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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 hereof, and wherein subsequently a second dose of at

sy BBy P b e AR R S g tuens. 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
cmwﬁﬂﬂheraSemtbnba@@nmmiﬁﬁedé@mi0mbngﬂmmhﬁdbgnmt&nameukmm

for ilJusitrative p ose nly and are not intended to
04®9ﬁ&°H41 ‘ﬁ?bﬁﬁswﬁﬁggggﬁééﬂof the present invention.
I'n one embodi ment, a pharmaceutical formulation of the

i HQUEM i on Bbiops @%@d&nﬁ%ﬁrﬁ%hﬁer@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?l:ng rl]rﬁfg?&?ﬁfeltly selected from
OJNyEmMSdns@mﬂpnmsﬁﬂmawpﬁmdmummutbtaMhmﬁasdébnmblhlsﬂmi
com e invention.in_a phar utica

d of t Ix
en& ’F%IErItE E%IFTPFZé“rIY GORPLIGT PRI ¢ B odjments. the Yarious
oRNAENRE @mhle%@ieré@w%ﬁﬁér%l@ﬁ) EJ&% ihdBpeRdnf) c6RPREd B8Fings. In
a COI’TpOUﬂ of thé i'nvention and one or noré
sogvermiddénerpe ihé varicagentwrdnacssofghahateroeyalylodFoymula (1) each

. acceptaple 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@OPhar 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@lndl nypctagingddivtideriayl, dibpéopsridfl, tewehydropyridyl,
i nvention nosensit i und an
Py Pl BN ERRRE Y E e SPBR A BRE A By cgopyrimidinyl,
d1§ydﬂ3b§fraﬂﬁﬂu&Jtﬁéhydr@@ﬁrgilﬁ«ylcﬁijﬁélﬁﬁn}flﬁnﬁﬂaz@%ﬂﬁiﬁﬂ p@fazbh@inyl pyrrolyl,
i nvention, the chenotherapeutic agent is sel’ected from

diydsopyrolyp igudezplticigydsoimidarozbpuievele!. daydrenyyazoly). azepanyl,
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 dhapegmt andnder alyatdlatestoof phahreacatesl camgosition

BB LSS RSB RS SuRHF S 31

pharmaceutically acceptable carrier..



[0029] I n anot her enbodi nent, the present invention

provi des nethods of treating the effect of cancer
W@wP046200 radi osensitize cancer cells to rendeCT/USRZS08/078606

cancer cells nore susceptible to radiation therapy and

thereby to prevent the tunor cells fromrecovering

frompotentially | ethal danage of DNA after radiation

t c risin inistering to subj ect. L
AR o DB serd BTy S et e ila gt n viero
arNATAREBYolakdrhit RECRPS ARG AT Libbhg ;b@@rfmeraﬁe @Ahpsi Aafl
this enbodi'nent is directed to specifically and
Cm@ﬁém@&@@@ﬁlhmgﬁh@d@@l@?@lqoilrmon@dscancer ceI | s rendering
E gﬁetr Eﬁgigrlegeeqr‘[‘?ﬁveenf[s WS &% t I gm%t t ?&n nvléﬁn 1tga28/21 FR¥ntrol the
inpfit@y bistesr i@ vkt figimeifasd @Ritg@npo @(Apanmse)lpmlﬁn@uw (PARP) in
i n_ need thereof conprising adm nistering to the
sodiiome é%HSatlfsrc}éSn QBT OF ATy SEY§ae dn gac aBRIHmep# g present invention

proQiBOI 0 F@ﬁﬂ}ﬁﬁ‘%r GdniviBth @AWJC%R? W & fdhinYal siugh ﬁsa % Ieluman,

accepta ereot, Wherein the cancer cel
cithediceltyt o systreﬁn@lllly of doubl e- st randed DNA scission. In
one enbodi rent, the defe in air

doWAE- st r Lepscenmigainents Femfeflgo pr@éfdé%fl chemessatiigjigggnethod
fof %QLH@ d&ﬁ&ér%@m plifin® '38nt§5m%qw€£ﬁcer LR vRANE 0B RickS- potefnt1at1ng

have a p enotype selected fromthe group consistihg
tearadBROAeraleied ot compBRAALFodehiledl),ora pBROActutaradtly BRSAtGDle salt

def ect , d F ia. WD : :
5 Do A 8 P anres 3l Yih 4R gptigpcer sgent.

enbodi ment , %?presen% i nvention provi de& net hods of

t 1S ng Bﬁ@ﬁiﬁ duacn of ted¥eSS g ¥ENHOY RERY @&@FF’Q?W@“IZWOH

m@ﬂ[ﬂi Wt é 'ﬁ%t %o&odﬁ%@ wag £k ¢ %F)Hyﬁcﬁof(ﬂ&rm‘a[a @ or a pharmaceutically

phar maceutical ly acceptabl e salt thereof
accQoad} Adtthlethoﬁg; adoripineremely merepeatdly hea paeenin mmd thereof, and
he. coppound he chenpbsensitizati.on
iR A e SR SE oSN OT P T gacTo fipunistered
sindly %Mép@aed@rto t0e phti@RL AR tifE pEARFRPrYigE 8h Bt e amount of
cancer cells have a defect in repair of
Cl@wm@ﬂgﬂﬁ@mded DNA sci ssion nethod of the invention,
Is a conpound selected fromFormula (I) or a
phe2éhceut Aoakpoct atthe ptabhtensakivbn prendesfa. phhrmaautidad formulation
the co i s, selected from

cog%%)gcléttlhﬁ aorapou%ool%%%rmula (Bl in a form selectecf Egmq{leo g%%up 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
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[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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6061 6263 [ 0033] The present invention al so provides
nmeans to treat chenot herapy-induced peri phera
wowpopadhy. According to an aspect of the i nvRCE/US2908/078606
t he conpounds of the present invention are
adm ni stered prior to, or together with, the
adm nistration of at |east one chenotherapy agent to
yPrevent the devel opnent of neuropathy synptoms or to
O NT tigate the sgverity Ef such synptons. According to a
fNrther aspeq hey6meunds of thelpresent invention

sﬁch synptons. I n andt hel aspect the present
i nvendBi on prOV|de$ a nethod t4 retard, delay, or
Harrest the grom h of cancer cells in a nmanmmal,
o. _NComprising the administration of a chenntherapeutlc
a ent, and further cérg Nshng the adm ni stration of a
C npound of Formul a (I) orja pharmace Pcal |y
acchidt gbl e salt therea A ;nHanDunt ficient to
oent it e L heant Fc |V|Wy 0 id
cHenotherape agen g r aspects and
advant ages of pr esent |nvent|on w Il becone
readﬂpy 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
capable of other and

ize
d|f %re t Sy AN iN al details are
nodlflcatlons in vario bvi ous respects,

ut departing fromthe,qinvent ccordi ngly,

<

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

Hnature and not as restrictHve.
Oa N OaN.
\N N
| |
NH
H
19 \/\©/ g N
H

H N H
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0035] Figure 1. -
The oral adm nistration of PARP-1 inhibitor Conpound
WA 2009/040¥%5 denonstrati ng the enhance survival oPCTUSM08/078606
bearing the B16 nel anoma nodel. [0036] Figure 2. - The
oral adm nistration of PARP-1 inhibitor Conpound 13 +
TMZ denonstrating the enhanced survival in the
intracranial SJGBM glioma m)delF [0037] Figure 3. - The
Hor al adn1n|strat|¢h of PARP- 1, ﬁ'bitor Compound 37 +
NI\Z denonst r at9geNhe enhance al of mce bearing
t e 816 mel ano lel . [0038VFi g 4. - The oral

: €:£:§bn "‘HHl i tor—Conpound 37 + TWZ
egyns at i

nm
enhgnced surfvival in the
SEM Fabwa |. [0039]Figure 5. - The
orab6adn1n|strat|on of BARP- 1 i nhi bitor Conpound 37 +

radi ati on derfonstrating inhibition of "tunor growth in
Ht he nodel Q; head and negk cancer.

N.
\ O Moy =

e & P

H
N O
N @] N.
| h »—
NH | (/“N
Z N
33 F. ’
H H
N
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[0040] Figure 6. - The oral adm nistration of PARP-1
i nhi bi tor Conpound 37 denonstrating inhibition of

wQ e@wwwis20f BRCAL nutant tunors DETAI LED DESCRI RIT/UB20CK078606
THE | NVENTI ON [ 0041] The present invention provides
conmpounds descri bed herein, derivatives thereof and
their uses to inhibit pol y(ADP-ribose) pol ynerase
("PARP"), conpositions containing ese conmpounds and
nmet hods for maki ng and using thege Qpnpounds to treat,

Hprevent and/or anel iforate the eff\ect/S of cancers by
pgtentlatlng t h& oxi c effeq#; i oni zi ng

riadi ati on gF= unor| ce|ll s. [004 @ present invention
r nNiHde DU N

> ybe ein, derivatives
%Lﬁgf ang—hei Jo i hib?t pon(ADP-ribose)
fase ("PAR | s containing these
conpmunds and nethods f o3g nmeki ng and using these
conpounds to treat the effects of cancers by
Hpotentiating the c totﬁklc effects of chenot herapeutic
O Nagents on tu el"1y~ T"R043] The present invention
pyovi des a cHenogensi|ti zhti on nethod for treating
w@er s snpg(s?mé\@ctl ng said
canger cell|s with a d ofy FaF nmul ) and
Nf%he1 tacting s./é Ngﬁéﬁf s w an

anti%@ncer agent .

2 2
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[ 0044] The present invention provi des conmpounds
descri bed herein, derivatives thereof and their uses

W@ 200p/¥i28 t pol y( ADP-ri bose) pol ynmerase (" PARPPQT/US2008/078606
conposi tions containing these conpounds and net hods
for maki ng and using these conpounds to inhibit the
grom h of cells having defects in the honol ogous
g econbi nation (HR) p hway of doubl e-stranded DNA

Nrepalr [OO45]T Hﬂnds and conp05|t|ons/> t he
pNesent |nve° [ nan be YspdNip the presege
sence 3o| or cheno-|senpsitizers foE

tre Hne t c&ncer. The dgy a Q itiors

bly used in thg sencle of! radio- or
cNenDsenS|t|zers wher e t he™e ‘9 N\&/gefect in the
honol ogdus reconbi nation (HR) pathméy of ,
doubl e- stranded DNA repair,. Such defects are

aner hgve fhe phenot ypes RCA—l

H . .
0 NaSSOC|ated W t

def ects, BRCA}

dual BRCA- 1/ BRCA bf ect s,

alhd Fanc [ 004k] Fdhconi a eni g2

geniitli c heﬂbrogeneu di s e @AndNpatPents with
aQEQD;Nan m a have a 2t yAncmeasgd ri sk of
chincer. even proteins havelbeéh aSSociated with

Fanconi anem a. FANCA, FANCB, FABKEC, FANCE, FANCF,
FANCG, and FANCM form a nucl ear core conpl ex. The

o Hconplex interactaw th FANCIH t O |ncorporate ubi gy, none
o FANCDZ2. Magi il FANCDY _iNs pneed for re DNA
chf oss- i nks. ‘ . cumul at ¢@s at S|tes damage

naNassgCia ESowi t h ﬁ?\ enpl ary
HR ¢gefecCts include

cap, erquaﬁdt can be asso
Kéa cer and ovari ar cancer for

treat £t by the nethods of the |g entlon can incl ude
all types of breast cancer and preferably includes

i nvasi ve ductal carcinoma and invasive | obul ar
Hcar ci noma. Ovari an ancer Hor treatnment by
NQf the |nvent|c ubg_alNk niypes of o ¥R cancer
py ef erably e f al [ tunnrs g¢rn

|an .nd se WO
200 % /' 046205PCT/"US2008/ ¢ [ 048 Th conpounds of
|nvent|on AN ed using the

2
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starting materials and nethods disclosed in U S.
Application Serial No. 10/853,714, which is
WO pwonpasat ed herein by reference in its enti reCHUS2008/078606
[ 0049] Typi cal ly, the conmpounds, such as those of
Formula (I), used in the conpositions of the invention
wi Il have an 1 Cso for inhibiting poly(ADP-ribose)
pol ymerase in vitro of about 20 [LM or Iess,
preferably | ess/than about 10 p,M npre preferably
| ess than ab p, M or preferably 5S -t han about
HO. 1 p, M nosh ef erablby | ess thaq).gl, 5 01l p, M

NLOOSO]A co -nlent‘~‘ 4 to deterni/ne | Cso of a PARP
h|b|tor c und i

"ARP assa / s@ng purified
N human PARR AT O i gan (Gai t her sburg,
é§*$y [ ows: “AR?lgﬂg me gssay i s set up on
une of : consi sting of 100
gs-HCL (pH 8.0), 1 mMdwC12, 28 nM KC1, 28 nM
NaCl 3.0 pg/nl of DNase I|-activated herring sperm DNA
(Sigm, M.), 30 cronnlar [ H nicotinary ge adeni ne
di nucl eoti de (6/ hCIIHWDIe) 15 mcrogragms/ M PARP
enzyne, and yary\ous concentrations of --\conpounds to
pybe tested. @ action is initiated K di ng enzyne
Nand i ncubaty he m tud? at 25C. ADt m nut es of
i ficubat i on, =HE reacti¥yr I'W t erni nat eg=py addi ng 500
roI i ce col d_30¢ '

b (W V) ichl oroacetic
p eC|p|tate ed NHs W{Eﬁ erred onto a
filter (Packa i fi

d i fNl ter/-GF/ C) and washed
ree t|nEs with 70% ethandy . the filter is
drlgg, the radioactivity is dggerm ned by
scintillation counting. The conpounds of this
invention were found to have potent enzygp
in the range of a few nanonolar to 20 m
ICso in this inhNB2tion assay. [0051] As USEd herein,
"al kyl " meangy/a\branched or unbrancheg
hydr ocar bon @ conprising a desi '/
ncar bon ato Or  exanpl Cl-C6 stoa gt or branched
aNky| hydr o¢ Saspon cha Cont ai ns 1 tg_@ car bon atons,
d |ncI but is ng illpi t ed ﬁubstltuents such

thyI prp |§bip opyl but yl,
ertbutyl oe hexyl , and t he l'ike,
uHIess rwi se |nd|catedd enbodi ments, the

al oyl chaln is aClto C6 br&ﬁched or unbranqhed
carbon chain. In sone enbodi nents, the alkyl chain is
Ha C2 to C5 branched Qg unbrgnched carbon chain. In

nunber of

Nsome enbodi mente@ e al hainis acClto C4
b anched or .c lhed carponlchain. In sone
al kyl I"NH to C4 branched

nbr zﬁn arbon cha n slome \enbgdijnents, the
%;k¢dﬁ is a C3 to C5 6ranthet or nbiéhched
carbq& chain. In sonme enbodi nent the al kyl chain is
a Cl to C2 branched or 'unbranched carbon chain. In
some enbodi nents, the alkyl chainis a C to C3
branched or unbranched carbon chain. [0052]"Al kenyl"

means a branched or unbranched unsaturated hydrocarbon
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chain conprising a designated nunber of carbon atons.
For exanple, C2-C6 straight or branched al kenyl
whywpoearbhon chain contains 2 to 6 carbon at onBCTIEHYI00§j078606
at | east one double bond, and includes but is not
l[imted to substituents such as ethenyl, propenyl,
i sopropenyl, butenyl, iso-butenyl, tert-butenyl,
n-pentenyl, n-hexenyl, and the |iKke, unless}ptherMAse
Ni ndicated. In sone(yanﬁlnents the al kesyl chain is a
to C6 branched orYanbiNanched carbon chign."Nn sone
odi nents, the alk |l haln isaCto
Hbrianched car bo ai nN Ianone enbo

N@hﬁ)n is a Qébed or

cﬂrbon C n sone enﬁbdlnent
C3 Kb [ir anched or 0#br an@hg
[OO 3] " Al koXy*”, ~weans the group -Q

=
(&
z

cn\
O

) alkenypﬁéﬁvrn "
w~ rbon chai
gherein Z is aIkyI
as herein defined. Z can also be a branched or
unbranched saturated hydrocarbon chain containing 1 to
6Ncar bon atons. [0054]"Cyclo", used herein as a
prefix, refers tg.a structure characterized by a
Cl oNled ;i ng "Hal 0" means at |east one fluoro,
chlaro,nbr oo, Jor iodo noiety, unless otherw se
[ [ 0056] Each of "NRARB", "NRXRY", "NRcRD',

-' as descr amﬁlanﬁa&hﬂcm%@ﬁﬁmma{mé thereof.
enconpass am no (NH2) as well as sSubstituted am no For
exanpl e, NRARB may be -NH(CH3), -NH(cycl ohexyl), and
-N(CH2CH3) (CH3) . When nore than one substituent is of
t Hj@;03f3<br m " NRARBSgnt IINRRERYY gls¢ NRyRIDS means toNRERENemaglzaripy-induced

ence

peP B RRE Rty SSheatfne S iniPen ST e Nlighate epmgowds of the

proseat ﬁﬂ'gﬂionczﬂce GOmiidiéred BroPlo, B BR&AGAy R dhdad@hik¥tration of at least
C2- C6 strai ght or branched chai iR al kenyl, and C3-C8

onsyaimathesapy agerghio escarapsl the dewetophamt pf nqyseRaghy yeptoms or to
lr%?}Peotﬁg §ev%r1][>y ofasugh S Iﬁpt ﬁ)lt Lﬁcgorﬁgngdto acfultgﬁerlalslggcl&, tffegcompounds 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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[ 0057] "Aryl carbonyl " refers to a carbonyl radica
substituted with aryl as described herein.

wWORM9046203 | ng exanpl es include phenyl carbonyl BEXIUS2008/078606
napht hyl car bonyl . [0058] " Al kyl carbonyl "™ refers to a
carbonyl radical substituted with al kyl as descri bed
herein. Non-limting exanples include acyl and

. pr | car bonyl . J0059]." Al koxycar bonyl." refers to a
0B By e cpoiet S REtR bR i B foR i RS Gedl nfpayond not s
relieiegid). Non-limting exanpl es include nethoxycarbonyl

and tertbutyl oxycarbonyl. [0060]"Ar" or "aryl" refer

to an aromatic carbocyclic noiety having one or nore

cl osed rings. Exanples include, without limtation,

phenyl , ”apht’ﬁﬁEFiisffélfggg%ml@!%@ﬁf‘b@@%ﬁﬂﬁs’f
bi phenyl , an » ers to

a cyclic noiety having one or nore closed rings, with
one or nore heteroatons (for exanple, oxygen, nitrogen

CHUSH ng' bFIERI OGS THay T RUCUEHERIEIC) PARTAf SHAYIE Compound 13 +
TN RLRIFRErAtfhg the! mnc@ﬁgg@/m Hrihde 8chridfeROBN 6 SndifhtdBodel.

wi t hout |imation piperidinyl, piperazinyl,

Bgt?(??%?m nyi:%}?e% ?y_dﬁ%p(%{,gﬂl %f;lgﬁ&tﬁnwﬁlﬁ—g lrif;llﬁwtor Compound 13 +

nyl , m di ny ropyrim

TMET dahyektaphy therandamtyd sufvexamytle apyactamiad SHEBM glioma model.

di hydr opyrazi nyl, tetrahydropyrazinyl, pyrrolidinyl,

| qoosazol i dFipyite 3. YR 2@AliadiniyibtratPOT®IARP-1 inhibitor Compound 37 +
di hydropyrolyl, imdazolyl, dihydrolnidazogl,
Tw%mn}gﬁ*gtlrw th9 g}pl@ﬁw wﬂ of rpige bgzﬁy]g, the B16 melanoma model.

[1, 2] di azepanyl, [1,3]diazepanyl, [1,4]diazepanyl,

i HOF8Y | , dFigyhr binblel grhl adingviswakidnydf, P AR et dnluben Getopaund 37 +

T YA Hsioph e SUTAPA R breconin M etioma model
gi@@[ﬂ t G\{ Z\ lag:‘,}}(%/f%q - ;ﬁgrﬁglsﬁghﬁqlggﬁtg}nﬁélPArRﬁgi ?n%libitor Compound 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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exanpl es include benzyl, phenylethyl, and
phenyl propyl . [0063]"Al kylaryl" refers to an aryl

WO 2po&205ubsti tuted with al kyl. Non-limting BXEI§1088078606
i nclude tolyl and dinethyl phenyl. [0064]"Cycl oal kyl "
refers to a hydrocarbon cyclic noiety that is
nonaronmati c. Exanpl es include w thout Iinitation

S E33E e UL R S St SRR S s o

tufwe k@rhept ane, cycl ooct ane, cyclopentene cycl ohexene,
cycl oheptene, and cycl ooctene. [0065] The term "nervous

[ "re
d?@fg.ﬁ o yfrg ﬁrggégltt %mrégga{@%dwa@ﬁéﬂ&%ﬁsﬁaﬁﬁ)ﬂ%aﬂ&d £ Yreating

ng therefrom The cause of
tumer uodisr ¢anser ctellmag/mjumu@tcabmtmg sa1ﬂc¢xn®r celsuw il @xommpound of

I at eni c her mal i ncl udes wi t hout
Pt PSRBT i SRIeRr colls POt R EeeRr vl

acci dent, trauma, surgery, pressure, mass effect,

héM hage The Bighet IRt VRRIGY 988 rYmpds detsehed Berpipederivatives

thi eéﬁﬁﬁlletheﬁr NERGH LifHibit Eﬁ}réﬁhﬂ}sq o§ 339 ?%%3%6 (%ﬁf"‘)o&ﬁhﬁosulons

at er sclerosis emyel I nat'l on
comradicies shese pothppseyds amtbglathodw ﬁ)rdlll?EkﬂlIgjaZ(rd, usgigl,them“a:bmpounds to inhibit

I I A A RN A Oh
dduBHUGHAded BNAERhRY OF

[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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amel iorating nervous insult, and protecting,
resuscitating, or reviving nervous tissue that has

wa eobes@0s nervous insult. [0067] The term " pr evRek/USH08/078606
neur odegeneration” includes the ability to prevent a
neur odegener ati ve di sease or preventing further
neur odegener ati on in patients who are al ready

i ng om or tons. of a neuyode gener tive
a L o "% GhO B TR e i PRar AP P g B e zed Lhihg he
starkihg B2 RN dnddn@hsisSBa%Red @l BN, p1iB4tidnReial NONI 0/838714, which
occurrlngaln an ani mal that may be predi sposed to t he

is anooeesetcd Hersor yetiefeapnee ar ite OREFDE on, but has not yet
been di agnosed as having it; and/ or (i)
i HO049] t i nngblealty ﬁe&smpodn@osutélrasohose@lﬁﬂonmdm (I)j used jn the
arrestlng its devel

iR Rt ik anrten ST Bifciasibar g inhityfieg pOIABP-ribose)

pITAUSIRIIn &6 88N 201.M Heled El%@e?@bly s %a%%'boﬁ‘tnﬁf V1, more
condi tion. [0069] The term "chenpsensitizer", as used

prisradilnless thatlebouiddi M soraprafstabbuless thewelboua §. laVomost preferably less
th bgﬁl@glght nol ecul e, adm nistered to animals in
F%é%%ﬁ ti'cal |y effective anounts to potentiate the
antitunmoral activity o hepot her apeut | nts.. Such
s ons &y Sar e it cetngiedt anihecr ARG IRk GRpound is

a Phﬁpta@mrusgl gwtllﬁea edRn i@t Riman PARESIATr&fif R GaRherburg,
gi ven dose 0O chenot her apeutic agent, or to inprove

Mtdﬁeassﬁotlewefﬂ@diAlblP ofAyings aspayals ¢ tepoirhies apfemlume af @ nigroliters
n§1§t1W| n?][({&r%lp/g gé"?{ﬁlg@i& (ﬁ m?\/[gf[)gsa ,%Inﬂ@[ KB} Q%aml{)lll{ll&ll 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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WO 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 [imtation, menbers of the human, manmmali an
and prinmate species. [0075]Broadly, the conpounds and

C ositipns of the present.invention can be used to
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« ’ | 1.

OB on oo Do AT oG ERIRRGH AtRap kI Rl GRERYL s
dgecrabadfheran.i Nen- baygag cxpmpies gmilide @Frdycimbsnydand nephisg@darbonyl.

to treat or prevent diseases associated therewth;

t h@nssal t er “gryrabopyEssictytoaf cas@ngbadithl dktitttedarich alkyl as

t hey radi.osensjtize hypoxic¢c tunor cells. Preferably,
desgrabded disirdi RN- Hid e 1 s ipstedeareyt #rdd Rrapdaediican be

used to treat or prevent tissue damage resulting from

c §0059¢ anageA bpxrashanyluefor vtorreearbrivs radicabpbstipsddswith alkoxy as

r,. ef: ur onal Vity, eifher i ated or

LT R R (RS e R e
buytylesgnatbdngyention are not limted to being useful in

treating glutamate nedi ated neurotoxicity and/ or

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

clpscdvingt. Iormaestinglgde Withenglmitetion ebenyb eyl anthracenyl,
Iﬂ%ﬁ&hﬁﬁkéﬁag¥@%PgF%3&éﬁ%ﬁ jerein. [0076] The present

“nven ed"¢B8hpolinds which inhibit the in

! oy Lo aes | (I ohi DIt |
o b0t ADe: (BB ET RRrIEE FRfdbs et bt i s osed rings.
whRBh&bNinb@ Het@o b6 (28 8chnsNEORAYPELS nitt YA 6} g-lnﬁlrpgﬁfk &kt one of
(0]

i nvention provides nmethods to inhibit, limt and/or '
the sings. ghd wiherdimthgiringer aings orayiirdoperdsnpp by gromaadie, nonaromatic,

activity, o ADP- r i bgse ol rase (PARP) .in_an
ndf s b Bleel et phEEE LB IR oo R wpde B

pyirfila@in@l, MyaeipyEdyl, tctlaRyRO@RFRIV, pyfid&j, ip9rinfidiayl, d#Sdropyrimidinyl,
nmet hods of limting or inhibiting PARP activity in a
tefrainideephysinddingls hexahyidenyriwidingr difpdrapypzigyl, tetrahydropyrazinyl,

1 Gl Q07 Bl ki 1, @h Vel ct
PR Pl AP PG TPRHRAR, BB AR
dihydroimidazoyl, pyrazolyl, dihydropyrazolyl, azepanyl, [1,2]diazepanyl, [1,3]diazepanyl,
[1,4]diazepanyl, indolyl, dihydroindolyl, isoindolyl, dihydroisoindoly, dihydroquinolyl,

tetrahydroquinolyl, dihydroisoquinolyl, and tetrahydroisoquinolyl.

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

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

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

Examples include without limitation cyclopropane, cyclobutane, cyclopentane,

22



cancers by chenopotentiating the cytotoxic effects of
t he chenot herapeutic agents. The conpounds of the
WO poveasa2on act as PARP inhibitors to treat or RPCEU£M08/078606
cancers by sensitizing cells to the cytotoxic effects
of radiation. The conpounds of the invention act as
PARP i nhibitors to treat or prevent BRCAl/2-associ ated
breast cancer. W) 2009/ 046205PCT/ US2008/ 078606
Cyf[ﬁ’g‘?ﬁ“?h%yci‘m?ﬁ% RASYOPOTHY 6¥‘§%%er‘i1fenlen?/‘/é Conyfloheptene, and
cyRRPERAES Oone or nore asynmetric center(s) and thus can
be produced as m xtures (racem c and non-racemc) of
STGIERP! SOMBhSter@M @S ok diaks t%na%g_tdhﬁl ¢ & R¥rvous tissue and any
diastereoners. The individual steredisoneérs nmay be
disdbtilzy oe dedsly ressltimg tharcib@ini dak lcyusaoff nereoss asulhgay be metabolic,

material ,. by resolvin racem ¢ or,.non-racemc. . ..
Ry RTROiE: TiTOP TR i herechsical, pad gkedss Sithout Wpisgsion.
is@{fen{i@,%y%bfﬂﬁ,%%b?@va@&ul&)’acﬁﬁi@@t', Hhirah sﬁfgebt] Sr&oumpoMad ect,

Formula (I). It is understood that the ’individual
homacarhage.gadieticen, ygsorpdsim, asuneilggancwsve dinessad infegrion, Parkinson's

88 aRERT e BBl AR BT oS FrBRERRESEEoR iy poiensy.

cdghRivie RV Addr Oflutaiatel@btthalitn ad {dceddnsFedtothdiedfn t he
form of pharmaceutically acceptable salts,
phgugsRceut Traldy "ash8ploaltice it dloase cAOALIRGBBIL CatdsMng or
acceptabl e esters, pharnmaceutically acceptable
angQdjovatingsner ysiva insal eandi iraterynga ceseptiabng qrodvingggervous tissue that
m@haﬁgg %uticall%tacceptable nmetabolites, and in the
SPIF'S 6%8?%%% htically accept abl e stereoi soners.
T for are all within the scope of the -
ol GThsr o The 568 prost TS RUCE ST oae st s iy 1o prevent
neubyRE&icBative BRLES or REventfd YRtRr né b & Rndiftidh ®@atients who are
hydrate, ester, or solvate of the inventive conpounds
alighily buffromgdsme or hive sgawianesdofphaunedegtgitogldimesd. vi ty
and which is neither biologically nor otherw se
umelsEsi r abl €he rgdneatingt irefsrsaan be used t o produce
salts, hydrates, esters, or solvates such as acetate,
gyli pap@veringl idii@se, Aspaddr af Conddeoiz@@h@ccurring in an animal that may
benzenesul fonate, p-toluenesul fonate, bisulfate,
be predisppsed iaths diseaser diserden apHemspngdition. biithgs Aeteret beanrdiggnosed as
. rat e, canphorsul fonate, cycl opentane-propi onate,
hawng%?%@%%onate, dodecyl sul fate, ethanesul fonat e,
{i)mar ahéitigd the divepicadivarider; orgdopdioapiwspieatiey its development; and/or
hem sul f at e hept anoate, hexanoate, . 2-

Hyhr o%ylﬁgﬁ%es PRASTH Sé),l'dql' Q& CQpdation i e a:{Ué,ing regression of the disease,

disordefBidAaNesykhenat e, 2-napht hal enesul fonate, nicoti nate,
oxal ate, tosylate and undecanoate. |norganic acids can
b dto C - hydr 1 el
oo 3F e ST RO B AR R RSB K B as 0 molecule, such
ashiyldwaholdeudar, waight hblcady,adatieistef Q8 2haxadpl tesrapdutically effective
sui tabl e base ﬁalts, h¥grates, egteng, or solvateé
P P OFRPHF SN R TURaRh A S CRSTROBPRRT B 7aERs: arch
cHRITRMs RizeRl df@lidc AMBERx SRIE StoTHGPa s ShSQBHOY Frovthirbiatiihe or -
and potassiumsalts, alkaline earth netal “salts such
argestiog@é et of agtenelgseesi anhesmttesgpeaticagentor salnovathd side-effect

pr%hpecof%aclhtegqbtherapeutic agent by allowing for reductions in its dose while

maintaining its antitumoral efficacy.
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WO 2009/ 046205PCT/ US2008/ 078606 [ 0083] Sal ts, hydrates,

esters, or solvates may al so be fornmed with organic
wWha®es462¢x gani ¢ bases suitable for the fornatiPCI/U$2008/078606

pharmaceutically acceptabl e base addition salts,

hydrates, esters, or solvates of the conpounds of the

present invention include those that are non-toxic and

S enough to form such sal dr at sters,
SO oo B e B RSE  RnLOR Y fire R g Spetle. such
asSMIBW 186 lgé\ﬂhtcwélgﬁte(ﬁo BB, JAGHiMERrdMB Animdl m. théBfeutically effective

trial kyl am nes, such as net hyl am ne, di net hyl am ne,

amQyngy ﬂ@ylncamsn éhfamswey ef dheg f@rherredlomﬁ@ze 9} cleagiomagnetic
rafhral{lg%{ cﬁ 11y tg:,# l gt@tﬂ e§%at%§gt20@ dS seaseﬁ Wthh ar ’trﬁgtagle w1t&1

such as ar
elédtﬁinﬁh%net@i«l@ﬂiadbﬂ GDlsé‘és%\kthh gtdieasaId Weh clectromagnetic radiation
N—nethyl | ucam ne; L-glutam ne; N-nethyl- piperazine;

inghyepReAnlatEe dserps.disatmnani melisRe EWRQTS. HiesBeH HeeRe
El@:&t%rﬁ%’gqlreﬁé%ah gﬁ?fﬁggt%?lﬁggg??%ﬁﬂ?ﬁﬁsqﬁ%&%oéﬁgtre?n 'hléu‘ém 1§%ﬁ8 g]:)gtremp lated.
1977 cord ngl, gen- cont ai
gJ%@r}i can BICGEERERR Koo Bt e S RO Rlghl g pesired
efddckyl hal i des such as net hyl, ethyl propyl, and butyl
chl ori des, brom des and iodides diaIkyI sulfates such
agogti2net hy|“Su§dt§1§tE‘&"' me&HsBRdt 4k leﬁﬁ%n@ @bl eiS Bh E@Eﬁ@na‘[ed group is
| ong chain halides such as decyl, lalry myri st
reglaecth with endtberirddisal, proyided dlat drdicsigdiide gm@r@m?t@mce is not

hal j de uc benz and
By THE EoRaT e on S PR ERD S5t S pus. syen eroups are
n(ﬁ oht¥iadedSo @ftrddnee HBsIubst@NROHALS stti¢alBeinreRRbEdy@hdthelly non-
y dissolving the free base of a conpound of the
fewbsl@ and/or mherently Hnstabladnsgue stbodimeats efheBysntéincstisseribed

{
BB SN S, R L)L DR, o

ex@ﬁ@ﬂm firathie regmip bendslotini leifow AdrtiBiistiativey phrposds balyl teeipasanyl ring
a congpund of the present invention can be react ed

ls\mhﬂ?f civihiciymayde pubpbitytedwith Bt shbsdivpds Addeseripgfeherein. In the
RSN DRGNS Gl SRR Wi
pksuylv emd wheminthe etylaidfeeyltthay B@ﬁlrthsemstam&d (blf{l tieet hydeyeribed

can be obt ai ned b C rati t e sol uti
I DGR PR Cor i o deeaprdione B B bgurthis supginggd with
teR-B8f11 Yl 48m ?fe it BReh RyANhdMEIvE BIROBSRARIYAHACE 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 oavail ability, orafonged dur ati on_gA Lon,
i mproved organ se\‘ctHW|ty, |nprdve rnulatlon

(e.g., increased hydrasol ubilj ty)g Re/"or decr eased
side effects (e.f OXINE t he @rodrug can be
readily prepared q iNve i ve conpounds using
met hods known in the att, “Sucl as those described by
Bur rs Medi ci nal Chemistry and Drug Chem stry, Fifth
Ed0 1, Sybpect 1resery foga chUD-togye. (M 9gg)or Z’Fblr"Oe%@efWﬂP@ ora
hubh, 'A‘ﬁ’%{l oY ¢ %’B 3t H3PaRE b E&E‘é%@{o %h@gﬁ
prodrugs by conver I'Ng one” or nore o roxy 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 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,
netabollsn1of a drug |s reqU|red for therapeutlc

Y Y e o o o - o "



[0087] Further still, the nethods of the invention can
be used to treat cancer and to chenosensitize and

WO 2000082051 ti ze cancer and/ or tunor cells. TheP@EU8008/078606
“cancer," as used herein, is defined broadly. The
conmpounds of the present invention can potentiate the
ef fects of "anti -cancer agents " which termal so

e asses r rowt h ent s

PO hor oL bgT Rt o foink oS3 Biprionand the power of
volEMhlAXncAd @Rl SvhichARGuirdribt REORYERI fkyAdfitdSorgant& ®od.
term " BRCA1/ 2- associ at ed breast cancer" enconpasses
Expmendes inglade evithont {imittetion, eeniressagfithe hwoen, neanmaliagy and primate
o defjcient in the breast cancer tunor suppressor genes
PEREAL and/or BRCA2 [0088] For exanple, the methods of

vent usef ul r treatin ers such as
ABTSD SaubRitght By ApROEYET & (e Dieartnveion can be
usRg W BeAAQR FVME%Mﬁhﬁlak@mlﬁdueQ@%@%s@Br LA, 8Q8bral ischemia
cortex, bladder cancer, brain cancer, breast cancer,
andaendrfmiongaieeer n%lmdsgﬁmﬁrttvalwegqsu@ aln anikahisach asha lman. The
e B ST O R PP ER Elon R S ae FHAFEERYS. e itespan
andlir6RferativdicAigicBy SatARMAd tIYRIchh badgﬁftoﬁﬁﬁﬁ@f presh:ﬁlt O¥eases
cell | eukem a, head and neck cancer, Hodgkin
aspQG b FhsTC Wl iy adf s g @ﬁﬁfesﬂ@Idﬁ%Vn@S&ﬁ%tefﬁﬂsalain@ dhey radiosensitize
(
h@?ﬁ‘c‘%ﬁrgﬂ% &‘étgrlflt%%gegg tﬁ{% &ﬂlﬂé Qﬁq E‘&ﬁ% ﬂﬂ%% gg'réﬂael ihvention can be
used f[cusee@ for pmlslanmni&, dame&éseltmgrfmm m:tll tlaupah@ andehthrdme to necrosis
neur ob| ast non- Hod ?kl n's | ¥1 ost eosar.co

OTAPAPIOSH 44 éif SCUGPHFPAL & Y- me%lﬁt?é (or nﬁtl&%@latﬁg%y NMDA
toﬁﬁﬁ? efhe &)%%ﬁﬁ@st (5fcth§ pre&it qnv%ﬁﬁﬂ)ﬂ Fre 1P fiflited to bein rgauseful in treating

retfnobl astoma, skin cancer, soft-tissue sarco
glsguatmnsdiatet] Inematcmlqmzyrme/ or @tQmwdtat@?ablobgtcat wshw sl Burther, the

cancer roi d.cancer, trophoblastic .n Ss,
oo RS GER Herused DR o sk B RS Sy retated to
PARA WiV atos, 4sWiEdribell GEOR. 1 N Sone non-limting

errbodl ments, the cancer and/or tunor cells are

? jed f ‘TH@%&E&t %&Hﬁo&l‘%%id% bMp&fndQ %‘1&1 1ﬁﬁ‘1‘Bﬁ%e in vitro

anoma, head and neck cancer, noh snal
anclanmge wwotwgtmczraﬂeaarct gt oﬁpqu(@klal?-lrlanseo @nbfme,rase (QPARP) and
cancer and r.ec taé a(gcer. 0090 The present invention
CO&P@S“PBF 8‘?”&%“%“@ glﬁ PHRECEIIPOERS conposi ti on
rlslngEl a thera eutlcally effectjve anount
cé dlind of "apli%‘i%ém’ﬁa @tpm&dﬁﬁnﬁﬂpﬂy tamgibt llsmta?nd/or control the

mgngg mRoSUhL VA Itat REGEPIARNE o?g%, | Dp. i ng%é}oyetﬁer%kéo(‘?gRP) in any

ussi on relat ng to the pr red e
ofisblutiony, cald tiashws, mirgansat ioggancfsttine Ioenp eubddinght, tthepresent

ing%ﬁ%&%g{r?‘}lg%ergéthg dﬁlglglg Blr i]ﬁa)é ]%ﬁﬁP algtanr/lgya 1(1:1eau1£1|at(1:1%|a1 such as a
human, either locally or systemically.

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

PARP inhibitors to treat or prevent BRCA1/2-associated breast cancer.
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[0092] The term "pharnmaceutically acceptable carrier”

as used herein refers to any carrier, diluent,
wWewvpseet , suspendi ng agent, |ubricating ageneCT/US2008/078606

adj uvant, vehicle, delivery system enulsifier,

di si ntegrant, absorbent, preservative, surfactant,

colorant, flavorant, or smeetener [ 0093] For these

e co n of i nventi on ma
DU <& o SE GRaRRES BhE afesein Ry g Moy gp or more
as§RnRYric &HS@(Hbh@thus @1%595 P&)'d%bd s Otk eddsl (Yace @Al dovi-racemic) of
nasal | y, bucally, vaginall intraventricularly, via
stqgomcpmq:ramr@g 1mcbg1§uq,l(gnantpqmqj§) gg@gstﬁ@pmgtsaﬂ“h@mghwdual stereoisomers
ni n% bconvent | an

mf:%gt g tgléla b EF% ag opu atllgbalcgvec %erlrrln%materlal b% resg Vln%étl F]aglec or

ncﬁlomeﬁiceﬂl&uﬂ@sagemmﬁﬁma@w sbiae Bpapent etra'g\d: ofithe Wgkbesis, or by
herein includes subcut aneous, intravenous,

repolptiaineidhe Fairpoundiof Kisapiladhed! is updarstaphghwhthe individual
I r ,
stérﬁ&g@r%ﬂ@lgaag (\)&fr’_éﬂlaﬁ?méﬁu%% (?az%lﬁfcnﬁfgenscﬁr}?%é&@% %sré%@él%mers are
emdmpmqssdl By dat soapenitae pickent inveaticanposi ti on wil |
normally be in a unit dosage, sterile injectable form
( 00801 i on, TRYSRBMNSINGH 0 Othe GiENGdO Be VBT 4 BePbRE &@bliythe form
i sotonic mrth the blood of the recipient with a

ofstharmacs siiqally Areaptablewys ameEmecs tipaly, acEspidly Bydraes.such
kSR Eell) ARG Ok Tra LBy b EL AN, pharmaceurically
aok’@taﬂﬂe pfoaiagsl phaedlamoaﬂw augeptable emlnzrhoqwesaﬂdnﬁm formtoifie

i.ng suitable dispersing or wetting agents and

p@t@ﬁf&ﬁ&?aﬁ by aggenislde SiPHEROTEFY IThose Pt HpRE Wi e tggpe of the
diddisQrdbe sterile injectable solutions or suspensions in

non-toxic parenterallyacceptable diluents or solvents,

f anpl b i0

ai@oesgiabl eeI:/hea Cc?egr 819&6{ gg[&? d{t&blé‘ A ﬁé@&‘?&j (lbsterAgP%glJ;agé refers to
a @dlte hydrhiel est&abi dodvatdditge inventwd dmtmmlundsj\ehﬂ:h PsSesses the desired

solutlon |soton|c saodi um chl ar.i de. sol ution, and

phagreologien! getivity and whiekyisinesher biglagicplly ngr gthaywisie|undgyirgble.

S
OfARRIds i be Y RTD pRURE. SROMAAARL Rydhs, SUERGARNINIGh oy scetate,
de‘pm ypohte, raspamalten @emtmb¢nzenmﬁmat@m miluegtgud:fendttd;elssulfate,

t ons eg nut, and sesane oil. Fatt ci ds
it ST R afRe Uty b, 28y SR PRasRler o ir PR
cy@ﬁip@nt@ﬂéipfotp%rﬂ{ey @%‘Iﬂc@ﬁatg ecrdd%@mlﬂe% ctHafdsu b Rde GhindSite,
and castor oil, especially their
glp@ﬂhynbayeetthwlmemphoer@teo hemlsalf@e thetfamatcr mexdngate, 2-
ec ese

at 0] ta n
)% )!é/g Hahes ﬁonate la%tatg bl %tgi me ne u nat % a?a@h Fenesulfonate

nsions nay a al

n16|(btiﬂé&n bSalote, t@hﬁ@t@ rafd lﬂh@ecaﬁ&@@ 5h(§g@1{1b beids adn hreusked t@produce salts,
referred carrier, and the conpounds are often

h}@@éﬁﬁs @rtérrrt @rysorweérsuelbrwdéoqh@rtd@ hlebrgpidgs hydroiodide, and
th&%g Pn. The carrier may contain mnor amounts of
Itives, such as substances that enhance solubility,

ai@ﬁg;?h;ﬁ%@rﬁﬂg ? #ta I]i)ass '3 I | I f(}}/aite 8sqers or solvates include

hyldP8}Q&dsFedrBdradds &ﬁﬁbl&&b&lﬂi@éﬁ)ffaﬁfm&ﬁé allka®rm&uIcRA4 such as sodium,
adnrnlstratlonﬁﬁsuch as self- propelllng powder

litgjughkpaiepsfugt salts aalkal ms\carfhyncsa aples ssieh apealeium apghmagnesium salts,
or .exanple 1% w w of active ingredient.
Mﬁ%ﬁﬂ%%§ﬁ%1aWFg%§%Pgr human nedi cal use of the present
i nvention conprise an active ingredient in association
with a pharmaceutically acceptable carrier therefore
and optionally other theﬁgpeutic i ngredient(s).



[ 0097] When admi ni stered orally, the conposition wll
usual ly be fornmulated into unit dosage fornms such as

W@ a9Pbe¥e95 cachet s, powder, granul es, beads, chetEb508/078606
| ozenges, capsul es, |iquids, agueous suspensi ons or
solutions, or simlar dosage forns, using conventional
equi pnent and techni gues known in the art. Such

| RO P WP By S ilreds % b 5 B otitiordinic bases

OERXICIASER, sufMAE @ Qhe FRMRIiSPLS pHIBRRAUALallySHcBE MRS bas8Widition salts,
acaci a, cal ci um phosphate, mneral oil, cocoa butter,

hygirateso £Stels e HOBREES o ltlepi qeanosnds ¢féggp@mrﬁ Invgatien jnglude those that
arséatrl 5 x1c a rgg%hon%eelﬁog%lhgtioy l‘enﬁ zo%lt al NS th?/ 1 eis Costdh bolrtsglgates 1r
plﬁywe@zsyblastmaﬁlethetcaisg of iRy l&)eg:‘dnwibeﬁéﬁaﬁf&hﬁludamﬁbdoh,&h-, and

| 1 ke. [0098] The conp05|t|on of the invention |s
trigkytaspngs, uhqsingtaylepnig. dgncthydapeg) wictylanipe apd

gI f 0 f

AT ol (R &, el ORI ARRRCS sl SEIPOMR
trlhﬂﬂn@laiﬁnne'j'tulmmommpmchla@ argimiyc bed b;zelm ngmheim&d Nasiethyl-

sterl | e sol u@gg suspensi on, . or_emnul sj in a si nng
lggosamiicaBamabbeligaBigs & SIS RN AP PpFiaFiEe SR
ethﬁ@ﬁéﬂ?ﬁmﬁ@q\l%ﬁﬂl %h@iﬁ&ﬁ&larﬁﬂl‘él 8f1h§/d119§}5 ﬁﬁ’éﬁyrl})gnﬁg)%ﬂfaﬁe and the like.

such as nagnesi um st earate. psul es’ may “cont ai n
Sati fqn@nampkn'dﬂhadnmuh@éﬂab%” arﬂihaldnl Ssml 6@l nl-40 41¥XM). Accordingly,

b QMR P EAT QAT B BTG h AL Gl fates 16Wer ey

haAdEESA Y nieﬂ@n eéﬂh;ﬂnlsr%pymmlﬁﬂsc@a@oﬁ@bltﬁbﬁud@wn@ﬁ)dldes dialkyl
prepared b ressin in a suitable machine, the

sufgtes wech a3 @dﬁh§ dicthyladibutgbard domnpkpuiisics long phais halides such as
de{%m@ﬁja loftﬁyggt?{ éﬂdes?jea]rglpcth oq{zig%jlr %Ig}e&égg?ﬂ\?téithe%ra%d%gﬁf;yl halides such
astHespA sl phcr@@enbrdvbideled tabl ets may be made by nol di ng

in a suitable machine, a mxture of the powdered

agho84e | NOTRELEMhI@ANEN SIS UhYBRLE cGRFS! bedolvidsIremeshsic

with an inert liquid diluent. [G0100] The conpounds of
cqmﬂoslndswmeﬁbe orepatggl citherytstissabiingiths these daser afct canippune of the

prrere%t 1nve1?1 N in3H %88680'11? QL ar? ﬁ%ueoﬁg ?lﬁohoq nglofio% i)ro &%ercs%r}a‘t?lg solvent

y mxrng e d
cdmtmmhg Kl dpbtdi@iatXdeiddb ke, and mlatﬁlgspé $att BBt eviaPOAYing the solution.
enperature, but liquid at rectal tenperature, and,

A}(tﬁ@?fé‘feéﬁf dhe {ipq basgref ¢ compoynd phide @rﬁStela IpvgnEiqs €an prereacted with an

49T A o 505 Bl U o

wm%h ﬂ.’oams sucdh thzhehe twetmtis arc alanergayc slvdnt,ze whicett cast thedalt

rel ease technol ogy for exa he di scl osed
SCRHSS &ﬁa%t?yn%rfaa B b giaép%emrﬁflgg derpiiIgphobi c

polynmer matrix for controlled rel ease over a period of

dd9085] The "Pharmaceutically acceptable prodrug” refers to a derivative of the
inventive compounds which undergoes biotransformation prior to exhibiting its
pharmacological effect(s). The prodrug is formulated with the objective(s) of improved
chemical stability, improved patient acceptance and compliance, improved bioavailability,
prolonged duration of action, improved organ selectivity, improved formulation (e.g.,

increased hydrosolubility), and/or decreased side effects (e.g., toxicity). The prodrug can be

readily prepared from the inventive compounds using methods known in the art, such as
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conposition of the invention may then be nolded into a
solid inplant, or externally applied patch, suitable

wo 20090460203 di ng ef fi caci ous concentrations of tPEl/P2RPB/078606
i nhibitors over a prolonged period of tine wthout the
need for frequent re-dosing. Such controlled rel ease
films are well known to the art. Particularly

thgr cjﬁeggrré‘tge Egtgt [ gg/ieéie %Bﬁﬁ:&dqel | Vﬁzﬁé&é%xg Cﬁg‘fﬁist% E'letjth Ed, Vol. 1, pp.

1RUI 0989 HRAT199BY. P& Malel fhetlﬁk%nﬁff@ 8&ApounaY s beRansformed into
i ncl ude nondegr adabl e et hyl ene-vi nyl acetate copol yner

pradaigy ba demicet infga@itei o naadt @f dieyydroxy oacHgorLPOLPFTEIte esters.
whi ch may be used externally or internally. Certain
hw[t&ﬁgel s sliltahna@upcdlty(ehycptdotg/ atehabb het' ln@fensyd) dtuep tlort have

vin .0ho al so for shorte
b s Mool Wi bR Rer ST i pa 4aBt 48F apubstrate
foP HHéi'm@ﬁ rbODAs RNk P OB PIReyhyk RALARpdrlledhd biologic effects. These
enbodi nent, the carrier is a solid biodegradabl e
mpt@b@/lrpeqonmrswmxtwtneh wfually e ffeqjrthaipdipmtypdithneamponngd rplter the way in

witBRARRE BR Snto MRS aRE REr SR BRUR! oDl RuR e i e
mé@bsleaeh bnd Grug isekiiled ﬂspltmtpeam bkt eF(erB(atﬁp]@Vardic@@cer drugs of
effi caci ous concentrati ons of the conPounds of the

the gyténetabelity glaps Buyhsiconyatedie fhegcrcsve farms afipt theyhaereen
trﬁﬁg(grtécp Btof 4 ERUE e §m9§§1‘o§t9dmg&‘ﬁtd%%§%ht§d1&4Ea91§foh%§non of some
present 1 nvention can be incorporated into the
kibd,atlebivabahic &l rpadtipnethaoplapalryleet dragahetaleolism Iamy be numerous and
sui tabl e manner known to _one of ordipary skill t he
diygrpe. Ele Y SHGOP HHTHS MSHDGEHB SuSe et Rihapehiothay gissues may also
pzﬁ)ﬁ&ﬁzj?ﬁgradable pol ymer, or may be encapsul ated in sone
may within the polymer, or may be nolded into a solid
E@Sﬁg [ 9191%1’%%15 1f], tﬁ@ eﬁ{gﬁggf Hl%%v ntlgﬁa’ ]9'«91 Qedt?sQa??ﬁQAt%ancer and
pol'ymer or” pol'ymer ure I's use orma so
to"ctlepodehsiciad had mﬂm)geﬁshizep:hﬂcrdfraﬁ(ﬂut vl celwrias tdrin0itamder,”" as used

the present invention that can be adm ni stered as a
herftlawé@r:%nqd. ordy- Fsreompanpieot By Piehine &1ieBHon B PaRFItEl the
effe%fgadtﬂ%é H;nfc'elcég%rﬂts " wl‘ﬁ'cﬁ EQHSa 18 CeflB EES@E@"atnhetumor cell growth

pharmaceuti cal tonposition wthin the [ocalized aré%
a@ntsu'n dhctthceihenap@tttcmgantsi’ t eytoﬁhtec gegrsddatyiodrxit agﬁmm’f artdn'anti-

ot so foqr sever al . days
By eats” e NG - ERECBIS T Gt EBt e g
caBdras Whidh the betakt calyer USil e Ac E’QEM"IE khcORBIRO BdrdckOfinloR suppressor
injectable form even the need to make an incision nmay

ganes BRCH lrpdét BR@GA2ny event, a flexible or flowable
delivery "depot” wll adjust to the shape of the space
i 10088t upi eBoméxiampldy eheboethodu ctﬂthainmemtiiqmm oiefulrfautraatmg cancers

surr ing tissues. The phar ceuti ositjon,o
siphat BLAELRO D AR 1T B i RR b yRbnlytic
leﬁlt'h%lﬁ,&%%ér(‘(ﬁkﬂeya(ﬁéﬂa?G(Sr'tékeblaéﬁ‘é}' cﬁﬁoér AgRBRdnde. Od?ee{sh €ancer, cervical
desired rel ease profile, the concentration of

cappery t:haroelg tlymeltloco’bmsemtao nhrpetq unyeé@ytlo leukhmia, colorectal cancer,
enS|t effect @nd t. ength of time t

e Pl Rl b b€ Sl Al B g Sorcoma.

gatlllbﬁﬂtlémd&hcer[ RAA04] ThekcarimRaNes] ffck tehe ek, N@dpkirNlyaipBoma,
used in the conposition in anmounts that are

Kanpst Saf;@étnmac &ldngy edrice tlivoiecantefe lugg wprest {Snasandeyy nga-small cell),
mgﬁ Satér eﬁ‘ﬁgt’lea["?f/ﬁgs I’ %ﬂltrl]lgt’lﬂlmgﬁu?a\r{]g?ﬁ%’l?n ZIHW%F Sd”)rﬁa mesothehoma
agents sol ution pronoters, salts for regulatlng t he
osnotic pressure, and/or buffers. In addition, they
may al so contain other tﬁgrapeutlcally val uabl e
subst ances, such limtation, the specific
chenot her apeuti c agents recited herein. The
conpositions are prepared according to conventiona
m xi ng, granul ating, or coating nmethods, and contain
about O 1 to 7596by MEIght preferably about 1 to 50%

Y " o o o " AN A NPT



[ 00106] For nedi cal use, the anount required of the
active ingredient to achieve a therapeutic effect wll

W@ 2009/0%6205 t he particul ar conpound, the route BET/US2008/078606
adm ni stration, the mammual under treatnent, and the
particul ar disorder or disease being treated. A
sui tabl e systemati c dose of a conpound of the present

nt i n or a pharmacol ogjc acc abI sal t
mp By TP e G SRRl B RE A feah e ovarian
cadbdrf &¥ary $§é‘i"ﬂn RNYcberC pRMiatd %c&spﬂﬁ&%ﬁb b&tter, penile cancer,
her ei nbefore is in the range of about 0.1 ng kg to

retipehiestarod sk degeast sqfhessa@: p4ro@mny, ﬁgﬂ@ﬁ@@rﬂeﬂ@@mtﬂmﬂd stpiyach

caf%%i%atﬁu?a%%g leﬁg Yo gabgé'lrt tr% ﬁo%laspl? ﬁé&p eésmsspgtenglpe ganger, v vaginal
caheymetanker ofany vipas alilccw‘lam' aaﬁdrent wi || depend upon a
variety of factors including the activity of the
peuRof i C Cmnelﬁﬂalt%%%boﬁﬁﬁer@? @he RASY aBiod Rtmor cells are
eneral heal th, sex, diet, tine adm ni strati on,
seregtad fofm eb@cgreup emsistingigf br@rfmama@rs mnlanemd, heﬁé aseveqku qa}lcer non

sn&a&ﬁeﬂﬁgﬁ ?ﬁncgr tes{ E'}giro%l]nﬁr ?Varlaﬁ a%?cg{ 8g) t(‘ﬁlg?er aﬂ%rectal cancer.
r|Iy killed sician or veterinarian wl| .

PUBIAT oS b AR R CaRy rebtsey e Teh BtseRUe sivpapition
co%prtshleg (fr)om ?Qutfc@fly BIORRY ladfoluhCofQf conkiRfua@88h témpound of
treatment of the condition for which treatnent is
Foarawilan(lsansk @i 2 pharnzseyrcgg edkientpbletdaerigshysi ci an or
veterinarian can, for exanple, enploy an intravenous

b0 | f ol | Dimeabdyy diwgussivr @lacing ltxstﬁemﬂmfsﬂrerhemh@khmeme'attﬂmly and

dnlnlstr%éhons aren%glally or orall as..consi dered
d?lams%?qna? e cpESSRipEcniigp akR appligsyg the p araceutical
coniBsRRBh &M thd RelRBt ABRtRnSt ered alone, it is preferable
to present it as a formulation. [00109] When preparing

for o S

BRE, oo o S Rl e 1P R BRRR chlrRA G gl Bein refes t0
amro:labrmni ahhmai eE(lellepﬂ supsndng h]geals, lobriaeng agenn eidyldzlang vehicle,
qelatln rmggga i.zed stgh and the |i
dqliyphy; Y8 © Sifiaragh %ﬁ%ﬁ“v@@%@%@ S&Fﬁa"tam colorant,
flslo®dh | ot s@binerand the like; diluents, such as |actose,
mannose, and sucrose; d|S|ntegrants such as

c ynet ﬁ@Ql
SE@(%?E di ngf‘ééljgtg%e g}ﬁ SUC he 79 gfg]ﬁz}fﬁ{e 1PV&1tf>6ﬁ%e@ztlfe administered
oralljz;qiar.dnterait}d by fiehalldtio; spaﬂysaﬂsqulbﬁ a‘tsoutphoa,stopuchlil}c o¢vtally, nasally,

xi de; reservatlv s, such as, net hyl par.abe
@bwa%‘élﬁ‘ éﬁtraVﬁi%HlC&g&]iYuWB‘EﬁI?B]éP@ éﬁ?‘r"foérc‘ﬂléﬁﬁ%ge fopiyfations

co%%an%ﬁg boehaba hos- %)Il@f)&tﬁﬁ@é&&@l‘i}b%c%{)égbe @affbrd B8 by any other
i ke; colorants; flavorants; and 'sweeteners.

comharlmucdemgecfanh yTladclelppabnteraé atigsiddwtesn mchideesubekiaognus,

. t I t d

i P e Bl opRal P 66 O e P ERen sl and

infebithhi&hin }gti6@ o5 inkASIBehnRpucke. 9., 20th Ed., 2000), and
Handbook of Pharnmaceuti cal Excipients, Anerlcan

1St g;gceut inarh aéﬁ%ﬁ&%%ﬁ'p%bnte%ﬁt‘ R DosHofrwill h8rifally be in a

nd and 3rd E,
unit dosage sterile injectable form (solution, suspension or emulsion) which is preferably

isotonic with the blood of the recipient with a pharmaceutically acceptable carrier.

Examples of such sterile injectable forms are sterile injectable aqueous or oleaginous
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a 1986, 1994, and 2000, respectively). [00110] The

present invention relates to the use of a conmpound of
WO-000046205 1) in the preparation of a nedi cameneCT/u8200$1€78606

treatnment of any di sease or disorder in an anima

descri bed herein. In an enbodi nent, the conpounds of

the present invention are used to treat cancer. In a

referr enbodi nent of. the esen
RS cEhesT SRR Sy RO SR ik A sRP B ragpa in the
arPhsih @8 idbRAISRAIRL b10Rettihd aGhe andiugitnamicMBehts. THe&terile injectable
conpounds of the present invention act as a
formgiimgy @h@bmszeéﬂe injagtaie spilutionp ot Puspeii@Bap pettoxic parenterally-
acc%pe%bqf, g‘? Se {){? s?)g%egl t ol'rlrég(e‘? f b:(slhsgl e%'b]%s: g{lf 3- b];u¥ Q(thop I;&n‘%lorneg the
accHiRamlE heﬂnaﬂae bid @1@@1@%& mh}ﬂbé‘abtﬁblo{;lﬁi aﬁ‘&@mrmhe RiAger's solution,
conmpounds of the present invention act as

dexHeppWaH KN isptonic ﬁoﬁluélh plpde srleicy F@HH@W@OWW In gd¢lition,
st&ﬁg%&ﬁ% e éo*ﬁ%fnﬁfo%%ﬁgémgﬁyﬁaé v Eoitd 'IHJHHM For this

romﬁ of ects 1n the o ogous
plrrﬁmmnlyrtﬂhn(bfnxe(dl-ﬂ mpabheaplogtd delitlie: shttend m}bn@l\@r di-glycerides,

repair 0111] An har macol ogi cal | y-accept a
C%%PF?@IE ﬁ’@@l‘ﬂ&t “égsg PG ‘ﬁgtFagg Ilaglaﬁ) §71¥ E;}B'ﬁ’l § Egiquspgropyl
m$HthRPAR (ﬁ@lc taE‘l@ a0l @t%iﬁ@ﬂ@@@éﬁdaﬁvég fRIudde JIRR R &&Aktor oil,

i nventi on. partlcu ar, the present I nventi on
espmia_tlbmplthd;lepolyh@eltjs}éatgd Vqsmhemﬁ refid pe thieipeerlakation of injectables.

f t h h ti.
T%ea%ﬂﬁ SplE g peBio B DB B bbb B ot ienes o
{a@fgyci n, canptothecin, carboplatin, cisplatin,
aunorubicin docet axel , doxor ubi cin,

' Tﬁ@fSﬁ er Onséh&fk%hné ﬁtaeﬁrEEP@@ cg’t‘?fe@’anﬂ @ﬁeecrofnﬁfo‘aﬁdsgeﬁ"%ﬁen

interleukin 2, irinotecan, pac i t'axel topotecan
sutf@odontty, wdacsqlmtdmbmmadkammaama;(ﬂmtmn The carrier may contaln minor

4' - deo oxor ubi.ci n, . bl eo m tanyci )
ot B O Ghedy 1 R G B R B0 B bchemical
stabiRtyaé. b N hfi-6 Rk Aks N fe@NarkiQF Vet iveQ POt ecan, and

m xtures thereof. According to a preferred aspect, the

E ﬁ)her apGUh 1SR St S ok RART 8 chgleadn%stratlon (such as self-
2009/ 046205PCT/ US2008/ 078606 [ 00112] The 1 nvention

propeitiag p@\@lddrehse)lemlm@ﬁmmtaltlansésnayh@mmsé abme sl %6fto alpart 5% W/W,

tof PP R o SR e Sl P ol PLESERE sy e {2 orihe
pre@st Qﬁfﬁﬂ%ddoﬁhﬂﬂﬂe andéve lﬁ@w@ﬁ@m@dck&l@g v&tlﬂf@%ha@iﬂgéeﬂﬁcally
cancer cells to chenotherapeutic agents, an 0

accepple rarrigethgredove land ppideally otz ithegengefie gigecdiontshe
honol ogous reconbi nati on (HR) pat hway of
doeI7¢- st r AideddDiAsteedairally, fl@CbiPoTinen froll uewdllyde formulated into

PR QR BIIGR CHHIE. He s PONE o EOTRES Api: SAG T lozenges,
capsules, liquids, aqueous suspensions or solutions, or similar dosage forms, using
conventional equipment and techniques known in the art. Such formulations typically
include a solid, semisolid, or liquid carrier. Exemplary carriers include lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, mineral oil, cocoa

butter, oil of theobroma, alginates, tragacanth, gelatin, syrup, methyl cellulose,
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[00114] I n one enbodi nent, the present invention

provi des a tetraaza phenal en-3- one conpound of
wao-2000m046205 1 ), or a pharmaceutical ly accept abl ePGHI$2008/078606

t her eof: wherein Ris (a) NRLR2, wherein Rl is

sel ected fromthe group consisting of hydrogen, Cl-C6

strai ght or branched chain al kyl, C2-C6 straight or

ranche hai | k |,  C3- | oal kyl , Gi -
P R <5 el RGPS TS PY g R Tsemg ey benzoste.
taldr dsfoln GBarstel ahDiit 1iRe. br anched chain al kyl ), NRARB

(C2- strai ght or branched chain al kenyl), (Cl-C6

Siaeigght oﬁhﬁémg%nq}qh@m@lbﬁwrﬂig ?fe@é}gylk'adﬁlg%iéctg_ﬁggs a capsule

strai ght or chai n al kenyl ) car bonyl,
orgyldttoainkytihg asingteydr, diviGed e thai @inipoond bf Beratwad(Iz bai n

al kyl ) axycar bonyl, - C6 ai ght or branched .chain )
ey R R Rt p g0 B bR Rl sy R Borct as a sterile
sORItIOINC AsPORYIn, oS ethhiRRY! in AiNJ1S UF 8NN dod¥, Yabls -y contain carriers

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

sugh aplagioshertl etraistarcdl, Redign lpbrieatyi (GESUTICHAS IngpginRypI stearate.

Capsules may contain diluents including lactose and dried corn starch.

[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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(C1-C6 straight or branched chain 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

AL MR M S R LT N

uss &1l et @st shoee &B@se%g@lé@ tIANBE SthbNb Cg&ell"ﬂéwa&g@@teng sdefl as those
stralght or branched chai n al kyl, C6 straight or

mpptinehebovshai n al kenyl, and C3- 8 cycl oal kyl; and R2
is selected fromthe group consisting of Ci - 06
s0Hi0ght o dHranlohikdenthticrvaalek yd 4 solid-biE gstdnblie ghtynor or mixture

oL REG el Dl S BT T Y B g
kiNRIRYTK G o s floh I Gt inPéntBh 3G NEgh Bé"ﬁioﬁle@hﬂft%'a)(soh&‘lfﬁﬂﬁ}(nt suitable

(C2- C6 straight or branched chain al kenyl)
fog proaucgng eﬁwaﬁom@t@kﬂaﬁw@hk yonpeinds afthe 11(1‘@2111% over a

ranched .chai n k n car
Rl bRk Mot DR RS e R N CRLPORY. Th Einitjon of the
pradday in)v@%t}tﬁﬁfah%@)ﬂlcorﬁ&&te@(ﬁltﬁ ticbigddgralabRIRMGHAEhr o Rinfer mixture

al kenyl ) oxycar bonyl, (C3-C8 ¢ cIoaIkyI)oxycarbon
ingpy seitgiomppner &npva ﬁypne %lfrcyrl@am%#ymt @pifjap orm a

S S Nk Bl R ARRE PR b Bt %ya Ry U ome way

w{tkihtKbpdyimat, ohinag e i dahiac chdidnngldoyl ) aryl , (C2- C6
strai ght or branched chain al kenyl)aryl, (C3-C8
cyed1e3| kyl )Iﬁ(ﬁﬂé' emiddythent @k fb[d@l@gﬁﬂé’dle olymer or polymer mixture is
heterocyclyl -C6 s tralght or brancﬁ chai n al kyl),
usgh éo @éty"éipmt( @nt@el@tthap@%ma@@ut@alé@@m@aﬂlea Aff e present
ing e B B SAER A PGH 2G Toble, R BRI R infs RE bur
whioh ravhenesufrieiaathy @Ecdﬂx t@ntirfn ahieephandmandﬂ mbin}bosmon within the

se|l ected fromthe. group conS|st|nq of . hydr ogen,
logylizsd! gree arungtBniafetion W J hadrgpdatien tiae ok t.haid@mt ) .formed can be
B e s RS s AP e T
malgduldr weigbts Bytusmgtaspolgact’mqmm)smandle ntj¢oyatdefoent edtnfthoneed to
alo,. G-C6 s r branched chai.n al kyl , - " "
iR & o0 e e Ay T 8 paplegiefery "depor
whrddjlsdes ﬁ‘l@@fléﬁ%' of thd'd éfab@ﬁ’ be&lpslwith BB BodwitB;a @AGmum of trauma to
prOV|ded t hat not both be nethyl, and R2

sumndmg tlb%leﬁ ﬁﬂ@rp}llal)rmcgpu@-l qunmtrlprmf the peyeirt dyentiomis used in

subst en .0 a .
an(lo%t e arﬁ¥herape %alllyngfeﬁté\ﬁed %Iﬁ(% ?e engtugan?l} (}%S{I‘%d release profile,
th@ COMRNGE ARSI (ﬁftth@ﬁha@fna&@h@al c@knp@@tlah kQpayred for the sensitizing effect, and
trifl uoroneth trifluoroethyl, Cl-C6 straight or

thg ﬂ%ﬁ&h@dl@%&aﬁthﬁ|pﬂa§/qmacaﬂlc@130<§tlmitg1mthaé fo By estrepkifos Fagtment.
al kenyl, C3-C8 cycloal kyl, NRcRD, NRcRD( G -C6 straight
o004 hc hedihe peripouadk of the uar\i:aitINR@ﬂam(saizm@@e gomac'psgmn igramounts

bran hed c ereln eac
AR BRE SRR B R rhs i ARG e lef Ay Bhydntain
adw@mgaf@h alprdsbrvidel gdaBiflitzin gr wbniap C(B}Q%lﬂﬂghﬁg @kl solution
C2 C6 straight or branched chain al kenyl, and C3-C8
preyeresnlsriA for seglaing tharsmotic ags e eansi{pPuiferse Ay addétiape they may

algdjcgpeféeg{l] g}eﬂréllfzﬁﬁ% ﬁ p@gg@?@%‘% s?an%];esd le chg%ggﬁg?ﬁtshmltaftlon the

hydr ogen, C -C6 straight or branched chai n aIkyI

C2-C6 straight or branched chain al kenyl, and c3-C8
cycl oal kyl ; or (c) a hﬁ erocyclyl having between 1
and 7 heteroatons independently selected fromO, N, or
S; and havi ng between 0 and 4 substituents

i ndependently selected fromthe group consisting of
hal o, hal oal kyl, hydroxyl, nitro, trifluoronethyl,
trlfluoroethyl C -C6 straight or branched chain

NN NS _L.._:_.l_L o I T 1 I L I I D | ~A P~



substituents is independently substituted with between
O and 4 further substituents, and each said further

W@ awsvi2eent i s i ndependently sel ected from hab@r/USI008D878606
strai ght or branched chain al kyl, C2-C6 straight or
branched chain al kenyl, C3-C8 cycl oal kyl, Cl1-C6
al koxy, trifluoronethyl, trifluoroethyl, and am no;

spzﬁ%ﬁicﬁ?ra%rﬁiPr&%ﬂﬁc“a%ﬁp%maﬂaﬁe"” DR R S ording

to@oRkht ioh# Ak Rlg! raﬁ@ﬁﬁn@'ﬂ?‘égmﬁﬁ%&h@@s‘? Bnd ¢diaiRhb&ABNL to 75% by
het erocycl e og ormula’(1) is independently 5-7 atons

weights prederably @a @] IS0 e b wdighi of she geaingdad ohiie invgotion.
three nitrogen atons in at |east one ring of the
hé@@05Ey cl €o bf cHoctimaltbergpdutic§liOdslcehiral reovoms system targets, the

coRSUPHTTAS Pirs B TSy PP BT eicr when
pehpﬂetlaﬁy el aHiQERd I Osia e hich @RhQGRErdié AN odNrafWhrrier can
[00118] I n sone enbodi nents, the heterocyclyl of

bel?@ffqmvdy (ddl)mm@ergélbwn e@trervmtmcuher@nmtrptb@w@pmln@ dgtivery
eri.dj erazin rlda2|nyl di hydr opyri dyl ,
SRR BRI s B 507 o o gt

dl&ﬁﬁrﬁ %L ‘]grl]l I%'IFCS%AW r ah I}dl{sg% ‘dﬁ§ﬁle a¥:t1ve ingredient to achieve a

th&%&ﬁm&fe@wn%@wﬁh tﬁé/ﬁz[rﬁln!ﬂgﬂ c!'b‘hllpouhm tfaZQtd 6f Mhhinistration, the
pyrazolidinyl, pyrrolyl, dihydropyrol yI, i m dazol yl ,

m@{mhylbumemtr@atmt, an@yhea);a@nmlar d@ﬁoh@ﬁm 100 gycza;g (bpylg treated. A suitable

SPEERRGH o, oyl SRR P intskgnot Al PRG TR aecepabe

saltiB@edfor a diaiyel] Quifsriy fre@0o1 ke lyWiohyEePgBmMNeNy ¥ condition as
t et rahydr oqui nol yl dlhydro is o quino lyl,

and t
deseribgdygraantiedors igyi th@rqngp 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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[00119] I n anot her enbodi nent, the present invention
provi des a conpound sel ected fromthe group consisting
W®£009/046205 PCT/US2008/078606

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.

34



WD 2009/ 046205PCT/ US2008/ 078606 CI 6061 WO
2009/ 046205PCT/ US2008/ 078606 [ 00120]1 n sone

weniddiarent s the i nvention provides the conpourdI/uki0$078606
is or a pharmaceutically acceptable salt thereof.

[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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[00121] I n sone enbodi nents the invention provides the
conpound which is or a pharnmaceutically acceptable
wa2000/04d2e5 eof . [ 00122] I n sone enbodi nents the PCEELD8/078606
i nvention provides a nethod of chenbsensitizing cancer
cells in a mammal in need of chenotherapy, conprising
adninistering to said mamal a conpound of Formula (1)

(Giaant sepranirasbin DBt s aor AR TRk akenyary,

«Buﬂﬁﬂ@bhmyggﬁ@g@ﬁbodlnents said admnistration is

adm ni strati on of gharnaceutlcal conposi tion

heé@npsmﬂsdi rhgtelmwdyk(@ ghaighiner taanshed ekede @Kiybamd;ﬁleterocyclyl(Cz -Ce
%(te ! rangl{ %ﬁlrfnea e m‘épho er]c %?@r' g%%%c }rl hag%etween 1 and 7

I'zatl on

heaéiﬁhtﬂms ﬁlﬁfepéhﬁlehﬂy sabdedraoned, 9, et and hacepesich of R§end R® are
some enbodi nents, said chenosensitizin compound

mé‘?ﬁﬁn@%ﬂﬂdf slesteditnan HiseiovRcongis e af by dipRenniCytereigight or branched

o 5aRY Gt AT IBERIS in Bt CosGrgetoation

enbodi ments the present invention provides a nethod of

chenosensi tizi ng cancer cells in na | in need of
anér?en%@ﬂ%?t%\% gﬁﬁmugwﬁgm%{a% %Cst@r%tﬁg@@ g bineherhmaialkyl Co
C?st%p@%ﬁﬁ%k‘?&n;@l?e‘d%ﬁﬁ%ﬂﬁén?WQ he, c,%f%‘dfky @;(26?4&6}8' ef-c; alkenyloxy,

Ph@h&]r neowouyi brakylymd\ﬁépﬁ a@lleCfssital@lt phbragofed chgin alkyl) NR*RY (C,-

escr [ beg]iaﬂg%egl : Hggtef@ gg%l ?tgfsjPﬁaﬂﬁagf‘g ga%yl)scarbonyl

(cchp dafphht 8t ‘bx@ﬂclféﬁ cBaiR Qﬁ(eﬁ?l‘}&%dr@@' (C@-@IQ?&b&H{?Dcarbonyl (C1-Cs
conpri sing said conmpound and a pharnaceutlca

stepéghe pt bl@n@he@l@ham@dkylmy%h@lyér@o&mﬁmght onhténched chain
tization nethod further conprises
aﬁ%h% gkpﬁé to said mammal a chenotherapeutic agent.

(s ngS@HBalﬁﬁfbéibicﬁﬂi@hﬁL arylatbod B FDISA1YS a&ylzmlftglyc Ozifpmgndi6 straight or
and sai d chenot herapeutic agent are admnis

bré%fél@ﬁtch%m ik y; ﬁﬁﬂ(@a&éuéxgyt 01[15911024? Fhrig éH‘@n}’D aryl(Cs -Cs

t r e
RTARIRAe, iy S STREARLARRULE GOENL £ i orbranche i
alkonydastl (0g-@fcytleniyDhryhiacd, adri anycin, canptothecin
R OR08) B TOCT LB o FAE O QT P ek DsIb g neterocyelyl(C-Co
stfa'fgh@ bf 6raBPhcARMAR alldAl BT WRHKINEa8n hétkiJROEISLRR between 1 and 7

paclitaxel, topotecah, a taxoid, dactinonycin,
hedj@rnatpubumepf;nd@htlyjeﬁﬁgl@rbf(omlm,l Ni qroEe@n@/Wdlmnu@cmorﬁ R*and RY are

mg%%g%‘é'nsﬁle%%f@%ﬂﬁﬁ egro mi 0 f}]égn 8%%@%& C6 séralght or branched

ctﬁh@tu(ﬂum c;g@fr@igmadrlt@&hcﬁ@m{a%am&m Jﬂd>@3%§§ycldhﬂ{ﬁ0f
In some enbodi nents, the chenntherapeutlc agent i s

wherpin Ao | andi @r@mdgpeglgpmﬂ}t fwbptatgfed with between 0 and 4

substituents, each independently selected from halo, C;-Cs straight or branched chain
alkyl, C,-Cs straight or branched chain alkenyl, C;-C¢ alkoxy, trifluoromethyl,
trifluoroethyl , and amino; and provided that R' and R? may not both be methyl, and R’
may not be (phenyl)prop-1-yl when R' is hydrogen; or
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[00125] I n sone enbodi nents, the present invention

provi des knet hod of radi osensitizing cancer cells in a
woreaoaese2dh need of radi ati on therapy conpri si nRCT/US2008/078606

adm nistering to said mamual a conmpound of Fornula (1)

as described herein, or a pharmaceutically acceptable

salt thereof. In sone enbodi nents, said mammal is a

Tt PR PR T Bl ST A0 by st
ﬁ&@ﬁﬂ!1%hFGoﬁﬁ#ﬁg%@ﬁH@U@ﬂC@ﬁmoﬁyQhﬁﬁ&%ﬁﬁﬂkﬂQﬁhthmhw,C1C6
acceptabl e carrrer [00 126] I n sone enbodi’'ments, th

Stm@é enbranehedvhpipralipr. ovi-Gesiraighior Rackd chain alkenyl, C:-Cs
cyrc ik?a/? %\El%(tl%]jh élﬁg%ﬁ@g%n%rstr%leg&]lggrﬂ) né ega g;g? r%ky{%&l%ﬁ% f{D(Cz Cs

stAihret bancaRAkNG ISRk HClREerash bhR gidRD icangicatémy selected
of conpounds 7-28, 30-46, 50-66, 69, 72, 74-76, and
fro/abgiean cprsating oA Bydipeeb| G -Sattaghtios begehedgghain alkyl, Co-Cs

st&?@? b ’81%9 AL aule‘ﬁ 3{?@ Ce@%Qélg?g&g ané @nh MRPIBLn bic

I'nsone nent mnistration is
subdnuansﬁGﬂmeﬁﬁnﬁNR&Rﬁhﬁbhﬁaﬁmmnaﬁéf&%mmmﬁﬁtﬁummpmuknﬂysdeaed

conprising said c und and _a ph eutj ca
frafR Al RHD CORSA e of 1Y Y{rogan 7 1o & SR hf‘élfﬁhém qlkg, C2-Co
yhﬂﬁﬁ@%b&BdRﬁQ%hQ%ﬁ«%ypﬁﬁéﬁ?@%% Mﬁﬂk cgpposi tion
conprising a conmpound of Forrmulfa (I) as descri bed

herein, or a pharmaceutically acceptable salt thereof,

O R SRl R0 S AB A BB R rom .

NCAWah8 BoviAg GERFRA Dahapaubit fudgenticRadERFGEIRR from the group
erein. [00128]In sone enbodi nents, the invention

coppisingleihado, mq&aﬁfa{éé}yﬂtml n@mrpr@&mqrpmﬂth;yb@pﬂwpﬁgyl C;-Cg straight
oSO ShSE LS AL IFBIAR SORSIHIOE &L oy, crc,

al P3RS Phbnly G @hbmx@cmmb!yeuﬁmbttﬁlobmbﬁﬂf cyaas imino, NR"R"(C;-
descri bed herein. odi ment s,

Cotieisha ok branehad Céléwélssfl} N Rr%zrﬁ@w%wﬁr praghegl chain alkenyl)
g s T T
(GHempaeyhs ot branghgd chain alkenyl)carbonyl, (C;-Cg straight or branched chain
alkyl)oxycarbonyl, (C,-Cg straight or branched chain alkenyl)oxycarbonyl, arylcarbonyl,
sulfonyl, arylsulfonyl, aryl(C;-Cs straight or branched chain alkyl), aryl(C,-Cg straight or
branched chain alkenyl), aryl(Cs-Cs cycloalkyl), (C;-Cs straight or branched chain
alkyl)aryl, (C,-Cs straight or branched chain alkenyl)aryl, (Cs;-Cs cycloalkyl)aryl, aryl,
heterocyclyl, heterocyclyl(C;-Cs straight or branched chain alkyl), and heterocyclyl(C,-Cs
straight or branched chain alkenyl), wherein each heterocyclyl has between 1 and 7
heteroatoms independently selected from O, N, or S, wherein each of R" and R" is
independently selected from the group consisting of hydrogen, C;-Cg straight or branched
chain alkyl, C,-Cg straight or branched chain alkenyl, and C;-Cs cycloalkyl; and when more
than one substituent is of the form NR"R" each occurrence of R* and R" is independently

selected from the group consisting of hydrogen, C;-Cs straight or branched chain alkyl, C,-
Cs straight or branched chain alkenyl, and Cs-Cs cycloalkyl; wherein each of said 0-4
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and/ or radi osensitizing nmethods of the invention are
sel ected fromthe group consisting of ACTH produci ng

wa eovogs205cut e | ynphocytic | eukemia, acute PCT/US2008/078606
nonl ynphocytic | eukem a, cancer of the adrenal cortex,
bl adder cancer, brain cancer, breast cancer, cervical
cancer, chronic |ynphocytic | eukem a, chronic

T R AT

ca@RRFE furt KMs Mgkt iBychak GRIBendatll DcrAdRIfr R ﬁﬁl@ re- t@ki¥ight or

cel | leukenmia, head and neck’ cancer, Hodgkin's
bramhpﬁ@hen alea{b&sarCesst@eﬁlxt @ﬁbrankhedrveyln@élfwe CstGswaeloalkyl, Ci-Ce
anc [ and/ or non;: el
alkkaxy. ?rh%ur(]) om ?/]?grh eué)lr(geﬁgqu%ndoaﬁnmo Provhdae Eﬁpl eﬁe}s aa]t le'ast one

sueﬁtﬁtueit Q¥hen rreisauﬁmlpeﬁaﬁ@t, heby@@mlnﬂwrtah N -gomptRlliaiBgroup.
neur obl ast ona, non- Hodgki n's | ynphonma, osteosarcons,

OY@U118] CaNf®me AN HméQS EzEBhCrﬁig{ Jf AE&ErocIOSE Pdréhula (1) is
cancer, pancreatic cancer, penile cancer,

mﬁemed%bbd%?eﬁmmleﬁpn cancer, soft-tissue sarcomm
squanous cel |l carci nonas, st omach cancer, testicular
Cé[l@[lidﬁ] t h§ome dmbaahimms ihcloqlﬂmlll'd, as¢ brthneeopiragmsitoms in at least
ut eri ncer nal cer, cancer of the vulva

O eW ﬂPﬁ @ ti:rg%qle 3 Orgl}‘llnaeagnbodi ments, t he cancer

cells treated by the chenpbsensitizing and

r d01ddbnsi I somreRadiends.ghe heteroyshelffi F@ﬁmaka@) seinpgesd-3 rings.
In s()gig' tnh:)gd P él?eoﬁan Cé%eérr%}ycg}gth?%: ll,l b/ral?e'tégg%tgglg %{deegaﬁﬁegﬂQ W8ected from
Oclnaelr§. breast cancer, non small cell |ung cancer, and

rectal cancer. WD 2009/ 046205PCT/ US2008/ 078606

[ Pa038] | N BoswEncesThiudiinienmt, She héieroicyolyalrﬁﬂmﬁnprac(v)i idededed from the

nmet hod_ of treating a manmal havi ng a can
ZTOHR FRRSisERE Qéalpﬁlydlﬁﬁlv Pli’ﬁraélfﬁ’éfpéfélfia4lﬁylt %Y@lf@mﬂlfb@otseahydropyrldyl

oS ST A V0L 2 i,

d1h3ndrppjaraﬂnplt tdﬁrahyd:bplyr@i1)1ylapy1dcel&hmylbﬁddmmeln|yl porazalidinyl, pyrrolyl,

rmaceuyt.i II acceptahle salt t eof. In so
BHBoR B e salih SRR Cos, R (A dGRRTeOBT zcpanyl,
[lﬁﬁﬁ%pﬁﬁ‘ﬂt Bl:, 3]%1&&%&91“[?4?%2@5&181‘[‘ ihdo1d H]h@ﬂl%ﬁr{&tlyloﬁoﬁ&olyl
ar neceut i cal osition conprising Said conpound
dlhyﬂioeomldakynéﬂmdnoqwblyy teteahwdtaaiuine Id adihydoisoquinglyhend
‘ q?g{ i.ments, the cancer cells have a phenotype
eg%5'HP&§WW%ﬂ1the group consisting of i) a BRCA-1

RCA- efect, iii BRCA-1 and BRCA-2
dé@é?l ii]%l\?}%‘eﬁﬁﬂ’g’iagﬂf"eﬁhé?ﬁ Hesgnhl%%onems PhieFggpound
“&Q%dqﬁgﬁgkgﬁg&g§n@ggn§gfected from breast cancer or
ovari an cancer 00131] I n sonme enbodi nents, the
i nvention prOV|des a nethod of treating a manmal
havi ng a cancer characterized by having a defect in
t he honol ogous reconbi nati on (HR) pat hway of
doubl e-stranded DNA repair, conprising adm nistering
to said mamal a conpound sel ected fromthe group
consi sting of conpounds 7-28, 30-46, 50-66, 69, 72,
74-76, and pharmaceutically acceptable salts thereof,
as described herein. In some enbodi nents, said manmal
is a human. |In sonme enbodi nents, said adm nistration
is adm ni stration of a pharnaceutical conposition
conprising said conpound and a pharmaceutically
acceptable carrier. In sone enbodi nents, the cancer
cells have a phenotype selected fromthe group
consisting of i) a BRCA-1 defect, ii) a BRCA-2 defect,
iii) a BRCA-1 and BRCA-2 gefect and iv) Fancon
anem a. In sone enbodineﬁ the cancer cells are
sel ected from breast cancer or ovarian cancer. WO
2009/ 046205PCT/ US2008/ 078606 Synt hetic Procedures for
the Di scl osed Conpounds Schene 1 6



Procedure A: Preparation of 3-nitro-phthalic acid
di met hyl ester, 2 [00132]To a stirred sol ution of
Wa200P0460203 sobenzof uran- 1, 3-di one (150 g, 0.78 Pai/ys$2008/078606
in 2 L of MeOH was added 50 nL of concentrated
sul furic acid. The reaction was heated to reflux for
16 hours. The m xture solution was cooled to room
ytenperature and then poured into 3 L of ice water and
O Nresulted in a hes ite precipitate. This was
tNiturated for nut es and t he C|p|tated was

il tered Qf f cand tlhe $olid wa . W th water
t hohBugpl y Yand dg7 & toN@ffE/ﬁ\ 20 of
r hal i c Xv/ister 2, as a wite

Yl i d (65 9% . 1H NVR 0800 VHZ Dwsc>d6) 8.54 (d, J=
7.25 Hz, 1H), 8.42 (d, J= 7. 82 Hz, 7.98 (t, J=
8720 Hz, 1H), 3.99 (s, 8H), 3.98 (s SFD 13C NWR :

52. 03, 52. 29, 111.02, 115.67, 119.08, '131.80, 133.68,
H148.80, 167.64, 168.63. Hrocedure B: Preparation of
3yam no-pht hal i ¢ aci g hyl ester, 3 WO

2Ip09/ 046205PCT/ US2008/ p786p6 [00133]The conpound 2

208HQ, 1. sdrxetimaed in 2 L of MeOH.

Catal ytyc 10% Qs alded| anq)the sol ution was

Mdr 0genat’ed un 257 10Si rr hydrogenation
apparatus at roomtenperature over t. Filtered
through celite and evaporatggd to gi V& a quantitative
yi el d”of 3-am no-phthalic acid dinethyt ester, 3.1H
HNVR (300 MHz, DVMBO-d6): ¥.26 (t, J= 7.33 Hz, 1H), 6.94

N@g J=8.34 : R (d. J= C
L, T
™

N

11

N Cl
| Cl
NH H
Z N
NJ\/
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8.33 Hz, 1H), 6.12 (s, 2H), 3.77 (s, 3H), 3.76 (s,
3H). 13C NV\R 51.51, 51.77, 110.50, 115.16, 118. 56,
WA D9A&205133. 16, 148.28, 167.12, 168. 11. Pr oceRF/ES1008/078606
Preparation of
2- chl or onet hy1- 4- oxo- 3, 4- di hydr o- qui nazol i ne- 5- car boxy
lic acid nethyl ester, 4: [00134] 100 niL of
chl oroacetonitrile was set stirring in 130 nL of 1,4
pdi oxane at room penpgrature. Dry HCL gas was bubbl ed
Nt hrough the sol uti™yn r thirty nminutes followed by
tNe additi 3-am no-1, 2-phthalic acid
t hyl factd on was refl uxed for
app}dxi t hkeesRouz syt pe i pCla heavy white
& iINate. The suspéﬁsion was c@ ¢l wth an ice
b t filtered and washed g%th pe S #o renove any
reS|auaI solvents. 30 g (83% of an analytically pure
pwhite solid, 4, was isolatgd. 1H NVR (300 MHz,
NDNSC>d6) 7.88 (t, J=@ 1H), 7.79 (d, J= 7.08
: 1FD 7.52 (d, J=17.3P 1FD, 4.60 (s, 2H), 3.84
3H); 13C NVR 42.2 . 119. 95, 127.77,
130\86,H 135. 71, 136. 78 155. 70, 162. 49,

G

7 N Gerre PL6Eed : Prepiinati of conpounds,
N [00135] D g ement of the chl or up of conpound
4 witlB nucl eoplges such as afi ne ustRg Genera

procedure D provides the conpounds 5. To a sol ution of
agn ne. The reactio
br| e and dried over sgﬁlun1sulfate The soIv%nts are
Nacetate/he @Iuent to give the peaducts 5 in 50
exa S given j~A @ gparation
N

Ht he chl oro conpound H in dry DMF or MeCH is added
Npﬁ:a33|un1carbon
Ed\qfoke OnNi e ﬁre hi e
to e act i on reflégf |]=i te
Iayer S '
rembved in vacuum The Tesidue is purified bf col um
chronatograph silicg gel using ethyl
)

-N95 @6y|d ;zég

NH f\’/) NH (i:;)

24 25

F,C
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WO 2009/ 046205PCT/ US2008/ 078606 General Procedure E
Preparati on of conpounds, 6: [00136] A
WQ@2®9Md29ir o- 1, 2, 7, 9-t et raaza- phenal en- 3- one rPEHUSANS/078606
be formed by condensation of the conmpounds 6 with
hydrazine. To a solution of the conpounds 6 in
absol ute ethanol is added excess anhydrous hydrazine
at roomtenperature. The solution is refluxed for
o. _Noverni ght and coolgd tg roomtenperature. |ce-cold
WMt er i s added and '[\'eNsoI idis sli 'i' Ed. The solid
ol

[ coIIected by vacugm fliltration a shed with
mat P and snall anmypadNRyof mmth noiN ve white solid
oy/ELg’ An exanpl e was given in

ghpoNnd anple 1 Preparation

cird_ 6 AQ - g

t'He preparatif C
of

8- (4- hydroxy pi petridin-1- ylnethyl) 2,9-di hydro-1,2,7,9
H-tetraaza- phenal en-3-oney 7. [00137] Fol | owi ng t he
Neﬁneral Procedure D: oA sfl ution of MRCN (25 ml), 4-

.droxyplperldlne (0. 49 ngN 4.5 mol (1.0 g, 39
'”; and pot assi um carbohat e ( N 7 nmol ) was set
UXI g under nitrd and\&tifredYoverni ght.
'S N~ was VA )! yness and
extractgd Mﬁt chl oronmet hane. Purified wth a silica
col um “Usi ng 9 dFchl or onet¥ane/ MeOH tq afford 1.05 g

(84@6 of an off-white solid, 2-(4-
0 Hydroxy pi peri di n- b yl thyI) 4- oxo- 3, 4- di hydr o- qui naz
oNlne -carboxylic ‘Fethyl ester .

NH
/)\/N
N

35 36 ,
° 0&9
N @ ("
AN AN
) 38 )
H H
o) N\IN = P O N\P
NH N NH r/“‘N’A\I:::]
N’)\/O N/)\/N\)
39 40
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[00138] Fol l owi ng the Ceneral Procedure E: To a
sol ution of conpound 7a (1.0 g, 3 1 mml) in EtOH (20
workgomseos r ef | uxi ng was added hydrazi ne nonohyRREU£2008078606
m., | arge excess) and heated overni ght. Reaction was
cooled to RT and H20 (15 nlL) was added resulting in a
heavy white precipitate. Filtered and washed with 1:1
yEtOH/ H20 to afford 0.6 g (64% of an analytically pure
Oo. _NWhite solid, 168-171 C;, M5 (ES+): 300; 1H NMR

(8OO Mz, Cp3ODY"TN46-1.55 (m M, 1.71-1.75 (m 2H)
la5- 2. 70-2. 75 (mMl2HH—3. 16-3.18 (m 1H)
3. 28H(sf 2 BIH( . 33 (m 1H)

B8 7164 . 15HL7NG02. 1. 7
Ho: € B56.45; ¥ 6NO6: N, 71.94; Found: C, 56.10; H,

6.Q0;, N, 22.25. WD 2009/,046205PCT/ US2008/ 078606

[ 00139] The conpound 7 can be formulated with an acid.

HFor exanple: to a solutjon of 7 (0.6 g, 2.0 nmmol) in
O0x~-N1Q nL of 1,4 dioxarg/ (9:1) at 90C was added MsOH

(f-14 nm, 2.1 mmol)
Gupitate. Filtered anfl triturated in diethyl ether

to fde'dOSg(6 solid, mesylate
fkeff @ 3 1.55-1.58 (m
1.78-1. (s, 3H); 3.15-3.50 (m
4H) 313%3- 3. 65 1H) 40444(3 2H), 7.24 (d, J= 8.5
Hz, 1H), 7.51-7.66 (m 2H), 11.73 (s, [ 00140] Anal .
Cal cd. for CL15H17N502. 1CH3SO3H. 2H20: .
H5 84; N, 16.23, S, 7.43; Hound: C, 4
1ﬁ 27, 'S, 7. @fH,[ 001404 ThN, foIIovvl ng % r&ounds wer e
siynt hesi zed fromg ﬂe Si 'Iq procedur S “of preparation
I

T npn’p QT i Ncor r espondi ng
46

’ o \l—\\.
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Preparation of
8- (4- phenyl - pi perazi n-1-yl net hyl ) -2, 9-di hydro-1, 2, 7, 9-
waQ 28265 phenal en- 3-one, 8. [00142] Synt hesi zeRCTUES2008/078606
1- phenyl pi perazi ne for General Procedure D. 52 %
overall yield for last two steps. M5 (ES+): 361; 1H
NVR (300 MHz, DMSO-d6): 2.65-2.68 (m 4H), 3.19-3.22
(m 4H) 3.39 (s, 2H); 6.78 (t, J= 7.2 Hz, 1H); 6.95
y(d, J=8.0 Hz, 2H), 7.19 (p J= 7. .

o _N(M 1H) 7.62-7 B, 0l=_#.2 He, :
11. 28 br, I} 1.78 :
alcd N6OL 6

thun@ C, 60. Hosﬁﬁ 21

8N enzyl plper|d|n 1- ylnethyl) 2 9-di hydro-1, 2,7, 9-
tetr a8z a- phenal en- 3- one, 9. [OOléﬁ]SyntheS|zed usi-ng
1- benzyl pi perazine for General Procedure D. 0 %

overall yield for last two steps. M5 (ES-): 1H
NMR (300 MHz, DMBO-d6): 1.22 - 1.50 (m 5 2. 45
-2.55 (m 4H), 2.85 ¢(d, 2H), 3.28 (s, 2H) 14-7.19
H(m 3H), 7.25-7.30 (g 2H), #.50 (d, J= , 1H),
0 Nz 62 (d, J= 7, , O M J= 7. 1H), 11.25

. br, 1H),‘,?1 1H)| Agal. Cal cd. Stor

EE 4 70.76; H @ Found: C,
70. s(’m(leS N, 18.63 parati of

thyl-2, 9-di hy > aaza- phenal en-
3 oneg 10. [00144]Synthe5|zed u3| phenol for Cenera
Proceéure D. 60 %overall yield fgg Iast two steps. M5

(ES+): 293; 1H NBR (300 MHz, DVSO-d6): 4.90 (s, br,

3H), 7.00 (t, WO 2009/046205PCT/%§?§£§{078606
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6.6 Hz, 1H), 7.08 (d, J= 8.2 Hz, 2H), 7.34 (t, J=
7 Hz, 2H), 7.45 (d, J= 7.7 Hz, 1H), 7.65 (d, J= 7.7
WOH2009048295 7. 76 (t, J= 7.2 Hz, 1H), 11.20 (s, brPCT/L$HN8/078606
11.80 (s, 1H). Anal. Calcd. for Cl6H12N402. 0.75 H20
0.25 N2H4 : C, 61.24; H, 4.66; N, 20.08; Found: C,
61.06; H 4.27; N, 20.13; Preparation of
8-[4-(4-fluoro-phenyl)- 3, 6-di hydro- 2H pyri di n-1-yl met h
yl]-2 9-dih droedH2 7 9- tetraaza-phenal 8- 3-one, 11.
[00145]Synth7. \ed usi ng
4- (4- quoro) 1, 2, 3,6-tetrahydrop
thdrochl origle=EaAr GCeneralH Procedure g% over al |
yihel d for | &8t 6o; 1H NVR (400
, DVMBQ.Q6):  2.51 - br, HP=02.77 (t, J=
. NIHiZ 2H)\ 3.24 (s, 3146‘%, 2H), 6.16 (m
1| \a-j J= 8.8 H7.6\1’)752(m 3H) ,
d 7.8 Hz, 1 @\QN 7.8 Hz, 1H),
11 (s br, 1H), 11.79 (s, . A nmesylate salt of
11 S prepared. 1H-NWVR (400 , DVMBO-d6): 2.34 (s,
3H), 2.84 (bs, 2H), 3.66 (m 2H), 4.11 ( H, 4.36
(s, 2H), 6.21 (m 1H), 7.25 (t, J= 8.8 , 7.43
(d, J= 7.4 Hz, 1k}, 7.56-7.59 (m 2H), 7\£2/(d, J= 7.4
Hz, 1H), 7.8 : 3= 7.5 Hz, 1H), 11.25 br, 1H)
11.76 (s, 1 al. Calcd. for C21H
HCH3SOH. 0. C, 55.62; H 4. 75,O
O~ NFQund: C, /65; H, AN N, 14.73;
eparatlonréT |

,é}H(4échl Ero pheny LrNaipe gf\ met hyl ] - 2, 9- di hyd
ro traazap | en one

OL&?] esized u '(J?we phenyl) pi per azi ne
for 4Gener al Procedure D. 23 0/ SOVer all yield for |ast
twd steps. A nesylate salt o 12 was prepared. N5
(ES+): 396; 1H NWR (400 MHz, DMSO-d6): 2.33 (s, 3H),
H4. 31 (s @ Hz, 2H), 7.31 (d, J= 9.3
N ™), 7.72 (d, J= 8.5 Hz,
ln1. 23 (s, br, 1H), 11.90
1. 1.0 CH3SOH: C,
ung: |C 51.27; H,

8.
7

~

N epz;hL at ™Mn
8-(4-@3!1eny1 3, 6- di hydro 2H- pyri djon- 1- gl methyl ) -2, 9-di h
ydro-1, 2,7, 9-t et raazaphenal en- 3-one, 13.

H H
O N. Os _N_ 0 .
N N N
| | |
NH NH NH
y N Z N Z N
0 4+ 0 50
72 7
H
O N.
N

76 0 , and pharmaceutically acceptable salts thereof.
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[ 00147] Synt hesi zed usi ng

4- phenyl -1, 2, 3, 6-tetrahydro-pyridi ne for General
woemeedunrr: D. 80 %overall yield for |ast two BECEPS200858606

(ES+): 358; 1H NWR (400 MHz, DMSO-d6): 2.56 (m 2H),

2.78 (t, J= 5.5 Hz, 2H), 3.25 (d, J= 2.6 Hz, 2H), 3.47

(s, 2H), WD 2009/ 046205PCT/ US2008/ 078606 6.19 (s,

1H, 7.23 - 7.27 (m 1H), 7.24 (t, J= 7.6 Hz, 2H),

7.45(d, J—71Hz, 2H) 7.51 (d, J—89Hz 1H), 7.62

(d, J= g = 8.0 Hz ,112(3

brl(?Olfps , 1@ SPEIY egnboriﬂrentﬁ\ heeayqngion pw@e%lﬁe qogRgyad which is

prepared. 1H NVR (400 WVHz, DMSO-d6): 2.34 (s, 3H),

2.84-2.88 (m 2H), 3. 6§ 3.69 (m 2H), 4.13 (s, 2H),

4.37 (s, 2H), 6. 219

7.53 (d. J= 8.6 Hz, 2H),07.72 (d. . Mz, 1H), 7.82
(t, J= 8.1 Hz, 1H), g, H>11.93 (s, 1H)
Anal . Cal cd. for N5QLl. ONCHIISOH. 0.4 H20: C,

57.35; H, 5.21; N, 15 20N S6.96; Found: C, 57.30; H,
5.16; N, 15.29; S, 7. 10 Prqgaratl on of
8-[ (3, 4-di chl or o- benzyl am no) - net hy1] - 2, 9-di hydro- 1, 2,

14. 00148] Synt h d
sﬁla}rﬁ%&ﬁﬁéﬁa@%%ﬁ{)en%@t tggnﬁﬁg for GEaner al ! P?/gcegﬁlréeD.

10 % overall yield for last two steps. A nesylate salt
of 14 was prepared. M5 (ES+): 375; 1H NWR (300 MHz,

?@2?]3 El 35 (q%bod%ntgtﬁ%gg e—ptlggH%qﬁldefig éo;mlégme} vsé]gch is

(m 4H), 11 31(s br, , 11.91 (s, 1H).
Preparation of 8- {[Z 1 FI uor o- phenyl ) - et hyl am no
-methyl }-2 9-di h dro-3 "N 9-t et raazaphenal en- 3- one,
15. [00149] Synt hesi zed ugling 3-fl yorophenet hyl am ne
for General Procedur 12'Nib oVEeT § ield for | ast
two steps. A nesyl até { WAS prepared. M
(ES+): 338; 1H NWR (300 MY, Od6) 2.34 (s, 3H),
3.02-3.08 (m 2H), 3.34-3.387(m 2H), 4,14 (s, 2H,
7.08-7.18 (m 3H), 7.37-7.44 (m 2H), 7.71 (d, J= 7.8
ortizphatticeutic 38 dcteptabte dalBthbleof 1H), 11.92 11.35 (s, br,

1H), (s, 1H).

[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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Preparation of

8-[(3-trifluoronethyl-benzylam no)-nethyl -2 9-dih
wQlzw946295% 9-t etraazaphenal en- 3-one, 16. PCT/US2008/078606

[ 00150] Synt hesi zed using 3-(trifluoronmethyGoenzyl am ne

for General Procedure D. 14 %overall yield for |ast

two steps. A nesylate salt of 16 was prepar ed. NB

374; 1H N 0
( IF@H)Z?]E, Zpb SO o%l,;.menltﬁlﬁhe pyessgt &egt}j}n pyoygdégza mgﬁbﬁ)d of
ch%nfé@enslt&ﬂ%@aﬁﬁér o'élTB in a/m@%n{a$ in ﬂelé')iaof slerdRhérSpy, béomﬂrﬁ)ng
1 (s, . Anal. Calcd. for Cl9H18F3N50.

ad@mlsstgqng tQ sar@ marrmﬁalzmosmound sefecteqt froyn thergraup cglsw@mg ®f

S8 528 el 580 8 o B on i ienacs gty aptfPrabie salts

thEROf 5§h&ﬁﬂb&tﬁ§drélﬁdlm§)h&gﬂﬂboﬂhfﬁ@{ts delengthiyl i€ Aguk@haln some
for General Procedure D. 10% overal I KI el d for | ast
crpbgsligeripsaidgniipsirytionsy gdministigrn 08 0hargaccigalaag)osition

RN S REATATE SENTR N

endbollithiznts, 1t h) che?no%énﬁtﬁzatidﬁ Ir%ﬂ&)dl-fnrthérl-d)ompiiles?a?dnﬁiﬁi,stebng to said
1H), 11.76 g I—!) r%@ for C17H1 N503 0.2

mapgial g-chageptherapqyt cgg%n;t Ianorr@d: dipeiih gaide! e@gsee?élﬂzmg

co'i’mﬁ)@tnd Mg & @ﬁhm&ﬁ&’@ﬁéﬁ@k'a@&t%e &iministered ess%ntae_llly anréulhanﬁously

4-di chl or o- phenyl) et hyl am no - net

Y S ——

seie@fed@?e pa¢atd fPomakdgioap Ronslstingood vem@olonyide) adlrlhmycilna&tmptothecin,
ca(@lé)tmeg]gglatui rIHSS Yl aEe S %Q;;_qiggeb]@%@\,\%%)c?r{ gntgrréeerf)g a’\;/)fh,a‘) interferon-
be%a,%el(ﬂémn%'anﬁqag if@rleuktd 2, 1ﬁng{an(nt, gaciifax%l Jcoﬂd%ecaghbt’ax&id}‘l

(s, 2H), 7230 - 7.43 (m’ 2H), 7.61-7.75 (m 3H), /.79
dactifo18¥cif,ndandidpjcid, B, itoxwloxuupicitdeoxykibx0dub{an, blddmycin,
pilcamycin, mitomycin, neomycin, gentamycin, etoposide, 4-OH cyclophosphamide, a

platinum coordination complex, and mixtures thereof. In some embodiments, the

chemotherapeutic agent is temozolomide or a salt thereof.

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

composition comprising said compound and a pharmaceutically acceptable carrier.

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

thercof, as described herein. In some embodiments, said mammal is a human. In some
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Preparation of 8-

{[2-(3-trifluoronethyl-phenyl)-ethylamno -neth 1 -2
w@2@ph4ad0o-1 2 7 9- tetraaza-phenal en-3-one, 1BCT/US2008/078606

[ 00153] Synt hesi zed usi ng

2-(3-Trifluoronethyl -phenyl)-ethylamne for Genera

Procedure D. 39 %overall yield for last two steps. A

lﬁﬁy L ate Wd Of skt vvalg a@mgﬁstia@on§%15pfl%rr@§elttf(’:28ﬂ7(\‘f)m@sﬁlon
7.40 -
cdﬂ¥pr1smps;a1d3eo%boﬁ7m% Sﬂ%a ?Iégr?%ée%%ﬁbly %éloe ﬁ?feécgrr(?e’rfnb 1

][?(?1 7 S, ﬁ{sorﬂe"@mbojd:lmgl?ts (tBe 1&5&‘[10&5@91@5@& hﬁ’eﬁ‘m‘ageutlcal
8- (1-Aza-bicycl o[ 2. 2. 2] oct - 3-yl am no) -

coPapehis tiiod rcompri@ing a%tnpbmaxhablﬁﬂ'rmméd (éha@asmdqedmrem ora

NN R TS TR
somMe B RIRBent§ tﬁ@ﬁllydrﬁ‘lﬁé‘eu%@ﬁltcoﬁfpoglgoﬁ\@ﬁﬂf& 5 gﬁﬁs aMBemotherapeutic
(ES+): 325: 1H DVSO- d6) -2.03 (m

agyp) as des@thed hg®itm 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,
2IH)01238] 46 [rdsondbenibdslimdnty, the B8 entioh ptavides a phfirmadeuti8al-

Cé@%@?%ﬂéﬁﬁ@%ﬁg 6361%8?@?%@%%‘5%%??% cgpsisting of compounds 7-

28304cethb- ¢V, per Az -ahd %héﬂa@éﬁt)@aﬁ% Bedpayiraand iidrebs sldescribed

et raaza- phenal en- 3-one" 21 00155] Synt hesi zed usi ng
has¢ihylngiopereartiodandngs, tl@wi@rlaaceprlcﬁd edmpesifon 86thes enmaprases 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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yield for last two steps. A nesylate salt of 21 was
prepared. M5 (ES+): 313; 1H NMR (300 WMHz, DWVBSO d6):
WA2®9/046205 J= 7.4 Hz, 3H), 2.41 (s, 6H), 2.51 PCBUSZ08/078606
(m 10 H), 3.87 (s, 2H), 7.70 (d, J= 8.0Hz, 1H), 7.81
(d J=7.9 Hz, 1H), 7.91 (t, J= 8.1 Hz, 1H), 9.82 (s,
11 96 (s, 1H). 13C NWR (DVMSO-d6): 157.40, 155. 99,

11@)]%31 so D HesGGggbe MR Drg s o RRIRY gt o
mﬁﬁha%@@@@&ce?e@r%&@@h& h&wgg 'ﬁ'%i@ecﬁm tAOhS o lolgbus

5.43; N, 15.79; Found: C, .82; N 15.97.
replptgblaamq ((H&R)djathway of double- stranded DNA repalr comprlslng admlnlsterlng to

h net di h dr
LB KRR i OR sted sfifl Bl EbRadutolily
acaBitht PAIPBROE. N8 sb e eﬁi@B@lﬁ@Intngaa@ athuingal B 2 B9m%. an ek I

y| eld for last two steps. A rresyl ate salt of 22 was

crphasiiap s, sagRdnERsrationgs admpyisggRop 268 PRaacewisel gyposition

e g oppaind Sy Tyl cpfificaich Ty
erﬁbc&lnhlzms Jthd canEelﬁcYellé tavelaphenBtyz seldtfpd frémite @tqlup\bggiﬁst&g ofi)a
9,53 cJAH).,. 11.85 (s,  1H) . Anal. ca. .
BREA- EebataiiboBE A8 el BRCo- Fotd BRUAS Yaler, gl R Fancon
an'érd%a1 Inl\éom%%nﬁ%d1n§ent§3 tﬁe‘lcangé}lﬂaﬁs afersefreted Frontbreast 88nceNor ovarian

8; Preparation of
ca@@:e{m benzyl [1, 4] di azepan- 1-yl net hyl ) - 2, 9-di hydro-1, 2,
7,9-tetraaza- phenal en-3- one 23. [00157] Synt hesi zed
u$601311L- benzyomd dmdimaze phn érvbaionGaoeidad a Ricdoddifteatihg a

BB EAE) a r E 1B SRS i
reg&l}lblngt'l(yn (7Pﬁ{'2)1 doa{jﬂ?!}ay & d%%bl(erﬁ‘traﬂdl@d’ DﬁAGI%pe(nS ’cogqglsmg eﬁi%nnlstermg to
sa((t maﬂlma‘l?aSomdpouutH)e ec’rkd&ﬁbn(l the gic:uﬂc(ﬁlsisllzmg Qf—l)qmﬁolmﬁ{ﬂ(& 30-46,
scgho 52! 3y T and RpsFgccsBlea FE TGRS sl oy gSggbecgpercin. In
softd éh@oodiments, 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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[00158] An HC1 salt of 23 was prepared: to a solution
of 23 (0.5 g) in 20 nL of di oxane was bubbl ed HCl gas

WO 200988208 n. The sol ution was stirred at room PCT/US2008/078606

tenperature overnight. After filtration, the

preci pitate was washed with di oxane to afford 0.25g

(48 %9 of analytically pure off white solid, an HCl
23 1H 4 0): 2208 (m WO

S S PET AR B-OPEBYB2H), 3.36 (m 4H), 3.56
(m 4H) 4 04 (s 2H), 4.24 (s, 2H), 7.02 (d, 1H),
Schemezl 50 -" 7,35 (m 5H); 7.36 (d, 1H) 7.45(t, 1H); Anal.
Cal cd. for C22H24N60. 2.0 HCl. 1.15 H2O C, 54.81; H,
5002; N, 17. 4? Faundcodive 54. 81 H 5.92; Nyos- 36.

epar ation o
440 3- XGPS i h ogdie henal en- 8-yl
thyl)- [ 157 LI 4] di zepane ? cq\r/[m;yl i c dci d°?¥Y] - but yl
No, et er,  DBO [ 0015 Synt hesi zeg, ang NH,
[1, 4]d|52%%ﬂane 1-carboxylic aC| d -butyl ester for
1General Procedure D.2 30 %overall yield flor last two
steps. MP: 219 - 221 C, MS (ES-): 397; 1H NMR (400
MHz, CDCl13): 1.46 (s, 9H); ]Me%S 2H); 2.83 (m 4H);
3. 50M¢PR _AH); 3. 59 G&erakH) ; ' 1H), 7.72- 7.86
Procequng C3H) ,| 11§90 (s, lbfbcedllﬂd)D An | cd. for
OB N, 20.62;
HCl (g)Found: v MR&ei on of
Chloroa@et[)rﬂfrﬁe ) IuUr 0- enzyagr)uol %mfﬂ:sd' azepan 1-yl met hyl -2
9-dih dro-1 2 7 9-tetraazaphenal en-3-one, 25.
[ 00160] Syht hesi zed usi ng 5
1- (4-fluoro-benzyl) 41, 4] di azepane for General
H

General O N
Procedure E
EE—— NH
EtOH N/ NR(R,
NH,NH,

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

[00132] To a stirred solution of 4-nitro-isobenzofuran-1,3-dione (150 g, 0.78 mol),

1, in 2 L of MeOH was added 50 mL of concentrated sulfuric acid. The reaction was heated

to reflux for 16 hours. The mixture solution was cooled to room temperature and then

poured into 3 L of ice water and resulted in a heavy white precipitate. This was triturated

for 15 minutes and the precipitated was filtered off and the solid was washed with water

thoroughly and dried to afford 120 g of 3-nitro-phthalic acid dimethyl ester, 2, as a white
solid (65 %). "H NMR (300 MHz, DMSO-ds): 8.54 (d, J=7.25 Hz, 1H), 8.42 (d, J = 7.82
Hz, 1H), 7.98 (t, J= 8.20 Hz, 1H), 3.99 (s, 3H), 3.98 (s, 3H). ?C NMR : 52.03, 52.29,

111.02, 115.67,119.08, 131.80, 133.68, 148.80, 167.64, 168.63.

Procedure B: Preparation of 3-amino-phthalic acid dimethyl ester, 3
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Procedure D. 35 %overall yield for last two steps.

MP: 163 -165 C;, M5 (ES-): 405; 1H NWR (400 MHz,
wWEDY8)6205L. 87 (m 2H), 2.72 (m 4H), 2.88 (m BE/USBISE 8606

(s, 2H), 3.65 (s, 2H), 6.99 (t, J= 8.4 Hz, 2H), 7.30

(m 3H) 7.61 (s, br, 1H, 7.78 (m 1H); 7.93 (d, J=

7.3 Hz 1H), 10.82 (s, br, 1H). Anal. Calcd. for

C22H23N60. 1.5 H2O C, 60.96; H, 6.05; N, 19.39;

Found: C, 61.07; H 5.97; N, 19.59. [00161]A nesylate

salt of 25 was prepared. 1H NVR (400 MHz, D20Q)

( ,WOIQ% ’ 2T17®C((1§p0u:§1p|)2 (2@5 66! E)ﬁailol)z'quls dlgsoiypd(lpr@ sz_§ MeOH
, {
Copfhe AT AT e oed A Ay ol Ayihcd iy B (4 o on s
PatHhydrégrahtioiCappacatus @ro@a 2HRBFMNE . ovErBeIEZHBEBORHM. thfdugh celite and
ev%{ﬁ%%%i't&%iv%gll_alﬁlé)htit%iveg}?isl;.oo;fﬁ‘i’u&%b%ha@b a%i%léér%;eth% es(tsér,gg .; 'H NMR
(380@@@£61§M@@ 25 7.26 (t J- 733 Hz, 1H), 6.94 (d, J=8.34 Hz, 1H), 6.77 (d, J =
dlazgp - 9-d|hyéro- 2,7, 9-tetraaz

8. é3 Hﬁehlal) énl-2 o?&é),, 32’6’ (s [ﬂﬁlﬁiﬁﬁjﬁfﬂiesﬁiiﬁ\fﬁf P b Cﬁhﬁ@lllfh@ﬁo
30 nmL
1%&H%lg&mgfﬁgg%egﬁ%ﬂaeagg% E%'%%I%%Zs???r?nbnat roon?

Procedltggggﬁeg)t@%\glggﬁa tcﬁ&rgtggtmj]g -to%zs’» L(Aglglﬁérgl (;},/H%?a%gln\{\ée -carboxylic acid
nmﬂwléggtgnltrlle to afford 1.0 g (90 %9 of analytically
pure white solid. MP: 147 - 149 C, Ms (ES-): 297; 1H

N{}%lgélfo 3] 28m?t20q) 10}02%%0(1&}1 eszs 2s }_ﬁstﬁa Vé}n 13?d_ﬁqL o% IQlldloxane at
ro200emMp4aRN& FPET/H([SZ@@&/a@'bﬁBlGl@d ﬂlrd@l(tﬁc sdltdion R)Mlﬁrt@dmnutes

T AT TR T

re%tloﬂawe@"reﬂﬁeddfoﬁgppr&lml‘%l%reeﬁ{o%ﬁaEéﬁlltﬁﬁ@ i®h heavy white prec1p1tate
8-[4-(2-trifluoronethyl-benzoyl)-[1, 4] drazepan-1-yl ne

Tmupp@smm&smom with7angice bath afalrare rahahsdnd 3«dmentady fo remove
11%'001%&11\ gg 5§ 38&@3%% an anaf)y%llcgllyzl?ure -\I;v ite sgloch,%, iw%g is%Iated. 'H
NMR (300 MHz, DMSO de): 7.88 (t, J=8.33 Hz, 1H), 7.79 (d, J = 7.08 Hz, 1H), 7.52 (d,
J=17.33 Hz, 1H), 4.60 (s, 2H), 3.84 (s, 3H); °C NMR: 42.21, 54.86, 119.95, 127.77,
130.86, 135.71, 136.78, 150.59, 155.70, 162.49, 171.24.

General Procedure D: Preparation of compounds, 5:

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

given in the preparation of compound 7.
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mmol) in 5 n of CH2C12 was added 1 mmol of TEA and O

8 mmol of 2-trifluoronethyl benzoyl chloride. The
WO 2mon4@os was stirred overni ght at room t enperBETUS2008/078606

After the solvents were evaporated, the residue was

purified with sem -preparative HPLC to afford a solid

(15 %yield). MP. 140 - 142 C, M5 (ES-): 469; 1H NWR

(400 MHz, CDC13): 1.92 - 2.10 (m 2H), 2.91 - 3.10 (m

4FD 3 36 - 3 44 (m 2H), 3.64 - 3.74 (m 2H), 3.93

1H), 7.57 (m 3H), 7.79 (m 2H),
Generalffgsed(‘lﬁﬁ Ellf-l)epar,@(‘r% of Geamoynds i C23H21F3N602. 0.9 HCL:
C, 54.89; H 4.39; N, 16.70; Found: C, 54.93; H, 4.43;
[0@@6]34 m%wlmqr@ﬂ 57f.9- tetraaza-phenalen-3-one ring can be formed by
I
cogl_d%nf‘sfﬁ]&%’t} g%g gnfgglgﬁ?%]\%lg[a%%cﬁ%%éeﬁgﬁ)gaﬁ%%&l% orﬁl%}%mpou?lds 6 in
a‘t{s@ﬁlﬂeﬁe‘tﬂlaﬁﬁm Isfﬁﬂé(k e)d:e§§ zﬁimydl@lilp hytlrdmﬁﬁ at rBOHﬁeﬁlpémtwm rTh@fsolut ion is
npound 26, nol) in of CH2C
reg%f‘éidforl OKsFBIS b?nd@&leéﬁa r@?t@twatwe lscecq?chwateb@ﬁfiesﬁI and white
so‘ﬁﬁllé)ge:pgledtedﬂi*ﬁe ?(ﬁﬁﬁ% e f]ec f\;écﬁﬁlﬁ%lﬁy‘[ﬁﬁmng%asﬁ%d M:{E Water and
tenperature. After ts were evaporate

snakimamt waseunolfto ngevwlmh: sdidiprivepar atd0v-eOHRLGe kloAn example

afford. a, solid (16 %vyield),. MP. 147 - 149 C, M

wiggygn mzfé%l’fe?ﬁa&ﬂw{%%’@?W? CDC13): 1.88 - 2.08 (m

2H), 2.86 -3.07 (m 4I—I) 3.52 - 3.71 (m 4H), 3.81 -
Examplg 139 (m 2H), 7.33 - 7.43 (m 4H), 7.62 (d, 1H), 7.81

(t, 1H), 7.90 (t, 1H). Anal. Calcd. for C22H21CIN60O2.
Preparanon? of4- hmlroxg pmndm I-A/lmahvlb\ﬂ 9|-g1hwlr0 ];A.]&-Itetraazathenﬂien 3-one,

7 H 4.43; N, 16. 34. Preparat|on of
- 8- (4-pyridin-2- yI perazin-1-yl met hyl)-2, 9-di hydro-1,

3- 00165
LU A ?‘gﬁa&%ﬂ%ﬁaé?’a%eﬂgfef%r COHERA R BELREGSD. +
I I
D ALt e, K41 9 S g ora
7 MHo]) WMBE! sdluxing, Brey »itroge) and@tlgzd(ogernug—ht Rpgctlog nggture was

\%p%rgpefl éo ﬁ@n’eg aé% xgraclﬁbl w}_%’dhcgﬂctram ﬁlanez"]é Ti ed \T'_B A }_Qllcaigolumn
us(ilfg 9:J %Ilc_l’llcﬁroiriéthaﬂéMeOH &afford 1 Db & (BurPHf an 8fﬂxﬁhlte‘3sol18 2-(4-

1H), 11.96 . Anal. Calcd. for WO
Hg@ggy ngégpbyh&bﬁbé;@pg%@-@lhydro quinazoline-3-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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C19H19N70. 1.9 CH3SO3H. 1.2 H2O C, 44.38; H, 5.17; N,

17.33; S, 10.77; Found: C, 44.21; H, 5.19; N, 17.28;
W®B200904385 Preparati on of 8- PCT/US2008/078606

{[2-(2-fluoro-phenyl)-ethylamno -neth 1 -2 9-dih

dro-1 2 7 9-tetraazaphenal en-3-one, 31.

[ 00166] Synt hesi zed usi ng

o063 /ou8531151?5%‘@?%ﬁﬂ?%rp%neul{l%%wg@gﬁ%@%ldA RESHITG to
soiiﬁiotn o2t (@% d%@SO ﬁhﬁ)@athQ miVef { BtdxandBAMF %WIW@O( 430\&2)15 added

t, J=7.
MgOBIz(O(]ﬂ mL],_2 3 ngn(p-]i resé}i[pg 11;,21 j;@av(yswhl(m-])rempltqtg Etlterqgi:ang tgturated

1n;12 é}li}?l?cjher rg (ﬂg g %)Zé_p_/ah 7f- %1‘[@ johcg nlesﬂ%te sill_l)o%w . BIMR

(3(0:%\/[?26,231\11313 d6111 99.1(58 (mlEH) 1AmaI1 82@{:& QH) jpsr(s 3H) 3.15-3.50 (m,
), 63-705 (13 12:19 { @ (SléHM 2%%6 8. -‘cHZ415H)4§ 5114 6(4(1652H)N11 73 (s,
.42; S, 11.10. Preparation of
- [ 4-(4 fl uoro-phenyl)-pi perazi n-1-yl nethyl ]-2, 9-di hyd

i 8%‘%6‘5] éyg {gﬁ%spgﬁéaﬁgﬁ%ll%;&i 1O 2H,0: C, 44.54; H, 5.84; N,

16021, 4 71480F @mdhenyd 18 i per7e 2N N X708, eper al Procedure
D. 57 %overall yield for last two steps. A nesylate
S306149f 32THRR1BMHE nthedized £ 1{n4ﬁp T I
2014 SRR BAEE  G8 Jii BgE Gcce
of(mpabationm)cpmpomm 7 (u§1ng2h9 app‘romte c@ttreﬁﬁor(mmg arlmi)n,es 7. 44
(d, J= 7.8 Hz, 1H), 7.72 (d, J= 7.8 Hz, 1H), 7.83 (t,
Preparafien 3f & (HpheribHpipedazih-{ s7lmbihyl)-PH)-dihidrod 8.2 (759-teinah za-phraklen-3-one,
Cal cd. for C20H19FN6O . 1.65 CH3SO03H C, 46.85; H,
8 5.01: N, 15.14: S, 9.53: Found: C, 46.74: H, 5.15: N,
15.14; S, 9.53. Preparation of 8-
{ 1901421 F| | Sywhesizsdyengdr ANy RiRssazinedor FencrabPrgceruse D. 52 %
I I
ox%%égrlyég%gyrn B ég{ozg@%ﬁgﬁgﬁéﬁ@& YPRMBE300 MHz, DMSO-dg): 2.65-2.68

(248 3|19,<3r22-(pn9w3)39e(1shm)am7r8m fJo:r7QS€H1zer1H]) PPDEEdur £0 Hz, 2H),

75%(% of %é‘evﬁﬁ) 6r4§ ?leforwb? 73'%)4 2"371;4%213{1% (t,J=8.0

H%"‘FH)3 Pl\@?(sd@) 1f64§1§78§1(% 1ﬁ§')Ana$7@a?%d £ éngSON@%FE 0 1803, 60.59:;

H76.3¢; N, 271 ZIEF()mnd IH)0.43; ]7[16@6 NJ2.85.6 Hz, 1H) 7. 82

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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(t, J= 7.8 Hz, 1H), 9.6 (s, br, 1H), 11.92 (s, 1H).

Anal . Cal cd. for Cl8H16FN50. 2.0 CH3SO3H: C, 45.36; H,
WOeR2@7/08203.3. 22; S, 12.11; Found: C, 45.34; H, BCBHBSNN8/078606

13.16; S, 11.88. WD 2009/ 046205PCT/ US2008/ 078606

Preparation of

8-(4-acetyl -[1, 4] di azepan-1-yl net hyl ) -2, 9-di hydro-1, 2,

~ftiy S AP E2EnEnd T et TP andrara /<97 e 110,

2, 14 eyabl> pialtd, fopo (26t 1SS
7.6% @@gd-uv 61931(:@ ‘P/@@(szJS_ 7:2 %3 H51H NN&@@ mom $®@QS1H). Anal.

C@Eﬁ:]f@) C162112NMO(2SQ T3HO - 2%41\12H42 D312 H4‘1H)56 8. 55083 F@ind: C,
1H), 7.83 - 7.92 2H), 9. 3
61b§% Fmgﬂ &ggégm E? (m 2H), (s,

1H). Anal. Calcd. for
7TH20N602. H20:

C 58.14: H, 6.08; N, 23.
Preparat-rcm abs-[£(4- ﬂnomgphenwl)ﬁ érdthﬂJO_-%ﬂrMp}_-éb%Y” .2r9 (llhvdro 1,2.7.9-

tet phepst ! gni no-net hyl ) - 2, 9-di hydro-1, 2,7, 9-tetraaza
eraazafst|)ol{eena]ili]en 3-one, 35. [00170] Synt hesi zed usi ng

hl a r ral
DIERSSY oy “Pulfeydtl STASEA-0GBERADE B3 i AL Buhe
hyfelt &hdoreid. foMSedrd- P)roceiﬁlﬁﬁe. D14 %l\d?zefaﬁlrIOﬂeIMHBr, laPNBO-setpy. MS (ES+):
2.‘32]\51\% 3%& 3.00 - 3, Q47§m 2H), 3.31 - _3. 36_(33_
37§H)H REAQGMHZDMGOt): 25 1422.p3S, BHPH)72. 74 (t¢ § = Syt Hy, H1), 3.24
591&')(3 467 ‘f}lf knm?'(m Hﬁ 1176 tlJH): §182H1,92N}f5)87 4? 85]2'_0111 3H), 7.63 (d,
J%ﬁHH)J.784 K20 = T8 HiOlH)S 11H8 (5, WA HN] 179 (ﬁélH)S,A mesylate salt of
ﬁwésggpgfrggnHﬁMR Qo8 e DRSS )™ 3405, 8. 264 (s 0. 3.66 (m.,
219y, 641RBen 4336)€sr b, res 211 (5{111 mﬁ)hv% 2728 bydsgy, 3,43, (4, 9= 7.4 He,
t'étraaza- phenal en- 3-
1H), 7.56-7.59 (m, 2H), 7.72 (d, J 74Hz 1H), 7.82 (t, J= 7.5 Hz, 1H), 11.25 (s, br, 1H),
11.76 (S, IH). Anal. Caled. for C21H18FN501 -1.0 CHgsOH. 0.2 HQOi C, 55.62; H, 4.75; N,

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

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

phenalen-3-one, 12.

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

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

phenalen-3-one, 13.

[00147] Synthesized using 4-phenyl-1,2,3,6-tetrahydro-pyridine for General
Procedure D. 80 % overall yield for last two steps. MS (ES+): 358; 'H NMR (400 MHz,
DMSO-ds): 2.56 (m, 2H), 2.78 (t, J= 5.5 Hz, 2H), 3.25 (d, /= 2.6 Hz, 2H), 3.47 (s, 2H),
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[00171] Synt hesi zed usi ng 4-phenyl - pi peridine for
Ceneral Procedure D. 33 %overall yield for |last two

WG 2@pe46208 (ES-): 318; 1H NVR (400 MHz, DNVSO dB)T/US2008/078606
1.87-1.93 (m 4H), 2.37 - 2.46 (m 2H), 2.56 (m 1H),
3.10 - 3. 14(n] 2H), 3.54 (s, 2H), 7 17-7.34 (m 5H)
7.56 (bs, 1H), 7.76 (t, J= 7.8 Hz, 1H), 7.93 (d, J=

6&%&@@@%{ éﬁwﬁ&efé%ﬁlfﬁmﬁ Gy M 20751 @

J DRz, 21}927%1(((14}4}7 12Hz95H(£n7 74 J93§ @ﬂz(fﬁl) 2H)27és?> b84H), 11.78

(sgmy) Armogylqtersalt o413 wm@awrep@aqlcbl NM& ((4@91\41:14,211»@@ d; B34 (s, 3H),
2§28 i 2R 539 s 20 % G S g By 1. 752

7&’4@@%}&1} 'W@B(@f,] 8.6 Hz, 2H), 7.72 (d, J = 73Hz 1H), 782(t J=8. le 1H),
hydr o- i soi ndol-2 yl met h 52 9- d| dro 1,2, 7
11939@’5%1&%1&’-]{}%@! ). 3Anal o%cchfor 0 Dﬁe&‘*HzO C,
| | ()
5H$4.09 5'251%\!1:313.2% ff §6: FERE @ 57P§0°?1§/gﬂ(>€1§ s.ﬂg 07 10;

overall ast two ste 16; 1H
Preparalrf\'(.)% 8£ é—?&%ﬂé%}(ﬂlgl)lr enzv@mmo\ gqgth(/ﬁ 2 é'&'}h‘vggo ?% %&tei,r%'a_g >phenalen-3-

§) a(u,
one. 14J= 7.8 Hz, 1H), 774 (t, J—78 VWO
2009/ 046205PCT/ US2008/ 078606 Hz, 1H), 11.34 (s, br,
1irho148f- 7881(i|l§theslﬂ'e|}1 usﬁg@%ﬁlcﬁfo@o&%&%la&fne%r MRferal Procedure D. 10
pr epar ed DVSO- (s,
%mv@mll(ygeldiﬁ)lasng'ste@s, A mdyylate sgof 14.e/a¢ mepgnq}i M3B. (‘E§+) 375;'H

Nk g DRl 355 a4 084 2. 3 Sl 2.0z

111) 233GBB08HH)R 7 $oH2ER (1f:, 4}{1)818351 (5L bro1 L IN91 X4 113
S, 8.46; Found: C, 48.80; H, 5.11;N, 14.97; 5,8.
PreparaP b£BRg-atd-eNFRbro-phenyl)-ethylamino]-methyl}-2.9-dihydro- 1,2,7,9-tetraaza-
8- (4-benzenesul fonyl-[1,4]di azepan-1-ylnmethyl)-2,9-dih
phenalepefomel 13, 7, 9-t et raazaphenal en- 3-one, 38.
[ 00173] Synt hesi zed from conmpound 26. To a solution of
26001@9P2 g, Stntbdkizadisingi3aflborhplameGyRGIIRe Yua GeadcéHrobEdure D. 12 %

o RS RETEEEeSh o0 DRI S i I8
NRFR efootMﬁzS@MS‘%ﬁyé) 2‘@&5 O%ILIE}P?O?—@Q)@ (nI RE)£54-948 (WASH). 4.14 (s,

poured i nto roduct’ was purified
2Hby 79Reh bt Gni 3}@) mrsm 44 (m, 2H), 7.71 (d, b5 7.8 Hz, 1H), 7.82 (t,.J = 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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to afford analytically pure white solid (5 %yield).

MP: 265 - 268 C, M5 (ES-): 437; 1H NVR (400 MHz,
wWORBD0eBY3 1.79 (m 2H), 2.50 (m 4H), 2.79 (n®PCHEBH2008/078606
3.51 (s, 2H), 7.44 (d, 1H), 7.62 - 7.79 (m 7H), 11.1

(s, br, 1H), 11.75 (s, 1H). Anal. Calcd. for
C211- 122N6038 O 5 H20: C, 56. 36; H 5. 18 N 18. 78;

A n, & 7.9 l d . s JNC 4 ) R £
DhenaleﬁSﬁonellIhNNR (400 'VHZ D20) 2. 18 (m 2H) 2 35 (s,

M), 3.36 (m 2H), 3.65 (m 6H), 4.3 (s, 2H), 7.24 (d,

0115} 2&5 3y Iéhgs%zeg%cgléwo%lﬂén@dne eE@Jl&fé kefaq) l'for Generl_elll Procedure D.

1% 00¢raMyiclBf@3ast Byo $4pL64S Ef+NcE70CH NMBQOG—MH& DOISOWds): 1.69-

L &L {1 YR P By HE b G 10y Gretthy 71 6o Al 4102, 762 4.
=2,7H2-118 1. 88427 rheg alzeN3), ane3 (s“v%r 1}&)0@117751(58}1911) h&ﬁdlZ@acd for

usi ng 1-(4-pyridyl)pi perazine for General Procedure D.
CitBl1M4s0v ed.31H.Opi @] 1. FH, 1561 N #0.381 epwd: MBS EB-H.:5. @B N, 20.63.
1H NVR (400 MHz, DMSO-d6): 2.80 (t, J = 5.0 Hz, 4H),
Preparaﬁoﬁ &f §4{[2-034-QicBldrZ-phdi)-ctBy Bbhif S, m& b1} -269-8dhy(ieb-1.2 7, Ftetraaza-
2H), 7.42 - 7.45 (m 1H), 7.73 - 7.81 (m 2H),
Dhenalen%@nefrls J= 7.1 Hz, 2H), 11.20 (s, br, 1H), 11.90 (s,
1H). An HC1 salt of 39 was prepared. 1H NMR (400 MHz,
DPOP152p . 74Synth_s?z;ed(lmng@H)-,d1cglo‘n®h(egethglp,9mnegfog energl ]@gcedure D.

o By i g5y s Dl b8 G perel, sy aa7.

TH/NSER (300 MHz/DMSW-d6)2 236 (Arsal), 3.0akicd = § DHzCAIHEBYAO J = 8.1 Hz,
.1.0 HCL. 2.5 H20: C, 51.53: H_ 5.69: N, 22.14; d,

218), 44 (5dhe 736 7543, (a5 2H)y, 7.61-G9'5 (R, 3D, BEP - &84 (. bE), 11.31 (s, br,

1Y)012099/ q46§205PCT/ US2008/ 078606

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

tetraaza-phenalen-3-one, 19.

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

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

phenalen-3-one, 20.

[00154] Synthesized using (S)-(-)-3-aminoquinuclidine for General Procedure D.
23 % overall yield for last two steps. A mesylate salt of 20 was prepared. MS (ES+): 325;
'H NMR (300 MHz, DMSO-d): 1.97-2.03 (m, 3H), 2.20-2.35 (m, 1H), 2.35-2.44 (m, 2H),
2.42 (s, 3H), 3.72-3.80 (m, 6H), 4.15-4.21 (m, 1H), 4.38 (s, 2H), 7.46 (d, J= 7.6, 1H) 7.69
-7.72 (m, 1H), 7.78 - 7.84 (m, 1H), 8.63 (s, br, 3H).
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Preparation of
8- (4- benzyl - pi perazi n-1-yl net hyl ) -2, 9-di hydro-1, 2, 7, 9-
waQ 2265 phenal en- 3- one 40. [00176] Synt hesi zBCI/US1008j078606
4- benzyl - pi perazi ne for CGeneral Procedure D. 12 %
overall yield for last two steps. M5 (ES-): 373; 1H
NVR (400 MHz, DMSO-d6): 2.44 (s br, 4H), 3.35 (s, br,
: 7. 5 :

1 Mz, 1H), 11,10 (s br 1H), 11.77 (s, 1H. An HCL salt
T of 40 was prepared. 1H NVR (400 WHz, D20): 2.54 - 2.70

E%Ol% 50 ?Mhesm%d%gmgzr@th)@ﬁ;g)erag‘mé%or(éene%roc%dﬁ% . SSED % overall
yiZld4TE 1adt. t50 sfaps. AldesylateGalt (of 21 Iwas Prebatdz, MBHESHANHI3; "HNMR (300

L BT R0 QR 5108, O Saath s

2 @W@rQUQQGﬁ 1H 7.81(d,J= 79H IH 791tJ 81H 1H), 9.82
I?(4 rgethl - t)j’laze(gan 1l-y = h)) ( 9-di hy Z i (s

IH’) 9119ét($,délz)a ﬁH\éMBI @N8S09rk): 1431 40 1[56(9?717‘]03§/ﬁqt1ﬁé§6zle3@ 84 126.72,

DS bvaranieRs ot a0 8 SRRt OL sale Rniscrled fF thdpieo- 2.0
cﬁtéés\!'l@ 1(2‘@28 'VUZ40 @h@@ﬁ@%N 1157#79 @Eﬁmdz'@ 41 %92ﬁ §%2 1\'#95 97.

i ) ‘ Azdk
22. 0. 95 H20 C 58. 33 H, 6 70; N 25. 51 Found C
58.32; H 6.65; N, 25.53. Preparation of

lcﬁ(ﬁs(s]’lH i Bgimes&enl])smlglIﬁﬁhylgipera%msélzfaﬁahﬁdrh Fo&ddidy a1,

9-t etraazaphenal en-3-one

oyeghyigh gy nlaptetsioztans s inmgy Btepiaf o RRivwes proparetHMSidsit: 299; 'H

NLCEDMEP RERERNS 58 o4, SR Elb. S S gL, 30

3.45 &3, 2H)1 3¥ (é mH)4H)50 (@. ﬁ=17(8fBIz ZIH)), 7.87 &QJ(£7 82%2*), ,1H2 7773) (t,J=

- 2.99 I_% 96 - 7.09 H? J=
7.8z, 1H),, 9 3B §4br, 1171) 83 -85, Bh) Angl @g C(it forj};;s 181’36@421 15]_@9‘13803H

G0 A 58 PR S i g v

2.32 3 3.11 1 ,
Prepara: of - H) dlaz(egnaihl Il??@@)-\ﬂfﬁ-gﬁgygh;q bg,@@-t(etj:glazg%h’enalen-}

one. 23/ 46(d J— 8 2 Hz, 1H), 7.69 - 7.83 (m 3H), 10.91 (s,
1H), 11.93 (s, 1H) Anal . Cal cd.

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

[00158] An HCl salt of 23 was prepared: to a solution of 23 (0.5 g) in 20 mL of
dioxane was bubbled HCI gas for 30 min. The solution was stirred at room temperature
overnight. After filtration, the precipitate was washed with dioxane to afford 0.25g (48 %)
of analytically pure off white solid, an HCI salt of 23. "H NMR (400 MHz, D,0): 2.08 (m,
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for C23H22N60. 1.0 CH3SO3H. 1.25 H20: C, 55.23; H,
5.62; N, 16.91; S, 6.14; Found: C, 55.27; H, 5.53; N,
WA 200984628 6. 00. WO 2009/ 046205PCT/ US2008/ 07 8BOKBUS2008/078606
Preparation of
8-[(2-pyridin-4-yl-ethylam no)-nethyl]-2,9-di hydro-1, 2
, 7,9-tetraaza- phenal en3-one, 43. [00179] Synt hesi zed

S LS SRS R ook SELSEA 58 BRI o
SR 7005 PRI, |1 AP0 5 cAMLNIE (UORIES EEOJC sus
H(592:2¥)17.43; 0Ruid ,C, F4818HO582; N]1H).36.7. 35 (d, J= 8.0 Hz,

1H), 7.52 (t, J= 8.0 Hz, 1H), 7.70 (d, J= 5.3 Hz, 2H),

Prep®Batich ¢fi-(3lox-5.93ildzdro-3H)- 1,2 A tetraial sietna e 48 - CimdHikHNG O.

1.3 HC1, 2.6 Hp0. 0.1 N2HA: C _47.52; H 5738 K,
4 terbbut - N, 20.67. Preparation
81?‘9521 di h§mtbesmdlu§mgdllﬁaﬂlawpgnwm@tbﬁwl)c@lcbt Bt esias for
G%ﬁqﬂ&?@dﬁ dBPR ev@?auﬁﬁeﬁ NGt twd teps. MP: 219 - 221 °C; MS (ES-):

390, 2H 3YMR1(800 MHKJUDCE)OQW&’(@IQPD@IB@Km@HﬁQ@% (M, cieBBISe (m, 4H);
30 % overall yiel d for |ast

3. g%(ﬁ 2Ky NR-400): §a42; 7 BiSo. ¢8)-: Ué’OE(RJE %X rﬁnaﬁllq)alc%f%z
czgﬁ@?? I—?zg’Hfél) @;8?3?) ?dg 6§5N 2%6%?0&%(’:‘@/8 87’:4H?% 699N, 20.60.
é t Ingejfh\(-l’?ZQ-ﬁydrAglai 7.9-tetraaza-

Dhenﬁ@ﬁLgd}neC25 68. 34 H, 5, 19 N 21. 30 [00181]A rresyl ate

salt of 44 was prepared. M5 (ES-): 330; 1H NMR (400
M[BO160] Synthesized using 1-(4-fluoro-benzyl)-[1,4]diazepane for General

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

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

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

[00162] Synthesized from compound 24. To a solution of 24 (1.5 g, 3.7 mmol) in
30 mL of CH,Cl, was added 6 mL of TFA while stirring at room temperature. After 30
minutes, the solvents were evaporated and the residue was washed with acetonitrile to
afford 1.0 g (90 %) of analytically pure white solid. MP: 147 - 149 °C; MS (ES-): 297; 'H
NMR (400 MHz, D,0): 1.96 (m, 2H), 2.82 (t, 2H), 3.01 (t, 2H), 3.28 (t, 4H), 3.53 (s, 2H),
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D20): 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 -
wQa@2002/046205 4H), 7.67 (d, J= 8.0 Hz, 1H); 7.80 (RCT/0S2088/@78606

Hz, 1H). Anal. Calcd. for CLO9HL7N50. 1.12 CH3SO3H. 2.0

H20: 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

753 2 g B kIO 7o Bty LY ok i B85 YT 1.0
gé’oés?é ¥ heg. Ziwgdiglb} Pund; €. 46.64: H, 4.98: N 10.02.

6-di methoxy-7T tetrahy ro-isoqguinolinefor

127£9Stetrédﬂ)afph3nél8nésonezﬁ 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
o T i :

ﬁl—%?ﬁﬂ SSS@PéS?ZI—GI)d%nY c&.nf)'gundlﬂﬂ) To grszgl% 0{ éO’InI\%%lgl:d'-%’ (0.2g,0.6

m@w)an ;S . 05 CatrLNyasddgd] naelrd TE@ aiglQ.g mmad, of3- mﬁl,uom,methyl-
8 009/ O46205P 82008/ 78606 0018
beﬁ‘é%’a 4 Oéldga CISPCURE Wil 15?585?@@ NEOPE: é[*‘}lperé - Affgr the
soNVRts(WHE0 e ratQ? Qhe r(e&dﬁ@w@@ puﬁﬂ'gd with gélmi-ﬁre%é)rﬁ‘()lve RPBB to afford a
S

SO(hdggié/ YIEH) MP; B‘B)(b42 Q—I}VIS OESH 4@& HWRWE)ZM&KZ CDG)): 1.92 -

2 8298 oS- R hRp 13063 ol g B R R 2 g 5 8m 2w,

7.58 (1h; A9y, 77 (3 3H7, 7.8 i 0H), Poepay at).0tnadfCaled. for CpH, F3NGO,-
8-[443-Trifl uoronethyl - benzenesul fonyl) - £1 4]] di azepan-
0.9 HOlne't $:89:-1P,4939; N, 16.70; Found: C, 54.93; H, 4.43; N, 16.3
di hydro-1, 2,7, 9-tetraaza- phenal en- 3- one, 46.
Prepqratdref] SSKAat}adﬂdnmdntnmﬂM Icbldpaera- E@lmeThwlm Sedibydron . D7.9-
tot 0%19 0.64 nml) in 5L of CH2Cl12 was added TEA
—/"&Q—m—w gy ri fluoronethyl-benzenesul fony chloride
t t d at t t
CIodTR) e Soneiettiogs Samnainido,dp a sohoh of Sopound B0 ¢, 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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evaporated, the residue was poured into 10 nL of H20

and the product was purified by preparative HPLC to
watdoondh2emal ytically pure white solid (15 % yi BATHYUS20MB078606

(ES+): 507; 1H NWR (400 MHz, DMSO-d6): 1.82 (m 2H)

2.73 - 2. 81 (m 4H), 3.25 - 3.42 (n1 GFD 7.44 (d, J=

7.8 Hz, 7.63 (d, J= 7.2 Hz, , 1.74 (t, J=17.8

E%' 91%6'%397 ?SC&B 1J§H2@5CF%43%E§ ﬁng\ff 17%5% gd ‘{%iﬁl‘nd C,

4432212'11?35':@\'@9352818110%0 C, 50.21; H, 4.44; N, 15.97,
S, 609, "Found' " C, 50.19; H 4. 54 N, 15. 50 S, 5.97.

1ﬂmnﬂemﬁanmd$147A and 47B: [00185]D splacenent of the

chloro group of conpound 4 with piperazine or
[ Jodiled| az eSﬁnﬁes%uriﬁmgezn@tﬁlhor@rph@ﬁd}lmyﬁnﬁﬁ@wr dR®efalProcedure
qpound 47A or 47B. To a stirring solution of 4
Dl ) ‘Bcercol xield|for lagtd wadtpd. pinjpeylate sab o1 Wes @}Wﬁ?ﬂems ):
I a ket oge
36 e R GEE M SO N CouEl At Yandodheat. 332 ¢/ =83

H@vz&pon aseesj 2H) uw(tess 8. nge nﬂydeznmsa(m aaH)v\astzmdu:f: neaon 1H),

ia sill : |chlorone
75; {bUF 58\% gg?,gofﬁg@ s Hz, TH), 9. 10(s o, lH) T 92 (s lH) *Snal.

Cef9r &, &?\!’562'1”7510141' 1. 7Bdo: ¢ 4 10 76N L3:49: S, 1081
I hydr 0-"qui nazol i ne-5-"car boxyl i ¢ aC| éster,
Folind: Or 424%;H.41.61; aF d paid: §; yil. het hy 1- 4-
0Xx0- 3, 4-di hydr o- qui nazol i ne-5-carboxylic acid nethyl
Prep@sti@i of 84 [4B(4- fhedrerphkn By-pipethitire] Sim&neiparadihodroof.2,7.9-tetraaza-
compounds_ 48A and 48B: [00186] A reaction of am ne 47A
phenglgn-gzgmevdd-n vari ous sul fonyl chloride yields

[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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sul fonyl am de 48A or 48B. To a stirring solution of
47A or 47B (1.0 eq) in pyridine was added vari ous
w@oposehs chl oride (1.1 eq). The reaction was BOCT/US2908/078606
to stir overnight and then was evaporated to dryness.
The residue was then extracted wi th di chl oronet hane
and WO 2009/ 046205PCT/ US2008/ 078606 washed wi th
use

n(%I _
one §4eparat| on of conpounds 49A and 498 [00187]A .
2,9-di hydro-1, 2,7, 9-tetraaza- phenal en-3-one ring can

b‘fO(ﬂ%EFEd Q¥ntRQRLARS A [?Qg(ﬁgzeb!ﬁ?e £ mgﬂﬁle“fgfa(}eﬁerﬁisﬁocedure D.

ydrazine. To a Ion of the conmpounds In
I(a%scozleml]ewelﬂlfamlai;t tve seghel. eMPei&led% é@hMrSr(ﬁSs) Ayt HzNMR (400

MElroF AR ZARE 21 St £ 092 SBnbbriner St By 10, 7.5

7.980.81 216 9agdest, angl 1whi (e bealH)dahs. SeBdrdt @@HQN&DQS@B'I—QO C,
is coll'ected by vacuumfil'tration and washed wi

S8nktt: &, 6clitd Ns 2a198; Borndh o, 6$ 0Pt Haht IN.t24.Q§i ve V\,hl te soI i d
products 6 in 40 - 90 % of yield. An exanple was given
Preparatidrhef $(pdypadat bylammoefethehoHd iy ddd A2 Antitefi@Ba- fheaaiph-8-dhe, 35.

Preparation of

81004701 - rTESi’/mhe}s-lmnﬁﬁllgqﬁlldhe‘t@lﬂyﬂl)neﬁbpeéﬁe}hlﬂlr&ce)dlufﬁéb h39 %5 overall
-2 9-dih dro-1 2 7 9- tetraaza-phenal en- 3- one, 50
Ylflédﬂ%@ftﬁﬁ’oét@ﬁ Amesylatsorliof A Yo PreperedoMy (BS- )7§5$m61 NMR (400
f2racC Nixt 4l S d
M D o 3 S P 31PE T 08 B L Y B g R BRA, P 110, 7.27
- hi#t2 (rog@h), 7ThedsbEats Idn MBs7.4D |(towecd7 8 dlzst Hy, 9oh0a(s nbrg hiH), 11.92 (s,

11&1%@@&1 VERYAeg. (éﬂ bg%gﬁ 105,87 980 BRI AT A8 VO 4. s,

7?\%@?}'uﬁﬂ%d"@q@i I§B§4h@n@|56h03a7ff6)rd 2.0 g of a fluffy
ite solid

Prepeﬁat%‘n%fgg 9! Bl?ertl@lzbfﬂeljidﬁﬂl 1"€Mé¥ﬁxﬂ§2@ (ﬂhwg _1% ﬂé't@%%& 'pﬁ@na%en 3-

- arpoxyl1c actd netnyl ester

onc. BBR (400’ M, DVEO d6): 2. 40 - 243(m 4H) ' 69
2.72 (m 4H), 3.41 (s, 2H), 3.83 (s, 3H), 7.44 (d, J=
7]60142] 1HByntiesiZd(ding=pliengl-piperidind for Géhéral Procdauré I8 33 %

ovl_e%dll ylie d for last two steps. MS (ES-): 318; 'H NMR (400 MHz, DMSO-dg): 1.87-1.93
(m, 4H), 2.37 - 2.46 (m, 2H), 2.56 (m, 1H), 3.10 - 3.14(m, 2H), 3.54 (s, 2H), 7.17-7.34 (m,
5H), 7.56 (bs, 1H), 7.76 (t, /= 7.8 Hz, 1H), 7.93 (d, J= 7.8 Hz, 1H), 11.10 (s, br, 1H),
11.76 (s, 1H). A mesylate salt of 36 was prepared. "H NMR (400 MHz, D,0): 2.08 (m,
4H), 2.95 (m, 1H), 3.34 (m, 2H), 3.84 (m, 2H), 4.23 (s, 2H), 7.21 - 7.39 (m, 6H), 7.59 (m,
1H), 7.70 (m, 1H). Anal. Calcd. for C,;H;;NsO. 1.3 CH3SO3;H. 0.5 H,O: C, 54.29; H, 5.56;
N, 14.19; S, 8.45; Found: C, 54.03; H, 5.65; N, 13.98; S, 8.64.

enalen-3-

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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[00189] To a stirring solution of 47A (170 ngy, 0.56
mmol, leq) in 5 nb of pyridine was added

wal2meniesy benzene sul fonyl chloride (130 ng, OPGRUSA®0$/Q78606
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

HENADEFLaL bt dila T BE ARk FEadoR 5P Rt bepei o

(490 MEH2 DMK 231 Ne4 (OBARVsBEE 1), AT s EHPLS: %)) 7. zifdﬂ(xﬁ 5H), 7.72 (d,
sol ution was refluxed overnight resultin heav

y

Jwﬁ;&féz pH@eVﬁﬁt(Tatfe Swhibeh 1E&ad 11301 (8. etH]), wa: ﬁé%l 1\Ivl)t Anal. Caled. for
of an loi Th|
Cl:?ol1 d wté?%t ﬁgbﬁq{ép) Vi é\é%ﬁr rrgtlfégﬁg %?9’5888 4%1‘ g?%P

4818@ HID. o, N,M9299,98-®14_6205PCT/ Us2008/ 078606
anal ytically pure conpound 50. A nesylate salt of 50

Prep#@SorPé ERA1BShzefes YOS ﬁh'ldﬁ’ﬂeﬁéﬁilfv‘l’theﬂh@ﬁb 9. Hih%ﬁrosl 8P9-tetraaza-
ES+). 455; 1H NVR (400 MHz, de) : 4 (s

Dhenaisn-g-mleﬁﬂ(bs 4H), 3.44 (bs, 4I—|) 3 89 (s 3H) 4. 20
(s, 2H), 7.25 (d, J= 9.0 Hz, 2H), 7.72 (d, J= 7.8 Hz,
11H)Q173] 70- Sy8Besfzud fttd) corbpodd(26, Tbra,solipn 0126 982 @s0.67 mmol) in

SiPbT GG kvt aded FHRZQ T SROBeRps g ARGt ie 3 mypob. The
meee yas Sirrdd atqzom*'f.'emﬁer@t%re Her . 3Aft§ thd €o16chts were evaporated, the

[ 00190] The foll owi ng conpounds were synthesized from
residec wanpoured p}t@ ¢ o efsH? apyt dip aretucowappurdmdgyumepdgive HPLC

PR RisARRPERNALAoSRTE SRR VIB. 544 £ oWc SIS B 59037,
NBﬂ{ (hr()()fMHk upmdnaazenawl 216)1)2190@ mel)azm(xh Mhﬁstdly(h 2H), 7.44
e

9-di h dro- - tetraaza- nal en- 3- one

(dE @Hldﬂ%ﬂﬁ%@ 721@@I lbé|(hd9f31fﬂ] lllbﬂé-(%)éﬁlieﬁ@@sluwléﬁyfpf C21H22NOsS.
|
0.811.0f 1086 3Acky COIRAING AT §9%. (ERGLA sLhRGeA 2?)1/\‘961[9@)0, S, 7.19.

I ate salt’ was ' pf epar over’
E:fngét t%\fr%%yfie?%wf“ﬁ sdrpigeed g 055D o8 MfRyoo
be)1§ 1@9(m ZH) ,2 35 Eb%]ﬁ 31?(117 282& 65 @hb 6HY 46_5ﬁs 2H), 77124((63 1H),

7. ﬁbr 7@2@911@%0?511 Galgds f@r@@H@NaOzS 4. 8—@ SS@%H 4120 EIISO @l; 43.50; H,
s.q%fi\i,sl;@.g}%l?{?.gg,%ouh&. 813 Foundi oo, 441335, 454+ 79

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

3-one, 39.

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

8-[4-(toluene-4-sul fonyl)-pi perazin-1-ylnethyl]-2,9-d
whywp046292, 7, 9-t et r aazaphenal en- 3- one, 52. PCT/US2008/078606

[ 00192] Synt hesi zed usi ng tol une-4-sul fonyl chloride

and conpound 47A for General Procedure G A nesylate

salt of 52 was prepared 38 % overall yield for |ast

one 4{;4) 4.22 (s’ 2H) 7.43 (d. o 7.8 He, 1H5, 754\213
~J= 7.8 Hz, 2H), 7.68 - 7.81 (m 4H), 11.90 (s, 1H).
Arp@dlmgal C%mtﬁ&'ize@%% 342134}199%§1pe1%z1ﬁe GHRSORE P?foéézﬂﬁ%% 12 %

5,58, N, 13.22: 11761; Found: C
ovdralbyibld; i 1a913w¢0;¢eps, MSXESO: 37, éHeNMR @00 MHz, DMSO-dg): 2.44 (s, br,

0, SIS PR LDy B Tt PO s L T P2 0.0

= Q412 ymhn@tSJae;dg usi Ng), henagn ! frgwl 7¢I@sl QH) d&n & salt of 40

conmpoun 47A or General Procedure | ate salt
waﬁprwtrv@sHmiMﬁaMQa MBg Dy OveOAl 2.4 (81, éHf)o?r 1 asH0t(imy éH) 3.48 (s,

2FE)S%§|£D§ '\ﬁé)( ggo ((%, J 3%1')1:1“H % Q%\%OJ Mz hPMES: 98- 731 (9. sm,

7. @@?9,]94%612?15 PGy, Wa20081QA786 @8, H N0 4H) HCE- 219 H(O: C269.32; H, 6.19;
J=8.0 Hz, 1H), 7.40-7.70 (m 7H), 11.90 (s,

Ni1Hy.43; /ﬁ@ahd CA5c; Hfér08CQIOﬂ-&©N6038 1.2 CH3S03H. 2.5
H20. 0.08 N2H4: C, 43.36; H 5.17; N, 14.67; S, 12.01;
Prepdationdof S5(4-th8thQB{ 1 .Hdidzedan- 1 -Mmetby1D3:9-&hvdrd- 140 7.9-tetraaza-phenalen-

f parati on of
iﬂﬂ%—§4 (3-trifluoronethyl-benzenesul fonyl) - piperazin 1l-y

| met hyl ]1-2, 9-di hydrol, 2,7, 9-tetraaza- phenal en- 3-on
5400177] 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, J = 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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[ 00194] Synt hesi zed using 3-trifluoro-benzensul fonyl
chl oride and conpound 47A for CGeneral Procedure G A
wore®yhaes salt of 54 was prepared. 15 % over al PCHU82008/078606
for last three steps. M5 (ES-): 438; 1H NWR (400 MHz,
DMSO-d6): 2.32 (s, 3H), 3.26-3.35 (m 8H), 4.10 (s,
ZFD 7. 43 (d J=8.0 Hz, 1H), 7.69 - 7.80 (m 2H),
. 1 01 Cal cd.
3 ) 8 g L y efraaza-phenalen-
30n4435 N, 12 86 S, 11 29; Found C 40. 71; H 4. 60 N,
12.68; S, 11.50. Preparation of
8 &4 chl I v,
Tl IO R A PO RR R St Pigf¥ure D. 107
oveROgeldSyntaktasiontzps ush BIg 14ale hf 43 obepzeasdl ¥MOr(ES-): 319; 'H NMR

MR R oSBT ae S Bl R s BTt g aith 702 v

—@WHi fm) 1 b5 g& Jst @DSHZ hfﬁ%(fﬁ(%t 4@&)}_51%H}NNR7?/&@0JNED% 'Hz, 2H),
$ 3268 J(=ss 3 zia) Sy Al (@lccu Sor7Ci7H 01 Hp HG. 88 Ho07 084Nhy: C,

Rl Ll A e

Prepq]i%u()gngoﬁé: &uﬁf‘amgro fr 1soqu1no'11n- -Vlmewlvl)-§,9§(8hvd§(’)-1:,12],'7,8-9‘['etraaza-

]ﬂmngeﬁé(ﬁé’mhuoro benzenesul f ony1) - pi per azi n- 1- ylnethyl
-2 9-dih dro-1 2 7 9- tetraaza-phenal en- 3-one,

[ ?hllr%ﬂj Synggﬁﬁésﬁ%q u'égl'grlgb 4 #g%ﬂf%&ﬁg&g%&@ﬁb‘lﬁ SPSY beneral Procedure

e and conmpound~47A" rocedur e
DI—B]Dl‘V&&Ietalbjhelﬁ&“oWast tpoepps adS (B3-)96 30, eHaVMRy([46D cMHnrDMSO de):

2 ok 10 S6BR rgay2 (o 2. 185 by Uit oot e 8 iz, 10
7. §3 9&3J( 8. 021'2')( 11H7 747'34 &0!1 49 Uz 81H1211 30, b 188, 1.9t &410MAnal.

. Pr eparati on of
C@ccg zfcn( @wﬂsﬁ‘bﬂoﬁy& BanHehe&UN f BniaL Fopid &t £8i3d: H, §11AENhY1.30.
| -2 9-dih dro-1 2 7 9- tetraaza-phenal en- 3- one, 57.
[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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WO 2009/ 046205PCT/ US2008/ 078606 [ 00198] Synt hesi zed
usi ng 4-isopropyl benzensul fonyl chloride and conpound
wWaImNen0eneral Procedure G A nesyl ate salt BET/BS2008(678606
prepared. 22 %overall yield for last three steps. M
(ES) 465; 1H NMR (400 MHz, DMSO-d6): 1.26 (d, J= 6.8
, 2.33 (s, 3H) 3.01 - 3.05 (m 1H), 3.16 -

3 [@(ﬁﬁ%r‘ &é@qé?sygaée sa1t70 g@‘]\%ﬁprmed ﬁé'%%s 25353% fjﬁle\i% z51100 MHz,

D@ 0% éﬁ CyHg W@Dlﬁg,’oﬁg%s ils%% é@k@ﬁ@%g% 78), Wég)u(swﬁ) 6.75(s,

1H)6 6@3B(s. M) 5. @Q(d\llHiﬂ Botd, $H), 1728238, 1T e‘}s\mla@al@h fyf C21H2 N5O:s.
R SR T L

N[ OD1BY, 3y3t hesi zed using 4-tertbutyl benzensul fonyl
chl ori de and conmpound 47A for Ceneral Procedure G A

PrepdBiSoH e [4Sa- ’rnﬂﬁoé&eﬂ@ﬁbm&ﬁ@hﬁanvﬂﬁ a8 | - vuhah@h 2.9-
for Tast three steps. M5 (E : 480; 1H NMR (4

dihydnivac3. 48)tetraaz@ph¢nralergipne, 716?1 (s, 3H), 3.05 -3. 15 (m
8H) , 399(bs 2H) 732(d J=8.1 Hz, 1H), 7.59 -
7 [® 84 6S&fnthdsjzeajfr((n$ poﬁhp{)undﬁ%alTo aGalucidn of 26 (0.2 g, 0. 67 mmol) in

SRl L0 s g SR o0t 33 proppeti-PiiagigBogyinioride

(ISnmég e mf?&ﬁ@@&a@%h&@d Qtfroom temperature over night. After the solvents were
8-[4-(4-isopropyl -benzenesul fonyl)-[1, 4] di azepan- 1-yl m

cvapdipicld, the geserluqrwdasa)puzednnw tlemt adTaOphdn entvdsctom pusged by

00200 h 4- | g

PRI LG A6 BRSSP 3RS OB By s07:

NMmmoaMszmpisd) HOr 1 8agin, 2Mp 2513eNE81 v 4}553)25 Ay (MH), 7.44
NVR (400 Mz, DMSO-d6): 1.23

(dpJ 738 Hz, BS), 73 (dHj = 722 2, 1), 564((&:)) 4y Hzalélb 7(&%}_?‘[ thy 8.2 Hz,

R D P A 2R o Sl g s

1.NH,O7 C490.28, H64.6%;N AT S, €0960udd; CH0.59:85;4.04; N1 1559 S, 5.97.
S, 6.52.
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Preparation of
8-[4-(4-chl oro-benzenesul fonyl)-[1, 4] di azepan- 1-yl neth
wQ@ 2Gooa4@0xi hydrol, 2, 7, 9-t et r aaza- phenal en- 3- onNBCT/B682008/078606

[ 00201] Synt hesi zed usi ng 4-chl oro- benzenesul f ony

chloride and conpound 47B for General Procedure G 8 %

overall yield for last three steps. M5 (ES-): 472; 1H
Sch 2&? (400 MHz, DMSO-d6): 1.80 (m 2H), 2.73 -2.78 (m
CheMCsy), 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 nesylate WD 2009/ 046205PCT/ US2008/ 078606 salt

of 60 was prepared 1H NNR (400 MHz, D20): 1.92 (m

#° 3.77 (m SFD Génd8l (s, 2H)

775 (t, J= 8. Prddedur@dl), 7.78
7 d. Mbr l%BlClNﬁOSEL,i 61
: : 09; 5; S, 12.20; Found:
~Ne07 H, 5.29; N, n47. Preparation of
8- [4-(3-fluoro- benzenesulfonyl) [1, 4] di azepan- 1-yl neth
yl]-2,9-di hydrol, 2,7, 9-t atA@aaza) phenal en- 3- one, 61.
[ 00202] Synt hesi zed usi ng43B{d ey 0- benzenesul f ony
chloride and conpound 47B for General Procedure G 16
% overall yield for last two steps. M5 (ES+): 457, 1H
&OOM—IZ DyBOdG) 1.79 (mo 2.70 - 2.81 (m
.26 - 3. 40 RmGAbhl 3.48 (s , 7.45(d, C.’JR 7.3

Me

H ml\l— 70743r&déliuréﬁ) 11 N,jpr \331 75
J Calcd_for £21H21 B 0 C
4792 N, 17 61 S, 6. 72Tou 2.88; H

4, 93 N 17 43; S, 6.48. Preparation of

8- [ 484 b« hoxy- benzenesul fonyl)-[1, 6LQ|a§ pan- 1-yl met
hyllmgﬁéfgjhydrol 2,7,9-tetraaza- ph%gﬁ( g one, 62

General Procedure F: Preparation of compounds 47A and 47B:

[00185] Displacement of the chloro group of compound 4 with piperazine or
[1,4]diazepane using General procedure F provides the compound 47A or 47B. To a
stirring solution of 4 (1eq) in acetonitrile was added piperazine or [1,4]diazepane (large
excess) under a blanket of nitrogen. The solution was allowed to stir overnight and then
evaporated to dryness. The crude material was purified via silica plug with 9:1
dichloromethane : methanol to afford a white solid, 4-Oxo-2-piperazin-1-ylmethyl-3,4-
dihydro-quinazoline-5-carboxylic acid methyl ester, 47A or 2-[1,4]diazepan-1-ylmethyl-4-
0x0-3,4-dihydro-quinazoline-5-carboxylic acid methyl ester, 47B.

General Procedure G: Preparation of compounds 48A and 48B:

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

then was evaporated to dryness. The residue was then extracted with dichloromethane and
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[ 00203] Synt hesi zed usi ng 4-net hoxy- benzensul f onyl

chl oride and conpound 47B for Ceneral Procedure G 21
woewvesadi yield for |ast two steps. M5 (ES+) : PABDS2008478606

NVR (400 MHz, DVMsO-d6): 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

H)

L J5. 1.2 1H):. 7.09 - 7. 3H), 11.10.(s, br
w3 ey e gy cvopdiifif « Mg girbic fgher
pdfdatién. 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

Genebil (o dcfuteqt: trrbikdonRBRE £RES s (40RYahli-dob, 4] di azepan- 1-yI
nmet hyl ] -2, 9-di'hydrol, 2, 7, 9-t et raaza- phenal en- 3- one,

6 0204]y! | IS] 4-f - | -benze I

e e e T R A
cordensetiand bf the ebtipdtd 485 br 48 with dpdrazi®, TEDsYlutidkOSE thd Bbmpounds

NVR (400 MHz, DVSO-d6): 1.31 (s, 9H), 1.79 (m ZI—?,
6 m apgol_uteze_t@aelo% *ﬁadq% gxoggszeglhyd@pghy(trﬁ;\cmqﬁ)r’oogl_ tgrlgp%rg (ure. The
sofdtlon i{ e‘%ﬁlxé&' for‘])%/el%i@t b24 cddiba to/rob témﬁerZ&%. Mee-8IM water is added

11.20° (s, br, 1) 1280 (s TH. "Anal . “Cal'cd. for
an@2BHBONED 36sep@ate®l0 THA solid, is 6ollektdd, byhGic@@n fBr&ioh8ind washed with

Found: C, 60.78;, 'H 6.10;N, 17.08; S, 6.36, . o :
WShEIOEIERE DESE0RRH78606 vﬁ?l@&&ﬂliﬂwﬁw@é in40.- 90 % of yield.
A§e{(eﬂnﬁlé-@mgmhb@%gﬁgﬁ%tf&rafﬂebnﬁoémﬁsdmzaﬁﬂw- yl et hy

'1-2,9-di hydrol, 2,7, 9-t et raaza- phenal en- 3- one, 64.

EXM%%?;OS]Synthesized using 4-nitro-benzenesul fony
ori de and conpound 47B for

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

tetraaza-phenalen-3- one, 50.

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

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

white solid. This solid was then purified via chromatography to afford 112 mg of
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General Procedure G 14 %overall yield for last two
steps. M5 (ES-): 452; 1H NWR (400 MHz, DMBO-d6): 1.76

W@ 2qo9/BKR95 2. 71 - 2.79 (m 4H), 3.21 - 3.31 (mPa&YS$2008/078606
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=7.9 Hz, 1H), 7.74 (t, J= 7.8 Hz, 1H), 11.10 (s,

1fe]ﬂl{%g 1%@%115)0%18(%5@;%mea a%{%'&alg%% gqqi}vasfsgr%gare% 8 %fwﬁ@.ﬂ yield for
1a§ thi@e 9ps. M2y ro@s+)C45§4H51@MH-t405 MHAz, DV F42.385(s, BHTB.19 (bs,

Prepar ati on

418), P444((b$ ﬁﬁﬁn& 39 £, SH) ferly ) 2k, 74 XidaZ sPathHz- 3 dt /Ry, /= 7.8 Hz,

a3y MR Lot S OTBREL G Ay a0 1.

CH@&DBIIDHE@ 043, HeC, Genernl 5.29.0¢edue SGi 2. 1@ Esvaneratil.07; H
ield for |ast two steps. Y3 (ES-): 513; 1H NWR (400
5-&@12\},1@&@@5%3 621.82 (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
( d00199] 8. 1Thi follpm)mg cx)rmg)undsrwma synheggpd frgmghe snrrxlaggrocedures
oAt Sbibsrt ot il oag s
Prengat-l;on ofr& L%&;agom E)%Hzne%esucf‘fons p%;‘rerazlzln-lélvl%%fhvhl 2. 3' dthC()h‘O ?2 7.9-

tetraa%a[n‘ﬂleﬂa‘}erﬁﬁﬂoﬂ@ gﬁnzenesul fonyl) - pi perazi n- 1-yl net hyl
dih dro-1 2 7 9- tetraaza phenal en- 3- one, 66.

@ﬁ@ Lsynggﬁﬁésﬁeeq u'égl'g?g FarBldhaRena 'ﬂgl Cclﬂé)lfl(%néﬂd C(_iom'Round 47A

e and conpoun or Cenera rocedur e
forréis:yd:ral Brosalure Gf AGGesybse pritepfailedas [B&pdodBérableryll glett for last

entseeessnays 5535456 Ay Cabyine NSy 492 30 387 S o am,

3. §9 @b% ﬁﬁ)j 421@)(7 ﬁ{)”z 4(2C{dﬁ)'] 758 Az I'lZH() %‘)5 77714(%}1 4H3 743% ( M82(m,
2I1)—|)11 7Ma|lH)CﬁhaidCalﬁ@rfOCQ@)ﬂlmoBBS Cﬁssoﬂﬂ%ﬁm g, ¥543; H,

4 5‘%9%8 éﬁ“% ?&al “ﬁwu‘%ﬁ@gﬁ%‘%ﬁf%yswéén%ﬁl Focedur e

phenﬁé&@&ﬁ% gﬁd ei t her sul fonyl chI ori de or acid chI ori de

.2 eq). The reaction was allowed to stir for four

h?%l%&f_"z 5\1/ é’s‘é(}d_tds thiyn¥as %ﬁﬁgﬁlﬂ%@g gﬁ@go é&ﬁrﬁ‘l]%%dfor

ri ed”and condense e nmat
GoveesalfPuo dcdere GuUA infdseldtewiah of 62 wam pedpacxaiad O Yr ayeimil yls]drfgr last three

G VS ESE VB b Buf LoBanBhaNd. 63! hXeRYSE PLISHER), 3.20 s,

4}&)33%%? ,4%'7)0'4 By @y orgH 43 s, },=97 5 ﬁzf @I@? arﬂf@n@Le/ng BzY3iE 7.68 -
yi)-carbamc acid tert-butyl .

7. 81 (Il’l 4H) 11.90 (S lH) Anal. Calcd. for C21H22N603S 1 3 CH3803H 4.0 HQO 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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[ 00208] Procedure H to prepare

2- am nonet hy1l- 4- oxo- 3, 4- di hydr o- qui nazol i ne- 5-
w@20Box2h3 ¢ aci d nmethyl ester, 67. To a sol utiRCI/u$20885078606

nmL of 7N NH3 (large excess) in MeOH at 0 C was added

compound 4 (1.0 g, 4.0 nmol) in a seal ed tube. The

m xture was then heated to 60 C for 4 hours. The

P S AR TRPLE Se b P BT 20 B alffc s tnet

CaIatﬁd 51 @d HYAO, S Ur 2 ner,sovmi 4.5 ¢a01 008 NPQ2OUFENGEBUIrR N, 14.67;
0 prepare
212(Q1eruIbhtCo%9@§r HohyV:aNi He0dét hyH9- 4- oxo- 3, 4-
di hydr o- qui nazol i ne-5-carboxylic acid nethyl ester,
68. To a solution of 50 nL CH2C12 of with 2 nL of TEA
(excess), catalytic DVMAP and conpound 67 (from
PrepdPa@eeiis-pl-) trifhisraddied- feage gl faiyl) depdrazi- 1gylmdtiad])} 2 8tdihydro-
roomtenperature. Reaction was allowed to stir for 60
Nfgicuatygresdenbope 8008/ 078606 ni nutes, during which
time all solids went into solution. The sol ution was
eV¥H&Aht edsmh@ﬁﬂzgﬁﬁe@glga?nmlfb@m bquwfanﬁlcﬂhmﬁ@e and compound 47A
I usl %
o O AT RS R 3 A B SN R g RGD 331 Bl s P s
thﬂeetsoeperSé(ES )6@38 5HQ\IM1R (@,OUMHﬂd)MSOA@é) ﬁBS@sQBHG)CB 2m3 35 (m,
azi ne nono
8Hr)hé Wﬂ%t?lﬁ)eﬁﬂééd ret Mx%%l liHaﬂ 6307 89&% %Hbﬁt 94 %86 (m 4H), 11.92
sfﬂqtlng material was detected by TLC. Reaction was
cool ed, poured over 100 nL of cold water and extracted

i) 2l SRS A0S VBt Bt oo

e and eén ma ulfa

4.3@,Im,m.&6389ma129;qroamhycm g H:41600N2 C2 28 M OH .30 af ford
2.7 g of analytically pure conpound 69. M5 (ES-): 314;

Prepakitid¥MY 400 MTBDO &@E@&%ulfohvﬂ)%lﬁéiamﬁ]ﬂvlnﬁtlﬂ@] 1. dll%}d}o 1,2.7.9-
6. 15 (bs, 1H), 7.30 (m 3H), 12.38 - 12.43 (m
tetragga-phonglen- duoag. 55(‘a| cd for CI5HL7N503. 0.2 H20: C
56.49; H, 5.50; N, 21.96; Found: C, 56.61; H, 5.60; N,
210896] Pr eﬁatlth%iizmd using 4-chlorobenzensulfonyl chloride and compound 47A

fop GEery g ToC i 61 B A G T B Bral 78,78 S50 e fo last
thERIRNNUSGE sYyass¢li' gaalired0d M, DMSO-de): 2.31 (s, 3H), 3.18 (bs, 4H),
3.40 (bs, 4H), 3.98 (s, 2H), 7.43 (d, J = 7.7 Hz, 1H), 7.68 - 7.84 (m, 5H), 11.90 (s, 1H).
Anal. Caled. for Co0H9CINGOsS. 1.3 CH3SOH. 2.0 H,0: 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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mL of CH2Cl2 along with 4 nL of TFA. The reaction was
allowed to stir at roomtenperature overni ght
WO e®ob46a208) in a heavy white precipitate, whi chP@EES2008/078606
filtered off and washed with CH2C12 and dried under
vacuumto afford a quantitative yield of analytically
pure material, a TFA salt of conpound 70. M5 (ESt):

2}@01@%1_' N@y&ggsg@w ing‘?zls prgp z%pﬁul%;@]h%}&(rfcgé aglg cgm@ound 47A

foHGenélr'ib Prob&tire Gcﬁ' Iﬁé’&gleft@hlm%reﬂaréﬂ Ch 36X Hall 91e2d for last
C 41.27, N, 19.10; Found: C, 41.00;
thg:e@neps ,\MS@szgg%jqr HPHYIR (460 Miflz, DMSO-de): 1.26 (d, = 6.8 Hz 6H), 2.33

SR Gy S L BT PSR AR -

Hf Oﬂalibsynta”me(&i 2e0, Msssng Hﬂmdayldaeddzﬁfte{:z§m6f\19®)8 1.35 CH3SOsH.
chloride and c Ceneral Procedure L. 20 %

i
Ly? Ep@- @éerébhﬁég‘lrjﬁap%ﬁ Hhs. %‘Bl\{ E@Jﬁ 8384 TrundvR’ 6@(% W 62 N,

27 (s, 3H), 3.93 (s, 2H), 7.28 - 7.43 (m
133%’,@‘}.2'8 - 7.78 (m 4H), 11.43 (s, 1H) 11.83 (s,
d for Cl7H15 : 55,24 4

tetraa‘ia p&eﬁ:‘eﬁen 3\6@62@39/ O46205PCT/ U82008/ 078606 Pr epar at I on

of

Nm@mog%: s dniAédmed nRmat- ém&@&ﬂ&%ﬁ@&é@cmﬁa@hm&npdund 47A
met hy benzenesul f onam de 13] Synt hesi zed
fog ﬁenga getvee GulAfroepylate el ﬁ&ewnuemw’p @dnfe ov@all gield for last
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3. gkéalslmn THEB.49bs J2H)! 782Hd, J 1 8)1, HZ . 145, 7.59 - 602((m, 68ih) 1.1.81 (s,
1H). Anal. Calcd for C24H2sNg01S. 1.5 CH3SO:H. 2.75 H,0: C, 45.42; H, 5.90; N, 12.46;

S, 11.89; Found: C, 45.23; H, 5.76; N, 12.84; S, 12.17.

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

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

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

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

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

[00201] Synthesized using 4-chloro-benzenesulfony chloride and compound 47B
for General Procedure G. 8 % overall yield for last three steps. MS (ES-): 472; '"H NMR
(400 MHz, DMSO-d): 1.80 (m, 2H), 2.73 -2.78 (m, 4H), 3.50 (m, 4H), 3.69 (s, 2H),
7.45(d, J=8.2 Hz, 1H), 7.71 - 7.83 (m, 6H), 10.95 (s, br, 1H), 11.76(s, 1H). A mesylate
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(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
WEiGphae035. 1.0 H20: C, 51.47; H, 4.05; N, 1BCT6S2083/078606

8.59; Found: C, 51.17; H, 4.20;N, 18.73; S, 8.31.

Preparation of

N- (13- oxo- 2, 9-di hydro-3H1, 2,7, 9-t et r aaza- phenal en- 8-yl
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4 nAn@,hCalcﬂ fqzCzﬂHi)lCH\%O4§ Loy CEASQ: GH, S%MG%%N 32255,

1%@;‘&%@ P Resn. Bhngre 42 ‘S 150 HA”‘Z' 54; N,
g?.SO; Found C, 54.14; H 4.52; N, 26.00. Preparation

127@§kﬂgé§¢ﬂkﬁ£gh§qﬂ%oyﬂ chlorlde andnéonpohnd 70 for

General Procedure L. 25 %yield for conpound 76. M5
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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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(wv) trichloroacetic acid. The precipitate fornmed is
transferred onto a glass fiber filter (Packard
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(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



17 18 19 20 21 20 17 18 35 n/a

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:

Table 1
Compound  Structure IC50 nM
! A
@) N
\N 35
| OH
NH O/
/)\/N
N
8
H
@) N
N 23
I
NH (\N
AN
N
° ¥
O N
\N 35
I
YOR®
AN
N

75



22 35 23

WO 2009/046205

10

11

12

13

14

15

76

19

12

18

32

PCT/US2008/078606



39 24 51 25 26

WO 2009/046205
16
17
18 H
(@) N
N
|
NH H
N/J\/N\/\@CI
Cl
19 H
O N
N
|
NH H
N CF
N/)\/ \/\@/ 3
20 H
O« _N._
N
|
NH H
i
T
21
H
O« _N.
|
/)\/
N

77

21

20

17

18

35

n/a

PCT/US2008/078606



43

26 41 27

PCT/US2008/078606

WO 2009/046205

35

39

51

26

a1

22

23

24

25

26

[sp]
<
@)
[s2]
L
o) N\/V
P\N
W&
\
Z—= zZ
/
Tr=
O
N~
N

78



28 29 30

WO 2009/046205 PCT/US2008/078606
28
29
30
13
31
H
O N N 28
|
NH F
N/)\/ N
32
H
O« N_ F 31
N
I
NH (\N
AN
N
33
H
© N SN n/a
|
NH H
L
F
34 -
)
o) N
N >_ 49
| N
NH (\
/)\/ N
N

79



13 31 32 33 34 28 31

WO 2009/046205 PCT/US2008/078606
35

44
36

19
37

12
38

20
39

15
40

39

80



n/a 49 35 36 44 19 37
WO 2009/046205
41
H
@) N\N
| N
NH Q
N/)\/N
42
I NH
43
H
o) N
N
|
NH
N/)\/N | AN
_N
44
H
Os N_
N
I
12
45
OCH,
OCHjs
46
e
0 N\N C{\
| ~=0
N
NH Q
Z N
N)\/

81

42

13

38

21

49

11

PCT/US2008/078606



12 38 39 20

WO 2009/046205 PCT/US2008/078606

50 H

51

N O
| ! ;

52 i
o N /@/ 21
N o)
| &
NH (\N’ ~o
N/)\/N\)
53
H
O Ny o/@ 23
I ]
NH (\N’é\\o
N/J\/N\)
54
14
55
18

82



15 40 39

WO 2009/046205 PCT/US2008/078606

56

57
o H 17
N o
| I
NH (\N’ <o
Z N
NJ\/ \)
58
H 1
O« _N. 3
N o)
| §
NH (\N’ 0
/)\/N\)
N
59
23
60
24
61
F
27

83



41 42 42 13

WO 2009/046205 PCT/US2008/078606
62

22
63

19
64

15
65

22
66

45

84



43 44 45 46 38 21 49 11

WO 2009/046205 PCT/US2008/078606
69

47
72

171
74

23
75

30
76

10




51 15 52

WO 2009/046205 PCT/US2008/078606

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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[ 00223] Survival curves were generated by Kapl an- Mei er
product-limt estinmate and statistical differences
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eval uated by | og-rank analysis with Yates correction
(software Primer of Biostatistics, McGawH Il, New
York, NY). Statistical significance was determ ned at
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(TMZ alone) to 25 d (P = 0.002). Efficacy in vivo for
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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, (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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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;-Cs 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
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[ 00233] Pl asma sanpl es were processed by precipitation
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results show that while the prior art conpound has
good bioavailability the prior art conpound has a

WO 2000046265 brain to plasma | evels that is very PGS2008/078606
Unexpectedly, the disclosed conmpounds of Fornula (1)
have a good ratio of brain to plasma | evel conpared to
the prior art conmpound. These results show the
di scl osed conpounds are unexpectedly available to the

lere needed for therapeutic
eSNorior art ¢ nd. Tabl e
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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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bei ng thus described, it will be obvious that the sane
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WO 2009/ 046205PCT/ US2008/ 078606 CLAIMS 1. A conpound
of Formula (1) or a pharmaceutically acceptable salt
W@ bepeei205 wherein Ris (a) NR1IR2, wherein RPCT/ES2008/078606
selected fromthe group consisting of hydrogen, d-C6
strai ght or branched chain al kyl, C2-C6 straight or
branched chai n al kenyl, C3-C8 cycloal kyl, O -C6
al koxy, C2-C6 al kenyl,oxy, phenyl, phenoxy, benzyl oxy,
HNRARB (Cl-C6 strgjght_or branched chain alkyl), NRARB
N(C2-C6 straight orybr .' ched chain al kenyl), (G -C6
L pai n al kyl ) carbonyl, (C C6
Ith al kenyl ) car bonyl, (C3-C8

3 @ % st Lai ghi arClbr anched chai n
! (cN o6 strai gh br anched chai n
a k%yl ) oxycar bonyl , (C3- C§8 cycl oaklyy oxycar bonyl ,

NH
N/)\/H CF3 N/)\/N\@
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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, (C C6
straight or branched chain al kenyl)aryl, (C3-C8
cycl oal kyl )aryl, aryl, heterocyclyl,

yheterocyclyl (G -C6 straight or branched chain alkyl),

o. _nand heterocyclyl (C2-CsHstrai ght or branched chain

épkenyl); wher ei n €8y Nhﬁterocyclyl tween 1 and
et eroat ons i ndependenlfly sel ecte mO, N, or S

and\hegei n eaéh of RAYANUNRB @f &Nhaependent |y
ebact ad_f rx e droy cghg#k {29 of hydrogen, O -C6
swraight or hed~ChaNn y C2-C6 straight or
¢ kenyl, and £3-C8 cycloal kyl; and R2

branched chai

is selected fromthe group consisting of C-C6

Hstrai ght or branched chapyn al kyl, C2- C6 straight or
O~ Nbganched chain al keny, 3-C8 cycl odjkyl, C -Cb
Nphenyl, p Xy, benzyl oxy,
RY (C1-C6 straight panche in alkyl), NRxRY

(C2 oqgstrai ght or hedN'f'!ha n abkenyl), (Gi-06
N(gxarh ed cha NaLKy,Llﬁl acbonyl, (C2-C6
straig or H ghed chai n"al kenyl ) carbonyl, (C3-C8
cycl oal bearb:/§ F,(C -C6 s¥raight or hranched chain
al kyl ) oxycar bonyl, (C2-C6 straight or branched chain
0 Halkenyl)oxycarbonyb, (Qs-cs cycl oal kyl ) oxycar bonyl ,
anyl car bonyl, sul foryt, “mryl sul f onyl yl (G -C6
C2-C6 straight
or "BHanched chain g cycl oal kyO,
G C6 p$t ral ghg or Jnc h chai n Jal kyl )aryl, (C2-C6
sNrairght ~6r b qhed”chaln at'kenyl )aryl, (C3-C8
cycl oal kyl ) ar aryl , hetg%ocyclyl,
het erocycl yl (G- C6 strai ght™or branched chain al kyl),
and heterocyclyl (C2-C6 straight o ranched chain
Halkenyl); wherei n each heterocyc as between 1 and
o. _N/ heteroatoms ngepﬁhdently sel@cC fromO, N, or S,
a R and RY afg¢_jndependent|y

Nd wherein each

skl ected f t he consjist\y’'ng of hydrogen, Cl-C6
St ridigh a chaHn @l ky\, C2-C6 straight or
R& chad ain . anng§%£8 cycl oal kyl ; wherein

and R2 are in endlent 1y stituted with between 0
and3%4 substityents, eacH independently sel ected from
hal o, Cl1-C6 strai ght or, branched chain al kyl, C2-C6

Hstrai ght or branched chai n al kenyl, C1-C6 al koxy,

T 'uoNoet hyl , and anmi no; and

tKi fl uor onet SNEr
p} ovi ded t hat| Rllland \R2 iay not Qot b . be gethyl, and R2
NHOt@I\(p yO 1-%@;‘%@r ogen; or
N/ N

AN
39 40

N
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(b) aryloxy, substituted with between 0 and 4
substituents, each independently selected fromthe
wQ e@ep4onsi sti ng of hal o, Cl-C6 al koxy, PCT/US2008/078606
trifluoronmethyl, trifluoroethyl, Cl-C6 straight or
branched chain al kyl, C2-C6 straight or branched chain
al kenyl, C3-C8 cycloal kyl, NRcRD, NRcRD(C -C6 straight
yor branched chain al kyl ), and NRcRD(C2-C6 straight or
nbranched chai *Fnyl) wherein each of RC and RDis
NQdup consi sting of

yl, and C3-C8
Nk svbstituent is of
tNe form NRcRD, “eacN oc¥urrénce of RC and RD is
ingependently sel ected fyemthe group consisting of
hydr ogen, Cl1-C6 straight or branched chain al kyl,
HC2- C6 strai ght or branched chain al kenyl, and C3-C8
O NcMCIoaIkyI or W00 046205PCT/ US2008/ 078606 (c)
a|heterocyclyl havi ™y"beétween 1 and 7 heteroat ons
ﬁpendently sel ect lom O, or.S; and having
bet 0 and 4 subf Uenbls i fidep ntly sel ected
\@fb@Ej ?l bml o oal kyl ,
hydrox%3t ni tjro, 'triftluofomethyl trifluoroethyl,
rai gh ,branched4«€hai n al kyl, C2-C6 straight
or branched chain aIkenyI Cl-Co6 alkoxy C2- C6
al kenyl oxy, phenyl, phenoxy, benzyl oxy NQ;
chlocarbonyl cyano, imne, NRERF(O - traﬁbht or
bnanched chatﬁ}glkyl)o (C2- C6 |ght or
b anched chaln ab% nyl) [sulj hydryl réhlkyl
T Toet Ry F@l- (" ranched chain
alﬁknyT rai bEanched chai n
) ’ ranched chain
aIkyI $xycarbonyl, (C2-Co6 strg ght or branched chain

al kenyl ) oxycar bonyl , ’arylcarbonyl sul fonyl , ’
Haryl sul fonyl, ar |(Gbcﬁ§ strai ght or branched chai n

O Nabkyl) aryl Strai ght 3& branched chai
ay kenyl ), ar cycl o (Cl-Co6 sOr
F/bngﬁﬁoa yl)aryl, stra ht & ched
cha!n al ke y yaryl, (C3- | oditkyl r @ryl

Y , heterocycly Co traig or branched
chaln a yI) and het erocyclyl (No2- strai ght or
branched’ chai n al kenyl ),> wherein ea h het erocycl yl -has

Hbetween 1 and 7 heteroatong i ndependently sel ected
0 NErom O, N, or. S |-reO§\-mgh of RE and R
i dependentlﬁ) gted fYomihe group cng ng of

QB Straig S ded\ﬁh§§8 al kyl ,

ght Jor bran | kenyl , “and C3-C8

ﬁ yLJ and when : e stituent is of
the form NRE RF each occurrence of RE and RF is

i ndepeéndent |y sel ected fromthe §¥oup consisti.ng of
hydrogen, C -C6 straight or branched chain al kyl, C2

0 HCG strai ght or £ .lched chaith al kenyl, and C3

cNcl oal kyl ; =@‘ eactPs"sq d 0-4 subsyi

independ I)é t™NCet ed Wi bet ween 0 AnS urt her

subN#i t enﬂ% éhd each sp ’ --riéﬁbaf'fwent is

n € \ndly sel ected f} C\- C6J straight or

bManched Cchai n al kyl, C2-T6 ght branched chain
al kenygq C3-C8 cycloalkyl, a - C6 alskoxy,
trifluoromethyl, trifluoroethyl, and amnino; provided
that R has at |east one substituent when Ris an
N- pi peri di nyl, N—pyrroliﬁrnyl or an N norphol i nyl
group. 2. A conmpound of claim1, wherein the
heterocycle is selected fromthe group consisting of
pi peridinyl, piperazinyl, pyridazinyl, dihydropyridyl,
tetrahydropyridyl, pyridinyl, pyrimdinyl,
di hydr opyri m di nyl, tetrahydropyrim dinyl,

:%ig@ht @

s is



i mdazo |yl, dihydroimdazoyl, pyrazo |yl,
di hydropyrazo lyl, azepanyl, [ 1 ,2] diazepanyl, [ 1

WO 20p/oghizezepanyl , [ 1 ,4] diazepanyl, indo |ylPCHUSR008/078606
indo lyl, is oindo |yl and dihydro is o indo lyl,
di hydroquino |lyl, tetrahydroquino lyl, dihydro is o
quino lyl, and tetrahydro is o quino |lyl. 3. A conpound
sel ected fromthe group consisting of 394
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conpound which is 13
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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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or a pharmaceutically acceptable salt thereof. 5. The

conpound which is 37 or a pharnaceutically acceptable
wa@ a10p/04d2eF eof . 6. A nmet hod of chenpsensiti zi NRCTHSZYO$/078606

cells in a mammal in need of chenotherapy, conprising

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

or a pharmaceutically acceptable salt thereof:

danorubicin, 4’-deoxydoxorubicin, bleomycin, pilcamycin, mitomycin, neomycin, gentamycin,

etoposide, 4-OH cyclophosphamide, a platinum coordination complex, and mixtures thereof.

18. The pharmaceutical composition of claim 17, wherein said chemotherapeutic agent is

temozolomide or a salt thereof.

19. A method of chemosensitizing cancer cells in a mammal in need of chemotherapy
comprising administering to said mammal at least one compound selected from the group

consisting of

\I
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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 al kenyl), (CLl-C6 straight

0. _NOr branched chain gl ky|)carbonyl, (C2-C6 straight or

bNanched chai Cﬂrbonyl (C&C8

cl oal k ayl Il ce stralgh or gpranched chain
al ki) o f bonyl ,

wght pbr anched chai n
kZQxl 0 'carbonyl | og ) oxycar bonyl ,
awylcarbonyl sul fonyl, Mryl onyl, aryl (G -C6
strailght or branched chain alkyl), aryl (G2-C6 straight
Hor branched chain al kenyl), aryl (C3-C8 cycl oal kyl),
o. NG -C6 straight or branched chain alkyl)aryl, (C2-CB
§Nra|ght or branched NR alkenyl)ar%%, (C3-C8
cycl oal kyl)aryl, aryl, |het rocycIyI

t iHo cIyI(O C6 st br anchegs chai n al kyl ),
he wro ( Ce-

t Wr ghed chain
aNkenyI) eac ﬁ s bet ween 1 and
7 heteroato pdependent | y selected fromO, N, or S

and WAerein each of -RA and I e Hte i ndependent |y

sel ected fromthe grgup consisting of hydrogen, G -C6

pstrai ght or branofQednchain al kyl, C2-C6 straight or

Nbranched chain aIk-nyIN and C3-C8 cycl oal kyl; and R2
selecteq3 on1 3 oup consisting of C -C6

&Ikyl

|g n Hh C2- C6 straight or
braﬁ he ch cn alN " el ol kyPl, G -C6
C6 al kenyl oxy, phenyI oxy, benzyl oxy,
(O C6 straight or b5§nched @l kyl), NRxRY
strai ght or branched chain al kenyl}y, (C -C6
Hstralght or branched chai Hal kyl)carbonyl, (C2-C6
Os Nstrai ght or branched qjkenyl)carbonyl (C3-C8
cycl oal kyl ) carbonyl, (Ci} C6|straight or branched chai n
h)oxycarbonyl, (C2- }th or branched chain
al kenylHy oxycar bonyl, ( cyicl odl kyl ) oxycar bonyl ,

K QLY N 6":13”, yl (G -C6
strai ght or hed chai n al kyl), C2-C6 straight
or brllnched c al kenyl ), Pyl ( C3- cycl oal kyl ),
(G -Co6 stralght or branched chai n al kyl)aryl, (C2 Co6
Hstrai ght or branghed chai n al kenyl )aryl H (C3-C8
: N

O NeMcIoaIkyI)ary! 3yl >Nhet erocycl yl O

Nfet K
I K ) [
aN4£EZ/£ii§ﬁgrﬁ.
21
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het er oat ons i ndependently selected fromO, N, or S
and wherein each of Rx and RY are independently
W@ 200804205 from t he group consi sting of hydr ogePCT/T520E88078606
strai ght or branched chain al kyl, C2-C6 straight or
branched chain al kenyl, and C3-C8 cycl oal kyl ; wherein
Rl and R2 are independently substituted with between 0O
and 4 substituents, each indepepdently selected from
nhal o, Ci-C6 st:zﬂ ght or branched thain al kyl, C2-Cé

Oa NSt rai ght or brag g, chai n al Reny Ci - C6 al koxy,
tFiquoronethyI, tr{fl uoroethy l am no; and
Mhde S R nF§§' M be nethyl, and R2
may| notl be (phle p- 13yl vhen Rl i s hydrogen; or
hf’J\&r/x’T‘ ‘

4 between 0 and 4
substituents, each independently selected fromthe
group consisting of halo, G -C6 al koxy,

Htrifluoromgyhyl, trifluonpethyl, Cl-C6 straight or

O~ Nbganched chai n | ,0L2-N%6 straight or anched chain

aJ| kenyl , Cﬂ oal K MRcRD, NRcRi 0| C6 straight
~hrnanghed\ charm\al kyls ‘FNR%RB( trai ght or
br ghch B;E%in al keny eriei n|each of RC and RD is
|ndgpeﬁd ‘ B consi sting of
hydr ogen, C -C6 straight or brqﬂfhed chai n al kyl

C2- Co6 rai ght or branched chaift al kenyl, and C3-C8

pHeycl oal kyl ; and when re than one substituent is of

O -Nthe form NRcRD, eagh ogcurrence of RC and:RD is

i fidependent |y sel ectyd fXom t he group p sisting of
gen, Gi-Cg strajlghtllor brapgched.chhin al kyl,
ig ‘ edNkhaf'n kenyl, and C3-C8

C2- stirai ght jor

M ¢ Q (&) _zlhetkrogycl ¥l having between 1
and 7 hetero i ndepeNdenfly Sel ected fromO0, N, or
S; and3zhavi ngNetween 0 and 3 substituents

i ndependent|y sel ected fromthe group consisting of
Hhal o, hal oal kyl, hydroxyl, nitro, trifluoronethyl,
Nbnifluoroethyl, C - COSsLNai ght or brgnched chain
allkyl, C2-C6 straight qr byanched ch al kenyl, C1-C6

My,  C2- C6 al kenyl s-ﬁﬂylé;fzgfoxy, benzyl oxy,

ami_po, (4 hi gcarhonyl, 0, 1 np, NRERF(Ci C6 straight

K™ brancheéd © 1 al KWF PF%%E% - straight or
branch kenyl) sul f hydryl, thioal kyl,

di oxa-spi roet hyT, FCl-C6 str¥i ght or branched chain
HaIkyI) car bonyl, (C2- strai ght or branched chain
nal kenyl ) carbonyl , ©Cl1- strai ght or hranched chain
aNkyl ) oxycar bonyl , (3~ CbNstrai ght or :

kenyl ) oxycar bonyl , L

aryNduldonyl, aryl shifai ght Yor Bfr anched chai n

I ) Nar C6 - ofN branched chain
alNkenyl ), ar -C8 cycloal kyl ), (Cl1-C6 straight or
branched chai 2009/ 046205PCT/ US2008/ 078606

al kyl)aryl, (C2-C6 straight or branched thain

al kenyl )aryl, (C3-C8 cycloal kyl)aryl, aryl,

het er ocycl yl, heterocyclyl (G -C6 strai ght or branched
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
fromO, N, or S, wherein each of RE and RF is

i ndependently selected fromthe group consisting of
hydrogen, Ci -C6 straight or branched chain al kyl,
C2-C6 straight or branched chain al kenyl, and C3-C8
cycl oal kyl ; and when nore than one substituent is of
the form NRERF each occuifence of RE and RF is

i ndependently sel ected f 5H1the group consi sting of
hydrogen, C -C6 straight or branched chain al kyl, C2
C6 straight or branched chain al kenyl, and C3-C8
cycl oal kyl ; wherein each of said 0-4 substituents is

i ndependent|y substituted with between O and 4 further

s 1. . oy N | N L Y T R o,




consi sting of piperidinyl, piperazinyl, pyridazinyl,
di hydropyridyl, tetrahydropyridyl, pyridinyl,
w@wmadnyl , di hydropyrim di nyl, PCT/US2008/078606
tetrahydropyri m di nyl, hexahydropyrim di nyl,
di hydr opyrazi nyl, tetrahydropyrazinyl, pyrrolidinyl,
i m dazol i dinyl, pyrazolidinyl, pyrrolyl,
di hydropyrolyl, imdazolyl, dihydgaimnm dazoyl,
pyrazol yl, dihydropyrazolyl, aze ,
H[1 2]d|azepanyl [1FB]d|azepan§5 , 4] di azepanyl ,

0 hndolyl dlhydr6? , Isoin yl and
dlhydr0|so FFENO ydr oqui nqls
etrahy grag , e Ry Ar oy’so |nonI, and
t et tahydro [ . _J8. thod of claim®6,
rern [ e N§7a 9. The net hod of

clagm 6, wherein said adyg ni strati on |s adm ni stration
of a pharmaceutical conposition conprising said

Hconpound and a pharnacﬁktlcally acceptabl e carrier.
~The netho ¢ Ss

further conprising
a chenntherapeutlc agent .

dm ni st™r ed

essential ly sinultaneously. 2. The net hod of claim
10, erein said chenot herapeutic agent is-selected

Hf rom t he group copsisting of tenozol om de, adrianycin,

Nganpt ot heci n, armpplatln C|splaﬁh daunor ubi ci n
cetaxel goxonubi i n, interfefork al pha,
rfe et i niler f er op~gay At erl eukin 2,
ri ote an axelNH t pot axoi d,
o N "Gl AN 44 yaoOxor ubi ci n,

~;/omeao yet hod of
phereln S Slt zi gnpound and
her apeut i agﬂnt

Q

[

bl eomyci n, pllcanyc m t omyci n, neomnycin,
gentanyci n, etoposide, 44QH cycl ophosphani de, a

pl ati num coordi nati on conpl ex, and mi xtures thereof.

o HlS The met hod of claim 12, wherein said
ckRenot her apeutic agent NS tenozol omi de or a salt
thereof. 14. The metjhodNof any one of clainms 6, 12 or

3 NMherei n the can e

| s ar elgcted fromthe
gr oup c,@nsi sti of H-pP'Hdu i ngrs acute
NP f?f\gf?%Eni Mzé\ggﬁ rphgeyti c | eukeni a,
cancer  of thel agnenal cortex bl adder cancer, brain

cancer43breast cancer, cert cal cancer , chroni c
| ynphocytic | eukem a, chronic nyel ocyti eukem a,
Hcolorectal cancer, cutaneous T-cell |
nyeéndonetrial cancer, §ophﬁgeal cancep, ng's
SErcoma, gal l[OgiHadder ry hairy cetd_|eukem a, head
amd neck _cander, odpgdgki ' s || ynpho N aposi's sarconm
i ANy an [ iver ednsef “Nwing cancer (snall and/or
oAs e | S , malid pel i t qpeal /ef fusi on
nil i ghant”pl €ur al ef f uS¥on,NTTedanower, nesot hel i oma
mul ti pse nyel oma, neurobl ast ogg, non- Hodgkin's
| ynphoma, osteosarcoim, ovarian cancer, ovary (germ
cell) cancer, prostate cancer, pancreatic cancer,
peni |l e cancer, retinoblastom, skin cancer,
soft-tissue sarconmm, squanous cell carcinoms, stonach
cancer, testicular cancer, thyroid cancer,
trophobl asti c neopl asns, uterine cancer, vagina
cancer, cancer of the vulva and WInms tunor. 15. The
met hod of claim 14, wherein the cancer cells are
selected fromthe group consisting of brain cancer,
mel anoma, head and neck cer, testicular cancer,
ovari an cancer, breast cancer, non small cell |ung
cancer, and rectal cancer.




WD 2009/ 046205PCT/ US2008/ 078606 16. A phar maceuti cal
conposition conprising a conmpound selected fromthe

wQ e@ep4onsi sti ng of WO PCT/US2008/078606
2009/ 046205PCT/ US2008/ 078606
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cl WO 2009/ 046205PCT/ US2008/ 078606 and

phar maceutically acceptable salts thereof; and a
wWpbmwoweeut i cal | y acceptable carrier. 17. The PCT/US2008/078606

phar maceuti cal conposition of claim16, further

conprising a chenot herapeutic agent selected fromthe

group consisting of tenbzol om de, adriamnycin,

canpt ot heci n, cagbopl atin, cisplatin, daunorubicin,

docet axel , doxowyubi cin, interferon-alp

i nt erferon-bg i nterferon-ganm, }
Hi ri not ecan, t axel H t opot ecan

o) Ndﬁctinonyci N

| N
NH (i:;)
N/)\/N
60

| euki n 2,
2 o?d,
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"N 113 danorubicin, 4'-deoxydoxorubicin, bleomycin,
pi |l canycin, mtonycin, neonycin, gentanycin,
wereposi2oke, 4-0H cycl ophospham de, a pl ati num PCT/US2008/078606
coordi nati on conplex, and m xtures thereof. 18. The
phar maceuti cal conposition of claim17, wherein said
chenot herapeutic agent is tenpzolom de or a salt
ythereof. 19. A nethod pf chenpsensitizing gancer
O _NCEll's in a mammal id) n$@d of chenot her apy_cqupri si ng
alni ni stering to sai at | east oneYo und
eﬁted fromthe gr R%|st|ng of

H H NH
z N z N z N
N ~g7° N ~g2° N ~g2°
5 4 5 758
72 7
H
Os N_
)
NH NO,
=z N
N )\/
O , 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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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,-C¢ 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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20. The nethod of claim19, wherein said mammal is a

human. 21. The nethod of claim 19, 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. 22. The net hod

of claim19, further conprising admnistering to sai d

TR BB b 0 ARG E P b a e ERBEHaIre SRR g

alRQRPRK g1, sai d chenot herapeutic agent are
adm nistered essentially sinultaneously. 24. The

(G"rét‘smqb@kybbwcmbmyl oityteeonyl alill(ﬁmml aIrJelalslfondhearyl(Cl -Ce straight or

br%% e Fe%trl‘% € ?ré/ r@g%? 3’[1’31 grl ‘t%e{gltlc a1n a ? g%i %g

C}Q&fab@m at -Qs stﬁehgmoabtdﬁchddlaihﬁﬁlfdll@yl)“drﬂ ((dzoegﬁtmxg.tit or branched chain
doxorubicin, interferon-al pha, interferon-beta,

alkeiyDprir Gn-(garraalkyReataexdki n 2, irinot ecan,
T —

stialigho m]branchedmhhmaaﬂimyr), wheremmnach hetefaxegmybhlas between 1 and 7

t , d 4-0H I h h d
h ffefgﬁt‘gﬁla m@@ae}ed’& g?f'fleﬁe%ﬁﬁu %C o ﬁﬁ? %@gﬁrg&eeatch@f Bofend R are
mMQe%@&{% X%ﬁ%&é%ﬂ He2008{ DI8RARK: oﬁlﬁyerge% '@t@%{ra%fht or branched

cllaim 2 wherein sai'd chenot het apeuti ¢t agent
chagnalkyll Gferetrmghta)rs’cmdtnchtmdraaoakelzé anfl{ey- @etwwﬂqﬂ any

R R R B e O

st¥stitheRis OSHAS i pb A¥RILS , sc Retet §rdny ARBOC Y T Qrilﬁﬂlkﬁ Miahched chain
acut e nonl ynphocytic | eukemi a, cancer of the adrenal

allkyy €eks smlabrdérbrwhecéehanbaléﬁwldénEe plkoxy, srBeoreandet,
tr&% 1y0|eﬁlail o an'arp‘%gw 2{’&0% B b EHK etp&tﬁbe &%{hy'i“a%d R
e’m a, o rec cancer-,

me a6t e (bhﬁﬁh@fﬁ}»l@nﬁﬁ@few isalydeqRa s, esophageal
cancer, Ewi ng's sarcoma, gall bl adder cancer, hairy

cell leukem a, head and neck cancer, Hodgkin's
{:‘tﬁqgh suﬁgﬁﬂﬂéd wﬁh% 9 'anﬁ C&ﬂﬁ%lt&&l@& €h qilnheéfzﬁsiently selected
er,”’l'ung cancer /or non-small ¢ ,

frasmltheggmnp cpmnstﬂng o€ hhloe@f @5 ahmxy,rmﬂucgnamthymlteiﬂn@doethyl Ci1-Cs

ff , hel
St%&# 315 Télgflt?ﬁé alﬁgﬁwlbr@g% ﬁfeaééf?%wﬁ}atd @etneag% ygﬁacs
yRWATRN RGT ER RV@T, Yo (B8 ot 6k cHe@RESR a0 SEANR R (C,-Ce

canceér, pancreatic cancer, penile cancer
stragghit nobﬂaasltedrmalns‘slﬂd{emybawb@‘mn ol bERT 8B ssindepeadently selected

nmous cel car nmas an tic
g RCR T i GEoThAPESt Cpionr et orsbp Ei otk cc
sttt 0P Brafitd@hain\adEinPRlan€ BREE ey cl6 ARGE an@whb M Bro¥dHhYA one
and WIlmnms tunor.
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
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27. The nethod of claim 26, wherein the cancer cells
are selected fromthe group consisting of brain
w@ 2088462051el anoma, head and neck cancer, testiPCI/HS2008/078606
cancer, ovarian cancer, breast cancer, non snall cel
| ung cancer, and rectal cancer. 28. A nethod of
radi osensitizing cancer cells in a manmal in need of

S R T R A A R G-C
]I?&ﬁ/‘ﬂﬁ(tyaplhe%yﬁ dhéndxyep@Rl loxy Wis 1h§| tﬁlo&ﬂbénﬁlaéyamllﬁgno NR"RF(C-

whér ei n i's seléected fr group conS|st|n%
Cwmlgig@hbra@bhe@@hgmraémhﬂ\%ﬂ% HEzaGcﬁ@dgltE l@abranalnqdyq ain alkenyl)

Such%;Ij {yo?ﬂ(g%dlo%r% sg{rﬁl ){/eﬂ%,z@a' £ q’ké chegi'sch n allfyl) carbonyl,

(C@f@gmﬁﬁé}g,ht bﬁlbtéﬁdlfé&)éhaﬂﬁﬁd@ﬁyl@ &akbdly T s gfﬂalgﬁf oﬂj’r@’(&lb@ ghain
chaln al kyl) NRARB&&F strai ght or branched chain
meron}(lsz@g sgra @h‘prag(phegpg%mngh%warbonyl arylcarbonyl,

o LR SR B B TSI, .

brstahei ghdin etkebylagrwﬂ(a(ds Chayaioaak |y (I oy emlgwlb;fal(cﬁ@d &6in

st rai gh r branched ch in ny| oxy arbonyl, (C3-(C8
algyliargaf %18 O SHPFL e%a% ncﬁlf%}?w ISR alkyl)aryl aryl,
hedr¥ bR f @%&bc@% ('@? stffo1ft b %fa%ﬁedocfhaﬁmpﬁv &fld ‘EE‘@fcﬂ:yclyl(Cz Cs

al kyl)’, rai ght or branched
stiplighe nybl)ancmwhemﬂ@yb ywhezrainlwbl) hetél@cyc@ﬁl Isis rbaivgian lcmd 7

hed ch k ht
ndiraR RS tnRordtafty Fie b Hom Q%I T Ry rePgr )
lnh@eﬁa@ﬁwehélcsedff@ﬁ@ﬂ@@f@&p/&dngsn@oﬁ dab gt cqrcM@[g%hsldbranched

chain alkyl), and heterocycly stra

chsirerisHed:-Eh airmighi ddnyiched ohﬂerr é‘&ﬁnﬁe@d @ue@sem@yélw,l anggghen more
th?l? Lye %%sthugﬁ][qs éf tlﬂgtf%%mk‘gﬂs eiclﬂq)%ﬁ elji]%)%m lfiéE 33%1 RET ﬂdependently

erein eac
seﬂd&ﬁwm‘lﬁﬂ et gryulﬁ edmsitiag of hair gdhe CgK(OéJ@raﬁ.‘ghﬂ St Sﬁahﬂ&d@ham alkyl, C,-
hydr ogen - strai ght or branched chai n al ky

C@Zta&l St bl&lﬂl@hﬂd C@aln&ﬂsﬁwh a8d Engisreyaloplknl Wheme@@ ofgaid 0-4
su%yt(fth&ﬁg Eyllld%)?ﬂ% ﬁ%gh@stﬁlﬁl%@ %tﬁ%efx{)é%ﬁ‘ot %ﬁ 4%&1’1& subftil(ti/lizn’ts, and

consi sting traight or branched chain a
caCR saiCGursliar aulgpntueat is indepeinzotly Imleme&il fkeemyrhlp, C3CEBtraight or

ot eyt R Ry s s D e, Cor el Cr-Co

alf%&@' 'ﬂutﬁio‘f&h&thyl%%r&%ﬁ?mﬁit Jn%hghbr&ﬁdegrtﬁd? HRA £RAktbne

Kenyl) C6 strai or branched chain
sualstktytr)tomebcﬂ]wan N@H)efiams(t Mapghelidnyllpr an dhewredingl group.
al kenyl ) carbonyl, (C3-C8 cycl oal kyl)carbonyl, (C -C6

A compound of claim 28, 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.

124



straight or branched chain al kyl)oxycarbonyl, (C2-C6
strai ght or branched chai n al kenyl ) oxycarbonyl, (C3-C8
W@ b2/ | ) oxycar bonyl , aryl carbonyl, sul f onyPCT/US2008/078606

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 ky0, (Cl-C6 straight or
branched chain al kyl)aryl, (C2-C6 straight or branched
chain al kenyl )aryl, (C3-C8 cycloal kyl)aryl, aryl,

30.  1Rd feaRYOf¥laimhet QhaexGhid hEhn@bisstn@@ht or branched
chain al kyl'), and heterocyclyl (C2-C6 straight or
branched chai n al kenyl); wherein each heterocyclyl has

31. ?Eé e Odﬁf cﬂumé8 hehegré{%%ter eadrrlllmgldter endg réf(rln nlérea:t\;{@%t

pharmatdigieplesdagotikiyn sempfritieg sdid osmb Blﬁlci}ﬁﬂlhﬁ)lﬁﬁﬁﬁdeﬁtld:d]@ a@éeptable
hydrogen, Cl-C6 straight or branched chai n al kyl,

carrier. c2- C6 strai ght or branched chain al kenyl, and C3-C8
cycl oal kyl; wherein RlL and R2 are |ndependently
substituted with between 0 and 4 substituents, each

32. Thdepdnderdtlaym 28 Ivdet«n tlferaamdr&lebs ar€kelCBed troai t@bfgr(mp consisting

branched chai n al kyl rai ght or branched in.
of ACTE-RIQAYFINS (1R aa}lt@dwphqcryrlt tw@sfnaweﬁwt nogy tﬂinpt%’tlsitl%mla
cancer of tﬁ@ er@ﬁﬂl@@ﬁe@%@ad@&%ﬁh%%ﬂaﬁ%an%r Brackt RnddRYeeRGal Qéﬁc’é‘r chronic

hyl, and R2 may not be (phenyOprop-1-y1 whe
lymphocglmlywlfecmg@,mhr@nc myglopytar },ehbenyl,a sudrstiat eanedt, thaltreous T- cell

moncE SR S B S5 SRRy coner, i
cell leuldnki@Xpbad hd hédkoraap®t Ry ligkih's l}fnﬁplféh{&ekﬁf%s’l s Sakcédhia, kidney cancer,

strai ght or branched chain alk C2-C6 straight or
liver capgearoh@epnepiaismal laréry hon- @al@geligympbgtamyperltw fusion, malignant

pleural %EESE%, %e:la%ni . ?n%is%ﬁ%ho(%na brugt n&ﬁ %%/eﬁﬂlgﬁ %etgr:o@égt)oma {1](911 -Hodgkin's

lymphowAes@tddaranh, OfariRe camtdr, Ratys( gt €415 ARt | pros ek @eiiR€ pancreatic
fromthe group consisting of hydrogen, Cl-C6 stralght

cancer, genilsrcanedieistinpkipsiompislin capoercpfstissHe §HEOBR WeaHeHeE

[ I

C&I’ClﬂO&E%ﬁ%&lﬁdghg JSC%' It?ﬂfeé%%? Icéﬁe ! hgﬂfclﬁﬂée'r ’qgg%gﬂﬁgt% %@6&)%511’15 uterine

cancer, egeginalrcenae, ahcdRCf ardvuRR dmsl Wildéypendent |y sel ected from
the group consisting of hydrogen, Cl-C6 straight or
branched chain al kyl, C2-C6 straight or branched chain

33. @hé‘ﬁl@bﬂod oRdi32 %h&%ﬁ'ﬂ tR@LAEs celE are defoktcd Mh BIQFYED ¥dnsisting

havi ng between 1 and 7 heteroat ons i ndependent |y

of braingmhext mdlaﬁqomm lraad Ahd ngckSaneamdestzuian gatyet, weenarOcaanet, Yreast
substiﬁ §>f dependently sel ected fromthe group

cancer, pghaet f B UG 0?1% b, ISR hydroxyl, nitro,
trifluoronethyl, trlfluoroethyl Cl- Co6 straight WO
2009/046205PCT/U52008/078606‘or branched chai n al kyl,

34 gaghod @f@ﬁ@ﬁtnswntﬁ eanedresdlle ived maminped yneed of ragaation therapy

comprlseﬁltrﬁ é)(ﬁ%h %m&r gony AP co‘abp%m}{% 8619{&%%%31? g%%¥|c8f§¥8ting of

cyano,
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C6 straight or branched chain al kyl), NRERF(C2-C6
strai ght or branched chain al kenyl) sul fhydryl,
wa biodasdyd , di oxa-spiroethyl, (Cl-C6 straight BCT/US2008/078606
branched chain al kyl) carbonyl, (C2-C6 straight or
branched chai n al kenyl ) carbonyl, (Cl-C6 straight or
branched chai n al kyl ) oxycar bonyl, (C2-C6 straight or
ybranched chain alken I)oxycarbonyl aryl car bonyl ,
Nsulfonyl aryls , aryl (G -C6 straight or

bNanched chai n a N aryI(C2 C6 alght or branched
ain aI nyJon arlyl ( cy Io. , (C1-C6
str g or br an ch Hn , (C2-C6 straight
chai (C3 C8

cvcloalky yaryl, arylN he ero yclyl,

het erocyclyl (G -C6 straight or branched chai n al kyl ),

and heterocyclyl (C2-C6 gtrai ght or branched chain

al kenyl ), wherein each heterocyclyl has between 1 and

H7 het er oat ons i ndependentlly selected fromO, N, or S,

AR s i ndependent |y sel ected

.f hydrogen, G -C6 strai ght

2>\ straight or branched

cy%LgE{yyl and when nore

& OofN NRE RF each
occurrence of RE and RF is independ ly selected from
t he gLoup consi sting of hyc%ygen P~ C6 straight or
branched chai n al kyi, strai ght or branched
Hchai n al kenyl, and C3 C8Hecycl oal kyl ; wherein each of

O N5ﬁ|d 0-4 subsij Nlndependently s\bsCi t ut ed
Mfth betmeen d 4 fUrthgr substitud and each

) depengenAtd )y sel ect ed
fro ha o, |[G-C6 str or ybrahchgd chai n al kyl
/g%veﬁ arght or bran éhﬂL*Nfﬂjﬂenyl C3-C8

cycl oal kyl, O -C6 al koxy, trlfluoronethyl
triflluoroethyl, and,amni no; prd¥i ded that R has at
HIeast one substituent when R is an N piperidinyl,
o. .NNpyrrolidinyl or an nmor phol i nyl group. 29. A
anpound of Sy wherein the heterocycle is

sk| ect ed

plp Haz{ny i da
h rooyrldyl
dN hydf opyfi ni di nyl , y

hexahydropyr|n1d|nyl di hydr bpyr azi nyl ,
tetrahydropyra2|nyl pyrrolidinyl, |n1dazoI|d|nyI

0 pyrazolldlnyl pyrronI Hdihydropyrolyl |n1dazolyl,
thydr0|n1dazoy| Py 0RZ oNyI dihydropyrazolyl,
agepanyl, [1, 2]d|azepa yl, [1 3] di azepanyl ,

1 Mhdhgzepanyl i ndo dr oi nd , 1 soindolyl
di hydr gi_ soLndokyl dr oquil no
t@tra ydroqui , v and

t et rahydr oi soy y
2009/1046205PCTIUS2008/ 078606 50. The nethod of cl ai m
28, wherein said mammal is a human. 31. The net hod of
claim 28, wherein said adnministration is

adm ni stration of a pharmaceutical conposition
conprising said conpound and a pharmaceutically
acceptable carrier. 32. The nmethod of claim28
wherein the cancer cells are selected fromthe group
consi sting of ACTH producing tunors, acute |ynphocytic
| eukem a, acute nonl ynphocytic | eukem a, cancer of the
adrenal cortex, bladder cancer, brain cancer, breast
cancer, cervical cancer, H#hronlc | ynphocytic | eukem a,
chr oni ¢ nyel ocytic | euke col orectal cancer,

cut aneous T-cell |ynphoma, endonetrial cancer,
esophageal cancer, Ew ng's sarcoma, gall bl adder
cancer, hairy cell |eukem a, head and neck cancer,

degkln s Iynphona Kap03| s sarconm, kldney cancer,



33. The nmethod of claim 32, wherein the cancer

cells

are selected fromthe group consisting of brain

W@ 2000/0462051el anoma, head and neck cancer,

cancer, ovarian cancer,
| ung cancer, and rectal
radi osensitizing cancer

t est i BUI/ES2008/078606

breast cancer, non small cel
cancer. 34. A method of
cells in a mmmal in need of

radi ation therapy copprising administering to said

o) NQL |
I O’“> NH
r O i
Nél\v’N \V/A\I:::I:
17 , 18 Cl,
H H
N
O Ny 0 \P
|
NH Y NH H
19 \/\©/ g N
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WD 2009/ 046205PCT/ US2008/ 078606 Cl WO

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
yacceptable carrier. N 64 HN

H
ANZL AN Os N. F

NH H
L O
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"N 131 WD 2009/ 046205PCT/ US2008/ 078606 37. The
met 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
nyel ocytic Iereni , colorectal cancer, cutaneous
Tcel | | ynphom&y endonetrial capclf, esophagea

cer, INNg' s Isar goma, gall bl & gercancer, hai ry
cel NH| eukemya, and n @ odgkin' s
p sailco sdncer, |iver

0 ]

céncer, I'Ung cancer N(s | "And/ or non-small cell),
mgy,i gnant peritoneal effqzion, mal i gnant pl eura
ef fusi on, nel’anona, nesotheliom, nultiple nyel om,
Hneur obl ast oma, non- Hodgki n's | ynphoma, osteosarcona
NoMarian cancer, ovyy ermcell) cancer, prostate
CRNcer, pancreatic CnceN, penile cancer,

ygobl ast oma, skin icanfier, soff-tigsue sarconm,

squano cell carci S, Htlonyich der, testicular
gﬁ%epﬂ§ j

a t hok| a neopl asns,
uteri ne cancdf, yagi nal &anc&r, €ancer of the vulva
and W43 s tumsf. ., 38. Thed44ret hod of cl.aim 37, wherein

the cancer cells are selected fromthe group

consi sting of brain cancer, nelanons, agg neck

Hcancer, testicular cancerd ovarian cans bF east

Ncgncer, non sy, cel P ,Nq“cancer, %{_rectal cancer

3. A net hod Jof brﬁatin mal haviPMy a cancer
K@act 5

aefget ¥ the honol ogous
regQggi HR) pat of | do qgfé;tranded DNA
repanry” npr'si ng ad Nl N aid mammal a
conmpoynd of Formula (I) or a anrnaceutically

acceptabl e salt thereof: wherein Ris ’

H OCHj,4 H
N O N
i ¢ ) s LI
.S I F
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(a) NRLIR2, wherein R is selected fromthe group

consi sting of hydrogen, Cl-C6 straight or branched
wa@bmwbms@bkyl , C2-C6 straight or branched chai nPGI/K£2998/078606

C3-C8 cycloal kyl, C -C6 al koxy, C2-C6 al kenyl oxy,

phenyl, phenoxy, benzyl oxy, NRARB (Cl-C6 straight or

branched chain al kyl), NRARB (C2-C6 straight or

branched chai n al kenyl), (Cﬂ C6 straight or branched
Hcharn aIkyI)carbonyI :

(0~\C8 cycl oal kyl)

CB strarq t branc ed chain aIkyIfb‘ lbonyI
S B br anch 5 a|n enﬁL oxycar bonyl ,
cledB ﬁé'\bar k)yr ) oxycd , yng/K nbonyl , sul fonyl ,
, aryl (G -G &%ﬂu,%m,ﬂranched chain

yI aryI(C2 C6 straight or branched chain

aIk aryl (C3-C8 cycloalkyl) (O C6 straight -or

branched chain al kyl)aryl, (C2-C6 straight or branched

chai n al kenyl)aryl, (C3-C8 cycl oal kyl') aryl,

het erocycl yl, heterocyclyl (C -C6 straight

chain al kyl), and hegerocyclyl (C2-C6 str g

Hbranched chai n al ken ; whetein each hﬁt- ofyclyl has
Oa-Nhet ween 1 and Er Oat O8g ngependent sel ect ed

f onrO N, o" S d where| n gach of RA nd le are

&%%F ected f N O si sting of
oge strai ght
/Eﬁzdﬂ ght or branche

Or ar che ch n al kyl ,

, and C3-C8
cycIo | kyl ; and R2 is seIected frsgrthe gr oup
conS|st|ng of Ci-C6 straight or branched chain al kyl,
C2- C6 straight or branched chain al kenyl, C3-C8
cycl oal kyl , al koxy, C2-C6 al kegphoxy, phenyl,
phenoxy, be Zyl &xy, NRXRY (G -C6 st ht—For branched

Hchaln al kyl R Rg (QHCG stralghu) ranched chain

ahkenyl) (v 196 st ght or brancRgd,chain
all kyl ) carb nyT (C2- silr ai ght _~anbranched chain
ﬁnyl carRonyl, ( BIOSI/OLr )car bonyl, (G -C6
st;ﬁ*gﬁ \g;}branch algIaLR hyrgycarbonyl, (C2-Co6
branched™haln a oxycar bonyl ,

(C3-6Bcycl oal kyl ) oxycar bonydl, aryl carbonyl, sulfonyl,

aryl sul fonyl, aryl (G -C6 straight or branched chain

al kyl ), aryI(C2 &Bpstrai ght or branched cRAin

al kenyl), ary] e cycl oal kyl), (C -C6 giraight or

branched chaj kyl)aryl, (C2-C6 strayghiy or branched

Hchai n al ke I, (C3- Q$ cycIoaIkyI aryl,
Ox-Nh terocycl het er oay gl or branched

cfai n aéhxh),‘%nd het erpcyc yI(C2 06 S€pai ght or

i n al kenyl
beirfvfh\,,;d

62 63

branched
or
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het er oat ons i ndependently selected fromO, N, or S
and wherein each of Rx and RY are independently
W@ 200804205 from t he group consi sting of hydr ogePCT/T520E88078606

strai ght or branched chain al kyl, C2-C6 straight or
branched chain al kenyl, and C3-C8 cycl oal kyl ; wherein
Rl and R2 are independently substituted with between 0O
and 4 substituents, each independently sel ected from
hal o, C -C6 straight or branched chain s C2- Co6
strai ght or branghed chain al kenyl, G - koxy,
trifluoronethyl %lfluoroethyl , and anf no; and
provi ded tha and R2 may not both / et hyl, and R2
Hnay not be§§ ') prop-H-yl when Rl Aydr ogen; or

0 aryl oxyy /subst i toagedNw th bet weBn/T and 4
s bstltuent =Q@ach i ndependent | y sel,8€Ped fromthe

ting of d - C6 XY,
tr| Iuo methyl, trif roe?ﬁyl, C1- strai ght or
in aIkyI AN & or branched chain

aIkenyI C3-C8 cycloalkyl NRcRD, NRcRD(Ci - C6 straight
or ®ranched chain al kyl), and®SNRcRD(C2- C6 st r.ai ght or
branched chain al kenyl), whgjein each of RC and RD is
Hlndependently S ctBd, fogmiu he group consisting of
0 throgen G qﬁﬂi:iléight anched chai n al kyl
-C6 straig ranchegichain al kenyl, and C3-C8
ythQal mqaﬁd when nor § An one substituent is of
Ifo NHcRD, each occ en S 0 'S
nderitly sel ected fromthe groupllconsi sting of
hydrdﬁén Ci -C6 straight or bramshed €hai h al kyl,
C2 C6 straight or branched chai n al kenyl, and C3-C8
cycloalkyl or (g2 Fbeterocyclyl havi g ﬁ}tmeen 1
and 7 heteroatonB [
and havi ng bet wee
I ndédendent | y selec

0] N

hal halga;kyl oxy| gi tro, driflu
tleI o- stai gt op<brag
k%/ , rai ght or bnanche(d @
alké&y, C2- enyl oxy, phenyl, gfloxy, benzyloxy,

am no, thiocarbonyl, cyano, i mi no, NRERF( Ci C6 strai ght
Hor branched chain aIkyI) NRERF( C2- C6 strai ght or
bmanched chai n al kenyl) sul fhydryl, thioalkyl,

dil oxa- splroethyINEégl C6 straight or branched chain

MH) -C6 straight or branched chain
al kenyl g , (Cl1-C6 straight or branched chain
NkyTNY0OX Bonyl , (G C6 straight or branched chain

alkemgl)o,ycarbonyl,
aryl sul fonyl , aryl mﬂ%%h%?%%ﬁﬂz?b&?g ranc%ﬂgth%EOf
al kyl ), aryI(C2 strai ght or branched chain
al kenyl), aryl (C3-C8 cycl oal kyl), (Cl-C6 straight or
anche h WO 2009/ 046205PCT/ US2008/ 078606
35 ARG Chutas B inangagRe &#tw@al chai
al kenyl )aryl, (C3-C8 cycloal kyl)aryl, aryl,
het er ocycl yl, heterocyclyl (G -C6 straight or branched
36. Eh@hﬁﬂaﬂkibkhnéﬁdWh@tEM®KVﬁmyn@GEﬁ@BBQﬂnmﬁ@hﬁmomfa
hed ch wher ei ch . hetero
pharmau ARy SR oS fe g MR PR IR GaE Y B e b
carriecr.fromO, N, or S, wherein each of RE and RF is
i ndependently selected fromthe group consisting of
hydrogen, Ci -C6 straight or branched chain al kyl,
C2-C6 straight or branched chain al kenyl, and C3-C8
cycl oal kyl ; and when nore than one substituent is of
the form NRE RF each occ#{rence of RE and RF is
i ndependently sel ected f 3n1the group consi sting of
hydrogen, C -C6 straight or branched chain al kyl, C2
C6 straight or branched chain al kenyl, and C3-C8
cycl oal kyl ; wherein each of said 0-4 substituents is
|ndependently substltuted mnth betmeen 0 and 4 further

1 . "

oy S



42. The nethod of claim 39, wherein said
admnistration is admnistration of a pharmaceutica

W@ 209p0$i203 on conpri sing sai d conpound and a  PCT/US2008/078606
pharmaceutically acceptable carrier. WO
2009/ 046205PCT/ US2008/ 078606  43. The nethod of cl aim
39, mherein the cancer cells tunor have a phenotype

37. EE% g]%{ho %gné&&%rﬁeQﬁ gcg{nlgelrsct{e‘l% e%‘g(ﬁ d OE}']F%AT@%Q&R CQnsisting
of ACT@lef)I%@ﬁemﬁﬂﬁindry)acﬁ@ﬂ%@ﬁhoc@ﬂ@ MuRemidddeutd H@nl?ﬁb?@%ﬂ@fleukemla
ecte

claim 39, wherein the cancer cells are se from
cancer ¢fthaadrena serex, dladdeganesy. braincesncer, Wsast Aarast.Isetyies cancer, chronic

tre t|n I n cancer characteri e
lymphoF]glc %ke%naecf Qic mﬁ/e?)ﬁét %le nalabcl:%orre taf caiect, eutd eotl%{ﬁ)cell

lymphoﬁﬁt uRynctiial dondet, %s&ﬁlfagﬂﬂ @Qnd@%v{uﬁ@@lszircoﬁ@ MgIlbRUAG cancer, hairy
dmi ni stering to sai a compound sel ected from
cell leu]fqai@agbe@g Ign@ BE (@ppqggHgflgkm S h}m@oma 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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Cl 6061 6263 46. The net hod of claim45, wherein

said mammal is a hunman. 47. The nethod of clai m 45,
wob@pe+a0sai d adm ni stration is adm ni strati onP@F/US008/078606

phar maceuti cal conposition conprising said conpound

and a pharmaceutically acceptable carrier. 48. The

met hod of cl ai m 45, vvherei n the cancer cells have a

B B BEAES L GI SLUR, SRIFhS Rl B g o
%ﬁd&t@%@%@ﬁed fﬁﬁl@tﬂe‘@roﬁﬁ&ﬁﬁﬁim@@ﬂ@d@ogen, 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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49. The nethod of claim45, wherein the cancer cells
are selected from breast cancer or ovarian cancer.
WO 2009/046205 PCT/US2008/078606

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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