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of the Invention The present invention relates to inhibitors of the nucleic
enzynme pol y(adenosi ne 5' - di phospho-ri bose) pol ymer ase \

[ " pol y( ADP-ri b@Xe)y-SUBSIYTETER cCOMPOUNIFARPROCEAS OF MAKING| sANIoneti nmes ‘A
cal | ed " PARS'COMROSEITANEDANT BETEPOSy ROReTREEBITING PARP ACTIVITYl arly, the N\
invention relates to the wuse ‘of PARP inhibitors to prevent and/or

treat tlmc;ta}mge oreauiet iTRgENTOONCeEl | damage or death due to necrosis or
apopt§5|s ne raI J S5 d 9¢ 088 lLting fromischem a and reperfusion

i njury; neurol odegenerati ve di seases; to 15
prevent or tTheapresastuinventiomnkelates to rnﬁtxbxmorspoem nucleie

car di ovaaﬁ&%ﬂx di sg&@grﬁdeaesiﬁsat cstrh%rlga%eghg%g%oé@ o gisgedsLs such

as age-rel ated nac degenerati on ne “seénescen
di seases, "R (AR T 0sEPdYBeresel achexi PARRync sthichdedsnerdsove
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failure, de&ti nabmh§ehesf ageS€Pt HGeSHRCkndErSLY ASor apoptosis; neural
tissue damage resulting from ischemia and repeffusion injury;
neurological disorders and neurodegenerative diseases; to
15 prevént or treat vascular stroke; to treat or prevent
cardiovascular disorders; to treat other conditions and/or
disorders such as age-related macular degeneration, AIDS and
other immune senescence diseases, arthritis, atherosclerosis,
cachexia, cancer, degenerative diseases of skeletal muscle
20 involving replicative senescence, diabetes, head trauma, immune
senescence, inflammatory bowel disorders (such as colitis and
Crohn’s disease), muscular dystrophy, osteoarthritis,
osteoporosis, chronic and acute pain (such as neuropathic
pain), renal failure, retinal ischemia, septic shock (such as
25 endotoxic shock), and skin aging; to extend the lifespan and
proliferative capacity of cells; to alter gene expression of
senescent cells; or to radiosensitize hypoxic tumor cells.

2. Description of the Prior Art
30 Poly (ADP-ribose) polymerase ("PARP") is an enzyme located

in the nuclei of cells of various organs, including muscle,
heart and brain cells. PARP plays a physiological role in the
repair of strand breaks in DNA. Once activated by damaged DNA
fragments, PARP catalyzes the attachment of up to 100 ADP-
35 ribose units to a variety' of nuclear proteins, including
histones and PARP itself. While the exact range of functions
of PARP has not been fully established, this enzyme is thought

to play a role in enhancing DNA repair.
During major cellular stresses, however, the extensive
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10 cultures in proportion to their potencies as inhibitors of this

enzyme (Zhang et al., "Nitric Oxide Activation of Poly(ADP-
Ribose) Synthetase in Neurotoxicity", Science, 263:687-89
(1894)); and in  hippocampal slices (Wallis et al.,

"Neuroprotection Against Nitric Oxide Injury with Inhibitors of

15 ADP-Ribosylation", NeuroReport, 5:3, 245-48 (1993)). The
potential role of PARP inhibitors in treating neurodegenerative
diseases and head trauma has thus been known. Research,
however, continues to pinpoint the exact mechanisms of their
salutary effect in cerebral ischemia, (Endres et al., "Ischenmic

20 Brain Injury is Mediated by the Activation of Poly(ADP-
Ribose)Polymerase'", J. Cereb. Blood Flow Metabol., 17:1143-51
(1897)) and in traumatic brain injury (Wallis et al.,
"Traumatic Neuroprotection with Inhibitors of Nitric Oxide and
ADP-Ribosylation, Brain Res., 710:169~77 (1996)).

25 It has been demonstrated that single injections of PARP
inhibitors have reduced the infarct size caused by ischemia and
reperfusion of the heart or skeletal muscle in rabbits. In
these. studies, a single injection of the PARP inhibitor, 3-
amino-benzamide (10 mg/kg), either one minute before occlusion

30 or one minute before reperfusion, caused similar reductions in
infarct size in the heart (32-42%). Another PARP inhibitor,
1,5-dihydroxyisoquinoline (1 mg/kg), reduced infarct size by a
comparable degree (38-48%). :Thiemermann et al., "Inhibition of
the Activity of Poly(ADP Ribose) Synthetase Reduces Ischemia-

35 Reperfusion Injury in the Heart and Skeletal Muscle", Proc.
Natl. Acad. Sci. UéA, 94:679-83 (1997). This finding has

suggested that PARP inhibitors might be able to salvage
previously ischemic heart or skeletal muscle tissue.
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i nhi bi t orpeurotoxicity. Cosi et al., "Poly(ADP-Ribose) Polymerase
(PARP) Revisited. A New Role for an 0ld Enzyme: PARP
Involvement in Neurodegeneration and PARP Inhibitors as

15 Possible Neuroprotective Agents“, Ann. N. Y. Acad. Sci.,
825:366-79 (1997); and Cosi et al., "Poly (ADP-Ribose)
Polymerase Inhibitors Protect Against MPTP-induced Depletions
of Striatal Dopamine and Cortical Noradrenaline in C57B1/6
Mice", Brain Res., 729:264-69 (1996).

20 Neural damage following stroke and other neurodegenerative
processes is thought to result from a massive release of the
excitatory neurotransmitter glutamate, which acts upon the N-
methyl-D-aspartate (NMDA) receptors and other subtype
receptors. Glutamate serves as the predominate excitatory

25 neurotransmitter in the central nervous system (CNS). Neurons
release glutamate in great quantities when they are deprived of
oxygen, as may occur during an ischemic brain insult such as a
stroke or heart attack. This excess release of glutamate in
turn causes over-stimulation (excitotoxicity) of N-methyl-D-

30 aspartate (NMDA), AMPA, Kainate and MGR receptors. When
glutamate binds to these receptors, ion channels in the
receptors open, permitting flows of ions across their cell
membranes, e.g., Ca® and Na' into the cells and K' out of the
cells. These flows of ions, especially the influx of Ca®

35 cause overstimulation of the neurons. The over-stimulated
neurons secrete morée ¢glutamate, creating a feedback locop or
domino effect which ultimately results in cell damage or death
via the production of proteases, lipases and free radicals.
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10 1n cerebral cortical cultures treated with glutamate or NMDA,

that glutamate receptor ahtagonists block neural damage
following vascular stroke. Dawson et al., "Protection of the
Brain from Ischemia', Cerebrovascular Disease, 319-25 (H. Hunt
Batjer ed., 1997). Attempts to prevent excitotoxicity by
15 blocking NMDA, AMPA, Kainate and MGR receptors have proven
difficult because each receptor has multiple sites to which
glutamate may bind. Many of the compositions that are
effective in blocking the receptors are also toxic to animals.
As such, there is no known effective treatment for giutamgte
20 abnormalities,

The stimulation of NMDA receptors, in turn, activates the
enzyme neuronal nitric oxide synthase (NNOS), which causes the
formation of nitric oxide (NO), which more directly mediates
neurotoxicity. Protection against NMDA neurotoxicity has

25 occurred following treatment with NOS inhibitors. See Dawson
et al., "Nitric Oxide Mediates Glutamate Neurotoxicity in
Primary Cortical Cultures", Proc. Natl. Acad. Sci. USA,
88:6368-71 (1991); and Dawson et al., "Mechanisms of Nitric
Oxide-mediated Neurotoxicity in Primary Brain Cultures", J.

30 Neurosci., 13:6, 2651-61 (1993). Protection against NMDA
neurotoxicity can also occur in cortical cultures from mice
with targeted disruption of NNOS. See Dawson et al.,
"Resistance to Neurotoxicity'in Cortical Cultures from Neuronal
Nitric Oxide Synthase-Deficient Mice", J. Neurosci., 16:8,

35 2479-87 (1996).

It is kxnown that neural damage following vascular stroke
is markedly diminished in animals treated with NOS inhibitors
or in mice with NNOS gene disruption. Iadecola, "Bright and
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Peroxynltrlte" Proc. Natl. Acad Sci. UsA, 93:1753-58 (1996).

. Zhang et al., U.S. Patent No. 5,587,384 issued December
24, 1996, discusses the use of certain PARP inhibitors, such as
benzamide and 1,5-dihydroxy-isogquinoline, to prevent NMDA-
mediated neurotoxicity and, thus, treat stroke, Alzheimer’s
disease, Parkinson’s disease ‘and Huntington’s disease.
However, it is has now been discovered that Zhang et al. may
have been in error in classifying neurotoxicity as NMDA-
mediated neurotoxicity. Rather, it may have been more
appropriate to classify the in vive neurotoxicity present as
glutamate neurotoxicity. See Zhang et al. "Nitric oOxide
Activation of Poly (ADP-Ribose) Synthetase in Neurotoxicity"”,
Science, 263:687-89 (1994). See also, Cosi et al., Poly(ADP-
Ribose)Polymerase Inhibitors Protect Against MPTP-induced
Depletions of Striatal Dopamine and Cortical Noradrenaline in
C57B1/6 Mice'", Brain Res., 729:264-69 (1996).

It is also known that PARP inhibitors affect DNA repair
generally. Cristovao et al., "Effect of a Poly(ADP-Ribose)
Polymerase Inhibitor on DNA Breakage and Cytotoxicity Induced
by Hydrogen Peroxide and y-Radiation," Terato., Carcinoc,, and
Muta., 16:219-27 (1996), discusses the effect of hydrogen
peroxide and y-radiation on DNA strand breaks in the presence
of and in the absence of 3-aminobenzamide, a potent inhibitor
of PARP. Cristovao et al. observed a PARP-dependent recovery
of DNA strand breaks in leukocytes treated with hydrogen
peroxide.
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10 Experimental Colitis," Japanese J. Pharm., 75, Supp. I:15

(1997), discusses the ability of PARP inhibitors to prevent or
treat colitis. Colitis was induced in rats by intraluminal
administration of the hapten trinitrobenzene sulfonic acid in

50% ° ethanol. Treated rats received 3+aminobenzamide, a
15 specific inhibitor of PARP activity. Inhikition of PARP

activity reduced the inflammatory response and restored the
morphology and the energetic status of the distal colon. See
also, Southan et al., "Spontaneous Rearrangement of
Aminoalkylithioureas into Mercaptoalkylguanidines, a Novel
20 Class of Nitric Oxide Synthase Innibitors with Selectivity
Towards the Inducible Isoform", Br. J. Pharm., 117:619-32
(1996) ; and Szabd et al., "Mercaptoethylguanidine and Guanidine
Inhibitors of Nitric Oxide Synthase React with Peroxynitrite
and Protect Against Peroxynitrite-induced Oxidative Damage", J.
25 Biol. Chem., 272:9030-36 (1997).

Evidence also exists that PARP inhibitors are useful for
treating arthritis. Szabd et al., "Protective Effects of an
Inhibitor of Poly(ADP-Ribose)Synthetase in Collagen-Induced
Arthritis," Japanese J. Pharm., 75, Supp. 1I:102 (1997),

30 discusses the ability of PARP inhibitors to prevent or treat
collagen-induced arthritis. See also Szabd et al., "DNA Strand
Breakage, Activation of Poly(ADP-Ribose)Synthetase, and
Cellular Energy Depletion are Involved in the Cytotoxicity in
Macrophages and Smooth Muscle Cells Exposed to Peroxynitrite,"

35 Proc. Natl. Acad. Sci. USA, 93:1753-58 (March 1996); Bauer et
al., "Modification of Growth Related Enzymatic Pathways and
Apparent Loss of Tumorigenicity of a ras-transformed Bovine
Endothelial Cell Line by Treatment with S~-Iodo-6-amino-1l,2-
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Teeheite By dstetnfan)s,” Tr.e@dsl. Chem., 270:19, 11176-80 (May
1995), discusses the tendency of PARP to deplete cellular NAD+
and induce the death of insulin-producing islet cells. Heller
et al. used cells from mice with inactivated PARP genes and
found that these mutant cells did not show NAD+ depletion after
exposure to DNA-damaging radicals. The mutant cells were also
found to be more resistant to the toxicity of NO.

Further still, PARP inhibitors have been shown to be
useful for treating endotoxic shock or septic shock.
Zingarelli et al., "Protective Effects of Nicotinamide Against
Nitric Oxide-Mediated Delayed Vascular Failure in Endotoxic
Shock: Potential Involvement of PolyADP Ribosyl Synthetase,™
Shock, 5:258-64 (1996), suggests that inhibition of the DNA
repair cycle triggered by poly(ADP ribose) synthetase has
protective effects against vascular failure in endotoxic shock.
Zingarelli et al. found that nicotinamide protects against
delayed, NO-mediated wvascular failure in endotoxic shock.
Zingarelli et al. also found that the actions of nicotinamide
may be related to inhibition of the NO-mediated activation of
the energy-consuming DNA repair cycle, triggered by poly(ADP
ribose) synthetase. See also, Cuzzocrea, "Role of
Peroxynitrite and Activation of Poly(ADP-Ribose) Synthetase in
the Vascular Failure Induced by zymosan-activated Plasma,"
Brit. J. Pharm., 122:493-503 (1997).

Yet another known use for PARP inhibitors is treating
cancer. Suto et al., "Dihydroisoquinolinones: The Design and
Synthesis of a New Series of Potent Inhibitors of Poly({ADP-
Ribose) Polymerase", Anticancer Drug Des., 7:107-17 (1991),
discloses processes for synthesizing a number of different PARP
inhibitors. In addition, Suto et al., U.S. Patent No.
5,177,075, discusses several isoquinolines used for enhancing
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neur ot oxi city a%tNN@AanaghefmﬁBéﬂﬁﬁi PRRE! OhRXbHdVE is tﬂatﬂﬁéatméﬂt ISy

h b te i | ' { t
ne gl Ut annEETERERPG PRFYS. tnd\ies’" Sna sherrefultar}y PERASISAE T bl 0,
of Pol y0ADRYRIdrose) kowrhetsaseeunvpeciiot @aiini, t )shchS@isertm@gt 26@111@861 Y

(1994). Se%tﬁjo%q’c Q%?x t‘f:"‘ic@ion B i ADR RS o Richas ebRAbY NBE fi5ei ¢ Yl tors

Protect Agai nst
and in whlch transsynaptlc alteration of splnal cord dorsal

horn characterized by hyperchromatosis of cytoplasm and
nuciéoplasm (so-called "dark" neurons) occurs. See Mao et al.,
15 Pain, 72:355-366 (1397).

PARP inhibitors have also been used to extend the lifespan
and proliferative capacity of cells including treatment of
diseases such as skin aging, Alzheimer’s disease,
atherosclerosis, osteoarthritis, osteoporosis, muscular

20 dystrophy, degenerative diseases of skeletal muscle involving
replicative senescence, age-related macular degeneration,

immune senescence, AIDS, and other immune senescence diseases;

and to alter gene expression of senescent cells. See WO
98/27975.
25 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. Chen.,

267:3, 1569-75 (1992), and in Banasik et al., "Inhibitors and

Activators of ADP-Ribosylation Reactions", Molec. Cell.
30 Biochem., 138:185-97 (1994).

However, the approach of using these PARP inhibitors in
the ways discussed above has been limited in effect. For
example, side effects have been observed with some of the best-
known PARP inhibitors, as discussed in Milam et al.,

35 "Inhibitors of Poly(Adencsine Diphosphate-Ribose) Synthesis:
Effect on Other Metabolic Processes", Science, 223:583%-91
(1984) . - Specifically, the PARP inhibitors 3-aminobenzamide and
benzamide not only inhibited the action of PARP but also were

- 8 -



Depl etions of Striatal Dopam ne and Cortical Noradrenaline in C57Bl/6
Mce", Brain Res., 729:264-69 (1996). It is also known that PARP inhibitors
af fect DNAwvH9prighs general ly. Cristovao et al., "Effect ofPer/us9s/igl9s

Pol y( ADP- Ri bose) 30 Pol ynerase I nhibitor on DNA Breakage and Cytotoxicity
| nduced by Hydrogen Peroxide and y-Radiation," Terato., Carcino., and
Mita., 16:shb%m27tq 18083t déstlsydabihitef f gdncesehperagehipdr o2NdeDNAd

y-radi ati QyfiheNA . St&Rng, breaks conthaapaeskae ey uaaduineddrhneee of
3- anm nobenzam-de i nhi bitor 35

.a.potent b f _PARPz. .Crist t .al.
obser ved §WPPPHégéEgE§P‘“?Yeé’&/EF;YQBF Bl\ﬁ\giﬁh?%e%rb é’allz‘geio%fﬁofefﬁ(‘ﬁ%% 8t
treated witindiydy @ycoseetbatdeill5inhibPBRPhenénbymerwithornd: peeducépgrt ed
to be %Tfeacci&iﬁén% r?lgltgﬁgg§j:tgg'f£@tgypoxi c tunor cells and effective in
cells

preventi ng tunor romrecovering frompotentially |ethal_ danage of
DNA after radi #dcerdimelipy, thatesureBRinBy a hBpeds foxni eompeuRdsr 88kt DNA
repair. Semilhi® pRapeattNosty b, dbkbhdEliti dns? tontddningdtiodd boipdunsi dence
al 50 exists § NEAP L DO e UaSiuddl, WiRRdiR0 &l | AERLARY Dovel
produce more potent and reliable effects with fewer side
10 effects, with respect to inhibiting PARP activity and treating
the diseases and conditions discussed herein.
Multicyclic oxo-substituted compounds other than the
compounds of the invention are known. These include, but are
not limited to:
15 I. 3-(5-Hexynyl)—2,4a,5,6,7,7a—hexahydro-lﬂ;cyclopenta[c]-
pyridin-1-one, shown in Rougeot et al., "Cyclization
Reactions of 2-pentynyl-4-pyrimidinones", J. Heterocycl.
Chem., 20:5, 1407-9 (1983);
IT. 2,4a,5,6,7,7a-Hexahydro-3-methyl—lH%cyclopenta-[c]pyridin-
20 1-one, shown in Davies et al., "Intramolecular
Cycloaddition Reactions of Mono- and Dihydroxy-
pyrimidines", J. Chem. Soc., 11:1293-97 (1978);
IIT. 2,4a,5,6,7,7a—Hexahydro-3-phenyl-lHFcyclopenta-[c]pyridin—
l-one, shown in Davies et al., "Tntramolecular
25 Cycloaddition Reactions of Mono- and Dihydroxy-
pyrimidines", J. Chem. Soc., 11:1293-397 (1978);
IV. Octahydro-3-methyl-1(2H)-isoquinolinone, shown in Ochiai
et al., "Polarization of Heterocyclic Rings with Aromatic
Character. CXLVII. Reaction of 3-Methyl-5,6,7,8~-
30 tetrahydroisoquinoline-2-oxide with Acetic Anhydride",
ITtsuu Kenkusho Nempo, 16:15-23 (1971);
v. Octahydro-<2>pyrindin-l-one, shown in Granger et al.,
Bull. Soc. Chim. Fr., 233, (1962);

VI. Octahydro-isocarbostyril, shown in:

a5 (a) Di Maio et al., "Photochemistry of Some N-hydroxy
Lactams", Ric. Sci., 38:3, 231-33 (1968);
(b) Di Maio et al., "The Action of Hyponitrous Acid on



of Peroxynitrite and Pol y( ADP- Ri bose) Synt hase Activation 10 Experi nental

Colitis," Japanese J. Pharm, 75, Supp. 1:15 (1997), discusses the ability
of PARP in | to prevent or treat colitis. Colitis ' in
rats by in P P}ﬁfﬁrzia adm nistration of the hapten trinitro enzense]/%sig fonic
acid in 50% ethanol. Treated rats received 3-am nobenzam de, a 15

specific inhibitor of PARP act|V|n£3%. I nhi bition of PARP activity
reduced the infl ammef8FgN+eTRRVNGTd Fest brifaiRedaBPPRO to@%ﬁzanﬂ:ht’-ﬂe

energetic status of frherdi spplicf- (98e1ylso, . Southan et al.
" Spont aneous Rearrangerrent of Am noal ky i thiQureas into

Mer capt oal kyl gudfid di Rés MatNo®st 26 -0 WBENSf Fularsenent de THpnSrhpédt

Inhibitors with Sel egbh¥tion Tawar dshi;Aeihasgkedd! e baekor "Ehib - Iq:alPhar m,
117:619-32 (1996); and Szab[err] et al., ™ I\/Ercapt oet hyl guani di ne and’

Guani di Bie | nhi bi t or s98f13378% &dd :Synt hase React with Peroxynitrite and

Protect Agai nst (Bzrowmx&&iae dnduged Oxpgat i yenLpmoe'sr Jsope ¢ ?h?kc
Chem, 272:9030-36 (1997). Evidencge al so exists that PARP inhibitors are

useful for treating BYRRP¥aMiC AS%%%[éFr |Elavaied Teppgratures" ef Ga&€s of an

| nhi bitor of Pol y(ADBHEI,,b0§@g_§ynt§1@t5asg9bnggogigﬁg@n-I nduced Arthritis,"
Japanese J. Pharm, 75, Supp X 1997 di'scusses the ability of

PARP i nhi bitors (Pé) pBaeente®r 3} eat "(?(chlléﬁé*ﬁ'lPWélud’e’d Jiphdphydessuithl so
Szab[ egp] et al. %&ﬁ@@@b&ea%me,pmmémhyeen Ofr. org. Chem.,

Pon(ADP—Rlbose)Synthetase and
29:11, 3180-85 (1964);

{£) oOchiail et al., "Polarization of Aromatic Heterocyclic
Compounds. CXX. A New Synthesis of 1-Halo-5,6,7,8-
tetrahydroisoquinoline", Pharm. Bull., 5:289-91

15 (1957); and

(g) Baer et al., "Synthesis of the Isoquinoline System
from o-Phthalaldehyde and Nitromethane”, Angew.
Chem., 76:1, 50 (1964);

VII. 3,5-Dihydro~1H~thieno<3,4-c>quinolin-4-one shown in: (a)

20 White et al., "Quinoline Analogues of Ortho-Quinodi-
methane", Tetrahedron Letters, 36:33, 5983-86 (1995); and

(b) White et al., "Dihydrothiophenes as Precursors to
Pused Quinolines, Quinolones and Coumarins via o=
Quinodimethane Intermediates", Tetrahedron, 52:9,

25 3117-34 (1996);

VIII. 7 {(or 9)-Chloro-1,2,3,5~tetrahydro-4H-cyclopenta-{clquino-
line~4-one, 1,2,3,4-tetrahydro-7(or 9) -methyl-4H-
cyclopenta{clquinoline~4-one and 1,2,3,5-tetrahydro-4H-
cyclopenta(clgquinolin-4-one, shown in:

30 (a) Brown et al., "Reaction of Ethyl 2-Oxocyclopentane-
carboxylate with Arylamines. Part I. The Preparation
of 2,3-dihydro-a-quinindones (2,3,4,5-tetrahydro—4-

oxo-1H-cyclopenta[c]quinolines)", J. Chem. Soc.,
4295-98 (1961); .
35 (b) 1,2,3,5-Tetrahydro-4H-cyclopenta-{c)quinoline-4-one,

Reisch, "Chemistry of Natural Substances. VII.

- 10 -



Cel lul ar Energy Depletion are Involved in the Cytotoxicity in Macrophages

and Snooth Muscle Cells Exposed to Peroxynitrite,” 35 Proc. Natl. Acad.

Sci. USA wPsskhisss 58 (March 1996); Bauer et al., "Modifi cathQiusssn@9dw h

Rel at ed Enzymati c Pat hways and Apparent Loss of Tunorigenicity of a

ras-transforned Bovine Endothelial Cell Line by Treatnment with

5- 1 odo- 6-am no-1, 2- Flroquibebhiwp\eoieatliMesesy |[BrHenshnibn df EGAGQI 2

8:239-52 (1996); and_Hughes,ef. .al ... "lnduction. af Hel per Cel

Hypor esponsi veness i ﬁrgﬁyﬁ&b rﬁl%%‘r?ttael v érodnfat,%uct g‘“ﬁﬂﬁ% ’t)‘}rﬁ&'lﬁ’?‘@”'

Nonmi t ogeni ¢ Ant i - CDBelbnpekonal psin bahs'.,, Booksnues3+3458183M9%- 25 (1994).

5 Further, PARP inhibitors appear to be useful for treating diabetes.

Hel ler et al., (®Pnadrpvat?oheorahyr PG CRSPOPEN BRI taeé Tty

éfq fect sg%yggn iezilclii?gagganﬁ/gbﬁ agg ¢ &&@tﬁ@mmiﬁdhﬁﬁihghe&dmllg&ﬁ%n&)&ti@i ol .
em, 19, - y | segusses, the tendency..0 to

depl ete cel lul ar NADﬁnygm%hd%rngﬁgg eﬁésdégf% 7u§?ﬂ? ﬁ%r?ﬁ?ﬁﬁﬁﬁﬁﬁ;?%let

cells. Heller et al Cyolepenedfs]duiomlninee Wbéhzo palrll vateichdRARP*genes and

found that these nutant cells did,not show NAD+ etion after exposure to
DNA- damagi ng r adi cal §29Th&?ft anf> et §q\%8r'§%al(§g9$5mnd to be nore

resistant to thgayoxhcpty, 9frd€rahydro-4H-cyclopenta-{clquincline~4-one,
10 Castan et al., "New Arylpiperazine Derivatives with
High Affinity for 5-HT, Receptor Sites", Med. Chem.
Res., 6:2, 81-101 (1996);
(e) 1,2,3,5-Tetrahydro-4H-cyclopenta-[clquinoline-4-one,
Reid et al., "Reactions of Cyclic Enamines. III.
15 Synthesis of N-Heterocycles from Cyclocalkenylamine-
isocyanate or -isothiocyanate Adducts", Ann. Chem.,
688:177-88 (1965); and
(f) 1,2,3,5-Tetrahydfo-4H—cyclopenta[c]quinoline—4—one,
Reid et al., "Reactions with Cyclic Enamines. I.
20 Reaction of Cycloalkene-amines with Phenyl Isocyanate
and Phenylisothiocyanate", Ann., 673:132-36 (1964);
IX 2-Hydroxy—3,4—cyclopentenoquinoliné, shown 1in Johnson,
"The Synthesis of N-Alkyl-2-Oxocyclopentane-
Carboxyamides", J. Chem. Soc., 1624-28 (1958);

25 X. 1,2,4,6-Tetrahydro-5H-thiopyrano(3,4-clquinoline-5-one,
shown in Castan et al., "New Arylpiperazine Derivatives
with High Affinity for 5-HT; Receptor Sites", Med. Chen.
Soc.,, 6:2, 81-101 (1996);

XI. 6a,7,8,9,10,10a-Hexahydro-trans-6 (5H)-phenanthridinone,

30 shown in:

(a) Masamune et al., "Condensed Polynuclear Perhydro
Compounds Containing Nitrogen. XII. Synthesis and
Exhaustive Methylation of 5,6,6a,7,8,9,10,10a-
Octahydro;phenanthridines and Related Compounds", J.

35 Org. Chem., 29:3, 681-85 (1964);

(b) 6a,7,8,9,10,10a-Hexahydro-cis(¥)6(5H)~



15 Further still, PARP inhibitors have been shown to be useful for
treating endotoxi c shock or septic shock. Zingdrelli et al., "Piotective
Ef fects of N cotinam de Against Nitric Oxi de-Medi ated Del SYSIPHIbd ar

Fai l ure i WORYH28xi ¢ Shock: Potential |nvol vement of Pol yzégﬁleybosyl

Synt hetase,"” 20 Shock, 5:258-64 (1996), suggests that inhibition of the

DNA repair cycle try : ADPyLk P9Se)etSynthiet asew tive
e ;%’%}EW NhiPOSE)eSY NLHEL: hawéeéf&

ef fects agai nst va i n endot oxi ¢ shock.” Zi n?{are |l et al.

found that nicoti naPhdeeGHOEERESoRgaf ki Falapauraestdfviendiv3ee W ar
failure in endot oXi ge8&@sdyrc 1y, 2008 e311-41 giss@hscalfwddﬁ!ﬂttﬁéle
actions of nicotinam de may be related to inhibition of the NO nedi ated
activation of the eh@BErRRmMiaTY ONRSEFars) cy sEeree s PhyERRI v( ADP
ri boseg synt het asgame compeRfd; al so, Cuzzocrea, "Rol e of

Peroxynitrite and Activati.on of "Po y( - Ri. bgse) Synt het ase_in. 30 he
Vascul ar Fai | ufg) | n’ﬁh@éﬂuﬂsfﬁfyﬁﬁsﬁ m?ﬁfm o= 32%5‘?&1 2EIVEBRAT m |

122: 493-503 (1997) . peiartintidonek roptained fyr HIARR | Rdudiiitoors iG tReating
cancer. Suto et al., "Di _h%:ld,r.oi éggui nol i hones: Ty% Des'tgn an%ﬁé\/gt hegi s of a
New Series of Poterfc3@hiSiitor € 7Bf L PolAPEABA. (5% i nyass BT 7Re: 5E3RS
Anticancer Drug Dessteréeditomets( 339the Sanélangupagocesses for synthesi zing
5 L o ALt LR ol ol Y 0 Gl 8l
enhanci ng Photocyclization of «,B-Unsaturated _Anilides", J.
Chem. Soc., 1:14, 1747-51 (1974), with «cis
- sterecisomer; and .

(e) Taylor et al., "Phenanthridine Syntheses Via the

15 Diels-Alder Reaction. A New Route to 6(5)-Phenan-

thridinone", J. Am, Chem. Soc., 78:5104-8 (1956);
XII. 7,8,9,10-tetrahydro-65(H), as shown in
(a) Masamune et al., "The Synthesis and Exhaustive
Methylation of 5,6,7,8,9,10,6a,10a-0Octahydro-

20 phenanthridines and Related Compounds, J. Org. Chemnt. ,
29:3, 681-85 (1964);

(b) Bailey et al., "Reactions of p-Toluenesulfonyl Azide
with Derivatives of Cyclohept- and Cyclooctindole, J.
Chem. Soc., 1:7, 763-70 (1974);

25 (c) Reid et al., "Reactions of Cyclic Enamines. III.
Synthesis of N-Heterocycles from Cycloalkenylamine-
isocyanate or -isothiocyanate Adducts", Ann. Chenm.,
688:177-88 (1965); and

(d) Reid et al., "Reactions with Cyclic Enanmines. I.

30 Reaction of Cycloalkene-amines with Phenyl Isocyanate

and Phenylisothiocyanate”, Ann., 132-36 (1964); and
xIr. i,2,3,3a,5, 9b—Hexahydro—'cyclopenta<c>quinolin-4-one , Shown
in Blount et al., "Stereoisomerism in Polycyclic Systems.

Part VI.", J. Chem. Soc., 1979, 1984 (1929).

35 1,2,3,5,-Tetrahydrocyclopenta(c]quinolin—~4-one, as cited

in Castan et al., "New Arylpiperazine Derivatives with High
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-7 - the lethal effects of ionizing radiation or chenotherapeutic agents
on tunor cells. Weltinet al., "Effect of 6(5H)- Phenanthridinone, an

| nhi bi t or v 9Pl6s4 ADP-ri bose) Pol ynmerase, on Cul tured TunoCcTald981819ncol .
Res., 6:9, 399-403 (1994), 5 discusses t he i nhibition of PARP

activity, reduced proliferation of tumor cells, and_a marked synergistic
ef fect whedEfimbty £or1 §-BFeRecePERRtEd- oA " -hMad- Ahep-aRkpfg, df iy, 8StLPL

anot her usg dguy PARF; i nbi bi { QfSrheaidie trsat gt o eparheRBhal oBer ¥gy
injuries, and the resul tant pathol ogical pain 1Q-";%ndr one.  kpown as
neur opat hi ¥ pHIPerardnes tHATHAES by" HHt oniBiBbnst RFFELRBRY i nj 8PY (Cal)

of the congaroismiiatdmeyiter §£ pedeptomhisdheslr dms sysiaption ats estiruesugé. spi nal

cord dgrs horn_ charact er i t 0Si I d
el eonl acieTabtha Phats chif-Be Lle b Miblt M Trtefpeilne 82™aR0 0g,
72: 355- 366thd QA Viqysly icilfedi pypsshkslbitas semnounds hayve eendshhwn

lifespan apd phiolpfersidy accardeiyty of cells including treatment of
di seases such ' '

at her oscl er osi s?thgis)s‘l’%’g'%ﬁi?g%gg’ °8’§$‘|é‘€2}2% cr}’gires?ﬁsc%ggglsg"?‘ 20
dystrophy, dege(Ey attayéodi sdased. pf "Fhelmnarahriusoé e Symcbeserg Via the

10 Diels-Alder Reaction. A New Route to 6(5)-Phenanthridinone",
J. Am. Chem. Soc., 78:5104-8 (1956);

(2) Reid et al., “Reactions of Cyclic Enamines. III.
Synthesis of N-Heterocycles from Cycloalkenylamine-isocyanate
or -isothiocyanate Adducts", Ann. Chem., 688:177-88 (1965);

15 (3) Gauthier, U.S. Patent No. 3,838,134, disclosing
phenanthridinones used as antiviral agents; and

(4) Winter et al., U.S. Patent No. 4,382,943, disclosing
anti-allergic aryl ether derivatives.

It is not believed that any of these oxo-substituted compounds

20 have been shown to inhibit PARP activity.

Other structurally distinguishable compounds have been
disclosed for medical treatments and other uses. For example,
Winter et al., U.S. Patent No. 4,382,943, discloses the use of
dibenzo-{b](d]pyran-6-one as an antihistamine, an anti-

25 oedematous agent and an antiphlogistic agent. Meyer et al.,
U.S. Patent No. 4,169,897, entitled "2,7-Bis-Basic Ethers of 9-
Phenanthrol and 9-Loweralkoxy Phenanthrol', discloses certain
phenanthrenes and phenanthrinidinones useful for preventing or
inhibiting viral infections.

30 Hunger et al, U.S. Patent No. 4,082,741, entitled "Disazo
Pigments Derived from 3,8-Diamino-Phenanthridone-(10)",
discloses compounds useful for pigments suitable for preparing
of printing inks, color lacquers and dispersion paints, which
are used to dye rubber, ﬁlastic materials, and natural or

35 synthetic resins. Montgomery, U.S. Patent No. 3,291,801,
discloses octahydio-6(S)-phenanthridinones that may be
converted to the corresponding 6 (5) -phenanthridinones, which
are useful as intermediates for forming therapeutically active

-13_



replicative senescence, age-related macul ar degeneration, inmune .
senescence, AIDS, and other i mune senescence di seases; and to alter gene
expr essi owgodonigemescent cell s. See WD 98/27975. 25 PCTAGdogAs 195 Mher s
of known PARP inhibitors have been described in Banasik et al., "Specific
I nhi bitors of Pol y(ADP-Ri bose) Synthetase and

Mono( ADP- ®bhpeynds .t ansHegaase” U.b. BPakenthems, 26503, 8¥369- ght{dfd?). and

i n Banasi kg -on ik t.ar 4 vad.Qr - R | ation

React i ons"?ﬁal\,%?}e}é.gul&}{lﬁg?%g Eﬁggg‘ﬁﬁ% ! %’%cigg? é?w%%ﬁ%%ﬁe 1t he
appr oach B¥esEihi® (3R isARE RRYELEeRes 9r tmovwidsngsscussed above has
been linited isciedfectt alRgr E)ﬁ@ﬂpbﬁteﬁfdﬁoef fs%catﬁ,fgave aesl-aogggerved Wi th
sone t t-_Kkn PARP inhi.bitors, as discussed ip, amet al., 35
"1 nhi gjlfto&gm% ' Po?%(%ﬁggi-ﬁg%ﬁtﬁ%gﬁﬁat%‘lﬁ esSynf’Hégl\/‘I‘s:cﬂf &% on

Q her Met 2t Etutest otidds" amSpgenspy @28:rs80+10e Fb284yinPpeaiifdadal |y, the
PARP i nhi bitors 3-am nobenzam de and benzam de not only inhibited the
action of PARP but al so were shown_to affect cell viability, glucose

met abol i sm and DNA synt hesis. Thus, t was concluded that the useful ness
of these PARP inhibitors may be severk| gstricted by the difficulty of

y
¢

These structures are said to have high affinity for cerebral 5-

hydroxytryptamine receptors of the S-HT, type, which are said
10 to combat diseases distinguished by disturbances of the
serotoninergic system, in particular, those involved with
receptors having a high affinity for 5-hydroxytryptamine (5-HT,)
type.
The inventors have now discovered that selected oxo-
15 substituted PARP inhibitors can treat or prevent tissue damage
resulting from cell damage or death due to necrosis or
apoptosis and can ameliorate neural tissue damage, including
that following focal ischemia and reperfusion injury.
Generally, inhibition of PARP activity spares the cell from
20 energy loss, preventing irreversible depolarization of the
neurons and, thus, provides neuroprotection. While not wishing
to be bound thereby, it is thought that PARP activation mnay
play a common role in still other excitotoxic mechanisns,
perhaps as yet undiscovered, in addition to the production of
25 free radicals and NO.

SUMMARY OF THE INVENTION

The present invention is directed to a compound of formula
I containing at least one ring nitrogen:

- 14 -



finding a dose that will inhibit the enzyne w thout producing 5 additional
nmet abol i c effects. Accordingly, there remains a need for conpounds that

i nhi bit PARI® ®até24i ty, conpositions containing those conpoupdrusssdsmest hods
utilizing those conpounds, wherein the conpounds produce nore potent and
reliable effects with fewer side 10 effects, with respect to inhibiting
PARP activity and treating the diseases and conditions di scussed herein.
Multicyclic oxo-substituted conppunds other than the conmpounds of the

i nvention are known. These include, but arexnot limted to: 15 |.
3-(5-Hexynyl)-2,4a,5, 6, 7, 7a-hexahydrqQ-1H{cycl openta[c]- pyridin-1-one,
shown in Rougeot et al., "Cyclizatig Gt 1yons of

2- pentynyl - 4- pyri m di nones", J. Fbt~ Gﬁ@n1, 20:5, 1407-9 (1983); 1I1.
2, 4a, b5,6,7,7a-Hexahydr o- 3- net hyl - 1} I o@enta [c] pyridin- 20

1- one, shown in Davies et al. "I ntranol ecul ar Cycl oaddi tion
Reactions ©%f2 PRpRCeutiRllyDiasFebsaplepharai dfnasid dddhiom sae,,

11: 1293- 971ﬁﬂ&5§ﬁa, bbkerZ solvate rodrug, metabolite, ste

4a,5, 6, 7, 7%1 e%egg _1H cpycl opgr'lta [c] pyri di n- fegﬁseomer,sﬁr in
Davi es ntr ecu?%ﬁ‘ 25 Cycl oaddi ti on React i ons of
Mono- 5and thyérdﬂyblpyanﬁﬂﬂn@Equn]orCh@HL Soc. 11: 1293-97 (1978);

IV.  Cctahydro- 3t 9! 14 (Rsdrt0auitngLi ROREagSHONN fo@,eQCQ&ﬁh,-

Y represents the atoms necessary to form a fused mono-,

bi- or tricyclic, carbocyclic or heterocyclic ring,
. wherein each individual ring has 5-6 ring menber
10 atoms; and
Z is (i) ~CHR’CHR’- wherein R? is in the meta-position and
R’ is in the ortho-position relative to said ring
nitrogen of formula I, and R’ and R® are independently
hydrogen, hydroxy, amino, dimethylamino, nitro,

15 piperidine, piperazine, imidazolidine, alkyl, aryl,
or aralkyl;

(ii) -R°c=CR’- wherein R° is meta to the ring
nitrogen, and R’ and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo,

20 hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -NR'R®
where R’ is independently hydrogen or C,-C, alkyl, or
R’ and R?, taken together, form a fused aromatic ring,
wherein each individual ring has 5-6 ring members;

25 (iii) -R’C=N-;
(iv) -CR*(OH)-NR'-;
(v) ~-c(0)-NR'-; or

(vi) -NR’-C(0)-CHRY- wherein R* is ortho to the ring
nitrogen, and R’ and R* are independently hydrogen,
30 lower alkyl, aryl, aralkyl, halo, hydroxy,
piperidine, piperazine, imidazolidine, -NO,, -COOR’,
or -NR'R’ where R’ is independently hydrogen or C,-Cs
alkyl, or R’ and R, taken together, form a fused
ring, wherein each individual ring has 5~7 ring
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et al., "Polarization of Heterocyclic Rings with Aromatic Character.
CXLVI | . Reacti on of 3-Methyl -5,6, 7, 8- 30

t et r ahydnpbhsggispol i ne-2-oxide w th Acetic Anhydride", | pegwshsrsiesho
Nenpo, 16:15-23 (1971); V. Cct ahydr o- <2>pyri ndi n-1-one, shown in G anger
et al., Bull. Soc. Chim Fr., 233, (1962); VI. Cctahydro-isocarbostyril,
shown in: 35 Hedberd; Maio et al., "Phot ochem' stry of Sonme N-hydroxy

Lact ans C 231-33 6 el al "The Action
of Hypom‘fro’(cﬁsui éaoli’C1 a%kgl, it th’ o%nndz ar%ﬂé@' d?}rel Fubit}—f/‘ﬁtr?qwfd;ar?@ﬁe"
Gazz. Chiow WMPIR. pPopitieps- wt@lgwgroq(e@), INdrvxye hetlo,alhalodRiyng

Enl ar gene. € a35damost an Ital.

5 ﬁ]foxgl 1%45 51S"éiL9631%gy Ei‘ﬁ/abﬂd N 1a1@8§§,,Tﬁ3;}JH§éhaV| or
of Soie WP K OxanfRiy ]at Epé93pé¥ilfrer?6€rb&f‘ﬁres“aﬂ&€z¥zcle€hl m
Ital., 94hétedSOfrdie,(1964gr @tkylPadbweet alX¥eny]l,” @yedlicadkyQns argil,

ngL??hydgéyfgfﬁyfq)haloaryl, amlﬁg}rﬁygﬁi,aggtr Lé jiﬁégigﬁg%iggde" - Og.
with the provisos that:
(a) when X is double-bonded oxygen, and Z is -CHR?*CHR’-, R®
10 cannot be hydrogen or methyl;
(b) when X is double-bonded oxygen, and 2 is =-R°C=CR’-, R®
cannot be methyl, phenyl, or -(CH,),-C=CH;
(c) when R’ and R® are taken together to form a fused aromatic
‘ring, Y cannot be a ring selected from the group
15 consisting of:

20
(d) when X, Y and 2, taken together, form a phenanthridone, a

phenanthridinone, a phenanthrene, or a phenanthridine
nucleus with an amino group or an aminoalkoxylene group in
the 3-position, the 8-position cannot also be substituted
25 with an amino group or an aminoalkoxylene group; and
(e) when X is a double bonded oxygen, and Z is a 6-membered
unsaturated ring, and Y is phenyl, then the 2-position of
the 2-ring cannot be gubstituted with a hydrogen or a
nitro group;
30 (f) when X is -OH or double bonded oxygen, and Z is -CH=CH-,
then Y is not phenyl or 5-hydroxyphenyl;
(g) when X is a double bonded oxygen, and Z is -CH=N-, then ¥
is not phenyl; or
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29:11, 3180-85 (1964); (f) OCchiai et al., "Polarization of Aromatic

Het erocyclic Conpounds. CXX. A hbm/SyntheS|s of 1-Hal o-5,6, 7, 8-

t et r ahydrwios9qié2dol i ne", Pharm Bull. 5:289-91 15 PCT/US93“8(%957)
and (g) Baer et al., "Synthesis-of t he Isoquinoline System from

o- Pht hal al dehyde and N tronet hane", Angew. Chem, 76:1, 50 (1964); VII.

3, 5- Di hydfho} 1H¢tdn ends3 addoublienodbnded -on@es)ovndi 7 ig a)c(b@xm-, thoite et
al . "Qui nol i tho Qui nodi - net hane", Tetrahedron
Letters 36: 3§P%§ﬁ3§1 g%?§88§% and (b) Wite.ét al. "D hydr ot hi ophenes
as Precursors ¥b anedderosrherinest, (i AsPenes Lokl TRkingr ithe vompound

Qui nodi rrecsflane:nlu"nlaerzrmn@tﬁs tatr abegr 69, SRt Lt By an 1ntermed1§%&7 34
(1996), \A%I r@# Chloro 1, 2,3, 5-tetrahydro- 4FFcycIopenta c] qui no-
i ne- V- t et r ahydr o- 7(or 9) - net hyl -
cyclopenta[c]qU|noI|ne 4-one and 1,2, 3, 5 metrahydro-4H-

cycl opent a[ c] qui nol i n-4-one, showr ™R (a) Brown et al.
"Reaction of Ethyl 2-Oxocycl ope ktarboxylate with Arylam nes. Part |.
The Preparation of 2,3-di hydro-[§ (i ndunes (2, 3,4,5-tetrahydro-4-
0x0- 1R- cycl opent a[ c] qui nol i nes) ", . Chem Soc., 4295-98 (1961);

wherein Y and 2 are as defined above, with a nitrogen-insertion
agent to form a compound of formula V:

10 In yet another embodiment, the pharmaceutical composition
of the invention comprises a pharmaceutically acceptable
carrier and a compound of formula I containing at least one
ring nitrogen:

15 or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereoisomer, or
mixtures thereof, wherein:

X is double-bonded oxygen or -OH;
when R’ is present, it is hydrogen or lower alkyl;

20 Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and )

Zz is (i) -CHR?*CHR’- wherein R? is in the meta-position and

- 17 -



35 (b) 1,2,3,5-Tetrahydro-4H-cycl opent a-[c] qui noline-4-one, Reisch,
"Chem stry of Natural Substances. VII. - 10 - Fur oqui nol i ne Derl vatives
By Condenswad donepf Et hyl 2- Propynyl Malonate w th Aronmatigeridoagsios Arch.
Pharm Ber. Dtsch. Pharm Ges., 300:6, 533-39 (1967); (c)

1, 2, 3, 5-Tetrahydr o- 4H-cycl openta [ c] qui nol i ne- 4- one, Ei sch et
al ., "Studies on NIy irf10ki6e Aalaa{@:wéﬁ@xst mze i}s %530

Taut omeri ¢ Char act ) gp nt aj c] qui ne noI [ pe bpnzo[ pyr| ne)

J. Og. Chem, 43: ff (Hd are in ependently

1,2,3,5-Tet rahydrolmdr@gshopehYdr{quwamlnme dmaenyl&nmo, nltrI?rf' Cast an
et al., "New Aryl pi eqqang Deg i W ni for -Hl[err]
Receptor Sites", Eﬁ(y fi\e f’ ﬁé}é%ﬁﬁ%’l ?@f‘#%gbﬁ‘f‘é %ﬁ(

1,2, 3%5- Tetrahydro°$|—|—at?3?& $bént a- [ c] qui nol i ne-4-one, Reid et al.

"Reactions of Cycli(difnarRf@&R™*| lvhéiein R is meBYNtH@SithOf rm{;
Adductst . ann. CororegaRy 7 SRHCRT 8L A" 3RE ARpodhacnely hydibgen,
1, 2, 3, 5- Tet rahydr o—lmeé'ycﬂldﬁr!ént #ry|lquians likyd- 4 hale, hydroxy, amino,
dimethylamino, piperidine, piperazine, imidazolidine,
10 -NO,, -COOR’, or -NR'R’® where R’ is independently
hydrogen or C,-C, alkyl, or R’ and R’, taken together,
form a fused aromatic ring, whei'ein each individual
ring has 5-6 ring members;
(iii) -R*C=N-;

15 (iv) -CR®*(OH)-NR'-;
(v) ~C(0}-NR’-; or
(vi) =-NR’-C(0)-CHRY- wherein R is ortho to the ring
nitrogen, and R’ and R* are independently hydrogen,
lower alkyl, aryl, aralkyl, halo, hydroxy,

20 piperidine, piperazine, imidazolidine, -NO,, -COOR’,

or -NR'R’ where R’ is independently hydrogen or C,~C,
alkyl, or R’ and R, taken together, form a fused
ring, wherein each individual ring has 5-7 ring
menmbers;

25 wherein said alkyl, aryl, and aralkyl, are substituted at one
or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,
amino, imino, sulfhydryl, thiocalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,

30 arylalkyl, haloaryl, amino, nitro, nitroso, dimethylamino;
with the provisos that:

(a) when X is double-bonded oxygen, and Z is -CHR*CHR®*-, R®
cannot be hydrogen or methyl;
(b) when X is double~bonded oxygen, and 2z is -R°c=CR*-, R’

35 cannot be methyl, phenyl, or -(CH,),-C=CH;

(c) when R® and R® are taken together to form a fused aromatic
ring, Y cannot be a ring selected from the group
consisting of:
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Reid et al., "Reactions with Cyclic Enamnes. |. 20 Reacti on of
Cycl oal kene-am nes with Phenyl |socyanate and Phenyli sot hi ocyanate", Ann.,
673:132- 30083y ; | X  2- Hydroxy- 3, 4-cycl opent enoqui nol i RET/USSKHBEAAS | n
Johnson, "The Synt hesi s of N Al kyl - 2- Oxocycl opent ane-
Car boxyam des", J. Chem Soc., 1624-28 (1958); 25 X 1,2, 4,
6- Tet r ahydr o- 5H t hi opyrsano[ 3, 4 c] qugnol i ne- 5-one, gshown in Castan et al.,

: h 3Hi i ni for 5-HI[err] Receptor

Sites", Med. Chem
6a,7,8,9,10,10a-kbx ne, 30 shown
in: (a) Masanune et al* ro Conpounds
Containing Nitrogen. Xll. Synthesis and Exhaustive Met’hyl ati on of
5,6,6a,7,8,9, 10,10a- Cctahydro-phenanthridi nes and Rel ated Conpounds™, J.

35 O g. ; -85 (1964); ( 6a, 7,8,9,10,

10a- Hexahydr o-ci s(| § ghenant hr igif no hblto et al .
"Asymetri c Phot ocyg , [err]- nsaﬂurated Acyl ani | i des",
Het er ocycl es, 22:2, ang “whih t

o
’

(d) when X, Y and Z, taken tbgether, form a phenanthridone, a
5 phenanthridinone, a phenanthrene, or a phenanthridine
nucleus with an amino group or an aminoalkoxylene group in
-the 3-position, the 8-position cannot also be substituted
with an aminoc group or an aminoalkoxylene group; and
(e} when X is a double bonded oxygen, and Z is a 6é-membered
10 unsaturated ring, and Y is phenyl, then the 2-position of
the 2-ring cannot be substituted with a hydrogen or a
nitro group;
(f) when X is -OH or double bonded oxygen, and Z is ~CH=CH-,
then Y is not phenyl or S5-hydroxyphenyl;
15 (g) when X is a double bonded oxygen, and Z is -CH=N-, then Y
is not phenyl; or
(h) when X is a double bonded oxygen, and Z is ~C(O)NH-, then
Y is not aminophenyl.
In a still further embodiment of the invention, the
20 pharmaceutical composition of the invention comprises a
pharmaceutically acceptable carrier and a compound of formula
I containing at least one ring nitrogen:

25 or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereoisomer, or
mixtures thereof, wherein: '

X is double-bonded oxygen or -OH;



(6aR-trans)- and (6aS-trans)- stereoisoners of the 5 . sane.
conpound; (c) Mchailidis et al., "Hexahydrogenated Derivatives of
Phenant hr iwoge116bt ai ned by Birch Reaction”, C. R Acad. ScPCT/USIBBSIIE,
961-64 (1972), with cis and trans stereoi somers of the sane conpound; 10
(d) N nomya et al., "Photocyclization of Enam des. V. Photocyclization of
[err], [err]- mk;amuﬁlatledpnﬁisemtlesit ig) hyGregen Soclower: am;yl 1747-51

(1974) with chéﬁﬁéé%ﬁ¥gf¥ﬂgﬂatéﬂgiKéae-gi%&o%oe%oﬁh a Eesaaﬂéﬁé'd'“e

Synt heses Vi a-the der “Reacti on New Route to
6(5) - Phenan- thri dllFijone““r tflCXrﬁllEheﬁ?ré“aﬁy"l’?% ?16%*‘3‘@?@56}" 309,

7,8,9, 10- tetrahydrwlﬁéxfd-i)n eesctshdmmvrdu(aal) Mhs@antae et-6lring Themsymt hesi s
and Expaustive Methy. 5,6,7,8,9, 10, 6a, 10a- Cct ahydro- 20
phenant hri di nes and at eg’i‘ rrpounds J., Org. Chem, 29:3, 681-85 (1964);
(b) Bailey etZals, (l)Re'é'éﬁ%‘F% of"hBr¢b¥1u%né§ullﬂo¥M netarPoRithomernd at i ves

of Cyclohept- and Cﬁﬁui@cid nﬂl@éeorﬂho%ﬂtﬁﬁﬁ roljat?l.,ve76c30 7Qaid191.7ﬂﬂg 25
(c) Reid et al "Reactions_.o % ¢ Ena 4 nt.hesi
N-Het er ocycl es fromEyRI®R RE é‘? Clr?e i §’6 n%t‘(’% Pbr 4 éBFﬁPSE 3%1][%
Adduct s", Ann. Chenhydrogen, hydroxy, amino, dimethylamino, nitro,
10 piperidine, piperazine, imidazoiidine, alkyl, aryl,
or aralkyl;
(ii) -R®c=CR’- wherein R’ is meta to the ring
nitrogen, and R® and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo, hydroxy, amino,
15 dimethylamino, piperidine, piperazine, imidazolidine,
-NO,, -COOR’, or -NR'R® where R’ is independently
hydrogen or C;-C, alkyl, or R® and R?, taken together,
form a fused aromatic ring, wherein each individual

ring has 5-6 ring members;

20 (iii) -R*C=N-;
(iv) -CR*(OH)-NR'~; or
(v)  =-C(0)-NR'-;

(vi) -NR’-C(0)-CHR- wherein R* is ortho to the ring
nitrogen, and R’ and R are independently hydrogen,
25 lower alkyl, aryl, aralkyl, halo, hydroxy,
piperidine, piperazine, imidazolidine, -NO,, ~COOR’,
or -NR'R?® where R’ is independently hydrogen or C,-Cs
alkyl, or R’ and R, taken together, form a fused
ring, wherein each individual ring has 5-7 ring

30 members;
wherein said alkyl, aryl, and aralkyl, are substituted at one
or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,
amino, imino, sulfhydryl, ‘thioalkyl, carboxy, carbocycle,
35 heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,
arylalkyl, haloaryl, amino, nitroc, nitroso, dimethylamino; and
wherein the compound of formula I is present in an amount that
is sufficient to inhibit PARP activity, to treat or prevent
tissue damage resulting from cell damage or death due to
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688: 177- 88 (1965) and (d) Reid et al., "Reactions with Cyclic Enam nes.

. 30 Reacti on of Cycl oal kene-am nes wi th Phenyl |socyanate and
Phenyl i sotdh ogy@pat e”, Ann., 132-36 (1964); and Xl 11I. PCT/US98/18195

1, 2, 3, 3a, 5, 9b- Hexahydr o- cycl opent a<c>qui nol i n- 4-one, shown in Bl ount et

al., "Stereoisonerismin Polycyclic Systens. Part VI.", J. Chem Soc.,

1979, 1984netP2slis 3B apoptosis, to effect a neuronal activity not

1,2,3,5 -T 0oC t | i R4- SaCi Ca al .
"New Aryl p?‘g%gr%g)z&:iﬁe ¥ ri Vatﬁl \a/%(gig\nwfw g; _Qgﬁ;‘ec_{f‘ x?%ﬁ-nc%r{hl f g%egvf_ﬁ% r]

Receptor SPegdatefeddy CHERA ReRXicECL, 1eMeqtgggpral | §15<fh13 i damagedi at e
i Pf the pﬁ:epaumtmqn frofh ikeweniyl I&Inﬂel’r&be&EuSLGﬁl’ lmgtxryelsneufobwgléﬁﬂh

a I nit I t I,N cepi.o I tes el a

St ruct of e, 5 S0RRRER ARLTRER Sagh Sl et S R Heatek o cbTpEBIBHE oPE Ereahy of
t he previ oﬁrglsy—‘udlareatnﬂbesutt%t‘qnetﬁte@rcDﬁp@'anﬁscmmlswomsondem; bi t
PARP act i V'tToYtrQalﬂeétﬁ’éP é&mﬁﬁdﬂseqnaqwoamgér&éﬁs dz4 agedg bﬂreﬁ%eJNgy I or

et al., " Phen%g di ne ¥nt eses t he Di el s- Al.der Reacti on
Route to 6F8F ﬁé'naﬁteﬁrelnﬁ RGLER/ JAIRI% éﬁ@m o&her FBMYAP4. §epescEHce
diseases, arthritis, atherosclerosis, cachexia, cancer,

10 degenerative diseases of skeletal muscle involving replicative
senescence, diabetes, head trauma, immune senescence,
inflammatory bowel disorders (such as colitis and Crohn’s
disease), muscular dystrophy, ostecarthritis, osteoporosis,
chronic and/or acute pain (such as neuropathic pain), renal

15 fallure, retinal ischemia, septic shock (such as endotoxic
shock), and skin aging; to extend <the 1lifespan and
proliferative capacity of cells; to alter gene expression of
senescent cells; or to radiosensitize hypoxic tumor cells.

In an additional embodiment, a metﬁod of inhibiting PARP

20 activity comprises administering a compound of formula I, as
described above for the pharmaceutical compositions of the
invention. In yet further embodiments, the amount of the
compound administered in the methods of the invention is
sufficient for treating tissue damage resulting from cell

25 damage or death due to necrosis or apoptosis, neural tissue
damage resulting from ischemia and reperfusion injury, or
neurological disorders and neurodegenerative diseases; to
prevent or treat vascular stroke; to treat or prevent
cardiovascular disorders; to treat other conditions and/or

30 disorders such as age-related macular degeneration, AIDS and
other immune senescence diseases, arthritis, atherosclerosis,
cachexia, canecer, degenerative diseases of skeletal muscle
involving replicative senescence, diabetes, head trauma, immune
senescence, inflammatory bowel disorders (such as colitis and

35 Crohn’s disease), muscular dystrophy, ostecarthritis,
osteoporosis, chronic and/or acute pain (such as neuropathic
pain), renal failure, retinal ischemia, septic shock (such as
endotoxic shock), and skin aging; to extend the lifespan and
proliferative capacity of cellé; to alter gene expression of
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(2) Reid et al., "Reactions of Cyclic Enamnes. I1l. Synthesis of
N-Heterocycles from Cycl oal kenyl am ne-i socyanate or -isothiocyanate

Adduct s 688: 177-88 (1965); 15 3) Gaut .
ent© N0, g phe ot used BePasYR

Pat ent di scl osi ng phenant hri di nones used

agents; and (4) Wnter et al., US. Patent No. 4,382,943, disclosing
anti-aller l.d t t Y, of these
GhfeSt it A AR ¢ k‘XGEoséﬁs 8150 nﬁ%ﬁ]@bf‘cﬁmg&g pIy. o

oxo- substituted conpounds 20 have been s own t

vity.

O her structurally distingui shabl e conmpounds have been di scl osed for
, U S. Patent

No. 4,382,943, maﬂgfsﬁgassugﬁeofal%@z-&%% 1 gl Ryl Oggegt 1@hadent

medi cal trBRIPEMBSEREPTHANE OFUTHS. DEmwr.mrrple Wnter et al.

anti hi stam ne, ‘an?an mat ous a en an ant

Meyer €% alnfarcs, areg eft KEPresaHRGR Jeﬂmqltﬂ edlorg, 7\‘1& FBiTriocadakbrs of
9- Phenant fy 0k, ang %é&y&r@i k@i‘b{m PhRaganit¥diauradi SE18€$nCoidndkBeated

e ne" s o chbraes Gu Rt 8L PR SR oo ke 'S0 sl

entitled "CMS&prqupﬁﬁﬁnyl)-Dambxg¢ 1(f¥prisoquinolinone.

nh|b|t|ng
yq5g-5-

3, 8- Di am no- Phepanity i done- (JQe, dltﬁgl OSS§F89€1’°U&€|S Uﬁﬁfﬂé efr%oﬂéélimnt S

suitable for preparing of printing .inks | acquers_and
pai nt sL0 wh2@R1BF ELTAEPR 0 Wye I foBdmYasPaSra- Krﬁt‘%%?%l}"sd“é’r?d
syntheti c fesinsisoqMnulgeiey on thé. ifsdedt Mlumel, 291, 801,
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DETAILED DESCRIPTION OF THE INVENTION
Oxo-substituted Compounds

The oxo-substituted compounds of the present invention
often act as PARP inhibitors. As such, they may treat or
prevent neural tissue damage resulting from cell damage or
death due to necrosis or apoptosis, cerebral ischemia and
reperfusion injury or neurodegenerative diseases in an animal;
they may extend the lifespan and proliferative capacity of
cells and thus be used to treat or prevent diseases associated
therewith; they may alter dgene expression of senescent cells;
and they may radiosensitize hypoxic tumor cells. Preferably,
the oxo-substituted compounds of the invention treat or prevent
tissue damage resulting from cell damage or death due to
necrosis or apoptosis, and/or effect neuronal activity, either
mediated or not mediated by NMDA toxicity. These oxo-
substituted compounds are thought to interfere with more than
the glutamate neurotoxicity and NO-mediated biological
pathways. Further, the oxo-substituted compounds of the
invention can treat or prevent other tissue damage related to
PARP activation.

For example, the oxo-substituted compounds of the
invention can treat or prévent cardiovascular tissue damage
resulting from cardiac ischemia or reperfusion injury.
Reperfusion injury,. for instance, occurs at the termination of
cardiac bypass procedures or during cardiac arrest when the
heart, once prevented from receiving blood, begins ¢to

reperfuse.
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di scl oses oct ahydr o- 6(5) - phenant hri di nones that may be converted to
the correspondi ng 6(5)-phenant hri di nones, which are useful as internedi ates
for form g donggapeutically active -13 - conpounds. HegAIS9s/1819%5.
Patent No. 3,507,872, entitled "Indolyl-QuinoliniumDyestuffs",

di scl oses water sol uble basic dyestuffs conprising [err]-pyridones or
[err]-pyri done@hemmtiaiutewcsnp@mmmﬂ\luhe@fk?sbrﬁg1ndrie3tli.oﬁefana 5

nunber of 5143- dieSUhStdd uted PYEEQLd di SN he SHRALAdAH e L,

anong many-others, the follow ng radica err ese structures ars said
to have hpgﬁlaﬁﬁrﬂFwnfaF E%iléﬁrsvdsthﬂﬁd?texﬁﬁ%t 9Fi REeY@Repibsensss t he

g HT[err]ab#BELa’ﬁhﬂﬁhhatew$ahd ahd irAucedrt edlsnasesed (ByStd:ém:ul%Eedl bé
i sturbance the s I’gIC Sste i,n partlc ose | nvol ve
Wi th r%ceﬁ?ﬁ?? R&ving a ‘51‘,9%‘%&6# i ni 55 For g]a 890xytryg*’3ﬁ?ﬁ‘é =84 Frerr])
type. Theogheearthsihdse Qﬂmqncg@wér,emushmas elysrephyx odedsnematiists t ut ed

PARP i nhi Bagaagesaaft ERB1e©41 PREYEN 1dwSIUA ndaRge 1EasVET BendsURLE! |

darmage or deat nefrogés or apoptosi,s and can aneliorate neural
tissue daﬁﬁ&ere}ﬁgFﬁd?ﬁﬁu ar degeneration, immune senescence, AIDS and

other immune senescence diseases, and other diseases associated

10 with cellular senescence and aging, as well as to alter the

gene expression of senescent cells. These compounds can also

be used to treat cancer and to radiosensitize hypoxic tumor

cells to render the tumor cells more susceptible to radiation

therapy and to prevent the tumor cells from recovering from

15 potentially lethal damage of DNA after radiation therapy,

presumably by their ability to prevent DNA repair. The

compounds of the present invention can be used to prevent or

treat vascular stroke; to treat or prevent cardiovascular

disorders; to treat other conditions and/or disorders such as

20 age-related macular degeneration, AIDS and other immune

senescence diseases, arthritis, atherosclerosis, cachexia,

cancer, degenerative diseases of skeletal muscle involving

replicative senescence, diabetes, head trauma, immune

senescence, inflammatory bowel disorders (such as colitis and

25 Crohn’s disease), muscular dystrophy, osteoarthritis,

osteoporosis, chronic and/or acute pain (such as neuropathic

pain), renal failure, retinal ischemia, septic shock (such as

endotoxic shock), and skin aging.

The oxo-substituted compounds of the invention can treat

30 or prevent other tissue damage that can occur related to PARP

activation. These compounds are thought to interfere with more

than the glutamate neurotoxicity and NO-mediated biological

pathways. Preferably, the oxo-substituted compounds of the

invention exhibit an ICs, for inhibiting PARP in vitro of about

35 100 uM or lower, more preferably, about 25 uM or lower.

Preferably, the oxo-substituted compounds of the invention
effect a neuronal activity not mediated by NMDA

Preferably, *the compounds of the invention act as PARP

inhibitors tc treat or prevent tissue damage resulting from
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that following focal ischema and reperfusion injury. Generally,
i nhibition of PARP activity spares the cell from 20 energy | 0sSs,

preventi Ngyd bg/ RS {/\zl bl e depol ari zation of the neurons and, Péﬂ@ggsn@i@l des
neur opr ot ect 1 on. ile not wishing to be bound thereby, it is thought that

PARP activation may play a common role in still other excitotoxic
mechani seellpdehthsonsdanstgeu dties tovaeetos id ﬁd(iipbbeasiﬁ' the gHeadueti on of

25 free I r sent |nvent|on S
di rect ed ?%qlae%%o%ggg% N% %or rrul a gg}g:aa#m}{ﬁ'\l&%ll eas e 175 ﬁ’& nft r ogen:
- 14 - 2nAeRePeKTUS ioRa RN | @l P?uﬁ@émmaé'-ib'@sedxﬁemsd Hidani on

salt, hydhahal; ess elextealived ei,nd%re@@@uehenﬁiﬁég}laﬁ er BES1LALSAHRN off
] oubl e- onded oxygen qr - OH, when

g[)e('”J elsgt g?éggfﬁ‘d 'fel{"fss ﬁ)?dr'éﬁ%ﬂtoroli O\HEF"&F‘ﬁyI l*?%‘fﬁe giakedat ons
necessar ghegevatm anflusedugedo-or IExacmrbatiedy dyi oqeldarllawc;azelnescence
heterocyghiguiRg: VEeNFi Nag2RY, | NA A1l ag 188S 56 JdNERTRRRES
osteoporosis, muscular dystrophy, degenerative diseases of
skeletal muscle involving replicative senescence, age-related
10 macular degeneration, immune senescence, AIDS and other immune
senescence diseases, and other diseases associated with
cellular senescence and aging, as well as to alter the gene
expression of senescent cells. These compounds can also be
used to treat cancer and to radiosensitize hypoxic tumor cells
15 to render the tumor cells more susceptible to radiation therapy
and to prevent the tumor cells from recovering from potentially
lethal damage of DNA after radiation therapy, presumably by
their ability to prevent DNA repair. They may also be used to
treat or prevent chronic pain, acute pain, neuropathic pain,
20 renal failure, cachexia, or retinal ischemia.. These compounds
are thought to interfere with more than the NMDA-neurotoxicity
and NO-mediated biological pathways. Preferably, the compounds
of the invention exhibit an ICs, for inhibiting PARP in vitro of
about 100 uM or lower, more preferably, about 25 uM or lower.
25 The compound of the present invention has the formula:

wherein X is double-bonded oxygen or -OH. In a particularly
preferred embodiment, X is double-bonded oxygen. ,
When R’ is present, it 1is hydrogen or lower alkyl.
30 Examples of useful lower alkyl groups for R’ include, without
limitation, methyl, ethyl, isopropyl, tert-butyl, n-pentyl, and
n-hexyl. Preferably, however, R’ is hydrogen.
Y in formula I represents the atoms necessary to form a
fused 5- or 6-membered, or aromatic or non-aromatic carbocyclic
35 or heterocyclic ring. Carbocyclic moieties include alicyclic
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10 atons; and Zis (i) [err] wherein Rlerr] is in the
nmeta-position and Rerr] is in the ortho-position relative to said ring
nitrogen o $wrweed a |, and R err] and R err] are independemdIyusssisiogen,
hydr oxy, am no, dinethylamno, nitro, 15 pi peri di ne, :

pi perazine, imdazolidine, alkyl, aryl, or aralkyl; (ii) [err] wherein
Rlerr] isandetaomatict hecrudtnges.troyeen ande&Emsr b angsdy esxieﬁ&ed

i ndepende&&fﬂo@%ﬁf@%ng] gﬁéﬁngigg linAMe aaéf«:ld]!%lén he}%gr 8¥1:%%pentene

hydr oxy, pi per
i ni dazol | @F nEYClRppREadiene %HWEC1eQﬁ [ e¥R@n whefor i ca r F-membered
Independemétarbwépg@n Q&n{;errleﬁlx&@ales ori ik fidd apd Fﬁtﬂegﬂ fé&%l

ual Has 5-6

togetgi forma { iC rj |n each indivi

ring menbePeP Y§§° §7°1nda208 e(llﬁiéﬁqgg% GVV)P¥¥ﬁ4ﬂle'(v?Yrr?¥*4ﬂne:or (vi)
[err] mhepgrnomﬁaer] i simmiddee tia itrfeg rlngmﬁdazogene,and herad1 iaricher err
are 'ndepﬁ?ﬁ&?&iYn@%d%éHﬁﬂlaigie, gpxazole %&P%?én %hgéaﬁthﬁﬁﬁﬁene,

ar al kyl , al o dr ox Eerl I ne erazi ne,

“NJerr], m’éﬁﬁﬂ%ﬁ 1E§rf"]' %é?%lﬁ{ér ipdej muatavigdst | isanaraigen or
[err] al kykazole Rl eth}lasote R eisbthiakéDe} 006kAGLazd D&M Ackaieethzole,

10 dioxazole, oxathiazole, and the like ring structures.

When Y forms a 6-membered carbocyclic ring, examples
include a fused cyclohexane, cyclohexene or benzene nucleus,
optionally substituted with additional fused rings, thus
forming, for example, naphthalene, anthracene, phenanthrene,

15 Dbenzonaphthene, and the like ring systems. When Y forms a 6-
membered heterocyclic ring, examples include a pyridine,
pyrazine, pyrimidine, pyridazine, pyran, pyrone, dioxin,
piperidine, piperazine, morpholine, triazine, oxazine,
isoxazine, oxathiazine, oxadiazine, and the like rings.

20 In a preferred embodiment, however, Y has at least one
site of unsaturation. Even more preferably, Y represents the
atoms necessary to form a fused benzene or naphthalene ring.
Y may be unsubstituted or substituted with a non-hydrogen non-
interfering substituent.

25 Possible substituents of Y include any substituent that
does not interfere with the reactions and purposes of the
invention. Examples include, without limitation, straight or
branched chain alkyl groups, such as methyl, ethyl, propyl,
butyl, pentyl, hexyl, isopropyl, isobutyl, tert-butyl, n-

30 pentyl, 2-methylpentyl, 2-methylhexyl, dodecyl, octadecyl and
the like; straight or branched chain alkenyl groups, such as
ethenyl, propenyl, butenyl, pentenyl, 2-methylpentenyl, vinyl,
isopropenyl, 2,2-dimethyl-l-propenyl, decenyl, hexadecenyl and
the like; straight or branched chain alkynyl groups, such as

35 ethynyl, propyﬁyl, butynyl, pentynyl, hexynyl, heptynyl,
octynyl and the like; cycloalkyl groups, such as cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,
cyclodecyl and the iike} cycloalkenyl groups, such as
cyclopropenyl, cyclopentadienyl, cyclchexenyl, cyclooctenyl and
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ring, wherein each individual ring has 5-7 ring - 15 - menbers; wherein
said al kyl, aryl, and aral kyl, are substituted at one or nore pdsitions

wi th hydr qgge9enf¥4r oxy, hal o, hal oal kyl, al koxy, al kenoxy, p, él,.)g? ?;
aryl oxy, aryl al koxy, cyano, 5 am no, imno, sulfhydryl, thi y carboxy,

car bocycl e, heterocycle | ower al kyl, | ower alkenyl, cycloalkyl aryI

| al kyl ,+Haal , | M t.h
or Vi 506 tthat p?ﬁﬁl %ﬁm 0 i Qé‘%%*ﬁﬁg“a gi’%%{]y i RN
10 b8~ SS%ﬁﬂﬁY%ﬂ' ReeRY L ?E6Y¥WM3 f&hP§YéobbPEOMwhded-oxygen

and Z is EywﬁplnRPeﬂrprganhou-baenynhy#se¢#muqyl erpheny]+4ddenifien Rl err]
and LT st e LAGSLDES, |20 BBPUS S AT N0 igRaot be o

ring selected fromthe E Asi St lwhen X,
Y and 2, t%ﬁ‘ytlog%?‘lﬁ%?nylf'o #P‘ar?)‘l‘iéhaﬁﬂﬁhréléﬁ@yla indedxht hrsaimiongl , a

phenant hr égloldinya ,phenpehbs folFd16/1, benzothiophenyl, indazolyl,
benzamidazolyl, benzathiazolyl, tetrahydrofuranyl,
tetrahydropyranyi, pyridyl, pyrrolyl, pyrrolidinyl, pyridinyl,
pyrimidinyl, purinyl, quinolinyl, isoguinolinyl,
10 tetrahydrcquinolinyl, quinolizinyl, furyl, thiophenyl,
imidazolyl, oxazolyl, benzoxazolyl, thiazolyl, isoxazolyl,
isotriazolyl, oxadiazolyl, triazolyl, ‘thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, thienyl, tetrahydroisequinolinyl, cinnolinyl,
15 phthalazinyl, quinazolinyl, gquinoxalinyl, naphthyridinyl,
pteriginyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl and the 1like; alkoxy groups such as methoxy,
ethoxy, sec-propoxy, tert-butoxy, pentoxy, nonoxy and the like;
alkenoxy, such as ethenoxy, 2-propenoxy, 3-butenoxy, 2,2-
20 dimethyl-3-butenoxy, l-hexenoxy, 3-octenoxy, 2-nonenoxy and the
like; aryloxy, such as phenoxy, naphthoxy, pyridinoxy and the
like; aralkyloxy groups, such as benzyloxy, l-naphthyl-2-ethoxy
and the 1like; alkanoyl groups such as formyl, acetyl,
propanoyl, butanoyl, pentanoyl, benzoyl and the like; haloalkyl
25 groups, such as trifluoromethyl; non-aromatic heterocyclic
groups; and other groups, such as hydroxy, carboxy, carbonyl,
amino, alklyamino, amido, cyano, isocyano, nitroc, nitroso,
nitrilo, isonitrilo, imino, azo, diazo, sulfonyl, sulfoxy, SOsX,
thio, thiocarbonyl, alklythio, sulfhydryl, halo and the like.
30 Possible substituents on the above-described aryl groups
can be any non-interfering substituent. However, preferred
substituents include, without limitation, alkyl, alkenyl,
alkoxy, phenoxy, benzyloxy, cycloalkyl, cycloalkenyl, hydroxy,
carboxy, carbonyl, amino, ’amido, cyano, isocyano, nitro,
35 nitroso, nitrilo, isonitrilo, imino, azo, diazo, sulfonyl,
sulfoxy, thio, thiocarﬁonyl, sulfhydryl, halo, haloalkyl, and
aryl.
Preferably, when Y is substituted with a non-hydrogen,
non-interfering substituent, the substituent is selected from
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nucl eus with an am no group or an am noal koxyl ene group in the 3-position,
the 8-position cannot al so be substituted 25 with an am no group or
an am noavkosyiwee group; and (e) when X is a doubl e bondedcraysesmngiosand Z
is a 6-nenbered unsaturated ring, and Y is phenyl, then the 2-position of
the Z-ring cannot be substituted with a hydrogen or a nitro group; 30 (f)
when X is €Yo grouintd@lxﬁlbumdgdobkmgn halrd séchSas @hXdto drhBBoNol S-djot

phenyl or érhyﬁéfxy%l Rz (l@ hyﬂfg '§r lgﬁ%bl oPded oxygen, and Z is

-CH=N-, thenr Y is'no X is a doubl e bonded
oxygen, and Z i5n- C?(‘))’ 1' tHEﬁfQ’rl—’%dno?mhﬂﬁh@@h’enle | isancifteonally

enbodi ment suBstHItARRSES wflﬂh mmﬁtﬁQfQQEﬁg%ﬁléﬁd’ﬂJ kfat \Aﬁf’fﬁqéé $ ol ge -
an

step of contacting e nt late formula IV: [er

are as def?’ﬁeﬂ"’éﬁogg b&f’ ﬁu%e‘?d‘ullﬂr!)‘b%ﬁé R tTBP Gt tsb‘]%ram'-’&mé’eﬁpéund of
fornul a V:may have, fdm ey:empaﬂotmete@'mmmstrnheupbamﬂmtﬁc@ﬂhla,
conposi tion

X

o
ag
where W is -0-, -S-, -NR', -CHO, -CHOH, or -CHNH, where R' is
hydrogen or lower alkyl. Preferably, R* is lower alkyl, as
10 described above.

An especially preferred embodiment is where the compound has a
tetracyclic bridging structure to ring Y, having the formula:

15
where W is -CH-; X, is hydrogen, hydroxy, or amino; and X, is

hydrogen, amino, 1-piperidine, l-piperazine, l1-imidazolidine,
or hydroxy.

In yet another embodiment, Y can be substituted with two

20 or more non-hydrogen substituents which, taken together,

thenselves form an additional fused 5- or 6-membered ring, such
as a fused cyclopentyl, cyclopentadiene, benzene, cyclohexene,
or cyclohexane ring.

Z in formula I can be

?

25 (1) -CHR?’CHR?-;
(ii) -R°Cc=CR’-;
(iii) ~-R%’C=N-;
(iv) ~-CR?*(OH) -NR'-;
(v) -C(0) ~NR"-;
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of the invention conprises a pharmaceutically acceptable carrier and a

conpound
phar maceu
sol vat e,

I s doubl e-
| oner al k

nono-, bi-

of formula I containing at |east ‘one ring nitrogen: 15 ‘or a

g) 1){24accept abl e base or acid addition salt, hyskpiissngsser,

ug, net abolite, stereoisomer, or nlxtures t hereof, wherein:
bonded oxygen or -OH, when R[err] Is present, it is hydrogen or

yl; 20 (vY)I epr esgRY-c {d)e-oMRONE wHEEESS ALY ikOofdN® frsed
or trlcycllc car bocyclic, or heterocycllc ring, wherein each

i ndi vidual ring has 5-6 rlng ePl§F8ﬁ§ and Z |s (i) [err] wherein

Rlerr] is
ort ho- pos
Rlerr] ar
pi peri d?n
ar al kyl ;

Rl err] an

10

20

25

30

35

Prefheahby a- poks HCHR GHR ~, FR°C=CR’-Rper rB*CG=¥~i-n t he

ition wﬁggtzv% U?:x-gétﬁk’f-i nglzniérﬂg%é)fmeftQLBHEﬁti n HHh E@ei%] and

e i ndepen ent rogen roxy am no, am no
emprera’z’#%-m%taeflorreaﬁﬁévea'mﬂhe EipH, fifFogen of formgta
(ri.) whear} iswer‘ekorR’-H &'rlsimet®tto the rihe nitwgydn.trogen,

d Rlerpd @rgsindgreadent! v iydhggemhiy - (vi) above can be,
independently, hydrogen; hydroxy, amino, dimethylamino, nitro,;
alkyl, such as methyl, ethyl, isopropyl, tert-butyl, n-pentyl,
sec-octyl, dodecyl and the 1like; aryl, such as phenyl,
piperidine, piperazine, and imidazolidine,; or aralkyl, such as
benzyl, l-naphthylmethyl, and p-halo benzyl.

In formula (ii} (-R°c=CR?-), R’ and R?, independently can be
hydrogen, hydroxy, alkylamino, dimethylamino, lower alkyl as
described above, aryl as described above, aralkyl as described
above, halo such as chlorine and bromine, -NO,, —COOR’ or -NR'R®.
When R’ is ~NR’R’, R’ is independently hydrogeh or C,-C, alkyl.
Examples of useful C,-C, alkyl groups for R’ include, without
limitation, methyl, ethyl, isopropyl, tert-butyl, n-pentyl, n-
hexyl, heptenyl, sec-octyl, and nonyl. Preferably, however,
R® is lower alkyl as described above.

Alternatively, R® and R®, taken together, can form a fused
aromatic, mono-, bi- or tricyclic, carbocyclic or heterocyclic
ring, wherein each individual ring has 5-6 ring member atoms.
Examples of such rings include a fused pyrrole, isopyrrole,
imidazole, isoimidazole, triazole, pyrazole, pyridine,
thiophene, furan, thiazole, isothiazole, oxazole, isoxazole,
oxadiazole, benzene, naphthalene, acridine, pyran, pyrone,
pyrazine, pyrimidine, pyridazine, or triazine groups. When 2
is -R°C=CR*- where R® and R*, taken together, form a fused
aromatic ring, the ring formed is preferably substituted with
one or more non-hydrogen non-interfering substituents, as
described above for Y. Particularly preferred substituents are
selected from the group consisting of halo such as chloro and
bromec, amino and nitro.

In the compound of the invention, the multicyclic nuclear
ring structure formed by Y and Z is preferably one of the
following: '

and

X



| ower al kyl, aryl, aral kyl, halo, hydroxy, am no, dinethylam no,

pi peri di ne, piperazine, imdazolidine, 10 -NdJ err],

- COOR[ err}'\,lz\(})l Plist£ 1] where Rlerr] is independently hydrogmms%msm}

al kyl , or #f and Rlerr], taken together, forma fused aromatic ring,
wherein each individual ring has 5-6 ring nenbers; (iii) -Rerr]CN; 15
(iv) [err]; (v) -C(O-NRerr]-; or (vi) [err] mherein Rlerr] is ortho to
the ring nitrogen, and R err] add R err] are independently hydrogen, |ower
al kyl, aryl, aral kyl , hal @ hydr oxy, pi peri di ne,

pi perazi ne, i mdazolidine NferyR, - COOR| ¢ or r] where Rerr] is
i ndependent |y hydrogen or ] alkyl, or andl err], taken
together, forma fused rinmg €i n each i Ntk Z r|ng has' 5-7 ring
menbers; 25 wherein said alkyl, aryl, and aralkyl are substituted at one
or nore positions with h2dlinygesisohyideliney, 1fmh|ﬁydrbaihcr@ldzjde, al koxy,

al kenoxy, al karyl oxy, aryl oxy, aryl al koxy, cyano, am no, i m no,

sul fhydryl, thioal kyl, carboxy, carbocycle, hetXrocycle, |ower alKkyl,

| ower al kenyl , cycloalkyl ryl} 30 arylalkyl, haloaryl, am no, nitro,

ni troso, dinmethylam no; \f ] S RRPVi sOS t NRy
f
N

N J

3,4-dihydro-quinazoline

3,4-dihydro-pteridine

1,2-dihydro-pyrido[3,4bpyridine 1,2-dihydro-pyrido{4.3 blpyridine

X X
ENﬁ?R" . r NR7
\N N J

1,2-dihydro-pyrazino. 3dlpyridazine 14 ,6-d|hydro-purme

X X
O NRy ‘ NR7
and O
W

bridging structure 5,6-dihydro-phenanthridine

wherein W is as defined as above, or the pharmacologically
5 acceptable base or acid addition salts, prodrug, metabolite,
stereoisomer, or mixtures thereof. Preferably, the compound of
formula I has an isoquinoline, pteridine, phenanthridine,
phthalazine, quinazoline nucleus or the tetracyclic bridging
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(a) when X is doubl e-bonded oxygen, and Z is [err], Rlerr] cannot be

hydr ogen or nethyl; (b) when X is doubl e-bonded oxygen, and Z i's [err],

Rl err] 35wo99nigagannot be nethyl, phenyl, or [err]; (c) &"F/BS@LI% 5] and
Rlerr] are taken together to forma fused aromatic ring, canno a
ring selected fron1 the group consisting of: - 18 - (d) when X, Y and
Z, taken tq enant hgj done, a henanthrldlnone a
phenanthrenggb ri 6 gﬁﬁngHPvﬁfne&hﬁglEE?fﬁFPﬁlén EE? NEORRIU drasana
anlnoalkox?henénghnuplnﬂ nudieud-.posi ti on, the 8- p03|t|on cannot al so be
substituted w thpan Qghmg YhOUPg g ffh@n1 ﬂ%y u when X
is a double bondeg N @ |§ a 6- Qﬁ%§$ 18&e Q&%-@uhéggté%%%

ring, and $°ME°PRERAyI tﬁ@ﬁm?%% ?lpoé?tlﬁh""ﬁ? PR&OY- it TR O, beare

substi t &t edl\lliu'shratlnydrcmgaﬂeﬁnlaembddmegmﬁuaf £Hid inveRBidh isha BHeOfowoubl e
bonded oxyggny, aBQnéti-ée téﬁg tNe! fn”Ot %he“c%' E%: o hydroxyphe”y'
Ie bon e X

15 (g) when YQgeén, t hen i's not
phenyl ; or
10 TABLE I
Compound
No, X 4 Z

15 1 TH : : ‘CHz‘CHz-
2 -CH‘Cﬂz"
o
Tf IC CH,
ll o,

20
-CH-CH,~

ﬁ , ]Loi LGHS




(h) when X is a double bonded oxygen,
| further

am nophenyl. In a stil

enbodi nent of the i

and Z is -C(O NH,

nventi on,

then Y is not
t he 20

phar macewo swiszonposi ti on of the invention conprises a pRETARS¥IMITal |y

acceptabl e carrier and a conpound of formula I containing at
nitrogen: [err a _pharnaceutically accelgt abl e base or
salt, hydrdfe esger 50l vate, profrug, netabolite] stereolsoner,
m xtures tHer® pP%r 2i n: i s doubl e- bonged oxygen or Og-i - 19
Rierr] is eseft—t—-s—hyaf-oger—pr—tower—aor- FepresBats—thel at ons
necessary tjp forma fugsed nono-, bj- or tricyclic, {carbocyclic or
het erocycl ifc ring, whefein h i ndi vi dual 41 ng hag 5- 6-cHrRgHgEND
atons; and is (i) [efr] erein Rlerr] ~n thelnmeta-gosition
is in the gftho-positipn rellative o saifl ring nitjogen &Hf or nul
Rlerr] and err] are ) ndependentlly hydrogen, hydribxy, am no,
di net hyl anmtho, nitro, |- '
6 S -TH-CHZ-
W ” CH,~C¢H;
5
” CHz-Cgﬂs
8 H ~CH-CH,~
W N |
N CH
| - / A\
CH, CH,
10 9 H H ~CH-CH,~
LN ICH
- 7\
CH; CH,3
10 H “'CH'C}L‘)"
N
W r o CHa—C[-CH3
N=—= CH,
11 H n -CH-CH,~
I( ~ CH3—C‘-CH3
N— CH,

| east one ring
acid addition

when



10 pi peridine, piperazine, imdazolidine, alkyl, aryl, or
aralkyl; (ii) [err] wherein Rlerr] is meta to the ring nitrogen, and R err]

and R[er rvl,ogglﬁépdependent l'y hydrogen, lower alkyl, aryl,pgfskdsyisioshal o,.

hydr oxy, amno di et hyl am no, plperldlne pi perazine,
i m dazol i di ne, hK{err], -COOR[err], or [err] where R err] is independently
hydr ogen or Fr=at—REe Rttt -alcan..ags alhal—tarm a fused

aromatic rifgcompetet nj each i ndi vi gual rlng has 5-6 ring nenbers,W'O

(ii1) -Rerg]CNe. (ivVv [erx]; or](v) -€O-NRdrr]-; (%i) [err] wherein
Rlerr] is o oto thejring nitrogén, and Rerr] and R err] are
i ndependent }jy hyg ogen| 25 | ower alk? , aryl ar blkyl,
hal o, hydff oxy, %iper di ne,Qpi per fzi ne, i M dazoli di n€, R[fgrr]
-COOR[err], jor [err] where éierr] s ind ently hydr%ggn or [err] al kyl ,
or Rlerr] ajpd Rlerr], taken logether, foflma fused]|ring, “Wherein gach

i ndi vidual f{ing has 5-( ring 30 nberq; wherein said [pl kyl,
ary| , and ahbeal |I‘\Jl| a8 substitit-edlat—one or ppre positions with k‘ydrogen,
hydroxy, haffo, hal oal kyl, al koxy, al kenoxy, alkarylloxy, aryloxy,
aryl al koxy, §cyann3 H - C=CH -

‘f” N x
H C,Hs

5
14 H - C=CH -
v |
w CeHs
N——-—
15 “H - C=CH -
H N |
N CeHs
N—————
10 16 0 - C=CH -
| a ‘
I CH,~CeHs

17 - C=CH -
” CHz-Csﬂs
18 S\ _ - ('3 = CH -
W 0 c1
N_—_.




am no, imno, sulfhydryl, thioal kyl, carboxy, carbocycle, 35 heterocycle,

| oner al kyl, |ower al kenyl, cycloalkyl, aryl, arylalkyl, haloaryl,

am no, ni Ww®eoniei4 oso, di net hyI am no; and wherein the conp®GRASHs1819T nul a |
is present in an amount that is sufficient to inhibit PARP activity, to
treat or prevent tissue danage resulting from cell danage or death due to -

20 - necr 1vjate O Sretrvt di at ed
by NVDA t oxi ‘fect a neur gnal activity medj ated by NNDA t XICIty,
to treat neu damageXresulfing frot ischenmifa and raperfus

injury, neur)loglcal 5 {disorders and neurodegeneratf ve di sease

prevent or tjeat ygscul ar stroke; to treat or prevent car .p%§§cul

di sorders; tp treat oth¢r co tiong and/ op-8isorderfs such as age-r ¢l at ed
macul ar deggneration, [AIDS|and ¢ther [jimune s nesc e di seasgs,

arthritis, at her oscl efosi s, cachexi a, N—eancer, [10 degenerativ
di seases of gkeletal nuscle involvimg replicative senescence, di abet es,
head t raungg i (such
as colitis apd Crohn's di sease), scular dystrophy}, osteoarthritis,
ost eopor osi sf chrd®ic anpd/ or icute pain (s as neuropaITn%:qﬁaFn), renal
Br
X
5
21 ?H //- -~ ? = CH -
Br
\/
S G I
0 -Cc = -
1 23 TF* C = CH
NH'C2H5

24 - CH, = N -
[ (
=

25 TH o - CH, = N -
==

- 33 -



15 failure, retinal ischema, septic shock (such as endotoxic shock),
and skin aging; to extend the lifespan and proliferative capacity of cells;
to alter ﬁéﬂﬁ ﬁ ression of senescent cells; or to radi 0sqitSintd9ggs10y POXi C
tunor cel P&PM42n additi onal enbodi nent, a method of inhibiting PARP 20
activity conprises adm nistering a conpound of forrmula I, as described
above for t Lical —compasitiang-gf tho jinuontigR-——lio vo

further enbddicgrBbanat e amount of {the conpound adnf nistered in th¢ nethods
of the inveptiomngs sufifficiegt for ftreating tissue danmage mesultingg from
cell 25 dafage or death due to neg¢rosis or apoptosjs, neural tlss!e damage
resulting fgomischem a and reperfygsion injury, or jpeurol agic di gorders

and neurodegeneré?ive ciseasﬁs; to|prevent treat| vasculpr strokg; to

treat or prdvent cardidvasculfar di gorderd} to treat{ other nditiois and/ or

30 disorders such as age-related racul ar degeneratjon, AILS and ofher

i mmune senegcence dise?ses, arthritlis, atherosclerogis, cfckaxia,

degenerati v diseases g }

di abetes, hgad traumm, ji mune senegcence, inflammatpry bowel disor

(such as coljfjitisz2gand 35 Ckgfﬂ's di sease) muscul ar - @yst¥ ophy
[

osteoarthritjis, osteopqrosi chroni c and#or>acute pain (such as
neuropat hic pain), rendl failure, rfetinalllischen a,|septi¥hock (4uch as
e lifpspan_Aand

endot oxi ¢ shock), and gkin aging; tjo exte

H H o [ t h
f—skel-ot-al—iits-cl-0—-Rv-olwi-A epHeatire—senfiscence,

A=4

CHs CH,
5 .
28 N -'CH - NH -
2N |
W OH
: X
29 H /N\ - CIIH - NH -
¢ b
\/
10 30 W N/’N\
AN AN
AN N
- CO - NH -

\
Z
/

. ol

{
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proliferative capacity
senescent cells;

of cells;

to alter gene expression of -
or to radiosensitize hypoxic tunor cells.

21 -
BRI EF

DESCRI PTI @b 89118348 DRAW NGS Figure 1 shows the distributi ORCDUSHS195

cross-sectional 5 infarct area at representative |evels along the
rostrocaudal axis, as neasured fromthe interaural line in non-treated
animal s and [ri anr ner s f 1 eat ed W oIy 10 1107 = f =5
(4-(1:pipeHEﬂQSHHmﬁmﬁoxy)-l 2H) - i sfoqui nol i none. Fi gure 2 sho t he
ef f ect of.‘-inNPnpprifnnpal 10 manistrition o Z

3, 4-di hydr o45- [ 4- (1- pi peri di nyl ) -but oxy] - 1(2H™-i soqui nol i none on tle

i nfarct vol yme. BBTAI LHD DESCRI PTI OF THE, | NVENTI N Qxepsubggi L utjed
Conmpounds 11 The Joxo- s@bstit ut ed co?ﬁyunds of [t he present inyention
often act ag PARP inhibitors, As [such, they nmay tfeat or prevent fneural

ti ssue damag
apoptosi s, (

e resulting fromcell damage Mg geath d
erebral ischem a and rgperfusion injury

le t 0 necrosi s
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v

neur odegenerjat i ve

A ant et
cells and t
34

di seases in
capacity of

20 They may
hus be used

Xrenmd—the i fes

to treat or

prevg

amamd plUiifUm
bnt  di seases as
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C,H
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therew t h;

radi osensiti ze hypoxic tunor cells.

they may alter gene expression of senescent cells;
t he oxo- substltuted

Pref erabl vy,

and t hey nmay

conpounds“;gg /HEZ' nvention treat or prevent 25 tissue danggeni$gdsiosng from
cell damage Or death due to necrosis or apoptosis, and/or effect neuronal
activity, either nediated or not nedlated by NNDA tOXICIty These
0X0- Substi » : - t he

gl ut anat e .
Further, tine oXNe-subsitituted or
prevent other tissue danmage related to PARP acﬁiva ion. For exanplje, the
0X0- substi tjut ed npounds of the ijnvention can treat or prevent

cardi ovascul ar tissue |damagd 35 resul ti ng-Prom car di i i

reperfusioﬂ injury. Relperfugjon i ﬁury, ?Gr i nstang

term nationy of cardiac| bypass procieduresNgr_4during en the
heart, oncej prevented fron1receiV|ng bl ood, beglns to repeYuse. -} 22 -

The oxo-su

B+tuted—corpouhds—of—t
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proliferation of cells and thus to treat or prevent di seases associ at ed

d by cellular

osteoarthrltls
skel et al

therewi th and induced or exacerbate
skin a¥l at her oscl erosi s,
dyst rophy, degeneratlve di seases" of
senescence, g related r

ot her i nmung e QP

cellular se escegée and agi ng, as
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alter f

acl j—

el | as t

ost eopo
nuscle involving replicative
_I_ mune

senesc

giﬁ@@&ﬁ%

senescence, Al

associ ate
he gene

P- AW ]

express
7EXP

| udi ng
%%ular

DS and
with
on of

senescent cdtss Flres corpotmds—T
radi osensi tifze hypoxic ftunor cells
susceptibleffto rddi atign the y an
recovering firom15 pot ntiaﬁ y le
t herapy, prdsumably by jtheir! abil
conpounds offl the presenft invention
stroke; to tfreat or prevent cardiov
conditions gnhd/or disorjders such as
AlIDS and her _inmmunle senescence

nt the
mage of Dr
revent

dto pr

to p
t hal
tyto
can be
ascul ar
20 age-rel ated
di seases, arthri

1 albu | VA tl.ocxr
EB render the tu

di sorder g;

laXalaVe¥ayd
ERA-

\¥J

lor cells nore
t unor

trovaut

cells fro

hnd to

n

ipn

yascular

macul ar Br degen
tis, atherosclg

ration,
0Si s,

F

cachexi a, ancer degenerative dise
replicative se cencle, di abet ¢
i nfl anmat or | bowel di sdrders & such

muscul ar gystrophy, ostedarthri
pain (such gs neuropathic

[e

ases. of skel et al
S, trau
as colltls and 2‘
tis, por osi §

NO;

nmuscl e i nvol vin
i mrune seng

di s
and/ o
NH>

cence,
ase),
acut e

[$)]

49

TH

\

NO2

NH2

50

\

/

10 51

\

Br

52

- 37 -



pain), rena

shock),

treat 30 wonomi@@yent other tissue danage that can occur
These conpounds are thought to interfere with nore than the

activation.

gl utamat e neurotoxicity and NO ned

failure, r

eti nal

i at ed bi ol ogi ca

pat hways. Pre

i schem a, septic, shock (such as endot oxic
and skin aging. The oxo-substituted conpounds of the invention can
r BCEAUSEB/1839SPARP

ferably,

t he oxo-sub S Ol te T vent o 10T jor'
i nhi biting BARP™PRuUDt o of about 35 100 uMor |lower, nore prefefably,
about 25 uMicc NRwr Brof erXhly the oxo-dubstitutled conpdunds offit he
invention efffect a neufonal activify not nediated Qy NVDA Preferably, the
conpounds off thesgnvention act as IPARP inhibitors tjo treat qr prev@nt
ti ssue damage resulting fronp- 23 C ath gr danagedue to}necrosis
or apoptosi g; to treat {or prievent meural |tissue danmage rexalting fjom
cerebral isghem a and neperfusion iinjury eurodegeneratf*ﬁidisemses in
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n- hexyl . Preferably,

non- ar onxte $9/nazdocycl
i nclude alicyclic -

however,
the atons necessary to forma fused 5-

24 -
5- menber ed carbocycllc rlng,

ic 35 or

R err]

i s hydrogen.
or

6- nenber ed,

Y in formnul
or

a.l represents

aromatic or

het erocyclic ring. CarbocyRCT/GSHIBESI es
and aromatic structures.
exanples include a cycl opent ane,

When Y fornms a fused

cycl opent ene

or cyclopef Zre : B ocyclic
ring, exunpbmpoundn Iude a fuaed pyrrole, 5 ijsopyrrol e, imdazole,
i soi m dazoj€e ¢, pyrXolidimpe, pyrrdline, i m dazwl i di ne,
i mdazolin Pyraz l'i di ne, pyrazoline, isothiagole, 1soxazole,jfurazan,
furan, thi pheng 3-triazole, {1,2,4-triazole, |dithiole, oxath§ole,
i soxazol e, oxazole thi aitile, i sot hi e, gxadi azgl e, oxajriazole,
10 dloxazdle oxat hi §zol e,| and the like ring stru Whgp,Y §orns a
6- menber edjcar bocycli ¢ ring, exapples i de a f an
cycl ohexeng or benzeng¢ nucl eus, optionally substit | additff ona
fused ringy, thus formng, for exanple, naphthal en antyracene,
phenant hrefie, 15 benzonapht hene, |and the |ike rid Wheh Y forns
a 6- nenbe”ed heteroc%clic ring, éxanples includela pyridine,
65
P - Cl: = CH -
I C
\ .
66
H P - C=CH -
|
? C Csﬁs
\
67
- CH = CH -
W n
) 68
- = CH -
TH I S CH H
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pyrazi ne,
pi per azi ne,

pyrim di ne, pyridazine, pyran, pyrone, d
nor phol i ne, triazine, oxazi ne, i
oxadi azi N 9%H§24 he |ike rings. 20 In a pre

however, Y

represents the atons necessary to forma fused benzene or

Y may be ul
substi tuen
t hat does

has at | east one site of unsaturation.

BT —SUDSLT L UL ed. W LI =TT
Possi bl e sybstituents of Y
NR-erfede witK® the deactiond and -pur

TTtUL €
_ Cogpound

t-

i oxi n, piperidine,
soxazi ne, oxat hi azi ne,
ferred EFBOBIHENDS

Even nore preferably, Y
napht hal ene ring.

F=er fering
ncl ude any subgtituent
oses 0fZ t he i nyenti on.

Exanpl es i fjcl udgg w thout limtatijon, straight or pranched chain gl kyl
groups, sug¢h as nethyl, ethyl, propyl, bugyl, pentyl, i sopriopyl ,

i sobutyl, yert-butyl, |n- SOF pentil, 2- net hyl penty] , 2-netlhyl hexylf,
dodecyl, ogtadecyl and the lji ke; gtraig or branched al kenyl groups,
such as et henyl, propényl, butenyl, pentenyl, 2-nethyl pg viinyl ,

i sopropenyl, 2,2-dinmetghyl-I1-propenyl, decenyl, hexjpdece like;
straight off branched ¢hai n al kynyl] groups, such as| 35 ropynyl ,
but ynyl , entynyl, hexynyl, heptynyl, octynyl and the | cyql oal kyl
groups, sugh as cyclo?utyl, cyclopentyl, cycl ohexyj , cycloh

cycl ooct yl f—eyetonenyt—eyetodecyt—anad—the—tike—ocycto ps, such
as cyclopr#penyhp cycliopent adi enyl|, cycl ohexenyl, [cycl ooct enyl - 25 -

?H 7
\
x
71
W ijfj::
X
=

Also included are the pharmacologically acceptable base or acid

addition salts, hydrate, ester, solvate, prodrug, metabolite,

stereoisomer,

10

or mixtures thereof,

Particularly preferred compounds of

TABLE I of the

invention are Compounds Nos. 46, 48, 50, 52, 59, 61, 63, 69 and

71,

Most preferably, of this group,

invention is Compound No. 59.

15

shown below in TABLE II:

the compound of the

Another preferred group of compounds of formula I is as
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the |ike; aral kyl groups, such as benzyl, 3-(1)-naphthyl-1- propyl, .
p- hal obenzyl, p-ethyl benzyl, 1-phenyl-1-propyl, 3- pyridinyl-21-propyl,
1- phenyl W sseasdaut yl , 4- phenyl - 4-nmet hyl - 1- pentyl and t heedi/ksgsnaregl groups

such as phenyl, naphthyl, 5 indenyl, azulenyl, fluorenyl, anthracenyl,
i ndol yl, isoindolyl, indolinyl, benzof uranyl , benzot hi ophenyl
i ndazol yl, benzam dazol yl, bEARRENITiZOl yI t et rahydr of ur anyl ,
t et rahydr opy. 1dvl. _pvrrol vyl rrolidinyl, ridinyl, pyrimdinyl
purinyl, : qmg1liryl, v soqw£1i|n)i, TO 1 %raﬁ dr ogarjpol i nyl
qui nol i zi nyl tHoyh +hi~epheryH——i -4 un Uréhehzoxazol yl,
t hi azolyl, ijkoxazolyl | isotriazplyl, oxadi azol yl , triagolyl,
t hi adi azol yl| pyrd dazifinyl , pyr i FCHKAH;-, pyrazol yl ,
pyrazolinyl, pyr%%olidinyl, thijenyl | tetraljydroi soquiifoli nyl, cff nnolinyl,
15 pht hal azj nyl , qyi nagol ™y|l , Cdfai noxal i nyl ht hyri di jpyl,
pteridinyl, farbazolyl|, 3 ridinyl, phenazinpyl, Hayl , |phenoxazi nyl
and the |ikejl alkoxy groups such as net hoxy, et seg- propoxy,
tert - but oxy, | pent oxy, {nonoxy anld the |ike; jal kenoxy, ch as etﬁenoxy,
2- propenoxy, || 3-butenoxy, 2,2- 20 dinethyl{3-butenoxy ’}-hexenoxy,
3-oct enoxy, R-nonenoxy and the | ike; aryloxy, such ascﬁﬁ%noxy, napht hoxy,
pyri di noxy ahe—the
5 [:::: % ]l NH
W @
N— ]r/ NC2Hs
N
Ct
-CH‘CHz“'
W H | H
NS CI: N NCoH
/ s
| — CH; CH, |
%
CHs CHa
-?H-CHZ- -
Pk :
l i NCH3
CHg
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| i ke; aral kyl oxy groups, such as benzyl oxy, 1-naphthyl-2-ethoxy and the

| i ke; al kanoyl groups such as fornyl, acetyl, propanoyl, ﬁ%h%gﬁéanﬁ
pentanoyMK’ﬂ%Hé%&l and the like; haloal kyl 25 groups,

trifluoromethyl; non-aromatic heterocyclic groups; and other groups, such
as hydroxy, ﬁnggé¥§=gg£anV| mino. al kl vani no, isocyano,
nitro, nitrogo triljo, igonitfrilo, jJ mno, iLaz ulfonyll, sul foxy,
[err]. thio, L..f%arbcn,.,i: et U,i Sty %"9“9" Sexide i ke. 30

Possi bl e subjgtituents {on the ab)ve-descrlbed aryl groups can be{any
non-interfer{ng anstituent. Howe¢eEH~-prdf erred subgtituents ifncl ude,

wi thout limygation, alhkyl, 8lkepyl, lalkoxy phenoxy, benzyl oxy, jcycloal kyl,
cycl oal kenyl § hydt oxy, canboxy, car 68 ﬁVhqunlno cyano, ifsocyano,
nitro, 35 nftroso, ritr - sonitrilo, { im nazo,)] sulfonyl,
sul foxy, thip, thiocarfbonyl, sulfhydryl, hdlo, , and aftyl .
Preferably, fhen Y is {substituted with a ngn-hydrogen]” non-inteffering
substituent, Jthe substjituent isfselected frjom- 26 - CH.E grogp

consisting o hKIerr], hal o sth as chlorq or brono, - err] qr
- NHR[ er r] , U e r\ltl r] s hy\jl getr—ot +ov ailJKy‘lr ;
"CH2=N-
W O o
l I;JCHs
A ~NF _N
5 Another example of a preferred class of compounds as is

shown below in TABLE IXII:

Rj3
Rz
10
TABLE IIT
Ry R, Ry
CH, Ccl F
CH, H F
15 CH, NO, F
NH, Cl. F
NH, NO, F
NH, : c1 H
NH, c1 NG,
20 NH, H F
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In another preferred enbodinent, Y is optionally substituted with a
non-interfering substituent that bridges two 5 or nore of the fused rings
of the cowps@nte24Such a conpound nmay have, for exanple, aPCIIUSIBYEN9SC
structure of the formula: [err] where Wis -O, -S, -NRerr], -CHO -CHOH,
or -CHNH err] where R err] is hydrogen or |ower al kyI. Preferably, Rerr]
is |lower alkyl,[aS IQ.fgescribed abqye. AmfespecraltyTpreferred enbodi nent

is where the co und™ias a {etracvelic pdidai MP2strudgture to ring vy,

havi ng the fornpl a: [mrzr] 15 Whel‘&ﬂ/yl S -CH- Xgerr] ijs hydrogen, hydroxy,
or am no; and XEerTi TS Hydrpgem, o, Tprper+ei-res| 1- pi perazine,

1-i m dazol i di ne|_or_Af4roxy. | I n vet! anot h¢r enbddi nent|, Y can be .

substituted with twoyy) or |nore ydlon-hydrogeny subsijituents which,

taken toget her —+hewsel-res—4-orrah ade-u-cna.L_Eus.ad_': or 6-nmenbered ring,
such a$ a fused|cycl op&ntyl, cycl opent adi ¢ne, benzene,| cycl ohexene, or

cycl ohexane rinfg. Z1 Torrmt (‘Nacp be 2% (i) [err];
(ii) [err]; [ii) ~"-Rler 1(‘— F
Br H F
Br NO, H
10 Another example of a preferred class of compounds as is

shown below in TABLE IV:
0

0
\_o
R

3

R,
TABLE IV

15 . R, R,

Cl H

H F

H NO,
20

Another example of a preferred class of compounds as is
shown below in TABLE V: '

25
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(1v) [err]; (v) [err]; - 27 - (vi) -NRerr]-C(O-CHR err] -
wherei n err] is ortho to the ring nitrogen. Preferably, err [err]
-R[errR§v -"Rl‘mzﬂ\hen Zis [err], Rerr] is in the neta- posll’cfvf"d?l48 R[err]
is 5in the ortho-position relative to the ring nitrogen of formula I. Wen
Zis [err], Rerr] is meta to the rllganltrogen Rlerr],Rerr],Rerr] and
Rlerr] in formulas (i) - (vi) abo'l'\'}’t,s ¥ be |ndependently hydr ogen;

hydr oxy, am no, di mgthytramrmo—nrtrp——atkyt—stuel—as net hyl, et hyl,
i sopropyl, tert-butyl, n-pdatyl, 10| sec-octRl, dodecyl and the |Iike;
aryl, such as phepyl, piperidinef,plperazine, and | m dazolidine, ; or
aral kyl, such as befzyl, 1-naphthyl Wit hy| and p-hal o benzyl. In fornula
(ii) ([err]), Rerr] Hand R[err] i njgeendent |y can bef hydrogen, hydroxy,
al kyl am no, di et hylaf-ros Lower a-eH—as—16—dese-ed above, aryl as
descri Bed above, ar aBkyl as descri bpt-phperidired o such as chlorine and
bromne, -NJerr], {CQOOR[Err] or [e]T]. Wen Rerri—Ts [err], Rerr] is
i ndependent |y hydrog&n or [err] al kit " PERSFRAEE of usleful [err] al kyl
groups for Rerr] i T%I ude, without |, s .4 .oiidine
B OH
OH H
10 ' OH NH,
OH l-piperidine
OH l-piperazine
OH l-imidazolidine
OH OH
15 NH, H
NH, NH,
NH, l-piperidine
NH, l-piperazine
NH, l-imidazolidine
20 NH, OH

Compounds of the present invention may possess one or more
asymmetric center(s) and thus can be produced as mixtures
(racemic and non-racemic) of stereoisomers, or as individual R-

25 and S- stereoisomers. The individual sterecisomers may be
obtained by using an optically active starting material, by
resolving a racemic or non-racemic mixture of an intermediate
at some appropriate stage of synthesis, or by resolving a
compound of formula I. )

30 The term "isomers" refer to compounds having the same
number and kind of atoms, and hence, the same molecular weight,
but differing in respect to the arrangement or configuration of
the atoms. "Stereoisomers" are isomers that differ only in the
arrangement of atoms in space. "Enantiomers" are a pair of
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limtation, nethyl, ethyl, isopropyl, tert-butyl, n-pentyl, n- 20 hexyl,
hept enyl, sec-octyl, and nonyl. Preferably, however, R err] is |ower

al kyl as wesvriaémd above. Alternatively, R err] and R err]pctakmnsigmget her
can forma fused aromatic, nono-, bi- or tricyclic, carbocyclic or
heterocyclic ring, wherein each individual ring has 5-6 ring nenber atons.
25 Exanpl ssemdoisutens thstiawd mda-supesinbable airrsppindgdse ofi @a&azol e,

i soi m daZOJ)éhezhl tr "%%ls%ereo]@%ﬂépé'e’ are pgﬂe@' ‘isol;nPfQ PRRGH faurreanx‘xot

t hi azol e, Fsothiazole, oxazo |soxazo oxa irazo benze
napht hal erBITERY |igages pyrearh RhGRe, W%%W#fémlﬁﬁﬁrﬁi'dnws @ymumre\e or

¥r|a2|ne geontEsinMen oguidQ Iﬁf [&wﬁbhgﬁeregﬁh@rrba?ag R?f tgggmviggg%her )
orma fus 0 Cri the ring formed s, prefeca substituted wit
one or rmr%gn%% é?ecflrsdgenngon |ncfe’ll cgrlf'ln’ét%ﬂaost’r%)u%nfnéxgué% GE8ER+BERE above
for Y. Parum%mﬂ%&laﬁqﬁsebérﬂedlgyﬁgalt%mﬁnﬁﬁqmegsserestedeéxsmméﬂna group
consi sting of halo é&ﬁﬁbxﬁﬁscmfor&@nﬁ@éxt erprﬂ%y B N N ro- *Q the

conmpound of the invention, the nul tlcaéﬁlc nucl éar ring structure or med by
Y and Z i sPpFRfEPEM yllbn"é‘eoffct% %I ERATRFeUtisglly acCeptable salts,

pharmaceutically acceptable hydrates, pharmaceutically
10 acceptable esters, pharmaceutically acceptable solvates,

pharmaceutically acceptablé prodrugs, pharmaceutically

acceptable metabolites, and in the form of pharmaceutically

acceptable stereoisomers. These forms are all within the scope

of the invention. 1In practice, the use of these forms amounts
15 to use of the neutral compound.

"Pharmaceutically acceptable salt", "hydrate!, Yester" or
*solvate" refers to a salt, hydrate, ester, or solvate of the
inventive compounds which possesses the desired pharmacological
activity and which 1is 'neither biologically nor otherwise

20 undesirable. Organic acids can be used to produce salts,
hydrates, esters, or solvates such as acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate, p-
toluenesulfonate, bisulfate, sulfamate, sulfate, naphthylate,
butyrate, citrate, camphorate, camphorsulfonate, cyclopentane-

25 propionate, digluconate, dodecylsulfate, ethanesulfonate,
fumarate, glucoheptanoate, glycerophosphate, hemisulfate
heptanoate, hexanoate, 2-hydroxyethanesulfonate, lactate,
maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, tosylate and undecanoate. Inorganic acids can be used

30 to produce salts, hydrates, esters, or solvates such as hydro-
chloride, hydrobromide, hydroiodide, and thiocyanate.

Examples of suitable base salts, hydrates, esters, oOr
solvates include hydroxides, carbonates, and bicarbonates of
ammonia, alkali metal salts such as sodium, lithium and

35 potassium salts, alkaline earth metal salts such as calcium and
magnesium salts, aluminum salts, and zinc salts.

Salts, hydrates, esters, or solvates may also be formed
with organic bases. Organic bases suitable for the formation
of pharmaceutically acceptable base addition salts, hydrates,
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[err] wherein Wis as defined as above, or the pharmacologically 5
accept abl e base or acid addition salts, prodrug, netaboli | soner,
or mixt uNR9%¥H8Meof . Preferably, the compound of formul a %&%@Bi‘z{ﬁ%

I soqui nol i ne, pteridine, phenanthridine pht hal azi ne, qui nazoline nucl eus
or the tetracycllc bridging - structure shown above. Most

pr ef er abl §3 ??ﬁ?(ﬁﬁnﬁﬂﬁﬂftﬁésog ﬁﬁén&ﬁ?ﬁ?PH?ﬁe°?uEﬂ%nR¥esﬁﬂ§ fidvesting

speci fic tpalpeshuise0xnatubss indn-abxicpadnssrafg tastyhatd £oq shggn bel ow

in TABLE La%@ée Ehgruel%tsr at iagge?; usﬁulscﬁ_@&qﬁ ‘nent SF&]: é}f&erplg%]%naleon and

are not to D€ ton e 1Tnventton theret
TABLE | [éllystrquon, the class of such organic bases may include mono-
5 , di-, and trialkylamines, such as methylamine, dimethylamine,
triethylamine and dicyclohexylamine; mono-, di- or

trihydroxyalkylamines, such as mono-, di-, and triethanolamine;
amino acids, such as arginine and lysine; guanidine; N-methyl-
glucosamine; N-methyl-glucamine; L-glutamine; N-methyl-
10 piperazine; morpholine; ethylenediamine; N-benzyl-
phenethylamine; (trihydroxy-methyl)aminoethane; and the like.
See, for example, "Pharmaceutical Salts," J. Pharm. Sci.,
66:1, 1-19 (1977). Accordingly, basic nitrogen-containing
grodbs can be quaternized with agents including: lower alkyl
15 halides such as methyl, ethyl, propyl, and butyl chlorides,
bromides and iodides; dialkyl sulfates such as dimethyl,
diethyl, dibutyl and diamyl sulfates; long chain halides such
as decyl, lauryl, myristyl and stearyl chlorides, bromides and
iodides; and aralkyl halides such as benzyl and phenethyl
20 bromides.

The acid addition salts, hydrates, esters, or solvates of
the basic compounds may be prepared either by dissolving the
free base of a PARP inhibitor in an agueocus or an agqueous
alcohol solution or other suitable solvent containing the

25 appropriate acid or base, and isolating the salt by evaporating
the solution. Alternatively, the free base of the PARP
inhibitor may be reacted with an acid, as well as reacting the
PARP inhibitor having an acid group thereon with a base, such
that the reactions are in an organic solvent, in which case the

30 salt separates directly or can be obtained by concentrating the
solution.

"Pharmaceutically acceptable prodrug" refers to a
derivative of the inventive compounds which undergoes
biotransformation prior to exhibiting its pharmacological

35 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.,
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increased hydrosolubility), and/or decreased side effects
(e.g., toxicity). The prodrug can be readily prepared from the
iﬁvéntive compounds using methods kno#; in the art, such as
those described by Burger's Medicinal Chemistry and Drug

Chemistry, Fifth Ed., Vol. 1, pp. 172-178, 949-982 (1995). Por
example, the inventive compounds can be transformed into
prodrugs by converting one or more of the hydroxy or carboxy
groups into esters.

"Pharmaceutically acceptable metabolite" refers to drugs
that have undergone a metabolic transformation. After entry
into the body, most drugs are substrates for chemical reactions
that may change their physical properties and biélogic effects.
These metabolic conversions, which usually affect the polarity
of the compound, alter the way in which drugs are distributed
in and excreted from the body. However, 1in some cases,
metabolism of a drug is required for therapeutic effect. For
example, anticancer drugs of the antimetabolite class must be
converted to their active forms after they have been
transported into a cancer cell. Since must drugs undergo
metabolic transformation of some kind, the biochemical
reactions that play a role in drug metabolism may be numerous
and diverse. The main site of drug metabolism is the liver,
although other tissues may also participate.

A feature characteristic of many of these transformations
is that the metabolic products are more polar than the parent
drugs, although a polar drug does sometimes yield a less polar
product. Substances with high 1lipid/water ©partition
coefficients, which pass easily across membranes, also diffuse
back readily from tubular urine through the renal tubular cells
into the plasma. Thus, such substances tend to have a low
renal clearance and a long persistence in the body. If a drug
is metabolized to a more polar compound, one with a lower
partition coefficient, its tubular reabsorption will be greatly
reduced. Moreover, the épecific secretory mechanisms for
anions and cations in the proximal renal tubules and in the
parenchymal liver cells operate upon highly polar substances.

As a specific example, phenacetin (acetophenetidin) and
acetanilide are both mild analgesic and antipyretic agents, but



- 38- - 39- - 40- [err] Also included are the pharnmacol ogically
accept abl e base or acid addition salts, hydrate, ester, solvate, prodrug,
met abol i t O 8¥HE2oi somer, or m xtures thereof. 10 PRCTUSIV 8PS
preferred conmpounds of TABLE | of the invention are Conpounds Nos.
46, 48, 50, 52, 59, 61, 63, 69 and 71. Most preferably, of this group,
t he conpoumce oframeformezht vobhis Coepdady Noo 39.movwm®t pelapr efreY reergr oup

of conpou rg}fféytifvgr Myl aboh $£85 1p-npdiy NEIAY 11 aTAREekhninophen) ,
which is widely used today. When a doséfof acetanilid is given
to a person, the successive metabolites peak and decay in the

5 plasma sequentially. During the first hour, acetanilid is the
principal plasma component. In the second hour, as the
acetanilid level falls, the metabolite acetaminophen
concentration reaches a peak. Finally, after a few hours, the
principal plasma component is a further metabolite that is

10 inert and can be excreted from the body. Thus, the plasma
concentrations of one or more metabolites, as well as the drug
itself, can be pharmacologically important.

The reactions involved in drug metabolism are often
classified into two groups, as shown in the TABLE VI. Phase I

15 (or functionalization) reactions generally consist of (1)
oxidative and reductive reactions that alter and create new
functional groups and (2) hydrolytic reactions that cleave
esters and amides to release masked functional groups. These
changes are usually in the direction of increased polarity.

20 Phase II reactions are conjugation reactions in which the
drug, or often a metabolite of the drug, is coupled to an
endogenous substrate, such as glucuronic acid, acetic acid, or
sulfuric acid.

TABLE VI
25 Phase I Reactions (functionalization reactions):

(1) Oxidation via the hepatic microsomal P450 system:

Aliphatic oxidation
Aromatic hydroxylation

30 N-Dealkylation

' O-Dealkylation

S-Dealkylation
Epoxidation
Oxidative deamination

35 : Sulfoxide formation
Desulfuration
N-Oxidation and N-hydroxylation
Dehalogenation N

40 (2) Oxidation via non-microsomal mechanisms:
Alcohol and aldehyde oxidation
Purine oxidation '
oxidative deamination (monoamine oxidase and diamine
oxidase) )
45
(3) Reduction:



- 41 - TABLE Il -42- [err] 5 _Anot her exanple of a preferred

class of conpounds as is shown belowin TABLE Il1: [err] 10 TABLE |11
Rlerr]  woossezaRerr] Rlerr] CHerr] PCT/US98/28195
FCH[EI’I’] H F 15 CH[err]
kE}err] F NH2 d F NH err]

err] N r . ..d H NH2
a hK{e%gf 5%3 ﬁitro reduCtloﬂH[err] H
F " (4) Hydrolysis:

Ester and amide hydrolysis
5 Peptide bond hydrolysis

Epoxide hydration

Phase IT Reactions (coniugation reactions):

10 (1) Glucuronidation
(2) Acetylation
15 (3) Mercapturic acid formation
(4) Sulfate conjugation
(5) N-, 0-, and S-methylation
20

—(6) Trans-sulfuration

Typically, the compounds of formula I inhibitors used in

the composition of the invention will have an ICs, for

25 inhibiting poly(ADP-ribose) polymerase in vitro of 100 uM or

lower, preferably 25 uM or lower, more preferably 12 uM or.
lower and, even more preferably, 10 uM or lower,.

Synthesis of Compounds
30 Many compounds inhibiting PARP activity can be synthesized

by known methods from starting materials that are known, are
themselves commercially available,” or may be prepared by
methods used to prepare corresponding compounds in the

literature. See, for example, Suto et al.,
35 "Dihydroisoquinolinones: The Design and Synthesis of a New
Series of Potent Inhibitors of Poly(ADP-Ribose) Polymerase”,
Anticancer Drug Des., 7:107-17 (1991), which discloses
processes for synthesizing a number of different PARP
inhibitors.
40 Preferred building blqcks for synthesizing the compounds

of formula I where X is double-bonded oxygen are
phenanthridinones. As an example, the (5H) phenan-thridin-6-one
compounds of the invention can be prepared by reacting a
compound of formula IV:
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- 43 - NH[ err] H Nl err] NH err]
CH err] H NJ err] H F N err
NJerr] WO9/11624 "L g oH a Pc]r/usssnsw; OH
NJ err] F Br H F Br NJ err]
H 10 Anot her exanple of a preferred class of conpounds as is shown
below in TABLE IV: [err] TABLE IV 15 R err]
Rerr] d H H v FH N err] 20
Anot her exanple of a preferred class of conpounds as is shown below in
TABLE V: [err]
—2Z
with a nitrogen-insertion agent, such as a combination of NaN,
and H,SO,, to form a compound of formula V:
v
5 For example, the Schmidt method can be used in a conventional
manner to make a (S5H)phenanthridin-6-one from a fluorene-9-one
as illustrated below:
NaN;
————
H25Q4
Fluoren-9-one
5(H)phenanthridin-6-one
In this example, the fluoren-9-one is generically substituted.
10 Such fluoren-9-one starting derivatives are known in the
chemistry literature and are accessible by processes known to
one skilled in the art. Phenanthri-dinones can also be
prepared through an intramolecular Heck reaction analogous to
that disclosed by Chide et al., Tetrahedron Lett., 32:35, 4525~
15 28 (1991). ,
Other methods that may be useful in preparing the
compounds of the invention include, but are not limited to:
I. the Smith reaction of Respondly et al., Acad. Sci. Paris,
Ser. C, (1967);
20 II. the photocyclization method described by Ninomiya et al.,
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25 - 44 - TABLE V R err] .Rlerr] H . HH,
NH err] 5 H 1-piperidine H

1- pi per azwmoe99H1624 1-im dazolidine H PCT/USSHEs1¥d

H 10 OH NH err] OH 1- pi peri di ne
1- pi perazi ne OH 1-im dazol i di ne OH OH 15

NH[ err] NH err] NH err]

H_NH err
1- pi peri di ne Nﬁf&%‘?ﬁ"*dr‘m Lett.]. ’ 44§.-lpfjpge7r%92ial’?8 Rﬂ‘@f?]et al., J. Chenm.
1-im dazol i di n@oc., 1:2257 (1973);
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III. isocyanate intramolecular cycloaddition reactions, such as
that found in:

(a) Balazs et al., Synthesis, 1373 (1995)); Banwell et
al., J. Chem. Soc., 1:3515 (1994);
(b) Migachev et al., J. Org. Chem. USSR (Eng. Trans.),
20:8, 1565-71 (1984) and Zh. Org. Khim., 20:8, 1718-
24 (1984);
{c) Migachev et al., Chem. 3eteroqycl. Compd. (Eng.
Trans.), 17:3, 289-94 (1981) and Khim. Geterotsikl,
Soedin., 17:3, 388-91 (1981);
(d) Migatschew et al., J. Gen. Chem. USSR (Eng. Trans.);
48, 2116, (1978)); _
(e) Chandler et al., Aust. J. Chem., 20, 2037-44 (1967));
(£) Ruediger et al., Can. J. Chem, 64, 577-9 (1986).
The disclosures of the above-listed reference are hereby
incorporated by reference. Other variations and modifications

of the synthetic pathways described above will be obvious to
those skilled in the art. |

Pharmaceutical Compositions
A further aspect of the present invention is directed to

a pharmaceutical composition comprising a pharmaceutically
acceptable carrier or a diluent and a compound of formula I or
a pharmaceutically acceptable salt, prodrug, metabolite,
stereoisomer, or mixtures thereof (hereinafter, '"compound of
formula I"). Preferably, the compound of formula I is present
in an amount effective for inhibiting PARP activity.

The formula I compounds of the invention are useful in the
manufacture of pharmaceutical formulations comprising an
effective amount thereof in conjunction or admixture with
excipients or carriers suitable for either enteral or
parenteral application. As such, formulations of the present
invention suitable for oral administration may be in the form
of discrete units such as capsules, cachets, tablets, troche or
lozenges, each containing a predetermined amount of the active
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may possess one or nore asymmetric center(s) and thus can be produced
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rmemelsolid, or 1liquid carrier. Exemplary carriers include
lactose, cornstarch, dextrose, sucrose, sorbitol, mannitol,
starches, gum acacia, calcium phosphate, mineral oil, cocoa
butter, oil of theobroma, alginates, tragacanth, gelatin,
syrup, methyl cellulose, polyoxyethylene sorbitan monolaurate,
methyl hydroxy-benzoate, propyl hydroxybenzoate, talc,
magnesium stearate, and the like.

Preferred formulations are tablets and gelatin capsules
comprising the active ingredient together with a) diluents,
e.g., lactose, dried cornstarch, dextrose, sucrose, mannitol,
sorbitol, cellulose, and/or glycine; and/or b) lubricants,
e.g., silica, talcum, stearic acid, its magnesium or calcium
salt, and polyethylene glycol. Tablets may also contain
binders, e.g., magnesium aluminum silicate, starch paste,
gelatin, tragacanth, methyl cellulose, sodium carboxymethyl-
cellulose, or polyvinyl-pyrrolidone. If desired, tablets may
also contain disintegrants, e.g., starches, agar, alginic aciag,
or 1its sodium salt, or effervescent mixtures; and/or
absorbents, colorants, flavors, and sweeteners. Agqueous
suspensions may contain emulsifying and suspending agents
combined with the active ingredient. The oral dosage forms may
further contain sweetening and/or flavoring and/or coloring
agents. )

These compositions may be sterilized and/or contain
adjuvants, such as preserving, stabilizing, welling or
emulsifying agents; solutioh promoters; salts for regulating
the osmotic pressure, and/or buffers. In addition, they may
also contain other therapeutically valuable substances. These
compositions are prepared according to conventional mixing,
granulating, or coating methods, respectively.

A tablet may be made by compressing or molding the active
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The conpounds of the invention may be useful in a free base form in the
form of pharmaceutically acceptable salts, pharnmaceutically accept abl e
hydr at es, wo.gngEpaceut ically 10 acceptable esters, pharp@Eanesisas! y
accept abl e Solvates, pharmaceutically accept abl e pr odr ugs,
pharmaceutically acceptable netabolites, and in the form of

phar maceut %ﬁ&é&é&@e&ﬁﬁt&&ﬁ.&ewehseﬁ@r& M8Es S d QY & rifrledtiehBih the

scope of the“inventjon ractice, the use of these forns, anounts 15 to
use of theCABREFSFeLoMPOIRES "Phar PEceBTFRATTY AWceFPEBFESSING /| l"'nyér at e"
"ester" orstscdived edachdhersthe acsivd irgyeddeet’ ¢st®rfres-talwitige feimt he

i nventive 0 he, I B a tivity
and whi ch %‘ggﬂri:e# here{%)u&%}o %ﬁiﬁng% ﬂgg%ﬁ%gl\?pgﬁ unngsllcE?)a%l Ibl%& gani c
aci ds can bebuieanto m%ﬁu@élélﬁp $, SW;@I?%@ eactiseg s d’(ﬁpaﬁﬁw agentich as
acet alte aﬁbF?é@ tﬂb:géwtn@, be fmaaar b?tﬂoldln@?nﬁofﬁ &ultamenmaaiabfonate
p- to uenesu onat e, ate a sul f at ap y ate rate,
citrate, c (’)‘ttélf"& ? r%heorgﬁv?q%ﬁﬁ ma%Jy ?ob’é?ﬁ {Jéen% Qn rop| 8H§P§E¥

di gl uconat earnelod&l;ﬁl‘@aﬂa’daweth apt hoents ul foriat ¢lilfuemtr at e,

gl ucohept anoat eypep glsea%qe%a%aaatﬁamn{mﬁty f atge hepbmgiaitaon hgxaRoOat €,
2- hydr oxyet hanesul f onat e, | actate, nml eate, nethanesulfonate

2- naphthal BRAERAT e em Ai BBLF n%?%ag%xa‘r'ﬁ?ﬂ:élet bgg'lF‘é'f%b%ﬁ'lcFC{fﬁHé@aHSa’t‘é.
| norgani ¢ @gbténtan beoligd@dn30 t guppedstensal 415, Mandrlaties) estvérh, oa

sol vates 58&2rﬂ§c£&%¥é§11y acceptable carrier. Such carriers are
preferably non-toxic, parenterally-acceptable and contain non-

therapeutic diluents or solvents. Examples of such carriers
15 include water; aquecus solutions, such as saline (isotonic

sodium <chloride solution), Ringer’s solution, dextrose

solution, and Hanks’ solution; and nonagqueous carriers, such as

1,3-butanediol, fixed oils (e.g., corn, cottonseed, peanut,

sesame 0il, and synthetic mono- or di-glyceride), ethyl oleate,
20 and isopropyl myristate.

Oleaginous suspensions can be formulated according to
techniques known in the art using suitable dispersing or
wetting agents and suspending agents. Among the acceptable
solvents or suspending mediums are sterile fixed oils. For

25 this purpose, any bland fixed oil may be used. Fatty acids,
such as oleic acid and its glyceride derivatives, including
olive oil and castor oil, especially in their polyoxyethylated
forms, are also useful in the preparation of injectables.
These oil solutions or suspensions may also contain long-chain

30 alcohol diluents or dispersants.

Sterile saline is a preferred carrier, and the compounds
are often sufficiently water soluble to be made up as 2
solution for all foreseeable needs. The carrier may contain
minor amounts of additives, such as substances that enhance

35 solubility, isotonicity, and chemical stability, e.g., anti-
oxidants, buffers and preservatives.

When administered rectally, the composition will usually
be formulated into a unit dosage form such as a suppository or
cachet. These compositions can be prepared by mixing the



chl oride, hydrobrom de, hydroiodi de, and thiocyanate. Exanples of suitable
base salts, hydrates, esters, or solvates include hydroxi des, carbonates,
and bi car 38/E%:9f ammonia, alkali netal salts such as so®CUUS9%/181% um and
35 potassiumsalts, alkaline earth netal salts such as cal cium and

magnesi um salts, alumnumsalts, and zinc salts. Salts, hydrates, esters,
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illustration, uch organl ¢ bases may i nclude npno-
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10 lower intestinal tract.

For topical application to the eye, or ophthalmic use, the
compounds can be formulated as micronized suspensions in
isotonic, pH-adjusted sterile saline or, preferably, as a
solution in isotonic, pH-adjusted sterile saline, either with

15 or without a preservative such as benzylalkonium chloride.
Alternatively, the compounds may be formulated into ointments,
such as petrolatum.

For topical application to the skin, the compounds can be
formulated into suitable ointments containing the compounds

20 suspended or dissolved in, for example, mixtures with one or
more of the following: mineral oil, liquid petrolatunm, white
petrolatum, propylene glycol, polyoxyethylene compound,
polyoxypropylene compound, emulsifying wax and water.
Alternatively, the compounds can be formulated into suitable.

25 lotions or creams containing the active compound suspended or
dissolved in, for example, a mixture of one or more of the
following: mineral oil, sorbitan monostearate, polysorbate 60,
cetyl ester wax, cetearyl alcohol, 2-octyldodecanol, benzyl
alcochol and water.

30 Topical application to the lower intestinal tract can be
effected in rectal suppository formulations (see above) or in
suitable enema formulations.

Formulations suitable for nasal or buccal administration,
(such as self-propelling powder dispensing formulations), mway

35 comprise about 0.1% to about 5% w/w of the active ingredient
or, for example, about 1% w/w of the same. In addition, some
formulations can be compounded into a sublingual troche or
lozenge. '

The formulations may conveniently be presented in unit
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See, for exanple, "Pharmaceutical Salts,"” J. Pharm Sci., 66:1, 1-19
(1977). Accordingly, basi ¢ ni trogen-contai ni ng groups can be quaternized
wi th agent ing: lower alkyl 15 halides such as net

propyl, aﬁg 9B?f# chlorides, brom des and i odi des; dialkylgégfgg%gggzuch as
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refers a terival] conmpounds ch goes
bi ot ransf ofmlibmtlmﬁ-or to exh| b| ting its pharmacol ogi cal 35 effect(s). The

prodrugy i s formiat edombédit{th obpect imed s) i@bention is preferably
administered as a capsule or tablet containing a single or
divided dose of the inhibitor, or as a sterile solution,
suspension, or emulsion, fcor parenteral administration in a
single or divided dose.

15 In another preferred embodiment, the PARP inhibitor
compounds of the invention can be prepared in lyophilized form.
In this case, 1 to 100 mg of a PARP inhibitor may bke
lyophilized in individual vials, together with a carrier and a
buffer, such as mannitol and sodium phosphate. The compound

20 may be reconstituted in the vials with bacteriostatic water
before administration.

In a preferred embodiment, the carrier is a solid
biodegradable polymer or mixture of biodegradable polymers with
appropriate time release characteristics and release kinetics.

25 The composition of the invention may then be molded into a
solid implant suitable for providing efficacious concentrations
of the compounds of the invention over a prolonged period of
time without the need for frequent redosing. The composition
of the present invention can be incorporated into the

30 Dbiodegradable polymer or polymer mixture in any suitable manner
known to one of ordinary skill in the art and may form a
homogeneous matrix with the biodegradable polymer, or may ke
encapsulated in some way within the polymer, or may be molded
into a solid implant.

35 In one embodiment, the biodegradable polymer or polymer
mixture is used to form a soft ‘"depot" containing the
pharmaceutical composition of the present invention that can be
administered as a flowable.liquid, for example, by injection,
but which remains sufficiently viscous to maintain the
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| nproved chem cal stability, inproved patient acceptance and conpli ance,

| nproved ‘bi oavail ability, prolonged duration of action, inproved organ

sel ecti vi two 99rmpeeoved fornul ation (e.g., - 47 - i ncr eas @ET/USIS/18195
hydrosol ubility), and/or decreased side effects (e.g., toxicity). The
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and Drug SinFBedlsh!¥s bl M inblaeqdBlat fon Plind o 14 B4k %%u( oy For

exanpl e, th&’inventive conpounds e transftforned | nto_prodr
convert i ngC8RePBrVa¥ed FrofhEeNeER bxRYF &Y YPBERs %@%ﬂ%@mmon
" Phar mceuthealﬁq&yamem@kHaémtahi)l ite" moekensatowdggs 108 thgtin haye

under gope o] or t.i te tr t
drugs arge gugﬁ“rggt Lbﬁ? nmj’?(;ll Sgggtalégns%?%‘g e\r‘{r‘f;f%/rl;lc ang'é Cﬁ%y“r “{;ﬁ%?y cal
properti es aandnsiisioyi @aéf bected imfnated pet dbolany @iendy sidorfsexifleh casual |y

af f ect thefﬁ%bﬁﬁ&&Ydéil&éE&'@QEBQH"dw1fdtéﬁju%QEtEBWhé'%Hﬁ@bcbfdgﬂgnng%
distributed 15 in and e Eete fromth wever in so cases,

met abol i sm*&f  QCGRRYLT s FBE rRRpdy hé’ﬁé‘rﬁeu?l SRV, | OFor LEANRA| &0

ant i cancer sdrwgandingheiasteset almdle (phaimzeutishlbeomposition of the
10 present invention is used in amounts that are therapeutically
effective and the amounts used may depend upon the desired
release profile, the concentration of the pharmaceutical
composition required for the sensitizing effect, and the length
of time that the pharmaceutical composition has to be released

15 for treatment.

The PARP inhibitors are used in the composition in amounts
that are therapeutically effective. While the effective amount
of the PARP inhibitor will depend on the particular inhibitor
and the dosage form being used, amounts of the PARP inhibitor

20 varying from about 0.1% to 75%, preferably about 1% to 65% and,
even more preferably, about 1% to 50%, have been easily

incorporated into liquid or solid carrier delivery systems.

Methods of Effecting Neuronal Activity
25 According to the methods of the invention, an effective

therapeutic amount of the compounds and compositions described
above are administered to animals to effect a neuronal
activity, preferably one that is not mediated by NMDA
neurotoxicity. Such neuronal activity may consist of
30 stimulation of damaged neurons, promotion of neuronal
regeneration, prevention of neurcdegeneration and treatment of
a neurological disorder. Accordingly, the present invention
further relates to a method of effecting a neuronal activity in
an animal, comprising administering an effective amount of the
35 compound of formula I to the animal. Further, the compounds of
the invention inhibit PARP and, thus, are believed to be useful
for treating neural tissue damage, particularly damage
resulting from cerebral ischemia and reperfusion injury or

neurodegenerative diseases in mammals.
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converted to their active fornms after they have been transported into a
cancer cell. - Since nust drugs undergo 20 netabolic transformation  of

some Ki n%?g%gl%%bi ochem cal reactions that play a role i Fcf’fuggsﬁ%"bm ism

may be nu d diverse. The main site of drug netabolismTs € liver,
al t hough other tissues may also participate. A feature characteristic of

many of these t f ' t LS h e.nmet.aboli ¢ products are nore
pol ar than the %rgepgﬁ?ﬁgﬁjég&%%aﬁz?ﬁgég télkaépfoya%r tartu'lbe d8& °§8n%?’?‘?f§§e’msel d a
| ess pol artipodiade up theervwsesysheBhinglyhing i piighant et inieattiidri,on

coef fici emisurdl CRefass Rppdnt B6LDSS %ﬁ@;r 8BR¥ani! 0 1 f W§&1bﬁ1qiﬁ_—er eadily
from tubul ar_urine through tge renitl Lu ar cells 30 intq the plasna.
Thus, suchc‘%%%%’t‘herﬂ:&lt?’é%daf‘ FRPRLEIPBW PETGI SEFRATHRY aitf L9833l

per si stenceervousheyistdy, e hrding tlee fetdbobterd the apinaz patdy th@rTpound,
one W th a;lowey I £4,0N { Ci Lt | ak e or.pi.i I, be
greatly rgjd"lhjced.orpaél\/%rggee‘rzgﬂe%%jé ,&s’%gg??léf %gr%t gi?f‘ne%?%arﬁjésfn%e\(%al%

ani ons andPYEATBhsSYREEMe HRExRFAIIBNETAL (RAANVYS afdSFoRt hanfardddiegnal
i ver cel |stmpstnates . upon highly pol ar substances. As a specific exanple,

phenacet| n (aCehopRepeti il 120dsB6" Aldde2802: bR o 4528l 8P el and

10 reperfusion injury and neurodegenerative diseases'" includes
neurotoxicity, such as seen in vascular stroke and global and
focal ischemia.

The term "neurodegenerative diseases” includes Alzheimer’s
disease, Parkinson’s disease and Huntington’s disease,

15 The term "nervous insult" refers to any damage to nervous
tissue and any disability or death resulting therefrom. The
cause of nervous insult may be metabolic, toxic, neurotoxic,
iatrogenic, thermal or chemical, and includes without
limitation, ischemia, hypoxia, cerebrovascular accident,

20 trauma, surgery, pressure, mass effect, hemorrhage, radiation,
vasospasm, neuro-degenerative disease, infection, Parkinson’s
disease, amyotrophic lateral sclerosis (ALS), epilepsy,
myelination/demyelination process, cognitive disorder,
glutamate abnormality and secondary effects thereof.

25 The term "neuroprotective® refers to the effect of
reducing, arresting or ameliorating nervous insult, and
protecting, resuscitating or reviving nervous tissue which has
suffered nervous insult.
| The term '"preventing neurodegeneration" includes the

30 ability to prevent neurodegeneration in patients diagnosed as
having a neurodegenerative disease or who are at risk of
developing a neurodegenerative disease. The term also
encompasses preventing further neurodegeneration in patients
who are already sufferiné from or have symptoms of a

35 neurodegenerative disease.

Examples of neurological disorders that are treatable by
the method of using the present invention include, without
limitation, trigeminal neuralgia; glossopharyngeal neuralgia;
Bell’s Palsy; myasthenia gravis; muscular  dystrophy;
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are transforned within the body to a nore polar and nore effective
nmetabolite, p-hydroxyacetanilid (acetam nophen), which is wdely used
today. Whepp dy/dgse of acetanilid is given to a person, thepggpasessilye

nmet abolites peak and decay in the 5 plasma sequentially. During the first

hour, acetanilid is the principal plasm conmponent. In the second hour ,
as the aCe&ﬁjﬁd:‘i:t(Sbhlé evgteral aldBerosildle prda‘?zfeég%bt %usc%fi%%‘a@t@% p |
e pr| a

concentration reaches ak. F|€a11¥ ‘aft er few hours

ol asma conBERERISTLVE, ARLPRE 44 o RSP IRE 1RLTTRI A Aerndatede
excreted freptuhed body prol@hasd HMertabnateonmentsghdﬁaﬁeeﬁ Q@queagnre
net abolite ASp rygs a o] | | .

[ nmpor t ant . he reactlons I nvol ve ISsmare o
into two gFBRPEOmes sHSﬁhP*P?F%%enMH?mlewa%hl ag5 thqse caused by

functi onal Laalj oaapsesact £ deks, gpﬁﬁﬁﬁyﬂga (Bxﬁndﬂlldﬂh—s@%keoéwﬂakbms and
educt Ve RegRLLRe 1 AlegL GRS P IE Dl oot et

hydrol yti creacii ons that Cleave
functlonaldg$%®%% These changes are usually in the direction of increased

polarity. 20 rThe p¥&e@ b iﬁ@g&beeﬁtaiﬁvmotﬁg@glp&éf&@aﬂf? 5& s@hi ch

the dru ggﬁ gten a netabolite of dr IS cougled t o an“endogenous
C

subst rife, rﬁgttﬂ%cﬁrEﬁﬁ%?%ﬁﬁ%?a¥u§$ﬁQ§ i del6F §GIPEPWct§€|Er°uP

consisting of: peripheral neuropathy caused by physical injury
or disease state, traumatic brain injury, physical damage to
the spinal «cord, stroke associated with brain damage,
demyelinating diseases and neurological disorders related to

15 neurodegeneration. Examples of demyelinating diseases include
multiple sclerosis. Examples of neurological disorders
relating to neurcdegeneration include Alzheimer’s disease,
Parkinson’s disease and amyotrophic lateral sclerosis (ALS).

The term "treating" refers to:

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

(1i) inhibiting the disease, disorder or condition, i.e.,

25 arresting its development; and

(iii) relieving the disease, disorder or condition, i.e.,

causing regression of the disease, disorder and/or condition.

Treating Other PARP-related Disorders

30 The compounds, compositions and methods of the present
invention are particularly useful for treating or preventing
tissue damage resulting from cell death or damage due to
necrosis or apoptosis.

The compounds, compositions and methods of the invention

35 can also be used to treat a cardiovascular disorder in an
animal, by administering an effective amount of the compound of
formula to the animal.

As used herein, the term "cardiovascular disorders" refers
to those disorders that can either cause ischemia or are caused
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TABLE VI 25 Phase | Reactions (functionalization reactions): (1) Oxidation
via the hepatic m crosonal P450 system Al'i phatic oxidation Aromatic

hydr oxyl ati on 30 N- Deal kyl ati on O Deal kyl ati on S—Dealhélation
Epoxi dat i OXO¥i¥2ti ve deamination 35 Sul f oxi de PEEMSEY1UA
.Desul furation N-Oxidation and N-hydroxyl ati on Dehal ogenati on 40 (2)

Oxi dation via non-m crosomal nechani snms: Al cohol and al dehyde oxi dati on
Puri ne oxikiat reperdkisiatn ef dereer medrton ( Examples eirmxdiuise Bmitd ghanide
oxi dase) 4{&§§Qefkdﬂ&}i086réné¥§' artery disease, angina pectoris,
myocardiadl infarction, cardiovascular tissue damage caused by
cardiac arrest, cardiovascular tissue damage caused by cardiac
5 bypass, cardiogenic shock, and related conditions that would be
known by those of ordinary skill in the art or which involve
dysfunction of or tissue damage to the heart or vasculature,
especially, but not limited to, tissue damage related to PARP
activation.

10 For example, the methods of the invention are believed to
be useful for treating cardiac tissue damage, particularly
damage resulting from cardiac ischemia or caused by reperfusion
injury in animals. The methods of the invention are
particularly useful for treating cardiovascular disorders

15 selected from the group consisting of: coronary artery disease,
such as atherosclerosis; angina pectoris; myocardial
infarction; myocardial ischemia and cardiac arrest; cardiac
bypass; and cardiogenic shock. The methods of the invention
are particularly helpful in treating the acute forms of the

20 above cardiovascular disorders. o

Further, the methods of the invention can be used toc treat
tissue damage resulting from cell damage or death due to
necrosis or apoptosis, neural tissue damage resulting from
ischemia and reperfusion injury, neurological disorders and

25 neurodegenerative diseases; to prevent or treat vascular
stroke; to treat or prevent cardiovascular disorders; to treat
other conditions and/or disorders such as age-related macular
degeneration, AIDS and other immune senescence diseases,
arthritis, atherosclerosis, cachexia, cancer, degenerative

30 diseases of skeletal muscle involving replicative senescence,
diabetes, head trauma, immune senescence, inflammatory bowel
disorders (such as colitis and Crohn’s disease), muscular
dystrophy, osteoarthritis, osteoporosis, chronic and/or acute
pain (such as neuropathic pain), renal failure, retinal

35 ischemia, septic shock (such as endotoxic shock), and skin
aging; to extend the lifespan and proliferative capacity of
cells; to alter gene expression of senescent cells; or to
radiosensitize tumor cells

Further still, the methods of the invention can be used to
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Azo and nitro reduction (4) Hydrolysis: Ester and am de hydrolysis 5

Pepti de bond hydrol ysis Epoxi de hydration Phase Il Reactions (conjugation
reacti onsw0990124) d ucuroni dation (2) Acetylation 15 PCT/B$98/18195
Mercapturic acid formation (4) Sulfate conjugation (5 N, O, and
S-methylation 20 (6) Trans-sulfuration Typically, the conpounds of formula
| i nhi bi toreatusedniart edcanposadioserafi tive | buesti eelwsl.! hewe gpC50 for

or of er abl Y- BRoeR o (TeerbAEEd BEMHIS) 5 anb)cliphindt, &8 HifuPCesent iy o
pr ef er abl $NVEREIMR orcaHwde  SpRthcSprBCer @IViAlds 3dich tekmnyatsapounds
i nhi bi ti ngn&difasedd vitantatuaersy jehesi gedwky kagwntget hgdy frmgmstarting
mat er i;’;\l S tct]a{as%f'\c i%n%vr\f%’s"?r eFépeen)Paer'\r! %S ‘éﬁmégﬂé"éé yogvtel"xlel A e, T be
pr epared REeP g ple, invention

are useful for treating cancers and radiosensitizing tumor

cells 1in cancers such as ACTH-producing tumors, acute

lymphocytic leukemia, acute nonlymphocytic leukemia, cancer of

the adrenal cortex, bladder cancer, brain cancer, breast

10 cancer, cervical cancer, chronic lymphocytic leukemia, chronic
myelocytic leukemia, coloréctal cancer, cutaneous T-cell
lymphoma, endometrial cancer, esophageal cancer, Ewing’s
sarcoma, gallbladder cancer, hairy cell leukemia, head & neck
cancér, Hodgkin’s lymphoma, Kaposi’s sarcoma, kidney cancer,

15 liver cancer, 1lung 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

20 cancer, retinoblastoma, skin cancer, soft-tissue sarcoma,
squamous cell carcinomas, stomach cancer, testicular cancer,
thyroid cancer, trophoblastic neoplasms, uterine cancer,
vaginal cancer, cancer of the vulva and Wilm’s tumor.

The term "radiosensitizer", as used herein, is defined as

25 a molecule, preferably a low molecular weight molecule,
administered to animals in therapeutically effective amounts to
increase the sensitivity of the cells to be radicsensitized to
electromagnetic radiation and/or to promote the treatment of
diseases which are treatable with electromagnetic radiation.

30 Diseases which are treatable with electromagnetic radiation
include neoplastic diseases, benign and malignant tumors, and
cancerous cells. Electromagnetic radiation treatment of other
diseases not listed herein are also contemplated by the present
invention. The terms ‘ielectromagnetic radiation" and

35 '"radiation" as used herein includes, but is not limited to,
radiation having the wavelength of 10 to 10° meters.
Preferred embodiments of the present invention employ the
electromagnetic radiation of: gamma-radiation (107 to 107 m)
x-ray radiation (10™ to 10 m), ultraviolet light (10 nm to
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nmet hods used to prepare correspondi ng conpounds in the literature.

See, for exanpl e, Sut o et al., 35 "D hydroi soqui nolinones:

The Desi gwoamedigynt hesis of a New Series of Potent |nhibi trrsusds/isios

Pol y( ADP- Ri bose) Pol ynerase", Anticancer Drug Des., 7:107-17 (1991), which
di scl oses processes for synthesizing a nunber of different PARP inhibitors.
;10 | Poefweny ed it 1 rlgghltoqhsofﬁm £y Nt R i) g rifie red@nraqnds i of

ormul a 0 o re.phenant fri di nones. As
an exanpl kmghe e%q—i;i e nan t%?’ mgggg‘gg‘éec%%‘g%}nls g‘fl % anﬂ“ h can be
prepared by re%ﬂ#ﬁ%l@éﬁﬁﬁﬁnélr%)fkﬁwmtﬁamvreaS%dChe Ser{sertri]vmmhfa

ni trogen- cageetb@d aganls, svchtrs &cﬁ&raol @@Eeeasofoﬂam@c&oﬁaenéﬂél to

forma_co of forrula V¢ V NH 5, For L e, m dt. met hod can be
used i ngg?ﬁ HeR onalém e g B préiFant % - e retn a
fl uor ene- fadhesassitiaextsr athevebeltmgn suggested in the literature

including: hypoxic = cell —radiosensitizers ( e.g., 2-
nitroimidazole compounds, and benzotriazine dioxide compounds)
promote the reoxygenation of hypoxic tissue and/or catalyze the
10 generation of damaging oxygen radicals; non-hypoxic cell
radiosensitizers (e.g., halogénated pyrimidines) can be analogs
of DNA bases and preferentially incorporate into the DNA of
cancer cells and thereby promote the radiation-induced breaking
of DNA molecules and/or prevent the normal DNA repair
15 mechanisms; and various other potential mechanisms of action
have been hypothesized for radiosensitizers in the treatment of
disease.
Many cancer treatment protocols currently employ
radiosensitizers activated by the electromagnetic radiation of
20 x-rays. Examples of x-ray activated radiosensitizers include,
but are not 1limited to, the following: metronidazole,
misonidazole, desmethylmisonidazole, pimonidazole, etanidazole,
nimorazole, mitomycin C, RSU 1069, SR 4233, E09, RB 6145,
nicotinamide, 5-bromodeoxyuridine (BUdR), S-iododeoxyuridine
25 (IUQR}, bromodeoxycytidine, fluorodeoxyuridine {FudR) ,
hydroxyurea, cisplatin, and therapeutically effective analogs
and derivatives of the same.
Photodynamic therapy (PDT) of cancers employs visible
iight as the radiation activator of the sensitizing agent.
30 Examples of photodynanic radiosensitizers include the
following, but are not limited to: hematoporphyrin derivatives,
Photofrin, benzoporphyrin derivatives, NPe6, tin etioporphyrin
SnET2, pheoborbide-a, bacteriochlorophyll-a, naphthalocyanines,
phthalocyanines, zinc phtﬁalocyanine, and therapeutically
35 effective analogs and derivatives of the same.
Radiosensitizers may be administered in conjunction with
a therapeutically effective amount of one or more other
compounds, including but not 1limited to: compounds which
promote the incorporation of radiosensitizers to the target



[err] In this exanple, the fluoren-9-one is generically substituted. 10
Such fluoren-9-one starting derivatives are known in the chemstry

| iteratur Q1424 accessi bl e by processes known to one sRCITIuS98/18195t he
art. Phenant hri -di nones can al so be prepared through an intranol ecul ar
Heck reaction anal ogous to that disclosed by Chide et al., Tetrahedron
Lett. , 3Ze33s;4528mpddndL 8 whiedl)cottel tiret hﬁliSw tdfat theR¥peticy'sef ul
in prepar c e de, t.are not |I1mted
to: | PhEtLentR PARPHE Ioied 3 it Car Sy | L cndbeRpgapeieag c
(1967), 2®9Ients ‘t”l‘m’edbhéf:b'cﬁr}l*ia?l&hm\%t h‘é‘dtkde%rl‘biefé‘l%gt Neddibt jansl al .

-1 255-7 (1r'Eehraa::1iedr'0rbrLecbﬁher 4'é¥5&ra(ﬁ&ﬂlﬂ)caarl@' |é3ﬂ‘l‘!é£ﬂ:1§1§ aompolindd) rSOC H
a ecul ar cyc |t|on reactlons suc
as thaf f%ulﬁ%f tm& 5° dricey’ Q% %th Bal a7$ %85l . %éﬁ Phesi OF 139dikiona) ) .

Banwel | ettb@rapeyt:.ghemerg@ th§t35m§y(1@94)1,segb)m Mcgadhaetébnalwith. O g.
Chem USSRAdiEentiddsers include, but are not limited to: §-
fluorouracil, leucovorin, S5‘-amino-5/deoxythymidine, oxygen,
carbogen, red cell transfusions, perfluorocarbons (e.q.,
10 Fluosol-Da), 2,3-DPG, BW12C, calcium channel blockers,
pentoxyfylline, antiangiogenesis compounds, hydralazine, and L-
BSO. Examples of chemotherapeutic agents that may be used in
conjunction with radiosensitizers include, but are not limited
to: ~ adriamycin, camptothecin, carboplatin, cisplatin,
15 daunorubicin, docetaxel, doxorubicin, interferon (alpha, beta,
gamma), interleukin 2, irinotecan, paclitaxel, topotecan, and
therapeutically effective analogs and derivatives of the same.

The compounds of the present invention may also be used
for radiosensitizing tumor cells.

20 The term "treating" refers to:

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

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

(1ii) relieving the disease, disorder or condition, i.e.,
causing regression of the disease, disorder and/or condition.

30 Administration

In the methods of the present invention, the compounds may
be administered orally, parenterally, by inhalation spray,
topically, rectally, nasally, buccally, sublingually, vaginally
or via an implanted reservoif in dosage formulations containing

35 conventional non-toxic pharmaceutically-acceptable carriers,
adjuvants and vehicles. The term parenteral as used herein
includes subcutaneous, intravenous, intramuscular,
intraosseous, intraperitoneal, intrathecal, intraventricular,
intraspinal, intrasternal or intracranial injection and



20:8, 1565-71 (1984) and zh. Org. Khim, 20:8, 1718- 24 (1984); 10
(c) Mgachev et al., Chem Heterocycl. Conpd. (Eng. Trans.), 17:3,

289-94 (1Q¥kbnpgad Khim Geterotsikl. Soedin., 17:3, 388- 9%"1‘%‘%‘(’3&3‘)&‘?&%

M gat schew et al., J. Gen. Chem USSR (Eng. Trans.); 48, ;
(e) Chandler et al., Aust. J. Chem, 20, 2037-44 (1967)); (f) Ruediger et

al ., Can Shen isclosures of the above-listed
referencelﬂg‘?e greg:?llg‘éégr%éégggdg%b aﬂeP&ﬂBe IRYIRAVS, HEChgHRes and
o4

nodi fi cat PERsPHEI¢TRe rﬁ%@ﬂ@lﬁé‘tlwaf}gms@drmmwhatmm kb lemagegous to
20 thosenskrdnal tissulke art Phar maceutical cenpositions A further aspect

of the presentqnd pye rect ed to har maceuti cal conposition
conprising a a;%nagté:tg Ja‘ﬁ ?53‘93‘&%?35?@)0’(9 &o%aFePEFadnervaisusstand a

conpouhd ‘éﬁlrg%‘?#mlﬁhqi eempophds nusedt iical tye ameehbab! @fsad:me pEedEN,
et abol i t enveRies HiShOURE , r&da 11X n% heerdbensl v 4@8{&%95‘1}1 rriamhgund of
formula | Pref r.abl the co B®M ampunt
ef f ect i veP¥oIPH P]'t}lyt |%§‘1PA§'PE§EFr vi Cpmpggnds whighe Cﬁomﬁl aehetmn’p@unds of
the inventhenbapedtisedin barther MaRuiaoky! € ah PheFIACEYt 2k cE o4 ath“S
conpri si ngapfh el ¥ HOHAL - LNGHEA o1 C Yl gact i on or adm xture
10 The compounds used in the methods of the present invention
may be administered by a sinéle dose, multiple discrete doses
or continuous infusion. Since the compounds are small, easily
diffusible and relatively stable, they are well suited to
continuocus infusion. Pump means, particularly subcutaneous
15 pump means or as a subdural pump, are preferred for continuous
infusion.

For medical use, the amount required of a compound of
formula I to achieve a therapeutic affect will vary according
to the particular compound administered, the route of

20 administration, the mammal under treatment, and the particular
disorder or disease concerned. It is understood that the
ordinarily skilled physician or veterinarian will readily be
able to determine and prescribe the amount of the compound
effective for the desired prophylactic or therapeutic

25 treatment. In so proceeding, the physician or veterinarian may
employ an intravenous bolus followed by an intravenous infusion
and repeated administrations, orally or parenterally, as
cqnsidered appropriate. While it is possible for the compound
of formula I to be administered alone, it is preferable to

30 provide it as part of a pharmaceutical formulation.

Doses of the compounds preferably include pharmaceutical
dosage units comprising an efficacious gquantity of active
compound. By an efficacious quantity is meant a quantity
sufficient to inhibit PARP énd derive the beneficial effects

35 therefrom through administration of one or more of the
pharmaceutical dosage units. Preferably, the dose 1is
sufficient to prevent or reduce the effects of vascular stroke
or other neurodegenerative diseases.

An exemplary daily dosage unit for a vertebrate host
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excipients or carriers suitable for either enteral or parenteral
application. As such, fornulations of the present 35 invention suitable
for oral X¢RPIEH ation may be in the form of discrete uni PETAHEH18185
capsul es, cachets, tablets, troche or Iozenges each containing a

predet erm ned anmount of the active - ingredient; in the formof a
powder or HIBRTASES 3® PH@“FErmﬁﬁf§9muﬂbﬁﬂ%n00ﬁ0h @GﬁbenQQMBbaumnsequeous

liquid or mqyﬂa;}uemﬂetﬂbﬂ.si, @dssa@etir@ren(y anof:hQHQQaérlélfV?éa%ft | glon or
a water-i al so be|n5t e rorm of

i | ve redi ent
a bol us, b&%ﬁ?ﬁo?& 3 26 ‘2 Ht’f%’r?%elnl GeURPYYA Fesr ypafinkt ed
into a unlltn d‘ébagé:qwe@t}choés thet aldats capsitionaquedth suERENEbPE Of

sol uti an. preéi&ibdeHJﬂléﬂHéyﬁa a%ﬁﬁhcﬁlhymﬁugglggSuFal 560 ' fly . ﬁ@%%gLLd

or liquid car |erl ar carriers inc act ose,
dext r ose, %‘ifcéed‘;saé’ SOrablsPéFa nRYTHemic dasam@f compeNBacPE, f@m@l@ni
phosphat e, fax nar akmmall, sad€eaihygt tetm, Ol Qfl)ddl?ob:rd)rmlfﬁi;glfpsnes  any

t ragacant , r h l u 0sée. ol ylLene sorbltan
nonol aur a[beorgﬁﬁlt@rn *%h )é ‘rslg?gg%nﬁz%ﬁ%ﬂ 4 pr 0 tqo réy 8%?8& g.1 tRal c,
15 magnesiifittst ACe °faﬁaet gempewrd per klloqram of bOdY weight, and

10 most preferably, from about l to about 10 mg/kg of mammal body
weight.

The specific dose level for any particular patient will
vary depending upon a variety of factors, including the
activity of the specific compound employed; the age, body

15 weight, general health, sex and diet of the patient; the time
of administration; the rate of excretion; combination of the
compound with other drugs; the severity of the particular
disease being treated; the form of the drug; and the route of
administration. Typically, in vitro dosage-effect results

20 provide useful guidance on the proper doses for patient
administration. Studies in animal models are also helpful.
The considerations for determining the proper dose levels are
well known in the art.

In methods of treating nervous insult (particularly acute

25 1ischemic stroke and global ischemia caused by drowning or head
trauma), the compounds of the invention can be co-administered
with one or more other therapeutic agents, preferably agents
that can reduce the risk of stroke (such as aspirin) and, more
preferably, agents that can reduce the risk of a second

30 ischemic event (such as ticlopidine).

The compounds and compositions of the invention can be co-
administered with one or more therapeutic agents either (i)
together in a single formulation, or (ii) separately in
individual formulations designed for optimal release rates of

35 their respective active agent. Each formulation may contain
from about 0.01% to about 99.99% by weight, preferably from
about 3.5% to about 60% by weight, of the compound of the
invention, as well as one or more pharmaceutical excipients,
such as wetting, emulsifying and pH buffering agents. When the
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Preferred fornmul ations are tablets and gel ati n capsul es conprising the
active i ngredi ent together with a) diluents, e.g., lactose, dried
cornstarc g{)ose sucrose, mannitol, sorbitol, cell ul opernRbsisass

gl yci ne; | ubricants, 20 e.g., silica, talcum stearic acid, its
nmagnesi um or cal ciumsalt, and polyethylene glycol. Tabl ets may al so

contain_bggghenas gst”&ﬂn%ﬂé“ﬂéﬂﬂﬁﬁéq SthecalRoehtanchidhaabg, o3¢ atin

tragacant h, et | ul ose, sodi um car boxynet | ul ose
ponV|nyI§ﬁ§F?b? %Rﬁﬁalq F°H€%P?EH°“t¥&ﬁQHQPQHﬁf EsreanBeEcﬁﬂ%H%Pe“tlc
di si nt egr agefatse. gpecitiar dbes, 1agals ﬁd:glﬁncﬁseaalgdnterwlusdem nsal t,

O et hhey LERSSALEA LI ER AL PORLNIY s SOIY S cofl s, | and

sweet eners ouS suspensi ons na endi ng
agent s5co#9mne€1m?m Qr‘rﬁeﬂ@@hoﬁé Pﬁgtb%hlamfemﬂr@ ormlgengrade forns may 30

further . cont ai @Aﬁ%ﬁﬁﬁltqnbalﬂo@'”ﬁ&‘d?hd;e'sakﬁbwﬂgmé’dﬁrprdo%%%;@@ f‘Sr aﬁg&edThese
conpositio e sterilize co vants as
preser vi n‘&gemg{a:gg}'ﬁ)?ﬁfd: agﬁBgF aﬂbat JPYe cg‘%‘e&&gnég ’Iﬁqtd'r‘?“

pr onot er swishl thef oompagdsatafngheas 1n1vlaetmsm)t:o ctpeatssmeh diwHamesbalsf ers.
I n additi ggr+gggycmelag so contain other therapeutically val uable

subst ance hese conpositions are Sregar ed according to conventional
m xi ng% granul ating, or coating ne spectively. A tablet nay be nade

by conprefpStg or o ur g the actr ve
CHEMOTHERAPEUTIC AGENT MEDIAN DOSAGE

Asparaginase 10,000 units
Bleomycin Sulfate 15 units
Carboplatin 50-450 mg

15 Carmustine 100 mg
Cisplatin 10-50 mg
Cladribine 10 mg
Cyclophosphamide (lyophilized) 100 mg to 2 gm
Cyclophosphamide (non-lyophilized) 100 mg to 2 gm

20 Cytarabine (lyophilized powder) 100 mg-2 gm
Dacarbazine 100-200 mg
Dactinomycin 0.5 mg
Daunorubicin 20 mg
Diethylstilbestrol 250 mg

25 Doxorubicin 1 10-150 mg
Etidronate 300 mg
Etoposide 100 mg
Floxuridine 500 mg
Fludarabine Phosphate 50 mg

30 Fluorouracil 500 mg to 5 gm
Goserelin ' 3.6 mg
Granisetron Hydrochloride 1 mg
Idarubicin 5-10 mg
Ifosfamide 1-3 gm

35 Leucovorin Calcium 50-350 mg
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Conpressed tabl ets may be prepared by conpressing,
in a free-flowing formsuch as a powRGTAU$98YBEASUl es;
surface active
in a suitable

the acti véV? AYHEH ent
optionally m xed with a binder,
or dlsper5|no

i ngredi ent optionally with one or

5 lubricant,
aent

i nert diluent,
Mol ded tabl ets may be nade by nol di ng,
: e A

nore accessory ingredients.
I n a suitabl e machi ne,

machi ne, 4 ure_ ol tne powder ed_act | ““~*““‘ﬂ?ﬁ?ﬁ‘?ﬁﬁf=§“§ﬁffﬁﬂﬁﬁ?=ﬁarrier
noi st ened \I\Lf h an ¢WOJ¥ lecl ASENT \When adni ni ¥ERLAN Bﬁﬁéﬁﬁer a_I Y, t he
conpositi cnbgwlgllollﬂe nor mal | y be in a unit dos gﬁﬂgs.t-;le_rsj I“ﬁi injectabl form
(aqueous ifsotronrc SO utTorm, SUSpeEnst on oT eIt ST OTT) a
pharnaceut|H%@mkpr$ﬁ§ﬂﬂﬁﬂ§hlp carrier Such! ¥amders are preferfibly
non-toxi c.§ PagLR-ASAldastaceaRrt abl e and contain rgtgﬁtherapeutic di l'unts or
sol vent s. MPres ol SucCir carrrers +5—rnctu ; 11 ONS,
such as sgl Medphalawtoni c_sodium chl oride solju8¢ om Ri nger's _
Such ae 1 JR e L e —corm R L CCE, o
oi |, and gymibesyecimono- or di - glycerl de) et hylsod®eaie, 20 and i sopropyl
yristate. Mitoxantrone 20-30 mg
Ondansetron Hydrochloride 40 mg
Paclitaxel 30 mg
10 Pamidronate Disodium 30-90 mg
Pegaspargase 750 units.
Plicamycin 2,500 mcgm
Streptozocin 1 gm
Thiotepa 15 mg
15 Teniposide 50 mg
Vinblastine 10 mg
Vincristine 1-5 nmg
Aldesleukin 22 million units
Epoetin Alfa 2,000-10,000 units
20 Filgrastim 300-480 mcgm
Immune Globulin 500 mg ‘to 10 gm
Interferon Alpha-2a 3-36 million units
Interferon Alpha-2b 3-50 million units
Levamisole 50 mg
25 Octreotide 1,000-5,000 mcgm
Sargramostim 250-500 mcgm
For the methods of the present invention, any
administration regimen regulating the timing and sequence of
30 delivery of the compound can be used and repeated as necessary

to effect treatment.

and/or co-administration with additional therapeutic agents.

To maximize protection of nervous tissue
insult, the compounds of the invention should be administered

~ 67 -

Such regimen may include pretreatment

from nervous



A eagi nous suspensions can be fornul ated according to techni ques known in
the art using suitable dispersing or wetting agents and suspendi ng agents.
Among t he yagsHikAP! € sol vents or suspending medi uns are st @giphRog/hgi98 oi |.s.
For 25 this purpose, any bland fixed oil may be used. Fatty acids, such
as oleic acid and its glyceride derivatives, including olive oil and cast or

01 | SSPeELably Jekether ppl vy LN 8 bW, abe Al spisslul L the

preparatlon of injecta ions “or "Su¥pens
contai n | BREVERRI n r’P}()ﬁ-‘:al dshorngiripated or theperammundsst shiouddsabene is a

preferredagaificterand Héf%r@orfﬁﬁhlndéxﬁé@t@cit eersfdd cisgaidiy  wat eguaﬁl ubl e
| e needs. .The_carrier

to be nmade, S a solution for. al.l eseea

cont ai n nfﬁ§€ Hotht S cﬁneﬁﬁﬂﬁﬁdvgﬁx' §s of  SEYRRSs 1PFht eﬁﬁ&ﬁ&éeSS

sol ubi%i t gyurgsoy ofcaroyid apddahterectomy abtkriyace. gascubar; aprgdal s,
buffers ag };ﬂsgé&fa/)a-t'vsﬁ do Vet AdT ng%&eg&@:&sct Ay, the cq %%a%&on wi

usual |y be formul ated into uni t orm such, as a suppoSitor
cachet. CSFRRRECTHARTIOM | Qﬁﬁsr"é'd-ﬁl be"?ﬁ"e&ﬁ-'raeld b3CHT 4G ngcRF812 5Fenal,
conpound gbihaBpui Addmmiel eddiezi) il iindlechoRsCofii @mbdllibabganessokbills or

balloons for hemostasis; interruptions of vascularity for

10 treatment of brain lesions; and predisposing medical conditions
such as crescendo transient ischemic attacks, emboli and
sequential strokes.

Where pretreatment for stroke or ischemia is impossible or
impracticable, it is important to get the compounds of the

15 invention to the affected cells as soon as possible during or
after the event. In the time period between strokes, diagnosis
and treatment procedures should be minimized to save the cells
from further damage and death.

A particularly advantageous mode of administration for a

20 patient diagnosed with acute vascular stroke is by implantation
as a subdural pump to deliver the compound(s) of the invention
directly to the infarct area of the brain. Even if comatose,
it is expected that the patient would recover more guickly that
if he or she did not receive the compound. Further, it is

25 expected that residual neurological symptoms and re-~occurrence
of vascular stroke would be reduced.

Depending on the patient’s presenting symptoms and the
response to the administration of the compound, the patient may
receive the same or a different compound: parenterally, by

30 1injection or by intravenous administration; orally, by capsule
or tablet; by implantation of a biocompatible, biodegradable
polymeric matrix delivery system comprising the compound of
formula I; or by direct administration to an infarct area by
insertion of a subdural pump'or a central line. It is expected

35 that the treatment would alleviate the disorder, either in part
or in its entirety and that no or fewer further occurrences of
the disorder would develop. It also is expected that the
patient would suffer fewer residual symptoms.

Examples of such disorders include, for example,
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at roomtenperature, but liquid at rectal tenperature, such that they wll
nmelt in the rectumto rel ease the conpound. Comon excipients I ncl ude
cocoa bu@y11629eeswax and 5 polyethylene glycols or otR€EIUSIBASIPS

enul si ons or suspensi ons. Mreover, the conmpounds may be adm ni stered
topically, especially when the conditions addressed for treatnent involve

areas or @égapﬁefsadmeraﬁﬁeﬁﬁlbhasbﬁ Qﬁﬂ'ﬁﬁ&sf&&ilﬁﬁﬁﬁﬁﬁ; bafk?gg??%a

neurologlca ers..of t the skin or.

tract. Fors P #’g]lt‘ c%FlseC%tl S%{ge?ﬁ% & 8t30r b’ﬁﬁ'ﬁﬁépnpﬁrﬁgesyi’%m%npounds
can be fohﬁaﬂatt'édma@,m prysicald dampgasitmsthe ispdinadi cgordH wdsosieed
sterile Sélthﬁeoéss&éfJ@dth‘.h hﬁ%ﬁé%& b?thndérﬁﬁ@n'f%ca@.Hﬁépé&?éfd

sterile sglipe, ,either with or W thout a preservatlve suc
benzyl 8l kd° ﬁf“&ﬁl'or glabaly t"e‘??%ﬁ‘i%l VSR N 535@S ARy Bepestwsien ed
I nt o oi nt Majusy,suah dempelinhtingn &DscioP) cahuﬁﬁpbl@atseneiésiile sXin,

the compoypisotansbe. or IULaLed: | M gesutiabl e opnt el 9o00LALDL DA e

conmpounds pended or ssol ved ‘one or
more of t IﬂézflGP-F‘éﬁlf ffisfaser aPagrinsaon cﬂjﬁdssélslea)l BUntpANIHIN s pbseasert um

propyl ene angb¥eephic meta@asyetssyéﬁ@ﬁs cmﬁgyndcaea&wxy&ﬁp&yl &{€eagdmpound,
emul si fyin Al ternati,vel

f or mult8t e&gcﬁt ?° sﬁﬁliq:eo Fgragar;]r oﬁ*ﬁﬁ? 8¢ sEFé&I‘TBa%%Yﬁ g) %lérﬁ gf"ﬂéca%b??%

conpound sgupendydcerdial infarction, acute myocardial ischemia, full
cardiac and respiratory arrest, septic shock, diabetes,
arthritis, inflammatory bowel disorder such as colitis or
Crohn’s disease, and cancer.

15 Where the patient is diagnosed with an acute disorder
prior to the availability of the compound of formula I, the
patient’s condition may deteriorate due to the disorder and
become a chronic disorder by the time that the compounds of
formula I are available. Even if the patient receives the

20 compound after the disorder has become chronic, it is expected
that the patient’s condition would still improve and stabilize
as a result of receiving the compound.

The following examples are illustrative of preferred
embodiments of the invention and are not to be construed as

25 1limiting the invention thereto. All polymer molecular weights
are mean average molecular weights. All percentages are based
on the percent by weight of the final delivery system or
formulation prepared unless otherwise indicated and all totals
equal 100% by weight.

30

Example 1: Approximate ICs, Data for Selected
PARP Inhibjtors

The ICs;, of a PARP inhibitor compound is a PARP assay using

purified recombinant human PARP from Trevigen (Gaithersburg,

35 MD), as follows: The PARP enzyme assay was set up on ice in a
volume of 100 microliters consisting of 10 mM Tris-HCl (pH
8.0), 1 mM MgCl,, 28 mM KCl, 28 mM NaCl, 0.1 mg/ml of herring
sperm DNA (activated as a -1 mg/ml stock for 10 minutes in a
0.15% hydrogen peroxide solution), 3.0 micromolar




di ssolved in, for exanple, a m xture of one or nore of the foll ow ng: .
m neral oil, sorbitan nonostearate, polysorbate 60, cetyl ester wax,

cetearyl @Joﬁg N924 2-0OCtyl dodecanol, benzyl al cohol and wat eTad9s/18195
Topi cal app 'catlon to the | ower |ntest|nal tract can be effected in rectal

suppository formnul ati ons (see above) or in suitable enema formul ations.
Formul at i ppgjsubdedhfiay naEHind’ BYaGaleadiad suﬁdl%u(ﬁﬁ&m)a,s

sel f - propeII|n 0 ensi for Iatlon Qnpris ut 0. 1%
to about %%ﬁf&?"g’?mﬁ?ﬂ{e g‘%@)v%n?‘ﬂger'ecﬁ Vet ‘1‘ %ér‘f&r € g:g wot
the sane. cbmpadddsi dm denetésted atiwhs cmad;mlqmnweandmtmteca by

subl | ngual nthBaREng" %%@aﬁ@&%geme bgeau! alghaps mxxlﬁwawig{ubdaaﬁ%n

presented I n repar.e of the
met hod® webe K‘ﬁ&\%ﬁlPﬁ vag E‘F’Emb‘fg‘?ﬁ?ar%c%ddlw I5°rPet“h‘(5’€r'§111ﬁ8F'§dé’ft Pré"estep of
bri ngi ng thedaebivewyrgr egienlorddcettixs afdid i onTivé tprddigp idarttel eforndaidc h

const i tut es_ope_or .nore. l,gtec,ssor asorg gl g—”lkggtért gfag&gfri[dﬂ"l% té%%he Tictive

formul ati 8§ aréd pr épar e ormyan
i ngr edi enGFi/ Bl oaadswarhed oﬁhmq hHtimes with ethanol. After he filter

was dried, the radiocactivity is determined by scintillation

10 counting. The compounds of this invention were found to
have potent enzymatic activity in the range of a tenths of uM
to 20 M in ICs in this inhibition assay. The ICs data for the
following compounds are shown below in TABLE VIII.

15 TABLE VIII
Compound Approximate ICs,.,
o
1.6 uM
NH
NO,
1.3 uM
10 uM
NH
OOH
20




aliquid carrier or a finely divided solid carrier or both, and t hen,
into the desired fornulatlon

necessary,

adm ni strat
preferred

be prepared
i nhi bi tor

and a buffe
be reconsti
adm ni strat
bi odegr adab
tinme rel eas
the inventi
providing e
a prol onged
conposition
bi odegr adab

shapi ng t he product
conposi t i wo 99/10624 t he
capsule or tablet containing a single or divided dose of the inhibitor,
as a sterile solution,

i nvention

suspensi on,

is pref

or enul si

i f
erably admi ni s?@?g{?”ﬂ?las

or

on, for parenteral

T 11 & STigre or _arvided gose. |19
2 oumdrP i nhi biton cohppueyimatetFei.nvelti on can
in lyophilized form In this cage, 1 to 100 ng of a PARP
ny be | yophilizedain individual Vials, together with a ¢arrier
, such as mannit@l and sodi um phosphate. 3, fhgyconmpound§20 may
uted in the /g Wyt h bacteriogtatic water before
on. In a prred enbodi ment, tthe carrier is a solid
r

e polynmer o
e characteri st
bn may then b

L onol o

ar e
iL.cs and
q%olded

na.aonb .ok

of bi odegr g
rel ease Kir
into a soli

ante—af .t

\dabl e polyners with apgropriate
letics. 25 The conposi fi on of
d inplant suitable for

\.lu\.llvu‘) CUTTULUTTU T QAUT

period of tinme wthout the need
of the present i
e polynmer or pol

vent
ner

O

A4 BLE™>) Ul L BLLAYS

ion can be
m xture in

ceHpothas—of—the—rvenyi on over
for frequent redosing. |The

i ncorporated into the 30

any suit & eMmanner

0.8 uM
NH
COOCH
4 puM
100 uM
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known to one of ordinary skil
» W th the bi odegradabl e pol yner,
t he poly
enbodi ms%”(ﬁ
"depot" conta

or

sof t

k248Yy be molded into a solid inplant. 35
e bi odegradabl e pol ymer or pol yner
c

in the art and may form a honpgeneous matri x
may be encapsul ated in sonme way within

_ PCT/USbSh 8198 .
m xture is used to forma

onposi t

invention that-can bo adudpictarad og o f1 ouwahle liguid_for oxc anpl e, by
i njection,- } - 56 -
phar maceut ijfca li ection
site. Thejoe formed can be varied ffrom
several days to a few years,pdependi ng uponjthe polyner selected gnd its
nmol ecul ar ght . By using f 5 pol ynmer conposition i@ Lﬁiectable form
even the nged to make ahyaCig9n nmay be el m nat ed.%" any evefjt, a
flexible orf fl owabl e d ery [depot” will jpdjust to the shape of |t he space
it occupied wth the body 8 mninmum of|trauma to surroundi ngjfti ssues.
The phar magruti cal corrpositi the 10 present invention is usd in
amounts th are therapeuti cakl# effective pnd the anounts used mily depend
upon the dgsired
NO2

5.2 uM

0.7 uM

1.1 uM
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rel ease profile,
required for the sensitizing effect,

the concentration of the pharnmaceuti cal
and the length of tine that the

conposi tion

phar maceutW@ap/1$a#posi ti on has to be rel eased 15 for treat nRGE/USIBIBIISARP
inhibitors are used in the conposition in amounts that are therapeutically

effecti ve.

t he particuwar
PARP i nhi bi ]

55@6and,

Ef fecting
invention,

Accordinglyf

a neur onal

anount of tH

conpounds of
usef ul

Inhibito
Qn Mat \II m¢°¥“p994

oLt 01041t N
e o

Wi | e Lhewetfectlve amount _of the PARP inhibitor wll

hg dosage form b
.

of danaged neuro
neur odegenerati on and treatnen

descri bed e ar
vity, pre DNy
Such

thre=presert T ventT o U tier—TE
tivity in an afi mal, conprising
35 conpound offf frormula | to th

gbit PARP and,

\=a~av vy

1%to

ih

i
o

L

~ (D

50@6 -have Béen
ivery systens. Method

g to the nethods of tkh

t he conpouis and

to animals to effect;

medi at ed by NVDA
may consist of 30
neur onal

of a neurological di

UU
adnlnlsteﬂlﬁg an effe
ani mal . Further, the
t hus, are believed to

regenerati on,

depend on

fecting
gtive

O\/\/\
N
0 0 1.1
~CH,
A
N
o}
o) 1.6
cl N
N/<O
0 N 0.36
N
|
! ' cl
0 1.9
N [}
o)




for treating neural tissue damage, particularly damage resulting from
cerebral ischem a and reperfusion injury or neurodegenerative diseases in
manmal S. wo evfi1g24  The term"nervous tissue" refers to thecvashmisss
conponents that nake up the nervous systemincluding, without [imtation,
neurons, neural support cells, glia, Schwann cells, vascul ature contai ned

W t hl n and AR \J\J,ﬁ‘: TC R et e S == 2 the
brain, the jprain stem thapspndal cord, the | nervous

system wi t if {he per1 pheral negpvous system {he penlﬂﬁwég nervouleystem
and alliedjgtructures. The tefm "neural tissue damage resulting frjom

ischema a 10 reperfusion jury and neufodegenerative di seaseqg
i ncl udes ngurotoxicity as Nseen in vasg¢ul ar stroke and gl obal}jf and

focal ischema. The te eur odegener ati vel|di seases” includes Al zheinmer's
di sease, Pafkinson's dirsea A0 Huntingtonis disease. 15 he term
"nervous insult" refers tjo any damage to nefvous tissue and any difsability
or death repulting therePHom BrThe cause of [nervous insult may be

net abol i ¢, JOXTC,—Teurotoxtc
o) 5.1

0.16
0.10
0 3.26
H,N
A N
5
Z

NH,
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iatrogenic, thermal or chemcal, and includes wthout Iinitation,

i schem a, hypoxia, cerebrovascul ar accident, 20 trauma, sur ressure,
mass ef f @0 99/162br r hage, radi ation, vasospasm neur o- degeP&T: 5%%! sease,
i nfection, Parkinson's disease, anyotrophic lateral sclerosis (ALS),

epi | epsy, ellna ion/denyelination cognitive dlsorder

glutanate aﬂnornallty and, S
neuroproten e of-e

nervous tisg
neur odegene
patients dia
of devel opi v , The term also
enconpasses |pr ev Lion in patients who aq

al ready suff 35 neurodegenerative |di sease
Exanpl es of neurologlch di sorders that are freatable by the nethod of
usi ng the prlesent 1 nvention I ncl w thoutf imtatignglrigemna
neur al gi a; dl ossopharyngeal neur/ ; Bell'p Pal sy; nyast heni g
gravis; mfscul ar dystrophy;
H3C

resusmtal.l:ng or reviu
sult. The term "prevent
t 0 prevent neurodegenerjfation in
Live disease or who argl at risk

H,N
N—N 4.0
o A\
N/ﬁ
(L~
1.3
N/\\
5 1 L\V/N
S 0
N—N
0.76
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anyotrophic | ateral sclerosis;
bul bar inherited nuscular,
i nvertebr ' syndr ones;

t horacic @Eﬁf@ ég

t hose caused by Iead dapsone
syndr one;
di sease. T-Fﬂhethod of
treating a

pro
atrop
cervi

estruction 5 synd
tic

peri pher al geuropathy causef by ph
brain injurjy, physical dana etot
with brai damage, i ng
related to |15

I ncl ude mullffi Ex

I
Lo

neur odegener at i
anyotrophic |ate

relating to
di sease and

to: 20 (i) preventing di
occurring ifn an aninmal which may b
and/or condjtion but has not vet Db

Example 2:
Ischemia in

gressive nuscul ar atrophy; progressive

hy; herniated, ruptured or prolapsed
cal spondyl osis; plexus g .ﬁg )
romes; peripheral neuropathies such as
ks, porphyrla or Guillain-Barr[err]

s_di sease and Parki nson's

10 for

|n1ury or dl%éﬁBe state
cord, stroke
and neurological

y5|cal
he spina
di seases
Exanpl es
anples of
ude Al zhe
Ier@§5s (
d¢ase, d

gggredlsp

di agn

di sorders
Par ki ndlon’ s
ftreati

neur ol ogi cal
mer's di sease,
ALS). The term

bsed to the disease,
bsed as

Neuroprotective Effects on Focal Cerebral

Rats:

-Focal cerebral ischemia experiments are performed using

male Wistar rats

anesthetized with 4% halothane.
1.0-1.5% halothane until the end of surgery.

10

temperature during surgery.

incision is made.
exposed and isolated from
placed and tied around the
15
a silk suture.
catheter (PE 10,

weighing

The right common carotid artery (CCA)

A puncture is made in the
Ulrich & Co.,

about 250-300 g, which were
Anesthesia is maintained with

The animals are

installed in a warm environment to avoid a decrease in body

- An anterior midline cervical
is
A silk suture is
The

the vagus nerve.
CCA in proximity to the heart.

external carotid artery (ECA) is then exposed and ligated with

and a small
is

CCa,

St-Gallen, Switzerland)

gently advanced to the lumen of the internal carotid artery

(ICca). The
20
Then,

Switzerland) is introduced

a 4~-0 nylon

until the tip blocks the anterior cerebral artery.

pterygopalatine artery is not occluded.

The

catheter is tied in place with a silk suture.

suture (Braun Medical, Crissier,
into the catheter lumen and pushed

The length

of catheter into the ICA is approximately 19 mm from the origin

25 of the ECA.

occlusion of the catheter

The suture

is maintained in this position by
with heat. One cm of catheter and

nylon suture are left protruding so that the suture could be

withdrawn to allow reperfusion.

closed with wound clips.
30

recovery from anesthesia.

Two hours later,

The skin incision is then

The animals are maintained in a warm environment during

the animals are re-
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having it; (ii) inhibiting the disease, disorder or condition, i.e., 25
arresting its developnent; and (iii) relieving the disease, disorder or
condi ti onyyd ofr1626ausi ng regression of the disease, disordecrasss/isios
condition. Treating O her PARP-rel ated Di sorders 30 The conpounds,
conposi tions and nethods of the present invention are particularly useful
1; or ”egti Agesthpteyed] i e i e&mﬁsdaﬁ%edﬁeeaﬁéﬂg faham €eé | waigh 9§

amage due_to Si s i C ositi.ang an

ot hods. of “EREDERTan: | it Ja CHETE Be o, CEHE WS BucGPUTEE pTad 806 o

di sorder i Fhgncabheber is theni abturated) agaiaf vich ihneatandodtvaing kéipsnpound

of formul asta phacaa BRl thédsyyerd. hefed Nunin28 ot ALY agabieavVaschabive

di sorders" r.efgrs to t seih%: sorders that can either cause.ischem a or are
caused 2 58§°T LIRS 8

4 B?“?%B‘g’r *&T 8FCEfit HRAPE 2rEx¥RpTes ihE G855 BE® are
not |imtethenosacrofboed ywitdr ta9; yandli dssegpd tatadgi na pectoris, nyocardi al
nfarction, carghavgseihdladd SaHRadaBap LapsRd PYr62LA GF @y 33k ana
cardi ovascul ar tiIssue damage caused by cardl ac
stored at -80°C.  The brains are then cut in 0.02 mm-thick
sections in a cryocut at -19°C, selecting one of every 20

10 sections for further examination. The sections are stained
with cresyl violet accordiné to the Nissl procedure. Each
stained section is examined under a light microscope, and the
regional infarct area is determined according to the presence
of cells with morphological changes.

15 Various doses of compounds of the invention are tested in
this model. The compounds are given either intravenously or
intraperitoneally, as a single dose or as a series of multiple
doses, and are given at different times, both before or after
the onset of ischemia. It is expected by the inventors that

20 the compounds of the invention would provide protection from
ischemia in the range of about 20 to 80 per cent.

Example 3: Neuroprotective Effects on Focal Cerebral
Ischemia in Rats:

25 Female Sprague-Dawley rats, each weighing about 300-350
g, are anesthetized with intraperitoneal ketamine at a dose of
150 mg/kg. The rats are endotracheally intubated and
ventilated with oxygen-enriched room air using a Harvard rodent
ventilator. Polyethylene catheters inserted into the carotid
30 artery and into the femoral vein are used for monitoring artery
blood pressure and fluid administration respectively. Arterial
pCO; is maintained between about 35 and 45 mm Hg by adjusting

the respirator rate.
The rat chests are opened by median sternotomy, the
35 pericardium is incised, and the hearts are cradled with a latex
membrane tent. Hemodynamic data are obtained at baseline after
at least a 15-minute stabilization period following the end of
the surgical operation. The LAD (left anterior descending)

coronary artery is ligated for 40 minutes, and then re-perfused
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5 bypass, cardiogenic shock, and related conditions that would be known by

those of ordinary skill in the art or which involve dysfunction of or-
ti ssue damage to the heart or vascul ature, especially, but nﬂ®s$1ﬁlted to,
ti ssue damt@&’M&4ted to PARP activation. 10 For exa 15t hods

of the invention are believed to be useful for treating cardiac tissue
damage, pa t|c damage ul t m cardi ac i schem a or caused by
reper f usi oh° F% Xpﬁgeﬁh né?g kgghg58nﬂfﬂﬁﬁi rfﬁergﬁﬁ?°q¢1 ViR i are
parti cul aray‘c@s}efm regeceleded ngrelard? ol ask odnsdef oraherssrdl bied efteed from

the group gonsisddvdd htoCHONAILE ALESEN «l 481 At e i&Fhemic ris
at her oscl er osj s; angi na pectoris; myocardi al infarction; nyocgﬁdlal

i scheni a ahe@tFR i ac arrest; cardiac bypass; and cardi ogenic shock. The
met hodss of t he Thwanddmis are paehi antesten heltpf PotiassiugathDeride At €

forms of tbg. 20n:00x5, AL G Aehale A 30edELs ey EULL her gp L fLNGAS of

the invention can be used to eat tissu eresultin Cells damage
or death dveighedandbdinsubptedoit dsils, Sﬁéuﬁwntqfsﬁépé&ﬁﬁ Eeteaadiamg from

i schem a aggh éepes fwI»qrsularllluéythgeyﬁs)éﬂg&&ﬁlmﬂcs%daﬁxs 1888t&® within
neurodegen ratlve di seases event, or vascul ar, stroke; to

t
treat or pravehts )Eafa'?b%Schﬁ%’aﬁ?‘gﬁJd?eer sist 6ajf?‘é]aq:ecﬁ Y LORNG and/ or
di sorder s sauh\lneasfcacgeacbl et fad Vﬁatnieulaiegdrwleaan@ms AubShandexpteysedmune

senescence,di $e@SESion of the risk region of the left ventricle.
Various doses of the compounds of the invention are tested
in this model. The compounds are given either intravenously or
intraperitoneally, in a single dose or as a series of multiple
15 doses, and are given at different times, both before or after
the onset of ischemia. It is expected by the inventors that
the compounds of the invention would provide protection against
ischemia/ reperfusion injury in the range of about 10 to 40 per
cent.

20
Example 4: Neuroprotective Effects on Focal
Cerebral Ischemia in Rats:

Focal cerebral ischemia was produced by cauterization of

the right distal MCA (middle cerebral artery) with bilateral

25 temporary common carotid artery occlusion in male Long-Evans

rats for 90 minutes. All procedures performed on the animals

were approved by the University Institutional Animal Care and

Use Committee of the University of Pennsylvania. A total of 42

rats (weights: 230-340 g) obtained from Charles River were

30 used in this study. The animals fasted overnight with free
access to water prior to the surgical procedure. '

- Two hours prior to MCA occlusion, varying amounts

(control, n=14; 5 mg/kg, n=7; 10 mg/kg, n=7; 20 mg/kg, n=7; and

40 mg/kg, n=7) of the PARP inhibitor compound, 3,4-dihydro-5-

35 ([4-(l-piperidinyl)-butoxy)-1(2H)-isoquinolinone ("DPQ"), were

dissolved in dimethyl sulfoxide (DMSO) using a sonicator. A

volume of 1.28 ml/Kg of the resulting solution was injected

intraperitoneally into fourteen rats.
The rats were then anesthetized with halothane (4% for
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arthritis, atherosclerosis, cachexia, cancer, degenerative 30 diseases of
skel etal nuscle involving replicative senescence, diabetes, head traum,

i mMmune senasernéess | nflanmatory bowel disorders (such as cBCTAUSSS/EB18E

Crohn' s di sease), nuscul ar dystrophy, osteoarthritis, osteoporosis, chronic
and/ or acute pain (such as neuropathic pain), renal failure, retinal 35

i schem a, igRPidtoshogkd( smcd%-as 2endedOXi |t®1e3 i@&ﬂ@maandp%t@d@ﬁém int Oy €xtend
t he Ilfespan and prgll;fg |§§ capaC|H¥ &i to alter %SF ex reSS|on
of senescdmZTE s b radiosensTti%e %R %‘Yﬁﬁf‘t her 86 | Pod¥ he

met hods oftenpedahung ivas mnlmeragemt@ reml prober @ad mamn’ealmml ato

radi osensi44 ze 4 4n8fc GRS a hedBEn eslram&acneegméea rﬁfrapas{nsgtﬂégﬁfé y.

The co ounds 6’f t he sent invention can t17- cancer
whi ch 5t erth %E@r?ga%é§ (gﬁﬂ’a’f‘bnﬁp%@qusgrlﬁ\ﬂtlﬁeégeﬁ?@r a%dK")aﬂt i- 5
neopl asti @& a@a:tmterFo(mel east lpameichotlatef thlee taventaraerg,e asef ul

for treat'&ﬂ:e%[*’acler%eé%r@%?s@&#o \{dJL% gREtSPé&S rid“ r%%%%& L§ g¥<h as

ACTH- pr oduci ng acute ema, acute non hocy
| eukemi a, Ccléﬁrﬁferpoéﬁfgtm&ham%?ﬂé‘%efédﬂpéﬁl BPadGé@S%aﬁWumBﬂmsn @anm

br east Massachusetts). Samples for blood gas analysis (arterial pH,

10 PaO, and PaC0O,) were also taken from the tail artery catheter
and measured with a blood qés analyzer (ABL 30, Radiometer,
Copenhagen, Denmark). Arterial blood samples were obtained 30
minutes after MCA occlusion. _

"The head of the animal was positioned in a stereotaxic

15 frame, and a right parietal incision between the right lateral
canthus and the external auditory meatus was made. Using a
dental drill constantly cooled with saline, a 3 mm burr hole
was prepared over the cortex supplied by the right MCA, 4 mm
lateral to the sagittal suture and 5 mm caudal to the coronal

20 suture. The dura mater and a thin inner bone layer were kept,
care being taken to position the probe over a tissue area
devoid of large blood vessels. The flow probe (tip diameter of
1 mm, fiber separation of 0.25 mm) was lowered to the bottom of
the cranial burr hole using a micromanipulator. The probe was

25 held stationary by a probe holder secured to the skull with
dental cemnent. The microvascular blocod flow in the right
parietal cortex was continuously monitored with a laser Doppler
flowmeter (FloLab, Moor, Devon, U.K., and Periflux 4001,
Perimed, Stockholm, Sweden).

30 Focal cerebral ischemia was produced by cauterization of
the distal portion of the right MCA with bilateral temporary
common carotid artery (CCA) occlusion by the procedure of Chen
et al., "A Model of Focal Ischemic Stroke in the Rat:
Reproducible Extensive Cortical Infarction", Stroke, 17:738-43

35 (1986) and/or Liu et al., "Polyethylene Glycol-conjugated
Superoxide Dismutase and Catalase Reduce Ischemic Brain
Injury", Am. J. Physiol., 256:H589-93 (1989), both of which are

hereby incorporated by reference.
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10 cancer, cervical cancer, chronic |ynphocytic |eukem a, chronic
nmyel ocytic | eukem a, col orectal cancer, cutaneous T-cell |ynphong,

endomatrlﬁ[q%gﬁagﬁr esophageal cancer, Ew ng's sarcona, 93}&9@‘3&?{%03“0?“
S

hairy cel a, head & neck cancer, Hodgkin's |ynphoma
sarcoma, ki dney cancer, 15 liver cancer lung cancer (snall and/ or

non-smal |l cell n an usi on | eur al

ef fusi on, nel an ﬁﬁ%rkr%%{]&lel ] g%%ée %P‘ W%T%nﬁsoh%g?‘g’ol 8¢ oROPRON-
Hodgki n' s N%ﬁﬁptfé‘t?ﬁl Pedyebhykense( PEo'\l@m gatbeheeryew arargfiydilyn pakkpgcancer,
prostate %&ma, tRANEERA iF6rCRNESF vl Scéﬁlsf&{lcefrne fRL A asﬁﬁm&

sarcoma, squanopus cel | _carcinomas,

skin cancer . . $ ﬁ
cancer, t&®EAV¢GHE Yca#&%rplﬁﬁﬁ?‘ﬁ?ﬁ €§ncEFe tﬁﬁﬁ‘}bbfiagi’iérn@ﬁﬂb&smasmerl ne
cancer 5 vagiteadedanocer altawcerbseirviahéonul v &hd WdsHrall ugRd. ofhetherm

"radi osensipgtic a8chogt BRLChIsidd MRHNGLAY 35 adeaObesile g

preferably | ow nol ecul ar %@ adm
t her apeut i t(?&l [Aprar FRERF veVarbiE Bhe My é‘é?§e ‘-‘t‘ﬁe s&hsi MChi dysbalthe cells

to be radumsemrsszad tz@tleLel(ié r DR iedd Q:err@ﬂ)trﬁt}.' lerelandlagr 1&&9&05%@ t he
tr eat nent are re 1 el ectro tic radiation.
fgk %ggﬁfésgwgé: qoo ?ﬁ *3%“# %ﬁﬁ%@ 8ﬁ 2REt ude

30 DiseaSés are trea
neopl 28t i fodilowanesbilatinpl 64 aetlugian, ttlnm)MsA easl czmxmrltzusl withs.

El ect r omaghelelect28baid@lhddreat MRt nAbrohHeL W SeashT Pt ikhstedyheyein are

al so conte Iate e pr
np o% %%l P ang %he wound was sutured to maintain the

brain temperature within the normal or near-normal range.
"After 90 minutes of occlusion, the carotid loops were
15 released, the tail arterial catheter was removed, and all of
the wounds were sutured. Gentamicin sulfate (10 mg/ml) was
topically applied to the wounds to prevent infection. The
anesthetic was discontinued, and the animal was returned to his
cage after awakening. Water and food were allowed ad libitum.
20 Two hours after MCA occlusion, the animals were given the
same doses of the PARP inhibitor as in the pre-treatment.
Twenty-four hours after MCA occlusion, the rats were sacrificed
with an intraperitoneal injection of pentobarbital sodium' (150
mg/kg) . The brain was carefully removed from the skull and
25 cooled in ice-cold artificial CSF for five minutes. The cooled
brain was then sectioned in the coronal plane at 2 mm intervals
using a rodent brain matrix (RBM-4000C, ASI Instruments,
Warren, Michigan). The brain slices were incubated in
pﬁosphate-buffered saline containing 2% 2,3,5-triphenyl-
30 tetrazolium chloride (TTC) at 37°C for ten minutes. Color
photographs were taken of the postefior surface of the stained
slices and were used to determine the damaged area at each
cross-sectional level using a computer-based image analyzer
(NIH Image 1.59). To avoid artifacts due to edema, the damaged
35 area was calculated by subtracting the area of the normal
tissue in the hemisphere ipsilateral to the stroke from the
area of the hemisphere contralateral to the stroke, by the
method of Swanson et al., "A Semiautomated Method for Measuring

Brain Infarct Volume", J. Cereb. Blood Flow Metabol., 10:290~93
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I nventi on. The terns "electromagnetic radiation”™ and 35

"radi ati on" as used herein includes, but is not limted to, radiation

havi ng t havowyetsenigt h of 10[err] to 10[err] neters. PreferpPei/usatimddsrent s
of the present invention enploy the electronagnetic radiation of:
gama-radi ation (10[err] to 10[err] m x-ray radiation (10[err] to 10[err]
m, ult ravi(maem }i gitte (dDsolmswre & whidRO0 i) hewelsy blmcbi-ﬁdsh&at(éwobpm to

700 nm, Iafsaiesg ok adi 3h0RELPOVOIAL de Offlecillh Wt Seﬁglg.@e%ta?' on (1

mmto 30 c | osensitizers are ncr ease
cancer ous EBT‘W“%t%B“tﬂ% ?Qﬁ(ldca“@ﬂeécf@lm‘ee@%cﬁ%mﬂr@t |Sél§esrad| ati on.
Several mnechani gp8 é@\ﬁté:hfza[ﬁldﬂx off agki aﬂsﬁilrﬁ&tﬁ*‘cﬁﬂ%ﬂ lth%r $iBR¥emegen

su est d h adi osénsi ti zers
(19955 8¢ VEchiBi Lt S 8l XeooBSE b0k ooc HABH Sons Fatentindotiicen 4
corrpounds) Wplén@e@omewbcs;gtgmatlu enfafchyjpothe rigsudiGndlearitatyl yze the
10 generabhel tRfst CEHMEEING Mmaéagﬁcabﬁa eRONg i/f)&f‘nh Cﬁ{' the

radi osensi ti zers genat ed. pyrim di nes can _be ana s of
bases and ﬁ}éFE}B\&F}%‘PWJ:Ith&o PBIIRL 311530 2F MRS THRYE SoF é’a'ﬁ'&%rSt@éFlF@gam
t her eby pr eachegtbep | aals athiowm iindBdégdré®r eaki ng of DNA nol ecul es and/ or
preven{otl1e norfﬁ] ﬂ?&%x&FF¥ﬁ "the distribution of the cross-sectional
infarct area at representati&e levels along the rostrocaudal
axis was measured from the interaural line in non-treated
animals and in animals treated with 10 mg/kg of 3,4-dihydro-5-
{4-(1-piperidinyl)~butoxy]}-1(2H)~-isoquinolinone. The area of
15 damage was expressed as mean +

standard deviation. Significant
differences between the 10 mg-treated group and the control
group were indicated ('p<0.02, "p<0.01, “"p<0.001). The 5 mg/kg
and 20 mg/kg curves fell approximately halfway between the
control and the 10 mg/kg curves, whereas the 40 mg/kg curve was

20 close to the control. The 5, 20 and 40 mg/kg curves were
omitted for clarity.

PARP inhibition led to a significant decrease in the
damaged volume in the 5 mg/kg-treated group (106.7 + 23.2 mm®,
p<0.001), the 10 mg/kg-treated group (76.4 + 16.8 mm’>, p<0.001),

25 and the 20 mg/kg-treated group (110.2 + 42.0 mm’, p<0.01),
compared to the control group (165.2 + 34.0 mm’. The data are
expressed as mean + standard deviation. The significance of
differences between groups was determined using an analysis of
variance (ANOVA) followed by Student’s t-test for individual

30 comparisons.

There was no significant difference between the control
and the 40 mg/kg-treated group (135.6 + 44.8 mm’). However,
there were significant differences between the 5 mg/kg-treated
group and the 10 mg/kg-treated group (p<0.02), and between the

35 10 mg/kg-treated group and the 40 mg/kg-treated group (p<0.01),
as shown in Figure 2.

In Figure 2, the effect of intraperitoneal administration
of 3,4-dihydro-5-(4~(1l-piperidinyl)-butoxy]-1(2H)~-
isoquinolinone on the infarct volume was depicted graphically.



15 nmechani sns; and various other potential nechanisns of action have been
hypot hesi zed for radi osensitizers in the treatnent of disease. Many cancer

t r eat ment ol s currently enpl oy radi osensitizers_activated by the
el ect ronabvr?g%ﬁté&%adi ation of 20 x-rays. Exanples of x- rm%%sgg{ggd )

radi osensitizers include, but are not [imted to, the foll ow ng:
met r oni daZdlee, vodwmes dafolinfatdesnmaidnd megprésodd| 8s RdHEMI dazéﬂa%’dafg
, . RB 6145,

et ani dazolg@s;3§BRAZO ot Cl4& 69.. SR 4233, _E R

ni cot i nami d.e,-lQS-Iigf‘orméoIg‘%)r;%(/gulrc‘i%@é nggfgfﬁ%?%%%%ﬂ'(?& o) ﬁr'fﬁ??%ed2§r°(~’P§dR) ,
br onodeox P&k iEHenEONtro} | gEpeRistpsRdindiisated (IRRRI0L hyB<oxponga, It
ci spl atinisandtt beeapeuiy eahligheddest e RG9S £ abkle d8iAyY alin4eS +8f t he
sane. E’h%oqlﬁ%ﬂ},ﬁr&b?ﬁf‘ﬁy( (_PD? of ;Cancer s enpl 0}/5 visible I''ght as the
radi at Ton “dctivator o A A ndwamt] >a‘§%+ﬁ°?f¥éol gihnbicauinadanone,
phot odynaias lesadierapsiorezbive. Thel Utdshapdie doskl-oekpgnsdurbieenapt

1 mited { Gughean! anat Phydtalo \ALI Ugpolliot of rin, benzoporphyrin
derivatives, NPe6, tin etioporphyrin SnET2, -pheobor bide-a,

bact eri ochl or of fYfEYSh: (Y SAehAF ocRfhi ABs LY hAdBdpastRationi mf the

p]tlt hﬁl ocydmhibitandlederape uibealahy 135 recﬁtﬁ@@idﬂgir?%m%ta%_1QE:éi A lves
of t sa S r i ster, in.conjyunction with a

t her aggut %ggl_ﬁ%@ea?f g&%%g%g%ﬁp&ﬁgoﬁgwgrﬂ rJfIE)’r é:%(?t et ’conggfﬁdﬁasﬂﬁl udi ng
but not | iRPEEELEE: thakpeimdstilyaghon of PARP plays an important role

in the pathogenesis of brain damage in cerebral. ischemia.
The values of arterial blood gases (Pa0,, PaCO, and pH)
were-within the physiological range in the control and treated
15 groups with no significant differences in these parameters
among the five groups, as shown below in Table IX. A "steady
state” MABP was taken following completion of the surgical
preparation, Jjust prior to occlusion; an "ischemia" MABP was
taken as the average MABP during occlusion.

20 TABLE IX
MABP tm Mg}
Pao, Paco, pH Steady Ischemia
(mm #g) (m Hg) State
Control 125+21 | 38.6 7.33 79+14 | 914137
group (n=4) + 4.6 |+ 0.05
5 mg/kg- 126+20 | 38.0 7.36 78+ 5 | 91+12""
25 treated 2.8 |+ 0.02
group (n=7)
10 mg/kg- 125+16 | 39.3 7.34 80+ 9 | 90+14"
treated + 5.2 + 0.03
group (n=7)
30 20 mg/kg- 122+14 | 41.3 7.35 79+10 | 91+12"
treated + 2.8 |+ 0.23
group (n=7)
40 mg/kg- { 137+17 1| 39.5 7.33 78+ 4 | 88+12°
treated + 4.7 1+ 0.24
35 group {n=7)
+ _ Significantly different from the steady state value,
p<0.05.
+»+ _ Significantly different from the steady state value,
p<0.01.

40
There were no significant differences in any physiological
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pronote the incorporation of radiosensitizers to the target - 62 -

cells; conmpounds which control the flow of therapeutics, nutrients,

and/ or oxwgQewit@4t he target cells; chenotherapeutic agent PGHVEFIZES on the
tumor with or w thout addi tional radiation; or other therapeutically
effective congounds for treati ng cancer_ or other disease. Exanpl es of

addi ti onaP3f F’&ﬁ’éut?’&c’éﬁéﬁ‘ﬂsm?ﬂ%ta 19d Ri@er iRTSSSHERN EYRARBR) wikzior
r adi osensitbi BeAsand nctaidesclusibn amengnthe five tgedupko: Aﬁthcfadqmm@aci |,

| eucovori -5rdeo [ n, n,; re el,

t r ansf usi g'ralg' s%é&%ﬁg]gg?b?gtseq%%g %ft}%élg% O%qb%)qgﬂ Qbﬁ’ cfivBwiac,
cal cium &KaHREl thesekupse p@nﬁéqmi;wm% dhﬁﬁ%@rﬁ’gﬁ%géﬁ’em%@mugds
hydral 8zi ke 28d1LsiB® e@mln@agofcnehgaeﬁbgr apeutic agents that may be

used in conjungtion sitize i nc ut_are lLimted to:
adri anyci n, % o\t%ﬁeec hfmg %ﬁgpl‘éﬁ‘ﬁe %gébf’ﬁ‘? fX°Fs Q}Ei%ur}élsﬁﬁl cin,
docet axel Qo@p)lerubere nin iaxfedcrergnui it phagnhetrercgatmehanges eidcguliche 2,

i ri not ecap, paghLt %?%nart QB%EE&‘st@HF &gﬁaagepﬁfe&k' Yy REGREL kg %Hé' 098

and derivatives of e sane. The conpoun resent "I nventi on
al so be u®ddatsratadis AfGUUSitRy R"iﬂi’d’r"%l?sﬂgnl icant decrease in'

10 relative blood flow in the right parietal cortex to 20.8 + 7.7
% of the baseline in the control group (n=5), 18.7 + 7.4 % in
the 5 mg/kg-treated group (n=7), 21.4 + 7.7 % in the 10 mg/kg-
treated group (n=7) and 19.3 + 11.2 % in the 40 mg/kg-treated
group (n=7). There were no significant differences in the

15 blood flow response to occlusion among the four groups. In
addition, blood flow showed no significant changes throughout
the entire occlusion period in any group.

Following release of the carotid occlusions, a good
recovery of blood flow (sometimes hyperemia) was observed in

20 the right MCA territory of all animals. Reperfusion of the
ischemic tissue resulted in the formation of NO and
peroxynitrite, in addition to oxygen-derived free radicals.
All of these radicals have been shown to cause DNA strand
breaks and to activate PARP.

25 '

Example 5: Retinal Ischemia Protection

A patient just diagnosed with acute retinal ischemia is
immediately administered parenterally, either by intermittent
or continuous intravenous administration, a compound of formula

30 I, either as a single dose or a series of divided doses of the
compound. After this initial treatment, and depending on the
patient’s presenting neurological symptoms, the patient
optionally may receive the same or a different compound of the
invention in the form of another parenteral dose. It is

35 expected by the inventors that significant prevention of neural
tissue damage would ensue and that the patient’s neurclogical
symptoms would considerably lessen due to the administration of
the compound, leaving fewer residual neurological effects post-
stroke. In addition, it is expected that the re-occurrence of
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20 The term"treating” refers to: (i) preventing a di sease, disorder
or condition fromoccurring in an aninmal that nay be predi sposed to the

di sease, {i.s rr and/ or condition, but has not yet been 'égwgg S
havi ng it‘?v"f@"q&“ (ii) inhibiting the disease, di sorde;y of cgﬁg‘.’?i on,
i.e., arresting its developnent; and (iii) relieving the di sease, disorder
or conditiQnR..L.e causi ng r-egression o he di sease, disorder and/or
condi ti on.rgg(}n%%\d%sﬁtl% Jr‘%t"%’o“&‘fr?et %ge‘?r%?%% CHEFFHES resent i nvention, the
conpounds may be adm nistered orally, parenterally, by inhalation spray,

topi cal |y pxaagtial by, nasgldatmdiC ol R¥eigabl inaedlilay, vaginally or via an
I npl ant ed reservalr_Jin dosage.fo atropns contarning 35 conventi onal
non-toxi ¢ phar fad&RitH 142 CEEB{:a ne f413gpPsedy i iantCuthgreEhnates.
The tesm pmcheménal domesiddtheyei a phykidésn orsabouiraee@arenterally

| nEravenOygnini sbBEL ANUMHGRMa bEIIARRILOLS o{ (HAARE! LI ONGAle dlLr gLhecal ,
I ntraventri cul ar, A nt raspinal , | ntrasternal or | ntracrani a I nj ectl Bn and -
63 - i MU GerieehRfqdesided #8sesshduthe RARIRNY RAIES Fecedvhai ghes

same or a different PARP inhibitor by intermittent or
continuous administration via implantation of a biocompatible,

10 Dbiodegradable polymeric matrix delivery system comprising a
compound of formula I, or via a subdural pump inserted to
administer the compound directly to the infarct area of the
brain. It is expected by the inventors that the patient would
awaken from the coma more quickly than if the compound of the

15 invention were not administered. The treatment is also
expected to reduce the severity of the patient’s residual
neurological symptoms. In addition, it is expected that re-
occurrence of retinal ischemia would be reduced.

20 Example 7 Vascular Stroke Protection
A patient has just been diagnosed with acute vascular
stroke and is immediately administered a compound of formula I,
either as a single dose or as a series of divided doses of the
compound. After this initial treatment and, depending upon the
25 patient’s neurclogical symptoms, the patient may receive
another dose of the same or a different compound of the
invention in parenteral form, such as by intermittent or
continuous intravenous infusion, or in the form of a capsule or
fablet. It is expected by the inventors that further neural
30 tissue damage would be prevented to a significant degree, that
the éatient's neurological symptoms would considerably lessen,
and that there would be fewer residual neurclogical effects
post-stroke. In addition, it is expected by the inventors that
the re-occurrence of vascﬁlar stroke would be reduced or

35 prevented.

Example 8: Treatment of Vascular Stroke
A patient has just been diagnosed with acute multiple
vascular strokes and is comatose. Immediately, a physician or
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are preferred, particularly direct adm nistration to damaged neur onal
tissue. To be effective therapeutically for central nervous systemb5
targets, wheoepmgppounds used in the nethods of the present pavasys/E195houl-d
readily penetrate the bl ood-brain barrier when peripherally adm ni stered.
Compounds whi ch cannot penetrate the bl ood-brain barrier, however, can
still be ef frastse Sareaderally cPORibISEATS Mt SiVEREr AOGPaPT BuSerias of

Tge COfTDOlH\iiS:d bd&:ecads@slt bedae&dﬂﬁ;s&rmf otfheo@ﬁxaaenr Id MENtHO RhEBY oSt ose

admi ni stere e .dos scr 9sée conti nuous :
i nf usi on. %?arltc% a%stkb% g 'a F‘en agf" ef'% gl b#lé F TG 1%atd vel y
st abl e, tctmt;/femanm/sbmpgumw notenmitmgrl eéncintnus apnapisecatsion

par ti cy ardy, SURCIL B0 bt RUMDL BRI L1385 %laaaeuaaabpwpelﬁa&m
preferred for continuous infusion. For, nmedical useaoé@% amount reqw red of

a compound@RT e ARl LVeTH ST\ RORPTiSegpdtts EH ‘wi 1} $¥PEEReor di ng
to the pargimpll esulnd gl dbeadmisersear ¢d, p&h@lﬂeuferobdﬁmnmmﬁdﬂ aﬁﬁ on,

the ”amm'tye“d el (PPLee dcht t&%epmsgeka{rga S@ﬁ@{ g& gasea

concer ned. nders the ordrnari yS|C|an or
vet eri nar |@xpwt¢d readthey Ibé'&dlﬂoé'st shast &hai Eétaﬁdt p‘r’@%‘?ﬁb@lﬁh‘e frAmunt  of

the compouil &dnfaChbye q\iﬁklyt REandesivRd copboRhll é€tire iakenthenanautic 25
treatment. nét‘[] SO Rr %%?nelnaggerege p%Sl C.I_raer.]aé)n[envtet J(?él g rsloanexpexz/:‘t:eci to
reduce the severity of the patient’s residual neurological
symptoms. In addition, the inventors expect that re-occurrence
of vascular stroke would be reduced for this patiént.
15
Example 9: Preventing Cardiac Reperfusion Injury
A patient is diagnosed with life-threatening
cardiomyopathy and requires a heart transplant. Until a donor
heart is found, the patient is maintained on Extra Corporeal
20 Oxygenation Monitoring (ECMO). A donor heart is located, and
the patient undergoes a transplant procedure in which the
patient is placed on a heart-lung pump during the surgical
procedure. The patient receives a pharmaceutical composition
containing a compound of formula I intracardiac within a
25 specified period of time prior to the re-routing of the
patient’s circulation from the heart-lung pump to his or her
own new heart, thus preventing cardiac reperfusion injury when
the patient’s new heart starts pumping to circulate the
patient’s blood. '
30
Example 10: Septic Shock Assay
Groups of 10 C57/BL male mice weighing 18 to 20 g are
administered a test compound of Formula I at the doses of 60,
20, 6 and 2 mg/kg, daily, by‘:intraperitoneal (IP) injection for
35 three consecutive days. Each animal is first challenged with
lipopolysaccharide (LPS, from E. Coli, LDy, of 20 mg/animal IV)
plus galactosamine (20 mg/animal IV). The first dose of test
compound in a suitable vehicle is given 30 minutes after
challenge, and the second and third doses are given 24 hours
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enpl oy an intravenous bolus foll owed by an intravenous infusion and
repeat ed adninistrations, orally or parenterally, as considered

appropria it |s possi bl e for the conmpound of for

admi ni st ervg(a%/{\ﬂcfkg is preferable to 30 provide it as ggé?n%?i}’{ahpse
phar maceuti cal forrrul ation. Doses of the conpounds preferably include
phar maceutla:adr dnsage anatd day¥ irsspgcatvely) carirounlgugnei yreiv ive

d.
conpoun @Laaﬁagh‘gusﬂ&ua%e& al% e A oyaol | r&o%ms'g%fﬁloﬁ%éﬁ to

i nhi bit PA derlve t beneficra

admi ni st ra‘f‘?l’&H‘P‘BT -one YPTRBRFELHF “age b’ﬁ‘a‘Pﬁﬁ%@ut#WY d8sabeursiniatter

Pr ef er abl ychaIqudos@r ithesS WiHdeei-aat t&gaflel\gengeﬁoa eduo,ﬁmtpla,@nggfe&ts of
vascul%r s% OK&L ? eurog ggngratlve di éﬁgolar dally
dosage “uni 1°¥or-a veP htd% e RESFECTHP agaubs IP‘?% a ThtSREES om
about 0. 0Cshan) kf Bboubotd* 50BageRk PN theskereaditits doﬁ%hgag kompbsnda dthe
order of ahpuit lgvénﬂ'ﬂoﬁoa§go%<p$@tg@0tgg glodile %tﬁy&éwﬁplfﬁ rfsoagvound

are useful in ei_a(treat ment of the above conditions, with even
preferred ’?%Ve?]s" ciefGe56409 @b‘i“’?rg"s[“o about 1,000 ny. More preferably, a

sui tabl e system c dose of conpound of formula I

10 Example 11: In vitro Radiosensitization
The human prostate cancer cell line, PC-3s, are plated in
6 well dishes and grown at monolayer cultures in RPMI1640
supplemented with 10% FCS. The cells are maintained at 37°C in
5% CO, and 95% air. The cells are exposed to a dose response
15 (0.1 mM to 0.1 uM) of 3 different PARP inhibitors of Formula I
disclosed herein prior to irradiation at one sublethal dose
level. For all treatment groups, the six well plates are
exposed at room temperature in a Seifert 250kV/1SmA irradiator
with a 0.5 mm Cu/1l mm. Cell viability is examined by exclusion
20 of 0.4% trypan blue. Dye exclusion is assessed visually by
microscopy and viable cell number is calculated by subtracting
the number of cells from the viable cell number and dividing by
the total number of cells. Cell proliferation rates are
calculated by the amount of ’‘H-thymidine incorporation post-
25 irradiation. The PARP inhibitors show radiosensitization of

the cells.
Example 12 In vivo Radiosensitization

Before undergoing radiation therapy to treat cancer, a
30 patient is administered an effective amount of a compound or a
pharmaceutical composition of the present invention. The
compound or pharmaceutical composition acts as a
radiosensitizer and making the tumor more susceptible to
radiation therapy. '
35

Example 13 Measuring Altered Gene Expression in
mRNA Senescent Cells

Human fibroblast BJ cells, at Population Doubling (PDL)
94, are plated in regular growth medium and then changed to low
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for a manmal suffering from or likely to suffer from any condition as
descri bed herein is in the range of about 0.1 to about 100 ng of the

conmpound pwo Jdithe2gr am of body wei ght, and 10 nost preferabbaruissagiabout .1
to about 10 ngy/kg of nanmmal body weight. The specific dose |evel for any
particular patient will vary deggndl ng upon a variety of factors, including

the activi$sFHt Reflwpdd red lesrpbhvialiehey b5 candd tdgas @G@Frlbedmanght

general hegd ddkerseX andadi etyatzdie Maserﬁest%hsrr%zqh-a@%ng%% Lon;
the rate of "~excret|on conbi nation of the compound with other drugs; “the

severity of MeflWnQf QUEM/ 189s848BlpBeREed rehERd - ThPTdne srlfhsethag: and
the route pé whd.ni Theatélis areTyﬁa@aédxydallewﬂm—t i¥c] dmg&:&i‘ feet pagBUI TS

2o T X SEm BRI o IANSE £ ole (LIRS nefR60 AR SALEN celns

adni ni strat udires™n an
consi der ataomstfentedewakhi mﬁgfltth@upr tpers@b@m ggefl steyrasindalilstiemowhei n t he

art. 1 n mepXesls ffipditeat | nﬁhé‘erMﬁlé%t' asuha aﬁar%eﬁ& aécir»tz%qufc%ﬁé akgchem ¢
stroke and gl obal ischeni a caused F@§ r owni A head trauna),
eé’%é d

conpounds TSt FOR TRMRAT ISSR - be Fnid ﬁPF‘htBﬁetBFaﬁBFleaB@her
t her apeut |©omxgsml Scepref ecabtmmgeﬁbsthbattaﬁmzrqadsceiddmmk i stroke

(such 25 B5Rh e A NdOT AlRhe! %wdeﬁm@gﬁ Beeifg §8IUGRaLRRE! SK Of
a second em c event such as
Probes specific for senescence-related genes are analyzed, and

treated and control cells compared. In analyzing the results,
the lowest level of gene expression is arbitrarily set at 1 to
provide a basis for comparison. Three genes particularly
15 1relevant to age-related changes in the skin are collagen,
collagenase and elastin. West, Arch. Derm. 130:87-95 (1994).
Elastin expression of the cells treated with the PARP inhibitor
of Formula I is significantly increased in comparison with the
control cells. Elastin expression is significantly higher in
20 vyoung cells compared to senescent cells, and thus treatment
with the PARP inhibitor of Formula I causes elastin expression
levels in senescent cells to change tc levels similar to those
found in much younger cells. Similarly, a beneficial effect is
seen in collagenase and collagen expression with treatment with
25 the PARP inhibitors of Formula I.

Example 14 Measuring Altered Gene Expression
Protein in Senescent Cells

Approximately 105 BJ cells, at PDL 95-100 are plated and
30 grown in 15 cm dishes. The growth medium is DMEM/199

supplemented with 10% bovice calf serum. The cells are treated
daily for 24 hours with the PARP inhibitors of Formula I (100
ug/ 1 mL of medium). The cells are washed with phosphate
buffered solution (PBS),» then permeablized with 4%
35 paraformaldehyde for S5 minutes, then washed with PBS, and
treated with 100% cold methanol for 10 minutes. The methanol
is removed and the célls are washed with PBS, and then treated
with 10% serum to block nonspecific antibody binding. Aabout 1
mL of the appropriate commercially available antibody solutions



The conpounds and conpositions of the invention can be co- adm nistered
with one or nore therapeutic agents either (i) together in a single
formul ati o i) separately in individual fornulations desjgned. for
opti mal P@a@gl&é‘t es of 35 their respective active agent.PCTéJé%H“gws

f or mul atlon may contain from about 0.01%to about 99.99% by wei ght,

P ol ot a1 YL {sB ARGUL: gn P2 [dABIU L. SN cieL Ao A LG ERIMPUALON the

i nventi on, mor € pharmaceuti cal exci pient

wet ting, e‘rﬁﬁ‘%}iaﬁﬁdn§°5n& ﬂq%uffémengeé@énﬁge nhpaed h@nd wEshed dzmp@nds
USﬁg in t heimeat hdds eBst heApéeeﬁManw\a&fﬁnmw @oadnhﬂtﬁlx@cs@éfhl | |
conbi nat i e .qr re.aqt her erapeuti c_age cifi qse evel s
for thosqu‘de v{lq-'h' bq'(?é:ggln agpo% (a:étg dgf%rﬁ o‘ﬁs%g%[}cﬁﬂ% qe C]1 i fied
above Bor aanfipduniag, streprpoidin menindated Hoelslkaline phosphama rang.ener al .
TABLE VI | belroWsPReY i AasdnRo\Wie BRI AN dRaages) & od{re'sg,lagﬁgg S{% apeut iC

agents that nay be adm nistered in combination wth the corrpo ¥ the

i nvention b t$E STEAFFiTE e VIS ‘é%?rﬂ:’@i“?triﬁa Four

TABLE VI | GrieMOBHERAREEEL LI ACE)ENes -- collagddrD AN DGSAGEgen IIT,
collagenase, and interferon gamma -- in senescent cells treated

10 with the PARP inhibitor of Formula I are monitored and the
results show a decrease in interferon gamma-expression with no
observable change in the expression levels of the other three
genes, demonstrating that the PARP inhibitors of Formula I can
alter senescence-~specific gene expression.

15

Example 15 Extending or Increasing Proliferative
Capacity and Lifespan of Cells

To demonstrate the effectiveness of the present method for
extending the proliferative capacity and lifespan of cells,

20 human fibroblast cells 1lines (either W138 at Population
Doubling (PDL) 23 or BJ cells at PDL 71) are thawed and plated

on T75 flasks and allowed to grow in normal medium (DMEM/M199
plus 10% bovine calf serum) for about a week, at which time the
cells are confluent, and the cultures are therefor ready to be

25 subdivided. At the time of subdivision, the media 1is
aspirated, and the cells rinsed with phosphate buffer saline
(PBS) and then trypsinized. The cells are counted with a
Coulter counter and plated at a density of 10° cells per cm® in
6-well tissue culture plates in DMEM/199 medium supplemented

30 with 10% bovine calf serum and varying amounts (0.10uM, and
1mM: from a 100X stock solution in DMEM/M199 medium) of a PARP
inhibitor of Formula I as disclosed herein. This process is
repeated every 7 days until the cell appear to stop dividing.

The untreated (control) cells reach senescence and stop

35 dividing after about 40 days in culture. Treatment of cells
with 10 uM 3-AB appears to have little or no effect in contrast

to treatment with 100 uM 3-AB which appears lengthen the
lifespan of the cells and treatment with 1 mM 3-AB which
dramatically increases the lifespan and proliferative capacity



Aspar agi nase 10,000 units Bl eomycin Sulfate

15 units Carbopl atin 50-450 ng 15 Carnmusti ne
100 ng C 30 avine24 10-50 ng d adrrusosresios

10 ng Cycl ophosphani de (Iyophilized) 100 ng to 2 gm

Cycl ophospham de (non I yoghl i zed) 100 ng to 2 gm 20 Cyt ar abi ne

(1 yophi | i Hitndes )L he ceddsniyreagedDuibnbazimfe 3-AB will still

100- 200 rqaﬂ&mag AFHEE B0 days in culture. 0.5 ng Daunorubicin

20 ng Diethylstilbestrol 250 mg 25 Doxor ubi cin
10-150 ng Etidronate 300 ng Etoposi de

100 ny Fl @xampliends: Neuroprotective Effects &OFommBlaidaicabi ne Phosphate
50 ng 80 Fluorouracil| Shronic Constriction Injury (GO0 nip Rats

Goserel in Adult male Sprague-Dawley O ggtg ani-sffIep Hy, roc@rprl de
1rrg|darub|c O ng Ifosfam

3 gm 35 angsfhetized  ~uith lntraperltoneal 50" 509959 ny sodlum

pentobarbital. Nerve ligation is performed by exposing one
side of the rat’s sciatic nerves and dissecting a 5-7 mm-long

10 nerve segment and closing with four loose ligatures at a 1.0-
1.5-mm, followed by implanting of an intrathecal catheter and
inserting of a gentamicin sulfate-flushed polyethylene (PE~10)
tube into the subarachnoid space through an incision at the
cisterna magna. The caudal end of the catheter 1is gently

15 threaded to the lumbar enlargement and the rostral end is
secured with dental cement to a screw embedded in the skull and
the skin wound is closed with wound clips.

Thermal hyperalgesia to radiant heat is assessed by using
a paw-withdrawal test. The rat is placed in a plastic cylinder

20 on a 3-mm thick glass plate with a radiant heat source from a
projection bulb placed directly under the plantar surface of
the rat’s hindpaw. The paw-withdrawal latency is defined as
the time elapsed from the onset of radiant heat stimulation to
withdrawal of the rat’s hindpaw.

25 Mechanical hyperalgesia is assessed by placing the rat in
a cage with a bottom made of perforated metal sheet with many
small square holes. Duration of paw-withdrawal is recorded
after pricking the mid-plantar surface of the rat’s hindpaw
with the tip of a safety pin inserted through the cage bottom.

30 Mechano-allodynia is assessed by placing a rat in a cage
similar to the previous test, and applying von Frey filaments
in ascending order of bending force ranging from 0.07 to 76 g
to the mid-plantar surface of the rat’s hindpaw. A von Frey
filament is applied perpendicular to the skin and depressed

35 slowly until it bends. A threshold force of response is
defined as the first filament in the series to evoke at least
one clear paw-withdfawal out of five applications.

Dark neurons are observed bilaterally within the spinal
cord dorsal horn, particularly in laminae I-II, of rats 8 days



- 66 - CHEMOTHERAPEUTI C AGENT MEDI AN DOSAGE Leuprol i de

3.75-7.5 ng Mechl or et ham ne 10 ny

Medr oxyp one 1 gm Mel phal an _
50 gm5 R‘S)(gfgs'?‘ﬁg{rexate 20 ng tpcjimsgsnl\/lltorryci n
5-40 ng M toxantrone 20-30 ng Ondansetron

Hydrochl osfter unilateral sc4Qtfig RecvéetBixfltion as compared with sham 30
mg 10 S ase
750 uni ts%zdeh%pgrgtg %ﬂ@us doses of dlffermg ﬁo%%tgx?% ?’8 ‘3& ocin

1.canycCi
1 gm Thi ofepxe tested in this model and sl:ggwng:hm tn'emfmdea I

50 ng Vi n@&ﬁ?&dr{& reduce both incidence of dark ﬁguffgnéf dHd halikBathi
1-5 Al de mllion units Epocfln Al fa
2.000- 01%@1% asvmr in CCI rats.

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of

10 the invention, and all such modifications are intended to be
included within the scope of the following claims.
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20 Filgr

500 ng to 10 gm Interferon Al pha-2a '

astim

300-480 ncgm | nmune G obul in
3-36 mllion units

| nt er f er owmo S¢/pts24 2b 3-50 million units PCavissssios
50 ng 25 Cctreotide 1, 000-5, 000 ntgm
Sar granostim 250-500 ncgm For the nethods of

the presegh ciaygntion,
and sequence of 30 delivery of the conpound can be used and repeated as

necessary to effect treatnent. Such regi nen may include pretreatnent
and/ or co-admi nistr adicompeunid addifbronib I hesreeduiing agedeastTonaaxi m ze

shoa B b2

protection,

i nvention nistered - 67 - to the affected—eetHs—as—soon _as
possi ble. In situations where ner ous insult is ant|C|pated t he conpounds
shoul d be adm ni stered before expec ervous tiHas Been Bip

si tuati ons

endovascul

10

15

20

25

30

35

of increased Iikelihood of nervqg
(carotid endarterectony, cardiac, VA
ar pr ocedur es such

any adm nistration reginen regulating the timng

ssue fromnervous insult, the conpounds of the

or a pharmaceutically acceptable base or acid addition salt,

hydrate,

ester, solvate, prodrug, metabolite, stereoisomer,

or mixtures thereof, wherein:

X is

double-bonded oxygen or -0OH;

R’, when present, is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,

bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-56 ring member
atoms; and

(i) -CHR?CHR’~ wherein R® is in the meta-position
and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R* and R® are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;

(ii) -R°c=CR’- wherein R’ is meta to the ring
nitrogen, and R® and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo, hydroxy, amino,
dimethylamino, piperidine, piperazine,
imidazolidine, =NO,, -COOR’, or -NR'R’ where R’ is
independently hydrogen or C,-C, alkyl, or R® and R’,
taken together, form a fused aromatic ring, wherein
each individual ring has 5-6 ring members;

(iii) -R'C=N-;

(iv) —-CR?(OH)-NR'-;

(v) -C(0)-NR'-; or

(vi) -NR°-C(0)-CHR- wherein R* is ortho to the
ring nitrogen, and R® and R are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine, imidazolidine, -

I
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catheterization (carotid, vertebr |§ ard| a renal , spinal,

Adanki ewi cz); injections of enbol | iilt ‘f Eiﬁe r bal |l oons for

henost asi uptions of vascul treat rrenteﬁféﬁ)

| esi ons; S‘HS géﬁcgl?qspo& ng nedi cal c I as crescdnds ég?églsgfent
I schem ¢ attacks, enboli and sequential strokes. \Were pretreatnent for
stroke or |schema S |rrp055|ble or |rrpract|cable It is inportant to get

the conpounds of the NG.., i19POR{i wr t-OIR'RE tdfa’:ecﬁéd:.&:eiﬂdemdfmmnyas

possibl e during of afhosrédin Mem,—c) Mkl ! LECRPAUD R DCIURRR St okes,
di agnosi s and treat rrenag% ocedur es shou Be 'mi mi m zed, t'o save the cel I S

fromfurther damage ah &%, SRFart FBﬁFQrF}“‘édv‘é’h‘f%Fg’éblfsa de of
adm ni stration for a 20dipidusEntridigapassed7 Wiy atetilgersscul ar stroke is by

i mpl ant ati on as gy gygg}[{rg‘;i&)%}hﬁeq%&hvegn%hgrg comcag s)su%f e I nvention

directly to the infarct area arn. Even | 0SE€, PE @xpected
that the patient woul 8trersvax “meePQQPERPyStMath|111Y¢ieom,sh’e’ddputynot

recei ve the compound. hal&urﬁﬂﬁfal)dytl | 81RExy ©XREES 08K haélﬁa%%'l@%'
neur ol ogi cal synptons_a [ e-0GceC nce of vascul ar_stroke woul d

reduced. Depending on>the Pat i %%BF%SeﬁY?’F\% ST Ons AP 7t he response to
t he admini stration ofsuhEhydnypoukdiorhkypat carboxyy gastwioyslehe sane or a

dif fereqp compound: pReegieiAlly,. 1BkeROalichl SoLbr LAY T avenous

adm ni stration; oral Ig b
vel alk l, aryl arylalkyl, haloaryl, amino,

nitro, nitroso, dimethylamino;
with the provisos that:
(a) when X is double-bonded oxygen, and 2 is -CHR*CHR’-,
15 R® cannot be hydrogen or methyl;
(b) when X is double-bonded oxygen, and Z is -R°C=CcR*-,
R’ cannot be methyl, phenyl, or -(CH,),-C=CH;
(c) when R? and R® are taken together to form a fused
aromatic ring, Y cannot be a ring selected from the
20 group consisting of:

SUNCNNsY
d4 . d.qa

25 (@) when X, Y and Z, taken together, form a
phenanthridone, a phenanthridinone, a phenanthrene,
or a phenanthridine nucleus with an amino group or
an aminoalkoxylene group in the 3-position, the 8-
position cannot also be substituted with an amino

30 group or' an aminoalkoxylene group; and

(e) when X is a double bonded oxygen, and Z is a 6-
membered unsaturated ring, and Y is phenyl, then
the 2-position of the Z-ring cannot be substituted

WL
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or tablet; by inplantation of a b (pdegradabl e polyneric

1.0 tibl i
matri x delivery system conprising Eﬁsgggﬁﬁawﬁm?ﬁplacf formula I; or by direct

admi ni st r WO W9A162# an i nfarct area It a subdur BFT/YSH§I8PS o
central line. It is expected 35 t nt would alleviate the
di sorder, either in part or inits entirety and that no or fewer further
occurrences of the diwsbtiled hyaitodedevel apnitrd tgrdupy i s expected that the

patient would suffer { ry resi_dual s aml 0 sych_ di sorders
i ncl ude, for é%(grrp‘flggﬁx é%s %l’!‘a%e?gg%ggz?m%%ﬁ‘g’?’ﬁ? %QSSZdlﬁy"physi cal
i njury, peripheral netid@hthyfrhanudedsbpotlii phenyl simtbehy@upkiphanBayr[err]

syndrone, head tgyneyhe®Wsiscal sdanRacnbRatdo:aRjdial an@r 4, j¥asgylyL stroke
associated with hypox#%ﬁ?;?.braln dggggfL focal "cerebral 5 ischem a,” gl oba
f

cer ebral i scheni a, B pert 8 njury, a denyelinating disease,
mul tiple sclerosib) awhesurblisgiacdloubldi bondle? oxygeEmt iang 2z s -C(0)NH-

neur odegener ati on, Al zhgiJwery ILSRASE ;s lnson's di sease, Huntington's
haldery §ddinge Iégl?&;@g%ﬁ.

di sease, anyotrophic {aferal scleros cardi ovascul ar di sease, 10
such as acute coronary artery di sease, acute cardiogenic shock, acute

myocar di al infargti onrhecimpoiracardedhihSChemMereiild is double-
10 bonded oxygen.

3. The compound of claim 1, wherein Y has at least one
site of unsaturation.

15 4. The compound of claim 1, wherein Y represents the
atoms necessary to form a fused phenyl, naphthalene ring, or

0

¢ X

5. The compound of claim 1, wherein Y is substituted
20 with at least one non-hydrogen, non-interfering substituent.

6. The compound of claim 5, wherein said substituent
is selected from the group consisting of -NO,, halo, hydroxy,
amino, dimethylamino, nitro, piperidine, piperazine,

25 imidazolidine, aralkyl, ~-COOR!, -OR' or -NHR', where R' is
hydrogen, lower alkyl, or aralkyl.

7. The compound of claim 1, wherein % is (i) ~CHR®CHR’-
, (ii) -R°c=CR’-, or (iii) -R%’c=N-.
30 ,

8. The compound of claim 1, wherein 2 is -R°C=CR’-
where R® and R, taken together, form a fused aromatic ring.

9. The compound of .claim 8, wherein said ring is
35 substituted with at least one non-hydrogen substituent

R R




cardiac and respiratory arrest, septic shock, diabetes, arthritis,

i nfl ammatory bowel disorder such as colitis or Crohn's disease, and cancer.
15 - wolgh&at he patient is diagnosed with an acute disefHedsnBidsor to
the availability of the conpound of fornmula I, the patient's condition may
deteriorate due to the disorder and becone a chronic disorder by the tine
t hat the cosgows drohorAdl gréupreorasiatdiall 6 hakwpenamind henipatd,ent

receives t g% 0 er j.sardec . chronic, it is
expect ed t&%- . xﬁpﬁgggdggébnﬁﬁ%lﬁdl 3&%????9?%%‘5%‘/6 and stabilize as
a result ofd¥RAETI4ANG NPhe2EBApoMMY. ATMHE ¥L-owi ng exanpl es are illustrative
of preferred enbodi nents of the invention and are not to be construed as 25
limting the inventi t her et 0. | _pal r | ecul ar, wei ghts are_mean
aver age%rml ecul a]re&v\eiqg]ﬁt §9mﬁ?'1m%e$%ce‘fﬁ%ﬁég‘?a?’ggﬁﬁéﬁos%h&f%%pﬁ etShy

wei ght of tdre ¥sqwiinddlineer y systihire, feopimehantbnigimparaed unl ess

ot herw se gy, cat dogal L 914 ﬁg.lgal 19@%a by pel gbdy sanpl e 1:
Approximate 1 err %tg for&SeI e%%e PRI%PJ rul/%ll'b?tors Th%gﬁcé[@éﬁ? of a PARP
i nhi bi tor iSETHCPARP B8 BV n§aydnst FB8 $¥EBMA hant human PARP
from Trevigen (Gaithersburg, 35 M), as follows: The PARP enzyne assay
was set up onicein a

10 where W is -0~, -S-, -NR'-, -CHO, ~CHOH, or -CHNH, where R! is
hydrogen or lower alkyl.

11. The compound of claim 10, wherein said compound has

a phenanthridine nucleus.

15
12. The compound of claim 1, wherein said compound has
a tetracyclic bridging structure to ring ¥, having the
formula:
20
’I'hi's ISITT Hii Been Replaced

X2

30 where W is ~CH-; X, is hydrogen, hydroxy, or amino; and X, is
hydrogen, amino, l-piperidine, l-piperazine, l-imidazolidine,
or hydroxy.

13. The compound of claim 1, wherein R’, when present,

35 1is hydrogen.

14. The compound of claim 1, wherein said compound has

UL "




vol une of 100 mcroliters consisting of 10 MM Tris-HCO (pH 8.0), 1 nM

MC [err], 28 MM KA, 28 mMMNaCl, 0.1 ng/m of herring sperm DNA (activated

as a 1 nopwolessiaask for 10 minutes in a 0.15% hydrogen REVGS9818195

sol ution), 3.0 m cronol ar - 69 - [ 3H] ni coti nam de adeni ne

di nucl eotide (470 nti/mmole), 7 mcrograns/m PARP enzyne, and various

concentrat i fdie ieoApadats polpenresatiatdse) pbeyhers£dé oin Wastrd i i at ed

by incuba&%&g%{ue m.xture at 25[err]C. After 15 mnutes' incubation, 5 the
t

reaction RndP¥§ by addi ng 500 nicroliters of ice cold 20% (W V)
trichloroacetic acid. The precipitate formed was transfermbnheriQ rled,

fiber filter (Pagkardylnilhiiga GFidlasand wgaBedikhr e (! vmmumm

After the filter was dried, radi oactivity 1s determ ned
scintillBation 16 *SodRBPAE. Ponded-cpygedsnpounds of this inv
found to have pof @it acfageat benserid \Hilny ;i anthe range of a tenths of [err]M
to 20 Min I ery]. dnokhiS.ai nhibifion sgy. .The | at r.the

fol |l owi ng COprOUdlj]d'Ss arRe@s own iﬁ%f%wﬁi ﬁ%%A L'E t\?lr}ﬁn. @%§££1]er, POHP a

TABLE VIl [err] - 7@used benzene ring substituted with a chloro group.

10 16. The compound of claim 1, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring; and
Z is -R°c=CR’- where R® and R®, taken together, form a
fused benzene ring substituted with a brome group.

15 .
17. The compound of claim 1, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring substituted with a -NO, group;
and
20 Z is -R°c=CR>- where, R’ and R*, taken together, form a
fused benzene ring substituted with an amino group.
18. The compound of claim 1, wherein:
X is double bonded-oxygen;
25 Y is a fused benzene ring; and
72 is -R°c=CR’- where R’ and R®, taken together, form a
fused benzene ring with a bridging substituent
connecting the Z ring with the Y ring.
30 19. The compound of c¢claim 1, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring; and
z is -R°C=CR>- where R’ and R?, taken together, form a
fused benzene rihg substituted with an -NO, group.
35

20. The compeund of claim 1, wherein:

X is double bonded-oxygen;

Y is a fused benzene ring carrying at least one non-
hydrogen, non-interfering substituent; and

e
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22.

X is
Y is
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23.

X is
Y is
Z is

24.

PCT/US98/18195

[

-R°c=CR>~ where R® and R, taken together, form an
unsubstituted fused benzene ring.

The compound of claim 1, wherein:

double bonded-oxygen;

a fused benzene ring carrying a chloro substituent;
-R°c=CR’- where R® and R®’, taken together, form a
fused benzene ring substituted with a chloro group.

The compound of ciaim 1, wherein:

double bonded-oxygen;

a fused benzene ring; and

-R°C=CR*- where R’ and R%, taken together, form a
fused benzene ring substituted with a -Br and a -
NO, group.

The conmpound of claim 1, wherein:

double bonded-oxygen;

a fused benzene ring; and

-R(C=CR’- where R’ and R?, taken together, form a
fused naphthalene ring.

The compound of claim 1, wherein said compound is

5(H) 2-chloro-10-methylphenanthridin~é6-one.

25.

The compound ¢f claim 1, wherein said compound is

_ 5(H)2-nitro-10-methylphenanthridin-é6-one.

26,

The compound of claim 1, wherein said compound is

5(H)2-chloro-l10-aminophenanthridin-é6-one.

27.

The compound of ,claim 1, wherein said compound is

5 (H) 2-nitro-l0-aminophenanthridin~6-one.

28.

The compbund of claim 1, wherein said compound is

5(H) 2-chloro-10-nitrophenanthridin-é-one.

I



Exampl e 2: . Neur oprotective Shicct Has B el Cerebral 5

| schem a “R>$%@§i - Focal cerebr & perinments are perfornmed using

mal e W st ar Yei ghi ng about ich were anesPAEMUSIIBINS t h 4%
hal ot hane. Anesthesia is maintained with 1.0-1.5% hal ot hane until the end
of surgery. The animals are 10 installed in a warmenvironnent to avoid a
decrease in body2®enpBratesmpalurd pg slingary, wheéire antsiidokompduhaeiger vi cal
incision is cand | ght . otid artery (CCA) is exposed and

I sol at ed fr'gwgéu\}/agﬁré{%e vhee%%WIlégéu%u?%ei s placed and tied around the

CCAin proximty to the heart. The 15 external carotid artery (ECA) is

then exposed andshi gafgd agﬁﬁb“iéﬂ°ﬁrﬁ?§%“rftxfﬁéé§¥¥§i gghhgggﬁgggigathe

CCA, and_a snul | catheter : E 10, & Co., St : nd) is
gently aBvafid&y2rehlieect Groxypiepanthnidinfviaed artery (1CA.  The
pt erygopal atine artery is not occl uded. The 20 catheter is tied in place

with a silk suture. Then, a 4-0 nylon_suture (Braun Medical, Crissier

Switzerland) is PhtrotRREPIRANDS RE CaehBt &r TRARH MR 1FuSRABECUAG £Sthe tip

bl ocks the snkpsi-Aites+ i mBldrdyph¥nadberi@gtd e catheter into the ICA s
approximately 19 mmfromthe origin 25 of .the ECA The suture is

mai ntained in this position by occlusion of the catheter with heat. One cm
of catheder and Byl orrisaitammpamed béf tlpiowt 1 pditegresion tshdl tbapsuhdr escoul d

be 5 (H) 2-chloro-10-bromophenanthridin-s-one.

33. The compound of claim 1, wherein said compound is
5(H) 2-nitro~10-bromophenanthridin-é6-one.
15
34, The compound of claim 1, wherein said compound is

5(H) 2-chloro-10-nitrosophenanthridin~-é6-one.

35. The compound of claim 1, wherein said compound is

20 S5(H)2-chloro-9,10-methylenedihydroxyphenan-thridin-é6-one.

36. The compound of claim 1, wherein said compound is
5(H)2-nitro-9, 10-methylenedihydroxyphenan-
thridin-6-one.
25
37. A pharmaceutical composition comprising a compound
of formula I containing at least one ring nitrogen:

or a pharmaceutically acceptable base or acid addition salt,
30 hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein:
X is double-bonded oxygen or -OH;
R’, when present, is hydrogen or lower alkyl;

- 97 -

AT R



wi thdrawn to al |l ow reperfusion. Ihiséi{aa}ﬁmdankephéeﬂi on is then closed with

wound cl
during r
- ane
cat het er
obturate
ani mal s

water. The rats are BHePddidicycddd  wwRRPPSY T QrfF JWtghiacdc

i d in a warm envi r onnent
r, the ani parasasesive- - 76

I ps. 30 The ani nmal
1¥24 rom anest hesi a. SI :
Wgﬁzed, the clips are ) the wound is re-opened. The

Is cut, and the suture is pulled out. The catheter is then

d againy V@%ﬁ}&ee%s and g&ggg RLEPSsA-F U ahdh o flaeaWRlAg-, The

are allowed to survive 24 hours. wth free acceis to.food and

d< ¥h®9brai ns

are i medi at el y r enogaskeifr @aeh dnddrydust ahwy stay ed-tring0memnbet. The

brains a

re then cut in 0,02 thick sections in a cryocut at -19[err]C,

sel ecting one of evely o0 f(é1 sections for further exam nation.  The
sections are st hed(i t+CHR 6HRI- whereinaRCokyiify the mesaxpesitpehcedur e.

Each stained sectiongh$ ©Xag1 PRdt kO deF+1bld¥ilc iBnCre3agRee 88dsdie regi onal
infarct area is determ ned accordi Eggto t he greseﬂg O%dc@ Iafsr with
|

mor phol ogi cal change&ing fitrogen g

GE™308 et/ o™ 8URdS % he invention

are tested in this nbsddpendEntlyohpdundsnarkeydreen, eanina, i ntravenously or

10

15

20

25

30

35

dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R°C=CR’- wherein R°® is meta to the ring
nitrogen, and R’ and R’ are independently hydrogen,
lower alkyl, aryl, aralkyl, halo, hydroxy, amino,
dimethylamino, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R’ where R’ is
independently hydrogen or C,-C, alkyl, or R° and R?,
taken together, form a fused aromatic ring, wherein
each individual ring has 5-6 ring members;
(iii) -R*C=N-; '
(iv) -CR*(OH)-NR'-;
(v) -c(0)=-NR'-; or
(vi) -NR’-C(0)-CHR*- wherein RY is ortho to the
ring nitrogen, and R’ and RY are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R® where R’
is independently hydrogen or C;-C, alkyl, or R’
and R, taken together, form a fused ring,
wherein each individual ring has 5-7 ring
members;
wherein said alkyl, aryl, and aralkyl, are substituted
at one or more positions with hydrogen, hydroxy, halo,
haloalkyl, alkoxy, alkenoxy, alkaryloxy, aryloxy,
arylalkoxy, cyano, amino, imino, sulfhydryl, thiocalkyl,
carboxy, carbocycle, heterocycle, lower alkyl, lower
alkenyl, cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamino;
and a pharmaceutically acceptable carrier, wherein the
compound of formula i is present in an amount effective for

0 o
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intraperitoneally, as a single doS@ijs@hecfifasBecaREfi2&a Of nul tiple doses, and
are given at different tinmes, both r the onset of ischem a.
It is expaoieedidry the inventors thaﬂ'ﬂﬁ”mwwlﬂgﬁounds of POE/USHS/EI9S ON -
woul d provide protection fromische i ge of about 20 to 80 per
cent. Exanple 3: Neuroprotective Effects on Focal Cerebral Ischema in
, Rats: 25  inhibi |2 RPPLREYGibaW ey rats, each wei ghing about 300-350 g,
are anesthetized with intraperitoneal ketam ne at a dose of 150 ny/kg.
The rats are endotracheally intubated and ventilated with
oxygen-enri ched 3®omTie cosippgiaibarefirclaidan, whetreliat ¥r isPdbykeldry| ene
cat heters iggﬁ&éémgi &y the carotid 30 artery and into the fenoral vein
are used for nonitorithg artery bl ood pressure and fluid adm nistration
respecti¥ely. Arterial pCJerr] is maintained between about 35 and 45 nm Hg
by adj usting Lhe%%espme_atdahgyb&tie;oihﬁrﬁizﬁheﬁ%s mre&ﬁaaemeﬂebyegadtﬁnd -
st er not ony, e pericardiumis _incis t r radl ed wit
2 Tatex monbPanRteun e ratynar BotArS Areedtienatte ot paelHiali or a
| east a 15-min@te stabilization period followi ng the end of the surgical
operation. The LAD (left anterior descending) coronary artery is |ligated
for 40 mnutes, and then re-perfused - 77 - . ,

0 40. The composition of claim 37, wherein Y 1s

substituted with at least one non~hydrogen, non-interfering

substituent.

41, The composition of claim 37, wherein Z is:
15 (i) -CHR®*CHR®-, (ii) -R°c=CR’-, or (iii) -R*cC=N-.

42. The composition of claim 37, wherein 2z is -R°C=CR’-

and forms a fused aromatic ring.

20 43, The composition of claim 37, wherein said ring is
substituted with at least one non-hydrogen, non-interfering
substituent.

44. The composition of claim 37, wherein R’, when

25 present, is hydrogen.

45. The composition of claim 37, wherein said compound
has an isoquinoline, a pteridine, a phenanthridine, a
" phthalazine, or a quinazoline nucleus, or a tetracyclic
30 Jbridging structure to ring Y, having the formula:

X

oCr
C

where W is -0-, -S-, -NR'-, -CHO, -CHOH, or CHNH, where R! is
hydrogen or lower alkyl.

T




for 120 m nutes. After the 120-m nute reperfusion, the LAD artery is

re-occluded, and a 0.1 m bol us s Shes efiicifle dye is injected into the
| eft atri wodsmigset erm ne the i schEpl on. 5 are
then arrested with potassiumchlo nto five 2-§Eﬁﬁﬁpﬁﬁg%§

transverse slices. Each slice is weighed and incubated in a 1% sol ution of
triphenyltetrazo é um.chloride to.visualize the infarcted nmyqgcardi um ]| ocated
within the risk tegi ons °°F‘RF§?§%°%i% ‘féa’d‘hﬁan AhEFuy Santi RYTRIRNGLO0

val ues for mash |@fenardmriddokanuslées. and is further expressed as a
fraction of the risk region of the left ventricle. Various doses of the
conpounds of the invention are tested in this nodel. The conpounds are

gi ven either inttaved®fsCemBPsihtPARE T HanII%y, Whersis sgid eemeowrd as a
series of nuasipleetiacdeids, baddgmie simertudte dd frdnenty,t hawsng bedd before
or after th?o £l of ischema. It is expected by the inventors that the
conpounds o € I'nvention would provide protection against ischem a/
reperfusion injury in the range of aboutqy 10 to 40 per cent. 20 Exanple 4:
Neur oprotective Effects on Focal Cerebr | schemia in Rats:

10 where W is -CH-; X, is hydrogen, hydroxy, or aminoc; and X, is
hydrogen, amino, l-piperidine, 1l~piperazine, 1l-imidazolidine,
or hydroxy.

48. The composition of claim 37, wherein said compound
15 has an ICs for inhibiting poly(ADP-ribose) polymerase in

vitro of 100 uM or lower.

49. The composition of claim 37, wherein said compound
has an ICs, for inhibiting poly(ADP-ribose) polymerase in

20 vitro of 25 uM or lower.

50. The composition of claim 37, wherein:
X 1s double bonded-oxygen;
Y is a fused benzene ring; and
25 z is ~R°c=CR’- where R® and R®, taken together, form a
fused benzene ring substituted with a chloro group.

51. The composition of claim 37, wherein:
X is double bonded-oxygen;
30 Y is a fused benzene ring; and
Z is -R°c=CR’- where R’ and R®, taken together, form a
fused benzene ring substituted with a bromo group.

52. The composition of claim 37, wherein:

RO Y - 100 -




Focal cerebral ischema was pro vaReﬂadezatlon of the right distal
MCA (m ddl e cerebral artery) MAt tenporary common carotid
artery oogbewima4i n mal e Long- Ev 0 m nutes. AATASIBUEIEr es -
perfornmed on the aninmals were appr oved University Institutional

Animal Care and Use Commttee of the Uni ver5|ty of Pennsylvania. A total of
42 rats (weightx is aaqbiéobghdgata&ygghfron1Charles Ri ver were 30 wused in

this study. The, animal.s fasted overni fre Ss to water prior
to the surgical e;[ Scedlf??eg ; WO fAoUTs™ P ‘WESt ‘éc ulgl%n % ying
anount s (control n=gxoud;nghlg, n=7; 10 ny/ kg, n=7; 20 ny/ kg, n=7; and 40

ng/ kg, n=7) of tﬁ‘isPARPc*cfﬁp'—bthEeCOﬁpWR’?’ éa)&jéx’f'%y ther3oform a

[4-(1- pEPerldlnyI) but oxy] - % F&-ls U|noI|nonee&0DP§% wer e dissolved in
di met hyl® sul f oxi de (5H§ il Rtituked, (il ofF A™HP HIWP of the
resulting solution was inj ected [ ntraper| toneally into fourteen rats. The

rats .were then %BeSt&ﬁ%'E§HE$éiéléﬁJ§%fEHEiA‘G¥>f%5ere;§ I nduction and

0.8% 1.2% for the surgica rocedur in a mxture 70% ni trous oxi de
and 30% oxygen. X isTReubdgyLeBAp@TraXYFeNivas nonitored by a rectal probe and

maintained at  y is a fused benzene ring; and
10 Zz is -R°C=CR’- where R’ and R®, taken together, form a
fused benzene ring with a bridging substituent
connecting the Z ring with the Y ring.

S4. The composition of claim 37, wherein:
15 X is double bonded-oxygen;
Y is a fused benzene ring; and
Z is -R°C=CR’-~ where R’ and R?, taken together, form a
fused benzene ring substituted with an ~NO, group.

20 55. The composition of claim 37, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring carrying at least one non-
hydrogen, non-interfering substituent; and
Z is -R°c=CR’- where R’ and R?, taken together, form an
25 unsubstituted fused benzene ring.

56. The composition of claim 37, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring carrying a chloro substituent;

30 and
Zz is -R°C=CR’~ where R’ and R’, taken together, form a
fused benzene ring substituted with a chloro group.
57. The composition of claim 37, wherein:
35 X is double bonded-oxygen;

Y is a fused benzene ring; and

Z is -R°C=CR*- where R® and R®, taken together, form a
fused benzene ring substituted with a -Br and a -
NO, group.

LA

- 101 -



37.5 0.5[err]Cwith a heati ”Q%L%&%sﬁe@ﬂ&@pﬂ&ed by a honeothermc 5

bl anket control unit (Harvard m“ M\iﬂ d, Kent, UK ). A'catheter
rterial pressit
poI ygr aph rgcor (ﬁbdel )

( PE- 50) m%ﬂllﬁgﬁd into the tail

conti nuously nonitored and recor

7D, Grass Instrunents, Quincy, Massachusetts). Sanples for bl ood gas

anal ysis (arteri P ver e al so taken fromthe
tail artery cathe lTlLe{lr?d SREAS s%eaoé\ns‘ﬂ CIPanll § g’é Fyzer (ABL 30,

Radi onet er, Oope’hh’aﬁgeﬁrpu@@n#anﬂyd-owqmﬂ al bl ood sarrpl es were obtained 30

m nut es after MGA PfEd URis@R. blhsehé‘aﬁlﬁlj tdy ani mal was positioned in a
stereotaxic 15 rame, and a

arletal_, I NGI n b vveentherlght
| ateral canthus Htft??éce%erﬁh T&u |ta6‘rderreaffﬁ%e'§N§§9ﬁ%‘§ E8FRg2a dent al
drill cahstantly coolfosed hhpsihabene arihgwm burr hol e was prepared over the
cortex supplied by the right MCA, 4 nmlateral to the sagittal suture and 5
mm caudal to the coronal 20 suture. The dura mater and a thin inner bone
| ayer were kept,5tar EnfeicgrrakEior eHosiaimd 7Tvhehprehe 83+¢ ECMRUNE area
devoi d of | a50e (R Posh1RSSebSmeth@l RO ARG iht-bRodbanet er of 1 nmm fi ber
separation of 0.25 mm) was lowered to the bottomof the cranial burr hole
using a mcromani pul ator. The probe was 25 held stationary by a probe
hol der secured teot he['mmhpmkihicheMﬁlcmmmt]., whéheiffi €4 bd asenpamadl ood

EIOS\S/' gp the,ri 9?}0 iﬁ)ar{tertoalloc%ggylg@ s cantinuousl y nonitored with a laser

61. The composition of claim 37, wherein said compound
is é(H)2—chloro—10—aminophenanthridin-&-one.
15
62. The composition of claim 37, wherein said compound

is S{(H)2-nitro-10-aminophenanthridin-é6-one.

63. The composition of claim 37, wherein said compound

20 1is 5(H)2-chloro-10-nitrophenanthridin-6-one.

64. The composition of claim 37, wherein said compound

is 5(H)2,10~-dinitrophenanthridin~6-one.

25 65. The composition of claim 37, wherein said compound

is 5(H)2-chloro-10-hydroxyphenanthridin-6-one.

66. The composition of claim 37, wherein said compound
is S(H)z—nitro-l0-hydroxyphenanthridin-6-one.
30
67. The composition of claim 37, wherein said compound

is S(H)2-ch1oro—10-bromop@enanthridin~6-one.

68. The composition of claim 37, wherein said compound

35 is 5(H)2-nitro-10-bromophenanthridin-é-one.

69. The composition of claim 37, wherein said compound

A
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fl owret er (Fl oLab, Mbor Devon,ng

, , @err fhux 4001, Perined,
St ockhol' m Sweden). 30 Foc %enta was produced by
caut er i zatviowo/1ed24t he di st al port t MCA wit h betasssraios
tenporary common carotid artery n by the procedure of Chen et

al., "A Mdel of_FocaI | schem ¢ Stroke |n the Rat : Reproduci bl e Ext ensive
Corti cal |14 & @hi20Rh1 oBbL2en i dfodSShdhanthr i@h986)-onand/ or Liu et al.
"Pol yet hyl ene ycol - conj ugat ed Superoxi de Di snut ase and Cat al ase Reduce

| schemic Brain Injury”, Am J. Physiol., 256: H589-93 (1989), both of which
are hereby incampor&hedcbmpbeiﬁtﬁmmmf clai® 37, wheeelihi said yconpduaicer al

CCA's were, i solated, .and |Loops frol | yet hyl ene_( PE;10) cat heter were
careful | y Fassdl 25°84R3°T h ?§f¥£€§$%ﬁeégﬁi§%ﬁ&§ﬂgﬁg 3k ﬁﬁﬁ?fﬁls'ﬁﬂfﬁ nci si on
made previously for pl acenent of the |aser doppler probe was 5 extended to

al | ow obser vatign ofyLheoast (2l £k Afydiip 7/09RLLEnALE I Aaffifulaisi on

point using a the dura nater over yrng
The MCA dlsseﬂ(Hkiﬂnmtr@r@séDnQGUWl¢nQ¢%h¥dﬁQ§M1irpbenébr§hrM@#Rrﬁmﬂﬁq~|fted
by a fine stainless steel hook attached to a m cronani pul ator and,
72. The composition of claim 37, wherein said
10 composition is in the form of a capsule or tablet containing
a single or divided dose of said agent, wherein said dose is
sufficient to prevent or reduce the effects of vascular

stroke or cther neurodegenerative disease.

15 73. The composition of claim 37, wherein said
composition is administered as a sterile solution, suspension
or emulsion, in a single or divided dose.

74. The composition of claim 37, wherein said carrier

20 comprises a biodegradable polymer.

75. The composition of claim 74, wherein said
composition is a solid implant.

25 76. The composition of claim 74, wherein the
biodegradable polymer releases the compound of formula I over
a prolonged period of time.

77. The composition of claim 37, wherein said agent is
30 present in an amount sufficient to treat or prevent neural
tissue damage resulting from cerebral ischemia and
reperfusion injury.
78. The pharmaceuticel composition of claim 37 for
35 treatment or prevention of diseases or conditions selected
from the group consisting of tissue damage resulting from
cell damage or death due to necrosis or apoptosis, neuronal

mediated tissue damage or diseases, neural tissue damage

-
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10 followi ng bilateral CCA o cl 5| t e was cauterized with an

el ect rocoagul ator. The burr _ wth a small piecé of
Gel form _and H wound was sut in the brain LeYRRLGIHGE W thin
t he nor n&YO ¥ g“a - nor mal rang nut es of occl usion, tlﬁe carotid

| oops were 15 released, the tail arter| al catheter was rermved and all of

t he wounds_wer.e .sut red nt am CI sulf /n1) I,y
appl i ed t FIH §°f"olﬁ(rg§ 3t &6 %usj‘g?’hén &6t Het 1o d el

di scont i nmgnsomqrst hedanenavdmsner@meedltssane;, c‘ag%cwérérsfaﬁmq@em ng.
Vater and & dw&ua'a@&@go@@efé PidgdtredQted facdV@r F@étfén&fattﬁrodvm

occlusion, t ani mal s gl ven the sane doses of t i nhi bitor as

in the pre5¥’?%e&’}?el?cthe?méﬁ¥“9 ¢ OTRNGRAFC A PLELARAR 0RE Jr T’ the rats were
sacri f IszeOhunéﬂfbsanemmapecatm@:eﬁ, i cyreelri, odegbnpeat bbardisedsespdifum (150

Tl agjfg{l Clal Egr gay{ﬁ‘ylﬁrfn%@qcfat(}.?et anégaéﬁcé‘nddggbe&%o' ed in

i ce-cold f or cool ed brajn was t hen
secti oned herd Herameon AMUBNEnEeRRSCRNAR i ANELARMRTAEY nje%e} CHRATIR S n

mat ri x ( REM£OOMs d@%'trbjbﬁyr Uﬁﬁﬂééarﬁf&rﬂta@,, obebpgaagis, cHimnidrain

slices were, incuhated, te- buf.fer ntaining 2%
2,3, 5-tri preh - %’3:3 tPé‘[lPaZB %\9% ot |pc?é‘n’T$&fv§?L3§;’[g%lrl% € for ten
mnutes pé&oiphenaiotregvaphsiwey e teredn fofi lukre, posténadrische®ic® of the

st ai ned Slé&ﬁ%&é”gﬁd@%reaﬂaegklﬁ 5@4&3r“dl%e%@%sdagalﬁgoﬁﬂéﬁsaﬁerﬁﬁﬂhg

cross-sectional | evel 'usin co ter-bas alyz
to lifespan or prglgfera %%e capaé% y o n@g e?? Y484 aiseases

or disease conditions induced or exacerbated by cellular
senéscence; or radiosensitizing tumor cells.
15
79. A pharmaceutical composition comprising a compound
of formula I containing at least one'ring nitrogen:

or a pharmaceutically acceptable base or acid addition salt,
20 hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
.or mixtures therecf, wherein:
X is double-bonded oxygen or -OH;
R’, when present, is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,
25 bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and
Z is (i) -CHR®CHR’- wherein R® is in the meta-position
and R® is in the ortho-position relative to said
30 ring nitrogen of formula I, and R® and R® are
independently hydrogen, hydroxy. amino,

.
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(NIH I'mage 1.59). To avoid arti fagdsheddtits Heth egia®, the damaged 35 area was

cal cul ated by subtracting the are tissue in the hem sphere
i psi |l at erwlo dpaié2ee stroke fromt hgum%ﬂlﬁiﬂﬂmﬂ%em sphere eomtusag/agiesal to
the stroke, by the nethod of Swan Sem aut omat ed Met hod for

Measuring Brain Infarct Volume", J. Cereb. Blood Fl ow Metabol., 10:290-93 -

80f- (1990%, t he diﬁ@d:stwxe?mf whitedo, i@ibereby?éncpim?mb,by
rererence The tota n 0 Yy summat i on of
p%@}é%‘%ﬁ& nd, o écg ar% u§9 cplated

the danaged vol une o ain, sl erizatron of the distal
portion of the right (MA *SR\SFFR ‘bl“ffbﬁféié} Reh’ﬁo‘ﬁ%’?@ AR ding on

fonSI tstentI]y prOﬂu;:eﬂtlar -Faﬁﬁi)gﬁl ZR4 EbratﬁeCaJndle@Eﬂaéhtl? ﬁ;{?&gé &ht”l\]/CA
erritory olf eac e ani e ormty In e
distribdtion of the U%EY %B%\“F]e'a elrfeﬁ&ﬁ'&éfq Rg% rs]?%ﬁy hRy i Eh group,
as shown in Figure 1didé€thylamind,n pRipgunidibe, tpepdrgzmguuon of the
cross-sectional inf aiﬁidé‘é@?mg{ JemN%senleéwe levehs'® QRer-bhg® is

rostrocaudal axis was neasured fr'omthe interaural I|ne in nop-tre
ani mal's and in ani naiBdePeRASRt Y WHEIRY ©F 61~S, A EYhydPH- B- and &,
[ 4- (1- pi peri di nyl) - boaray] eddetifert s @ptimnal ifoeed. ardhet ¢ evirf, wherein

10 each individual ring has 5-6 ring members;
(iii) -R*C=N-;
(iv) -CR?*(OH)-NR’-;

(v) -C(O)-NR'-; or
(vi) -NR®-C(0)-CHRY- wherein R is ortho to the
15 ring nitrogen, and R’ and R* are independently

hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine, imidazolidine, -
NO,, =-COOR’, or -NR'R® where R® is independently
hydrogen or C;-C, alkyl, or R’ and RY, taken

20 together, form a fused ring, wherein each

individual ring has 5-7 ring members; or
wherein said alkyl, aryl, and aralkyl, are substituted
at one or more positions with hydrogen, hydroxy, halo,
haloalkyl, alkoxy, alkenoxy, alkaryloxy, aryloxy,

25 arylalkoxy, cyano, amino, imino, sulfhydryl, thioalkyl,
carboxy, carbocycle, heterccycle, lower alkyl, lower
alkenyl, cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamine;

‘and a pharmaceutically acceptable carrier, wherein the
30 compound of formula I is present in an amount effective for

effecting neuronal activity.

80. The composition of claim 79, wherein the neuronal
activity is not mediated by NMDA.
35
81. The composition of claim 79, wherein the neuronal
activity is selected from the group consisting of stimulation
of damaged neurons, promotion of neuronal regeneration,
prevention of neurodegeneration, and treatment of a

— - 105 -
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15 damage was expressed as nmean + Standarddeviation: Significant

di fferences between the 10 ng- treate ontrol group were

i ndi cat edyfpTfp®2, **p<0.01, **p<0. ggﬁ g andp@frusshisghscur ves
fell approxi rrately hal fway between th he 10 ng/ kg curves,
whereas the 40 ng/ kg curve was 20 i rol. The 5, 20 and 40
ng/ kg cur t LClarity. PARP |nh|b|t|on led to a significant
decr ease ¥ﬁ§¥%§’ é%ggegg fﬁnal n the 5 ng/ kg-treated group (106.7 [err]
23.2 mjerr], .p<0.001), the 10 ng/kg-treated group (76.4 [err] 16.8

mierr], p<0.0@%) ,Tﬁs catisod 168 020 oFychigifr e} ewhgrolp £alikd n2urenal 42.0

mijerr] p<Q..01) ,.c to th aont r ol rou 6 ] O mijerr].
The data eﬁc%lé' ?e%?e éxguﬂ%%%on ogt %&aﬁad v?ﬁ ?%rllr ﬁlﬁle sf% fr%'ll’lﬁacance of

di f f er Sncex=rdsdmadeisghenps ms:@@tm“wnedlusung an anal ysis of variance

(ANOVA) followed by Student's t-test for individual 30 conparisons. There
was no S|gn|f|cant di fference between the control and the 40 ng/ kg-treated
group (135.6 + 884 gThA{ EPPRYSItighaferlaiRePe WERRT&TYNTHS cant differences
bet ween t hfeuroIggigallr easeﬁa@fomm@cu:be tOonytke- grcmp exbrgristingp<0. 02) ,

and betmee r%%%ﬁ%er%QFggé %# %gs%&°%9 ?ﬁigg {E% %o 'Bak@dedr oup

(p<0.01), ure I ntraperitoneal

adni nildt reﬁ’qmloftraumaslﬂ @rwurmjsxrw physigati @?W? “HFRutti8 SPENSY) -

cord, stroke associated with brain damage, demyelinating

disease and neurological disorder relating to
neurodegeneration.

15 84. The composition of claim 83, wherein the
neurological disorder relating to neurodegeneration is
selected from the group consisting of Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease and amyotrophic
lateral sclerosis.

20

85. The pharmaceutical composition of claim 83 for
treatment or prevention of diseases or conditions selected
from the group consisting of tissue damage resulting from
cell damage or death due to necrosis or apoptosis, neuronal

25 mediated tissue damage or diseases, neural tissue damage
resulting from ischemia and reperfusion injury, neurological
disorders and neurodegenerative diseases, vascular stroke,
cardiovascular disorders, age-related macular degeneration,
AIDS and other immune senescence diseases, arthritis,

30 atherosclerosis, cachexia, cancer, degenerative diseases of
skeletal muscle involving replicative senescence, diabetes,
head trauma, immune senescence, inflammatory bowel disorders,
muscular dystrophy, osteocarthritis, osteoporosis, chronic
pain, acute pain, neuropathic pain, nervous insult,

35 peripheral nerve injury, renal failure, retinal ischenia,
septic shock, and skin aging, diseases or disorders relating
to lifespan or proliferative capacity of cells, and diseases
or disease conditions induced or exacerbated by cellular

senescence.

-
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i soqui nolinone on the infarct volune was depicted graphically. - 81 -

The vol umes of infarct were expressed as nmean [err] standard devi ati on.

Si gni fi cal¥O8PA1624 ences between the treated groups and the POTYUSEI/18gIsOUp
were indicated (*p<O0. 01 **p<0 001). It is not clear why a high dose (40
ng/ kg) of the P@gP [ itor, 3,.4-di hydr 05 5-[4-(1-pi peridinyl)

-but oxy] - 1(2H) “Psoqi P. ?’T%‘F@‘W&l I°8§‘§°ﬁé51165r6‘?w+§/§19 Thewestvnded
dose-r espose formudaniycsniggigsingladl lehbecbreof ihdien Corgpamd. However,

overall, the in vivo adm nistration of the inhibitor led to a substantial
reduction in infarct volume in 10 the focal cerebral ischem a nodel in the
rat. This result indicated that the activation of PARP plays an inportant

role in the pathogenesis of brain da
of arterial blood gases (Pag

physi ol ogi cal range in the cy
significant differences int
below in Table I X. A "steady 1L €
t he surgical preparation, just prior to occl usi on;
taken as the average MABP during occl usion.

Age in cerebral ischem a. The val ues
err] and pH) were-within the
.ngated 15 jgroups with no

rs anmong the five groups,—as shown

or a pharmaceutically acceptable base or acid addition salt,
5 hydrate, ester, solvate, prodrug, metabolite, stefeoisomer,
or mixtures thereof, wherein:
X is double-bonded oxygen or -OH;
R’, when present, is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,
10 bi- or tricyclic, carbocycliec or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and
Z is (i) -CHR’CHR’- wherein R® is in the meta-position
and R® is in the ortho-position relative to said
15 ring nitrogen of formula I, and R?® and R® are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R°c=CR’- wherein R® is meta to the ring
20 nitrogen, and R’ and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo, hydroxy, amino,
dimethylamino, piperidine, piperazine,
imidazolidine, -NO,, =-COOR’, or =-NR'R’® where R® is
independently hydrogen or C,;-C, alkyl, or R® and R?,
25 taken together, form a fused aromatic ring, wherein
each individual ring has 5-6 ring members;
(iii) -R*c=N-;
(iv) ~-CR®(OH)-NR'-;
(v) -C(0)-NR’-; or
30  (vi) -NR°-C(0)-CHR- wherein R is ortho to the

AR




20 TABLE | X MABP (M Hg) PaQerr]

EgCC{e{r] pH St eady I schem a (mm Hg) (nm Hg) ' State
ntro 5[err]21 38.6 7.33 79[err] 14 5&

1 group
(n=4) WO i [err] 4.6 [err] 0.05 5 my/kg- 1% g{sﬁ'ﬂﬁ” 38. 0
7.36 78[err] 5 91[err]12** 25 treated [err] 2.8

[err] 0.02 group (n=7) 10 Kk 125] epr] 16 _1039
80[err] 9 90[err]14* tFégg Hgtrogen, nd & ;n"‘?[peF i1 @deW%?n§}8up
§n27% gO 20 ny/ kg- hyd#@@erd 4 lowkl :lkyl,7a8%l, arallgpll0 hal®l+12

reate ou / kg-

137[err]17 39.5 7 ggdgmgy 7%#&21%1 %lﬁe}:é?’g‘g v

[err] 4.7 + 0.24 35 dridpzehidine, ‘NOSP gn??‘?%an?l‘y'ﬂ?‘ﬁ ePB#¥e fFom t he
steady sstate val ue, p<0. 5. iAdependdityt hydaniky 6f Eprgnalkydmdha’st eady

state val ue, p<0 .01 40,Jhegs WELF Ao SL AN, Cn ! EELEROEERG ) 2T

wherein each individual ring has 5-7 ring
members;
wherein said alkyl, aryl, and aralkyl, are
10 substituted at one or more positions with hydrogen,
hydroxy, halo, haloalkyl, alkoxy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyanc, amino,
imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl,
15 cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamino;
and a pharmaceutically &cceptable carrier, wherein the
compound of formula I is present in an amount effective for
treating inflammatory bowel disorders.
20
87. The composition of claim 86, wherein said
inflammatory bowel disorder is colitis.

88. The composition of claim 86, wherein saiad
25 inflammatory bowel disorder is Crohn’s disease.

89. A pharmaceutical composition comprising a compound
of formula I containing at least one ring nitrogen:

—_—

-
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30 or a pharmaceutically acceptable base or acid addition salt,
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- 82 - par aneter, including ' | god pressure (MABP) , prior
to MCA and CCA occl usi on anong ﬁﬁgg‘Qﬁ%gﬁ&%ke%m%klthough MABP was

si gni fi cawd 9gneé2@vat ed fol | ow ng ]ﬁ"g‘“[ﬂ ml | five growmeI/ussBasHSWEr e-
no significant differences in MA occl usion period anong the
groups. Since the blood flow val ues obtained fromthe | aser doppler were in
arbitrary Hpatste préytdel GRNivatzgngesattgn hbcabesitd N dd¥dAlsdner,

occl usion) were Le ort&?. 'qpt MCA _and bil ateral CCA occl usion produced
a signi fi cOArSUEETERR T MEEF0é blood flow in the right parietal
cortex to 20.8 Keis]dquiylathwindede obxxgehi ne +@Ht he control group (n=5), 18.7
[err] 7.4 %in ghe z at ( =4, 4 3{d %in the 10

ng/ kg- treated gr'oﬁﬁé%gs%ﬁg' 1g€39{ err éﬂﬂo@Z lo%%%rz{ ta%}e&i() _r%/Skg-t reat ed
group (P=7). hERRE GRS F1§ @ﬁPF?céﬁFeﬁﬁ?¥%r%%c%EFWr?tqﬁ§ mPO5ed f 1 ow
response to occl usi opiamngrikgdldd, gaebpsyclidnondibtdrtydllieodihhgow
showed no signifi carkshgpeair}?es cthhrigggggg{laiheigntlilarse Q-Qé:lr'é*lq?%e%%reg)d I n any
group. Follow ng rel ease o T darotia occl id oNs, a goo ecovery of

bl ood flow (soneti nestendperadd a) was observed in 20 the right MCA
territory of alk 28i (Bf S-curReRR!S WHe2 iaf R¥NEs in the meta-position

10 and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R* and R® are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,

imidazolidine, alkyl, aryl, or aralkyl;

15 (ii) -R’c=CR’-~ wherein R® is meta to the ring
nitrogen, -and R’ and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, haloc, hydroxy, amino,
dimethylamino, piperidine; piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R® where R’ is

20 independently hydrogen or C,~C, alkyl, or R® and R’
taken together, form a fused aromatic ring, wherein
each individual ring has 5-6 ring members;

(iii) -R*C=N-;
(iv) ~CR?®(OH)-NR'~;

25 (v) -C(0)=-NR'-; or
(vi) -NR’-C(0)-CHR¥- wherein R is ortho to the

ring nitrogen, and R’ and R are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine,

30 imidazolidine, -NO,, -COOR’, or ~-NR’R® where R’
is independently hydrogen or C,-C, alkyl, or R’
and R, taken together, form a fused ring,
wherein each individual ring has 5-7 ring
members; '

35 wherein said alkyl, aryl, and aralkyl, are
substituted at one or more positions with hydrogen,
hydroxy, halo, haloalkyl, alkoxy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyano, amino,
imino, sulfhydryl, thioalkyl, carboxy, carbocycle,

I
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I schemic tissue resulted in the formati on of NO and peroxynitrite, in
addition to oxygen-derived free radicals. Al of these radicals have been

shown to PMA strand breaks and to activate PARP. 25 l e 5:
. aﬁﬁﬁﬁl . ; . | .
Retinal Ischema Protection A patient just diagnosed with Egiﬁgqﬁféﬁlﬁal
i schema is inmediately adm ni stered parenterally, either by intermttent

or continuous intraveResoadbnRi Sis@Rb: O c n rmula 30 I,
either as a single dose oragazerl es_ of |v)'|ai geglg% {lgé conpound. After

this initial treatmefC s8R peftY hy W]tar?é‘Yﬂat PeArasy by eamine ng

neur ol ogi cal syrrptorrmltu:be patreso, oqbimearr@hla)mmy receive the sane or a

di fferent com® | rm.of anpt her renteral dose.
It is 3 ex e%ed Efma%gt?ﬁ%/(SQ%O?é‘c% %ﬂfel é%lrﬁ Sant BFE%‘M of neural
tissue dameHERBHY °€n§8€m3ﬁ€| Thb$ RTRSSRt ilenans ameunt| effeatiwy mMarons

woul d consitiezathiing lcasgeBvdseul or tdEsaeEy st rati on of the conpound,

| eaving fewer residual neurological effects post- stroke. In addition, it

i s expected that the re-occurrence of - 83 - retinal ischem a would be
prevented or redfeedThe composition of claim 89, wherein said

cardiovascular disorder is selected from the group consisting

10 of coronary artery disease, angina pectoris, myocardial
infarction, cardiogenic shock, and cardiovascular tissue
damage.

91. A pharmaceutical composition comprising a compound
15 of formula I containing at least one ring nitrogen:

—_—
TMSﬂmaEhsBe

M I

or a pharmaceutically acceptable base or acid addition salt,

hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein:

20 . X is double-bonded oxygen or -OH;

R’, when present, is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,
bi~ or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5~6 ring member

25 atoms; and .

Z is (i) -CHR’CHR’- wherein R’ is in the meta-position
and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R® and R® are
independently hydrogen, hydroxy, amino,

30 dimethylamino, nitro, piperidine, piperazine,

R T e




di agnosed with acute retinal diately, a physician or a
nurse par eWOHAIE2¢ admi ni sters aummﬂ mula |, eit lper@esasdsngl e
dose or as a series of divided d : nt al so receives the sane or
a different PARP inhibitor by intermttent or continuous adm nistration via
i npl antation of a bi dmoizrdlilddne]Oalkiyodegradabd.e Hadwyari ¢ matrix '

del ivery system conprj.sing a~coopound of. fognul a | r via a,subdural punp
inserted to admi ni st e¢lfsll)he Rzl%meo%ﬁng’?&ifﬁé& %y ) “ﬁf'é" %ﬁf %‘@t TdPga of the
brain. It is expectedifrages,i andnRorand IRit arbeipd¢pemdeniaiy hyaigan ,from

the coma nore qui ckl yiduean aitkyhheacgipoungh gf t | nvention were not
adm ni sftsered. The tc#eat mer)l{i ) isgafso ex%ci PG}%%O‘SO, reduce the severity of

the patient's residudl?$é¥ol 831BSr diRpEBVRAmInG, RiMenicdnst is expected
that re- occurrence gfipestaiziak,i 4mhearelvainel, bavg,edueedr’ 2Qr Exarpl e 7
Vascul ar Stroke Prot Welg ty ust . been di agnosed with acute
vascul ar stroke and ﬁg{%r%nekg‘igsejff;/&gffrrﬁ%?ﬁﬁﬁ& rgéf%5°€89p§ﬁn o rOfR A 1,
either as a single dé¥eRorard R ,sépked Spodtheredfamses Misdcharomapaund.

After this initial tndasigienhe2ttn 6268€NHHhALy AN tﬂ%&iaspét'ge%hg
neur ol CiQJ cal syrrptonn};embegge patient may receive another dose of the
sane or a different “conpound of the i.nvention in parenteral form such as
by intermttent or (iii) -R*C=N-; |

(iv) -CrR®(OH)=-NR’-; or

Exanpl e 6: Treatnent of RefniRfle hSG08H.8 A Patient has just been
AL
or
e

(v)  -C(0)=-NR'-; .
(vi) -NR’-C(0)-CHR'- wherein R* is ortho to the
15 ring nitrogen, and R’ and R' are independently

hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR’R® where R®
is independently hydrogen or C,-C, alkyl, or R®
20 and R*, taken together, form a fused ring,
wherein each individual ring has 5-7 ring
nmembers;
wherein said alkyl, aryl, and aralkyl, are
substituted at one or more positions with hydrogen,
25 hydroxy, halo, haloalkyl, alkoxy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyano, amino,
imino, sulfhydryl, thiocalkyl, carboxy, carbocycle,
hetercocycle, lower alkyl, lower alkenyl,
cycloalkyl, aryl, arylalkyl, haloaryl, amino,
30 nitro, nitroso, dimethylamino;
and a pharmaceutically acceptable carrier, wherein the
compound of formula I is present in an amount effective for
treating septic shock.
35 92. The composition of claim 91, wherein said septic
shock is endotoxic.shock.

93. A pharmaceutical composition comprising a compound
of formula I containing at least one ring nitrogen:

el
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conti nuous

I ntravenous infusion, or in the formof a capsule or tablet. It

i s expected by the inventors that further neural 30 tissue danage woul d be
preventeqyég%gl%*gnlflcant degree, that the patient's neurolo gﬁl gynptqns

woul d consi
neur ol ogi cal

y lessen, and that there would be fewer r
effects post-stroke. In addition, it is expected by the
I nventors that the re-occurrence of vascul ar

stroke woul d be reduced or 35

prevent ed. Exanple 8: Treatn?nt of Vascul ar Stroke A patient has just
been diagnosed with acute multipl'e vasculay strokes and is comatose.

| medi ately,

a physician or - 84 - an
single dose or a series of divideq
the comatose state of the patient,
di fferent conpound by intermttent

nuous adm ni str 1] ?
i mpl antation of a bioconpatible, biodegradable polyneric mn LR
elnserted to

se parenter
a conpound of fornula

system conprising the conpound. A subdural punp could als
provi de for adm nistration of the conpound directly to the infarct area of

t he brain.

from

10

15

20

25

30

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereocisomer,
or mixtures thereof, wherein:

X is

double-bonded oxygen or -0OH;

- R’, when present, is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,

bi~- or tricyclic, carbocyclic or heterocyclic ring,

wherein each individuval ring has 5-6 ring member

atoms; and

(i) -CHR*CHR®>- wherein R® is in the meta-position

and R’ is in the ortho-position relative to said

ring nitrogen of fermula I, and R? and R® are

independently hydrogen, hydroxy, amino,

dimethylamino, nitro, piperidine, piperazine,

imidazolidine, alkyl, aryl, or aralkyl;

(ii) -R°c=CR’- wherein R® is meta to the ring

nitrogen, and R® and R® are independently hydrogen,

lower alkyl, aryl, aralkyl, halo,

hydroxy, amino, dimethylamino, piperidine,

piperazine, imidazolidine, -NO,, -COOR’, or -NR’R®

where R’ is independently hydrogen or C;-C, alkyl,

or R® and R®, taken together, form a fused aromatic

ring, wherein each individual ring has 5-6 ring

members;

(iii) -R*C=N-;

(iv) -CR®(OH)-NR’-; or

(V)  -C(O)=-NR'-;

(vi) -NR’-C(0)-CHRY- wherein R is ortho to the
ring nitrogen, and R’ and R* are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,

e

UL

'atrnRI mnll-receEMe&Eﬂéhﬁkﬁﬂﬁ.

Due to

ced

It is expected by the inventors that the patient would awaken



10 the coma nore quickly than if the conpound of the invention had not

been adm ni st er ed. The treatnment is al so expected to reduce the severity

of the pwig #nitess resi dual neurol ogi cal synptons. |n addit pefmusbdsibsrvent.ors

expect that re-occurrence of vascul ar stroke would be reduced for this

patient. 15 Exanple 9: Preventing Cardi ac Reperfusion Iniury A

pati ent IS di agnosed a di onyopat hy and
X{i‘ﬁ‘o&gt P‘l"géfl&M§ gﬁ:ﬂ[é}gzgﬁé

requires a heart transpla donor oOnd the patient is
mai nt ai ned on Extra Cor p&“@QPZQéldbR?geﬁ%Qzuoﬁc%ﬁlrt(91‘ mYR(ECWEpre B donor
heart is |ocated, and thaspahaepénagﬂelgqgm@gtgpaa&pb@-ms pLRgEdUSE §°n whi ch
the patient is pI aced on hﬁwt }cé ﬁ p dur| t he Y |cgl ‘grocedure
The patient receives a phar rracéutl a g%%%ﬂl T Cont ai ﬁ ﬁg n onpound of
formul &1 intracardi ac wwhereia géchsp@wlmlpe'rlmgdhés Stherimg or to the
re-routing of the patientgeppeirscul ation fromthe heart-1lung punp to his or
her own new heart, thus preventl ng cardi ac reperfu3| on_in ury when t he

patient's new heart “ReFi S ALKY D ety & @FELE4Lr e®E®s bl ood. 30

Exanpl e 10: Sept isadsdcktAssay Gneu@s mﬂral@:o@ii/lBhsnﬂi'eh nyed-ogeinghi ng 18
to 20 g are adm ni stﬁcﬁq,)&,t ﬁ%ﬁ.o?oﬁi’fb'é‘ﬁﬂ, Facirkrgyya} Llﬁ&n&:‘?ﬁ doses of 60,
10 alkaryloxy, aryloxy, arylalkoxy, cyano, amino,

imino, sulfhydryl,'thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl,
cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitrosc, dimethylamino;
15 and a pharmaceutically acceptable carrier, wherein the
compound of formula I is present in an amount effective for
treating diabetes.

94. A pharmaceutical composition comprising a compound
20 of formula I containing at least one ring nitrogen:

s Sheet Has Been Replaced

T

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, soclvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein:

25 X is double-bonded oxygen or -OH;

R’, when present, is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,
pi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member

30 atoms; and
Z is (i) ~-CHR?’CHR*- wherein R’ is in the meta-position

L
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20, 6 and 2 ng/kg, daily, by i”_”f'ﬂ‘ﬁ%%&e@ﬁ&%en(ﬂeﬂéced njection for 35 three
|

consecutive days. Each aninal d with |ipopol ysacchari de
ﬂ““) J | us gal act osanmi ne (20
a sui t abPETAISHE/IBIRS | s -

S
(LPS, fromE. Coli, LD err] of 20w§
mg/ ani mal WRPYIHEL first dose of te
given 30 mnutes after challenge, and the second and third doses are given
24 hours - 85 - | at er_son day 2 and day 3 respectively, with only the
survi ving ani mal s rei’é‘? ngdSt h‘é he ARG PRR R EdoR okl i e 83ddconpound.
Mrtality was recorimy nidregen 22 foomuk If tand ®Rhaddemjeafer the
three-day testin ef ¢ 0 5 til.a vi de protection

y 9 PelAdkbenadftTRONDAS o0l 5 AL Lnbh8 p

against nortality fromseptic s ] abo! 0% "Based bn these results,
ot her conpounds of tHE$YRYGAIER aP&tEX pRIRST #dd NGy oPEBEr2Z Mot ect i on
agai nstsnortal ity exiwhilizzdiddeet 3bRy1l1GaryExam ardikyl; In vitro
Radi osensi tization The, hugra_peostate ca r. cell line, PC-3s, are plated
in 6 well dishes andpgjf)omrﬂigteﬁmn& gfl'g'rmg%ftlﬁr g'é:?n{weltﬁﬁ’dsuppl enent ed
with 10% FCS. The cetrlfregen,mandt Bi o & &7 dmdepPendef®dgGhedrdgeamd 95%
air. The cells are expasedikqia dege, r&sPoRse haio(0.1 nMto 0.1 uM of 3
di fferent PARP i nhi Qiité)rs o?QForrru?g,l , ( .

ydroxy, amino, dimethylamino, piperidine,

10 piperazine, imidazolidine, -NO,, -COOR’, or -NR'R®
where R’ is independently hydrogen or C;~C, alkyl,
or R® and R’, taken together, form a fused aromatic

ring, wherein each individual ring has 5-6 ring

members;

15 (iii) -R*’c=N-;
(iv) -CR?*(OH)-NR’-; or
(v) ~-C(0) -NR"-;

(vi) =-NR’-C(0)-CHRY- wherein RY is ortho to the
ring nitrogen, and R’ and RY are independently

20 hydrogen, lower alkyl, aryl, aralkyl, halo,

hydroxy, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R’ where R°
is independently hydrogen or C,-C; alkyl, or R’
and R*, taken together, form a fused ring,

25 wherein each individual ring has 5-7 ring

members;
wherein said alkyl, aryl, and aralkyl, are
substituted at one or more positions with hydrogen,
hydroxy, halo, haloalkyl, alkoxy, alkenoxy,

30 alkaryloxy, aryloxy, arylalkoxy, cyano, amino,
imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl,
cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamino;

35 and a pharmaceutically acceptable carrier, wherein the

compound of formula I is present in an amount effective for
treating arthritis.

95. A pharmaceutical composition comprising a compound

ORER AR




di scl osed herein pri

in a Seif@idooA3gV/ 15mMA irradiator with a 0.5 nm Cu/1 mm

or to irradiation at one subl ethal dose |evel. For
all treatnment groups, the six well plates are exposed at roon1tenperature

Ypds ity is

exam ned by exclusion 20 of 0.4%trypan blue. Dye exclusion |s assessed
visually by m croscopy and viable cell nunber is cal cul ated by subtracting

the nunber ogf reehhsal fosvhteivimple qehkenypbesi and, dirdgding by the total

nunmber of cells. Cel

proliferation rates are cal cul at’ed by the anmount of

[err] H-thym dine incorporation pogt- 25 irradiation. The PARP inhibitors
show radi osensi tization of the cells. Exangle 12 ln vivo

Radi osensi ti zati on Before undergoi ng
30 patient is adm nistered an effg
pharmaceutical conposition of the
phar maceut i cal conposition acts
tunor nore susceptible to radiation therapy. 35 Exanple 1 Sho
Al tered Gene Expression in nmRNA Senescent Cells Human fibroblast BJ cells,

adi at]l on therapy to treat cancer,

" |NR7enti on.
Za radlosenS|t|

dyemRUN Of A COMMRASGe s Ben R

a

laced

at Popul ation Doubling (PDL) 94, are plated in regular growth nedi um and

t hen changed to | ow

- 86 -

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereocisomer,
5 or mixtures thereof, wherein:

- X is

double-bonded oxygen or -OH;

R’, when present, is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,

10

15

20

25

30

bi- or tricyclic, carbocyclic or heterocyclic ring,

wherein each individual ring has 5-6 ring member

atoms; and

(1) -CHR®CHR’- wherein R? is in the meta-position

and R' is in the ortho-position relative to said

ring nitrogen of formula I, and R® and R® are

independently hydrogen, hydroexy, amino,

dimethylamino, nitro, piperidine, piperazine,

imidazolidine, alkyl, aryl, or aralkyl;

(ii) -R°C=CR’- wherein R® is meta to the ring

nitrogen, and R’ and R® are independently hydrogen,

lower alkyl, aryl, aralkyl, halo, hydroxy, amino,

dimethylamino, piperidine, piperazine,

imidazolidine, -NO,, -COOR’, or -NR'R® where R° is

independently hydrogen or C,-C, alkyl, or R’ and R*,

taken together, form a fused aromatic ring, wherein

each individual ring has 5-6 ring members;

(iii) -R*c=N-;

(iv) =-CR®*(OH)-NR'-; or

(v)  -C{O)-NR'-;

(vi) —NRb—C(O)-CHR“- wherein R is ortho to the
ring nitrogen, and R’ and R are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,

A
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serum medi umto refl ect physiol ogigal,co Wn%ﬁacd@scrl bed i n Linskens, et

al ., Nucleic Acids Res. 23:16:3244- medi um of DVEM 199
suppl emented with 0.5% bovi ne cal f The cells are treated

daily for W9¥AR4\ith the PARP 5 i rrrul a | aSCHSWHIRY

herein. The control cells are treated with and w t hout the solvent used to
adm ni ster the PARP inhib h ilﬁgj.r pung control cells
are tested for conpari sonhgﬁkﬁxq % are gng? tr%/eat gd, and co%ool
cells according to the tedRhfagek rl‘B‘é’dr |TFQ%§\T 198 PIBR] oy

96/ 13610 and Northern bl ofki ﬂgdéﬁeri‘dié’i'dﬂcyt e;grdrB’qebeﬁr s|pech fam:yflqr or R®

senescence-rel ated genes ar and reated an ells
conpared. In analyzing t h&" &e urt*\éaZk Sl Ieveﬁn %ff&%ﬁg% ression is

arbitramily set at 1 to pwberein aeaaaslmdfmdué&rpam%drﬁs 5"VhfréBQgenes
particularly 15 relevant mgﬂbggg rel ated changes in the skin are collagen,
col | agenase and el ast.in Arch. Derm 130:87-95 (1994 ) E%gsti n
expressi on of t X8 iing sﬁl’-@aﬁgﬂyh t3F Whe 2PARBTRAKY bi tThe SeriFed ) s

significantly i ney earedri moEGDp@ﬁiiSIHhSthﬂtht hedeogem olhyirdxy., Ehasiin
ol 15 and thus Tosatidly| {HebRY R ik AP Sy SO, 0, Sgeseent
el asti itGexpr ess.emylalkoxy, cyano, ammo, imino, sulfhydryl, thioalkyl,
carboxy, carbocycle, heterocycle, lower alkyl, lower
alkenyl, cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamino;
and "a pharmaceutically acceptable carrier, whereln the
15 compound of formula I is present in an amount effective for
treating cancer.

96. The composition of claim 95, wherein said cancer is
selected from the group consisting of: ACTH-producing tumors,
20 acute lymphocytic leukemia, acute nonlymphocytic leukemia,
cancer of the adrenal cortex, bladder cancer, brain cancer,
breast cancer, cervix cancer, chronic lymphocytic leukemia,
chronic myelocytic leukemia, colorectal cancer, cutaneocus T-
cell lymphoma, endometrial cancer, esophageal cancer, Ewing’s
25 sarcoma, gallbladder cancer, hairy cell leukemia, head & 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,
helanoma, mesothelioma, multiple myeloma, neuroblastoma, non-
30 Hodgkin’s lymphoma, osteosarcoma, ovary cancer, ovary (germ
cell) cancer, prostate cancer, pancreétic cancer, penis
cancer, retinoblastoma, skin cancer, soft-tissue sarcoma,
squamous cell carcinomas, stomach cancer, testicular cancer,
thyroid cancer, trophoblastic neoplasms, cancer of the
35 uterus, vaginal cancer, cancer of the vulva and Wilm’s tumor.

97. A pharmaceutical composition comprising a compound
of formula I containing at least one ring nitrogen:

RN N



l evel s in senescent cells to changé to levels simlar to those found in
much younger cells. Simlarly, a beneficial effect is seen in collagenase
and col | ageyp eoplsessi on with treatnent with 25 the PARP i npchivsos 164

Formula |I. Exanple 14 Measuring Altered Gene Expression Protein in
Senescent Cells Approximately 105 BJ cells, at PDL 95-100 are plated and 30
growmn in 15 cmdishes. The growh nedium is DVEM 199 suppl enent ed

with 10% bovi ce calf serum The cells are treated daily for 24 hours with
the PARP inhibitors of Formula | (100 ug/ 1 nL of nediumy-
washed wi th phosphate buffered solution XPBS),. then,..
wth 4% 35 par af or nal dehyde for 5 t hen washed,;
treated with 100% col d net hanol for 7 The net hant‘“l
the cells are washed with PBS, and t
nonspeci fi c anti body bindi ng. About 1 of "the appropriate commercially
avai |l abl e anti body solutions - 87 - (1:500 dilution). Vector is added to
the cells and the m xture incubated for 1 hour. The cells are rinsed and
washed three times with PBS. A secondary antibody, goat anti-nouse 1gG (1

or a pharmaceutically acceptable base or acid addition salt,

hydrate, ester, solvate, prodrug, metabolite, stereoisomer,

or mixtures thereof, wherein: '
5 X is double-bonded oxygen or -OH; .
"R’, when present, is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member

10 atoms; and

Zz is (i) -CHR®*CHR’- wherein R? is in the meta-position
and R’ is in‘the ortho-position relative to said
ring nitrogen of formula I, and R® and R® are
independently hydrogen, hydroxy, amino,

15 dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R®c=CR’- wherein R® is meta to the ring
nitrogen, and R® and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo, hydroxy, amino,
20 dimethylamino, piperidine, piperazine,

‘ imidazolidine, -NO,, -COOR’, or -NR'R’ where R’ is
independently hydrogen or C,;~C, alkyl, or R® and R?,
taken together, form a fused aromatic ring, wherein
each individual ring has 5-6 ring members;

25 (iii) -Rr%*c=N-;
(iv) -CR?*(OH)-NR’-;
(v) -C(O0)-NR'-; or

(vi) =-NR°-C(0)-CHR¥- wherein R is ortho to the
ring nitrogen, and R’ and R™ are independently

30 hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine, imidazolidine, -

— ' - 117 -
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m) with a biotin tag is added along w t mL of a solution 5 containing
streptavidin conjugated to al kal i ne Pf @ Replaped. . of NBT reagent:
(Vector). The cells are washed and ch 8 (e expression are noted
col ori met r POA4j624 Four senescgiifE 'lﬂﬂmgenes - -PCHUPRHERS) |
collagen 111, collagenase, and interferon gamma -- in senescent cells
treated 10 with the RP_L.Qhkibi t or +Jeorul a 1. are.mpnitored and the
results show a decreggg'iﬁbgn ér%graﬁﬂégnﬂggﬁidée§§i6ﬁgﬁf?%§?é#%ﬁwervable

change in the expresstysrdaenePs 6{~%halkyheron rﬂ’e)engemlés,tmmmstrati ng
that the PARP inhi bi tdgetderfOEBHhaa | sl i, 5BBEEERNELasPeCi fiC gene

expr essi on.

5,
Capacity and Lif espartSHYEE RS F40g

15 Exanpl g Extengin% or Increa5|ng Proliferative
&

AV ateGhJeBPEEE{ i veness of the

present Sret hod feherxirersdiidgaflkelpratyX eraatd \aeraQkpaci aye ambdt ftasjedn of
cells, 20 humang¢ fihrqll

Doubling (PCL) 23 or BJ CQP%S §§££$i?%%5uiiﬁé%ﬁﬁg%ggnax%gﬁf%géa’gﬁggggt

fl asks and

al | ovRRL 2B GHowa KOS ndd KSR UmASPEVLREYS dFYEOM0% bovi ne

i on

cal f

serum for aboutapyleBtoxygt cylhe dmifb ! higie),| suakryeepi | uaitcalald ,t he

cul tures are the&g}gg r ead
subdi vi sion, theé

fez subdi vi.ded time of

e |%1ca%§%§§§|ral oA THfe &8VF§A$}HQQS 1848% phosphat e

buf fer &l ine (PBEyertd tdycAcaikybi rAmwld. aryladkydl | Bakearyburardsoni t h a

15

20

25

30

35

nitro, nitroso, dimethylamino;
and a pharmaceutically acceptable carrier, wherein the
compound of formula I is present in an amount effective for
radiosensitizing tumor cells.

98. The composition of claim %7, wherein said tumor
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, cervix 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 & 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, neurcblastoma, non-Hodgkin’s lymphoma,
bsteosarcoma, ovary cancer, ovary (germ cell) cancer,
prostate cancer, pancreatic cancer, penis cancer,
retinoblastoma, skin cancer, soft-tissue sarcoma, squamous
cell carcinomas, stomach cancer, testicular cancer, thyroid
cancer, trophoblastic neoplasms, cancer of the uterus,
vaginal cancer, cancer of the vulva and Wilm’s tumor.

99. A method of inhibiting PARP activity comprising
administering a compound of formula I containing at least one
ring nitrogen:

I



Coul ter counter and plated at a density of 10[err] cells per cnferr] in
6-wel | tissue culture plates in DVEM 199 medi um suppl emented 30 w th 10%
bovi ne calWO8®¥iisd4and varyi ng anounts (0.10uM and 1nmM fr eorasifidefost ock.
solution in DVEM ML99 nediun) of a PARP inhibitor of Formula | as discl osed
herein. This process is repeated every 7 days until the cell appear to
stop dividing. The untreated (control) cells reach senescence and stop 35
dividing after about 40 days in culture. Treatnment of _cells with 10 uM
3-AB appears to have little or no effect imcontrast to treatnment with 100
uM 3- AB whi ch appears | engthen the |ifegpan] of the CEllthi&ﬁhﬂﬁﬂhﬁﬂEﬂMmMﬂth

1 mM 3-AB which dramatically increas 'e‘.lffspan and
capacity - 88 - of the cells. \ gl _sNRY eat ed mnt al |
[ opro e

still divide after 60 days in cultur®s

Ef fects of

afpl e 16: NeU
Formula | on 5 Chronic Constriction InJury

(Ca) in Rats Adult male Sprague-Dawl ey rats, 300-350 g, are
anest heti zed W th i nt raperitoneal 50 ng/ kg sodi um pent obar bi tal .
Nerve ligation is perforned by exposing one side of the rat's sciatic
nerves and dissecting a 5-7 mm|l ong

1o

15

20

25

30

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein: '

X is double-bonded oxygen or -OH; .

"when R’ is present, it is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,
bi~ or triecyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and

Z is (i) -CHR’CHR’- wherein R? is in the meta-position
and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R?® and R® are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;

(ii) -R°C=CR’-~ wherein R is meta to the ring

nitrogen, and R’ and R® are independently hydrogen,

lower alkyl, aryl, aralkyl, halo,

hydroxy, amino, dimethylamino, piperidine,

piperazine, imidazolidine, -NO,, -COOR’, or ~-NR'R®

where R® is independently hydrogen or C,-C, alkyl,

or R® and R, taken together, form a fused aromatic

ring, wherein each individual ring has 5-6 ring

members;

(iii) -R*C=N-; '

(iv) -CR?(OH)~-NR'-; or

(v}  =C(Q)-NR'-;

(vi) -NR’-C(0)-CHR'’- wherein R™ is ortho to the
ring nitrogen, and R’ and R are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,

- 119 -
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10 nerve segnment and closing with four |oos
foll owed by inplanting of an int rafjpeetyas and inserting of a

gent am ci yyafigdse- f1 ushed pol yet hiyil IJ tube into the subarachnoid
space through an incision at the cflk ! The cautGIUERHSES t he-

catheter is gently 15 threaded to the |unbar enlargenent and the rostral

end is secured with dent gl qcgpent : S EW, enbedded in the skull and the
skin wound is closed vvithlyv,\ougg'cﬁ%esﬁd?%{eer’ngllgg§3ﬁﬁ?gesi a to radi ant heat

i s assessed by using a paMiAREANFRIRE . t2¥:, TBRORat ofs-BREewhére R°pl astic
cylinder 20 on a 3-nm t Qisckn@bpsndd it g odnl adi oyrcesfroma
projection bulb placed diaksckioypgnder tYﬁéW I ar?t ar gu?%éggg%y%ts'he%rrr gt' S

hi ndpaw. The paw-wit hdr &nal NI At 6AES! i SO HMSTed L5t Aef159R Bihsed from
the ons®et of radiant heawherehml eadhorindd wiidukdr avag ds t9+ rdihgs hi ndpaw.
25 Mechani cal hypepahgeséa is assessed by placing the rat in a cage
with a bottom mgde of perforated netal sheet with many small square hol es.
Duration of paW M sHdr SRR RL¥bcddd andeprpikeki rafe Imuhstdtpkadt ar
surface of the atatdre kirndpaw podiridms tikhohyarsgéef YaRirbxy)Saatigd t hrough
t he cage botto no; nia.;s_assessed hy placing a rat in
a cage simlar rf%ao]'%t%r%y%( e@?%ﬁ%ﬁ‘t eas]?%éna%'aﬁﬂii(ﬁf‘% CXon FYe xgi'l anents in
ascendithg or dera™fla&ERFYngCYHTe FHMP ngrinom Sulfhydryls ¢htioalkel,
md-plantar surdatoxgf, thebé@fcFe hindREWcyAIYON EEY alkyl, lower

alkenyl, cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamino.

ai atures at a 1.0- 1.5-mm

15 100. The method of claim 99, wherein X is double-
bonded oxygen.

101. The method of claim 99, wherein Y has at least one
site of unsaturation.
20
102. The method of claim 99, wherein Y represents the
atoms necessary to form a fused benzene or naphthalene ring.

103. The method of claim 99, wherein Y is substituted
25 with at least one non-hydrogen, non-interfering substituent.

104. The method of claim 99, wherein 2 is:
(1) -CHR?CHR®~, (ii) -R°C=CR’-, or (iii) -R’C=N-.

30 105. The method of claim 99, wherein Z is =R®Cc=CR’- and
forms a fused aromatic ring.

106. The method of claim 99, wherein said ring.is
substituted with at least one non-hydrogen, non-interfering
35 substituent.

107. The method of claim 99, wherein, when R’ is
present, it is hydrogen.

I R



filament is applied perpendicular to the skin and depressed 35 slowy
until it bends. A threshold f et as ia glis defined as the first
fil amentwawsihezsseri es to evoke | | ear paw wi porgusssalsigaut of
five applications. Dark neurons il aterally within the spinal
cord dorsal horn, particularly in lamnae I-11, of rats 8 days - 89 -

af ter uni |.at er abasCl hd CrdiGfole del GaREANSGS GOURAIE Lot BoRBBGHARELA! o

rats. Varioys doses_of differing,conpounds o ormula | are testéd in this
nodel andagh&ﬁPﬁHéP°%g%chPr AHSE H1BGmpB uRIRNI IR 16 h & nci dence of dark
neurons aptthellzaepaéhi ar &= paiimazehdvkeohutbedX]) ~“gmtas tetracyByest i on bei ng

t hus descyj Lt Vi ha S .varied in many
ways. Suchkggg%g i%ﬁ%$%?§§hg% ng§e§fe%3%g§% as éﬂ%éﬁggfure fromthe spirit
and scope of 10 the invention, and all such nodifications are intended to
be included within the scope of the fol Kowing clains. - 90 -

where W is -0-, -S-, -NR'-, -CHO, -CHOH, or CHNH, where R' is
hydrogen or lower alkyl.

109. The method of claim 99, wherein said compound has a
10 phenanthridine nucleus.

110. The composition of claim 99, wherein said compound
has a tetracyclic bridging structure to ring Y, having the
formula:

15

where W is -CH-; X, is hydrogen, hydroxy, or amino; and X, is
hydrogen, amino, l~piperidine, l-piperazine, l-imidazolidine,
20 or hydroxy. ,
111. The method of claim 99, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring; and
25 Z is -R°c=CR’- where R® and R’, taken together, form a

-
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We claim A conmpound of formula,_l.
[err] or a pharnaceutically acc vt

ol vat e, prodrug,|{e
&ﬁ%@@l X i's doubl e-bo dL
S hydrogen

hydr at e,
t her eof
present,

phenyl, pyridine, pyrimdine rin d Z |s?$err wherein R err] and
Rlerr], taken togetﬁ&?ede??ﬁ%P?lﬁﬁﬁg ﬁﬁgﬁ§FFu a Ghlore; grempe ring;
pyridine, or pyrimdine ring, |s substituted at one or

nore positions qkthTﬂgdﬁggﬁé? Jy i o8al Qe pg{galkyl al koxy, al kenoxy,
0X

wher ei n said phenyl,

al karyl oxy,
t hi oal kyl ,
| ower &l kenyl,

nitroso,
t oget her,

10

15

20

25

30

35

ary oxy,
car Body, dé&bﬁ

iﬂcedm d addition sait,

t er e9l SOI’T'EI’PC,P/{Iiépéé

cyano, én1no m no, sulfhydryl

o et By 3 05, 6, RN A% 13Ken EhguED o, 31

form

113.
X is
Y is

114.
X is
Y is
Z is

115.
X is
Y is
Z is

fused benzene ring substituted with a bromo group.

The method of claim 99, wherein:

double bonded-oxygen;

a fused benzene riﬁg substituted with a nitro
group; and

-R®Cc=CR*-~ where, R® and R, taken together, form a
fused benzene ring substituted with an amino group.

The method of claim 99, wherein:

double bonded-oxygen;

a fused benzene ring; and

-R'c=CR>- where R’ and R®, taken together, form a
fused benzene ring with a bridging substituent
connecting the 2 ring with the Y ring.

The method of claim %9, wherein:

double bonded-oxygen;

a fused benzene ring; and

-R®c=CR’- where R’ and R’, taken together, form a

fused benzene ring substituted with an -NO, group.

11l6.
X is
Y is

2 is

117.

X is
Y is

The method of claim 99, wherein:

double bonded-oxygen;

a fused benzene ring carrying at least one non-
hydrogen, non-interfering substituent; and
~R°c=CR’- where R® and R’, taken together, form an
unsubstituted fused benzene ring.

The method of claim 99, wherein:

double bonded-oxygen;

a fused benzene ring carrying a chloro substituent;
and

R, O A - e -

at | east one ring nitrogen:

res

Y represents the atons necessary to forma fused

when

609@#Q?d1R¥Y96n, heterocycle | ower al kyl,
wyel aakkyba @éﬂéen@rrnh ,kgha hal oaryl, amno, nitro,

t aken



phenant hr.i di none nucl eus then t h& 7S eenfeplacsd substituted only with
hydr ogen, and the 8-position is ly with hydrogen, carboxy, or
hal 0; (b) WOA¥HS¥ Y and Z, take ,, ﬂy rma 5 PCT/US98/18195
phenant hri di none nucl eus and positions 1, 3, 4, 7, 8 9, and 10 are each
substituted with hydrogen, then thg 2- pothion I's not substituted with
hydrogen, NJ er#]is Ntk EFFR - whlege Reratjd & kytakeyaregettsrhoXprmcar boxy,
Crlerr], or phenyl; #ffsed benzbf) rmr‘sﬁ%s%mgwi%tﬁkﬁncEQQPS hﬁ[oug orma

phenant hri di none nucl eus and positions 1, 2, 3, 7, 8, 9, and 10 are ‘each
substituted with hydrogen; then the 4-position is not substituted with
NJ err], NH errlis OTheBmethpodhyfir okyimn¥d hywhexarinzar boxy; 15 : (d)

when XY and Z henant hri di none nucl eus and
n Xs X @k&‘élg%g‘b —Q%Q%JO . .
positions 2, 3, 4{" 7, ,l 9% gﬁ%idlé eﬁ’each substituted with hydrogen; then

the 1-position ¥sifict Liaesk PeneepewrimgNGdr], NH err], COOH, nethyl, O,

or Br; 20 z (B3 -rfeeor% wle2BdRZ arkeEn t20&4 NeSgeti¥Y) Form a

phenant hri di none nug‘hlr esuezdn%ggﬁgﬁgl Hgélssu stzituA{:'ed7’wi§:h g, _g]r:ldar}é) aar_e each

substituted with hydrog
NO, group.
10 .
119. The method of claim 99, wherein:
X is double bonded-oxygen; ‘
Y is a fused benzene ring; and _
© Z is -R,C=CR’-~ where R‘ and R®, taken together, form a
15 fused naphthalene ring.

120. The method of claim 99, wherein said compound has
an ICs, for inhibiting poly{(ADP-ribose) polymerase in vitro of
100 uM or lower. '
20
121. The method of claim 99, wherein said compound has
an ICs for inhibiting poly(ADP-ribose) polymerase in vitro of

25 uM or lower.

25 122. The method of claim 99, wherein said compound is

5 (H) 2-chloro-10-methylphenanthridin-6-one.

; 123. The method of claim 99, wherein said compound is
5(H)2-nitro-10-methylphenanthridin-6-one.
30
124, The method of claim 99, wherein said compound is
5(H) 2-chloro-10-aminophenanthridin-6-one.
125. The method of claim 99, wherein said compound is

35 5(H)2-nitro-10-aminophenanthridin-6-one.

126. The method of claim 99, wherein said compound is

5 (H) 2~chloro-10-nitrophenanthridin~6-one.

-
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the 3-position is not substltut ednﬁush&ttmiabbplkpplﬁm-l hydr oxy, et hoxy,
NJerr], NHerr], d, or Br; mwﬂmﬂﬂ'[\:ﬂ mx Y and Z, taken together,
forma ph dlnone nucleus an in the 8- -

posi tion; an pOiSI tions 7, 9, and bstituted W’E’ﬁg%f}a’r%gen; '

then the z-ring phenyl is not substituted with N(Jerr], NHerr], Cd, or Br

at any positio t aken 1 et her, forma
pnenant hri di norqlez.;raluclTehl?sm%g%}o?he ZC%%)sﬂ tgfgdnwgsrgh’ﬁsﬁjtcg SFRAA Ast hyl
NOJ err], M{mzaloﬁlrxlt@’ppaenaahmrmm-tam 1, 3, 7, 8, 9, and 10 are each
substltut ed with hydrogen then the 4-potiion is not substituted 10

w th methyl, err NH err], or Br; (h) when X, Y and Z, taken
t oget her, for m%?%—h HPFEP@O‘PI% Fhadime 99  aBerpEn 3saiokiqdmpound sebstituted
wi t h rr&.thogg ‘N‘é[lﬂrdr]o-1M?é£$xyﬂ[ergnt%'i‘1dﬁﬂsbtbﬁé‘s 1, 2, 4,7 8 and?9
are each substituted w th hydrogen; then the 10 p05|t|on S

not substituted with CI or NH[err],
129. The method of claim 99, wherein said compound is

5 (H) 2-nitro-10-hydroxyphenanthridin-6-one.

10 130. The method of claim 99, wherein said compound is

5(H) 2-chloro-10-bromophenanthridin-6-one.

.131. The method of claim 99, wherein said compound is
S(H) 2-nitro~-10-bromophenanthridin-6-one,
15
132. The method of claim 99, wherein said compound is

5(H) 2-chloro-10-nitrosophenanthridin-6é-one.

133. The method of claim 99, wherein said compound is
20 5(H)2-chloro-9,10-methlenedihydroxyphenan-

thridin-6-one.

134. The method of claim 99, wherein said compound is
5 (H) 2-nitro-9,10-methlenedihydroxyphenan-
25 thridin-é-one.

135. The method of claim 99, wherein said composition
is in the form of a capsule or tablet containing a single or
divided dose of said compound, wherein said dose is

30 sufficient to prevent or reduce the effects of vascular

stroke or other neurodegenerative disease.
136. The method of claim 99, wherein said composition
is administered as a sterile solution, suspension or

35 emulsion, in a single or divided dose.

137. The method of claim 99, wherein said composition
is administered as a solid implant capable of releasing the

I
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(i) when X, Y and Z, taken tod@? t enant hri di none nucl eus and
the 1-positioniis substltuted MA thyl, or COOH, and positions
20 wo sae28, 4, 7, 8, and bstituted w phThiso§agen; then
the 10-position is not substltuted mnth Cl, NHerr], methyl, or N(Jerr];

() mhen X, Y and Z, taken together, forma phenant hri di none nucl eus and
the 2- - @ﬂﬂo gl dependently substituted

W th hydrogen éNr&g'?,rr X lef Q?Sﬁéfp poozilretl(x)“rrils 1, 7, 8, and 9 - 93 -

are each substituted with hydrogen; then the position is not substituted

wth COOH, (k) 1yhen The ¥e@hddZofte@keim dIHHeinf aamuac@‘nlg&@{g hrd di none
nucl eus a RQsi ti Qns are. | depe ently
Subst |t ut BESFERE D %guﬁbfufflcmnme”ﬁeat s A

10 are %achl%%\b%tﬁﬁmﬁ%d resththydr o cetphralhd sthepdsi andn i s not

substi t ut edapétiusFOHnjtuty. when X, Y and Z, taken together, froma 10
phenanthrldlnone nucl eus and positions 1, 2, 3, 4, 7,

139. A method of effecting a neuronal activity in an
animal comprising administering to said animal an effective
10 amount of a compound of formula I containing at least one
ring nitrogen:

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
15 or mixtures thereof, wherein:
X is double-bonded oxygen or -OH;
when R’ is present, it is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
20 . wherein each individual ring has 5-6 ring member
atoms; and
Z is (i) -CHR’CHR?- wherein R® is in the meta-position
and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R* and R’ are
25 independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R®C=CR®*- wherein R® is meta to the ring
nitrogen, and R’ and R® are independently hydrogen,
30 lower alkyl, aryl, aralkyl, halo,
hydroxy, amino, dimethylamino, piperidine,

—_—
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8, and 9 are each substituted w

Re #h the 10-position is not

substituted with A, NHerr], err]; (m when X Y and Z,

taken tog,@%ﬁéﬁ forma 15 phen ucl eus and ﬁoﬂ{éﬁs@gﬁsl 2,

10 are each substltut ed W|th hydr ogen; the position

|s not substituted with d, or Br; (n) when X, Y and Z, taken together,

form a phenanft hri di nlg%?en%%%q%us lﬂgﬁawﬁ%&ﬁmi tNloon 'éo%t@’,égor n§R71PO are each

substituted with d

I ons’

substituted w th hydrieges R thénllt‘ql@@dmﬁilty @h’drggﬁ@tOEMthﬂ;mMﬂth d
or COOH, (0) when mr\ﬁ‘aaeldzn’taiﬁﬁant QG@EBI%I, fﬁﬂﬂ% &kh%@anwmﬁti‘é?]“e q
err an

nucl eus and the 9- pOSltIO Itu%ﬂa

positions 1, 2, 4, 7 e‘(ﬁifrfd‘ F@cgai:ﬂd’sﬁ’fﬁ‘ﬁ]t l’ft"é‘& EnoAGdF&R@N; then
the 3- 5 94 - posm&mhm:s;s not substituted with NHerr]; (p) when Rlerr]
and Rlerr]

the atons necessary

not

10

15

20

25

30

35

of Z forn*{f\i;; us_qgc substltut ed phenyl ring, and Y represents

orma used ;unsubstituted phenyl ring; then Xis
(iv) ~CR*(OH)-NR'-; or

V) -C(0) -NR’-;

(vi) -NR’-C(0)-CHRY- wherein RY is ortho to the
ring nitrogen, and R’ and RY are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine,-
imidazolidine, -NO,, -COOR’, or -NR'R® where R’
is independently hydrogen or C,-Cs alkyl, or R®
and RY, taken together, form a fused ring,
wherein each individual ring has 5-7 ring
members;

wherein said alkyl, aryl, and aralkyl, are

substituted at one or more positions with hydrogen,

hydroxy, halo, haloalkyl, alkoxy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyano, amino,
imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl,
cycloalkyl, aryl, arylalkyl, haloaryl, amino,
nitro, nitroso, dimethylamino.

140. The method of claim 1339, wherein the neuronal
activity is not mediated by NMDA.

141. The method of claim 139, wherein the neuronal
activity is selected from the group consisting of stimulation
of damaged neurons, promotion of neurcnal regeneration,
prevention of neurodegeneration, and treatment of a
neurological disorder. '

142. The method of claim 141, wherein said neuronal
activity is stimulation of damaged neurons resulting from
cerebral ischemia or reperfusion injury.
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hydroxy; (q) when X, Y and Z, m BtﬁeR;:pla‘calrm a phenant hri di none
te mn

nucl eus and positions 1, 2, 3 each substituted with
hydr ogen; Ymep/11624 10- position i s th nmet hoxy Pom/usysirsagen; 10
, NH err], carboxy, nethyl,

then the 9-postion is not substitu
met hoxy, or Nderr]; (r) when X Y and Z, taken together, forma
pnenant hri dl nonmzwcl']ms maltdoposftcbasm 4141,, wher@inagtelfledr &1 P

substitute {_&ler_hvlgg %ct@ﬁdfi‘gl‘g é%e l%o%lﬁon&lsmp@sg $ é_besutitst ituted

with d, yroxy, ro en
NJ err], nBeWeREathHF cwtﬁeégéﬁ anﬁhc%enm%suqr @ﬁsﬁgsﬁoﬁtéﬁbst ituted with

d, net hyltrﬁmm&]ca%m( s_},;uwenpﬁ@si{c@ndia% ftea&%nthegsgbﬁél dgign a 20

phenant ri d| n ne nucl eu nd.pEsSiLions are éach

B lbet 1t cTEERF TRRraEse 4488, Re: S8 adadd o denyerabeb i ifsaam hydr ogen
or F; themnden8apmisigiionl ddsavdesubslatinedavinerbgegeherabion X, Y and Z,
taken together, forma 25 phenant hri di none nucl eus and positions

7, 8, 9, and 10 are each substit ut ed wi th hydrogen; and positions - 95 -
144. The method of claim 143, wherein the neurological

disorder relating to neurocdegeneration is selected from the
10 group consisting of Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease and amyotrophic lateral sclerosis.

145. A method of treating an inflammatory bowel
disorder in an animal comprising administering td said animal
15 an effective amount of a compound of formula I containing at
least one ring nitrogen:

or a pharmaceutically acceptable base or acid addition salt,

hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
20 or mixtures thereof, wherein:

: X is double-bonded oxygen or -OH;

when R’ is present, it is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,

25 wherein each individual ring has 5-6 ring member
atoms; and '

Z is (i) =-CHR’CHR’- wherein R® is in the meta-position
and R® is'in the ortho-position relative to said
ring nitrogen of formula I, and R® and R’ are

30 independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,

- - 127 -
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1, 2, and 3 are each substitut edThid Shéet iRBednRepilte) the 4- position is not

substit ut ed with F; and (u) theumwulﬂ ﬂU ormula | is not 2,
10- Di aza en-9(10H)-one 5 l I 1- Fl uoro
10-Di aza%ﬂgﬁﬁiﬁé en-9(10H) - one 1- azaphenat ﬁr%gﬁ”sgf/i%ﬁﬁ one

7-Phenyl -8, 10-Di azaphenant hren-9(10H) -one 8, 10- bi azaphenant hren-9(10H) - one

3, 10- Di azaphenant hr gp. 9( 'i)di%%e a?cgyl Z?ﬁ% Ttg—;i, gg_gggg?d of claiml1,

wherein X is doubl e-bon oun im1, whereinyY
has at |east one |5(kiX e‘PoF‘Gﬁsat"@eéI?FBnR 41-5 me}het@o%%uﬁkf‘%f claim 1,

wherein Y represents;¢ieyeat, O@dnaewrw 4 8e f Didaperddened yphgarbgéh NY. 20
5. The conpound o% cl a|r2 ?I n ijk JquxStl' tuted vmth at ?east one
non- hydr ogen, non-i NT%FF éHikYd sﬁﬁg rt PRt e compound of clai m 5,
wherei B said substlltl:irbmxy,s agelnect ddmétyd aniggr edperdAsneting of -NJerr],

hal o, hydroxy, @@aﬂa@t mﬁ'iagw@mmé [ Qv PEESRTCorPLRETERZI NE,
I m dazol i di ne, aral OR[ err NHR] er r] Wnere R[err] S
wh ere 1s 1ndependently ydrogen r C,-C, alkyl

or R® and R?, taken together, form a fused aromatic
ring, wherein each individual ring has 5-6 ring
10 members;
(iii) -RPC=N-;
(iv) -CR*(OH)-NR’-; or

(v)  -C(0)-NR'-; .
(vi) -NR’-C(0)-CHR®- wherein R is ortho to the
15 ring nitrogen, and R’ and R¥ are independently

hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R’ where R°
is independently hydrogen or C,-C, alkyl, or R’
20 and R, taken together, form a fused ring,
wherein each individual ring has 5$-7 ring
members; '
wherein said alkyl, aryl, and aralkyl, are
substituted at one or more positions with hydrogen,
25 hydroxy, halo, haloalkyl, alkoxy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyano, amino,
imino, sulfhydryl, thicalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl,
cycloalkyl, aryl, arylalkyl, haloaryl, amino,
30 nitro, nitroso, dimethylamino.

146. The method of claim 145, wherein said bowel
disorder is colitis.

*

35 147. The method of claim 145, wherein said inflammatory
bowel disorder is Crohn’s disease.

148. A method of treating a cardiovascular disorder in

an animal comprising administering to said animal an

AR
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hydrogen, or araIkyI 7. The cdfj @iﬁﬂl wherein Z is [err]
where - 96 - ° Rlerr] and Rlerr], ' r, forma fused pyridine
ring. 8. wolsaieanpound of claim [err] whereT/Bf®wisj9sand

Rlerr], taken together, forma fused benzene r| ng. 9. The conound of
claim 8 wherein said ri ng i s substituted with at | east one non-hydrogen
substi t ut edf§erbivedakiowm flfe agrompoendsestfammdfa Takontabhiag £t ro,

hydr oxy, pigggtdbﬂg rilPHid%0hen: i M dazoline, dimethylamnno, aryl, and 10
arylal kyl . "10.- The conpound of claim1, wherein Rlerr], when present, is
hydrogen. 11. The conpound or claim1, wherein said corrpound has an
IC[err] for inhibiting pon(ADP-rrbose) posﬁnerase in vitro of 25 [err]M or
| ower. 12. The conpound of claim1, wherein said conpound has an 20
ICerr] for inhibiting poly(ADP-ri he pollynmerase in vitro of 10 [err]M or
| ower. 13. The conpound of clai my NR,)( I s doubl e bonded- oxygen;

or a pharmaceutically acceptable base or acid addition salt,
5 hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein:
X is double-bonded oxygen or -OH;
when R’ is present, it is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,
10 bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and
Z is (i) -CHR®’CHR’- wherein R?® is in the meta-position
and R’ is in the ortho-position relative to said
15 ring nitrogen of formula I, and R’ and R’ are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(1i) -R°c=CR’- wherein R‘ is meta to the ring
20 nitrogen, and R® and R® are independently hydrogen,
; lower alkyl, aryl, aralkyl, halo,
hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -NR'R®
where R is independently hydrogen or C,-C, alkyl,
25 or R® and R’, taken together, form a fused aromatic
ring, wherein each individual ring has 5-6 ring
members;
(iii) -R%’e=N-;
(iv) ~-CR*(OH)-NR'-; or
30 (v)  -C(O)-NR'-;
(vi) ~NR’-C(0)~CHR™- wherein R¥ is ortho to the

AT
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25 Y i s a fused pyridine rThifgheetiia BrnRapliced r] where R[err] and

Rl err], taken together, form a fu ng substituted with at
| east oneaypQyytézpon- interfering g 14. The peoiRehlo#f cl aim
1, wherein sé? conmpound 5(H)-1, 3-dicholorp pEl 1?69 The

enant hri di n- 6- one.
conpound of claim1, wherein said conpound is 5

5|( H) - 3-t rL\LI our onet hé' - 1@iRgt Ayt phesantdnd & narft ait. add . indEpRenaepReyNd or
claim1l, lerein said co nd s
5(H)-3-FIuoro-lO-nethyIpﬁgﬁgﬁgﬁ?icﬁ?ﬁﬁi(ﬁ%gylloaiyl'1§Falﬁﬁﬁ¥ 5ﬁﬂﬁbund of
claim1, wherein said cohféundyi spiperidine, piperazine,

5(H) -1, 8-difluoro-3-nitrephagasi uih N-Gopne-cddk’, IThe-gRMPOPRg- Ofgec! ai m 1,
mherei% sai d conpound is,5(tg-8-c%£b y heggnthridin-G-one. 19. The,
conpourtd of claim 1, wher& ASEPE %MM Fggen or C,=C, alkyl, or R
5(H)-1, 3, 8-trichl oro- 10- aninkilhehakémriaetheroneorfla fdded apimpund of

claim1, wherein said coppg i : : . - .
5(FD-1-anino-2-ch|orophenan?ﬁ??d%%%g}gﬁgylg¥él ?h%géﬁﬁ%éﬁ&h‘afgb|aim 1

wherein said conmpound i s™SPFPRPS&hI or 0- 10- et hyl phenant hri di n- 6- one.
wherein said alkyl, aryl, and aralkyl, are

10 substituted at one or more positions with hydrogen,
hydroxy, halo, haloalkyl, alkoxy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyano, amino,
imino, sulfhydryl, thiocalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl,

15 cyclealkyl, aryl, arylalkyl, halocaryl, amino,
nitro, nitroso, dimethylamino.

149. The method of claim 148, wherein said
cardiovascular disorder is selected from the group consisting
20 of coronary artery disease, angina pectoris, myocardial
infarction, cardiogenic shock, and cardiovascular tissue
damage.

150. A method of treating septic shock in an animal
25 comprising administering to said animal an effective amount
of a compound of formula I containing at least one ring
nitrogen:

or a pharmaceutically acceptable base or acid addition salt,
30 hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures therecf, wherein:

(e
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25 22. The conpound of clTisihett HasResn&eplaceni d conpound i s

5(H) 2-ni tro-10-net hyl phenant hri di The conmpound of claim1,
wher ei n sawo soawgeaund i s 5(H) 2-ch - henant hri di npGrronssnssfz 24.
The conpound of claim 1, wherein sard conpound is - 98 -

5(H) 2-nitro-10-am nophenanthr| di n-6-one. 25. The conmpound of claiml1,

wherei n said coribdtm@qué?lstbpn@e@MWQﬁm&rm-DHophenant hri di n-6-one. 26.

The conmpound of yHeH m’llsviﬁeggéd{ sgikd j60
5(H) 2, 10- d|n|tr§Phenanthr one. l H?he co oumfwﬁx<§lky ’1 wherein

sai d conmpound i s* FTFPEESFREE E’é‘?o Eﬁ“%ftﬁ%??ﬁﬁé‘n’&ﬁt FPFRI &-BU%HE maI®~, The
conpound of claim 1, hifepei tir seycl ipMuamdcyslic or heterocycllc ring,

5(H)2-nigt r o- 10- hydr oy a?sgﬁnw&adi,g{lgg %%1 Fing na8%-s P QHUNd of

claim 1 wherein said conpound
2-chl or o- 10- brormpheﬁ&ﬁt“ﬁnél’f‘% 6- one. The conpound of claim1, wherein

sai d conpound i % 3s( K))2-0HRICHRLIO- &ﬁéﬂ&ﬂh@ﬁaﬂéh{ﬁcﬁﬁbfﬁéﬂgldeQtion
and R® is in the ortho-position relative to said
ring nitrogen of formula I, and R?® and R® are

10 independently hydrogen, hydroxy, amino,

dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R°c=CR’- wherein R’ is meta to the.ring
nitrcgen, and R’ and R® are independently hydrogen,
i5 lower alkyl, aryl, aralkyl, halo, )
hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -NR'R®
where R’ is independently hydrogen or C,-C, alkyl,
or R® and R’, taken together, form a fused aromatic

20 ring, wherein each individual ring has 5-6 ring

members;

(iii) -R*C=N-;

(iv) -CR?*(OH)-NR’-; or
(v) -C(0)-NR"~-;

25 (vi) -NR’-C(0)-CHR- wherein R is ortho to the
ring nitrogen, and R’ and R are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R® where R®

30 is independently hydrogen or C,-C, alkyl, or R’
and R, taken together, form a fused ring,
wherein each individual ring has 5-7 ring
members;

wherein said alkyl, aryl, and aralkyl, are substituted at one
35 or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,
amino, imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,
arylalkyl, haloaryl, amino, nitro, nitroso, dimethylamino.

LT




31. The conpound of claim1, mherel S |dR&,qgound IS
5(H) 2-chl or o- 10- mtrosophenant Mﬁ The conmpound of 'claim 1,

wherein s und is 25 l
%@989 P i di n- 6-one. §§?mswle81%sorrpound
of claim1, wherein said conpound is

5(H) 2-chl or net hyl enedi hyd

5(H) 2-nitro-9, 10- net hyl enedi hydroxyphenan- thri din-6-one. 30 34. A
conpound, havin t he formul erein err] is hydrogen;
X is OH or doubl Trond®¢- 5‘?3889 "‘Em‘él1 W 51500 whegein, ?\H%rﬁpth @HOCK- CHOH,
or -CHNH er{d erMuw¥skid @hibkxkl, S hydrogen or Iovver al kyl; with the proviso
that when X i s doubl e bonded-oxygen then Wis not -CHO or CHOH. 35. The
conmpound of claim 34, wherein said conmpound has a tetracyclic bridging

struct ur5e tori ”ﬂszY Q\a\r/nle"?:go&hgff&r'er@ flr:xg [delrarb]etes in an animal

comprising administering to said animal an effective amount

of a compound of formula I containing at least one ring

nitrogen:

10 or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein:

X is double-bonded oxygen or -OH;
when R’ is present, it is hydrogen or lower alkyl;

15 Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and

Z is (i) -CHR?’CHR’- wherein R’ is in the meta-position

20 and R’ is in the ortho-position relative to said

' ring nitrogen of formula I, and R* and R® are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;

25 (1i) -R°C=CR’- wherein R° is meta to the ring
nitrogen, and R?® and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo,
hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, —-COOR’, or -NR'R’

30 where R® is independently hydrogen or C;-Cs alkyl,
or R® and R’, taken together, form a fused aromatic
ring, wherein each individual ring has 5-6 ring

- 132 -
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15 where Wis -CH; Xerr] is hydroégﬁj—ﬂyaFg;y, or amno; and Xerr] is
hydrogen, ami no, 1-piperidine, 1-pi p@hiasheesidias Been Rep Eﬁolidine, or hydroxy;

with the pry@is@l@Hat when Xerr] is B N1 11K X[ err] iECTU$sshyds0gen.
20 36. A pharmaceutical conposi

g a conpound of formula
| containing at |east one ring- nitrogen:. [err] or a

phar maceutical | y accepeBBeESbase or acid addition salt, hydrate, ester,
sol vate, prodrug, netghek)teg?csvereoi somer, or 5 mxtures thereof, wherein
when present, is hydrogen or

fbkzrdSFELF;bgnfggrgéﬁggg ?ﬁgfgpg%ggﬁé%ngéry to forma fused nono-, bi- or
tricyclic, carbocyclidvbr.he¢é3bd95%bc ring, 10 . wher ei n each
Rlerr] 12 in the nota Nebi  foneete) PeTR: whOfefn 18 (4 on el o e e at  ve
to said ring nitrogen of fHIMITEYEC98Rd RPEr k| a1 RR &4 izdepesdently
i ndependent |y hydrogen, hynydeygerpmilawer alkyl, aryl, aralkyl, halo,
' hydroxy, piperidine, piperazine,
imidazolidine, -NO,, -COOR’, or -NR'R’ where R®
10 is independently hydrogen or C,-C, alkyl, or R®
and R, taken together, form a fused ring,
wherein each individual ring has 5-7 ring
members; )
wherein said alkyl, aryl, and aralkyl, are substituted at one
15 or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,
amino, imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,
arylalkyl, haloaryl, amino, nitro, nitroso, dimethylamino.
20
153. A method of treating arthritis in an animal
comprising administering to said animal an effective amount
of a compound of formula I containing at least one ring
nitrogen:

25 cax
or a pharmaceutically acceptable base or acid addition salt,

hydrate, ester, solvate, prodrug, metabolite, stereoisomer,
or mixtures thereof, wherein:
X is double-bonded oxygen or -OH;
30 when R’ is present, it is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,

e

AU A L R

— - 133 -



di et hyl am no, nitro, piperidin m dazol i di ne, al kyl, aryl,
or aralkyl; (ii) [err] wherein E& 7iﬁﬁi the ring nitrogen, and
Rlerr] and are |ndependen n hydr o ower
al kyl, ar yl“%ggrrl{é% hal o, hydr m,l met hyl am no, B?nglg?%sﬁ%s

pi per azi ne, |n1dazolrdine -NJ err], CIII{err] or - [err] where R err] is
| ndependent |y hydrogen or errL aIkyI or err] and RLerr t aken
together, forma 25 bi- or tricyclic, q3rhafvsldencrche ﬁﬁ°°¥$%%%ﬂ§%ﬁ§ach

i ndi vidual ring has Sftferrermgeaehbemsiv:(dual) dieir has(B¥§ riegrhemdan
[err]; or 30 gvrg [err] wherein Rlers] is ortho to the ring
nitrogen, and R err] 3 err] ;are independently hydrogen, |ower alkyl,
aryl, aral kyl, Hali (-1)1(‘)‘FHR CHR’nydhergin Rpdei dipnshe phezmasidion

i m dazolg di ne, -NJ erdrja R* A@PR.n Ahe %H:ho%fi@éQt%ﬁrféld&t}é]d:%p%@iﬁnt Iy

hydrogen or [err] al kzyiln’g n%:rogRLr?rr} taormu erlr] andab\E and R’ are

independently hydrogen, hydroxy, amino,

dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;

10 (ii) -R°c=CR’- wherein R’ is meta to the ring
nitrogen, and R® and R® are independently hydrogen,
lower alkyl, aryl, aralkyl, halo,
hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, =-NO,, -COOR’, or -NR'R’

15 where R’ is independently hydrogen or C,-C, alkyl,
or R® and R?®, taken together, form a fused aromatic
ring, wherein each individual ring has 5-6 ring

members;
(iii) -R*C=N-;

20 (iv) ~-CR®*(OH)-NR'-;
(v) -C(0)-NR’~; or

(vi) -NR®-C(0)~CHR- wherein R is ortho to the
ring nitrogen, and R’ and R are independently
hydrogen, lower alkyl, aryl, aralkyl, halo,

25 hydroxy, piperidine, piperazine, imidazolidine, -
NO,, -COOR’, or -NR'R’ where R® is independently
hydrogen or C,;-C, alkyl, or R® and R, taken
together, form a fused ring, wherein each
individual ring has 5-7 ring members;

30 wherein said alkyl, aryl, and aralkyl, are substituted at one
or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,
amino, imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,

35 arylalkyl, haloaryl, amino, nitro, nitroso, dimethylamino.

154. A method of treating cancer in an animal
comprising administering to said animal an effective amount
of a compound of formula I containing at least one ring

e
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together, form a fused ring, M@ﬁgﬁ%@ .pdiyi dual  ring has 6-7 ring

menbers; wherein said al kyl, ary ) are substituted at one or
nore posi t mamss/detd hydrogen al oal kyl , al k@éwusag,{sﬁgg)xy, .
al karyl oxy, aryl oxy, arylalkoxy, i m no, sulfhydryl

t hi oal kyl, carboxy, carbocycle, heterpcycle | ower al kyl, | ower alkenyl,

cycl oal kyl , raredogear:yl al kyl, hal oaryl, am no, nitro, nitroso,

di met hyl am no; and a pharnaceutical ly acceptable carrier, wherein the
conpound of forrmula | is present .,in an anount effective for inhibiting
PARP activity; with the proviso tHat when X .Y and Z, taken together, from
a (5H) phenant hri di n- 6- one nucl eus and positi®ns 1, 3, 4, 7, 8, 9, and 10
are each substituted with hydrogen; 2-position is not substituted
with 20 hydrogen or NO Y Qyosi tion of claim36,
wherein X i s doubl e- bonded oxygen. . The conposition of claim
36, wherein Y represents the atons ne ary"to forma fused benzene or
napht hal ene ring. 39. The conposition of claim36, wherein Y is
substituted with at | east one non-hydrogen, non-interfering substituent. 30

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, sfereoisomer,
5 or mixtures thereof, wherein:
X is double-bonded oxygen or -OH;
when R’ is present, it is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
10 wherein each individual ring has 5-6 ring member
atoms; and
Z is (i) -CHR?’CHR’- wherein R? is in the meta-position
and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R® and R’ are
15 independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R°c=CR’- wherein R’ is meta to the ring
nitrogen, and R® and R’ are independently hydrogen,
20 lower alkyl, aryl, aralkyl, halo,

- hydroxy, amino, dimethylaminao, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -NR'R’
where R’ is independently hydrogen or C,-C, alkyl,
or R® and R’, taken together, form a fused aromatic

25 ring, wherein each individual ring has 5-6 ring
members; .
(iii) -R*’c=N-;
(iv) -CR?*(OH)-NR'-;
(v) =C(0)-NR’-; or

30 (vi} -NR’-C(0)-CHR- wherein R is ortho to the
ring nitrogen, and R’ and R are independently

A

- 135 -



mxél ) - [err], (ii) [err], or

40. The conposition of claim 36p, \gﬂ Sgee% i

(iii) [err]. 41. The conp05|t|o wherein Zis [err} - 102 -
and fornsg ed aromati c rlng IEmE" osition of erein
said ri ng“f%”éugé“[ ituted with at - hydr ogen, ng&kﬁ%iﬁ?%s\rmng 5

substituent. 43. The corrp05|t|on of claim 36, wherein Rerr], when
present, is hydrogen. 10 The conposition or cIa|n136 wherei n
sai d conpound has anhygqu¢mmﬂhqw9r alpyéri arnk, %rqﬂkaﬁanhhﬂpd|ne a

pht hal azi ne, or a quhPaZeky nepﬂs&ll@%e oblgeirs:i{xa&yqlxdﬁa%u@ahﬂg siructure
to ring Y, having tﬂﬁgfornul err O rr]

15, re
-CHO, -CHOH, or Fr T79RA e E é’hﬁﬁr BgeJrF &Me@ﬁgflemﬁ The
conposition of clai nhﬁd:;oq\h_erc_m rclsag c&l@:_qdponndRhamdaRb’r)e!nanbhrl di ne
nucl euss 20 46.  Thee5QUPRSI AP SLaLD 36ng MG &idt S abdncompound

individual ring has 5-7 ring members;

wherein said alkyl, aryl, and aralkyl, are substituted at one
or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,

10 amino, imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,
arylalkyl, haloaryl, amino, nitro, nitroso, diméthylamino.

"155. The method of claim 154, wherein said cancer is

15 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, cervix cancer, chronic lymphocytic leukemia,
chronic myelocytic leukemia, colorectal cancer, cutaneocus T-

20 cell lymphoma, endometrial cancer, esophageal cancer, Ewing’s
sarcoma, gallbladder cancer, hairy cell leukemia, head & 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,

25 melanoma, mesothelioma, multiple myeloma, neuroblastoma, non-
Hodgkin’s lymphoma, osteosarcoma, ovary cancer, ovary (germ
cell) cancer, prostate cancer, pancreatic cancer, penis
cancer, retinoblastoma, skin cancer, soft-tissue sarcoma,
squamous cell carcinomas, stomach cancer, testicular cancer,

30 thyroid cancer, trophoblastic neoplasms, cancer of the
uterus, vaginal cancer, cancer of the vulva and Wilm’s tumor.

156. A process for preparing a compound of formula I
containing at least one ring nitrogen:
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has a tetracyclic bridging S&&ygﬁuﬁ%ﬁéhﬁéﬁgﬂY havi ng the fornul a:
[err] where Wis -CH; X[err] ydroxy, or amno; and Xerr] is
hydr ogen, wan#oika624 err] pi peri m Bﬂﬁmu i ne, 1-im dazolpcdins/18198r .

hydroxy. 47. The conposition

erein said conpound has an

ICerr] for inhibiting poly(ADP-ribose) polynerase in vitro of 100 nmM or
| ower. 10 48. The conposition of claim36, wherein said conpound has an
ICerr] for inhibiting pon(ADP—qibose) pol ymerase in vitro of 25 mM or

| ower. 15 49. The conpositi
bonded- oxygen; Y is a fused benzene rlng,

Rerr],

group. 20 50. The conposition of
bonded- oxygen;

[¢1]

10

15

20

25

30

on of claiyn 36, wherein: X is double

d Zis [err] where R err] and
ring substituted wwth a chloro
weerein: X is double

taken together, forma fused

or a pharmaceutically acceptable base or acid addition salt,
hydrate, ester, solvate, prodrug, metabolite, sterecisomer,
or mixtures thereof, wherein:

. X is double-bonded oxygen or -OH;

when R’ is present, it is hydrogen or lower alkyl;

Y represents the atoms necessary to form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring has 5-6 ring member
atoms; and _

Z is (i) -CHR’CHR’- wherein R® is in the meta-position
and R’ is in the ortho-position relative to said
ring nitrogen of formula I, and R® and R® are
independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;

(ii) -R°C=CR>- wherein R® is meta to the ring
nitrogen, and R’ and R’ are independently hydrogen,
lower alkyl, aryl, aralkyl, halo,

hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, =NO,, -COOR’, or -NR'R’
where R® is independently hydrogen or C,-Cs alkyl,
or R’ and R?, taken together, form a fused aromatic
ring, wherein each individual ring has 5-6 ring
members;

(iii) -R’c=N-;
(iv) -CR*(OH)-NR'-;

(v) -C(0)~NR’-; or

(vi) -NR’-C(0)-CHRY- wherein R is ortho to the
ring nitrogen, and R’ and R' are independently

_—_—
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Y is a fused benzene ring; and Zhikﬂle{telﬁﬁ}eem'h@]‘a&dR[ err] and R err], taken

together, forma fused 25 ng substituted with a brono
orosp Stwodgerres 1o of LI IHTERI < 75 solucamemones
104 - and Z is [err] where, Rerr] and Rlerr], taken together forma
composi (1 on of ¢l ai AR okr d0YeE X2 LBY HoLBr L bt Ry GBS s 4 fused
benzene ring; and Zinisdltcvm,] pilrerédRhes r pipevaRire r |iniddemiidioget ker, form
a fused benzene ri ngo LaogRbr|&g|m7§u%@|&ugﬂtl§qméﬂ&nskq

the Zring with the Y rin osi tion clal 6, erein: Xis
doubl e bonded- oxyger® 4F9%§31°Fu§édﬂbéﬁggﬁe Pan & Bakin n7Zis [err]
where Rferr] and R e\mqetktaa.kerfob:mget fiesedf oing, w.héms:e'd daehzene ring
substituted with an ; MJ & {]219%9UB- has 5-7 ring members;

wherein said alkyl, aryl, and aralkyl, are substituted at one

or more positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,

10 amino, imino, sulfhydryl, thioalkyl, carboxy, carbocycle,
heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,
arylalkyl, halocaryl, aminoc, nitro, nitroso, dimethylamino;
and said process comprising the step of reacting a compound
of formula IV:

with a nitrogen-insertion agent to form a compound of formula
v:

20 157. The process of claim 156, wherein said compound

R

R, 0 Y
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54. The conposition of claim 38y g}{n& | flen ﬁspf& doubl e bonded- oxygen; 20
Y is a fused benzene ring carryl e non- hydrogen,
non- i nt er faH befiead DSt i t uent ; ]ﬂ E 3ﬂilllufz:ere Rl err] anﬁcﬁbggsr,ﬂglgst aken

t oget her, form an unsubst i t ut ed ring. 25 The
conposi tion of claim36, wherein: X is double bonded-oxygen; Y |s a fused
benzene rin carr |ng a chloro substituent: and Z is [err] where Rlerr] and
Rlerr] ta FrerfoR omiP ided p:?(}Y(ADb'rlmsebeP&%)ﬁ%e’Far% Wubstituted
with a chlpfgrgr@pg_gcb M obh@oGemposition of claim36, wherein: X is double
bonded- oxygen; Y is a fused benzene ring; and - 105 - Zis [err] where
Rlerr] and R err], taken together, forma fused benzene ring substituted

with a-Br anba. - NEeeorbcgsaupE Eialﬁhmsspnmsréirorsﬁrd Aoripdua@,
wher e % Ei'xas an 4& tdorl'Jbiln 5’:1%‘1%% %o&%(ADP-rll ose{ ugc? ynl?eepa.zseenezzarl ng; and

vitro of 25 uM or lower.

159. The process of claim 156, wherein:
X is double bonded-oxygen;
10 Y is a fused benzene ring; and
%z is -R°C=CR’- where R® and R°, taken together, form a
fused benzene ring substituted with a cploro group.

160. The process of claim 156, wherein:
15 X is double bonded-oxygen;
Y is a fused benzene ring; and
Zz is -R°c=CR’- where R’ and R, taken together, form a
fused benzene ring substituted with a bromo group.

20 161. The process of claim 156, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring substituted with a nitro
group; and
Z is -R°c=CR’- where, R® and R’, taken together, form a
25 fused benzene ring substituted with an amino group.

162. The process of claim 156, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring; and
30 Z is -R°Cc=CR’-~ where R® and R, taken together, form a
fused benzene ring with a bridging substituent
connecting the Z ring with the Y ring.
163. The process of claim 156, wherein:
35 X is double bonded-oxygen;
Y is a fused benzene ring; and
Z is -R°c=CR®- where R’ and R®, taken together, form a
fused benzene ring substituted with an -NO, group.

-
—
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Zis [err] where Rerr] and err], taken together forma fused

i s 5(H)2-chl oro-10- met hyl phena il

napht hal ene ring. 58. The co a-_t_
36, wher VR 284144 conmpound is 3( “

R m 36, wherein said compound
59. The COﬁ&?@h f clalm
Ii t hyl phenant %Jsgg%)g .

The conposition of claim 36, mhereln sai d compound is
5(H) 2- chl or o- 10- an1n§£henanthr|d|n 6-one. 61. The conposition of claim 36,

wherein sai-d céfifoun

£ SPREFSH) L FlA- 165 anvhepsiant hri di n- 6- one. 62.

The conpositiolx ek ababie sonddtBicBdylrengi d conpound is

5(H) 2-chl oro-1Q-nitro hen t hridin-6-0
cl ai m 36,

he conposition of

wher & A%s8i 4989 %ﬂﬁfqe r%Pﬁ)EaEBYaP%|?$o§%§ﬁhﬁ¥ﬁﬁFﬁ?h 6- one. 64.

The conposition of bydreg®s, nrerieiterfardngospbemitient; and
5(H) 2-ghl oro- 1@- Hﬁdnﬁwﬂa@ﬁ&é HNafaO0Re. 3RO togdBRef OMPOS) t4 PN Of

cl ai m 36,

wherein said

cOo
5( H) 2- ni t r o- 10- hydr BRFPRE {E%Hqﬁq(ﬁW§e€ BRBZeBB. Ti%%e conposition of claim
36, wherein said conpound is 5(H) 2- chl or o- 10- br onophenant hri di n- 6- one.

10

15

20

25

30

35

165. The process of claim 156, wherein:

X is double bonded-oxygen;

Y is a fused benzene ring carrying a chloro substituent;
and

Z is -R°c=CR’- where R’ and R’, taken together, form a
fused benzene ring substituted with a chloro group.

166. The process of claim 156, wherein:

X is double bonded-oxygen;

Y is a fused benzene ring; and

Z is -R°Cc=CR’- where R® and R®, taken together, form a
fused benzene ring substituted with a -Br and a -
NO, group.

167. The process of claim 156, wherein:

X is double bonded-oxygen;

Y is a fused benzene ring; and

Z is -R,C=CR>- where R’ and R®?, taken together, form a
fused naphthalene ring.

168. The process of claim 156, wherein said compound is

5(H) 2-chloro-10-methylphenanthridin-6-one.

169. The process of claim 156, wherein said compound is
5 (H) 2-nitro-10-methyl-2-phenanthridin-6-one. '
170. The process of claim 156, wherein said compound is

5(H) 2-chloro~-10-amino-phenanthridin-6-one.

171. The process of claim 156, wherein said compound is

5{H)2-nitro-10-amino~phenanthridin-6-one.

0 T —




67. The conposition of clai m 3§sShehBasBeth RedRId CONpound is
5(H) 2-ni tro-10- br onrophenant hri dif (st K | . The conposition of claim
36, wher &¥@9%/a1634 conpound is 6 m#}'m "i tion of clai RCBESISAISEISCI N
said conmpound is 10 5(H)2-chl oro-9,

10- et hyl enedi hydr oxyphenan-t hri di n-6-one. 70. The conposition of claim
36, wherein satdzconpoeinprdcess of claim 156, wherein said compound is

5(H 2-nit0:9,10- net hyl enedi hydroxy-2- phenan-t hri di n-6-one. 15 71

The conpoé&??gncgggﬁ?giéghé%r %Q§ﬁ$a§£a§nc§n88§ftion isinthe formof a
capsule or tablet containing a single or divided dose of said agent,
wherein said d I S fflci r.aye or ef fects of,

vascul ar st rok?gf O%’lﬁ%éfﬂéé%e%%fiﬁ%%ﬁ \%"Gdi ‘é’{égggggﬂgjg .comﬁ‘?é"@oﬁﬁosi tion
of cl a m 86H) dhdfef bnEarephenprddiniddm-iésondni ni stered as a sterile

sol ution, suspension or enulsion, in a single or divided dose. 25 73.
The conposition of claim 36, wherein said carrier conprises a biodegradable
pol yner. 74. ¥ht- coFpRREIGF DL Icdiad7 356wheberfin as @i oramesiundonsi s a

solid i np5aR} 2-8R1dPo-1 UMy GIWRHINMR N aGhakpyd8, Wherein the
bi odegr adabl e pol yner rel eases the conmpound of fornmula | over a
10 175. The process of claim 156, wherein said compound is
5(H) 2-nitro-10-hydroxyphenanthridin-é-one.

.176. The process of claim 156, wherein said compound is
S (H) 2-chloro—-l10-bromophenanthridin-6-one.
15
177. The process of claim 156, wherein said compound is
S (H) 2-nitro~-10-bromophenanthridin-~6-one.

178. The process of claim 156, wherein said compound is

20 S5(H)2-chloro-10-nitrosophenanthridin-é6-one.

179. The process of claim 156, wherein said compound is

5 (H) 2-chloro-9,10-methlenedihydroxyphenan-thridin-é6-one.

25 180. The process of claim 156, wherein said compound is

5(H)2-nitro-9,10-methlenedihydroxyphenan~-thridin-6-one.

181. The process of claim 156, wherein said nitrogen
insertion agent compriées a mixture of NaN; and a strong
30 acid.

182. The process of claim 181, wherein said acid is
H,S0,.

35 183. The compounds, compositions, methods, and

processes as described herein.
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prol onged period of tine. 76. The conposition of claim 36, wherein said
agent is present in an anount sufficient to treat or prevent neural tissue
damage reswbtg%,@szjrom cerebral ischenia and reperfusion injgdMisednsidde .
pharmaceuti cal conposition of claim36 for treatnment or prevention 0O

di seases or conditions selected fromihe group consisting of tissue danmage
resulting fromcell damage or deat L du€ t o necrosis or apopt osi s, neuronal
nmedi ated 10 ti ssue damage or di seases, neural tissue damage resulting from
i schem a and reperfusion injury, neurol ogical disorders and

neur odegenerati ve di seases, vascul ar stroke, cardiovascul ar di sorders,
age-rel ated macul ar degeneration, AIDS and other i mmune senescence

di seases, arthritis, atherosclerqgs cachexi a, cancer, degenerative

di seases of skeletal muscle invagafcsf.rgplicative senescence, di abetes,
head trauma, immune senescence, inflammtory bowel disorders, nuscul ar
dystrophy, osteoarthritis, osteoporosis, chronic pain, acute pain,

neur opat hi ¢ pain, nervous insult, peripheral nerve injury, 20 renal

failure, retinal lischem a, septic shock, and skin aging, diseases or
di sorders relatipg to lifespan or proliferactive
20 —
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capacity of cells, and di seases or disease conditions induced or

exacer bated by ‘cel l ul ar senescerice; or radi osensitizing tunor cells. 25 78.
A phar nacewoisgalé2é¢onposi ti on conprising a conpound of fornubpariuseRrsigs ni ng
at | east one ring nitrogen: [err] or a pharnaceutically acceptabl e base or
acid addition salt, 30 hydrate, estqurgplvate, prodrug, netabolite,
stereoi soner, or mxtures thereof, wherein: - 108 - X is doubl e- bonded
oxygen or -OH, R[err], when present, is hydrogen or lower alkyl; Y
represents the atons necessary to form a fused nono-, bi- or tricyclic,
carbocyclic or heterocyclic ring, wherein each individual ring has 5-6 ring
menber atons; and Z is (i) [err] wherein Rerr] is in the neta-position
and R[err] is in the ortho-position relative to said ring nitrogen of
formula I, and Rlerr] and R err] 10 are independently
hydr ogen, hydroxy, am no,

FIG. 2

200

150

100
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di met hyl am no, nitro, pi.per azi ne,
or aral kyl;
Rlerr] and Rl err] are independently 15

al*kyl, aryl, waralkyh, .hal o, hydroxy, am no,

pi perazine, imdazolidine, -NJerr], -COOR[err],

pi peri di ne,

or

i ndependent |y hydrogenaok-hgblhd abky#orﬁﬁlgﬂer*&réumkfﬁeriﬂ 1 dake
20 [

fused aromatic

(rit) [err] ;

[err] wherein Rerr] i

together, forma

i ndi vi dual rhng ggg 5- 6
[err]; or - ]
ni trogen,
aryl, aral kyl, halo, hydroxy, piperidine,
-NQJ err], -COOR[err], or [err] where Rlerr
hydrogen or [err] alkyl, or R err] and
ring, wherein each individual ring has¥b5-7 r

ring nenbers;

(vi)

pi perfazi ne,

aken

i m dazol'i di ne,
ACTLRNEST chowher on BBBB6tMEscoeta to the ring nitrogen,

di et hyl am no,

and Rlerr] and Rlerr] are independently hydrogen,

Sber s;

al kyl, aryl,
ande. ..
hydrogen’ 40men...
pi peri-dine, ..
[err] where Rerr] is
Rne

ring, wher ei n eaéﬁ
(iv) Tferr]; (v)

s ortho to the ring
| oner al kyl,
i m dazol i di ne,

L

0
il

&[)

i ndependent|ly 30

together, forma fused
or wherein said

al kyl, aryl, and aral kyl, are substitut\ed at or nore positions with
hydr ogen, ?ydroxy, hal o,

i or a phazmaceutically acceptable bass cr acid addition salg,
hydrats, ester, sclvate, prodrug, metadclits, steéreciscmer, or
mixtures thereci, wherein

X is decuble-bonded oxygen or -0OH;

10 R, when prasent, is hydrogen;

Y raspresents the atoms necessary tc Iorm & fused phenyl,
pyridine, or pyrimidine ring; and

Z is -R’C=CR®- wherein R® and R*, taksn together, Iorm &
fused chenyl, pyridine, or pyvrimidine ring;

15 wherein said phenyl, pyridine, or pyrimidine ring, is
substizuted at one or more pcsitions with hydrogen
hydroxy, halo, halcalkyl, alkexy, alkenoxy,
alkaryloxy, aryloxy, arylalkoxy, cyano, amino, imino,
sulfaydryl, thiocalkyl, carboxy, carbocycle,

20 heterocycle, lower alkyl, lower alkenyl, cycloalkyl,
aryl, arylalkyl, haloaryl, a@ino, nitro, nitroso,
dimethylamino;

with the provisos that:
(a) when X, Y and 2, taken together, form a
- 91 =
o

(e



- 109 - hal oal kyl , al koxy, al kenoxy, al karyl oxy, aryl oxy, arylal koxy,

cyano, am noATSRiENEY saddshydryl., tBicéaMEyPC carboxy, carbocycle, .. . .
het erocycl e, |ower alkyl, |ower alkenyl, cycloal kyl, aryl, arylalkyh,. G
haloaryl, ami no, nitropreirre$ei dr&eéhytanea@, znad a:@haﬁaae tiealdy L,
acceptabl e carrier, wherein the conpound of forrmula | is present In an
anount effective for efsi.eckijrg-aaucanal waehi Mityocdht ha L@e~§éogl§5%1{uu_ .
when X, Y and Z, taken together, 10 form a T

(5H) phenant hri di n- 6- ongRuckeus -andrPOSitE NS, drcBand: = drn by 9,800 .10 are
each substituted with hydrogen; then the 2- p05|t|0n 1 s not sub§f|t‘ﬁ ed with
hydr ogen. 15 (B9 %eﬁTQe QOURgSLtIDQkQI clgéﬂazﬁ wherein the neuronal
activity is not medi at &d by “KMCASt eptors. toﬁﬁﬁsrtlon of claim
78, where p the neuronal CLLM .M.ﬂ S€l el EC frpn1the 97 oup consi sting of
stimul ati od 20 of danmj88 Adufons*"PPBHrdLT on- Bt e F et $eyenerat i‘on,” s 2
prevention of neurodegene Qél? ﬁatnent‘of a neurologlcal dlsorder.

supstitutac with nYyGarege Toen

PN

LN

- gy = .

5r, I, hydroxy, methyl, or carioxy;

(d) when X, ¥ and Z, taken together, form a

p -2
W

the l-~position is not substituted with NO,, NH,, CCICH,
methyl, Cl, or Br;

2C () when X, Y and 2, taken together, form a
phenanthridinone nucleus and positions 1, 2, 4, 7, 8,
9, and 10 are each substituted with hydrogen; then
the 3-position is not substituted with methyl, COCH,

hydroxy, methoxy, NO,, NH;, Cl, or Br;

-

when X, Y and Z, taken together, form a

)
(823
[

phenanthridinone nucleus and Br, or Cl is in the 8-

- 92 -
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81. The conposition of claim80, wherein said neuronal. 25 activity is

stimul ati on HTTHRNEEDITUr oNg .r esalstsi-ng -From cer ebr al .
The conposition of claim 80, wherein_ the:

neur ol ogi cal disorder igpssel:iectedrkr epsthesgs0up gonsksting: of periphéra
traumatic brain*®

reperfusion injury. 82.

30 neuropat hy caused by physi cal

i njury, physical
damage,
neur odegener at i on.
neur ol ogi cal

damage iz -tike

di sorder rel-
group consi sting of Al zhei.ner's disease,

Lo

denyel i nati ng di sease and neur ol 0gi cal
83 The.conp

M D e

ating f

P

-8RI RakhCQLHro8LhOkenassogl

injury or disease state,
di sorder

0 néur odégenerati oh
Par ki nson' s di sease,

i schem a or

0si f,ion b clyal m B2, whexei n.

'S’ sel ect edl”

e .o
.- . e

| 00
*

ed: i th hrain

relating To -

the
70 t he

Huntington's

di sease and anyotrophiéofater
conposition of claim82 fort

condi ti ons '

Jsel ect €

§'fr gherhé- g

all scl erosis.

5 84.

fromcell

damage or death due to necrosis or apoptosis,

The pharnaceuti cal

rgagggn%, or. prevention of_diseases or
roap“consr3t¥ng-B¥tTssueYahege resul ting

neur onal nedi at ed

10 tissue damage or di BB85B8 T ReTrAPTEI RETESHANMNYE T3 1A 199F Fidmiisscheni a

and reperfusion injury, | , e
di seases, vascul ar str8&KkBS<éarbFdvasenlmgetayl, NO., N=Z., Cl, or

[
<

.
—
p

~—~—

20

neur ol ogi cal

phenantaridinone
substituted with m

positicns -,

when X,
phenanthridinone nucleus
substituted with NH,, methyl,
hydrogen; then
with Cl, NH,, methyl, or NO;;
Y and Z,

when X,

phenanthridinone nucleus and

taken together,

di sorders and neurodegenerative

Ry anHA
T 5r; and

. e
susstrTuategd

cr COCH; and positions

the 10-position is not substituted

f

form

the 2~, 3- and 4-

=1

positions are independently substituted with

hydrogen, NO,,

83

I

cr NH,; and pos

itiens i, 7,

e

e

e

A
L]
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DN & [ o Jagi

senescence di seases,” afthriti’s],” arheroscl érosis, 15 cachexi a,--cancer., . ee
degenerative di seases of skel etal .nmuscl e involving replicative senescencé,, *...
di abetes, head traumm, 3rmitiesetiescentess HH-dnfratary “bovwel 24 setdefs, ., ..’
muscul ar dystrophy, osteoarthritis, osteoporosis, chronic pain, acute pain,
neur opat hi ¢ pai n, nerv&RS TN =5 FELi PHESAE ChERTe R UFYCE20 renal

failure, retinal ischem a, septic shock, and skin aging, diseases or

di sorders rel atind%lo I4espan Yo2 gr i FEKafi G8Seapasi tyoor zells, and

di seases or disease conditions induced or exacerbated by cellul ar

senescence. 25 85.pheRapharmisdaatiecakicéonpositi one cdnprisiarg: as-conpound

of formula | containing at |east one ring nitrogen: [err] or a

phar maceut bcal | y acceptoaldlie:basezae dnddpaddehtdn sabéz: hytsate zester,

sol vate, prodrug, netabolite, stereoisoner, or 30 m xtures thereof,

wherein: X is doubl e-beRdedcexygso. oOror @;; anR geElzivhRgnipresent 48 1¢
hydrogen or |lower alkyl, Y represents the atonms necessary to forma fused
nono-, bi- or tricycligreCasbac¥ghke: otc bt LI OLYEdEddNY,chnen che 1-

di sorders, agkez,:,,rcgj@:t.pq\@cul ar~ degener ati qn, Al DS and ‘ot her i nmune

position is not substituted with CCOH;

(1) when X, Y and Z, taken together, form a
10 phenanthridinone nucleus and posictions 1, 2, 3, 4, 7,
8, and 9 are each subs:tituted with hvdrocgen; then the

10-position is not substituted with C1, NH;, methoxy,

or NG-.;
{(m) when X, Y and Z, taken together, Ifcorm a
i3 phenanthridincne nucleus and positiecns 1, 2, 3, 4, 7,

S, arnc 10 are each substituted with hvdrogen; then
the &-position is notgéubstituted with Cl, or Br;
{n) when X, ¥ and Z, taken together, form a
phenanthridinone nucleus and the S-position is
20 substituted with Cl or methvl; and positions 1, 3, ¢,
7, 8, and 10 are each substituted with hydrogen; then
the 2-position is not substituted with C1 or COCH ;

when X, Y and Z, taken tcgether, form a

O

phenanthridinone nucleus and the S-position is

25 substituted with NH,; and pesiticns 1, 2, 4, 7, 8, and
10 ares each substituted with hydrogen; then the 3-
-S4 -
‘
&

Y ' o



wher ei n each indiVvi.

is (i) [ert]-ihereitt®

ortho-position relative to said rin

dual ring has

56 rjng nmember 5 atons; and Z
-err ¢+ £33 % He “met a- posi tion and Rlerr] is.in the ..
g nitrogen of formula |, and-R[ enr] _ahd."..

R err] are i ndependentdS Hirdifogen Ay §oRy ~ ~antro ¥ -dnefhyl ani ho, . Ai't¥o, ..* ..

pi peri di ne, piperazine,

i m dazol i di ne,

al kyl, aryl, or aralkyl; (ii) [err]

wherein Rl err] isitet ahes thearfings M3 lod@f™ andREEr KNSHRETREBERE BReny

i ndependent |y hydrogen,
hydr oxy, am no, di et hyilragy

-NJerr], -COOR err], or -
[err] alkyl, or R err]fasd
ring, wherein each individua
menbers; Giii)

-NRerr]-C(O-CHR err] - whe
nitrogen, and R[e(rd'}]

| ower al kyl,

- Rl enfyldehbi; (iv)

aryl, aral kyl, halo, 15

rec [ pepirdiseetspiper azfme, RpAEEa20Y | Ue nEsrm

[err] where Rerr] is independently hydrogen or

Rrerudsc itaked pagetvherinfor ohanfxses aconmatic

20 ring has 5-6 ring
[err]; (V) -C(O-NRerr]-; or (vi)

is ortho to the ring 25

-
=
g

rein Rerr]

et Rier /] aalee zi ndapendeptLybydregen, | over al kyl,

aryl, aral kyl, halo, hydroxy, piperidine, pipefazine, imdazolidine,
phenanthridinone nucleus and pesiztions i, 2, 3, 4, 7,
gnd 8 are each substituted with hydroegen; and the 10-
position is substituted with methexy or hydregen;

10 then the S$-position is not substituted with 3r, I,
NH., carboxy, methyl, methoxy, ocr NO;;

(r} when X, ¥ and 2, taken together, form 2
ohenancihrzidinene nucleus and positions 4, 7, 8, 9,
and 10 ars each su$5tituted with hydrogen; and the I-
15 position is substituted with Cl, hydroxy, or
hydrogen; and the 2-position is substituted with NG,
&
methoxy, or hvdrogen; then the 3-position is not
substituted with Cl, methyl, or methoxy;
{s} when X, Y and Z, taken together, form &

20 phenanthridinone nucleus and positions 1, 2, 4, 7, %
and 10 are each substituted with hydrogen; and the 3-
position is substituted with hydrogen or E; then the
8-position is not substituted-with E;

;;) when X, Y and 2, taken together, form a

25 phenanthridinone nucleus and positions 7, 8, 9, and

10 are each substituted with hydrogen; and positions
- 95 -
ot® S

L
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-NJ err], - err or [err] where Rerr] is independently hydrogen or
[err] al kyl, &F- @{é%#]e@ﬂd-Fﬁk@r]éﬁiiﬁﬁﬂpfﬁf --together, .,

forma fused ring, wherein each individual ring has 5- 7 ring -menbers;. ..
whérein said al kyl, aryl, and:a¢al kdfs sach substdtutied-aticonesor emdrélts 4.°
positions with hydrogen, hydroxy, halo, hal oal kyl, al koxy, al kenoxy,

al karyl oxy, aryloxy, -1d@siticaryd aldkoxubsyianmedaming, 5;mzAd, sul f hydryl,
t hi oal kyl, carboxy, carbocycle, heterocycle, |ower alkyl, |ower alkenyl,
cycloal kvl, aryl, @iyl athylcchsd ot 5 AN M ti0,~cRi t10SO,

di et hyl am no; 5 and a pharnmaceutically acceptable carrier, wherein

t he conmpound of fornula~|lgsb}gﬁggﬁg Ak ik AUt effective for treating

i nfl ammat ory bowel dlsorders The conp05|t|on of claim85, wherein
said 10 infd ammat ory bowet- rer 4 IS, -&ZaﬂThe A ofels tion of

cl ai m 85, é%ereln sai d |nTTg%§gf6$¥}é§mg% 8%50?6“-*r g%h g %lsease 15
88. A pharmaceuti cal .conposkgjénidxang;%bg% ri_ng nLEQ?ggp;oggrnula I

Wil A X

cont ai ni ng at | east one rrng ni tI’O

7-%henyi-8,10-Diazaphenanthren~%/10H)-cne

nthren-9{(10E;-crse

fu

8,10-Diazaphen

3,10-Diazaphenanthzren-2 (108} -one
10
2. The ccmpound of claim 1, whersin X i1s double-bonde
OXVYGan
3. The ccmpound of claim 1, whersin Y has at least one
15 site of unsaturation
4. The compound of claim 1, whersin Y represents the
atoms necassary tc form a fused®phenyl ring.
20 5. The compound cf claim 1, wherein Y is substicuted
with at least one non-hydrogen, non-interfering substituent

compound of claim 5, wherein said substituent is

[)}
3
o
@

selected from the group consisting of -NO,, halo, hydroxy,
25 amino, dimethylamino, nitre, piperidine, piperazine,

imidazolidine, aralkyl, -COOR!, -OR' or -NHR!, where R' is

hydrogen, or aralkyl.

7. The compound of claim 1, wherein 2 is ~-R®C=CR’- where

- G5 -
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[err] or a pharmaceutically acceptable base or acid addition salt,

hydr at e,

or 20 m xtures t,hereof

ester, sol vatesTgrngl uthcAet alkol i2385 ssivleei soner,
wherein: X is doubl e-bonded oxygen or -OH. R[err], when present,.is::. L

hydrogen or lwehdaRkyl iz

¢

aXed epiese:s t#le..at.on:'@‘q@ecesﬁarqy 1.0 for.m‘a fysed,

nono-, bi- or tricyclic, carbocyclic or heterocyclic” ring, 257

mherein each individual ring has 5-6 ring menber atons; and Zis (i)

[err] wherein Rerg] i 1 neta, Ro hLign- and RLer ] |n 1
ortho-position reI%tler'Jteg Sgc r“ftln(f:]3 n?f‘ro‘ en’ of ’r”(‘)r'FrUI’a T @‘R[‘err]’ “&
Rlerr] 30 are ndqpendently hgdrogen hydrox am no,
dlnethylan|n§‘ Andr 8/ PP diTRE oS TperdFmé, TSP aaSSRFdF el - al kyl |
aryl, or aralkyl, (ii) [err] wherein Rlerr] is meta to the ring nitrogen,

and R[err]“and R[err] are i ndependentl|y hydrogen, |ower aIkyI
aral kyl, halo, 5 9.  The compound Rydfesy® &ni 1o2rdi retdid am

plperldlne, pi perazine, im dazolidine, hKIerr]
substitutsd with at s !

aw

(]

from the group ceonsisting cf halo, amino, nitrs
.

AT e S -

U

f )

-—ald b

~1ai 1
-

The compcund ¢f claim whersa

20

The compound of
is double bonded-oxygen;

is a fused pyridine ring:; and

is -R8C=CR*- where R® and RS, together,

uted with at least

benzene ring substit

nterfering group..

8o}
]

R

aryl,

AT HD, 8

form a fused

one non-H non-

0%“%6

e

*e
+

e
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[err] where R err] is independently hydrogen or

[err] alkyl,

or Rerr] and

Rlerr], takeprtoggthepockormica fusegdasopmtic ring, wher ei n- each-- - o e
i ndi vi dual 10 ring has 5-6 ring nmenbers; (Fiid« ~vs + oot 'ses
R TN ()44 O ol rdz 4 ) ma@wa[erum«e{ac('@fs)
-NR[err]-C(O)- CHR[err] V\/nerelnR[ is ortho to the ring 15°
nitrogen, an %ndhﬁi chw - | anpququJy hydrogen, |ower alkyl,
aryl, aral ky “ha ydroxy, = prperi dine, pi perazine, imdazolidine,
-NJ err], CCCR[err] or [err] wher e R[err] i s independently hydrogen or
[err] aIkyI or RL rr] _and err t aken 2 f i t oget her,
forma fused ri ng“vx/nerg?nc 2P °|° o‘?‘vr‘f:hfar:nr‘r'ng"hasﬁ "F“r“l“‘ng“n@ﬁbé‘FS“S
wherein said al kyl, aryI, and aralkyl, are substituted at one or nore

posi ti ons i &hEhydr b5eALOWyHRLSE;

¥ L el e Tl ‘el 38AT = "l Heexy 2 “&FRenoxy,

al karyl oxy, aryl oxy, 25 aryl al koxy, cyano, am no, imnno,
sul f hydryl, thioal kyl, carboxy, carbocycle, heterocycle, |ower alkyl, |ower
al kenyl , cycl oal k6, aTyé¢,camydatkydi diadigarl,l wherisio, s@iidr compbtindsos

di et hyl am no;

and a pharnaceutically acceptable carrier,

conpound of §ormupazriudsoPl@ssIthIpraghaminidin-2-cne.

wherein the 30

i0 17. The compound of claim 1, whersin said compcund is
5{H)-1,8-difluoro-3-nitrophenanthridin-g-one
18 The compound of claim 1, whersin said compound is
5(E)-8-carboxyohenanthridin-é-cne.
15 -
19. The compound of claim 1, whersin said compound is
5(E)-1,3,8-trichlioro-10-aminophenanthridin-5-one.
20. The compound of claim¢l, whersin said compou is
20 S({H)-i-amino-2-chlorophenanthridin-6-one,
21. The compound of claim 1, whersin said compound is
S{H)2-chlorc-10-methylphenanthridin-6-one
25 22. The compound of claim 1, whersin said compound is
S{H)2-nitro-10-methylphenanthridin-6-one
23. The compound of claim 1, whersin said compound is
5(H)2-chloro-10-aminophenanthridin-6-cne.
30 . ' o
24. The compound of claim 1, wherain said compound 1S
- 98 -
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ef fective for treating cardiovascul ar disorders. 89. -he conposition of
clai m 88, whereidiEal CQardi das@i3as-diss@cder is sel ected fromthe group,

consisting - 114 - of coronary artery disease, angifa pectoria, ;:,  * 2+
myocar di al i rfarctindn reca-dimgenihershatk: dandseardi-ovdscul ar..ti sguess: e
damage. 5 90. A pharmaceutical conprising a compound of fornula | ™= °°
containing at |least one ring nitrogen: [err] or a pharmaceutically

acceptabl e base orsaci draddikibenngabl, chydrate, yester. $olvate, prodrug,

metabolite, stereoisoner, or 10 m xtures thereof, wherein: Xis

doubl e-bonded @xyger 0k 1Oty -RE eLLhn WBRD, PESSENE. L s hydrogen or | over
alkyl; Y represents the atons necessary to forma fUged nono-, bi- or
tricyclic, ccarbocyclic or heterocyclic ring, 15 wherei n each

i ndi vi dual “ring has 5-6.ring member atops; and Z is (i) _ [err] wherein
Rlerr] is in the %ﬁfa-pd§iffgﬁ°éh8 REerTF-Fs i nViHes o t - PFSIRGRS disat i ve
to e

- -

[~ 3, —_a N . ~
3{&)2,10-dinictrophenanthridin-8-onse.

- 27. /The compound of claim 1, whersin said compound is
10 S(F)Z-chlorc-i0-hydroxyphenanthridin-§-cns,

28. The compound of claim 1, whersin said compound is

fy

} (v £ a2l 1 whea =i ; ~ :
25. The compcund of claim 1, whersin said compeund is

l_.l
(s}

5(#) 2-chloro-i0-bromophenanthridin-6-cre.

'-J
u

30. The compound of claim 1, whersin said compound
5(#)2-nitro-10-bromoghenanthridin-6-one.

20

[
n

31. The compound of claim 1, wherein said compcund

5(H)2-chloro-10-nitrosophenanthridin-é-one.

et
un

32. The compound of claim 1, wherein said compound

~

25 5(H)2-chloro-9, l0-methylenedihydroxyphenan-thridin-6-one.

33. The compcund of claim 1, wherein said compound is
S{H)2-nitrec-9,10-methylenedihydroxyphenan-

thridin-¢é-cne,.

34. A compound, having the formule:

- 89 -
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sai d ring n|trogen of formula I, and Rlerr] and R err] 20

are |ndependently ﬁy%¥@gen~ RydrdXy, 2 3mnardiS-ddret hyl anmino, nitro,

pi peridine, piperazine, imdazolidine, alkyl, aryl, or aralkyl; (Ti; [eth'\
wherein R err] is nmeta to the ring nitrogen, and, F{grr] and’ R[erf] are”’ "i .
i ndependently 25 hydr ogen, Iom?r al kyl, aryl, aralKyl, ”
hal o, hydroxy, am no, dinethylam no, piperi per azi ne, |n1dazoI|d|ne,
-NJerr], -COOR[err], or - [err] where F{fﬁﬁ*\ﬁ/y\Q pendent |y hydrogen or
[err] alkyl, or Rlerr] and Rerr], taken ogeﬂher rnla 30

fused aromatic ring, wherein each individ 5-6 ring nmenbers;

(iii) [err]; (iv) [err]; or (v) [err]; (vi | i wherein Rlerr] is
ortho to the ring nitrogen, and Rl err] and i ndependent |y

hydr ogen, |ower alkyl, aryl, aral kyl, halo, pi peri di ne,

hydr o

pi per azi ne, inidazolidlne, -NJerr], -COORerr], or [err] where Rerr] is
i ndependently  wherein:
| R is nydrogen;
3 ﬁ is OE cr double bonced-cxygen; and
W is -O-, -S-, -NR'-, -CHO, -CHOE, cr -CHNH. whers X' is

hydrogen or lower alkyl;

15 where W is -CH-; X, is hydrogen, hnydroxy, or aminoc; and X; is
hydregen, amino, l-piperidine, l-piperazine, l-imidazclidine,

or hydroxy:; with the proviso that when X: 1s hydrogen, then X

20 36. A pharmaceutical composition comprising a compound of
formula I containing at least one ring nitrogen:

- . o8

L o



hydrogen or [err] alkyl, or 'Rlerr] and Rerr] , t aken”10

t oget her, fmrﬁ%‘fm&e@@@ng NOvhed B 3P 4Ect?T ndi vi dual ring has 5-7 ring
menbers; wherein said alkyl, aryl, and aralkyl, are substituted at one ot™",."".
nore positions wth hydrogen, hydroxy, halo, hgloalkyl,. al koxy, al kenhxy,**: **
al karyl oxy, aryloxy, 13 aryal koxy, cyano, anrmo I m no, sul ffhydryl, * et
t hi oal kyl, carboxy, carbocycle, heteroc wer al kyl, | ower al kenyl,
cycloal kyl, aryl, arylalkyl, haloaryl, %%0, nitroso,

di met hyl am no; and a pharnmaceutical Iy Jacceptfabl g carrier, wherein the 20
conmpound of forrmula | is present in ana ntZeffective for treating

septic shock. 91. The conposition of claim90, wherein said septic shock

i s endot oxi Gsh0Gkha vk B:r i A INRAReeHELCal cEeAPESI EEOR SRDEI S NGB,
conpound of formila | contarnrng at | east one ring nitrogen: [err] or a

phar maceut i (?‘elfiq-;ﬁﬁocerﬁua’*élre SodIE “6r REPE-Hddi PEBASSaAES DRV RIS BSAT

sol vate, pregdruyg, -Jetahaldde, $keeqi.soner, or mxtures thereof, wherein: -
116 -

X is double-bonded oxygen cor =-OH;
R, wnen present, is hydrogen or lower alkyl;

Y represents the atoms necsssaryv g Iform & fused mono-,

ring nitrogen of formulz I, and R- and R’ are

ntly hvdregen, aydroxv, amino,

[
w
=
3
o3
()]
o
(D
po ]
[

nitrogen, and R*®and R* are independently

P Y - .Y lres P Jrapes 2 P |
hydrogen, lower alkyl, arvl, aralkyl, halo,

N
]

hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -
NR'R? where R® is independently hydregen or C.-C;
alkyl, or R® and R®, taken together, form a

25 fused arocmatic ring, wherein each individual
ring has 5-6 ring members;

iii) -R*C=N-;

-CR?(OH) ~NR*~;

-C(0) -NR’-; or

i} -NR*-C(C)-CHR!®- wherein R’ is ortho to the ring

-
<

.
——

3C {

<

nitrogen, and R® and R*° are independently

hydrogen, lower alkyl, arvl, aralkyl, halo,

I — - ,€§$§

R R

L



X i s doubl e-bonded oxygen or -OH, R{err], when present, is hydrogen or

| oner al kyl ; AT EPIESeliG 4 helGt s ItetEssary to forma fused nono-, bi- or
tricyclic, carbocyclic or heterocyclic ring, 5 . wherein éach ...
i ndi vi dual ring has 5-6 ring mpahety atnssrafithel isSdd)zzi{erihidzwhbiel n.'
Rlerr] is in the neta-position_and R&egr] is in-Lhe_orthoqu§rtiqﬁ’re[atiVb
to said ring nitrogen of fornii%- 1 ~CaRE R r1Vafd BPer?]?16S ~ndegendenziy
are independently hydrogen, hygiaden &¥ RO-~-cdigmihyl v ng, sREL KD, -sian

pi peridine, piperazine, imdazZolidine, alkyl, aryl, or aralkyl; (i) Terr]
wherein Rlerr] is nmeta to thetedsigat.t riogenz andeR erfc anwdeREenrr 2ane

i ndependent.ly 15 s ms oydrogen,  Lower al kyl , aryl . aral kyl,
hal o, hydr dxy, ani no, dine;hyT§%ﬁ$R§Lﬁﬁ %gfﬁﬁfﬁgé“pfpéraziﬁgﬁ“?ﬁgdazolidine,
-NJ err], -COOR emtsr=ar -sadier el kxer arRier ahdi srebdependesnt byshytrogen or
[err] alkyl, or Rlerr] and Rlerr], taken together, forma20 .~~~ .
fused aromatic ring, w9t 82&RF PAAFvFADAI YHFRgTHEsS SeB r i Ny~ mrEfrbelesC -

(iii) [err]; haloalkyl, alkoxy, alkenoxy, alkazyloxy, aryiloxy,

raw ~
, LeTgIscvl.e, Lowsr

Y
alkyl, lower alkenyl, cycloaikyl, arvl, arylaikvl,

haloaryl, amino, nitro, nitrese, dimethvliamino;
and a pharmaceutically acceptabls carrier, whersin ths
compound of formula I is prssent in an amount
i3 effsctive fcor innibiting PRRZ acTiviTy;
with the provisc that when X, Y and I, taksn together,
fcrm & (S5HE)phenanthridin-6-one nucleus and positicrns
i, 3, 4, 7, 8, 8, and 10 ars each substituted with
hydrcgen; then the 2-position is not substituted with
20 hvdrcgen or NO.
27. The composition of cléim 36, wherein X is double-
bonded oxygen.
25 38. The composition of claim 36, wherein Y represents the
atoms necessary to form a fused benzene or naphthalene ring
39. The composition ¢f claim 36, wherein Y is substitutad
with at least one non-hydrcgen, non-interfering substituent.
30 '

40. The composition of claim 36, wherein Z is: (i)

CHRICHR?-, (ii) -R°C=CR-~, or (iii) =-R¥*C=N-.

The composition of claim 36, wherein Z is -R’C=CR’-

b

]
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(fv) [err]; or (v) [err]; 25 (vi) [err] wherein Rlerr] is
ortho Lo the sbngplielragen, 208 Rersl andderr] are |ndependently |
Prbersrine: | 20k e sVl il s OORer) ) orcTon) whore Rery Le
Rlerr], taken together, forma fused ring, wherein each individual ring has
one o more posi {1 5he WFRR RGBFOBLHLOhyE G Thal b, R SSlaroarye,

al koxy, al kengxys-akkaey! Qxyn 2f ViOxys HY| R KRNYE - N0 .1 RN AQ e -i-Q1-AQ
sul fhydryl, thioal kyl, carboxy, carbocycle, hetéerocycle, |ower alkyl,.Fower

al kenyl, cyel 88FPRyE-u&Rryl, arylal kyl, haloaryl, amno, nitro, nitroso,

di mret hyl am no; and a pharnraceutically acceptable carrier, wherein the
conpound of forrmula | is present in an amount effective for treating

di abet es; 43. The ccmpesition of claim 36, whersin R, when presenz,

()]

v~
-

(Y
A,
}
0

whera W is -0-, -§-, -NR*-, -CHO, -CHOH, or CENH. wher

w

I

hydrogen or lower alkyl.

m
ty
W
’ A
ol
")
1)
‘..I
.
Q
0
3
ge
(o}
£
o}
0

45. The composition of claim 44, wh
has a phenanthridine nucleus.

46. The composition of claim 36, wherein said compound
has a tetracyclic bridging structure to ring Y, having the

~ o e

formula:

- - 103 -
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with the proviso that when X, Y and Z, taken together, 10 forma
(5H) phenant hiirdioraEonecauc! egs andsgagktbens 1, 3, 4, 7, 8, 9, and 10 are
each substituted with hydroge; then the 2-position is not substituted w th,,",
NOJ err]. 15 93. A pharnaceutical conposition conprising.a conpOund ot
of formula I containing at |least one ring nigtrogen: [err] or ‘a T

phar maceutical |y acceptabl e base or acid ad ition salt, hydrate, ester,
sol vate, prodrug, netabolite, stereoj Ni20 m xt ur es t her eof ,
wherein: X is doubl e-bonded oxygen o : R[qrr] when present, is
hydrogen or |ower alkyl; Y represent necessary to forma fused
nono-, bi- or tricyclic, carbocyclic o lic ring, 25

wherein each individual ring has 5-6 rjr atons; and Z is (i)

[err] wherein Rerr] is in the neta: pesi tion rr] is in the
ortho-position relative to said rlné ni trogen of fofnula |, and Rlerr] and
Rl err] 30 are i ndependently hydrogen, hydroxy, am no,

di met hyl am nQheRkt WOisplpgLi dkne;s Mﬁ@%@@@n@ehyﬁr1%§,‘c: amino; and X- is

hydrogen, amino, l-piperidine, iperzzins, l-imidazolidin

s £l

=X -

or hydzoxy.

(92}

10
48. The composition of claim 36, whersin said compoun
has an ICy, for inhibiting poly(ADP-ribcse} polymerase in vitro
of 25 mM or lower
15 49 The compeosition of claim 36, wrersin:
X 1is doubles bonded oxygen;
¥ is a fused benzene ring; and
Z is -R®C=CR’- whers R® and R®, taken together, form a fused
benzene ring substituted with a chloro group
20
50. The composition of claim 36, wherein:
X is double bonded-oxygen;
¥ is a fussd benzene ring; and
Z is -RSC=CR’- where R’ and R% taken together, form a fusad
25 benzene ring substituted with' a2 bromo group.
51 The composition of claim 36, wherein:
X is double bonded-oxygen;
Y is a fused benzene ring substituted with a nitro group:
- 104 -~
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I m dazol i di ne, alkyl, aryl, or aralkyl; (ii) [err] wherein Rerr] is neta
to the ring nitrogeny and:x F{em@] 2ags et rdc i ndependent |y hydrogen, | ower
al kyl, aryl, aralkyl, halo, hydroxy, am no, dlnethylanlno pi peridine, :
pi pér azi ne, |n1dazoI|d|ge~ -NJ err], -COOR[err], or:- [err] where Riefr] i$
i ndependent |y hydrogen or_[err] aIkyI or R[err] and RerrT, 'fakeﬁ” ' '
together, forma fésed RN T vhege, wheBsicn Réacke Kerli VeeRA=10 forn a
ring has 5-6 ring nenbe;s I3l rjﬂﬂ V, A ] O (%) Sert Vi)
[err] wherein Rlerr] is” BT h = %') i'ﬁée Ty C( SI)’II tirgigen “and err]‘“‘l‘“a ﬁf)é? r]
are independently hydrogen, Iomer al kyl , aryI aralkyl, hal o, hydroxy,

pi peri di ne, plpera ne, |n1dazolhg|ne =NJ -COOR[err], or [err]
where Rlerr] i pendeﬂt“r‘y'“‘?ﬁr?j'r‘o’gﬁé'h r C[-@r“r"] 3§I kyie= =G ‘R[err] and

Rerr], taken 20 X is double pondedR@8idey;, forma fused ring, wherein
each individual ring has 5-7 ring nenmbérs; wherein said alkyl, aryl, and

aral kyl, are substYtif ezl Zised benzene ring; and
Z is =-R®C=CR’- where R’ and R%, taksn zogether, form a fusssd
- _benzene ring with a bridging sugsticusnt connecting
10 " the Z ring wizh the Y ring.

53. The composition of claim 36, whersin:
= . X 1s doukle bonded-oxygen;
Y is & fused benzene ring; and

-R¥C=CR?- where R® and R, taksn together, fcrm a fusad

=
[6]]
o~
[
(1]

penzene ring substituted with an -NO; group.

54 The composition of claim 36, wherein:
X is doublse bonded-oxygen;
20 Y is a fused benzene ring carrying a2t least cne non
nydregen, non-1n erfgring subsctituent; and
Z is -R’C=CR’-~ where R® and R*, taken together, form an
unsubstituted fused benzene ring.
25 55. The composition of claim 36, wherein:
X is doubls bonded-oxygen;
Y is a fusad benzene ring carrying a chloro substituent;
and
7 is -R%C=CR®- where R and R’, taken together, form a fused
3G benzene ring substituted with a chloro group.

6. The composition of claim 36, wherein:

double bonded-oxygen;

IS N ¢ I
.—A
7

a fused benzene ring; and

[
n
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one or nore positions with hydrogen, hydroxy, halo, haloal kyl, al koxy,

al kenoxy, al kar yd-oxysy2y vl oxys~ 3. 23355-us-zaryl al koxy, cyano, amino, .,
i mno, sulfhydryl, thioal kyl, carboxy, carbocycle, heterocycle ‘hower .’N;‘u:
al kyl, | ower al kenyl .7 oy§l.oatlgyb,_ afd »e arykakkyt -}Ea.ia)ary4ug-ammo caRist L0,
nitroso, dinethylamno; and a pharmaceutically acceptable carrier, mhereiﬁ“‘“‘
t he 30 conpoumﬁﬁﬁ grér milng  ISUbS SpirEsent Wibihad aﬁﬁuafceﬁfe%¢jWEﬂL;.
for treating arthritis. 94. A pharmaceutical conposition conprising a
compound of formula | containing at |east one ring nitrogen: - 119

[err] or a pharnaceutﬁkxﬂIﬂh&unamMGahP&ohasé aizami déaddhnerennsal t, hydrate,
ester, solvateg, prodrug, qptabol st ereoi soner, or m xtures thereof,
wherein: 5 ° Xis ﬁm?ol‘@%owdé’&%‘ﬁy‘g@ﬁyﬁf“ OH, Rlerr], when present, is
hydrogen or |ower al kyl:;s % Fepes ekhs chihe rahens ngcessary to forma fused
nono-, bi- or trlcycllc carbocyclic or heterc¥cllc rlng, mhereln each _
i ndi Vi dual ri ng has 5..6.§‘|‘r$gk,ﬁfréﬁb'erwnere R* and zaxken Qge: ver, form a fisad

10 S8 The composition oI ciaim 3%, wherein said compcund Is
5{H)2-chlcro-10-methylphenanthridin-g-cne.
59. The composition of claim 36, whersin said compcund is

b=

a
5{H)2-nitro-10-methylphenanthridin-5-cne.

13
60. The composition of claim 3¢, wherein said compcund Is
S{H)2-chlcrc-10-amincghenantnridin-2g-cne
81, The composition of claim 3¢, whersin said compound :is
20 5(H)2-nitro-10-aminophenanthridin-6-cne
4
62. The composition of claim 26, whersin said compcund is
5(H)2-chloro-10-nitrophenanthridin-g-one.
25 63. The composition of claim 36, wherein said compound is
S5(H)2,10-dinitrophenanthridin-6-one.
64. The composition of claim 36, wherein said compound is
S5{H)2-chl 10-hydroxyphenanthridin-&-one.
30

65. The composition of claim 36, wherein said compcund 1is

5 (H) 2-nitro-10-hydroxyphenanthridin-6-one.

66. The composition of claim 36, wherein said compound is

- 106 -
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10 atons; and Z i's (i) [err] wherein Rerr] is in the

met a- posi ti onaandrREer chchs . i NoOt he3esEhwEppSition relative to said ring
nitrogen of formula I, and Rlerr] and Rl err] are independently hydrogen, .-,
hydroxy, am ng,z18-chlsro-13-bromophefifBthytam aoz~mitro, piperidinppl, * **
pi per azi ne, i mi dazol i di ne, al kyl, aryl, or aralkyl; (||) ‘[err] wheréin °*
Rlerr] is neta to the ring nitrogen, and R err] and Rlerr] are

i ndependent |y hydrggen, - gwer mgggyL,cprgL cralkyt, halo.: 20 .. . cund
hydr oxy, anino, di methylam ro, - pi peri di ne, plﬁéra2|ne' Tanazdlld’n una
-NJ err], -COOREeLrhizob- 1uEercmophetenfifﬂdln+@—omﬂependentIy hydrogen or

[err] alkyl, or Rlerr] and R err], taken together, forma fused aromatic

8

ring, where?n each i ndi vi dual 25 ring has 5-6 ring
nmenbers; (iii) [ergk;, (M} cb@psdic0in (¥l cld@iris, (WMHIrzil-erdd: WDRERIR: ;5
Rlerr] is ortho to the ring 30 nltrogen and R[err] and

R[err] are |ndépéﬁd@hﬂpyohydr@g@ﬁ”s¢ﬁmﬁﬁc%ﬂﬂ@ddﬁnnsdcﬁearaIkyI hal o, - 120

) €3. The compositicn of claim 36, whsrsin said compcund is
10 S{E)2-chlcro-5§,10-methylenedihvdrexyvphenan-thridin-5-one
70. The compositicn cf claim 36, wherein said compound is
S{H}2-nitro-8,10-methylenedihydroxy-2-chanan-thridin-5-one.

15 71 The composition cf claim 36, wherein said composizicn
is in the form cf a capsule or tabplet ccntaining & single cor

20

25 73. The composition

o
comprises a biodegradable polymer.

74. The composition of claim 73, wherein said compositi
is a solid implant.
30
‘75. The composition of claim 73, wherein the
bio egradabLe polymer releases the compound of formula I over

prolonged period of time.

AU R
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hydr oxy, piperidine, piperazine, imdazolidine, -NJerf], CCCR[err] or

[err] wherein R erxcrngy ndeparrdenst.| ¥33¢drageacor [err] al kyl , R[err] )

and Rlerr], taken together, forma fused ring, wherein each |nd|V|duaI [an
has 5-7 ring nenbers; mher ging saimgdcalkybr acyklzandzarakkyk: argh:A 3331-.&3_.-
substituted at one or nore positions w th hydrogen, hydroxy, hal o,

hal oal kyl , al koxPr38EREndRy 2rabREBFroRYE TaFyFBXy ® OaFy?aFkbxyo*%y%ﬁk)“%Hﬁdu)

i mino, sul fhydryl, smage reolhiieabkyl, garboxy, -€arbosye! £,21d vapavsiician
het er ocycl e, Iomér an Gmﬁgﬁer %nﬁenyF cygloglk§l aryl, ¥§r§lalkyl PerIusicn
hal oaryl , an1no,.numrq, nitroso, dinethylamno; and a pharnaceutlcally
acceptabl e carcier, wherein the conpound of fornula I is present in an

anount 15 ” effective for treating, cancer; with the proviso that

when X, Y and Z, takernitogehbetnatoegeazfbkl) pbepasthiddi o 6zlnes MEleus

and positions 1, 2, 4, 7, 8, 9, and 10 are each substituted w th hydrogen; _
then the 3-positit6RateeAst CSUBSEVENEAARWPENCEBR2SSS ©F CONgiirPren Hrectad Irom
N err]. 95 Theneopposit k8Rs0k-chai B 94ssvberghiigsatsscancyy i-mrselect ed
fromthe group consisting of: ACTH-prodUC|ng tunors

1 -~ . o .
damage or death due to necrosis cr apoptosis, neuronal mediacad

L3

10 tissué damage or dissases, neural tissue damage resuliing Ircm

- 1 T aAansoAn = ) 1 ~
15 cachexia, cancer, degenerative diseases ol skelstal muscls
involving reglicative senescence, diafetss, head trauma, immune

o}
ostecarthritis, ostsororosis, chrenic pain, acute pain,

insult, geripheral nerve inju

o]
({3
£
H
O
o]
W
ot
'3
'..J
(9]
i)
h
'..0
3
(D
(a1
<
(o]
o
)

20 renal failure, retinal ischemia, septic shock, and skin aging,
0

25

Fag

78. A pharmaceutical compcsition comprising a compound of

formula I cecntaining at lsast one ring nitrogen:

[

! ically acceptable base or acid addition salt,

30 hydrate, ester, sclvate, prodrug, metabolite, stereoisomer, Cr

R R R



acute lynphl ocytic | eukem a, acute nonlynphocytic | eukem a, 25 cancer of
t he adrenal corteX7OBNadder .€80cEE, DEatd-Xang@r, breast cancer, cervix

cancer, chronic |ynphocytic |eukem a, chronic nyel ocyti.c lLeukéma, .:
col orectal cancer, cuKaneodsuI:seebhcdéynphowe; endadeetrial cancer, ..., * "' '7:
esophageal cancer, Ew,hg's sarcoma, gall bl adder cancer, ®hai‘ryi’cel I** °* R

| eukem a, head & neck™30 EhHc el S Fotgkiat UV PFRONEE KRYGSi 2$%€ar con,
kidnéy cancer, |iver ganggkesktng €30CLForksS Medde MMM Pr- Ny smal 12068kl hepre-
mal i gnant peritoneal effusion, malignant pleural effusion, nelanoma, ’
nmesot hel i oma, mul tipl e myePémad s nebikeht bt onfd ZIRFHC Hod gid ss opepleena, =ing,
ost eosarconm, gvary cancer,,ovary (germ Jd21-...; call) Lahcers, ..progtale.
cancer, pancreatic cancer, Penis cancer, retinobl astona, sKin cancef, -
soft-tissue sarcomm, squandusmeel &ndarci nomas, stomach cancer, testicul ar
cancer, thyroid canceé, ‘.;r?phobl a(at,épc, gopl asps, cagncer .of the uterus, . .
vagi nal cancer, S cantersof-the vuf9a4hd WFnfs"tOnors *dp.mRSpmeEta-ecsztion
phar maceuti cal conposition conprkaéng’ a<anpaurd celnberadlaioh eenkai fd

I

at | east one ring nitrogen: [err%a:lQ or a P_,h_axﬁrracﬂeutl cal | y acceptab,
or aCI d .-addl t I on Sal t . -pXed -#ng z.;u-wge.‘ eI ZgriucLse L, &0C

’ 2vz ‘nA ; =1 T PR ctr mammiem
10 ars ingepencently AyQrogen, nycrlyy, aminc,
33 1 : 3 3 } 3 fmaws =2
cdimetayiamino, nlitro, piperiding, figsraz.lns,
imidazalidine alkyl s riyl or ararkwv
Ll‘»-uaéo--c-.‘u, a _/—/ G-y-, L GGl LNy -r

i5 hydregen, lower alkyl, arvl, aralkyl, nalc,
hydroxy, amino, dimethviamino, piperiline,

piperazine, imidazolidine, -NO., -COCR, c
s

NR'R® whers R? i

(iii) -R¥C=N-;
(iv) —-CRI{OH)-NR'-;
{(v) -C(0)=NR’-; or

-NR?*-C{0Q) -CHR**~ wherein R*® is orthe to the ring

NS
(W3]
<
' b

®

nitrogen, and R® and R*® are independently
hydrcgen, lower alkyl, aryl, aralkyl, halo,
.I-l

hydroxy, piperidine, piperazine, imidazolidine,

30 hydrogen or C,-C, alkkyl, or R® and R, taken
together, form a fused ring, wherein each

" individual ring has 5-7 ring members; or

b
o)
1]
g
]
[
o
n
fu
[N
Q.
s
[
~
<
—
fu
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hydrate, ester, solvate, prodrug, netabolite, stereoisemer, or mxtures

t her eof , mherelnnm¥hR§ double:poQgedapyy@&ugir%-CH Rlerr], when present,
i's hydrogen or |ower akyl ; 15 Y represents the atons necessary to v“,,“.

» LR X ]

forma fused nono-, bi- or,, Iugy;g 1 C.20arRocyolil Qs het:etacyclic. Ll,.ng.,,{‘
wherei n each i ndi vidual ri g has 56 11 ng ‘fenber a?tOms and "2 1S (W Feo' o

[err] wherein Rerr] is |ncrym?xﬁnéy4xnya1Qn1am140, -m-uo, sulfhydrghd

Rlerr] is in the ortho- p03|;|onwre4at|ve,tq sai d.ring.nitraogen of faormila |
, and Rlerr] and Rlerr] are T“h%l‘e}be‘rfde%‘t‘l Py drogé, *%yd‘r’ok“"% CP{S"'HE""”Ef
di met hyl am no, nitro, pi peﬂdy;n,e,-wa)eraamm_,u mydﬂmuw.r)e,av&l kybryasyky:,

or aral kyl; 25 (i1) [err] wherein Rlerr] is neta to the ring
nitrogen, and Rerr] and Riar¢3=re dHdepederlry ! hyd’r‘égen“-F"S\héV E R
aryl, aralkyl, halo, hy@rgxaqcﬁfaémde.ddémtvhﬂca-@nnao Ri Rari-disRe, wREPErAZiNg,
I m dazol i di ne, hK{err] -COOR[err], [err] where

Rl err] is independently hy@bmgﬁ#rQNO{eyqqmu%«kylLSOP”RPQFF]-3n§“F$@©¢
taken together, forma - 1%;__, cive for affack -~ a —iapimags
Z8CT1lve fZectin e eurcnal activizy;

[ : =3 v 3l -y -t~ - PR
ol e proviso that when X, Y and Z, zaken together,

ot -
wol

0 form a2 (SH)ophen

[

s
hydrogen; then the 2-positicr is net substizuted with

hydrogen.

laim 78, wherein the neuronal

]—l
N
-J
r3
oy
41
(¢]
QO
3
ol
(o}
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cF
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O
o |
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81. The composition of claim 80, wherein said peuronal

is stimulation of damaged neurons rasulting from

~
n
)
0
t
'..A
<
’-l
t
e

cerebral ischemia or reperfusicn injury.
82. The composition of claim 80, wherein the neurological
disorder is selected from the group consisting of perlphe-
30 neuropathy caused by physical injury or disease state,
raumatic brain injury, physical damage to the spinal cord,
rroke associated with brain damage, demyelinating disease and

neurological disorder relating to neurodegeneration.

-\_“
\
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fused aromatic ring, wherein each individual ring has--5-6 ring nenbers;

(1ii) [err]addanyzd &ldds: S ua. 23335-ms(¥r [err]; or (vi) [err] wherein
Rlerr] is ortho to the ring nitrogen, and Rerr] and Rerr] are . : AL
i ndependent |y hydrogem,, | aver., al;kyl.,. acyl,_arakkyl, chaleo, hydroxy,  ..a . @ o ==
pi peri di ne, pipe%&iinéﬁ% ﬁ%%%fgrrdrﬁef“-KEfé%rF?’- i 'éFr]T*tﬁ‘T%ﬁT Yiidre -
Rlerr] is indepenidantdsl drjcrcogen neurpeecknakkylonots REeted-and-Hf ernd ,

taken together, fornuqhtqsed_riqg%G@@eLeLn each _indjvidual rjng has 5-7

ring menber 7 Re oMt St rly P 4afy e Tandar afRyI , Car &bt (3it3RE R, one
or nore posidun@nsgwidah shydrseger, sRRdegyY--bahoc hatoal kyds: b koxy,

al kenoxy, _al karyl oxy, aryloxy, arylal koxy, cyano, am no, imno, sulfhydryl,

t hi oal kyl 7 carboxy, carbocycle, heterocycle, |ower alkyl, |ower alkenyl,
cycloal kyl, aryl gsarykalkyha 2Qcayz:cal com@@%oar¥¥1:5”giu%ﬁr§ir‘L* ni troso

di met hyl am no; and ‘a pharneceutically acceptabl e carrier, wherein the
conpound of tfrearmeatl ors pgegssationncandageants ebf ectidetfors selected from

rad'OsenS'tEﬁ%n%r%%gDEo%%EE%ing of tissue damage rssulting from zell

damace 0Or death due O necrosis or apcpicsis, nsurcnzl medizted
!
10 tissue damage or diseasses, neural tissus damags rasuliing from

neurodegenerative diseases, vascular stroke, cardiovascular
disorders, age-ralated macular degeneration, AIDS and other
immune senescence diseases, arthritis, atherosclerosis,

15 cachexia, cancer, degensrative diseases oI skelatzal musclise
involving replicative senescence, diabetes, head trauma, immune

25 85. A pharmaceutical composition ccmprising & compound ci

formula I containing at least cne ring nitregen:

or a ?haruaceutically acceptable base or acid addition salt,

, ester, solvate, prodrug, metabolite, stereoisomer, Or
30 mix s therecf, wherein:

X is double-bonded oxygen or -CH;

I
-
b
I
(&,
2

A



with the provi sos that: 25 (a) when X, Y and Z,_taken together, form

a (5H) phenantyh-Ghi~6--0ne nucl.eus .and _positions 1, 3, 4, 7, 8, 9, and 10
are each subéfrfﬁ%éﬁ Wﬁfﬁ“ﬁy'?égéﬁ?“ghgn %%e 2-position is not subsiitutec, .
with hydrogen; 30,- ., _(b) _Wwien X Y and Z taken 4ogether:fdormall ~ 2 *°:

(5H) phenant hri di n-6% oRASALRT BT and HOBIFIWRS £F 22987 21459179, antl 10 arer
each substituted Wi thrhyedeagentnbhefohBendcposi ti on: i s Rots subsi tuted with
hydrogen or NJ err]. -&23 - 97. _The conposition of claim 96, erer’'n

said tunor cells are seF&cPEILFiBHFERE, gFOERCEPE] 514 hg 72 TATTHHEr aduei, ng
tunors, acute |ynphocyfhe Lenkentg, ; AguL espon! ymphacytic 4 eukem a, . cancer

of the adrenal cortex, bl adder cancé??‘ FaiT 5 cancar, - bredst CRRCEK,

cervi x canger, chronicakgmphogydi c | eukeni a, chronic nyel ocytic | eukenia,
cancer,

col crectal cancery, QgtﬁmedUé I:ﬁﬁ%}-ly homa, endometri al
& - (L -ri‘..f"—n'F.**- ¥ is i~ the m < 3
esophageal cancer, Ew ng’s sarcons. gal’ Srﬁdaeg cahcer ,“aify 2 "@8sftion
| eukeni a, head & neck cancer antioRgkis'in |aHE TR Cc-K3RASE 08 ralative to
sald ring nitrogen of Zormulz I, and R

are independently hydrcgen, hydroxy, amino,

0 dimethylamino, nitro, ciperidine, piperazine,

3

imidazolidine, alkyl, arvi, or aralkyl;

hydrogen, lower alkyl, eryl, aralkyl, halo,
e

o . s :
ydroxy, amino, dimethylamino, pip

-

'..J
N
»

piperazine, imidazolidine, -NO,;, -COOR", or -
NR'R? where R® is independently hydrogen cr C.-C,
alkyl, or R® and R’, taken together, form a
fused aromatic ring, whersin each individual
20 ring has 5-6 ring memkters;
(1ii) -R¥C=N-; &
(iv) -CR?{OH) -NR"-;
{v) -C{0)-NR’-; or
(vi) =NR’-C(0)-CHR!- wherein R*® is ortho to the ring
25 nitrogen, and R* and R’ zre independently
hydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, piperidine, piperazine, imidazolidine,
. -NO,, =-COOR’, or -NR’R® where R?! is independently
hydrogen or C,~C, alkyl, or R® and R!, taken
30 ’ together, form a fused }ing, wherein each
) individual ring has 5-7 ring members;
wherein said alkyl, aryl, and aralkyl, are substituted at
one or more pesitions with hydrogen, hydroxy, halo,

halcalkyl, alkoxy, alkenoxy, alkaryvloxy, aryloxy,

- 112 -
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10 sarcomm, kidney cancer, |iver cancer, lung cancer™ (snall and/or
non-smal | celTYSRNAY | gp@nt- PG i tdhEd-MFa%i on, malignant pleural effusion
mel anoma, mesot helioma, nultiple nyel oma, neurobl astoms, -non-Hodgkin's .77..""
| ynphoma, 0st eosar Cones X oVar K0 XaNCEI3 Qv any. nogerin el, | uCdhcek, 1 pr ostat’e "2 **
cancer, pancreatic 15 .agggr‘ﬂpenis,cancegu,retinQQIasﬁgnﬁ, §ki n ¢ancer, ** **
soft-ti ssue sarcomm, sytanbUY el A e ndtaSCYFofrachscancerCleestseat ar
cancer, thyroid canceralkfiophoflaastdicaneapl as@sozcancer 2of; -t hsrgﬁgwéw

vagi nal cancer, cancer,_of the vulva and 'WlInfs tunoi. 20 ° BT

met hod of inhibiting PBARPACH AN Ceompri=8irng-adAEAI sEeTEngY hambnpound of
formula | ontai nigw at-dLast-0n8 J4:1g ni-tragen: [eccl oL a ... . .

phar maceutical |y éﬁ%epfé%?é E§§§g§%°égi3“565?fgéﬁ sart,; 25 hyaratre, “%Ster,
sol vat e, prodrug, neta@sgaec stefocikedner, ior prextnresnt hergafunwherein: X

I s doubl e-bonded ox Q04 when Rlerr] is-present, it is hydrogen or

| ower al kyl ; Y’reprgggﬂﬁééﬁﬁﬁg%agggéhﬁé é§§%r§nfg“f%?nT§Yf%%%ﬁﬁr%;ﬁﬁéégﬂ?-

bi- or tricyclic, carbocyclic or heterocyclic ring, wherein each individual

ring has 5-6 ringa6rrerrmir

The composition of claim 8%, wnerein said

ih s en . e . . s
10 inflammatory tewel discrder is colitis.

87. The composition of claim 85, whersin sa‘d
s

Crohn's disesase,.

13 compound of
for
or a phar ditign saicg,
hydrace, clsomer, or
20 mi
Y represents the atoms necessary te form a Zused mono-,
bi- or tricyclic, carbocyclic or heterccyclic ring,
25 wherein each individual ring has 5-6 ring member
atoms; and
Z is (i) -CHR*CHR’- wherein R? is in the meta-position
and R® is in the ortho-position relative to
' said ring nitrogen cf formula I, and R? and R?
30 are indep

endently hydrcgen, hydroxy, amino,
p

dimethylaminc, nitre, piperidine, piperazine,

- - - 113 -
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atons; and Z is (i) [err] wherein Rlerr] is in the neta-position and
Rlerr] is in thexTTIAMEPOSILLIN N@El @INs-M3-gai d ring nitrogen of formula

|, and Rlerr] and Rlerr] are independently hydrogen, hydroxy, am no, SO
di met hyl ami no, nitro, piperidineinpidesazing, iandazold.di-ne .Alkyl . atyl, "0 **
or aralkyl; (ii) [err] whereln Qer% S rreta tomthe r|ng nltrogen énd e
Rlerr] and Rlerr] are independent? wherein R° is ue~Ghyt’§reg@n Lhower

al kyl, aryl, aral kyl, hal o, hydr w0l Lh Iawnc

pi perazine, imdazolidine, - i =0 Cftﬁﬁ %Fe ¢ [é??] gﬁ[ F?] S
i ndependent |y hydrogen or [err] *a;rdngemr .R[»err ]c.aa}d Rlem],, ct:akenl, halc,
together, form a 15 fused aromatic.ring, wherein each

i ndi vi dual ri Mg has 5-6 ring neﬁ%éﬂ@?‘%ﬂ|ﬁ3‘ﬁ?érﬁr“°tr§r““fepr]“‘br %V)'*'
[err]; 20 (vi) " [errlgipdersine R:ierkl s igrtko tct he-a3ayd, cr -
nitrogen, and Rlerr] and Rlerr] are, |ndqpendently hydr ogen, | ower aIkyI

aryl, aral kyl, hal o, hydroxy, pﬁﬁ%ﬁldfrﬁrv Bi pér aZrags? AR EAYOFYEFPRET O CT.-C,

-NQ[err], -COOR[err], or [err] wheia R /F bsqi ndepandentlhyecher, form 2
fused arometic ring, wherein zach individual
10 ‘ ring has 5-€ ring members;

(v} -C{C)-NR-; cr
(viy -NR®-C(O)-CHR**~ wherein R*? is ortho to the ring
15 nitrogen, and R? and X% are independentl

-NO,, -COOR’, or -NR ' whers R® is independently

20 together, form a fused ring, whexein sach

haloalkyl, alkoxy, alkencxy, alkaryloxy, aryloxy,
25 arylalkoxy, cyane, amino, imino, sulfhydryl,
kyl, carboxy, carbecycle, heterocycle, lower
alkyl, lower aikenyl, cycloalkyl, aryl, arylalkyl,
haloaryl, aminc, nitro, nitroso, dimethylamin
and a pharmaceutically acceptable carrier, wherein the
30 compound of formula I is present in an amount

effective for treating cardicvascular disorders.

89. The composition of claim 88, wherein said

ardiovascular disorder is selected from the group consisting

e e



25 hydrogen or [err] alkyl , or R erf] and R err], taken
toget her, foridz+¥sedo¢4 ng, ¥hersiit eaEridhdi vidual ring has 5-7 ring
menbers; wherein said alkyl, aryl, and aralkyl, are substitut'ed at one or."."'.

] Jas

nmor e p03|t|ons.vw¢¢pt@mvcgﬁnP Juaﬂangc,hah@r130*&::::;;, rvhakodat Kyl ..’. AR

al koxy, alkenoxy4,gjkaryloxy arquxy Ialkox .cyano, ammo, irmnd, 7 °°
sul fhydryl, thioafkytS e ?tﬂﬁqpq% é “h&t&ﬁocyc“é omer aPﬁy? | ower

al kenyl , cycl&ahikys, aryl, aryIaIkyI, haloaryl, amno, nitro, nitroso,

di met hyl am no; with the provisos that: when X, Y and Z, t aken toget her,
forma (5H) phenanthridin- 6-one nucl eus and positions 1, 3, 4, 7, 8, 9, and
10 are eachy substidgite R B8gen Gﬂ th Q kLLQn SNQLrn as
substi t ut egs with h§>/{"(;ro§;j:’=e\rli‘hs or Wéj%rbr ier\;I%/ﬁen%x Yeaﬁlﬂ""f’gken {X(“) Rt Her’-

forma (5H) ph@ﬁﬁilﬁldl%ﬂf&mg‘l@@l msan@ Bosiitconstiggdn:4, 7, 8 9, a nd
10 are each substituted with hydrogen; then the 2- position is not
substituted with hydrogen or N err]. 99. The ffethod of claim98, wherein

X is doubl e- bonded oxygen.

or & pharmacsutically accep:ta addicion salz,
hydrate, estsr, sclvate, sterecisomer, ¢z
10 mixtures thereof, wherein
X is double-bended oxygen or -CE;
R, when prasent, 1s hydrogen cor lower alkyl;

Y repressnts the atoms necessary o icrm a fused monc-,
c

bi~ cr tricyclic, carbocyclic or hetercocyclic ring,
15 wherein each individual ring has 5-6 ring member

said ring nitrogen of fcrmula I, and R® and R°
20 are independently hydrcgen, aydroxy, amino,

Q

iimethylamino, nitro, piperidine, piperazine,
_ imidazolidine, alkyl, aryl, or a
(ii) -R%C=CR’- wherein R® is meta to the ring
nitrogen, and R’ and R® are independently
25 hydrogen, lower alkyl, aryl, aralkyl, halo,
nydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -
NR'R?® where Ra is independently hydrogen or C.,-Cs
alkyl, or R® and R’ taken together, form a
30 fused arcmatic ring, wherein each individual

ring has 5-6 ring members

._l
b
w
I
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100. The method of claim98, wherein Y has at |east one 15 site of
unsaturation. 10L~-rcHigJrethed-okecl aas238usuberein Y represent's the atons
necessary to forma fused phenyl ring. 20 102. The-method of claim - «-,
98, wherein Y is substituted.wthat_.|east one non- hydrogen,. .. S
non-interfering substi t uent.” “T03. The met hod of claim 98" wheréin said’
substituent is selected frdmwhe fiF0UPELoN8istiary of -NJerr], hal o,

hydroxy, 25 am no, dinethyl anino, ,nltr d.n-Pi. peridi ne, piperazine,

i m dazol i di ne, aral kyl, -CCCR[erf] CQ erf] or [err], where Rerr] is
hydrogen, or aralkyl. 104, (vFhe neﬁhed of c+a1n198erahereﬁn'z bsthertd che ring
where 30 Rlerr] and Rl err], ‘taken together froma fused pxrldlne ring., )
105. The methGd of claim 98, wWhéH&TRSETN s &6 | aFere REerri SoREIIST T3y

t aken together, forma fused ben4e@eo@bqg 1ohe6 z1x,2108-y: Theanmeyhpdrofc,
claim 98, wherein, when Rl err] is’present, it is hydrogen 107. The met hod

of claim98, wherein said conpoulddF@&van P4 Fegéqirkel CREEZaZpRer | BRR@2Z@Lidine,
phenant hri di ne, a pht hal azi ne, orv% qU|n@5Q1|ne.nw@!eu helle %_te§r§£§§$é£ten--
bridging structure to

*

hydregen or C.-C, alkyl, or R and R-°, taken

l1kyl, aryl, and arzlkyl, are substi

aminc, Iming, su.Iinyary.,

'-l
u
')
Ia}
'-—J
fu
'...l
-
(6]
e
v
9]
<
f
3
o

thicalkyl, carbexy, carbocvcls, heterocycle, lowe

[gN]
D
0O
o]
=3

o)
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[
o
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o]
h
h
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91. The composition of claim 90, wherein said septic

~

shock is endotoxic shock.

92. A pharmaceutical ¢ i comprising & compound of

formula I centaining at ' ing nitrogen:

[

or a pharmaceutically acceptable base Or acid addition salt,
30 hydrate, ester, solvate, prodrug, metabclite, stersoiscmer, oOr

mixturses thereof, wherein:

A



ring Y, having the fornula: [err] where Wis -O, -S-, -NRerr]- -CHQ
- CHOH, or CHNfeOR¥=zvwhepexRl eno] 25396€-#ydrogen or lower alkyl. 108. The
net hod of claim98, wherein said conpound has a phenanthrldlne -nucl eus. L

109. = The conposi txons o&ogu~‘
bridging structure to ring Y,

Xerr] is hydrogenLrhydﬁﬁkf’aﬁe?yn AG; NARIOSE8r PF ESYAYdROKER;

1- pi peridine, 1-piperazip
net hod of claim 98, g%re?%‘“
fused benzene ring, andcZ-isz
together, forma fused
The method df claim 98" %her’

acoms;

Z is (i)

—
foae
..J-
e

]
($1]

20

25

30

wherein sa

RO

q§nzene rlqg substltuged Wth a QQIoro

id alkyl,
one or more positions with hydrogen,

0 98¢ s NGk Rk dn S d-gonmpound has a tetracycl-ic

havi ng t he” formul a:
am no,
[ i a droxy, 29 sieaa 110 The
Teml bé%(lé?%ﬂnﬂﬂ bonded- oxygan- Sy Pae

[eridvatier e RmEradyand Rrerefte oaked:ic r:nc,
.gr oup. 111.

™~

PRT-3 Jnelnley

i L -LCC

BiFECS
and

-CHR*CHR’~ wherei in the meta-position

nitrogen,
nydrogen, lower alkyl, arvi, aralkyl, ha
hyvdroxy, amino, dimethvlamino,
ciperazine, imidazolidine,

NR'R? where R’ is independencly

ST il

-CR*{CH) -NR'-; or

-C(0) -NR’-

-NR®*-C {0) -CHR*- wherein R}
and R and

lower alkyi,

nitrogen,
hydrogen,
piperazine,

piperidine,

or -NR'R® where R?® is

nydroxy,
-NO,, -COCR’,
aydrogen or C,-C, alkyl,
together, form a fused ring, wherein each

individual ring has 5-7 ring members;

aryl, and aralkyl, are substituted at

hvdroxy, halo,

- 117 -
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X i's doubl e bonded- oxygen; Y is a fused benzene ring; and Z is [err] where

Rierr] and RAPTOINEY abeo:xLogedher:3formg-aed used 10 benzene ring _
substituted with a bronmo group. 112. The nethod of claim 98, wherein:- X is« »»

doubl e bonded- oxygen; ﬁ;r§aa<fuseg @e@;engx{a{¢;subsrriegeﬂ\mnehva nrtre ) f?
group; 5 and Z is_[err] where,” Rlerr] and R[errj t aken together ’
forma fused benzene r#RyiaubR¥Yt BRI Qi tari'nﬂWfam o cgrmjh"”I’P?Y-The met hod
of claim98, wherein: 20: .11 X LS e-hoende erhd.$:a fuse
benzene ring; and Z is [err] mher% err] and’F{égﬁﬁ g%pkeﬁcrogefheﬁ gform
a fused benzene ring walhvb,b&@@@ﬁrﬁ}fanxuﬂthﬂu“aeannecbdzx}mIast“aKgg,mnth
the Y ring. 25 114. The_yet hod of cla|n198 mherej . X 1S QQUQL

bonded- oxygen; Y is a “I“:Us‘etl'%‘e’nz"eh‘emrr r?g"“ 7597 Terrj‘%erje ﬁref:r] and
Rlerr], taken togeides, pfofmacedtsen 30 acceprable denzens rinagesHbshit ut ed
with an -NJ err] group. 115. The_ nethod of_ cl ai m 98, mherern X |s doubl e
bonded- oxygen:; compound of formula I is n

D.

®
-
h
(N
O
ct
'—A-
<3
()
s
o]
(a4
(a3
(31
(D
1
ct
’.J
1]
[te]
[0}
}4
(4]
&)
[(}]
¢t
[{}}
15

10 ‘ ticns
= - P - (] "
i, 3, 4, 7, 8, 9, and 10 ars each substituted wit
hydrogen; then the 2-positicn is not substituted wiinz
i - Sily S
15 63. A pnharmaceutical composition ccmprising & compound of
formula I ceontaining at least one ring nitrogen:
|
I RN 2
.
' R
./

20 mixtures thersof, wherein:
X is double-bonded oxygen or -OH;
R’, when present, is hydrogen or lower alkyl;
Y represents the atoms necessary to form a fuse
bi- or tricyclic, carbocyclic or heterocyclic ring,
25 wherein each individual ring has 5-6 ring member
atoms; and
) ~CHR2CHR)- wherein R? is in the meta-position

(W

Z 1is (
and R?® is in the ortho-position relative to
' said ring nitrogen of formula I, and R? and ®’
30 are independently hydrogen, hydroxy, amino,

dimethylamino, nitro, piperidine, piperazine,

- .o
— ‘§X&§

UL




Y is a fused benzene ring carrying at |east one non- --128 - hydr ogen,
non-interferifgsubstiéaent; and: Lis-erzd where Rerr] and Rerr], taken

together, forma unsubstituted fused benzene ring. 5 : 116.- The net hod .
of ciaim98, wherein: Xis do:,lbtlzg.,gongiﬁgie oxygem , i a Jused benzene, ti. ng “: ’
carrying a chloro substituent; and Z is [err] V\/nere? err] and R er¥], *

t aken together, form a{fised- RE=CR- wne---be&"zeﬁe‘ﬁa'—ﬁg toulbéei rated with a
chloro group. 117. The nethod.of ¢ grekn: X is, ,doubr! e

bonded- oxygen; Y is a fused béhz%%% i Ti‘(§3 ng TESS 2IEET eher e
Rlerr] and R err], taken togevdil.edsqert,ormv@ef us_ed/b,eraze,n.e rdng @ubhstizt dt ed
with a -Br_and a -N(err] group. 118. The method of clainms 98, V\/nereln X
i s doubl e bonded- oxygen; 20 ¥ LOXY¥s | ARGy SEIDe e rol'ng’-“&“rd“z Bs [err]

where Rlerr] and Rerr], tak,ennég‘-gzeirt@r,ﬂtoggn@r__us‘ed napnt had;@@@ riang.

NR'R? where R? is inde

e
1]
3
£
m
3
1
' -1
b
o 2
s
0.
It
Q
[fe]
(D
o}
Y
|
)

fused aromatic ring, wherein each individuael
10 ring has 5~-€ ring memgers;

‘ {(v) -C(0)-NR’- .
(vi) -VR’-C(O)-CERJ- wherein R~ is orzho te the ring
i3 nitrogen, and R’ and R ars inderendently

ring members;

nd aralkyl, are substituted at

j
9!
)]
et
e
L
'..-.n
L
[}
=
}—
b
o

r more positions with hydrogen, hydroxy, halc,
haloalkyl, alkoxy, alkenoxy, alkaryloxy, aryloxy
25 arylalkoxy, cyano, amino, imino, sulfhydryl,
iocalkyl, carboxy, carbocycle, heteroccycle, lower
lkyl, lower alkenyl, cycloalkyl, aryl, arylalkyl,
oaryl, amino, nitro, nitroso, di imethylamino;
and a pharmaceutically acceptable carrier, wherein the
P o

30 compound of formul

94. A pharmaceutical composition comprising a compound of

formula I containing at least one ring nitrogen:

[ RER T



119. The nethod of claim98, wherein said conpound has an 25 I (ferr] for
wgn vitro of 100 mM or |ower. 120.

i nhi biting pal > Ji1bose) pol yngrase in
The et hod of""cl“a%‘zﬁl' ‘96 Satver i gg‘:ﬁ&%‘onﬁé‘ﬁnd has an I Cferr] for inhibiting - .
pol y(ADP-ri bose) polynerase in vitro of 25 30 nMor l-ower. 121.:The nethod :«+

of claim98, wherein said conpound is X v e o
5(H) 2- chl or o- 10- et hyl phenant hri di n- 6- one. 1?2. The nmethod of claim 98,
wherein said conmpound is 5(H)2-nitro=10; henant hri di n-6-one. 123. The

met hod of claim 98, wherein said conpoynd is )b "“NR
5(H2-ch|oro-10-aninophenanthridin-6-ongzaiﬁi/' Eé met hod of clai m 98,
wherei n said conpound is 5(H)2-nitro-10-am+fophénant hri di n-6-one. 10
125. The net I9gd 2ofchézmiansg8 ioahdveraceardoéenpasndcrsac d addizicn salg,
5(H) 2- chl or 01, 1Q~ni.t.r ophenant hri.din-6-gpe,..126. The nethod of  claim 98,
wher ei n sai dtcjzv%r?ﬁé'ﬁrﬁd cigs‘“S(’l—i)gZ,‘iﬁ-"di'nf‘f?%‘p%éha‘ﬁ hTT dT I Bt oér)re'.-m.“‘"*"ﬁf’e =
met hod of cl &imc@8eswhekeienisawdeecotpound is
5(H) 2-chl oro- 10- hydr.oxyphenant hri.di,n- 6- one. ;ZQD“The met hod of clai m 98,
wher ei n safd conpguﬁ& fFgucLeToondec oxygeh or ~Uni

- R, when present, is hydrogen or lower alkvl;

Y repreasents tne atoms necessary 2o Icrm a Iused mene-,

10 _ atoms; and
Z is (i) -CHR!CHR’~ whersin R? is in the meta-positicn
and R’ 1is in the orthc-pesizion rslaziva o
said ring nitrogen of Zormula I, and R* and R
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nizrogen, and R} and R° ars independently
hydrogen, lower alkyl, arvyl, araixyl, hale,
20 hydroxy, amino, dimethylamino, pizeridine,
piperazine, imidazolidine, -NO,;, -COOR", or
NR'R? where R! is independently hydrogen or C.-C,

alkyl, or R® and R®, taken together, form a

fused aromatic ring, whersin each individual
25 ring has 5-6 ring members;
(iii) -R%C=N-;
(iv) -CR*(OH)-NR'-; or
{v) -C(0) -NR’~;
{(vi) -NR®-C(0)~CHR!- wherein R*® is ortho to the ring
30 nitrogen, and R® and R ares independently

re
hydrogen, lower alkyl, aryl, aralkyl, halo,

- 120 - o %Qf&\
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20'5(F02 ni tro- 10- hydr oxyphenant hri di n- 6- one.

129. The~net hod of cl ai m 98,

wher ei n sai d 3CaW@FouTd JCEL:5(.HNZ-.c B3 6-16~- Bfonophenant hri di n- 6- one. 25
130. The nethod of claim 98, wherein said conpound is
5(H) 2- ni tro-10- br onophenant hriydizo:+ome pek3tiznEhecneehed ok, cﬁé 9§‘;343::
wherei n said conpound is 5(H)2-chlogro- 10- nltr phenanthradln 62'one.’"30 "
132. The method of clai m 98, WY&rei h*%3i’d Conpound &5 ° ~fcependently
5(H) 2-chl oro-9, 10- net hl enedi hydi-@oeheran: -¢higidin-, 6wene? and39°; taxd33.
The nmethod of claim98, wherei'n said conpound is

ghersin ga32h The

5(H)2-nitro-9, 10- nethlenedlhyd%b%yﬁﬁEnaﬂ—‘thrréﬁﬁ»G &né:
nui.§ kn-the-form

v-t|L« ha
f'S3i d conpodnd,

- -k

se

met hod of

| ai m 98, wherein s3jd . Gonposi
tabl et confaning a single or

divi ded do

&, capsul e or
ereln sai d

et

dose is sufficienwheasprnegedtt eLkyédueevihezndfactscol, VST L s TSt ol ar

other neurodegeneratlve qliease:elgos;:lohs with nvdrcgen, nydroxy, halc,
halcalkyl, alkexy, alkencxy, alkaryloxy, aryloxy,
arylalkoxy, cyano, amino, Ziminc, sulfhydryl,

190 "thicalkvl, carboxy, carbocycle, nhaterccycle, lcower
alxyl, lower alkenyl, cycloaikyl, aryl, aryialkyl,
halcaryl, amino, nitro, nitroso, dimecthylamino;

and & pharmaceutically acceptable carrier, wherein the

cernpound of formula I is present in an amount

15 gffsctive for trsating cancsr;

with the proviso that when X, Y and Z, taken together,

form a2 (SH)phenanthridin-6-cne nucleus and positicns
1, 2, 4, 7, 8, 9, and 10 ars each substitutsd with
hydrogen; then the 3-position is not substitutsd with

20 nydrcgen or NG,.

95. The composition of cl;im 94, wherein sald cancer is
selected from the group consisting of: ACTH-producing Tumors,
acute lymphocvtic leukemia, acute nonlymphocytic leukemia,

25 cancer of the adrenal cortex, bladder cancer, brain cancer,
breast cancer, cervix cancsr, chronic lymphocytic leukemia,
chronic myelocytic leukemia, colorasctal cancer, cutaneous T-
cell lymphoma, endometrial cancer, esophageal cancer, Ewing's
sarcoma, gallbladder cancer, hairy cell leukemia, head & neck

30 cancer, Hedgkin's lymphoma, Kaposi's sarcoma, kidney cancer
liver cancer, lung cancer {small and/or ncn-small cell},
malignant peritoneal effusion, malignant pleural effusion,
melanoma, mesothelioma, multiple myeloma, neuroblastoma, non-
Hodgkin's lymphoma, osteosarcoma, ovary cancer, ovary (germ
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135. The nethod of claim 98, where n said conposition is admi nistered as a
sterile sol utign,.slspensi on.or, e QR i a single or divided dose. 15 |
136. The nethdﬁ‘6f“§?aiﬁ%gg?rWﬁ%Tg?%é%hrﬁ conposition is adninistered as a- -
sol id inplant capable of releasing. tlie conpaund-quer -acarekonged,period of -+
time. 137. The"Twthod of° Tl aim 98, wher ein 'sai d conpound 1's 20 present ih -

an anount suffisiendblastdsmat sHimpreuents new-a-ttisssge SEAGARSE / r eguenong cell
from cerebral ischem a and reperfusion injury.. 138. A_nethod_of effecting a
neuronal aci tﬁ%%%fﬂ%@?éﬁﬁ?ﬁ} ﬁ’r?ﬁri'si'—:ﬁ“e'rdm*ﬁrsr‘e‘gfﬁ'ﬁg't5“sfard“ah‘rﬁ% =

an effective anoid~:0f 2 & Lo &is f a=Md=a bicentaunergsat vheastlopenddng

”a

nitrogen: [err] or a pharnmaceuticall _acceptabl e base or acid addition
salt, 30 hydr atancestef tha|Wate FHodi-ud Smet'dBsl-ite, stereoisomer, or
m xtures thereof, wherein: -113- X i s doubl e-bonded oxygen or -0OH, when

Rlerr] is present, it is hydrogen or |ower alKkyl; o o
96. & pharmaceutical composition comprising & compound of

- N . - - H . - ~ar
formula I containing at leastc one ring nltIrcgen:

R’, when present, 1s hydrogen Or iower alkyl;

form a fused monc-,

O
o
0]
n
[
s
<
ot
O

£5 the atoms ns

¥ .
(92}
<
(2]
)
o)
LR
0]
w
(l)
2y

rpocyclic cr heterocyclic ring,

P

20 and R¥ is in the ortho-position relative tTo
said ring nitrogen of formula I, and R® and ¥
are independently hydrcgen, hydroxy, amine,

dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;

25 (ii) -RC=CR’- wherein R® is meta to the ring

| nitrogen, and R’ and R® are independently
ydrogen, lower alkyl, aryl, aralkyl, halo,
hydroxy, amino, dimethylaminoc, piperidine,
piperazine, imidazolidine, -NG, -COCR', or -
30 NR'R? where R® is independently hydrogen or C,-C,

or R® and R3, taken together, form A

- 122 -
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Y represents the atons necessary to forma fused nono-, bi - or tricyclic,
carbocyclic of-hel,pse ic nidg,, y%&ajy‘a—each I ndi vidual ring has 5-6 .
ri ng nmenber atons; ?@i“'*? N rr]” wherein Rerr] is in the : AN

WMa[msM|onaijhﬂﬂ |s|alheaumarm$t¢m1rmﬁuv%tqsm“'nng, e
nitrogen of formula I, and Riert] and Herr] 10’ s= GxTagp o
I ndependent |y hydrogen, hydrozxyr;x. amnN@- :dl::rmt@yieam-:-ms,; nitro, piperi d| ne,
pi perazine, imndazolidine,,,al Varyl or aralkyl; (ii) [err] wherein
Rlerr] is meta to the ri n|t Cgen and Rlerr] and Rerr] are

I ndependently 15 /-w) -CR® (OE;bydrogen, [ower alkyl, aryl, aralkyl,
hal o, hydroxy, am no, dlnethylanlno .pi peridine, piperazine, imdazoline,

-NJerr], [err] or - [ef?)] wher @ R[\é°rr} 13 |ndependently hydr ogen or [err]

al kyl, or Rerr] and Rlgs:n]; Ipdeep bpgether fprm.:a 20 ¢ ..oy “ha ring
fused aromatic ring, mhereln each |nd|V|duaI ring has 5-6 rrng nenber§ T
(i) Jerr]; (iv) [err]; orr¥aZoger,emnr)d R¥5and R+ ars -nciwejcvuikyr]

Mwmﬂ1ﬂew]|slooH)H®&m%mHL%@%iQdﬂﬁu and.Rerr]_are
I ndependent |y Ti-r ¢ xyI, na.c,

hydroxy, piperidine, ciperazine, imidazclidine,
7 - - M . ~ 0 - . 0
10 -NO,, -COOR, or -NRR® whers R® is indepsndanily

tcgether, form & fused ring, whersin sach
s s s e e , .
individual ring has 5-7 ring members;
Lt ° Py ] PR 3 - AR | -~ - - -
L .wherein said alkyl, arvl, and aralxyl, are substituzed az

one cr more positions with nydrogen, nydroxy, halo,

(=
(@1)

haloalkyl, alkoxy, alkenoxyv, alkaryloxy, arvicky,

20 naloaryl, amino, nitro, nitrcso, dimethylaminos

Y9
[y
[
=
O
by
9]
[()]
[
[
73]

effective for radiosensitizin
with the provisos that:

25 {a) when X, ¥ and Z, taken together, form a
(5H)phenanthridin-6-one nucleus and positions 1, 3,
4, 7, 8, 8, and 10 ars each substituted with
hydrogen; then the 2-position is not substituted with
hydrogen;

30 (b} when X, Y and Z, taken together, form a

(5H)phenanthridin-6-one nucleus and positions 1, 2,

8]
b
(S
or
o)

4, 7, 8, 9, and 10 ars each substitute
hydrogen; then the 3-position is not substituted with

nydrogen or NO;.
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hydrogen Iomer al kyl, aryl, aralk I, hal o, hydroxy, p+peridine,

pi per azi ne, muda;@bld 8. - - FEIG&Ek ;;gﬁxgierr] or -[err] where Rerr] is

i ndependent |y "30° o 'hy rogen or [err] alkyl,-.er Rerr] and ;
Rlerr], taken tog%Lherm,forn1acqu§eg ~rLBgz, wh rgLn each, lﬂd;y,ﬂual ring has g
5-7 ring menbers; “wher éin Said arkyl: ary? nd araTkyT”“éré‘EubsTﬁﬁininf1ﬂ
one or nore p@siBe&as_wutEvbydrﬁgen'obydtoxyvshﬁ&@ ci: Xeloatkydycalkoxy,

al kenoxy, alkaryloxy, aryI | al koxy ano, _am no, jm no, sulfhydryl

thi oal kyl , c&RBG¥y/ earbocyé! ef"‘oﬁét-ei:ocyt‘(%“ FovRT Yt kyPT mve?%menyl
cycloal kyl, awykeraryl ak k¥br 87 the adrenaDat@aryt, @THEOEs - Edd& - Nidd0S0,

dlnethylanlno With the provi sos that:

when X, Y and Z, taken together

form a (5SHfplkenssthr PdeAST6<enESHuckens:t &n@~¢@%¢ti’“”“?ﬁci}fWPFqC 8,29, and

10 are each ,subg tuted vith hyde p; then the. position is nat.
substituted Wi th- hydl‘ogjé‘ﬁ“"éﬁd W fﬁgtgﬁe pr%?‘/fsrg t'hact: v%eéné”X' \?S:aihd“z, t aken

t oget her,
8, 9, and 10 Lare each substltuted mnth_,.

f ocnacanebHsplenanf hiivdbhefa pnendaercd vsz antk

S&rcéoma alibladder canc

v-/

[}

-

-~ ==

[wo]

¢8. A method of

[\

administering & ccmpound

i

or a pharmaceutically acceptable base or

hydrate, ester, sclvate, prodrug,

mixtures thereof, wherein:
X is double-bonded oxygen or -OH; '
when R’ is present, it

.
Y ra

& -

is hydrogen

esents the atoms necessary to

o

30 i- or tricyclic,

wherein each individual

ot
ro
s

A

metabolite,

or

carbocyclic or

ring has

oSyt isstpresRl 4, 7,

- .
lot-H

3wy :
hairy cell

27
Sy

X}

~-TOS -

acid addition salrt,

stersoisomer, oOr

lower alkvyl;

form a fused mono-,

heterocyclic ring,

5-6 ring member

»

L X
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hydr ogen; then the 2-position is not substituted with 15
hydrogen. 139. The. nethod ot“gla|n113&M,where|n the neuronal activity is

alale]

not nedi ated by Tmﬂﬂ¥Y%nxﬂQQ)1;.‘?0 3325-$405CThe method of claim 138,

wherein the neuronal activity is selected fromthe group consisting of f;.. ‘oo
stinmul ati on of damaged neloifs’ ﬁrGthlon of neuronal regeneration, -~ '
prevention of neurodegenerat, on,_andchgeat . of @ neurgl ogical. dlggrdgr
25 141. The net hod of 6]a|n1140 wher el n sal d neur onal activity is* s--=cn
stinul ati on of damaged neurons rarslI R hg fnonneeeebratceéschem ardiative <o
reperfusion injury. 30 The. . thqd an I |ml4Q,1 rein.the
neur ol ogi cal disorder is seIecté%LTTongﬁhe grogp%con5|sf1ﬁg o] péY?pﬁeF&P R
neuropat hy cadsed by physical iy ynefkesdingease yshatesckRauRBEEExPS adf: ~c,
i njury, physical damage to the §p|nal gord, stroke associated with brain
damage, denyelinating di sease and*~r§§"”-"ﬁeuroﬁogvcak BFsBr08r FeFafifgie
to neurodegeneration 143. The nethed-efiickakem 142, 1wheretn the;ngugol ogi cal
(i1} =-X’C=CR*- whersin R® is meta to thes ring
; nitrogen, and R’ and R® ars independenzly
ig hvdrogen, lower alkyl, aryl, aralkvi, halo,
nydroxy, zminc, dimethvlamine, piveridine,

(iii} =-R°C=N=-;
(iv) -CR*(OH)=-NR'-; or
(v) -C {0} -NR -;

20 (vi)  -NR*-C{0O)-CHR'*- wherein R is ortho tc the ring
nitrogen, and R? and R°° are independently
hvdrogen, lower alkyl, arvl, aralkyl, halo,
hvdroxy, ciperidine, piperazine, imidazolidine,
-NC,, ~COOR’, or -NR'R’ where R’ is independently

25 hydrogen or C,-Cq alkyl, or R? and R*¥, taken

together, form a fused ring, wherein each
individual ring has 5-7 ring members;
wherein said alkyl, aryl, and aralkyl, are substituted
one or more positions with nydrogen, hydroxy, hal
0 . nhaloalkyl, alkoxy, alkenoxy, alkaryloxy, aryloxy,

arylalkeoxy, cyano, amino, imino, sulfhydryl,

- he
[

thiocalkyl, carboxy, carbocycle, heterocycle, lower

alkyl, lower alkenyl, cycloalkyl, aryl, arylalkyl,

haloarvl, amino, nitre, nitrosc, dimethylamino;

]
1=
(3%
w




di sorder relating to neurodegeneration is selected fromthe 5 group

consi sting ofTACzhewNeECCs.di seasg33Parkinson’ s di sease, Huntington's .
di sease and anyotrophic lateral sclerosis. 144. A nethod of-: treatlng an e
i nfl ammat ory bowel i dhsendeprini abs agw ol conpr|3|ng'adn1n|ster|ng t-o, ‘said J-
ani mal an 10 effective anmpunt of a conpound of fornula | containing’ a

| east one ring ni YR8FeH: I’eqﬁr“]i br B2 piarvagaiid val Iyrmcc dptdnerbase rok i - -
acid addition salt, hy SO - Arodr-ug,, met ahol ite,,

st er eoi soner, or 15 nlgtgégs é%%%f‘ %wgﬁefWT” X ¢ dduble ‘ofided ' oRFgenor
-OH, Rlerr], when presam,sich hyavogemnmd lwavey mldatdcerY represast s-t he
atons necessary to forn1§;fysed Jono-, hi- .or tricyclic, carbocyclic or
heterocyclic ring, 20 PCS=%: S i §47 4 Fact? I5dii-dual/ SFPR§RhEs 896 ranwy
menber at ons; andw€é+sx(|9 and &1 1t nhey eldyeRar ] s+ R thg\nggaaposLtLon
and Rlerr] is in the ortho-position relative to sald ring nltrogen or

formula I, and Rlerr] @mRAR[EIGISYs and positions 1, 3,afe ind8peRdeandy:s

hydr ogen, hydroxy, am o, éydgﬂgagéynJu%QFpMLL Fpeg%dlneqoglpqga2|ne

i m dazol i dine, alkyl, aryl, or aralki [eF réin Rlert] s neta
to the ring position 1s not substituted with hydrogen or NC..
10 ’

89. The method of claim 98, whersin X is doubla- beonded

oxygen.
o~ = - < -~ =~ -~ - - -
100 The method of claim 58, whersin Y has at lsast cne
<= - = - - - <
13 site ¢f unsaturaticn.
101 The method of claim 898, whexein Y rapresents the

atoms necessary to Zorm a fused phenyl ring,

20 102. The method of claim 98, whersin Vv is substitutad

with at- lsast one non-hydrogen, non-interfering substituent.

103. The method of claim 98, whersin szid substituent is
selected from the group consisting of -NG,, halc, hydroxvy,
25 amino, dimethylamino, nitro, piperidine, piperazine,
imidazolidine, aralkyl, -CCOR", -OR- or -MHR!, where R* is

hydrogen, or aralkyl.

-RSC=CR3- where

U)

i

104. The method of claim 98, whersin

z
30 R® and R%, taken together, from a fused pyridine ring.

105. The method of claim 98, wherein Z is -R’C=CR>- whers

R® and R®, taken together, form a fused renzene ring.

AR, |

N

* ¢



nitrogen, and Rerr] and R err] are independently 30

hydr ogen, | owercalikyl ccaryl, yarapkyts-hates hydroxy, am no, dlnethylanlno

pi peridine, - 134 - pipera2|ne i mdazolidine. -NJerr], GIII{err] on'--"
[err] where Rletg] isnéndepesdest|y:iydrogeniai-4oir ]y —@«y:l iQrg R{;g_r,r] "1 N
and Rlerr], taken together, forma fused aromatic ring, mhereln ‘each "
i ndi vi dual 5-T IS hvérogen. ring has 5-6 ring nenbers; (iii) [err]; (iv)
[err]; or (V) [err]; (vi) [err] wherein Rlerr] is ortho to the ring

nitrogen, and Rlerr] and Rlerr] are independantly hydrogen, | ower aIkyI,

aryl, aral kyl, halb"’ hynexystpbpert df eim fiperdna 1, isédazoitipgune, has an

-NdJ err], (III% .or [err] where Rerr |s |ndeendentI rQ en o

[err] al ky? ore R[‘e i and® BT IS T3keh B ‘] Refzossn ohs égge?- HEr

form a fusedﬂ*ng,_wemi rr.e@réumb*/laitwéuramg:nas Srifgrizkg shRitkens: <o

wherein said aIkyI aryl, and aral kyl, are
ring ¥, having the formula:

whers W is -0-, -S-, -NR'-,

I 5 -
10 hvdrcgen or lower alkyl.

- <

138, The methed of claim 98, whersin said comgound has 2z

phenanthridine nucleus.
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formula:

20
where W is -CH-; X, is hydrogen, hydroxy, or amino; and X, is
hydrocen, amino, l-piperidine, l-piperazine, l-imidazolidine,
or hydroxy.
25 110. The method of claim 98, wherein:
o
W

A



substituted at one or nore positions with hydrogen, hydroxy, halo,

hal oal kyl, al REXPRNAkSR6xY.- AG. 233386-M5-24| karyl oxy, aryl oxy, aryl al koxy,
cyano, .am no, imno, sulfhydryl, thioalkyl, carboxy, carbocycle, - . L
het'erocycl e, | ower Xakkykcukowekocakkeéngkyseyel oal kyl, saryl; .arylatkyl, =+ -+
hal oaryl, am no, nitrq, _nitrqg 0y di nethyl ami no. 25 145. The method of- - -
cl ai m 144, wherei n*sard®ooReF“d°E§6F3RT Ts"€0IF1Fs. 146. The nethod of

cl aim 144, wherei nzsasd-rrficrmataey«30° howelzqdi sorder chgeCrobn' s, di sease. .

147. A nethod of treating a cardiovascul ar disorder in an anima

conpri si ng adm ni st eri n§e£:6288i d*Rfi FafS R~ EiFEcti Ve amsum I ofszpugonpound
of formula § containing at |east one ring - 135 - nitrogen: [err] or a
pharmaceutically acceptable base or acid acid addition salt, hydrate,
ester, solvate, prdodiugTheerabotite; stziedSomersrxm:5 m xtures thereof,

wher ei n: e
ere X double bonded-oxvgen;

Y is a fused benzene ring; and

Z is -R’C=CR’- where R’ and R®, taksr together, form a fused
10 benzene ring substituted wiih 2 bromo ¢roup

112. The methed of claim 88, whersin

X is doubkle bonded-oxvgen;

Y is a fused penzene ring substi:zuted with a nitro group:
is ana

113. The method of claim 98, wher=:in
20 £ i1s double bonded-oxygen;
Y is a fused benzsne ring; and

£

3 ot - £ = cma
R*, taksn together, form a fused

[he
=
0
|
o
<43
O
i
)
'}i)l
i
ha
[ty
N
®
o)

d
benzene ring with a bridging substitusnt connecting
Y

25
The method of claim 98, wherein:

[2s]
—t
o

double bonded-oxygen;

a fused benzene ring; and

<X
. ’.b-
0w u

[

0]
"

-R8C=CR*- wheres R® and R?}, taksn togeth

[
[N
0]
™
«]
"
(e]
[
'O

benzene ring substituted with an -NO,

{ad
D

The method of claim 58, whersin:

-,
o
n

double bonded-oxygen;

is a fused benzene ring carrying at least one non-

<X
'-J
n

e ) o



X is doubl e- bonded oxygen or -OH; when R err] is present, it is hydrogen or

| ower al kyl ;AY-FRpresepfs=t heﬁatb?fﬁ;iq*ré@esé?ary to forma fused nono-, bi- or

tricyclic, carbocycllc or heterocyclic ring, 10 . wherein each LG

i ndividual ring has SA6irdgepnewer: 7ﬂqﬂn£ laugd sZzissiierfer ehxwhére n T

Rlerr] is in t t osLtion and E{er iS _n‘Lhe,ortho OSJtIOﬂ

relative to sai dhzfelgﬁ nlvero en '{I}? “FStndfs R/ arfti R er79€ tar?d' R[‘é’r-r“] 3gre

i ndependent |y 15 ,‘nauasﬂ”ﬁﬁiﬁ%ﬁ@u:.)ﬂdb@x&.ené”kﬂ@.c.dl met hyl amino, nitro,

pi peri di ne, piperazine, inidazolidine, alkyl, aryl, or aralkyl; (ii) [err]

wherein Rerr] is nmeta to the ring nitrogen, and Rlerr] and Rerr] are

i ndependent |y hydrogenn2Gernecd of ﬁ1-lhowgr akkylL..aryl, aralkyl, halo,

hydr oxy, am no, dlﬁEth,}aﬁan plperldlne plpera2|he |n1dazoI|d|ne
-NJerr], CII}{eﬁrqS Qﬂbq4§wq01mﬂﬂﬂ§XRFéPr] i s independently hydrogen or
[err] al kyl, or R[ersr] afn %”sztaaKQg ?ggphg fO{%m‘a fused aromatic

fa

ring, 25 erein each i ndi vi Flng ‘RaS 5-'6 rrng“h%nbéTS*“
(iii) [err]; (iv) [erarr]d or (v) [err]; (vi) [err] wherein Rerr] is
ortho to the NG 55 -R®C=CR’- where R® and X%, taxen together, Zform 2 fused
10 benzene ring substictuted witi a chioro zroup.
117. The methed of clzim 88, wharsin:
X is double bonded-oxygen;
Y is a fusad benzene ring; and
15 Z is ~R%C=CR’- where R* and R%, taken together, “crm a fussed

118. The method of claim 98, wharsin:
X is double bonded-oxvgen;
20 Y is a fused benzens ring; and
Z is -R,C=CR*- where R* and R’, taken together, form z Zfused

119. The method o¢f claim 98, whersin said compound has an

25 IC., for inhibiting pely(ADP-ribose) polvmerase in vitro of 100

120. The method of claim 98, wherein said compound has an
ICs; for inhibiting poly(ADP-ribose) polymerase in vitro of 25
30 mM

or lower.

121. The method of clazim 98, wherein said compound is

5{H)2-chloro-10-methylphenanthridin-é-one.

L



30 nitrogen, and R[err] and Rerr] are independently

hydr ogen, Iomgﬁmab&yb,ﬂepyl apal kytzhat 0:~- 136 - hydr oxy, pi peridine,
pi perazi ne, im dazolidrnié, -hﬁ?érr? TSCOOR[err], or [err] where R[err] is

i ndependent |y hydrogen ar _[gLL or rrl.and Rerrd,.taken .
toggether, forma ?8sed Flng, mﬁ%réln eadﬂF%§ dr 8L i SRV dSal
ring has 5-7 Bi(HY2-neobers)-mbeneiphsaddcat kyln-aryds. and aral kyl, are
substituted at one or nore positions with hydrogen, hydroxy, halo,
hal oal kyl, al koxy, al kenoxy, al karyl oxy, aryl oxy, arylal koxy, cyano, am no,
i mi no, 10 1235UkEBYHEYhod tHE 0@l kih , sEarhos  carhoryel@ound is

het erocycl e, |ower alkyl, |ower alkenyl, cycloalkyl aryl, arylal kyl,

hal oaryl, amlﬁér;arcrop*ﬂrivoam&“Q@¢ﬁn¢uﬂ%§ﬁ¢Kﬂ g®ne. 148 The method of
claim 147, wherein said cardiovascul ar disorder is selected fromthe group
consisting of coronary artery di sease, angi na pectoris, nyocardi al
infarction, cardiogenicTsboskshadde £arlh vadulvdre td s idamageou2d is

149. A nethochg_gfgggln septlc'gaggk |n an ;ggggy

PO W
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12%6. The method of claim 98, whearein said compournd is
0-

dinitrophenanthridin-é-one.

(W) ]
m
Ny
~

[y

[
n

127. The method of claim 98, whersin said ccmpound is
X

{#}2-chloro-i0-nhydro

w

128. The method cf claim 98, wherein said compound is
20 S{X)2-nitro-i{-nydroxyphenanthridin-&-one
12¢. The method of claim 98, wherein said cempound is
5(H) 2-chloro-10-bromophenanthridin-é-one.
25 130. The method of claim 98, wherein said compound is
5({H) 2-nitro-10-bromophenanthridin-6-one.
131. The method of claim 98, wherein said compound is
S (H)2-chloro-10-nitrosophenanthridin- 6 -one.
30

132. The method of claim 98, wherein said compound is
5(H)2-chloro-9,10-methlenedihydroxyphenan-

thridin-6-one.

A



conprising adm nistering to said animal an effective amount. of a conpound

of fornula L., QQQNaan a..At. gast1§ e angpnltrogen [err] or a

phar maceut i calty'acce abi-e “Hasé-6rP°atrd” addi ti on salt, 25 hydrate,."ester, ., ,*
sol vate, prodrug, taholite, stereoqisonmey D xtures, ther eof; erein:: X ¢
i s doubl e- bonded 33 5396 Sorerepd Rhefit ﬁ¢érrf |§rrﬂé3entd‘$1 T§“ﬁyd¥2gen or -
| ower al kyl 5 (=)23%4: - xcYor apresent sn Ehenﬁagasv@@@e§sary to forma fused

nono- bi- or trlcycllc carbocycllc or heterocyclic ring, wherein each

i ndi vi dual mbmgchaSGSO@—rlng menber atons; and 5 Zis (i) [err] wherein

Rlerr] is in the meta-position and R err] is in the ortho-position relative

to said ring nitrogen of formula I, and R err] and R err] are independently
hydr ogen, shydr oxy 34anmhe, mé%heﬁhyEaaLabm B8 1 rione pi persdidesongg pErdzirne s
|n1dazoI|d|ne aIkyI aryl’ -’ roaral kyl .. (11) _[err]  wherein
Rlerr] is nefla*t§ ﬁﬁgﬁrpng nF?PSQeﬁ °and°P?é?r?“aﬁﬂ‘R[é?f% et °-

i ndependent Ly sAMdROGRR: cF said compound, wherein said dose is sufficient

; 3 3 £z e ; - 1 a - s
TC prevent or resquce tne 8IfzZeCts OI VasSCuliaI STIdKse o

.» neurodegenerative disease.

said compcsitcicn is
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USTENsSion ¢r emussion, In

35.
administered as a sterile solution,

a single or divided dose

15 136. The method of claim 98, whersin said compcsiticn is
administered as solid implant capabls ci releasing thae

a
cempound over a prolonged period of time.

20 pressent in an amcunt sufficient

to
i ssue damage resulting from cerebral ischemia and rzperiusion

138. A method of effecting a neuronal activity In an

-

25 animal comprising administering to said animal an elffactive
amount of a compound of formula I ccntaining at lsast one ring

\itrogen:

—

2

alw-
S&LT,

or a pharmaceutically acceptable base or acid additlor
30 hydrate, ester, sclvate, prodrug, metabolite, stereoisomer, or

mixtures thereof, wherein:

A



I ower alkyl, aryl, aralkyl, halo, hydroxy, anino, dinethylan no,

pi peridi ne, 15 aT7oRNEvY PigReraziyee, shnicdazelidine, -NJerr], -COORlerr],
or [err] where Rerr] is independent!y hydrogen or [err] aIkyI or Rlerr] e,
and Rerr], taken together, dEQkﬁgaﬂgua d g&gnatlp ring, mhereln each Y

i ndi vidual ring has 5-6 ring nenbers; %III errT 2 o (v o
[err]; or (V) [err]; when) R* is @mﬁ}’l‘smexlal.rs Ryerrdgsrs Oc:crtilmet:o RO LEI Ng
nitrogen, and R[err] aqd err] _are lndependentlg hydr ogen. | ower aIkyI
aryl, aral kyl, hal o, Sprasenis tae 2Rl BxyeS prérTﬁlnE““prfw%ﬁﬂ feac-,
I m dazol i di ne, hK{err] - CEQR] eir ki @jbtgt;]cmh§@@7${E$r&wl5_+ﬂdqp§pdenLlx
hydrogen or [err] alkyl, or R[err] and Rerr], taken together forma Tused
ring, wherein each |nd|V|du&P°Fﬁhg R&shs5: 7C%th“ Frenbets; B0 Wherdits samder
al kyl, aryl, and aral kyl, ang.sdbsthtuted at one or mor e positions with
hydr ogen, hydroxy, hal o, hanaIkyI al koxy, al kenoxy, al karyl oxy, aryl oxy,
aryl al koxy, cyano, am @&ozsi rfiino, s@Fﬁh@@Ry1wﬁﬁhpoalRyl,-carbUﬁy"e-=-~c5‘~-~r

gggbocycle, het er ocycl e, | ower alﬁxl,Rtomgr_fuJuﬂngﬁbuQYQngkka, %l:EEVé -

\(1

o

'-d.
’_J

§—
[S2}
o )
-~

{iv) ~-CR*{0QH)-NR'-; or
C(0) -NR*-;
25 (vi) ~=NR®*-C{0Q)-CHR*- whersin RY is ortho to the rin

(v} -C

nitrogen, and R* and R-° are independently
hydrogen, lower alkyl, aryl,
hydroxy, piperidine, piperazine, imidazelidine,
-NO,, -COOR’, or -NR'R® where R' is independently
30 hydrogen or C,-Cy alkyl, or R’ and R*®, taken
together, form a fused ring, wherein each
individual ring has 5-~7 ring members;
wherein said alkyl, aryl, and aralkyl, are substituted at

one or more positions with hydrogen, hydroxy, halo,

- 132 -
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aryl al kyl, haloaryl, amno,~nitro, nitroso, dinethylam-no, 150. The

met hod of clalmld3, wherein said septjc shock is endotoxic shock. 151. A

met hod of tréatirig di t23 'h ah ahi nal “conprising administering-fo said."..".
ani mal an effective anpunt_ pof a canpound af fornula.t _containing’ ‘ati least™: °:
one ring nitrogen: [ert§-9%9-bf*a g?ﬁﬁcéhf$taﬁﬁy acéeptabi'é-basé-8kracid ** **
addition salt, hydratesrgsieicoxisoliale, RROGLYJimIBkabglilte; sst er eoi soner,

or mxtures thereof, wherein: X is double-bonded oxygen or “OH when R{err]

is present, it is hydroyett oty ososy| Caryocyciey REFRESEHES2t hecwt o
necessary to forma f AMONQs e DI Q. 1t MCWELLE . €arbagycl L¢, oL, .,

het erocyclic ring, whgﬁggﬁ”edgﬂhrh Ff?&gﬁr Fﬁﬁévﬁé§15569F§ﬁg ﬁéﬁﬁéFK%Ibns;

and Zis @) [err] wheeraay R emiad,s niin sehe npetasposttmencaban20c ;

Rierr] is inthe;yfmrpoq;xgqjelaiye to said ring nitrogen of formula

|, and Rlerr] and R ert]® are ‘i &gpéﬁﬁéntly hydr ogen, hydroxy, am no,

di met hyl am no, niuden i perdrdl g, cRikRer asigaerei-n dazal kdi pe) cobkyhsnargda-
or aral kyl; _ _ X i
i nd iC

-~ ) - ES - -— -
= ars sach substituted with hydrcgen; tThen the 2-
’
1N 3 - o - - - } -
10 position is not substituted with hydrsgen; and

= - it 4 P -y - ~ £y - T~ - - - - -
form 2 (5H#)phenanthridin-6-one nuclsus and pesitions
o] ] - - - % - - o -
- 1, 3, 4, 7, 8, 9, and 10 are sach subszitutad with
- 3 . - -~ - - - -
hydrogen; then the 2-position is not substitutad with
15 hydrogen.
135, The method of claim 138, whersin the neurcenal

20 140. Ths method of claim 138, whersin the nsuronal
activity is selected from the graup consisting oI stimulation
of damaged neurons, promotion of neuronal regensration,
prevention of neurodegeneration, and trsatment of a
neurclogical disorder.

Y25
i41. The methed of claim 140, whersin said neuronal
activity is stimulation of damaged neurons resulting from
cerebral ischemia or reperfusion injury.
30 142. The method of claim 140, wherein the neurclogical

]

om e group consisting of peripheral

disorder is selected from th

neuropathy caused by physical injury or disease state,

traumatic brain injury, physical damage to the spinal cord,
o

stroke associated with brain damage, demvelinating disease and

- 133 -
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25 (it) [err] wherein Rerr] is nmeta to the—~ing nitrogen, and
Rl err] and B_[,QU @re @%gpeqderr%ﬂy,hy ragen, | oner al kyl, aryl, aralkyl,

hal o, hydroxy“ t hyf a prperi di ne, pi perazi ne, -i'm dazolidine,.." .
-NJerr], - 0, e vmlard where-Rlerr] Is. R

mdependentlrsr‘hyd'r ‘n“orc‘[%?‘rj R R[oelpr ‘““ d”’ﬁ[ FEF-Fakert® v

together, forma - 139 - fused aromatic ring, V\/nerel n each I ndi vi dual

ring ha556r|ng menbers; (iii) 1ierr] IV [err]; (v)
[err]; (vi) [err]4¢hnhefis mﬁm]o $lorithd %o fREZE-AY Lﬁ?t P6§ERLCGRaaR] err]
and R[ err| al £ Jll.deepe,rgiﬁ ,yc hydjr&gqe.&, I,%w,:%l |@L| i salkgh ecakal kyhyn balo,

hydr oxy, pi pefidine, piperazine di ne,
-NJerr], amﬁmrq:c}usml_i[reg rd< AM\'mae.rR[:erSr ]d-|=§=|5ﬁde@émiéﬁ§p? Rydi8gese or

[err] al kyI R:[errJ anﬂgi R[err]_, c.K‘Q/‘Q)t”' %t t&erl,,_aqrmgciusgg glng,

wher ei n eacH ¥ Ui Ng otfal S r TFg‘%Ta‘s I“ng “nenver sy T
144, A method of treating an inflammatory bowel disorder
e in an animal morising administering o said animal an
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acid addition salc:

polite, steregliscmer, CX

X
R’, when present, is hydrogen or lower alkvl;

the atoms necegsary o form a fused mono-,

<
h]
D

e
Al
o
n
3
W3
r
n

bi- or tricyclic, carbocyclic or heterocyclic ring,

20 wherein each individual ring has 5-6 ring membe
atoms; and

-CHRYCHR3- wherein R? is in the meta-position

~da

©~
™
0
-

and R? is in the ortho-position relative to
said ring nitrogen of formula I, and R? and R’
25 are independently hydrogen, hydroxy, amino,
dimethylamino, nitro, piperidine, piperazine,
imidazolidine, alkyl, aryl, or aralkyl;
(ii) -R®C=CR’- wherein R® is meta to the ring
nitrogen, and R® and R® are independently
30 hydrogen, lower alkyl, aryl, aralkyl, halc,

hydroxy, amino, dimethylamino, piperidine,

A ) o



wherein said alkyl, aryl, and aral kyl, are substituted.at 15

one or nore ResLLRNs W.ih hydrogen. hydroxy, halo, halokyl, alkoxy,

al kenoxy, aIEéFV%SXY,'§$;T0x§g‘aggﬁaFk%gy?“cyano, am no, imno, sulfhydryl;- -
thi‘oal kyl, carboxy, carbocycle, heteragcvcle; |ower akkyl _lower alkenyl, e ..
cycl oal kyl, aryl, arylal kyl, F26€32=38, MiCRZPLAFy!e  amiflo; WMAGT0pe 02 - o' o0°
nitroso, dimethylam no; withyRN® pHRHsSES thalidaberienc Y, angkbqdaken . .
together, forma (5H)phenanthridin- 6-one nucl eus and positions 1, 3° X
8, 9, and 10 are each substi Bdt¥d WwPEhRhyaftdden; “8KeR ERESPE2pp form a
position is not substituted withsNOL8; i capd- whep. X, . X, apd..Z,; t aken,
together, forma (SFDphenantﬁFrgiEgkg@%%é nﬁé?éﬂswéﬁa“bbsT%%bn§‘ Sviguas 7,
8, 9, and PC are each substitunedhast h-hydingensntdes; t he 2- position is
not substituted with NQlerr] . 30 152. A nethod of treating arthritis in an
ani mal conprising admi nir'stering't'o 'said animal an effective anount of a
conmpound of formula | c¢ontai ACRY(GH) INRAst one ring nitrogen: - 140 -

(v} C(C)-NR"-;
N

. (viy NR’*-C (0) -CHR*®- wherein R* is ortho to the ring

10 nitrogen, and R® and R are independen:zly
nydrogen, lower alkyl, aryl, aralkyvl, halce,
nhydroxy, piperidine, viperzzine, imidazolidins,
-NO., -COCR’, or -NRR' wherse R’ is independenzly
hvdrogen or C.-C; alkvl, or R* and R*, taken

12 together, form a fused ring, wherein sach

individual ring has 5-7 ring memrcers;

substituted &t one or more positions with hydrcgen,
hydroxy, nalo, haloalkyl, aikoxy, alkenexy,
20 alkaryloxy, aryloxy, arylalkoxry, cyano, amino, imingc,

o
sulfrydryl, thiocalkyl,.carboxy, carbocycle,

heterocycle, lower alkyl, lower alkenyl, cycloalkyi,
aryl, arylalkyl, haloaryl, amino, nitro, nitrecso,
dimethylaminc.

25
bowel disorder
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146, The method of claim 144, wherein said inflammato

30 bowel.disorder is Crohn's disease.

147. A method of treating a cardiovascular disorder in an
animal comprising administering to said animal an effec

amount of a cempound of formula I containing at least one ring
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[err] or a pharmaceutically acceptable base or acid addition salt, hydrate,
ester, solvgg,,eC §%9dpug _hetabolite, .stereoisoner, or mxtures thereof

wher ei n- RUTORYEY o2 ubte“bbnded‘bxygeh or -CH, when R[err] |s present re s
it is hydro en_or | ower al kyl; Y represents the atons necessary to ?orn1a R
fused nmono-T=bf2S®T tricyclic, carbocyclic or heterocyclic ring, wherein ™
each individual ring has 5-6 ring nenber 10 atons; and Zis (i)

[err] wherein Rlerr] is in the neta-position :%d Rlerr] is in the
ortho-position relative to said ring QLLLQQ?Digf formula I, and R err] and
Rl err] are independently hydrogen, *hy roxy,‘anxﬂg di et hyl am no, nitro, 15
pi peri di ne, piperazine, |n1dazoI|d|ne¥ al ky}i, aryl, or aralkyl; (ii) [err]
wherein R err] is meta to the ring nit\yogen, d R[err] and R[err] are
| ndependentLy LYGLOGENcol ONEL: &) I oo dlue A ahtloacdlcion saiz,

hydr oxy, am ho Tam no,  pi peridi ne, piperazine, imdazolidine,

-NJerr], Eﬁﬁﬁ@eer]esoe*[e$¢}¢awﬂwepiq4#wq,|ﬂ?q:ﬁﬁe¢éﬁﬂeﬁbfy ﬁ}é?@&en BF
[err] aIK¥ or . R%err and.. quujld1;aken together, forma fused aromatic
ring, ¥ ERERS i NARvFATal T Hy has 5-6 ring menbers:

X is deuble-tonded oxygen or -CH;

(o)
<

aitrogen cf formula I, and R* and R’ ars indepencently

hydroxy, amino, dimethyvlamino, aitre,

.—J
w
» Y
<
L
ry
(o}
Yo
[
'3

20 lower alkyl, aryl, aralkyl, halo,
hydroxy, amino, di mechylaming,
piperazine, imidazolidine, -NGC:, -COOR", or -NR'R?
where R® is independently hydrogen or C,-C, alkyl, oX
R’ and R?, taken together, form a fused aromatic ring,
) n

ring members;

25 wherein each individual ring has 5-

() -C (0} -NR*~;

(vi) ~NR®-C(0O)-CHR'®- wherein R¥?_is ortho to the ring

30 nitrogen, and R® and R¥ are independegtly
1

hydrogen, lower alkyl, aryl, araikvl, ha

AR



25 (ii1) -Rerr]CN-; (iv) [err]; (v) [err]; or (vi) [err]

vmmeH1NeH$J$¢nt .fo-the rd Nijfayagen, and Rlerr] and Rerr] are

. fn g el LUCAZ L o o LIt ¥ Sag-g : b *e

i ndependent I'y” 30 hydriogen, ‘1ower al kyl, aryl, aralkyl,- hal o, «zi-.'

hydroxy, piperidine, piperazine, imdazol.idine, -Nerr], --CORerr], - 1¥ :1

- or [err] where R[err]‘P§“f%ﬂ@péﬁﬂ§hfﬁ?“ﬁydngéﬁ‘érkférrT‘aFkykfcéﬁef )

Rlerr] and Rlerr], taken togel.hercobrl mar f-used’ ritege wieiel An@aghndency,

i ndividual ring has 5-7 ring nenbers; 5 wherein . said al.kyl, aryl, and -~

aral kyl , are substituted a Y¥HEIH® #8r &:posidiOne Wit B h§dr ogen, CAYER oxy,

hal o, hal al kyl, al koxy, al kenephe al karyl axy,saeyhoxy, grylglkoxy.»cyano,

am no, imno, sulfhydryl, tﬁrbakalu carboxy, carbocycle, heterocycle,

| ower al kydl, |ower al kenyl inciioticaledylzingr ylas 10 - aryhal Rgrbehat oaryl,

amno, nitro, nitroso, .di nethylamng. A453. .. A ngthod of . frealing cancer in

an ani mal conpri sing éﬁﬁ?ﬁ?§t§??g%gréy§éiﬁ‘éﬁVwﬁf“aﬁ‘éfﬁéétiVé”annunt of a

conmpound of formul a | uMyAiNiceg att keasbromerei ngshtiongeni=nh ~vdrogen,

nydroxy, halo, haloalkyl, alxocxy, alksncxy,

e alkaryloxry, arvlioxy, arylalkory, cvan

c
J R -1 3 o~ oy} e 3 v -
thicalkyli, carkcexy, carbecyc.oe,

'-.l
D
[
I
iy
19
<<
0
s

=
,-—4
N

dimethylamino.

1 bt = : T4 s oy H At A = i Pt I
i5 148. The method of claim 147, wnerein said cardiosvascular
- ) B 2 = -
disorder is selscted from the group consisting oI ccronary
artery diseass, angina pectoris, myccardlial infarcticn,

comprising administering to said'animal an sifectivs amount of

a compound of formula I containing at least one ring nitregen:

4

or a pharmaceutically acceptable base or acid additicn sait,
25 hydrafe, ester, solvate, prodrug, metabolite, sterecisomer, or
mixturés'thereof, whersin:
X is double-bonded oxygen or -OH;
when R’ is present, it is hydrogen or lower alkyl;

- - 13- o S\“'-E‘
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[err] or a pharmaceutically acceptable base or acid addition salt, hydrate,
ester, sol vateosmprodrdg:x. et abobiskes-skeeeoi somer, or m xtures thereof,

wherein: X is doubl e-bonded oxygen or -OH, 20 when R[err}'is present, ', =,
it is hydrogen-ors |.Quelsal-kyl -n¥ LepreseRtactheyat ome  pecesgary-to j_‘OI‘m Q Ter e
fused nono-, bi- or trlcycllc carbocycllc or heterocycllc T1Ng, & erein o -

each i ndi vi dual ring Bas 56 urkﬁgcﬁéﬁbeﬁcabéﬁﬁc'andv25ﬂete’0Q3¢b-¢|j-ignr]
wherein R err] is in the Jeta-p n_and R err] & the. ort ho-position
relative to said ring ﬁlrFG i g? %égnurgufﬁ[aﬁé F{%?rj an%‘#ﬁe? fp

i ndependent | y hydrogeﬁwvhydrem¢ an1no dlnethylan1no nitro, plperldlne,
pi per azi ne, |n1dazoI|d|ne ~alkyl .. ar o oe . or aralkyl (i)
[err] whePein R & rF ifs) mat'a"t‘o:fhe I‘I" g-1 Ra2ts 1t TR GET S iR ERE
and Rlerr] are indeperdent| yn hydd ageihod el iddey Ine i@klre akalskyl, rhalo,
hydr oxy, am no, dinethyl am no, plperld'ﬁe, -

nitrcgen of formule I, and R and R’ are independently
hydregen, hvdreoxy, amino, dimethylamino, nitro,

$ <~ 3 < - Y - i - T st - posp 1
piperidine, piperazine, imidazcliidine, alkyl, aryl,

ine, imidazolidine, -NC., -CQOR’, cr -NR'&¢

=
(93]

o]
' 4

g
U}
[l
v

whersin each indivicdual ring has 5-6 ring members;

(iii) -R¥C=N-;

20 {ivy ~-CR*{OH)-NR'-; or
(v)  -C(Q)-NR'-;
(vi) -NR?-C (0) -CHR*~- whersin R** is crtho to the

ring nitrogen, and R? and R are indecendently

hydrogen, lower alkyl, aryl, aralkyl, halo,
zolidine,

[
N
I
o]
[t
[
3
o]

25 hydroxy, piperidine, piper
-NO,, -COOR’, or -NR'R’ where R® is independently
hydrogen or C,-C, alkyl, or R® and R*, rtaken

a fused ring, wherein each

2!

together, for
individual ring has 5-7 ring members;

30 wherein said alkyl, aryl, and aralkyl, 2re substituted at one
or mofe positions with hydrogen, hydroxy, halo, haloalkyl,
alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cyano,
amino, imino, sulfhydryl, thiocalkyl, carboxy, carbocycle,

heterocycle, lower alkyl, lower alkenyl, cycloalkyl, aryl,

LT — C ems



pi perazine, imdazolidine, -NdJerr], -COOR[err], or [err] where Rerr] is

i ndependent | yATHCROgenzer [erwd¢. ad¥yds-vg-dferr] and Rerr], taken

together, forma fused aromatic ring, wherein each individual”ring‘has 5-.6%, .°".
ring menbers;a{¥id)xy R exa]&alNy, (dnine [ efidse, 10izrsse, s fi TamlBLF]LoOn ttl
(vi) TJerr] wherein Rerr] s ortho to the ring n|trogen, Rrerr] and Lo
Rl err] are independently hydrogen, |ower alkyl, aryl, aralkyl hal o,

hydr oxy, pi peridi i pRILAZL dazal;i.di-ne, hELer Ll QECR|erH

or [err] where R[gﬁi]pls'fndéggkégg%]y'hygdogeﬁ or ert] arKyF"“Or Ff%??}

and Rerr], takendvgetiersndasm a fused ring, wherein each individual ring
has 5-7 ri menbers; wherein said alkyl, aryl, and aral kyl, are

substituted at one 20 or nore positions with hydrogen, hydroxy, halo,
hal oal kyl , al koxy,>5l keﬁbx@é_nddk@ryregyg acybexye-aeykal kexys:gyano, am no,

i mno, sulfhydr |, thoqjk " carboxy, car bocycl e, heterocycle | ower

al kyl . | ower SATPHIA LT Ao NS ARy EC SRyFaRRyF2 hal08F FEST aFiE nomoun t raf
nitroso, di et kpmdEure o35 Jw-hh:the pEAvE$e:that-whensX oY.and,Z .taken .
t oget her, forma (5H) phenanthridin-6-one nucl éus and p05|t|ons , 27“YE 7,

8, 9, and 10 are each substituted with hydrogeng then the 3-position

hydrate, ester, soclvats, prodrug, metabclits, steraciscmer, or

X is double-ponded oxvgen or -0H;
wnen R 1s present, it is hydroger ¢r lower alkvi;
i5 ¥ represents the atcms necessary tc form a fused monc-,

atoms; and
Z is (i)  -CHRCHR’- whersin R" is in the meta-pcsiticn and
20 R* is in the ortho-oosition relative to said

ring nitrogen ©
independently hydrogen, hydroxy, amin
dimethylamine, n i

imidazolidine, alkyl, aryl, or aralkyl;

-R®C=CR’- wherein R® is meta to the ring

Ny
N
’_J.
=

nitrogen, and R’ and R® are independently
hydrogen, lower alkyl, .aryl, aralkyl, halo,
hydroxy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -
30 NR'R® where R® is independently hydrogen or C,-C,
alkyl, or R® and R?, taken together, form a

- 139 -

L : o

vt



is' not substituted with hydrogen or NJerr]. 30 154. The met hod of
cl ai m 153; wheTeisnBai tocancero] s2 3 eqiedbd romthe group consisting of:
ACTH produci ng tunors, acute |ynphocytic | eukem a, acute nonl ynphocytic

| eukem a, cancer of the adreQ@be@p%Q@ma:QbaQQQQ,caag@gigbgggﬂ cancer, . 'f
breast cancer, cervix cancer, chronic |ynphocytic |eukenia, - 1437:-"%%-

chroni c nyel ocytic | euken a, fédofést - oc anesr meg@eaneous - cell |ynphoma,
endonetri al cancer, esogﬁq_eal ca@pggN_Emﬁng's sarconmm, gall bl adder cancer,
hairy cell |eukenia, head & neck cancer, Hodgkin's |ynphona, Kaposi's
sarcoma, kidney cancer,(d#verClat@ér-N&'ungocancer (small and/or non-snal |

cel 1), malignant peritoneal ﬁéﬂgii8?7 mal i gnant pl eural effusion, nelanons,
. . ' - i - - . 1
nmesot hel i oma, multiple ﬁyqlp }~“hetfobl ast oma, non- Hodgkin's | ynphons,
osteosarconmm, ovary canc€r, OMAarC (@ergael l)heancers::prostalg, cancer, ...
pancreatic cancer, penis cancer, 10 retinob]astoma, skin cancer, TTE
soft-tissue sarcoma, squanouBitéPfeRardnAofadnsfonedtt dasemendeastiveul ar
cancer, ‘thyroid cancer, trophollasthC Neeplasne,: cancer af,t:hg uterus,
vagi nal cancer, cancer of th¢9yu?€a and WTnis Iuhﬁ?fliBST‘AJ§?602§§QFor
preparifag a conpound qQf formyYarexy, piperidine, gligerazl !

razine, imidazclidins

ne,
10 -NO,, =-COCR’, cr -NR'R’ whers R’ is indevenden-_«

[E5Y
w
o]
3
(U]
O
[
3

naloalkyl, alkoxy, alkenoxy, alkaryloxy, aryloxy,
v

arylaikexy, cyano, amino, imino,

20 naloaryl, amin

a i
25 position is not substituted with NO;; and
when X, Y and Z, taken together, form a (5H)phenanthridin-
6-one nucleus and positions i, 3, 4, 7, 8, 9, and 1C
are each substituted with hydrogen; then the 2-
position is not substituted with NO,.
30

A method of treating arthritis in

C

52. a
comprising administering to said animal an effective amount of

a compound of formula I containing at least one ring nitrcgen:

A O : o

- -
*
LN

.2



containing at |east one ring nitrogen: [err] or a pharmaceutically
accept abl e beserc-acidstaddild o swd-mshyedr ate, ester, sol vate, prodrug,
met abolite, stereoisoner, or 20 mxtures thereof, wherein: Xis - AL
doubl e- bonded oxygen or -OH, when Rlerr] is pr sentg_it_is hydr ogen- or vee eas
| ower al kyl; Y represents the atons necessary to form a-fused-nono-, bi- of =
tricyclic, carbocyclic or heterocyclic rJi 25 wher ei n each

o™

[

i ndi vidual ring has 5-6 ring menber lat girs; é (i) [err] wherein
Rlerr] is in the meta-position and R érr] rin T%e ortho-position relative
to said ring nitrogen of forrmula I, an Zand R err] are independently
30 ; %M., amne. draepbylaging,.; pi L£o; - piperidine,

pi per azi ne, |np%g%b'“ffﬁﬁ¥“‘ﬂ“kYP %gL“F - o% a%arkyf (i = “Terv] Whet'ei n
Rlerr] is rmﬁynﬁazdiuasﬁe&g mwﬂwagem,uand REer mgtand: E¢err$ueu£r::vnv-, or

| ndependent | der ower al kyl., aryl, aralkyl, halo, 5
hydr oxy, ami Hy ﬁﬁg &%irio YOS 5eri di ne,
3 X is co ubla-bonded oxvgen or -OH;

when R’ is present, it is hvdrogern cr lower alkyl;
Y represents the atoms necessary to Iorm a Iu

wherain sach individual ring nas 5-6 ring member

=

atoms; and

=)
O

Z is (i) -CHRCHR’- wherain R

R* is in the ortho-position rslative to said

o

itrogen of formula I, and R° and R’ ars indepencently
hydrogen, hydroxy, amino, dimetavlaminc, nizro,

idine, piperazine, imidazclidine, alkyl, axvi,

P
w
O "o
[
e
('D

xy, amino, dimethylamino, piperidine,
piperazine, imidazolidine, -NO,, -COOR’, or -NR'R’

ere R® is independently hydrogen or C.-C, alkvl, or

b
jo

R® and R?, taken together, form a fused aromatic ring,

erein each individual ring has 5-6 ring members;

£
jo i

{(v) -C (0} -NR’-; or ‘
(vi) -NR®-C(O)-CHR**- wherein R® is ortho to the
ring nitrogen, and R’ and R¥ are independently
30 hydrogen, lower alkyl, aryl, aralkyl, halo, hydroxy,

piperidine, piperazine, imidazolidine, -NO, -COCR’,

NVENDED SHEET
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pi perazine, imdazolidine, -NdJerr], -COOR[err], or [err] where Rerr] is
i ndependent | ¥-~hydiogenrqer [ exp] akkyk.uorpi err] and Rerr], taken )
t oget her, fofﬁfg“fﬁge O%FGﬁat?c rfng, wher @i n each individual ring has 5-6--""

ring members; (iii) [ept]ivki) (hertlge (M) inddfddieror (vi)k:: Lerr) whereific T
Rlerr] is ortho to the ring nitrogen, and R err| and R'err] are =~ 7= =
i ndependent |y hydrogenalk§l, or R® and IRoMhertadskylzcamyler arfalkyle, fhaka,
hydroxy, piperidine, piperazine, imdazolidine, . -NJerr], -CQORerr], or

[err] where Rlerr] is FhnaS8peHtehtty ﬂ?ﬂfdﬁéﬁ‘ﬁﬂ“T%ﬂrj”éﬁkVTj‘br'FTé%ﬁ] and

Rl err], taken togethergekgensa fused ring, wherein each individual ring has
5-7 ring 20 . _menbers; wherein said alkyl, aryl, and aralkyl, are
substit ut ed Hﬁeéﬁénoﬁahﬁréipbéit?ﬁ%%fwﬁ@¢l%ﬁ&ﬁ%ﬁﬁﬂLaqﬁuﬁQ%6E1Q%ﬂﬁi a: cne

hal oal kyl, abk%%freausgﬂoxxnsa&k@ﬁyﬁwyoc@.{y'wm@f y I8 kOX 3 1618RG.:  ani no,

i mino, sul fhydryl, “thioalkyl, carboxy, carbocycle, 25 heterocycle, | over

al kyl, | oweraak&eny| alkgobryl kylkanyydxy arddwlday, IRdGarkARY afyg@do nitro,

ni troso, dingfhylanno,, agd sajd:process. LOMPY INBINE LR Jigacting a
conpound of fornula~tTv:""[elrT
- heterocycle, lower alkyl, lower alkenvl, cycloalkyl, aryi,
10 arylalkyl, haloaryl, amine, nitro, nizrcsc, dimethylamine.

X
i5
or a pharmaceutically acce
hydrate, ester, solvate,
mixtures theresof, wheresin g

X is double-bonded coxygen or -OH;

20 when R’ is present, it is hydrogen cr lower alkyl;

Y represents the atoms necessary tc¢ form a fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
wherein each individual ring nas 5-6 ring member
atoms; and

2% 7 is (i) -CHR?CHR’- wherein R? is in the meta-position and
R? is in the ortho-position relative to said ring
nitrogen of formula I, and R? and R’ are independently
hydrogen, hydroxy, amino, dimethylaminc, nitro,
piperidine, piperazine, imidazolidine, alkyl, aryl,

30 or aralkyl;

(ii)} -R°C=CR3- wherein R® is meta to the ring
- 142 -
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- 145 - with a nitrogen-insertion agent to forma conpound of fornula V

. [err] 5 ISBLCRYFie pr 6&8s iCof 2613&8iemMES3C wherei n said conpound has

an ICferr] for inhibiting poly(ADP-ribose) polynerase in vitro of.”100 FM.om ..
| ower. 157. The process ofridmigarl53rdwieretd Raiadsconpegrdiias f0nan-ogdh,
| Jerr] for inhibiting poly(ADP-ri.hose) _polynerase iin yitro of 25°FMor ** **
| oner. 158. The process of éﬂ%ﬁﬂn“f%gf’wﬁéyévn?‘iiféldoﬁﬁﬁg'bonded-oxygen;

15 Y is a fused benzengiAdwy: sando/ demkeny]awhece Riser]ldang, Rlerr],
taken together, forma fused benZene ring substituted with a chl.oro group.

159. The process of clai mPESS-afi8Cei ANLde20L1ding, | sVQpulli®CR , or -NR']’
bonded- oxygen; Y is a fusedhenzene; {i ngy..and: .45, [efdd-dhere R efrl,.an ~
Rlerr], taken together, forma f O‘s§a§ b‘rélﬂ%ce‘ne r%ng ‘suﬁ%ﬂotdlﬁm:ge—vm fﬁé’a ab‘?{g,cr%ﬁ e
group. 25 160. The PFogrgsRof tekairm:iDg®ihatier domm 2 Iused aromatic ring,

'3 3 nod Jeridaal 3 mas 3-8 ri 3
wherein each individual ring has 3-6 ring members;

- -

20 or more positions with hydrogen, hydroxy, hal

aryialkyl, halcaryl, amino, nitro, nitroso, dimethylamin
25 with the proviso that when X, Y and 2, taken toget!
(5H)phenanthridin-6é-one nucleus and positicns i, 2, 4, 7
and 10 are each substituted with hydrogen; then the 3-position
is not substituted with hydrogen or NQC,.

s

; wherein said cancer 1is

e s
acute lymphocytic leukemia, acute nonlymphocytic leukemis,
cancer of the adrenal cortex, bladder cancer, brain cancer,

s

t cancer, cervix cancer, chronic lymphocytic leukemia,

- 143 -
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X i s doubl e bonded-oxygen; Y is a fused benzene ring substituted with a
nitro group;,and.g=-J46~x. - i dludhere, Rlerr] and Rlerr], taken
t oget her fd%hiéf”ﬁéeﬁo%éﬁZéﬁg'f%%ggsdbstituted with an. am no group. 161.. ".."",
The process of claim 155, wherei i Sia afd.Ssdaubl®g handed-oxygen, Y is™@ ™.
fused benzene T7ng" %%H‘%F{E‘TeTTikiMﬂﬁ%e err] and R errJ, fHRéﬁ‘fégether, .
forma fusedcdehzepscidmg, weridome briagicancamstascgperigeedngectieny Ehend' i ng
wWith the Y ring. 10 162 . The process of bcql’,egjvm 135, ;wherei.n: X.is double
bonded- oxygeb2>¥CH&: o83t Btz 61 75 g ;S fﬂ‘s [‘é’r‘llx]‘:m’\ﬁ/_her‘é‘"‘ﬁ[ é_r??“énd
Rierr], takep:toget hegqqf ol a fiusadhal5 grane siztgongybstibbutedzneth, an
-NdJ err] group. 163. f%e process of claiq1155d wherein: Xis gguble
bonded-oxybeh;vari@aacinseugﬁﬁﬂﬁﬁﬂﬁ?#iGﬁ?ﬁ%ﬂwﬁﬂQﬂﬁfaﬁcpéé§?4énéeﬁehﬁ

malignant peritoneal effusicn, malignant pleurael effusicn,

melanoma, mesothelioma, multiple myelcma, neursbliastoma, non-

-t Y

: Fe 43 sva @a - - N T
i0 rerinoblastoma, skin cancer, scit-tissus sarccma, sguameus cell

trophcblastic necoplasms, C

a
N cancer of the vulva and Wilm'
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20 mixtures thereof,
X is double-bonded oxygen or -CH;
when R’ is present, it is hydrogen or lower alkyl;
Y represents the atoms necessary to form 2 fused mono-,
bi- or tricyclic, carbocyclic or heterocyclic ring,
25 wherein each individual ring has 5-6 ring member
atoms; and
in the meta-position and

n

is (i) -CHR!CHR3- wherein R i

A

R® is in the ortho-position relative to said ring

nitrogen of formula I, and R? and R’ are independently

d a
30 hydrogen, hydrexy, amino, dimethylamino, nitro,

piperidine, piperazine, imidazolidine, alkyl, aryl,

R



20 hydr ogen, non-interfering substituent; and Zis [err] where
Rlerr] and Rl errirtdaken togethero. fprmansnsubstituted fused benzene

ring. 164. The process of claim 155, wherein: 25 X is doubl e

bonded- oxygen; Y is a fusedr-bgnzepe: ring carrying a c¢hloro substitiuent; and,
Zis [err] where Rerr] and R[err taken together, forma fused b&nzene *-
ring substituted with a chf®ko g$66p933owﬂfmﬁ““The-pr@@egsva-cEarnrgSS

wherein: X is double bondeg:ox a _f usedl bﬁnzen‘ﬂij .and Zis
[err] where Rlerr] and R[err] g% AKen f%sztﬁ“e gforma fUsey Ty SYesegen
benzene ring substituted ml&Mea.aIkvrwuhzy-m«qﬁaJd.gr0upc,166. The process

of claim 155, erein: X is double bonded- oﬁy gen,., S ..Yis_ a fused
benzene ring; &and Z is [erf{“v%ﬁ%@a*%éf%q SiF e v aReR SCogerRer, form
a fused naphthalene ring. pigerazine, imidazolidine, -¥NC., =-CGCCR’, or -NR'RS

v
<
fel
)3
O
«Q
®
3
o)
1
)
1
d
£
fu
}
A
<
l_
o
by

z
where R’ is independently hyd

& = 3 R = £y 3 -~ A :
R®* and R ;, Ladxen -ocetner SCSImM & IusSeQ aromatlg r:in

l

» . R e . e e .
whersin each individual ring nhas 5~8% ring members;

(]
=]
jt
j-+
[
DY)
1
0
Z
|

p

(iv) ~-CR*(CH)-NR'-

nitrogen, and R® and R~ ars independently hydrogen,
P lower alkyl, aryl, aralkyl, halo, hvdroxy,

viperidine, piperazine, imidazclidine, -NG,, -CCOR,
nydrogen or C,-C,

bj
r R’ and R*?, taken togesther, form a fused
g

20 members;

alkoxy, alkenoxy, alkaryloxy, aryloxy, arylalkoxy, cvano,
amino, imino, sulfhydryl, thioalkyl, carbexy, carbocycle,

25 heterocycle, lower alkyl, lower alksnyl, cycloalkyl, aryl,

arylalkyl, haloaryl, amino, nitro, nitrcso, dimethylamino; and
said process comprising the step of rsacting a compound of
formula IV:
v
L
i
L
—Z
- 145 - o
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167. The process of claim 155, wherein said conpound is 10

5(H) 2--chl or o- 10- qphq¥hphen t hed ﬂn 6~0ne wk68,. The process of claim 155,
wherei n said conmpound IS 5( it T o10: ﬁbtﬁyI-Z phenanthrldln 6-Qne. 15 | }‘~3
169. The process, QL1C|QJH1155 whgrgln sald cgnpound LS : - » '
5(H) 2- chl or o- 10- ari To- phenaﬁ%hrldln oR&. ®¥%6- -The" p?GCeSS“Ef C*ﬁﬂﬂ1l§§ﬂw~a"
wherein said conpaund i s 5(H)2-nitro-10-am no-phenant hridi n-6-one. 20 171.

The process of claim 155, wherein said conpound is

5(H) 2-chl or o- 10- ni t rophenant hri di n-6-on¥. 172. The process of claim 155,
wherein said compound is 25 5(H)2,10-dinitrophenanthridin-6-one. 173. The
process of claim 155, wherein said conpound IS

5(H) 2- chl or o- 10- hydr oxyphenant hri di n- 6- one. 30 1
cl ai m 155, wherein said conpound is
5(H) 2-ni tro-10- hydr oxyphenant hri di n- 6- one .
wherein said conpound is 5(H)2-chloro-1Qfbromophgnanthri di n-6-one. - 148 -
176. The process of claim 155, wherein said conppund N

The process of

3 156 The process of claim 1353, wherein said compound has
an IC;; fer inhibiting poly(ADP-ribcss! polymerase in vicro of
P 100 FM or lower
137. The process of claim 155, wherein said compound has
10 an IC;, Zor inhibiting poly(ADP-ribese} polymerase in vitro of
25 EM or lower

158. The process of claim 133, whersin:
X is double bonded-oxygen;

3

fused benzene ripng; and

—
wn
[E
=~
0
m

Z is -R°C=CR’- where R’ and R®, taken together, form a fused

benzene ring substituted with a chloro group.

he process of claim 153, wherein

'_.J
w
Vo)
-3

20 X is double bonded-oxygen;
Y is a fused benzene ring; and
Z is -R%C=CR’- where R’ and R®, taken together, form a fused
benzene ring substituted with a bromo group.
25 160. The process of claim 155, wherein:
X is double bonded-oxygen;

Y is a fused benzene ring substituted with a nitro group;

and

AMENDED SPEET



5(H) 2- ni tro- 10- br onnpgenant h,[ldl..l.’.lﬁ ong,,177,. _The process of claim 155,
wherein said corrpound S 5 B5(H)2:-¢C (forf) 10% an ro‘phenant hri di n- 6- one 178.

.o »e

The process of claim 155, whergin, sal d. corrpound |s ey
5(H) 2- chl or 0- 9, 10- met hl &nadi Ay dr é‘xyphe’n‘ah thri di - --one 2%4%9: "‘eﬁte*:pr OCESE R -1

o e 7

of claim 155, wherein said competinsbrifens ring subs<ituted with an‘am- grove
5(H) 2-nitro-9, 10- net hl enedi hydr oxyphenan-t hri di n- 6-one. 180. The process “of ™%

cl ai m 155, wherein said nitrogen insertion agent conprises a m xture of

NaN[err] and a strong agid. I8l ,he ¥ ocess of, alsai m18Q.;wherein said
acid is Herr]SQerr]. 182, The ‘compounds, conpositions, rret ‘hods, and

processes as destribed hereideu2e ABSTCRQC'D’@@JHE DI SCLOSURE Corrpounds,
conposi tions containi ng, cofmpounds, Qds qf. .using corrpounds and

\o-v

processes of making conmpounds,~ o “for‘r‘m At ~Z5 %¢oft ai ni ng at | east one ring
nitrogen: [err] or a prfar_rmc-eutpcaﬂ wk&cmm ‘abhé Ba,se:a{s"amdﬂ;ad@vtl @Rrm 2 “usa
salt, hydrate, ester, sol vat e, zprod %bol b st er eoj soner

m xt ures thereof, wherein: X4 S? doubl &- 6n3€d“8x§g€ﬁ“or~'ﬂﬂ < Ting

Rlerr] is present, it is hyd:rhca;% Ahg eMenh ahkyl; ri=349 -
I 10 -

162 Tha - ag < claim 55 wharainp:.
LoL., -l p&OCv-S CZ CLa&L1m -34, N ersiln.

20 hydrcgen, non-interfering substituent; and

164. The process of claim 1335, wherein:
is double bonded-oxygen;

is a fused benzene ring carrving & chloro substituent;

N
w
<o

and
Z is =-R’C=CR’- where R® and R’, taken together, form a fused

)

benzene ring substituted with a chloro group.

30 .
165. The process of claim 155, wherein
X is double bonded-oxygen:
Y is a fused benzene ring; and
Z is -R%C=CR’- where R® and R®, taken together, form a fused

AU



(@)

et
<

ot
w

20

30

cenzene ring subsctlituted wizh & -2 an
166. The prccess of claim 155, wherain:
X is double bonded-oxvgen;
Y is a fused benzene ring; and
Z i1s -R;C=CR°~ where R® and R’, taksn tcgethe
naphthalene ring
5 \ c 1=z
167. The process of claim 133, whesrsin said
S(HjZ2-chidro-i0-methylphenanthzidin-6~one.
168. The process of claim 155, wherain said
[~ - - 3 Y - } PP
S(H)Z-nitro~-10-methyl-2-phenancthridin-¢-cone
4o 1 . e . .
169. The process of claim 135, whersin said
S(E)2-chloro-10-amino-phenanthridin-6-cne.
17C. The procsss of claim 155, wherein said
5(H)2-nitro~10~amino-chenanthridin-é-on=s.
171 The process of claim 135, wherein said

172. The process of
173. The procsss of ¢ 5
S5(H)2~-chloro~10~hydroxyphenanthridin-6-one.

‘74 The process of claim 155, wherein

S{H)2~- n tro-10-hydroxyphenanthridin-6-one.

175. The process of claim 135, wherein

loro-10~bromophenanthridin-6-one.
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Compounds, compositions containing compounds, methods of using

compounds, and processes of making compounds, of Zormul

[v}]
b

containing at least one ring nitrogen:

=

or & pharmaceutically acceptable base or acid addition salg,
t

hydrate, ester, solvate, prodrug, metaboli
mixtures thereof, wherein:
X 1s double-bended oxygen or -OH;
;

-
I

when R’ is present, it is hydrogen or lower alky

)
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, Stereoliscmer, or
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hydrogen or C;—Co alky], or R® and R3, taken together, form a fused aromatic ring, wherein each individual ring has 5-6 ring members;
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