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THE | NVENTI ON Cert ai n adamant ane derivatives have been used to treat
illnesses. Rimantadine 5 (1 -(1 -am noethyl)adanmantane) is used for the
prophyl axis and treatnent of influenza in humans. Amant aqii r)emhg@ been used
for the treatnment of both influenza and Parkinson's di sease‘“()S b et
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neur odegener ative diseases and has b-en licensed for the treatment of
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166: 59 Imemdhiines inamently nadérslineahmvestigadtiorofor theatreanmentalfogtioad di sorders,
the variety and severity of negrological di seases presents a need,for
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conpounds  t hat be used_in the treatnment of neurolaogical diseases. The
corrpounéé‘taél?aées&?ﬁbﬁ%aﬂ P SHVnb c9ad PratiR %szbﬂ%fﬁﬁ%ré‘éa[-i v%cmcf (1%923& 368' Bfk
sal ts tRECRPLndks 4088nstrate that it prevents quinolinic acid-induced hippocampal damage in

rats (Kelhoff and Wolf., Eur. J. Pharmacol. (1992) 219:451). Memantine dcmonstrates‘

15  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) 166:591).
While memantine is being used to treat neurological disorders, the variety and
severity of neurological diseases presents a need for other neuroprotective agents. The
20  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

25 The present invention provides compounds that can be used in the treatment of
neurological diseases. The compounds are of the following formula or pharmaceutically
acceptable salts thereof:



The groups RI, R2, R3, R4 and R5 of the fornmula are independently defined.
R is H alkyl, heteroalkyl, aryl, heteroaryl, C(OQORE or (OR6. R2 is H,
al kyl, heteroal kyl, aryl, heteroaryl, C(OORE or C(OR6. R3 is H, alkyl,
heteroal kyl, aryl or heteroaryl. R4 is H 5 alkyl, heteroal kyl.o 200 or
heteroaryl. R5 is OR7, alkyl--OR7 or heteroal kyI-OR? R6 is al kyl,

heteroal kyl, aryl or heteroaryl. R7 i NR{R, C(OR6, C(O al kyI-0N02 or

C( O het eroal kyl -ON02. The follow ng supstituents are preferred: R, and R2
are H R3 and R4 are Hor alkyl; andZ7™R{ is N02 or C(O al kyl -ON02. The
present invention also provides pha Lical conpositions that can be 10
used to treat a neurol ogical disordg e conp03|t|ons I ncl ude a
pharmaceutically acceptable cqgfT? ' r nore conpounds of the
followi ng formula or pharmaceuticA accgptabl e salts thereof: The
substituents of the conpounds are intgpendently defined. R is H alkyl,

15 heteroal kyl, aryl, heteroaryl C(OORS or C(ORE. R2 is H, alkyl,
het er oal kyl , aryl hetero ryl, C(OORS or C(OR6. R3 is H, alkyl,

heteroal kyl, aryl The ex0EpeRodtey Rs, RandsR+of the faapula aestindapendently daﬁ;zéd oR;
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are H R3 and 20 R4 are H or al :
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het er odka¢é H drvalltyl; ﬂﬁi%eﬁmzorg%b% O)R6 R2 is H alkyl,
het er oal kyl, aryl, heteroaryl, or OR6. R3 is H, alkyl,

het er oal kyl , ar yl Thﬁpmmemnym alRd piavidds phaiﬂagﬂeuutéhempeélﬁmhs,marqah ber
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acceptable carrier and one or more compounds of the following formula or pharmaceutically
acceptable salts thereof:

NR4R,

R3 N~ R4
Rs

‘ The substituents of the compounds are independently defined. R, is H, alkyl,

15 heteroalkyl, aryl, heteroaryl, C(O)ORs or C(O)Rs. R, is H, alkyl, heteroalkyl, aryl,

heteroaryl, C(O)OR¢ or C(O)Rs. Rj is H, alkyl, heteroalkyl, aryl or heteroaryl. R4 is H,

alkyl, hetcroalkyl, aryl or heteroaryl. Rs is OR3, alkyl-OR; or heteroalkyl-OR;. Rg is alkyl,

heteroalkyl, aryl or heteroaryl. R; is NQ,, C(O)Rs, C(O)alkyl-ONO; or

C(O)heteroalkyl~ONOQ,. The following substituents are preferred: R; and R; are H; R3 and
20 Ry are Hor alkyl; and, R; is NO; or C(0)alkyl-ONOQ,. .

The present invention also provides methods of treating a neurological

disorder. The methods include administering to a patient a pharmaceutically acceptable



het eroal kyl, aryl or heteroaryl. R7 is N2, C(OR6, C(Oalkyl-ON02 O
C(O) heteroal kyl -ON0O2. The follow ng substituents are preferred: R and R2
are H R3 and 10 R4 are Hor alkyl; and, R7 is NO2 or C(O ylrv 2 The
present invention further provides nethods of maki ng corrpou

foll ow R, I ts the h
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het er oablksythereaf:yl , heteroaryl, C(O OR6 or C(O)R6 R2 is H alkyl,

het er oal kyl , aryl, heteroaryl, C(O)O?G or C(COR6. R3is H, al kyI,

het er oal kyl , aryl or heteroaryl. NBB al kyl, heteroal kyl, aryl or
heteroaryl. R5 is OR7, al kyl-0R7 or e¥oal kyl -OR7. R6 is al kyl,

het erroal kyl, aryl or heteroaryl. RZANS N2, C(OR6, C(O al kyl-0ON02 or 20
C( O het eroal kyl --0N02. The fol | owirig hstituents are preferred: R and R2
are H R3 and R4 are H or alkyl; R7 is NO2 or C(O) al kyl - ONO2.
Preferably, the nethods invol pg a conpound of the foll ow ng
formula: 3 4 1t16 2CC4 Pref erabl y Iﬁ)ds further involve nitrating a
conpound- of the formula: 5 Pref Ry, g conmpound is treated with H2SO4
and water in the oxidation step. The nitration step preferably includes
treatment with HNG3 and Ac20. 10 derivatives. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi gure Thehavgithéits §ﬂmkfasﬁl §m&1{s AO PR Be i’ ® ‘}s ﬁgmk\éﬁt Ive.

Figure 2 shows the synthesis of damant ane ester derivati re 3

shoiws beiereallenl reawl, betgroanyl, G(Q)Qlet(E(ﬂ)Res Bb ¢ Hj alkpldherematioy, amﬁ ester Figure
shows. PRERRTY GlOTRR oF CiBa” Raducelkup Bfeisefiol oy Helsr s thcaFo 15—
neur on ONZIKYY, HeRIPAN ard] of BHERBESTORY (SR, Gty UORS o REERIDLHE, 10, i3 2fyM NNI DA
heterog]kyl, aryl or heteroaryl. Ry is NO,, C(O)R¢, C(O)alkyl~ONO; or
C(O)heteroalkyl-ONO,. The following substituents are preferred: R; and R, are H; R; and
10 Ryare Hor alkyl; and, R is NO; or C{O)alkyl-ONO,, |
The present invention further provides methods of making compounds of the

following formula or pharmaceutically acceptable salts thereof:

NR4R,

R3 N Rs
Rs

15 The substituents of the compounds are independently defined. R;is H, alkyl,
heteroalkyl, aryl, heteroaryl, C(O)OR¢ or C(O)Rs. Rz is H, alky), heteroalkyl, aryl,
heteroaryl, C(O)OR¢ or C(O)Rs. R; is H, alkyl, heteroalkyl, aryl or heteroaryl. R4 is H,
atkyl, heteroalkyl, aryl or heteroaryl. R; is ORy, alkyl-OR; of heteroalkyl-OR;. Rgis alkyl,
heteroalkyl, aryl or heteroaryl. Ry is NO,, C(O)Rs, C(O)alkyl-ONO; or

20 C(O)heteroalkyl-ONO,. The following substituents are preferred: R, and R, are H; R3 and
R4 are H or alkyl; and, Ry is NO, or C(0)alkyl-ONO,.

Preferably, the methods involve oxidizing a compound of the following
formula:



mn with or without various concentrations of conpound 7. The next day
cultures were analyzed by neuronal apoptosis as described in Exanple 19.
Neuronal apoptosis was |argely prevented by conmpound 7 in aj dd{e-ogmpendent
manner (P < 0.001, n = 3 cultures in each case). 20 Figure 6 shows that
adm ni stration of conpound 7 decreasegygrjebral danage after stroke in a
nmuri ne cerebral ischem a nodel as congared to both a control and nenantine
(see Exanple 20). Use of the intral umn suture nmethod denonstrated (n = 3
for each group) that conpound 7 w active in decreasing cerebral
damage after stroke (P < 0.03 fro P < 0.05 fromnemantine). 4
tip'' n Figure 7 shows that adpAt? conpound 8 rel axes a
precontracted aortic vessel in-“a pendent fashion (see Exanple 21).
Figure 7a shows that relaxations were seen at 10-8 M and conplete

rel axati on was achieved at 1006 M Figure 7b shows the effect of solvent.
Figure 7c shows tiraferatdl akabictivds failRr \IOWB{QE.@%‘ | ue. ,92
Figure 7d shows that relaxations were g%tenuate %%céﬁe%épaiﬁlebfoﬁn&ﬁ“e 8
shows that the action of am noadanmantane derivatives are specific.

Compound 9 (a) and 10-(c) produced eihpﬁgsno effect or slight blood vessel
contractions that were conparable to e produced by sol vent (EtOH)

al one. Compound 7 (b) produced nodesi relaxation at a 10 nmi croM
concentration. 10 DESCRI PTI ON OF THiE =Cl FI C EMBODI MENTS The term "Al kyl "
refers to unsubstituted or substit near, branched or cyclic alkyl
carbon chains of up to 15 carb : Jnear al kyl groups include, for
exanpl e, methyl, ethyl, n-propyg, pentyl, n-hexyl, n-heptyl and
n-octyl. Branched 15 al kyl group . for exanple, iso-propyl,
sec-butyl, iso-butyl, tert-butyl and neopentyl. Cyclic alkyl groups

i ncl ude, for exanple, cyclopropyl, cyclobutyl, cyclopentyl and cycl ohexyl.

Al Kyl groups can Preferablys the eareptund i tremeal with H80, shdSaict #Pibe Dxidd¥aRhi M ti ng
step. The nitration step preferably includes treatment with HNO; and Ac;0.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the synthesis of an adamantane nitrate derivative.
10 Figure 2 shows the synthesis of an adamantane ester derivative.
Figure 3 shows the synthesis of halo and nitrate substituted adamantane ester
derivatives.
Figure 4 shows the synthesis of an alkyl-ONO, derivative of adamantane.
Figure 5 shows the inhibition of NMDA induced apoptosis in cerebrocortical
15  neurons by compound 7. Cerebrocortical cultures were exposed to 300 pM NMDA for 20
min with or without various concentrations of compound 7. The ﬁext daj;' 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). '
20 Figure 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
memantine (see Example 20). Use of the intraluminal suture method demonstrated (n=13 for

each group) that compound 7 was effective in decreasing cerebral damage after stroke (P <
0.03 from control: P < 0.05 from memantine).



exanpl es of such substituents include NO2, O\IOZ, F, d, Br, |, OH OCH3,
CO2H, COZCHS, CN, aryl and heteroaryl. Were "alkyl" is used in a context
such as "al kyl - it refers 20 to an al kyl group that is/stbiptartyt ed
W|th a ONO2 noi ety "Where "al kyl" is used in a context such as

"C(O) al kyI ON02, Figure ﬁeshewsthaOadtmmiﬂationgif@Uﬂpblﬁtﬁis fe‘lia)éé@ﬁ'i‘ﬁé‘c’oﬁﬂa
car bon rousg} at oneeB iepg n and that is substituted with a O\IOZ noi ety.
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one heteroatom (e.qg., en or € Li near

het er ceffdey bf eplvergs Figiot 0d ehowmaepeamhens GHR GG Qﬁﬁ@@g%g@ 2 and
CI—%CH ﬁ GEr ancktg %[91&2 i ncl ude, for, exanple,
CH(NEEIS] LShes ?ltd' @@%mymm hemogletinoal kyl groups i ncl ude,

for exanpl e, CH2 oal kyl
gr oups (r:rgn be subs%’ | tut ed %ﬂé‘ﬁﬁ};%g]%%g %og@%gﬂ%cﬁf‘gm}‘f%ﬁf‘i WF‘u%ﬁg g
exanpl @@mBQ]ntﬁ 9 éa)calnd dil{s} prodecedeithechae! 8fedVoR sli gibloodvessel corfffactidns bt OCHS,

CO2H anqd heteroaryl. \Were "heteroalkyl”™ 1s used in a
cont exVE &EHiP&Eablm 'épé?amrpavceéhyzwlvmt (Etpéf)é\l@let Gomphrends¥ @)ipiyduced oup t hat
S Suhﬁbdésp}ég(a%hlhgq ﬁ)mbﬁ&e}ﬁga heteroal kyl" 52 00 4 is used
in a context such as eteroa 2 it refers to an al kyl group

tH& is connected to a carbonyl group at one position and that is
substituted wth a |.et The term"Halo" refers to F, ClL, Br or I.
The term "Aryl" refﬁg&gﬁtﬁ)%@uggﬁslm%@'%ﬁ@@QW% aromati c,

Condenke £y no SIS EH S BTE s B L"  1
aryl gmhﬂpalkﬂgwbw chainuipf wp mmmlpitﬁméoﬂﬁﬁﬁﬁﬁﬁylr%rﬂﬁiﬁ int®a@esp! i fied by
a naphth ro 0 an_be substituted w one or ‘nore
subst ﬁ%%‘ﬁ %ﬂ# ‘FML P?ﬁi @ﬁaﬁ%}"@’é Ispentyls R-heybk nibeneherd nmt)&dBrmd ONO2,
Flllg?eraggirlyl du]jrse@g?gé?ﬁpﬁxnsubst ?Of@t%ggﬁor su §t§i/°tlﬂ d eéf%'ﬁﬁ i Tﬂgwt ﬁ;m
at | edsiclis alon greupsandnds, dorexampld, cedepropek Ygeiohay], ayd]épgn}yllaﬁdt he aromatic
ring. cyclobexyl. Alky! groups can be substituted with one or more substituents. Nonlimiting
examples of such substituents include NO,, ONO;, F, C], Br, 1, OH, OCH3;, CO;H, CO,CHs,
CN,-aryl and heteroaryl. Where “alkyl” is used in a context such as “alkyl-ONO,,” it refers
20 to an alkyl group that is substituted with a ONO, moiety. Where “alky]” is used in a context
such as “C{O)alkyl-ONO,,” it refers to an alkyl group that is connected to a carbonyl group
at one position and that is substituted with a ONO, moiety.
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,
25  oxygen or sulfur) in the chain. Linear heteroalkyl groups include, for example,
CH,CH>OCH;3, CH2CH;N(CHs), and CH,CH,SCH;. Branched groups include, for example,
CH>CH(OCH:)CH;, CH,CH(N(CH3),)CH; and CH,CH(OCH;)CH;. Cyclic heteroalkyl
_ groups include; for example, CH(CH;CH;);O, CH(CH,CH,),NCHj3 and CH(CH;CH,),S.
Heteroalkyl groups can be subétimted with one or more substituents. Nonlimiting examples
30 of such substituents include NO,, ONO3, F, Cl, Br, I, OH, OCH;, CO,H, CO,CH3, CN, aryl
and heteroaryl. Where “heteroalkyl” is used in a context such as “heteroalkyl~ONO,,” it

refers to a heteroalkyl group that is substituted with an ONOy moiety. Where “heteroalkyl”



Het eroaryl groups are either single ring or nultiple condensed ring
conpounds. Single ring heteroaryl groups having at |east an rogen
include, for exanple, tetrazoyl, pyrrolyl, pyridyl, pyri déiz?nyl éﬂﬂflndol yl,
qui nol yl, imdazolyl, isoquinol yI pyr azol yl, pyrazinyl, 15 pyrimdinyl and
pyri daz ?%]j@,qr?;[ b aryl group
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exanple, is a sin r| n het er oaryl group_containing one sulfur atom A
condensed ring het Polﬁﬁefééﬁ\éa@glﬂﬁg’f Lone sulfur atomis exenplified
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derl vat subetituens. Morlifetihgbxenplagof MERvhRtnRnts indluds TOR‘C&VPUGP B?ll, RZ,
R4 and RS of the fornula are |ndependently defi neé is H alkyl

heteroa@klypc}éhﬁoﬂ'h&(éz%sw agyl epdbgtewary O R6. R2 i s H al kyl ,

het | kyl b ,

hetdr oal kyl a?;?”%lr i ﬁ%ﬁ%ﬁl C’&%F?‘H“S"b%‘i?ﬁm’rﬁ@s&“&ﬁ? m’n&.’ﬁ%ﬁ’%r
het er odiaving Rlehst ofilReteratom ( 7nﬁrog5@béNt8§@idﬁy§ut in tHZOrbiafit Kb,
het er oal kyl, aryl or heteroaré/ R77is C(O R6, C(O al kyl - 2 or

C( O heteisearyl gronprare itbertsinglomiiig gr muliiple candanssd aing qomprogndemae ringl R2

H; H | kyl d .R
Pr ot or dbrg/oaR eptfiyitedb ey e nifien iElde) O saiply bon PROVE o 1
(OO a¢)bﬁdy,1 mtnd eﬁmyleqlmhml Lﬁﬁtﬁzaiywéoqﬁmm %1*1)5 azBiy1y| |
n- pr opy I SO-p , Sec- butyI tert buty or benzyl. Were
R2 15s GQ );)Iandmb’nd@mmlé’ﬂ eAr ligreup, fdreexample is gusmgltmhﬂemlryl@ow
substi t prefera are both, Preferably, both

R3 and AT erél-? oxprg%ré al“&fi?n%?"g@p%ng %%efgwal Euegﬂntggﬂ?g.gne oxXygen

atom is exemplified 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 exemplified by benzothienyl. In certain cases, heteroaryl groups contain
20 more than one kind of heteroatom in the same ring. Examples of such groups include
furazanyl, oxazolyl, isoxazolyl, thiazolyl and phenothiazinyl. Heteroaryl groups can be
substituted with one or more substituents. Nonlimiting examples of such substituents include
NO,, ONO,, F, Cl, Br, §, OH, OCHs, CO;H, CO,CHj,, CN, aryl and heteroaryl.
The compounds of the present invention are aminoadamantane derivatives.

25  The aminoadamantane derivatives are of the following formula:

NR4Rz




sanme or different. Wiere R3 and R4 are both al kyl groups, it is preferred
that the groups are nethyl, ethyl, n-propyl, n-butyl, sec- bg,t,,yl,,p,.,
tert-butyl or benzyl. 15 Preferably, R5 is ON02, O al kyl - Grevut

OC(O) -al kyl -ON02. Where R5 is O-alkyl-0ON02, it is preferred that the al kyl

group be CH2, CH2QHR g@ouSRCR2GHZR , WRERSof B8 fortn@Chindddent r@égi%f kd,
preferred that t he algg rougqgeR‘;CHZ ?CIO—QCHZ C|—|ZCI—|2“C13H : H R§
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der i §at heeroalkyl cayl @i lietaoagk , R HANGL OIDIRy CaQRlikyl VOBID,tee form the
functionalized 25 am doadamant ane derivative is water. The conpound forned

in this Gekctercalkyl-ONQAp The follnwing sphetitueritslare prefotrod: Rsand Rhere Hij Ryandd to
d d t | dt d

v Kaara Tt dami ety Br s & Gl NP onar s formad. SaCanety or

di ff t st h
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group, ig0YousslyDY i8pfeiatddRatife Syt B8ulsGRARY, Shol Ql-ﬁraﬂyri% F}%@qt hon of

the amine group to provide an amno hitrate dérivative, ction of

t helam betydrseoibutyl deitcbmed ob el eWherecR is @{OYD-4ryE misqmdffeire@;t}ﬂmhe azyld
deprotection 0{7 t he am ne roup to provi d an am no ester derivative; and,
3) pr ot &QUPgs phenylor aé“‘[ edphanyb Fably Rirasd| Regeibetp st eri fi cati on

to with a hal ogenated, Ag 46k oif Qﬁorqrﬁ%he;ﬁreﬂ dbfing REBLERE Wb bR

provi de an carbamateé nitrate-e eri'vatrve

reagent samedr diffekentTWikge Ryasd Re el tozeslkylafosieaitagprefarsl ther thy gtdup ates

form c acid. The conpound formed in this case is an amdo 5 acid. The
ami do adnethy! se@ﬂb}ié@’ﬂ@d p-Buiybsec-byiyhdert-hatyl eidbaseslh anmi do al kanol . The ani do
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dep ted to
O-alkyl-ONOs,, it is preferred that the alkyl group be CH,, CH>CHj or CH,CH,CH,. Where

Rs is OC(O)—alkyl-ONO,, it is preferred that the alkyl group be CH,, CH,CH,, CH,CH>CH;
or CH,CH>CH;. More preferably, Rs is ONO;.
The amincadamantane derivatives of the present invention are synﬂlesized
20  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
amidoadamantane derivative.
In certain cases, the second reagent used to form the functionalized
25 amijdoadamantane 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 aminosalcohol derivative. Where an amino _alcohol is formed, a
variety of different steps can be used to make other aminoadamantane derivatives, inciﬁd{ng
the following nonlimiting examples: 1) protection of the amine group, followed by nitration
30  of the alcohol group and deprotection of the amine group to provide an amino nitrate
derivative; 2) protection of the amine group, followed by esterification of the alcohol group

and deprotection of the amine group to provide an amino ester derivative; and, 3) protection



provi de an am no al kanol derivative. Wiere an am no al kanol derivative is
formed, the amne group is protected to forman am do al ka,ngl-:-dqlgqhvative,
whi ch is subsequently nitrated to provide an am do al kane-'nit¥at'&
derivative. Deprotection of the am do group affords an 10 am no

al kane-¢fithé aiened@oiny,Follvded biy @utedfitatiohaosvitthehalypéraesl idéhlafdedriddo nitrate
derivative. Conpound 1, a dinethyl-brono-adamantane, was treated with

sul f ur i mucteophiligrisplecemsat tq proyideinagarloamate pidratejesiestdeyivatiys. do conpound 2.
Am de 2 was reactgd w I i | ter vi ding. _am do al cohol
3, which was nitra %#IL%S?\% ﬂfr’#%erc ﬁ%@géfgg&am%’%‘x\%cﬁw é‘R %n ﬁﬁér)?aglge‘?o form
CONPOUNgniddadamantir@detivatied BfoshRveid. MEheSooniptRand Forfeddn tRigichR 18 bk hdlid

derivative. Conpound 3 was deprotected with sodi um hydroxi de, affording

ani fo aacibhbhe amidprasidisisubicgeddp conditiensibativamangmide pikenek ddewimido ( BOC) 20
to f h : hol. 5. Car 5 ni trat ' itri
R e A B e

upon t rgaiidenh aMih alkaslcidrhvalive Wietk dParhRiorallNoN@eriVativ @ isfoliist, k| or i de
salt 7. Figure 2 shows the synthesis of an am no ester derivative. Am no
al cohol argine\gagursis ipyotaeted tovfarm angmisigualkenbbderivative, erigly is swbsrquetetly nitrafeidor d

prot ect ed ani,no_al coh 10.. ound 10 wa cet yl,ated,, "yi el di ester 11.
ot er - 1 RADHE Ap AEIL Qs HTHE HERAE S DR EPRE Y L e BEPPTI et ¢ he
amnp alhpbAkdediiestldenigdevesal t 12. 25 Figure 3 shows the synthesis of a

carbamate nitrate-ester derivative. Amno alcohol 9 was protected upon

treatment with (PhEMRODSh®@s thei synthiesig of am havide wtrag derigaiitsa feamepa@dia s
esterifi.ed,usi,ng a hal oal kyl acid.chl Qri to ovi de, conpound,. 1 whi ch
oo Surp B R R B L furkeschd R s RE e e D o
ni tr at edigfetief] akPdo SSnpoHd E Anfil@YSvas heactdriiie silfurRf acRlamiWvaker, prdliimBi trat e
derivative. Amde 2 was reacted with sulfuric acid and formc acid to form

ani do aahidordcohvl dawhich tvasmitratedrpsing aittie agidiand me¢ti anhlydride tocioem ¢omphynd
chi ﬁjofgr mate, providing a m xed anhydride, followed by reduction with
sodt'um Dor ol i ydri de yi el ded am do al kanol 17. Nitration of 17

Figure 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),0 to form the carbamate alcohol 5. Carbamate 5 was
nitrated using nitric acid and acetic anhydride, providing nitrate 6, which was deprotected

20  upon treatment with hydrochloric acid to form amino nitrate hydrochloride salt 7.

Figure 2 shows the synthesis of an amino ester derivative. Amino alcohol 9
was alkylated with twe equivalents of benzyl bromide to afford protected amino alcohol 10.
Compound 10 was acetylated, yielding ester 11. Ester 11 was subjected to hydrogenation and
then acidified to provide the amino alcchol hydrochloride salt 12.

25 Figure 3 shows the synthesis of a carbamate nitrate-ester derivative. Amino
alcohol 9 was protected upon treatment with (PhCH,0CO),0, yielding carbamate 13.
Carbamate 13 was esterified using a haloalkyl acid chloride to provide compound 14, which
was subjected to nucleophilic disp'laccthent with AgNOs, affording carbamate nitrate-ester
15.

30 Figure 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 ethy] chioroformate, providing a mixed anhydride,
followed By reduction with sodium boroliydride yielded amido alkanol 17. Nitration of 17
using nitric acid and acetic anhydride afforded amido alkyl-nitrate 22.

g



using nitric acid and acetic anhydride afforded am do alkyl-nitrate 22. 8 4
Figure 4 also shows the synthesis of an amno alkyl-nitrate erlyantrlve
Ami do al kanol 17 was deprotected w th sodi um hydroxi de and aeidrfited with
hydrochloric acid to provide 18. The am ne group of conpound 18 was
protected upon reHigured atic shos tlnesymyﬂssmyﬁaﬁhﬁﬂud aikybpigatedetiviidve. f AhMANY
car bama -ﬂgaoi and ubsg&ﬁintly nitrated using 5 nitric acid and acetic

1

anhydr i 1y ,ngs epEgt Hathegopipm hydrpide apd acidifiedewitobydroehlaric addtpound

20 d di '

ks PETROS. Michothe BPONOSE Confitllo 1 SRR el B it Rl B B b

i nt binayles yéabot injieidle Sfoprnirfl dafieh

hgr :a\r/gf [ \?:z %g(g:é;;h)ﬁlﬁgls | nclsude am do rﬁ%é%%lfhgarlsggﬁg{rin&égyl rgﬂitgﬁg%ﬁ%? and
I

Mo aMdhs Bélh}’%d%@l Btle@@afbﬁﬁ@ﬁt@hﬂduﬁd@ Q&nd‘lmcsaﬂmmata afhs of the
t at
e S S5, 55 T e S ST

hypOXI cmmmmltl ons that can be treated include stroke, hypogl ycem a,
cerebral ischema, cardiac arrest, spinal cord trauma, head traunmm,
perinatal hypoxi aTh%r&r%’ a@umbmégf corapaunds ﬂl}b@glpyefembh: lnmnedlaﬂes farthge.

Neur ode Al I mer s a e,

Hunt i ng%ﬁfegﬁék \séggg‘]e | nso%wn%%? ‘%ﬁ?’éﬁﬁplﬁ’ﬁﬁfzﬁmﬂ?‘g} ‘é&ﬁ?’éh can
al sk beadid e6tedo AKAGL! Wﬁﬁﬁ&ﬁﬁlo%c&io?gfc%&ﬂoﬁa@ialtcﬂq be am?' i or at ed
through adm nistration of the conpounds and conpositions include, wthout

limtation, the fd&he mmpgundswdmnmompnmﬁ the pnhspmenmmnn camk¢ eded to treat

R C Aty e i O e O R e
tar di veisehesiit BERYRoxi AL BRIt DI RBCCaHYIRA1ed in6 4L ﬁfok@aﬁ%%ﬂ?' WE Y,

cognltlve di sorders, and neuronal injury assocl at ed I nfection
such asisehesHarrerdianarrest, m@iucord)mummhembhraumm qbesambh)rpoma, Eﬁhfhac arrest

gg”m%(;?%@@%c riat’%/e ?R?%ﬁ‘%F hﬁS\ﬂ?ﬁ%ﬁ%ﬂg‘aﬁﬁ%\ﬁ %Eﬁquﬁ 2f 9P11a‘@%pt abl e salt

or in aAlzheimer’s disease, Huntington’s disease, Parkinsonism, and amyotrophic lateral sclerosis

W

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,

20 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.

The aminoadamantane derivatives of the present invention can be

25  administered to a patient in the form of a pharmaceutically acceptable salt or in a
pharmaceutical composition. A compound that is administered in a pharmaceutical
composition is mixed with a suitable carrier or excipient such that a therapeutically effective
amount is present in the composition. The term “therapeutically effective amount” refers to
an amount of the aminoadamantane derivative that is necessary to achieve a desired endpoint

30  (e.g., decreasing neuronal damage as the result of a stroke).

A variety of preparations can be used to formulate pharmaceutical
compositions containing the aminoadamantane 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,

9



phar maceuti cal conposition. A conmpound that is adnministered in a
pharmaceutical conposition is mxed with a suitable carrier or excipient
such that a therapeutically effective amount is present inkthe 004
conposi tion. The term"therapeutically effective anount" refers to an
amount  shurtiés; oantinentid sotetibrayvppesitorad, iix\j@ctidﬁ@}inbﬁa:ﬂ?ﬁﬁ@%&%# e
desired endpoint 30 ( .., decreasing neuronal damage as the resu of "a
stroke) St g’éﬁ“@ﬁvnﬁrf%ﬁgmtmﬁgam adspinistered inoeither arldcal er pysmpiaceut i cal
Conposi iy § N : A nt ane .der.ivatives, including salid,
senm s O}n%nzgl,ﬂérl ?@18 ita?idéﬂgg i %‘%@gg""@ sr@@%%@"% nﬁgﬂﬁﬂ%ﬁF@Oﬁwi QSEIAN edibences,
Mack Pubpkifetmedyn@ovariety of 490 5AmbBhi baesy il ducEh reddl ?aﬁgte{%iab lets, .
capsyl es, ap| |.l's, powders, granules, dragees, gels, 9 t ', + slurries,
oi nt Trentdrapegionetle HiradeppYs irensdemmeal and jntxatraches) meaisalanbe usedid aer osol s ar e
exanpl es of such lons.. The fornmul ations can be adm nistered in
either a |ocal or ‘;sjglé em‘{gl%%m(?r Bfamantane %Véuﬁ%ﬂﬁ(&‘ve&r%yslﬂ@%ﬁ%éﬁcmfbase

f ashi onforAcidatad by dassbing kudpeRdia bls f ' ety
of ways,.. Anong o?_he_rs, .ogr?al ,plab‘ucggf) ?I%Frgicf?glgsp%a#?ﬁtugcﬁglo?%gﬁ ig%]‘{erg 3%5%?%’8%& ,
i nt r adeMegftableos siraianails, syhatictaliphaticcivihplyoerites, esters bﬂﬁgﬁe}&lifm &idhe

am noad ' Lve l1.s;given by injection, it can be, formulated by
i ssol vingP D EnE et Thi Salidof Sinalter'd Giama e sosPOr s pietsesile

sol ¥ent formvibged Bhddieons SA10H R subt ASHalY i ' L fiofl G yeer i des,
esters of, higher acFli phatic acistlzlls and p?%%ﬁt?éer%é:&h d;?%ﬁuglpg%gggg%ﬁgﬁg:c&r
nonaque%ﬁl@e%ﬁ?énts. The conpound is preferably 10 fornul ated i n aqueous

| uti h K' | uti Ri ' | uti hysi ol ogi cal
sal ine buffer. wndVBoE ke ERibt R nme e verbie s a1ieD oL, 5lopb he dpmalgtedi  can
be  or mbradgickoritin@iwan phidickAftaly bboeRlBEALS HER bl AP RERER R fre Hound

carriers that are well known in the art. e carrirers ena
to be fbhatarEesEnablerthecompbund tadedomatisted, foperdmple s pamsitnpil, Shspensighd or

| -or-aql i ti by..th tient. Oral formul ati b
N e T
exci pi evdrietppf waye iholuding RdkRg thd &ﬁnécﬁﬁxﬂ!ﬁiﬂf‘:gséﬂiﬁ%fgfp?ent,a&%oﬂgllf %h}l&%lge

auxiliaries and processing the ?rany e mxture.
€ resulting 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, mannito) or sorbitol; cellulose preparations such as maize starch,

20  wheat starch, potato starch, gelatin, gum tragacanth, methyl cellujose, hydroxypropylmeﬂlyli-
cellulose, sodium carboxymethylcellulose and polyvinylpyrrolidone (PVP).

The aminoadamantane derivative of the present invention can also be
delivered in an aerosol spray preparation from a pressurized pack, a nebulizer or from a dry
powder inhaler. Suitable propellants that can be used in a nebulizer include, for example, |

25 . dichlorodifiuoro-methane, trichlorofluoromethane, dichlorotetrafluoroethane and carbon
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.

Pharmaceutical compositions of the present invention contain a therapeutically
effective amount of the aminoadamantane derivative. The amount of the compound will

30 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 therapeutically effective amount of an
aminoadamantane derivative is well within the capabilities of one with skill in the art.
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followi ng list includes exanples of excipients that can be used in an oral
fornul ation: sugars such as |actose, sucrose, mannitol or, sorbi.tgl;

cel lul ose preparations such as mai ze starch, 20 wheat starlbh ‘«‘pOtato
starch, gelatin, gumtragacanth, nethyl cellul ose, hydroxypr opyl met hyl -

cel lul ose, sodi umadthobgix y tigripeutelllydffestvestonnloy wh avinuaaakitdene (PVP).
The am noadamant gne derivative of the present invention can al so be

del i ver‘é‘?i"‘laﬁvéh“ FABEHCoKdRELp the E@%ﬁnabrleahm@nsaﬂehl@dgms iwilldypieall, a
nebul | 2n e HofdBnbB1v0.1 RAYEIRY 1000 % Bf the %ﬁaﬂlf LR AR LORhncan be

used in a nebu i zer |nc or ex oro UorF 6 ane,

t ri chl obaveen abom Ohiamg, andrsotalmgﬁtbé caﬁpmﬂoeﬂd&a@mmﬂl}qaﬁl@@é\coxﬂmﬁ%l de. The
dosage can be det rm ned % providing a valve to deliver a regul ated anount
of he Wﬁﬁ%ﬁh@t rl PRAnE 438 mg offhpeauBeHdzed aerosol . Phar maceut i cal

conpositions of t ti-cal | effect | ve
anount of the am %a aﬁ%ﬁs{(@%%ﬁéﬁ?% %/1&'{% ﬁgﬂ{%@ d@%?éﬂﬁétoﬁg&c%%
- 30 dep@ngeada patientp hosntastewilpbd appatenitito the preparibitn phsivign. gMhers@ VLT | ty Of
i1l ness, manner of _ adm nistration and_judgnment of the prescribing

physi ci B§Fessaayaphysiciancll als nosehow ard When toaBteauRy adive tsw@ma@rmunt The
determﬂ@é&n‘%ﬂtﬂfﬁoﬁgmﬁﬁﬁmt rg?tlohﬁlecglfz{f%ﬁéu\fﬁ' rgg&nt of an am rloadamant ane

derivatrve 1s capabi oné with skill in the art.
10 W t hough a therapeutically effective anmount of an am noadanant ane
derivative wl| vary according to the patient _being treated, suitable doses
will typically iAdedfellowag ssanrlshergrreyidedy idpsiralepoot gitothe PReseBlonpound.
Prefera@lvg ;6h.dose contains between about 0.1 ng and 500 ng of the
conmpoun %re preferably, a dose contains 5 between about 0.1 ng and 250
ng of the conpound. In some cases, it may be necessary to use dosages
outside of the stated rgiggy to treat a patient. Those cases will be

n

apparent to the p Bﬂvglﬁefmce*me%-% p-dimet Wddessary, a physician
wil]s al ﬁf’dlkdl?‘ﬁ’dﬂﬁ‘ﬂnm elfhrhffﬂ g IHYSeI4 \?&Qd é&ﬁkd%lta%t%?;@ot ?’oﬁ treatment in

conjunction wth a response of "a part ar patient | owi ng
exanpl Cqinfeth l%%e‘m £ (bo) I)l alt Hgd’l?l‘}d%f mnr%tgen anrcri‘ ﬁaé réarc]:{a or? Irn?ft%pe was stirred at 0

OC for 1 h. The reaction mixture was poured onto ice (10 g) and the product was extracted
with ether (10 mL x 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
20  vacuo and, after crystallization on standing, 70 mg of white product was obtained. Pure
product was obtained by recrystallization in ether. 1H NMR (DMSO-dg, 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, 7 = 11.2, 23.9 Hz), 0.99 (s, 2 H), 0.82 (s, 6 H, 2 x CH3). m. p. 194-195 °C. Anal.
{C14H23NO2),C. H. N.
25
Example 2. Synthesis of 1-amino-3, S-dimethyl-7-hydroxyadamantane
hydrochloride (4). 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

30  extracted with ether (10 mL x 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

11



I nvention. Exanple 1. Synthesis of 1-acetam do-3, 5-dinethyl-7 15

hydr oxyadamant ane (3). Fum ng H2SO4 (3 nL) was added to 1-acetam do 3, 5
di met hyl adamantane (0.2 g) at O C under nitrogen and the rdaetbord T xt ure
was stirred at 0 Cfor 1 h. The reaction m xture was poured qnto ice (10
g) and obtungol Bl ¢n ethabacekite aas addedvb ichnedrhthe f(ei:(basd_t@d{@) saltT e pviRi ned

Solat i SAMBQYS, R (EREr Ll - Padees, TLoB0 L shE i’ Tdoobbidddp
vacuo 9y 3148 s el LA 0B ohaggh 10 170 A1 o Z?”Eﬂﬁ‘ & BHI 1 e
o) @@EB{’% 2% i&"@ré#ﬂ%gc %ﬁ@oq@}?%%@f &L S 38

099(32 , 0.82 (s, 6 H 2 x CH3). |np1941950 Anal .
(C1§1H23N02) C. H N 25 Exanple 2. Synthesis of 1-am no-3,

5-di net hyl - 7- hydrmﬁﬂaﬁaﬁy&mesidm-MbWIMbéﬂihteé Sﬂﬁﬂ’éﬂm-dch roxy-
5-di met hyl - 7- hydrox adamant an‘ii(?1 (0.4%79% (gnd NaOH (1. wer e added to
di et hy PSAmagtaReS(S).( 7-Amoyh d-dimetpyd-Jcy W‘Xﬁdﬂméil‘én%\é@ Héél‘é!éﬁ élésowesile for

é?oguct m?d@%@aﬁ?@g{ Ifcje(;ﬂ ﬁﬁlﬁﬁﬁ?ﬁé m)&qgrt%u%d%e b r?gedﬁ%g ngé}ﬂaéltrdhe

sol ut i dimethglansisswaeiding (2 he) Wa'e(aiﬂﬂed sdghemtidlywalle redction mhik turd hes Sitred 0N was
driied using sodium sulfate. The solvent was_ rempved in vacuo and, after

cr y8t aFPPRATNBHABHE for 3rivandgthen 86 NlaGH (hmld wasadded. Thesreagtion mixturegvasy |

oal o " Fmedien g Ber SEHR Gelfin ey V‘I'@‘“Cﬁg‘ﬁv ol SghE PTRAG ey © HCl
1. 58 ( solufiohlwas vagRed wath 0(1ds H@! did brihe= '1112 sBquBih vfas*dti):d u&m@%oﬂﬁlm éhlfd?te

1080%dd 2 H J=12.6, 23.3 Hz) 8 (s p.
281- 28 Bokyenhas renvediip yaguoand 6 mg of proéucwaa\pbtyngaﬁﬁ Cévssalhmml s of

Lot t GRS f RSB, bty ¥ 95 W 1 1, NH), 4.35 (brs, 1 H, OH), 1.59
15 (5,2 H), 1.40(s, 4 H), 135 (5, 9 H, 2 x CH3), 1.22-1.13 (3d, 4 H, T = 11.1, 20.6 Hz), 0.99 (s,
2 H), 0.82 (s, 6 H, 2 x CH3).

U...IJ

Example 4. Synthesis of 1-fert-butylcarbamate-3, 5-dimethyl-7-nitrate-

adamantane (6). A cooled (0 °C) acetyl nitrate (0.08 mL, from a mixture of fuming HNO3
20  and acetic anhydride (1:1.5/v:v) was added to a dichloromethane (1 mL) solution of 1-terz-

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

dichloromethane solution was washed with water (10 mL x 3). The solution was dried using
25  sodium sulfate. The solvent was removed in vacuo to afford an oily product (30 mg). 1H
NMR (DMSO-dg, 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 (5, 9 H, 3 x CH3), 1.17-1.08
(dd,2 H,J=11.4,22.6 Hz), 0.91 (s, 6 H, 2 x CH3). High resolution MS Calcd for
C17H28N205Na (MS + Na): 363.1895. Found 363.1908.
30
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adamant ane (5). 1-Am no-3, 5-dinmethyl-7-hydroxyadamantane (100 ng) was
dissolved in tetrahydrofuran (2 nL). Triethylamne (180 nL), di-tert-butyl
di carbonate (336 ng) and di et hyl am nopyridine (2 ng) wer g addedtry
sequentially. The reaction mixture was stirred at 10 room t'efiperature for 3

h and then 0.5 N Bihple. Synthess ofllachind13¢ 5 dimeitydy-AindedEniitanst i 11 ed
overni g‘gt Tri et hyl am ne_was renoved in vacuo and et her was added. The

et her oehieridg D). 3N AHEL iR athyl @catatq (G mhhwapadded. to Trerrdnitylcarbamaias, dr i ed

i ' - i 6 f duct

oL SO Ao FRIEE B ARG AR A0y el PLOSUCL
ppn) :  Ge@peralursfor BOhhindes, ThePedifitaec was Hiterdtand héBrodlet (Was waskdd with40 (S,
4 H, 1.35 (s, 9 H 3 x CH3), 1.22-1.13 (dd, 4 H J = 11.1, 20.6 Hz), 0.99

(s, 5 2ectber. B Bt (hitepraduct was GhidinedH8 s m)e 1H NSIR{IDRISG-d6/ ppm): 8.36 (brs, 2
1-tert-butyl carbamate-3, 5-dinethyl-7-nitrate- adamantane (6). A cool ed (O
C) acethNH), 2k @, 2 B1)OB6K(s, 4 Hyrh /- hitd(dd, & 1o5J £ 12i20 32888, PD6-4rid (dde2 i ¢
anhydride (1:1.5/v:v) was added to a dichloronethane (1 nL) solution of

1- t er t -H.Out §2.6 A ). 0.96 (S5 6cH ik IBH3) 7mhy. Q25x3260EvSMS + 301l . anaD C
under nitrogen and the reaction mxture was stirred at O C for 15 m nutes.
1 N sodCupHpitiz03€eh. €aFlbbhat e solution (5 nL) was added and the product
was extracted with dichloronmethane (10 nL). The dichl or omet hane sol ution
was washed with water (10 nL x 3). The solution was dried using 25 sodium

O e S RSP ] b,
TR A e Al s
Na) : S abinertn b FHSC. 3@%@@%%??@6@@%@&%3 e 3,

5-di met hyl - 7- nj t r at egdanant ane, hydrochl ori deo((’jf). 3 N HC in ethyl acetate
(0.5 miMEwEs %"&a@anf glef-e%‘éwp-’ﬁWé"é?ﬁ@Hﬁﬁ@ at @ 'Cfor 1 h. The reaction mixture

5-dinmethyl -7-njtratead nt ane (40 ). The_ reaction mxture was stirred at
room tVEFROMERd pte g0ld (@%ﬂ M%@mwl&grqsﬁ@éarbpvﬁ@ solytien {30 mb) anfl had t he

pr_qgumprmt Was Befladid Bith ether (10 mL). The ether solution was washed with water (10 mL
x 3). The solution was dried using.sodium sulfate. The solvent was removed in vacuo and 31
mg of product was obtained. !H NMR (DMSO-dg, ppm): 7.52 (brs, 1 H, NH), 2.23 (s, 2 H),
1.73-1.66 (m, 9 H, COCH3, 3 x CH3), 1.51-1.47 (m, 2 H), 1.15-1.13 (m, 2 H), 0.92 (s, 6 H, 2

x CH3). m. p. 152-153 °C. Anal. (C14H29N204), C. H. N.
20 '

Example 7. Synthesis of 1, 1-dibenzylamino-3, 5-dimethyl-7-hydroxy-
adamantane (10). To 2 solution of 1-amino-3, 5-dimethyl-7-hydroxyadamantane
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 product was extracted

25  with dichloromethane (10 ml) and washed with water (20 mL x 2). The organic phase was
dried using sodium sulfaté and the solvent was removed in vacuo. The product was purified
by flash column chromatography eluting with ethyl acetate and hexane (1/2, v/v) to afford
124 mg of white solid (76% yield). 1H NMR (DMSOQ-dg, ppm): 7.31-7.04 (m, 10 H, 2 x
CgHs), 4.32 (1 H, OH), 3.71 (5,4 H, 2 x CeH5CH?), 1.44 (s, 2 H), 1.35-1.27 (m, 4 H), 1.22-

30 1.13(dd,4H,J=11.8,21.2 Hz), 0.97 (s, 2 H), 0.81 (s, 6 H, 2 x CH3).
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5 ether. A pure white product was obtained (35 ng). 1H NVR (DVBO 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 ésg BiH 2 x
CH3). in. p. 225-226 C. MB (M5 + H+): 241. Anal. (Cl2H21N203Cl), C. H. N.

10 Exanple 6. SynEkamipie 8f Sinthesis afiil dmio-3 Scinrtigh 7-acetoiyadhmadeiment ane
(8). To acetic anw&n ,gq (0.3 m.)_at_ 0 C under_njtro en was added fum ng
HNOS ( Chydrgehylorid 2 pplutign phl. 1 glibgnayleguned, Hdenethylafet ani do- 3,

vas ot 1By RRRE (SUTRR) RIEMED @ac'?ﬂén AR EhGRh R (2R, AT (07
oxt ot é@ﬂ#ﬁ%&%? SR Gt ahd e ok é%ﬁ ater (10

M 5X Jverdight. SahithiedsodRien @Hrb@;shwwa@mﬁpsinmymlaﬂaéde ThERo&@t wRRt was
renoved in vacuo and 31 ng of product was _ obtained. IH NVR (DVSO d6, ppm:

7. 52 ( bexgracted pyithndiphloporngthare (19 i) andiwasbed vath water @O L e grganEH?) |

T55- 15 st Ngs frih psineoiDipanitofd and hk soresi Sty gpvld inSgeien Sty Pirger

1- di bengyfpating tBe pRydictwh\Wissolvdidl mRalanof CEORDY.| P&/(((10%,10Rgpwahddddon of
1-am ngﬁg—j SIgligrret}Eu -7- hydrloiygdalnant aar?e hydrg)chl or(l deo 8)3 in DMF (2

i) V\ﬂsarﬂdﬁéﬁbabﬁ&iiﬂlxﬁw%.d drogdfatedlax a@iﬁ&sﬁx@(ﬂmeLB}mbl)a@érﬁngheOmam) The

reaction mxture was stirred overni ght. The product was ext racted 25 with
di diff ormirgtisavas fitesedayd anuewé@qudhﬂﬂémﬁhvb@cw waggddedped Biegani c

e pr ote oS s I PPLBRE B TR e b Rabitt el KERonkDS afBRERWAT VEDLD)
o 2 R Py i o gt 4o B g g S )

3 71 (sH, ¢0dHD, 1<7@61H§33t&),4}1 J4411.6,2124 H)z) 115@539(834(PMJ=411'|)7,25162&)30 1.13
(dd, 4H, 3= 11.8, 21. 2 Hz), 7 (s, 2 H, 1 (s,,6H 2xCH3). 13 Exanple 8.

Synt hest.§84f05l¢ddp® #hJ3= 154;1361&&-]13”093 apéﬂ-bﬁyaﬁﬁg}ant ane hydrochloride (12).
To 1a5 solution of 1,1-dibenzylam no-3, 5-dinethyl-7-

Example 9. Synthesis of 1-(benzyloxycarbonyl)amino-3, S-dimethyl-7-
hydroxyadamantane (13). To a solution of 1-amino-3, 5-dimethyl-7-hydroxyadamantane
hydrochloride (570 mg) in DMF (5 mL}) and water (0.3 m)L) was added dibenzyl dicarbonate
(1.41 g) and sodium carbonate (1.3 g). The reaction mixture was stirred overnight. The

20  product was extracted with #-butyl methyl ether (500 mL) and washed with water (400 mL x
2). The organic phase was dried using sodium sulfate and the solvent was removed in vacuo.

The product was purified by flash column chromatography eluting with ethy] acetate and

hexane (1/3, v/v) to afford 701 mg of white solid. 1H NMR (DMSO-dg, ppm): 7.35-7.28 (m,

5 H, CeH3), 6.96 (brs, 1 H, NH), 4.94 (s, 2 H, OCH32), 4.41 (1 H, OH), 1.62 (s, 2 H), 1.43 (s,
25 4H),1.24-1.14(dd, 4 H,J=11.5,22.0 Hz), 0.97 (s, 2 H), 0.83 (s, 6 H, 2 x CH3).

Example 10. Synthesis of 1-(benzyloxycarbonyl)amino-3, 5-dimethyl-7-(3-
bromopropylcarbonyloxy)adamantane (14). To a solution of 1-(benzyloxy-
carbonyl)amino-3, 5-dimethyl-7-hydroxyadamantane (100 mg) in DMF (0.4 mL) was added

30  4-bromobutyryl chloride (0.3 mL). The reaction mixture was stirred for 2 k at room
temperature. The mixture was purified by thin layer chromatography eluting with ethyl
acetate and hexane (1/2, v/v) to afford an oily product. 1H NMR (DMSOQ-dg, ppm): 7.38-
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hydr oxyadamant ane (50 ng) in DMF (0.4 nlL) was added di chl oronethane (2 ni).
Acetyl <chloride (1 nL) was added at O C under nitrogen and the reaction
m xture was stirred. 5 overnight. Saturated sodi um car bonate;sfojl'qtfiro_g (5
m.) was added. The product was extracted w th dichl oronet hare T OL‘FrL) and

vashed waSiaaeicnd, Morea) | INBIHISTL o HRBER) MR ST o0 e NG O

sul fate and the 'so was ensv dcuo’

purificag , 2Re-n3pduH, wasy di b t ] 5 1Pdl C (10% 10
ng) was ac%}ga and thgt reacti’{)gq'%?g%%?g)’\%gg ’yjﬁggeor%%'gg@zgfpr essure of
40 LB/ i GERZH@H7), §H66.(s,FH), 1059 X1 W MHEST + il L 55 ev Hand .onl oo, 2Rs Jemoved.
HCl in ethyl acetate was added and the precipitate was filtered and the
solid wa® Hashéd (st H, haxdd®.to afford 15 ng of product after drying in
air..1 HNW (DVSO d6, ppm): 8.30 (brs, 2 H NH2), 2.09 (s, 2 H), 1.93 (s,
3 I-? 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), -1.0 . =14, 1. 36,5 Hz 293 ( 6H, 2
CH3). 15 Exarrpl)e &Agﬁ? rjﬁle'sré’gﬁ%gs‘i-%f gié‘r)]%ny 19Xy CaIbOBY, ?‘}‘h‘f‘f?‘?ﬂ’ﬁé‘,meé‘g’l"7‘(3' "
5- di et bittateéprdpyicarbyaylonplatanantahd)(15)] Tooa Solititin SN -Qendylafy No- 3,

5-dineth gOY hydr oxyadamant ane__hydrochl oride (570 ng) in_ (5 n) and
vat er (@% HDENURL- 35 uiactyh én 3 prompprapyiearhenyloxy)ademagiang vl acatohitrife was

car bon ) ) ' L XL Uhe. stirred.gvernight. .The 20

ot oduct aued s s3udhon, of bRt Bo e E Bl Rabib i miE Vo Mired el
wat Hr (#0dirki The pRiductigs @t@erd withamftyMasthelrdies 268 iRGohflinuBswidage and
the solvent was renoved in vacuo. _The product was purified by flash col um
chr omat W&BW - dihgtargapicphase grasdried veing sedismulivte wad eolyertayasutmpvedtaaf f or d
701 ngy . 1e ' NVR (DVSO-d6, ppm: 7.35-7.28 (m 5 H, C6H5),

6. 96 (b%?’wﬁliﬁm%%éf’q‘ﬁ?‘%’?d(s, > H OCH2), 4.41 (L H OH), 1.62 (s, 2 H.
1.43 (s, 25 4H), 1. 24-1.14(dd, 4H,J=11.5,22.0Hz), 0.97(s,2 H), 0.83

(s, 6H 2xCH3) . Exanple 10. Synthesis of 1-(benzyl oxycarbonyl)amn no-3,

5-di methyl - 7- (3-  xqiipmé WYi%emb%S)ﬂﬂﬁmﬂlﬁﬁbﬁéﬂic ac ?a@arﬁ%ﬁtgbbgg) O}c 0

1- (benzyl oxy- carbonyl’) am no-3, 5-di nethyl - 7-"hydr oxyadanmant ane

DIVFLS( O. A6)LTo Weirai 2603 91 $imph SR B EOdGB0TC AGecdfinfhio )s-giffayeact | on

m xture was stirred room tenperature. e mXture S purified
by t hi nadamestanel{t On®tvagradned sletlit dveg a\petibd 6f DY The reaction mixture was stirred

for 2hat 0 °C. Formic 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 filtered and washed with water to give a pure

20  white solid (0.37 g). m. p. 261-262 °C.

Example 13. 1-Acetamido-3, 5-dimethyl-7-hydroxymethyladamantane
(17). 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

25 THF at 0 °C. The reaction mixture was stirred for 4 h at room temperature. The white
precipitate formed was then filtered and washed with THF. NaBHj (2.40 g) was added to the
filtrate. 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 x 3). The

30 combined organic extracts were washed with 0.5 N HC twice, water, and brine. Solvent was

removed in vacuo and the product was crystallized using a solution of ethyl acetate and
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acetate and hexane (112, v/v) to afford an oily product. 1H NVR ( DMSO d6,
ppm: 7.38 14 7.29 (m 5 H C6HS), 7.12 (brs, 1 H NH, 4.95 (s, 2.H,

OCH2), 3.53-3.49 (t, 2 H J =6.6 Hz, COCH2), 2.36-2.32 (t, ‘QfH,G g 7.7
Hz, CH2Br), 2.10 (s, 2.00-1.96 (m 2 H CH2CHCH2), 1.66 (s, 4 H),

2 H,
(s o Hogh /) wieive dhynie sta Qome) IR RMEY OplS sk, Bl 3R Gy b no- 3,
5- di met Ny); 433 &; 11,101} BpsopiE); a102qdy2 oK ORPHENE 3EHEL )71 303 |, sgcmipn of

1- (benzyl oxy carbonyl)am no- 3,

5- di met hyb (s -6(E), 010007 ¢y b EB! 0.06 Y4, BH). 3638 ELABS O ARRE(CPEH5 ENE YRS,

added a solution of silver nitrate in acetonitrile ind the reacti On m xture
was stiHr¥d overnight 10 in dark. The product was extracted with t-butyl
met hyl ether and the solution was washed wth water. The organi ¢ phase was
dri usi ng sodium sul fate and sol vent was renoved to afford the nitrate

conpound. Exanpl e = f\¢ % WU H9- 8 .5_arAlaret Byl -7- |4 c aci dadamant ane
15 (16). To funi ng*ﬁ&‘g&f‘?l%%@%i% SaﬁFq%thf Z%H&dg‘éﬁ@%ag‘%dfg‘é’@gi‘%% do- 3,

5- di et lydroahllrite (28) I—_Ac@tagl)xd 'dcrla,ss-gddetﬁ' d ybvom\%ﬂmé@mmy@adaﬁg{h%eggﬂ mg) aﬂ'dlhe
reactio e was stirred for at .. Form c aci was then
added d&ﬁ‘gj&f@gé G are gaderia digihylencslvipl k) fidshe sactommrsireas hetted h.
The reaction, m xture was poured gnto ice (100 g) slowy with vigorous

stirri n§. 17pn& pndsg nregsndor by he Afigneogling te reemdempeiating dca/fS ) wastasded o gi ve

a e | | 1. - ™ e 13.

1- Riéqat a%@g%#&@g g%e%ﬁéﬁ%t W%F%Qy%%%% ?lgaod‘éiné‘néar@é %?)%}%‘e%)ﬁt@%‘iyﬁm ne
(0. 80 nivhstd cvith Wyder (10unD) eddbiiis @ 0GAL R AnddticdREing dediash subfatee rBdIRddt Ywasi Nt O
a suspension_ of 1-acetani do-3, 5-dinet hé{ 7-carboxylic acid- adarnant ane

(2.0 g)rempves impqeugy HClan ethyd agesate tvas dfedtonoaver thesfreerbasel ta B salhard r oom
terrper%e. g-n%e white gr,eci phtate fornmed was then filtered and washed
wi t h THYZ REBLPrqdicyyag pbtamed o sHNMR(LMSO-a6, npmy &.19\Wise? Ho4-A£93- W€ hdded
dropw s t4 ga ' f f @lyh( hil nor e
wetor (BOm) P EnaNT THROCEE Poabit) R e Hi LR &

15 6 H), 0.86 (s, 6 H). Anal. (C13H24NOCI+0.4 HCI), C. H. N.

Example 15. 1-(benzyloxycarbonyl)amino-3, 5-dimethyl-7-hydroxymethyl

adamantane (19). To a solution of 1-amino-3,5-dimethyl-7-hydroxymethyl adamantane (60
mg) in THF (3 mL}) was added N-(benzyloxycarbonyloxy)- succinimide (74 mg) and the

20  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 briné. The product was
purified by thin layer chromatography eluting with ethyl acetate and hexane (1:4, v/v) to give
a white solid (80 mg). 1H NMR (DMSO-dG, ppm): 7.33 (m, 5 I-§, (}6H5), 6.89 (brs, 1 H,
NH), 4.94 (s, 2 H, OCH3), 4.32 (t, 1 H, OH, J= 5.7 Hz), 3.04 Ed','i H, CH20H, ] = 5.7 Hz),

25 1.46(dd, 6 H), 1.04 (dd, 6 H), 0.84 (s, 6 H, 2 x CH3).

Example 16. 1-(benzyloxycarbonyl)amino-3, 5-dimethyl-7-nitratemethyl-
adamantane (20). To a solution of 1-(benzyloxycarbonyl)amino-3,5-dimethyl-7-

hydroxymethyladamantane (60 mg) in dichloromethane (3 mL) was added a cooled (0 °C)
30  acetyl nitrate (! mL, from a mixture of fuming HNO3 and Ac20 (2:3/v:v). The reaction

mixture was stirred at 0 °C for 15 minutes. A sodium bicarbonate solution (I N, 5 mL) was
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and the remai ni ng agqueous solution was extracted with ethyl acetate (100 ni
X 3). The 30 conbi ned organic extracts were washed with 0.5 N HC tvm' ce,
water, and brine. Solvent was renoved in vacuo and the product,,

crystal |ized using a solution of ethyl acetate and 15 hexane “!(111’11 Lvﬁv) to

atided endstheipgoduc?
333 (T e o Bt B b Ty leful wada )

H, ch;pmter (1 P rgng@g Sglv|e|;1t was Bmayed 7z paquoGnbithe ﬁsﬂﬁe @&s pﬁnﬂ):d bynthif layéb2- 153

z(s) g i rrg]%!’? 5} %ﬁ%@ “gfhaf‘éfiﬂ&ﬁﬁ&??ea%ﬁ}r}gﬁ%éd% %@éo (gmaan ailypreduati4- 3,
fodhrgtrﬂ%ﬁ enem}lﬁi@m%l ﬁm%gr é%%gg F&ﬁ;ﬁg@g& r&gd%ed

under rOCHeYeD4 @2 b i con?| § t ( ) was
added 10 ang the@prodt?gH%A)nf\g%gxtrac lggsvjdoﬁ}gf ace fJE%!LIB iﬁ)xosif The
conbi nde, et 2addHyas washed with water (10 nlL) and brine (10 nL), and

dried using sodiumsulfate. Solvent was renoved in vacuo. HCl in ethyl
acetate was added to convert the free base to HCl salt and 102 ng of

product was obt ai ed 1H,_N DVS 19 (brs, 2 H), 4.54-4.51 (t,
| H OH J = 5. 3705(R é&% dg Y&Fmtrajemeth)éadmantanaz 1. 40 (m

6 h ) 2B HCl

H. H). ﬁﬁg&e&%gémll (geﬁﬁg@%ﬁ car gir?mr‘?]am ngﬁg@{hgl g%ﬁé&%ﬂ%ﬁ@@ thyI
adafantbhmg) Y6 dlsmlvad soHBr/aceticcdcid ¢ lamd ) endtHe-sdlutieh yds-stirfay dt et hy|

d THE 3 m) dded N-(h | bonyl

Succr nidRRa s . “ﬁ?aﬁ«a&exgrﬁe%rzé%éeo°%¥.éﬁé R oRbesabdr o
overn an [.e acet at e.
T\rlle slolg’tb}% ?%W%ls ﬁPgtﬁg LR a&/&f‘i&%ﬁ%"ﬁ?’i"ﬂﬂ“ M 465 i ed by
thin | .82 Obre; 31y, & ethonjg-I t /
toI SI v?ﬁg whi ?Em’s%?y. dw(m%((s) ny) ﬂ 150?5 MC; é}@,@t@ ﬁ@nﬂl@?aﬁlﬁ 1(}12|_F§ %\éH\Slg ,
6 89 (BHs0.88 (53,6 HNHx CHR)94 (s 2 H OCH2), 4. 32 (t 1H OH J =57 H),

3.4 (d 2 H OROH J =57 Hz), 251.46 (dd, 6 H, 1.04 (dd, 6 H, 0.84
36 H, 2 x CH3).

Example 18. Synthesis of 1-acetamido-3, 5-dimethyl-7-nitratemethyl-
adamantane (22). To acetic anhydride (0.3 mL) at 0 °C under nitrogen was added fuming
HNO3 (0.2 mL). After stirring for 5 minutes at 0 °C, 1-acetamido- 3,5-dimethyl-7-

hydroxymethyladamantane (50 mg) was added and the reaction mixture was stirred at 0 °C

20 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 x 3). The solution was dried using sodium sulfate. The solvent
was removed in vacuo and the product was crystallized in ether to afford the target product.
THNMR (DMSO-dg, ppm): 7.38 (brs, 1 H, NH), 4.23 (s, 2 H, OCHp), 1.72 (s, 3 H,

25 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 x CH3). m.p.

154-155 0 °C. Anal. (C15H24N204), C. H. N.

Example 19. In vitro protection of neurons by compound 7. An in vifro mode! of
mild NMDA-induced damage leading to apoptosis of cerebrocortical neurons was used to
30  demonstrate the protection of neurons by compound 7. Under these conditions (300 pM
NMDA exposure for 20 min, followed by washout), neuronal apoptosis was monitored 24
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Exanpl e 16. 1-(benzyl oxycarbonyl )am no-3, 5-di nethyl-7-nitratenethyl-
adamant ane (20). To a sol ution of

1- (benzyl oxycar bonyl ) ani no- 3, 5-di net hyl - 7- hydr oxynet hyl adaleitane.¢60 ng)
i n dichl oronethane (3 nL) was added a cool-ed (0 C) 30 acetyl nitrate (1 ni,
f r om a houxt latex hyfprbplildimg iddiiBuptake AcPfiofphoBiy of fixed,permestilidedmetions,ur e was
stirred at O for m nutes. A sodi um bi carbonat e solutlonhé?éN 5 nm)
v, 16 HeRnEPHFISEIE Blocpeet abskrosdYasdcad ¢! BSB89 KHIR). NIMPA

ext r act; Was W heshon | %4 n vacuo
a)r(ld the'resl 3@2 mstt&])BPt{) ES’?%& ta‘f’n %a2?5 l%gwom%mgg?$§£@¥%?dhg :I/VI tﬁ
et hyl aeeteatien frandthiedanspe((P:<20.001 \Wigt5). gi ve an oily product (40 ny). | H

NVR _(DVBO-d6, ppm): 7.33 (m 5 H, CBH5), 7.02 (brs, 1H, NH), 4.95 (s, 2 H,
), 4.24 (s, 2 H, OCH2), 1.60 (s, 2 H), 1.55 (d, 2 H), 1.44 (d, 2 H),

5

1.12 (m 6 H), LS

5-di nmet hyl - 7- mtra? lr?éﬁ?'uzf g?i‘r’r%ﬁ 5@3%?11' E? %EE éa7l§ munge%erebral

1- ( benasdheniaanbdely I'I)mrmmaiuﬁuﬁﬂ dutrd ﬂeyﬁmc}‘uemvﬁsrm& m@pfbﬂhceﬁﬂahf addlewién a0 (17
ng) was dlsa lved,in HBr/acetic acid (1 nmL) and the solution was stirred at

room tiB¢HHdde serebra arter(MEAg, ﬁoaamgdhe fatne protocnh fordeeal eerebml ed i n vacuo

or oduc ™ CED esper sl s PR e BRRP o) b A, Al diiepld (g B 131

OCHR) , Howévefsherd G7BUb.Re Were dsdd)instdadlér rbs. Féi"Dncnﬁnﬁr?e ths JoadindHlose w38 (S,
6 H 2 x CH3). 15 Exanple 18. Synthesis_of 1 acet am do- 3,

5- di metAdme/Kedin. withetmainpenange deseraf driag/kep hows, a%tvhis badahmmﬁvwsbo 3 )

i nut o< A3PAgo B RER AR AAERL LB bR bng ul bk el Hisk bk B 50
ngy) wado dddedropnstetive: (CGlra] érqi. mewtmzendba@lm) 86 eldza) To frodficd or 1 b. The
reaction m xture was poured into cold (0 © 1 N sodium hydrogen car bonate

sol ut i WCRIoteEY veeRpcenkatinnRf rompaaad dxthe é&ﬂdgw dase wastl AQ medkigdi-priand then

sy Sneiicefod ke WRNEHENE, [p LGRS 1 bach cite. a0 Riithe Rl e,

cryst alihitialligl admiristeeed 2 br aftérdviCA dveldsiong alorip@amd Gt was more neuroprotective than
memantine under this paradigm (Fig. 6). The animals were sacrificed and analyzed with TTC
staining 48 hr after MCA occlusion (Chen, et al., Neuroscience (1998) 86: 1121).

20 Example 21. Vasodilation by compound 8 in a rabbit model. 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

25  on stirmups 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 contractions were induced with 1 pM

" norepinephrine. The vessels were then relaxed in a dose-dependent fashion (10-2 through 10
5 M compound 8). In some experiments vessels were pretreated with methylene blue or

30 hemoglobin to block relaxations.

Figure 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
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1H NVR (DVBO-d6, ppm): 7.38 (brs, I H NH), 4.23 (s, 2 H OCH2), 1.72 (s, 3
H, 25 COCH3), 1.64 (s, 2 H, 1.59-1.56 (dd, 4 H, 1.20-1.06 (m 6H), 0.92
(s, 6 H 2x CH). mp. 154-155 0 C. Anal. (C15H24N204), C, H.~N.-Exanple
19. In vitro protection of neurons by corrpound 7. An in V|t|*o' m'Jder of

wws use Pl S L REPRL PP o ReBRR GRS g1t s omis iy ohplanblue (Mndor
these cantihishogsbihIAinkicalihPin ROSSEE cfidss. @ ﬂ&nt{g@%tﬁ"&%ﬂr Ry washout),

neur onal apoptosis was nonitored 24 17 urs at er propi §ium i odi de
upt ake and nor phol @@&IeéfShﬂWﬁeJ@b aqnbspmﬁbltytczwlvraam’tm&fm@me Orheis,

e aRpb Y 05 308 10 or oSl bt S bt insdbamek
af { @ dethat end zaitues folsalvek sﬁoxﬂﬁ@ﬁgi%h\g?dé @o@ggmfcﬁ ) pRdduced fisagR! € 20- In

vivo protection by conpoun in a mirine cer em a The
intral uﬁﬁ@lﬂoglﬁt@lgﬁmlétﬁhﬁpmmwsOmsed to produce a 2 hr occlusion of the
m ddl e cerebral e t he s pr ot ocoI for focal

cerebral ischeni Lal-}lF %&W@%ﬁn&@ﬂsﬁﬂt EQIHB%P“& ehasoasedilatanetivitedn al .

Neur oscadditien {olSRA) A86hib r P

instead of rats. For rrerrgﬁlgflja}]lg%ﬁ%ﬁ%gﬁﬁeﬁsgoﬁgﬁgﬁﬁ%ﬁ ﬁg“ ith a
nai nt endiigse Mmeskanism of nginghamlldebucm:mlanestth ipsothztiveledfeots i r0ded if ¥trolsdiown t o
proﬂ)uce parenchymal |evels of 1-10 i M nmemantine in the brain, which was
shown to be neuroprotective (Chen, et al., Neuroscience (1998) 86: 1121).
To produce a neurTBpk&kREfd RGRN t: i ng dose
was 100 ng/ kg i.p. and the I%B.I nt e&éﬁgk’e oégéemwggp%gegsglked]ﬁ%é ‘9%&31? 12
hr. In ssbangefshis dmcuglemrarvhtnem iecarpotatadl-byseederence for all byrpa@lm ni ster ed 2 hr
after MCA occlusion. Conpound 7 was nore neuroprotective than nemantine
under this paradigm (Fig. 6). The aninmals were sacrificed and anal yzed with
TTC staining 48 hr after MCA occlusion (Chen, et al., Neuroscience (1998)
86: 1121). 20 Exanple 21. Vasodilation by conmpound 8 in a rabbit nodel. New
Zeal and white fermale rabbits weighing 3-4 kilogranms were anesthetized with
sodi um pent obarbital, 13
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m | ligram per kilogram Descending thoracic aorta were isolated, the
vessel s were cl eaned of adherent tissue and the endotheliumwas renoved by
a gentle rubbing with a cotton-ti pped applicator inserted,}qt- thq | unmen.
The vessels were cut into 5 nmillimeter rings and nounted 25 off stiTrups
connected to transducers by which changes in isonetric tension were

r ecor ded WHADIS ICLAIMED @8:ass | nstrunents, Quincy, Mss). Vessel rings were

suspepded in 20 nL, of xygenat r buffer at 37. oC and. sustai ned
contractions were ?nmc@&%@ﬁ@%‘ﬁﬁ%&?ﬁ# Paer A ghangage s were then
rel axed wéveprabieselt dRp@fdent fashion (10-9 through 10 5 M conpound 8). In
sone experinents vessels were pretreated with nethyl ene blue or 30

henogl obin to bl ock rel axations. Fi g%ﬁaﬁ shows rel axation of the
precontracted aortic vessel in a dosej ‘dependent fashion using conmpound 8.
Rel axati ons were seen at 10-8 M an pl ete 18 rel axati on was achi eved at

10-6 M (a). Rel axations were attenga by net hyl ene blue (c¢) and

henogl obin (d) indicating an NO relat ef fect. (b) is a control with
solvent. Figure 8 shows site apgd-st N Réto derivati zati on of
memanti ne. That is, conpound 97 (&) and D™ (C) produced either no effect or
slight contractions of blood vessel s 5 that were attributed to sol vent
(showh on right side). Conpound 7 (b) produced nodest relaxation at a 10
m croM concentration. These results denonstrate that conpound 7 has

di | at tivity, | . i t A-i_nhi bi t t] tic
bropeht fes. Conpounerpintbys Hh abil Briemalit sy hrteroas e BR o R Hgh ¢ na
li kel sy cpDhKbH:BRalkg] REA! R4rbM%91, @(bmoﬂﬂi‘(gglfgﬁiﬁsmalﬂlf_ Eroalkd, kB or

scientific publications,” patentS or patent ications cited ih

vari dus heseroatytis inH, nlkwls hldamaﬂvhtarjelrtu Heterasiryl; R sc®RoatkydRuyorr ef er ence for
P iRl be b iR AR R UG, e, # oo

8  C(Oalkyl-ONO; or C(O)heteroalkyl-ONOs.

1 : 2. A compound according to claim 1, wherein R, and R; are H and Rs is
2  ORjor CH;OR;.

1 3, A compound according to claim 1, wherein R; is H and R; is C(O)Rs,
2 and R3 and R4 are H or alkyl.

1 4, A compound according to claim 11, wherein R is H, Ry is
2  C(O)alkyl-ONO,, andR; is alky! or C(O)YO-aryl.

1 5. A compound according to claim 12, wherein R; is H.

6. . A compound according to claim 1, wherein the compound is
2  compound 7, 16,17, 18, or 21,

7. A pharmaceutical composition for treating a neurological disorder
2 comprising a non-toxic therapeutically effective amount of a compound according to claim 1

and a pharmaceutically acceptable carrier.
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2 acceptable salt thereof. 3 4 wherein Rl is H, alkyl, heteroal kyl, aryl,
heteroaryl, C(OOR6 or C(OR6; R2is 5 H aRgl, heteroal kyl, aryl,
heteroaryl, C(OOR6 or C(OR6; R3 is FL alkyl, heteroal kyl, aryl .or ., 6
heteroaryl; R4 is H, alkyl, heteroalkyl, aryl, or heteroaryl ;i RsVi s -®R7,

al kyl -OR7 or 7 heteroal kyl-OR7; & is al kyl, heteroal kyl, aryl or

heteroaryl; R7 is8N02, ARG of tBalH - - Q) het er oal kyl - ONO2 1
2. éoconpound according to claim 1, é/\)ihgélgyiﬁg%péﬁ%rdﬁ&%é%p@sﬁ%?ﬁnﬁ?ﬁagm2
OR7 “or B-ppytent 1n nped pf suelpentnientad ambinrigxic dherbpeuticadlly sftioé BmbBlnd s£41 and R2

is O nd.R4 are H.or alkyl. | 4. A conpound according to
clai'm 1%,9”%%‘92"‘?%“%?“?@ Wﬂfi‘dsa l%“%’@@j%f{'&?ﬂx WeplablgsameEr s al kyl or
C(0)0-aryl. 1 5. A conmpound according to claim12, wherein R is H 1 6. A
congound accordi ng. t o & giethol.of WAL MndFS1 j . €O und, 7,. 16,
17 MY 0?tl onyt?g?lj ct%gn (éﬁs‘}n nistration

, 18, or 21. 1 7. A pharmaceutical” conpos
neurdol of§i&ratiert ingiead of suchdrestmentiof amondoxic therapeutiedppgteciiveuhyugidract i ve

anougnt - (i to.claim,1 .3 and a pharmaceutically
accept aﬁ{néﬁo(}g@ Ir‘£IE (g&rfa%s %P@% Igwmdl%lo?“dt@%{m?@uﬁcﬂb’uﬂ%?mgblé SAITHI.SOr der
conprising admnistration 2 to a patient in need of such treatnent of a

non-t oxi ¢ t her apel®.i caldl methbll € tyrtiees ﬂimﬁfno&dﬁn&iﬂ[ﬂé%ﬂ%@feﬁ%ﬂhﬁ%&?

clai,m1 and a pharnaceutically acceptable carrier.
tredting a neur ol GgioxHlizing 8 spampeunsoefishe Sirmyladni ni stration 2 to a patient
in pReed of such treatment of a non-toxic therapeutically effective anpunt
of a 3 conpound according to claim 12 or claim 15 and a pharmaceutically
accdptable carrier. 1 10. A nethod of synthesizing an am noadamant ane
derivative, conprising:

NHR,

R3 7 R4

wherein R; is C(O)Rg or C(O)ORg; Rs is H, alkyl, heteroalkyl, aryl or heteroaryl; R, is H,
6  alkyl, heteroalkyl, aryl or heteroaryl; and, R is alkyl, heteroalkyl, aryl or heteroaryl;
7 and,

8 (b) nitrating a compound of the formula
NHR,
R3 N R4
HO
9
10 to produce the aminoadamantane derivative.
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2 (a) oxidizing a conpound of the formula 3 4 R3 J%-R4 5 wherein R2 is
C(OR6 or C(OOR6; R3is H alkyl, heteroal kyl, aryl or heteroaryl; R4 is
H, 6 al kyl, heteroal kyl, aryl or heteroaryl; and, R6 is al lqiyls; ¢ooroy

heteroal kyl, aryl or heteroaryl; 7 and, 8 (b) nitrating a compounti of the
formula 9 10 to produce the am noadamant ane derivative. 21 11. A conpound

selected fromt grQu 1:SLd f 1-acetam do- 3, 5- .

di met hyl - 7- car bgg'yl i %%&ﬁ%&%ﬁfﬁg@g%@? ?Ll-ez%%"tpacfﬁnalﬁg%g, %f {fF?f‘éiﬂﬂgﬂP::‘;ﬁ'

hydr oxynet diphethidihedrboeylicaiill ddagiahiife, 3 -acefamido-3,5-dimethyl-7-

-di net hyl - 7- hydr oxynet hyl adamant ane | hydrochl ori de. 12. The conpound of
claim 11, Pmetgﬂﬁéa@@ﬁmﬁ@ﬂ 1-eminerd Stdimethyl- 73nSratiymstiyjadamaptanboxy| i ¢
acid adanaﬂjt,(ﬁga.g()%@e_ The conpound of claim 11, wherein said conpound is
1-acetam do- 3, 5-di met hyl - 7- hydr oxynet hyl adanmant ane. 14. The conpound of
claim11l, wherein said conpound is |-am no-3, 5-

di net hyl - 7- hydr me | adamant ane hydrochl ori de. 22
y y %y Irﬂ%f compound of claimyl 1, wherein said compound is 1-acetamido-

3,5-dimethyl-7-carboxylic acid adamantane.

13. The compound of claim 11, wherein said compound is 1-acetamido-

3,5-dimethyl-7-hydroxymethyladamantane.

14. The compound of claim 11, wherein said compound is 1-amino-3,5-

dimethyl-7-hydroxymethyladamantane hydrochloride.
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