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[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.
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(et l’vé‘lt:&i&t, elﬁfthﬂlﬁl@ﬂCDelﬁien@h@l dh tak kis)ance used, a pure sensory and painful
neuropathy (with cisplatin, oxaliplatin, carboplatin) or a mixed sensorimotor neuropathy
with or without involvement of the autonomic nervous system (with vincristine, taxol,
suramin) can ensue. Neurotoxicity depends on the total cumulative dose and the type of
drug 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
required to restore function. Up to now, few drugs are available to reliably prevent or cure

chemotherapy-induced neuropathy.

[0011] There continues to be a need for effective and potent PARP inhibitors
which enhance the lethal effects of chemotherapeutic agents on tumor cells while

producing minimal side-effects.

[0012] In addition, PARP inhibitors have been reported to be effective in
radiosensitizing hypoxic tumor cells and effective in preventing tumor cells from
recovering from potentially lethal damage of DNA after radiation therapy, presumably by
their ability to prevent DNA repair. U.S. Patent Nos. 5,032,617; 5,215,738; and 5,041,653.

[0013] Recent publications suggest that PARP inhibitors kill breast cancer cells
that are deficient in breast cancer associated gene-1 and -2 (BRCA1/2). These studies
suggest that PARP inhibitors may be effective for treating BRCA1/2-associated breast
cancers. [Farmer et al., Nature 2005, 434, 917; DeSoto and Deng, Intl. J. Med. Sci. 2006, 3,
117; Bryant et al., Nature, 2005, 434, 913.]

[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
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chapir dlsylnte- IC@gewghtterbgamhech@hane@lg@nﬁn@drq?sn@s afclaatiey];
cyGlyel 1
Wﬂﬁ%%&gﬁ%ﬁggenghl H&& &l'ﬁu(gqyﬁ%%aﬁﬁgPﬁfnconprlses

sdbsBtuehRRgsach hmdepemtmﬂyf‘metémﬁrﬁosm hilbeC et eraghtar pranbhal chain
1-7 heteroatons |nd%fendently selected from0O, N, and

allgyl, € Cq stHRZRIRI TR Shain plkehid erbedikpyy.- te%wpneﬂ,@/l 1-2
trﬁl'uelq)%tha/‘ Iﬁ%%ns%%ﬁjogﬁaééma{ Re, lﬂﬁi 6 80th GOFRIH r@ggd R?

one ri I ment's, var ous occurre
may¥ note (bhetrsrit)pngpcl-yl wbén Kbrsrhyldsog(eh)oreach i ndependent |y

conprise 1-3 rings. In sone enbodi nents, the various

occurrences of the heterocyclyl of For mul a (1) each

i ndependent|ly conprise 1-2 rings. In sone enbodinents,

the various occurrences of the heterocyclyl of Fornula

(1) each independently cqpprlse one ring. [0020]In

some enbodi ments, the heterocyclyl of Fornmula (l) is

sel ect ed fron1the group consi sting of piperidinyl,

pi perazi nyl, pyridazinyl, dihydropyridyl,

tetrahydropyridyl, pyridinyl, pyrimdinyl,

di hydropyri m di nyl, tetrahydrophyrim dinyl,



[ 1,2] diazep anyl, [ 1 ,3 ] diaz ep anyl, [ 1 ,4]

di azep anyl, indolyl, dihydroindolyl, is o indolyl,
walktwydsadzoi ndol y, di hydroqui nol yl, tetrahydr oREI/E8109$/078606

di hydr oi soqui nol yl, and tetrahydroi soqui nolyl; or

subsets thereof. [0021] The present invention also

relates to a pharmaceutical conposition conprising (i)

t herapeutically. unt of co und of For,mul
Gnanirey byl bR TR Pyod dCORRRUTE: Sapty papbendery selected
frHQR & ﬁg@@&gﬁlg&@%{ @7—@@Qﬁto%ﬁqg’lﬁha—@meﬁ{yﬁﬁﬁﬂﬁor_oethyl, C1-Cs
i nvention provi des conpounds ich inhibi't the in
stigiight or briatighed chainvallgd, oCy sresigly or Aranchdd ghag alkenyl, C;-Cs
I SYA80s) ras PARP) . .apd c 0si 11,808D
BBt eSO B XEhARE b BB 3G B WRCR
stiaiphe bt baAchRIQYhdeskdi®h hwBgcinatNbf R tnd RP W hdanddettly selected
control the in vitro and/or in vivo pol ynerase

fremathe groyp 6pnsising cAbRdiEReb sl Cp i djehe 04 Seang malrghipin alkyl, C2-Co

' [ hs. b ol
S%ﬁ%l‘“éh@%ﬁf%%h?mfﬁé&gﬁ R G Aoy AT S T Ben ol
subftitueniit o frtje dorni WRIRP tdaniy o ARRnacs i R ind R'Misandapemadntly selected

such as a human, either locally qr systemcally.
Q53U OHP _B?Félsélﬁwgilﬁ@ﬁg?n’ eCi %%%htgoairr%lﬁ dan gyl C-Co
stRHBP AR AR OIS IRECLEY, besaking: cancer

conprising contacting the cancer cells with a
cytotoxicity-potentiating tetraaza phenal en- 3-one

SRR Sy o0 R S RIETBSE MRl g om0
Nt 8 lan@ha GAR 66y cef blafid Wist Bst Aien@ i §RAE&THlyAGRBEed 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



[ 0025] An enbodi ment of the present invention provides
a chenosensitization nethod wherein a first dose of at
wo 2@sv4@oe conpound of Formula (1) or a PCT/US2008/078606
pharmaceutically acceptable salt thereof is
adm ni stered singly or repeatedly to a patient in need
t her eof , and mhereln subsequently a second dose of at

oy Brndipaaiay oy fhred Pty s P ffgituent. and

calRkdi@durkiRr @ﬁ&vﬁ&ﬁt @nn(fefpéﬁ@ehuy &cRFRUTorRhaleNE MO straight or
sensitization. [0026] An aspect of the present

branshedchain afkyb\Gadesstepight ar brasehedicdain allemirl (CatGsarycloalkyl, Ci-Ce
allgo tlf?ué)r(?m%tﬁ%t ge é)?(gegféyl()f Fa%lngl gro ]gc?eﬁbﬁ'atef{ flas a%east one
suamﬁaitaﬁleam BuaN-pheABinge rbapw@mdinﬁgﬁ ah N- afoepﬁoaﬁylt g&dup
bel ow. pharnaceutically acceptable free bases, salts,
hyeiaj es. BsioMSomBRAiMaks SachSiy &Q’a@l@ﬁ&ér%cy(ﬁﬂd)f Formula (I) is
m xtures thereof. According to a further aspect, the
ingengndentbyut-v etmsfiosival ati on further conprises a
pharmaceutically acceptable carrier and, optionally, a
cmwﬁﬂﬂheraSemmbnma@mnmmiﬁﬁedé@mi0mbngﬂmmhﬁdbgnmt&nameukmm
for ilJusitrative p ose nly and are not intended to
0469ﬂ&°H41 ‘ﬁ?bﬁﬁswﬁﬁggggﬁééﬂof the present invention.
I'n one embodi ment, a pharmaceutical formulation of the

i HQUEM i on Bbiops @%@%ﬂ%@%&%@ier@ﬁthﬁl@f Fovanke(lp gompriges -3 rings.
I
In%la o:?ﬂ%l meﬂhh&ﬁ’é lﬂ%al?e?ngrgg}ﬁ:??élg ??]{ﬁe‘tﬂeﬁ %t?]:ng rl]rﬁfg?&?ﬁfeltly selected from
OJNyEmMSdns@mﬂpnmsﬁﬂmawpﬁmdmummutbtaMhmm&sdébﬂmblhlsﬂmi
conp of the invention.in aafhar utica

ena ?%Iﬁﬂt %Frp CEHY! GompLSeT S gy ments, t %arious

oRNAENRE @mhle%@ieré@w%ﬁﬁér%l@ﬁ) EJ&% lhdk\p@me!ngp c6RPRS B8%ings. In
a corrpoun of thé i'nvention and one or noreée

sopteegmoitddemenge thé w:arazgle nteuriances @iihe haiereaydlylalfiFprmula (I) each

le c I n_anot her . exbodj nent , .a
PR B P rBERE ¢ o snaend R SRS bR PR RbeTE B ppsprasgs of the
heterbORIyTRE BBrh@lall) adrmesicabélys@ipriRé ofe figgpound of

the invention and one or nore chenotherapeutic agents
' 'PO@OFhar MRCQMd GRb]ImARE QRS RRER AV INd fFormMaNT) ik §@1&dt&9from the
exanpl es of such chenotherapeutic agents are recited
groap mms[tl@Q@?]nﬁcn@mdl nypctagingddivtideriayl, dibpéopsridfl, tewehydropyridyl,
i nvention nosensit i und an
Py Pl BN ERRRE Y E e SPBR A BRE A By cgopyrimidinyl,
dlﬁymbﬁaﬂﬁﬂusdtﬁéhydr@p?r&ilﬁ«ylcpyl%mgnﬁomﬁaaz@ﬁaﬁigt p@fazbh@inyl pyrrolyl,
i nvention, th henot her apeutic agent is sel’ected from

dibpsopyrabi iuvakep iy dspimidoybperwele]. ditidremEPl. azcpanyl
ATBELRAC! [310520RAR, B i Eh ARY 3hddly1, HAYRIHII! RoindolyL

dihydreisb 2ol by écoquint Bil fredshyd grjimlyl) dlh@drbeu&fmlﬁolal and
i rinotecan, paclitaxel, a taxoid, dactinonycin,
teHANEFIBAINPLY 40T sy %S ubi ci n, bl eomyci n,
pi |l canmycin, mtonycin, neonycin and gentanycin,
et oposi de, 4-0H cycl ophospham de, a pl ati num
coordi nati on conpl ex, topotecan, therapeutically
eﬂ@@hﬂive &hapegat andnder dlvatdlatestoaf phaheacsaties] camgosition

e et R bR  aBrERF AL ol o
pﬁﬂﬂﬁ&ﬁﬂwﬁphﬁdﬁﬂﬁﬂécm}ﬁﬁ present invention prOV|des
met hods of treating



the effect of cancer and/or to radi osensitize cancer

cells to render the cancer cells nore susceptible to
WO 2a@p/a1620h t her apy and thereby to prevent the RUNDS2008/078606

cells fromrecovering frompotentially |ethal damage

of DNA after radiation therapy, conprising

adm nistering to a subject an effective amunt of a

c nd of Fornul a or a.pharnmaceuticallly, . . ..

SR At ¢ g Pt ior o R SRR S bt vitro
arldfordh K RSURHY h@afRREV 5%&1*@1%@5@5) oBMdrAk(FARP), and

radi osensi t'i zi ng cancer cells rendering the cancer
cogglosBionp pentainmgdhk distlesadropmgiadsi on t her apy t han

:fOVI ggr a‘fﬁr!%i)%%ec]lt Otg%gglgngerﬁ& Sen hogrs'lcelrnhlb%n g%létsagld/or control the

1nlvl'tr(51 e@blort iRef 0ol ¢RBREd SItRdy @ﬁml@(zslbprrib@le)tm}txﬂ@ase (PARP) in

subj ect a therapeutically effective anpunt of

SOMUS 1B GRS HFSURD OREAN Of PI2aB SYAETBhAR AT eubPedRIcNY the present invention

prgg gg‘?fn@%ﬁloﬁs §911&11tﬁ12%%?19{ib1t1ﬁ? @A@Pnaciﬁbﬁ fnn’fﬁl 5!u§h Q?%( fluman,

ect I n repal e-strande sc s’sion
dﬂmekembpdngmmhnaﬂhe defect in repair of

bl e- st randed .scission is a defect jn honol.ogous
hat o QPPOgiEc BB diRRRN PIONKISE & GbERoERH|igation method

fo?l ﬁé%&_d%ﬁgég%%ﬁ?ﬁsﬁg |c81§tta@cﬂ1gf th® @11{(:@1%@1@ QHih &&W@tb%ck{é%_o%fntiating

-2
tettedze phenadgrd3Fae c@npmmde]ﬁF@rnequli\Ei) ora pharmaceutlcally acceptable salt
2009/ 04, 5PCT/ US2008/ 078606 003 anot h
thersB bl “toﬂéacﬁ%glg AP %r?e‘i;r ‘83]“ 48 §mﬁ‘éaflﬁ?§c?§e‘3f

treating BRCAL/ 2- associ at ed breast cancer. conpri si

a&l?ﬁztﬂ ster ﬁﬂ@@oé@}lﬁ% @ﬁ‘ﬂle@FeSpg‘rrlHﬁqnélop Ipfovdqlesag emosen%1t1zat10n
m%@& IReRHE & GRd li¥sBaceRhak] g c%%Buﬁ$@F }edi’fnula (Dora pharmaceutlcally

0032] According to one enbodi nent of the I nvention
acptmalvio spoumctof oradoseisicredtsregly herepsaedly to z attiann ummetl oletreof, and

A ML A GRS Ml KN A
sn‘(f?’ﬂl? eeFepe@bdl§ th M%l@@ﬁﬁ&ta fitle h&R& fo Rbvide an effective amount of
oubl e- st randed sci ssion nethod of the invention,

chegogensgipoehd sel ected from Formula (1) or a

pharmaceutically acceptable salt thereof. |In another

aspRe], t hAncasm@Ouﬁﬁhe ipsessigl imoingidn praomdds gphgmoagputical formulation
co%?pr}?slmsgtt ¢ gompound 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
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agents 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 and one or more chemotherapeutic agents in a pharmaceutically acceptable

carrier. Non-limiting examples of such chemotherapeutic agents are recited below.

[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.

10



5859 C 6061

WO 2009/046205 PCT/US2008/078606

[0031] In another embodiment, the present invention provides methods of treating
BRCA1/2-associated breast cancer comprising administering a compound of Formula (I) or

a pharmaceutically acceptable salt thereof.

[0032] According to one embodiment of the invention, the compound for use in
the chemosensitization method of the invention, the radiosensitization method of the
invention, or the treatment of cancer wherein the cancer cells have a defect in repair of
double-stranded DNA scission method of the invention, is a compound selected from
Formula (I) or a pharmaceutically acceptable salt thercof. In another aspect, the

compound is selected from the group consisting of

H H
O N\N 0 N\N
I NH O/OH I
NH N
7 ) 8 ,
NH
O@
9 10
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6263 [ 0033] The present invention also provides neans
to treat chenot herapy-induced peripheral neuropathy.
WRmINgi208) t o an aspect of the invention, the RPONPSINRIET8606
of the present invention are admnistered prior to, or
together with, the adm nistration of at |east one
chenot herapy agent to prevent the devel opnent of
yheuropathy synptons or to mitigate the severity of
0. _NSUch synptoms. Accgrdifg to a further aspect, the
cN¥npounds of preéygentNi nvention &e adm ni stered
ter th [

che th rapeut i'c ag ent for the
ﬁ neur opa S the severity of
such synpto I n andt hell aspect? the present

i nvendBi on prOV|de$ a nethod t4 retard, delay, or
arrest the grom h of cancer cells in a nmanmmal,
conpr|5|ng the admi nistration of a chenDtherapeutlc

a ent, and further cérg Nshng the adm ni stration of a
npound of Formul a (I) orja pharmace Pcal |y
aciif;able salt there A 8f)yamunt ficient to
Lent int e Lhe.ant Fc @ ac |V|tt|y 0 id

cheno herape agen Q r aspects and

advantages of pr esent |nvent|on w Il becone

r eadilP y apparent byt hose skill®d in the.art fromthe

following detailed dgscription, wherein it is shown

nand descri bed prefermed enbodi nents of the invention,

NSi mply by way of i rati on of the best node

c ntenplat f c yiRg out the invention. As will be
ize v capable of other and

dlft%re t di Sy AR AN al_details are

nodrfrcatrons in vario bvi ous respects,

qut departing fromthe,qi nventte ccordi ngly,

the descrlptlon’is to be regarded as i | astrative in

Hnature and not as restrictive. BRI EF DESCRI PTI ON OF
) NIII\]IE DRAW NGS O N‘N
| I
NH
H
- \/\©/ | - o)
H

H N H
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[0035] Figure 1. - The oral adm nistration of PARP-1
i nhi bitor Conpound 13 + TMZ denonstrating the enhance
W@ gvads of m ce bearing the B16 nel anoma nmodeCT/US2008/078606
[0036] Figure 2. - The oral adm nistration of PARP-1
i nhi bi tor Conpound 13 + TMZ denonstrating the enhanced
survival in the intracranial SJGBM glioma nodel.
[0037] Figure 3. - The oral adnnnbstratlon of PARP-1
Hi nhi bi tor Conpound! 37 + TMZ denonstrating the enhance
Nsyrvi val of mQgAearing the anoma nodel .
[ f038] Figure 4. The oral At i on of PARP-1
' *Ne T [Tati ng the enhanced
suryival i p tragrantal $IGBM gl i oma node
) aeif ni strati on of PARP- 1
i nhppi t or Cbnpound 37 +oradiation demonstrating
i nhibition of tunor growth in the nodél of head and
Hneck cancery [0040] Figureg 6. - The oral administration
Nef, PARP-1 iRghi olypd 37

| N I < |
ISSRAIseIS A

N

28 , ,
H
NN 0 H\N F

|
NH F NH N/[::]
N4i\V’H\V/N\[:Ej E?Ej:i:i\v,g::l

31 , 32 ,

4 H
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denonstrating inhibition of gromh of BRCAL nutant
tunmors DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0041] The
WEe@9eH203 nvent i on provi des conpounds descri beRCTIESWD81078606
derivatives thereof and their uses to inhibit
pol y(ADP-ri bose) polynerase ("PARP"), conpositions
contai ni ng these conpounds and net hods for naking and
usi ng these conpounds to treat, ppeyent and/or
aneliorate the effects of cancerg potentiating the
HcytotOX|c effects ol ionizing ra on on tunor
eﬁlls [0042]Thé)~ 3 fnt i nventngn provi des conpounds
dgscri bed Jred &r8of and their uses
, bRee) /pol kxmrerase (" PARP"),
co;(rQn):k I opis—co i n the e cgnpounds and net hods
Y] Img and u g “Nfe unds to treat the
ef fegts of cancers by pqﬂentlatlng the cytotoxic
ef fects of chenntherapeutlc agents on tunor cells.
H[ 0043] The presem:lgwe ion provides a
“'ﬁbﬂ f or treating tunor and/ or

Qna f fForyy -NHI) an contacting
sai fl cahcer an4éggl bggb [ 0044] The
KES Navention provi d8s C ds de rlbed her ei n,
deri%@tives
H
Oy No,
| N/
NH (::;)
N
N/)\/
41 , ,
H
° N‘N O
I
NH
N/ N | N
43 N
H
O
OCH,
OCH,
N
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thereof and their uses to inhibit poly(ADP-ribose)

pol ynerase ("PARP"), conpositions containing these
weawpou2os and net hods for maki ng and usi ng t hBGEUS2008/078606

conpounds to inhibit the growth of cells having

defects in the honol ogous reconbi nati on (HR) pat hway

of doubl e-stranded DNA repair. [0045] The conpounds and

conposi tions of the resent invention can be used in

0 che presence or =1EH3 of ratli o- or cheno-
sknsi ti zers Cor treat‘*n Ngf cancer. TBe pounds
d conposi tisghsydre preferpbly used in th ERCEe of

rad NB- fr OhenBsensiti zer s~ e >Nithe £ange Wbas a

t N he honvol ogous [ ati (HR) pat hway of
dﬁuble stranded DNA repair> e are
associ afked wi th, and have the phenoﬁypes of , BRCA-1
Hdefects BRCA- 2 defects, dyal BRCA-1/BRCA-2 defects,

o. _nand Fanconi anegFa 0846] anconi anem a i 878
genetical l'y Imet jeneot®” didease and pa with
Fanconi enh. re a greatlly incre sed of
caniir . EI@VenCprotelnu ~~ﬁé§?§ C|a@ed with

oninanghi a.  FANCA, [EAMGE, JEANGG, FANCE, FANCF,
FX and FANCM form a nucl®ar ~Cor& conpl ex. The
conplex interacts with FANCL to kmcorporate ubqu|none

of FANCD2. Modified FANCD2 is need for repair 'of DNA
Heross-1inks. FAMBd2 accunul ates at sites of DNA ganage

Nand associ at es BRCA d BRCA-2. [004 npl ary
chncers that U eésoci mﬁth HR de i ncl ude
reQgt ganeet Sand ovari a a° Cér for
tr ght é/pw t he net hods he |nv n can include
aN pe3~of breast canc 1£N5P y includes
I nvasi ductal carcinoma and 1 nvasi ve | obul ar
carcin . Ovarian cancer for treatnent by the nethods
of the invention include all types of ovarian cancer,
Hpref erably epitheliaf ovarHan tunors, germ cel
NQvari an tunors : sef »NsttronaI tu {
2 09/046205P 008/07'60q [0048] The gigpRouhds of
re ion th S |ng t he
staft Iq|n r*erlals and N@IS |l o ed\?ﬁ U. S
Serlal 37 ; fchis
|ncoggorated her ei n by referencesbn its entirety.
H
O N
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[ 0049] Typi cal ly, the conmpounds, such as those of
Formula (1), used in the conpositions of the invention
wawrdob/okxaee an |1 C50 for inhibiting poly(ADP-ri bRGEYS2008/078606

pol ynerase in vitro of about 20 [LMor |ess,
preferably | ess than about 10 p,M nore preferably
| ess than about 1 p,M or preferably |ess than about
0.1 p,M nost prgferably Iess than about 0.01 p, M
[0050]A conveni gnt nmethod to determ | Cso of a PARP
i nhi bi tor cod is a PARP assay urified
Hr econbi nant PARPHf rom Tr evi i thersburg,

O _NM. ), as foll/ows: ﬁAﬁP enzynme &gsay is set up on
ige in a volxre of 1Q0 mcroliter ~Tonsi sting of 100

ris N (pH 8. , 'R8 mM KC1, 28 mM

Na ﬂ 3 0 pg/nL of e I act)vatgd herring sperm DNA
& N%«g, 30 mi :

N&T ot i nam de adeni ne
dlndgjeotlde (62.5 nCl/nnnI@Q, 15 mcrograns/ m PARP
enzyme, and various concentrations of the conpounds to
be tested. The rﬁgﬁtion is initiated by adging enzyme
and i ncubati ng fi xture at 25C. After 4 nut es of
i ncubati on, reaction is term nat edst \addlng 500

pmcroliters e cold 30% (wWv) tri oacetlc

oitatgpfor dis transf»— ed onto a

Os__Nacid. The p{e
gpass fiber S5dter (Pa Unlfllter‘QBIC) and washed

ee tj “with 70% ethandl . AH Nhefilteris
dri 4, the dadioacti vj 's &9F—
itNatibn countin undg of thls
invention were found to haﬁe enzymatic activity

in ghe range of a fem1nanono|ag to 20 micronolar in
I Cso in this inhibition assay. [0051] As used 'herein,
"al kyl" means a branched or unbranched sTlﬁiated

hydr ocar bon chain conprising a designat per of

carbon atons. FgWHexanpl e, Cl-C6 strai ghp=of branched
al kyl hydrocgrtb@qn chain contains 1 togz63carbon atons,
and i ncl udes IS not Almted to stuents such
as nmet hyl , propyly iso-propy0, )

et yl
v,b and t he l'i ke,

|§o but yl, @butyl
Iess rmnse |nd|c In s ‘enbodi ments, the
aI a|n is acCl 3 bn&hcmed unbranched
hai I n sone_ephodk NSL/SLe al kyl chain is

branched or_ unbBt anthed~Carbon chain. In
soma enbodlnents the alkyl @sainis a Cl to C4
branched or unbranched carbon chain. In sone
Henbodi nents, the thMI §ha|% is aC2to C4 branched
0 NQr. unbranched. q@ DY fa qusone enbodi nents, the
a kyI chaln ﬁé Ch to C5 brardiched or unbranched

Fha*g *#1sone ent e NN e al kyl chaln IS
ranched or r glchgd carboa haln

Q ments, the alk Al N C%E(

brancfed or unbranched carbon chgj 05 ]" Al kenyl "
means a branched or unbranched unsaturated hydr ocar bon
chai n conprising a designated nunber of carbon atonmns.
For exanple, C2-C6 straight or branched al kenyl

hydr ocar bon chain contains 2 to 6 carbon atons having
at | east one doubl e bond, and includes but is not
limted to substituents such as ethenyl, propenyl,

i sopropenyl, butenyl, iso-butenyl, tert-butenyl,

n- pentenyl, n-hexenyl, and the |Iike, unless otherw se
i ndi cated. In sone enbodi nents, the al kenyl chain is a
C2 to C6 branched or unbranched carbon chain. In sone
enbodi nents, the alkenyl1 hain is a C2 to C5 branched
or unbranched carbon chaih. In some enbodi nents, the
al kenyl chainis a C2 to C4 branched or unbranched
carbon chain. In sonme enbodi ments, the al kenyl chain
is a C3 to C5 branched or unbranched carbon chai n.




[ 0053] " Al koxy", neans the group -QZ wherein Z is alkyl

as herein defined. Z can also be a branched or
waapasehed sat urated hydrocarbon chai n cont ai PCHGS2D08/678606

6 carbon atons. [0054]"Cycl 0", used herein as a

prefix, refers to a structure characterized by a

cl osed ring. [0055]"Hal 0" neans at | east one fl uoro,
ychloro, brono, or iodo iety, unless otherw se

ni ndi cat ed. [ 0056] Eagh "NRARB", "NRxRY, "N\RcRD',

aNd "NRERF" as descriYoedMerein i ndependentlyN

conpass am no ( NH2 el | as substitu no For
exaifdl &4 NRARB may h@ H(&H3) 1y - NH(cycl 51 ) NHang
< &41}8). Whep haN . subs QNIZAS Nts4o
tHe formpPNRARB", "NRXRYN "NRc

" NRERF™N each j
occly rende RA, le, RC, RD, RxQ i's O
i ndépendent N"yY”sekected fromthe gro consi sting of
thdrogen, Cl-C6 straight or branched chain al kyl,
NC2-C6 straight or branched chain al kenyl, and C3-C8

CMcl oal kyl . Such exanples are for illustrative
plir poses only an Are not intended to be limting in
anyNMay,, [ ¥l carbonyl " refers to a carbonyl
aglhcalnsu uted with aryl as
aglcal y
76 0 , and pharmaceutically acceptable salts thereof.
[0033] The present invention also provides means to treat chemotherapy-induced

peripheral neuropathy. According to an aspect of the invention, the compounds of the
present invention are administered prior to, or together with, the administration of at least
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 neuropathy or to mitigate the
severity of such symptoms. In another aspect, the present invention provides a method to
retard, delay, or arrest the growth of cancer cells in a mammal, comprising the
administration of a chemotherapeutic agent, and further comprising the administration of a
compound of Formula (I) or a pharmaceutically acceptable salt thereof in an amount

sufficient to potentiate the anticancer activity of said chemotherapeutic agent.

[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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descri bed herein. Non-limting exanples include
phenyl car bonyl and napht hyl car bonyl .

WO 0098)6244 kyl carbonyl " refers to a carbonyl raRiTHE2008/078606
substituted with al kyl as descri bed herein.
Non-limting exanples include acyl and propyl carbonyl.
[0059]"Alkoxycarbonyl" refers to a carbonyl radica

stitute al kox cribed  her
NP (AT bl ST 3 HoOn LG o Bive dhgature and not as
rebigietiut yl oxycar bonyl . [0060]"Ar" or "aryl" refer to an
aromati ¢ carbocyclic noiety having one or nore cl osed
rings. Exanples include, without limtation, phenyl,
napht hyl , ant hracenyl, phenant hracenyl, biphenyl, and

pyrenyl. [0064py ﬁﬁ%ﬂfhﬁﬁ@ THY, bmmrgeé c

noi ety havin » e or
nore heteroatons (for exanple, oxygen, nitrogen or
sulfur) in at |east one of the rings and wherein the

ri pngs npy .i ndependent
DSBS SDrat | Eetr b ad he&ﬁﬁﬂgmnsrtr%@ f %é%&n% b Gagapound 13+
TIWZt Jb%btnsﬂrét[@tthé’ Bt BEE ¢y BYd s midk B@a[r tBY B16 melanoma model.
pyridazinyl,” di hydropyridyl, tetrahydropyridyl,

I P
PR S SIS BB SR g compound 1+

THizhydnomyraang thelenhdreed arlnyd/rabmythamtfayfa,map)ﬁm}BM gliiongd model.
i m dazol i di nyl, pyrazolidinyl, pyrrolyl,
dijéad| opyr p gyde, 3.i-nMihd@z4laytminit- e '@ PRRIBE MHibitor Compound 37 +
razol yl, di hydropyrazolyl, azepanyl,
1% EINEG HERADE enlfenCay Uy AR kgfARIGE begrmedheiBAs akripma model.
i ndol yl, di hydroi ndol yl, isoindolyl, dihydroisoindoly,
dileBA8t oqui higluyd 4. —tth(athqurai@mwf PARP 1 inhibitor Compound 37 +

l?]jggédr oliﬁ%?‘%ﬁm mé{lh?‘%ﬂ%@ g‘ért"{e\’tgl gﬁlﬁéﬂ%loa lara&i Sgé%i\/[ glioma model.
S4RRb) Ve B 0 N LG TP I 8 0na 37 +

radiation demonstrating inhibition of tumor growth in the model of head and neck cancer.

[0040] Figure 6. — The oral administration of PARP-1 inhibitor Compound 37
demonstrating inhibition of growth of BRCA1 mutant tumors

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"), 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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[0063] "Al kylaryl™ refers to an aryl radica
substituted with alkyl. Non-limting exanples include
wa adogh4@oxi di net hyl phenyl . [0064] " Cycl oal kyl " PEF/E82908/¢78606
a hydrocarbon cyclic noiety that is nonaronmatic.
Exanpl es i nclude w t hout Iinitation cycl opr opane,
cycl obut ane, cycl opent ane,
/,046205P /US 008/ 07 606 cycl ohe .
th&ﬁ%g%ﬂgiﬁnéﬂé yéy B%téﬁga 8"“8&%‘1‘ %@m ShengtherRayisfgents on
tuﬁ%gbgneptene and cycl ooctene. [0065] The term "nervous
insult" refers to any danage to nervous tissue and any

dijGeay | i t YTH{ P@@éhtt M VeRES fn‘o@ﬁieE heh&hsRMitiZfonGAUR& R treating

nervous i nsu be nmetabolic, toxic, neurotoxic,
tuimat aodjencangcertdeds rmhpmmng tematag, saldmdncren ctlisdesh wcompmtnd of

limtatio | schem a, hypoxi a, ere rovascul ar

reptiehi rtra g ot cosreed S a sratou e
henDrrhage radi ati on, vasospasm neurodegenerative
dilQdde i FheBicsgt inviertien W@me% cmR@ude dessribet hgspiny derivatives

theRb LR thél?lu sQs 'uﬁnlgl%?; INA ?hﬂg@éggﬂ g}%éii%@(eﬂ’}xﬁ?t)' &positions

process, p epsy, cog trve gl'ut amat’e
commongiese yorapalinde anxhdmthpdefcfrenzﬂﬁng drelneofg. thfL@O66IpHads to inhibit

term rotective". refers to the effect o
o G oo A RGPy A a9 BT e PP U om H ppthvsay of
wﬂmgzgﬁﬁggpbb@gﬂjgﬁsuscrtatrng, or reviving nervous
tissue that has suffered nervous insult.

[0045] The compounds and compositions of the present invention can be used in
the presence or absence of radio- or chemo- sensitizers for the treatment of cancer. The
compounds and compositions are preferably used in the absence of radio- or chemo-
sensitizers where the cancer has a defect in the homologous recombination (HR) pathway
of 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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[0067] The term "preventing neurodegeneration” includes

the ability to prevent a neurodegenerative di sease or
wpe@oen2dhg further neurodegeneration in pati ePCBUSHI08/078606

are already suffering fromor have synptons of a

neur odegenerati ve di sease. [0068] The term"treating"

refers to: (i) preventing a disease, disorder

ditiop f i in. i mal . t hat b
ol QR o5 0 0 GopRRUG btk dPeseRIdBYIPT SHAPOI WY HojAg the
stittihg BaserRQanahetRERNiGHIAGNASES. 2 phidmionddrhl NeNH/943,714, which

(i) inhibiting the disease, disorder or condition,
is incgrporaied bereinky icfasengeve ity prtaty; and/ or (iii)
relieving the di sease, disorder or condition, i.e.

cd®B9hg r edyeisaiyo theofontpoandt, sediss thakic od Fdenula i/ wwed in the

S A AR e s

pdTﬁh@l‘éb@ RArvithe beioulDh ﬁ%bﬂess@ﬁf@f&hlﬁ% €58 thahnQba i TRLN, idre
therapeutically effective anmounts to potentiate the

praferdbly)fesy thian abeuti kN, @fprefoeabbit lesy hpe abdue 0dgevit mostquefarably less

cheno i ti,zers are useful, for exanple, to increase
th?ﬁ%“?%ﬁgﬁlggomﬁh-retarding or - arresting effect of a

R b N e N
a PARPVSSY UsBie Jubiiig (i RRbidadt hiBarPARPWRIrh § rdWBE A @aRth&Sburg,

its antitunoral efficacy.
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 KCl, 28 mM NacCl, 3.0
ug/ml of DNase I-activated herring sperm DNA (Sigma, Mo.), 30 micromolar
[*H]nicotinamide adenine dinucleotide (62.5 mCi/mmole), 15 micrograms/ml PARP
enzyme, and various concentrations of the compounds to be tested. The reaction is initiated
by adding enzyme and incubating the mixture at 25°C. After 2 minutes of incubation, the
reaction is terminated by adding 500 microliters of ice cold 30% (w/v) trichloroacetic acid.
The precipitate formed is transferred onto a glass fiber filter (Packard Unifilter-GF/C) and
washed three times with 70% ethanol. After the filter is dried, the radioactivity is
determined by scintillation counting. The compounds of this invention were found to have

potent enzymatic activity in the range of a few nanomolar to 20 micromolar in 1Csq in this

inhibition assay.

[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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WO 2009/ 046205PCT/ US2008/ 078606 [ 0070] The term

"radi osensitizer", as used herein is defined as a
worploeou2es such as a | ow nol ecul ar wei ght nol eRCii/ES$2008/078606

adm nistered to animals in therapeutically effective

anounts to increase the sensitivity of the cells to be

radiosensitized to electronagnetic radi ation and/or to

te t nt. of Ses whi e treatabl.e
st 05 ot er i SR ER o e il G Eiens, the
am;m%ﬁﬁhé 8 QWhd ﬁiaﬁ%erdqrf&ﬂﬁﬁhb&dr@%o@tdh@ﬁ innd8nbodiments, the

neopl asti c di seases, benign and nalignant tunors, and

alkdrebeingus Ca ¢ Cs braap@sitm @ﬁ@lneidc:ar@@ chpinofn somessamigetiments, the
all?fl C Eujﬁeir géeésg d lrI T anche rcealrbrg)nI al%l S0
con ]5’?%6' SRR AR armuntq refers to the
a reqgyi r ed rod e de ef f ect
3@% : 5ubs%€i<f> & bt e etedor abmadin Sl tagigubon
ch@[h iR @@e@%nﬁfe@%ﬂﬂb‘ér s edkimedoms. tﬁo@é?{@fn&}@ C,-Cg straight or
radi cal, provided that the designated group’s nornal

brgraghed @&:ensl hydtocesl@@@a@m coyfatiiy %teép@chomaéomma‘gmgn@tdeast one

R Rl AR R0 SRR A hRS) Frbpeny

1s@ﬂr6p¢1@ﬁ|ﬂu%nymoalﬁitém|tertf’o)(lanbEhLIfeﬁ{dnyl AdRxEMASdnaltBe like, unless
and/ or_inherently unstable. In sonme enbodi nents of t he

otherpatstindisatad. lasseicpbadinents, the adkapybahain a2 tays branched or
[ d I
utﬁ)lf'%ﬁ ({ uen @c}%ﬁg Ilg )@(‘%n&% }—M]Ab&h tmh’eth% %ﬂn%gglncélaﬁhlk tcliezbf) |Cg branched
oﬁmMnmkhmﬁmNQM1&ﬁnpufpﬂﬁﬁannﬁhymmﬁhﬁepkpﬁWaMBmy$a(bmgc4
is a heteroc cIyI may be substltuted Wi t

0-4.
branghed of yabrprchsd Carben PM@&HW@W@.@W bodpngnts, %@éﬁ%cham is a Cs to
c&ﬁ%&ﬁa%ruhﬁ%n&iee%a%hmmrI ng is substituted with

aryl sul fonyl wherein aryl 1s phenyl, and wherein the
aryl sul fonyl may be further substituted 0-4 tines as
descri bed herein. In the exanple compound, the

p sul fp noiety is furt ubstj t ut.e i.th. .
PRRES oL 1 PR it ts erdig RZwRHER 4 IS sbhiin definea. 2
caﬁldtﬂ%%%sbr@ﬁﬂh)éd 3R dnbréndhed sattfendedrd@rtdf dhhifil dohfaghihd) 1 to 6 carbon

any way. [0073]"Subject” refers to a cell or tissue,

atpmS.yitro or in vivo, an animal or a human. An ani mal

or human subject may al so be referred to as a
" pRAS4ent . " "Cyclo", used herein as a prefix, refers to a structure characterized by a

closed ring.

[0055] "Halo" means at least one fluoro, chloro, bromo, or iodo moiety, unless

otherwise indicated.

[0056] Each of "NR*R®”, "NR*RY", "NR“R"", and "NR*R™ as described herein
independently encompass amino (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 "NRARB”, "NR*RY", "NRCRD”, or "NR*R"", 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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WD 2009/ 046205PCT/ US2008/ 078606 [ 0074] "Ani mal " refers
to a living organi sm having sensati on and the power of
W@ 00405y novenent, and which requires for i tBCT/US2008/078606
exi stence oxygen and organi c food. Exanples include,
without limtation, nenbers of the human, mammali an
and prinmate species. [0075]Broadly, the conpounds and
c ositions of the sent. i nvention.can, be us
ox RA T cvief Sy BHes EITPT st B et hags! 5 PHEGRsUPS o be
liflin@RPRAPSLP, cerebral ischem a and reperfusion injury
or neur odegenerative diseases in an animal, such as a
h The«
"y, T SRTRRGRY NG, ROTBRGHH AR PLILIE B SRRy o
dgecrabadfheran.i Nen- baygag cxpmpies gmilide @Frdycimbsnydand nephisg@darbonyl.
to treat or prevent diseases associated therewth;
t henssal t er “ gRpRabopy EIsicttoaf casi@ngbaeithl Silelsﬂltatedaﬂdl alkyl as
t hey radiosensitize hypoxic tumor cells. Preferably,
desbeddierrdnNRn- i ingrrameiss iinshadegreyl #d mrADYATPYIcan be
used to treat or prevent tissue damage resulting from
c 80059 anngeAbpxrraghanyl Lr@feﬁ)wr?e@ar@m%ra@#cab@&@tl@équwﬂh alkoxy as

r r t.e
de%grt%e(rgriehg?el{l %\Epgtbﬁl%m?% A%'(tamgfe% %’élﬁ&/e.llﬁgt'hl) Cfcarb%% sae}lgftglfth
bupylesgiatbdngent i on are not I|n1ted to belng useful in

treating glutamate nedi ated neurotoxicity and/ or

N@yogeqi at edapi gl-agircalferfabh wrdnsatic RiFobRdlic théiBty having one or more
conpounds of the invention can be used to treat or

clpjedvimgt. oranmwlestinglgdee Vﬁmglemﬁ@tucax ebenyd repiRbyl, anthracenyl,

h 0076] Th t
ph%ﬁ%ﬂetn%%nﬁl LR Eéﬁéé%%oﬁnﬁée'mﬂ. ch i o bit the i

TI ."%fe}é%ﬁ%}{sfgﬁ@fsyt”?%ﬁ 5 e bty o s o losed rings,
wﬁl@ Bh@bNinb@ Hef@osb®§ (08 ehngAERAYBES nittIRH 6} aﬁnﬁnpfnea% mgt one of
I nvention provides nethods to inhibit, limt and/o

the @ﬁgfh @nd MmérQImtmurtng@ramﬁ$ maymirdepﬁwnﬁw by gean2asis, nonaromatlc
a an /0 br1 Holli;y (n?A[?Ps 1%8 g)lthgut AN {o%se e(r%ARP) I}ertazm 1,

I ssues, 0r gans r ord

p}h‘fﬁi&@lﬁ?l ﬂﬂ@dﬁﬁp@ﬁﬂ?l tehﬁli‘ydibﬁﬁﬁi’yﬂ pyfid i, Ipﬁﬁ’lnﬁdhﬁyl dﬂfydropyrlmldlnyl
met hods of limting or inhibiting PARP activity in a

tefrainideephysinddingls hexahyidenyriwidingr difpdrapypzigyl, tetrahydropyrazinyl,

1 cal 7 t
PR gl A B SRR, By Pyl R
dibdroimpidai, ip@ltazngll td]l@y(h@!ﬂi}mhzm)kylpazef)a‘tr@(tt[ﬁ Qleaidpenyl [1,3]diazepanyl,

h
(1 TarrH: B0 M PARPT S BOUBRD s G drae ngp SpbydrguinolyL
tefr@VdPd duii yls@f@aﬁoas%hﬁﬁowlaha tdtPan k&%m‘aﬁm&% c effects

of “radi ation he conpounds of e invention act as

Prbte :l nhi bi. A&ieﬁkﬁo rdERAL aff 5]159/[ faYifat sﬁﬁ%@e/d%mﬂﬂﬁ?? 'I\ﬂ)tnelﬂnltlng

breast cance
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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WD 2009/ 046205PCT/ US2008/ 078606 [ 0079] The conpounds of

the present invention nmay possess one or nore
W@200008203 ¢ center(s) and thus can be producedP@BUS2008/078606

m xtures (racem c and non-racem c) of stereoisoners,

or as individual enantionmers or diastereoners. The

i ndi vi dual stereoisonmers may be obtained by using an

cal | ve staring naterial al vin

oxpRbiRie: ST RbD A aa bR e Btcad b G gptene. and
C5,<§12,rg@te§@propr|ate stage of the synthesis, or by

resolution of the conmpound of Formula (1). It is

ungigyse OOdTB@?ehnt"H&vasdfnyﬁlﬁ YakersStoShn Qihﬁl‘agéf{osne@%u‘é’%iséue and any

as m xtures (racemc and non-racem st ereol soners
maﬁﬁugmcdmphs&mﬂn@yhmh&mmcdmecwﬁemmemwoesemmhnmyénmmmﬁmhq

The. conpounds, of he I nv fu
oK PR BASKIer BRRFT (e} O oheBYCapiAar Apdee P i fadon.
isHeRRRIRBbLa SRk dtovaRNAIRERIA GalhY, sBELePRHARLG e, mass effect,
hydr at és, pharnaceutlcally acceptable esters,

hqmwhﬁg@,e’adla@m Ivysoaw@pmamweg@mawélse@hamfm@@mstﬂadansoyl S

leFélP e%tg}ayotrggl?lc gggapsr?’lﬁrﬁ%s { e%#ye% at1 8%15(? a6[l1oln )process epilepsy,
cop@RRplakdr StietapaicSdRBFSality blﬁﬁ@cf)ﬁ)ddif‘yi cHE@s et t hi n
the scope of the disclosure. [0081]"Pharmaceutically
ageeds] abl eTR@ldm  neliyploddchve” reR$d Rrthe Bffect SPtaGRER, arresting or
refers to a salt, hydrate, ester, or solvate of ?
am@imﬁtngmrmﬁw@uhd@d\mmnm}m sesesaEng. e relawing @drvous tissue that
mﬁs ﬁﬁ7ﬁ0|$%lgal @Cthlty and which is neither
i°0 %5 &y 9 R8P ot her wi se undesi rabl e. Crganlc aci ds
CZ&Q@? eusegh%toe " g%&gﬁf%allleéquﬁg d?e%tgl%g Inﬁiidfgs the’ abohty to prevent a
ne%?&ﬁ?&ﬁ:‘fﬁlve %’éé%rﬁxeﬁﬁﬂﬁ? Reaidl haR8d&eneration in patients who are
p-toluenesul fonate, bisulfate, sulfamte, sulfate,
alreagh sufidragdion at brer\@tsefmpmmsr @ﬁaeneuccahrgﬁwrfaw@,dlsease.
canphor sul fonat e, cycl opent ane- propi onat e,
dij@068¢ onat €he tode'ayhtingl' fratbs,toet hanesul f onat e,
fumar at e, gl ucohept anoate, glycerophosphate,
fipm spichaitighafiicangaiserddiex mﬁ(ﬁh fr(i’m occurrlng in an animal that may
hydr oxyet hanesul f onate, | actat e,
be predishessd h@ 861 dissase: disondep M@wnéﬁ@guwélﬁ%ﬁl@ yehbeshrdipgnoaed as
hawngg&ﬂhﬂﬁe tosyl at e and undecanoate. |norganic acids can
used to produce salts, hydrates, esters, or
G0l vainhibitsncthe al&ehmddlscﬂnlleomn dﬁdlth}ddﬁ)ﬂt&ﬂin@ns development; and/or
dr0| dlde and thlocy nat e. OOSZ%Exa npl es of
e ¢ aBAlEVIBR e Lsape, NGYHH SF ENIERY & CoL e BRiFRRILOf the discasc,
disordet R MdRnlyidh 0Xi des, carbonates, and bi carbonates of
amoni a, al kal i netal salts such as sodium |ithium
E F)t aSS*rHé‘} Jcﬁem@slehﬁhﬁ £ & %E%J‘heﬁ@h alls déﬁﬁédsassaqﬁglecule, such
a ci um and magnesi um sal t’s, um num salts, an
aszi oo maletdar W@gﬁt&ﬁ@k&ﬂﬁ,%ﬁfi’ﬁ?ﬂet&ﬁ&G @8imtI8mGGerapeutically 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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[0083] Salts, hydrates, esters, or solvates may al so be
formed with organic bases. Organic bases suitable for

wa b@Inenomt i on of pharmaceutically accept abl e BEEES2008/078606
addition salts, hydrates, esters, or solvates of the
conmpounds of the present invention include those that
are non-toxic and strong enough to formsuch salts,

h es, ters,. or sol.vates. Fo ur po f

MR o SR S Rer el Bl S5 Sl iih & 96T snagrotccute, such
asl NBWUASIcOMNOweighll mole@iél ddhiimkieyddatian@sals BUGEapsutically effective

nmet hyl am ne, dinethylam ne, triethylam ne and

at@@t@%ﬂodﬁ@gw ahd seasitirpynof theglls fgrbe radiosensitized to electromagnetic
tri.-hydr oxyal kyl am ne such as _nono-.. .di - n .

ra i AR R A T B R Mol e i

cltdt®in@nctgiatiaton e isdts 6w high gtdieesanid Weh clectromagnetic radiation

_ N-net hyl -gl ucam ne; L-gl utam ne; N nethyl-piperazine;

inghyfp AANIasEC diserigh.iraignand mealigRel dwRgts. Fmaewgrainllhe;

r -1 : .

B R X AL BB G h Ml Wiy 3R gbfermplated
1- 1977). ~Accordi ngl, basic nitrogen-containin .
ot 0L Can SR PRI, e lTD e S b RREFR B Rl iig pesiea

efeédckyl halides such as nethyl, ethyl, propyl, and butyl
chlorides, bromdes and iodides; dialkyl sulfates such
asogtizet hy l<guslitRiBy! mestshinat 188G Ihgddkes sh b AbSSiated group is
| ong chain halides such as decyl, l|auryl, nyrlstyl and

reglaeett with endtberirddisal, progided dlant dreddeasigdiidé grovartdncamal kafgnce is not

hal j de uch as, benzyl and phenethyl brom des.
orepulsly PR Ee 8T v aron” S PERERDEYL Bk Tl fdus. syph wroups ar
nct ht¥iated o @ftrddn€e HasiuBstaonRPOLACS sttaialBeinreRrbEdy@hdtelly non-

by dissolving the free base of a conmpound of the i
fepyills apd/or mherently unstabladnseme sododimeats fdheBysntincasiigseribed
DG R SRS AASRERAORURLL R PSien. For
ex@upi firathie regmip bendslowini leifow AdrtiBiistiativey phrposds alyl teeipasanyl ring
. of a conpound of the present invention can be reacted .
is gihereregychysivehichaybr subssitedith Qo bedipeit At deseripgseherein. In the
o b Do Lo R F SRR drRURAR WhbRifary
pleoyl emt wheninthe etyludfseyltthey bafurthsepdstatiues (d4 tiees by decribed

can be obtai ned by cancentrati t he sol ut.i on. . .
P D8R G R (e Rbeaprine e B 8 g s pubsgicyegd wih
teA- ey Y@hl e\!(_ﬁm?fe it BRch RaNtdtMeive pIpBYRGRIVEHAICE not intended to be
~under goes biotransformation prior to exhibiting its
lipitmgrimeny vgy.cal effect(s). The prodrug is fornul ated

with the objective(s) of inproved chem cal stability,

i nproved patient acceptance and conplianges i nproved

bi oavai | ability,,prqgjonged duration g Lon,

i mproved organ sefNgctINity, inprove r nmul at i on

(e.g., increased hydrdsol ubiljty)§<ardror decreased

side effects (e.f oxXiNH t yJ. “¥he @rodrug can be

readily prepared o i Nventive conpounds using

met hods known in the att, “Sucl as those described by
Burgers Medicinal Chem stry and Drug Chemi stry, Fifth
Edi(,l(%vm . 1, Sybyectresery toga cAl@-togye, (1 998)0r FEip0.cAimNg, or a

Ihe, | efelagele! dnto.
hprodfﬁggﬂ fyg%nver #ﬁ §%§@?g?SR%EQQ%%P@ﬁEQh?gé%Qy or

carboxy groups into esters. [0086]"Pharmaceutically

acceptabl e netabolite" refers to drugs that have

undergone a netabolic transformation. After entry into

t he body, nobst drugs are substrates for cheni ca

reacti ons that may changZ their physical properties

and biologic effects. Th ée nmet abol i ¢ conversi ons,

whi ch usually affect the polarity of the conpound,

alter the way in which drugs are distributed in and

excreted fromthe body. However, in sone cases,

nmet abolismof a drug is required for therapeutic

Y Y e o a1




to chenpsensitize and radi osensitize cancer and/or

tunor cells. The term "cancer," as used herein, is
wa@lzdopaedodbr oadl y. The conpounds of the presentPCT/US2008/078606

i nvention can potentiate the effects of "anti-cancer

agents," which term al so enconpasses "anti-tunor cell

grow h agents," "chenot herapeutic agents," "cytostatic

B AR Se B B R g e poverof
V(ﬁlﬁkﬁﬁ’ﬂ%ﬁ@@%‘enﬁ Faﬁ_é%&hi&ﬁ‘é&@ifesifﬁr Méﬁheﬁ&é%x%@ﬁaﬁfd drgifi€¥ood.
cells are deficient in the breast cancer tunor

Exanpipescisslofe. geithost BRaatomn tiepngrer BREAR huhap 8gjrmpplian and primate
o e(>:<iasnpl e, the nethods of the invention are useful for
P&t | ng cancers such as ACTH produci ng tunors, acute

I cytig |leukem a, acute nonl hocytic | eukem a, .
TRt Brese i DGR cae) SHpaRORT o B PO dghtion can be
use@NE Bbat oPHRASH: CBAGREge SLAMILAlC t6 RBEBEs of BFPRdsEs, cerebral ischemia
| ynphocytic | eukem a, chronic nyel ocytic |eukem a,
andgkpar fistoal inpaneercuredegenredive discasds|in by aph@hwuch as a human. The
endonetrial cancer ophageal cancer.. EWM ng' s .
o Og B R TR LR RS RESH TN Bt byt Rgnd the difespan
andfilo R EKivE aleRlty o FedBlind 'tifus| MABE AR, to KRROGH prévehaliseu¥Bs
ki dney cancer, liver cancer, lung cancer (small and/or
aspRsRteGrEICrevERY, [hey altar gaaRPrepuen plbwsaaicertfaellyiapd they radiosensitize
. fOsi : ‘
FRoAGE otk HcRratll, 5k oo R BRPERnp Lk BP LW ention can be
usey Mptiedrdr prestieosarcdimge ossaltingfrananeledamayeairydegtheiuato necrosis

o BSOS B B pSPHE iy i
t0§f3ft§/.' Tﬂesc%%oﬁﬁ&scmﬁe preYR H@{éﬁtl&@éﬂg (it f@@eingsﬁs%ﬁﬁ(hlﬂ treating

cancer, testicular cancer, yroi d cancer,
glutaophobtdsteil acwetpliaiyrmd/on ND-nrediat@ntmelogicabpyitivadys. Further, the

cancer ncer of the vulya and WIlms tunmor. [0089]1n
SRR Rr ferfty st EF pplreltis ot B Up e sieted to
PARP LstidfiBnSRl Redredd e t he group consisting of brain
cancer, nelanoma, head and neck cancer, non snall cell

| o6 ancempe f)l%§§ﬂ.t %&Ueﬁfio&ﬁ‘x‘[%‘%ﬁires MBI WhARCIBRibit GRS M Vitro

cancer and rectal cancer. [0090] The present 1nvention
argdl g on velogtoggndrascaacphigy obedutAlRRdribogpolintaran (PARP), and
conprisin gl? a ther ap utically effective amount of a
OIS BIOAY T RN SR SHAHAST BRI (1) and (ii) a
pharmaceutically acceptable carrier. [0091] The abagve
dil&¥TEsi onThePisps s gnveatighproyidss aicthogs gn*@@ﬂﬁltnamﬂsand/or control the
inWitkd hid/oBRd i REMBIRLELEAL Ry OF pb HEAB PIRRUATR [Rherh 8P ARP) i
lnpr esentojialnvé\ﬁfllmoﬂhgl{aso appP’i e8 ?’g tﬁe pﬁggﬁagéel}t%égaﬁ ) in any
ofcohpioss, tee i tiefuct. egprses erganispsiems i loone fODO@hENE thepnasent
iy BRALTRCeL] Cal LY SGGERL 2R &AGArd BARPIRWASE NSLEHAL such as o

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.
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any carrier, diluent, excipient, suspending agent,

| ubricating agent, adjuvant, vehicle, delivery system
we@pwbesd20®r, disintegrant, absorbent, preservarCTES2008/078606

surfactant, colorant, flavorant, or sweetener.

[ 0093] For these purposes, the conposition of the

i nvention may be adninistered orally, parenterally by

Ir i@ﬁg |t Iy’on,rqgg r%@pung I)p(r)ens\e}lgglfkl)ﬁeg{ugb Irr?ar}]/ posse@s one 01thore
as'yﬂﬁr[e@l@&tn'féré‘s})' hAd this c¥i Be Ao Lol B MhiRAIrEQBREMRA dnd dn-racemic) of
dosage for ations contalnlng conventi onal non-toxic
stgh@lsm@r@mﬁ @amdlylda@lc,e@pmabn@s @adlﬁi‘»térregmetsr Tb@:/mdnyd@tl Rlgreoisomers
Ve Ial%né bdosa e fotrl ally a ’F" ¢S ar1 £I%5teelnlg % resof’vnll'lse%acemlc or
e A IX&% U Heg ugs avenousy &

ndnnﬂab@ﬁidﬁﬁlbthﬁé of amﬁlteaﬁeﬂﬂatecm e@ﬂne apmbplaatth €@@a¢ of the synthesis, or by
intraventricular, intrasternal, i ntracrani a

repoipidRn pighe sompagifSRrneiai hi d‘iﬂéémdf[f@iegdl}%ﬂﬁ individual

SRR S SRR A RS S amrs r

m@smbmﬁe@byﬂ&wsmﬁnﬁhhmpﬁmmﬁmuhaﬁmm) which is preferably
isotonic with the blood of the recipient with a

ph@suRC eut TEatdiMpAGAEPE tbligveafldh hirusefaX REPfreSbRE fSwE in the form
sterile |njectable forns are sterile injectable

ofzhaeeassuidgally|agesptabbusalis udenaqestieallypseansable Byspiss.ons
s AL oA fle BGRE HeladRul AR LA SIOHE. by nieutically
acse{ﬁ@lﬁa graiguggpinirmacclifiealyt &cepteble meeaﬁoatzals;earqurl nige foeiy of

| so be sterile injectable solutlons or ensi ons

PI}%‘HH“FB%W@W&F%%@? %ﬂex%se%b% 1y formeathel v I%me@emesof the
dif@ssgxanpl e, as solutions in 1, 3-butanediol. Among the

accept abl e vehicles and solvents that may be enpl oyed

[[fo t er ' 'I' SO%%%%%tiéﬂéﬁ%ﬁ%}%ﬁﬁ@ LeIH‘%”'é raq?m'és?e?‘eor "solvate" refers to

a id&mhﬁdra&pé%rl orsohlare @ttt inventivesdodipolugds whixkegogicssss afeclesired

conventional | 'y enpl oyed. as. solvents or susgendln
PhepgraiRgicat aetivity ad gyl isaicithenbiglogisally poreihgivise vaigesiigble.
ORSARICA¢RA chi bk Y élntg PO SIS ChyTRREs, eg’trersdi)  IVE&T sk e §s acetate,

corn, cottonsee eanut, and sesane oi Fatty acids
adspatd) adpsnae, raypartalt@zbtleaoatesbwewhlfnwe,sx @l nesafidnak diisulfate,

i d an its ceride derivatives,. inclu
sulfiatgh 6 pafhebyinte, BEGE Ay R phgie. Smptin bl
cyRRIpEASHEpRYpiHa R dfg‘ﬁ{c%hﬁesdod@é sﬂﬁ@e‘ Wthah&ultBfate, fumarate,
preparation of injectabl hese oi|l solutions or
glgmetﬁgwnglmyomps@atﬁo h@raisnlfaltg hgptehedte hakanohis) 2-
hy r%g%yg{riltr Z%S%Efglrlartlg gggtg’tgg%g’lte Oogt%]ansetsﬁfé%nager éaoaﬁ)pﬁla enesulfonate

nisbtidates beaThte ytowak@rans @hddehfodt® Ib@fgﬁ)iﬁ@i @cilPcasbeused to produce salts,
SOlUt|0n The carrier may contain mnor ampunts of

hyslaaips icvtes, osiebntasuehpshvaireddoridsabydspbrapide. bydrgisidide; gnd

thkﬁ?&%ﬂgClty, and chem cal stability, e.g.,
ant| -oxidants, buffers and preservatives.

[ For Iatlons ita or._bucca
LG SO r aE B BB TR Bu B BB RieRotiageres inctude
hy@ir SRERS cd}aoﬂa@ésnhﬂ@mbm@atw a6 ART4, SfatibAeth] Q1td HachQis sodium,
about 5% w w, for exanple 1% w w of active ingredient.
litirhven arsk pRIRSE RISt £ dkal g rearih msen] salls sl apgalgipm @ﬂé@@ﬁl@smm salts,
al{nﬂ%ﬁ%ﬂ{ éeﬁ’tﬁ SAMRLd S an active ingredient in association
with a arnaceutlcally acceptable carrier therefore
and optionally ot her therapeutic ingredient(s).
[ 0097] When admi ni stered orally, the conposition wll
usual ly be fornul ated inﬁg




unit dosage forms such as tablets, cachets, powder,

granul es, beads, chewabl e | ozenges, capsules, |iquids,
Wa@wesurosuspensi ons or sol utions, or simlar RPIOBH08/078606

forms, using conventional equi prment and techniques

known in the art. Such formul ations typically include

a solid, semsolid, or liquid carrier. Exenplary

SRR S T W T

f%aﬁf%ﬁﬁ'ses%hitabl@ @QRe RihBEn oplbﬂartﬁﬁce'i,lﬂ@é]@r&@aotable base addition salts,
i nates, tragacanth, gelatin, syrup, nethyl

h}@éatbmleﬁs@; orpﬁ@ﬂmwéﬁhmoeémwugdmﬁthgmem anveatipminglude those that
arﬁaa% é%mcg %1?({; s& %bee?lél?g%ttﬂ dfo @%l S'ngél %P,g b]e t%]%eorsato% soltva fteS For

puEpERO ST fliudifatdh, thaelds§yedlich @fgante [use¥ @r@ABcYide mono-, di-, and
adm ni stered as a capsul e or tablet containing a

triglkylpmanesy seRhAs dieggh ﬂé@@eodmteﬁéf yBivpoGRtySMirR Al a (1)

dl%clmQPHﬁﬁr?éﬂtﬁo%%l l(i)f &r@%a@kf@&lheg RELEA modd- h&l- and
conposition’ma te as a sterile soflution,

tristha pelasiren amato etemsl mchras afginie sndilybe pguadidined Bdmdoé.

Tabl ets ma tain carriers such as Iactose and c
glugogprappe; %IH%‘F%‘VPgI&B?IP’é‘StIr @31 talgeigt ¥ -uefeKl- gerﬁa@ﬁég?@wne
ctRY 18RI S ine GABRIYLES hERYh AR IR Grlﬁiﬂfdng{‘hﬁtHyrl})‘éh%eﬂﬁne and the like.

l'actose and dried corn starch 0099] A tablet m
Savate eb@fmnlorﬁfdessaqegu@i Saitd, 7. Rdpatrh, eScac()@ \kel-nagtswa) ehtcordingly,

ti.ona t.h on r e cces n .
oo Sl BN Re T SrESEPEt Ry AbOR FELEME toygy alkyt
hadidsdddca ﬁqe'fﬁ%@ hitha, pleﬁ Q&tbdf?l dhMEHREI 18Bhided ald iodides; dialkyl
free-flow ng formsuch as a wder or granul es,

sudfigter Gwedl 4S)ﬁ11mﬁt>h§bi dygithn, @bwwh@@rdlammkﬁwlf@@m long plegin halides such as
det%glb %?\él %Hgtgflé:nd ggatr%l %lorf%lgs dorg | ﬁ(feg Igcglot%g%ﬂteanr@fwggﬂl?ﬂehahdes such
as@emyqtauﬂ@h@fetﬁﬂerda@mekar ed act | ve ingredient and a ,
suitable carrier noistened with an inert liquid
difdosant . [ PRILEQL 10Eti6H FNQURARAES, e'ét'afssoﬂ RS FFhdBic
al so be admi nistered rectal li/ in the form of
cosupppodi may b@Qrepmésséh@deb@p viegie dien bt lraeqrameungyf the
presen{ lngfeltlt onvﬁ a%gaqueous S a1§ g%te%gs glc og rsf%lgﬁl%é 8} otﬂgr sutltable solvent

cdnteﬂlhihgl tl&taplpﬁq&rﬁ{e etcﬁl’@ﬂj’a@é Wwhe aso@eﬁlﬁﬁg th&@ﬂtﬂ;fy&!’v@poﬂé/hﬁé the solution.
melt 1n the rectumto release the drug. Such materials
Alteraptingdy. cscBee base 0bp compeifarfl the Recspd|ieantipn epfebe reacted with an

acgci % weﬁ as L%Qé%&%%ﬁﬁ?ﬁ&dﬂﬂé%é@t %ggﬁ?@% etheacid group thercon

idvention a ize contro
wttle e ba, agh. théﬁhhxsreaétmhs ammhexrgaﬂnesaivem lio &éﬁbm@n@dmmdls

e)\ybeln or por glnt dro P mer matrix
rateééﬁ??t Predn élo eéf) § The

osition of the |nvent|on rray then be nol ded into a
sd)‘lr’?

Sé] i npl drharmegeutisallyracaentblepindres rpfarscin 2 depivataysl of the
mt]aﬁ Bi't o:pghlgge“?[{ léﬁ %?%F%O ngeg)queig?{)%ﬁdfn %%r ¥ e)hhﬁgug\ ﬁFhe

plraaﬁdccﬂ(ﬁg’lceﬂ Eﬁqm@r)t Thieeprddsig igforiBulake dovoint fh@ldbgﬂdt ivek)eaamproved
fil @1 %wn_tothe art. Particularly
Chﬁmécf ﬁf.ae tsérﬂélpfows BafdfrarceRRPe S Ak comlieBths lmﬁowefi bioavailability,

pur g&!s%aﬁ‘(gn @pe{cﬁeﬁ lifhp ?&gﬁ%%a)ﬁ s%fE@h@iY}e meanve& Iﬂ!rﬁqulatlon (e.g.,

e that may be used in“the presént invention
ingneeded dedrosnldbdit pd al/er dchopbainedovdffogls (acgettamelt}doﬁbft puwdrug can be

re PR BEm B B oy b By Bo it e, suoh s
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hydr ogel s such as pol y(hydroxyet hyl met hacryl ate) or
pol y(vi nyl al cohol ) al so nay be useful, but for shorter
w0 2loeasroxycl es than the other polymer rel easePGHESHNH)78606
such as those nentioned above. [00102]In an
enbodi nent, the carrier is a solid biodegradable
pol ymer or mxture of biodegradable polyners W th

R o B RN B R TR0 B e R C oot 1 oo

1@1@@49-@8@(@%?' F&t dxBRbRNMhe SN dn@ibe Eoﬁaf%urﬂﬁ ex Bk f#8hsformed into
ef fi caci ous concentrations of the conpounds of the

Progspgn by eenvsviars encmr ahan géthepadioss oo Fambpregiauph e cti¢re
need for frequent re-dosing. The conposition of the
prlegssnt i nVRintmarcuterlyrecémade potabbbe” refto to Idmgs that have

blode rada r o nmer .m x
TR P S der RO - B! SRR HAPG MY rags pfesubstrates
fo@Elﬁen@iE&i rBRYiohOIHA Mal? SRR ARAUSHRRET prpMitdaddBologic effects. These
bi odegr adabl e pol yner, or may be encapsul ated in sone
mmbolw Ctormmsmhs \*d@plymkally @ffecmtbe pedamty| of élap ¢qmn9uad,seéﬂer the way in
In on |ode rad
whSR YRR e AR s SRS GRRC b Fdhe bl pB VG BRI Goses
metdBPIim oﬂeomﬁlglmte’qmréd']ﬁ)r PhdprRae bitfe aForGRAMPRI dritRBnak drugs of
the present 1nvention that can be adm nistered as a

the peiiasiRolit glapumustdie cepvaristdo theyr qchy e Brmeaftcibey iccteen
I t
tr&tﬁg@tﬁ%ﬁlgﬁ)ﬁ %dg?éreégh %1&8 ﬁl%%%%ﬁ@%ﬁ% il tg‘tc):(g quae aformatlon of some
klﬁdl ,ab@tliot hemiic ] realihlotmtlﬁt pley aThile il dgrgaﬂaﬁbcﬂﬁnt mmyéb@ﬁurhheus and
depot _so forned. can be varied from sever
diyeIyp- yfigraain aléep%f}fﬁ% getabenst Hethp o galh %ﬁ@é@ﬁ‘é &S%ﬁa iy glso
Egghﬁ&glar wei ght. By using a polyner conposition in
|njectable form even the need to nake an incision may
nlna f.
l FﬁQher sHll G{F%( m%ﬁl%ggtbf 1{]‘%@{12 g%tgﬂeoﬁge?\ﬁggéﬁ cancer and
tolohemsmpntles alwl ﬁahlotshmttmd:ﬂnwr hh\d/ar fuintor 1eeits. ahe td’rﬁunfandeo " as used
surroundlnqotlssues The phar paceuti cal conposition, of

hereip, iy delingsh broadlenthegionipoupderf thhpighglh VSN Hiprhgandpagentiate the

ef?ée%r(ﬁ“pgﬁﬁ b%le} dg e‘ﬁfsf e\?/ﬁl'cﬂ FornY dRYm ?5@@@%’&&?&& Bar growth
desired rel ease pro il e, the concenfration o

ageh@ay” r‘mh@mtihclapeIEmrqgems Fi“oytosteguageats, T ‘@ytatdrac agents,” and "anti-

sensi.tizin fec the | en th of tinme, that th
oS ity Ee EBh BB G TnaChRh Reas: s bntgpeotes breast
cadnb&ah WAL tht BRAGAARS 6 eWBHS @ in tlRSLrbdRY 8MHckORn®: Suppressor
used in the conposition in anbunts that are
ganheBBEdUtdndair|BReAZecti ve. The conpositions may be
sterilized and/or contain adjuvants, such as
p{@a8Si vi ngFOIS¢><ahiplld thengethoedd dfithginventicerart ssdfyl fogtreating cancers

nt i on ronoter Its. for regulating th )
QG0 ER Tl Pl R Sty B Tic kgt Ae g nofaiphocytic
letiBmit! @RcG TR zﬂiréﬂiah %rtetxhﬁfaé@&l&h@e@l Br¥in\e@hdr€ast cancer, cervical
substances, such as, without limtation, the specific
ca@h@ndtrh@m éﬁepﬂnqcaﬂa@@h@mlar elupn@dnmcefiln leukhaia, colorectal cancer,
accordln convenélona

cu Il)? ﬁgﬁ‘ﬂuﬁ) atl b Sn 061?6%1'1 actaP%er ?%8 cag%ea H]lgg s%rcoma

gaallbmuﬂe&aﬁcdwhal@%enmm&hgb theacpaﬁf BIcR k@hﬂceauwt kin'd §np@&ma,
by weight, of the conpound of the invention. [00105]To

K #0s BF Jogqouna, &1dna esel livengangera Bing eangen (s ang n@g}sstr@ihcell)

u r

b LR GershiNG) GIRTRAY R G o EEh, ARt BsSiERHb
peri pherally adm ni stered. Conpounds whi ch cannot
penetrate the bl ood-brain barrier can be effectively
adm ni stered by an intra¥gntricular route or other
appropriate delivery systemsuitable for
admnistration to the brain. [00106] For nedi cal use,
the amount required of the active ingredient to
achi eve a



t herapeutic effect will vary with the particul ar

conpound, the route of adm nistration, the nmamal
w@aend2oeat ment, and the particul ar di sorder BECT/US2008/078606

di sease being treated. A suitable systematic dose of a

compound of the present invention or a

phar macol ogi cal |y acceptable salt thereof for a nmamal

sufferi from or |ikel o, suffer from any of .
g als ekttt S s brsor & o fer Py o vapian
caRBRUEVARyY Lot dsfl) Edhcad Prlstal Ofnb® shcRfatit BERE theNi®e cancer,

I ngr edi ent conpound, the typi cal dosage bei ng about 1
retigo gsdema, BRinmgnkey. sqfo0ssoq pareotng, sapaiveustast garchseagestomach

agcifictgose | evel articul ar .patient

o < STRR SbsE BEPBPE rPhoe B PSS BB B8, vagina
ca@Cdrl vdnkyr «ffthd hevs peCWiings a@mg@ound enpl oyed, the age,
body wei ght, general health, sex, diet, tine of
aqimssblst I atd Qe doAt BmRfng UM, tEY 4bc&GARRIR A& bells are
and the severity of the particular disease being
selactedtfeain drecerper pansistingl af briagt qaaciromelapomaogpdl and geck cancer, non

d that the ordinarily skilled physici
s THER Pk Gl ooh O ot st SRR MR R e goncer

ef ive unt of the c ound for prophyl.actic or. .
CHBE eus i TR PR RumnteT fhe R o reBrPE T chpSlition
cdnfiRRIIEML a ihSraPEMcAILP tREQ e ahfduiCof QRgR™LAGS a tHBpound of

physi Ccl an or veterinarian can, for exanple, enploy an
Farmutaaitprnsiue)) b ohasnacouticolle dedsptabdle daniaravenous i nf usi on
and repeated adm ni strations, parenterally or orally,
a$009dnsi delbdalayyp rdigonssatnerelavihg t@thietpré ferrpbsmbddimehterutdiny and

ctive.in dient tq be adm nistered alone, .it is .
it & e dhessiadh O e PEean BT SRIARS PP o502 58 gpeccutical
cIMRRATN RS t1q5F8GRt fnQEMdnncor porating the conpositions

of the invention, the conmpounds may al so be bl ended

Wi onve i [ i.ni j e .

e g Dot SRR PREGIRRI By ElaR HEChS ol percin refes 0
arlyl dagrjer) dibrent arntipients sudpeaiing ygimo debrataadg wgget alplvanoivbhicle,

tearic acid, d t.he like; di|luents, such as_|actose,
deilé(ﬁrryosgétema ﬁ@ugﬁn@g,oilgntegyagf, ﬁpgﬁ )¢ REeseLyptiye.surfactant, colorant,
fRdrRexrRLRhGel | ul ose and sodi um starch gl ycol at e;

suspendi ng agents, such as povi done, pol yvinyl

al I, a ike: - il L
L
orplipputeparrabe by isrthtdadpray) abBogoahesbssiptibaab pinlsy, rauidly, nasally,
N s S
cﬁhﬁﬁiﬁ?@@ﬂehﬁ@ﬁél ﬁo@-@&gf@f)@ﬂhﬁc&%ﬁﬁl@-@%ﬁtaﬁfe%aﬂ’felr%c, C())'? BOWRy other

in the pharmaceutical arts and are descri bed,
coaxanpitalosige fRand Tigttom parPhigratrat esetdiberdin Belvedng sdcutvhedkus,
. Publ i shi. Co.,, Easton,. Pa (e.,qg,, 20th Ed., 2000 an
I o G PR T R R e A R BB et Al ang
infeh@b AL i6Rbr NERRA tdélirdques VVashi ngton, D.C., (e.g.,

1st, 2nd and 3rd E, .s. a 1986, 1994, and 2000,

r Tﬁfﬁ?t | velphken 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

29



[00110] The present invention relates to the use of a

conpound of Formula (1) in the preparation of a
woredvosrent for the treatnent of any di sease oPCT/US2008/078606

di sorder in an aninmal described herein. In an

enbodi nent, the conpounds of the present invention are

used to treat cancer. In a preferred enbodi nent, the
R o PSR E P e B S Dbd e S b Raues Known in the
art @ﬁh@ﬁdlﬁﬁle didpeiieoRetBAP Q@n’f@ﬁfda subRAdRmENROMA dBheQkertib Bjectable

present invention act as radi osensitizer. In an
fozng eram atSp\be spriq erchlees%mnﬁehﬁusmmseonsonrp@mmgc pArentpeally-
Cg?ffe[ ¢ gﬂ% NS ﬁrt sI ?VCH@SF g)lcr)ge%?nq%fe oas S i f(])tn% ate bH anﬁéfloPtAon)q((l)an the
aceshoisle wetiitles hiBsolRshpOthBCsawhe érhplopéceae mawrnyaem& | Rig@Gtsolution,

as a chemosensitizer. In another preferred enbodi ment ,
dﬁtxﬁésec%%ﬁ&liln #8t0pc SoHBIN Fllgd sqlwhiesh pndbHamlsesqlaian. {paddition,

st%rﬂ 11%1&1 iR IR %ﬁloﬂfallﬁ; gllnk)ﬁeé?@%% ﬁvv\eglgsf ((;ﬁ?s'iﬁpe'nﬁmtgqgedlums. For this

ous reconpl nati1on
pudpanal &yslﬂm&hﬁimdl dNAay bp mrnploybd)ﬁﬂ:]lul:l]m@gynthetlc mono- or d1 glycerides,

qe‘{l?,,?ﬁrogglgstoelgc? %i?glea}gn%&ac S e l glttg ES ngélp gtelijyﬁ.l gfeate 1sopropy1
mGRENRL hfr ape ldEl'd%na% %iycelfldé B8 RIiES&E Hcldd ﬂiﬁlefnwe%nl antRastor oil,

particular, the presént invention conte tes the use
esoéCIdlyzlheh@t belyapestitylaed quefﬁ ant u&rcéllmrdumremtatmn dfeimsetables.

T]?egg 0 ﬁ]&n}géllpqsg(gﬁa gpuetnglape 8 sh rcl:glaté%plglgg ﬁgadlil ﬁl%gfloll dilrl?eltltggr
gﬁglatin, ci splatin, daunorubicin, docetaxel,
oxorubicin i nt erferon-al pha, interferon bet a,

' Tﬁ@fSﬁ er ong Qe ®iind RLE5ERHKY @algrer |l R &2@dunds are often

paclitaxel, topotecan, a taxoid, dactlnonyC|n
surﬂﬁmotrtubwairensolwble dEbIXIylddIqur ai gilwtjorh Teopyrcienmay contain minor

%a%rn%/p@pgbrﬁ% SB c Eétalgceeg r%g ﬂl&ﬁp‘g% g@}%ﬁg&oml&%ﬁ’ glll({j chemical

st&’&m%' €%, ahtRRRIIeRER Nbu fRAdadll preder@sivber eof . According to
a preferred aspect, the chenptherapeutic agent is

[ S o 12' oM H&m A0 AAERI ARG 6#&%‘89&&19[715@9&1011 (such gs self-

] The 1 nvention contai ned herein denonstrates the
pmp@hng p@\séer@lﬁsp’ehmng: ﬁwpml,artudss)am}' cmmmrss iabowdsl %6fio altrait 5% w/w,

P EETEL 1N EP AL SR Rudir Lt Bk ARG PR YRR M hcdical use of the
p&%ﬁﬁﬁ/@ﬁ%ﬂ dofhpige bl ﬁ@r'iveamgt/e@fenﬁﬁr&@fc ia€i8h hitH Ppharmaceutically
chenot her apeutic agents, and to inhibit the growth of

acgeftthle harvichdicthddre end obtiottah obrprthicntpsutc mgewshdntsat i on
(HR) pat hway of doubl e-stranded DNA repair. [00113] The
f §009%5N ng Mﬁﬂpﬂm@iﬁﬁedfomlly, tHeustmpatitioe will mp@d:lesbecfnﬁnyulated into
imt the scope of

an re.not int
ufatpfgqsr%earor% SUQHS LA oGRS SR R e e Bt ozenges.
capSMEN il eRs RIgavh HSsRnbiBhY St tRNE R B3 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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one conpound of Forrmula (1), or a pharmaceutically

acceptabl e salt thereof: wherein Ris (a) NRLR2,
wWaLwpe#a20R1 i s sel ected fromthe group consi stPEEUST008/078606

hydr ogen, Cl-C6 straight or branched chain al kyl,

C2-C6 straight or branched chain al kenyl, C3-C8

cycl oal kyl, G -C6 al koxy, C2-C6 al kenyl oxy, phenyl

h b RAR 1- t ht
oSN D P R Sk A henzost,
taR Kﬁ?ﬂés)umﬁt@ira@aﬁﬂl@hﬁ@t or branched chain _

a kyl') carbonyl, (C2-C6 straight or branched chain

6@®RY! ) cairhopyh r anc%s(tg% ociﬁhé:ﬂl%ﬁ’c@nkly b)e@éﬂ'ﬁ@g%ﬁqmgtged% a capsule

straight or hai n al kyl ) oxycar bonyl
orgtbleti gpintaimng bsagEhediiabied dosalok ﬁrc;do)m»oyn@obﬁmyﬂula (Ic8: C8

DI F AR T (b Ob i SRPRSHon e ot s a steril

solthonl Jusp@s¥dn( lee&@ls%‘hr Al Gl br SivARE t@l@% qRBleR may contain carriers
akenyl? aryl (C3- CSIai;clo%kyl) (C1l-Co6 straight or
3

sugh anklasde erbiain alakgh 911 lubl(lmmgt@gsw sucgras neagnpyignGrathte.
Ce?prglaﬂeg m%ykc%rq%l& & 1¥enfs ngccl:3 ding lacyose (Ii El%c} ersfarc%r. yl,

[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, the active ingredient in a free-flowing form 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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het erocycl yl, heterocyclyl (G -C6 straight or branched

chain al kyl), and heterocyclyl (C2-C6 strai ght or
whe@pokheos chai n al kenyl); wherein each het er ocBCI/Y$20h%678606

between 1 and 7 heteroatons independently sel ected

fromO, N, or S, and wherein each of RA and |le are

i ndependently selected fromthe group consisting of

dr ogen trai br anched ain.a
5O eel Eh an i g b raShacP AR G g s Tl gy be
use ! Raldoshort@NdlcRR dysles BlaBGh&SthEr Iy hbBere@a®Ufystems, such as those
conS|st|ng of G -C6 straight or branched chai'n al kyl,
metiongd akeveai ght or branched chain al kenyl, C3-C8
cycl oal kyl, G -C6 al koxy, C2-C6 alkenyloxy, phenyl ,
pheHoeRy bhnayémqu,imbiﬂxmv cfCicr G stliddiiglegradablopahyoive dr mixture

o b B e A ol SREL SR
kifdthx | TEas I ltion (0E2neGav &ftiotingtt the b@fr@ﬁféb@ﬂto%@@hﬂ‘ i C%lant suitable
alke(él)carbonyl (C3-C8 cycl oal kyl ) car bonyl ,

fog progiicig eﬁwaﬁom@t@ﬁaﬁm@hky@mmy@apbﬂnynven(lm oQs a
ranch hai ny K oxy
o B o O RAF BBy TP RSP B g O corbistiish of he
pradet Swvkht@itydan b@ﬁﬂdo&@rat@@ 11&1) ftigd lﬁbdleg@idabreé}ﬁ)@ﬁﬁ& cﬁrfp@lyﬁher mixture
al kyl), aryl (C2-C6 straight or branched chain
iy spblc mARRAr kugwmgo e isaiiegly)skill o theart and ajayHerny p

I

nRAMAER 0k S bR AR OB PO R BIANETR e vy
w hieih eiogylghyt, or hey de awidddyin{cCi sdlid isiptait.ght or branched

chain al kyl), and heterocyclyl (C2-C6 straight or

benedpd chadde ahtoRimibnt; th%ﬁfdegﬂad@@@botlyﬁteebﬂllwyﬂnw mb@sre is

between 1 and 7 heteroatons independently sel ected
used gmfogm anpofioidemt” gorfaiiigrtbs phasmepeusicalrsemogitiRy of the present

u

ink IARRSRA ALY p LRI B8t 8 AMAE HLRLRAERARDE] Y icRlion. bur
whki2h €anaihg aiffitientdy vidtaneh ﬁﬂlmhﬁlth[e Iﬂiaktﬁﬁk}ehltlcaﬁmdm&mﬁﬁn within the

cycl oal kyl ; wherein R and R2 are i|ndependently
0%%}15@@ PECd REIIRi TR nsstigR eiFe- d hg degradationigns ?t}@ﬁfigpotéaétfmed can be
I o)
visRYTRECAR o AT RO Sea AR BR G upor 0 pBLARY AciOf and i
ma]eklelmytvczlgﬁj B@ﬁlsaiglamyymtrroq‘tmlmnmem hy¢ctattle forinuovamehdipted to

d. ani no; provi d that R and R2 ot both, "
ol iR PRtk 20 LB T B G RNy Lo BYF Ry depot
wilISa(f"ﬁ/s‘t?i FP@8RhaRIof the PRde ROYERDIN wiBtHRS bbbyl aWhinhnum of trauma to
etmeen O and 4 substituents, each independently '
sug@tle@me disfuce Mhelpdagnasgpticad n@mBQSltmgl offthdrpresent @tvetmon is used in

un?s %ﬁtt e%r(re)l ﬁeBelt'l 2l mﬁt he\f%g if r | chIliI]I%r %%t}e%‘pg{lr 16 geﬁ{red release profile,

th@ b@lﬁ&hﬁ@hdﬂt&] the plﬁéﬁfhﬁydutlc%%wﬁfl@h e@ulcirdl forMRe f¥asitizing effect, and
NRcRD( G - C6 stralght or branched chai n al kyl)

, and
thmtt@ew( @2inapthat thgipgrrmaseutise heRIPRAS IR IR tcabw#ﬁmd for treatment
wherein each of RC and RD is independently sel ected
f r{QﬂhOﬂhe gifbmpommdspf thg imfentignl prggeed inGhe @@nsmsitmrgimwmounts
anched C2-C6..strai ht on branched
th%thaé heéqqglétﬁ%/al?ly egtnﬁatW&*%%c%mB?s&técrtﬁ ﬁqa ¢ aer \/\HS% p@?r contain
adjiBARtsONRh Y PEIsbivitRN btab iz, Wbﬂlng%rrﬁni‘m% 8aah, solution
occurrence of RC and RD is independently selected from
Propetegs. Gals b Frukpting gheadsmpjig merew c, @df@@u&fsahgmdl@ﬂ they may

OB EPRB R PO DD

havi ng between 1 and 7 heteroatons i ndependently
selected from0O, N, or S; and having between 0 and 4
substituents independentg¥ sel ected fromthe group
consi sting of hal o, hal oafky hydroxyl, nitro,
trifluoronethyl, trifluoroethyl, G -C6 straight or
branched chain al kyl, C2-C6 straight or branched chain
al kenyl , C1-C6 al koxy, C2-C6 al kenyl oxy, phenyl,
phenoxy, benzyloxy, am no, thiocarbonyl, cyano, imno,
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I ndependently 5-7 atons in size. [00116] Sone
enbodi nents i nclude one, two or three nitrogen atons

W0 pooav4d2east one ring of the heterocycle of FoPEmIUS2008/078606
(1). [00117] I n some enbodi nents, the heterocyclyl of
Formul a(l) conprises 1-3 rings. In sone enbodi nents,
the heterocyclyl has 1-7 heteroatons i ndependently

| d 0, N _and.S. [001 nbodi
SEEICRAT By BEGRTYIc eoERrcich tbRTy ThE RupeTRul Y BisEr atcording
to%%ﬁ%ﬁﬂ%&lﬂgﬂ graaﬁlaﬁhgaefrlcammgl metRbBEhRZEINYAin about 0.1 to 75% by
pyrlda2|n%> rldyl tet rahydropyri dyl ,
RDly

weight, grafisr @Wliltnh V4 by wicigtiof pyer domngiung bf the invention.
tetrahydrophyrlnldlnyl hexahydr opyri m di nyl,

d I[W@Sb py r aﬂ ibﬂYffﬁCtt\@tth@'hpﬁﬂhlth@iw azdenty‘hl’ nepwors Gj’ﬂ.tfh’l m%rg¢ts’ the
CO@%@&%&?% B%}{sént 1 reaﬁgllb%&%%u?&/ %ﬁﬂ@%ﬁ%}%ﬁ%gg’i)bﬂpod-bmin barrier when

pe@ﬁbhé&%ﬁ YlimirdeEpedr OMpAAQL Whichae%ﬁﬂ(ﬁjn\éhetre{te the bidoddbd3&&Rrrier can
I 1 di az ep anyl ] diazep anyl, indo

fectlmlhyﬁldimmm@lr@dlbylan lmtsavsnﬁrwukar Fapite ororbthgrcﬁp@rqpsla@ detidery

d d | yi di hyd
Sya%m Sty Ot %(trldwﬁ%gﬁ%n oM oYL [00119) o

R B A ST BE RSP st
therapeutic effect will vary with the particular compound, the route of administration, the
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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hydrogenated vegetable oil, stearic acid, and the like; diluents, such as lactose, mannose,
and sucrose; disintegrants, such as carboxymethylcellulose and sodium starch glycolate;
suspending agents, such as povidone, polyvinyl alcohol, and the like; absorbants, such as
silicon dioxide; preservatives, such as methylparaben, propylparaben, and sodium
benzoate; surfactants, such as sodium lauryl sulfate, polysorbate 80, and the like; colorants;
flavorants; and sweeteners. Pharmaceutically acceptable excipients are well known in the
pharmaceutical arts and are described, for example, 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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enbodi nents the invention provides the conpound which

WO 2009/046265 phar naceuti cal |y acceptabl e salt theP@DiiS2008/078606
[00121] I n sonme enbodi ments the invention provides the
conmpound whi ch is

[00112] The invention contained herein demonstrates the usefulness of the
compounds and compositions of the present invention in treating and/or preventing cancer,
such as by radiosensitizing and/or chemosensitizing tumor and/or cancer cells to
chemotherapeutic agents, and to inhibit the growth of cells having defects in the

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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or a pharmaceutically acceptable salt thereof.

[00122] I n sone enbodi nents the present invention
wWpewohdaess a nmet hod of chenbsensitizi ng cancer REI/US20081078606

a manmal in need of chenotherapy, conprising

adm nistering to said manmmal a conmpound of Fornmula (1)

as described herein, or a pharmaceutically acceptable

TEr S R N T R

(adm WeRhkdt)b8M «2f1, @ phar maceutical conposition

conpri si ng said conpound and a pharmaceutically
h%@@@@d}db heteragyely e 1-Co ﬁtr%h@rémﬁdmhﬂns alkvheand heterocyclyl(C2-Cs
nS|t| t40 furth
AT BBk GRb Dol SO heBIRG ABS peecengame 7
heltéfoa@ﬁae 1m‘pezfﬂeﬁﬂ;a @aectscaﬁdmahmeswaha whtReh &RAPORMdAN R® are
and sai d chenot herapeutic agent are adm ni stered

indepsagenthy selected fipm tsesou gonsisygy of hydrogen, C;-Ce straight or branched
462 3 S
O S T he o QLA Can Ko or  etns g of
chenosensitizing cancer cells in a mammal in need of

h ad 2l
org) RS GH T BBt BB S GICotry AUOTLt OF P is SRR alkyl, C.r
C&ﬁfﬁfi’g}}ﬂ %Q%raﬁcl%% chafr«Hen 5@‘3 &6, cﬁ%a Er? C17(’§6 aﬁ@oxya@g Cs alkenyloxy,

phartaceutical ly accep ab e salts fhereof
pheeglc phmdmeeylnxy,lNRdbnﬁile(MmmugiEnt bl;anslmdcthmmhlall) INR™RY (Co-

C T O piane B e TSR S iighe BE Bt Bin S earbonyl,

(cgqtgwaﬁ%msr &@h@he@@ﬁﬂﬁtan&nwi)l@hr@mﬁ#ne(cm%yab@myiwarbonyl (C1-Cs
acceptable carrier. In sone enb dlnents

st@l@ﬁr@sbwgchqdzcaﬂm@&mﬁmbcmyﬂ,t(ﬁ?eﬁa@tmﬁht @ré:ganched chain

St to said mammal a chenot herapeuti c agent.
1@%??% (mﬁﬁggg ments, said chenpbsensitizing conpound

(AT o?&lbdlk?b@f@hﬂ%hﬂp@@ldaﬂooagﬁ Sl f@lye aaplBilfinSt, e4r§MC,-Cy straight or
essentlalIi/k:slrrultaneousli(ﬂ_a [00124] I n sone

brapshsdichein eyl pel(Ehdmstrighapreiinndicd giain alienylheryl(Cs-Cs
cjcﬂ)\éﬁ@tl Ad - Cs¥t§a€f% ROk %ﬂ)nl:ﬁeélsc%laﬁl d%]f}g?%%]f E@ stﬂﬁ%ﬂ Ry branched chain

consi'sting o nozo canptot heci
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IE AR R T G INR——ERS
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danor ubi ci n - deoxydoxor ubi ci ndeoxydoxor ubi ci n,

hatdreamps mﬂepmdendw@icmd fromaPnei ar,S, Aedmpcicm cach of R and RY are

inRp AL Bl s i e e AR R S G iz or branched
chath ARIECETD AGhiFBIYrHrardched SMENMRkBS 2RRULLC; ABRIMKYIS

tenozqionlqe or a salt thereof. [00125]In sone

wharpodt rasd (RS arg meepsmdsrtht subptitetadi vith WWWIU%QHQ(I‘TH hod of
sét%gjtu% nec'ac nﬂeggncf:e ﬁ,gsrele%% lﬁsonll Ra18 @Mrm@{& o'i]%?aqlaﬁéd chain
adia |b rising adni ni st

alRENORIC, atragnmlhﬂﬁlchéd H@ﬁmﬂkm}(l |Q-ag altiesg rtnﬂadoﬂleﬂ@l
or a Fharnaceutlcally acce&}ab|e saj]t thereof. In so

trifupengti ntnl anaigp candeiipraficd BasR hieih. mpn neldipth be methyl, and R?
d trat f
mgﬁgﬁar ;(Eﬂé@i)Pﬁong-P gﬁ%ﬁ%ﬂ‘ks %rng‘p & administration o

ceut onpositio r|S|ng sai d conpound
and a pharmaceutically acceptable carrier.
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[00126] I n sone enbodi nents, the present invention

provi des a nmet hod of radiosensitizing cancer cells in
w@209/0m205 i n need of radiation therapy conpri SPEIUS2008/078606

adm nistering to said mammal a conpound sel ected from

the group consisting of conpounds 7-28, 30-46, 50-66,

69, 72 74-76, and pharmaceutically acceptable salts

b Rt PO B RS0 T B o IR R 0y seleced

ﬁ&qﬁh@grehp dbhsMRink D BEIA1 Q|- eg hRbkP nnﬂﬁo@nfét}@n NRAgMob®hS, C-Cq
onposition conp r|S|ggrsald compound and

stwght aabenehedshpyp aflod cpt-abbteaighior b@«nche[mgqlkfmyé&m%
tion vi des a ha c al,p
o EBRBAITR AR OReR T Gty BB iae S AR fit NSk
stﬁle,gﬁ bt bedciarcahin,ali@hyB, Wh@éﬂi&;ﬁehlbf R‘éhﬂld/Ra@ma&@hﬂ@ﬂy selected
salt thereof, and a harnaceutlcally accept abl e
fromthg OUD PANSEGING Of hﬁ%@g% re s Co strraghyioa brrme sk Ghadn alkyl, Co-Ce

Ses
stERUREE b Ay’ ﬁél‘él'é%[?%ﬁﬁ%] B TSR IR LS ALE LG
swbmtaﬁttnmf qhe for B “R phali neaetchecat RCCﬂerJ%lstdependently selected
risin nd. sel ec romth rou

ff%laﬁ %rppﬁgowst%ﬁlgammgenz ¢ %6 Stgﬂeglﬁ@r%e% %@Dchegl allggl, C2-Ce
m&ﬁﬂf@rbﬁﬁgxﬁﬂﬁﬁﬁﬁmﬁH&l%ﬁ&tXC%Q?&BE@?ﬂ%rsalts thereof

as descri bed herein. I'n some enbodi énts, the

pharmaceutical conposition further conprlses a

npt her a tic ent cribed he
SO aT Y e MR dd TRk Eom SiRbfidsh Ty Adethed fom o,
NCHeSRsE Revihy Bbtk@eR0GhOY sﬁgﬁit&il%dépeéﬂé}ﬂlyfﬁ%khtédiﬁ&ﬁ the group
the invention are selected fromthe group consisting

coppISINEET e fpﬂ@dxabwaﬁql thyeoxsg L, némjﬁl‘eﬂlllqrﬁmh@@wﬁlﬂuqféﬂhﬂnﬁaQ straight
.
orao%ic%e&‘&gﬂd g% P%ytd ngjralg‘ﬁggg%rﬁncch;éﬁgg% %engl § %graﬁ{bxy C,-Cs

alR@Fy¥x§aphadgh @aénox@hb@ﬁybx!yymh@ Ciitoicrbb ek eyiing, intihé, ONRER(C;-
el ocytic | eukem a, col orectal cancer, cutaneous

Coigadght oF P??ﬁﬁl%?ﬁé Awror etV R (Gae SRS ep prags) chain alkeny)

HIBSL 1y AR R SR 8 Ll o SRRt A corons.

«byhphm@mtothmﬂmd&h&amﬁanabakb@n&jCeaneeaghimﬂnmumedchmn

ngg%fﬁfm)ag a%igﬁagg? {{ép%%g/ 5 g@%& )&cglﬁ)logyl arylcarbonyl,

su%BHS hQMu 1 IR 1RQTEY, - C'Z%&Q&H@M &%heﬁ'k‘ﬁeﬁh Q'k?l) M4BNQITEBGE straight or

neur obl'ast oma, non- Hodgki'n's | ynmphona, eosdr cona
brencheil ahaln aﬂceeyl) oyl yC¢ genlenlicg), I(9?1 6amreght @rbogtchedchain

cel ncre tlc cancer ancer,
oISk 50 S ok PR e RS ERLATE s avelppyDaryt ar
he®&td &FEPH She@@fbl:y dy?l((@ll QP§ESght Dk @f%@lﬁbd&ﬂlﬁﬁﬁlkyl} Qfl hetdt @K clyl(C,-Co
cancer, thyroid cancer, trophoblastic neopl asns,

strgight oh brapefied ehainadiggingiil wheraberach betprosyclpk has hetwaghznd 7

he‘?e}??tw%s ”ﬁd% %ﬂgﬁy ts%l@ct ﬁgme(gq\cfd g n\i/ﬁereﬁl!}ﬁd{:gtn[gegnd R" is

reat ennsensi I'Zing an

1ndqﬁ:maelwetebﬂedrfgmﬁrﬂierg®d@ afnsistige bNviRIRd dedN CAFE; §1@ng@ bebtanched
fromthe %éoup consi sting of brain cancer, nela

chyglk Wnt2-he aightradranched ehain plkenyd oder:: Ce%@}qaﬁwl "and when more
thgﬁgﬁ\ee ubstk?t'ilglﬁsig oFABGSm NROR™ SRl decGifldce LY RY aﬁ@ﬁe%rmd%qdently

ectal canc
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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WO 2009/ 046205PCT/ US2008/ 078606 [ 00130] I n sone
enbodi nents, the invention provides a nethod of
W@ e@an4a2gs a manmal having a cancer charact er i zZRGI/B§2008/078606
havi ng a defect in the honol ogous reconbi nati on (HR)
pat hway of doubl e-stranded DNA repair, conprising
adm nistering to said mammal a conpound of Fornmula (1)

s.descri.bed h h ceutical | ccept abl
BT b B o B RO S 4 eGPy e, and
caldH IR furkkbr SEFRINRAPRINIEBAGNLIS ajetb RNt dth shlbat|-09 sirSight or
adm ni stration of a pharnmaceutical conposition

breghed icBain glkahi(-Coviseamar bradckedshainradiccat Codlsl cy/cloalkyl Ci-Cs
a (%i%/l? ‘t)rtlf?l %lrgmct%ﬁ:] L[r“:"f{l{oroeth\zlt;ﬁl atGmnlgg dlpp(}%/lc{ ﬁ’that Iifha& St one

ave eno
subGHtGe1g v g FOfs aln)N-@lpgﬁ%yﬂ- Nlg§eslidinylior ad I\Bﬁﬁﬁplﬁ)hd?lf @o6tp.
iii) a BRCA-1 and BRCA-2 defect, and iv) Fanconi

anguyg] | NIsQR GRRRGHhERESh r‘ir@%ﬂ‘e@&?ﬁ&et‘é@&dl@ ofF &mula (1) is
sel ect ed from breast cancer or ovarian cancer.
inflagndantiyr’-g efpensenizdi nents, the invention provides a
nmet hod of treating a manmal  havi ng a cancer
clh@1déf er i Sede bmbbdainieng; iacldéd et twam ot thecchomogamgowrss in at least
reco (}Hﬂaﬁl on él é of doubl e- stranded DNA
Onedi ¢ I RTFFES Qeringto sai d rmrmal a
co ound sel ect ed from t he group consi sting
Ghds 1 spge eyphoggnenp thghetggeycryl Off@mflela(léﬁempﬂses 1-3 rings.

Inl Bﬁfe@%ﬁg%&ﬁ’é ItP(e l?e?@rgp}tc%lhg%-aildﬁe%er%&@ﬁqg%deg@r?rgaeﬁ}rgfelecsted from

escri eréin. In so odi ments, sal
OaNhamdg®h. | n sonme enbodi ments, said admnistration is
adm ni stration of a pharmaceutical conposition

COOQINBHiI Ngls@intt GoGIOUEaE s anehacibadl e EstmeRl (s selected from the
acceptable carrier. In sone enbodinents, the can

ZIOBP FQSHEDS Oﬁpwﬁ@%ﬂ]p@e&a&%t@&dﬁ@% diRxdigpwigy. tetrahydropyridyl,

L -

diaydropwazihgl, soabydopodringhpwrolidieylcandenlidalyl, pyazelidinyl, pyrrolyl,

diﬁ%éﬁ%%@é 5P B0k O aGeY by ek BBt L Fepnyl
e om0, goindgly

dihpireBaintiolyadisyilnoreio bl tetrahydragfuinolyl, dihydroisoquinolyl, and

tef‘fahydr01§odu?1%kfﬁn20f“ran 1, 3-dione (150 g, 0.78 nol),

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

selected from the group consisting of
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1, in 2 L of MeOH was added 50 nL of concentrated
sulfuric acid. The reaction was heated to reflux for
wagoohou28s The m xture solution was cool ed t o POGDIE2008/078606
tenperature and then poured into 3 L of ice water and
resulted in a heavy white precipitate. This was
triturated for 15 mnutes and the precipitated was
yfiltered off and the solid was washed wth water
Nt horoughly and ¢gieq to afford 120 g of
3Nnitro- phthallc xci dNdi et hyl 2, as a white

||3| (6 /@ d6): 8.54 (d, J=
7. 280 Hz 1 8.“ I

H, 7.98 (t, J=
3H). 13C NWR :

55.03, 52.29, 111.702, N{15° 67 119. 08 131. 80, 133.68,

148. 80, 167.64, 168. 63 Procedure B: Preparation of

3gam no- phthallc acid df nethyl ester, 3 WO

2009/ 046205PCT/'US2008/ 078606 [00133]The conpound 2

H(ZOS g, 1.0 nol) was disHolved in 2 L of MeOH.

Cgptalytic 10% Pd/ C \~-Hdﬁd and the sol ution was

h drogenated under H2 (45 |psi) on a Parr hydrogenation
1 xCUTeH overni ght. Filtered

’L%P’ gi ve a quantitative
2} ester, 3.1H

NVR (300 MHz, DI\/ISOdG) 7.26 (t, 33 Hz, 1H), 6.94
(d, J9834Hz 77(@|(2 J— Hz, 1H), 6.12
(s, 2H), 3.77 (s 3H) 3.76 3H) 18C NVR 51. 51,

H51. 77, 110.50, 115.16, 1§8.56, 131.26, 133.16, 148. 28,

N1§7 12, 168.1 bc Ly C. Preparati ga\0fCl
oxo- 3,|4- dr'hydr 0- qui @ ne- 5- car boxy
ster : NH N

2 chloroneth

NQCl »
N/ N N/)\/N\)
11 , 12 ,
H H
~ 0] N
IN ‘IN Cl
NH SN NH ! Cl
Z N Z N
N/L\/ N/L\/
13 ) 14 ,
4 H
“N 0] N
I IN CF3
~
N
N \v/“\[:::T/ N4l\V’
15 16
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[00134] 100 nL of chloroacetonitrile was set stirring

in 130 nL of 1,4 dioxane at roomtenperature. Dry HCl
wW@2am9meeobubbl ed through the sol ution for thiregr/us2008/078606

m nutes followed by the addition of 30 g of

3-am no-1, 2-phthalic acid dinethyl ester, 3. The

reaction was refluxed for approximately three hours,

resulting in a heavy white precipitate. The suspension
pwas cooled with gp ige bath, filtered and washed with

Npent ane to renove 'y lesi dual sol vents. 30 g (83% of

ain anal yti ) pite solid, 4, was isolated. 1H
(30044 ] - NH8g (t, J=8.33 Hz, 1H), 7.79
H) : 2, 1H), 4.60
§ N H) ; N136' NV 47 54.86, 119.95,
1 7 7, 130. 86, 135. 71, 13g 78 15Q. 25\ ~,155. 70,

1621 9, 171.24. > General tedure D Préparati on of
yconpounds, 5: [00135] Di splicenment of the chloro group
NOf conpound 4 with nucd [l es such as am ne using

neral procedure D prov de#dthe conpounds 5. To a
d,4 in dry DVF or MeCN
nd & nucl eophile such as
N to 70 C for
1 ed to roomtenpera Water is
added9to the wegction mxturd) follo by et hyl
acetate. The organic layer is collected,” washed with

Hwat er, brine and dri#d over sodium sul fgte. The
O
5

Nsgl vents are re NkQ vacuum Theagsihdue is

I fetqyeﬁhe
iné%épd¥95 Yo yi el
K
2009/ 046205PCT/ US2008/ 8606 Gener al Procedur%

Preparation of conpoun 6: [00136] A
y2, 9- D hydro-1, 9 tetraaza phenal en- 3-one ring can

Nbe f or med K§__
\N F
eV
N4l\v/N\,/) N4i\v/N\,/)
24 25
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condensati on of the conmpounds 6 with hydrazine. To a

sol ution of the conpounds 6 in absolute ethanol is
waeedieatess anhydrous hydrazi ne at room t enpRCEUSI088/078606
The solution is refluxed for overnight and cooled to
roomtenperature. Ice-cold water is added and white

solid is separated. The solid is collected by vacuum
filtration and washed with water and small anount of
NTet hanol to give whiteHsolid products 6 ip 40 - 90 %

e HrNen in the tion of
ound 7. Exanple Pr-parat|on of
hmdroxy pitper id - YNmet N2,9<di hydro-1,2,7,9

137] Fol | owi ng t he
d utYon™>f MeCN (25 m), 4-

hydr oxypi peridiz€ (0.46 ng, 4 5 nmol), 4 (1.0 g, 3 9
nmol ), and pot assium carbonate (1 g, 7 mmol) was set
Href | uxi ng under nitrogenyand stirred overnight.

O NRﬁactlon m xture mas.-vagorated to yness and
extracted with dichl orynetNane. Puri with a silica

Ngn using 9:1 dic i hane/ to afford 1.05 g

(84 an of f-whit [

dk%xy pyﬁég&:;ﬂ; A KB*\&,M 0-8, 4-di hydr o- qui naz
ol i ne-5q,carb c acid nethyl ester, 7a.
[ 00138]Fol | ow the Gener al34Pr ocedur e E: To a

solutlon of conpound 7a (1.0 g, 31 nnDI) in EtOH (20
nL) when refIUX|nngas added hydrazi ne nonohydrate (7

° My, | arge excess) amns Hemted over ni g# Reacti on was

cihol ed to RT and H20 (15|nL) was,_add esulting in a
eaN ite precipi ¥. FiHt efed ashed with 1:1
EtO 40 Nof an anal ytically pure
WNI t €7so (ES+): 300; 1H NMR
(300 ggk 1. 46- 1 5%6(n1 2H), 1.71-1.75 (m 2H)
2.15-2.23 (m 2Z2H)-2.70-2.75°(m 2H) 3.16-3.18 (m 1H)
3.25 (s, 2H) 3.47-3.55 (m 1H) 7.26
7 60-7.64 (m 2H). Anal. Calcd. ¢
NH20: C, 56. 45; Hoe;
GNOO N, 22.25.
N
H H
O N,
O N‘N A N |N
I I
X
NH (\N NH (\N/\©
N4i\v/N\/J N4i\V’N\/)
39 40
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[ 00139] The conpound 7 can be fornulated with an acid.

For exanple: to a solution of 7 (0.6 g, 2.0 mmol) in
wagoosk4ads 1, 4 di oxane/ DMF (9:1) at 90C was addedr/NB1bB/078606

(0.14 nL, 2.1 nmol) resulting in a heavy white

precipitate. Filtered and triturated in diethyl ether

to afford 0.5 g (63% of an off-white solid, nesylate
ysalt of 7. 1H NWR (300 MHz, DMSO-d6): 1.55-1.58 (m

n2H) ., 1.78-1. Sé)(wm 2H), 2.15 (s, BFD 3.15-3.50 (m

M) | 3633 TN), 4.04 (s, 7.24 (d, J= 8.5

1 7)66 (Im 2H), M s 1H) [00140] Anal .

Cal'd for 02NH C, 44.54; H,
. 12 3:

=44 48; H, 5.76; N,
18. 277 $77. 60. 00N41] ollomnng conpounds wer e
synthe5|zed fromthe S|n1bar procedures of preparation
of conpound 7, using the appropriate correspondi ng
Ham nes Preparation of
N8 g (4- phenyl - p|pera%jn-ﬂ-ylnethyl)-2,9-dihydro-1,2,7,9-
rtraaza phenal en- 3-8 e, N8. [00142] Synt hesi zed usi ng
: ure D. 52 %

yleld for | T woNbIt eps. ES+): 361; 1H
YR zii U nraNegb - SIO's - N68 4H), 3.19-3.22
m 4H) 3.39 [[s, l2H) 6.8 (Y, Hz, 1H): 6.95
(d, J=438.0 Hz, 7.19 (44 J=7.2 Hz, 2H), 7.48-7.51
(m 1H), 7.62-7. 64 (d, J= 7.2 Hz, 1FD 7.75 (t, J=8.0
Hz, 1H), 11.23 (s, br, 1H), 11. 78 A€F|
HCalcd for C201-120N601 &2.0 H20: 6. 10;
hN 21.20; Foug, C, 60 g8\ 6. 05 ﬁb 21. 35

|) §d|hydro 1,2,7,9-
3]Sy t hesi zed usi ng
ure D. 20 %

51 ,
o
NH N“SN0
N/)\/N\)
52 , 53 ,
H
N‘N o 0] H‘N O/O/CI
| " (\N,g\\o CFs | -~ £
NH NS0
N/)\/N\) N/ N\)
54 55
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overall yield for last two steps. M5 (ES-): 372; 1H
NVR (300 MHz, DMSO-d6): 1.22 - 1.50 (m 5H), 2.45
WO 2009846208 4H), 2.85 (d, 2H), 3.28 (s, 2H), 7.BdFUS208/078606
(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 H 1H), 11.25
(s, br, 1H, 11.76 (s, 1H); Anal. Calcd. for
C22H23N501 : C, 70.76; H, 6.21; N, 18.75; Found; C,
y/0.36; H 6.18; N 18 63. Rreparation of
o. _N8- phenoxynet hy Elb drr 1, 2,7, 9-t et r agZa~ptiemal en-
3None, 10. [(GI) nt he¥ zeld usi ng phel?ol
ocedur e D. 3034 0ver a j8ld for asjs\t & steps. M5
(ESW: 3N1H0N|\/R (30 of6)N4.80 (s, br,

H}J,\%NDQ{J! J WD 20 2 2008/ 078606 = 6. 6
H, 16, 7.08 (d, J= 8.2 Hz, 2H), 7.34 (t, J= 7.7 Hz,

2H), 9P. 45 (d, J= 7.7 Hz, 1H), 7.6% (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 H20 N2H4
: C 61.24; H 4.66; N, 20.08; Found: C, 06; H,
4.27; N, 20.13; Preparation of

H8- [ 4- (4-fl uoro-phenyly= 3, 6- dit hydr o- 2H pyr 1-ylnmeth

&
_f|W’$Q@/ -1,2,3 dr, py'?"dine
ochl orid or Cenera N%_j % over al |
@Ld/f ast two steps.\¥ N%?*}/ 1H NMR (400
O d6): 2.51 - 2.53 (s, br 277 (t J=
.  2H), 3.24 (s, br, 2H). 328 .16 (m
1H), 7.16 (t, J=ci8.8 Hz, 2H), 7.46 - 7 52 (m 3H),

7.63 (d, J=7 Hz, 1H), 7.44 (t, Js 8 Hz, 1H),
11.18 (s, br , 11.|7_|9 (s, 1H). A@ #te salt of
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11 was prepared. 1H NVR (400 WMHz, DVMSO-d6): 2.34 (s,
3H), 2.84 (bs, 2H), 3.66 (m 2H), 4.11 (m 2H), 4.36

W@ 200984205 6. 21 (m 1H), 7.25 (t, J= 8.8 Hz, 2H)CT/USAHB8/078606
(d, J= 7.4 Hz, 1H), 7.56-7.59 (m 2H), 7.72 (d, J= 7.4
Hz, 1H), 7.82 (t, J= 7.5 Hz, 1H), 11.25 (s, br, 1H),
11.76 (s, 1H). Anal. Calcd. for C21H18FN501.1.0
CH3SOH. 0.2 H20: C, 55.62; H, 4.75; N, 14.74; S, 6.75;
Found: C, 55.65;0€H;4.71; N, 14.73; S, 6.
Preparation g

8-[4-(4-chl m@ enyl) - pi perazi n- 1-yl
I"ro 1, 2,7, 93 e=Aazaphenalten- 3-one, 1
i nyl) - pi perazi ne

m0146] Synt Ré€si zed usPgg-N«(4-chloro
ne 'Pr ocedure ) 23 % over al | Sypel d for |ast
letég—a‘ mesyl at e_s& % sN repared. MS
(E ?1H NVR (4 5 Qgg)pzss (s, 3H),

7.03 (d\3 7.31 (d, J= 9.3

7.43 (d, J—85Hz %IiI) 7.72 (d, J= 8.5 Hz,

782 (t J= 7.9 Hz, 1.23 (s, br, 2H), 11.90

(s, 1H) Anal . Calcd. for C20H19C1N601.
51.37; H 4.72; N, 17.12; S, 6.53; Found
4.91; N, 17.03; G, 6.48. Preparation of
8- (4- phenyl-3_6 I]ydro 2H pyridin-1-ylnethyl)-2,9-di h
ydro-1,2,7,9 aazaphenal en- 3- one, @

H[ 00147] SyntdI RS
O 4z phenyl - 3, 6-t et@gpyMirp- pyri di n&Aor General
ocedure J[\)I/"SQ) % overpl | jyield for PES two steps. M

1H NVR (40§ MD : 2.56 (m 2H),
2.7 J—ZSSHZ . , J5/ 2.6 Hz, 2H), 3.47
/€2~HJ 2009/ 046245P¢ S 78606 6.19 (s,
7.23 - 7.27 (m 1H, 7. %(t, J= 7.6 Hz, 2H),
Z?é(d J=7.1 Hz,» 2H), 7.5 , J= 8.9 Hz, -1H), 7.62
(d J= 7.1 Hz, 1H), 7.75 (t, J= 8.0 Hz, 1H), 11.27 (s,
wbr, 1H), 11.78 ( 1hl)+?\/|_§ ESyl ate salt of 13 was
o Np“epared 1H N 0 » BO-d6): 2.34 (s, 3H),

11-2,9-di hyd

CH3SOH C
51.27; H,

2|84288(m0 3. 65- 3.9 lm 2H), 4.13 (s, 2H),
7(s 21-6.25 NHZ. 32- 7.44 (m 4H),
7% Hz 2H) @ IR 7.3 1H), 7.82
Hz 11. 30 r, - THY 1IY93 (s, 1H).
Anal ch for C21H19N50 1.0 QBSOHO 0. 4 H20: C,
57. 35 H 5.21; N, 15.20; S, 6.96; Found: C’ 57.30; H,
H5.16; N, 15.29: S, 7.10f H
Oa  N_ R Oa  N.
N N N
I I I
NH |, NH |, NH |,
N/ N\ﬁ,,O N/)\/N\ﬁ,,o N/)\/N\ﬁ,,o
75
N ARichAEE) e
H
Os N.
N

76 0 , and pharmaceutically acceptable salts thereof.
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Preparation of
8-[ (3, 4-di chl oro-benzyl am no) - net hy1] - 2, 9-di hydro-1, 2,
wQa 2®9pe0naza- phenal en-3- one, 14. [00148] Syne¢iEEE20081078606

usi ng 3, 4-di chl orobenzyl am ne for Ceneral Procedure D

10 % overall yield for last two steps. A nesylate salt

of 14 was prepared. M5 (ES+): 375; 1H NWR (300 MHz,
DMSO-d6): 2.33 (s, 3H), 4.06 (s, 2H), 4.33 (s, 2H)

7.39 (d, J= 8.0 Hz, 1FD 7 53 7 57 (n1 1FD 7.69-7.88

( 4HL, 11. 31 (s, H%
pM&P tioff Wesem‘:ﬁdszlﬁs ﬁ}el}BY%ltIBH@FﬁM“iesé hgamapAURg which is
-methyl}-2 9-dih dro-1 2 7 9-tetraazaphenal en- 3-one,
15. [00149] Synt hegj zed usi ng 3-fl uor ophenet hyl am ne
for General Procedu ~“N12 % over al neld for |ast
two steps. A nesylatg salt of 15_was gpared. NS
(ES+): 338; 1H NMWR H DVBON6)™>2. 34 (s, 3H)
3.02-3.08 (m 2H), - 3,88 (N H)y, 4.14 (s, 2H)
7.08-7.18 (m 3H), 7. . (m¥2H), 7.71 (d, J= 7.8
Hz, 1H), 7.82 (t, J= 7.8 Hz,131H), 11.92 11.35 (s, br,
1H), (s, 1H). Preparation of ’

mno)-nmethyl -2 9-dih

o{}ﬂ&%m%kbﬁéﬂ@é azapﬁ@ﬁgééhﬁs one, 16.

[OOlSO]SyntheS|zed using 3-(trifluoronethyCbenzyl am ne
for General Procedure D. 14 %overall yield for |ast

ERRPES o gD hde e e Tatsranotgiyshich i

4.10 (s, 2H), 443(s ,739(d J= 7.6 Hz, 1H),
7.69 - 7.86 (m 5H),, (s 1H), 11.25 (s, br, 1H),
11.91 (s, 1H). Anal. W for C19H18F3N50 1.0
CH3SCH. 1. 0 H20 C, 46.82; lIH 4. 437, S, 6.58;
Found: C, 46.81; H, NH14 .A 6.35. WO

2009/ 046205PCT/ US200

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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phenal en-3-one, 17. [00151] Synt hesi zed usi ng

4- pi peridone ethylene ketal for General Procedure D.
waosmwewesanl | yield for |ast two steps. M5 ( ES-RCT/BSDN8/078606

1H NWR (300 MHz, DMSO-d6): 1.69- 1.71 (m 4H), 2.57

(s, br, 4H) 3.35 (s, 2H), 3.87 (s, 4H), 7.51 (d, J=

7.8 Hz, 762(d J =7.7 Hz, 1H), 7.74 (t, J=17.8

gi?(yég?for ENE %%e%ﬂemcng%@wf?mwe% ggthogof

€
C%?mé?mE%*ﬂ{%ﬂz&gfﬁﬁfﬂ%@aﬁﬁsﬁ;@%egPﬁsﬁﬁ%&ﬁgaff T

a(@nlﬂiswrmgéo jai¢ mpngnal atcoaweaphesietahtt andhegroup consisting of

o HRBL DA g 2o nm. S o RRDBIRHAL R 18 e

thbl\é@f 9t @perib& hesil Bt ®n&adnibodimdis \&aﬁl Iﬁirﬁmar i€d.hulvan. In some
(ES—): 387; 1H NMR (300 MHz, DI\/BOdG) 2.36 (s, 3H),
ellgbthtn?l@ts Sjl-d egingnlﬁgatloley adlgngs,tra@pn of a-pgarj_napﬁutlcg‘_ﬁomfmsgwn

( )—?9') 79
cofn'fpfsé@)%ld oﬁoun%%ﬁlcgig)?%rnﬁg%tlc Lf?tcc Rt%glf c?'gne%l S.OKTC
cribeip@ac@t,i the clefimBensitization method ﬁu’ther comprises administering to said

2- 3tr|f uor onet hyl - phenyl)-ethylamno -neth 1 -2
mbhgiha ghemathgenge spdrt, Bap RS SBghemgsensitizing
({Il%%ﬁélll%l ofilp @ﬁélﬁ&gerﬁﬁélﬁg agent are admlnlstered essentlally simultaneously.
2-(3- Tr| fl uoronet hyl - phenyl)-ethyl am ne for Ceneral

ASRAY 2 B o GGG, o N R R bR B ponfon

seMvRd(i8 &ﬂed%dkfroﬁwﬁi{g@ﬁ)) corkistihg (of Ierﬁdﬂblor&dé,&adhhmydm &nﬂptothecm,

30
ca%%twlsﬁ%m t blcylz%??ﬁtaxgmoxqmj?gln; nggrf?rﬁ;[l aiglba 1nterferon-
bel-é]- nﬁéﬁél%n %fnmal lii')terlelﬂﬂngg n(lﬁoteéléﬂ) pacﬁl E&@ﬁ&%dt&@noe{taxmd

[ (1-Aza-Dbicyclo[ 2. 2. 2] oct - 3-yl am no) - net h
dewtmhnhycdn cﬂanoﬂlb_ibugllt’ eleo&alpa@ﬂmbwaidenxﬁioanmblcm bleomycm

p1¥c%%§%11 g%@gﬁ%ﬁ%ﬁﬁc@,n_ nt(aI?yE:ﬁf, %t_o%(_)sq é,qQ(gﬂlcyléll flospﬂamlde 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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23 %overall yield for last two steps. A nesylate salt

of 20 was prepared. M5 (ES+): 325; 1H NWR (300 MHz,
WOMBD0BY3 1.97-2.03 (m 3H), 2.20-2.35 (m 1HCT/US2008/078606

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,

. VD 2009/ Q46205PCT/ 52008/ 078606, P t
e e o B G TS GRE A 5 SRR ICE Sagition
cottiprRata RN RAd 3n@A BhardhceutcA a&kpublchafiged using

et hyl pi perazine for General Procedure D. 35 % overall

BT | B, [N fhedite

COhlIﬂ)SLth(lthHlﬂ)nSﬁiglﬂl clolm,poﬁlhd) of Bardihly (§) asodperit®dGikrein, dr 87

pk{aamao\jeutlgglgy qqgepta]_t’_ﬁ sal%th@rfog tan((i) 3S)ggn1acp&t,1caglzmcce5?a§§ c(agrler In

sohtd) omtokidénté, She ﬂﬁ'ebrmaée%@cﬂw DMEGh d@iticr 46A %ﬂ&s 12BeB8sherapeutic
140. 65, 135.96, 133.84, 126.72, 119.71, 11

ag@&BaSSESCT%d@@reHSO 30, 49. 05, 48 66, 8. 51 Anal . Cal cd.

for Cl6H20N60. 2.0 CH3SO3H. 1.2 H2O C, 40.84; H,

5]0828N, 15 so9e drohmidnerEs, thd indOntidd, prévi@2s a pharibc@fical

Pr epar ati on .of ..
COINCAIQBCRIIPTIBNG 3 cIPRYAd SAIGRGAPT the goyp RORFIsEing 05 cgmpounds 7-
24, 8blR2zG6R &N ab ent- 36, Qe ph#fnaceutically 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.
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[ 00156] Synt hesi zed usi ng net hyl pi perazi ne for General

Procedure D. 29 %overall yield for last two steps. A
wore®yhaes salt of 22 was prepared. M5 (ES+): 280O1/US4408/078606

NVR (400 MHz, DMSO-d6): 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, J- 7 8 Hz, 1H), 7.67 (d, J= 7.8 Hz,

(Dorghy 7 fgorienfgimes. thY g e rien: peiky siiiefing o

mlﬂ%@al favidda %ceﬂ‘bha@ac%me&\'bgh@wﬁ% a dSfecBintfls h&1YRFousC,
45.18; H, 5. 88; Preparati on of

regorplinyénzH R ) pehyadi @zi@pblﬁ strapdaded Nyy rppagr, gomﬁylﬁg cadmipistering to
st Pyt BRSPS il R o R B B AR Ry

acéptiblovar thkteoyilg Is@Imé @mbbaigtents\Wenid hRpsnal MPa hdifibh -In idde
C, M5 (ES-): 387; 1H NWMR (400 MHz, CDC13): 1,88 (m

ergb‘q)dlmgnt$,ﬁa(drﬁdnnp.[§tratpngg a@hmnlsﬂq}lon gf 8 th(lrgqac Qq.q)cal epngpsition

cognt?p’rls g 8 oi'&ouE{Daﬁdza]?g@;n?ggutfféﬂ)??éc%mza?fe fo‘w‘ffSB%{é (s

erhisadirhéd)ts, thnedncerCallls davd mphdﬁﬁ%ﬂaﬁ%ﬁed froﬁﬁthblgfdup@,onmstm,g of i) a
64.01; , 6.52 20, 36;

BBEAB e o R 5o PRA Eao kel s SR vk and Hb -2 derepy 23 1) Fancon

an%ﬁhér't IR nRfendbd diferts, Ye éaﬂc&%eﬂé—a&fsegbt‘éﬁ Fdn B\@§st RuRRE 8Hovarian

1 gas for 30 mn. The solution was stirred room

calnefrrperature overnight. After filtration, the

preci pitate was washed with di oxane to afford 0.25g

(460133 ] of BEn@inyt dnaladdinyienasirtbe GivEntidn Iireviﬁed a thethad ofi@tating a

salt of 23.1H NMR (400 .08 ( WO
maRey} B P@PFW%@TG%E)@WP& a ds.festsm(tH% hoipglogaus g
refShbifkion a(lﬁwayzé#)d’o BreZfrahdod BRI re aiQ 2okfrisibE) administering to

720 - 7.@15@?% 5E)C 7,36 (d, 1H) . 7.%5(t,ﬁ1‘%l—|);g|)Anal. &
sa(thingohmai @ 1co1BRRHRUNIB0cd AT @n HCIgrodp ddsidbag oS omphudds 7438, 30-46,
505-6(?,269, % 7%1 764€a’ﬁd gl?armaceu%cal?y accepta‘t')_fe sglts t%ereof asl Zles?érﬁlbed 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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Preparation of

4- (3-oxo0-2,9-di hydro-3H 1, 2,7, 9-tetraaza- phenal en- 8-yl
woreaobysoees [ 1, 4] di azepane-|-carboxylic acid tePCFbs209$/078606

ester, 24. [00159] Synt hesi zed usi ng

[1, 4] di azepane-1-carboxylic acid t-butyl ester for

Cener al Procedure D. 30 % overall yield for last two
S-): 397; 1H NWR (400
; —1.88 (m 2H); 2.83 (m 4H);
3. 50 (m 4H) 3.59 (s, 2H); 7.63 (m 1H), 7.72- 7.86
Scheme(hy "3H), 11.90 (s, br, 1H). Anal. Calcd. for

C20H26N603. 0.5 H2G C, 58.95; H, 6.68; N, 20.62;

F und C 58. 83; ®&Sve N, 20. 60. Prear@&h\?{ of
4-fl uoro-b ) [1 4] et hy )
|h B%edfrezﬁ rﬁ%ﬁ% @ 25,
[ 0160] eS| ze u5| ng McOH COOMe

NO, 19(4- 11 benzy 41, 4] di azepaney for Géner al
Procedu és% 35 %overall yield for ast two st eps.
1IMP: 163 -165 C, M5 (ES-): 405; 1H NWMR (4®0 Mz,
CDC13): 1.87 (m 2H), 2.72 (m 4H), 2.88 (m 4H), 3. 63
(s, 2H), 3.65 (s, 2H), 6.99 (&, J5 8.4 Hz, 2H), 7.30
(m B Z6L (s, brgenkH), 7.78 aH); 7.93 (d, J=
Procedtr8CHz 1H), j10. 82 (Brocdatire DLH) . aJd_Cal cd. for
—E28H23 .|5HH20+6—6>96 L0 N, 19, 39;
HCl (g)Found: 7, i MecRTR,dN, T BiRA nesyl ate
Chloroa ébﬁm% S Wa rep@e[rﬁlgs an]nh%sNNR (400 MHz, D20): 2.06
, 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,
Anal HCal cd. for C22H23FN60. 1.3 CH3SO03H. 0.5
Gener@ll4l—l802 WO C, 49.70; H 5.97; N, 13.74; S, 6.82;
Proceggyihd: C | 49J40; H 5.97; N, 13.37; S, 6. 65.
—Prepara Of 'NH
Ee®4[ 1, 4] g Ly, Rpt hy1-2, 9-di hydro-1,2,7,9-tetraaz
NH%mghenal en- 3bne,” 26. [00162] Synt hesi zed from conpound
To a solutlon of 24 (1.5 g, 3 7 mol) in

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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30 nL of CH2Cl12 was added 6 nmL of TFA while stirring
at roomtenperature. After 30 m nutes, the solvents
wawene/oeeepor at ed and the resi due was washed w BEII/US2008/078606

acetonitrile to afford 1.0 g (90 %9 of analytically

pure white solid. MP: 147 - 149 C, Ms (ES-): 297; 1H

NVR (400 MHz, D20): 1.96 (m 2H), 2.82 (t, 2H), 3.01

(t, 2H), 3.28 (t, 4H), 3.53 (s, 2H), WO

2009/ 046205PCT/ US2008/ 078606 7.22 (d, 1H), 7.47 (d,

oo o e TP ES b
C&alyﬁ@ 1@‘% Pd7?|w4as ﬁded\!lnd]tﬁ%g(ﬁutl(ﬁf FRheh i) aRfl under H2 ﬁ4 né)Sl) ona

-(2-tr uor onet hyl - benzoy1) - I azepan- 1-
PMyhymﬁg@mﬁomy@mmﬂugmTo@nt@nmaam&HpNGHQMeEmﬁmﬂnmpugﬁcdneand

oY 5 P AN S 5 F | RS e
(3@dtﬂﬂdz IR dG?f7 &4, and 3 82 nmp)| 69ﬁ](h J=2834Hz, 1H), 6.77 (d, J =

2-trifluoronethyl benzoyl chlori'de e reacti on was
8.8% Fzr Bd). 6vigr(ni bk 337 (5.56Mh 3. 8hpe sl ur € NMRt 8F.51Hd.77, 110.50,

Lt T e e S B L AR a S T (15°%
Proced%pl?' g%g@@ﬁaét))n ?ggélo%étéet%gl-%%s-%%-glihﬁc?rggqun}agoQlleje-%-%gr%%rgyl’ic acid

methylggtg@p 3.44 (m 2H), 3.64 - 3.74 (m 2H), 3.93 (m
H, 7.38 (m 1H), 7.57 (m 3H), 7.79 (m 2H), 7.93

( T@méh'} A{]@d mL%cﬁﬁ)roef_fgfon%%%F%m%n% m of (1: 4 (}\onane at

H, 4.39; Found:
rob 6 t8dhpeRtiepddytH ©lngasfwas bubbled through the solut1on for thlrty mmutes

fog_% {)}3; Chl ﬁloaﬁbog 36 %q]?)ﬁa ]plh%ﬁéﬁlgﬁp %;Cl% gnetéjg ester, 3 The
reﬁg%%s%ﬂﬁfé@%?%ré%ﬁmemmrsz Gesult g% ) (BEWQJ @Hlté)ﬁrempltate

conpound 26 mol) in5nm o
Tladuhepkngiomyyeds coﬁleatmtlmmlcc)bahnﬂmred)ﬁncﬁwasﬂe@ Mothmmza@ylto remove

hl 1
or Al S EnlS T RIS R Do LB Bt GMRER Y S S 3 o Riflarca. 'm
NM!S(J@)OQ\/IH@SDMSO Ezg e 88V|(tt br&;em H@rﬁp)ar]agl(aefﬂl?m@ HA 1H), 7.52 (d,
afford a solid % e 147 -

T ¢ RS2, 3554 SRR (AP0  (peady: 42121%4_8%21@895( w217
1 %5%21,3)%7%71%5941?3@ 249, 1315 (m aH), 3.81 -

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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(d, 1H), 7.81 (t, 1H), 7.90 (t, 1H). Anal. Calcd. for
C22H21C1IN602. 0.7 H20: C, 54.89; H, 4.39; N, 16.70;
waoawnd462€ 54.93; H 4.43; N, 16. 34. Prepar at i BCT/552008/078606
8- (4-pyridin-2-yl-piperazin-1-ylnethyl)-2,9-di hydro-1,
2,7,9-tetraaza- phenal en3-one, 30. [00165] Synt hesi zed
using 1-pyridin-2-yl-piperazine for General Procedure
D. 20 %overall yield for last two steps. A nesylate
salt of 30 mas prepared. M5 (ES-): 360; 1H NMR (400
DVSO-d6): 2. 37 (s, 6H), 3.52 (s, br, 4H), 3.93
General(@oc%lrure Erfﬁrepegatw (%f (‘é)n’lpgpﬁl s,8: 93 (t, J= 6.6 Hz, 1H)
7252 J= 8. }—%747d\]—78|—|z 1H), 73
( 40013 ]7 8AHzY- D]gh.))droﬁ 2.9-tetyaagy- pb@ﬁalezl;:ﬁ on@ru_[gcargbel@rmed by

ooyt otbp2SrbRumgsa) uubifaiSbdnhfop o s ergppgnas 6

ablo ]ﬁtd—ﬁﬁinoﬁs a@éecﬁ&cekﬁ. arfhydrdus Nydrlz?mé? 3 roSm tﬂ:ﬁp&ﬁturé:dllﬁ dolution is
19; N, 17.28; S, 10.68. Preparation
reﬂuqu[ f@f e*zemghb%i W&MYO% ERPRERAHES Icerﬁ@ﬂ%vviter B aéd%fi ﬁld white
SO Ei‘?s éleé)%ra?edg Th@ﬁ(ﬁ %9?&'9&1' l%nva%u@tﬂ%ltrg’t}on and washed with water and
ntheS|ze usi ng
sni’al( #nduntiof meﬂiaemlydz)gﬁet\hlgdteaﬂmhd@rcﬁcmcts@mehﬂm IPvopelduAe example
D. .20 % veraII el.d for st two steps. A nesylate
Wésaglt’elb‘r‘” elpvg,ggrag ?‘E’&Po% (ES-): 336; 1H NWMR (400
MHz, DMSO d6): 2. 41 (s, 5H), 3.02 (t, J= 7.6 Hz, 2H),
Examplg 135 (t, J= 8.3 Hz, 2H), 4.16 (s, 2H), 7 19 (t, J= 8.8
Hz, 2H), 7.32-7.35 (m 2H), 742$1d J= 7.8 Hz, 1H),
Preparatiory f $-f4-hydroxy-pingpiding leme;thygb—2¢9—d1 ydrogl.3, 7197tetraa.za phgnalgn-3-one.
7 (s, br 1H), 11.92 (s, 1FD Anal . Calcd. for
= Cl8HL6FNS0 . 1.75 CH3SO3H. 0.75 H20: C, 45.70; H,

i'é(?(gl’gﬂ\l’ 1%1‘1‘0%@@ ig-l}el(gg}eae{l Paﬁc%gpre IS: A451u€ic5)ﬁ oHV[eéNB(%S nﬂ) 4-
hﬁlr&)é%zp fkrlﬁln@qo %mligemyslﬁmﬁu)par(aal gn3 lminagt M JotdsBntédvshate (1 g,

7,9 tetraazaphenalen 3-
7 mmol) was set refluxing under nitrogen and stn‘red overnlght 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-oxo-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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[ 00167] Synt hesi zed usi ng

4- (4-fluoro-phenyl)-pi perazine for General Procedure
wW@R009B40200veral | yield for last two steps. A nNeGHIUS1088/078606

salt of 32 was prepared. M5 (ES-): 377; 1H NWR (400

VHz, DNBC)dG) 2.40 (s, 5H), 3.45 (s, br, 4H), 3.59

(s, br, 4.37 (s, 2H), 7.03 - 7.15 (m 4H), 7.44

(EOO}‘}@] ng_ﬁon%'lggl@d can@&e(%brf%late(_i[yl Zfln agﬂ) 'f% exampiq toa
so@ﬁio‘ﬁd}f 7f(0r6 'é:aQi ThEfoNGA 10 L 691 @I@&QﬁﬁDl\@F (QLE? §t590 °t| was added
9.53; Found: C, . N,
Mi@H]_(@ 143nL,92 5gqm(pdp gqgg]tlagm@)p, h@:fvyg;vhlte prec1p1tate Flltered and triturated

1n%1r egl_ngld'eéh':el:? F)Zg é g&n/g); q?/ rﬁéw%ﬁcg sg]%% mesyla1.2e salt of 9 H NMR

(3b0®416§]1$wsdn@5$| zsﬂugsl(ﬁgzﬂ) 1.78- 182 (m, 2H), 2.15 (s, 3H) 3.15-3.50 (m,
4-f | uor o- %)4 t hyl ami ne for Ceneral Proce ure
1

f@ 13- Yved @l aHP or24 @s{ =tdoHat Hps 7-5A- e nadtd. 11.73 (s,
%ﬁtt of 33 was prepared. M5 (ES-): 336; 1H NWR (400
DNBC>d6) 2.38 (s, 6H, 3.06 - 3.10 (m 2H), 3.30

7193 5 800 call B £ R0 S g g 4t 5.0
16(.23,8J?.43;Bodﬂll 01@4891{65ﬂ@,Nt1r62718I)7 60.1.92 (s, 1H.
Anal . Calcd. for CI18HI6FN50. 2.0 CH3S03H: C, 45.36; H,

é@(ﬁAN} 13T3e°—foll§wn% ollémuﬁﬁélﬁlgre it Siz&Hrom thésirBlaMNprocedures
16; S, 11.88 09/ 046205PCT/ US2008/ 078606
ofmrqpaartgqm agigompound 7, using the appropriate corresponding amines.
8-(4-acetyl -[1, 4] di azepan-1-yl net hyl ) -2, 9-di hydro-1, 2,
Preparafio® of &4 4-phapA-pireredire h-yBmethph-239% dihy01 6,9]73 et dagmi- fedalen-3-one,
using [ 1, 4] di azepane- 1-yl - et hanone for Cenera
8. Procedure D

[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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16 %overall yield for last two steps. MP: 191 -193 C

M5 (ES-): 339; 1H NWR (400 MHz, CDC13): 2.11 (s, 3H),
WQ@2@4/046285 93 (m 4H), 3.56-3.76 (m 6H), 7.66 ¥eA/Uld)s§/078606

7.83 - 7.92 (m 2H), 9. 3(s, br, 1H), 11. 3 (s, br,

1H). Anal. Calcd. for C17H20N602. 0.6 H20: C, 58. 14,

H 6.08; N 23.93; Found: C, 58.09; H, 6.18; N, 24.08.

~ BecBEIRh, A Sro Adimat)- B34t a] Ry HE2™, 45kt 340 11D,
7.6P(EN=l BN1E, ORE, 7. i’@(een% 60111 13WNt hes (sé@fj llﬂﬁl 1980 (s, 1H). Anal.

phenet yhl am ne f or eral Procedure D. % over al |
Calcélfdr € oH 1N QV\E)HSOe@s% Meothe £y bhLé,; Ha4166dﬁ ZB08salsound: C,

p re S-) 358; 1H NVR (400 MHz, DWMSO- d6):
616@‘21?(45?@&?015 304(m 2H) | 331- 336(m
2H) , 1H), F&,\ 5 , J= 7.8
Preparar_ugn oﬁ 8_1\[ 4 (47~ uoro,‘phenyl.) 376 dlhpggro -2 Dvrldlnvhvlmethvl 2,91(!1.131}/dr0-1,2,7,9-

tetraazaé—%leﬁ%%ﬁgaon]e"'il "Anal. Calcd. for CL8HL7NS0. 1.0
0: C 50.95; H 5.54; N, 15.64; S,
4 Ji‘ﬁlgéﬁw ”§yrg§es1z5e9 Ry 4ha-Ru8pndiy 122 § - tetPanyAraiSridine
h}81f(ﬁc41-1q3hﬁl’fgﬂ Geﬁdﬁﬁrﬂrd&dduﬂelyl I@VMe}alelﬂddthdrt%kt@s 7MS «ES+):
raaza- phenal en-3- one % 0171] S nt hesi zed usi
37& pfﬁéWR (PO MHADMSPesto): éeﬂeT 53@8{38 re’ Dt 33 94 Hz. 2H), 3.24

(s%ﬁ? ) 5;04/6 A}E&ﬁﬁoﬁ{s&@% 1}1‘)"‘%@ eﬁs é\'ﬁ]z,(i}% ?7'43%?752-(1"?.3518’ 7.63 (d,
J £ M8 BE) LH)27.86 (( th~ 7.I.8-Iﬂz BH)I,OI 183(5 ]b:t( 1), 2H79 (8.158. Asnesylate salt of
LRSI WA VRS N N ORI
2}%}1 418 ({r§ ,25'3[‘2'-&) 36 D%EHM ﬁt@n S@i)t 7 of (139 V@@ HEr QHEEW%‘ @i 7.4Hz,
1K ng) 59 GngHy, ﬁh722&|),] 4 42132 (lﬁ) m (t 7~2715 szngp 1(1@]5 (s, br, 1H),
U, (bl et sl o 5 et n FT360: g S g 47

14N74 %46]7%* Fund3 455, 65%%'71@{ 124308, 6H4. 5. 65; N 13.98;

Preparation of

Prepara 01(35f§ Q 1‘-\5 'E)R). e‘ﬁ

phenaleusi-ouge, 18301 ndol i ne for Gener al Procedure D. 40 %
overall yield for last two steps. M5 (ES-): 316; 1H

NMR)I@GPO MsinthdMe@ud i 1 -@-ohlorophendbB)pipdatife €& Gehkdal Procedure D.
7.20 - 7.30 (m 4H), 7.49 (d, J= 7.8 Hz, 1H), 7.6 (d
231% owegallf_]geldlfp.]) last-,thp@te(pﬁ A mesylage 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), 7.43 (d, /= 8.5 Hz, 1H), 7.72 (d, /= 8.5 Hz, 1H), 7.82 (t, /= 7.9 Hz,
IH), 11.23 (S, bI‘, IH), 11.90 (S, IH). Anal. Caled. for C20H19C1N601. 1.0 CHgsOHi 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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WO 2009/ 046205PCT/ US2008/ 078606 Hz, 1H), 11.34 (s, br,
1H), 11.78 (s, 1H). A nesylate salt of 37 was
wee@pasaos 1H NVR (400 MHz, DMSO-d6): 2. 34 (s,PCHYS2008/078606
4.64 (s, 2H), 4.87 (s, 4H), 7.39-7.46 (m 5H), 7.72
(d J— 7.8 Hz, 1FD 7 83 (t, J=8.1 Hz, 1H), 11.30 (s,
11. 95 (s, . Anal. Calcd. for CL8HI5N50.

BB I e P R B 2 i am 71

J Prepay atron 60fd, s = 71Hz 1H ,7.75 (t, J= 8.0 Hz, 1H), 11275 . or. lH) 11.78
8-(4-benzenesu|fony| dlqze pan- 1- yl met’hyl )

bAlmzsy?atgsalé@ﬁ@a\zaqommﬁ@nH?NMrReGOQ8~/IHZ DMSO- d6) 2 34 (s, 3H),

2 5%9]%3(5153?153?%%% | S ETECoA D 3 St e, 7.32-

7. (tz?(mmﬂ)) 7&93Ctdbﬁﬂ8691Hzl|2‘mny|72Q@|,Df 7deH£, AHPR) (t, TRes.1 Hz, 1H),
rred room terrper ature over

UA%Q @r blt, HH),sldl ?ﬁeﬁﬁt EHM@I&%I% et e Hih®- - @%@:@%w&é‘ Hzo C,

57%’5”%?% INRp 1%902,%@%&6 'ﬂ%%P@ ds‘7 éFt;‘B%gﬁr ;i/‘@%% %W V\}hl t e

preparative t’'o a tic
i i hl\x@ro(- E? ,i9-tetraa2a-8llenalen-3 -
y Z. 90U (1 a4y,

one, 14 142 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. Cal cd.
3601%]11 1@%&%d u@tn@ 3H2@1ch@ro‘t§_é§ }jﬁ@mlﬂé foﬁG@&sral'\]!?rocedure D. 10
78; S, 7.17; Found: N, S,
%pvegll }[100f<7r41]asﬁ\tWE§§ﬁlpatféH§aylﬂte@ﬁlt 081 hues pre@pladeMS (HS+) 375, 'H

NS, BRIy 0% B8 B ey 4 n R D B3 g o

1K 7.58).57 i S0HY, 7.697A8¢ i, 414 11.Mak, brCalgd1.91q8, 1H).
C211-122N603S. 1.8 CH3SO3H. 1.0 H20: C, 43.50; H,
Preparaﬁoﬁ)gf 8J\~;‘|[ 2- @Fﬁ%ro phendf)- e%l@vlarﬁﬁl‘éﬂl%etlgl} 43 §hydb.1.27 WhetrMza-
157 'S, 14.59. Preparation 0
Dhenalea 3(21116,03164 di n- 4 yI pi per azi n- 1- yI met hyl ) - 2, 9-di hydr o- 1,
2,7,9-tetraaza- phenal en3-one, 39.
[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-ds): 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, J= 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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[ 00175] Synt hesi zed using 1-(4-pyridyl)piperazine for
Ceneral Procedure D. 10 %overall yield for |last two
WGEL®pe4620485 (ES-): 360; 1H NWR (400 MHz, DVSO- dB)T/U2088078606
(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 - 781(m 2H) , 8.26(d, J=7.1 Hz, 2H), 11.20
. : : 1 B

Dhenale§34§ne(§7 2H), 3 35 - 3. 69 (m 4H) 6 93 (d J= 7. 1 HZ

, (.13 (d, J= 8.0 Hz, 1H), 7.37 (d, J= 7.8 Hz, 1H),
7[&le5@£a ‘]Sylzth&d'el%l'usﬂq 4 %et%%n@@}t_e‘iene]cegalkng%@al Procedure D.
for C19HI9
184 0533ll theltﬁf(ﬁsgast Nyo S2pslMS (@S-):8700"H NodR @3 000yIHE1 DMSO-ds): 1.69-

1. 5h58) B0 30861 LB b S8 55D 8 Co A, T-5h b/ = 7.8 Haz, 1H). 762 (d..J

=8-7(4z henzyha pi peragun; fHy heshy b - ﬁ{)giﬂWQYerPr)lA@aﬂCzﬁcd for
t et raaza- phenal en-3- one 40. [00176] Synt hesi zed usi ng
CaAHb2hoy! 08ither: aZi el %, &, SEn &y, 30 39’rlimmdu69591)3 P 260; N, 20.63.
overall yield for last two steps. Ms (ES-): 373; 1H
PreparabiMRof &-Q -1z dichMo®pt 6 yl)- 2h#d mliso |-héthy 4-H),.9-dBvydfo- (8, 7. Pectraaza-
4H 348 (s, 2H), 7.23 - 7.34 (m 5H), 7.49 (d, J=
phenaleg-3zong; 184 1)  7.62 (d, J = 7.8 Hz, 1H), 774(t J=7.8
Hz, 1 , 11.10 (s, br, 1H), 11.77 (s, An HCl salt
of00E2has  Brepesizsd using 3|\1h1¢alceh>®@hvp&thylmm)e fop Ggyeral Brogglure D.

1262%)“%@”2’6&(%& rjsﬁg/_%%t @A%ﬂ%syla%_ ﬁ@ %?8 w%'é%tﬁpé'feaSM(Si(ﬁ)S-). 387
7 NATR (S0OSNTHGIDMB)-de)72 68 (§,13H)J3:08 (6].7HR 2 B 2HABET.(t, J = 8.1 Hz,

Cal cd. for C21H22N60 .1.0 HCl. 2.5 H20: C, 55.32: H,
21), 494 (N 2H)g7 é@ TESURY 2HY;, 7-657 54 (my3Hg, ) - Kis4 {1, BY). 11.31 (s, br,
H@r?g@ng Ih)(l/l{j [1, 4] di azepan- 1- yI nmet hyI) 2, 9-di hydro-1, 2,
Prepara?ﬂ)l? 0% §{ T l h

STTY 151
tetraazaZéhenalen 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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% overall yield for last two steps. M5 (ES-): 311; 1H

NMR (400 MHz, DMBO-d6): 1.75 (m 2H), 2.26 (s, 3H),
wWQ@2®%/046295 4H), 2.79 (m 4H), 3.48 (s, 2H), 7.52CT/US2008/078606

8.2 Hz, 1H), 7.64 (d, J=7.2 Hz, 1H), 7.75 (t, J= 8.1

Hz, 1H), 11.55 (s, 1H). Anal. Calcd. for CL6H20NGO.

0.95 H20 C, 58.33; H 6.70; N, 25.51; Found: C,

21. -1, 2 7,9- tetraazaphenal en- 3- one, 42.
T [00178] Synt hesi zed using 3-piperidin-4-yl-1Hindole

f %01@@[‘ er abx/t@ﬁ&%ﬁ‘ﬁ"sﬁl% chy:l-;%&c/l"aﬁﬁg & (Iieﬂéfa@ IpehckQiire llf‘SStS % overall

two steps NVR (400 WHz, DMSO-
yidldg8r last]IWQLBte(pm Azﬂxhd)sylaf& @l of 21 w&HprepareﬁOMSs(,ES%% 132 HOMR (300

iz DRSO : 3225 (57 534 ) 2% Gy I3h 35T gm0 P o

2}1}3777% @ss= lzhsz 1?{&187081(@ J1=H)9Héi ?Swlﬁt(e Aakt 19, 1413 9.82 (s,
prepar ed O 2.15 S) I—g
112) 32 964s, 13B) 'CNIR (QMSQH%) 137589, 1(55,‘992%0 68.13396.n33.84, 126.72,

11$H)416(IJ:18 %g—l(@ %2!5:& 09, q%lﬂ) ?9@514{58 éé-nga,ﬁ na]3 Qfﬁ:d g} 5%}_"%2@1‘160' 2.0

C%{%%é%]ﬁ 291%2(% g cpég'kat Iﬁ\f‘é@‘hs 1\9381'5% FBgﬁzd %%H%%I\ﬁ%} 8%, ], 15.97.

t,hil)% dm‘ydeG 1 %57' 9 IE‘tragz21-1(5)tlenal\é\¥1)3 -one,

o0UO Frepdardatil ‘O
(2-pyridin-4- yI et hyl am no) - net hy1] - 2, 9-di hydro-1, 2
, 7,9-tetraaza- phenal en3-one, 43. [00179] Synt hesi zed

ugmmsfl et ByhtaesiAea Rk i tREp fpeFaz (@R TEF @bndPIFGEEHILR: ID: 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;

[

2. 8-

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,

56



overall yield for last two steps. An HCl salt of 43

was prepared. M5 (ES-): 319; 1H NWR (400 WMHz, D20):
W@2@8/046295 J= 7.8 Hz, 2H), 3.53 (t, J= 7.8 Hz, BEH/USHOHA78606

(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, = 5.3 Hz, 2H). Anal. Calcd. for CL7H16N60.

2%%%65%3 g%?mzf&m”% 4316 20, 697 Bkt 25

5 7.36 d 1H 7.45(t, 1H); Anal. Calcd. for C;H24NeO- 2.0 HCI, 1.15 H,O-: C, 54.81;
Fgf ( )dro(il—l-l)soqw nol i n- 2- 232/I2r?\96hyl)-2 9-di hyzdro-

HJ13. 22 71\,1,91—7!;431 FaazdgheddlleH; 392nis, 17.34.
[ 00180] Synt hesi zed usi ng
Prepdkat@onde -t3bx@ b ydiibydrs Galii Q01 9-reerab.er pHeanlen-a&l viRedsddur e
D. 30 %overall yi. eId for last_two steps. M5 (ES-):
4]glazepanes | (b oxylanagid --,-~ 5324.2 81-2.90(m 4H): 3.52
»—? 3. 7 (s, 2H), 05 - 7.25 (m 4H), 7.51 (d,
J;[:007158 Hz, Sy_rpqylesm]edglgmgc[l 4jcha@p@q-&-ca1fpp|§yhc7ac7w ‘pqttyl cpter for

G%%e?algzo?e%itpea éﬁ{ﬁ,{fgﬁfsﬁﬂéﬁ&g g&rg%st t&'% gefyiﬁp I\F'H - MS (ES-):

3Fo U ANME, (468M3EZ, GIDCIH): 196 (N, 911 .30 (m[ QH)I,&Jﬂaﬂ(mirmsm ake (m, 4H);
salt of 44 was prepared. I\/SI(IES-): 330; 1H NWMR (400
3 R0k, 22763 Gngdly <.731.56 gmadH 1 90y, bral il A, ol for

H%\I 6570 §;9 ?mAc ?f% 9(551; é?);(lfz(?éz gﬁ%gn@kt 751?%3% 6%3:?) Ny 2060.

. 'Eivcili*e.-l 2.7.9-tetraaza-

Dhen;ﬂe@@,on%owd C 50. 89 H 5, 47 N 14. 84 S 7. 63
Preparation of

81601681 D ngirrﬁﬁé@fze%’u‘%mg' 1DyvdfiRsrd ! I'B‘ehzf?@ﬁ F, ﬂﬁia%ba%e Y&ﬂ'@éﬂ%ﬁl

)-2,9-di hydrol, 2 et raaza- phe en-3-one,
P@Gﬁmwps&ﬁ%ﬁwdbﬁleldsﬁon@st two steps. MP: 163 -165 °C; MS (ES) 405;

R LB G T 8 (o adsdin 4T 3 GoreabSisgr. 365
21?)t 8P..-(t, MSc £ E$Iz) 2H§17&30 el jﬁi\ﬁ éﬂ@obﬂ\/'ﬂFI% ﬂ’@gﬂndﬁ? 7334(8,7=13
He iy 1052 (BH)r IH) onal. d;alcn: %8, (&zﬂmmgm 5 HhO48C (6,90 H, .05; N,

il ot €07 BTl S oo or | 211 2603

6444H5 17. 89; FoundC6424H543N
1-?0(@@1 Amesylate 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;,H23FN¢O-

1.3 CH3SO3H. 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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WO 2009/ 046205PCT/ US2008/ 078606 [ 00183] A nesyl ate sal't

of 45 was prepared. M5 (ES-): 330; 1H NMR (400 MHz,
w@20p0462082 (s, 3H), 3.21 (t, 2H), 3.65 - 3. 85PCTMUSBBH/Q78606

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, 1H). Anal. Calcd.

for C211-121N503. 1.18 CH3S03H. 1.75 H20: C, 49.70; H,

B BT oLy T i it P18 10

alfacd ge);/;glw%%%fw rBGRE @088 ki Qny 83\ Lo Ali azepan-
Pre d| h dr ] -t7

127&Bte{r@az% hendle3- diiamﬁ in 5m_ Of CH2012 vas added TEA
(2 mmol ) and 3-trifluoronethyl -benzenesul fony chl oride

(Joov®s] ) - §§‘1§hé§‘12&hlﬁcﬁn WSS Sirdr26eeo alsofuPiBiot BREHRUIWER0.2 ¢, 0.6
over night.” After the solvents were evaporated, the

mmed)iid ljenIA@£ Cpolhewsiadtied 1 0mdl offTEARdhE ntuh@l qfr2etd1lﬁl®t>romethyl-
HPLC o affar

i fi
oeR Ry o The b QRRE Sttt oberget 9 Dt perypurg. plsy the
so%ﬁts vie k40689 tﬁé‘l?emd@&/ﬁ@s Q@r)lfledlwﬁﬁ sérﬁi—pr%bﬁratﬁe ﬁﬁLC to afford a

; 3.25 - % 7 44
801ld|)(15 o el P 3 - e Ni Sy 462 H NG oV, cm)@ 1.92-

2. go 83 %ré) 2%)1[ ?5120(@?'41%"% sgn A(&Fl@ §$A 3 (i}, éss('m 2H),

'S, 6.09; Found: C, A, 4. N, 15.50; S, 5.
0.94H; Cn5489;)H.44739; (N; 15 7;@) Fqlg)d (:.;]54;9_3_)12194441 AN, :16134

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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48B (n = 2)49B (n = 2) General Procedure F:
Preparati on of conpounds 47A and 47B:

WO 2028520 spl acenent of the chloro group of coP@EDUSZHSI078606
wi th pi perazine or [1,4]di azepane using Cener al
procedure F provides the conpound 47A or 47B. To a
stirring solution of 4 (leq) in acetonitrile was added

CBHEREE 1 rofise bodn AR CLeRT ati B B R IS s e afppa:
4prpr}p|5gm Naneg. 2t8h§n1(ﬁ6/8aporat ed to dryness. The crude

mat’erial "was purified via silica plug with 9:1

Prepeg‘h‘&m c%ga '?I%t (I}af'ﬂﬁ)ro pﬁgﬁw)agtﬁbla [n?néﬁ%{lé%fla} Q,d\-'{aihtvﬁros- P,I2§7(,j9-tetraaza-

O-Z-prp
phendellmzetrm 1] nazol i ne- 5 car boxyl ic acid methyl ester,
47A or 2-[1, 4] di azepan-1-yl net hyl-4-

0X00136f - di ByElh&ifdiR@Z AL i208udro HGREDAXYihyBinAsd fr RhBMI Procedure
ester, 47B. yGeneral Préoc(edure gh %ﬂ)é al'ryatl on of

Dc?-ih%dwe?é,l 3481A fainlgst48B:stqpe0s wpﬂateesabtoif S h s peavered. MIBNES-):

SRR B Nse o e e R ot o g -5

Hﬁ RH), €45 (4, IlHi)yT n@(tng—\mHadzie);i 7\Bari. @iU&nSZH)f, omyl(d J 7.8 Hz, 1H),
chl ori de (F!%n ?)7) eaction was owed st

7.8\ & ighS HigndH)-Het? (Naé §vla1f56r 14Ded 19&8 &F ylr#é)sél 9%5@ 1H) Anal.

e [ n :
S Do T R DB b B s G 1 ot iy 101
FqnmddGMS.%iLelv@pN,aBela, Spolldtness and used w t hout
further purification. General Procedure E: Preparation

Prep@hiti@0efiie MR dis fld@A-phbtly I} B Beiazin- 1-ylmethyl]-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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[00187] A 2,9-di hydro-1, 2,7,9-tetraaza- phenal en- 3-one

ring can be forned by condensation of the conpound 48A
wWor00488204 t h hydrazine. To a solution of the cRCHUSINAL078606

6 in absolute ethanol is added excess anhydrous

hydrazi ne at room tenperature. The solution is

refluxed for overnight and cooled to room tenperature.

¢ :gc&%éegrﬂmnalen 3-

one, M.th water and snall anDunt of nethanol to give white
~— solid products 6 in 40 - 90 % of yield. An exanple was

9'[(Y(ﬁr6|9] nt !Eﬁtﬁés%ﬁﬁ@ﬁﬂg% 4 ia KPR URAS HANABAGERBal Procedure D.

epar ation of
168<yo[o¢ze(a4L5ne1urfomystbwnmpesMPf oy-1P3 ﬁCerSa(ElSn)- 339 HEWNAR {400

M[*é@?g@ 231 B ?nﬁ‘? S3PRoas ¢ 3 gmgf?Hb%@ (i, 7.83 -

7. b@g)] 1) 50@(2% off), qqeﬁ Nk, NiH)eanascaddedr o BENO,NE6 H,0: C,
, e excess) under a blanket of
58114 rfbgf,)e(hg NTRé. 9§oF<mmdo , 0889 ol dN.t24-.08%t i r over ni ght
and then evaporated to dryness. The crude material was
Prepagyatiorf o fefd(phicpetBylhing® - pkihgl) v, 9-dib§tfo-1.2,7,9-tetraaza-phenalen-3-one, 35.
di chl or onet hane: net hanol to afford 2.0 g of a fluffy
\M[Ili)(HGO]Sm [ Synthesmed using phenetyhlamine for General Procedure D. 29 % overall

pi perazi n-1-yl net hyl - 3, 4- di hydr o- qU|nazoI1n
ywldcfa% B@tﬁwolseepécAan%%Wwah %@éwawmarevswse@ 3581 H HMR (400

i\ 72{\{%9 H);ﬁgb’_,?ﬁl )?g.?oo 0440%11 21’-1)43331”'@‘)3%'(%1 %12?{) 6;31’5(}:1}1)’ 797

- A2 (thizGHLF)7 L (@, J74 7(8cklz, JI:H)87 22z J =1 Hz7 18R %70, (s.Jor, THE 11.92 (s,

TP KeAN ettt ol R YV I RNCH: e -9 o e W EEATAERE S e B PR

746 %H@WW@'F#SSSUIJ N°n5'|640§|70f6 de (130 ny, 0.62 mol,
.1 eq) resulting in a bright yéllow solution. The

Prepe{rgﬁ&} 6@( 4“@1"?%@1 Joﬁ%\ﬁ&imt |\ lijieltﬁvlpy @r(ﬂh&m) laf]?i 9tt9t‘f£5z¥v%ﬁenalen 3-

evaporated to dryness. The waxy reslrdue was tn
one, d&tracted with d|chloronethane and washed Mﬁth brlne
The crude material was dissolved in 10 nL of EtOH and

5 [00170f hySyﬁmmarmmgwmeayspl@bmlge f@Gas ) Prdﬂédﬁre D. 33 %
sol ution was refluxed overnlg resultin

oNgrlt weldrfak lap twatSéemM@r(E&e)s 3:1' HY MR (4@83%6 Wtsﬁ) ey 1.87-1.93
B T R
5H.)1Z.5|ﬂ$§[b$)f1H),V‘D7€(IOQ/ZO74$H@5H€DT/7L982{GQB#O7&3]6f)61H), 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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anal ytically pure conpound 50. A nesylate salt of 50
was prepared. 8 %overall yield for |last three steps.
wWoOB00Es2Y3 455; 1H NVR (400 MHz, DMSO d6): 2. 3ECT/ES2008/078606
3H), 3.19 (bs, 4H), 3.44 (bs, 4H), 3.89 (s, 3H), 4.20
(s 2H), 7.25 (d, J= 9.0 Hz, 2H), 7.72 (d, J= 7.8 Hz,
7.70-7.83 (m 4H, 11. 20(s br, 1H), 11.93 (s,

' | 122NG045. . 1
Hﬁ%ﬂﬁ%ﬁﬁ (&) 1k P TR A RS0 R 37 3y Magprepyed P NMR
(460 wng>, lﬁ/lsé)ldg[ﬁﬁz 344, 3HPY 64N, :11?1) 43X7 (8, 4H2788-7.46 ?m 5H), 7.72 (d,

[00190] The fol | owi n nmpounds were synthesized from

J e Hr.nithay-8pllod etﬁjgé@ bifl), g 9L p.d Hrﬁ) df .98 gwpgsindngoCaled. for
CUPLAGO] BosAAPRRH. 0% £ SRRATHL 8915¢! [LAYs SHORb A .

488(:41, (31 Nuarn@7bgngenesul f onyl) - pi per azi n-1 -yl met hy
-2 9-dih dro-1 2 7 9- tetraaza-phenal en-3-one , 51.
Prepdr@ddd Sunb e shedo tail Nd]Badeh st S1ReMmgBresUlH@RY] 2.7.9-tetraaza-
chlori de and conpound 47A for General Procediure G A
phenglerrjtanced&al t of 51 was prepared. 35 %overall yield
for last three steps. M5 (ES-): 441; 1H NWR (400 MHz,

DI[IBHWGB) . SyBlhes{zd fBi) coiBp@md(26s To4tdpluti8n 3926 b& 2 g4®-l)67 mmol) in
1? C%\S gg%vl_gs’-ffldéezc? ﬁ*iz(xd ;l)tﬁ]nzqalg 'ag(é W@e&%nﬁ&%ﬁqﬁde& F%[‘a(g lsn The

mfx@ﬁre%@%@@@@%om]tel%ﬁe%@@% nlg%t 4Aﬁ'@'Qhe leéh@s @fe%re e'daporated the
4.87;N, 13.87; S, 11.91; Found: C, H,

reg_lgum,ﬁ(as BHurgd | 1@@ 10 pﬂe@%{ﬂﬂ amhthgﬂoroduct was purlfled by preparatlve HPLC

oS ME pE AL B ERIGIRL 2L IR RN f a7

NMIOLDBNeMA DRSIZEY: USH (@, 21}, arsy- @, am)fpmykmcirhpsisie(s 2H), 7.44
and conpound 47A for General Procedure G A nesyla

(B0, T SBTNED, Bkl bratHng bUSHal Iy ABIGCR SR, PRGE HaNOS.

oé?{}@‘?@%&gﬁbﬂﬁl §§(98 784%87 1%*1543%(?}3&4960%\”# 5 %’%(O@% S, 7.19,
317 £ A5npSte wh o35 G epelelBpiS s ol A 00 i

Dfm)ab 18Ga, QH) 2‘ (4] %scmi-slﬂ%i@@% 3.85 &nC&B)SQ@is Zal 7&2th 1H),
42. 25; S, 11. : Found

7.5 - B3 T g Catbid £ @@szm@p%rla& CHRSGL 1.0 H,0-C 48.50; 1,
5604 Bepz anea vk fnul- @ PeEAT] o W T84 BY4) ra2sgd- di hydro

, 2, raazap ena1en
Pre 00193 4n L hedsmgl -y Dlilﬁc’elrerl1 n-kf -y 1%1% SH' 5 8 I21){hvdr hll %H g ?etraaza 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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General Procedure G A nesylate salt of 53 was
prepared. 30 %overall yield for last three steps. M
W@ EB89)462488; 1H NVR (400 MHz, DMSO d6): 2. 70 (BCT/BSH008/078606
3.36 (bs, 4H), 3.51 WD 2009/ 046205PCT/ US2008/ 078606
(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
. 3 : 0,.0,0

'e aaza-pHhenalen-3-
) - ’

Onem;'S 17, N 1505 S, 12 40, Preparatlon of
-[4-(3-trifluoronethyl-benzenesul fonyl)-pi perazin-1-y

Wﬁf‘l}]oléﬁ éﬁ%s%gglsz gﬂe;ll%#ﬁbéﬁ%@fmwmr&ea%D 12 %

o@rallyitlduor kasﬁimzs&psuMSc(Eﬁl-) 3713 OHi N R0 Ml AdIMG O4ddk 2.44 (s, br,

5 a4 508Verdn: Typarargr T i de BR et kg 02 @,
= (7%5112 1F§3‘s374 @{HJEDNR Héoﬁ{jvhlz 10@%@11%11 2732 192 A§H)Gl salt of 40

3.26-3 ,
wasHyrepared H.NMRg@rO() Mﬂg,gpz,om gg 279 (p% mm 3. 14@4) 3. 5@ 1m9QH) 3.48 (s,

245yl MOISRUPL 58 38 95 LAPRLRIS gl v o

7.81 (129= 8FpHad1H)C,AnéDc2£ﬂed tdr G4, 180NN - 112HE8, 2 SH,H1CH85.32; H, 6.19;

Preparati on of
N8y443; Fouhd:dr .50 He AdSUNE bHY2.) - pi per azi n- 1-yl met hyl
-2 9-dih dro-1 2 7 9- tetraaza-phenal en-3-o0ne, 55.
Preparation of 8-(4-methyl-[1.4]diazepan-1-ylmethyl)-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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[ 00196] Synt hesi zed usi ng 4-chl orobenzensul f onyl
chl oride and conpound 47A for CGeneral Procedure G A

wore®yhaes salt of 55 was prepared. 15 % over al PCHU82008/078606
for last three steps. M5 (ES-): 458; 1H NWR (400 MHz,
DMSO-d6): 2.31 (s, 3H), 3.18 (bs, 4H), 3.40 (bs, 4H),
3.98 (s, 2H), 7.43 (d, J= 7.7 Hz, 1H), 768-784(m
5 ) 90 .1 .. (

aza-phenalen-

30nelJ4390 Found C 41. 07 H 4, 66 N 13 30 S 11. 89
reparation of

8;{50“1’7@#L fl §%tﬁes%ﬁ%ﬁﬁ§%uétﬁ§’lgﬂﬂo rRﬁﬁeaE)‘r Grehal %‘c@dﬂre D. 10 %

9-dih dro-1 2 t et raaza- phenal en- 3- one,
ox[e@eﬂllﬁé’l]dgyntaktewozsmpsusn H{pla;att b{i4¥ obepzearsdl MSrﬂ,iS ) 319; '"H NMR

BB 3 s BF et b st o ool PR B G o 02 v

= IS@SF:IZ t1|H)e¢3§g&QSs 8. Mﬁz( Eﬁ%ﬁ 524(21 J =% M/RH)WQ? iz 4303 Hz, 2H),
8.82 98 J(=ss 3 4 2HY M@l (@lccu £or7clsHHN601H)3 HE, 88 Ha0r 084N Hly;: C,
t
475%_% II ]5%89 %ﬁ(% Fg%lghgeg?ﬁg’ll%‘lgﬂ%ﬁ)}] pzoperam n- 1-yl met hy
£en- 3

57.
gtraaza-

Dhengﬂgﬁ ggoné |4aopr opyI benzensul fonyl chI oride and corrpound
A for General Procedure G A nesylate salt of 57 was

E%%%b?465§%1t%s%éwgl%ln Y2 N?_Elqelfr gda%%qﬁl?&%ge 1?1; ERe ral'\ﬁgcedure

DHiQ 9beralRyisid foslast3ip, steps OUS-(ES:)033(; ﬁH NOMR, (480 Mst DMSO-dy):

23130 41352 M. ST3 e Gl 5 7 o 447y Jangs iz 110,

7. @@kd?g' é@@l&@ﬁk‘%ﬂﬁ?ﬁ sh 32 1@9‘31393@)*@ be 7151)H[21091 @ HCI) Anal.
Carlled (f&»_r cgﬂlgws@zm@ $3. H05. 13 N,m 1% 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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Preparation of
8-[4-(4-tert-butyl -benzenesul fonyl)-pi perazin-|-yl neth
W@ L0090%285 di h dro-1 2 7 9- tetraaza- phenal en- 3PCHES2088078606

[ 00199] Synt hesi zed using 4-tertbutyl benzensul f onyl
chloride and conpound 47A for General Procedure G A
mesyl ate salt of 58 was prepared. 23 %overall yield

IR TENTAE SRR X

Déibi) 2 §3. (9%}%@ 21 %1.H)zH) (73 G2 (ﬁb% Cin 8ﬁ) L, Jrg(s :lhlj 4 60 @2H), 6.75(s,

H@Mr&é B35 381((5 IEIWSUS@ 150), 77582—(201H)C AIIBEB Qﬂch Epr G HON;O;.
1.2%? ctgs0%i. ﬁ}zep 1ad2009s fo 3353 s .03 ol ¢ M P, 5.40:
Nﬁ}iﬂﬁ&ﬂqksopropyl benzenesul fonyl)-[ 1, 4] di azepan-1-yl m
ethyl]-2,9-di hydrol, 2,7, 9-tetraaza- phenal en- 3-one, 59.
Prepdr@QA0H SyntNesiaadnidtiyNgetehSARDARYA DERZLBSH. { 9iMdthyl]-2,9-
chloride and conpound 47B for CGeneral Procedure G 22
dihydyodvaay Attetraazedphcriaben-3-98¢. 4600 st eps. MsS (ES-): 479; 1H

NVR (400 Mz, DMSO-d6): 1.23 (d, 6H), 1.79 (m 2H),
2 [8M84] 2. 5SyifthysiztH)fior2 cTtbpehd®®. Tma sékirion 3f 06 ({.2ng, LK mmol) in

Siahapt Rtk i TN oD afbo3a M esortslivieingieTgny chioride
(anmél_'j "ﬂl@e mixtur@ v stifred Bﬁrooﬁi te@@et@&re Bk/er%léiff ARbr thd sa19énts were

. Preparation of
eV@pt[)mte@Athc hi¢sadus- s moa naslsintof Mpfmoﬂndutbqeq@énctwaﬁlmﬁhd by

Pt e AR PR R AR S MR SN s s s07:
N®IR qmodﬂﬂanldmragundz 4B finn . Genes aim e edyre3 42 (8, 6d), 7.44
overal | y|eld for |last three steps.

H
(dNKR T3 b m76@w¢daé')2ﬂalgwﬂfmz —7&%121277@(4.14 8.2 Hz,

1@:')')8 043 8';% &H’;F@W 168 BB (ﬁ%?]g%j ?Siﬁg(&laiga {&%‘ZHH&mogs

1.11H),0: S gesy) af444; N 15.97; S, 6.09; Found: C, 50.19; H, 4.54; N, 15.50; S, 5.97.

64



WO 2009/ 046205PCT/ US2008/ 078606 salt of 60 was
prepared. 1H NMR (400 WHz, D20): 1.92 (m 2H), 2.73
W@ 2009844205 3. 50 - 3.77 (m 8H), 4.36 (s, 2H), 7rdBUS$IHN8/078606
J=7.2 Hz, 1H), 7.75 (t, J=8.1 Hz, 2H), 7.78 -7.93
(m 4H). Anal. Calcd. for C21H21CIN603S. 1.61 CH3SO3H:
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-benzenesul fonyl)-[1, 4] di azepan-1-yl neth
yl']1-2,9-di hydrol, 2,7, 9-tetraaza- phenal en- 3-one, 61.
[ 00202] Synt hesi zed usi ng 3-fl uoro-benzenesul f ony
chl ori de and conpound 47B for General Procedure G 16
MeO overal | yield f or™§ Oto steps. MB (&Sl 457; 1H
NMVR (400 Mslz,.odMBO-d6) :f 1.J[9 (m R2H), 2PiedurG81 (m

~g: 26 = 1,(n1 3B (S, NMH), 2 45(d, J= 7.3
, -CI7 55 - 7.74 A1 &ﬁg (s, br, 1H), 11.75
Anal . Calcd. for ®21F21FN6035. 1.15 H20: 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. 4Px@panpntion of
8-[4- (4- met hoxy- benzenesufBony2) - [ 1, 4] di azepan- 1-yl net
hyl ] -2, 9-di hydrol, 2,7, 9-tetraaza- phenal en- 3-one, 62.
[00203]Synthe3|zed usi ng 4-net hoxy- henzensul f onyl
@®rd de and cogpound 47B for gral Procedure G 21
al | yiel difRr deashl t wo st epq. (ES+) : 4§9R 1H
dBjceduke 8 (M -%2 8

|v|—|f\
3.J30 39 4 48
)\/ (m_4H) . 3 48 ( » M’fil) ).

A4Nd n2 Hz, 2H), 7.48 (d,
(d, J—72Hz 1H): 7.09 - 7.22 (m 3H), 11.10 (s, br
1H) 484 89) (s, 1H). Anal. Calcd. for, 2H214I\I6045 1.0
H2O4g8n 54, 31; H, 5.39; N, 17.27; S8 ®g) Found: C
54.38; H, 5.34; N, 17.28; S, 6.19. Br8f%r&ion of
8-[4-(4-tert-butyl - benzenesulfo yl 1, 4] di azepan- 1-yl

Generah%pﬁfgﬂu}clé Ryepprpyly Qfrcomppunds 4 %nalz)a shenal en- 3- one,
63. [00204] Synt hesi zed using 4-t-butyl -benzenesul f ony
ch0UBHe aReptaseportrid thczehloro group of compound 4 with piperazine or

[1,4]diazepane using General procedure F provides the compound 47A or 47B. To a

Schem

Me

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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for General Procedure G 14 %overall yield for |ast

two steps. M5 (ES-): 493; 1H NWR (400 WMHz, DMSO- d6):
WA20Y04@95 9H) , 1.79 (m 2H), 2.73 - 2.86 (m 4M)T/US208H078606

- 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 C25H30N6035: C, 60.71; H, 6.11;N,

16.99;..S5,6.48; F d C 60.78;, H, 6.10; N, 17.08;
T BN e 361 UE SR URBY O o P BoR s Sl oyt Jrther
pffication.

8-[4-(4- am no- benzenesul fonyl)-[1, 4] di azepan- 1-yl met hy
Gene%e]l?%oc%dgﬂerﬁfzqfr%re%g%'&TcBﬁbBﬁﬁ%%?ﬁhﬁﬂaé‘@': 3-one, 64.

00205] Synt'hesi zed usi ng 4-ni tro-benzenesul f ony

odOBTEP ) “h P AIRET 2 Py Bl R R D RABG o5 rof o
coNiEhsad@OoMHZ comREIMUBA o485 witihy@itdyine 2T 4 solufory 8f th&compounds
6 & ol ctymoisgidggd bxsey® oy bydrgingiigoppt iepgrature. The
soﬁtf})%\(]igre%héigdl_g),r%if }ghl'l ?glc:il_ 8(70(1@0%1‘??m‘]]f€161§er%]1_1?% gce}g(?ld ]\Tébte?‘}s added
andnahite Ghl ¢osephuatedCZhd sARIBNEQIBStedthySvalel@dm fiBrattoh. &n8;wdshed with

wgt'ﬁ 2%1{1 sl\nligl’l a:éno%gl’t ogfnggiﬁgél%tp ggv%gvgl:lite%olig %'ros(ﬁl;ctsl_S| in54'02—4§0 ‘%’ of yield.
ABckAnfIB RS A tRYrieutibhdf o hbehRke@annl-4dpTet hyl
-2 9-dih dro-1 2 7 9- tetraaza-phenal en-3-o0ne, 65.

Exank§9206] Synt hesi zed usi ng bi phenyl - 4-sul fony chloride
nd conpound 47B for General Procedure G 10 % over al
. .

tetraazaphddaléd¥B- didd) 50.3. 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

(o8} . 1o QQtifrshe WBlutiohkdr 4 (328 smdteqAnabo L of

Cal cd. for C27H26§6035. 2.3 H20° C, 58.32; H, 5.55; N
acg®nittile vgs &dgd pipFsaing (1€, G8o2mol, farggcggss) Npdars: blenkegof
nifof: HeSRRBbLER Bhust i gaymigtpanigencrnyrisay fyfrmess. The
crude Pa@dtibl Wioputifidd iPsiliéeplo@ad Phafealoesmehememethbnol 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-dg): 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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[ 00207] Synt hesi zed usi ng 4-nitrobenzene sul fonyl

chl oride and conpound 47A for CGeneral Procedure G A
wore®yhaes salt of 66 was prepared. 35 % over al PCHU82008/078606

for last three steps. M5 (ES-): 438; 1H NWR (400 MHz,

DVMSO-d6): 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 2
ey calfy e codipignd 41, A 52 g Pt e YR ool for
laé'ﬂZQree g‘ﬁseﬂéliM@;ESH 4§5 29[ NMR (:LI@O%/_I'HZ SDM:SZ) i 2 BOWIAH) G .19 (bs,

General Procedure

4HD t3d4|db%dé})e3 é%fﬁpéﬂhd%mf@, 211)) 7a25s(td|, Y FiyHe ol ik, 708 (df/ = 7.8 Hz,
T
02ah: 5 LR SN D SRR B0 1

CH;IS(%Hed)o HID®. Irnegaet conl W@SHafB bowed 3tm; st 12.28.arouhaur, 41.07; H
hours after which tine it was evaporated and extract ed
5.0 180241202 dried and condensed. Crude materi al
was further purified via colum chromatography using
9:1a0188p C1 ZTMe MOW@TI&WU@IPQIIIHQW&’BW Sycalleweqog@@ the gduler grocedures

P
of enai IRy St b RO B %*%p@f?pé{a} copteshanding suifopyl higgide.
Pﬁ&{g@&%@fﬁ%ﬁﬁg@%@iﬁ%égg?ﬁl b,DlDe?‘thlg ] Vh%%thvl] 2.9-dihydro-1,2.7.9-

mnw§34ﬂ$@9aﬁgnMg;§Loxo-3,4-d|hydro qui nazol i ne- 5-
carboxylic acid nethyl ester, 67. To a solution of 25

(ﬁf91ﬂ q Zk?htﬁés%eg%iﬁg%eﬁ&%m'H%n%gﬁlﬂfgn pclﬁi)ﬁf@esa@%%ound 47A

npou In a seal d t ube
forrG)ehd:rableaeﬂmrdnGnAhﬁeﬂymﬂe $adt B 1Gvasqrrephrétb G646 oWdrell yield for last

g NeparraE s PR o 58 (o0 iTEBus8-Tredli Mo 2nea 4.

3. l@? gt&s;?lé{’bpg{‘% Sy, yherapre7fd RatiMN7 65 0620hupgeds e7.82(m,
212), (11 €B1(s, dﬁ)o&y@a@d@@ryfpaﬁtoﬁhemsﬁyl 35 £HHR0:13, 24 H,0: C, 42.43; H,

4%%'1*?1 87‘“?0?@??0%%89 Sornts Hodhs oflgvﬁe%“é' Sor TEA

P and co oou d
_!‘ !~__' =P i_ g _ . ._;

lmnm@@ghhﬁnpprature Reacti on was allomed to stir for 60
6205PCT/ US2008/ 078606

[00192] Synthesized using tolune-4-sulfonyl chloride and compound 47A for

O-tetraaza-

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,N¢O3S. 1.3 CH3SO3;H. 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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m nutes, during which time all solids went into

sol ution. The solution was evaporated to dryness and
WEeopMieos vi a col uimm chr omat ogr aphy usi ng CH2 Q1/E829085078606

% MeOH to afford 0.5 g of analytically pure conpound,

68. [00210] Procedure J to prepare 69. 5 g of conpound

68 was di ssolved in 10 nL of hydrazi ne nonohydrate and

Ohotifs it 2o 40 el B O SP-af Tocag OBk abh-dd g Ana.
cﬁs@%ﬂ O HYRG5901. @@Hgsgyﬂeﬂs euer 0O, of 4, Wal BN, 14.67;
and extracted with 2 x nmL of EtOAc. Organic layers

S.wer® ; ey %ﬁwobﬂbﬁydﬁdli%@ radhesi um sul f ate.
Purified via columm chromatography using 9:1
CH2C12/ MeOH to afford 2.7 g of analytically pure
conpound 69. M5 (ES-): 314; 1H NWR (400 WMHz, CDC13):
Prepdkatddn ¢f3-[RH)trifBiofiindibyl-iRhlrenebuldny()Rsperddit-1 - And¢hyl[722.8Qlihydro-
m 3H), 12.38 - 12 43 (m br, 2H). Anal. Calcd. for
1.2.7 nalen-3-quogdd.c ' 56.49; H, 5.50; N, 21.96;
Found: C, 56.61; H, 5 60; N, 21.85. Preparation of
g 1M b et Rynthesizpd gising dr Gifliom-fergensifpav chlqsiseall eampound 47A
1 P r r
fof E}%heerPJogv[gcRQg (1} % %J g Eft (ﬁ“ 5t48w2%1_p?%?a %_é%{? %g%%ggle?c{ for last
thWetshepé M (85-)TEZS; lﬁiheMRe(aoo MDAz VISl S@- 4/ OV BL {s03H1,iX268.35 (m,
room t enper at ure overni ght resutln% in aheavg/ white
8Th): ééi%?a%)& Mo (&7 LD ef-64- 68 (o dHhels¥eu® @b {7, 4H), 11.92
(Sq—ﬁ 12 and dried under vacuumto afford a quantitative
yield of analytically pure material, a TFA salt of

STSEL ZRpl Bl ph A0S S0 20 BOiC g goim
4 b, N 1) §6; B, 4829:tFoudd: 6, 4.1z H, UH0; NAnales; Saliczd. for
C1O0HON50. 1.3 CF3COOH. 0.2 H20: C, 41.27; H, 2.86; N,

Prepé‘r?t-i(ﬂxpéf FpuRgeh16r0-Behz 88 5ultbnyB-Adsratin- 119n’thyl P OREK Rk -91D.7.9-
(0]

tetraazarphenalen-3¢ong-3¥x o- 2, 9- di hydro- 3H-1, 2, 7, 9-t et r aaza- phen

al en-8-yl nethyl)- benzenesul fonam de, 72.

[ (DQIE;B?] Sy nShebészzed usmigmcherrmbtﬂzyhsb]éfmwmmwefamd;pbmpound 47A
for %egerrla rogen ure 8"8& 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, /= 7.7 Hz, 1H), 7.68 - 7.84 (m, 5H), 11.90 (s, 1H).
Anal. Calcd. for CyH9CINgO3S. 1.3 CH3SOsH. 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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for General Procedure L. 20 %yield for conpound 72.

M5 (ES-): 368; 1H NWR (400 MHz, CDC13): 2.27 (s, 3H),
W@2®304e95 2H), 7.28 - 7.43 (m 3H), 7.67 - 7. 78CT/H$2008/078606

4H), 11.43 (s, 1H), 11.83 (s, 1H. Anal. Calcd. for

Cl17H15N5035: 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. WO

2009/ 04620 /US 008/ 073606 P epara f .

Qs o 2 SHi b st Ropopy BT Ep sl 3al i saf sgmppund 47
fofefehdrh) Proc&ﬁl@@ ENASHESyRRAGHIS 57 Afas pré&%’(ﬂ 3bsypidies 'y?e‘?cﬂfor last

usi ng benzene sulfon | chloride and conmpound 70 fO
th@rﬁséqpal MBr(ESedfies 'H. NMB @9 Mg DMSOc@%ﬁpb%&l 7£6. E/SIZ 6H), 2.33

g 51 305 gt A48 ‘%ﬁm R B 2% g Y T e =50
HZ. z’eH?) 7.68 - TR, 42h) 11.59 @L1H). ARB c(amd 2dﬂ)c:2318268140£8 1.35CH;SOsH.
1 &P 04 g1 o1 GrioE 355,64 N 165 Scl %F@vnd +¢ %, 0dsH, fy62: N,

1318y %67, 8.59; Found: C, 51.17; H, 4.20;N, 18.73;
83i E’reparatmn of

tetra&@%b@alapkl.y)ﬂélsie and conpound 70 for General Procedur e

L. 22 %yl eld for conpound 75. M5 (ES-): 256; 1H NWR

E J e 1%@’5@& ulnn%lt t@ﬁbu@l‘@enz&s@lﬁn{ﬁ chlgwle aIYd é’b@npound 47A
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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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[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

74



20 17 18 35 n/a 22 35

WO 2009/046205 PCT/US2008/078606

by adding enzyme and incubating the mixture at 25°C. After 2 minutes of incubation, the
reaction is terminated by adding 500 microliters of ice cold 30% (w/v) trichloroacetic acid.
The precipitate formed is transferred onto a glass fiber filter (Packard Unifilter-GF/C) and
washed three times with 70% ethanol. After the filter is dried, the radioactivity is
determined by scintillation counting. The compounds of this invention were found to have
potent enzymatic activity in the range of a few nanomolar to 20 micromolar in 1Csq in this

inhibition assay.

[00217] Using the PARP assay described above, approximate IC50 values were

obtained for the following compounds:
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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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was 5 ng/mL. Tissue lower limits of quantitation depended on the degree of dilution

during homogenization, but usually were 15 to 20 ng/g.

[00234] Plasma, brain, and tumor concentration data were processed by
noncompartmental pharmacokinetic analysis using WinNonlin Professional 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
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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Conpound 13 1) Mouse intracrani al

nodel

woredoanenres [ 00218] The muri ne nel anoma cel |
C57BL/ 6J (H 2b/H2b) origin was cultured in RPM -1640

contai ning 10%f et al

calf serum (I nvitrogen,

of B16

| i NRCBIS2008/078606

M| an,

Italy), 2 mM L-glutam ne, 100 units/m penicillin and
100+ugltrt—streptomretn—{(How Laperatoeries,—M—Lean;
VA), Gimpdaadi n a 5% CO2Pduirhliel | edB/RtiADS pIPEY & ralfMZ VBYP in rats
provi ded by Schering-H ough Research Institute
(Keni lworth, NJ). Conpound 13 was 8<sol ved in 70| mM
PBS wit hout potassium [002191 For intracrani al
o hransplantatlon cells (1 n 0.03560 of RBM/,-1640) 40,
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cenfer-mddl e area of the frontpl bone tp a 2 mMm
h, using a 0.1 m |glass m crosyringe|and a
[ | e needl e. Murjne nelanpma B16 cells
104) were |nJe ted ic/into mal e B6D2F1 (C57BL/ 6 X
Bef'ore tunor chal l enge, anipals were
anest heti zed Wi th ket apni ne (100| ny/ kg) and xyl azine (5
Comprgyftigfemporrd 0. 9% NaCl sol ution (10 m/kg/ip).
Hi stol ogi cal evaluation of tunor growth {n the brain
« Was performed 1-5 days| a t upo al | enge,,i n order, .,
° "tp deternine i m ng %&%reatnen§@ Dzzgﬁfhe 40%
compound 13 -ninistered per os 15 m n before| TMZ
Mrolrﬂ?ﬁ, € al ways injected with drug vehicles.
I'n tunof-bearing mce treatnent| started #8 h aftet
g when tunor infiltratjon in the surrounding
brain tissue was histol ogically| evident.| Mce were¢
treatéd with conpound 13 by oral gavage once a day for
five days,—at the doses of 10 nglkg—[00221]1n
Wunnr-bearlng mce, trieatgpnt starygd on|dayi® after 429
Ehallenge when
X
75% 30-64% 50% 71-117%
36
H 81% 26% 45% 36%
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I
NH
N/)\/N
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tunor infiltration in the surrounding brain tissue was

histologically evident. Mce were treated daily with
w@awpouizos 13 plus TMZ for 5 days and nonit or edPETIS2008/078606

nortality for 90 days. Median survival tinmes (MST)

were determ ned and the percentage of increase in

lifespan (ILS) was cal cul ated as: {[MST (days) of

treated m ce/ MST (days) of control m ce]-11x100.

Effi cacy of treatnents was eval uated by conparing

survival curves between treated and control groups

WHBddb/ 048b0Bmen USRIy 8668010232 b8 4bVits i teggme may
bd Vh¥RH YA Hangwa? as,gleh CRIRINELR Iﬁﬂéwrgggrdwaw ARRELom the

wth natio i nternational guidélines (European
sphtatcamd myolﬁmﬁthmmWynt@mlummi 41l fichevddifieati®6y 40 Intedel3d B¢ included

C. | H Gu e for care and use of
qiﬁé@%%@P?°5ﬁFﬂ%@%Nm&§ - [00223] Survival curves were
oepera&%d by Kapl an- Nbler product-limt estinmate and

: =128 fa ERENGE pet ween the various groups (8
anlnals/grou ) were evaluated by |og-rank anal ysis

wil 002 3¢ht esA@Wb@ﬁtﬁO@h netats, ard rreprppaategt application publications
m%d(ff? h]% ééogeg f%ﬁt’lorlvgrg W% Ian!) obﬁg&abﬁgeierﬁr%aq%g%f glﬂdcazﬁ

ernine
plfapcﬁsfee rR it&@sh w&nﬁd@alrpabrﬂ@med o8 hathtsdppiedtioy vedr@mpceifany and
when P <0.05. [00224] The results indicate ora
ingyiuai L indigateskio he ingprprypted by sriptat ahe rafiof incaptistgneics the
t val time of mce treated wth
m%%%%%ﬁﬁ@ﬂnrwﬁu%R%YLonblnatlon and was significantly
hi gher than that observed in animals receiving TMZ as
singl e agent (P <0.0001). No significant differences
in survival tines were observed between control and
TMZ treated groups (Figure 1).
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2) Intracrani al xenograft nodel of SJGBM2 glioma in
m ce: [00225] The conpound 13 was tested in the
wo paopaeneni al xenograft nodel of SIGBM2 gl i omaPEHUSI00%078606

(Tentori, et al. din. Cancer Reser. 2003, 9, 5370).
For this purpose conpound 13 was given once at 15 min
pre-TMZ at 10 ng/ kg, po. [00226] A dose of 10 ny/kg
compound 13 was found to _he i caci ous (Figure 2).
I[ts combination with TMZ sed MIS from22.5 d
(TMZ alone) to 25 d (P = 0.002). Efficacy in vivo for
Conpound 37 1) Mouse intracranial nodel of Bl16
nmel anoma: [ 00227] The experinment was perforned as

1. A cogmpoend pEHoraBGY ) Poi Pesmgetigalizacceptalg salt Hgeeodi gat ed
whet her oral adm nistration of Conpound 37 (5 ng/kg or
12,5 ng/ kg), m ght |ncrébse the efficacy of TMZ
agai nst B16 nel ahs8g
beari ng B16 nel ano
mean survival tinme of the dfoups treated with Conpound
37 12.5 ng/ kg + TMZ i nglj on was S|gn|f|cantly
hi gher than that ef jyral s recei ng TM as

singl e agent (Fi gur . Intracranlal xenogr af t
nodel of SJIGBM2 (¢ WO
2009/ 046205PCT/ U ’ R

N

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

(Ci-Cg 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;-Ce
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;

and R? is selected from the group consisting of C;-Cg straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, C3-Cs cycloalkyl, C;-Ce alkoxy, C,-Ce alkenyloxy,
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[ 00228] The efficacy of Conpound 37 was then

i nvestigated using an orthotopic nodel of a human
w@Riodbsass oma nmul tiforme xenograft (SIJGBMR2) i nPEIUTUE2008/078606

m ce. The response of SJGBM2 to TMZ, used as single

agent or in conbination wth Conmpound 37 (10 ng/ kg or

20 ng/ kg) for five days or in conbination with
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4) Effect of Conpound 37 on tunor growth in mce

bearing BRCA-1 deficient tunors [00230]1 x 106 BRCA-1
wedob/oerhdd s were injected subcutaneously on t heCT/Ugions/078606
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2009/ 046205PCT/ US2008/ 078606 | 00231] A study was
Bh%]]@élt G@tcts straighirarhsanched ﬁha@a@/lgﬁmﬁqut@s %Wcmaém and when more

thgﬂ gllltsis 8f th #nﬁgREﬁHQJUﬁ' O%CQ%HCQ b RELAFRMid Bd%ﬁ%‘ﬁdenﬂy

CO[TpOUﬂ s and a simlar prior art conpoun
se]l'dc&dpfromtheagrbup:mmmungi oﬁhyzdrbgtel fCQL(Emranght bobmlbla:d chdihealkyl, C,-
Cs stralg rt%% r\éuelchsetduc %m eny %t eCd cyclozlﬁlyl whereln 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, C;-Cs straight or
branched chain alkyl, C,-Cs straight or branched chain alkenyl, Cs-Cs cycloalkyl, C;-Cg
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.

A compound of claim 1, wherein the heterocycle is selected from the group consisting of

piperidinyl, piperazinyl, pyridazinyl, dihydropyridyl, tetrahydropyridyl, pyridinyl, pyrimidinyl,

dihydropyrimidinyl, tetrahydropyrimidinyl, hexahydropyrimidinyl, dihydropyrazinyl,

tetrahydropyrazinyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl, pyrrolyl, dihydropyrolyl,
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[ 00232] PARP inhibitors in water solutions were dosed

either by bolus (<1 mn) intravenous injection, or by
woe@b/ogarage. For dogs, intravenous and oral deSI/HSR0OKE78606

performed in a crossover design with a one-week

washout period between dose routes. The screening dose

was 30 ng/ kg for each conpound. For mce, three

- i nal er, time point re sacrificed b asphyxi a
imidazify BB sl iatetavBirony SRk aRSimin. tvant g I EE S
[1,3]dia§é191§?/1, $EL|dMze PR dnEAVP U RS d MBI 11 2K SR d G1Y 1 e\/r@rdigytﬁoisbﬁ&olyl,
' points fromthe indicated nunber of animals. For rats,
dihydroghigolyd| tetghydroduinedyd. Ghvgibsadwiaelyl. ane titwhedrgispepnelybd
with 2X volume of 1:1 donor rat bl ood: hepari ni zed
saline. The blood sanples were transferred to
3. hepaiponhd sdetairannie grouplbidtingrifxed, and stored on
ice until centrifugation to prepare plasna. The plasma
was transferred to fresh containers and stored at <
H-70C until bioanalysjis. In some cases brains or tunor
Og-NUi ssue were col lgcted after sacrifige and stored at <
-fOC until bioanalNysi & [00233]PI sanpl es were

SsS Qpt ec QLt; ion W nitrile,
evapor afi o and f nst Mut ifon.NBrain and tunor tissue
& e honwgg# LN osphate buffered

saline, pH 7.4, precipitated with acetonitrile,

foll owed by evaporation and reconstitution. The

réconstituted sanples were anal yzed vs. matrix

Hcalibration standards by LC - MS/Ms. The bioanal ytica
o. _NTethod performance M@S vﬁrified by the perfornance of

guality control sa 2p” Generally, the plasma | ower

[Amt of gquaptitation [P009/ 046205PCT/ US2008/ 078606
[Tt s of quantitation

did ut icon ring
h¥nogéni Zati on, But ustal Iy wefe 20 ng/g.
[ 00234] Pl asma, brain, and tunor c tration data
wer e processed by 10

2 2

H H

) N‘N F O N. Cl
| LT
NH N NH r/N‘N

11 12

H H
© N‘P °N N C
N4J\V’N NéJ\/N
13 14

97



nonconpar t ment al phar macoki neti c anal ysi s using
W nNonlin Professional Version 4.1. AUC was cal cul at ed
wa@igiong4a2be Li near/ Log rule. Tinme points for theECI/HSI0%078606

Z phase were selected by visual inspection. The sl opes

of term nal phases were cal cul ated by unwei ghted

i near regression. [00235] Sel ective PARP inhibitors

were tested for basic plasna and tissue
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NO,

76 0 , and pharmaceutically acceptable salts thereof.

4. The compound which is
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S

or a pharmaceutically acceptable salt thereof.

5. The compound which is

or a pharmaceutically acceptable salt thereof.

6. A method of chemosensitizing cancer cells in a mammal in need of chemotherapy,
comprising administering to said mammal a compound of Formula (I) or a pharmaceutically

acceptable salt thereof:

@

wherein R is
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(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),

(Ci-Cg 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;-Ce
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;

and R? is selected from the group consisting of C;-Cg straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, C;-Cs cycloalkyl, C;-Ce 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
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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

(b) aryloxy, substituted with between 0 and 4 substituents, each independently selected
from the group consisting of halo, C;-C¢ alkoxy, trifluoromethyl, trifluoroethyl, C;-Cs
straight or branched chain alkyl, C,-Cg straight or branched chain alkenyl, C;-Cs
cycloalkyl, NR“R”, NR“R”(C,-Cg straight or branched chain alkyl), and NR“RP(C»-Cs
straight or branched chain alkenyl), wherein each 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; 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, NRERF(Cl-
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
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alkyl)aryl, (C,-Cg 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,-Cs straight or branched chain alkenyl, and C;-Csg 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
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, Cs-Cs cycloalkyl, C;-Cg
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.

7. A compound of claim 6, wherein the heterocycle is selected from the group
consisting of piperidinyl, piperazinyl, pyridazinyl, dihydropyridyl, tetrahydropyridyl, pyridinyl,
pyrimidinyl, dihydropyrimidinyl, tetrahydropyrimidinyl, 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 and
dihydroisoindolyl, dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl, and
tetrahydroisoquinolyl.

8. The method of claim 6, wherein said mammal is a human.

9. The method of claim 6, wherein said administration is administration of a pharmaceutical

composition comprising said compound and a pharmaceutically acceptable carrier.

10. The method of claim 6, further comprising administering to said mammal a

chemotherapeutic agent.
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11. The method of claim 10, wherein said chemosensitizing compound and said

chemotherapeutic agent are administered essentially simultaneously.

12. The method of claim 10, wherein said 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, topotecan, a taxoid, dactinomycin, danorubicin, 4’-deoxydoxorubicin,
bleomycin, pilcamycin, mitomycin, neomycin, gentamycin, etoposide, 4-OH cyclophosphamide,

a platinum coordination complex, and mixtures thereof.

13. The method of claim 12, wherein said chemotherapeutic agent is temozolomide or a salt
thereof.
14, The method of any one of claims 6, 12 or 13, 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, 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, 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.
15. The method of claim 14, wherein the cancer cells 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.
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wherein Ris (a) NRLR2, wherein R is selected from

the group consisting of hydrogen, O -C6 straight or
whe@pokeos chai n al kyl, C2-C6 strai ght or brancP@rUsioas/enscoo

al kenyl, C3-C8 cycloal kyl, d-C6 al koxy, C2-C6

al kenyl oxy, phenyl, phenoxy, benzyl oxy, NRARB (Cl-C6

strai ght or branched chain alkyl), NRARB (C2-C6

strai ght or branched,chain alkenyl), (G -C6 straight

yor branched chaig alh | )carbonyl, (G C6 straight or

Nbranched chai n al ny car bonyl, (C3-C8

c cIoaIkyI)& bon -C6 stralght or branched chain
) ox rbo yI SQ{alght or branched chain
al k Hyl | Yeixycar bonyl ,
sulfonylN aryﬁgﬁ??gm:ZEl%ryl(Ci C6
S rg?ght or branched chai n_ al kyl) C2- C6 straight
or anched chain alkenyl) aryI(C3 C8 cycloalkyl)
H(Ci -C6 straight or brancheg chain alkyl)aryl, (C—
O« _NStraight or branched ocbgisNal kenyl)aryl, (C3-C8
cycl oal kyl )aryl, aryl, h teﬁbcyclyl
erocycIyI(O C6 strai S ranched chain al kyl ),
d!H tier ocycl yl (C2- C6 igr* oH branched chain
LI . 7

: =2 between 1 and
7 heteroato 5 ependently selecté@ZiZ}n10, N, or S,
and WBerein eagk¥ of RA and RBOare indgpendently
sel ected fromthe group consisting of hydrogen, C-C6
HStrai ght or branchedHchaln al kyl, C2-C6pstraight or

Og_Nhranched chain aPkeadk, and C3- C8 cy  galkyl; and R2
ip selected fromthe g oup conS|st|ng of M -6 /——<::j>

ELs
?qky| @

%? NRx RY

NRng (Cl Co6 stralght g& branched chain a
(C2-°C6 straight or branched chain-al kenyl),
ystraight or br hed chain al kyl') carbonyl, (C2- C6
Nstra|ght oK)brgﬁzh [ ayl, (C3-C8

C cIoaIkbe nyl, ed chain

r bonyl , . [ ‘ .)Ehed chain
aIE%Ti};ox arbonyl
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(C3-C8 cycl oal kyl ) oxycar bonyl , aryl carbonyl, sulfonyl,
aryl sul fonyl, aryl (G -C6 straight or branched chain
wa@kdoghye2ozmr yl (C2- C6 strai ght or branched chai nPCT/US2008/078606
al kenyl), aryl (C3-C8 cycl oal ky0, (G -C6 straight or
branched chain al kyl)aryl, (C2-C6 straight or branched
chai n al kenyl )aryl, (C3-C8 cycloal kyl)aryl, aryl,
yheterocyclyl, heterocyclyl (G -C6 straight or branched
0 _NChain alkyl), and eteEocycIyI(CQ-CB straEght or
bNanched chai n al kefyt) >nwherein P het'er ocycl yl has
tween 1 and 7 hetefoatlpns inde sel ect ed
fro and “Wherenm egch gt RK and RY are
N fromt grloup consisting of
hvdrogen, C1- t ra*ghtNor ~r anched chai n al kyl,
C2- C6 Firaig branched cfwai n al kenyl, and C3-C8
cycl oal kyl; wherein RL and R2 are i ndependéntly
Hsubstituted with between,0 and 4 substituents, each
O NLndependentIy sel ected f nom hal o, CIRAC6 straight or
bfanched chain al kyl, §2-Cd strai ght branched chain
gyl , Cl-C6 al koxy A uoro I, trifluoroethyl
, 9Ed eﬁino; and pro @ t hie and R2 may not both
R ; ma t @ yQprop-1-yl when R1
i s hydrggen; (b) aryloXy, substituted with between
0 and 4 substittenfs, each i¥dependently sel ected from
the group consisting of halo, Cl-C6 al koxy,
ntrifiuoromethyl, tgifl{loroethyl, Cl1-C6 straight or

branched chai n al kyly NC6 straight branched chain
allkenyl, C3-C8 cycloal kyll, NRcRD, NRgRD{GCi - C6 strai ght
or "BHanched chain g , Mbind C6 straight or
br gicheg chai n_al ke ergyn gach of RC and RD is
I Ndepéndent | ect®d fNomYhe™~group consisting of
hydrogin, Cl- trai ght or, branched chain al kyl,
C2- C6 st rai ght “or- branched hai n al kenyl; and C3-C8
cycl oal kyl ; and when nore than on ubstituent is of
che form NRcRD, each occurrence and RD is

o. _Ni hdependently s%;ec d fromthe p consisting of

ANdr ogen, Cl1- C6 Syraitght or branghed chain al kyl,
-C6 straf or |brafljched chaiyi al kenyl, and C3-C8
cychNial O NH46§%§L / US2008/ 078606 (c)
QELEIWC yl ha t we gglﬁlnd 7 heteroat ons
i Ndepéndently sel&tetd from O~ N, or S; and havi ng
bet wéen 0 and 4 substituEhts independently sel ected
fromthe group consisthng of hal o, hal oal kyl,
thdroxyl, nitro, trgflworonethyl, trifluoroethyl,

G- C6 straig N brynchdd chain al kyl, C2-C6 straight
branched ai ) al deny Cl- al koxy . C2- C6
| )

rAY| XYIND
th;bgﬁf onyl , cyano i - &6 Atraight or
Nancted ain al kyl ), straight or
brancfged chai n al kenyl) sul fhydryl, thioalkyl,

di oxa-spiroethyl, ’(Cl-C6 straight or branched chain
al kyl ) carbonyl, (C2-C6 straight or branched chain
al kenyl ) carbonyl, (Cl-C6 straight or branched chain
al kyl ) oxycar bonyl, (C2-C6 straight or branched chain
al kenyl ) oxycar bonyl, aryl carbonyl, sulfonyl,
aryl sul fonyl, aryl (G -C6 straight or branched chain
al kyl), aryl (C2-C6 straight or branched chain

al kenyl), aryl (C3-C8 cycl oal kyl), (Cl-C6 straight or
branched chain

0X 1 nNo,
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al kyl)aryl, (C2-C6 straight or branched chain
al kenyl )aryl, (C3-C8 cycloal kyl)aryl, aryl,

woeaeneeytl yl , heterocyclyl (G -C6 straight or BCEIS10881078606
chain al kyl), and heterocyclyl (C2-C6 straight or
branched chain al kenyl), wherein each heterocyclyl has
between 1 and 7 heteroatons independently sel ected
gfrom0O, N or S wherein each of RE and RF is

0. _Ni_.ndependently sel gcted fromthe group consisting of

R drogen Ci/- trai ght or brapcNgd chain al kyl,

ht banched nyl, and C3-C8
cyc %alﬁ n “hor e stituent is of
Q mwN

h_accuire and RF is

|Ndependently sél ecfNed ¥TronTthe group consisting of
hydrogen, G -C6 straight , 2 branched chain al kyl, C2

C6 straight or branched chain al kenyl,” and C3-C8

Hcycl oal kyl ; wherein eagp of said 0-4 substltuents is
O Nkndependently substd t gpd with between 0 and 4 further

spbstituents, and ea¥f sdid further substituent is

' ﬁpendently sel ectgd fllom hal g, C  C6 straight or

%Qgg‘ré'@ chain al k @ ; @@y branched chai n
trlfluoronet tr| uoNoet Kyl ,~and” ami no; provided

t hat Rthas at ast one subbtituent when Ris an
N-pi peridinyl, N-pyrrolidinyl or an N—norohollnyl
group. 2. A conpound of claiml1, whereiy
Hheterocycle is selected fHomthe gro#P
prer|d|nyI fgera2|ﬁv Ngyrlda2|ny

AsT St ng of
o|hydropyr|dyl

t trahydropyrldyb pr , yrlnld

ndr ogyr N P g nyI
he; hydy opy dlnyl, opyr \Lﬁ?

fhéhyd opyrazi nyl , g dEﬂy1 dazol i di nyl,
pyrazggldlnyl, pyrrolyl, d|hy éopyrolyl i m dazo |yl,
di hydroi m dazoyl, pyrazo |lyl, di hydropyrazo |y,

Hazepanyl, [ 1 ,2 di@éﬂFanyl [ 1,3 ] diazepanyl, [ 1
Ox-N~4] di azepan @‘n I yT, o di r}\ydro indo lyl, i indo
Iyl and di hydrg o i ndo ™yT, “Ni hydr oqui nO
,(,ghygnqwsmé v, dihydrh idllo qui | yE Bwd e
tetfahydro s o quino |yl cdﬁboq/g\ el 8@t ed from

hégiymﬁﬁp/éonsistilwg of N4l\v/N\v/?
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4. The compound which is 13 or a pharmaceutically
acceptable salt thereof. 5. The conpound which is 37
W@eroog/opi2ey maceuti cal |y acceptabl e salt ther eof PCT/6S2088/078606
nmet hod of chenobsensitizing cancer cells in a mammal in

need of chenot her apy,

NH NO;

Z N
NJ\/
76

0]

2

and pharmaceutically acceptable salts thercof, and a pharmaceutically acceptable carrier.

17. The pharmaceutical composition of claim 16, further comprising a chemotherapeutic
agent 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,
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conprising admnistering to said mammal a conpound of
Formula (1) or a pharnmaceutically acceptable salt

W@ bepeei205 wherein Ris (a) NRLR2, wherein FT/S2008/078606
sel ected fromthe group consisting of hydrogen, Cl-C6
strai ght or branched chain al kyl, C2-C6 straight or
branched chain alkenyl C3-C8 cycloalkyl G -C6

y ph phenox benzyl ox
darorE A eSS GOt Ut CRAP S O gy cin,
etoposu(eca &8/ o?élbﬁh(g;lﬁhalﬁfde by fIRGRAA c6hAiAtiah Keaylkx, anﬁ@éhx@es thereof.

straigh branched chai n al kyl )carbonyl, (C2
strai ght or branched chain alkenyl)carbonyl, (C3 C8
cycl oal kyl ) carbonyl, (C -C6 straight or branched chain

s r
5. EPE PN ROB P 13 P AORIA O gen
temozobmilicar baitherestul f onyl , aryl sul fonyl, aryl (G -C6é
strai ght or branched chai n al kyl ), aryI(C2-CB strai ght
or branched chain al kenyl), aryl (C3-C8 cycl oal kyl ),
(G -C6 straight or branched chain al kyl)aryl, (C2-C6
19.  Alh@hshbs a{engrsaﬁﬁrz%g Ghgdrteftt keMhhAa in ndeitSRemotherapy
cycl oal kyl')aryl, aryl,
comprising administering to said mammal at least one compound selected from the group

consisting of
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het erocycl yl, heterocyclyl (G -C6 straight or branched
chain al kyl), and heterocyclyl (C2-C6 strai ght or
whe@pokheos chai n al kenyl); wherein each het er ocBCI/Y$20h%678606
between 1 and 7 heteroatons independently sel ected
fromO, N, or S, and wherein each of RA and |le are
i ndependently selected fromthe group consisting of
yhydrogen, Ci-C6 straight or branched chain al kyl,
0 NC2-C6 straight _or pranghed chain al kenyl, and C3-C8
cNcl oal kyl ; g R2 Ty seNected fromdhe group

sistipg o trajght or bragched, chai n al kyl,
c2-Nits CheMHchai n & Kynhyl , C3-C8
, JAL2- b a |ony, phenyl ,

pﬁenoxy, benzyl oxy, -C6" straight or branched
chai n3al kyl ), NRxRY (C C6 sttdight or branched chain
Halkenyl), (G -C6 straight or branched chain

o. _nal kyl)carbonyl, (C2-C6 straight or branched chain
aNkenyl ) car bonyl , ( NCMC|Oa|ky|)C onyl, (G -C6
sirai ght or branched chai nyal kyl)oxyc Bonyl, (C2-C6
Sstriddght or branched ' Lkenyl)o rbonyl, (C3-C8

cyghoal Kyl r hen ryl ¢ar gonyl | fonyl ,

a¥y| sul f onyl (G> NM nched chai n
aIkyI%, aryl (‘Q22426 strai ght or_ branched chain

al ked ), aryl (C3-C8 cycloalkyV§, (G -C6-strai ght or

branched chain al kyl)aryl, (C2-C6 straight or branched
nchai n al kenyl ) argl, _(C3-C8 cycl oal kyl )aryl, aryl,
Os__NQeterocyclyl, hetefocyglyl (C-C6 straight or branched

cplai n al kylg-—and hgt & quCIyI(C2-CB strai ght or

he Jﬂ} aI ) NKwher ei n each het er ocycl yl has
betqg?;an@?ﬂﬁ)7 here peependertll y sel ected
K N or S, and erein each and RY are

indqgendently sel ect ed fropgthe g sansi sting of
hydrogen, Ci-C& straight or branched charn al kyl,
HC2- C6 strai ght or brancheddichain al kenyl, and C3-C8

Os__Ncycl oal kyl ; wherein RI1O are i ndependently
sylbstituted with between| O gnd 4 substituents, each
j ﬁﬁendently sel ect ed H, G -C6 straight or
brapched chain alkél, stjrai @ht or branched chain
hﬁgﬂwﬁN Qe kbky, trifluoroethyl

, and am no; provi ded that Rl a may not both
be mdPhyl, anths@ may not be2@phenylyprop-1-y1 when Rl
i s hydrogen; or (bg aryl oxy, substituted with

Hbet ween 0 and 4 subsfituents, each independently

grooR consisting O phdlp, C-C6
gt hyl|, trifluorgethyl, [1-C6 /“<::j>
Riygh N'b‘l\an iR gg(w/cz ‘ 'ng[;(aN
i ,/ngl h%ﬂclo. cR )
ON” birahched cha !
NRch(CZ-CB strai ght or,sbranched chain al ken 3),
wherei n each of > RC and %%Di s independently selected
pf rom the group\cgnsistigg of hydrogen, Ci -C6 straight

O« _NQr branched®ch abkyln_C2-C6 strai ght=ex branched
chai n aIken&Fﬂ)and ;

Nsel ected fromth
koxy, trifluoro

n on bstituent / each
occhirehce Of RC an & sel ected from
[ nsi sting Qgé (I - C6 straight or

branched chain al kyl, C2- strai ght or branched chain
al ketfyl , and C3-C8. cycl oal kyP or  (c) a heterocyclyl
havi ng between 1 and 7 heteroatons i ndependently
selected from0O, N, or S; and having between 0 and 4
substituents independentg% sel ected fromthe group
consisting of halo, haloalkyl, hydroxyl, nitro,
trifluoronmethyl, trifluoroethyl, C -C6 straight or
branched chain al kyl, C2-C6 straight or branched chain
al kenyl , C1-C6 al koxy, C2-C6 al kenyl oxy, phenyl,
phenoxy, benzyl oxy, am no, thiocarbonyl, cyano, im no,

R IFNF=FF 7 7\" 7~/ . 1 . I T 1 I I |



WD 2009/ 046205PCT/ US2008/ 078606 al kyl )aryl, (C2-C6

strai ght or branched chain al kenyl)aryl, (C3-C8
w@ywboai2y | )aryl, aryl, heterocyclyl, PCT/US2008/078606

het erocycl yl (G -C6 straight or branched chain al kyl),

and heterocyclyl (C2-C6 straight or branched chain

al kenyl ), wherein each heterocyclyl has between 1 and

7 heteroatons i ndependently se”e&ted fromO, N, or S,
Hwher ei n each of RE and RF is &n eoendently selected

branched chai|n alkyl ight or branched
3 y and when nore
t hap on su st g form NRERF each
égtbéﬁ =7 irtlependent |y sel ected from

the,group conS|st|ng of Hshydrogen, Ci -C6 straight or
branched chai’'n al kyl, C2" C6 straight ’or branched
Hchai n al kenyl, and C3 C8 w¢ycl oal kyl ; wherein each of

On-Nsgi d 0-4 sulyst ifTRt LS N pdependent | y stituted
wjth betwee G substltue ts| and each
ardyf urt he PSS\ ' ﬁﬁhd el ect ed
fraomh j chai n aIkyI
?%%vSt aLkEnyl -

cycloz@kyl, d-c6 alkoxy trlfvﬁgronethyl
trifluoroethyl, and-amno; pro ed that R-has at
yl east one subst i t uent en Ris an N piperidinyl,
O NN pyrrolidinyl or an norpholinyl group 7. A conpound
of claim®6, wherei n“yhe Ket erocycl e rected from
NIgroup cons¥5t|no of i peri diqyl per azi nyl ,
pyrydazinyl, dihyd I dyNE t gt r dhydTOpyri dyl ,
X [ ¥y dikydropydi m di nyl ,
t et rahydr opyr i nyl, h@xahydropyr|n1d|nyl
di hydrapyr azi 7 tetrahydropyrazinyl, pyrrolldlnyl
i m dazolidinyl, pyrazolidinyl, pyrrolyl
Hdi hydr opyrol yl, imdazol yl, dihydr0|n1dazoyl,
NerazonI, di hydr opyiogzoNy| , azepan
[, 2] di azepanyl, [1, 3] ?panyl [1 i azepanyl ,

N nHyIH di hydr oi ndol ) ﬁyT‘ nd

di hydr qgj soi ndol ylI, m

te ~Noqu YL 7 g and
tetrahxgr0|SoL -onI 8. The nethod of claimé

wherei nsaid mdfmaF,is a hurdn. 9. The ,met hod of

claim®6, wherein said gdmnistration is admnistration
0 Nof a pharmaceuti cap cofjposi tion conprising said

c¢hnpound and a phar MCelNi cal |y accqf le carrier.

. The nethod of claj m! !|S|ng
ad Hlaqerlng to sé I a ch‘nDt'erapeutlc agent .
046 RCT/ 1. The nethod of

sai d cMenpSensitizi ng compound and
said peut i ¢ agenty.are admi ni st ered
essentially sinultaneously. 12. The method of claim
10, wherein said chenotherapeutic agent is selected
fromthe group consisting of tenopzol oni de, adrianycin,
canpt ot hecin, carboplatin, cisplatin, daunorubicin,
docet axel , doxorubicin, interferon-al pha,
interferon-beta, interferon-ganm, interleukin 2,
i rinotecan, paclitaxel, topotecan, a taxoid,
dacti nomyci n, danorubicin, 4'-deoxydoxorubi cin,
bl eomyci n, pilcanycin, mtonycin, neomnycin,
gent anycin, etoposide, 4-0H cycl ophospham de, a
pl ati num coordi nati on conpl ex, and m xtures thereof.
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13. The nmethod of claim 12, wherein said
chenot herapeutic agent is tenpzolom de or a salt
W@ bwpeei205 14. The met hod of any one of cl ai nsPGI/USD0&078606
13, wherein the cancer cells are selected fromthe
group consisting of ACTH produci ng tunors, acute
| ynphocytic | eukem a, acute nonl ynphocytic | eukem a,
cancer of the adrenal cortex, bladder cancer, brain
cancer, breast cancer, cervical r, chronic
Hlynphocytlc Ieuken1al chronic tic | eukem a,

0 el orectal cancét taneous T- Iynphona
elpdonetri a ncer egophageal .nger Ewi ng' s
arganma ] .nger h ry cel | | eukem a, head
ang ne oma, Kaposi's sarconm
cer & Sad g cancer (small and/or

non3$nall ceII) nallgnani perltoneal ef f usi on,
mal i gnant pleural effusion, nelanoma, nesothellona
Hhul ti pl e nyel oma, g)urﬂblastona non- Hodgki n' s
O NLanhona ost /r Cowe, ~pvarian cancer, ovary (germ
cgll) cancer,| prgstatle cincer, pancreatlc cancer,
Gle X dstnAm, (SKn™ C

sof{-ti uagig;/gi;ijzg?m;zj mas, stonach
nléw’ ticul ar yrord canc

tropgﬁblastlc neopl asns, uterlne cancer, vaglnm

canc cancer of -the vulva and Wims tunp 15. The
Hret hod of claim 14, wherein the cancer ceIIs are

Og -Nsel ected fromghengroup conS|st|ngHof brai n cancer,

Su

| anonn, hgad gnd reck cancer, ticul ar cancer,
|an er,_Areast can , [l cell Iung
canger Sandér ca
6@&04 ﬁ B 6.-16. A rmaceuti ca
conp05|t|on conprising a conpound selected fromthe

grqup consisting of

2

H
@] N\N 0 N
| |
NH
/)\/N
N Z N
N \/\O NJ\/
43 N 44 ,
" CF,
© OCH
3 >S=O
OCHs
N
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WD 2009/ 046205PCT/ US2008/ 078606 Cl WO

2009/ 046205PCT/ US2008/ 078606 and pharnaceuti cal |y
waeweptans e salts thereof; and a pharnmaceuti calb¢HUS2008/078606

acceptable carrier. 17.The pharmaceutical conposition

of claim 16, further conprising a chenotherapeutic

agent selected fromthe group consisting of

t enozol om de, adrl an%%l n, canptothecin, carboplatin,

H .
O« _NCi splatin, dau docéet axel ,
i terferon al%p nter f ePap-beg a,
n

ingerleu ;&\ ot ecan, pacl|taxel,
ta>jﬂd/ dad‘{l n&mycin, NH
N
N/)\/ \)
51
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N 64 HN'N 113 danorubicin, 4'-deoxydoxorubicin,

bl eonycin, pilcanycin, mtonycin, neonycin,

w@eoevamzed n, et oposi de, 4-0H cycl ophospham de, PEI/US2008/078606
pl ati num coordi nati on conpl ex, and m xtures thereof.

18. The pharmaceuti cal conposition of claim1l7,

wherei n sai d chenot herapeutic agent is tenpzol om de or

a salt thereof. Cﬁ9 A net hod of chenbsensiti zi ng

cancer cells in manmal in need of not her apy
conprising a sterlng to said ma at- | east one
Hconpound sel d E{onnthe gr oup Q9 i ng of
N N
\N \ =O N >S=O
N, I (\N
NH (r‘ NH \//)
N4i\v/N\,/) N4i\V’N
60 , 61 ,
OCHj,4
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H H H
0 N ) N O N
N N N
I I I
NH | NH | NH |
z N, _.O z N, O z N, ..O
N sZ N sZ N sZ
5 4 5 758
72 7
H
Os N_
)
NO,
NH
/)\/N
N
76 0 , and pharmaceutically acceptable salts thereof.
20. The method of claim 19, wherein said mammal is a human.
21. The method of claim 19, wherein said administration is administration of a

pharmaceutical composition comprising said compound and a pharmaceutically acceptable

carrier.

22. The method of claim 19, further comprising administering to said mammal at least one

chemotherapeutic agent,

23. The method of claim 22, wherein said chemosensitizing compound and said

chemotherapeutic agent are administered essentially simultaneously.

24, The method of claim 22, wherein said at least one 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, topotecan, a taxoid, dactinomycin, danorubicin, 4’-
deoxydoxorubicindeoxydoxorubicin, bleomycin, pilcamycin, mitomycin, neomycin, gentamycin,

etoposide, 4-OH cyclophosphamide, a platinum coordination complex, and mixtures thereof.
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25. The method of claim 24, wherein said chemotherapeutic agent is temozolomide or a salt
thereof
26. The method of any one of claims 19, 24 or 25, 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, 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, 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.

217. The method of claim 26, wherein the cancer cells 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.

28. A method of radiosensitizing cancer cells in a mammal in need of radiation therapy
comprising administering to said mammal a compound of Formula (I) or a pharmaceutically

acceptable salt thereof:
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6061 6263 20. The nethod of claim19, wherein said

manmal is a human. 21. The method of claim19,
wWobm@pesa205ai d adnmi ni stration i s adm ni strati onP@¥f/US2008/078606

phar maceuti cal conposition conprising said conpound

and a pharmaceutically acceptable carrier. 22. The

met hod of claim 19, further conprising adm nistering

to said manmmal at | east pne chenot herapeutic agent,

23. The net hod of _clai mg@2, wherein said

chenosensi ti zi ng Qe nd\and sai d chenot herapeutic

agent are adninister-d essgntially sinultaneously.

j wherein said at |east one
elect ed fron1th group
] NHnmyci n, t ot hecin,

carboplatin, cispl atin, [daunorupi ci n, docetaxe

doxor ubi cin, intg alpha interfq&on beta

i nt erferon-gamm, W\Ler] e Ot ecan,

paclitaxel, topotecan, a ta§0|d dactlnonyC|n

danorubicin, 4'- deoxydoxorub|C|ndeoxydoxorublcin,

bl eonmyc in, pilcamycin, mtomycin, neonycin,
whggindkiici n, et oposi de, 4-OH cycl ophosphani de, a

(aPN%“kﬂ, WRLARRAT 08L1EQ0 £BRKE érouﬁ%gnmtﬁfg%fel%d'i%?@f@6 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),

(Ci-Cg 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;-Ce
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;

and R? is selected from the group consisting of C;-Cg straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, C;-Cs cycloalkyl, C;-Ce 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
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WO 2009/ 046205PCT/ US2008/ 078606 25. The net hod of
claim 24, wherein said chenotherapeutic agent is
wa 200062097 de or a salt thereof 26. The net hoRCDUS2008/078606
one of clains 19, 24 or 25, wherein the cancer cells
are selected fromthe group consisting of
ACTH- produci ng tunors, acute |ynphocytic | eukem a,

I | eukem a, ) t.h d
) S DRSS ST SRSl w3 S
amgﬁymbgﬁkwgﬁlper chronic | ynphocytic | eukem a, chronlc
elocytlc eukenmi a, col orectal cancer, cutaneous
0

(CF Gelyf B@(ﬁbh@fﬁﬁrbogmld@rmmoavl @@lﬁvyﬂ,,arﬁs@mgewl(ﬁ -Ce straight or

T
C}chmdy@)n@cl tﬁaﬁﬁﬁght ®r Bﬁalh@h)sm&:hakll aﬂBﬁ)‘ary‘la(@zng sthdigh for branched chain

cancer, ﬁg ancer (small and/or non-small cell),
raye

MﬁﬁW@@ﬁéﬁfb lopkkxDargt.fatdi on, malignant pleura
he@érgb%bﬁnhetggtfcnﬁg@}%n%%m el 'bf’a'ﬁ@heh b eﬁf< %8 tht%Pocyclyl(Cz Cs

neur-obl ast ona osarcona
stiegehit bﬂhrandredenhamca\u&myl)(ghermno&blh heteamycﬂyl hggrbesteehd and 7
ile canc

cancer, . ncreati c can r, en
heﬁ%?%tﬁ%wg@epmnﬂg &?Iﬁct%fgﬁe@ﬂ NS apd ¥ @reghera@eﬁéR and R” are
mééﬁéﬁ&é}h‘ﬁr s‘aﬁued%rn@tﬁam coﬁlg@gg%caf IRRRGEN, dl &8t dah@br branched

cancer, "thyroi d cancer, trophobl ast’ic heopl asns,
ChatneerlkyieCﬁ-éJra s@alght\m@rmhei almreamemdm@rCse@s d;)r@@a\ldmlva

nd. Wil nl,s.,t unor 7. .Th ne od .of cl ai 2 wher ei n
WGt AR e Plengr @y Db Tt by e S
sERAEIctts] &@h@ldcPEichtl¢ aRReled FRh BNOI®,-Cheddds B bRgeked chain
cancer, testicul ar cancer, ovari an cancer, br east

aligdnCels S‘iﬁ@ﬁhtsQfdllffImeéd chalnuﬁlgemé,r@e% allpy. tafearpmetinter .
m%umoAfH“?t Ql%da f a%%' gév ?éd {hlaffﬁngndcﬁn&g St%tk?bé fhethyl, and R?

h nee I on era

mayim)trbes@aényngrdpmgawﬁeﬂmhmiiyda)g@ﬁrmound of For mula (1)
or a pharmaceutically acceptable salt thereof:
wherein Ris (a) NRLR2, wherein R is selected from

1S SRRy IR e Bl B s
fra klsngtopp €3asi8ing w€ hala) KyCy aIEioxﬁ;&rlﬂhcbmomthyCZHfﬁﬁoroethyl Ci-Cs
oGP oS aR a8 Char A AF Y PRSIk €
cy%Ioraﬁéyg R GEP Wﬁﬂﬁw @ﬂ?ﬂafgh@blkﬁﬁﬁéh)ed cﬁegﬁ a%l)sﬁﬁcﬁNﬁﬁR (C2-Cs

or branched chain al kyl)carbonyl, (C2-C6_straight or
stiangn ghb@nd‘m@ chaialaldleemyl)) wherbwrepbh of K%eu@BR is independently selected

oal k car bon tral aj.n
RO oy ARG byt Gt e G o Senaheh FHERC R
stRlidiR BY brafeeaahkanyitenyl @ld €8 (G )Gtioalkkly hh@¥nemhidedhhn one
substituent is of the form NR“R, 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
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aryl carbonyl, sulfonyl, arylsulfonyl, aryl (G -C6

strai ght or branched chain alkyl), aryl (C2-C6 straight
w@erooboanzehed chain al kenyl), aryl (C3-C8 cycl oaP&yU$2008/078606

(G -C6 straight or branched chain al kyl)aryl, (C2-C6

straight or branched chain al kenyl)aryl, (C3-C8

cycl oal kyl )aryl, aryl, heterocyclyl,

Lyl (G - i ght b h | kyl),
ortrchel Ui ol (o N P hanch BN GHieheh o gialiond: oo
alRARIY! Phen \M‘%h@ﬂd?(yeﬁéiﬁyf&Q? edRiaY Chivcarba gy 10818 Eithido, aNQER (Cs-
7 hetéroatons i ndepende Sel ected from0, N, or

Ceaﬁ‘dllg/h’q er biancheschainfallRd), ARIR" @za(Eestr@ngié [@é hetaghddychain aﬂ;enyl)

Su§§V§ gloa&ggpg)%% 1{586 ﬁ%‘lcﬁf' S¢q<stTa1 gk% ?%%g%ltaﬁc}rl) carbonyl,

(CQr@sl’}ﬁﬂa%(ﬁt ehilanchall %ﬁmﬁblkeﬁﬁldca%o@ (QY-@&ﬁhﬂgMi or bt hB2 chain
is selected fromt hehgroup consi sting of

alkyloxyghboryl. (rdrotieis ﬁlabrﬁn%hewham@ﬂien@éowaréﬁo@m aigjcarbonyl,

i T
brNR)hRH’c(lﬁh alE@ngl, raylgm Co Cyd])(lieﬂ]n}dh €d, Cjaamilgmi deybrdnch&RxtRYh

' i gh he h
stbyleayiofi:- By Etelien Bache ohed RpryDaPbAbylC: chdoughary, ary
he‘f?érﬁé’}l'c%ht h@&roByaIehed, &Pﬁglﬁ o bkaRNdd) &ﬁfnbérm%i andl %tef*&yclyl(Cz Cs

kyl) car bonyl , straight o ranch
stral@m nr bﬂahglhe)dahymalﬂl@mwl whe(re)z «@6h betemicghy! lows bbWaa@n Read 7

g R B R BV BT YD oS, ichyyhereiicpehg R end R i

maépéhééﬁtfy%hébsedaffoyﬂl (e o6& &in@@hﬁggbf Wdr@ge@n@qaq, #haihfor branched
al kyl), "ar - stra@(?ht or branched chain

chairkakyll § ;- aﬁsrﬁlghlslr@a@ el yibenylendSs- Gt exsiqgiieyl.gmd when more
ch | b
thgﬁggeﬁpuz)? 1tue I ofat %%@&& éa%él ogc;g iér{c? RIE ag& r1sa1 8@[)96%dently

seletedrfaay @lieygrouﬁ'ledrﬁfsﬁﬁg’ ef W({t@enoaﬁhs(% @ta@éﬁt oﬁbrabélﬁﬂmeﬂ alkyl, C,-
chain al kyI , and heteroc clé%/ C2-C6 straight or
Cooyienigth o8 banglicd chpiacika sieyelaelkyh é‘t@?%?%ﬂh}ﬂf Spidd-4

su??ttgﬁ?gp1s&ln@%bgn(£enﬁ§tsgﬁs\?\ﬁﬁet?£§%thggﬁﬁe% h'ﬂmgﬁ%@%&ﬂuems and

caich daip dinden stlystisehestisdtpEndem 1y elogtadUone balsi €t-Ca gtrmght or

hydr n, 1- trai, ht or br hed cha k
brashe q’e@%@fqﬂ aﬁght s Rebr ﬂm%ﬁ%awélﬁw % %ﬁfoe%ﬁyl Ci-Co
| adldorbmettbe fr@f'ld?)ré):gfhﬁ n?ﬂd%lﬁB et RARAGRARIEAAt least one

subst ituted with between 0 and 4 “substituents, each
substitepEvdentR ip ageN-paeadinft, dhvppradledindbr @8 I\émoaplg)ﬂmykgroup
branched chain al kyl, C2-C6 straight or branched chain
al kenyl, Cl1-C6 al koxy, trifluoronethyl, trifluoroethyl
29. A @ﬁﬁ)oﬁﬁd 8Os la@Ng N&Yélﬁ“ﬁ% Ketf@fbcﬁle i@@é’le&gd ﬂ%&h th@ rdi@tcﬁnmstlng
be nethyl, and RZ not be J)henyOprop 1l-y en
of piperidin ¥y pipeigeinyl. @Mldazqrbol dhydrory éubtgqhyﬂmpwdw pﬁfldmyl

yrlmld*ﬂérltl\é\%?%dég?)ﬁqgld e,u[gt?% %338/\(1211-1%1 ?IC He %&ﬁg\q&%‘fg&
d1hydro§tl1lalmyl tétfahﬁldiﬂcbpmﬂﬁyhpbmrohdhhfrl Uﬂﬂ‘d@ﬁﬂﬂydy,l 9taz06dinyl, pyrrolyl,
ght. or hranched chai n al ky - strai ght or

dlhydrowr@.lﬁdhl@adwésﬂndlhyckewgflﬁazoczé p@eazew ddlasrdzgmyramclmepanyl

)

1230 ER) B3 e T e EChy E M) fsp Rt and

dihydrommdelm dhgdro@find¢, anchhiRDoijsinblytl elilgridendunadl ect ed
% @group consi sting of hydrogen, Cl-C6 straight

tetrahy: Plsﬁ‘i‘% Ked chain alkyl, C2-C6 straight or branched
chai n al kenyl, and C3-C8 cycl oal kyl; and when nore
than one substituent is of the form NRcRD, each
occurrence of RC and RD j mdependently sel ected from
the group consisting of drogen Cl-C6 straight or
branched chain al kyl, C2-C6 straight or branched chain
al kenyl, and C3-C8 cycl oal kyl ; or



(c) a heterocyclyl having between 1 and 7 heteroatons
i ndependently selected fromO, N, or S; and havi ng
wheziwes200 and 4 substituents independently sePEDUS08/078606

fromthe group consisting of halo, haloal kyl,
hydroxyl, nitro, trifluoromethyl, trifluoroethyl,
Cl-C6 straight WD 2009/ 046205PCT/ US2008/ 078606 or
branched chain al kyl, C2-C6 straight or branched chain
al kenyl , C1-C6 al koxy, C2-C6 al kenyl oxy, phenyl,

30, PheRed PeR%H LeXWherdii ARL mbMhRAEADRMYAN, Ccyano, i no,
NRERF(Ci - C6 straight or branched chain al kyl),
NRERF( C2- C6 stralght or branched chain aIkenyI)

31. tljé &Q%ﬁfi%lf atnq|2 hé&e g} X gill{% *rrt?oent 1? gl’nn}ls(t: a(t]&E o&g
pharma&dutti@hIgdinpokit 1bﬁ aambﬁﬁng: il Bomb k@fnydnhmaﬁydem i¢d0Y-4CBeptable

strai ght or branched chai n al kyl)oxycarbonyl, (C2-C6
carrier. st r ai ght or branched chain alkenyl)oxycarbonyl

aryl carbonyl, sulfonyl, arylsulfonyl, aryl (G - C6

strai ght or branched chain al kyl ), aryI(C2 C6 straight

©he bicthiod lddladhai sk die thel Jancarcyll{ £3 s&8ctey Gloanthk glgup consisting

ght or branched chain alk

of ACT@& Praﬁﬁﬁﬁé S AR el Yok e W%rlgﬁ%ghmﬂc [

cancer &f%ﬁé Q@era){ |c2)ﬁ5>¥ |b1adﬁ€1yéanc&eﬁﬁfrp&a}ﬁgér}’tveast cancer, cervical cancer, chronic
het erocyclyl (Ci-C6 straight or branched chain al kyl),

lymphoaytet lhekteaniacohcdni¢ (GRloCH G kenkégiat caderebiabernbed cwhiadons T- cell

tymphofay B e h s e oD Gt b e i TR, RRer, hairy
cell leuk¥igib Shddd @AE e cafBerandd fin's SynhpHéaRe K‘dﬁ&‘i § Yaré&h® (ktl&dé%/tcancer

fromthe group consisting of hYdro en, C -C6 stralg
liver cagger,gpagediser @mllnn@(pkpon-smﬂ cgDsmehgngint pesitorahafiréen, malignant

pleural ?ﬁu 1&0%(lleelfan%éjxat “{%U%H%% 1T gfl}ft;ﬁ#]lg%y%%’ortﬁi%%ggrﬁwgt%nﬁoﬁon-Hodgkms

lympho@fctdtéaeemaf oRbanaRendaf; dvary (aeepesieahdey, Fedtae tcettef, antreatic
the group conS|st|ng of hydrogen, C -C6 straight or

cancer, BenilscGaBerT cisHneblastpyn, skapeaness, safi-Hisymrsarspmprsgneness cell

I

corcino F0 g ERKer PO e YR o, A B ARy s, wierine

cancer, mglhalmenm,ecmnaeraxﬁ thedvuflver ddeWilatdsitior.uent s, and each
said further substituent is independently sel ected
fromhalo, G -C6 straight or branched chain al kyl,

33 FRe ﬁ%@th%ﬁro@'c&ﬂh 3Qrwﬁ&@ﬁﬁo€H§ EarfeBAddMs %kks%@é{ed flotn #8 group consisting
cycl oal kyl, -Cb al koxy, trifluoromethyl,

of braint qancdrumr:kae@my I hea@ Ak mnkrc@nceprt@mcd@d ctrieat, oRatgscaater, breast

ubst | n Ris an N piperidinyl,
cancer, i Sy PTG s SR ERIRRRSTS gl or bup. 20, A
conpound of claim 28, wherein the heterocycle is
selected fromthe group consisting of piperidinyl,
34. pipethed pﬁgaﬂloswrtiz@&craﬁyq:r ces yaimemypral gynced of radiation therapy
compris él%{&%? }é%%/e?%rté gér/@ l’ma%%{l{ll (E%l oggéf :élggt%d §X+1 the group consisting of
hexahydropyr|n1d|nyl, dlhydropyra2|nyl
t et rahydr opyrazi nyl, pyrrolidinyl, inidazolidinyl,
pyrazolidinyl, pyrrolyl, dihydropyrolyl, imdazolyl,
di hydr oi m dazoyl, pyrazolyl, dihydropyrazolyl,
azepanyl, [1, 2] diazepanyl, [1, 3]diazepanyl,
[1, 4] di azepanyl, indolyl, dihydroindolyl, isoindolyl
and di hydr oi soi ndol yl, di hydr oqui nol yI,
t et rahydroqui nol yl, di hydroi soqui nolyl, and
t et rahydr oi soqui nol yl .
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WO 2009/ 046205PCT/ US2008/ 078606 30. The net hod of
claim 28, wherein said mammal is a human. 31. The

woreioboeh20f cl ai m 28, wherein said adm ni strat i BCI/US2008/078606
adm ni stration of a pharmaceutical conposition
conprising said conpound and a pharmaceutically
acceptable carrier. 32. The nethod of claim 28

ywherein the cancer cells are selected fromthe group

0. _NCONsi sting of AGH poducing tunors, acute |ynphocytic

Mukenia, acute ymphocytic | egk a, cancer of the
enal rt e blladdér cancer, b cancer, breast
cant@r , (cerfi cal er NHchroni phocyti c | eukem a,

h [ | ocyt u i an_cgl orectal cancer,
ctlt anéous” T-cel | nphoma,” endonetri al cancer,
esophageal cancer, Ewi ng's sarcoma, gall bl adder
cancer, hairy ceII Ieuhen1a head and neck cancer

Hodgki n' s | ynphoma, Kaposi's sarcona, ki dney cancer,
Hii ver cancer, lung cancerl (small and/or non-snal |
crll), nallgnant per My @am ef fusi on, nalignant

pll eur al effu5|on nmel apord] mnesot helioma, multiple

Niemag S¥e]re: Nodgki n' s | ynphoma,
oSt eosay con a 4LT€Xﬁry (germcell)
clinc ance ancreat ncer, penile
cancer, retinobl astonn, skln canc oft-tlssue
sar cogm, squanous cel | carci@onas omach cancer

testi cul ar cancer, thyroid cancer, trophoblastic
Hneopl asns, uterlne canceg, vaglnal cancer, cancer of
O -Nthe vul va and A 33. The dgCcof cl ai m
3K, mhereln t ancer ceIPs are sel ed fromthe
e ergnﬂﬂ R, head and
necg cahcer testlcul r ri an cancer, breast
) N smal | cel and rectal cancer.
34. A method of radi osensitizing cancer cells in a
mammEl in need of radiation thérapy conprising
adn1n|ster|ng to said mammal a conpound sel ected from
o Nthe group conS|st|Bg o

13

anc
'ig

N . NH H
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N\ \[ j N

N N/)\/
15 16
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2009/ 046205PCT/ US2008/ 078606 35. The method of claim
wWa209e02i n said mammal is a human. 36. The PEI/H8H0%678606

claim 34, wherein said adnministration is

adm ni stration of a pharmaceutical conposition

conprising said conpound and a pharmaceutically

acceptable carrier.

H O N
|

N °N
| " <j:> NH
1) Z N Cl
N
N
N/)\/ \/\E:E
17 , 18

CI’
H H
6) N
N‘N N
| I
NH Y NH H
19 ’ 20 N7
H H H

127



N 64 HN'N 131 WO 2009/ 046205PCT/ US2008/ 078606  37.
The net hod of claim 34 wherein the cancer cells are
wa210e04e05 f rom t he group consi sting of ACTH prRCuUts2008/078606

tunors, acute |ynphocytic | eukem a, acute
nonl ynphocytic | eukem a, cancer of the adrenal cortex,
bl adder cancer, brain cancer, breast cancer, cervical
cancer, chronic |ynphocytic |eukem a, chronic

0 Nnyelocytlc | eukem a, cHl orectal cancer, cutaneous

TNcel | Iynphona efiderretki al cancer, pphagea
Cﬁr Ewi ng’ % sarcgmmg, || gal | bl adder cer, hairy

negi cghcer”, ®odgkin's
B Ki gﬁj cancer, liver
cancer, Iung d/ non-smal | cell),
nallgngpt per meal effusiog, malignant pleural
ef fusi on, nel anond, nesothelioma, nultiple’ nyel om,
Hneuroblastona non- Hodgkin's | ynphonma, osteosarcom,
O NeMarian cancer, ovary( arn1ce||) cafcer, prostate
cpncer, pancreatic canger, Npenile ca
ngobl ast oma, skin sof iNssue sar conma,
sq%iggﬂé cell carcin Hach cabcer, testicul ar
RACR¥, anc

ﬂ b tiL neopl asms,
uterln% canc agi nal cancer, cancer of the vulva
and WI'm's tumst. “F38. The r&t hod of claim 37, wherein

the cancer cells are selected fromthe group
Hcon3|st|ng of bralg caﬁcer nmel anoma, head and neck
¢ancer, testicul ar Cericéen, ovarian er, breast
ciancer, non smal | Ing cancer, rectal cancer
9. °NIA q@thod of trgq
chgxacteri zed h. Q a_ efq¢t UJn the honol ogous
rédconbi nafi o ) dolbl e- st randed DNA
repai%% conpr g dn1n|st§ring to said manmal a
compound of Formuta (1) or pharmaceutical |y

acceptable salt thereof: {;:j>
/

H H
0 N\IN = P O pr
NH N NH r/“‘N’A\I:::]
N/)\/O N/ N\)
39 40
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wherein Ris (a) NRLR2, wherein Ri is selected from
the group consisting of hydrogen, Cl-C6 straight or

whe@pokeos chai n al kyl, C2-C6 strai ght or brancP@rUsioas/enscoo
al kenyl, C3-C8 cycloal kyl, G -C6 al koxy, C2-C6
al kenyl oxy, phenyl, phenoxy, benzyl oxy, NRARB (Cl-C6
strai ght or branched chain alkyl), NRARB (C2-C6

yStraight or branched chain alkenyl), (Cl-C6 straight

O« _NOI branched cQg Halkyl)carbonyl, (C2-CB strai ght or

bNanched chai n§tkenyl ) car bonyl RiE3- Cs

cl oal Near bgnyl I (G- C6 stru|/ or branched chain
alk i ofxycalbo ( CRHCE (St branched chain
Noxycar C3- k| ) oxycar bonyl
awylcarbonyl fohWI aryYsul fonyl, aryl (G -C6

stg4jai ght or branched chah aIkyI), aryl (C2-C6 straight
or branched c¢hain al kenyl), aryl (C3-C8 cycl oal kyl),
H(Ci -C6 straight or branched chain al kyl)aryl, (C2-C6
O Nshralght or branchegd chain al kenyl)aryl, (C3-C8
cycl oal kyl )aryl, ary¥w; Hterocyclyl
ocycIyI(O C6 s
rocyclyl(oa

ed chain al kyl),
Anched chain
cachhe ocycl ds between 1 and
7 heteroato i ndependenN y Sel e€ted fromO0, N, or S
and whitein e of RA and44 e are independently
selected fromthe group consisting of hydrogen, G -C6
strai ght or branched chain al kyl, C2-oa rabght or

Hpranched chain al kenyl, and C3-C8 cy and R2
o NPﬁ sel ected fggun the @\3‘b ﬁon5|st|n & - 06
s rai ght or ranﬁg ed ch;|n|=lkyl Eﬁ’stralght or
raneheg”C eRyl G386y G

al koxy,\ C2- | kenyl phe yI he oxy benzyloxy
R trai ght o&t I n al kyl), NRXRY
(G 6, trai ght or branched chQ%n al kenyl), (G -C6
strai ght or branched chain al kyl)carbonyl, (C2-Cé6
Hstrai ght or bran hedogn§|n alkenyl)carbonyl (C3-C8

Ox-Neycl oal kyl ) c (CJ-6B ﬁgralght or branck®d chai n
ag kyl )oxycarg{) rall\ght or br anOh ain

gov! 8% F

AN Jn_J
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(C3- C8cycl oal kyl ) oxycar bonyl , aryl carbonyl, sulfonyl,

aryl sul fonyl, aryl (G -C6 straight or branched chain
wa@kdoghye2ozmr yl (C2- C6 strai ght or branched chai nPCT/US2008/078606

al kenyl), aryl (C3-C8 cycloal kyl), (G -C6 straight or

branched chain al kyl)aryl, (C2-C6 straight or branched

chai n al kenyl )aryl, (C3-C8 cycloal kyl)aryl, aryl,

het er ocycl yl, heterocyclyl (G -C6 strai ght or branched
ychain alkyl), and heterocyglyl (C2-C6 straight o

0. _NBranched chain I D wereln each het #0 has
b¥t ween 1 an® teroanonB |ndependen§1. ect ed
nd

f¥om O, q%\ whet cach RY are
I nd benﬁ%h?1y el ect ed t higH gr6ﬁ5$§en i sting of
dé -C6 straig 2 hai n al kyl ,

C6_ straight or branched chai n _al kenyl, and C3-C8
cycld@lkyl wherein Rl and R2 aré7independently ,
substituted with between O and 4 substitue {s, each
i ndependently selected fromhalo, G -C6 stranght or
branched chain al kyl, C2-C6 straight or branChed chain
al kenyl, C -C6 al kox trifluoronethyl, t uor oet hyl

H, and am no; and ptled that R1 and qay/ not bot h
Os Nke nethyl, and {phenyl) progf1-yl when Rl

y
i hydrogen;ﬁb b) aryl pxy,| substi tut8d%i t h

Mﬁenﬁe\apdk%h Ubst i t ugtmRs, ;{$Seé:jf§fndently
sel ected friom t"he group [ f h G -C6
NﬁgxquLpJfluoronethyl Cl- C6
straight or branched chaln al kyl gz C6 straight or
branched chai n al kenyl ,> C3-C8 cycp al kyl , NRcRD,”
NRcRD( Ci - C6 stragight or branched chain aIkyI), and
NRcRD( C2- C6 strdi ght or branched ch) ral kenyl ),
wherei n eac @' and RD S |ndepe F sel ected
Hfron1the gr D70 stlng of hydr G -C6 straight
Neg, branche .

I‘ - C6 st ght or branched
chpai n = and -C8|cycloa ’; and when nore
nHonﬁkgh stltue of'NHhe for NRcRD, each
occ rrq“;et;f RC a IS |nd en entIy sel ected from

onsi st i ng™~of Hydr gen~ Ci -C6 straight or

branﬁhed chain al kyl, C2- C&ﬂstralght or branched chain
al kenyl, and C3-C8 cycloalkyl or (c) a heterocyclyl
havi ng bet ween 1oéﬂd 7 het er oat ons i ndepedent |y
selected fromOQ/ N, or S; and having betwfen 0 and 4
substituents ependent |y sel ected fr he group
Hconsi sti ng A1 o, hal og} kyl, hydrox itro,
NLﬁlquorone Ayl tr|f¢uon®ethyl a - rai ght or
bfanched cha TP al kyl, C stralght,spobranched chain

ci\ o6 aIkoxy Q aIke Wxy, phenyl,

be ézyloxy a rbon |, cyano, imno,

trai ght oKW aIkyI)

NRERF( C2- C6 straight or bra ched chaln al kenyl)
sul PRAydryl, thioal kyl, dioxa-$piroethyl, (Cl-.C6
strai ght or branched chain al kyl) carbonyl, (C2-C6
strai ght or branched chain al kenyl)carbonyl, (Cl-C6
strai ght or branched chain al kyl)oxycarbonyl, (C C6
strai ght or branched chai n al kenyl ) oxycarbonyl ,
aryl carbonyl, sulfonyl, arylsulfonyl, aryl(C -C6
strai ght or branched chain alkyl), aryl (C2-C6 straight
or branched chain al kenyl), aryl (C3-C8 cycl oal kyl ),
(Cl-C6 straight or branched chain WO
2009/ 046205PCT/ US2008/ 078606 al kyl )aryl, (C2-C6
strai ght or branched chain al kenyl)aryl, (C3-C8
cycl oal kyl )aryl, aryl, hgterocyclyl,
het erocyclyl (G -C6 straignht or branched chain al kyl),
and heterocyclyl (C2-C6 strai ght or branched chain
al kenyl ), wherein each heterocyclyl has between 1 and

7 heteroatons i ndependently selected fromO, N, or S,
mhereln each of RE and RF is |ndependently selected

" o - T R o 1 .

\
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C6 straight or branched chain al kenyl, and C3-C8
cycl oal kyl ; wherein each of said 0-4 substituents is

W0 ppepentoent |y substituted with between 0 and BCT/US20h&078606
substituents, and each said further substituent is
i ndependently selected fromhalo, G -C6 straight or
branched chain al kyl, C2-C6 straight or branched chain
al kenyl, C3-C8 cycloal kyl, d-C6 al koxy,
trifluoronmethyl, trifluoroethyl, and anmig
that R has at |egs [
N- pi peri di nyl

pr ovi ded

group. 40. ound of claim 39 pengi n the

Hhet er ocycl e el ected yromthe groop cgnsisting of
O NR] perldlnyf) pI per azd oyrlda2|n%l di hydr opyri dyl ,

t trahydroR}?ﬁﬂyl, pyr} di pyr|n1§rﬁyl

2

ro di nyl Xx”hNdlnyl
hex%ﬂyd opyélnldlnyl 59 \iljy
Si razi nyl , Nyfrg m dazol i di nyl,
pyrazolidinyl, pyrrolyl, dihydropyrolyl, |n1dazolyl
di Wddr oi mi dazoyl, pyrazolyl, @i hydropyrazol yl.,
azepanyl, [1,2]diazepanyl, [4 3] di azepanyl ,
H[1 4]d|azepanyl nduHyl o didydr oi ndol yI, isoindolyl
0 and di hydr oi s;splyl , di Aydr Qyui nol yI ,
tipt r ahydr oquilnety); di hydpkj ui nol yl, and
etxahygf OiNOthai nol yl . e Wbt od of cl ai m 39,
mthﬁLgﬁsaid mammal is a AL2ZNThe hod of
Nai ~wherein said admnistration]lis
adni niéstrati on of a pharmaceuti o@ coRposition
conprising said conpound and a pharmaceutically
0. hNacceptable carrier., W) 2009/ 046205PCT/ Lészoq[?/ 078606
48. The net hod of é? ¥m™89, wherein the cCeN cells
tWnor have a phenotypge sdl ected fron1the ou
condisting of i) a <1 defegt, ii) a <2 def egt
i alB 1 and ech div) o N_ _O
aNenl R?% met Rod &f c a.hﬁﬁq yher €T n the ﬁ4
canger e sel ected fpom b®e ancer or 75 O\©
ova an can 45. A nethod of tresfing a mamm
havi ng a cancer characterized by having a defect in
che honol ogous recomnbi nation (HR) pathway of
dguble stranded DNA repair, conprising adnm nistering
said mammal a conpound sel ected fromthe group
0 NHStI:?/Ei:j/
, and pharmaceutically acceptable salts thereof.
35. The method of claim 34, wherein said mammal is a human.

36. The method of claim 34, wherein said administration is administration of a
pharmaceutical composition comprising said compound and a pharmaceutically acceptable

carrier.
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37. The method of claim 34 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, 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, 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.

38. The method of claim 37, wherein the cancer cells 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.

39. A method of treating a mammal having a cancer characterized by having a defect in the
homologous recombination (HR) pathway of double-stranded DNA repair, comprising
administering to said mammal a compound of Formula (I) or a pharmaceutically acceptable salt

thereof

@

wherein R is
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(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),

(Ci-Cg 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;-Ce
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;

and R? is selected from the group consisting of C;-Cg straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, C;-Cs cycloalkyl, C;-Ce 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-Cgeycloalkyl)oxycarbonyl, arylcarbonyl, sulfonyl, arylsulfonyl, aryl(C;-Cg 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
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46. The nethod of claim45, wherein said manmal is a

human. 47. The nethod of cl aim45, wherein said
W@aAWvM4R0F ati on i s administrati on of a phar mackCk/Us2b8/078606

conmposition conprising said conpound and a

pharmaceutically acceptable carrier. 48. The nethod

of claim45, wherein the cancer cells have a phenotype

DS Sndep SenReadbHERERID. Fi4r ahemiecth At OBRCANg R e
inﬂﬁfeﬁ&énﬁ%@@%ieﬁ)&&n@ﬂﬁ%bu@%@fsﬁn ofidrd e, MELd0EaRht or branched

clai m 45, erein the cancer cells ‘are selected from
chinealkyl, Cakic etraight a\ariched ekt elkenyl, and C3-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

(b) aryloxy, substituted with between 0 and 4 substituents, each independently selected
from the group consisting of halo, C;-C¢ alkoxy, trifluoromethyl, trifluoroethyl, C;-Cs
straight or branched chain alkyl, C,-Cg straight or branched chain alkenyl, C;-Cs
cycloalkyl, NR“R”, NR“R”(C,-Cg straight or branched chain alkyl), and NR“RP(C»-Cs
straight or branched chain alkenyl), wherein each 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; 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, NRERF(Cl-
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
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alkyl)aryl, (C,-Cg 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,-Cs straight or branched chain alkenyl, and C;-Csg 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
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, Cs-Cs cycloalkyl, C;-Cg
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.

40. A compound of claim 39, wherein the heterocycle is selected from the group consisting
of piperidinyl, piperazinyl, pyridazinyl, dihydropyridyl, tetrahydropyridyl, pyridinyl,
pyrimidinyl, dihydropyrimidinyl, tetrahydropyrimidinyl, 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 and
dihydroisoindolyl, dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl, and
tetrahydroisoquinolyl.

41. The method of claim 39, wherein said mammal is a human.
42. The method of claim 39, wherein said administration is administration of a

pharmaceutical composition comprising said compound and a pharmaceutically acceptable

carrier.
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43. The method of claim 39, wherein the cancer cells tumor 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.

44. The method of claim 39, wherein the cancer cells are selected from breast cancer or

ovarian cancer.

45. A method of treating a mammal having a cancer characterized by having a defect in the
homologous recombination (HR) pathway of double-stranded DNA repair, comprising

administering to said mammal a compound selected from the group consisting of
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46. The method of claim 45, wherein said mammal is a human.
47. The method of claim 45, wherein said administration is administration of a

pharmaceutical composition comprising said compound and a pharmaceutically acceptable

carrier.
48. The method of claim 45, wherein 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.

49. The method of claim 45, wherein the cancer cells are selected from breast cancer or

ovarian cancer.
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