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Free Rarh caJnsmva Bi ol ogy, vol. 4: p. 371, 1984). One hypothesis is that

cells are damaged by free radicals and the damaged cells cannot function
properly. The Under normal conditions, the rate of ROS production does not exceed the capacity

of the tissue to catabolize them. However, under certain conditions, ROS levels are raised
beyond the capacity of these protective mechanisms (e.g., irradiation, environmental
factors, iron loading, etc.) or when these mechanisms are fanity (e.g., genetic defects), and

20  the ROS can cause cellular and tissue damage leading to a variety of diseases and even
death. Proteins, lipids, and DNA are all substrates for ROS attack. It has been calculated
that for every 100 tons of oxygen consumed two tons form reactive oxygen species. For
every 10'? oxygen molecules entering a cell each day 1/100 damages protein and 1/200
damages DNA. It is this damage to DNA, proteins, and lipids that makes the reactive

25  oxygen species so dangerous, especially when the body’s natural defenses are

compromised.

Increasing evidence suggests that oxidative stress plays an important role in aging.
The level of some antioxidant enzymes such as sodium oxide dismutase (SOD) and
antioxidants such as wric acid, beta-carotene and vitamin E have a positive correlation with
30  the life-span of species. Namely, the level decreases from homan to chimpanzee to mouse
(Culter, Free Radicals in Biology, vol. 4: p. 371, 1984). One hypothesis 15 that cells are

damaged by free radicals and the damaged cells cannot function properly. The
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hydrogen peroxide (H202). It has been reported that homocysteine decreased the

bicavailability of NO (not its production) and impaired the intracellular antioxidant

enzymes, especially the glutathione peroxidases (Upchurch ef al., J. Biol. Chem. 272:

17012, 1997). The key event in the process is generation and presence of free radicals.

25  The increase of hydrogen peroxide (H,Q,) can be a cause or a result. Homocysteine

causes the production free radicals including superoxide (OZ. _H) which reacts with NO
causing its decreased bioavailability and the production of hydroxyl radical (*OH), or
undergoes dismutation by SOD to produce hydrogen peroxide (H,Oz). Hydrogen peroxide
(H,0») is further converted to the reactive hydroxy! radical (® CH) through the Fenton

30  reaction and the metal-catalyzed Haber-Weiss reaction. The free radicals produced as a
result of these reactions will damage the antioxidant enzymes which prevents the
detoxification of free radicals. It is clear that scavenging free radicals will prevent the

toxic effects of LDL and homocysteine and results in the prevention of atherosclerosis.



30 reaction and the netal -catal yzed Haber-Wiss reaction. The free radicals
produced as a result of these reactions will damage the artd & HBint
enzymes which prevents the detoxification of free radicals. It is clear

t hat scWeRgiOR¥ifree radicals will prevent the toxic effBETASHIIBOL and

honocysteine and.results in the prevention of atherosclerosis. 2 1 AUG
5004 0 02/ 0780 T3 PEtF (REBIMHIEL MR b MpRe PLoBHFEHS BPEITETAp 4558 nade
to counter Hyleeedadibgi WHice{fcR@ESHhE aLSEAnt N ddnk e yfaditiahGombied i ncl udes the
use of antioxidant enzynmes and antioxi dants. Unf ortunatel%,8 rotein
enzynes ar SHEBURIGY tRPIHIB AREIEE arerthe bigdp Persdpie g piadad Blogf raibar ri er .

Ant i oxi dantyg,dr ORG(igKifanBllormatd s 2&5@lclord Ry VWAGsQ&Ros8AFIRe (HAGAHNg the
fact that 5 they are consuned by free radicals and, thus, a large quantity

i s needéd. Bavase ainspmedly free Bsigge and Yuwi elgresanantity Pingedsdi ¢ nol ecul ar oxygen
(02) readily reacts to formpartially reduced species, which are generally
short-1ived and Ssvehl pacheaernizeespeaigs pristl Gdomivanaegidar oxyata (Bmiresdly02 -, a

free radicgl),, t@x&wgaggaéxggéaggwspeﬁ%}g%hﬁ% g@%re %ﬁ%&%(-ﬁjvedra%gihﬁl’ﬁf ( OH), 10

The RCS are the bypr m-'t ochon \ ctron transport,” various
oxygen- utiljzi Xi,50 t -

associ at ed r\%\%c?hgg%ﬁﬁné?m&gé%(%@dﬁé@ %gl izs m%?e%@ﬂa@,gﬂ?fog%Bgrg)r%ggﬁa%;t i on.
These danagindghebyydroglatisalf t®Her react with each other or other chenicals
to generate nore toxic products. For exanple, hydrogen peroxide H202 can
be tranéforned tihetREs de glalbyprodacd ofueitdritdidiay tlestadinzatpoitSv{rio@-hxstgam-ough t he
Fent on react.’k.on a cat al \S{‘éi SS r.eacti e + H202

.and the [met al %Ze‘g ber - |.§n: F
Fe3} + ONOS"UFEREBH Mt Todf g TorBt2 AP T G RO FE3LPREL cat al yzed
Haber - Vi s sserdbaqibthlodlismas pelaxlipi@ pefddidajion. €ReksSdatdghgriybrodactokinder (NO) to
formthe toxi captgrown%rit %%Eé 2 whi ch furt he% decgnposes to
rel ease t hd®Hy &G, FaT GG OL Qirer Chepajcalsdo eeneTalgdnpfgdes e products. TonG#Rple, oy
Human bei ngsdhaee paosiaé HRScas Y trafefagt S the hehiCrebative agdiek H raficalret abol i sm
i ncluding en s such as superoxide disnutase ("SOD'), catal ases,
per oxi dased theweh gkiFgaiat scagtipnangdghe metalyaialyzed .Hg‘?f‘;r ’WF‘E‘%\W“H‘OK
beta-carotene, vitamn C and vitamn E), _
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O 4H0, —> *OH; OH 4+ 0, (Fe*/Fe®* catalyzed Haber-Weiss

reaction)

Superoxide (02 - ) reacts with nitric oxide (NO) to form the toxic peroxynitrite
20 (ONQO™ ) which further decomposes to release the hydroxyl radical (* OH),
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Human beings have a defense system against toxic byproducts of metabolisin
including enzymes such as superoxide dismutase (“*SOD”), catalases, peroxidases and
antioxidants such as vitamins (e.g., vitamin A, beta-carotene, vitamin C and vitamin E),

25  glutathione, uric acid and other phenolic compounds. SOD catalyzes the conversion of

superoxide (02 —) into hydrogen peroxide (H,0;) and oxygen (O2).

IH + 02._ + O — H,0, + O, (catalyzed by SOD).

Hydrogen peroxide (H;0,) can be transformed by catalases and peroxidases to

oxygen (O2) and water.
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synthetic compound NMDA, hence the receptor name. The NMDA receptor controls the

fiow of both divalent (Ca®*) and monovalent (Na* and K*) ions into the postsynaptic

neuronal cell through a receptor associated channel (see, Foster er al., Nature, 329: 395~

20 396 (1987); Mayer et al., Trends in Pharmacol. Sci., 11: 254-260 (1990) incorporated

herein by reference).

The NMDA receptor has been implicated during development in specifying
neuronal architecture and synaptic connectivity, and may be involved in experience
dependent synaptic modifications. In addition, NMDA receptors are also thought to be

25  involved in long-term potentiation, central nervous system (CNS) plasticity, cognitive
processes, memory acquisition, retention, and learning. Furthermore, the NMDA receptor
has also drawn particular interest since it appears to be involved in a broad spectrum of
CNS disorders. For instance, during brain ischemia caused by stroke or traumatic injury,
excessive amounts of the excitatory amino acid glutamate are released from damaged or

30 oxygen deprived neurons. This excess glutamate binds to the NMDA receptor which
opens the ligand-gated ion channel thereby allowing Ca” influx producing a high level of
intracellular Ca®* which activates biochemical cascades resulting in protein, DNA, and

membrane degradation leading to cell death. This phenomenon, known as excitotoxicity,
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D-eycloserine, which was known to modulate the NMDA receptor, to improve and
enhance memory and to treat cognitive deficits linked to a neurclogical disorder.
D-cycloserine is described as a glycine agonist which binds to the strychnine-insensitive

glycine receptor.

25 U.S. Pat. No. 5,061,721, issued to Cordi et al,, and incorporated herein by
reference, describes the use of a combination of D-cycloserine and D-alanine to treat
Alzheimer's disease, age-associated memory impairment, learning deficits, and psychotic
disorders, as well as to improve memory or learning in healthy individuals. D-alanine 1s
administered in combination with D-cycloserine to reduce the side effects observed in

30  clinical trials of D-cycloserine, mainly those due to its growth-inhibiting effect on bactena
resulting in depletion of natural intestinal flora. D-Alanine reverses the growth-inhibiting
effect of D-cycloserine on bacteria. It is also reported that D-cycloserine actually has

partial agonist character.
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receptor, By r Ugtyre of

t he NVDA r?gep?' g%@ha%%ll t%gneatl t%goerﬁ‘g %?)%{Eeﬂ gﬁh&gwpum gg‘t?e@&eap%ﬁl %Eel i eved
to consi st cobinge¥ dreadhaprebis edgnlatulyige bisxdi@anfw)ouehb@d@lmqnmwhé the

post synapt i ¢, MEYRE AR on h Exibdclififiad WP EURY I JaPacl BEEIHE BGHhet Oal Qlcn! AL 2

| ar ge
20  ligands are all known as allosteric ligands. The binding of two co-agonist ligands (glycine

and glutamate) is thought to effect a conformational change in the overall structure of the
protein which is ultimately reflected in the channel opening, partially open, partially
closed, or closed. The binding of other allosteric ligands modulates the conformational
change caused or effected by glutamate and glycine. It is believed that the channel 1s in
25  constant motion, alternating between a cation passing (open) and a cation blocking
(closed) state. It is not known at present whether the allosteric modulators actually
increase the time during which the channel is open to the flow of ions, or whether the
modulators increase the frequency of opening. Both effects might be eccurring at the

same time.

30 Several compounds are known which are antagonistic to the flow of cations
through the NMDA receptor but which do not competitively inhibit the binding of
allosteric ligands to any of the known sites. Instead, these compounds bind inside the
open cation channel and are generally known as channel blockers. In fact, binding of a

tritiated form of one such channel blocker, dizocilpine {i.e., MK-801), is a good measure

6



15 extracel |l ul ar regi on which probably contains nost of the allosteric

bi nding sites, several transnmenbrane regions |ooped and flol &gdlifio form a
pore or channel which is perneable to Ca2+ and a carboxyl term nal region
with an W@ %&786¢hknown function. The opening and cl osi nOFUHHEMannel is

regul ated by the bindi nq] of various ligands_to donmins_ of the g(hce)t ein
éf |. As

resi di ng orf! tifeaciation @& frediMP Agasepior eomaen. s Whap Hreehaoghs o s

such, t hes%%&%e}lyglgaﬁg@t@{h@ cRirhelkNOWAd 851t Ok dhte Ll @aBgiSne1The bi ndi ng of

two co-agoni (gl'ycine and glutamate) is thought to effect a
conf or mat i drralvenstizgleenithe ¢haenddisslaskd, MIK180E mpy @obfreghhpass prowhe chpnigliaef | s
ultimatel y.refl ed i I _cBakd hall v , ttd al |y
cl osed, or bclz d(c')s\gﬁ%n %ﬁgﬂﬁgﬁf’ ﬁ%ﬁ@f}e% ; c@?&g osstggﬁ%dg?elt%)één%ggﬁn%}%ﬁlﬂg es the
conf or et | chanel GHalhygepeoaused or effected by glutamate and glycine. It is
believed that the channel is in 25 constant notion, alternating between a
cation passing (e} brokerasichis MK-81cokianggor(ish e d&dyws togiretect celly fsom ot

known at present .whether the.allosteric dul . - ner e the
(1o dar | GG DR Bl i BB e B Retsr e et by WASHREED | e
nmodul at or s Hisw @ $Rx bh€at neatertiyimfingpagnibagee dBotshmed haotabaciivight be
occurring the ~sanme tine. 30 Several.conpounds are wn whi ch are

ant agoni st i aPBSth%@%FTFGVé gstagléfcisﬁﬁgmagtoﬁp J’g%ﬂf%wél [ﬁ%ﬁeflﬁglguecb a%é\ér]nsblﬁfﬁmhi ch do
not conpet ithéatshr¥ssinehiokd éf dobRidalidivatgokafion @l thosiagy, learingghndint adany of the
known sites. |nstead, _these, con‘gﬂgunds bi nd | nsi de the oaer& cat i on channel
and are gerfBFRPIYORNEHA. AYPEAAAMDE] Podek Sraducesp yelbgharagieHrd sehagrbienic
tritiated formMpPhaPne such channel bl ocker, dizocilpine (i.e., M-801), is
a good nmeasure 6 1 2 AUG 2004 WO 02/07861_5 PCT/ USQ2/ 10361 of the

activation of thendVMhER RN ucE 9O and WhETLah htbdehanheNMIBA seepor. MK- 801
may freely pass into the channel and bind to its reco nitf;‘?gn site in the
dpa“mﬁé 1

channel . pefdosptionplthe fyalerticabidiingiag §ijegR dysulhvRe \PPRGYS PPgel y
pass i theLhaR0elchaitdi oftig and¥Rart RevichaNDedxrhselIPRE Béradib. YMgirosed, | ess

MK-801 is able to bind than when thé 5 channel is full y .open, ghannel

bl ockers sUBRAWAS bigkageactiyadoraa S goh 103 SonapETaARMAL 1538 a8 H RN MEA s from
exci t ot oxi G, E‘eﬁﬁé Bulilon, 4Bl of REH Eortat@iodshBis GUERpIRYnBRRS MaglREskakd e as the
death since t eyr %%ﬁolé’l( ar?y gl:luof of C]:%SZ.+S_t hergby rleI I mnating any chance of
resuned noravaplutedt hogktsery fopIpRRE FechMFdRRGUONEM NG RPREATHAR Bind pt & O&HESbNI st s

are known t\%lt%@é’é&)eﬁ'@ajnlt Hﬁhiﬂgtsiité)f&sMgmxﬁhﬁn the channel and another non-voltage
20  dependent binding site on the extracellular domain. These compounds can modulate the

NMDA receptor but are not appropriate for long-term therapy.

Furthermore, as recited, glutamate activates the NMDA receptor, increasing levels
of intracellular calcium, which leads to activation of proteases, lipases, and other
mediators of cell injury. The increasing levels of cellular calcium also results in

25 membrane depolarization and spreading depression, further increasing energy demands
and extracellular glutamate. Nitric oxide and other free radicals are generated that damage
DNA, proteins, and fatty acids. A variety of neurological and inflammatory disorders may

result from the increased levels of cellular calcinm.

Thus, there is a need in the art for safe and effective compounds for modulating the
30 Ca®* flow through the NMDA ion channel for preventing the overproduction of nitric

oxide and other free radicals.




10 bl ood pressure, loss of coordination, vacuolation in the brain, |earning
disability and nenory |loss. PCP, a typical channel bIockﬁélgﬁgEq yces a

wel | chgr ed schi zophrenic state in man. Qther div ons such
as N92+a/ dhgﬁéﬁ can nodul ate the NVDA receptor. The exa 'ﬁp§%2 h of the

di val ent cation binding sitegsinviaRy b THEISWVENTIG2+ appears to be 15
ant agoni stic to channel opening and appears to bind to an extracell ul ar

domai n. My2+ &Wﬁe&m@hﬁ@ﬁﬁhﬁn@ﬁ&&%@ﬁb&deHﬁV&mtmakaiﬁMm@@ﬁﬁﬁﬂﬁbﬁt|Ons it
is an agonist fo receptor function, and at high concentratlons it is
a recept or neiielagisal cb@easqsml%wehuf@nttée b‘@rpra%apw%mm@@@s@émer g€ pr oper

receptor f 0 Ja

dependant %ﬁﬁﬁh ﬁh@??% %?Qﬁﬁﬂgimﬁ§¥ Hﬂ ?ﬁ@'gﬁgngh%ﬁﬁcgngngﬁﬁg é%%h vol t age
20 depeﬁdeEMBMﬁmdﬁng site on the extracellul ar domai n. These compounds can
nodul ate the NMDA receptor but are not appropriate for |long-termtherapy.
Furthernore, as recited, glutamate activates the NVDA receptor, increasing
| evel s of intracellular calcium which |eads to activation of proteases,

| i pases, and other nediators of cell injury. The increasing |evels of
cellular calciumalso resultg,in 35 menbr ane déﬁolarlzatlon and spreadi ng
depression, further increasinge er gy demand e %xtracellglar gl ut amat e.
Nitric oxide and other fr @ al,s ar« gene ad that damags. /leSNA
proteins, and fatty acii x={ ety of newrol ogi cBl and Fh&kédﬁapory

di sorders may result fron1tme i rgreased | ¢vel ssof cel lul ar Jcal cium Thus,

there is a need int for safe and e gt i ve conpoungd nodul ati ng
the 30 Ca2+ f|OMlth 1h [t he NVDA ion ¢ for preven he
over producti on of ; n xi de and  pee adfcalé \ /073615 1 2
AUG 2004 PCT/ US0Z/ #1056 SUMVARY OF THEX1 KVENYIEN The nvent i on
provi des conpounds that can be used in the treatnent of rokoglcal
di seases that result fromthe overproduction of nitric "Oxi d and ot her free
radi cal s. The conpounds are of the follow ng fornulas or pha ceutlcally
acceptable 5 salts thereof: (1)
m () (1)
wlerein:

Ri and R; are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same or
10 different;

R; is H, NHj, alkyl, OH, COOH, amino, amide, or carbamate;

R4-R; are H, OH, NH,, alkyl, OH, COOH, ester, amino, amide, or alkyloxy, and

can be the same or different; and
Ry-R,q are H, alkyl, or phenyl, and can be the same or different.

15  When any of R|-Rs is amino, the compounds are the free bases and their acid addition

salts, such as HCl and Hz50,.

In preferred embodiments of the compounds of formulas (I) and (II), R, R3-Ry4 are
independently H, methyl, ethyl or propyl, and Rz is NHz. In preferred compounds of
formula (III), Ry, R3-Ry4 are independently H, methyl, ethyl or propyl.

20 The present invention also provides a method of treating and/or preventing

neurological disorders that result from the overproduction of nitric oxide and other free

3



wherein: (1) RlL and R3 are H, OH, alkyl, cycloalkyl, antno r ﬁg%@ and can
be the same or 10 different; R2 is H, NH2, alkyl, OH, ﬁ am de,
or carbamate; R4-Rs are H, OH, NH2, alkyl, OH COOH, ester, anlno am de,
or al kyl ®/02/¢78¢15 can be the sane or different and RO- RlRCéﬂéUH"Bélkyl or

phenyl, and can be the sane or different. §¥ IS am no,
t he conpouﬂBQWSPeTPﬁE“@P@@“H§§E§“§WHmFH%$F) %ﬁ?ﬁ‘ﬁ& TVSﬁmOQQPf such as

HCl and H2 hru ey QbdepAbIR TROEH SRS oPotd W (SRS odihefaramigs (1)
and (11), R3-R14 are "independently H, nethyl, ethyl or propyl, and R2
is NH2. In ferletﬂéﬁ 108 gh@Barytiendy aeteptabtﬁrtﬁkﬁ therep 1), Ri, R3-R14 are

i ndependently- H, nethyl, ethyl or propyl. ?0 The present invention also
provi des a met hod of treating and/ or preventing neurological disorders
that result fromthe overproduction of nitric oxide and other free 8 1 17
AUG 2004 WO 02/07861 5 PCTI US02/10361 radicalis. The nethod conpri ses

adm nistering to a patient efffecti ve armaup Rsa pharmaceutically
acceptable carrier_and o 0 re of the co nds of theltoLF@mnng
fornul as, or pharmﬁh&ﬁ¢%all cCépt abl B gatt ;0 &
U)SWmmHtpu-‘C»Rg . RI3 Rl g
cycl oal kyl , am no or_-dryl , ahd can be t
NH2, aIkyI, OH, COO no, am de, or

or

Ry

D (I (11D

wherein:
R; and Ry are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same or
different;
R is H, NH,, alkyl, OH, COOH, amino, amide, or carbamate;

10 Ra-Rg are H, OH, NH,, alkyl, OH, COOH, ester, amino, amide, or alkyloxy, and

can be the same or different;
Ro-R 4 are H, alkyl, or phenyl, and can be the same or different.

When any of R;-Rg is amino, the compounds are the free bases and their acid addition

salts, such as HCl and H,S0,.

15 The compounds of formulas (I), () and (11T} are adamantane derivatives. The
compound of formula (I) is a nitrone adamantane derivative and the compounds of
formulas (11} and (IIT) are nitroxide adamantane derivatives. Like other adamantane

derivatives, these compounds have been shown to be NMDA-receptor antagonists.

The present invention also provides a method of treating and/or preventing
20  inflammatory diseases and disorders that result from the overproduction of nitric oxide

and other free radicals. The method comprises administering to a patient an effective



R4-Rs are H, OH NH2, alkyl, OH COON, ester, am no, am de,] DAlj@ikYy! oxy,
and can be the sane or different; RO-R14 are H, alkyl, or phenyl, and can
be the g% ifferent. Wen any of RL-Rs is amno, thepep are the
free bases gﬁ%”?heir acid addition salts, such as HC and Hg%%zm ?5 The
conpounds  ghodn@ b bikemadeuticdll lakceptle(datrle} avd encafan®Bbame coppounat bids. The
conpound of fornmula (1) is a nitrone adanantane derjvative and the
conmpounds Bilowng fafmues. orpharmaceuiqally pecgpigbleisptyRFi§at: adanant ane deri vati ves.
Li ke ot her adamantane derivatives, these conpounds have been shown to be
NMVDA-r ecept or ant agoni sts. The present invention also provides a nethod of
treating and/or preventing 20 inflanmatory di seases and di sorders that
result fromthe overproducklon of nitric oxide and other free radicals.
The met hod conprises admini§terfng to a patjs an effective 9 1 | AUG 2004
WO 02/ 078615 PCT/ U502/ 1036 punt of a pha eutically &scebtable
carrier and one of e of rf ol | oW g F6ryul as, or
phar maceutical |y accept abl g salt s t her eof|: 11 N\'c--R 2 R14/
\R13 (1) wherein: 5 nd k3 are H O anlno or aryl,
and can be the sa OH, ami no,

am de, or carbam ar e °H, CH, =Iky|erH, cworf -ster, am no,
ami de, or al kyl 8% 4TS e\
al kyl, or phenyl, aRd can be the same or different. Whe Nany of RI-R8 is
am no, the conpounds are the free bases and their aci* adﬁtkﬁon

: cycloalk,

Ruq RIJ
oy (I (111)
wherein:
5 R, and Ry are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same or
different;

Rs is H, NHa, alkyl, OH, COOH, amino, amide, or carbamate;

R4-Rg are H, OH, NHj, alkyl, OH, COOH, ester, amino, amide, or alkyloxy, and

can be the same or different;
10 Ry-Ri4 are H, alkyl, or phenyl, and can be the same or different.

When any of R;-Rg is amino, the compounds are the free bases and their acid addition

‘salts, such as HC} and H,SOx.

The present invention also provides a method of treating and/or preventing age-
related disorders that result from the overproduction of nitric oxide and other free radicals.

15 The method comprises administering to a patient an effective amount of a

pharmaceutically acceptable carrier and one of more of the compounds of the following

formulas, or pharmaceutically acceptable salts thereof:

20

10




salts, such as HCl and H2S04. The present invention also provides a nethod
of treating and/or preventing age- related disorders that rlesélf {0k om the
overproduction of nitric oxide and other free radicals. %?T@Q(%fﬁ(t]md
conpri se¥004% 3t ering to a patient an effective anount '
pharmaceutically acceptable carrier and one of nore of the conpounds of the
followng fornulas, or pharmaceutically acceptable salts thereof: 20 10 |
2 AlJG 2006 WO 02/078615 (1) wherein: PCTIUSOZ2/ 10361 N p"",, \C-R12 RA Ru
Rl and R3 are H, OH, alkyl Racyckoal kyl, ampin r raryl, and can be the sane
or 5 different; R2 is H N al kyl, OH, ani no, ani 8e, fo¢ carbamate;
R4-RS are H, OH NAR, . atRYyT TRCOOH; 0-est e vizno, ahide, B+ al kyl oxy,
and can be the sanme of differeht; N

H alkyl, or Mhenyl' and can
be the same or diffe 10 Wi&n any of RS is amino, t/ke conpounds are
the free bases and [t K

_ _ acid addition such as g d H2SO4. The
present invention b 4’

[ ant agoni st
conpounds that &%§ ”1\ g ed into ®, used Ry ;" \eat nent of
patients sufferinggfromdisorders thatgresult fromthe gverproduction of
nitric oxide and other free 15 radicals. The NVDA reegfpfo\r\camtzagoni st
conpounds are of the followi ng fornulas or pharmaceuti gal/l‘y accept abl e

salts thereof: 20 11 WO 02/1786 t 5 Mo R

(0 (I (n

wherein:

R, and Rj are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same or
5 different;
R; is H, NH,, alkyl, OH, COOH, amino, amide, or carbamate;
Rq-Rj are H, OH, NHs, alkyl, OH, COOH, ester, amino, amide, or alkyloxy, and
can be the same or different;
Rg-Ry4 are H, alkyl, or phenyl, and can be the same or different.
10 When any of R;-Rg is amino, the compounds are the free bases and their acid addition

salts, such as HCI and H>S0O,.

The present invention also provides for the use of NMDA receptor ant_a\gonist
compounds that are formulated into medicaments used in the treatment of patients
suffering from disorders that result from the overproduction of nitric oxide and other free

15  radicals. The NMDA receptor antagonist compounds are of the following formulas or

pharmaceutically acceptable salts thereof:

20

11




1 2 V1G 2004 PCT/USQ2/ 10361 RO Ro QNCRI R R or R "CR 2 R14 R13
wherein: Rl and R3 are H, OH, alkyl, cycloalkyl, am no or arykig @ggg can be
t he sa r ifferent; R2 is H NH2, alkyl, OH, ,
carbanamta\e’%('ﬁ’zf?%g’are H OH NH2, alkyl, OH, COO—I ester 3%" fém(’dle or
al kyl oxy, and can be the same or different; R9-R14 are H, alkyl, or
phenyl, and can be the sane or different. 10 When any of RI-Rs is am no,

t he conpounds are the free bases and their acid addition salts, such as
HC and H2SO4. The present |1{1ventR| on al so provittdes pharmaceut i cal

conpositions that can be used "treat patRf epts suf fering from di sorders
that result fromthg over@g 1 of .gitrig de and othé{/ Yee
radi cal s. The NVDA re\c*e a gonl st c pol av,e of ,f/o dowing 15
formul as or pharmaceut i caIIyRaacce,pt abl e salts wrher eof 20 1 12 AU 2004 WO
02/ 078615 (1) wherei / US02/ 10361 0/ R14'
or
SN R, Ve
C/Rlz
/ N,
(D (in (IIT)

wherein:

R: and Ry are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same or
5 different;

R; 15 H, NH;, alkyl, OH, COOH, amino, amide, or carbamate;

R4-Rg are H, OH, NH,, alkyl, OH, COOH, ester, aniine, anude, or alkytoxy, and
can be the same or different;

Ry-Ry4 are H, alkyl, or phenyl, and can be the same or different.

10 When any of Ry-Rs is amino, the compounds are the free bases and their acid addition

salts, such as HCI and H,S50,.

The present invention also provides pharmaceutical compositions that can be used
to treat patients suffering from disorders that result from the overproduction of nitric oxide
and other free radicals, The NMDA receptor antagonist compounds are of the following

15  formulas or pharmaceutically acceptable salts thereof:

12



Rl and R3 are H, OH, alkyl, cycloalkyl, amno or aryl, and can be the sane
or 5 different; R2 is H NH2, alkyl, OH COOH, anino, anide Altrlitlar bamate;
R4-R8 are H, OH, NH2, alkyl, OH COOH, ester, am no, am de, or

and can We ®M&dAne or different; RI-R14 are H al kyl, orpﬁﬁwym:‘éhd can

be the sane or different. 10 Wien any of Rl-Rs is ami no, the conpounds are
the free bases and their acid addition salts, such as HCl and H2SO4. The

above description sets forth rather broadly the nore inportant features of
the present invention in order that the detai fed description thereof that
fol lows may be understood, and i order tha o-or esent cqntrjbutions to

the art may be bettgr appggc R, 15 ts and.Beatures"’of t he
present invention wi yE€cone)aqpar ent &~ Tral | owi ng\rde’t aid, e
description considered|in cofj ungfion wt h t heracconpanyi ng| dr aw ngs It
is to be understood, that the dr# gs are desigr¢d~solely for the
pur poses of |IIustr and not as a tion of the s of the

i nvention, for i ) nce sPould _b ege to the app fed. cl ai ms. 20
13 1 2 Jb 1006 WO? 515 BRI EF DE P11 AN ROF THE R S B*G | shows

the conpounds of the Rpr esent invention; PRCT/US0211030 1);wq 2 illustrates
studies with nemantine, indicative of its activating ad/ or C"aﬁﬁl depr essant
and neurol ogi cal properties; and 5 FIG 3 shows an exerrplng/y isynthesi s of
one enbodi ment of a nitrone adamantane derivative in accordance with the
present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention provides cBhpounds of the formd®: . RO /RO O Rt N

wherein:

R; and Rs are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same or
5 different;

R, is H, NHj, alkyl, OH, COOH, amino, amide, or carbamate;

R4-Rg are H, OH, NH,, alkyl, OH, COOH, ester, amino, amide, or alkyloxy, and

can be the same or different;
Rg-R )4 are H, alkyl, or phenyl, and can be the same or different.

10 When any of R;-Rg is amino, the compounds are the free bases and their acid addition

salts, such as HCl and H,50,.

The above description sets forth rather broadly the more important features of the
present invention in order that the detailed description thereof that follows may be
understood, and in order that the present contributions to the art may be better appreciated.

15  Other objects and features of the present invention will become apparent from the
following detailed description considered in conjunction with the accompanying drawings.
Tt is to be understood, however, that the drawings are designed solely for the purposes of
illustration and not as a definition of the limits of the invention, for which reference should

be made to the appended claims.

20

13




0---" \CG-RR4 R23 (1) 10 wherein: R, and R3 are H, OH, ththsz‘ :
cycl oai kyl, amno or aryl, and can be the sane or different; ﬁ& is H NH2,

al kyl , - ti,sam no, amde, or carbamate; 15 R4-R3 are , ,
E§}04§§§%1w anv@ﬁFHWQ%

al kyl , ) “ester, amino, anode, or alkyloxy, and can b e sanme or

different; R9-R14 ar @RHHEFDHRYCRIPTICN O THEOAAGRNGE the sane or
different. When any of R1-R8 is am no, the conpounds are the free bases and

their acid addi tHIGn1 siEddstiBe comsn@Softdd praded: #H2S0dn; 20 I n preferred
enbodi nents of the compounds of formulas (1) and (11), RL, R3-R[4 are 14 1

2 PG 2004 WO 031678 Ghs@atBiehdi02ihlAs@dntina dape Rl ty addvali®t filor et hyl or
propyl, and R2 is NH2.. In preferred conpounds of formula (111), R

R3- R14 ar e dHAdepsesiard peurplogigalmyapertes il or propyl . The conpounds of the
present inventiqn are effective for treating and/ or preventin condi ti ons
associ at’ed wi t h FHd’ hasrasremplayipbays dfraembadimenof g agy@émté@. The 5
novel conpoipdsivefin hbterAAh&SeR ey tiRRndsE NMDA receptor antagonists with
anti oxi dant properties. As a result of their antioxidant properties these
conpounds are wuseful in the prevention and treatnent of neurol ogical

di sorders, inflammator pETAISERDBESERIPEDN ORIHEasR ANl r¢d di seases. As
used herein, the tern "Alkyl" refers to unsubstituted or substituted
linear, 10 brantheekseit ibyafidrepraldyd comgbbedy of el ftosned: up to 15 carbon
atons. Linear al kyl groups include, for exanple, nethyl, ethyl, N propyl,
N-butyl, N-pentyl, N hexyl, N-heptyl and Noctyl. Branched al kyl groups

i nclude, for exanple, iso-propyl, sec-butyl, iso-butyl, tert- butyl and
neopentyl. Cyclic alkyl ("cycloalkyl") groups.include, for exanple,

cycl opropyl, cyclobutyl, c¥clopgntyl andgycllohexyl. Al kyl groups can be
substituted R

9 Rig
~0 CH Rg 0 . N
R~ s) C
NF Sy Ry SN R,
RS R, Rg
or or
Ry ) R, Ry y Ry Ry y R,
Rz Ra N
QO/ \\C/Rl-z
AN
Ryy R
(O an (11
10
wherein:

R; and R; are H, OH, alkyl, cycloalkyl, amine or aryl, and can be the same or

different;
R;is H, NH;, alkyl, OH, COOH, amino, amide, or carbamate;

15 R4-Rg are H, OH, NH,, aikyl, OH, COOH, ester, amino, amide, or alkyloxy, and

can be the same or different;
Ry-Ry4 are H, alkyl, or phenyl, and can be the same or different.

When any of R)-Rg is amino, the compounds are the free bases and their acid addition

salts, such as HC) and H,SO,.

20 In preferred embodinments of the compounds of formulas (I) and (I}, Ry, R3-Ry4 are

14



15 with one or nore substituents. Nonlimting exanples of fhr {)stltuents
i ncl ude N02 ON02, F, d, Br, I, OH OCR3, CO2H, CO2CH3, é?@ and

het er oar Wiere "al kyl" is used in a context such as |-
refers t é.’ﬁ“?;ﬁéllyl group that is substituted with a mozghﬂé?w&here

ALY TS N3G T LCRIOKLASHE ) K Q) AN QMR Epdffis Lo 2

al kyl group conne ony grooup one SI'tion and t hat
is 20 subdbibuls (@Rt Rs-R:@NGRdgpenddnyly }Amat}s_,re«ithblbmrqnmpyli he term

"Heteroal kyl" refers to unsubstituted or substituted linear, branched or

cyclic chains ofmamompomlas biche prieons irivhifonaondfzctivedbr ireiag aodier fheteanmat om

(e.g., nitro yaen of S Ifur3 |ntlhe hai ntLlnear het%_glz;llkyl gr oups
i ncl ude, fd™ 5‘(‘8%"1‘5 %H?&—ﬁ‘gﬁf—%) SR RT L ERTHES Br anched
gr oups isnclnwel,coh@fom?cﬁ of ¥R Fpdsent lrﬁldaﬂsﬂ(mmceﬁwwg&ﬁ@t@@% and
CH2CH( OCH3) CH3. Cyclic , heteroal kyl groups..include, for exa

%F&?ﬁ% can be

CH( CH2CH?) za@twﬂ(ﬂm?tﬂngwmf%a Rt ClChPERieKsH ™ Sronegics (5st RIFRP

substi t ut ed,suful fh BOBrePintiBRERL Bdaladrt bEfRtSogicdNARbidER] fnfiRGnRBkeSes0f such
substituents include NO2, ON0O2, F, O, Br, 1, OH OCR3, CO2H CO2CH3, CN,

aryl and | iang agimampd agevglated drspaseRr oal kyl " is used in a context such 30 as

"heteroal kyl -ONO2," it refers to a heteroal kyl group that is substituted
with an ONO2 rhsetsgd hopgiaythe terfaf é%éi‘l@ﬁ-"'m%s“@?éﬂwﬁ ﬁr FLeBRtedPe®ych as

" (O hefger aglidonba oNQeic alkii calb6h Sfansl uﬁrb # dolonQk R 1ihak alk%d QQMQC'[ ed to a

carbonyl group at one. position and that is substituted wth
noi ety. 15 inclpdenforexgmplemetyyd «izy! o a6am . PEristererndai-hend. Iﬂélémwé'ﬁ’m n, the

term"Aryl "yIef erg, &ep@%yg%%gﬁahélwe O |ﬁgﬁt0 eﬁr%ﬁdse%ﬁ{wnb&bmyl tert-

car bocycl i c group. are ert e ri'ng or rultiple condensed
ring conpdwmdsnd Acqphetnly ICyghotiky! (Farclalalipbonps isclads ifeigxempleng, aryl group.

An aryl gro Lpl i 1A S 8% LI apht hyl
group. Aryl y@I 0}5’21 ﬁé%ﬂﬁgﬁ%@?ﬁ@ﬁ?%%@?ﬂ g%ﬁB%Fge#&dwEsglﬁngents
Nonl i rriltﬁ ngwﬂxwmﬁremroﬁnbsuimmts Ubstlintitienesmples of wdb sNGAe@EOXudEN@L | Br, |,

h s !,
therapeut %gﬁfgg" | (g%algg%(g'r%%ﬁ @S %#Tpapéégﬁio IO%EE?%(@ basel i ne
clinically 1@bsﬁrmabbmenalsmsaﬂklylsy®ﬁmﬁm refersac meslkpl gictht is sybktwiedat or y,

agi ng- rel at syghi at dis rder asu echni ques
di sci osed h‘@’l%?ef‘g) C% Oi‘ﬁg W«I} ]E)‘Pigrlﬁ’éc? dE i e xgsuggcgp{@gfimh sc%sq?o a
| ack of unaefsgpioahlaikyl grsuEihhyis tehnected 1o a carbonyl group at one position and that is

20  substimted with a ONO, moiety.

As used herein, the term *“‘Heteroalky]” refers to unsubstituted or substituted linear,

branched or cyclic chains of up to carbon atoms that contain at least one heteroatom (e.g.,
nitrogen, oxygen or sulfur) in the chain. Linear heteroalkyl groups include, for example,
CH,CH,0OCH3, CH2CH,N(CH3); and CH,CH>SCHj. Branched groups include, for

25  example, CH;CH(OCH3)CHj, CH,CH(N(CH;),)CH; and CH,CH(OCH3)CH;. Cyclic
heteroalky] groups include, for example, CH(CH2CH,)20, H{CH2CH,),NCHj; and
CH(CH>CH,),S. Heteroalkyl groups can be substituted with one or more substituents.
Nonlimiting examples of such substituents include NO;, ONO2, F, Cl, Br, 1, OH, OCRs;,
CO,H, CO,CHs,, CN, aryl and heteroaryl. Where “heteroalkyl” is used in a context such

30  as “heteroalkyl—ONO,,” it refers to a heteroalky! group that is substituted with an ONO;
moiety. Where “heteroalkyl” is used in a context such as “C{O)heteroalkyl-—NOz,” it
refers to an alkyl group that 1S connected to a carbonyl group at one position and that is

substituted with a ONO; moiety.
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a conpound, such as a salt or excipient. Pharmaceutically acceptable salts
include inorganic anions such as chloride, bromde, iodide, 13U fatg.
sulfite, “;Hiz a;g()el,__‘ nitrite, phosphate, and the |ike, and organic ani ons
such as 3¢etAV&Snal onate, pyruvate, propionate, ci nnamaltp ’?%’éj/‘l“é(tle

citrate, and the,ld P utd cal ce 1 ar.e

described at | engt']l!lslégflmﬁn' W Arﬁﬁ rLférs% n%lﬁﬁst%géﬁ%uste%ﬁ ‘?r(‘?ﬁ]a“c

Sci ences Na@kbdcmﬁiqg;hmmg‘%@bﬂpapwé 495 }ing IPMngadmlupipieaqon&%,sedL&]d1 ed. As used
[ order" refers . to acute and, subacute

her ei n, LAPRY S

di sor der s WICQ) gﬁ)‘fs A] 51?)851% reéﬁ'&plﬁsl%ﬁinﬁ GG e R ST BYLEPPR Y iG
conmon neunuipg}pcchn@dnsecbrmys soedmphfitdiat a Rip@ihyl got@RbAg Biuph@nbeesent

i nventi g jor 20 depressive disorder (MDD), bipolar disorder
(mani c- ?gprsélggti M oas gt ‘89“8&5}““%3( Jmiting cxampletofauel sabs@Renthcl udi ng
dependence, mmadmoa\mrhoq,mdl BruUg o leIraNCe, H At Soers, rﬂrdnﬁ'h@HrJaEﬁm trauma,
i schermi ¢ or hypoxic conditions including stroke, hypoglycem a, cerebral

i schem a, cardi ag \aed BSkin, éSQh&a[Leuﬁ@Eﬂ’edtr@FHmto AN BEErY AbRUNRroREEhN R eRlne
hypoxi a, cardiac_arrest and hypogl ycem ¢ neuronal damage, epilepsy,

Al zhei ner' sbaéﬁhé’é&%’élcalé‘soﬁsmﬁ‘?lﬁﬁgwnéi syMReESSf 2 parRiogisgninganmateyniagoighi
| ateral sclgnRaios nedrOpNHhiskie RisoRt, Bs me%mdzo(}r%m @EHF!EEFUBM§(9!}%CI§191%§

m grai ne headaches, urinary i nconti nence, emesi s aln ard ive

dyski negi a, Al D @Qﬂp%ﬂm@ﬁﬁaﬁkélﬁn acREthrad r@l@msgaack%% ?&QP&RM nc&%ﬂg five

di sorders, and neuronal injury associated wth H V-intection such
dysfuncti orf qoRtpoRRsh Hleh a5, salreueKemRnL. aﬂ@ﬂ@mmzﬂlmmccemme@#wcﬁum ric

di sorders gsgedesaibhadel & 9%%g%9&§&el fBaf dsuﬁt@tg@g A@m gl of Mental

Di sorders, ., Anerican lratric res Acor porated herein
by refer enadosphetet aidheHemrand aganiclemipnesutly assgcesitcinalasatemynaitej ne, have been

shown Syl el K58 38 SELR, VHLELIELIP OBl o ot oo
PCTI US0211G36pients Akeadaseritied bleagth bmé‘( M. Mrikeria R&nﬁ@zon S@?‘Ebh‘i)ac@@&ﬁ‘aRegl stry No.
S N e
As used herein, a “neuropsychiatric disorder” refers to acute and subacute
disorders with both neurclogical and psychiatric features. Examples of common
neuropsychiatric disorders that are treatable by the present invention comprise major
20  depressive disorder (MDD), bipolar disorder {manic-depressive illness or BPD), anxiety,
and drug addiction including dependence, withdrawal, and drug tolerance, disorders
arising from trauma, ischemic or hypoxic conditions including stroke, hypoglycermnia,
cerebral ischemia, cardiac arrest, spinal cord trauma, head trauma, perinatal hypoxia,
cardiac arrest and hypoglycemic neuronal damage, epilepsy, Alzheimer’s disease,
25  Huntington’s disease, Parkinsonism, amyotrophic lateral sclerosis, convulsion, pain,
schizophrenia, muscle spasms, migraine headaches, urinary incontinence, emesis, brain
edema, tardive dyskinesia, AIDS-induced dementia, ocular damage, retinopathy, cognitive
disorders, and neuronal injury associated with HIV-infection such as dysfunction in
cognition, movement and sensation. Neuropsychiatric disorders are described in
30  Diagnostic and Statistical Manual of Mental Disorders, 4 Ed., American Psychiatric

Press, (1994) incorporated herein by reference.

Certain adamantane derivatives, such as memantine, have been shown success in

eliminating free radicals and reducing oxidative stress caused by free radicals. Memantine
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5 treatnment of denentia syndrone, spinal spasticity and Parkinson's

di sease. Chemically, nemantine is 1-am no-3,5-di nethyl adarfent!Enliof t he
adamant ane class. Conpared to the ot her NVDA antagoni sts, nemantine has
been rep¥P0H’%6L: have the greatest effective potency forP®I/H82HG3Ht t he
PCP and MK-801 receptor sites in human__brain tissue Kornhuber_e& al ., Eur
J Ph. ar macéfkgtivotMprantine®. §Merz<e £oy Gl CAdeRegery No 4308->2-Remiift ffe bi nds
to the PCP.and MK.801 binding sites of the NVDA receptor in postnortem
human frontal cortex at therapeutic concentrations (Kornhuber et al., Eur J
Phannacol 1989; 166: 589-590), and reduces nenbrane currents (Bormann, Eu.r
J Pharnracol 1989;66: 591-592). Mernantine is well tolerated, and despite
its wide use in Germany, only a few i%¥ol ated cases of psychosis and

with its use. Conpared to other
dve a nore favorable

NVDA ant agoni sts, nenmanti ne appears
phar macol ogi cal profile and is | ess to i nduce psychosis and
cognitive deficits. Wthout beilt adN\bYCHAheory, one possibility why
memantine is less likely to induce @bgnitive deficits and psychosis may be
due its negligible effects on the hypothalamc-pituitary axis (HPA)
conpared to ot her NVDA ant agoni sts such as 20 ketam ne. NMDA receptors have
been repor tiegh iRompetitivedV-wrthyl-D-dsptaph 4 DA Daitapopist satantlg usaddgubat i on of

hor none rel ease fromthe HPA axis 1995égresulting in

. t . et al
hyper cort i SERERPLOL dsTiERigFyndr ‘é?%l?aaw‘gtygga Prranson’ s disedse,

I'C'ts in depression

has been linked_ to. ap increased dopam.ne,acti Vit eco r is HPA
overactivity (v&ha@fca ¥*m%ﬂ“.’",”ansolfa‘%QVéﬁf%’f“F }’12"6?5%&5“2@:8 OT%%la}éﬁ%ﬁnp The | ack
of nmemanti nguss @§:hipstd @hé beHMND2bammagosisaNdemasink hasigeeh ngoeeasedadopani ne
activity may be an explanation_ for the |0 at sychosi s W th
this drug. PhEeHes cHavaaPeFacHir efna el théygééilgmg?l %ﬁ%’ T Sdﬁ%ﬁﬁg sis

t hat contr ag¥n kiSue (REMBYEFR! &, FIeX PrOMRENQMDA #Na b NSYR1)i 1901;D06 29D acti ve

nmet abolites that possess NVDA ant agoni zing properties, (Ziemnn et al.,
1996) . Y7 1300). AMemanripe bigds ¢ the F&6 ¥5d #@ﬁ‘ﬁ@gw% S6°P OEIEH’ Iﬁf@rﬁn%‘fp? ‘rant i ne

ser um | evel s, at e avain Al dhtd 0bridXBR BiFBERR ondVaiBIdhl (ieorhButeRe: aloEuthe few
NVDA ant agoni sts avai l abl e f use in humans and is ideal for treating

able for
maj or  depr®usinare! 48891663 489-59Q), g gedveesIREntIARS RUFAT P OHRDR BEdn i n

clinical usg,f YR 36550, ManiThiieTRbeipictieated 286 tissplikas Hhuehes met al .. J
Neur al Traﬁ?ﬁggéﬁgg?y%%g%?zg?ﬁgl-R04)e 5 %arel? hgs né#antiqg been

associ at ed Gkmnsioghi  fepaelatef easss f@syshputang! coEnilys SefiGiigHave been reported

15  with its use. Compared to other NMDA antagonists, memantine appears to have a more

favorable pharmacological profile and is less likely to induce psychosis and cognitive
deficits. Without being bound by theory, one possibility why memantine is less likely to
induce cognitive deficits and psychosis may be due its negligible effects on the
hypothalamic-pituitary axis (HPA) compared to other NMDA antagonists such as

20  ketamine. NMDA receptors have been reported to be involved in the physiologic pulsatile
regulation of hormone release from the HPA axis (Bhat ez al., 1995) resulting in
hypercortisolemia. Psychotic symptoms and cognitive deficits in depression has been
linked to an increased dopaminie activity secondary to this HPA overactivity (Walder et
al., Biol Psychiatry 2000;48: 1121-1132). The Jack of memantine’s effect on the HPA

25  axis and resulting increased dopamine activity may be an explanation for the low rates of
psychosts seen with this drug. Another advantage of memantine over other NMDA
antagonists is that contrary to, for example, dextromethorphan, memantine has no active

metabolites that possess NMDA antagonizing properties (Ziemann et al., 1996).
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confusion, and psychosis (Rabey et al., J Neural Transin 1992;4: 277-282;
Ri ederer et al., Lancet, 1991 Cct 19;338(8773):1022-3) ag §g?m[m th ot her
NMDA ant ggoni sts, such as phencyclidine and | cetam ne. Menmantine is well
t ol er at e% W% e geriatric populations for which it is tJpird&pio36!1
prescribed Ln Eur ope t%ﬁGor.tel m::l)é/e r Ft al ., Ar%uei rn- Forschl Drzig Res 10
1992: 42: QO YFITOIENBYRINIR SRR vETSHT 428 able fR BSAUY i MeARAUECSOVat i ng
properties, ofahelfdwt NNEDA BRagodBeChvhi®bID b L @tif hGinbisARBs8A&H] for treating major

neur ot ransm ssion, while also providing for robust neurotrophic effects

via direct {SRESSHERPRY PRy ISREGIAPTSsARANt havie Reendp §lnigal §spior Enpy mems

conpet i ti veyuRkhiRgRr denandanik MR AR LAGN.S4 rpcsfea%fu},'mgw;%eicgagpt S
conparable to 15 MK-801 (see, Bormann, Eur J Pharnacol 1989; 66: 1- 592,

i ncor porat eRamkyrhal memgntinedperr easewyted wrhsignifinen flesiledsiven of agitaben,

anticonvuls%g] d - ' pr g : mgeepaic _effects in
vitro (see, js,?dﬁA? zﬁe%@égggﬁoﬁ}’ éﬁlﬂl@ J&%ﬁﬂig@zf ’§39%§'§“2ﬂ?27@{%?ﬁ§%‘r“30r at ed
herei n by r&feeriitde)Qct MsBIE{8T e 1025 3 beerenusddotbérMBdDAXAB ganidts] sich appr oved
in Germany for the treatnent of, mld and erate cerebral perfornance 20
di sorders mﬁ’rfeﬁcifﬁﬁng%?cﬁﬁevrﬁnﬁﬁe'chFHﬁaﬂ%?e‘%Vﬁg&g%tz‘n’ @oﬁ%’eﬁ@éﬁ?‘%ﬁ AR Wenory
di sorders, whisk it iofypicilyeprestibedia RhirdpegGopelazpdrier &1, aticgueorand dement i a
syndro afﬂg\/;e%zl_ S i351 di seases in which an increase of attention and
(Wi tattel s

al ert ness requi red. Cerebral and spinal spasticity,
Par ki nson and Par ki nson-1i ke .di seases aL.e ot her i ndications. Menantine acts

as a modul at or GFYIIE By V0! PRAIEAPPSABARLY PN ProRFrifeanstibeandent o

reduced gl uisaded @odfaté gheamergid ht@braRGRBIRAMARMIL prdleding i rofBIANt | Ne
results in an |rrpE_ov ment_in qunaI transm. ssign and activation of

neurons. | nPUFArospiseHeqs via dpgd dqtipcelllafmerhiismse Meyraating digplays RN 8R4,
nemant i ne bioagdetit NVIMagLEPRARNSNMIBA 2iREindk BrobfBeLXfl &fBdcOXiotpafiblead Of
glutamate on neurons., It is_believed that its neuroprotective properties
are duelt o MADRO! ece Bpmannofit dgfoirsaral A040at % of b e icqiporrisdisrda bid

gl utamate. Mep@fby. Memman@hd LSRG rEs FRCEL RN 284 FhS SRR DR OESRes
suggested to be a result of its ability to neutralize (or nodul ate) the
i ncreased a@didpparyingrictefiscty Fruviimbiear Mie @it Lol lPrug ey 19832 1236-

Qﬁérat@@-h&%ﬁyﬁ r@i@eﬂ@%g QAR tiRhs DS silELIA8 N W OSCi

subt hal am cppal |,k
1989; 12: 285- 286; Ann Neurol” 1990; 28: 539-546, and Schm dt et al., Trends

Neur osci 199@roved inq@ergmny for ghejtreatmqncopnidd and p Gy 9T8eTs PCTIILBO2/ 10361
i ncor pogat efl 8L bitn B S WAhEBEEha SWiphRf ESflndafol MERENLS M sPde doRaM ne

or
of interest and drive, premature fatigne, and dementia syndrome, as well as in diseases in

which an increase of attention and alertness (vigilance) is required. Cerebral and spinal
spasticity, Parkinson and Parkinson-like diseases are other indications. Memantine acts as
a modulator of glutamatergic neurotransmission. In the states of a reduced glutamate

25  release, after degeneration of neurons, memantine results in an improvement in signal
transmission and activation of neurons. In the state of a massive glutamate release, e.g.,
ischemia, memantine blocks NMDA receptors that mediate the excitotoxic action of
glutamate on neurons. It is believed that its nenroprotective properties are due to NMDA
receptor antagonism in pathologies with increased glutamate. Memantine’s efficacy in

30  Parkinson’s disease has been suggested to be a resuli of its ability to neutralize (or
modulate) the increased activity of the glutamatergic cortico-striatal and
subthalamicopallidal pathways (Klockgether and Turski, Trends Neurosci 1989;12: 285-
286: Ann Neurol 1990;28: 539-546, and Schmidt et al., Trends Neurcosci 1990;13: 46-47.,
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nor epi nephrine rel ease. Memanti ne has been reported for many years to have

positive effects on deficit synptons or depressive syrrptom% ,,g’gw |y found
in other neuropsychiatric disorders 5 such as Parkinson's di's nd

derment | VO 0&63li es of patients with denmentia and Par ki HstH5&/@#¥ease,

t he synptons of depressed od e .l.ack of drive .somatic

di sturbancégforﬁ%ﬂgé)&?@ﬂ{%yir%g)@?dd’??%é ,%EﬁdP‘fePF% P SEBTYPSRd concent rati on
were  si gnidotepaiphiyne reRERVed Wi th nemantine. Some of these studies also
reported the adverse events of hyperactivity, restlessness, and euphoria
W th memantine, MdgEesé hid®eth@aported fomyant O ehl V@hae pbsiatd ¢ffpcrronaefitidepr essant
properties. These findings are sunmari f] tabl e hown .in FIG 2.

ed in.th
Ot her adansHRRRESEE CERIEISIYG SETPIATRS CUBBA %?‘E}U’Bﬁné PREPTOPE PG EH IR vari et y

of afflsi ctsh@NS PaStifddnBHiRbABAE adthdiRia (1h sodies BMpdiRek Ryth Jjeslant@dnane) , for the
prophylaxis and treatnment of influenza in humans, and Amant adi ne (1-am no

adamant ane)Pafgasopechreassetic Yanmeps effiepiesed MAoft 28ietb bch of ¢ Yeu 8 Cand
Parki nson’ gy di8ease izgﬁﬁn%?ine\ﬁgi%ce, shbrt-t8¥h nBfry arfdeRGntrile?OPre 208: 1168) .
P

Nitric oxide ("NO') ays inportant roles in the honeostatic regul ation of
bl ood pr estsrisanty wemovedotith mgnastide. neumen{thase pidiss dep renles) 189aEBGes as
part of th fens agaj ; S suPast 58St &R

m crobes. Ieer\{gﬁ%géf g‘leaﬁt?ﬁmd%%ltze%%{&bsd%@de‘%ﬁ%oﬁ&g‘%%ﬁéfégﬁet{ ar Q‘Qrsan%l e cel fjs in
respond 0t o tevé mulvatingor aofidepieesahiBApsudst Tippse Gfdiggsarasrmreanzed deibt tbk.

(Garthwaite, et al ture, 336: 385, 1988). In neuronal cells, an isoform
shown n FIG

of the enzyne nitriC oxide synthase (NOS) is activated by the influx of

Ca} via NVDA  [56eRbors ohetaled L ERanBebs: ohBlsdlo wil o dncry DAL UT

347: 768, 1990). uses out and acts upon one or nore nei‘ghboring
st r uct ur es,afflingdnsdsuely a8 Rengpradsy (Rl ianimethybadeiantaneidfc? Betrhohybkisandgt hens
t he connection bet

th | | t he t. o | t h NCS
is part of %a%egag%@ﬁg?n&ggl l@?nagss, ra]g A A5tadife (L hriid angman%%e)(sj]yﬂ%@&euse us

grade ssenger . own-regul ates NOS
via thiss rrecthageamenildf®oihrififiuexzadndCatiinsbh's disgése { Shwilveriali, dnArehderhel i s
al so inhibited l&)}é/m this %?fdback mechani sm NO is produced in vascul ar
endot hel i urfi*&%fd P H€eH %% om endothelial cells to the 30 adj acent snooth

AR T T e L
medi at es f yiésage, blsbdlating franediothhomisstond N@ alds sdrees\aapat ef tx host defenssO al so
T SRR e TR R R Tl oot
20  cerebellar granule cells in respond to stimulation of the NMDA subtype of glutamate
receptors. (Garthwaite et al., Nature, 336: 385, 1988). In neuronal cells, an isoform of the
enzyme nitric oxide synthase (NOS) is activated by the influx of Ca” via NMDA
receptor-operated ion channels. (Bredt, ef al., Nature, 347.768, 1990). NO diffuses out
and acts upon one or more neighboring structures, including the presynaptic nerve cell and
25  thus strengthens the connection between the cells on the two sides of the synapse. Thus
NOS is part of a feedback loop or a retrograde messenger. NO down-regulates NOS via

this mechanism. The influx of Ca®* through the NMDA ion channel is also inhibited by

this feedback mechanism.

NO is produced in vascular endothelium and diffuses from endothelial cells to the
30  adjacent smooth muscle cells activating soluble guanylate cyclease (sGC) which catalyzes
the synthesis of cyclic guanosine monophosphate (c-GMP). The latter mediates further
signal transduction and leads to vasorelaxation. NO also inhibits platelet aggregation via

the sGC-cGMP-dependent pathway. Together with prostacyclin, NO provides a defense
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19 WD 02/078615 1 L A "ii 2004 PCT/US02/ 10361 against platel et :
aggregation and adhesion to the endothelium Thus, proper funp ?3[5] of the
endot heI ‘z)%ﬁ‘ g ]NO is inmportant for prevention of at her oscller i "and heart
di sease 3 %ot her inflictions. Nitrone and nitroxi ded@EsREppo!

permeabl e apdi st Ak §d 8 afiafhkB dResil & als to
formnit ro>a<E|@ dg v{/% acg?s qés super %Si(lMdt tégé}%ﬁéfﬁglg%ﬁaggm’%%o@ﬁ f%l%glloégggh%d
catal yzes tQﬁéoféﬁlsﬂmtﬂad Néhis ofipes lap efoo piedentmmiod ath¢BSactemsis add lehart disdaseBi ol .
Chest. 263: Krishna et at., J. Biol. Cheri. 271: 26018, 1996;
Kri shna et *’é‘?"l’é%h"eéﬁgﬂo"&en. 271: 26026, 1996) and stimul ates the

catalase-like.é 0 h al,..J...Biol. em
271: 26026, 199 "‘r}ﬂéés% it m&ﬁﬁ'&%re ‘]';ct(ﬁe'“)r‘!%”Ff%)a&?t< ind 3B eFteeDadicqy é‘ég%" rr*"&"g‘fhcal
nmedi at ed dawfrdgﬁ'ee meahdadfdrmoﬂmdmﬁiwmnm ageaﬁupﬂbkiﬂelﬂisdﬂta@evﬁfd viidtemimics
anti oxidants,is j

nceptration re ns the s ) ore nd after
the reacti oaﬁdﬁg%g’ﬁgs E%Ffilsglt‘:'fagm%g %{‘pe’i?é‘(déla?’gfq%wl é%(rrgr%op %ﬂ‘@’hﬁé t ent - but yl
nit rone (PBN);zr 61@88 sm\ghtnheffdzee B@dma;hszmozéomm@63Knkilntare9&te J(BBN) 0- CH3
C==N- CI—% g—( R CH3 Nitroxide nitroxide: 15
Nitr OXI de WB’V@%I f2|6 €5, 13?1@6“39 §ﬂf591a\?eé§6ﬁwgsw1¥%aqwé°¥@me@mtf‘snsm rectly or
by oxi di zimgiskdee Lednoes orLabS]: td@@ﬁ@w%m@um&gl Iﬂgr&&ﬁof%ﬁpfréﬁq}éehe

net al -cat al yzed Haber- Wi ss reactions (Mhsen et

Bi ocl i elth. radigal I{{gghatch%gage FOne additigaabadvantage of mtromde over other antloxldants is

2. 2,6, 6- 1 URATRICON AR Shnfifs b UKL bd TR aber URUGRonPREON W8 £20 ) T
catalyst. For example, phenyl-tert-butyl nitrone (PBIN) reacts with free radicals to form

l C Re O CH3
Q -—N—(l:——-CH3 —_— (:—N~(:—CH3
CH,
Nitrone (PBN) Nltromdc
nitroxide:
15 Nitroxide removes free radicals by reacting with free radicals directly or by

oxidizing the reduced metals thereby inhibiting the Fenton and the metal-catalyzed Haber-

Weiss reactions (Mohsen et al., Mol. Cellul. Biochem. 145:103, 1995). For example,

2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPOL) removes superoxide (02 ) in the

following manner:
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The terminal products of the reaction of nitrone with free radicals include

hydroxylamine derivatives, aldehydes and amines. These products are much less

damaging to cells than free radicals (Chamulitrat et al., J. Biol. Chem.268:11520, 1993;
5  Janzen et al., Free Rad. Biol. Med. 12:169, 1992; Kotake and Janzen, J. Am. Chem. Soc.

113:948, 1991). Daily intraperitoneal injection of PBN to sensescence accelerated mouse

resulted in a 33% increase of life span (Edamatsu ef al., Biochem. Biophys. Res. Commun.

211:847, 1995). When 24-month old rats were intraperitoneally injected with PBN at a

dose of 32 mg/kg daily for 9.5 months, lipid peroxidation within two brain areas important

10 for cognitive function, the neocortex and the globus pallidus, were reduced and the

cognitive performance of the aged rats were improved. More impressively, at 32 months

into the study, 7 of 11 PBN-treated rats were still alive (Sack er al., Neurosci.

21
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L0 1) b Bl s g
potentially have a wide range of use in the treatment of various neurological diseases.
Memantine was found to be a micromolar antagonist of the NMDA receptor (Borman,

15 Eur. J. Pharmacol. 166:591, 1989). Memantine protecis cortical and retinal neuron
cultures from the toxicity of glutamate, NMDA and the HIV-1 coat protein gp120 (Deyer
et al., Science 248:364, 1990). Memantine has antthypoxic properties in vitre and in vivo.
Recent studies demonstrate that memantine also prevents quinolic acid-induced
hippocampal dan{age in rats (Keilhoff ef al.,, Eur. J. Pharmacol. 219:451, 1992).

20  Although structurally quite different from other NMDA channel blockers, memantine
inhibits [3H]dizocilpine (Chen er al., J. Neurosci. 12: 4427, 1992) binding to brain
membranes. Memantine also blocks other neurotransmitter-gated ionotropic receptors,
including nicotinic acetylcholine receptors (Masou et al., Eur. J. Pharmacol, 130: 187
,1986) and 5-hydroxytryptamine 5-HT; receptors (Reiser et al., Brain Res. 443: 338,

25  1988).

Like memantine, MK-801 and ketamine also bind to NMDA receptors and have
been shown to afford neuroprotection. Combination therapy with MK-801 and PBN
protected ischemic neuronal damage in hippocampal slice much better than with either
agent alone (Barth ez al., Exp. Neurol. 141: 330, 1996). Therefore, the combination of

30 NMDA antagonist function with free radical scavenger activity in one agent affords

synergistic protection not provided by either agent alone.

The novel compounds of the instant invention include a nitrone adamantane

derivative (formula (I)) and nitroxide adamantane derivatives (formulas (II) and (II)).
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that is necessary to achieve a desired endpoint (e.g., preventing the overproducuon of
20  nitric oxide and other free radicals, decreasing neuronal damage as the result of a stroke,

etc.).

A variety of preparations can be used to formulate pharmaceutical compositions
containing the nitroxide or nitrone adamantane derivatives, including solid, semi solid,
liquid and gaseous forms. Remington’s Pharmaceutical Sciences, Mack Publishing

25  Company (1995), Philadelphia, PA, 19" ed. Tablets, pills, granules, dragees, gels,
slurries, ointments, solutions, suppositories, injections, inhalants and aerosols are
examnples of such formulations. The formulations can be administered in either a local or
systermic manner or in a depot or sustained release fashion. Administration of the
composition can be performed in a variety of ways. Among others, oral, buccal, Tectal,

30 parenteral, intraperitoneal, intradermal, transdermal and intratracheal means can be used.

Where the nitroxide or nitrone adamantane derivative is given by injection, it can
be formulated by dissolving, snspending or erpulsifying it in an aqueous or nONaquUEOUSs

solvent. Vegetable or similar oils, synthetic aliphatic acid glycerides, esters of higher
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20  amount of the compound in the case of a pressurized aerosol.

Pharmaceutical compositions of the present invention contain a therapeutically
effective amount of the nitroxide or nitrone adamantane derivative. The amount of the
compound will depend on the patient being treated. The patient’s weight, severity of
illness, manner of administration and judgment of the prescribing physician should be

25  taken into account in deciding the proper amount. The determination of a therapeutically
effective amount of an aminoadamantane derivative is well within the capabilities of one

with skill in the art.

Although a therapeutically effective amount of a nitroxide or nirone adamantane
derivative will vary according to the patient being treated, suitable doses will typically be-

30  in the range between about 0.1 mg and 1 g of the compound.

In some cases, it may be necessary to use dosages outside of the stated ranges to
treat a patient. Those cases will be apparent to the prescribing physician. Where it is

necessary, a physician will also know how and when to interrupt, adjust or terminate
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L-lysine in 35 mm tissue culture dishes. The candidate nitroxide or nitrone adamantane
derivative is added {e.g., in a series of concentrations ranging from 1 nM -1 mM) in the
presence or absence of compounds which activate the NMDA receptor-operated channel
complex, and in high calcium, Jow magnesiom medium (10 mM CaCl.sub.2, 50 uM

25  MgCl.sub.2) to enhance NMDA-receptor neurotoxicity in this preparation (Hahn et al.,
Proc. Natl, Acad. Sci. USA 85:6556, 1988; Levy er al., Neurology 40:852, 1990; Levy er
al., Nevrosci. Lett. 110:291, 1990). The degree of survival {under these ionic conditions
or with added exogenous NMDA (200.mu.M))is compared to that in normal medium (1.8
mM CaCl.sub.2, 0.8 mM MgCl.sub.2), which minimizes NMDA receptor-mediated injury

30  in this preparation (Hahn ez al, cited above). Incubations last 16-24 h at 37.degree. C.in
an atmosphere of 5% CO.sub.2 /95% air. The ability of retinal ganglion cells to take up
and cleave fluorescein diacetate to fluorescein is used as ap index of their viability as

described in detail in Hahn et al., (Proc. Natl. Acad. Sci. USA 85:6556, 1988). Dye
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retinal ganglion cells in culture display both functional synaptic activity and bear many, if

not all, of the neurotransmatter receptors found in the intact central nervous system.

25  Measurement of Intracellular Ca®*

The concentration of intracellular free Ca®* ({Ca®*)i) is measured in neonatal
cortical neurons by digital imaging microscopy with the Ca”" sensitive fluorescent dye
fura 2, as follows. The same cortical neuronal cultures as described above are used.
During Ca®* measurements, unless otherwise stated the fluid bathing the neurons consists

30  of Hanks' balanced salts: 137.6 mM NaCl, 1 mM NaHCOs, 0.34 mM Na,HPQ,, (.44 mM
KH,PO,, 5.36 mM KCi, 1.25 mM CaCl.sub.2, 0.5 mM MgS0y, 0.5 mM MgCl,, 5 mM
Hepes NaOH, 22.2 mM glucose, and sometimes with phenol red indicator (0.001% v/v);
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mM Cadl . sub. 2, 0.8 nM Mygd . sub. 2), which m nimzes NVDA receptor-nediat ed
injury 30 in this preparation (Hahn et al., cited above). In ubai (l.ms | ast
16-24 h at 37.degree. C. in an atnosphere of 5% CO sub.2 /9 % 5itrtlsThe
abi ity WP ®é7%nal ganglion cells to take up and cleave PCEHAISEY M

di acetate t l.u in is used . as i ndex f their viabili

Geacri bea | B det aIIDR it oEbceanE ™ Ehrptetenad ptpatiocet e wilyge: 6556,
1988) . Dye pliMdlo0Rs R08HE Dy ‘ﬂare@su}b ejehm%er REHbAMSCBTs biB36Mtiapt Bkeroadnd
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the cell 'CUletlJrﬁoIT@therOS’Mﬂﬁ?i'%@ﬂeﬁﬂﬁé?ﬁs er BNWGLSE B 08: §§d 1@@5 oenRRiAl Ni ng
0. 0005% f | uorescei n di acetate for 15-45 s, and t hen cel are rinsed in

sal i ne. Ret! Mghrogeingl 38912801 Conagr efr@ Seignice ag0: Wflg%ﬁit%‘l@hﬁﬂt%@ fIl uor escei n
dye (and tﬁHﬁo?cﬁ?{ﬁNﬁ (ﬂfds‘f J; RO LE DL, AT, 5‘72‘3'(?98? eA‘H&P‘E&d&%ﬁ%l

phase contrast an |'udr escerice Opt ICcs atter eca
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gangl i on CellnL aged 5"}%%'}3%'[ ﬁ in a??’/glq&g@g% I']%J Ji].fgfg In’ﬁaer$ thgrp ﬁs’hﬁ\/t Ihleght

viabl e retina ganng ue co A
but 10 al sody wHﬂaﬂ&ﬂM@rpeé,mnﬂldmreefmémmlwﬁ mdnr fas Hetennsnamgrmiﬂc at e for
fluores |n

bl e f | ter sets
ber i <1 oMk eae s ARHLE FERCST U Can, B drIoB oRaT o g f MERBlt ur es.
The gangl i onmmeg C&" priagingf ﬂaememmadmasatanh|atsa1myomﬁlﬂ@msbat§eremhhe ashneur ons
l'yi ng anong,oth cells i | 4,..cl A nitroxid ni.tro
adamant anegH 3&%”@@ Sﬁ]ésyng@r[? léﬁcaﬁﬂlﬁl ategh fromp faio; “Ha$eﬁ§ aigrer%’f g%éff t he
i nvlentl on Uﬁhd’tﬁnﬁﬂﬂ‘leﬂy@@%&ﬁcd’h@:ﬂ()@ﬂﬁﬂthﬁ@ﬂ dxci‘te{)m:—tsban@emm:hone«;ﬁous system
as long as n be isolate ct by .conventiona chniques. In
o 12 bk 8 o S b R Mg S0 S on S8
hi ppocargpal Amder@% M&@koﬁbe HxPBSure Bk fordBdh piébe 0N50DAHs. DENAISEE:s bbdérmp@ssess
NMVDA receptors .g., heurons fromother regions of the brain Such

neur ons rray“’lﬁ’éa ’h‘ﬁ’t eunpyvalso Selifak @K 7- zé%ﬂllﬁ‘gﬁ@Wcﬁﬁ}“’ﬁés‘F‘Poﬁﬁr‘&e SEf, 20

rodent or Oéﬂa,%gedrmmmb@et 11511tQ:H8z (ﬁmg@mcom&hbrr@len&aaht1@§se§arpmtabef mroduced
from post nat al mammal s; }2/ are well -characterized and contain a central
1

neuron, theP#&einbleacimsglt iﬂem ig@inimal Rglayed MBI -TsReRien VeEAFT JEUrd Nt i ed

Wi th fluor esgent, haRekSbe Asis! Ath habaRAhdrkAB;DhradeRlibnel? ganghiman cel | S
in culture display both functional synaptic activity and bear many, if

20  Correlation Between Channel-Blocking and Anticonvulsive Action

The correlation between the action of the tested nitroxide or nitrone adamantane
derivatives at the NMDA receptor channel (in vitro) and the anticonvulsive effect (in vivo)
has been tested. For this purpose an xy diagram of both test parameters is plotted. It shows
that there is a correlation between the blocking of the NMDA receptor channel and the

25  anticonvulsive action of the nitroxide or nitrone adamantanes of formula (I), (II) or (III).

Protection Against Cerebral Ischemia

Both carotid arteries are occluded in rats for 10 minutes. At the same time the
blood pressure is reduced to 60-80 mg Hg by withdrawal of blood (Smith er al.,, 1984,
Acta Neurol. Scand. 69: 385, 401). The ischemia is terminated by opening the carotids
30  and reinfusion of the withdrawn blood. After seven days the brains of the test animals are

histologically examined for cellular changes in the CA1-CA4 region of the hippocampus,
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not all, of the neurotransmtter receptors found in the intact central
nervous system 25 Measurenent of Intracellular Ca2+ The conckntit/afilon of
i ntracel iy @rp7kdige Ca 2+ ([Ca2+]i) is neasured in neonatalpc1@®bii6h
neurons by digital inmaging mcroscopy with the Ca2+ sensitive fluorescent
dye fura 2ZandaBe partdn0ighof digoRdnRuems isi dakminedlr Ditedctionib the esndidatadescr i bed
above are used.. Durin Ygﬁga 2+ e suremanE1 unI ess ot.herw se. st at edf he
fluid bat hi HECTAR oG B RgRBgHIeter VAR S df dekrRed afe) 3Ry dBLaU9BY 3 1 v|

NaCl, | H%Jﬁ@@%d 20 m3ro hd M) NadHREH to bheddneiMa, KH2PO4, 5.36 nlM KC, 1.25
mM Cadl . sub 0.5 MM MSH, 0.5 MM wmd,, 5r M Hepes NaCH, 22.2 M

gl ucose, and sONMEHd fARSviMd Exh gﬁhafrﬁﬁlaﬂl B G P Eyrtes9 0 Yne/éntdadidéntlof i .
A JG 21004 WD 02/078615 P 2/ 10361 EJ: 7.2. NVDA (in the absence

My"), gllut afEPee ad&ﬁantérterﬁsrwstuﬁ&traafée@a@ﬁeéw aPEsEnRIBNeRtE a6 dlusiaed dur ons by
pressure ej pgfhon after dilution in this bath solution. Neuronal [Ca2}]i
i s analyzed with fura 2-acetoxy-methyl ester (AM as described

[ Grynki ew CExarﬁl%le 1al Synti:es@bpi 7-d§lt%mnu%§g . Rl daBmandild {3hams et al .
Nat ure 318:558 (1985)° Connor et al . Neurosci. 7:1384 (1987); Oonnor

et al., Science lzﬁ&gct%%o(’;]ﬁg&%)cth ﬁﬂmﬁﬁe @b (10 CFJ was Nel @Ry 10/coRo@Braled987) |
Mattson, et al, ibid, 9:3728 (1989)]. Aiter di Eagle's  mni num

essential nediutirees Iﬁtzﬁlﬂﬁp)r?gdf t¢ O R oz spliicapath.d- h? ﬁ@umwe%%mﬁ /e &afrur es
are i ngybag ﬁdﬁﬁ&ogjnlg%rq%a\a dhérpacﬁleé g fsed g)r@zlc'floﬁ' Gl fdychager and

then rinsed. T efls tra pe esterified wthin 1 hour,
as det er m n¥ifopy hsaxalbhcm at @ocinh tﬂ:mpesmenéaf IrtafThoactig mikere Mhepeuret intohige-Ca24

onophor | SIRTELR B KRRkl o P o BT i oL

are incubate a so I'on ot pes 2Fed nced
salts. The jdGdRwhi fiitged; anddibatded. Thaaa:ﬁfmmﬁte solidrrergesligdait bydilleaoht ai ned by
nmeasuring the fl resce 500 remI is excited by 350 and 380 nm
light with Cr?ffA fg%rggﬁ' o?‘waﬁf\?llﬁ;tg%%b' 100 Intensified CCD canera
nount ed é)n a Zeiss 15 Axi overt 35 m croscope. Exposure tine for each
picture’is 500 nms. Analysis is perfornmed vvith a Quantex (Sunnyval e,

Gl i) O i BN RIRSEREL ANk oA taBE L i By SxpOSed to

ul travi ol et “onl uring ‘data co genera y 'l ess than a total

of 20 s ~per Ce'b i £ AR a8hadadiB eyl Jgiworgém e o DAde ept or

medi at ed neur ot oxI CI been sh be hss wth an early
i ncrease i nwanitiraedet 115}-380 TafoR 16 boReembwatshlotnn 26 cColed ¢ woronmBERNERN

Channel - Bl O%(c, Qgerawngs aéged (986' Mﬁ'b S]!‘ he reﬁ%ﬂ) Uixrure was extracted with a solvent
20  consisting of ethyl acetate (80%) and z-butylmethyl ether (20%) (70 mL x 7). The
combined organic solvent was washed with water and brine, and dried over sodinm
sulfate. The solution was concentrated to approximately 20 mL. Anhydrous hydrogen
chloride in ethy! acetate was added. The precipitate was filtered. The product was then
dissolved in water (10 mL). The product was extracted with ethyl acetate (10 mL x 6).

25  Solvent was removed to afford diamine 4 as an off-white solid (767mg).

Example 3. Syuthesis of 1-fert-butoxycarbonylamino-7 -benzyloxycarbonylamino-

3,5-dimethyladamantane (6)

Di-tert-butyl-dicarbonate (23 mg) was added to diamine 4 (23 mg) dissolved in
30  tetrahydrofuran (THF) cooled to O °C. The reaction mixture was stirred at room
temperature overnight. Benzyl chloroformate (25 mg) was added, and the reaction mixture

was stirred at room temperature for 2 h. THF was removed. The residue was dissolved in
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The correl ation between the action of the tested nitroxide or nitrone
adamant ane derivatives at the NVDA receptor channel (in vitig@)s gridt he
anticonvul sive effect (in vivo) has been tested. For this an xy
di agr am BP BE{##!t est paraneters is plotted. It shows tha‘fcﬁﬁé&gmsgl

correl ati O”euf;}g o Qa%‘ faBJ[ ﬁ%}‘{h. 1 Thd€1 PG L BEERS Fso%hﬂﬁ‘@tﬁ%at@?ﬁ’?the 25

anti convul si |on 0 e nitroxide or nitrone adamant anes o ormul a
(1), (1) owlveht W3s.reRoateTid pmddkgazianpmnf(e‘émelﬂﬂalayblstmmtao@dt)fne}@ang)ti d
arteries are.,occluded

f h bl ood
pressure i s FeaTRHEFeREe @Wrag%ts%gi&lgew g"ﬁaﬁ“% aﬁﬁ%ﬁe%g?ﬁzﬁn@ 0
1984, Acta Neurol. Scared. 69: 385, 401). The ischema is term nat ed by

openi ng the carotids 30 and reinfusion of the withdrawn bl ood. After seven

days th i ns of the test are toI0|caII ed for

ol Lul ar crarane i, BiabEsi ol Pudofienon RethP e aimEs L% 1 I w004

VO 021078615 PCT/ USOajrﬂaBﬁi\daraaﬁkahhe?)percent age of destroyed neurons is

determ ned. The action of the candidate nitroxi de or nitrone adanmanti ne

derivative is daviemitedaas akl @bs dssolvegleTHEIEE mlsbchMieOH (@fml5). Tmy:likg and 20
| owi ng

ny/ kg one(l hour he .ischem a. The fol exa ertain to
an exenpl ar¥’ "é&?ﬂﬂ‘ﬁé%‘i’%géfi}%ﬂb PRIGELNGFErOUR VASFPBRE 5’8‘2’%@5’?‘%8

derivati Ve%ﬂeﬂhﬁﬁ@g&] danae 'I\wbmcﬁ&iﬂn%es @At filidhvd® Sbives s rethbusito atved i n

FIG 3. Exa . Synthesis_of 1 di acet ani i &H?%Hif i met.h mant ane (3)
| - Acet atfl do¥ teSSOHij ﬁ‘B?WF’&H&r}KH]E%@r fsy pyrifigatpn, RS 9’9?

concentrat e&hdé&'f&lw\»}eﬁ b?(Bbl‘le {42 Qndé—&nd%@&bﬁ%du yiRgkh arbhdna®. B feadtidn niiatuke  The
solution was stirred é for 1 h. Acetonltrlle 23 nL) was then

added dr Opvwwnnmétw@aéctmﬂ?ﬁawﬁﬂwwgh&&e BIOORGt s a%fﬂt?‘edc"lffb?t?'ﬁ aRtaltgng t hen

at room t enparabHEPy ﬁ’xfn lg‘yei? chfglﬂﬁtcfg?a%‘ﬁ&'eﬂfhn@‘vﬁﬁx%ﬁﬁm%@oﬂ@%ﬂ%@etht@fa@d| ce-
wat er. Saturated sodiu 2/ roxi de ‘sol uti on was added with cooling. The

preci pi t at ehefarer@/1, 3/) tOdif oy% af 4 lighayeldpw eihd 8dr®car ded. The off-white solid
was collected by filtration. Recrystallization afforded 3 as a white solid
(6.3 g)15 15 Exanple 2. Synthesis of 1, 7-diamni no-3,5-di nethyl adamant ane (4)
Diam de 3 (1.56 g) was added to diethyene glycol (25 rnL). The reaction

m xture waBxanpleSed Santhesisof agohenyl-Hr (7167 “lqﬁ%ﬂfb?wﬂg’é‘l -83on was cool ed

to room tenperature, dimethyladamantane)nitrone (8)

To 7 (54 mg) in methanol was added Na; WO, (18 mg) and 30% H;0; {80 mg),

respectively, at room temperature. The solution was stirred for 2 h. Solvent was removed
20 in vacuo to give a residne. The latter was treated with a saturated Na»S>04 solution (4

mL). The product was extracted with zerr-butyl methyl ether, and purified by thin layer

chromatography eluting with a 30% ethy] acetate solution in hexane affording 8 as a

yellow oil, 22 mg (39% yield). 1H NMR (DMSOQ-d6é, ppm): 8.36-8.33 (m, 2 H), 7.77 (s,

1H), 7.41-7.38 (m, 3 H), 7.35-7.31 (d, 1 H), 1.85-1.81 (d, 2H), 1.65-1.55 (m, 4H}, 1.48-
25  1.44 (d, 4 H), 1.36 (s, 9H), 1.22 (s, 2H), 0.83 (s, 6H}.

Example 6. Synthesis of o-phenyl-N-(7-amino-3, 5-dimethyladamantane)nitrone
(9)
Compound 8 (44 mg) was treated with a 50% trifluroacetic acid solution in

30 dichloromethane. The reaction mixture was stirred at room temperature for 45 min.

Solvent was removed in vacuo, and the product was purified by thin layer chromatography
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and water was added (100 nL). The reaction mixture was extracted:ivitia

sol vent 20 consisting of ethyl acetate (80%) and t-butylnmethyl ether (20%
(70 ral o ()ske conbined organic solvent was washed wigdwvaiens@and
brine, and o{ri ed over sodium sulfate. The solution was concentrated to

appr oxi mat @|,¥ing QidiLi 07ARRN oD etk dedge afforalg Or dsdevtit selidpb nac@T@t e was
added. The precipitate was filtered. The product was then dissolved in

wat er (10 ryisid). TH&MR JEMSO-d@ ppmxtsHet.at (mi 2 H). 8t¥ys, 180t 4244 0. 1Dx 6). 25
Sol t wa f i ami f , _ -
cample 3 TREReats! B TERLR H IR I B Res 1ahi5 fa 00, £k (31)

Exampl e 3. xycar

| ani i no- 7- lpes3zy| aiRy®idrenyl am no- 3, 5- di met hyl adamant ane ( 6)
Di-tert-butyl-dicarbonate (23 ng) was added to diamne 4 (23 ng) dissol ved
in 30 getrahydrofuran (THF) cooled to O C. The reaction m xture was
stirred at room tenperature overni ght. Benzyl chlorofonnate (25 ng) was
added, and the meaedidmificpublicatiens, pasntsti pateatapplicativonvitednptheatnews for 2 h.

THE was renoved. The residue was dissolved.,in 28 1 .2 A 004 WO
02/ 078615 PE?HO&%@&SE%‘%‘HE“%’{ﬁ?l‘“%@’%‘?‘ﬂ'“gﬂ&y\ﬁﬁﬁ’e‘% o @np]%g‘%s%sr: The sol ution

was dried over sodiumsulfate, and solvent was renoved. The product was

purified by thin |ayer chromatogr ; j with a mxture of ethyl
acetate and hexane (1/3, v/v) to zﬁégjrlggi“ﬁgg% white solid (20 ng). 5

i ot by adamant Ak oy oispah Gua R GROHRLRATNE SEIECATRERILRTNRS 1) “and
MeOH ( 20mL)invéhdoi, hi should bk appacmt wasnagtedniPund wiich may be Tea ipthe {r6&ERY gr oup

was renoved hydr ogenat i on .over r far he. .1 1O xture
was filter @&B%SB%\‘;%'H‘%“\Rgge“rrée]ﬂ%’ﬁéeﬁdmgg%g]ﬁ@?gahdiog nﬁ%‘?&gcggﬁ f:gﬁ rm%ns_gagrri_ ne) .

W t hout f urddiveie npdtiddfof eaitingraiddiisvetensthftoesuitrfraear dverrpdugtien ofaddiedxideol | oned
by benzyl braom de_and sodium hydrogen carhonate. . i ] e was
stirred at 39S gﬁ%’ép’é?]ﬁlr“%veoq%? ﬂ‘?sgﬂ@?d %1@%&0%%%%@@@ r Iélkgth ? v?/lg{lh et hyl
acetate, aneiREd hérkiath Batait, Minhisdeer dakigretyadreaphpts foglputppseg ofi th a i xture

(18" mo)1s 1o ustmhpt B, narieh sereea o b mie PkPtpest afibe B Ihsy Doy ot no
-3, 5- di neidpyiRdanmh wmel fillovore phBiular, it is contemplated by the inventor that
various substitutions, alterations, and modifications may be made to the invention without
departing from the spirit and scope of the invention as defined by the c¢laims. For instance,
the choice of the particular NMDA receptor antagonist, or the particular assay or
20  assessment to gauge the severity or persistence of the neurological, inflammatory or
neuropsychiatric disorder is believed to be a matter of routine for a person of ordinary skill

in the art with knowledge of the embodiments described herein.
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To 7 (54 ng) in methanol was added Na2WX4 (18 ng) and 30% H202 (80 ng),
respectively, at roomtenperature. The solution was stirredjfqn;2;Mh.
Sol vent was renoved 20 in vacuuo to give a residue. The latter was treated
W th a swouR&rsds Na2S204 sol ution (4 nl). The product wasPERUBEAYeH with
tert-butyl nethyl ether, and purifi edqlﬁg gl n |ayer chromat ography el uting
wth a 30% et hyl acetate solution in M@ affordi ng 8 as a yellowoil,
22 rrg (39%#) el d) IH NIVR (DVBO-d6, ppm): 8.36-8.33 (m 2 H), 7.77 (s,

7.41 8“% 735731(d | H, 1.85-1.81 (d, 2H), 1.65-1.55
(m 4H) 148 25 144 H, 1.36 (s, 9H), 1.22 (s, 2 0.83. (s,
Exanpl e 6. lSynt rﬁeg?lgPO&Pdaf Orﬁwéﬂgﬂ fPRP‘t'l?gé‘?ﬁ‘%l"}_%-s g i farhScenfihy alueBioh
5-di net hyl adamantpag)df:t rone  (9) Conpound 8 (44 ng) was treated with a 50%
trifluroacetic acid solution in 30 dichloronmethane. The reaction m xture
was stirred at roomtenperature for 45 mn. Solvent was renoved in vacuo,
and the product was purified by thin |ayer chromat ography 29 1 i, JO 70X
WO 02/ 078615 PCT/ US02/ 10361, el ti ng with 10%’met hanol in ethyl acetat e
affording 9 as a white soli *ng (97% i R 1H NVR (RVBG d6, ppm):
8.34-8.31 (M 2 H)so.7. 84cK R 1. 494,7. 44 3 H, «F. 40\3/3§(dd 1 H,
1.84-1.80 (d, 2H), 1 B6°1.56 . A5 (%, 4 H SNT22°Ks, 2H),
0.83 (s, 6H. M 298. |5 Thersscientific puplications, paten S or patent
applications cited {f{ th @nt~ ar e
i ncor porated herein S Fromthe
f oregoi ng det ai | gd-d \ 3 en%)ole i~ _he 10
invention, it shou dR pparent t hat 4oxel or‘rpounds [ y'be used in
the treatment and/of prevention of neufdl ogical, |nfIga.\“r‘Fh;\torR){2 and/ or
neur opsychi atric disorders and a uni que nethod of trdat Lp«j’sal d di sorders
that result froman overproduction of nitric oxide andRgthet, free radicals
have been described. Although particul ar enbodi mrents have been discl osed
herein in detail, this has been done by y of example f pur poses of 15
illustration onIy, &hd is not intended t&7be limiti ng V\nﬁL respect to the
scope of the appended clainms which follow In particular, i's
contenpl ated by [he.ihnventor that

poses, EQJI

R, and R are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same

or different;

R; is H, NH,, alkyl, OH, COOH, amino, amide, or carbamate;

R4-Rg are H, OH, NH,, alkyl, OH, COOH, ester, amino, amide, or

alkyloxy, and can be the same or different;

Ro-Ri4 are H, alkyl, or phenyl, and can be the same or different; and
wherein when any of R;-Rg is amino, the compounds are the free bases and their

acid addition salts.

2. The compounds as recited in claim 1, wherein R, and R3-Ry4 are independently H

or alkyl, and Ra is amino
3. The compounds as recited in claim 2, wherein alkyl is methyl, ethyl or propyl.

4. A pharmaceutical composition for preventing and/or treating a neurological
disorder comprising a therapeutically effective amount of a compound according to

claim 1 and a pharmaceutically acceptable carrier.
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various substitutions, alterations, and nodifications nmay be nade to the
i nvention without departing fromthe spirit and scope of thg;i:aveption as

.

defined Ry fMpgGkai ms. For instance, the choice of the paicdgdshanseNVDA
receptor antagonist, or the particular assay or 20 assessnment to gauge the

severity or persistence of the neurological, inflammtory or
neuropsychi atric_disorder is believed to be a matter of routine for a
person of of-di natlF ORPPHLCY of faym 4 phergin Fdasatl eigbdistrdsrHes 6t Hent s

descri bed her ei nyyedQoducfion ofGithid dRia¥ehP2h& 7Bk aqdiEhA MS What is clained is:
PCT/ U S02/103f 1 1. A conmpound of one of the follow ng fornulas or a

pharmaceutically acceptable salt thereof: RO ~Rio ~\NR 1 (1) ~N "C--Rl12
R14/ R13 whegreing p,R3 Ab&; alub an&¥ Gk inflalinBRPr aryl,
& Sgél%f:{ﬁ?oe I ggsltlﬁlmgg}_k)re an ekgllllé(éﬂ Ol-l 1 i r;p

and can be the sa nt; s H RH2, a : ,” ami no,
ami de, or car bardisirdsr colRgrifRe atherapputior]y df2tiveadkgrint ofGH;ONQOOM] acsgrdarg, toani no,

am de, or al kyl gx d can the sa r different; R9-R14 are H, alkyl,
or phenyl, and ccg?ll}lrblegﬁ%haep%sagﬁ%g%}w@ ?%Cg&%ﬁf;cggﬁrd wherei n when any of R1-R8
is am no, the conpounds are the free bases and their acid addition salts.

2. The conpounds,.as reci.ted in.claiml, wherein and -R1 re
i ndependent?‘y Hsnbercoﬁp@ on gjr?ga"ﬂf??” ergm%lggmﬁg%ﬁyoﬂ%%ﬁ(ﬁ%m}ég?@caﬁ ed in
claim 2, wherei nowakgcyductisn drefidiy loxide i/ bther fraarradiyals.

8. A method for treating a neurological disorder comprising admzinistering to a patient
in need of such treatment a therapeutically effective amount of a compound

according to claim 1 and a pharmaceutically acceptable carrier.

9. The method of claim 8, wherein said neurological disorder results from an

overproduction of nitric oxide and other free radicals.

10. The method of claim 8, wherein said neurological disorder is selected from the
group consisting of hypoxic-ischemic brain injury, trauma, epilepsy, Parkinson’s

disease, Huntington’s disease, amyotrophic lateral sclerosis, and AIDS dementia.

11. A method for treating an inflammatory disorder comprising administering to a
patient in need of such treatment a therapeutically effective amount of a compound

according to claim ! and a pharmaceutically acceptable carrier.

12. The method of claim 11, wherein said inflammatory disorder results from an

overproduction of nitric oxide and other free radicals.
13.  The method of claim 11, wherein said inflammatory disorder is selected from the
group consisting of inflammatory bowel disease, theumatoid arthritis, asthma,

atherosclerosis, coronary heart disease and reperfusion injury from heart attack.

14. A method for treating a neuropsychiatric disorder comprising administering to a
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4. A pharmaceutical conposition for preventing and/or treating a
neur ol ogi cal di sorder conprising a therapeutically effectiwewﬁﬂpﬂﬂg of a
conmpound according to claiml and a pharmaceutically acceptd% e carrier.
31 WO 02»@7gar813" -ii u26U4 PCT/ US02/ 111361 5. The conpoBtTiUsRR/YBSkl ai m 4,
wherein said neurol ogi cal disorder results froaman  overproduction of
nitric oxide andaBeH&t nged ebsichrelmest Bherappriat Nerd Bat e OB GHPSSIPPBH £ or
preventing and/ ofc4rh@atd AGnANaddY SrARIRE My Hephlletafanprising a

t herapeutical |y effecfive anount ‘of a compound according to claim1 and a
pharmaceutically acceptable carrier. 7. The conposition of claim6, wherein
sai d i nfl anmpt or ' r | 1S pds PLOENSHLO0 O 1 dd f&h C OXi de
and ot her P?ge f%g?%§%§q9§Eﬁﬁsﬁgﬁﬁ%dﬁ?%?ﬂ??%%??ﬁgla neU(oI%ngal_djsorder
conpri si ng adm rhsgenp eapsisongofpad)pretepression, hivothr dfsodec xtigtpadrpaaidiciion,
therapeutically effecti unt..of cording to claim1 and a
phar maceuti cal | yoema%geé’ﬁ?%eﬁfygHglgr&rlfhgfé%gg%gg%g?r?fgcg' of claim8, wherein said
neur ol ogi cal disorder results froman overproduction of nitric oxide and
ot her free yradicals. . The met hod of claim@g.. wherein,sald.neurol.ogical

i sor der 1 s\ Gel dhrBpoPRrRTRRR POty st or PRy G s PR AR o7
injury, trauma, ifpiphesyomprRing aasoisisringloagasat it-hiat ohgichnesmenisease,
anyotrophic lateral sclerosis, and AIDS denmentia. 11. A nmethod for treating
an i nfl anmat ory Lé?ré%uﬂéﬁly&?ﬁﬁ?"ie§F’r‘?{jmé’gﬁi°ﬁ7"§?‘g'ldiaﬁﬁmﬂ-‘835?Cl?ig’t]i aéﬁta in need of
such treat nent gpahfdcaRRUly sRbpbletdaat i ve anount of a conpound according
to claiml and a pharmaceutically acceptable carrier. 12. The net hod of
claim1l, wherein said inflammatory disorder results from an

over product{on therﬂséBf&le%iﬂ%oﬁﬂgxr@tshﬂinéﬂ]@?qrfrﬁmsﬁal s. 13. The method of

claim11l, wherein said inflammatory disorder is selected fromthe group

consi sting of inflammatory bowel disease, rheumatoid arthritis, asthna,

at heroscl erosis, coronary heart, di sease and B egerf usion injury from heart
attack. 14. A method for tr {ig a neurd iatric disprder conprising
o : " : . L
adm nistering to a BZ\E/CH Rg O\N &, O\N'/C\Rn
Ra R4 Ry
or or
Ry S~ R Ry S R, Ry Yo R,
R"l R'} N
- -O/ \C__—Ru
RM/ Rjj

(I an (1T}

wherein:

R, and R; are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same

or different;

R is H, NH», alkyl, OH, COOH, amino, amide, or carbamate;

Rs-Rg are H, OH, NHg, alkyl, OH, COOH, ester, amino, amide, or

alkyloxy, and can be the same or different;

Ro-Ry4 are H, alkyl, or phenyl, and can be the same or different; and
wherein when any of R;-Rs is amino, the compounds are the free bases and their
acid addition salts, in the manufacture of a medicament for preventing and/or

treating a neurological disorder in a patient.
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WD 0210786 1 5 1 2 A UG 2004 PCT/US02/10361 patient in need of such
treatnment a therapeutically effective anount of a corrpound1 aéébﬁﬂing to
claiml @Qﬂn%7‘ggrnaceutica!ly acceptable carrier. 15. Thedmidederh claim
14, wherein'sal d neuropsychiatric disorder is selected from the group
consi sting 1gf ”ﬁjh@ruséj&m&&g;bﬁﬁu askicBatdin S Q7 0Rhere@® hfd Rs-Relrasg addi cti on,
drug dependency, drug wthdrawal and drug tol erance. 16. A nethod for
preventing the owdepprisabcHiopalkyk 2pf Ry 5@4Hq de and other free radicals in a
patient conprising admnistering to a patient in need of such treatnent a

t herapeutically effective anount of a conpound according to claim1l and a
phar maceut i18al | hacseptadsimponrd 35 dsfinediip claphd Suwbersih alfybis getihetd fpounds
havi ng t he fornukﬁiﬁ R (1) R, R,Ro OoONCRL wherein: R and R3 are H
OH, al kyl, cycl@h yl, amno or aryl, and can be the same or different; R2
is H NH2, alkyl, OH COOH, am no, am de, or carbamate; R4-R8 are H, OH,
NH2, al kyl . .OH, ster, am np. _apode, ot | Kyl t he
same or di f¥er er;[g,enul%g%l%rr&’rpgn - ‘%’F‘f%‘; n ngrlmgﬁé‘ﬁ;%/f%é%éﬁg( egg)?]&g%?tﬁuﬁgﬁgam or
different; and redves @irth asheerpastyictddn dBhitRs okisle and nther ftdeeadiadpounds are t he
free bases and their acid addition salts, in the manufacture of a

medi canent for preventing and/or treating a neurological disorder in a
patient. 3311 2 Phelfe 0024 SRl m REhUTSGREERIREInCuiBogiddh distisler 6  a

conpound as defined in claim17, wherein R and R3-Rl14 are
selected from the group consisting of hypoxic-1schemic brain 1njury, trauma,

epilepsy, Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis,

and AIDS dementia,
22. The use of one of the compounds having the formulas:
Rs
Ry RS Ra Rﬁ
R.o\ /Rm
e CH Rg *0 "0 C
\;"/ \N R \N/ \Rll
Ry R; Rg
ar or
R, i Ry Ry yed R, Ry Vi R,
Ry Ra N
'O/ \C_\/Ru
R Ry3
(I (11} (IIT)
wherein:

R, and Rs are H, OH, alky!, cycloalkyl, amino or aryl, and can be the same
or different;

R, is H, NH,, alkyl, OH, COOH, amino, amide, or carbamate;

R4-Rjg are H, OH, NH,, alkyl, OH, COOH, ester, amino, amide, or
alkyloxy, and can be the same or different;

Rg-R 4 are H, alkyl, or phenyl, and can be the same or different; and

wherein when any of R;-Rg is amino, the compounds are the free bases and their
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i ndependently H or alkyl, and R2 is am no 19. The use of a compound as

defined in claim 18, wherein alkyl is nethyl, ethyl or propyl ’Jb%ﬁ%é The use

of a compound as defined in claim17, wherein the neurolo di sord

resul ts fYPH4A%3Yer production of nitric oxi de and ot her ??%Té Updpdh02sy| s 21.

The use of a conpo as d fined in the neur i cal

di sorder is sel é‘&'téeagd’ft’lpgﬁ? trd d@fr%‘ﬂ’ﬁ%f%%?é? i“ﬁé}lhac{?enﬁ{}b lpgéﬂ(gﬂlngc brain

injury, trauma, Rpihepsyflahaidhbondes ik paase, Hunti ngton s di sease,

anyotrophic |ateral sclerosis, and AIDS denentia. 22. The use of one of

t he conpounds having the fornmulas: Rqgq RO N Ri R2 (1) Ry wherein: Rl and

R3 are H, O3 al mhle,us@wd @ﬁ{plﬁﬂllldas@ﬁﬁﬂﬁi 1Qk1adh b, wihéh RAhd¥e,-R Reresame  or

different; R2 is NH2, al kyl, OH, COOH, am no, am de, or carbanate;

R4-R8 are H, OH, 1W°”¢‘&P%X/H°T€iklyl @Ok, S@WNY | amino, amide, or al kyl oxy,

and can be the sanme or different; R9-R14 are H, alkyl, or phenyl, and can

be the sane or different; and Wnerein when any of R1-R8 is amno, the

conpounds aré- t hdhepseolepampoarthstdnngd ig4laim 23| wigkeinaliyl isyneth?) othgbars

PCT/ US021 10361 a:b %{ﬁddi tion salts, in the manufacture of a nedi canment for

preventing and/ o eating an |nflarrmat ory disorder in a patient. 23. The

use of a conpound as defl ned in claim?22, wherein R, and R3-Rl14 are

Idglgleﬁggdlegt L.dl”%a:_lmofglg use edr ceo?‘n%g) Iill:%asldcfn?‘eql]r%gg a%f{‘ZlT eere[ i fhe mﬂaMaQ(%W%ﬁggiegs
results form an overproduction of nitric ox1de and other free rad:cals

26.  The use of a compound as defined in claim 21, wherein said inflammatory disorder
is selected from the group consisting of inflammatory bowel disease, rheumatoid
arthritis, asthma, atherosclerosis, coronary heart disease and reperfusion injury

from heart attack.

27.  The use of one of the compounds having the formulas:
Rs
R
4 Rs Ry Rg R
>'>_—<( 2 Ry
- N
0 CH Rg ‘o o C
St ~
N \N R \N/ Ry
Ry Ry Ry
or or
Ry g R, Ry N R, Ry - R,
Rz Rg N
. O/ \C,_ Ry,
SN
Rll R|3

M (Im ()

wherein:
R, and R; are H, OH, alky!, cycloalkyl, amino or aryl, and can be the same
or different;
R, is H, NHs,, alkyl, OH, COOH, amino, amide, or carbamate;
Ra-Rs are H, OH, NH,, alkyl, OH, COOH, ester, amino, amide, or
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25. The use of a compound as defined in claim21l, wherein the inflammtory
disorder results forman overproduction of nitric oxide and pkhemufree

radi cal %Ygﬁ,m_%pﬁ use of a conpound as defined in claim2lpcphgsgigniepai d
i nflanmatory disorder is selected fromthe group consisting of

i nfl ammat ory bowel dieﬁt?ﬁﬁg,’anﬁla Oifhe &'difttltd s, asthma, atherosclerosis,
coronary heart disease’and reperfusion injury fromheart attack. 27. The
use of one of the coRpdRinas Hhalkiingr pHeeylf axdushds theRame by dif@reaRiand ONC Rii \ C

URL,/ R13 wherei,n: . Rl and re H. | kyl . .c | Kyl I ha. or aryl,
and can be the L4 8%8'5?%05%‘ é’%" 15 "’F@mfgsjth?-?o Pdsa%/r%ﬂ%?re%?ge%&%gm no,

am de, or car bagsideditibd s4Rs, ianie hnu@Gdrurdlbls maticyhent @l pr@idkg apdfoer , am no,
amde, or 35 1 2 A 2004 WO 2‘2/_07 613 PCT/ US02/ 10361 al kyl oxy, and can be
the sane or diffiERWH2 MREPRIACIRRCLI'RGPADY phenyl, and can be the sanme
or different; and wherein when any of RI-R3 is am no, the conpounds are
the free bases and their acid addition salts, in the manufacture of a

medi cament Bor pgheventt ong chia cempounte Bavingyths IrBWaSpsychi atric disorder in a
patient. 28. The use of one of the conmpounds having the formulas: R3 R2 R,
O- RRiRo N\ CRit

Ry

R4 Rs Ry Rq
Ro\ /R,o
e CH Rs *0 *o C
~HE ~u Ry N Ry
Ry R, Rg
ar or
Ry ~ R, Ry o R, Ry ~ R,
Ry Ra N
.0/ \C”R‘
5
R'4/ Riy
(D (an (T}

wherein:

R, and R; are H, OH, alkyl, cycloalkyl, amino or aryl, and can be the same

or different;

R, is H, NH,, alkyl, OH, COOH, amino, amide, or carbamate;

Ra-Rg are H, OH, NH;, alky], OH, COOH, ester, amino, amide, ot

alkyloxy, and can be the same or different;

Ro-Ri4 are H, alkyl, or phenyl, and can be the same or different; and
wherein when any of R;-Rg is amino, the compounds are the free bases and their
acid addition salts, in the manufacture of a medicament for preventing the

overproduction of nitric oxide and other free radicals in a patient.
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ol---" \C-RQ R4/ "Ria (l) wherein: Rl and R3 are H, OH, alkyl,

cycloal kyl, amno or aryl, and can be the sane or different; R2 is H NH2,
al kyl, OH, COON, am no, anmide, or carbamate; R4-Rs are H, C}gﬁgkﬁwﬂalkyl,
OH, COOH, ester, amino, amide, or alkyloxy, and can be the safie’
different; RO-R14 are H, alkyl, or phenyl, and can be the sane or
different; and wherein when any of RlL-Rg is am no, the conpounds are the
free bases and their acid addition salts, in the nmanufacture of a

medi canment for preventing the overproduction of nitric oxide and ot her
free radicals in a patient. 36 | ~ 95 2004 29. A conmpound of one of the
follow ng formulas or a pharmaceutically acceptable salt-thereof: RO Rlo
ONl--,\Rt R R . amM Rl4 R) R2is H NH2, alkyl, OH COOH, am de, or
carbamate; Rl and R3-Rl14 are independently H or alkyl, wherein when R2 is
am no, the conpounds are the free bases and their acid addition salts,
further wherein when R2 is amno in fornula |, at |east one of RA-R8 is

al kyl . 30. The conpound of claim 29, wherein said conpound is of Formula
(). 31. The conpound of claim29, wherein said conpound is of Fornula
(11). 32. Pne compemreurs otong ohtbofolipwersformylas dr ep neliticgllphccEpirbigl a

(111). salt-thereof;

Rs

R,
! Rs R Rg
e CH R R‘?\ R
N § ‘o ! c
N / \N R7 \N/ \R”
Rg R, RB
or . or
Rs Yadl Ry Ry Vad R By y R,
Ry Rz N
* O/ \C-—’Rlz
R"/ \ 13
(M (1) (111)
wherein:

R; 1s H, NH;, alkyl, OH, COOH, amide, or carbamate;

R1 and Ri-R4 are independently H or alkyl,

wherein when Rz is amino, the compounds are the free bases and their acid addition salts,
further wherein when R; is amino in formula I, at least one of R4-Rg is alkyl.

30. The compound of claim 29, wherein said compound is of Formula (I).

31. The compound of claim 29, wherein said compound 1s of Formula (II).

32. The compound of claim 29, wherein said compound is of Formula ().
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