAs AMaes alAdosABelizng fansencals i mammal (npatof
radiation therapy comprising administering to said mammial a compo selected from the group
consisting offevalgouerls A2RNSOL4ENBY-GBING0 tTATr PhyRBahNth pértinhané bivalycadtmttablesalts
e 2 CeRGReA RIS e RIS SRILAMY B} R ADHBAH "R ST g ments
phar composit

said administration is administration of a aceutica ilon comprising said compound and a
pharmaceutivdlighadwgptatsid isanbetedoo 2] x getné Eonbduirhedits Hiprwdnse misenr geides a

phafma"eU“ﬁf’é‘t&%ﬂ?&%ﬁ’hﬁ%ﬂlﬁggﬂ %’mﬂé}ﬂg&% %%&‘.‘?o@&?aei#?écﬁﬁﬁ‘l&%ﬁdﬂl ‘&

pharmaceutically acceptable s of and a pharmaceutically acceptable carrier. In sGme

emboqimentmqhetmmml m@ﬁﬁf@qﬁﬂ@wmrtb@im@@sf@r}@h@iﬁﬁ@tﬂ@ﬁbémib@gent as
described hegei, [M0LARINSAR& £ERCYIMENR NG IBY GRHOR PIRVIASS B RIATIACESICRE composition

comprising a_compound selected from the group consisting of compounds 7- 28, 30-46, 50-66, 69, 72,
74-76, and priagiicdudickdpigetmeriisesshslagrest]am desg iitrsabadpairmay Somenariysdindents, the

pharmaceutigal. comppsifian further GamRIises AGDIMRIMEIAPSHHIG A8SHhas derarined herein

[00129]in some embodiments, the cancer cells treated by the chemosensitizing andlor radiosensitizing
methods of theiigii#i€ion are selected from the group consisting of ACTH-producing tumors, acute
lymphocytic leukemia, acute nonlymphocytic leukemia, cancer of the adrenal cortex, bladder cancer,

brain cancer, bré¥&dancer Feehse stilaHcemnahedniel[(in pmsayinn etikbeiiac L oret sRSRIcRt

leukemia, colgrgRiabsansare GMpRRRYIS Istal bARRIAMA. LRATPELIR! $RECEMeaRhageR! gancer,
Ewing's sarcoma, gallbladder cancer, hairy cell leukemia, head and neck cancer, Hodgkin's

lymphoma, K§F08i's sisfirsid draadheyl Basear avadcahdsrpiargicaveBriearma Retemsiriidissmall cell),
malignant pesfignedrefiksiomdalignant Risiial @HUsiQne MBSIRNARA " MesAIBIR Ay fWiple myeloma,

neuroblastoma, non-Hodgkin's lymphoma, osteosarcoma, ovarian cancer, ovary (germ cell) cancer,
prostate cane&iNisanGeanetBaeertiSEsa s an CtOTEtifoIBRb ML YERPFdaAsE Ssofttlséibi-sarcoma,

squamous call GARGINOIRES: SIaTRART RaRGer AeBlGWBE RANCEIAAIEFRRREs nifaRRQINRSNE
neoplasms, uterine cancer, vaginal cancer, cancer of the vulva and Wilm's tumor. In some

embodimentS2HRe EANCHF IR Rreadet piPies ErmeciFis iz g a et iR dHEIRs P ARETRIdS of the
invention are;sgle@ed KOs dsRumeonsisting of brain cancer, melanoma, head and neck cancer,
testicular cancer, ovarian cancer, breast cancer, non small cell lung cancer, and rectal cancer.

[0088] For example, the methods of the invention are useful for treating cancers
such as ACTH-producing tumors, acute lymphocytic leukemia, acute nonlymphocytic
leukemia, cancer of the adrenal cortex, bladder cancer, brain cancer, breast cancer, cervical
cancer, chronic lymphocytic leukemia, chronic myelocytic leukemia, colorectal cancer,
cutancous T-cell lymphoma, endometrial cancer, esophageal cancer, Ewing's sarcoma,
gallbladder cancer, hairy cell leukemia, head and neck cancer, Hodgkin's lymphoma,
Kaposi's sarcoma, kidney cancer, liver cancer, lung cancer (small and/or non-small cell),

malignant peritoneal effusion, malignant pleural effusion, melanoma, mesothelioma,
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WO 20091046205PCT/US2008/078606 1001301in some embodiments, the invention provides a
method of treating a mammal having a cancer characterized by having a defect in the homologous
recombinati$OEeHaMvay of double-stranded DNA repair, comprising adv&iRERARPTI§S4aid
mammal a compound of Formula (1) as described herein, or a pharmaceutically acceptable salt
thereof. in some embodiments, said mammal is a human. in some embodiments, said administration is
administration of a pharmaceutical composition comprising said compound and a pharmaceutically

acceptable carigplémsehenembodibhkenis)thsoaaiiodeicallsihaphaphenetyaecsalectedrfaom the group

consisting of 'Q BRCA-1 d ect || @BRCA -2 de[f?ct iii) a BRCA- ]f .and BRCA Zldefect and iv) Fanconi
NCeer, oyvary. cancer pro ate ¢an f CPaacfr 1C cance
anemia. In some e€mbo | cancerceis are Setected rom breast cancer of ovarlan cancer.

[00131]In somemhlbﬂdmmenltsn ttaaamgesnlﬁlenspne\shjeemamtmnboﬁ rdhtimgiacan)stahtakiing a cancer

characterized b¥ ha,[\éls% g4 defect in t@e h8molo oy cgfnsanatlorEa(HR) )[athwa of double- s1tranded

DNA repair, COMprising administering to séll%lnma’m a Eompoun eél?ron%mt%er group consisting

of compoundsnt@8¢8{et6)B8e66:16DarT® WidnV6tuanak pharmaceutically acceptable salts thereof, as
described herein. In some embodiments, said mammal is a human. In some embodiments, said
administration i ¢#inistrafioncsfianenakim#osciediodompesitichceoeapasiligr saidocseipound and a

pharmaceuticglly, a¢enfaile 8[{1:;& o %‘9% ?’E&Qﬂ?@l&%ﬁsﬁ@ﬁ&&ﬂﬁeﬁ&%ﬂ'énﬂ%‘é%lé‘o%HSé}W&e
selected from the group consisting of | CA-1 defect, ii) a BRCA-2 defect, iii) a BRCA-1 and

BRCA-2 defeutathneliVyiaersmer siastinidal waswere arirotbansats cthenciancer sedlscarel sefseted from
breast cancer or ovarian cancer. WO 20091046205PCT/US2008/078606 Synthetic Procedures for the
Disclosed Comd80#@is Scherhe nssrii yeHNm R KlptEs B Riiesagrs IicpkepayRaidiont

3-nitro-phthalig,anidifinsthvh &8if%tkally effective amount of a compound of a compound of

Formula (I) and (ii) a pharmaceutically acceptable carrier.

[0091] The above discussion relating to the preferred embodiments' utility and
administration of the compounds of the present invention also applies to the pharmaceutical

composition of the present invention.

[0092] The term "pharmaceutically acceptable carrier” as used herein refers to
any carrier, diluent, excipient, suspending agent, lubricating agent, adjuvant, vehicle,
delivery system, emulsifier, disintegrant, absorbent, preservative, surfactant, colorant,

flavorant, or sweetener.

[0093] For these purposes, the composition of the invention may be administered
orally, parenterally, by inhalation spray, adsorption, absorption, topically, rectally, nasally,
bucally, vaginally, intraventricularly, via an implanted reservoir in dosage formulations
containing conventional non-toxic pharmaceutically-acceptable carriers, or by any other
convenient dosage form. The term parenteral as used herein includes subcutaneous,
intravenous, intramuscular, intraperitoneal, intrathecal intraventricular, intrasternal, and

intracranial injection or infusion techniques.

[0094] When administered parenterally, the composition will normally be in a
unit dosage, sterile injectable form (solution, suspension or emulsion) which is preferably
isotonic with the blood of the recipient with a pharmaceutically acceptable carrier.

Examples of such sterile injectable forms are sterile injectable aqueous or oleaginous
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[00132]To a stirred solution of 4-nitro-isobenzofuran-1,3-dione (150 g, 0.78 mol), 1, in 2 L of MeOH
was added 50 mL of concentrated sulfuric acid. The reaction was heated to reflux for 16 hours. The
mixture solMN&2M29¥B8Fed to room temperature and then poured into 3 L 8GEAHAE0Z M esulted in
a heavy white precipitate. This was triturated for 15 minutes and the precipitated was filtered off and
the solid was washed with water thoroughly and dried to afford 120 g of 3-nitro-phthalic acid dimethyl
ester, 2, as a white solid (65 %). 11-1 NMR (300 MHz, DMSO-d6): 8.54 (d, J= 7.25 Hz, 111), 8.42 (d,
J=7.82 Hz, ttthcna8nlt, TheBe 20 driznsidhly thOOUS f@iy13t88 (e BHihg 3CtdlRquELBBwERIZehel 11.02,
115.67, 119.08, 131.80, 133.68, 148.80, 167.64, 168.63. Procedyre B: Preparation of 3-amino-phthalic
acid dimethy L S U SRR KRB L RSB S BT AT G005, 1.0
mol) was disBoiveaniry 2lkcobdieite Qatethitic 0% iHD/ Crwapaddad andaheosidyitoenveas lyydrogenated
under H2 (45 siﬁ a Parr hydrogenation apparatus at rgom tem ure overnight. Filtered through
colte and ovsoT B ROt e el B S LA e Eo e T i B i
(300 MHz, DadSprabdy: veIa6lés, awdl 3@ Schiz, thid m6yddke (cinpglo B84 iel zydtet) s6ling, (Rjink & 33z jdiH), 6.12

(s, 2H), 3.77 (s 3H%,37 S, 3H). 13C NMR; 51.51, 51.7.7, 110 15.16,118.56,.131.26, 133.16,
io8, 167 5k TR B SRR R SRS R R B
nazoline-5-csidrdzyfic atidlsrethgd esteriodall P 0dPAdykOitaso ot otslorcasptoditiy enadis ivet Boirtimg in 130

mL of 1,4 dio>{1ang gt room te er tug?ﬁaDriéel-éCI as Eg%s Ibﬁllablesdﬁ[ reqyg% tIrlle_sOoIH}[op fogit eisrty
minutes folldwed By fhe addition of 3 g of Fam noyf, -p(h%haﬂ% 2cid dime y?esfer, 3T he reaction
was refluxedcfon approxinedtgiyathre eribiesyne sultihgt in & e avyhvhitehytedipiatsoPtipguspension was
cooled with an i¢ th, fillered washed with, pentane to remove any residual solvents, 30 g (83%)
o i analy L e T o R L R B P B 5 5
Hz, 1H), 7.79sfttcixly D3 heir, iHyo XySthythted 783 ibias, B ngke80 (s XH)<PB4t{s) 8HiNjEBEMNMR: 42.21,
54.86, 119'9"?hgs%7d?17sblutions or suspensions may also contain long-chain alcohol diluents or

dispersants.

[0095] Sterile saline is a preferred carrier, and the compounds are often
sufficiently water soluble to be made up as a solution. The carrier may contain minor
amounts of additives, such as substances that enhance solubility, isotonicity, and chemical

stability, e.g., anti-oxidants, buffers and preservatives.

[0096] Formulations suitable for nasal or buccal administration (such as self-
propelling powder dispensing formulations) may comprise about 0.1% to about 5% w/w,
for example 1% w/w of active ingredient. The formulations for human medical use of the
present invention comprise an active ingredient in association with a pharmaceutically

acceptable carrier therefore and optionally other therapeutic ingredient(s).

[0097] When administered orally, the composition will usually be formulated into
unit dosage forms such as tablets, cachets, powder, granules, beads, chewable lozenges,
capsules, liquids, aqueous suspensions or solutions, or similar dosage forms, using
conventional equipment and techniques known in the art. Such formulations typically
include a solid, semisolid, or liquid carrier. Exemplary carriers include lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, mineral oil, cocoa

butter, oil of theobroma, alginates, tragacanth, gelatin, syrup, methyl cellulose,
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130.86, 135.71, 136.78, 150.59, 155.70, 162.49, 171.24. General Procedure D: Preparation of
compounds, 5: 100135]Displacement of the chloro group of compound 4 with nucleophiles such as
amine using\OeEPAHp28Tedure D provides the compounds 5. To a solutionrP&6T{HE2ERIBe¥mpound 4
in dry DMF or MeCN is added potassium carbonate and a nucleophile such as an amine. The reaction
mixture is heated to 70 C for 12 hours and cooled to room temperature. Water is added to the reaction
mixture, followed by ethyl acetate. The organic layer is collected, washed with water, brine and dried
over sodiumsiifatgcihyésohebisaramerhavedt ,imedgl hnilrdhgbeesidue, [srifisddox dolurate,

chromatogr on silica eI u eth tate/hexanes as eluent to give the products 5 in 50 - 95 %
yield. An exzi[r)r%e firas Sé‘l‘l\}%ﬁ Fna]ié}g Spe%grz;ﬁc()n of compound 7. WO

20091046205P bl 2000 RSO0 BEnBIPLPRERINE  Prsearaion.of samnounds, /00361

2,9-Dihydro-1,2,7,9-tetraaza-phe one ring can nsatlon 0 ompounds 6
with hydrazire tatdes Goitaion D tegto mpbuiddd ﬁqwajﬁb%nelmhan@bﬁmmdﬁékbess anhydrous

hydrazi t t

ool wat O R LB e
washed wuthswlatemaﬁdssﬁmaiban@m@mMImMmhmegwelm@é dotiel Prbdristedyipoating@¥ieyseld. An
example wag giyen iLINe. RIPAIATGN. of Cﬁi@)%?wl&r'ﬁfgsg%s]%@i?ﬁ’saﬁ?& s%m [steara

8-(4-hydroxy-piperidin-1-ylmethyl)-2 9-dihydro-1 27 9-tetradza-p enalen- -on 00137]Following
the General Srpseldsipd cmmﬂdne@ts\m@mh@lmtpsaahMm@pmemm@(o.46 mg, 4.5 mmol), 4
(2.0 g, 3.9 mmol), and potassium carbonate (1 g, 7 mmol) was set refluxing under nitrogen and stirred
overnight. React@¥Phixture Avteblst aporectrasedty sespensieseaatelingidieptbiometedinet Purified

with a silica gajupm W&%Mﬂ?%fem@m@/% Rl Qe bR uBAL han H%%W?éﬁ%d;gw 2-(4-

Hydroxy- plperldln -I-ylmethyl)-4-ox0-3,4-dihydro-quinazoline-5-carboxylic acid méthyl ester, 7a
[00138]Fo||09ﬂﬁ@>%1%n%ﬁawm@@m%hew%%mm@ﬁmm ge7Hqyingyform such as a

powder or granules, optionally mixed with a binder, lubricant, inert diluent, surface active,
or dispersing agent Molded tablets may be made by molding in a suitable machine, a
mixture of the powdered active ingredient and a suitable carrier moistened with an inert

liquid diluent.

[00100] The compounds of this invention may also be administered rectally in the
form of suppositories. These compositions can be prepared by mixing the drug with a
suitable non-irritating excipient which is solid at room temperature, but liquid at rectal
temperature, and, therefore, will melt in the rectum to release the drug. Such materials

include cocoa butter, beeswax, and polyethylene glycols.

[00101] Compositions and methods of the invention also may utilize controlled
release technology. Thus, for example, the disclosed compounds may be incorporated into
a hydrophobic polymer matrix for controlled release over a period of days. The
composition of the invention may then be molded into a solid implant, or externally applied
patch, suitable for providing efficacious concentrations of the PARP inhibitors over a
prolonged period of time without the need for frequent re-dosing. Such controlled release
films are well known to the art. Particularly preferred are transdermal delivery systems.
Other examples of polymers commonly employed for this purpose that may be used in the
present invention include nondegradable ethylene-vinyl acetate copolymer a degradable

lactic acid-glycolic acid copolymers which may be used externally or internally. Certain
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3.1 mmol) in EtOH (20 mL) when refluxing was added hydrazine monohydrate (7 mL, large excess)
and heated overnight. Reaction was cooled to RT and H20 (15 mL) was added resulting in a heavy
white precipfY2&%ideeef and washed with 1:1 EtOH/H20 to afford 0.6 g (6486 Y3308 ZF¢HEally pure
white solid, 7. MP: 168-171 C; MS (ES+): 300; IH NMR (300 MHz, CIIOD): 1.46-1.55 (m, 2H),
1.71-1.75 (m, 2H) 2.15-2.23 (m, 2H) 2.70-2.75 (m, 2H) 3.16-3.18 (m, 1H) 3.25 (s, 2H) 3.47-3.55 (m,
1H) 7.30-7.33 (m, 1H) 7.60-7.64 (m, 211). Anal. Calcd. for C15H17N502.1.7 H20: C, 56.45; H, 6.06; N,
21.94; Foundly@:05614 0ydH a8 .polyNhyd 7o R He tiyOr2 (011462 05 B FHIHSARSHHIBHIS6 3189]The

compound 70%1]\5? for ulffated with an acid. For example: to.a solutipn of 7 (tI0.6g 2.0 mmol).in 10 mL
o1 14 owar SO SESHE e R VBT o e B e R S e

precipitate. Filtatétheshdbivitarated in diethyl ether to afford 0.5 g (63%) of an off-white solid, mesylate
salt of 7. 114 NMR (300 MHz, DMSO-d6): 1.55-1.58 (m, 2H), 1.78-1.82 (m, 2H), 2.15 (s, 3H),
3.15-3.50 (m, 4H00B08B-3.6%5(rmn trhodlidac (s, el yarred ifdh 7odi8 Biddzgidd bl FDIYB6 (mpHk)re1.73 (s,

1H) [00140] . Cal r.Ci . .2H20: 4. H.5.84: N, , S, 7.43
Found: ¢, 44 1P g B A TR e S L RS e from
the similar pidn@d@ue&@&p@p@&ﬁ@mﬁﬂmﬁmmxym mayﬁh@tb@mp}dmbmg@ohééppmtr@mhlms.
Preparation of &8 RNGEURIREIARTGAMEINA: 2 Aolirudioh i/ HFLARERRACTIRleR--one, 8
1001421Synthesized using 1-phenylpiperazine For General Proceé)ure D. 52% overall yield for last two
steps. MS (E8ep@8d;peHId MR (BOY vhaut DMSCL d6) G5 68 (o3 ingH T 1B, ¢oumotion, afi4hB.39 (s,

2H); 6.78 (L J=duft iEertiBn @a%%édméago?atéa iﬁwth%-%%&%glﬁd&ﬁe 1At %r‘b%'&tﬁé‘r @mx&ﬁ%
7.62-7.64 (d, J= 7.2 Hz, 1H), 7.75 (t, 1=8.0 Hz, 1H), 11.23 (5, br, 1H), 11.78 (s, 1H); Anal. Calcd. for
C20H20N60M 2P aable nsmeg; kowmn 09 Maf 20diryyridilCinshad:t nd 0%y Rrea3s. Preparation of

8'(4'be“Zy"BiPrﬁHQ'é%'e]oi}Q’Hﬁl@i&'Xx%t?iﬂehéﬁ%%'g]ra%ﬂb%ﬁ/{??%ﬁ'%ﬁﬁ?'8@@1‘%&%&%&%@%&% sized

using 1-benzylpiperazine for General Procedure D. 2 verall yield for last two steps. MS (ES-):
372; 1H NMRitBoothe ke \pMs O a8ly beomoldedoni aselidamplam. 55 (m, 4H), 2.85 (d, 2H), 3.28 (s,
2H), 7.14-7.19 (m, 3H), 7.25-7.30 (m, 2H), 7.50 (d, J= 7.0 Hz, 1H), 7.62 (d, J= 7.7 Hz, 1H), 7.75 (t, J=
7.7 Hz 1H), 11.480K03, 1HIn pnezengbodimeniide biatsgrigrdoppizoRsonpaymer 78ixirg 91; N, 18.75;

Found: C, 7Q:34; ol tSri8: Ml 165017 LeRAAHAE BraRRRCBALBY o SttRXSH Bid prebent

O-tetraaza-phenalen-3-one 10.
invention that can be administered as a flowable liquid, for example, by injection, but
which remains sufficiently viscous to maintain the pharmaceutical composition within the
localized area around the injection site. The degradation time of the depot so formed can be
varied from several days to a few years, depending upon the polymer selected and its
molecular weight. By using a polymer composition in injectable form, even the need to
make an incision may be eliminated. In any event, a flexible or flowable delivery "depot”
will adjust to the shape of the space it occupies with the body with a minimum of trauma to
surrounding tissues. The pharmaceutical composition of the present invention is used in
amounts that are therapeutically effective, and may depend upon the desired release profile,

the concentration of the pharmaceutical composition required for the sensitizing effect, and

the length of time that the pharmaceutical composition has to be released for treatment.

[00104] The compounds of the invention are used in the composition in amounts
that are therapeutically effective. The compositions may be sterilized and/or contain
adjuvants, such as preserving, stabilizing, welling, or emulsifying agents, solution
promoters, salts for regulating the osmotic pressure, and/or buffers. In addition, they may

also contain other therapeutically valuable substances, such as, without limitation, the
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[00144]Synthesized using phenol for General Procedure D. 60 % overall yield for last two steps. MS
(ES+): 293; 114 NMR (300 MHz, DMSO-d6): 4.90 (s, br, 3H), 7.00 (t, J WO
2009104620%P209(9412098/078606 = 6.6 Hz, 1H), 7.08 (d, J= 8.2 Hz, 2H), POHB2998/p7844¢, 2H), 7.45
(d, J=7.7 Hz, 1H), 7.65 (d, J= 7.7 Hz, 1H), 7.76 (t, J= 7.2 Hz, 1H), 11.20 (s, br, 1H), 11.80 (s, 1H).
Anal. Calcd. for CL6H12N402. 0.75 1120 0.25 N2H4: C, 61.24; H, 4.66; N, 20.08; Found: C, 61.06; H,
4.27; N, 20.13; Preparation of 844-(4-fluoro-pheny1)-3 6-dihydro-2H-pyridin-1-ylmethylk2 9-dihydro-1 2
7 9- tetraazaspluefialdriBeohe dibutj0 g datfSyntteddhzednidihg compositions are prepared according

4-(4-fluorophenyl)-1.2.3,6-tetrahydropyridine hydrochloride for General Procedure D, 24_% overall
yiea for last S BSECONIG (o SO S e GRS RS 77 (o
J= 5.4 Hz, 2Mkigh24 (sfdrabR14Do & 46($,024 by, Gcigh(rm 1id Fomp6ufid bEtBelrdzn@dil.), 7.46 -.7.52 (m,

3H), 7.63 (d, J=7.8 Hz, 1H), 7.44 (t, J= 7.8 Hz, 1H), 11.18 (s, br, 1H), 11.79 (s, 1H). A mesylate salt of
11 was preparetQABNMR (HobddiHecDNV SOt R ly (&5 GHjrd B4 (bss 2)e1B.8620ts, Ad), 4.11 (in,

2H), 4.36 (s, (t. J=.8.8 A =7 7.56-7 2H),
775 (@0~ A R S poR i o By R R
C21H1/FN50trinbeGHSOmMINsEA0CoNBsuBEs Mhikz Samnot HcTei8ted e IFodihtaiC bagiessad, 4.71;

N, 14.73; S, 6.7 Pl { i T | 3 I-'-I thalro- i traa; T
phenalen-3-§relee%{62?{[%% %g]%ﬂygéageg?lzg%%ﬁsﬁrlﬁg &%@ﬁ?ggp%é%%%ege%a i(g%?f%)% g%%r?e%rgl Procedure

D. 23 % ovesaltyielshftabladbtvedsipppafiomésihatbramit of 12 was prepared. MS (ES+): 396; 1H NMR
(400 MHz, DM50-d6): 2.33 (s, 3H), 4.31 (s, 2H), 7.03 (d, J= 9.3 Hz, 2H), 7.31 (d, J= 9.3 Hz, 2H), 7.43
(d, J= 8.5 Hz, 100108 (d, Femnmdisaliysy, thgamoust rguied pfthe gcpge&1gsediqny ta RAeEs, A H).

ﬁ”i‘ o E_all\lcdf%&%%%ﬁf%é%ﬁﬂve@r}o&{ﬂ]tﬁ%ﬁﬁu%'ggrhfbu%(i%hé\lro]uze]t?f;a%nﬁn?&ieﬁ%‘ﬂf‘fﬁec7 51.27;
" "mammal under treatment, and the particular disorder or disease being treated. A suitable

systematic dose of a compound of the present invention or a pharmacologically acceptable
salt thereof for a mammal suffering from, or likely to suffer from, any of condition as
described hereinbefore is in the range of about 0.1 mg/kg to about 100 mg/kg of the active

ingredient compound, the typical dosage being about 1 to about 10 mg/kg.

[00107] It is understood, however, that a specific dose level for any particular
patient will depend upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and the severity of the particular

disease being treated and form of administration.

[00108] It is understood that the ordinarily skilled physician or veterinarian will
readily determine and prescribe the effective amount of the compound for prophylactic or
therapeutic treatment of the condition for which treatment is administered. In so
proceeding, the physician or veterinarian can, for example, employ an intravenous bolus
followed by an intravenous infusion and repeated administrations, parenterally or orally, as
considered appropriate. While it is possible for an active ingredient to be administered

alone, it is preferable to present it as a formulation.

[00109] When preparing dosage form incorporating the compositions of the
invention, the compounds may also be blended with conventional excipients such as

binders, including gelatin, pregelatinized starch, and the like; lubricants, such as
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Preparation of 8-(4-phenyl-3 6-dihydro-2H-pyriclin-1-ylmethyl)-2 9-clihyclro-1 2 7
O-tetraazaphenalen-3-one 13. [00147]Synthesized using 4-phenyl-1,2,3,6-tetrahydro-pyridine for
General Pro¥&RM/B68% % overall yield for last two steps. MS (ES+): 358; AHNURPOSAGRIMHZ,
DMSO-d6): 2.56 (m, 2H), 2.78 (t, J= 5.5 Hz, 2H), 3.25 (d, J= 2.6 Hz, 2H), 3.47 (s, 2H), WO
20091046205PCT/US2008/078606 6.19 (s, 1H), 7.23- 7.27 (m, 1H), 7.24 (t, J= 7.6 Hz, 2H), 7.45 (d,
J=7.1Hz, 2H), 7.51 (d, =8.9 Hz, 1H), 7.62 (d,../ = 7.1 Hz, 1H), 7.75 (t, J= 8.0 Hz, 1H), 11.27 (s, br,
1H), 11.78 ($iytlihgchardsydateabdtoof, i@ avaspic parkthelH &y MR (@O OsiviH 25 RIMSO; d@ni 8 (s, 3H),

2.84-2.88 (m, 2H), 3.65-3.69 (m, 2H), 4.13 (s, 2H), 4.3 6.21-6.25 (m, 1H), 7.32- 7.44 (m, 4H),
705 . 1~ e 3 Ao G ik e i S SR AR it DG (T
1H). Anal. CalbsgeridinG 2%k 9NBELIAOOHAGO HDy4 kA1 16T,. 85dHhS1ikE; AhsbBhaits Ssusdss Found:
C,57.30; H, 5,16: I}i 15.29: S 7.1%%@9@(@%% of 8- 3 4-dich|oro-lienz lamino -mgthml -2 9-dih dro-1

27 9-tetraazsell£l?10ehnail%)ﬁl- 2 8?166S 9% yr?tﬁleesll%%a ﬁastl)ﬁlé’ QTXP |8ﬁngSBé%Ilz(§/F§m%e for General

Procedure Dbei@@dtg\sardiicyaetd, forclast tadisiepeiril sudSyate balirbhttBWampropited cM&{RES+): 375;
11-1 NMR (390 MH -D%So-d 2.3 }% 3H 4.0?&8 2H 33)%8 2H). 7.39 = 8.0 Hz, 1H),
7.53.7.57 (A g a8 et gty e b el SR SR 0. hen
1 -eth laminghareticehtR P-a'ts and-ar@ R Gtibtrdafoa-cxample, in Remington’s Pharmaceutical

Sciences, Mack Publishing Co., Easton, Pa (e.g., 20" Ed., 2000), and Handbook of

Pharmaceutical Excipients, American Pharmaceutical Association, Washington, D.C., (e.g.,

1%, 2™ and 3™ Eds., 1986, 1994, and 2000, respectively).

[00110] The present invention relates to the use of a compound of Formula (I) in
the preparation of a medicament for the treatment of any disease or disorder in an animal
described herein. In an embodiment, the compounds of the present invention are used to
treat cancer. In a preferred embodiment, the compounds of the present invention are used
to potentiate the cytotoxic effects of ionizing radiation. In such an embodiment, the
compounds of the present invention act as a radiosensitizer. In an alternative preferred
embodiment, the compounds of the present invention are used to potentiate the cytotoxic
effects of chemotherapeutic agents. In such an embodiment, the compounds of the present
invention act as a chemosensitizer. In another preferred embodiment, the compounds of the
present invention are used to inhibit the growth of cells having defects in the homologous

recombination (HR) pathway of double-stranded DNA repair.

[00111] Any pharmacologically-acceptable chemotherapeutic agent that acts by
damaging DNA is suitable as the chemotherapeutic agent of the present invention. In
particular, the present invention contemplates the use of a chemotherapeutically effective
amount of at least one chemotherapeutic agent including, but not limited to: temozolomide,
adriamycin, camptothecin, carboplatin, cisplatin, daunorubicin, docetaxel, doxorubicin,
interferon-alpha, interferon-beta, interferon-gamma, interleukin 2, irinotecan, paclitaxel,
topotecan, a taxoid, dactinomycin, danorubicin, 4’-deoxydoxorubicin, bleomycin,
pilcamycin, mitomycin, neomycin, gentamycin, etoposide 4-OH cyclophosphamide, a
platinum coordination complex, topotecan, and mixtures thercof. According to a preferred

aspect, the chemotherapeutic agent is temozolomide.
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phenalen-3-one 15. [00149]Synthesized using 3-fluorophenethylamine for General Procedure D. 12
% overall yield for last two steps. A mesylate salt of 15 was prepared. MS (ES+): 338;1H NMR (300
MHz, DMSOYERN/846345 3H), 3.02-3.08 (M, 2H), 3.34-3.38 (m, 2H), 4.14 (BCIAR2PGE78H8 (m, 3H),
7.37-7.44 (m, 2H), 7.71 (d, J= 7.8 Hz, 1H), 7.82 (t, J= 7.8 Hz, 1H), 11.92 11.35 (s, br, 1H), (s, 1H).
Prcparation of 8- 3-trifluorometh 1-benz lamino -meth9-d h dro-1r) 7 9-tetraaza- phenalen-3-one 16.
[00150]Synthesized using 3-(trifluoromethyl)benzylamine for General Procedure D. 14 % overall yield
for last two stepf)0A IAgsylatEhsattvehfibnvastpieghheckiViEiiioBstya@f4hd kb MR (80DtMHz,
DMSO-d6): 2.033 Sun?@*) nﬁ.l%és, gllt—l?mgf@tﬁs Zy%, Z.ggeéqf J=7.6 H[z 12Il—li? 3.69 - 7.%?] m, 5H), 7.99
(s, 1H), 11.26°(EPRI Ty d PYPRSTHRTS AAEE RUaich" 10y CHEM TBHEMES b EEEdHRE 6% c,
46.82; H, 4. irNadly3ad o &158iFogadd O dieBbsehsdizifngNyrbdredd®6c8bcekdells to
20091046209E G TS200M070000 Brepatation S b i QX 3y Sd aulgeei me h 19-din
dro-1 2 7 9-tetraaza- pa}Qenafer‘%eoJ}ohe .

homologous recombination (HR) pathway of double-stranded DNA repair.

[00113] The following examples are for illustrative purposes only and are not

intended to limit the scope of the application.

[00114] In one embodiment, the present invention provides a tetraaza phenalen-3-

one compound of Formula (I), or a pharmaceutically acceptable salt thereof:

Q)

wherein R is

(a) NR'R?, wherein R' is selected from the group consisting of hydrogen, C;-Cg straight
or branched chain alkyl, C,-Cs straight or branched chain alkenyl, C3;-Cs cycloalkyl, C;-Cs
alkoxy, C,-Cs alkenyloxy, phenyl, phenoxy, benzyloxy,

NRAR® (C;-C straight or branched chain alkyl), NRAR® (C,-C straight or branched chain
alkenyl), (C;-Cs straight or branched chain alkyl)carbonyl, (C,-Cs straight or branched
chain alkenyl)carbonyl, (C3;-Cs cycloalkyl)carbonyl,

(Ci-Cg straight or branched chain alkyl)oxycarbonyl, (C,-Cs straight or branched chain
alkenyl)oxycarbonyl, (Cs-Cs cycloalkyl)oxycarbonyl,

arylcarbonyl, sulfonyl, arylsulfonyl, aryl(C;-Cs straight or branched chain alkyl),
aryl(C,-Cg straight or branched chain alkenyl), aryl(Cs-Cs cycloalkyl),
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[00151]Synthesized using 4-piperidone ethylene ketal for General Procedure D. 10% overall yield for
last two steps. MS (ES-): 370; 1H NMR (300 MHz, DM5046): 1.69- 1.71 (m, 4H), 2.57 (s, br, 4H), 3.35
(s, 2H), 3.8MQ 2400419 (cl, J = 7.8 Hz, 1H), 7.62 (d, J = 7.7 Hz, 1H), 7.74ETIS78B4786964), 11.23
(s, br, 1H), 11.76 (s, 1H). Anal. Calcd. for C27H19N503 0.2 H20: C, 59.19; H, 5.67; N, 20.30; Found:
C, 59.03; H, 5.60; N, 20.63. P e arat on of 8-13 4-diehloro- hen -eth lamino -meth 12.9-dih dro-1 2 7
O-tetraaza- phenalen-3-one 18. [00152]Synthesized using 3,4-diehlorophenethylamine for General
Procedure D((L7Q%savirhlloyietdifchddshairoaditepary, iites¢late dglit afr Deawd= ¢ rdparatkdtd) 4558, ): 387,

IH NMR (30 , DMISO-d6): 2.36 (s, 3H), 3.04 (t, J= 8.2 Hz, 2H), 3.37 (t, J= 8.1 Hz, 2H), 4.14 (s,
2H), 7.30 - 7?%‘%?%?%&1@%@?’%, 3H), 7.79- 7.84 (m, 1H), 11.31 (s, br, 1H), 11.91 (s, 1H).

Prcparation bé@rb8ytrifilonormekhlvéyl(C rath damigho emistindhed Shdih aligA), 21k Reterocyclyl(C,-Ce
tetraaza-phenalen-3-one, 19. [00153]Synthesized using 2:(3-Trifluoromethyl-phenyl)-ethylamine for
Qr {%’het g%&’%ge([ C%?In)l/ %ﬁg{e?gﬁ vsvzthfreln a%h h%erocglcl%/?msﬁ?%},\% nq ar}de;

General Prode overa last two steps. A mesylate sa was prepared. MS
(ES-): 387; |heNhR(BOONpzn DM B adGted. Ho1(5O3MN),8.93a(td IhsditHamchHY, B 3MdtR =a8c2 Hz, 2H),

4.15 (s, 2H),.7.40 - 7.43 (m, 1H), %.62-7.72 (m, 4H), .7.79-7 S(im 1H),1] 5¢_§S r, 1H), 11.92 (s,
111, o arddPerd ot 08 Gy ST SR I R thulhee
phenalen-3-cheir? 8100 (54]S ymingsi pe hnasirig d Sh(H)-Baemyh copditis elidinye forliGéneral Procedure D. 23
% overall yield for last two steps. A mesylate salt of 20 was prepared. MS (ES+): 325; IH NMR (300

MHz, DMSO-d6): 1.97-2.03 (m, 3H), 2.20-2.35 (m, 1H), 2.35-2.44 (m, 2H), 2.42 (s, 3H), 3.72-3.80 (m,
6H), 4.15-4.20dR’ 188 (&RH)e BedodsisTite VFY 7GHSTigR (mbrahthed Gigin ABAI(G,-1H),

8.63 (s, br, 3&3 gtraight or branched chain alkenyl, C;-Cs cycloalkyl, C;-C¢ alkoxy, C,-Ce alkenyloxy,
phenyl, phenoxy, benzyloxy, NR*R" (C;-Cg straight or branched chain alkyl), NR*RY (C,-
Cs straight or branched chain alkenyl), (C;-Cg straight or branched chain alkyl)carbonyl,
(C,-Cg straight or branched chain alkenyl)carbonyl, (Cs-Cs cycloalkyl)carbonyl, (C1-Cs
straight or branched chain alkyl)oxycarbonyl, (C,-Cs straight or branched chain
alkenyl)oxycarbonyl,

(Cs-Cg cycloalkyl)oxycarbonyl, arylcarbonyl, sulfonyl, arylsulfonyl, aryl(C;-Cs straight or
branched chain alkyl), aryl(C,-Cs straight or branched chain alkenyl), aryl(Cs-Cs
cycloalkyl), (C;-Cg straight or branched chain alkyl)aryl, (C,-Cs straight or branched chain
alkenyl)aryl, (C;-Csg cycloalkyl)aryl, aryl,

heterocyclyl, heterocyclyl(C;-Cs straight or branched chain alkyl), and heterocyclyl(C,-Cs
straight or branched chain alkenyl); wherein each heterocyclyl has between 1 and 7
heteroatoms independently selected from O, N, or S, and wherein each of R*and R” are
independently selected from the group consisting of hydrogen, C;-Cg straight or branched
chain alkyl, C,-Cs straight or branched chain alkenyl, and C;-Cs cycloalkyl;

wherein R' and R” are independently substituted with between 0 and 4

substituents, each independently selected from halo, C;-Cs straight or branched chain
alkyl, C,-Cs straight or branched chain alkenyl, C;-C¢ alkoxy, trifluoromethyl,
trifluoroethyl , and amino; and provided that R' and R? may not both be methyl, and R’

may not be (phenyl)prop-1-yl when R' is hydrogen; or
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WO 20091046205PCT/US2008/078606 Preparation of 8 4 etherazin-1 Imeth | 2 9-dib dro-12 7
O-tetraaza- henalen-3-one 21. [00155]Synthesized using ethylpiperazine for General Procedure D. 35
% overall yi¥N@ AOPA6BD steps. A mesylate salt of 21 was prepared. MS (BSHFSE998/1866\MR (300
MHz, DM50-d6): 1.25, (t, J = 7.4 Hz, 3H), 2.41 (s, 6H), 2.51 - 3.87 (m, 10 H), 3.87 (s, 2H), 7.70 (d, J=
8.0Hz, 1H), 7.81 (d, J= 7.9 Hz, 1H), 7.91 (t, J= 8.1 Hz, 1H), 9.82 (s, 1H), 11.96 (s, 1H). 13C NMR
(DM50-d6): 157.40,155.99, 140.65, 135.96, 133.84, 126.72, 119.71, 118.65, 115.85, 56.09, 50.30,
49.05, 48.66, 8 aryAnsy, Gdktdtufod @itGEH20N60 O&ﬂd@HﬁB@BﬁtnideabﬁOnd}apéﬁcﬁﬁﬂH s'éléa;em, 15.79;

Found: C, 4 09 5.82: N, 15. o] of 4 meth.lerazin-1 Imet 27
O-tetraaza hjgné]ii L %&%8@; 8 rb usf%%rﬁe%hor%%eetrggﬁn uor e Précedure D.
29% overall yuel@ﬁopfats'anmhnedtdnmnmh)és%a(% SHHIQBTZ@‘ Wwas@rapalien. dﬂd@dﬁ%}.(&%, 1H NMR (400

o), 750 (0 A LN ) P L bt g Phal g™ apa e ) ™1 5
(s, 1H). Analst@étbd ofdoramﬁbmamﬁoalkelm@mmmeam mxf a@] RS, Mn&hlﬁmibmy 161698, 8.64;

Found: C, 45.18. £, 5.88. N 19 685 brep nz1 4 hdro-12 7
O-tetraaza- henml E{e §r01ﬂ3€c8§51 %é);]%i/ SI’Ze%r & N raig t or rlaff c%aln a @ éj

enzy |azepan Géheral
Procedure Dst24ghs or branched chaln alkenyl, and Cs-Cs cycloalkyl and when more than one

substituent is of the form NR“RP, each occurrence of R® and R” is independently selected
from the group consisting of hydrogen, C;-Cg straight or branched chain alkyl, C,-Csg
straight or branched chain alkenyl, and Cs-Cs cycloalkyl; or

(c) a heterocyclyl having between 1 and 7 heteroatoms independently selected from O,
N, or S; and having between 0 and 4 substituents independently selected from the group
consisting of halo, haloalkyl, hydroxyl, nitro, trifluoromethyl, trifluoroethyl, C;-Cs straight
or branched chain alkyl, C,-Cs straight or branched chain alkenyl, C;-Cs alkoxy, C,-Csg
alkenyloxy, phenyl, phenoxy, benzyloxy, amino, thiocarbonyl, cyano, imino, NR"R"(C;-
Cs straight or branched chain alkyl), NR"R"(C,-Cg straight or branched chain alkenyl)
sulthydryl, thioalkyl, dioxa-spiroethyl, (C;-Cs straight or branched chain alkyl) carbonyl,
(C,-Cg straight or branched chain alkenyl)carbonyl, (C;-Cs straight or branched chain
alkyl)oxycarbonyl, (C,-Cg straight or branched chain alkenyl)oxycarbonyl, arylcarbonyl,
sulfonyl, arylsulfonyl, aryl(C;-Cs straight or branched chain alkyl), aryl(C,-Cg straight or
branched chain alkenyl), aryl(Cs-Cs cycloalkyl), (C;-Cs straight or branched chain
alkyl)aryl, (C,-Cs straight or branched chain alkenyl)aryl, (Cs;-Cs cycloalkyl)aryl, aryl,
heterocyclyl, heterocyclyl(C;-Cs straight or branched chain alkyl), and heterocyclyl(C,-Cs
straight or branched chain alkenyl), wherein each heterocyclyl has between 1 and 7
heteroatoms independently selected from O, N, or S, wherein each of R" and R" is
independently selected from the group consisting of hydrogen, C;-Cg straight or branched
chain alkyl, C,-Cg straight or branched chain alkenyl, and C;-Cs cycloalkyl; and when more
than one substituent is of the form NR"R" each occurrence of R* and R" is independently
selected from the group consisting of hydrogen, C;-Cs straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, and Cs-Cs cycloalkyl; wherein each of said 0-4
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overall yield for last two steps. MP: 140- 142 C; MS (ES-): 387; 1H NMR (400 MHz, CDC13): 1.88 (m,
2H), 2.77 (m, 4H), 2.89 (m, 4H), 3.62 (s, 2H), 3.69 (s, 2H), 7.20 - 7.42 (m, 6H), 7.45(s, br, 1H), 7.74 (t,
J= 7.8 Hz, TM@ 20@704620%= 7.6 Hz, 1H), 11.50 (s, br, 111); Anal. Calccl. for EOPUSUGHH8$085C, 64.01;
11, 6.52; N, 20.36; Found: C, 64.18; H, 6.59; N, 20.46. [00158]An HO salt of 23 was prepared: to a
solution of 23 (0.5 g) in 20 mL of dioxane was bubbled HO gas for 30 min. The solution was stirred at
room temperature overnight. After filtration, the precipitate was washed with dioxane to afford 0.25g
(48 %) of analypticaibnpuikeiaftpeniderstylish BnitCd Wit bERHNMRA AQOhbiHabdRnR,d8(m, WO

Thy. 70 - Pae RS BBl R R o) 21k Lo
C. 54.81: H, BARhN] A3 Kol G, ShiBht bt 502NN dRBEIRepacation ofcloalkyl, C1-Co

hdldlaznane tiearbooyic acid

4-(3-0x0-2,9-dihydrg-3H-1,2.7.9-tetraaza-phenalen-8-ylmethyn
tert-butyl est%ﬁfo%z.’?fﬁggfgg’[néé%@l rﬁ%ltr%l [f,l}rl;]cﬂ%){%%%’a }éo-‘{l carboxylic aci %ut(f/fl%ster for

General Prosabliieiddt 30%m &véerat WNelihtoidiasi tWepstepsdivi? 02 26 N2adrghds/ (E®9p397; 1H NMR

(400 MHz, CDC13): 1.46 (s, 9H); 1.88 (m, 2H); 2.83 (m, 4H); 3.50 (in, 4H); 3.59 (s, 2H); 7.63 (in. 1H),
7.72- 7.86 (m, 39115190 (slrbsomel prthealinGalscafdy GROM26N608e 0.8y ¢ 20 FonB8208) i, 6.68; N,

20.62; Foun%&g?@d%%b‘i‘ﬁ@@%n% £Q:69. Preparation of

844-(4-fluoro-benzyl)-[1,4|diazepan-I-ylmethy1]-2,9-dihydro-1,2,7,9-tetraazaphenalen-3-one 25.

[00160]Synthesigid 45ing L@ fuamRaneak EhAIRIGERRANG 1o 0GRl RIACRENKEPar3Bat overal
yield for last two steps. MP: 163 -165 C; MS (ES-): 405; 1H NMR (400 Ml—igz, CDC13): 1.87 (in, 2H),

2.72 (m, 4H)oasgraf hahgwgecesioph Fargsa (1).
[00117] In some embodiments, the heterocyclyl of Formula(I) comprises 1-3 rings.

In some embodiments, the heterocyclyl has 1-7 heteroatoms independently selected from

O, N, and S.

[00118] In some embodiments, the heterocyclyl of Formula (1) is selected from the
group consisting of piperidinyl, piperazinyl, pyridazinyl, dihydropyridyl, tetrahydropyridyl,
pyridinyl, pyrimidinyl, dihydropyrimidinyl, tetrahydrophyrimidinyl, hexahydropyrimidinyl,
dihydropyrazinyl, tetrahydropyrazinyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl, pyrrolyl,
dihydropyrolyl, imidazolyl, dihydroimidazoyl, pyrazolyl, dihydropyrazolyl, azepanyl,
[1,2]diazepanyl, [1,3]diazepanyl, [1,4]diazepanyl, indolyl, dihydroindolyl, isoindolyl,
dihydroisoindoly, dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl, and

tetrahydroisoquinolyl.

[00119] In another embodiment, the present invention provides a compound

selected from the group consisting of
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211), 6.99 (t, J = 8.4 Hz, 2H), 7.30 (m, 3H) 7.61 (s, br, 1H), 7.78 (m, 111); 7.93 (cl, J = 7.3 Hz 1H),
10.82 (s, br, 1H). Anal. Calcd. for C22H21-1\160. 1.5 H20.: C, 60.96; H, 6.05; N, 19.39; Found: C,
61.07; H, 5.90 RP0304520500161]A mesylate salt of 25 was prepared. 1H NRF(USRYNHPB60$20): 2.06
(m, 2H), 2.70 (s, 3H), 3.06 (in, 2H), 3.24 (in. 2H), 3.46 (in, 4H), 3.65 (s, 4H), 3.74 (s, 2H), 4.33 (s, 2H),
7.25 (m, 3H), 7.46 (m, 3H), 7.62 (t, J = 8.4 Hz, 1H). Anal. Calcd. for C22H2;FN60- 1.3 CH3SO03H. 0.5
C4H802. 2.0 H20.: C, 49.70; H, 5.97; N, 13.74; S, 6.82; Found: C, 49.40; H, 5.97; N, 13.37; 5, 6.65.
Preparation Of 8- 1 4 diaze an-1- Imeth 12 9-d h dro-1 2 7 9-tetraaza- henalen-3-one 26.

. WoNa solution of 2, 3.7 mmol) in 30 mL of CH2C12 was

m tgmperature. Afte inutes, the solvents were evaporated
gyle whislwaghedyith age ORitrile™taHaff 107g(%0%) of analytically pure white solid. MP:
L CH -);, RQ7: ZH NMHK D29): LB6 (m, 2H), 2.82 (t, 211), 3.01 (t, 211), 3.28 (t,
411), 3.53 (s 2&'1) WO 20091046205PCTHUS2008/078606 7.22(d, 1H), 7.47 (d, 1H), 7.61 (t, 1H).
Anal. Calcd. for CisHi sN60. 1.1 CF1CO2H. 1.0 H20.: C, 46.76; H, 4.81; N, 19.02; Found: C, 46.64; H,
4.98; N, 19.02. Preparation of 8- 4- 2-trifluoro¥neth 1-benzol 4 diaze an-1- Imeth -2 9-dih dro-
1,2,7,9-tetragza-phenalen-3-one, 27. 10016313ynthesized from compound 26. To a solution of
compound 26:(0.2 g, 0.6 mmol) in 5 mL oHCH2¢12 was added 1 mmol of TEA and 0.8 mmol of
i stirred overnight at room temperature. After the

ith semi-preparative HPLC to afford a solid (15 %

Hz CDC13) 1.92 - 2.10 (m, 2H), 2.91 -3.10

3 8(m 1H), 7.57 (m, 3H), 7.79 (m,

2H) 793 (m, 1H) Anal Calcd for C23H21F1N602 0.9 H b4.89; H, 4.39; N, 16.70; Found: C,
54.93; H, 4.43; N, 16@4 Preparation of 8- 4- 3- ehlcho benzo dlaze an-1- Imeth 1-29-dihdro-127

9- tetraaza-phenalen-3-one 28. ’
H H

Os N_ F O _N_ cl
N N
NH X NH (\N
o
N

H H
O -N- Oas N
IN ‘IN Cl
NH N NH Cl
AN AN
13 ) 14 ,
H
H
0 N\N O N
I N CF3
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1001641Synthesized from compound 26. To a solution of compound 26 (0.2 g, 0.6 mmol) in 5 mL of
CH2C12 was added 1 mmol of TEA and 0.8 mmol of 3-chloro-benzoyl chloride. The reaction was
stirred overM§htWPI6R Temperature. After the solvents were evaporated, HelES7Q0ENEDurified
with semi-preparative HPLC to afford a solid (16 % yield). MP: 147- 149C; MS (ES-): 436; 114 NMR
(400 MHz, CDC13): 1.88 - 2.08 (m, 2H), 2.86 -3.07 (m, 4H), 3.52- 3.71 (m, 4H), 3.81 - 3.89 (m, 2H),
7.33-7.43 (m, 4H), 7.62 (d, 1H), 7.81 (t, 1H), 7.90 (t, 1H). Anal. Calcd. for C22H21CIN602 0.7 H20: C,
54.89; H, 4.39; N, 16.70; Found: C, 54.93] H, 4.43; N, 16.34. Preparation of 8-(4-pyridin-2-yl-piperaz
n-1- yIm8thyI)$? 9- dlhydro -12709- tef? -phenalen3-one 30. 1001651Synthesized using
1-pyriclin=&<y1-pi
salt of 30 yas ¢ : @ (4Qp MHz, DMSO-do): 2.37 (s, 6H), 3. 52 (s, br, 4H),
@ ¢ gﬁl}@” = 8.61Hz, 1H), 7.47 (d, J= 7.8 Hz, 1H),
L L 7.91 (m, 2H) .16 8.1%5\@1 96 (s, 1H). Anal. Calcd. for WO
20091046205P T/H82008/078606 C19H19N70. L9 CRIS 2H20.: C, 44.38; H, 5.17;N, 17.33;
S. 10.77; Found: C, 44.21; H, 5.19; N, 17.28; 5, 10.68. P e aration of 8-42-fluoro- hen 1 -eth lamino
-meth 1&2 9-dlih dro-1 2 7 9-tetraaza- phenalen -3one 31. [00166]Synthe5|zed using
2-(2-fluots %
mesylate salt of 31 was prepared. MS (ES-): 336; 1 NMR (400 MHz, DMSO-d6): 2.41 (s, 5H) 3.02 (t,

S C

J=7.6 .(t = 8.3 Hz, 2H), 4.16 7.§(tHJ 8.8 Hz, 2H), 7.32-7.35 (m, 2H), 7.42 (d,
J=7.8 Hy (dNJ= 7.8 HzJH)CF.82 ] , 0 (s, br, 1H), 11.92 (s, 1H). Anal
Calcd. for 18IJM6F ﬁ%@rgsH 0. 75112 45 70 76; N, 13.49; S, 10.81; Found: C
45.45; H, 4.69; N, 13%42; S, 11. eparation of 8- 2104 fluoro i erazin-1lIme h 1 2 9-dihdro-12 7

O-tetraaza-



phenalen-3-one 32. [00167]Synthesized using 4-(4-fluoro-phenyl)-piperazine for General Procedure D.
57 % overall yield for last two steps. A mesylate salt of 32 was prepared. MS (ES-): 377; 111 NMR
(400 MHz, DYP004B4629M0 (s, 511), 3.45 (s, br, 411), 3.59 (s, br, 4H), 4.37P(I/OPPO¥ 860615 (m,
411),7.44 (d,J =7.8 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.83 (t, J = 7.8 Hz, 1H), 9.8 (s, br, 1H), 11.94
(s, 1H). Anal. Calcd. for C20H19ENG60O . 1.65 CHISO1H: C, 46.85; H, 5.01; N, 15.14; S, 9.53; Found:
C, 46.74; H, 5.15; N, 15.14; S,9.53. Preparation of 8-44-Fluoro- hen 1 -eth laminodro-1 2 7 9-tetraaza-
phenalen-3-dhe 33. [00168]Synthesized usipg 2-(4-fluoro-phenyl)-ethylamine for General Procedure

) Hz, 1H), 9.6 (s, br, 1H), 11.92 (s,
1H) An 2 o CMg1- : 380 H: CN 5.36; 11, 4.57; N, 13.22; S, 12.11; Found: C,
45. 34 11, 458NN 13.16; S 11. 46205PCT/US2008/078606 Preparation of 8 4-acetl
9-tetraaza- heypalen-3- one 34. [00169]Synthesized using
[1,4]diazepane-l-yl-ethanone for General Procedure D. 16 % overall y cid for last two steps. MP: 191
-193 C; MS ({S-): 339; 1H NMR (400 H

0
N O N.
| h »—
NH NH

NH H
L O
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MHz, CDC13): 2.11 (s, 3H), 2.84 - 2.93 (m, 4H), 3.56-3.76 (m, 6H), 7.66 (m, 1H), 7.83 - 7.92 (m, 2H),
9. 3(s, br, 1H), 11. 3 (s, br, 1H). Anal. Calcd. for CI7TH20N602. 0.6 H20: C, 58.14; H, 6.08; N, 23.93;
Found: C, 5SW03004/@28% N, 24.08. Preparation of 8 heneth lamino-meth2 F€IMU$R§0B/97§606tetraaza-
henalen-3-one 35. [00170]Synthesized using phenetyhlamine for General Procedure D. 29% overall
yield for last two steps. A mesylate salt of 35 was prepared. MS (ES-): 358; 1H NMR (400 MHz,
DMSO-d6): 2.32 (s, 3H), 3.00- 3.04 (m, 2H), 3.31 - 3.36 (m, 211), 4.15 (s, 1H), 7.27 - 7.42 (m, 611),
7.71 (d, J 18 Hz, 111), 7.82 (t, J = H8 Hz, 111), 9.70 (s, br, 111), 11.92 (s, 1H). Anal. Calcd. for
C1H171158- f'E)I\CHSSO 3H. 1.8 HAQ A 8P.95; H, 5.54; N, 14464; S, 7.16; Found: C, 50.95; H, 5.54; N,
15.64; S. 7.16; Preparati 8-(4-phenyl-piperidin-1-yl ) 9-dihydro-12 7
O-tetraaffa-pr 3- one 3§. ; lhesizéd vsing™ yl-p peridine for General Procedure
D. 33 %lqugsh ’?miﬁf)m ast two Btepg MSI(ES-j ; AR (400 MHz, DM50-d6): 1.87-1.93 (m,
4H), 2.37 -2.46'(m, 2H), 256 (m, 1H), 3.H0 - 3714( 2H) 3.54 (s, 2H), 7.17-7.34 (m, 5H), 7.56 (bs,
1H), 7.76 (t, J= 4.8 Hz, 1H), 7.93 (d, J= 7.8 Hz,4bH), 11.10 (s, br, 1H) 11.76 (s, 1H). A mesylate salt of
36 was prepared. 1H NMR (400 MHz, D20): 2.08 (m, 411), 2.95 (m, 1H), 3.34 (m, 211), 3.84 (m, 2H),
4.23 (s, E?H) H.21-7.39 (m, 6H), 7.59 (m, 1K}, 7.70 (m, 1H). Anal. Calcd. for C21ff21N50. 1.3
CH1S0 %NZO C, 54.29; H, 5.56; N3 14N.9; S. 8.45; Found: C, 54.03; H, 5.65; N, 13.98; S, 8.64.
v usmqg isoindoline f

3 fl 3-dih dro-isoindol-2- Imeth 2 9-dih dro-1 7 9-tetraaza- henalen 3- one 37.
Guagefatjjocee % overall y cid for last two steps.
ﬁ_| ): 3 mw 411), 7.20 - 7.30 (m, 4H), 7.49
(d,J=7.8 Hz ), 7.6 (d, J =78 H 1. 4\1 7.837W0O220091046205PCT/US2008/078606
Hz, 1H), 11.34 (s, br, #81), 11.7 ifH) A mesylana salt of 37 was prepared. 1H NMR (400 MHz,
DMSO-d6): 2.34 (s, 3H), 4.64 (s, 2H) 4.87 (s, 4H), 7.39-7.46 (m, 5H 7.72 (d, J= 7.8 Hz, 1H), 7.83 (t,
J=8.1 Hz, 1H), 11.30 (s, br, 1H), 11.95 (s, 1H). Anal. Calcd. for C, Né@ 1.25 CH3S03H. 2.0 H20:
C, 48.83 H, 11 N, 14.79; S, 8.46; Found: C, 4880 H, 5.11; I\d) ;' 5, 8°71. Preparation of 8-
4-benzenggulfaN I- 1 4 diaze a®p@Hmeth -2
I OCH
3

NH
/)\/N
N

45

H
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phenalen-3-one 38. 1001731Synthesized from compound 26. To a solution of 26 (0.2 g, 0.67 mmol) in
5mL of CH2C12 was added TEA (2 mop and benzensulfonyl chloride (1 inmol). The mixture was
stirred at ro8YR &8¥Ee3f3re over night. After the solvents were evaporated, Re&/ESS§EWeS poured
into 10 mL of H20 and the product was purified by preparative HPLC to afford analytically pure white
solid (5 % yield). MP: 265 - 268 C; MS (ES-): 437;1H NMR (400 MHz, DMSO-d6): 1.79 (m, 2H), 2.50
(m, 4H), 2.79 (in, 4H), 3.51 (s, 2H), 7.44 (d, 1H), 7.62- 7.79 (m, 7H), 11.1 (s, br, 1H), 11.75 (s, 1H).
Anal. Calcd. for C21H22N6035. 0.5 H20: C, 56.36; H, 5.18; N, 18.78; S,7.17; Found: C, 56.44; H,
5.12; N, 19.00; S, 7.19. 1001741A mpegyldte salt qf 38 was prepared. 439;1H NMR (400
MHz, DQ: B.36 25 HYNB.65 (m, 6H), 4:)3 ), 7.24 (d, 1H), 7.51 -7.71
; H, 5.00; N, 13.35; 5,

Pr lp')'ar i o
8-(4-pyrM r ZI - Imethyl) 2 9 d| : : -phenalen3-one, 39.

1001751Synthe'\é|ze(§éjsmg 1-(4-pyridyflpiperazine for Gengral Procedure D. 10 % overall yield for last
two steps. MS (ES-)7"360; 1H NMR (400 MHz, DM50-d6): 2.80 (t, J = 5.0 Hz, 4H),°3.61 (t, J= 5.0 Hz,

4H), 3.99 (s, 2H), 6.83 (d, J= 7.1 Hz, 2H), 7.42 - 7.45 (m, 1H), 7.73 - 7.81Xin, 2H), 8.26 (d, J= 7.1 Hz,
2H), 11.20 (s, br, 1H), 11.90 (s, 1H). An HCI salt of 39 was prepared. 1H NMR (400 MHz, D20): 2.74
-2.77 (m, 4H), 3.43 (s, 2H), 3.35 - 3.69 (m, 4H), 6.93 (d, J= 7.1 Hz, 2 ) 3 (d, J= 8.0 Hz, 1H), 7.37
(d, J=7.8Hz 1H) 758 (t, J= 78Hz 1H) 192 (d, J5 7.1 Hz, 2H). A ch for C19H19N70 .1.0
S, ©Q0; KQund: C, 514(9\ , 5.69; N, 21.90; CI, 8.27. WO

2009104 05P T/USZOOS/O??%S
henalen-
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one 40. [00176]Synthesized using 4-benzyl-piperazine for General Procedure D. 12 % overall yield for
last two steps. MS (ES-): 373; 1H NMR (400 MHz, DMSO-d6): 2.44 (s, br, 411), 3.35 (s, br, 4H), 3.48
(s, 2H), 7.23V072800(46288), 7.49 (d, J = 8.8 Hz, 1H), 7.62 (d, J = 7.8 Hz, 1V TRH8478608 Hz, 1H),
11.10 (s, br, 1H), 11.77 (s, 1H). An HO salt of 40 was prepared. 1H NMR (400 MHz, D20): 2.54 - 2.70
(m, 2H), 3.10- 3.50 (m, 6H), 3.48 (s, 2H), 4.35 (s, 2H), 7.20 (d, J= 8.1 Hz, 1H), 7.45 (t, J= 7.8 Hz, 1H),
7.47-7.51 (m, 5H), 7.62 (t, J= 8.1 Hz, 111). Anal. Calcd. for C21H22N60 .1.0 HC1. 2.5 H20: C, 55.32;
H, 6.19; N, 18.43; Found: C, 55.54; bi-6.08; N, 18.32. Preparation of 8 # meth 1 1 4 diaze an 1 meth2
9 dih dro 1 2 7 9-tetraaza- henalen/3-ofic, 41. [00177]Synthesized usjng 1-methy111,41diazepane for
General Procedure D. 24 % oy ield for last two steps. MS (E£ 11; 1H NMR (400 MHz,
DM50-d6): 115 (m, 211), 2.2pXs=311), 2.55 (My4H), 2.79 (m, 4 (s, 211), 7.52 (d, J = 8.2 Hz,
75.(t, J= 8.DKz, W), 11.55 (s, 1)/ Anal. Calcd. for CI6H20N60. 0.95
H20: C, 58.33; ii, 6.70;N,2551; Found: C, 58. , 6.65;N, 25,83 Preparation of 8-[4 1H-indo1-3
leridin- 29 difHdrafl 2 A\9-tetraaza- Rgle pne ‘4?[8 178]Synthesized using
3-piperidin-4- WNI@General Proge D&ng%),\pgir?g yield for last two steps. MS (ES-):
397; 1H NMR (hbo MHz, DMSO-d6): 1.83 - ¥ . AR, 2.3%Tm, 2H), 2.50 (s, 211), 2.79 - 2.99 (m,
311), 6.96 - 7.09 (n 3H), 7.32 (d, J= 8.1 Hz, 1H), 7.543 7.63 (rn, 3H), 7.75 (t, J= 7.3 Hz, 1H), 10.79 (s,
1H), 11.80 (s, 1H). A mesylate salt of 42 was prepared. 1H NMR (400 MHz, DMSO-d6): 2.15 (m, 4H),
2.32 (s, 311), 3.11 (m, 1H), 3.52 (m, 211), 3.73 (m, 2H), 4.29 (s, 2H) N\ - 7.18 (m, 3H), 7.36 (d,
111); 7.46(U, J= 8.2 Hz, 1H), 7.69 - .83 (m, 3H), 10.91 (s, 111), 11.% 1H). Anal. Calcd. for
C23H22N60. 1.0 CH3S01H. 1.25 ?C, 55.23; H, 5.62; N, 16.91; §,6.14; Found: C, 55.27; H, 5.53;
N, 16.95; S. 6.00.
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WO 20091046205PCT/US2008/078606 Preparation of 8 2'din-4 1 e h lamino meth2 9-dih dro-1 2 7
9-tetraaza henalen- 3-onc, 43. [00179]Synthesized using 4-ethylamino-pyridine for General Procedure
D. 10 % ovelN3d@4et0fast two steps. An HC1 salt of 43 was prepared. ME(EES20980786§ N MR (400
MHz, D20): 3.28 (t, J= 7.8 Hz, 2H), 3.53 (t,1= 7.8 Hz, 2H), 4.09 (s, 2H), 7.02 (d, J = 8.0 Hz, 1H), 7.35
(d, J=8.0 Hz, 1H), 7.52 (t, J= 8.0 Hz, 1H), 7.70 (d, J= 5.3 Hz, 2H), 8.52 (d, S = 5.3 Hz, 2H). Anal.
Calcd. for Ci7Hi6N60. 1.3 HC1. 2.6 H20. 0.1 N2H4: C, 47.52; H, 5.38; N, 20.27; Found: C, 47.12; H,
5.26; N, 20.67. Preparation of 8-(3 4-dihydro-1H-isocminol n-2-ylmethyl)-2 9-dihydro-1 27
9-tetraazaphenalen-3-one 44. [00180]Synthesized using 1,2,3,4-tetrahydro-isoquinoline for General
Procedure D. 300%130¢rall Viekdhor tashadimstepthdis ¢ES): [880idES thdNIvRpEAGMA Midgh BBMSO-d6):
2.81-2.90(m, 4H):, 3.52 (s, 2H), 3.72 (s, 2H), 7.05 - 7.25 (m, 4H), 7.51 (d, J= 7.8 Hz, 1H), 7.63 (d, J=
8.0 Hz, 1H), 7.74 (t, J= 8.0 Hz, 1H), 11.30 (snbr, 1H), 11.91 (s, 1H). Anal. Calcd. for C19H171\40: C,
68.87; H, 5.17; N, 21.13; Found: C, 68. 5NL9; N, 21.30. [ A mesylate salt of 44 was
prepared. MS (ES-): 330; 1H NMR (400 1 (t, 2H), 3.85 (m, 2H), 4.47 (s,
2H), 4.68 (s, 2H), 7.23 (d, 1=7.8 Hz, 1 .67 (d, J=8.0 Hz, 1H):, 7.80 (t, J= 7.9
Hz, 1H). Anal. Calcd. for Ci9H17N50. 1. . 0: C,50.87; H, 5.41; N, 14.74; S, 7.56;
Found: C, 50.89; H, 5.47; N, 14.84; 5, 7.63. Preparation of 8-(5 6-Dimethoxy-3 4-dihydro-1H-isocm
nolin-2-ylmethyl)-2 9-dihydr01,2,7,9-tetraaza—phena1én-s-one, 45. [00182]Synthesized using
5,6-climethoxy-1,2,3,4-tetrahytho-isoquinoline for General Procedure D. 29 % overall yield for last two
steps. MS (EX39:Pheamaceatigtliy pseePiabls sEivatrab): 2.79 (s, 4H), 3.49 (s, 2H), 3.61 (s, 2H), 3.67 (s,
3H), 3.70 (s, 3H), 6.69 (d, J= 8.8 Hz, 2H), 7.48 (d, J= 7.6 Hz, 1H), 7.63 (d, J= 7.8 Hz, 1H), 7.74 (t, J=
7.6 Hz, 1H), 11.55 (s, 1H). Anal. Calcd. for C21H2IN503: C, 64.44; H, 5.41; N, 17.89; Found: C, 64.24;
H, 5.43; N, 17.9?00121]

In some embodiments the invention provides the compound which is

or a pharmaceutically acceptable salt thereof.

[00122] In some embodiments the present invention provides a method of
chemosensitizing cancer cells in a mammal in need of chemotherapy, comprising
administering to said mammal a compound of Formula (I) as described herein, or a
pharmaceutically acceptable salt thereof. In some embodiments, said mammal is a human.
In some embodiments, said administration is administration of a pharmaceutical
composition comprising said compound and a pharmaceutically acceptable carrier. In some
embodiments, the chemosensitization method further comprises administering to said
mammal a chemotherapeutic agent. In some embodiments, said chemosensitizing

compound and said chemotherapeutic agent are administered essentially simultaneously.
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WO 20091046205PCT/US2008/078606 1001831A mesylate salt of 45 was prepared. MS (ES-): 330;
1H NMR (400 MHz, D20): 2.82 (s, 3H), 3.21 (t, 2H), 3.65 -3.85 (m, 8H), 4.48 (s, 2H), 4.60 (s, 2H),
6.75(s, 1H) V6BAL/U4395 38 (d, 1H), 7.71 (d, 1H), 7.82 (t, 1H). Anal. CalcAGTHUEP9B{P13¢803. 1.18
CH1SOIH. 1.75 H20: C, 49.70; H, 5.49; N, 13.07; S, 7.03; Found: C, 49.77; H, 5.49; N, 13.17; S,7.03.
Preparation of 8- 4 3-Trifluorometh 1-benzenesulfonl 4 diaze an 1 Imeth 1 2 9 dihydro-1 2 7
O-tetraaza-phenalen-3-one 46. 1001841Synthesized from compound 26. To a solution of 26 (0.2 g,
0.67 mmol) in 5 1IMCH2ChXwwas adblediniénds (Rapogpsend3-¢nflooometikyladbentedesilfony chloride

(2 mmol). Th% mixture élvas stirred at r%'om tem era ure qvern cghht rAr\rfher the solvents were evaporated,

the residue was poosﬁ}les e THL 6 A2 e pro dGet Was puri %ra[?yprceoﬁna]?gf JEHPLC to afford

an:;uyt.cany puiieinibiteisplid s(ala Haytieicl) aM@r(ﬁﬁﬁ)t GORt AHNMEO 400U Hm;mmf@ﬂe) 1.82 (m,
2H), 2.73 -2.81 (m, 4H 4 1H H), 7.74 (t, J=
b St B B e e e o)

for C22H2IFﬂlNﬁ@)Zf5ﬁsld¢sbfﬂﬂ:dCheEﬁIQIn shmedeinbb dIH@iTs, Ss6d0Ba o s ﬂ:hlﬁﬁabgllh-lsoﬁhM, N, 15.50;
S, 5.97. 447A i d'l:tl'lzenZs s(ald_ aa)mnlstratlon is administration of a pharmaceutical composition
comprising said compound and a pharmaceutically acceptable carrier. In some
embodiments, the chemosensitization method further comprises administering to said

mammal a chemotherapeutic agent. In some embodiments, said chemosensitizing

compound and said chemotherapeutic agent are administered essentially simultaneously.

[00124] In some embodiments, the chemotherapeutic agent of the invention is
selected is selected from the group consisting of temozolomide, adriamycin, camptothecin,
carboplatin, cisplatin, daunorubicin, docetaxel, doxorubicin, interferon-alpha, interferon-
beta, interferon-gamma, interleukin 2, irinotecan, paclitaxel, topotecan, a taxoid,
dactinomycin, danorubicin, 4’-deoxydoxorubicindeoxydoxorubicin, bleomycin,
pilcamycin, mitomycin, neomycin, gentamycin, etoposide, 4-OH cyclophosphamide, a
platinum coordination complex, and mixtures thereof. In some embodiments, the

chemotherapeutic agent is temozolomide or a salt thereof.

[00125] In some embodiments, the present invention provides a method of
radiosensitizing cancer cells in a mammal in need of radiation therapy comprising
administering to said mammal a compound of Formula (I) as described herein, or a
pharmaceutically acceptable salt thereof. In some embodiments, said mammal is a human.
In some embodiments, said administration is administration of a pharmaceutical

composition comprising said compound and a pharmaceutically acceptable carrier.

[00126] In some embodiments, the present invention provides a method of
radiosensitizing cancer cells in a mammal in need of radiation therapy comprising
administering to said mammal a compound selected from the group consisting of
compounds 7-28, 30-46, 50-66, 69, 72, 74-76, and pharmaceutically acceptable salts

thercof, as described herein. In some embodiments, said mammal is a human. In some
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48A (ii = 1) 48B (ii = 2) 49A (n = 1) 49B (n = 2) General Procedure F: Preparation of compounds 47A
and 47B: 1001851Displacement of the chloro group of compound 4 with piperazine or [1,4]diazepane
using GeneMPAMEHOESF provides the compound 47A or 47B. To a stirrin§SURREASE360eq) in
acetonitrile was added piperazine or [1,4]diazepane (large excess) under a blanket of nitrogen. The
solution was allowed to stir overnight and then evaporated to dryness. The crude material was purified
via silica plug with 9:1 dichloromethane : methanol to afford a white solid,
4-0x0-2-pipetatiodimdmethnit 2din dhitsyclr e id nd nohieritioarbiOx phaacidonatiyd @spers iddd or

241,4]diazepan-1-}élmeth}/é-€f- oxo-3,4A(Ijli£1Xdro-%gljinazolirl?-S-cart%%%Iic acid methyl ester, 47B.

General ProGedire G2 ls?epaora on of Com Ibaﬁ &9 chna’ BP0 8B A reaction of amine 47A or

47B with variou l§anyl chior; i | ami 0 . Irri lytion of 47A or
47B (1.0 eq) in z@ﬁdﬁi wazi%é%%g é\?ﬁ%éﬁ%ﬁ%@? éﬁgr%@né@@eﬁiﬁ;%@eﬁgeﬁgﬁ%ﬁ%ﬁas allowed to stir
overnight ancothposiias evaporangcteodymess o herrasiad(le evakshiebedteaatedmdth dichloromethane

and WO 20041046205R 1 LISIA0ROTAOAS NABIE I FIne. The WSSk Hs sympefsted 0

dryness and us out further purification. Geheral Procedure eparation of compounds 49A
and 49B,: some embodiments, the pharmaceutical composition further comprises a chemotherapeutic

agent as described herein.

[00128] In some embodiments, the invention provides a pharmaceutical
composition comprising a_compound selected from the group consisting of compounds 7-
28, 30-46, 50-66, 69, 72, 74-76, and pharmaceutically acceptable salts thereof, as described
herein. In some embodiments, the pharmaceutical composition further comprises a

chemotherapeutic agent as described herein.

[00129] In some embodiments, the cancer cells treated by the chemosensitizing
and/or radiosensitizing methods of the invention are selected from the group consisting of
ACTH-producing tumors, acute lymphocytic leukemia, acute nonlymphocytic leukemia,
cancer of the adrenal cortex, bladder cancer, brain cancer, breast cancer, cervical cancer,
chronic lymphocytic leukemia, chronic myelocytic leukemia, colorectal cancer, cutaneous
T-cell lymphoma, endometrial cancer, esophageal cancer, Ewing's sarcoma, gallbladder
cancer, hairy cell leukemia, head and neck cancer, Hodgkin's lymphoma, 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 lymphoma, osteosarcoma, ovarian cancer, ovary (germ cell)
cancer, prostate cancer, pancreatic cancer, penile cancer, retinoblastoma, skin cancer, soft-
tissue sarcoma, squamous cell carcinomas, stomach cancer, testicular cancer, thyroid
cancer, trophoblastic neoplasms, uterine cancer, vaginal cancer, cancer of the vulva and
Wilm's tumor. In some embodiments, the cancer cells treated by the chemosensitizing
and/or radiosensitizing methods of the invention are selected from the group consisting of
brain cancer, melanoma, head and neck cancer, testicular cancer, ovarian cancer, breast

cancer, non small cell lung cancer, and rectal cancer.

47



[00187]A 2,9-dihydro-1,2,7,94etraaza-phenalen-3-one ring can be formed by condensation of the
compound 48A or 48B with hydrazine. To a solution of the compounds 6 in absolute ethanol is added
excess anhYdPoltd IRt ine at room temperature. The solution is refluxed RSrTOURINBRTENEG cooled to
room temperature. ice-cold water is added and white solid is separated. The solid is collected by
vacuum filtration and washed with water and small amount of methanol to give white solid products 6
in 40 - 90 % of yield. An example was given in the preparation of compounds 49A and 49B. Example 2
Preparation of 8{001308inethdx sberzenksdilficmesadia-ihvémeth p:?o@idlérs draethdd7oftreating a

tetraaza- phenalen § on%SO On(%%88 'Iépa strrrr&g %Au%)n og‘ieélfe(c e8h703 mol qu) in 200 mL of
acetonitrile was ad V razine flc f)?ézf mol, a\rg excess Iaer ab rﬁ(e of nitrogen. The
solution wasrauommaietomrfmppa@maamf ﬂwblempm@téﬂ)l@drwmsscohhmmmgiadmmrwgmpurrfred
via silica plug with 9:1 dichlorometh(anﬁmet an a%fggrg 2 of a fluffy white soltll%

4-0xo-2- prperazrn ?mlmetﬁ PE“H thyaro -quinaz ne-52car |c Saeid i lfﬁylflesffer 3]7‘?& MS (ES-):
301; 1H NMRc@éﬁ@MH—@ltDMﬁ:@ﬁdﬁ)s@rzt()emrzkﬁr(wntﬂl-d)l,ic?rﬁ@mrﬁal’?s(znimﬂ:hdt); 3Mdo(ss 2H), 3.83 (s,
3H), 7.44 (d, J H%’tslH%l) (Iglil,s 8 2 H 1H)13tra§21£ H ga{00189 To a stirring
solution of 49% mg, 0 % eg n pyrr ne Wa dﬁﬂ methox enzene sulfonyl
chloride (13@@1@@1@2 samchhbea) aaéwlmmgrmaadJWthlyaldmppwmtm1€ménraaotron was aIIowed to
stir overnight ar%d &hen aﬁleva orrate 8? I snOThe Wax te%s&j as then e>ﬁtsrz§1 ted
dichloromethane and was TR brme. The c?ua rr\{gferr al was sso &N 10’ in ?%? and 5mL
of hydrazine BRdhdhydeétet (largdBBLeAsS)IcTdus sdlatBih@sfaé mfdiBBdiovérdﬂ&ht restiivhdan@eavy
white precipijgig.whish was: [srsgarher il syl e apdidiiad ioglvean AT seli This
solid was then purrfreéll via chromatography fo mg ot

20091046208RCF/US2008/078606 anaIytrcaIIy pure compound 50. A mesylate salt of 50 was
prepared. 8 % overall yield for last three steps. MS (ES+): 455;1H NMR (400 MHz, DM5046): 2.34 (s,
3H), 3.19 (bs, 418013144 (b§n4pryleseag>Q§irapr)ts4thi(@ezﬁqnplzwi@ﬁsw@momgatinm (d,J=7.8
iz, 1), 7 1R S 80 LRU U A AR B3 1AL SREhIRLGRIHP2NG04S, 15
CH1501H. 3.0 H20.0.1 NZ2H4: C, 41.20 3.24; S, 12.22; Found: C,41.07; H, 5.09; N,
13.53; S, 12@Qolp@ipwoqmrﬁbﬂ?dlmmn@xoﬁrbmhh@gtwedécgwne@@@@, feoPriEns nslaniprseadgies

said mammal a compound selected from the group consisting of compounds 7-28, 30-46,
50-66, 69, 72, 74-76, and pharmaceutically acceptable salts thereof, as described herein. In
some embodiments, said mammal is a human. In some embodiments, said administration is
administration of a pharmaceutical composition comprising said compound and a
pharmaceutically acceptable carrier._In some embodiments, the cancer cells have a
phenotype selected from the group consisting of i) a BRCA-1 defect, ii) a BRCA-2 defect,
iii) a BRCA-1 and BRCA-2 defect, and iv) Fanconi anemia. In some embodiments, the

cancer cells are selected from breast cancer or ovarian cancer.
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of preparation of compound 50, using the appropriate corresponding sulfonyl chloride. Preparation of
8- 4- 3-fluoro-benzenesulfon 1crazin-1- Imeth 1 -2 9-dih dro-1 2 7 9- tetraaza-phenalen-3-one 51.
[00191]SyniNEs?98YME2MY 3-fluoro-benzenesulfonyl chloride and compoundP4TAT$3PS/8TREPSI
Procedure G. A mesylate salt of 51 was prepared. 35 % overall yield for last three steps. MS (ES-):
441;1H NMR (400 MHz, DMSO-d6): 2.31 (s, 3H), 3.25 (bs, 4H), 3.39 (bs, 4H), 4.15 (s, 2H), 7.42 (d, J=
7.8 Hz, 1H), 7.65 - 7.71 (m, 4H), 7.78 - 7.82(m, 211), 11.78 (s, 1H). Anal. Calcd. for C20H19N603S.
1.25 CI33803ti: PrddePiieClot2hd ) ist:14s8F (Nnipd8utsS, 11.91; Found: C, 42.13; H, 4.79; N, 13.48; 5,
11.89. Preparation of
844-(tokdred-kulfonyl)-piperazin-1-ylmethyli-2,9-clihydro-1,2,7,9-tetraazaphenalen-3-one 52.
[00192]Synthesized using tolune-4-sulfanyl chloride and compound 47A for General Procedure G. A
mesylate salt ofB2 was prepared. 38 % ovesallgield for last three steps. M3 (ES-): 438; 1H NMR (400
), 3.20 (bspAddy.3-46 ), 4.22 (s, 2H), 7.43 (d,J=7.8
&olia, 4HAE90=(s, c,E%I Calcd. for C21H22N603S.
88: N, 13.22; 3/d1H61; Foumd: C, '63; H, 5.53; N, 13.40; S,
11.90. Pre’i')%%ation of 8-}%%4nzenesulfon lerazin-1 IMéMAY dih diS* 2 7 9-tetraaza- phenalen-3-one
53. [00193]Synthesized using benzensulgonyl chloride and compound347A for General Procedure G. A
mesylate salt of 53 was prepared. 30 % overall yield for last three steps. MS (ES-): 438; 11-1 NMR
(400 MHz, DM50-d6): 2.70 (s, 3H), 3.36 (bs, 411), 3|\'/|5% W% 20091046205PCT/US2008/078606

e

MeO_2O o General

Procedure C Procedure D
N "

NH
NH
HCI (g) N/)\/CI MeCN, K,CO4 N/)\/NR1 R,

Chloroacetonitrile

), 7°6

variuos amines

General
Procedure E

_—

EtOH
NH,NH,

Procedure A: Preparation of 3-nitro-phthalic acid dimethyl ester, 2

[00132] To a stirred solution of 4-nitro-isobenzofuran-1,3-dione (150 g, 0.78 mol),
1, in 2 L of MeOH was added 50 mL of concentrated sulfuric acid. The reaction was heated
to reflux for 16 hours. The mixture solution was cooled to room temperature and then
poured into 3 L of ice water and resulted in a heavy white precipitate. This was triturated
for 15 minutes and the precipitated was filtered off and the solid was washed with water
thoroughly and dried to afford 120 g of 3-nitro-phthalic acid dimethyl ester, 2, as a white
solid (65 %). "H NMR (300 MHz, DMSO-ds): 8.54 (d, J=7.25 Hz, 1H), 8.42 (d, J = 7.82
Hz, 1H), 7.98 (t, J= 8.20 Hz, 1H), 3.99 (s, 3H), 3.98 (s, 3H). ?C NMR : 52.03, 52.29,
111.02, 115.67, 119.08, 131.80, 133.68, 148.80, 167.64, 168.63.

Procedure B: Preparation of 3-amino-phthalic acid dimethyl ester, 3
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(bs, 4H), 4.14(s, 2H), 7.11 (d, J = 8.0 Hz, 1H), 7.40-7.70 (m, 7H), 11.90 (s, 1H). Anal. Calcd. for
C201-120N603S. 1.2 CH3S03H. 2.5 H20. 0.08 N2H4: C, 43.36; H, 5.17; N, 14.67; S, 12.01; Found: C,
43.00; H, 5.W0 RPV9/B408)5S, 12.40. P e aration of 8- 4- 3-trifluorometh 1-berP/eHESANSA O 1- Imeth 1
-2 9-d h dro- 1,2,7,9-tetraaza-phenalen-3-one, 54. 1001941Synthesized using
3-trifluoro-benzensulfonyl chloride and compound 47A for General Procedure G. A mesylate salt of 54
was prepared. 15 % overall yield for last three steps. MS (ES-): 438;11-1 NMR (400 MHz, DMSO-d6):
2.32 (s, 3H), 3.26-3.35 (m, 8H), 4.10(s, 2H), 7.43 (d, J= 8.0 Hz, 1H), 7.69 - 7.80 (in, 2H), 7.98- 8.26 (in.
4H), 11.92 (s, 1H) 100195]Anal. Calcd. for C211-E9FIN603S. 1.3 CH3S03H. 2.0 H20: C, 40.99; H,
4.35; N, 12.86; $)01839; Folihd c@na@uiid 2H28569; IN) 1R158;aS diskBocPrepdratidvicéTH.

844-(4-chlorg- I -Piperazin-l-ylmethyli-2.9-cli - - tetr len-3-one 55.
10019615y e e e e MU A PR
Procedure G armedylateatain eb S atesaprepar ednis dusvevaihigbidHdckadttthregstepiss M8 (ES-):
458; 1H NM 50-d6): . (s : : 3.98.(s 2 3@, 1=
7.7 Hz, 1H),I%V.%1%§3?a¥§ﬁr§ , ﬁ)‘?qigi)l.té%%gé? fﬁ?&lﬁglﬁcﬁf&’%@%@z%%bgﬁéﬁ%%%gglr§ ‘cﬁ:@%%u 2.0
H20: C, 41.2300 M8, DNVI39:56): 3,201(00;Fodsdi< | i), §79Hd4.66 3N 13230HS, 611799, Preparation
of 8 4 4 fuore-heensulign demginsbymein 2 3 g dred, 2 Nefraagasphengler g 56.
1001971Synthesized using 4-tfluorobenzensulfonyl chloride ‘and compound 47A for General Procedure
G. An HC1 shlfdft6é Waxptépatad.3421 % bierall 16&ld Jot ¢dst three steps. MS (ES-): 441; 114 NMR
(400 MHz, DMSO-d6): 2.31 (s, 3H), 3.18 (bs, 4H), 3.40 (bs, 4H), 3.98 (s, 2H), 7.43 (d, J= 7.8 Hz, 1H),
7.68 - 71_’3@1096}1%@@’Hyg@m{&qﬁﬂp%@mﬁ@yl&-oxo%,4-dihydr0-quinazoline-S-carboxylic acid
844-(4-{5995;1%It-g;§g]_zenesuIfonylI-niperazin-l-ylmethyl]-z 9-dihydro-1 2 7 9- tetraaza-phenalen-3-one
57.

[00134] 100 mL of chloroacetonitrile was set stirring in 130 mL of 1,4 dioxane at
room temperature. Dry HCI gas was bubbled through the solution for thirty minutes
followed by the addition of 30 g of 3-amino-1,2-phthalic acid dimethyl ester, 3. The
reaction was refluxed for approximately three hours, resulting in a heavy white precipitate.
The suspension was cooled with an ice bath, filtered and washed with pentane to remove
any residual solvents. 30 g (83%) of an analytically pure white solid, 4, was isolated. 'H
NMR (300 MHz, DMSO-dq): 7.88 (t, J=8.33 Hz, 1H), 7.79 (d, J=7.08 Hz, 1H), 7.52 (d,
J=17.33 Hz, 1H), 4.60 (s, 2H), 3.84 (s, 3H); °C NMR: 42.21, 54.86, 119.95, 127.77,
130.86, 135.71, 136.78, 150.59, 155.70, 162.49, 171.24.

General Procedure D: Preparation of compounds, 5:

[00135] Displacement of the chloro group of compound 4 with nucleophiles such
as amine using General procedure D provides the compounds 5. To a solution of the chloro
compound 4 in dry DMF or MeCN is added potassium carbonate and a nucleophile such as
an amine. The reaction mixture is heated to 70 °C for 12 hours and cooled to room
temperature. Water is added to the reaction mixture, followed by ethyl acetate. The organic
layer is collected, washed with water, brine and dried over sodium sulfate. The solvents are
removed in vacuum. The residue is purified by column chromatography on silica gel using
ethyl acetate/hexanes as eluent to give the products 5 in 50 — 95 % yield. An example was

given in the preparation of compound 7.
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WO 20091046205PCT/US2008/078606 [00198]Synthesized using 4-isopropylbenzensulfanyl chloride
and compound 47A for General Procedure G. A mesylate salt of 57 was prepared. 22 'A overall yield
for last threVQEY/MESIES-): 465; '14 NMR (400 MHz, DM5046): 1.26 (d, FETE/8208/E¥Y9®2 .33 (s,
3H), 3.01 -3.05 (m, 1H), 3.16 - 3.32 (m, 10H), 7.41 (d, J = 8.1 Hz, 1H), 7.59 (d, 1=8.6 Hz, 2H), 7.68 -
7.80 (m, 4H), 11.89 (s, 1H). Anal. Calcd. for C21H26N60iS. 1.35 CH1S01H. 1.75 H20. 0.1 N2E14: C,
46.35; H, 5.64; N, 13.76; 5, 11.94; Found: C, 46.01; H, 5.62; N, 13.80; S, 12.33. Preparation of 8- 4-
4-tert-but 1-benzenesulfonerazin-1- Imeth 1 -2 9-dli dro-1 2 7 9- tetraaza-phenalen-3-one 58.
[00199]Synthesized using 4-tertbutylbenzensulfonyl chloride and compound 47A for General
Procedren@al’ mesiatds &iteph BBioves srepieeend2$:% overall yield for last three steps. MS (ES-):
480; 114 NMR (400 MHz, DMSO-d6): 1.25 (s, 9H), 2.21 (s, 3H), 3.05 -3.15 (in, 8H), 3.99 (bs, 2H), 7.32
(d, J= 8.1 Hz, 1#00138) - 7. 722 Bhdrot 182, 19-titrpazmahegikin 3fon CRagoaNB0R8NAdPT HISO3H.
2.75 H20: C 45 A2 1o OBl A2 AR s 5L A% FongnC 145231 o R 3Bitld ol Rdinmis k2 7
Preparation of 844-(4-i1sopropyl-benzenesulfony0-[1 41diazepan-1-yImethyl]-2 9-dihyclrol 2 7
9-tetraaza-phbsndisn shenel 5oad[b0xouisyathedieay hxfez n9s8propy isanespsutohyt spletiieiand
compound 475 {Qr SRASIARIAFEIH GG d oo Yo NIl NBlEL o IBSEANPWRIRRSs MR ¢hR:LH NMR
(400 MHz, DM50-6/6): 1.23 (d, 6H), 1.79 (in, 2H), 2.40 - 2.55 (m, 4H), 2.71 - 2.90 (m, 4H), 3.00 (m,
1H), 3.48 (s,52H, 1y w8yigicdHhhg sphidris, coblyctetl 8y vecuwm. fataticoaed wrshesbwith yen@oed: C,
59.98 H, 5.8(n N ahioffli 5 SfadoPundive w026 fili prdudl ¢ 2 59@%%i£1£€%{%§9&é9fe8- 4
4-chloro-benzenesulfonl 4 diaze an 1 Imeth2 9 dih dro- 1 2 7 9-tetraaza-phenalen-3-one 60.
[00201]Syntheasizée udgupepnsrativaianasriid ‘chloride and compound 47B for General
Procedure G. 8 % overall yield for last three steps. MS (ES-): 472; 114 NMR (400 MHz, DM50-d6):
1.80 (MEXAWPE.¥3 -2.78 (m, 4H), 3.50 (m, 4H), 3.69 (s, 2H),

Preparation of §-(4-hvdroxv-piperidin-1-vimethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one,
7.

[00137] Following the General Procedure D: A solution of MeCN (25 ml), 4-
hydroxypiperidine (0.46 mg, 4.5 mmol), 4 (1.0 g, 3.9 mmol), and potassium carbonate (1 g,
7 mmol) was set refluxing under nitrogen and stirred overnight. Reaction mixture was
evaporated to dryness and extracted with dichloromethane. Purified with a silica column
using 9:1 dichloromethane/MeOH to afford 1.05 g (84%) of an off-white solid, 2-(4-
Hydroxy-piperidin-1-ylmethyl)-4-ox0-3,4-dihydro-quinazoline-5-carboxylic acid methyl

ester, 7a.

[00138] Following the General Procedure E: To a solution of compound 7a (1.0 g,
3.1 mmol) in EtOH (20 mL) when refluxing was added hydrazine monohydrate (7 mL,
large excess) and heated overnight. Reaction was cooled to RT and H,O (15 mL) was
added resulting in a heavy white precipitate. Filtered and washed with 1:1 EtOH/H,0 to
afford 0.6 g (64%) of an analytically pure white solid, 7. MP: 168-171 °C; MS (ES+): 300;
'H NMR (300 MHz, CD;OD): 1.46-1.55 (m, 2H), 1.71-1.75 (m, 2H) 2.15-2.23 (m, 2H)
2.70-2.75 (m, 2H) 3.16-3.18 (m, 1H) 3.25 (s, 2H) 3.47-3.55 (m, 1H) 7.30-7.33 (m, 1H)
7.60-7.64 (m, 2H). Anal. Calcd. for C1sH7N50,.1.7 H,0: C, 56.45; H, 6.06; N, 21.94;
Found: C, 56.10; H, 6.00; N, 22.25.
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7.45(d, J 8. 2 Hz, 1H), 7.71 -7.83 (m, 6H), 10.95 (s, br, 1H), 11.76(s, 1H). A mesylate WO
20091046205PCT/US2008/078606 salt of 60 was prepared. 1H NMR (400 MHz, D20): 1.92 (m, 2H),
2.73 (s, SH)VR300980¥2¢M, 8H), 4.36 (s, 2H), 7.49 (d, J= 7.2 Hz, 1H), 7.75 RCTAI8290B{9789p4), 7.78
-7.93 (m, 4H). Anal. Calcd. for C21t121C1N603S. 1.61 CH3S03H: C, 39.57; H, 4.99; N, 12.25; S,
12.20; Found: C, 39.50; H, 5.29; N, 12.57; S, 12.47. Preparation of
844-(3-fluoro-benzenesulfonyl)-[1,4]cliazepan-1-ylmethyd-2,9-dihydrol 27 9-tetraaza-phenalen-3-one
61. [00202]Synihesdfdd usihbe3fuproxnbhzenésuifomy lekddrvdehamdch comipound digB: far £5eneral

Procedure G. 16 % o | yield for last two. steps. (ES+): 457; NMR (400, MHz O-d6):
1.79 (in, 2H)?°§r?’§6"3 Q\fg;?‘(l’rr%/ %gl)t,s)g?%’b ?4@(@25?%%%@@&%@2{%5% 7?33, %,af%ﬁ“/;éS?sS 7.74
(m, 6H), 11. Ms@HH). LHL12 76 (sndli)eshitidg Qalcticdoy GRiLE 124HNEO3Eiltertd kRO BI5R85; H,
492; N, 17.61; {2: Found.C, 8: H,493:N, 17.43: S. §.48. Pr ration of 8- -methox
pseiebad TSR e SR S R e S Y e MR
[00203]Syntii3eizktHasPYI8 DréthdxysbkAgéns AFan . Bhbsddmn2ibo b (nd HTB fo5-Gehénal

Procedure G %, Qverall yield fo t t (E5+); A69; 0 , -d6): 1.78
(m, 2H), 27241%}%%%6@@{3%6 iﬁé\(ﬁlm%{ﬁgj@gz%'%gﬁ}(ggw@g&l(%lg > 2H),
7.48 (d, J= 8lHMHz, 1H), 7.63 (d, J= 7.2 Hz, 1H); 7.09 - 7.22 (m, 3H), 11.10 (s, br, 1H), 11.80 (s, 1H).
Anal. Calcd. for C22F124N6045. 1.0 H20: C, 54.31; H, 5.39; N, 17.27; S. 6.59; Found: C, 54.38; H,
5.34; N, 17.28; $H.46). Preparaltitialof 81 C4stero O 1 BHnSOndsafo 4, dihzd;dh-3-Séth -2 9-dih

dro- 1,2,7,9-teiraaza-phenalen-3-eng, 63. {902041{ynthesized; ysing 4-t-butyl-benzenesulfony chloride
and compound 47B for General Procedure G. 14’% overall yield for last two steps. MS (ES-): 493;

1-14 NMR (400 ZI’IJPMS%%I%% cgllﬁ%ogma% Br 2 e dB cd%dn({Re éﬂﬂ?ﬁlﬁ"%ﬁ)bgﬂﬂges(m 4H),
3.48 (s, 2H), 7.45 (d, J= 8.6 Hz, 1H), 7.62 - 7.76 (m, 6H), 11.20 (s, br, 1H), 11.80 (s, 1H).
of preparation of compound 7, using the appropriate corresponding amines.

Preparation of §-(4-phenyl-piperazin-1-ylmethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one,
8.

[00142] Synthesized using 1-phenylpiperazine for General Procedure D. 52 %
overall yield for last two steps. MS (ES+): 361; "H NMR (300 MHz, DMSO-dq): 2.65-2.68
(m, 4H), 3.19-3.22 (m, 4H) 3.39 (s, 2H); 6.78 (t, /= 7.2 Hz, 1H); 6.95 (d, J= 8.0 Hz, 2H),
7.19 (t, J=17.2 Hz, 2H), 7.48-7.51 (m, 1H), 7.62-7.64 (d, J= 7.2 Hz, 1H), 7.75 (t, J=8.0
Hz, 1H), 11.23 (s, br, 1H), 11.78 (s, 1H); Anal. Calcd. for C;0H»0NgO; - 2.0 H,O: C, 60.59;
H, 6.10; N, 21.20; Found: C, 60.48; H, 6.05; N, 21.35.

Preparation of §-(4-benzyl-piperidin-1-ylmethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one, 9.

[00143] Synthesized using 1-benzylpiperazine for General Procedure D. 20 %
overall yield for last two steps. MS (ES-): 372; 'H NMR (300 MHz, DMSO-dg): 1.22 - 1.50
(m, 5H), 2.45 - 2.55 (m, 4H), 2.85 (d, 2H), 3.28 (s, 2H), 7.14-7.19 (m, 3H), 7.25-7.30 (m,
2H), 7.50 (d,J=17.0 Hz, 1H), 7.62 (d, J=7.7 Hz, 1H), 7.75 (t, /= 7.7 Hz 1H), 11.25 (s, br,
1H), 11.76 (s, 1H); Anal. Calcd. for C,,H»3N50;: C, 70.76; H, 6.21; N, 18.75; Found: C,
70.36; H, 6.18; N, 18.63.

Preparation of §-phenoxymethyvyl-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one, 10.

[00144] Synthesized using phenol for General Procedure D. 60 % overall yield for
last two steps. MS (ES+): 293; "H NMR (300 MHz, DMSO-ds): 4.90 (s, br, 3H), 7.00 (t, J
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Anal. Calcd. for C25H30N6015: C, 60.71; H, 6.11; N, 16.99; 5, 6.48; Found: C, 60.78; H, 6.10; N,
17.08; S, 6.36. WO 20091046205PCT/US2008/078606 Preparation of 8- 4 4-amino-benzenesulfonl 4
diaze an-1 IWEtR0Y/BLEAPSd o- 1 2 7 9-tetraaza-phenalen-3-one 64. [00205]8¢AIHEIBE 7§69
4-nitro-benzenesulfony chloride and compound 47B for General Procedure G. 14 % overall yield for
last two steps. MS (ES-): 452; 1H NMR (400 MHz, DM50-d6): 1.76 (m, 2H), 2.71 -2.79 (m, 411), 3.21 -
3.31 (m, 4H), 3.46 (s, 2H), 6.01 (s, 2H), 6.64 (d, J = 8.6 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 7.48(d, J =
8.0 Hz, 1H), ¥ &8 HY;, H1). 9142 (A1) =R 24HY, 2HY,.8. Hz(t.LH}, 1.1 HQ, BHhr7 38)d11 75 .(6HEH)HANal.
Calod. 01 CoAHAINTOSR0 202940 04953 Hh2 ol PAFR: B AP ML Gup iRy F 524\
844-(bipheny ks tfonydNi4:IN4Qslia Zepasol -yinmstyt2, 0 dilhydrdd] 2 66, IN etz aFplhadalén-3-one 65.
[OOZOG]SyntI&iQ% 1% f?‘ﬁg ﬁp&;@gl -4-sulfony chloride and compound 47B for General Procedure G.

10 % overall rlastt MS (ES-): 513; 1H NMR (400 MHz, DMSO-d6): 1.82 (m, 2H),

273 - 29300 AN A9 1R AL D A O8 (3 200 FLTRD (1 ) 108 (e 8%, 111),
C24126Nf£&3$pﬁead-}b293®n581$2 H 5. 55 N 15. 11 S 5. 77 Found C, 58 24 H N, 15 10; S. 5.79.
Preparation of 8 4 4-amino-benzenesulfonerazin-1 Imeth2 9 dih dro-1 2 7 9- tetraaza-phenalen-3-one
66. [00207]SyntH¥Hi48H usiry#initiolsbnsiepd-<difhumyloghionde lahd ceteipdyddonyAdior General

2 12 i O I B s edr 4 e S s T R e B 5 71
J= 8.8 Hz, 2Bij67" HDNMRS({ﬁﬁ BHilz, DMISQ-80) (A5 RHY, (0SB, 2y, 4192 1, Iﬂm)zﬂhaa 2@alcd. for
gzzgl leiS'\” 15 oS )%ﬂé&lﬁh)? €38R0 238 (Hy 28% A Y95 B 129 (hosag st /6 H.

J=7.8 Hz, 1H), 7.44 (t, J=7.8 Hz, IH), 11.18 (s, br, 1H), 11.79 (s, 1H). A mesylate salt of

11 was prepared. 'H NMR (400 MHz, DMSO-d): 2.34 (s, 3H), 2.84 (bs, 2H), 3.66 (m,

2H), 4.11 (m, 2H), 4.36 (s, 2H), 6.21 (m, 1H), 7.25 (t, J= 8.8 Hz, 2H), 7.43 (d, J= 7.4 Hz,

1H), 7.56-7.59 (m, 2H), 7.72 (d, /= 7.4 Hz, 1H), 7.82 (t, J= 7.5 Hz, 1H), 11.25 (s, br, 1H),

11.76 (s, 1H). Anal. Calcd. for C,;H;sFNsO; -1.0 CH3SOH. 0.2 H,O: C, 55.62; H, 4.75; N,

14.74; S, 6.75; Found: C, 55.65; H, 4.71; N, 14.73; S, 6.74.

Preparation of §-[4-(4-chloro-phenyl)-piperazin-1-ylmethvl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 12.

[00146] Synthesized using 1-(4-chlorophenyl)-piperazine for General Procedure D.
23 % overall yield for last two steps. A mesylate salt of 12 was prepared. MS (ES+): 396;
'H NMR (400 MHz, DMSO-ds): 2.33 (s, 3H), 4.31 (s, 2H), 7.03 (d, J= 9.3 Hz, 2H), 7.31
(d, J=9.3 Hz, 2H), 743 (d, J=8.5Hz, 1H), 7.72 (d, /= 8.5 Hz, 1H), 7.82 (t, /= 7.9 Hz,
1H), 11.23 (s, br, 1H), 11.90 (s, 1H). Anal. Calcd. for Cy0H9CINgO;. 1.0 CH3SOH: C,
51.37;H,4.72; N, 17.12; S, 6.53; Found: C, 51.27; H, 4.91; N, 17.03; S, 6.48.

Preparation of §-(4-phenyl-3.6-dihydro-2H-pyridin-1-ylmethvl)-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 13.

[00147] Synthesized using 4-phenyl-1,2,3,6-tetrahydro-pyridine for General
Procedure D. 80 % overall yield for last two steps. MS (ES+): 358; 'H NMR (400 MHz,
DMSO-ds): 2.56 (m, 2H), 2.78 (t, J= 5.5 Hz, 2H), 3.25 (d, /= 2.6 Hz, 2H), 3.47 (s, 2H),
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General Procedure L to prepare compounds 71. To a stirring solution of 70 (1.0 eq) in THF under
nitrogen was added TEA (1mL, excess) and either sulfonyl chloride or acid chloride (1.2 eq). The
reaction wa¥v&IIIRBHBStir for four hours after which time it was evaporate8GHY &I evith
CH2C12/H20, dried and condensed. Crude material was further purified via column chromatography
using 9:1 CH2C12/MeOH to afford analytically pure products 71. Example 3 Preparation of (3-0x0-2
9-dihydro-3H-1 2 7 9-tetraaza-phenalen-8-ylmethyl)-carbam c acid tert-butyl ester, 69.

1002081 Pro6edure Hitp pispare 2-@amiridmedy it;4Fext aHEchiAydTot i) azoline sz, cathaxylicdcid

methyl ester 67 m N (lar 2 was.a

compound 4 (1 gqﬁémz@% é%ealredflfl]fbel. r?eﬁlg[ture (\?vegjlﬁelnl}zﬁeq %t%%% Cﬁ? r%?r?gurs The
mixture was @yamrmemwwtyme&&fdswvmeaad:de HvNMRa(t@@iMMHx IMSOafCA3212. Ffpduct
was used as, fugher i 2091 Progedure, It

2-(tert- butoxyc%a%{rvbgcf}%/#am%o ’rni3 %gﬁ%xo}'f& Q?r%yﬁrggl |r11§zjio ne-5-car oxy |c(ac’|dHn%e¥hy7f ester, 68.
To a solutiory a5@pndHEH231d, of witle HanH))f THEA (éxtess), Hatdlﬁt)cm,éﬂ?.]&nd tdtapbdnd 67 (from
Procedure H de lowed to
it Tor 60 WOl 2008 AL 10 3006 B0 S e BBk TSt U it nto
solution. Theés3Abitidn s dBvapardtsd Gd)d;rﬁnesd andb paffied @r%cbluﬂrirﬁ@hﬂgﬁramgraphy using
CH2C12 and S % MeOH to afford 0. 5 g of analytlcally pure compound 68. [00210]Procedure Jto

ethanol 1Iehqg;mxture was refluxedfor four hours untll no tartlng materlal was etected by TLC
Reactlomcooled poured over 100 rnL of cold water and extracted with 2 x 25 mL of EtOAc.
Organic layers e dfied villnAring and e masngsibsRsialane wifisthvia salymn o matography
using 9:1 CH2C12/MeOH to afford 2.7 g of analytically pure compound 69. MS (ES-): 314; 114 NMR
(400 MHz, ctheyaplh yag¢doniayt srgostep ) nesidatpsalt1qf, 1d. oves prapased. S, (B> 88 3192 4% (m, br,
2H). Anal. Calsgk (0GRSO 2 283G 8444 b 6,501 Na 31 ROEAUAda 3P.68 2601 N,

21.85. Preparation of 8-am nomethy1-2 9-dihydro-1 2 7 tetraazag enalen-3-one 70
[00211]Procéblrd R preparé b 72@3%3@ Weéﬁﬁbddné%@ Ws! Bssbivild(in HDmL of CH2C12 along

with 4 mL of TFA. The reaction was allowed to stir at room )
Preparation of 8- {[2-(3-Fluoro-phenyl)-ethylamino]-methyl}-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 15.

[00149] Synthesized using 3-fluorophenethylamine for General Procedure D. 12 %
overall yield for last two steps. A mesylate salt of 15 was prepared. MS (ES+): 338; 'H
NMR (300 MHz, DMSO-dq): 2.34 (s, 3H), 3.02-3.08 (m, 2H), 3.34-3.38 (m, 2H), 4.14 (s,
2H), 7.08-7.18 (m, 3H), 7.37-7.44 (m, 2H), 7.71 (d, /= 7.8 Hz, 1H), 7.82 (t, /= 7.8 Hz,
1H), 11.92 11.35 (s, br, 1H), (s, 1H).

Preparation of §-[(3-trifluoromethyl-benzylamino)-methvl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 16.

[00150] Synthesized using 3-(trifluoromethyl)benzylamine for General Procedure
D. 14 % overall yield for last two steps. A mesylate salt of 16 was prepared. MS (ES+):
374; '"H NMR (300 MHz, DMSO-ds): 2.33 (s, 3H), 4.10 (s, 2H), 4.43 (s, 2H), 7.39 (d, J =
7.6 Hz, 1H), 7.69 - 7.86 (m, 5H), 7.99 (s, 1H), 11.25 (s, br, 1H), 11.91 (s, 1H). Anal. Calcd.
for C1oH;sF3NsO- 1.0 CH3SOH.1.0 H,O: C, 46.82; H, 4.14; N, 14.37; S, 6.58; Found: C,
46.81; H, 4.17; N, 14.64; S, 6.35.
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temperature overnight resulting in a heavy white precipitate, which was filtered off and washed with
CH2C12 and dried under vacuum to afford a quantitative yield of analytically pure material, a TFA salt
of compoun¥ @GIM84R%E+): 216; 1H NMR (400 MHz, D20): 3.97 (s, 2H), 6. BATHS20889)78¢4¢ 1H), 7.23
(d, J=7.8 Hz, 1H), 7.43 (t, | = 8.0 Hz, 1H). Anal. Calcd. for CLOHI9N50. 1.3 CFICOOH. 0.2 H20: C,
41.27; H, 2.86; N, 19.10; Found: C, 41.00; H, 3.04; N, 19.25. Preparation of 4-methyl-N-(3-0x0-2
9-dihydro-3H-1 2 7 9-tetraaza-phenalen-8-ylmethyl)- benzenesulfonamide 72. [00212]Synthesized
using 4Rreptirgtienaesid Istitboyh-Ehiorideies{d .SddapduyithZh fHr e ddradierd 2diFrectra2t Y% yield for

compoupd 72, MS (ES;); 368;1H NMR (400 MHz, CDC13): 2.27 (s, 3H), 3.93 (s, 2H), 7.28 - 7.43 (m,
3H), 7&?—‘#’%’—\%71—(’4%%143 (s, 1H), 11.83 (s 1H). Anal. Calcd. for C17fi15N503S: C, 55.27; H,

20051046205 QD b008 0 DR ik %?%ﬁ?*?%%%% B Rual s ens Bosedus Drnaen-s-
imeth 1 benZdeswifor byitdié 54 1490 2BIRRtAES s using bR SOV HViEe afal tdpound
70 for Generftg%_@g LA?ZZ (’@ry f9r3§ 587;1(8 E? %95? 1? %Oﬂgfl@ 9D013)
e e e I T e
CN: (53104;2) ; gédoﬁ dN é’H Zﬁfg ?(;etfagagzlfagg % %\%%n%égtzh%wﬁa%gttg%%? gg’?%l ﬁ%(g[lﬁ 2 eS|zed
Long AprifARIIIAe 29 campRud l%ﬁaﬂsff %&C%%H{%h?@fm%d {9 Fomany 99 75. MS

(ES-): 256; ITH NMR (400 MHZz, DMSOdb): 1.91 5(s, ZHJ, 7.32(d, 1=8. 1 Hz, 1H), 7.49-
7.81 (nmplriay]ead-Aaoftc 1HR. 3 Hz, 1H). 11.25 (s, 1H) 11 75 (s 1H). Anal. Calcd. for C12HI1N502. 0.5
H20: C, 54.13; H, 4.54; N, 26.30; Found: C, 54.14; H, 4.52; N, 26.00 Preparation of 4-nitro-N-(3-ox0-2
9-dihydro-3H-1 J09163btraasanpheriatdriiang hdtdjthlorenhansibizlzine for General Procedure D.

17 % overall yield for last two steps. A mesylate salt of 18 was prepared. MS (ES-): 387,
"H NMR (300 MHz, DMSO-ds): 2.36 (s, 3H), 3.04 (t, J = 8.2 Hz, 2H), 3.37 (t, J= 8.1 Hz,
2H), 4.14 (s, 2H), 7.30 - 7.43 (m, 2H), 7.61-7.75 (m, 3H), 7.79 - 7.84 (m, 1H), 11.31 (s, br,
1H), 11.91 (s, 1H).

Preparation of §- {[2-(3-trifluoromethyl-phenvl)-ethylamino]-methvl}i-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one, 19.

[00153] Synthesized using 2-(3-Trifluoromethyl-phenyl)-ethylamine for General
Procedure D. 39 % overall yield for last two steps. A mesylate salt of 19 was prepared. MS
(ES-): 387; '"H NMR (300 MHz, DMSO-ds): 3.74 (s, 3H), 3.13 (t, J= 8.1 Hz, 2H), 3.30 (t,
J=8.2Hz, 2H), 4.15 (s, 2H), 7.40 - 7.43 (m, 1H), 7.62-7.72 (m, 4H), 7.79-7.85 (m, 1H),
11.35 (s, br, 1H), 11.92 (s, 1H).

Preparation of §-[(1-Aza-bicyclo[2.2.2]oct-3-yvlamino)-methyl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 20.

[00154] Synthesized using (S)-(-)-3-aminoquinuclidine for General Procedure D.
23 % overall yield for last two steps. A mesylate salt of 20 was prepared. MS (ES+): 325;
'H NMR (300 MHz, DMSO-d): 1.97-2.03 (m, 3H), 2.20-2.35 (m, 1H), 2.35-2.44 (m, 2H),
2.42 (s, 3H), 3.72-3.80 (m, 6H), 4.15-4.21 (m, 1H), 4.38 (s, 2H), 7.46 (d, J= 7.6, 1H) 7.69
-7.72 (m, 1H), 7.78 - 7.84 (m, 1H), 8.63 (s, br, 3H).
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[00215]Synthesized using 4-nitro-benzoyl chloride and compound 70 for General Procedure L. 25 %
yield for compound 76. MS (ES-): 363; 1H NMR (400 MHz, CDC13): 3.99 (s, 2H), 7.18 - 7.20 (m, 1H),
7.34- 7.38 (WORM9294989S 7.90 (m, 2H), 8.20- 8.32 (m, 2H), 8.40 - 8.48 (rn, BEN/URNABOBHRP
inhibitory Potency - iCso [00216]A convenient method to determine iC50 of a PARP inhibitor
compound is a PARP assay using purified recombinant human PARP from Trevigan (Gaithersburg,
Md.), as follows: The PARP enzyme assay is set up on ice in a volume of 100 microliters consisting of
100 niVPiepsrkt©h (HIE-Btathi 1y dvig @il -2BmatifykC19-Adh pivb NECTL9 3ddr arsarihefidddaSenactivated
herring.sperm DNA (Sigma, Mo.), 30 micromolar [3H]nicotinamide adenine dinucleotide (62.5
mci/mnTofe), 15 micrograms/ml PARP enzyme, and various concentrations of the compounds to be
tested. The reag{ignds,initia 4 - ' Zym
incubating the rﬁ%?t%?glat 25C. i\\%(e%z %r?lll%’l%l? e%%ﬁ?ﬁégg%%%%%%%e%%ggﬁ%ée%glgrénﬁa%tgdy T)?/gae%%?ng 500
microliters ofiell dotdBO% dwieptrishimmndactia heitl2 IhappeaipiateMS (Fsts Han S NadRo@00a glass
fiber filter (P r ififters( ) @nd.y t) ' 00 rpg]é ter.the filter is dried,
the radioacti@ﬁiﬁ’sqag{ggﬂm?ﬁje?gg s@rﬁlhﬁ%ﬁf&%@ﬁ%ﬁ?ﬁ }é:\icl)f gc%u{nggst%c?‘ 12 'flxrf%\%)ﬁgg%t}vt(\?ére found to
have potent @Hzym#litdadtivityinzahdhardge ¢fl.a/few.Adhnrhidlar 120, hicfohidrarl ih)IG5Q i this

inhibition asg [Pf’.%_ﬁl;lifkg HEMR AR, F5S¢5P90 PPO¥S, RRPEXIMAtEIGIS ¥alyes were

obtained for the followi pounds: Table I Compound StructurelC50 nM'7
119.71, 118.65, 115.85, 56.09, 50.30, 49.05, 48.66, 8.51. Anal. Calcd. for CisHNgO- 2.0

CH;SO:H. 1.2 H,O-: C, 40.84; H, 5.43; N, 15.79; Found: C, 41.09; H, 5.82; N, 15.97.

Preparation of §-(4-methyl-piperazin-1-ylmethyl)-2.9-dihvdro-1,2.7.9-tetraaza-phenalen-3-one,
22.

[00156] Synthesized using methylpiperazine for General Procedure D. 29 %
overall yield for last two steps. A mesylate salt of 22 was prepared. MS (ES+): 299; 'H
NMR (400 MHz, DMSO-ds): 2.38 (s, 3H), 2.58 - 2.63 (m, 2H), 3.09 - 3.18 (m, 4H), 3.40 -
3.45 (m, 2H), 3.51 (s, 2H), 7.50 (d, /= 7.8 Hz, 1H), 7.67 (d, J= 7.8 Hz, 1H), 7.79 (t, J =
7.8 Hz, 1H), 9.53 (s, br, 1H), 11.85 (s, 1H). Anal. Calcd. for C;sH;sN¢O- 1.15 CH3;SOsH.
1.0 H,O-: C, 45.44; H, 5.81; N, 19.69; S, 8.64; Found: C, 45.18; H, 5.88; N, 19.83; S, 8.68;

Preparation of §-(4-benzyvl-[1.4]diazepan-1-vimethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-

one, 23.

[00157] Synthesized using 1-benzyl-[1,4]diazepane for General Procedure D. 24 %
overall yield for last two steps. MP: 140 - 142 °C; MS (ES-): 387; 'H NMR (400 MHz,
CDCl): 1.88 (m, 2H), 2.77 (m, 4H), 2.89 (m, 4H), 3.62 (s, 2H), 3.69 (s, 2H), 7.20 - 7.42
(m, 6H), 7.45(s, br, 1H), 7.74 (t, J= 7.8 Hz, 1H), 7.87 (d, /= 7.6 Hz, 1H), 11.50 (s, br,
1H); Anal. Caled. for C»H2N6O- 1.35 H,O-: C, 64.01; H, 6.52; N, 20.36; Found: C, 64.18;
H, 6.59; N, 20.46.

[00158] An HCl salt of 23 was prepared: to a solution of 23 (0.5 g) in 20 mL of
dioxane was bubbled HCI gas for 30 min. The solution was stirred at room temperature

overnight. After filtration, the precipitate was washed with dioxane to afford 0.25g (48 %)
of analytically pure off white solid, an HCI salt of 23. "H NMR (400 MHz, D,0): 2.08 (m,
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2H), 3.36 (m, 4H), 3.56 (m, 4H), 4.04 (s, 2H), 4.24 (s, 2H), 7.02 (d, 1H), 7.20 — 7.35 (m,
5H); 7.36 (d, 1H), 7.45(t, 1H); Anal. Calcd. for C»;H»4NgO- 2.0 HCI. 1.15 H,0-: C, 54.81;
H, 5.92; N, 17.43; Found: C, 54.81; H, 5.92; N, 17.36.

Preparation of 4-(3-0x0-2.9-dihydro-3H-1.2.7.9-tetraaza-phenalen-8-vlmethyl)-

[1.4]diazepane-1-carboxvlic acid tert-butyl ester, 24.

[00159] Synthesized using [1,4]diazepane-1-carboxylic acid t-butyl ester for
General Procedure D. 30 % overall yield for last two steps. MP: 219 - 221 °C; MS (ES-):
397; 'H NMR (400 MHz, CDCL): 1.46 (s, 9H); 1.88 (m, 2H); 2.83 (m, 4H); 3.50 (m, 4H);
3.59 (s, 2H); 7.63 (m, 1H), 7.72- 7.86 (m, 3H), 11.90 (s, br, 1H). Anal. Calcd. for
Ca0H26N60s. 0.5 H,O-: C, 58.95; H, 6.68; N, 20.62; Found: C, 58.83; H, 6.69; N, 20.60.

Preparation of §-[4-(4-fluoro-benzyl)-[1.4]diazepan-1-ylmethvyl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 25.

[00160] Synthesized using 1-(4-fluoro-benzyl)-[1,4]diazepane for General
Procedure D. 35 % overall yield for last two steps. MP: 163 -165 °C; MS (ES-): 405; 'H
NMR (400 MHz, CDCly): 1.87 (m, 2H), 2.72 (m, 4H), 2.88 (m, 4H), 3.63 (s, 2H), 3.65 (s,
2H), 6.99 (t, J = 8.4 Hz, 2H), 7.30 (m, 3H) 7.61 (s, br, 1H), 7.78 (m, 1H); 7.93 (d, J=17.3
Hz 1H), 10.82 (s, br, 1H). Anal. Calcd. for C;,H»3NgO. 1.5 H,O-: C, 60.96; H, 6.05; N,
19.39; Found: C, 61.07; H, 5.97; N, 19.59.

[00161] A mesylate salt of 25 was prepared. 'H NMR (400 MHz, D,0): 2.06 (m,
2H), 2.70 (s, 3H), 3.06 (m, 2H), 3.24 (m, 2H), 3.46 (m, 4H), 3.65 (s, 4H), 3.74 (s, 2H), 4.33
(s, 2H), 7.25 (m, 3H), 7.46 (m, 3H), 7.62 (t, J = 8.4 Hz, 1H). Anal. Calcd. for C,;H23FN4O-
1.3 CH3SO:H. 0.5 C4Hg0,. 2.0 H,O-: C, 49.70; H, 5.97; N, 13.74; S, 6.82; Found: C,
49.40; H, 5.97; N, 13.37; S, 6.65.

Preparation of §-[1.4]diazepan-1-vlmethyl-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one, 26.

[00162] Synthesized from compound 24. To a solution of 24 (1.5 g, 3.7 mmol) in
30 mL of CH,Cl, was added 6 mL of TFA while stirring at room temperature. After 30
minutes, the solvents were evaporated and the residue was washed with acetonitrile to
afford 1.0 g (90 %) of analytically pure white solid. MP: 147 - 149 °C; MS (ES-): 297; 'H
NMR (400 MHz, D,0): 1.96 (m, 2H), 2.82 (t, 2H), 3.01 (t, 2H), 3.28 (t, 4H), 3.53 (s, 2H),
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7.22 (d, 1H), 7.47 (d, 1H), 7.61 (t, 1H). Anal. Caled. for C;sH;sNgO- 1.1 CF;CO,H. 1.0
H,O0-: C, 46.76; H, 4.81; N, 19.02; Found: C, 46.64; H, 4.98: N, 19.02.

Preparation of §-[4-(2-trifluoromethyl-benzovl)-[1.4]diazepan-1-ylmethvl]-2.9-dihvdro-

1.,2.7.9-tetraaza-phenalen-3-one, 27.

[00163] Synthesized from compound 26. To a solution of compound 26 (0.2 g, 0.6
mmol) in 5 mL of CH,Cl, was added 1 mmol of TEA and 0.8 mmol of 2-trifluoromethyl-
benzoyl chloride. The reaction was stirred overnight at room temperature. After the
solvents were evaporated, the residue was purified with semi-preparative HPLC to afford a
solid (15 % yield). MP: 140 - 142 °C; MS (ES-): 469; 'H NMR (400 MHz, CDCls): 1.92 -
2.10 (m, 2H), 2.91 - 3.10 (m, 4H), 3.36 - 3.44 (m, 2H), 3.64 - 3.74 (m, 2H), 3.93 (m, 2H),
7.38 (m, 1H), 7.57 (m, 3H), 7.79 (m, 2H), 7.93 (m, 1H). Anal. Calcd. for C,3H»1F3NgO>-
0.9 HCL: C, 54.89; H, 4.39; N, 16.70; Found: C, 54.93; H, 4.43; N, 16.34.

Preparation of 8-[4-(3-chloro-benzovyl)-[1.4]diazepan-1-vlmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one, 28.

[00164] Synthesized from compound 26. To a solution of compound 26 (0.2 g, 0.6
mmol) in 5 mL of CH,Cl, was added 1 mmol of TEA and 0.8 mmol of 3-chloro-benzoyl
chloride. The reaction was stirred overnight at room temperature. After the solvents were
evaporated, the residue was purified with semi-preparative HPLC to afford a solid (16 %
yield). MP: 147 - 149 °C; MS (ES-): 436; "H NMR (400 MHz, CDCl;): 1.88 - 2.08 (m,
2H), 2.86 -3.07 (m, 4H), 3.52 - 3.71 (m, 4H), 3.81 - 3.89 (m, 2H), 7.33 - 7.43 (m, 4H), 7.62
(d, 1H), 7.81 (t, 1H), 7.90 (t, 1H). Anal. Calcd. for C,;H;CINgO,- 0.7 H,0: C, 54.89; H,
4.39: N, 16.70; Found: C, 54.93; H, 4.43; N, 16.34.

Preparation of §8-(4-pvyridin-2-vl-piperazin-1-ylmethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-

3-one, 30.

[00165] Synthesized using 1-pyridin-2-yl-piperazine for General Procedure D. 20
% overall yield for last two steps. A mesylate salt of 30 was prepared. MS (ES-): 360; 'H
NMR (400 MHz, DMSO-ds): 2.37 (s, 6H), 3.52 (s, br, 4H), 3.93 (s, br, 4H), 4.30 ( s, 2H),
6.93 (t, J=6.6 Hz, 1H), 7.25 (d, /= 8.6 Hz, 1H), 7.47 (d, J=7.8 Hz, 1H), 7.73 (d, J="7.8
Hz, 1H), 7.82 - 7.91 (m, 2H), 8.16 - 8.18 (m, 1H), 11.96 (s, 1H). Anal. Calcd. for
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CioH1oN70. 1.9 CH3SOsH. 1.2 H,0-: C, 44.38; H, 5.17; N, 17.33; S, 10.77; Found: C,
4421; H, 5.19; N, 17.28; S, 10.68.

Preparation of §- {[2-(2-fluoro-phenvl)-ethylamino]-methvl}-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 31.

[00166] Synthesized using 2-(2-fluoro-phenyl)-ethylamine for General Procedure
D. 20 % overall yield for last two steps. A mesylate salt of 31 was prepared. MS (ES-):
336; '"H NMR (400 MHz, DMSO-ds): 2.41 (s, 5H), 3.02 (t, J = 7.6 Hz, 2H), 3.32 (t, J= 8.3
Hz, 2H), 4.16 (s, 2H), 7.19 (t, J = 8.8 Hz, 2H), 7.32-7.35 (m, 2H), 7.42 (d, J= 7.8 Hz, 1H),
7.71 (d, J=7.8 Hz, 1H), 7.82 (t, J= 8.1 Hz, 1H), 9.10 (s, br, 1H), 11.92 (s, 1H). Anal.
Calcd. for CisHisFNsO . 1.75 CH3SOsH. 0.75 H,O: C, 45.70; H, 4.76; N, 13.49; S, 10.81;
Found: C, 45.45; H,4.69; N, 13.42; S, 11.10.

Preparation of §-[4-(4-fluoro-phenvl)-piperazin-1-ylmethvl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 32.

[00167] Synthesized using 4-(4-fluoro-phenyl)-piperazine for General Procedure
D. 57 % overall yield for last two steps. A mesylate salt of 32 was prepared. MS (ES-):
377; "H NMR (400 MHz, DMSO-dg): 2.40 (s, 5H), 3.45 (s, br, 4H), 3.59 (s, br, 4H), 4.37
(s, 2H), 7.03 - 7.15 (m, 4H), 7.44 (d, /= 7.8 Hz, 1H), 7.72 (d, J=7.8 Hz, 1H), 7.83 (t, J =
7.8 Hz, 1H), 9.8 (s, br, 1H), 11.94 (s, 1H). Anal. Calcd. for Cy0H9FNsO . 1.65 CH3SO:H:
C,46.85;H,5.01; N, 15.14; S, 9.53; Found: C, 46.74; H, 5.15; N, 15.14; S, 9.53.

Preparation of §- {[2-(4-Fluoro-phenvl)-ethylamino]-methvl}-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 33.

[00168] Synthesized using 2-(4-fluoro-phenyl)-ethylamine for General Procedure
D. 19 % overall yield for last two steps. A mesylate salt of 33 was prepared. MS (ES-):
336; '"H NMR (400 MHz, DMSO-ds): 2.38 (s, 6H), 3.06 - 3.10 (m, 2H), 3.30 - 3.34 (m,
2H), 4.18 (s, 2H), 7.19 - 7.22 (m, 2H), 7.34 - 7.42 (m, 3H), 7.71 (d, J=8.6 Hz, 1H), 7.82
(t,J=7.8 Hz, 1H), 9.6 (s, br, 1H), 11.92 (s, 1H). Anal. Calcd. for C;sHsFN5O. 2.0
CH3SO:H: C, 45.36; H,4.57; N, 13.22; S, 12.11; Found: C, 45.34; H, 4.58; N, 13.16; S,
11.88.
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Preparation of §-(4-acetyl-[1.4]diazepan-1-ylmethyl)-2.9-dihvdro-1,2.7.9-tetraaza-phenalen-3-

one, 34.

[00169] Synthesized using [1,4]diazepane-1-yl-ethanone for General Procedure D.
16 % overall yield for last two steps. MP: 191 -193 °C; MS (ES-): 339; "H NMR (400
MHz, CDChL): 2.11 (s, 3H), 2.84 - 2.93 (m, 4H), 3.56-3.76 (m, 6H), 7.66 (m, 1H), 7.83 -
7.92 (m, 2H), 9. 3(s, br, 1H), 11. 3 (s, br, 1H). Anal. Calcd. for C;7H»N¢O-. 0.6 H,O: C,
58.14; H, 6.08; N, 23.93; Found: C, 58.09; H, 6.18; N, 24.08.

Preparation of §-(phenethylamino-methyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one, 35.

[00170] Synthesized using phenetyhlamine for General Procedure D. 29 % overall
yield for last two steps. A mesylate salt of 35 was prepared. MS (ES-): 358; "H NMR (400
MHz, DMSO-ds): 2.32 (s, 3H), 3.00 - 3.04 (m, 2H), 3.31 - 3.36 (m, 2H), 4.15 (s, 1H), 7.27
-7.42 (m, 6H), 7.71 (d, J= 7.8 Hz, 1H), 7.82 (t, /= 7.8 Hz, 1H), 9.70 (s, br, 1H), 11.92 (s,
1H). Anal. Calcd. for C;sHi7NsO. 1.0 CH3SO3H. 1.8 H,O: C, 50.95; H, 5.54; N, 15.64; S,
7.16; Found: C, 50.95; H, 5.54; N, 15.64; S, 7.16;

Preparation of §-(4-phenyl-piperidin-1-ylmethvl)-2.9-dihvdro-1,2.7.9-tetraaza-phenalen-3-

one, 36.

[00171] Synthesized using 4-phenyl-piperidine for General Procedure D. 33 %
overall yield for last two steps. MS (ES-): 318; "H NMR (400 MHz, DMSO-dq): 1.87-1.93
(m, 4H), 2.37 - 2.46 (m, 2H), 2.56 (m, 1H), 3.10 - 3.14(m, 2H), 3.54 (s, 2H), 7.17-7.34 (m,
5H), 7.56 (bs, 1H), 7.76 (t, /= 7.8 Hz, 1H), 7.93 (d, J= 7.8 Hz, 1H), 11.10 (s, br, 1H),
11.76 (s, 1H). A mesylate salt of 36 was prepared. "H NMR (400 MHz, D,0): 2.08 (m,
4H), 2.95 (m, 1H), 3.34 (m, 2H), 3.84 (m, 2H), 4.23 (s, 2H), 7.21 - 7.39 (m, 6H), 7.59 (m,
1H), 7.70 (m, 1H). Anal. Calcd. for C,;H;;NsO. 1.3 CH3SO3;H. 0.5 H,O: C, 54.29; H, 5.56;
N, 14.19; S, 8.45; Found: C, 54.03; H, 5.65; N, 13.98; S, 8.64.

Preparation of §-(1,3-dihydro-isoindol-2-vlmethyl)-2.9-dihydro-1,2.7.9-tetraaza-phenalen-3-

one, 37.

[00172] Synthesized using isoindoline for General Procedure D. 40 % overall yield
for last two steps. MS (ES-): 316; "H NMR (400 MHz, DMSO-dq): 3.77 (s, 2H), 4.04 (s,
4H), 7.20 - 7.30 (m, 4H), 7.49 (d, /= 7.8 Hz, 1H), 7.6 (d, /= 7.8 Hz, 1H), 7.74 (t, J= 7.8
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Hz, 1H), 11.34 (s, br, 1H), 11.78 (s, IH). A mesylate salt of 37 was prepared. 'H NMR
(400 MHz, DMSO-dg): 2.34 (s, 3H), 4.64 (s, 2H), 4.87 (s, 4H), 7.39-7.46 (m, 5H), 7.72 (d,
J=17.8Hz, 1H), 7.83 (t, J=8.1 Hz, 1H), 11.30 (s, br, 1H), 11.95 (s, 1H). Anal. Calcd. for
CisHsNsO. 1.25 CH3SOsH. 2.0 H,0: C, 48.83; H, 5.11; N, 14.79; S, 8.46; Found: C,
48.80; H, 5.11; N, 14.97; S, 8.71.

Preparation of §-(4-benzenesulfonyl-[1.4]diazepan-1-ylmethvyl)-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 38.

[00173] Synthesized from compound 26. To a solution 0f 26 (0.2 g, 0.67 mmol) in
5mL of CH,Cl, was added TEA (2 mmol) and benzensulfonyl chloride (1 mmol). The
mixture was stirred at room temperature over night. After the solvents were evaporated, the
residue was poured into 10 mL of H,O and the product was purified by preparative HPLC
to afford analytically pure white solid (5 % yield). MP: 265 - 268 °C; MS (ES-): 437; 'H
NMR (400 MHz, DMSO-dg): 1.79 (m, 2H), 2.50 (m, 4H), 2.79 (m, 4H), 3.51 (s, 2H), 7.44
(d, 1H), 7.62 - 7.79 (m, 7H), 11.1 (s, br, 1H), 11.75 (s, 1H). Anal. Calcd. for C;;H2,N¢OsS.
0.5 H,0: C, 56.36; H, 5.18; N, 18.78; S, 7.17; Found: C, 56.44; H, 5.12; N, 19.00; S, 7.19.

[00174] A mesylate salt of 38 was prepared. MS (ES+): 439; "H NMR (400 MHz,
D,0): 2.18 (m, 2H), 2.35 (s, 6H), 3.36 (m, 2H), 3.65 (m, 6H), 4.3 (s, 2H), 7.24 (d, 1H),
7.51 -7.71 (m, 7H). Anal. Calcd. for C;;H»,NO3S. 1.8 CH3SO;3H. 1.0 H,O: C, 43.50; H,
5.00; N, 13.35; S, 14.26; Found: C, 43.61; H, 5.00; N, 13.15; S, 14.59.

Preparation of §-(4-pvridin-4-vl-piperazin-1-ylmethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-

3-one, 39.

[00175] Synthesized using 1-(4-pyridyl)piperazine for General Procedure D. 10 %
overall yield for last two steps. MS (ES-): 360; "H NMR (400 MHz, DMSO-de): 2.80 (t, J
=5.0 Hz, 4H), 3.61 (t, J= 5.0 Hz, 4H), 3.99 (s, 2H), 6.83 (d, /= 7.1 Hz, 2H), 7.42 - 7.45
(m, 1H), 7.73 - 7.81 (m, 2H), 8.26 (d, J= 7.1 Hz, 2H), 11.20 (s, br, 1H), 11.90 (s, 1H). An
HCl salt of 39 was prepared. "H NMR (400 MHz, D,0): 2.74 - 2.77 (m, 4H), 3.43 (s, 2H),
3.35-3.69 (m, 4H), 6.93 (d, J=7.1 Hz, 2H), 7.13 (d, /= 8.0 Hz, 1H), 7.37 (d, /= 7.8 Hz,
1H), 7.58 (t,J= 7.8 Hz, 1H), 7.92 (d, J= 7.1 Hz, 2H). Anal. Calcd. for C;0H;9N;O -1.0
HCI. 2.5 H,0: C, 51.53; H, 5.69; N, 22.14; Cl, 8.00; Found: C, 51.46; H, 5.69; N, 21.90;
Cl, 8.27.
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Preparation of §-(4-benzyl-piperazin-1-vlmethyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-

one, 40.

[00176] Synthesized using 4-benzyl-piperazine for General Procedure D. 12 %
overall yield for last two steps. MS (ES-): 373; "H NMR (400 MHz, DMSO-dq): 2.44 (s, br,
4H), 3.35 (s, br, 4H), 3.48 (s, 2H), 7.23 - 7.34 (m, 5H), 7.49 (d, /= 8.8 Hz, 1H), 7.62 (d, J
=7.8 Hz, 1H), 7.74 (t,J= 7.8 Hz, 1H), 11.10 (s, br, 1H), 11.77 (s, 1H). An HCl salt of 40
was prepared. "H NMR (400 MHz, D,0): 2.54 - 2.70 (m, 2H), 3.10 - 3.50 (m, 6H), 3.48 (s,
2H), 4.35 (s, 2H), 7.20 (d, J = 8.1 Hz, 1H), 7.45 (t, J= 7.8 Hz, 1H), 7.47- 7.51 (m, 5H),
7.62 (t, J= 8.1 Hz, 1H). Anal. Calcd. for C,;H,,NgO -1.0 HCI. 2.5 H,0: C, 55.32; H, 6.19;
N, 18.43; Found: C, 55.54; H, 6.08; N, 18.32.

Preparation of §-(4-methyl-[1.4]diazepan-1-ylmethvyl)-2.9-dihydro-1.2.7.9-tetraaza-phenalen-

3-one, 41.

[00177] Synthesized using 1-methyl-[1,4]diazepane for General Procedure D. 24
% overall yield for last two steps. MS (ES-): 311; 'H NMR (400 MHz, DMSO-dq): 1.75
(m, 2H), 2.26 (s, 3H), 2.55 (m, 4H), 2.79 (m, 4H), 3.48 (s, 2H), 7.52 (d, /= 8.2 Hz, 1H),
7.64 (d, J=17.2 Hz, 1H), 7.75 (t, J= 8.1 Hz, 1H), 11.55 (s, 1H). Anal. Calcd. for
Ci6H20NgO. 0.95 H,0: C, 58.33; H, 6.70; N, 25.51; Found: C, 58.32; H, 6.65; N, 25.53.

Preparation of §8-[4-(1H-indol-3-yl)-piperidin-1-ylmethyl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 42.

[00178] Synthesized using 3-piperidin-4-yl-1H-indole for General Procedure D. 19
% overall yield for last two steps. MS (ES-): 397, 'H NMR (400 MHz, DMSO-dq): 1.83 -
1.94 (m, 4H), 2.31 (m, 2H), 2.50 (s, 2H), 2.79 - 2.99 (m, 3H), 6.96 - 7.09 (m, 3H), 7.32 (d,
J=8.1 Hz, 1H), 7.54 - 7.63 (m, 3H), 7.75 (t, J= 7.3 Hz, 1H), 10.79 (s, 1H), 11.80 (s, 1H).
A mesylate salt of 42 was prepared. 'H NMR (400 MHz, DMSO-dq): 2.15 (m, 4H), 2.32 (s,
3H), 3.11 (m, 1H), 3.52 (m, 2H), 3.73 (m, 2H), 4.29 (s, 2H), 7.10 - 7.18 (m, 3H), 7.36 (d,
1H); 7.46(d, J = 8.2 Hz, 1H), 7.69 - 7.83 (m, 3H), 10.91 (s, 1H), 11.93 (s, 1H). Anal. Calcd.
for C»3H723:N6O. 1.0 CH3SOsH. 1.25 H,O: C, 55.23; H, 5.62; N, 16.91; S, 6.14; Found: C,
55.27;H, 5.53; N, 16.95; S, 6.00.
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Preparation of 8-[(2-pyridin-4-vyl-ethylamino)-methyl]-2.9-dihydro-1.2.7.9-tetraaza-phenalen-

3-one, 43.

[00179] Synthesized using 4-ethylamino-pyridine for General Procedure D. 10 %
overall yield for last two steps. An HCI salt of 43 was prepared. MS (ES-): 319; 'H NMR
(400 MHz, D,0): 3.28 (t, J = 7.8 Hz, 2H), 3.53 (t, /= 7.8 Hz, 2H), 4.09 (s, 2H), 7.02 (d, J
=8.0 Hz, 1H), 7.35 (d, /= 8.0 Hz, 1H), 7.52 (t, /= 8.0 Hz, 1H), 7.70 (d, J = 5.3 Hz, 2H),
8.52 (d, J = 5.3 Hz, 2H). Anal. Calcd. for C17;H;sNgO. 1.3 HCI. 2.6 H,0. 0.1 N,H4: C,
47.52: H, 5.38; N, 20.27; Found: C, 47.12; H, 5.26; N, 20.67.

Preparation of §-(3.,4-dihydro-1H-isoquinolin-2-ylmethvl)-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one ., 44.

[00180] Synthesized using 1,2,3,4-tetrahydro-isoquinoline for General Procedure
D. 30 % overall yield for last two steps. MS (ES-): 330; 'H NMR (400 MHz, DMSO-ds):
2.81-2.90(m, 4H); 3.52 (s, 2H), 3.72 (s, 2H), 7.05 — 7.25 (m, 4H), 7.51 (d, /= 7.8 Hz, 1H),
7.63 (d, J=8.0 Hz, 1H), 7.74 (t, J= 8.0 Hz, 1H), 11.30 (s, br, 1H), 11.91 (s, 1H). Anal.
Calcd. for C1oH7NsO: C, 68.87; H, 5.17; N, 21.13; Found: C, 68.34; H, 5.19; N, 21.30.

[00181] A mesylate salt of 44 was prepared. MS (ES-): 330; 'H NMR (400 MHz,
D,0): 2.80 (s,3H), 3.31 (t, 2H), 3.85 (m, 2H), 4.47 (s, 2H), 4.68 (s, 2H), 7.23 (d, J="7.8
Hz, 1H), 7.28 — 7.42 (m, 4H), 7.67 (d, J= 8.0 Hz, 1H); 7.80 (t, /= 7.9 Hz, 1H). Anal.
Calcd. for C1oH7NsO. 1.12 CH3SOsH. 2.0 H,O: C, 50.87; H, 5.41; N, 14.74; S, 7.56;
Found: C, 50.89; H, 5.47; N, 14.84; S, 7.63.

Preparation of §8-(5,6-Dimethoxv-3.4-dihvdro-1H-isoquinolin-2-vlmethvyl)-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 45.

[00182] Synthesized using 5,6-dimethoxy-1,2,3,4-tetrahydro-isoquinoline for
General Procedure D. 29 % overall yield for last two steps. MS (ES-): 311; "H NMR (400
MHz, DMSO-ds): 2.79 (s, 4H), 3.49 (s, 2H), 3.61 (s, 2H), 3.67 (s, 3H), 3.70 (s, 3H), 6.69
(d, J=8.8 Hz, 2H), 7.48 (d, J= 7.6 Hz, 1H), 7.63 (d, /= 7.8 Hz, 1H), 7.74 (t, /= 7.6 Hz,
1H), 11.55 (s, 1H). Anal. Calcd. for C;;H,1NsOs: C, 64.44; H, 5.41; N, 17.89; Found: C,
64.24; H, 5.43; N, 17.98.
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[00183] A mesylate salt of 45 was prepared. MS (ES-): 330; "H NMR (400 MHz,
D,0): 2.82 (s, 3H), 3.21 (t, 2H), 3.65 — 3.85 (m, 8H), 4.48 (s, 2H), 4.60 (s, 2H), 6.75(s,
1H), 6.83(s, 1H), 7.38 (d, 1H), 7.71 (d, 1H), 7.82 (t, IH). Anal. Calcd. for C;;H,1N5Os.
1.18 CH3SO;H. 1.75 H,0: C, 49.70; H, 5.49; N, 13.07; S, 7.03; Found: C, 49.77; H, 5.49;
N, 13.17; S, 7.03.

Preparation of §-[4-(3-Trifluoromethvl-benzenesulfonvl)-[1.4]diazepan-1-ylmethyl]-2.9-

dihvdro-1,2.7.9-tetraaza-phenalen-3-one, 46.

[00184] Synthesized from compound 26. To a solution 0f 26 (0.2 g, 0.67 mmol) in
5mL of CH,Cl, was added TEA (2 mmol) and 3-trifluoromethyl-benzenesulfony chloride
(1 mmol). The mixture was stirred at room temperature over night. After the solvents were
evaporated, the residue was poured into 10 mL of H,O and the product was purified by
preparative HPLC to afford analytically pure white solid (15 % yield). MS (ES+): 507; 'H
NMR (400 MHz, DMSO-dq): 1.82 (m, 2H), 2.73 - 2.81 (m, 4H), 3.25 — 3.42 (m, 6H), 7.44
(d, /J=7.8Hz, 1H), 7.63 (d, /= 7.2 Hz, 1H), 7.74 (t, J= 7.8 Hz, 1H), 7.89 (t, /= 8.2 Hz,
1H), 8.04 - 8.13 (m, 3H), 11.10 (s, br, 1H), 11.75 (s, 1H). Anal. Calcd. for Cy,H»1F3;NgOsS.
1.1 H,O: C, 50.21; H, 4.44; N, 15.97; S, 6.09; Found: C, 50.19; H, 4.54; N, 15.50; S, 5.97.
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General Procedure F: Preparation of compounds 47A and 47B:

[00185] Displacement of the chloro group of compound 4 with piperazine or
[1,4]diazepane using General procedure F provides the compound 47A or 47B. To a
stirring solution of 4 (1eq) in acetonitrile was added piperazine or [1,4]diazepane (large
excess) under a blanket of nitrogen. The solution was allowed to stir overnight and then
evaporated to dryness. The crude material was purified via silica plug with 9:1
dichloromethane : methanol to afford a white solid, 4-Oxo-2-piperazin-1-ylmethyl-3,4-
dihydro-quinazoline-5-carboxylic acid methyl ester, 47A or 2-[1,4]diazepan-1-ylmethyl-4-

0x0-3,4-dihydro-quinazoline-5-carboxylic acid methyl ester, 47B.
General Procedure G: Preparation of compounds 48A and 48B:

[00186] A reaction of amine 47A or 47B with various sulfonyl chloride yields
sulfonyl amide 48A or 48B. To a stirring solution of 47A or 47B (1.0 eq) in pyridine was
added various sulfonyl chloride (1.1 eq). The reaction was allowed to stir overnight and

then was evaporated to dryness. The residue was then extracted with dichloromethane and
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washed with brine. The product was evaporated to dryness and used without further

purification.
General Procedure E: Preparation of compounds 49A and 49B, :

[00187] A 2,9-dihydro-1,2,7,9-tetraaza-phenalen-3-one ring can be formed by
condensation of the compound 48A or 48B with hydrazine. To a solution of the compounds
6 in absolute ethanol is added excess anhydrous hydrazine at room temperature. The
solution is refluxed for overnight and cooled to room temperature. Ice-cold water is added
and white solid is separated. The solid is collected by vacuum filtration and washed with
water and small amount of methanol to give white solid products 6 in 40 — 90 % of yield.

An example was given in the preparation of compounds 49A and 49B.
Example 2

Preparation of §-[4-(4-methoxy-benzenesulfonyl)-piperazin-1-ylmethvyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3- one, 50.

[00188] To a stirring solution of 4 (2.2 g, 8.73 mmol, 1eq) in 200 mL of
acetonitrile was added piperazine (14 g, 0.162 mol, large excess) under a blanket of
nitrogen. The solution was allowed to stir overnight and then evaporated to dryness. The
crude material was purified via silica plug with 9:1 dichloromethane:methanol to afford 2.0
g of a fluffy white solid, 4-Oxo-2-piperazin-1-ylmethyl-3,4-dihydro-quinazoline-5-
carboxylic acid methyl ester, 47A. MS (ES-): 301; 'H NMR (400 MHz, DMSO-ds): 2.40 -
2.43 (m, 4H), 2.69 - 2.72 (m, 4H), 3.41 (s, 2H), 3.83 (s, 3H), 7.44 (d, /= 7.2 Hz, 1H), 7.74
(d, J=8.2 Hz, 1H), 7.82 (t, J= 7.8 Hz, 1 H).

[00189] To a stirring solution of 47A (170 mg, 0.56 mmol, leq) in 5 mL of
pyridine was added 4-methoxybenzene sulfonyl chloride (130 mg, 0.62 mmol, 1.1 eq)
resulting in a bright yellow solution. The reaction was allowed to stir overnight and then
was evaporated to dryness. The waxy residue was then extracted with dichloromethane
and washed with brine. The crude material was dissolved in 10 mL of EtOH and 5 mL of
hydrazine monohydrate (large excess). This solution was refluxed overnight resulting in a
heavy white precipitate which was filtered, washed with ethyl ether and dried to give an off

white solid. This solid was then purified via chromatography to afford 112 mg of
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analytically pure compound 50. A mesylate salt of 50 was prepared. 8 % overall yield for
last three steps. MS (ES+): 455; "H NMR (400 MHz, DMSO-ds): 2.34 (s, 3H), 3.19 (bs,
4H), 3.44 (bs, 4H), 3.89 (s, 3H), 4.20 (s, 2H), 7.25 (d, /=9.0 Hz, 2H), 7.72 (d, /= 7.8 Hz,
1H), 7.70-7.83 (m, 4H), 11.20(s, br, 1H), 11.93 (s, IH). Anal. Calcd. for C,;H2,N¢O4S. 1.5
CH3SOsH. 3.0 H,0.0.1 NoHy4: C,41.20; H, 5.29; N, 13.24; S, 12.22; Found: C, 41.07; H,
5.09; N, 13.53; S, 12.62.

[00190] The following compounds were synthesized from the similar procedures

of preparation of compound 50, using the appropriate corresponding sulfonyl chloride.

Preparation of §-[4-(3-fluoro-benzenesulfonvl)-piperazin-1-ylmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one ., 51.

[00191] Synthesized using 3-fluoro-benzenesulfonyl chloride and compound 47A
for General Procedure G. A mesylate salt of 51 was prepared. 35 % overall yield for last
three steps. MS (ES-): 441; "H NMR (400 MHz, DMSO-ds): 2.31 (s, 3H), 3.25 (bs, 4H),
3.39 (bs, 4H), 4.15 (s, 2H), 7.42 (d, J= 7.8 Hz, 1H), 7.65 - 7.71 (m, 4H), 7.78 - 7.82(m,
2H), 11.78 (s, 1H). Anal. Calcd. for C,0H19N6O3S. 1.25 CH3SOsH. 2.4 H,0: C, 42.43; H,
4.87; N, 13.87; S, 11.91; Found: C, 42.13; H, 4.79; N, 13.48; S, 11.89.

Preparation of §-[4-(toluene-4-sulfonyl)-piperazin-1-ylmethvyl]-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 52.

[00192] Synthesized using tolune-4-sulfonyl chloride and compound 47A for
General Procedure G. A mesylate salt of 52 was prepared. 38 % overall yield for last three
steps. MS (ES-): 438; "H NMR (400 MHz, DMSO-ds): 2.36 (s, 3H), 2.45 (s, 3H), 3.20 (bs,
4H), 3.46 (bs, 4H), 4.22 (s, 2H), 7.43 (d, J= 7.8 Hz, 1H), 7.54 (d, /= 7.8 Hz, 2H), 7.68 -
7.81 (m, 4H), 11.90 (s, 1H). Anal. Calcd. for C,;H2,NgO3S. 1.3 CH3SO3H. 4.0 H,O: C,
42.25;H, 5.58; N, 13.22; S, 11.61; Found: C, 42.63; H, 5.53; N, 13.40; S, 11.90.

Preparation of §8-(4-benzenesulfonyl-piperazin-1-ylmethvyl)-2.9-dihydro-1.2.7.9-tetraaza-

phenalen-3-one, 53.

[00193] Synthesized using benzensulfonyl chloride and compound 47A for
General Procedure G. A mesylate salt of 53 was prepared. 30 % overall yield for last three
steps. MS (ES-): 438; "H NMR (400 MHz, DMSO-dq): 2.70 (s, 3H), 3.36 (bs, 4H), 3.51
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(bs, 4H), 4.14 (s, 2H), 7.11 (d, J = 8.0 Hz, 1H), 7.40-7.70 (m, 7H), 11.90 (s, 1H). Anal.
Calcd. for C20H20N603S. 1.2 CH3803H. 2.5 HQO. 0.08 N2H4i C, 43.36; H, 5.17; N, 14.67;
S, 12.01; Found: C, 43.00; H, 5.17; N, 15.05; S, 12.40.

Preparation of §-[4-(3-trifluoromethyl-benzenesulfonvl)-piperazin-1-vlmethyl]-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 54.

[00194] Synthesized using 3-trifluoro-benzensulfonyl chloride and compound 47A
for General Procedure G. A mesylate salt of 54 was prepared. 15 % overall yield for last
three steps. MS (ES-): 438; "H NMR (400 MHz, DMSO-ds): 2.32 (s, 3H), 3.26-3.35 (m,
8H), 4.10 (s, 2H), 7.43 (d, /= 8.0 Hz, 1H), 7.69 - 7.80 (m, 2H), 7.98 - 8.26 (m, 4H), 11.92
(s, 1H)

[00195] Anal. Calcd. for C21H19F3N603S. 1.3 CH3803H. 2.0 HQOi C, 40.99; H,
4.35;N, 12.86; S, 11.29; Found: C, 40.71; H, 4.60; N, 12.68; S, 11.50.

Preparation of §-[4-(4-chloro-benzenesulfonyl)-piperazin-1-ylmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one, 55.

[00196] Synthesized using 4-chlorobenzensulfonyl chloride and compound 47A
for General Procedure G. A mesylate salt of 55 was prepared. 15 % overall yield for last
three steps. MS (ES-): 458; "H NMR (400 MHz, DMSO-dq): 2.31 (s, 3H), 3.18 (bs, 4H),
3.40 (bs, 4H), 3.98 (s, 2H), 7.43 (d, J= 7.7 Hz, 1H), 7.68 - 7.84 (m, 5H), 11.90 (s, 1H).
Anal. Calcd. for Cyo0H;9CINgOsS. 1.3 CH3SO3H. 2.0 H,O: C, 41.27; H, 4.59; N, 13.56; S,
11.90; Found: C, 41.07; H, 4.66; N, 13.30; S, 11.89.

Preparation of §-[4-(4-fluoro-benzenesulfonvl)-piperazin-1-ylmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one, 56.

[00197] Synthesized using 4-fluorobenzensulfonyl chloride and compound 47A for
General Procedure G. An HCl salt of 56 was prepared. 42 % overall yield for last three
steps. MS (ES-): 441; "H NMR (400 MHz, DMSO-dg): 2.31 (s, 3H), 3.18 (bs, 4H), 3.40
(bs, 4H), 3.98 (s, 2H), 7.43 (d, /= 7.8 Hz, 1H), 7.68 - 7.84 (m, 5SH), 11.90 (s, 1H).

Preparation of §-[4-(4-isopropyl-benzenesulfonyl)-piperazin-1-vlmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one, 57.
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[00198] Synthesized using 4-isopropylbenzensulfonyl chloride and compound 47A
for General Procedure G. A mesylate salt of §7 was prepared. 22 % overall yield for last
three steps. MS (ES-): 465; "H NMR (400 MHz, DMSO-dq): 1.26 (d, J = 6.8 Hz, 6H), 2.33
(s, 3H), 3.01 - 3.05 (m, 1H), 3.16 - 3.32 (m, 10H), 7.41 (d, J=8.1 Hz, 1H), 7.59 (d, /= 8.6
Hz, 2H), 7.68 - 7.80 (m, 4H), 11.89 (s, 1H). Anal. Calcd. for C,3H26NgO3S. 1.35 CH3SOsH.
1.75 H,0. 0.1 N,H4: C, 46.35; H, 5.64; N, 13.76; S, 11.94; Found: C, 46.01; H, 5.62; N,
13.80; S, 12.33.

Preparation of §-[4-(4-tert-butyl-benzenesulfonvl)-piperazin-1-ylmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one, 58.

[00199] Synthesized using 4-tertbutylbenzensulfonyl chloride and compound 47A
for General Procedure G. A mesylate salt of S8 was prepared. 23 % overall yield for last
three steps. MS (ES-): 480; "H NMR (400 MHz, DMSO-dq): 1.25 (s, 9H), 2.21 (s, 3H),
3.05 - 3.15 (m, 8H), 3.99 (bs, 2H), 7.32 (d, /= 8.1 Hz, 1H), 7.59 - 7.72 (m, 6H), 11.81 (s,
1H). Anal. Calcd. for C24H2sNeO3S. 1.5 CH3SO3H. 2.75 H,0: C, 45.42; H, 5.90; N, 12.46;
S, 11.89; Found: C, 45.23; H, 5.76; N, 12.84; S, 12.17.

Preparation of §-[4-(4-isopropyl-benzenesulfonyl)-[1.4]diazepan-1-ylmethyl]-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 59.

[00200] Synthesized using 4-isopropylbenzensulfonyl chloride and compound 47B
for General Procedure G. 22 % overall yield for last two steps. MS (ES-): 479; 'H NMR
(400 MHz, DMSO-dg): 1.23 (d, 6H), 1.79 (m, 2H), 2.40 — 2.55 (m, 4H), 2.71 — 2.90 (m,
4H), 3.00 (m, 1H), 3.48 (s, 2H), 7.48 (m, 3H), 7.73 (m, 4H), 11.80 (s, 1H). Anal. Calcd. for
Co4H2sNgO3S: C, 59.98; H, 5.87; N, 17.49; S, 6.67; Found: C, 60.02; H, 5.85; N, 17.55; S,
6.52.

Preparation of §-[4-(4-chloro-benzenesulfonyl)-[1.4]diazepan-1-ylmethvl]-2.9-dihvdro-

1.,2.7.9-tetraaza-phenalen-3-one, 60.

[00201] Synthesized using 4-chloro-benzenesulfony chloride and compound 47B
for General Procedure G. 8 % overall yield for last three steps. MS (ES-): 472; '"H NMR
(400 MHz, DMSO-d): 1.80 (m, 2H), 2.73 -2.78 (m, 4H), 3.50 (m, 4H), 3.69 (s, 2H),
7.45(d, J=8.2 Hz, 1H), 7.71 - 7.83 (m, 6H), 10.95 (s, br, 1H), 11.76(s, 1H). A mesylate
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salt of 60 was prepared. 'H NMR (400 MHz, D,0): 1.92 (m, 2H), 2.73 (s, 5H), 3.50 - 3.77
(m, 8H), 4.36 (s, 2H), 7.49 (d, J= 7.2 Hz, 1H), 7.75 (t, /= 8.1 Hz, 2H), 7.78 =7.93 (m,
4H). Anal. Calcd. for C,;H2;CINgO3S. 1.61 CH3SOsH: C, 39.57; H, 4.99; N, 12.25; S,
12.20; Found: C, 39.50; H, 5.29; N, 12.57; S, 12.47.

Preparation of §-[4-(3-fluoro-benzenesulfonvl)-[1.4]diazepan-1-ylmethyl]-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 61.

[00202] Synthesized using 3-fluoro-benzenesulfony chloride and compound 47B
for General Procedure G. 16 % overall yield for last two steps. MS (ES+): 457, 'H NMR
(400 MHz, DMSO-dg): 1.79 (m, 2H), 2.70 - 2.81 (m, 4H), 3.26 - 3.40 (m, 4H), 3.48 (s, 2H),
7.45(d, J=17.3 Hz, 1H); 7.55 - 7.74 (m, 6H), 11.10 (s, br, 1H), 11.75 (s, 1H). Anal. Calcd.
for C;1H21FNgO1S. 1.15 H,0: C, 52.85; H, 4.92;: N, 17.61; S, 6.72; Found: C, 52.88; H,
4.93; N, 17.43; S, 6.48.

Preparation of §8-[4-(4-methoxy-benzenesulfonyl)-[1.4]diazepan-1-yvlmethvl]-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 62.

[00203] Synthesized using 4-methoxy-benzensulfonyl chloride and compound 47B
for General Procedure G. 21 % overall yield for last two steps. MS (ES+): 469; 'H NMR
(400 MHz, DMSO-dg): 1.78 (m, 2H), 2.72 - 2.79 (m, 4H), 3.30 - 3.39 (m, 4H), 3.48 (s, 2H),
3.84 (s, 3H), 7.14 (d, J = 8.2 Hz, 2H), 7.48 (d, J= 8.1 Hz, 1H), 7.63 (d, /= 7.2 Hz, 1H);
7.09 —7.22 (m, 3H), 11.10 (s, br, 1H), 11.80 (s, IH). Anal. Calcd. for C,;H24NsO4S. 1.0
H,0: C, 54.31; H, 5.39; N, 17.27; S, 6.59; Found: C, 54.38; H, 5.34; N, 17.28; S, 6.19.

Preparation of §-[4-(4-tert-butyl-benzenesulfonvyl)-[1.4]diazepan-1-yvimethyl]-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 63.

[00204] Synthesized using 4-t-butyl-benzenesulfony chloride and compound 47B
for General Procedure G. 14 % overall yield for last two steps. MS (ES-): 493; 'H NMR
(400 MHz, DMSO-dg): 1.31 (s, 9H), 1.79 (m, 2H), 2.73 - 2.86 (m, 4H), 3.26 - 3.41 (m, 4H),
3.48 (s, 2H), 7.45 (d, J= 8.6 Hz, 1H), 7.62 - 7.76 (m, 6H), 11.20 (s, br, 1H), 11.80 (s, 1H).
Anal. Calcd. for CysH30NgO3S: C, 60.71; H, 6.11; N, 16.99; S, 6.48; Found: C, 60.78; H,
6.10; N, 17.08; S, 6.36.
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Preparation of §-[4-(4-amino-benzenesulfonyl)-[1.4]diazepan-1-ylmethyl]-2.9-dihydro-

1.,2.7.9-tetraaza-phenalen-3-one, 64.

[00205] Synthesized using 4-nitro-benzenesulfony chloride and compound 47B for
General Procedure G. 14 % overall yield for last two steps. MS (ES-): 452; "H NMR (400
MHz, DMSO-dg): 1.76 (m, 2H), 2.71 - 2.79 (m, 4H), 3.21 - 3.31 (m, 4H), 3.46 (s, 2H), 6.01
(s, 2H), 6.64 (d, J= 8.6 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 7.48(d, J= 8.0 Hz, 1H), 7.63 (d,
J=79Hz, 1H), 7.74 (t, J=7.8 Hz, 1H), 11.10 (s, br, 1H), 11.75 (s, 1H). Anal. Calcd. for
C,1H2:3N50:S. 0.5 H,O: C, 54.53; H, 5.23; N, 21.20; S, 6.93; Found: C, 54.50; H, 5.24; N,
20.84; S, 6.74.

Preparation of §-[4-(biphenyl-4-sulfonyl)-[1.4]diazepan-1-ylmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one. 65.

[00206] Synthesized using biphenyl-4-sulfony chloride and compound 47B for
General Procedure G. 10 % overall yield for last two steps. MS (ES-): 513; "H NMR (400
MHz, DMSO-d): 1.82 (m, 2H), 2.73 - 2.83 (m, 4H), 3.29 - 3.41 (m, 4H), 3.48 (s, 2H), 7.47
- 7.53 (m, 4H), 7.62 (d, J= 8.1 Hz, 1H), 7.68 - 7.78 (m, 3H), 7.82 - 7.93 (m, 4H), 11.00 (s,
br, 1H), 11.75 (s, 1H). Anal. Calcd. for C»7H6N6O3S. 2.3 H,O: C, 58.32; H, 5.55; N, 15.11;
S, 5.77; Found: C, 58.24; H, 4.89; N, 15.10; S, 5.79.

Preparation of §-[4-(4-amino-benzenesulfonyl)-piperazin-1-vlmethyl]-2.9-dihydro-1.2.7.9-

tetraaza-phenalen-3-one. 66.

[00207] Synthesized using 4-nitrobenzene sulfonyl chloride and compound 47A
for General Procedure G. A mesylate salt of 66 was prepared. 35 % overall yield for last
three steps. MS (ES-): 438; "H NMR (400 MHz, DMSO-dq): 2.32 (s, 3H), 3.13 (bs, 4H),
3.42 (bs, 4H), 4.18 (s, 2H), 6.71 (d, J = 8.8 Hz, 2H), 7.40 - 7.43 (m, 3H), 7.70 - 7.80 (m,
2H), 11. 20 (s,br, 1H), 11.92 (s, 1H). Anal. Calcd. for CyoH21N;0sS. 1.3 CH3SOsH. 2.75
H,0: C, 41.67; H, 5.20; N, 15.97; S, 12.01; Found: C, 41.76; H, 5.25; N, 15.92; S, 12.22.
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General Procedure L to prepare compounds 71. To a stirring solution of 70 (1.0 eq) in THF
under nitrogen was added TEA (1mL, excess) and either sulfonyl chloride or acid chloride (1.2
eq). The reaction was allowed to stir for four hours after which time it was evaporated and
extracted with CH,ClL,/H;0, dried and condensed. Crude material was further purified via
column chromatography using 9:1 CH,Cl,/MeOH to afford analytically pure products 71.

Example 3

Preparation of (3-0x0-2.9-dihydro-3H-1.2.7.9-tetraaza-phenalen-8-ylmethyl)-carbamic acid

tert-butyl ester, 69.

[00208] Procedure H to prepare 2-aminomethyl-4-oxo0-3,4-dihydro-quinazoline-5-
carboxylic acid methyl ester, 67. To a solution of 25 mL of 7N NHj (large excess) in
MeOH at 0 °C was added compound 4 (1.0 g, 4.0 mmol) in a sealed tube. The mixture was
then heated to 60 °C for 4 hours. The mixture was evaporated to dryness, dissolved and re-

evaporated in 2 x 50 mL of CH,Cl,. Product was used as is without further purification.

[00209] Procedure I to prepare 2-(tert-butoxycarbonylamino-methyl)-4-0x0-3,4-
dihydro-quinazoline-5-carboxylic acid methyl ester, 68. To a solution of 50 mL CH,Cl, of
with 2 mL of TEA (excess), catalytic DMAP and compound 67 (from Procedure H) was

added boc anhydride (2.6 g, 3 eq) at room temperature. Reaction was allowed to stir for 60
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minutes, during which time all solids went into solution. The solution was evaporated to
dryness and purified via column chromatography using CH,Cl, and 5 % MeOH to afford
0.5 g of analytically pure compound, 68.

[00210] Procedure J to prepare 69. 5 g of compound 68 was dissolved in 10 mL of
hydrazine monohydrate and 25 mL of ethanol. The mixture was refluxed for four hours
until no starting material was detected by TLC. Reaction was cooled, poured over 100 mL
of cold water and extracted with 2 x 25 mL of EtOAc. Organic layers were dried with
brine and then magnesium sulfate. Purified via column chromatography using 9:1
CH,Cl,/MeOH to afford 2.7 g of analytically pure compound 69. MS (ES-): 314; 'H NMR
(400 MHz, CDCl): 1.45 (s, 9H), 3.90 (s, 2H), 6.15 (bs, 1H), 6.94 -7.30 (m, 3H), 12.38 -
12.43 (m, br, 2H). Anal. Calcd. for C;sH7N50s. 0.2 H,O: C, 56.49; H, 5.50; N, 21.96;
Found: C, 56.61; H, 5.60; N, 21.85.

Preparation of §-aminomethyl-2.9-dihydro-1.2.7.9-tetraaza-phenalen-3-one, 70.

[00211] Procedure K to prepare 70. 250 mg of compound 69 was dissolved in 10
mL of CH,Cl, along with 4 mL of TFA. The reaction was allowed to stir at room
temperature overnight resulting in a heavy white precipitate, which was filtered off and
washed with CH,Cl, and dried under vacuum to afford a quantitative yield of analytically
pure material, a TFA salt of compound 70. MS (ES+): 216; 'H NMR (400 MHz, D,0):
3.97 (s, 2H), 6.91 (d, J=8.2 Hz, 1H), 7.23 (d, /= 7.8 Hz, 1H), 7.43 (t, /= 8.0 Hz, 1H).
Anal. Calcd. for C;0HoNsO. 1.3 CF;COOH. 0.2 H,0: C, 41.27; H, 2.86; N, 19.10; Found:
C,41.00; H, 3.04; N, 19.25.

Preparation of 4-methvl-N-(3-0x0-2.9-dihydro-3H-1.2.7.9-tetraaza-phenalen-8-ylmethvyl)-

benzenesulfonamide, 72.

[00212] Synthesized using 4-methylbenzene sulfonyl chloride and compound 70
for General Procedure L. 20 % yield for compound 72. MS (ES-): 368; "H NMR (400
MHz, CDClL): 2.27 (s, 3H), 3.93 (s, 2H), 7.28 - 7.43 (m, 3H), 7.67 - 7.78 (m, 4H), 11.43 (s,
1H), 11.83 (s, 1H). Anal. Calcd. for C17HsNsO3S: C, 55.27; H, 4.09; N, 18.96; S, 8.68;
Found: C, 54.93; H, 4.09; N, 18.63; S, 8.33.
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Preparation of N-(3-0x0-2.9-dihydro-3H-1.2.7.9-tetraaza-phenalen-8-vlmethyl)-

benzenesulfonamide, 74.

[00213] Synthesized using benzene sulfonyl chloride and compound 70 for
General Procedure L. 25 % yield for compound 74. MS (ES-): 354; "H NMR (400 MHz,
CDClhL): 3.95 (d, J=5.0 Hz, 2H), 7.44 (d, J= 7.8 Hz, 1H), 7.45 - 7.60 (m, 3H), 7.67 - 7.77
(m, 2H), 7.91 - 7.93 (m, 2H), 8.24 (t, J= 8.8 Hz, 1H), 11.24 (s, 1H), 11.83 (s, 1H). Anal.
Calcd. for C1sH13NsO3S. 1.0 H,O: C, 51.47; H, 4.05; N, 18.76; S, 8.59; Found: C, 51.17; H,
4.20; N, 18.73; S, 8.31.

Preparation of N-(3-0x0-2.9-dihydro-3H-1.2.7.9-tetraaza-phenalen-8-vlmethyl)-acetamide, 75.

[00214] Synthesized using acetic anhydride and compound 70 for General
Procedure L. 22 % yield for compound 75. MS (ES-): 256; 'H NMR (400 MHz, DMSO-
ds): 1.91 (s, 3H), 4.05 (s, 2H), 7.32 (d, /= 8.1 Hz, 1H), 7.49 - 7.81 (m, 2H), 8.40 (t, /= 8.3
Hz, 1H). 11.25 (s, 1H), 11.75 (s, 1H). Anal. Calcd. for C1,H1NsO,. 0.5 H,0: C, 54.13; H,
4.54; N, 26.30; Found: C, 54.14; H, 4.52; N, 26.00.

Preparation of 4-nitro-N-(3-0x0-2.9-dihydro-3H-1.2.7.9-tetraaza-phenalen-8-vimethyl)-

benzamide, 76.

[00215] Synthesized using 4-nitro-benzoyl chloride and compound 70 for General
Procedure L. 25 % yield for compound 76. MS (ES-): 363; 'H NMR (400 MHz, CDCl):
3.99 (s, 2H), 7.18 - 7.20 (m, 1H), 7.34 - 7.38 (m, 1H), 7.75 - 7.90 (m, 2H), 8.20 - 8.32 (m,
2H), 8.40 - 8.48 (m, 3H).

In vitro PARP Inhibitory Potency — ICs

[00216] A convenient method to determine ICsy of a PARP inhibitor compound is
a PARP assay using purified recombinant human PARP from Trevigan (Gaithersburg,
Md.), as follows: The PARP enzyme assay is set up on ice in a volume of 100 microliters
consisting of 100 mM Tris-HCI (pH 8.0), | mM MgCl,, 28 mM KCIl, 28 mM NacCl, 3.0
ug/ml of DNase I-activated herring sperm DNA (Sigma, Mo.), 30 micromolar
[*H]nicotinamide adenine dinucleotide (62.5 mei/mmole), 15 micrograms/ml PARP

enzyme, and various concentrations of the compounds to be tested. The reaction is initiated
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Efficacy in vivo for Compound 13 1) Mouse intracranial model of B16 melanoma: [00218]The murine
melanoma cell line B16 of C57BL/6J (H-21711-25 origin was cultured in RPMI-1640 containing 10%
fetal calf seMiRIAVRAOYEN, Milan, -Italy), 2 mM L-glutamine, 100 units/m| pBRIENRFUEE B0 pg/m1
streptomycin (Flow Laboratories, Mc Lean, VA), at 37C in a 5% CO2 humidified atmosphere. TMZ was
provided by Schering-Plough Research institute (Kenilworth, NJ). Compound 13 was dissolved in 70
mM PBS without potassium. [00219]For intracranial transplantation, cells (104 in 0.03 ml of
RPMT-1640pwaddiinjectadiatadiacididyidic Y ibraughrthe 281ie Afted dlenarea b fie trientah abne to a 2

mm depth, using.a 0.1 nil glass microsyringe.and a 27-gauge di I edle. Murine.melanoma
16 colls (10T aTer T e e e B R S B T e onge,
animals werd bmpstbtipiiacdforitie & etaraisé (0ontg/kg)andibsl ddtae ((Sohgf d) nifit 9o NaC ndolution
(20 ml/kg/ip). Histalogical evaluation @f tumor growth in the brain was performed 1-5 days after tumor
Challenge, 1 OISR (e the e S Rl oS0 G BSOS M4 A6 memiistered
per os 15 midcbafonecd biyscodtaclomiceimene dleaymripjectédoitiisdgnédriclese ifo tmchor fosaring
mice treatment started 460, after ehallgnae, whep.tumer nfitration. in e suraunding brain fissue was
histologicallyp vident. Mice were treated wit compouncri1 a_&p%ly oranavage once a days?or five days, at
the doses ofifiDibmggkgsfe®221]In tumor-bearing mice, treatment started on day 2 after challenge,
when tumor infiltration in the surrounding brain tissue was histologically evident. Mice were treated
daily with compd®11B plud/TimztherBAdRLR essarddersnibsetbfoiemorteditinfeicd0 daysluvtedian survival
times (MST) 3’%@2[1%&19%8{%@%113&%?80 8?1%9.96 of increase in lifespan (ILS) was calculated as:
{IMST (days) of treated mice/MST (days) ot control mice]-11 x100. Efficacy of treatments was
evaluated by comparing survival curves between treated and control groups. WO
20091046205PCT/US2008/078606 [00222]All procedures involving mice and care were performed in
compliance with national and international guidelingg. European Economy Community Council
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Directive 86/109, 0LJ318, Dec. 1,1987 and N1H Guide for care and use of laboratory animals, 1985).
[00223]Survival curves were generated by Kaplan-Meier product-limit estimate and statistical
differences BEMEEH#Various groups (8 animals/group) were evaluated REBYSHE/ G§a9¢sis with
Yates correction (software Primer of Biostatistics, McGraw-Hill, New York, NY). Statistical significance
was determined at a p = 0.05 level. Differences were considered statistically significant when P <0.05.
[00224]The results indicate oral administration of 10 mg/kg compound 13 significantly increased the
survival timd®f mice;treatddl with compound 13 + TMZ combination and was significantly higher than
that observed in anin &egiving TMZ as single agent (P <0.0801). No significant differences in
survival times were ¢ tween control land TMZ treated groups (Figure 1). 2) Intracranial
xenograft model of S MZ ghtgrRa in mice: [Q0225]The compound 13 was tested in the intracranial
xenografl model of S R gligma i micz (Tentori, et al. Clin. Cancer Reser. 2003, 9, 5370). For this

purpose compound 13 Was glVen Ofice in pre-TMZ at 10 mg/kg, po. [00226]A dose of 10 mg/kg
compound 13 was fqund to be efficacio lre 2). its combination with TMZ increased MTS from
22.5 d (TMZ &one) to-25-a-{P-=-0:002)-Effteacy in vivo for Compound 37 1) Mouse intracranial model
of B16 melahbma: [00227The experiment was performed as described above for Compound 13. it

1O und 37 ¢ mg/kg or 12,5 mg/kg), might increase
the CNS site. In mice bearing B16 melanoma,
groups treated with Compound 37 12.5 mg/kg +
erved in animals receiving TMZ as single agent
jliama in mice:
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WO 20091046205PCT/US2008/078606 1002281The efficacy of Compound 37 was then investigated
using an orthotopic model of a human glioblastoma multiforme xenografl (SJGBM2) in nude mice. The
response ofYBAEBRIAEYPTMZ, used as single agent or in combination with E6HBEOUNE/ B0 mg/kg or
20 mg/kg) for five days or in combination with Compound 37 (MGI25036) 10 mg/kg for five days
followed by a 14-day treatment with Compound 37 100 mg/kg as single agent, is shown in Figure 4.
The results indicate that oral administration of Compound 37 (10 mg/kg or 20 mg/kg) + TMZ
significantly f§rolonged-su, e with respect to controls or to animals treated
with TMZ. It should ke noﬁad that in thls tumor model TMZ was ineffective. Treatment with 10 mg/kg

VIZ Rt fivéNdlays followed by aCRigh dose of 8ompound 37 (100 mg/kg) for 14 days
significantly increased gnimallsurvival with respct tp10 mg/kg Compound 37 + TMZ for five days. 3)
Enhancement of radie f|_h pck squamous cell carcinoma 1002291Human
HNSCC cell line J eviously genetically characterized and originally
derived at the Johris , , leck Laboratories from human tumor explants. The
cell line was malntalned in RPMI 1640 medlum with 10% fetal bovine serum and 1%
pemcﬂlm/stréBtomy : idified incubators.Experiments were performed on
6-week-old male BA
treatment groups: ¢
-100mg/kg Compo ‘ qd¥17, Group 4- 30mg/kg Compound 37 PO + Radiation,
Group 5- 100mg/Kg patipn, with each group consisting of 8 mice Mice were

anesthetized by int : Mect 3-5 mL tribromoethanol. Tumors were established at the
right flank by subcutan ijectt ells. Fourteen days post cell injection tumors were
surgically exposedang-measured-n-3-dimensions-ustagicalipers. Compound 37 was then dosed orally

in treatment Group
radiation (2 gy/day
exposed and meas
observed in Groupi§ P Onng/k orally admijistered Compound 37 + WO
20091046205PCT A R tio volume at end of experiment = 209.04 mm3)
compared to the cantrol Group 1 (tumom of experiment = 585.9 mm3 p<0.01). (Figure 5)
Compound 37 at Baﬂg#g—hwmb&naﬁeﬁﬂMWﬂ@%iad no significant effect on tumor growth
inhibition coggpare ' . ition, 100 mg/kg Compound 37 PO qdx17
alone had no significaqt of G inhibition;compared to vehicle controls (Figure 5). This
indicates an enhan ympoutdd 37 was combined with radiation as
opposed to either tree negality alone. 4) Effect of Compound 37 on tumor growth in mice
bearing BRCA-1 de¢ tumgks 10023011 x 106 BREA-1 null cells were injected subcutaneously on
the right flank

-5. K Groups 4 and 5, animals recg¢ived @pmpound 37 15 minutes prior to
. day At day 31 post tumor cellfinoculation, tumors were again surgically
ensions using calipers A significant inhibition of tumor growth was

14
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of female nu/nu mice (6-7 weeks old; Harlan Sprague Dawley, Indianapolis Indiana). After
approximately 10-14 days, the tumors were approximately 100 mma3. Mice were sorted into groups so
that mean tOHeb208%/&40288 similar among groups with minimum standard dePfaki&/R200883%eostarted the
day after sorting and tumor volume was monitored three times per week. Tumors were measured in
two diameters and volume calculated by (Ixw)2/2. Mice were removed from the study when tumors
reached 1500 mma3. "Tlme to Endpomt" or TTE (the number of days it takes for the tumor to reach

1500 mm3 @2greate
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WO 20091046205PCT/US2008/078606 was 5 ng/mL. Tissue lower limits of quantitation depended on
the degree of dilution during homogenization, but usually were 15 to 20 nglg. [00234]Plasma, brain,
and tumor WAk Tata were processed by noncompartmental pharnf4cBRiPRON8/ &iad¢sis using

WinNonlin Professi

onal Version 4.1. AUC was calculated using the Linear/Log rule. Time points for the

Lambda Z phase were selected by visual inspection. The slopes of terminal phases were calculated by
unweighted linear regression. [00235]Selective PARP inhibitors were tested for basic plasma and

tissue pharr@coki
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Efficacy in vivo for Compound 13

1) Mouse intracranial model of B16 melanoma:

[00218] The murine melanoma cell line B16 of C57BL/6J (H-2"/H-2") origin was
cultured in RPMI-1640 containing 10% fetal calf serum (Invitrogen, Milan, Italy), 2 mM
L-glutamine, 100 units/ml penicillin and 100 pg/ml streptomycin (Flow Laboratories, Mc
Lean, VA), at 37°C in a 5% CO, humidified atmosphere. TMZ was provided by Schering-
Plough Research Institute (Kenilworth, NJ). Compound 13 was dissolved in 70 mM PBS

without potassium.

[00219] For intracranial transplantation, cells (104 in 0.03 ml of RPMI-1640) were
injected intracranially (ic) through the center-middle area of the frontal bone to a 2 mm
depth, using a 0.1 ml glass microsyringe and a 27-gauge disposable needle. Murine
melanoma B16 cells (10*) were injected ic into male B6D2F1 (C57BL/6 x DBA/2) mice.
Before tumor challenge, animals were anesthetized with ketamine (100 mg/kg) and
xylazine (5 mg/kg) in 0.9% NaCl solution (10 ml/kg/ip). Histological evaluation of tumor
growth in the brain was performed 1-5 days after tumor challenge, in order to determine the

timing of treatment.

[00220] The compound 13 was administered per os 15 min before TMZ. Control
mice were always injected with drug vehicles. In tumor-bearing mice treatment started 48 h
after challenge, when tumor infiltration in the surrounding brain tissue was histologically
evident. Mice were treated with compound 13 by oral gavage once a day for five days, at

the doses of 10 mg/kg.

[00221] In tumor-bearing mice, treatment started on day 2 after challenge, when
tumor infiltration in the surrounding brain tissue was histologically evident. Mice were
treated daily with compound 13 plus TMZ for 5 days and monitored for mortality for 90
days. Median survival times (MST) were determined and the percentage of increase in
lifespan (ILS) was calculated as: {{MST (days) of treated mice/MST (days) of control
mice]-1}x100. Efficacy of treatments was evaluated by comparing survival curves between

treated and control groups.
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[00222] All procedures involving mice and care were performed in compliance
with national and international guidelines (European Economy Community Council
Directive 86/109, OLJ318, Dec. 1,1987 and NIH Guide for care and use of laboratory
animals, 1985).

[00223] Survival curves were generated by Kaplan-Meier product-limit estimate
and statistical differences between the various groups (8 animals/group) were evaluated by
log-rank analysis with Yates correction (software Primer of Biostatistics, McGraw-Hill,
New York, NY). Statistical significance was determined at a p = 0.05 level. Differences

were considered statistically significant when P < 0.05.

[00224] The results indicate oral administration of 10 mg/kg compound 13
significantly increased the survival time of mice treated with compound 13 + TMZ
combination and was significantly higher than that observed in animals receiving TMZ as
single agent (P < 0.0001). No significant differences in survival times were observed

between control and TMZ treated groups (Figure 1).
2) Intracranial xenograft model of SIGBM2 glioma in mice:

[00225] The compound 13 was tested in the intracranial xenograft model of
SJIGBM2 glioma in mice (Tentori, et al. Clin. Cancer Reser. 2003, 9, 5370). For this
purpose compound 13 was given once at 15 min pre-TMZ at 10 mg/kg, po.

[00226] A dose of 10 mg/kg compound 13 was found to be efficacious (Figure 2).
Its combination with TMZ increased MTS from 22.5 d (TMZ alone) to 25 d (P = 0.002).

Efficacy in vivo for Compound 37

1) Mouse intracranial model of B16 melanoma:

[00227] The experiment was performed as described above for Compound 13. It
was investigated whether oral administration of Compound 37 (5 mg/kg or 12,5 mg/kg),
might increase the efficacy of TMZ against B16 melanoma growing at the CNS site. In
mice bearing B16 melanoma, the results indicated that the mean survival time of the groups
treated with Compound 37 12.5 mg/kg + TMZ combination was significantly higher than

that observed in animals receiving TMZ as single agent (Figure 3).

2) Intracranial xenograft model of SIGBM2 glioma in mice:
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[00228] The efficacy of Compound 37 was then investigated using an orthotopic
model of a human glioblastoma multiforme xenograft (SJGBM2) in nude mice. The
response of SIGBM?2 to TMZ, used as single agent or in combination with Compound 37
(10 mg/kg or 20 mg/kg) for five days or in combination with Compound 37 (MGI25036)
10 mg/kg for five days followed by a 14-day treatment with Compound 37 100 mg/kg as
single agent, is shown in Figure 4. The results indicate that oral administration of
Compound 37 (10 mg/kg or 20 mg/kg) + TMZ significantly prolonged survival of tumor
bearing mice with respect to controls or to animals treated with TMZ. It should be noted
that in this tumor model TMZ was ineffective. Treatment with 10 mg/kg Compound 37 +
TMZ for five days followed by a high dose of Compound 37 (100 mg/kg) for 14 days
significantly increased animal survival with respect to10 mg/kg Compound 37 + TMZ for

five days.
3) Enhancement of radiation treatment of head and neck squamous cell carcinoma

[00229] Human HNSCC cell line JHUO12 was used, having been previously
genetically characterized and originally derived at the Johns Hopkins University Head and
Neck Laboratories from human tumor explants. The cell line was maintained in RPMI
1640 medium with 10% fetal bovine serum and 1% penicillin/streptomycin at 5% CO; in
37°C humidified incubators.Experiments were performed on 6-week-old male BALB/c
nude mice nu/nu. The animals were randomly divided into the following treatment groups:
Group 1 - controls, Group 2 — Radiation alone (2 Gray (gy)/day for 2 days), Group 3 —
100mg/kg Compound 37 alone orally (PO) qdx17, Group 4 — 30mg/kg Compound 37 PO +
Radiation, Group 5 — 100mg/kg Compound 37 PO + Radiation, with each group consisting
of 8 mice. Mice were anesthetized by intraperitoneal injection of 3-5 mL tribromoethanol.
Tumors were established at the right flank by subcutaneous injection of 1x107 cells.
Fourteen days post cell injection tumors were surgically exposed and measured in 3
dimensions using calipers. Compound 37 was then dosed orally in treatment Groups 3-5.
In Groups 4 and 5, animals received Compound 37 15 minutes prior to radiation (2 gy/day
for 2 days). At day 31 post tumor cell inoculation, tumors were again surgically exposed
and measured in 3 dimensions using calipers A significant inhibition of tumor growth was

observed in Group 5 treated with 100 mg/kg orally administered Compound 37 +
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Radiation (tumor volume at end of experiment = 209.04 mm’) compared to the control
Group 1 (tumor volume at end of experiment = 585.9 mm’ p<0.01). (Figure 5)

Compound 37 at 30 mg/kg in combination with radiation had no significant effect on tumor
growth inhibition compared to radiation alone (Figure 5). In addition, 100 mg/kg
Compound 37 PO qdx17 alone had no significant effect on tumor growth inhibition
compared to vehicle controls (Figure 5). This indicates an enhanced effect when the higher
dose of Compound 37 was combined with radiation as opposed to either treatment

modality alone.
4) Effect of Compound 37 on tumor growth in mice bearing BRCA-1 deficient tumors

[00230] 1 x 10° BRCA-1 null cells were injected subcutancously on the right flank
of female nu/nu mice (6-7 weeks old; Harlan Sprague Dawley, Indianapolis Indiana). After
approximately 10-14 days, the tumors were approximately 100 mm’. Mice were sorted
into groups so that mean tumor size was similar among groups with minimum standard
deviations. Dosing started the day after sorting and tumor volume was monitored three
times per week. Tumors were measured in two diameters and volume calculated by
(Ixw)*/2. Mice were removed from the study when tumors reached 1500 mm’. “Time to
Endpoint” or TTE (the number of days it takes for the tumor to reach 1500 mm’ or greater)
is the endpoint of the study. Compound 37 was weighed out every 2-3 days and solubilized
in sterile bottled water (J.T. Baker, Ultrapure Bioreagent 4221-02) to 10 mg/ml. The
compound was dosed orally, daily for 28 days from start of the study — day 1. A positive
control was utilized, using a well known PARP inhibitor shown to be effective as a stand
alone agent in the BRCA models (Bryant et al). The positive control agent was dosed at 25
mg/kg IP qdx5 from start of experiment. 100 mg/kg Compound 37 was effective in
significantly retarding tumor growth in the BRCA-1 null model both times tested. When
the dosing of Compound 37 was stopped at day 28, the tumors start to grow approximately
10-14 days later. Compound 37 not only significantly delayed tumor growth compared to
vehicle controls but also delayed tumor growth compared to the positive control (p<0.05)

in both experiments.
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[00231] A study was conducted to compare the bioavailablity and brain plasma
levels of various mammals administered with the disclosed compounds and a similar prior

art compound. The prior art compound has the following formula:

H
@) N

The comparative study was conducted as follows:

[00232] PARP inhibitors in water solutions were dosed either by bolus (<1 min)
intravenous injection, or by oral gavage. For dogs, intravenous and oral dosing was
performed in a crossover design with a one-week washout period between dose routes. The
screening dose was 30 mg/kg for each compound. For mice, three animals per time point
were sacrificed by CO, asphyxia and blood collected by cardiac puncture. For rats and
dogs, serial blood samples were taken at various time points from the indicated number of
animals. For rats, the volume of blood sampled was immediately replaced with 2X volume
of 1:1 donor rat blood:heparinized saline. The blood samples were transferred to
heparinized containers, briefly mixed, and stored on ice until centrifugation to prepare
plasma. The plasma was transferred to fresh containers and stored at < -70°C until
bioanalysis. In some cases brains or tumor tissue were collected after sacrifice and stored at

< -70°C until bioanalysis.

[00233] Plasma samples were processed by precipitation with acetonitrile,
evaporation and reconstitution. Brain and tumor tissue samples were homogenized with
phosphate buffered saline, pH 7.4, precipitated with acetonitrile, followed by evaporation
and reconstitution. The reconstituted samples were analyzed vs. matrix calibration
standards by LC - MS/MS. The bioanalytical method performance was verified by the

performance of quality control samples. Generally, the plasma lower limit of quantitation
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[00235] Selective PARP inhibitors were tested for basic plasma and tissue
pharmacokinetic properties in mice, rats, and dogs. After assessment, this family
compounds appear to be orally bioavailable in all species and to penetrate brain and tumor
tissue. Table 1 summarizes the oral bioavailability (PO) for compounds 8, 13, 36 and 37
and the comparative compound in mice and rats and brain/plasma ratio (B/P) for these five

compounds in mice and rats.

[00236] The results of the comparative study are summarized in Table II. The
results show that while the prior art compound has good bioavailability the prior art
compound has a ratio of brain to plasma levels that is very low. Unexpectedly, the
disclosed compounds of Formula (I) have a good ratio of brain to plasma level compared to
the prior art compound. These results show the disclosed compounds are unexpectedly
available to the central nervous system where needed for therapeutic benefit as compared to

the prior art compound.

Table II. Comparison of Bioavailabity (PO) and Ratio of Brain to Plasma levels (B/P) for

selected compounds of Formula (I) relative to a related prior art compound.
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[00237] The invention being thus described, it will be obvious that the same may
be varied in many ways. Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications are intended to be included

within the scope of the following claims.

INCORPORATION BY REFERENCE

[00238] All publications, patents, and pre-grant patent application publications
cited in this specification are herein incorporated by reference, and for any and all
purposes, as if each individual publication or patent application were specifically and
individually indicated to be incorporated by reference. In the case of inconsistencies the

present invention will prevail.
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CLAIMS

The use of the compound 37

37

or a pharmaceutically acceptable salt, ester, solvate or hydrate thereof for the
manufacture of a pharmaceutical composition for treating a mammal having a
cancer characterized by having a defect in the homologous recombination

(HR) pathway of double-stranded DNA repair

The use of claim 1, wherein said mammal is a human.

The use of claim 1 or 2, wherein the cancer cells are selected from the group
consisting of ACTH-producing tumors, acute lymphocytic leukemia, acute
nonlymphocytic leukemia, cancer of the adrenal cortex, bladder cancer, brain
cancer, breast cancer, cervical cancer, chronic lymphocytic leukemia, chronic
myelocytic leukemia, colorectal cancer, cutaneous T-cell lymphoma,
endometrial cancer, esophageal cancer, Ewing's sarcoma, gallbladder cancer,
hairy cell leukemia, head and neck cancer, Hodgkin's lymphoma, 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 lymphoma,
osteosarcoma, ovarian cancer, ovary (germ cell) cancer, prostate cancer,
pancreatic cancer, penile cancer, retinoblastoma, skin cancer, soft-tissue
sarcoma, squamous cell carcinomas, stomach cancer, testicular cancer, thyroid
cancer, trophoblastic neoplasms, uterine cancer, vaginal cancer, cancer of the

vulva and Wilm's tumor.

The use of the compound 37
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or a pharmaceutically acceptable salt, ester, solvate or hydrate thereof for the
manufacture of a pharmaceutical composition for treating a mammal having a
cancer characterized by having a defect in the homologous recombination

(HR) pathway of double-stranded DNA repair.

The use of claim 4, wherein said mammal is a human.

The use of claim 4 or 5, wherein the cancer has a phenotype selected from the
group consisting of 1) a BRCA-I defect, ii) a BRC A-2 defect, iii) a BRCA-I

and BRCA-2 defect, and iv) Fanconi anemia.

The use of any one of claims 4-6, wherein the cancer is selected from breast

cancer or ovarian cancer.
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