;e3e' ""#d$j fUP 6' T' Q4 AUG 2004 AM NOADAMANTANE DERI VATI VES AS THERAPEUTI C
AGENTS BACKGROUND OF THE | NVENTI ON Certai n adamant ane derivatives have been
used to treat illnesses. R nantadine 5 (1-(1-am noethyl)adamantane) is used
for the prophylaxis and treatnent of influenza in humans. - Arvgnd[laﬂi ne has
been used for the treatnent of both influenza and Parki nson"s disease

rerant | ACINOANAMEANTEANE DERTYATIVES &Y THERAPEDTICAGEN TS

vari ous neurodegeneratlve di seases and has t' ;en licensed for the
treatment of Parkinson’ Ger many (Schnei der et
al., Dtsch. Med. Wschr. ﬁ%@éggﬁhgggﬁbégﬂiﬂﬁéﬁgﬁbﬁﬁg$grotects cortical and
retinal neuron c 88arhatiRed diivafivdstaby b@é‘n k8 Bt Ind¥EA RaffintaleH! V- 1
coat protein gpl %&%%Xeyeéﬁet al., Science (1990) 248:364). Recent studies

derfons¢l-@t-eminbathyl)asdanrantenme) s uged fmlthenprophyimds anditreatthent pi)mﬁamlln danmage in

rats (Kel hoff and E acr C 92 219 4 ntine
dermonsiBgss A@@ta%g? Eed;]ﬁ% %feingg tr?f&’f’t?‘r U 5\35) ag%ns t°is

t houghg; séaﬂ@g SETRFEEE hINE ﬂ%ﬁwéii AsRRU19BY PL(IBCLIERR Ah&@x@ﬁ damuae it isa
mcrorm ntagoni st of the NVMDA receptor (Bormann J., Eur J. Phar macol .

(1989) meABNGA, )is cunently m@mhmcnbmvssugetmgfqnélmmaémﬁnwfvaﬂ@m ol ogi cal

di sorders, ,the v and r|t ur al.o i a

reed fB?“ISil%&Perﬁg Gishouintie St looed il Rl o PARGRER BRSRTALS O,
gﬁm %&ﬁ@ﬁet%d%hhmd wsdhrihosay gsi9gm: of neurol ogi cal

dlseas THe presen i nvention al so provi des net hods of making . the novel

conpounds. SUMVAMen@mthErtht@omm and retinel prusereeultures, fam; thetoxicityidfes

conpoun e o] y The

CompouReile WPATA 8% BRI T bR Gre TR0 (RRbe By SR S0V Cal s
t her eORecent studies d’émorrstnatJﬁmNt BrevEnts qKﬁxoRélc'BhRi-@dﬁcmbhlﬁmcaR@.al &inagednand RS
of the fornula are inde endently defined. R 513{ &qal k ~heteroal kyl ,

aryl, rass Gelhoffrnd Bol§.dewr. &rPleppred. (1392) 319:4 S aryl,
hef gr oa ryI or

i ro&?g?hyp%g ﬁﬁn?{ﬁ Q&dhz (ladrooén tﬁéd%ﬂr %P@%E{]ag?}éé:%%?ﬁﬁ RS i s ORS,
al kyl - @Ropfotdrtive Effedtlbyéd:aiﬁRﬁl 6 is R&bmnwgwglﬁgbmsmfldﬁé IW\HDAameyd:pﬁaznw(fBItI»castlfll | enmaryl .
R~ i s NO2 a 2 or O het eroal kyl - ONO2. The fol | owi ng
substlﬂugﬁtgé’}‘ Cééi?@a%ﬁl hd R2 are H, R3 and R4 are H or alkyl; and,
R-is NO2 or O)Wiu‘fé'l!n Bne it BEInBRSER trdabNARbloRRaPHISOrdRfDMeRfiety and
pharmaceutical conpositions that can be 10 used to treat a neurol ogi cal

di sor deeverith ef neurplogiceli Gsersésmreastits aanesh foratbeymeinpprotpctinecagsaisbTBe carri er

f. the foll |
220t PPE Ry LSRR noRel CoRperBon S m R Rt A i B aR oY
i ndepe Qx‘éﬁfb‘lé&(céi ﬁis’e&ﬁﬁ' Tﬁé ﬁe&rﬁm@hﬁdﬁ alsd prdviies shddsl of nadking theebeeloar yl

C(O ORE or al kyl, heteroal kyl, aryl,
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:

A
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heteroaryl, C(OORE or C(ORE. R3is H alkyl, heteroallcyl, aryl or
heteroaryl. R4 is H alkyl, heteroal kyl, aryl or heteroaryl. RS is ORS,

al kyl - ORS or heteroal Kyl -ORS. RE is al kyl, heteroal kyl, aryl or heteroaryl.
R7 is NO2, C(ORE, C(Oalkyl-ON02 or C(O) heteroal kyl - ONO2. i Theh 12804 owi ng
substituents are preferred: R and R2 are H, R3 and 20 R4 are H or alkyl;
and, R~ is NO2 or C(O al kyl - ONO2. ThENHQ{R ent invention al so provides

nmet hods of treating a neurol ogical dilsorder. The nethods include

adm nistering to a patient a pharmacegmtjcally acceptable 2 4 AUG 2004
carrier and one or nore conpounds follow ng formula, or
pharmaceutically acceptable salts NR, R~ R The substituents of the
conpounds are independently def e % al kyl, 5 heteroal kyl, aryl, '
het eroaryl, C(0)ORE or C(O RE. I's ahkyl’, heteroal kyl, aryl,
heteroaryl, CG{OORE or C(ORE R3 |R5H al kyl, heteroal kyl, aryl or
heteroaryl. Ris H alkyl, heteroal kyl, aryl or heteroaryl. RS is ORS,

al kyl - ORS or het eroal kyl - ORS. RE is al kyI heteroal kyl, aryl or heteroaryl.
R- is N02, O(O) FEhe gyoapsaRioRz, BaioRs and Ry @the femmas kil indsyerdentiyalefinbd.oRi ng

St RS B B R e B0 e R 0 B g, o)

et hod@ymetmhmgccmmmcts(@mt ReifH| &mw, netefdaum,l %'pér I*R-J@M@Few isqal Iy

acceptabl e salts thereof; 5 The substituents he conpounds are

i ndepalodrhatsroalkyl. sed or mter@r?l Ry ik IR 7, aldsylerQRA mweteraaIWL-QPat Rsdaalkyl,
O ORE 0 H, _alk het |, C{0)ORE
or o dpreoetit b pr Bpieprot! BGisNG S Roab v ireNGeairy L ReT 5 i alkyl

het — ORS.
RE ?é‘tiﬁdéi"*wmﬁfe b OB IR 30 img SRt Ry RS Py R B BB

C(O aIMydreH‘&&lloyl 264, 763 N, r @{0halkylOIND,. The fol | owi ng substituents are
preferred: R and R2 are H, R3 and R4 are H or alkyl; and, R~ is NO2 or
C(O al kyl - 0\102 Fheprepent igventior algp PrOEes RhpENaceutsal sompogitigns tapeanke of t he

! 201 \sBgid @4t Rurclogical sy, 43 tonBAsEbE! SIS pihREaJlERES T Urt e

i nvol ve nltra npound of the fornula: H RZ R3 ~~~~~=
acceptable ca:rner and one or more compounds of the following formula or pharmaceutically

acceptable salts thereof:

NRR,

R3 ~ R4
Rs

The substituents of the compounds are independently defined. R, is H, alkyl,
15  heteroalkyl, 2.11'}’1, heteroaryl, C(O)OR¢ or C(O)R¢. R; is H, alkyl, heteroalkyl, aryl,
heteroaryl, C{(O)OR¢ or C(O)R¢. Rjis H, alkyl, heteroalkyl, aryl or heteroaryl. R4 is H,
alkyl, heteroalkyl, aryl or heteroaryl. Rsis ORy, alkyl-ORjy or heteroalkyl-OR7. Ry is alkyl,
| heterda]kyl, aryl or heteroaryl. R, 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
20 Ry are H or alkyl; and, Ry is NO, or C(O)alkyl-ONOs,. .
The present invention also provides methods of treating a neurological

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



H S Preferably, the conpound is treated with H2S04 and water in the
oxi dation step. The nitration step preferably includes treatnent with HNO3
and AczO. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 showsythe 3g,nt hesi s of

an adamantane nitrate derivative. 10 Figure 2 shows the syTﬁt HesiFe¥ bt an

adanma V, Y,
i 1 ar e b o bl il LM Totfy SR BrehilE, SHERHER SO R e
synt haslissthefeofin al kyl - ONO2 derivative of adamantane. Figure S shows the

i nhibition of NVMDA i nduced apoptosis in cerebrocortical 1 S neurons by
conmpound 7. Cerebrocortical culture gy € exposed to 300 ~M NVDA for 20 min
with or wthout various concentrati Qns" & conmpound 7. The next day

"cultures were anal yzed by neuronal fqpoptosis as described in Exanple 19.
d by conpound 7 in a dose-dependent

Neur onal apoptosis was |argely pre€
manner (P < 0.001, n = 3 cul tureg qch case). ' 20 Figure 6 shows that
erebral danage after stroke in a

adm ni stration of compound 7_decy
mari ne cerebral ischem a m)dBF* 2 40 both a control and nenmanti ne

(see Exanple 20). Use of the i aRym nal® suture nethod dermonstrated (n = 3
for each group) that conmpound 7 was effective in decreasing cerebral damage
after stroke (P < 0.03 fromcontrol: P < 0.05 fromnenmantine). 4 4 AUG
2004 Figure 7 shevwubstitaentsdfiibeicoimpauhdsare indepempdentlg d8fin&l. akeis 1 alkyl,

Fi Sur deteionll Mé';‘r?Lhé%r&%?ﬁ&@%@g&@?@@iE?S%”E@fyﬁigie"m” Sohete

| : 16 h f | t
ok e U O A% H A ALk sl vt
7d shaliyltHeadroalkylaanf bohetervaryd. &isieORA aldylwatamgdeﬁiulkyl—GRQURgzls?aueﬁoms

that the action of am noadanmant ane derivatives are specific. Conpound 9 (a)
and 1bgteroalieddarrker hatenearyl.nB- il QetCENRsd ¢@i@1kb!1—(52iﬂ0we$sel contractions

7 (o) P RERREE0k  The R EAS B ERe A PRt dbrvla B FD B o8P0

DE@CRIHQ‘E}@@@WPR%&%@@@A@E@N e term"Alkyl" refers to

unsubstituted or substitute i near,” branched or cyclic alkyl carbon chains
of up to 15 car e presemsinventieafurthekploviges upshdds of neding compexadgpodfthe et hyl |
et hyl . n-propyl, ,n-butyl, n-pentyl -hexyl ,. n-heptyl and n-octyl. Branched
15 al »fﬂ}‘?"‘ﬁ?‘é%’%ﬁ‘i‘?@? B%@@Bqt%@ﬁﬁﬁﬁ‘fe@?ab?%iﬁﬁﬁﬁwwr}? sec-butyl, iso-butyl,
tert-butyl and neopentyl. Cyclic al kyl groups include, for exanple,

cycl opropyl, cyclobutyl, cyclopentyl and cycl ohexyl. Al kyl groups can be
substituted with one or nore substi M2>s. Nonlimting exanples of such
substituents include NOZ, ONO2, F, Br, I, OH OCH3, CO02H, COQZCH3, CN;
aryl and heteroaryl. Where "al kyl A~ Jysed in a context such as

"al kyl -ONQz," it refers 20 to an group that is substituted with a
ONO2 noiety. Wiere "al kyl" is uss g.contexrt such as "C(Oallcyl-0ONO2,"
it refers to an alkyl group ecRed to a carbonyl group at one
position and that is substituted whth a ONOQZ noiety. The term "Heteroal kyl "
refers to unsubstituted or substituted |inear, branched or cyclic chains of
up to 15 carbon atoms-that contain at |east one heteroatom (e.g., nitrogen,
‘2350xygen or 5U|Tﬂbr.%.bhﬁ‘tuéﬁt@ofﬂﬁ'd&mﬁehﬂ@@ireﬁ%egéﬂfénlﬂgdeﬂﬁ&}m% 1's'I'{3|aH@?,, for
exanpl e, CH2CH20CH3, CH2CH2N( CH3) 2 "and CH2CHZ ranched groups i ncl ude,
for ehstesealkylcrybhetrpmylcGiO)QRe oL Q)43 Be)icHs alkull heteraalindomsh CH3. Oycli ¢

het er c% é?@%ﬁﬁ%gféwﬁ%r 3% ﬁg%%@!@eﬁ% f%ﬁé?ﬁetfr%m 2NCHB gnd .

substl ], I o) LL I n 2
N2 aﬂl,bﬁrﬁe%ero&lk? h@lfo'r ﬁ&eﬁ?ﬁ?ﬁp msé@{ %1531 @R-,’%'gtr%f;%dg‘lﬁ;g %leaty e% g(r:%lfﬁoV%ere

"het erlmwrkglkyl aryl uslwenoaryé. R@MN@& @(mea@(cu)hmym@uom ONO2, |t refers to
a het er oal kyI aﬂqﬂ- is substituted wth an ONO2 noi ety.

" 8t er(fEDhst Cgl&@zz@@;a following qustiteenéome praferert nRnand Ro are H Ryand

"C(O heteroal k er yl group that is connected to a
car bo ﬁgg?fpéﬂé’fl onér}}dgﬁoez Czﬂéaq'kﬂapﬁéz substituted with a ONO2 noi ety.
The term "Hal 0" prefeily!tBe methdds iffol® okidizIA}a EQhPOUNY Mfithe fooRigg t O an
unsubstituted or substituted aromatic, carbocycli c 5 group. Aryl groups are

ei t herfognulgt e ring or multiple condensed ri ng conpounds. A phenyl




group, for exanple, is a single ring, aryl group. An aryl group with

mul tipl e condensed rings is exenplified by a naphthyl group. Aryl groups
can be substituted with one or nore substituents. Nonli mtmgﬁ‘qxzm es of
such substituents include NO2, ONOZ, F, O, Br, I, OH, OCH3, (02 C02CH3,
C:N aryl and heteroaryl. 10 The tery é—let eroaryl refers an unsubstituted
or substituted aromatic group having at ?east one het eroat om (e.q.

ni trogen, oxygen or sulfur) in the apepatic ring. Heteroaryl groups are
either single ring or multiple co om% ring conpounds. Single ring

het eroaryl groups having at | east trogen include, for exanple,
tetrazoyl, pyrrolyl, pyridyl, ~,Q%?dolyl, qui nol yl, i m dazol yl,

i soqui nolyl, pyrazolyl, pyrazi { di nyl and pyridazi nonyl. A
furyl group, for exanple is a single ring heteroaryl group containing one
oxygen atom A condensed ring heteroaryl group containing one oxygen atom
is exenplified [Breferipzat weands fﬁi’iﬁéﬂﬁ’nvo-f‘m £0%fing & g&ngégﬁpéﬁg e boinflus! N9l €
ring heteroaryl group containing one sulfur ato ndensed ring

het eroaryl group containing one sulfur atomis exenplified by benzothienyl.
In certain cases, heteroaryl groups ain 20 nore than one kind of
heteroatomin the same ring. Exanpl e§ 82 such groups include furazanyl,
oxazol yl, isoxazolyl, thiazolyl and _phenothi azinyl. Heteroaryl groups can
be substituted with one or nore suybg nents. Nonlimting exanples of such
substituents include NO2, ONO2, F, i I, OH OCH3, CO2H, C02CH3, CN,
aryl and heteroaryl. The conpgzg d3 )t esent invention are

am noadamant ane derivatives

yadadrant ane derivatives are of the

following fornula: R3 R4 6 4 Alp@2004 he groups R, R2, R3, R4 and RS

of the fornmula are independently defined. R is H, al kyI het er oal kyl ,

ag heteroaryl, C(QORb or C(ORE. R2 is H, alkyl, heteroal kyl , aryl
eroaryl, O OFeerahly,cheyompourd is treated wiityH>Shend N@&rkly khe @uigationr

1 S B L L i b GBS 1 o
heteroaryl. R~ is NOz, C(O)RE, C(0)al kyI ONQZ or C(0) heteroal kyl -0ON0O2. The

fol |l owi ng substituents are preferred and RZ are H R3 and R4 are H or
al kyl ; and, R~ i s NozBHE &%WTI%QF%%WWGS% is Hand R2 is H,

C(OOCallryl 1:(;%9 I % preferred that
the al kyl group i S%W“he% SIriR%gra(ﬁ)Sy ?%%Al{r}% flefl{'%m?fo butyl ,
sHb-butyl, tent ngurgrzshomehe;ymthevib@fanezammtﬁe@saraemauviet is preferred
that the aryl gr. i,S or. a sybstituted phenyl. Mre preferably, R
and R2 are bothFollg‘P?’ﬁein yng}?ﬁ‘ﬁ °¥(ga]8r?&dm“aé?é“ igyted adamantageiegter gr oups.
R3 andefRbtives) be the same or d| fferent. Wiere R3 and R4 are both al kyl

groups, it is preferred that the groups axe nmethyl, ethyl, n-propyl,
n-butyl, sec- burFygureﬂahbwsmhq/Synthesxls@dimyblky].—K)N’Ogﬂaﬁ‘aimlvyof Rfarhant4) 2,

O al | cyl - ON02 | k RS.is O al kyl - ONO2,

prgf erted that EHET ) 3""%1%‘%%@& Y IS ) ancpiRei Zieaptcb %f@lrfchies is
O QQ% | “ L !HQPN%

H )n&hbﬂo?, , CI-BO 1 SC%%OSB%%e ée‘iriglgﬁs ‘b&&%k*( %e%g&f) A ada mant ane

der i va:tm wath arfwithoat pmmonbentmubnsmf cad t7h The ne it ¢4y @lt&fdslmef roma

hal oad %ne der |a¥at| ve. 3 oad ntane derivative is treated with
aci d Yieurenal aDeRipsis ah %ﬁﬁilg‘?ﬁa\‘ﬁ Eg oNevrpadliapeptosis s dengelyof t he

am dOﬁfé%E@t@& B?%oﬂﬁbhﬂ&‘?'ﬂ 8 dibd-BeRid & nthnABAPSE6 98¢, 4 232 R5RYIGES 2

functionalize
case).

20 Figure 6 shows that administration of compound 7 decreases cerebral damage
after stroke in a murine cerebral ischemia mode] as compared to both a control and
memantine (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).



am doadamant ane derivative. In certain cases, the second reagent used to
formthe functionalized 25 am doadamant ane derivative is water. The
conpound fornmed in this case is an am do al cohol. The am doXafcOMERsis
either nitrated to provide an am do nitrate derivative or hydrolyzed to

provi de an am n&igire Glshbwsl€rat udinistratidhesteompoatt 9 eldles@Rbcdniadied ™d, a
vari e%{{ of di ifergqr;;erf%})gg%ng n. be used to nmake ot her am noadanant ane

der i v3rPG¥ESSe} Wk shiowi (sep Beampled). Rjgeedeshews tik) reloatient i on of
t he a -8 itrati . t 4l cohol 0 a

depr o%%fsieg{l\gggo t M%C?nwﬁgp Igiféo%%)a&ﬁg&b%\sl ?%‘é&ffrq a?tﬁ? nh)f'niEl Wﬁﬁ?@b %@W&% ive; 2)
pr ot ecfféctof edlverte Fagriradc ghowpthat pllbamieds tyreafenidtéd bRkdettyl&fe Hifte al cohol

group.and rotection of the am ne group to provide an am no ester

deslr) i Sg’lgf’(?e‘?fg’f‘?&s éﬁ‘t rﬁ%@té%si\ﬁwepttenu@%m bemaglebint he ani ne group, fol | owed
by esterificati gpiosW [ ride. and nucl eopl ulic

di spl acenent to E)\g;‘&ov?gg&gﬁﬁlggr&%g‘%?@%ﬁl rﬁgtag?’rggsy:tg‘?e cge&vla@(vﬁs.lzg%gpef: %t her

casesComheund? (a)dnddige)prodeed dithef no effedtar klighe bl cydtdsZe doAicHoRI@ERANt ane
derivative is fqr{g’@ acid.. The conpound fornmed in this case is an amdo 5

aci d. VFRECTRARPIS 1 thoseprofiped eselvent (et ) alonss Corpourd 7 bxprodudedo al kanol .
The &ﬁb@kﬁt@élgﬁi%ﬁﬁlgilﬁi@ﬁer&bhééﬁﬁﬁoﬁo provide an ami do al kane nitrate

derivative or deprotected to provide an am no al kanol derivative. Where an
d®i no al kanol derivative is formed, the am ne group is protected to form an

2 o al Kane- i r P ESGRIP TN E TR HRCRE SRR o oF oup aftords an
10 ami no al kaneThé terat ‘IMPrirvRld QmsTbitied dr sﬁmgei\@tédh?ne%y %&&%@éosorof an

am do nitrate derivative. Conpound 1, a di nethyl-brono-adanmantane, was
t r eat¥aHGAIY! sibpn chaingef wp tonk casbomatiomsi [Léndap aliyT grodps imeludieyfet hyl  ani do

conp { i de s.reacted with sulfuric acid and water, proyiding
am dgéﬁgﬂlg&ﬁ%ﬂ : &%xy}é\ﬁ-%\rlggﬁnpﬁap elﬂ'pﬁgt?'lﬁé’ﬂ}ﬁxy}’i“g‘e&&ﬁ&ngﬁép%e r@%?ﬂﬂydri de
t16 f ilkyl@oommiincluds, f8r exangle,dsdhpRipst) sebBuE/Llibebey e bhf1 2hd AdpaiiyNo

ound 3 was deprotected w th sodiium hydroxi de,

nitrate derivative.,
af f o?(ff’fctll'ﬁ aéllfﬁ\ir%o‘éﬂsdﬁ. B&ziﬁ’r epraEpieyicyelograpyp cyeloberh shelapentyleandpr ot ect ed wit h

( BOC) or t . i t,fated using
Ty G o AR AR P op e ROt R Gh6e

depr cxemplas dGucipsubstitventsimeitdeiNOs, ONDL0ENCH Brd, 0, DT, [CO,M, @0,00,0i trat e
hydrﬁlior{ de,salt 7. ﬁ%ﬁgur‘ 2 shows the synthesis of an am no ester

deri vati P& “}S}ﬁen%mawé-o °re) 3yl 35 wspddp aonjerhsuches SjlylrANGL Sitattetsenzy |
bhoom _. f ; p I . 10. ] .10 s acety] at ed,
el o el SRR Sl i ONCR AP, WOAT DR f SR 4 B

aci disbrleas YG(Qabyil-e@NOag itrefers tair aliy] gloypties ¥ @hhelted® 4 cakBony?prdnpgur e 3

shows_ t he svnpt hesi f a carbamate nitrate-ester derivative. Amno al cohol
9 vvasatBP%P%% 2% @ﬁgtsr%s%‘%wawm%m@@ 20; yielding carbamate 13.
Carbamat e 13 WaFhehRHed@galksi e ; | dpei e \j de
conpound 14, which was subj?aué?ed teo nuc %%ﬁtf?gf |bsp %@el%e&ﬁgf/\aﬁ%ﬁe%gl\lo&
af f ordichelicehainmefiup toi iSrcarkoncatomns thel codinfat dpasieont Ietevostomm(e.gs yittdpeaj s of an

73 o3k b b ETe R Lot nefetonfiof efibe idecip SpaPiEs w th tr et hyl
AT 00, SOt oy SHOR, Al P, b
u b 1)) Chidandr CHeCB(Q Qg €83 a Gydlic hetksonlagl t r at e 22.
8 groups include; for exarnple, CH(CH,CH;);0, CH(CH;CH,),NCH; and CH(CH,CH,)3S.
Heteroalkyl groups can be subétituted with one or more substituents. Nonlimiting examples
30  of such substituents include NO,, ONO., F, C1, Br, I, OH, OCHj3;, CO,H, CO,CH;, 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 ONO7 moiety. Where “heteroalkyl”




4. AUG 2004 Figure 4 also shows the synthesis of an amino alkyl-nitrate
derivative. Am do al kanol 17 was deprotected with sodi um hy (,Qxi\@z and
acidified with hydrochloric acid to provide 18. The am ne b ©p! conmpound
18 was protected upon reaction with Nbenzyl oxycar bonyl oxysucci ni m de,

formng uggay ﬁ?. RedtSuc %@@E&gfb%ﬂ&m@‘?}’ tabRk fasifgaqxqaﬁgb% f'hgu gcid and

acetican e to yle amat e “al’kyf-nitrate rbanat e of
CONMPOUghn2fredas a caoxgichrong b dhediositionring tigs ivsubpitutedaiitic a ONG; mpiay.i di ng
am no alkylnitrate 21. "‘I'her,g are a_nunber of conmpounds that are preferable
i nt er nedi at es f otheferms\Halaerafersdd FeClBsordni do or amino alkyl-nitrate

ot Luatives. ¢ 4 e L o q
am o2l sohol _hydPEUTorIAL el i AESdRaBE shuttne BoRReE OFBRb-l The
Pr gsengroupy Myl @oupdre REhéetSOikb1E Pink bf Bfultiple bR sed rink @@@p@mﬁb.ame@enﬁk anpl es

of neurol ogical disorders arising fromtrauma, ischemc or hypoxic

condi t S19RR: KR axampk, B Sylerion Ao S0ATHEroRy S RyliResondueb ins:
nypoxt 5 X aRisd By reBity L BRI APt HER ulBfist Ve AERGR% 2

Neur odagstitieats, NorinSting exans16€ bf agh eibdtionays induddBIOTPONOHFsEHBY, 1,
Hunt i ngt on' s di sease; Parkinsonis and anyotrophic lateral sclerosis can

al so b H,%de:oﬁ,@z%s%@ylén beigtadr s t hat can be aneliorated
thjpough adm ni st FgLign, Qe Lh ﬂ@%@ﬂ% ?\fb%ﬁxgééfg&%hf)étﬁﬂéd'a?&h grofpt hout

li'mtation, the follow ng: conv Ion, Bal n, ression, anxiety;
schi zopdvigg beleadtons hetesqassinge. g Mnitfogenaxygadeciubiir) ifl Ghe/aroneatiy ringcont i nence,
nicotine wthdrawal, opiate tolerance_and w fhdrawal, enesis, brain edens,

t ar di vEewyearyhgropps araprther single Hag e muinle congdensedring-Gagapoundst SHgiaiing

L . . > S o ; H o "
sy PR B e N QR R R o et ane
dﬁri }/apyﬁda?, pj’ri%dzmyﬂ),riﬁd?yﬂt, qiili:m}yrh,tihﬂde;z@b?, ibm\fiﬁolyldpyna'mhyhﬁqﬂazﬁmylat pat : ent in
the formof . a r ceutl c acceptapnl e sa or n.a, rnaceuti ca
cowpospmwl_nﬂp TEBdAETe WA A SrEEN, PG5 SHEAT FIBE GG tTaa| Eroup

COMPOS bR ot §Bfelhicth 21 ShAGRLPrEHLarNor Bt AR SHE Bridiat 8

therapeutlca > ectlve anount 1Is presgnt I'n thé COﬂpOSItIOD.
"t her apteut iscxempliéitd by dibeazednoopk gronpf Ehisnylofarexamplents aofinglaaing

am noadamant ane derivative th I § necessary t.0.achieve a desired.endpoint
30 (o BOSTREdEad FopbinEons Flan AuE: A cune sl SRy srOR SPREERET ety
of prepa¢ allfigorh MeRenpiiRd by dehithihl GnREFAINRERY! Hetdtbar§P 5 tb@bin
contai ning t he am noadanant ane derivatives, including solid, sem solid,

| i %{.‘lui dreonel thyparsame kind @ﬁhmeroaﬁm: ingh?w;m Mrlammlﬁs @%auch;er?mégqluqlmc kl
Publ i shi 1995) . Phj,|. ' PA.. 191 ,
i 11 s: RatmRRanivh dongdo b Riel1 B4 BuedcGhied BT ilernd efors chRBEY! o

oi nt Neplsstinged withwhe of wike Silistitueats, Ndiiligttihg 8tampled el such Substituenty ipslmds ar e
exanpl es of such formul ations. The fornulatigns can be adm nistered in

ei t her NO2 ONP2, & CLyBr bR, AeaFacrOdd, CR2Hu &M aryand hetezsoarty r el ease
fashion. Admi ni Stfh%tdo%o%%st&"th? f&&ﬁ'ﬁ*c%ﬂo&%é?ﬁn@ BRfL deBvatives! i ety of
ways. Anmong ot hers, ordl, buccal; rectal, parenteral, I ntraperitoneal,

i N2§ ad@hsamindadanadnaderivtives aterofthiefolioaingformslacan be used. Were the

am noadamant ane derivative is given by injection, it can be fornul ated by
di ssol ving, suspending or emulsifying it in an aqueous or nonagueous
solvent. Vegetable or simlar oils, synthetic aliphatic acid glycerides,
esters of higher aliphatic 'acids andNR4&ayl ene gl ycol are exanpl es of
nonaqueous solvents. The conpound is preferably 10 fornul ated i n agueous
sol utions such as Hank's solution, R/MNMger's solution or physiol ogi cal
saline buffer. Where the am noadans derivative is given orally, it can
be fornul ated through conbi nati on phhar maceutically acceptable carriers
that are well known in the artRg : xr Renabl e t he conpound to be
formul ated, for exanple, as a tabBety pil ™\ suspension, 15 liquid or gel
for oral ingestion by the patient. d?%l use fornul ati ons can be obtained in
a variety of ways, including mxing the compound with a solid excipient,
optionally grinding the resulting m xture, adding suitable auxiliaries and
processing the granule m xture. The followi ng list includes exanples of
excipients that can be used in an oral formulation: sugar s such as

| act ose, sucrose, mannitol or sorbitol; cellul ose preparations such as

mai ze starch, 20 wheat starch, potato gtarch, gelatin, gumtragacanth,

met hyl cel |l ul ose, hydroxypropyl net hyl cel | ul ose, sodi um

car boxynet hyl cel | ul ose and pol yvi nyl pyrrol i done (PVP). The am noadanant ane
derivative of the present invention can also be delivered in an aerosol

. o o o N
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bet ween about 0.1 ng and 500 ng of the conpound. More pref erably a dose

contains 5 between about 0.1 ng and 250 ng of the conpound cases,
it may be necessary to use dosages outside of the stated f*a!hgésﬁﬁgetreat a
patient. Those cases will be apparent to the prescribing physician. Were

it is necessary, TheRtgis® @R, Rs, R, ahERs sNhwfdhaia ardnidyendenly defimed Ut
adj ust or termnate treatnent in C&@UHC'{IOH wWth a I’GSE nse of a

par ti cid Hyalsgk hesaroalkyb arHehsterornili GE)ORa9H 6D ke: Rais Shiadied, heterpalkyls: r at e,

52 ai ey e S POR: B CROIED R RTRIEL heterldy foherdroB e RE1SH,
1- acet a[RyllGredorodtkfli a1 bvharclammnt ROS ARy, 2llg)-GR, & Ketetodikyl+vOR 1 Rucls alieyll t he

reaction m xture was stirred at 0 C for 1 h. The reaction m xture was
pous ed heteraalkylearfl drtheggroayli Rhis Nop dI(OIRaE(OlalkylaONEY ai t h et her (10 nL x

4). Th nbi ned et h | uti hed with_ b 10
1) . THRUOSsteroRs @ Only T &ng&b\g&a?&% e Eredh &1 SBR Rarite Has Aoy e
in 20 ft st andi 70 f whit duct
was ob LA STURE oBuit N oas CEIIIESNOS acryetal [ zati on in ethor 1H
NVR ( DMBSO- d6, gpr‘%cﬁ_{gab%p I{AQE? }% N*b(ofo%dmﬁ%cfoyotlm@mm%e R2ids, 3 H

COCH3), 1.65 ( 24-1.14 (d J = 11.2, 23.9

Hz), 0.Q®)0s-alk#t, iis pfhf&?ed&at fhie blkyP gvouﬁ:fcﬂ)iethm, ephyl ]1914501)95 i©-prapgl, n- (C
14H23N02) ~ C. H. N. 25 Exanple_ 2. Synthesis - éé
5- dPretowil, mwldquamtbamlhm%ﬁz TR a5y1 lilsAz-,r el degt e aryl

gl g![ gfé%ép ﬁl@%ﬁl %%ﬁw gBﬁ?‘l‘(g@r eac on rrllhlg’t ur'e &)ﬁé)\agfﬁg ?gdi%tg for

15 h. After cool ipgfersbly, ot R?EﬁkPRahﬂdIH?or Jimear (alk@l gn)oupasRsaairdéU canbetthe
product was 3 0 extracted with ether 10 nL x 4h Fé nbl ned et her
sol ut i camses differertd WQﬁR@Wﬁ&@M@P‘hﬂ&Whﬁ@“ﬂhﬂTéﬁ preferred that e EIQMS AP on was

dried T, d d, af
cryat aittroa B8 SFPraP Aoy SESUR ER B bEERICE, |1 (20H0 W00 2004
obtjgi ned. HA in B’eﬁ‘x‘iblﬁqest 1atcrz~1®@;$)au@eebmz oemog—amﬂ—m«ez bWheretRls isICI
salt. I HNW (DM5 O d6, dr% 8 .12 (brs, 6&4) 4.72 (brs

1.5 8 (@—alkyal,NQl itGs preferrqditiiat the p]lcybgrﬁt_ugbg CHZ,1CBI2 or CHhE gH’MV‘Q}ere

1. 08-0. 2 3

281- 282'%65%@)‘”?HT§%‘%N6@§PW§%"?4%}€ th?:aﬁ‘ﬁl é’ﬂ“pg’ g%hp% yr%xgg '8 of

1-test- (ﬁq:ll; ;7@[2{(’2@2”% reﬁrﬂ)‘lm hy lboNb,hydr oxy adamant ane (5) | - Am no- 3,
-7- roxyad 2)

5-di et mant ane 100 was di ssol ved i 1li tetrahydroFuran
(2 m) . Tr| et hyI a'ﬁhman(tmsﬂammtaneoﬂerwmes l@lﬁﬂwPfeﬁe@bmén‘a@%afeﬁwl?ﬁj%dand

t hyl arni no m (MML m xt ure
0L o SeRe R § bt i et v R DR R R bk liVE i e Pt 2 LS
added. Jh@an@aniviRio Torst A Smiddadshintardeaivative. g[f“téatrﬁlaht ef thgl ani ne was
renoved i n vacuo and et her was added. The ether sol ution was, vvz? Sd wth

0.1 N Hehideadamanitans. deTivativeowith po Acidand second repgeRigPrevides Afunsipaeed sol vent

was renpyve (o} 0 my of product was obtained after

crystal ?’F‘ﬁdé?fl%ﬂa@?{‘%qeﬁgg?‘gg in ether. 1H NVR (DMSO-d6, ppnm): 6.35 (brs, 1

H NH), 4.35 (brsln dertdin édss, ﬂieéi:@oﬂcﬁreégen?uk@d,tofomﬂ(esﬁma)qnahze}‘s (s,9H, x 3
1.22-1.13 (dd, 4HJ.= 11.

1, 6H, 2
Exaiﬁﬂ eamldoss‘ﬁmgréwsdwativq Jérw&ttfut e&awsaﬂ%ff @f@e‘g%‘éﬁl%sﬁﬁ "“74‘%5‘1 rate a
adarmant a%gg&GQ“he%gﬁ@&m&xcﬁ Qs ﬁlh(;?ﬁg&a&féd B :ps.‘&?t:i/@%l{ Emff fitrateidegmatdvergrxt ur e of

fum ng acetic an was added to a
di chl or hydrolyzed to frowide amammmlnobcil dtnvmvte Bthre enrbrnmeleoly! is formed, a

5-di net hyl, oxyadamant ane (40 t 0 C u der r‘n n

reacti oNaWtYPE%&E steps Famche ’éslegéo é{gﬂép f%mﬁmﬁ q\ﬁeggrgﬁv%igx d‘?@n n

car bona ?’ﬁm" torb@s feléwerhyesitratioh

di chl or%ﬁr?e ane g?{b&j%{?ﬁg A ﬁpg)rr%ﬁg%otﬁgﬁéwsgaﬁ% oms washeyéﬁvm tlh wat er
{1030 %f B)e alddhe] goupnddepratection efitha aining @6up todprorideAnfangiao nitFiée sol vent
bbmy - 688 VRtiesD) Ioteion sy the simie giaup Jofly el st Biopot By WGt pE A

1. 63- 4nih v Ja&d23 dte tlox% (s,
9 H 3 ]‘m@%rgtefa‘iﬂ?ﬁdlgsﬁ%%égﬁgb ay rgbide b iy (ggs% dt g et 6 H 2

CH3). High resolution M5 Calcd for C17H28N205Na (M5 +Na) 363 1895 Found

363. 1908. 30
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12 4 AUG 2004 Exanple 5. Synthesis of 1-amino-3,

5-di nmet hyl - 7- ni t r at eadamant ane hydrochloride ('~ 3 N HO ,in: @th«)ﬁh acetate
(0.5 nL) was added to 1l-tert-butyl carbamate- 3, T A \

5-di et hyl - 7-ni tr at eadanant ane (40 ng). The reaction m xture was stirred at

room t SREhAlr Ogﬂfouprfoﬁo@e&bg whies ficdihh tervam @hﬁl@% &hatkiSachd thIBH&amnd the pro

duct was washe et he A pure white uct was obtained (3 5 ny).
1 H NMRic[cDpBilR-dishlaqeprent to Bro®ide a(nmasbanzatwutm¢st@ desivagye.2 H), 1.69 (s, 4
H, 1.57-1.44 (dd, 4 H J = 12.2,.32.8 d..2.,H J = 12.0,
44.3 Hz), 0.96 (Uotgeneasss,theggepnd fragent “éé%t"zfé’ éfll %&é‘ %‘R&dlh@e%) 241. Anal .
(Cl2 Hzajrﬂaf)é’ﬁﬁantﬁm derivhtive {3 f@‘:ﬁf&ﬁcﬁl ErheJompbRnt %‘ox?ﬁedjmélﬁi‘étcﬁi@ i9@n dmido

5-di /-nitrateadamantane (8). To acetic anhydride (0.3 nL) at 0 C

under md rB@emm&b)sacaﬂmedbjwtudng cehfifiothat forin. ansimide aEqanolr i'Thg amido5 ni nut es

t 0 t, 3,, 5-di th | - d dded
o v kel OB At o T e i Bk R AR A TR ot e
was  pOophfileianathif® hﬂcaﬁ& dé)nv%n% Sﬁﬁlie%&rhé(rﬁlﬁﬁ%&n%ﬁ&me i$Rkibd,qRe (20 n)

and the 15 product was extracted with ether ( 10 nL). The et her’ sol ution
was waahime gx\oup'nswmteme@ tclfbmmxaxﬁ)do aTkmob derinmative, whaish dsr subdequenthy nigmtidum

| f at | t duct
igt i riOiproide AR ATR N MRt vty isprotection,of i aigB oupcafroidf pn
1703 1arﬁﬁxodman%rﬁirat9%l3atn?exm2) 1.51-1.47 (m 2H) 1.15-1.13 (m 2 H,
cra) . 152-153 C. Anal . (C14H22N204)~ C. H. N. 20

P.
Exarrpl e 7 Sy nt hExguse bfshQWaﬂm syethesis afamemido $1rdterﬂ@urmwez pond 1, a

adamant.an 0 a _sol ution of 3. 5 d| darrant ane
P oot datatnt R hed v ATsiR T ade BhABAfls RYAFRIMAE ) ang
sodi unyeetinARgtido caPours) 2, Ahsidé 2 3dsiredtted Withlsﬂfmﬁﬁaﬁd hnd @dtef\RoVIdDRt . The
product was extracted 25 with dichl or onet hane 10 and washed with

wat er gmiloralcohob$, wirigh veasguinated pwag@lmgc@r@é@cetsq ‘ﬁglwaéi: triosm comneuadd t he
sowen was renoved in vacuo: Tlie product was purified by flash col um
chrromat’'ogr aphy eluting with ethyl acetate and hexane (112, vlv) to afford

124 ng of white F@m@l&?s@%hbw@ﬂﬁfé syn&dsisWBn(aEMf&xiﬂﬁte divative. deﬁoﬁ}’ﬁilm 10
H 2 x C6H5), 4.32 2 x CoHSCH?,),1.4 2

1 s,
H), 1. 3wa&dm0keﬁ§ed4mﬁ) Sodlurzilyslemd%gfeahng amino ajcokp} 4g The mnﬂr&f?upe 9,7 (s,

i ‘;Dm ngorgﬁo@d‘}\?{% Vi -%qd%jg[%léxya ok fbane gg%})%{l%@ﬁrl@% 158{%{%‘?@8&%%‘5

soI ut i aitracdd usire witrixeacdy b.mdmcmnc&nhﬁdmﬂd;rptdwdmg nitgadie époy]adhmtdapmte(c&ﬂ ng) in

R T S S e
over ni ght. Satur g“(iﬁﬂe QQHbWﬂ%is%f%ﬁ'aﬂﬁh@@stér derivhtive/egmikl g gohol 9e

product was extr d wth dichl oromethane (10 nL) and washed w th water

(20 nlwas alkylaitdewith ganiequivhents mfdmnwhbmtm;bthgffg pratectad| amine aleabiok Ml

sol vent, was r cUo0. t hout urlflc £ Qd

di ssol veFFCH™ Wé‘ﬁ&fzé}?%ekwﬁﬁfee’( I_L%ng‘ e@g‘%a%\fausbj it %gﬁ%o%%ﬁ%m?le%c |on
M Xt ur ehep@sidiie RAREAIE thedmmolil shdlhpdrathldAdd i 1:h2 overm ght. The 10

m xture was filtered and sol vent was renpved. HC in eth acet at e, was

addéd and t he pr &igyre Bahewsdke synthesisef aparbamase nitnatedesier GM%‘@d AP hexane

o211 iy U e AL PR O, M Y, P 5 0
= 12.6 Ca?ﬂatﬂaté'iﬂ wad eﬁ@nﬁe@&sﬁm@d haPoaBl:zyl dcid chﬂon'Hz 1@ Prdvidizdompouh8-14, Whichdd, 2

H J =14.1, 36.5 Hz,093él CH3). 15 Exanple 9. Snthe5|sof
1- (ben msgu@gatp@,&wglmhﬂ@c splgcqmm;m;h AgNO;, 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! 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.

8



hydr oxyadamant ane (13). To a sol ution of 1-amni no-3,

5-di met hyl - 7- hydr oxyadamant ane hydrochl oride (570 ng) in DWME (5 nL) and
water (0.3 nL) was added di benzyl dicarbonate (1.41 g) and:i gadi dfdtcar bonat e
{1.3 g). The reaction m xture was stirred overnight. The 20 product was

extracted with t Fhukyt atsetdhsivs QﬁéWWntKeﬁﬁQ)f%hnﬁxWaWﬁﬂﬁﬁtevﬁérﬂﬁ&% SAmidh00 nL

X 2). The organi c phase was dried using sodiumsulfate and the solvent was
r enov edlkanel $4 @ deprateqied witktsodiamn hydrpxide dndgcifliftedwittohydrocklvioasid agr aphy

| uti ng wi | te and h 1/3. v/y) to afford. 701 f whit

ol | o PpVideiae ThEaGE B, AAOnBELAE T by pitected bporsshesion WIBA® (brs. 1 Hy
| VH) , ¥en24l Bortylox¥sbiddinirdidd 1 id ca@dhn . . 25 4

H) ,H)l. 24-’%&??&%&0 H o J 1211“%1 dg folhi ) aéelslag’%?g %ulige ,mg’.]’ligéfé ,%Slgg H 2 x

CH?) . mitimsidandacetip gnhpdride tofyidd cahamatenlideanitrate\20) dhiervartmate of

5- di - . | t 14). . T | uti f
R T e PR T
DVF ( Oni#tatel2l. was added 30 4-bromobutyryl chloride (0.3 nmL). The reaction

m xture was stirred for 2 h at roomtenperature. The m xture was purified
by thin | ayer chibéfgtasryp apmperofcanppunds thabareyirefavbleintermediates farthe ( 1 / 2,

0 8 S8 e el S B R Seps” "
3.193- 3ackD16,lamido klkadoFl Barf dinoGRIHR) hycﬁ‘o&ﬁmgdc??alﬂ& 2 H J=77H,

CH2Br), 2.10 (s, 2 H), 2.00-1.96 (m. 2 H _CHCHCH), 1.66 (s, 4 H), 1.S9-I
.41 (dd, 4 H, J Thegompounds apdigempositiges af thy pregentinvention cabSusdd)to tRal87 (s,

6 H, ~ ' f 1z.(b I b I i no- 3,

5. o et T of dRemAeE B b R Bl B Fo oot on of

1- ( benzgHemiy orhyiuiy EorRitlio-tBat can be treated include stroke, hypoglycemia, cerebral

S-di net hyl - 7- ( 3-.br onopr opyl. car bonyl oxy) adamant ane 1 n"acetonitrile was added

a sol UFFIsAURcardipc areshi sinal eordiraiies, bpad traumes, petinathbhypexin, codiarawesir e was
Stiisr r eghg | : b T C wit.h t-butyl methyl
et her eglngl\??ggllygéc}bﬁt]r% 8!}1&“32?%%%gﬁe%?%gé%&ag?sdﬁﬁé&gsr %“gﬁ e e%lﬂeg?é was dried
usi ng Alstieimer’s disease; FamtingtuinVeditcase,Parlensostsn t ndadnf ytbphitgateial EAé@sis
conpound. 1Egjar¥8%g 1 1- Acet am Sfﬁ 3,, 5-dinethyl -7-carboxylic aci dadanant ane
1 S (16 alspPetrated, disgases opqligorders thatican oe apsligeptedhipughs - acet ami do- 3,
S- di meddiihisaaRerpet 8 ofmbolindy) ankd tquag;[' The
reaction n’lis_xturq was (s)t'liagr e%)for ﬁgﬁn%h%mdé’o%ﬁéu acl ﬂ(oglgtr%?;fdv}\?a‘@nghen
added nypiaionepainedepressionTarexisty] schizophieaia, stuscle spasms, thigiairerheadwebber 2 h.

T r tion mxture was.poured onto ice 100 slogwl y wi th, vjgorous

s?ﬁ rr ﬁ%g‘l.arﬁﬂlgmbt?%e&cfﬁ qlgftgféf\&ﬂh;gaw%agp@fel tP%F e&ﬁ%l ‘Vﬁ’gﬁé@wﬁmﬁlm to give
a pur eed2fhayhardiee gpdkises{d) AADSThdusad d%me%ﬁ&,‘o’e@?a,r@am'zzx?@,rf&litfo thy, dg am do- 3,
5-di net hyl - 7- hydr oxynet hyl adamant ane ((iily: TriethylFam ne (0. 80 and

et hyl Hsirderss aidmepeonad garyrassocigied wathddly -infeptiontshel hydysfinstian suspensi on of
1- acet {EhAfn3movetlbBendtoar Poxylic acid- adamantane (2.0 g) in 2S THF
at 0 C e reaction mxture was stirred for 4 h at roomtenperature. The

white preci pit at Ehd aminoddavasnthirederiviativey sfihepesashesitioh thn B¢F. NaBH4 (2. 40
er. (2 m), was added dropwse to the

dded to the filfrate. W
23%5\3?? ‘mefgefeﬁt%feli?ﬁt’&ht B;&E%Pm ef 3 Bhwrmapsitically accsntable sabas At er (S 0 ).

The orgiRRhSceftMNBn :0h€ ‘H?ﬁ I remai ni ng
aqueous sol ution v_vagwgﬁltc’%é(@(\é/ﬁﬂe\n e‘é?trﬁ acetg%g%?%éga@r{&ggﬁtg@. The 30
conbi nesmsyrniis mixed with @ snitalle casiee or excipieft. suciNtHACR therapeaticalteffectivad
brine: Sol \{ent wa .rtiermved in, vacuo and the product was crystallized using

a sol (AT 55 Pressy in e composificn. 1ae term “Abgrapeyticaliy sferdive ampunt) referste give a

whi t i 3 : . . t, 1
1 o, 6ot G heHingdddpiide OB 1T hecplidkld 16 Sotiguc'd qlliba ool [
0303 )(e.gl..degrepsing Gewfpnalld=nTags. 28 The resul6of) stréked6 (s, 6 H. m p. 1 S2-1 S3
C. Anal. (C 1 SE25 C. H. N Exanple, 14, 1-Amino-3, .

5 di et hyl E7- hy df*0% N%%‘?RR’&B%{%?HS&%%H ag%ferfpwwagf(%@cwﬂmet ani do- 3,

S- di meddmositi v gl . - , added
to diet hyldgﬁreo%lé-?/@gl (4mérrL) an @g@éﬁ%ﬁ%ﬁ%ﬁ?%@%@%&ﬁgﬂ@ﬁ%s oC
under ndigasepas f6xms. IRenington/s PharnwoedticafStiencesMatle Ppblishing Gompag (S g) was

dded . .
adde (1995) Philadelphia, PA, 19th ed. Tablets, capsules, pills, powders, granules, dragees, gels,

9



10 and the product was extracted with ethyl acetate ( 10 nL x 6). The

conbi ned extract was washed with water (10 nL) and brine (10 nL), and dried
using sodium sul fate. Solvent was renoved ifz vacuo. HO ip Ethylilacetate
was added to convert the free base to HO salt and 102 ng of product was

obt ai n@ﬁunéd'lohﬂ’bﬁieﬁﬁlvﬁﬂhﬁﬁas d&rBﬁamtoﬁes{L?njéaf & ﬁ]‘z‘%ﬂ%tiaﬁééqé%g %re W@s‘ of

= S.0 Hz), 3.07-3.0S
1. 01- 0.59ch iqmu!@aoes HY! e(ﬁoraﬁllz(tm,ns 6art-be adinimisteré CirsiteNOBcaDorsystdmic C H N

i anantiaer i 0L SRR ek S hedliom A dme SRaone fooromenasgmentiv
adananpaferniéintaearidty of Whyd. A fbhg Hﬁﬁr@gﬁ?%u%él%gé geygagponyl oxy) -

succi nim de (74 ng) and the 20 m Xture was st roomfenperature
ove? ni gﬁrapemtqneelamtradnmddtrmdemm ané gitcitrecheab méiusssah\bedisedt et hyl acet at e.
The sol ution was %she ter and brine, The product was pur| fied by
thin | ayer chroma a ﬁﬁmé? TR IE’PHWIS&@I@Y@H}%HOMR%Q 1: 4, v/ v)

2 S bt RO i i

3 04( d Vegetgblegzzopilaroils, sfmheﬁc)ahpﬁﬁlclac@glé’dﬁldeﬁ dédjers af Kighérddiphbtitihcid®- 84

5 i oy Propy P ot Bl ok s Vet o R sOOREOBRA 3 prferably

Iwgnwme@mwbhmm@o& st hdRLAYS s&uﬁ%ﬁ' @ﬁ%%%t%]@gg{@mﬁgf rggcgac) ny)

in dichloromethane (3 nL) was added a coole e (1
m., f r 8#Hng byiet.ure of funi ng HNO3 and Ac20 (2:3/v:v). The reaction m xture

m) e 16 4 aNESB0Y aOs s 2R BNAs Sl oY iteB eibrmuated T
di chl ottmm@limmebma'ﬂilm ®ithpheimavestiohdls @@&p‘ﬁb‘léqcéi\ﬁé@rthaft%fé Whi) ’kng’ﬁn gt vas

rem)veg_hl n vacuo and the residue was purified by thin |ayer chromt ography
el ut i ngheFarrersenpblethe campounditorhefamenlgted; for exdmple;as agabiet, pill, mxlspenpfo&duct

4 7..33 b H,

s ¢ haeid O BfEop S0 6o B e gt e Tyrmyelaidis oy bt ik 2 15
1 44 (dri 1dclGding én x%ﬁﬁé@ g%ﬁgld 3,
5-di m(a yeZ)-, b?maﬁ at e?ret ﬁyllﬁjngggiﬁgﬁg&ﬁsﬁl%?ﬁdde 21): @pt%all} fi

1- (ben BHHRNS afdiRg suitablejauriliaries 2nd rocessd cuyarmm:vaumﬁﬁxe;o (17
ng) V\’aﬁ)ll@b\ﬁ héﬁﬁiclhaeg'@{]a{?ﬁ#ﬁs[dfcexa {elts(thatBah b8 e d A& soglgtﬁlpggka ﬁl %t éﬁg{‘;ﬁg ? E)

roomte er ure for e rea tion mxture was Coft
g| ve asughiasdactese; sj.mmsecmaymtol\msblbdowcélﬂnlesehﬁrapatr@ndifsfsﬁﬂﬁast meiZeatdeh, product

B0 Sbpeat bl 126 Safch, gBRG, o cpgabath ety oo, r%m&o%*m%ﬁyﬁx“

C"|3) defilufose3deurd &ar b%k?in'& I aﬁ%F%& dm%) - 7-nitratenet hyl
adanant ane (22 To ace |cﬁ§1,!rllhygfrolseld lgxﬁhf@yr;f?htgor% un Zr nitrogen was
added fumi ng Hm§h§m11mdpmaNanedemmlwe ofithefpoeseht inventionantald Ks

1- t | ad t 50 dded and
.1 oBINRd ifad s8] aifer Proplioh oG asbrories mock, o %ﬁ@m”z%%a“ﬁémaw& ure

was p vederiittialerc SudtabR gedpellablsRdiceinb 20 m)
%ﬂlﬁﬁ; t was ea-xt réa%lged v?nthcet he?igdqug%rhcﬁﬁﬁi@,ﬁ l-lsét)o'{aﬁitbédn was

YIP-1pethang, mcléyroﬂnn@mﬁnasn@; émhlmetmﬂwnbeﬂmmgmd@drhm sul f at e.

The s \Y acuo .an rod st ed i n ether
o° af roibEidle, 498 doSaH ettt R bV e e p v %rsg?%kézaraow ok
4.23 (&p cBmhdouﬁ]ﬂZthc cisek?fe(;iressﬁnkéda%’iosGW‘B) 1 64 (s, 2 H), 1.359-1.56 (dd

4 H), 20106{] 2 (s, 6 H 2x CB). mp. 1541550CAnaI
(C15 H24N204) H]Fmalce mpqsgtlonsmf\thqprcsqm dtventiomoeontdin adherapsutivally

apopt oareetyy ol of B PR Ea B el THE R55E o iR REmp il W

prd ecddpend of th'eepatmns béiyig GreaRoUTHe ﬁandﬁtrg Seighi, e@eem?raﬁfhmﬁe@@ SmAm{P of M NVDA
exposure for 3 ol  owed by washout), neurona optosi s was nonitored
24 17 & rmmstra’uon and judgment of the prescnbmg physman 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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4 AUG 2004 hours | ater by propidiumiodi de uptake and norphol ogy of fixed,
perneabi | i zed neurons, anong other techniques (Bonfoco et al., . j1’0c Nat |
Acad Sci USA (1995} 92: 7162). NMDA i nduced about 20% apo*pt'oén & lof neur ons,
and that 25-100 ~, M conpound 7 afforded protection fromthis damage (P <
0.001, Fig. 5). mﬁzsagmhm&@euﬁéalwle\f&cw@&ﬁ&hﬁ%a@mmwmaﬂeI n a nmurine
cerebral ischem a nodel. The intralum nal suture technique was used to

pr oducéerivagivy mﬂdm@wlrm‘wtth@paﬁeuﬂb@n@@m@d ahitzhle doses(willAypicallyt | owi ng t he.

o ovi GGl e et AbPe 1 S Bonindd O3 LobBRRS SR RReT e BliRve,  here

C57Bl/l§etWe@1€aM@It@ 1S@ dnfl 560 b e 5@1%1 unEOMéYG faBB/ bt Gahing dose vas
20 ny/ kg i.p. th a mai ntenance dose of 1 g/ 12 hours, as this had been

pr évi ob@wye%nmm%bms@adaé%mféh@wmunﬂevel s of 1-10 ~,M nemantine in the

brain, whi ch was ne Neur0osci ence
(1998) 86: 121)1’%"%}{‘\@%%5% iy a%gﬁgﬁ“regsﬁfﬁ o gk%%ﬂ‘é‘é%?terc’ﬁtﬂi‘ SHASE T ound
7, thetohﬁ@h@@tléiﬁs Thesscat&dwilbheapphrept tothelpieb&ritibg pRyditienamiRrdRse was 40
ng/ kg i.p. every 12 hr. In each case, drug or vehicle control was initially

adni ni Becersaey. 2 Physigianayillatse lawow | @pgv aRd Whpmhisanterupt, diistor termiaaicopr ot ect i ve

t han i .he animals were sacrificed
and a%%%%hpﬁl#ﬁﬂﬁ?@#m%ﬁ%%%ﬂ %Q?W“%WG}T& Ig"'ccl usi on (Chen, et al.

Newr osci ence (1998) 86: 1121). 20 Exarrpl e 21. Vasodil ation by corrpound 8 in
a rabbit nodel. New Zeal and white femal e rabbits weighing 3-4 kil ograns
were anest het i zed bRfeliPveBg ExaMpIen TS PR Hdedtp Hlustrats, npt mitaihsaresert | ogr am
Descengli,pgidnor aci ¢ aorta were isolated, the vessels were cleaned of
adherent tissue and the endotheliumwas renoved by a gentle rubbing with a
cotton-tipped applicator inserted into the .lunmen. The vessels were cut

into 5 mllinmeter, rin unt 25 on,s s . C ected to transducers
by whi ch changes %% ‘E)FTBEVP{I‘D“?‘%HE?(?H"%P@O%E% 'g‘éﬁ‘y((?%del TO3C, Crrass
| nggt r U@ﬁza%ﬁﬁiﬁnew Sl?umﬁ{gg{é%bJ(B'iﬂﬁ) WEY Rided 3P eRdedmidb-30s.nL of

oxygen rebs buffer” at 37 and sust ai ned contractl ons were induced

Fashi i%ﬂ?%%gmiu d e e L g A i
P qur o 7 Tehbh VETRREbR ARy e“?ﬁ%r’w‘?% AP OE sl sl B R

deperdmle;lmmnainmsgggzwﬂﬁmﬂ éiherBehmmF]va@ m&gm mtﬁgﬁge Ql\t/}o #0) &n and
conp ete rela on was, acC ve a
Rel axatpiE{lQErs: lﬁ? éwaa%wabg)n?ﬁlelew @i’éﬂ’aﬁ@gﬂ% c?ﬁ%ﬁ&l\%ﬁwrewect )

' r@b calbh iR £, M e2hifthihich )76 & f%&mefp%da& Was B8t ng‘gat Pufé gure 8

shows site and specificity tO e atl zdatl on ol menanti ne.

conmpoupfbdlict wis iteind®by Qécrjiytaﬂﬂztﬁ@ﬂ iebthBer lHEIMVER {(BRS OLd6s ppiity. Wﬁrﬁ glc; Ie ons

of blood vessels 5 that were attributed to sol vent shovvn on ri

Conpouhig NHY, 8)3 7qbrs¢l Ll ¢k OHyp d §2t(s,r3l aRACH3N), 1265 G, 2(H)ni.é7<§s,ll4cH))d924t-lél4| on.
These results denonstrate that conpound 7 has vasodilator activity, in
addi ti edd, YHNMOA 203, 9|Hz9,ro/991(bd2 &pto 8D 20f @mgztmep - 199ors RO AL hus
acts through a uni que nmechani sm of action that ely contributes to

pr ot ec{Cy4HzsNOQ), £.Fh Nodel s of stroke. 10 The scientific publications,
patents or patent applications cited in the various sections of this
doddment are herein i ncor por at ed- by-reference for all purposes. 19 4 AUG

2004 Example 2. Synthesis of 1-amino-3, 5-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 oc
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
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VWHAT IS CLAIMED I S: 1. A conpound of the followng forrmula or a
pharmaceutically acceptable salt thereof: NRR, R Ra 5 wherein R is H,

al kyl, heteroalkyl, aryl, heteroaryl, C(QOR6, or C(O)RE; RZ.is:H al kyl,
heteroal kyl, aryl, heteroaryl C(O)O?G or C(ORE, R3 is H alkyl,

het er eakdiyed. HGlyh ethyl mtaaé oas ylldedRo-consertiheakdease ReHO! ealt kI NMRy! , or
heteroaryl; R5 is_ORS yl - ORS or heteroal kyl--ORS; R6 is heteroal kyl ,

oyl PN teomP): 8 (oS AN o RS TR el 25 5 aens 1ofo-131 (40 4 B

S?“‘?;ﬁéf%sﬁé@%@M%@%@%@{,ﬁpoﬂ%§°§éﬁzx¢ésk“s”;%‘ﬁg‘ 5,
“’“np e i eh 785 CCorirntGl2PanafOPH s FEDNE. A, 0 8 g iy -‘&oﬁ and Rz

alkyl or C(OOR~, wherein R6 is aryl. 20 5. A conmpound according to
clglmZ) wherein RZ is H 6. A conpound according to claim1, wherein the

Cormound I's 1- anExdmpledi SyBithsdis of Drdr-butycabaniaaes, E—)ﬂimel’iylm-hﬁﬁo&y-

1-am no-3,5-dinmethyl -7- . 25 nitratepethyl adamant ane hydr obr om de.

A
met ho@d@mwmh@ FAgingns  andlimsdld iRy gy femaptane L0 E) a5 ﬁgﬂselaed;ma. m 1

whor el drdthep @ b ol (0 B iR GRUPAUBoRie (06 ST S

het er Qﬁmﬂhylﬁﬁnbpyrhﬂm@(mg) wbﬁa!ﬂedilséqdentlaitwl Tlew rehetioar mityte; wasrstirielf at s

al kyl, heteroal kyl, aryl or heteroar 5 and (b) nitrati the OH group in
a 180 nﬁeame@pextaﬂlée fqrrmﬁlai then OpNRNRY aC}IH {8 mle) We ¢ dhe r@?ﬁ% %&Wﬁ?ﬂ‘f"&%e
d t
(2 ootisS oylimight TRRAIREAE Sk ferhhecinpinPUd b U UdRd TRERAE 105 e

met hodohaivarwisngashed elithi0n Bl)HQihaEcbbmmt HEhensolwtidni wgs drfegipusidp sadamp sulas. 15
treati the compound. of fornmula |11 10. . The use of a
conpo % n¥pgigangd é%mﬁt?épﬁ%fﬂﬁf F: (a4 Bg'@m(?fl agter crystlizaiemen  or

treatin neurol o] 5& ect ed
fr om (2 da ﬂz;angﬁﬁﬂﬁ@?f@?’es@ ol §35308 Gthry i3 Bit BAPRE 58 §
ad@rrarrtlfnﬁ\ 14898 taum, 43%,]59@ A8 Ay, Ay v aB 4wl adaﬁalntoargec,:_,\a@dm (S

1--ami no-3. 5= di methy If’f Foxynet hyr’adamant ane ‘hydiochl ofi de. 12.

CONMPOLNH),f.8Z (536 H, mxcﬂggerm n said conpound is 1-acetani do

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-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

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, = 12.2 Hz), 1.36 (s, 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 363.19.08.
30
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3; 5-di net hyl - 7-carboxylic acid adamantane. 13. The conpound of claim 11,
wherein said conpound is 1-acetam do

3, 5-di net hyl - 7- hydr oxynet hyl adamant ane. 14. The conpound qf :c} arﬁvll
wherein said conpound is 1-am no-3,5 dinethyl-7- hydroxyneﬂhyr daﬁantane
hydrochl ori de. ZExample 5. Synthesis of 1-amino-3, 5-dimethyl-7-nitrateadamantane

AHF. AL. A'L. A 9L. Au& Ah9. AU. A yL. Ar. A L. A A A . A Ah . AA. A AU AL. A
y. A@ ibysrechipride ¢7). 3 N HCl in ethyl acetate (0.5 mL) was added to 1-rert-butylcarbamate-3,

DDN RStk Sl Rkl R e AR T é’éive’”“li'é?zil i

| >XxXAstrBorhts@RR [3p s@inftes.? The Preciiitatd Rk filtSled|ahh hﬁeﬁrodhalv?a@lwa%hwafﬁh

dd( d#. #. ?2?~| 8x| | ?????2X~~~~~~~~ L1 ?? y|>°8>xp°xx<x°<°|<><|>|°°°|~>>°|x°<>
~>57~ epmoamwhﬁte[prodmwa@amm'{ssm X PR EDMSO-28, )P 8 36 XBR2X<?<?7>
....... i >>?9??2<2<>>?7| | 7<???2xx??88x%| ?x8~| x>J: ] %94 45 %C

(1 #}#NH)Z'RQ (s H),o é%(a}Afﬂ);dcﬁg?Lfééécbd,ﬂdi ] T 122:32:8H2)>b262-10-(dg] 2x>?7x <>>
?>>| <>8>xp x<< X~?~| 72>~ >|~OX~~~~4£5 ;&P9~~<9x>>|9<|<9999||9|9|
2x| x'>éh|1|=>}f 9»‘! HZP @rﬂ%'m?@xmw Mp Sy H):-241- Amakpppx | >?
?| ~>? ~>99<>999 ???????<>>>>>>>><<8 ?2? I 45 C

# #. ﬁcpxg?HSQQSGBL <~78>X77X|<>|<><>L>7§§%~§E}7>>Fﬁ7||77|<>X7>|<>77777

888889988888788888888788888xx°x9xxxxxxx9x9xxxxxxxxx~xxxxxx9x9xxxxxxxx9xxxxx

X 28~X| XXXXX| X| X Exemp 8}60&3{1111169‘1’?6?1’-}1?&&&1&&3”5ﬁiﬁéﬂ?)ﬁ»ﬁtﬁt&ddﬁﬁfﬁxﬁﬁé’ <| ??<?

L?KLPKPKL?KLKL?>KP??KLD?????7?7?7? 77|77<777779999999999997 PPV ??????7???7?7?]

. ] 994 48). 7B acetic anhydride (0.3 mL) at 0 °C under mtro%en was added ﬁnmn’)g HNO3 (0.2 mL).
II(I# #. Xp?2?>?~<Xp?<<???<~<| X| <??~?><?xX]| >* °°x8>8>89|898 x??| “ 99<999 227777

2<27] 2ARRISARIR 87 8 SARRES aP S TR SRR AR RARAR 38777 7PRP?

PP22P?P~XXXX 2X2XSXXXXXXXXX ?XXXXXXXPP>P| XXPP>~PPPPXX PXX Xppppp-~ p xxxppx7x|

T2 £5?7%%2 22 ??7??7?7?78

§'plxDEW%@@,%@E&%{M@%@@%@;ﬁ&é@%ﬁ@ﬁéfggfﬁ kAL i 22 or
# 272 7979 7 292222 0 222520

"3 5% s TR ARR oI (T N s W dgdd fboide So 19“9%220(‘5‘72%%“51 w?| M
~i?><xm8hwtﬁmpeﬁﬁmﬁéﬂvﬁﬂz@&mx?HMmB@<TB@m&@ﬁﬁﬂﬂﬁﬁ?ﬁéﬁﬂpﬂ&ﬁpmﬂpwaK®MQﬁbxx°x9x
XXXX?2~~2?=PXXX ?x~xxx E é°x>x<x<x<x< 2XX xxxx||~9xx|>>????? ??2227?7?| >>?
22 x ¥o The S00ion 33 rie EﬁEﬁéQQQ¥W§ﬁﬂ@ixfé% PLEnt as removes in vaquoand 31,799~
I

Wawh ( %prf’amt}@is?ﬂ?% P@‘?@PMSQ%QB%%%@%%%NPL%P 28y

77} 2L 21 plos 1 15 03] 5 3 AP 120270 S50 157 PR e Dl 07 S

22227~2~2X| ~ 25239999 Y, 3, L L L L NGO L R L ey

552%#9?13)7“5 BT B YR ﬁh\i?fiﬁ"’ 323337‘33333?33333333‘;

x289xxxxxx89x8x8xxx99pxpxxx|xp°p901x1x3x9x9x9x9xx99> ~C.g! ('E45 (! C
EE(E# #. 777777777>>>>>~>>>>>>>~7<~~77>77777~~7777777X>|>777877>77777X787<7

8<?8| | 2~?~?227| |Ewﬂeﬂ>'&mthpsiq efh Ardibenzylamine:325-dimethyl-7AydPORR 22 2 <<<x<|

[~ 0 S g Syt piedibsansin) o0t 100,

???E;? \ &MM]ng) in D%VIF ](2 m]L) vs]las a]ddec% benzyl br]ormde (0. }6 mL anc} sod\1/]um v
zupkf a\ W ca ca] ca] ca] ca] ca] ca ca ca] caV] ca] ca caV] ca] caV] ca
] ca] cﬁﬁ&w@%@m@g a}e@a Yo PEsEG W slirred ovensgb,t e proghycy was SRttacted

Kl
a]zc{’;tD]V?:igf cagan£ ctg ca a‘]vcaﬁe ca‘t’Yl ate TLaﬁ 2c)a] cae]orgéﬂl:aﬁ)has caaf cajcaljc
a]ca]ahkﬂa$n@kmdmmcaﬂ&Maamiﬁ%kbﬁﬁhﬂ@ﬁﬁﬁﬁﬁiﬁmﬁmﬂmﬁbYﬂk@ praakccwad Prifted

o arbanlyl sipabsnlat klanlis] ShtlSaloal st g oo o
o car RV EH V| SO LN Rt ol Wi, o
o caniiss ERPALEOPTH G o es P REca ) A (R ERpOBPE ca

a]30a! 0QH (B2 22,833 BB84 .2 Hz), 0.97 (s, 2 H), 0.81 (s, 6 H, 2 x CH3).
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505568#8 88891 99, ; P,

; K<<<<| wr mhe'Y] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] calcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! <O=>We>>>X???7?; & ;.
@AEAENABBBBBBBBDDEEI JKLG.Lzupkf a\ W c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caUl c
ajc Example 8. Synthesis of 1-amino-3, 5-dimethyl-7-acetoxyadamantane

]p]p<]i] vrothipRiR %&%zﬁﬁpﬁﬁb’]{lr Gelcpolcalealoal gal el cal LLmwheNbD oo
ﬁ: ;ﬁ: iﬂa?@? W‘]ﬁ“&ﬁﬂ ﬁ‘%iﬁ‘gbmi @E‘l ﬂ>%%3h%£%%@%§ﬁ%ﬁ§ BRI el W c]
a] ca] c%ﬁﬁ%‘gﬁa&éfﬁgf@g%@gdc% 03@(] %e(f aﬁlvk%ﬁeglgfl ‘]‘ecrae%/i“"&]‘%‘ “]as S“%TF/Q gghhhj j

JC Ja ]%lcla ffdjﬁ}(%niﬁcgi] ?%u]@?gtdao%aammaa%ﬁdte soluibsl( EWil] owdscalbed \Theprodhetayasa] ca] cal cal
cajCcajcCca I
C vl sl sl caheal & 2l sal calieal sl caleahiaVles) Savlealsat 2! I

SUEETYEMNE Y et mgg%]@agﬁ Lk APOASBRLEAbea s Whabihsa o) oa
a] ca] cpjrifdatich Ah@brodust way tissglived {n\ﬂméthmﬁjl ¢ ad])c RV aea] ¢ i) alas afided ca] ca]

caj ca] ca] ca

WV] ca] axl thereaxtipn ajixtiire silas hydmgelaﬂtcrbat@aﬂress]maq yick:)| Ic:’B;/]r[;:aIz overdnight.2 Thepkf a\ W ] ]

| ) copeR ey EaPd A &) L DB SGRPFRL AR S RS RPO IR EAREE ) Lol oo Cav

] cajc
cal ca?;}’ B g el s ﬂ*@]@"ﬁ]“e oo™ o
a] ca)] caf&airgmkqabirallepNea ¢BMSO-dg, ppm): 8.30 (brs, 2 H, NH?2), 2.09 (s, 2 H), 1.93 (s, 3

a] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caV] ca! xZK

| woj e* HYKQONT), ]lda]bé] @q éd]lchf)]lzé] 2hbHz bé(]-déo’Pdd]l,c”aj{ch]‘dé]7c3?éeI‘fZ‘)a] ca] ca]
ca] ca] c a] caD\c] kf c %gﬂsﬁg
| woj e 1 NRfla03fqd, & Qa? ]%’épélé})-ca] ca] ca] ca] ca] ca] ca] ca] ca]

/%ca] c a)JcaD\]ca]ca] ca] ca] ca] cal ca] ca] ca=YUXb@ | 9%A0%& ()-! SH10% (& ()-
& ()-10% & ()-L"10% & ()- !!'F10%[ & () X&N? 110% & ()- ,y

(}0% & () -! X&&10%Ganple'9l SFHME&is of 1- k%carbonyl)ammo% , 5-dimethyl-7-
40% j & &) &~4?X}N?f . 110% & () -4& - &10% &

10% & by s(xy@%mapranqo(;lﬁm"@was lutign of lmror;@ﬂ §-dispethyl-7-hydroxyadamantane

S e g MR o) Rt R

10% & ().41 81046 Sdivmcaxsondd (G3%)Ydhedebdtion mitfed waq §tirred overnight. The
20  product was extracted with r-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 ethyl 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, CeH35), 6.96 (br.s, 1 H, NH), 4.94 (s, 2 H, OCH2), 4.41 (1 H, OH), 1.62 (5,2 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-hydfoxyadamantane (100 mg) in DMF (0.4 mL) was added

30 4-bromobutyryl chloride (0.3 mL). The reaction mixture was stirred. for 2 h 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 (DMSO-dg, ppm): 7.38-

14



10% & ()- &SH10% & ()-110% & ()-%40% & ()- t <dE.@,/!10% & ()--
"10% & ()- +10% & ()-' 10% & ()-"10% & ()-y

910% & ()-:hj 1 dE)310% & ()-=t10% & ()- 9! 10% & () - 710%&'()%-@9%0'3@@'()- |
Y4S#10% & () - 0#10% & () - | nopg} cD310% & () - 10% & () - 10% & () -'yH#I0% & ()-g! Y

10% r & t _
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Example 11. Synthesis of 1-(benzyloxycarbonyl)amino-3, 5-dimethyl-7-(3-
nifratepropylcarbonyloxy)adamantane (15). To a solution of 1-(benzyloxy
carbonyl)amipo-3, 5-dimethyl-7-(3-bromopropylcarbonyloxy)adamantane in acetonitrile was
added a solution of silver nitrate in acetonitrile «nd the reaction mixture was stirred overnight

10 indark. 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. 1-Acetamido-3, 5-dimethyl-7-carboxylic acidadamantane

15 (16). To fuming H2SO4 (15 mL) in a flask cooled to 0 °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 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 (6.80 mL) and ethy1.~chloroforh1ate (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. NaBH4 (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 HCl twice, water, and brine. Solvent was

removed in vacuo and the product was crystallized using a solution of ethyl acetate and

15
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Example 14. 1-Amino-3, 5-dimethyl-7-hydroxymethyladamantane
hydrochloride (18). 1-Acetamido-3, 5-dimethyl-7-hydroxymethyladamantane (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
- 10 and the product was extracted with ethyl acetate (10 mL x 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 base to HC] 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, OCH?2, J = 4.6 Hz), 1.42-1.40 (m, 6 H), 1.01-0.99 (m,
15 6 H), 0.86 (s, 6 H). Anal. (C13H24NOCI+0.4 HC]), 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-hydroxymethy] 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 brine. The product was
purified by thin layer chromatography eluting with ethyl aéetate and hexane (1:4, v/v) to give
a white solid (80 mg). 1H NMR (DMSO- d6 ppm): 7.33 (m, 5 H 96H5) 6.89 (brs, 1 H,
NH), 494 (s, 2 H, 0CH2),432(t 1H,0H,7=5.7Hz), 304(d 2 H, CH20H, J = 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 (1 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 (IN, 5mL) was

16
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@ 510%@f50,4.24 (s, 2 H, OCH2), 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 x CH3).

Example 17. 1-Amino-3, 5-dimethyl-7-nitratemethyladamantane
hydrobromide (21). -1-(benzyloxycarbonyl)amino-3,5-dimethyl-7-nitratemethyl-adaniantane
10 (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 i 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 (5, 2 H, OCH)), 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 x CH3).
15
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.
1H NMR (DMSO-dg, ppm): 7.38 (brs, 1 H, NH), 4.23 (s, 2 H, OCH)), 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.

154-1550 °C. Anal. (C15H24N204), C.H.N.

Example 19. In vitro protection of neurons by compound 7. An in vitro model 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

17
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10t 10%seh®nfin-rh0delo &'he)intrdl0fbined s(juredethticRivey useld 16 prodficé ) 2 hr occlusion of
the middle cerebral artery (MCA), following the same protocol for focal cerebral

ischemia/reperfusion as published previohsly (Chen, et al., Neuroscience (1998) 86: 1121).

10 However, here C57Bl/6 mice were used instead of rats. For memantine the loading dose was
20 mg/kg i.p. 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
neuroprotectiVe concentration of compound 7, the loading dose was 100 mg/kg i.p. and the

15 maintenance dose was 40 mg/kg i.p. 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 sacrificed and analyzed with TTC

staining 48 hr after MCA occlusion (Chen, et al., Neuroscience (1998) 86: 1121).

20 IExample 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 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 contractions were induced with 1 uM

o noreﬁinephﬁnéﬁ' The vessels were then relaxed in a dose-dependent fashion (10-9 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

18
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unique mechanism of action that likely contributes to prote:tive effects in models of stroke.
10

The scientific publications, patents or patent applications cited in the various

sections of this document are herein incorporated-by-reference for all purposes.
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5
wherein R, is H, alkyl, heteroalkyl, aryl, heteroaryl, C(O)ORs, or C(O)Rs; Ry is H,
alkyl, heteroalkyl, aryl, heteroaryl, C(O)ORs or C(O)Re; R3 is H, alkyl, heteroalkyl, aryl or
heteroaryl; Ry is H, alkyl, heteroalkyl, aryl, or heteroaryl; Rs is ORy, alkyl-ORy or
heteroalkyl—ORy7; Rg is heteroalkyl, aryl or heteroaryl; R7 is NO2, C(O)Rs,
10  C(0)alkyl—ONO; or C(O)heteroalkyl—ONOs,.

2. A compound according to claim 1, wherein R, and R, are H and R5 is ORy or
CH,0R;.
15 3, A compound according to claim 1, wherein R, is H and R; is C(O)R¢, and Ra
and R4 are H or alkyl.

4, A compound according to claim 1, wherein Ry is H, R7is C(Q)alkyl-ONO,
and R; is alkyl or C(O)O-Rg, wherein R is aryl.
20

5. A compound according to claim 2, wherein R; is H.

6. A compound according to claim 1, wherein the compound is 1-amino-3,5-
dimethyl-7-nitrateadamantane hydrochloride or 1-amino-3,5-dimethyl-7-

25 znitraterr'lethyladamantane hydrobromide.

7. A method of synthesizing an aminoadamantane derivative according to claim

_ 1, comprising:
I | 20
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wherein Rz is C(O)ORs or C(O)R, R3 is H, alkyl, heteroalkyl, aryl or heteroaryl; R4 is H,
alkyl, heteroalkyl, aryl or heteroaryl; and Re is alkyl, heteroalkyl, aryl or heteroaryl;

5 and
(b) nitrating the OH group in a compound of the formula II:

NR[R;
i

R3 y R 4
HO

to produce the aminoadamantane derivative.

10
8. The method according to claim 8, wherein the oxidizing step (a) comprises

treating the compound of formula I with H,SO4 and H,0.

9. “The method according to claim 8, wherein the nitrating step (b) comprises

15 treating the compound of formula II with HNOj and Ac;0.

10.  The use of a compound according to claim 1 in the manufacture ofa

miedicament for treating a neurological disorder.
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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.

22



