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(57) ABSTRACT 

The present invention provides novel aminoadamantane 
derivatives, methods of making the derivatives, composi 
tions including the novel aminoadamantane derivatives, and 
methods for the treatment and prevention of neurological 
diseases using the derivatives and compositions. There are a 
variety of neurological disorders that can be treated using 
the present invention, including, for example, the following: 
neurological disorders arising from trauma, ischemic or 
hypoxic conditions that can be treated include stroke, 
hypoglycemia, cerebral ischemia, cardiac arrest, spinal cord 
trauma, head trauma, perinatal hypoxia, cardiac arrest and 
hypoglycemic neuronal damage; neurodegenerative disor 
ders such as epilepsy, Alzheimer’s disease, Huntington’s 
disease Parkinsonism, and amyotrophic lateral sclerosis; 
other diseases or disorders such as convulsion, pain, depres 
sion, anxiety, schizophrenia, muscle spasms, migraine head 
aches, urinary incontinence, nicotine Withdrawal, opiate 
tolerance and Withdrawal, emesis, brain edema, tardive 
dyskinesia, AIDS-induced dementia, ocular damage, retin 
opathy, cognitive disorders, and neuronal injury associated 
With HIV-infection such as dysfunction in cognition, move 
ment and sensation. 
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Figure 6 
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Fig. 7 
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Fig. 8 
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AMINOADAMANTANE DERIVATIVES AS 
THERAPEUTIC AGENTS 

BACKGROUND OF THE INVENTION 

[0001] Certain adamantane derivatives have been used to 
treat illnesses. Rimantadine (1-(1-aminoethyl)adamantane) 
is used for the prophylaxis and treatment of in?uenza in 
humans. Amantadine has been used for the treatment of both 
in?uenza and Parkinson’s disease (SchWab et al., J. Am. 
Med. Assoc. (1969) 20811168). Another derivative, meman 
tine, is currently under clinical investigation for the treat 
ment of various neurodegenerative diseases and has been 
licensed for the treatment of Parkinson’s associated spastic 
ity in Germany (Schneider et al., Dtsch. Med. Wschr'. (1984) 
1091987). 
[0002] Memantine protects cortical and retinal neuron 
cultures from the toxicity of glutamate, NMDA and the 
HIV-1 coat protein gp120 (Dreyer et al., Science (1990) 
2481364). Recent studies demonstrate that it prevents quino 
linic acid-induced hippocampal damage in rats (Kelhoff and 
Wolf., Eur J. Pharmacol. (1992) 2191451). Memantine 
demonstrates antiphypoXic properties in vitro and in vivo. It 
is thought that memantine eXerts a neuroprotective effect 
because it is a micromolar antagonist of the NMDA receptor 
(Bormann J., Eur J. Pharmacol. (1989) 1661591). 

[0003] While memantine is being used to treat neurologi 
cal disorders, the variety and severity of neurological dis 
eases presents a need for other neuroprotective agents. The 
present invention provides novel compounds, compositions 
and methods for the treatment of neurological diseases. The 
present invention also provides methods of making the novel 
compounds. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides compounds that 
can be used in the treatment of neurological diseases. The 
compounds are of the folloWing formula or pharmaceuti 
cally acceptable salts thereof: 

[0005] The groups R1, R2, R3, R4 and R5 of the formula are 
independently de?ned. R1 is H, alkyl, heteroalkyl, aryl, 
heteroaryl, C(O)OR6 or C(O)R6. R2 is H, alkyl, heteroalkyl, 
aryl, heteroaryl, C(O)OR6 or C(O)R6. R3 is H, alkyl, het 
eroalkyl, aryl or heteroaryl. R4 is H, alkyl, heteroalkyl, aryl 
or heteroaryl. R5 is OR7, alkyl-OR7 or heteroalkyl-OR7. R6 
is alkyl, heteroalkyl, aryl or heteroaryl. R7 is NO2, C(O)R6, 
C(O)alkyl-ONO2 or C(O)heteroalkyl-ONO2. The folloWing 
substituents are preferred: R1 and R2 are H; R3 and R4 are H 
or alkyl; and, R7 is NO2 or C(O)alkyl-ONO2. 

[0006] The present invention also provides pharmaceuti 
cal compositions that can be used to treat a neurological 
disorder. The compositions include a pharmaceutically 

Feb. 12, 2004 

acceptable carrier and one or more compounds of the 
folloWing formula or pharmaceutically acceptable salts 
thereof: 

[0007] The substituents of the compounds are indepen 
dently de?ned. R1 is H, alkyl, heteroalkyl, aryl, heteroaryl, 
C(O)OR6 or C(O)R6. R2 is H, alkyl, heteroalkyl, aryl, 
heteroaryl, C(O)OR6 or C(O)R6. R3 is H, alkyl, heteroalkyl, 
aryl or heteroaryl. R4 is H, alkyl, heteroalkyl, aryl or 
heteroaryl. R5 is OR7, alkyl-OR7 or heteroalkyl-OR7. R6 is 
alkyl, heteroalkyl, aryl or heteroaryl. R7 is NO2, C(O)R6, 
C(O)all<yl-ONO2 or C(O)heteroalkyl-ONO2. The folloWing 
substituents are preferred: R1 and R2 are H; R3 and R4 are H 
or alkyl; and, R7 is NO2 or C(O)alkyl-ONO2. 

[0008] The present invention also provides methods of 
treating a neurological disorder. The methods include 
administering to a patient a pharmaceutically acceptable 
carrier and one or more compounds of the folloWing for 
mula, or pharmaceutically acceptable salts thereof: 

NRIRZ 

[0009] The substituents of the compounds are indepen 
dently de?ned. R1 is H, alkyl, heteroalkyl, aryl, heteroaryl, 
C(O)OR6 or C(O)R6. R2 is H, alkyl, heteroalkyl, aryl, 
heteroaryl, C(O)OR or C(O)R6. R3 is H, alkyl, heteroalkyl, 
aryl or heteroaryl. R4 is H, alkyl, heteroalkyl, aryl or 
heteroaryl. R5 is OR7, alkyl-OR7 or heteroalkyl-OR7. R6 is 
alkyl, heteroalkyl, aryl or heteroaryl. R7 is NO2, C(O)R6, 
C(O)all<yl-ONO2 or C(O)heteroalkyl-ONO2. The folloWing 
substituents are preferred: R1 and R2 are H; R3 and R4 are H 
or alkyl; and, R7 is NO2 or C(O)alkyl-ONO2. 
[0010] The present invention further provides methods of 
making compounds of the folloWing formula or pharmaceu 
tically acceptable salts thereof: 

[0011] The substituents of the compounds are indepen 
dently de?ned. R1 is H, alkyl, heteroalkyl, aryl, heteroaryl, 
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C(O)OR6 or C(O)R6. R2 is H, alkyl, heteroalkyl, aryl, 
heteroaryl, C(O)OR6 or C(O)R6. R3 is H, alkyl, heteroalkyl, 
aryl or heteroaryl. R4 is H, alkyl, heteroalkyl, aryl or 
heteroaryl. R5 is OR7, alkyl-OR7 or heteroalkyl-OR7. R6 is 
alkyl, heteroalkyl, aryl or heteroaryl. R7 is NO2, C(O)R6, 
C(O)alkyl-ONO2 or C(O)heteroalkyl-ONO2. The following 
substituents are preferred: R1 and R2 are H; R3 and R4 are H 
or alkyl; and, R7 is NO2 or C(O)alkyl-ONO2. 

[0012] Preferably, the methods involve oxidizing a com 
pound of the following formula: 

[0013] Preferably, the methods further involve nitrating a 
compound of the formula: 

[0014] Preferably, the compound is treated With H2SO4 
and Water in the oxidation step. The nitration step preferably 
includes treatment With HNO3 and Ac2O. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs the synthesis of an adamantane 
nitrate derivative. 

[0016] FIG. 2 shoWs the synthesis of an adamantane ester 
derivative. 

[0017] FIG. 3 shoWs the synthesis of halo and nitrate 
substituted adamantane ester derivatives. 

[0018] FIG. 4 shoWs the synthesis of an alkyl-ONO2 
derivative of adamantane. 

[0019] FIG. 5 shoWs the inhibition of NMDA induced 
apoptosis in cerebrocortical neurons by compound 7. Cere 
brocortical cultures Were exposed to 300 pM NMDA for 20 
min With or Without various concentrations of compound 7. 
The next day cultures Were analyZed by neuronal apoptosis 
as described in Example 19. Neuronal apoptosis Was largely 
prevented by compound 7 in a dose-dependent manner 
(P<0.001, n=3 cultures in each case). 

[0020] FIG. 6 shoWs that administration of compound 7 
decreases cerebral damage after stroke in a murine cerebral 
ischemia model as compared to both a control and meman 
tine (see Example 20). Use of the intraluminal suture method 
demonstrated (n=3 for each group) that compound 7 Was 
effective in decreasing cerebral damage after stroke (P<0.03 
from control: P<0.05 from memantine). 
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[0021] FIG. 7 shoWs that administration of compound 8 
relaxes a precontracted aortic vessel in a dose-dependent 
fashion (see Example 21). FIG. 7a shoWs that relaxations 
Were seen at 10-8 M and complete relaxation Was achieved 
at 10'6 M. FIG. 7b shoWs the effect of solvent. FIG. 7c 
shoWs that relaxations Were attenuated by methylene blue. 
FIG. 7a' shoWs that relaxations Were attenuated by hemo 
globin. 
[0022] FIG. 8 shoWs that the action of aminoadamantane 
derivatives are speci?c. Compound 9(a) and 10(c) produced 
either no effect or slight blood vessel contractions that Were 
comparable to those produced by solvent (EtOH) alone. 
Compound 7(b) produced modest relaxation at a 10 microM 
concentration. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0023] The term “Alkyl” refers to unsubstituted or substi 
tuted linear, branched or cyclic alkyl carbon chains of up to 
15 carbon atoms. Linear alkyl groups include, for example, 
methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl 
and n-octyl. Branched alkyl groups include, for example, 
iso-propyl, sec-butyl, iso-butyl, tert-butyl and neopentyl. 
Cyclic alkyl groups include, for example, cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl. Alkyl groups can be 
substituted With one or more substituents. Nonlimiting 
examples of such substituents include NO2, ONO2, F, Cl, Br, 
I, OH, OCH3, CO2H, CO2CH3, CN, aryl and heteroaryl. 
Where “alkyl” is used in a context such as “alkyl-ONOZ,” it 
refers to an alkyl group that is substituted With a ONO2 
moiety. Where “alkyl” is used in a context such as 
“C(O)alkyl-ONO2,” it refers to an alkyl group that is con 
nected to a carbonyl group at one position and that is 
substituted With a ONO2 moiety. 

[0024] The term “Heteroalkyl” refers to unsubstituted or 
substituted linear, branched or cyclic chains of up to 15 
carbon atoms that contain at least one heteroatom (e.g., 
nitrogen, oxygen or sulfur) in the chain. Linear heteroalkyl 
groups include, for example, CH2CH2OCH3, 
CH2CH2N(CH3)2 and CH2CH2SCH3. Branched groups 
include, for example CH2CH(OCH3)CH3, 
CH2CH(N(CH3)2)CH3 and CH2CH(OCH3)CH3. Cyclic het 
eroalkyl groups include, for example, CH(CH2CH2)2O, 
CH(CH2CH2)2NCH3 and CH(CH2CH2)2S. Heteroalkyl 
groups can be substituted With one or more substituents. 

Nonlimiting examples of such substituents include NO2, 
ONO2, F, Cl, Br, I, OH, OCH3, CO2H, CO2CH3, CN, aryl 
and heteroaryl. Where “heteroalkyl” is used in a context 
such as “heteroalkyl-ONO2,” it refers to a heteroalkyl group 
that is substituted With an ONO2 moiety. Where “het 
eroalkyl” is used in a context such as “C(O)heteroalkyl 
NO2,” it refers to an alkyl group that is connected to a 
carbonyl group at one position and that is substituted With a 
ONO2 moiety. 
[0025] The term “Halo” refers to F, Cl, Br or I. 

[0026] The term “Aryl” refers to an unsubstituted or 
substituted aromatic, carbocyclic group. Aryl groups are 
either single ring or multiple condensed ring compounds. A 
phenyl group, for example, is a single ring, aryl group. An 
aryl group With multiple condensed rings is exempli?ed by 
a naphthyl group. Aryl groups can be substituted With one or 
more substituents. Nonlimiting examples of such substitu 
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ents include N02, ONO2, F, Cl, Br, I, OH, OCH3, COZH, 
CO2CH3, CN, aryl and heteroaryl. 
[0027] The term “Heteroaryl” refers an unsubstituted or 
substituted aromatic group having at least one heteroatom 
(e.g., nitrogen, oxygen or sulfur) in the aromatic ring. 
Heteroaryl groups are either single ring or multiple con 
densed ring compounds. Single ring heteroaryl groups hav 
ing at least one nitrogen include, for example, tetraZoyl, 
pyrrolyl, pyridyl, pyridaZinyl, indolyl, quinolyl, imidaZolyl, 
isoquinolyl, pyraZolyl, pyraZinyl, pyrimidinyl and pyridaZi 
nonyl. A furyl group, for example is a single ring heteroaryl 
group containing one oxygen atom. A condensed ring het 
eroaryl group containing one oxygen atom is exempli?ed by 
a benZofuranyl group. Thienyl, for example, is a single ring 
heteroaryl group containing one sulfur atom. A condensed 
ring heteroaryl group containing one sulfur atom is exem 
pli?ed by benZothienyl. In certain cases, heteroaryl groups 
contain more than one kind of heteroatom in the same ring. 
Examples of such groups include furaZanyl, oxaZolyl, isox 
aZolyl, thiaZolyl and phenothiaZinyl. Heteroaryl groups can 
be substituted With one or more substituents. Nonlimiting 
examples of such substituents include N02, ONO2, F, Cl, Br, 
I, OH, OCH3, COZH, CO2CH3, CN, aryl and heteroaryl. 
[0028] The compounds of the present invention are ami 
noadamantane derivatives. The aminoadamantane deriva 
tives are of the folloWing formula: 

[0029] The groups R1, R2, R3, R4 and R5 of the formula are 
independently de?ned. R1 is H, alkyl, heteroalkyl, aryl, 
heteroaryl, C(O)OR6 or C(O)R6. R2 is H, alkyl, heteroalkyl, 
aryl, heteroaryl, C(O)OR6 or C(O)R6. R3 is H, alkyl, het 
eroalkyl, aryl or heteroaryl. R4 is H, alkyl, heteroalkyl, aryl 
or heteroaryl. R5 is 0R7, alkyl-OR7 or heteroalkyl-OR7. R6 
is alkyl, heteroalkyl, aryl or heteroaryl. R7 is N02, C(O)R6, 
C(O)alkyl-ONO2 or C(O)heteroalkyl-ONO2. The folloWing 
substituents are preferred: R1 and R2 are H; R3 and R4 are H 
or alkyl; and, R7 is NO2 or C(O)alkyl-ONO2. 
[0030] Preferably, R1 is H and R2 is H, C(O)O-alkyl or 
C(O)O-aryl. Where R2 is C(O)O-alkyl, it is preferred that the 
alkyl group is methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
sec-butyl, tert-butyl or benZyl. Where R2 is C(O)O-aryl, it is 
preferred that the aryl group is phenyl or a substituted 
phenyl. More preferably, R1 and R2 are both H. 
[0031] Preferably, both R3 and R4 are H or linear alkyl 
groups. R3 and R4 can be the same or different. Where R3 
and R4 are both alkyl groups, it is preferred that the groups 
are methyl, ethyl, n-propyl, n-butyl, sec-butyl, tert-butyl or 
benZyl. 
[0032] Preferably, R5 is ONO2, O-alkyl-ONO2 or OC(O) 
alkyl-ONO2. Where R5 is O-alkyl-ONO2, it is preferred that 
the alkyl group be CH2, CH2CH2 or CH2CH2CH2. Where R5 
is OC(O)-alkyl-ONO2, it is preferred that the alkyl group be 
CH2, CH2CH2, CH2CH2CH2 or CH2CH2CH2. More pref 
erably, R5 is ONO2. 
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[0033] The aminoadamantane derivatives of the present 
invention are synthesiZed starting from a haloadamantane 
derivative. The haloadamantane derivative is treated With 
acid and a nitrile to form an amidoadamantane derivative. 
Treatment of the amidoadamantane derivative With an acid 
and second reagent provides a functionaliZed amidoadaman 
tane derivative. 

[0034] In certain cases, the second reagent used to form 
the functionaliZed amidoadamantane derivative is Water. 
The compound formed in this case is an amido alcohol. The 
amido alcohol is either nitrated to provide an amido nitrate 
derivative or hydrolyZed to provide an amino alcohol deriva 
tive. Where an amino alcohol is formed, a variety of 
different steps can be used to make other aminoadamantane 
derivatives, including the folloWing nonlimiting examples: 
1) protection of the amine group, folloWed by nitration of the 
alcohol group and deprotection of the amine group to 
provide an amino nitrate derivative; 2) protection of the 
amine group, folloWed by esteri?cation of the alcohol group 
and deprotection of the amine group to provide an amino 
ester derivative; and, 3) protection of the amine group, 
folloWed by esteri?cation to With a halogenated acid chlo 
ride and nucleophilic displacement to provide an carbamate 
nitrate-ester derivative. 

[0035] In other cases, the second reagent used to form the 
functionaliZed amidoadamantane derivative is formic acid. 
The compound formed in this case is an amido acid. The 
amido acid is subjected to conditions that form an amido 
alkanol. The amido alkanol is either nitrated to provide an 
amido alkane nitrate derivative or deprotected to provide an 
amino alkanol derivative. Where an amino alkanol deriva 
tive is formed, the amine group is protected to form an 
amido alkanol derivative, Which is subsequently nitrated to 
provide an amido alkane-nitrate derivative. Deprotection of 
the amido group affords an amino alkane-nitrate derivative. 

[0036] FIG. 1 shoWs the synthesis of an amido nitrate 
derivative. Compound 1, a dimethyl-bromo-adamantane, 
Was treated With sulfuric acid and acetonitrile to afford the 
dimethyl amido compound 2. Amide 2 Was reacted With 
sulfuric acid and Water, providing amido alcohol 3, Which 
Was nitrated using nitric acid and acetic anhydride to form 
compound 8. 
[0037] FIG. 1 also shoWs the synthesis of an amino nitrate 
derivative. Compound 3 Was deprotected With sodium 
hydroxide, affording amino alcohol 4. The amine group of 
compound 4 Was protected With (BOC)2O to form the 
carbamate alcohol 5. Carbamate 5 Was nitrated using nitric 
acid and acetic anhydride, providing nitrate 6, Which Was 
deprotected upon treatment With hydrochloric acid to form 
amino nitrate hydrochloride salt 7. 

[0038] FIG. 2 shoWs the synthesis of an amino ester 
derivative. Amino alcohol 9 Was alkylated With tWo equiva 
lents of benZyl bromide to afford protected amino alcohol 
10. Compound 10 Was acetylated, yielding ester 11. Ester 11 
Was subjected to hydrogenation and then acidi?ed to provide 
the amino alcohol hydrochloride salt 12. 

[0039] FIG. 3 shoWs the synthesis of a carbamate nitrate 
ester derivative. Amino alcohol 9 Was protected upon treat 
ment With (PhCH2OCO)2O, yielding carbamate 13. Car 
bamate 13 Was esteri?ed using a haloalkyl acid chloride to 
provide compound 14, Which Was subjected to nucleophilic 
displacement With AgNO3, affording carbamate nitrate-ester 
15. 
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[0040] FIG. 4 shows the synthesis of an amido alkyl 
nitrate derivative. Amide 2 Was reacted With sulfuric acid 
and formic acid to form amido acid 16. Treatment of 
compound 16 With triethyl amine and ethyl chloroformate, 
providing a mixed anhydride, followed by reduction With 
sodium borohydride yielded amido alkanol 17. Nitration of 
17 using nitric acid and acetic anhydride afforded amido 
alkyl-nitrate 22. 

[0041] FIG. 4 also shoWs the synthesis of an amino 
alkyl-nitrate derivative. Amido alkanol 17 Was deprotected 
With sodium hydroxide and acidi?ed With hydrochloric acid 
to provide 18. The amine group of compound 18 Was 
protected upon reaction With N-benZyloxycarbonyloxysuc 
cinimide, forming carbamate 19, and subsequently nitrated 
using nitric acid and acetic aphydride to yield carbamate 
alkyl-nitrate 20. The carbamate of compound 20 Was 
removed With hydrobromic acid and acetic acid, providing 
amino alkyl-nitrate 21. 

[0042] There are a number of compounds that are prefer 
able intermediates for the synthesis of either amido or amino 
alkyl-nitrate derivatives. Such compounds include amido 
acid 16, amido alkanol 17 and amino alcohol hydrochloride 
salt 18. 

[0043] The compounds and compositions of the present 
invention can be used to treat a number of disease states. 
Examples of neurological disorders arising from trauma, 
ischemic or hypoxic conditions that can be treated include 
stroke, hypoglycemia, cerebral ischemia, cardiac arrest, spi 
nal cord trauma, head trauma, perinatal hypoxia, cardiac 
arrest and hypoglycemic neuronal damage. Neurodegenera 
tive disorders such as epilepsy, AlZheimer’s disease, Hun 
tington’s disease, Parkinsonism, and amyotrophic lateral 
sclerosis can also be treated. Other diseases or disorders that 
can be ameliorated through administration of the compounds 
and compositions include, Without limitation, the folloWing: 
convulsion, pain, depression, anxiety, schiZophrenia, muscle 
spasms, migraine headaches, urinary incontinence, nicotine 
WithdraWal, opiate tolerance and WithdraWal, 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. 

[0044] The aminoadamantane derivatives of the present 
invention can be administered to a patient in the form of a 
pharmaceutically acceptable salt or in a pharmaceutical 
composition. A compound that is administered in a pharma 
ceutical composition is mixed With a suitable carrier or 
excipient such that a therapeutically effective amount is 
present in the composition. The term “therapeutically effec 
tive amount” refers to an amount of the aminoadamantane 
derivative that is necessary to achieve a desired endpoint 
(e.g., decreasing neuronal damage as the result of a stroke). 

[0045] A variety of preparations can be used to formulate 
pharmaceutical compositions containing the aminoadaman 
tane derivatives, including solid, semi solid, liquid and 
gaseous forms. Remington ’s Pharmaceutical Sciences, 
Mack Publishing Company (1995) Philadelphia, Pa., 19th 
ed. Tablets, capsules, pills, poWders, granules, dragees, gels, 
slurries, ointments, solutions suppositories, injections, inhal 
ants and aerosols are examples of such formulations. The 
formulations can be administered in either a local or sys 
temic manner or in a depot or sustained release fashion. 

Feb. 12, 2004 

Administration of the composition can be performed in a 
variety of Ways. Among others, oral, buccal, rectal, 
parenteral, intraperitoneal, intradermal, transdermal and 
intratracheal means can be used. 

[0046] Where the aminoadamantane derivative is given by 
injection, it can be formulated by dissolving, suspending or 
emulsifying it in an aqueous or nonaqueous solvent. Veg 
etable or similar oils, synthetic aliphatic acid glycerides, 
esters of higher aliphatic acids and propylene glycol are 
examples of nonaqueous solvents. The compound is pref 
erably formulated in aqueous solutions such as Hank’s 
solution, Ringer’s solution or physiological saline buffer. 

[0047] Where the aminoadamantane derivative is given 
orally, it can be formulated through combination With phar 
maceutically acceptable carriers that are Well knoWn in the 
art. The carriers enable the compound to be formulated, for 
example, as a tablet, pill, suspension, liquid or gel for oral 
ingestion by the patient. Oral use formulations can be 
obtained in a variety of Ways, including mixing the com 
pound With a solid excipient, optionally grinding the result 
ing mixture, adding suitable auxiliaries and processing the 
granule mixture. The folloWing list includes examples of 
excipients that can be used in an oral formulation: sugars 
such as lactose, sucrose, mannitol or sorbitol; cellulose 
preparations such as maiZe starch, Wheat starch, potato 
starch, gelatin, gum tragacanth, methyl cellulose, hydrox 
ypropylmethyl-cellulose, sodium carboxymethylcellulose 
and polyvinylpyrrolidone (PVP). 

[0048] The aminoadamantane derivative of the present 
invention can also be delivered in an aerosol spray prepa 
ration from a pressuriZed pack, a nebuliZer or from a dry 
poWder inhaler. Suitable propellants that can be used in a 
nebuliZer include, for example, dichlorodi?uoro-methane, 
trichloro?uoromethane, dichlorotetra?uoroethane and car 
bon dioxide. The dosage can be determined by providing a 
valve to deliver a regulated amount of the compound in the 
case of a pressuriZed aerosol. 

[0049] Pharmaceutical compositions of the present inven 
tion contain a therapeutically effective amount of the ami 
noadamantane 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 taken into account in 
deciding the proper amount. The determination of a thera 
peutically effective amount of an aminoadamantane deriva 
tive is Well Within the capabilities of one With skill in the art. 

[0050] Although a therapeutically effective amount of an 
aminoadamantane derivative Will vary according to the 
patient being treated, suitable doses Will typically include 
betWeen about 0.1 mg and 1000 mg of the compound. 
Preferably, a dose contains betWeen about 0. I mg and 500 
mg of the compound. More preferably, a dose contains 
betWeen about 0.1 mg and 250 mg of the compound. 

[0051] 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 treatment in conjunction With 
a response of a particular patient. 

[0052] The folloWing examples are provided to illustrate, 
not limit, the present invention. 
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EXAMPLE 1 

[0053] Synthesis of 1-acetamido-3,5-dimethyl-7-hydroxy 
adamantane 

[0054] Fuming H2SO4 (3 mL) Was added to 1-acetamido 
3,5-dimethyladamantane (0.2 g) at 0° C. under nitrogen and 
the reaction mixture Was stirred at 0° C. for 1 h. The reaction 
mixture Was poured onto ice (10 g) and the product Was 
extracted With ether (10 mL><4). The combined ether solu 
tion Was Washed With brine (10 mL) and Water (10 mL). The 
solution Was dried using sodium sulfate. The solvent Was 
removed in vacuo and, after crystallization on standing, 70 
mg of White product Was obtained. Pure product Was 
obtained by recrystalliZation in ether. 1H NMR (DMSO-d6, 
ppm): 7.30 (brs, 1 H, NH), 4.37 (brs, 1 H, OH), 1.72 (s, 3 
H, COCH3), 1.65 (s, 2 H), 1.47 (s, 4 H), 1.24-1.14 (dd, 4 H, 
J=11.2, 23.9 HZ), 0.99 (s, 2 H), 0.82 (s, 6 H, 2><CH3). m.p. 
194-195° C. Anal. (C14H23NO2), C. H. N. 

EXAMPLE 2 

[0055] Synthesis of 1-amino-3,5-dimethyl-7-hydroxyada 
mantane hydrochloride 

[0056] 1-Acetamido-3,5-dimethyl-7-hydroxyadamantane 
(0.4 g) and NaOH (1.1 g) Were added to diethylene glycol (7 
mL) and the reaction mixture Was heated to 175° C. for 15 
h. After cooling to room temperature, ice (10 g) Was added 
and the product Was extracted With ether (10 mL><4). The 
combined ether solution Was Washed With brine (10 mL) and 
Water (10 mL). The solution Was dried using sodium sulfate. 
The solvent Was removed in vacuo and, after crystallization 
on standing, 250 mg of White product Was obtained. HCl in 
ethyl acetate Was added to convert the free base to HCl salt. 
1H NMR (DMSO-d6, ppm): 8.12 (brs, 2 H, NH), 4.72 (brs. 
1 H, OH), 1.58 (s, 2 H), 1.40-1.31 (dd, 4 H, J=12.3, 21.6 
HZ), 1.23 (s, 4 H), 1.08-0.98 (dd, 2 H, J=12.6, 23.3 HZ), 0.88 
(s, 6 H, 2><CH3). m. p. 281-282° C. Anal. (C12H22NOCl+0.5 
H2O), C. H. N. 

Example 3 

[0057] Synthesis of 1-tert-butylcarbamate-3,5-dimethyl 
7-hydroxy-adamantane 
[0058] 1-Amino-3,5-dimethyl-7-hydroxyadamantane 
(100 mg) Was dissolved in tetrahydrofuran (2 mL). Triethy 
lamine (180 mL), di-tert-butyl dicarbonate (336 mg) and 
dimethylaminopyridine (2 mg) Were added sequentially. The 
reaction mixture Was stirred at room temperature for 3 h and 
then 0.5 N NaOH (2 mL) Was added. The reaction mixture 
Was stirred overnight. Triethylamine Was removed in vacuo 
and ether Was added. The ether solution Was Washed With 0.1 
N HCl and brine. The solution Was dried using sodium 
sulfate. Solvent Was removed in vacuo and 60 mg of product 
Was obtained after crystalliZation on standing in ether. 1H 
NMR (DMSO-d6, ppm): 6.35 (brs, 1 H, NH), 4.35 (brs, 1 H, 
OH), 1.59 (s,2 H), 1.40 (s, 4 H), 1.35 (s,9 H, 3><CH3), 
1.22-1.13 (dd, 4 H, J=11.1, 20.6 HZ), 0.99 (s, 2 H), 0.82 (s, 
6 H, 2><CH3). 

EXAMPLE 4 

[0059] Synthesis of 1-tert-butylcarbamate3,5-dimethyl-7 
nitrate-adamantane 

[0060] A cooled (0° C.) acetyl nitrate (0.08 mL, from a 
mixture of fuming HNO3 and acetic anhydride (1:1.5/v:v) 
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Was added to a dichloromethane (1 mL) solution of 1-tert 
butylcarbamate-3,5-dimethyl-7-hydroxyadamantane (40 
mg) at 0° C. under nitrogen and the reaction mixture Was 
stirred at 0° C. for 15 minutes. 1 N sodium hydrogen 
carbonate solution (5 mL) Was added and the product Was 
extracted With dichloromethane (10 mL). The dichlo 
romethane solution Was Washed With Water (10 mL><3). The 
solution Was dried using sodium sulfate. The solvent Was 
removed in vacuo to afford an oily product (30 mg). 1H 
NMR (DMSO-d?ppm): 6.66 (brs, 1 H, NH), 2.14 (s, 2 H), 
1.70 (s, 2 H), 1.69 (s, 2 H), 1.63-1.60 (d, 2 H, J=12.3 HZ), 
1.46-1.43 (d, 2 H, J=12.2 HZ), 1.36 (s, 9 H, 3><CH3), 
1.17-1.08 (dd, 2 H, J=11.4, 22.6 HZ), 0.91 (s, 6 H, 2><CH3). 
High resolution MS Calcd for C17H28N2O5Na (MS+Na): 
363.1895. Found 363.1908. 

EXAMPLE 5 

[0061] Synthesis of 1-amino-3,5-dimethyl-7-nitrateada 
mantane hydrochloride 

[0062] 3 N HCl in ethyl acetate (0.5 mL) Was added to 
1-tert-butylcarbamate-3, 5-dimethyl-7-nitrateadamantane 
(40 mg). The reaction mixture Was stirred at room tempera 
ture for 30 minutes. The precipitate Was ?ltered and the 
product Was Washed With ether. A pure White product Was 
obtained (35 mg). 1H NMR (DMSO-d6, ppm): 8.36 (brs, 2 
H, NH), 2.15 (s, 2 H), 1.69 (s, 4 H), 1.57-1.44 (dd, 4 H, 
J=12.2,32.8 HZ), 1.26-1.10 (dd, 2 H, J=12.0, 44.3 HZ), 0.96 
(s, 6 H, 2><CH3). m. p. 225-226° C. MS (MS+H+): 241. Anal. 
(C12H21N2O3Cl), C. H. N. 

EXAMPLE 6 

[0063] Synthesis of 
trateadamantane 

[0064] To acetic anhydride (0.3 mL) at 0° C. under nitro 
gen Was added fuming HNO3 (0.2 mL). After stirring for 5 
minutes at 0° C., 1-acetamido-3,5-dimethyl-7-hydroxyada 
mantane (50 mg) Was added and the reaction mixture Was 
stirred at 0° C. for 1 h. The reaction mixture Was poured into 
cold (0° C.) 1 N sodium hydrogen carbonate solution (20 
mL) and the product Was extracted With ether (10 mL). The 
ether solution Was Washed With Water (10 mL><3). The 
solution Was dried using sodium sulfate. The solvent Was 
removed in vacuo and 31 mg of product Was obtained. 1H 
NMR (DMSO-d?, ppm): 7.52 (brs, 1 H, NH), 2.23 (s, 2 H), 
1.73-1.66 (m, 9 H, COCH3, 3><CH2), 1.51-1.47 (m, 2 H), 
1.15-1.13 (m, 2 H), 0.92 (s, 6 H, 2><CH3). m. p. 152-153° C. 
Anal. (C14H22N2O4), C. H. N. 

1 -acetamido-3,5-dimethyl-7-ni 

EXAMPLE 7 

[0065] Synthesis of 1,1-dibenZylamino-3,5-dimethyl-7 
hydroxy-adamantane (10). 
[0066] To a solution of 1-amino-3,5-dimethyl-7-hydroxy 
adamantane hydrochloride (100 mg) in DMF (2 mL) Was 
added benZyl bromide (0.16 mL) and sodium carbonate (200 
mg). The reaction mixture Was stirred overnight. The prod 
uct Was extracted With dichloromethane (10 mL) and 
Washed With Water (20 mL><2). The organic phase Was dried 
using sodium sulfate and the solvent Was removed in vacuo. 
The product Was puri?ed by ?ash column chromatography 
eluting With ethyl acetate and hexane (1/2, v/v) to afford 124 
mg of White solid (76% yield). 1H NMR (DMSO-d6, ppm): 
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7.31-7.04 (m, 10 H, 2><C6H5), 4.32 (1 H, OH), 3.71 (s, 4 H, 
2><C6H5CH2), 1.44 (s, 2 H), 1.35-1.27 (m,4 H), 1.22 
1.13(dd,4 H, J=11.8, 21.2 HZ), 0.97(s, 2H), 0.81 (s, 6 H, 
2><CH3). 

EXAMPLE 8 

[0067] Synthesis of 1-amino-3,5-dimethyl-7-acetoxyada 
mantane hydrochloride (12). 

[0068] To a solution of 1,1-dibenZylamino-3,5-dimethyl 
7-hydroxyadamantane (50 mg) in DMF (0.4 mL) Was added 
dichloromethane (2 mL). Acetyl chloride (1 mL) Was added 
at 0° C. under nitrogen and the reaction mixture Was stirred 
overnight. Saturated sodium carbonate solution (5 mL) Was 
added. The product Was extracted With dichloromethane (10 
mL) and Washed With Water (20 mL><2). The organic phase 
Was dried using sodium sulfate and the solvent Was removed 
in vacuo. Without further puri?cation, the product Was 
dissolved in methanol (10 mL). Pd/C (10%,10 mg) Was 
added and the reaction mixture Was hydrogenated at a 
pressure of 40 LB/inch2 overnight. The mixture Was ?ltered 
and solvent Was removed. HCl in ethyl acetate Was added 
and the precipitate Was ?ltered and the solid Was Washed 
With hexane to afford 15 mg of product after drying in air. 
1H NMR (DMSO-d?ppm): 8.30 (brs, 2 H, NH2), 2.09 (s, 2 
H), 1.93 (s, 3 H, COCH3), 1.72-1.63 (dd, 4 H, J=12.6, 21.4 
HZ), 1.50-1.39 (dd, 4 H, J=11.7, 29.6 HZ), 1.18-1.05 (dd, 2 
H, J=14.1, 36.5 HZ), 0.93 (s, 6 H, 2><CH3). 

EXAMPLE 9 

[0069] Synthesis of 1-(benZyloxycarbonyl)amino-3,5 
dimethyl-7-hydroxyadamantane (13). 
[0070] To a solution of 1-amino-3,5-dimethyl-7-hydroxy 
adamantane hydrochloride (570 mg) in DMF (5 mL) and 
Water (0.3 mL) Was added dibenZyl dicarbonate (1.41 g) and 
sodium carbonate (1.3 g). The reaction mixture Was stirred 
overnight. The product Was extracted With t-butyl methyl 
ether (500 mL) and Washed With Water (400 mL><2). The 
organic phase Was dried using sodium sulfate and the solvent 
Was removed in vacuo. The product Was puri?ed by ?ash 
column chromatography eluting With ethyl acetate and hex 
ane (1/3, v/v) to afford 701 mg of White solid. 1H NMR 
(DMSO-d6, ppm): 7.35-7.28 (m, 5 H, CGHS), 6.96 (brs, 1 H, 
NH), 4.94 (s, 2 H, OCHZ), 4.41 (1 H, OH), 1.62 (s, 2 H), 1.43 
(s, 4 H), 1.24-1.14 (dd, 4 H, J=11.5, 22.0 HZ), 0.97 (s, 2 H), 
0.83 (s, 6 H, 2><CH3). 

EXAMPLE 10 

[0071] Synthesis of 1-(benZyloxycarbonyl)amino-3,5 
dimethyl-7-(3-bromopropylcarbonyloxy)adamantane (14). 
[0072] To a solution of 1-(benZyloxy-carbonyl)amino-3, 
5-dimethyl-7-hydroxyadamantane (100 mg) in DMF (0.4 
mL) Was added 4-bromobutyryl chloride (0.3 mL). The 
reaction mixture Was stirred for 2 h at room temperature. The 
mixture Was puri?ed by thin layer chromatography eluting 
With ethyl acetate and hexane (1/2, v/v) to afford an oily 
product. 1H NMR (DMSO-d6, ppm): 7.38-7.29 (m, 5 H, 
CGHS), 7.12 (brs, 1 H, NH), 4.95 (s, 2 H, OCHZ), 3.53-3.49 
(t, 2 H, J=6.6 HZ, COCHZ), 2.36-2.32 (t, 2 H, J=7.7 HZ, 
CHZBr), 2.10 (s, 2 H), 2.00-1.96 (m, 2 H, CHZCHZCHZ), 
1.66 (s, 4 H), 1.59-1.41 (dd, 4 H, J=11.5, 51.7 HZ), 
1.08-1.07 (d, 2 H, J=3.8 HZ), 0.87 (s, 6 H, 2><CH3). 
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EXAMPLE 11 

[0073] Synthesis of 1-(benZyloxycarbonyl)amino-3,5 
dimethyl-7-(3-nitratepropylcarbonyloxy)adamantane (15). 
[0074] To a solution of 1-(benZyloxy carbonyl)amino-3, 
5-dimethyl-7-(3-bromopropylcarbonyloxy)adamantane in 
acetonitrile Was added a solution of silver nitrate in aceto 
nitrile and the reaction mixture Was stirred overnight in dark. 
The product Was extracted With t-butyl methyl ether and the 
solution Was Washed With Water. The organic phase Was 
dried using sodium sulfate and solvent Was removed to 
afford the nitrate compound. 

EXAMPLE 12 

[0075] 1-Acetamido-3,5-dimethyl-7-carboxylic acidada 
mantane (16). 

[0076] To fuming HZSO4 (15 mL) in a ?ask cooled to 00 
C. 1-acetamido-3,5-dimethyl-adamantane (1.0 g) Was added 
sloWly over a period of 1 h. The reaction mixture Was stirred 
for 2 h at 0° C. Formnic acid (3 mL) Was then added 
dropWise over 1 h. The solution Was stirred at 0° C. for 
another 2 h. The reaction mixture Was poured onto ice (100 
g) sloWly With vigorous stirring. The precipitate formed Was 
?ltered and Washed With Water to give a pure White solid 
(0.37 g). m. p.261-262° C. 

EXAMPLE 13 

[0077] 1-Acetamido-3,5-dimethyl-7-hydroxymethylada 
mantane (17). 

[0078] Triethylamine (0.80 mL) and ethyl chloroformate 
(0.80 mL) Were added sequentially into a suspension of 
1-acetamido-3,5-dimethyl-7-carboxylic acid-adamantane 
(2.0 g) in THF at 0° C. The reaction mixture Was stirred for 
4 h at room temperature. The White precipitate formed Was 
then ?ltered and Washed With THE. NaBH4 (2.40 g) Was 
added to the ?ltrate. Water (2 mL) Was added dropWise to the 
solution over a period of 1 h folloWed by addition of more 
Water (50 mL). The organic solvent Was removed under 
reduced pressure and the remaining aqueous solution Was 
extracted With ethyl acetate (100 mL><3). The combined 
organic extracts Were Washed With 0.5 N HCl tWice, Water, 
and brine. Solvent Was removed in vacuo and the product 
Was crystalliZed using a solution of ethyl acetate and hexane 
(1/4, v/v) to give a White solid (700 mg). 1H NMR (DMSO 
d6, ppm): 7.28 (s, 1 H, NH), 4.33 (t, 1 H, OH, J=5.7 HZ), 
3.02 (d, 2 H, CHJOH, J=5.7 HZ), 1.71 (s, 3 H, COCH3), 1.49 
(s, 6 H), 1.07-0.97 (m, 6 H), 0.96 (s, 6 m. p. 152-153° 
C. Anal. (C15H25NO2), C. H. N. 

EXAMPLE 14 

[0079] 1-Amino-3,5-dimethyl-7-hydroxymethyladaman 
tane hydrochloride (18). 

[0080] 1-Acetamido-3,5-dimethyl-7-hydroxymethylada 
mantane (200 mg) and NaOH (540 mg) Were added to 
diethylene glycol (4 mL) and the reaction mixture Was 
heated to 175° C. under nitrogen for 15 h. After cooling to 
room temperature, ice (5 g) Was added and the product Was 
extracted With ethyl acetate (10 mL><6). The combined 
extract Was Washed With Water (10 mL) and brine (10 mL), 
and dried using sodium sulfate. Solvent Was removed in 
vacuo. HCl in ethyl acetate Was added to convert the free 



US 2004/0029929 A1 

base to HCl salt and 102 mg of product Was obtained. 1H 
NMR (DMSO-d6, ppm): 8.19 (brs, 2 H), 4.54-4.51 (t, 1 H, 
OH, J=5.0 HZ), 3.07-3.05 (d, 2 H, OCH2, J=4.6 HZ), 
1.42-1.40 (m, 6 H), 1.01-0.99 (m, 6 H), 0.86 (s, 6 Anal. 
(C13H24NOCl+0.4 HCl), C. H. N. 

EXAMPLE 15 

[0081] 1 -(benZyloxycarbonyl)amino -3,5 -dimethyl-7-hy 
droxymethyladamantane (1 9). 
[0082] To a solution of 1-amino-3,5-dimethyl-7-hy 
droxymethyl adamantane (60 mg) in THF (3 mL) Was added 
N-(benZyloxycarbonyloxy)-succinimide (74 mg) and the 
mixture Was stirred at room temperature overnight. THF Was 
removed and the residue Was dissolved in ethyl acetate. The 
solution Was Washed With Water and brine. The product Was 
puri?ed by thin layer chromatography eluting With ethyl 
acetate and hexane (1:4, v/v) to give a White solid (80 mg). 
1H NMR (DMSO-d6, ppm): 7.33 (m, 5 H, CGHS), 6.89 (brs, 
1 H, NH), 4.94 (s, 2 H, OCHZ), 4.32 (t, 1 H, OH, J=5.7 HZ), 
3.04 (d, 2 H, CHZOH, J=5.7 HZ), 1.46 (dd, 6 H), 1.04 (dd, 
6 H), 0.84 (s, 6 H, 2><CH3). 

EXAMPLE 16. 

[0083] 1-(benZyloxycarbonyl)amino-3,5-dimethyl-7-ni 
tratemethyl-adamantane (20). 
[0084] To a solution of 1-(benZyloxycarbonyl)amino-3,5 
dimethyl-7-hydroxymethyladamantane (60 mg) in dichlo 
romethane (3 mL) Was added a cooled (0° C.) acetyl nitrate 
(1 mL, from a mixture of fuming HNO3 and A020 (2:3/v:v). 
The reaction mixture Was stirred at 0° C. for 15 minutes. A 
sodium bicarbonate solution (1 N, 5 mL) Was added and the 
product Was extracted With dichloromethane. The extract 
Was Washed With Water (10 mL><3). Solvent Was removed in 
vacuo and the residue Was puri?ed by thin layer chroma 
tography eluting With ethyl acetate and hexane (1:2, v/v) to 
give an oily product (40 mg). 1H NMR (DMSO-dGppm): 
7.33 (m, 5 H, CGHS), 7.02 (brs, 1H, NH), 4.95 (s, 2 H, 
OCHZ), 4.24 (s, 2 H, OCHZ), 1.60 (s, 2 H), 1.55 (d, 2 H), 
1.44 (d, 2 H), 1.12 (m, 6 H), 0.83 (s, 6 H, 2><CH3). 

EXAMPLE 17 

[0085] 1-Amino-3,5-dimethyl-7-nitratemethyladaman 
tane hydrobromide (21). 

[0086] 1-(benZyloxycarbonyl)amino-3,5-dimethyl-7-ni 
tratemethyl-adamantane (17 mg) Was dissolved in HBr/ 
acetic acid (1 mL) and the solution Was stirred at room 
temperature for 2 h. The reaction mixture Was concentrated 
in vacuo to give a White solid Which Was Washed With ether 
to afford the target product (10 mg). 1H NMR (DMSO-d6, 
ppm): 7.82 (brs, 3H), 4.30 (s, 2 H, OCHZ), 1.50 (s, 2 H), 1.39 
(s, 4 H), 1.19 (s, 4H), 1.12 (s, 2 H), 0.88 (s, 6 H, 2><CH3). 

EXAMPLE 18 

[0087] Synthesis of 1-acetamido-3,5-dimethyl-7-nitratem 
ethyl-adamantane (22). 
[0088] To acetic anhydride (0.3 mL) at 0° C. under nitro 
gen Was added fuming HNO3 (0.2 mL). After stirring for 5 
minutes at 0° C., 1-acetamido-3,5-dimethyl-7-hydroxym 
ethyladamantane (50 mg) Was added and the reaction mix 
ture Was stirred at 0° C. for 1 h. The reaction mixture Was 
poured into cold (0° C.) 1 N sodium hydrogen carbonate 
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solution (20 mL) and the product Was extracted With ether 
(10 mL). The ether solution Was Washed With Water (10 
mL><3). The solution Was dried using sodium sulfate. The 
solvent Was removed in vacuo and the product Was crystal 
liZed in ether to afford the target product. 1H NMR (DMSO 
d6, ppm): 7.38 (brs, 1 H, NH), 4.23 (s, 2 H, OCHZ), 1.72 (s, 
3 H, COCH3), 1.64 (s, 2 H), 1.59-1.56 (dd, 4 H), 1.20-1.06 
(m, 6 H), 0.92 (s, 6 H, 2><CH3). mp. 154-155 0° C. Anal. 
(C15H24N2O4), C. H. N. 

EXAMPLE 19 

[0089] 
[0090] An in vitro model of mild NMDA-induced damage 
leading to apoptosis of cerebrocortical neurons Was used to 
demonstrate the protection of neurons by compound 7. 
Under these conditions (300 uM NMDA exposure for 20 
min, folloWed by Washout), neuronal apoptosis Was moni 
tored 24 hours later by propidium iodide uptake and mor 
phology of ?xed, permeabiliZed neurons, among other tech 
niques (Bonfoco et al., Proc NatlAcaa' Sci USA (1995) 92: 
7162). NMDA induced about 20% apoptosis of neurons, and 
that 25-100 uM compound 7 afforded protection from this 
damage (P<0.001, FIG. 5). 

In Vitro Protection of Neurons by Compound 7. 

EXAMPLE 20 

[0091] In Vivo Protection by Compound 7 in a Murine 
Cerebral Ischemia Model. The intraluminal suture technique 
Was used to produce a 2 hr occlusion of the middle cerebral 
artery (MCA), folloWing the same protocol for focal cerebral 
ischemia/reperfusion as published previously (Chen, et al., 
Neuroscience (1 998) 86: 1121). HoWever, here C57B1/6 
mice Were used instead of rats. For memantine the loading 
dose Was 20 mg/kg ip With a maintenance dose of 1 
mg/kg/12 hours, as this had been previously shoWn to 
produce parenchymal levels of 1-10 uM memantine in the 
brain, Which Was shoWn to be neuroprotective (Chen, et al., 
Neuroscience (1998) 86: 1121). To produce a neuroprotec 
tive concentration of compound 7, the loading dose Was 100 
mg/kg ip and the maintenance dose Was 40 mg/kg ip every 
12 hr. In each case, drug or vehicle control Was initially 
administered 2 hr after MCA occlusion. Compound 7 Was 
more neuroprotective than memantine under this paradigm 
(FIG. 6). The animals Were sacri?ced and analyZed With 
TTC staining 48 hr after MCA occlusion (Chen, et al., 
Neuroscience (1998) 86: 1121). 

EXAMPLE 21 

[0092] Vasodilation by Compound 8 in a Rabbit Model. 

[0093] NeW Zealand White female rabbits Weighing 3-4 
kilograms Were anesthetiZed With sodium pentobarbital, 13 
milligram per kilogram. Descending thoracic aorta Were 
isolated, the vessels Were cleaned of adherent tissue and the 
endothelium Was removed by a gentle rubbing With a 
cotton-tipped applicator inserted into the lumen. The vessels 
Were cut into 5 millimeter rings and mounted on stirrups 
connected to transducers by Which changes in isometric 
tension Were recorded (model TO3C, Grass Instruments, 
Quincy, Mass.). Vessel rings Were suspended in 20 mL of 
oxygenated Krebs buffer at 37° C. and sustained contrac 
tions Were induced With 1 uM norepinephrine. The vessels 
Were then relaxed in a dose-dependent fashion (10'9 through 
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10'5 M compound 8). In some experiments vessels Were 
pretreated With methylene blue or hemoglobin to block 
relaxations. 

[0094] FIG. 7 shoWs relaxation of the precontracted aortic 
vessel in a dose-dependent fashion using compound 8. 
Relaxations Were seen at 10-8 M and complete relaxation 
Was achieved at 10'6 M (a). Relaxations Were attenuated by 
methylene blue (c) and hemoglobin (d) indicating an NO 
related effect. (b) is a control With solvent. 

[0095] FIG. 8 shoWs site and speci?city to derivatiZation 
of memantine. That is, compound 9(a) and 10(c) produced 
either no effect or slight contractions of blood vessels that 
Were attributed to solvent (shoWn on right side). Compound 
7(b) produced modest relaxation at a 10 microM concen 
tration. 

[0096] These results demonstrate that compound 7 has 
vasodilator activity, in addition to NMDA-inhibitory and 
antiapoptic properties. Compound 7 thus acts through a 
unique mechanism of action that likely contributes to pro 
tective effects in models of stroke. 

[0097] The scienti?c publications, patents or patent appli 
cations cited in the various sections of this document are 
herein incorporated-by-reference for all purposes. 
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What is claimed is: 

1. A compound of the folloWing formula or a pharmaceu 
tically acceptable salt thereof: 

NRIRZ 

Wherein R1 is H, alkyl, heteroalkyl, aryl, heteroaryl, 
C(O)OR6 or C(O)R6; R2 is H, alkyl, heteroalkyl, aryl, 
heteroaryl, C(O)OR6 or C(O)R6; R3 is H, alkyl, het 
eroalkyl, aryl or heteroaryl; R4 is H, alkyl, heteroalkyl, 
aryl or heteroaryl; R5 is 0R7, alkyl-OR7 or heteroalkyl 
0R7; R6 is alkyl, heteroalkyl, aryl or heteroaryl; R7 is 
N02, C(O)R6, C(O)alkyl-ONO2 or C(O)heteroalkyl 
ONO2. 


