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[0001] This application claims benefit of, and priority from, U.S. provisional
patent application No. 61/064,870 filed on March 31, 2008, the contents of which are
fully incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to methods and uses of a
compound for delivering a neuroprotective agent to a neural cell, including methods

and uses of a compound for treating neurological disorders.
BACKGROUND OF THE INVENTION

[0003]) The nervous system includes two major types of neural cells: neurons
which are the major functional cells in.the nervous system and carry out the
fundamental tasks of receiving, éonducting and transmitting signals and glial cells
which provide physical and nutritional support to neurons. Neurons and glial cells
have been implicated in many diseases and disorders including neurological disorders
such as Parkinson’s discase, Alzheimer’s disease and multiple sclerosis. Neurological
disorders can have devastating effects on the individual and result in high social costs
~dssociated with chronic care and lost productivity. Thus, there is a need to develop
effective treatment and one of the main goals of therapy for neurological disorders is

the therapentic protection of neural cells.

[0004] Common features of many neurological disorders include loss of neurons
and glhiosis. Gliosis is the proliferation of glial cells in response to damage to the
central nervous system, usually resulting in the formation of a glial scar that may

inhibit proper functioning of the central nervous system.

[0005] Damage associated with neurological disorders may occur throughout the
central nervous system including the substantia nigra pars compacta (SNpc) and

striatum regions of the brain. In addition, cells of the peripheral nervous system may



whi ch are the major functional cells in the nervous systemand carry
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rigidity, and postural instability, and is attributed primarily to the loss of neurons of

the nigrostriatal DA pathway, resulting in a deficit in the brain DA level. (Marin et al,,

2005). Ohgoing oxidative stress and inflammatory processes have been observed

particularly in the SNpc of Parkinsonian brains and in the animal models of

Parkinson’s disease {Olanow and .Tattoﬁ, 1999; Dauer and Przedborski, 2003; Hirsch

et al., 2005; Bezard et al., 2006). This includes alterations in the activities of the

antioxidative enzymes, superoxide dismutase (SOD) and catalase (Peng et al., 2005),

a decrease in the level of reduced glutathione (GSH) (Grunblatt et al., 2001), a

proliferation of reactive microglia with a highly significant increase in maﬂy

cytokines, including fumor necrosis factor- (TNF-a), interleukin-1 (IL-1) and IL-2

(Mogi et al., 1994a; Mogi et al., 1994b), along with an increase in the level of iron
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neur oprotective agent
to a neurai cell, the method comprising contacting a neural cell with imidazolium and

imidazolinium compounds, including imidazolium and imidazolinium salts, as

described herein.

[0012]  There is also presently provided the use of imidazolium and imidazolinium
compounds for delivering a neuroprotective agent to a neural cell or in the

manufacture of a medicament for delivering a neuroprotective agent to a neural cell.

[0013]  In addition, the methods and uses presently provided may be used for the

treatment of neurological disorders.



to a neural cell, the nmethod conprising contacting a neural cell with
i m dazol i um and i m dazol i ni um conpounds, including i mdazolium and

i m dazoliniumsalts, as described herein. [0012] There is al so
presently provided the use of imdazoliumand imdazolinium conpounds
for delivering a neuroprotective agent to a neural cell .or in the
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[ 0014] | n one agejbdcca neutabeed], the mothod faierdising contechugithé ngural e¢ll witlrd ng a
neur ot ot ect okfpaRT Rt schafroRfl Alr o lidomel (ol AL | o1 1O
contacting the Reur al 5cell With a conpoun general fornmula I or an
ol i goner or pol ynmer thereof: mhereln the.dashed line is absent or is
present as a bond to forma secgn ' bond tween the carbon to which
R and R 3 are -attached and the¥’ o which R2 and R4 are
attached;

wherein:

the dashed line is absent or is present as a bond to form a second bond between the
carbon to which R! and R? are attached and the carbon to which R? and R? are

attached;

R' and R*:

[£})] are each independently H, straight or branched C;-Cg alkyl, straight or
branched C;-Cg alkenyl, straight or branched Cy-Cg alkynyl, Cs-Cig -
aryl;

(i)  together with their central ring atoms form a 6- to 10-membered fused
saturated, unsaturated or aromatic ring system;

i) R'and R® together with their central ring atoms, or R? and R® together
with their central ring atoms, form a 5- to 10-membered fused
saturated, unsaturated or aromatic ring system and the other of R'and
R? is as defined above in (i); or

‘(iv)  R'and R’ together with their central ring atoms and R? and RS together
with their central ring atoms each independently form a 5-to 10-

membered fused saturated, unsaturated or aromatic ring system;

R? and R* are both H, or, when R' and R? together with their central ring atoms form a
6- to 10-membered fused aromatic ring system or when the dashed line is present as a

bond, R® and R* are absent;



Rl and R2: (i) are each independently H, straight or branched Cl -C6
al kyl, straight or branched C2-C6 al kenyl, straight or branched C2-C6
al kynyl, C6-Cio aryl; (ii) together with their central ring atons
forma 6- to 10-nmenbered fused saturated, unsaturated or aromatic
ring system (iii) Rl and R5 together with their central ring atons,
or R2 and R6 together with their central ring atonms, forma 5- to

10- menber ed fpsggésaturated, unsaturated or aromatic ri ng system and
the other of Rl and B.2 is as defined abovg in (i); or '(iv) R and
R5 together with thei raeessefiaad abpysdorR' ordRa88 R2 and R6 together with
their central ring;at offeRRmbedeAEARE RAGRE bdbrdnOleD@-Ra u(%psﬁla@gm&enbered

fused sat urated, unsaturat ed or aromatic ring system and R4 are
both H, or, when R an‘HWdt‘-bd%taH‘éﬁyivﬁ“ﬂﬂhft%éTa?Chééﬁt FaPlk}‘th§3‘§tlsonB

forma 6- to 10- rrerrber@@]oéuesa%@u@[r@ma eycidamgr m&%sotﬁmeamtdaﬁzm

dashed line is present as bond and R4 are” absent; are as

defi ned above for Rl aﬂﬁﬂ%ﬁ afiyl, §P§1@§61?21%G$ﬁ‘§’hd’éﬁ>§'pwa§tﬁ%1%ht or

branched Cl-C6 al kyl, siyn@i opt 1Rl RNERANCLE; R nAldceny bryl, 8t cACght or
branched C2-C6 al |l cynyl, }és %ﬂgy cl oa kyl inc ud| ng fuglgd cycl oal kyl
ring systens, C5-Cl10 WIC@SClG%’aryI Cl-C6 al kyl, Cs-Cto aryl-C2-C6
al kenyl, or C6-Cl0 aryl-C2-05 al kynyl, Cl-Cs al kyl -06- Cl0 aryl, C2-C6

al kenyl - C6- CJI{,) igfl}/(l:{-cﬁoaqky 2 CCGZ_GCN?{!EL(’:ynyI C6- C10 aryl;

in which ﬁny of R to R®, where applicable, optionally has one or more carbon atoms
replaced with a heteroatom selected from N, O, S and P and is optionally substituted
with one or more of straight or branched C,-Cg alkyl, straight or branched C;-Cs
alkenyl, straight or branched C;-Cs alkynyl, C3-Ci3 cycloalky! including fused
cycloalky! ring systems, Cs-Cyg aryl, flucro, tri-fluoro-methyl, cyanato, isocyanato,
carboxyl, C-Cs acyloxy, C;-Cs acyl, carboriyl, amino, acetyl, acetoxy, oxo, nitro,
hydroxyl, C;-Cg alkylcarboxy, C;-Cs alkoxy, C;-Cg alkenoxy, C;-Cs alkynoxy; and

in which one of the central ring carbon atom to which R! and R? are attached and the
~ central ring carbon to R? and R* are attached is optionally replaced with a nitrogen

atom;

or a pharmaceutically acceptable salt of the compound or of the oligomer or polymer

of the compound.

[0015] In another aspect, there is provided use of a conpound for delivering a
neuroprotective agent to a neural cell, the compound having a structure of general

formula I or an oligomer or polymer thereof.

[0016] In another aspect, there is provided use of a compound in the manufacture
of a medicament for delivering a neuroprotective agent to'a neural cell, the compound

having a structure of general formula I or an oligomer or polymer thereof.

[0017]  In particular embodiments, the compound is an imidazolium or an



1R 2 is H C-Cs alkyl or Cs-Cmaryl; in which any of Rl to R6, where
applicable, optionally has one or nore carbon atons replaced with a
het eroatom sel ected fromN, O, S and P and is optionally substituted
with one or nore of straight or branched Cl-C6 al kyl, straight or
branched C2-C6 al kenyl, straight or branched C2-05 al kynyl, C3-C18
cycloal l cyl including fused cycloallcyl ring systems, Cs-Cio aryl,

fluoro, tri- I}nﬂﬁﬁcﬂluﬁﬁaﬂ% oth&m@&l& eﬂb%&’iﬁ%éﬂt@%@con@@ﬁxﬁqg(ﬂ imidazol{fim

acyl oxy, Cl-C6 acyl, carbonyl, am no, acetyl toxy, oxo, nitro,
hydroxyl , C -00gn Erigazplinivmneally In @riaigsmbpdimenty; thepharmpcanitals sesgpiable - O6
all cynoxy; _angs bflchlibiGhmRiE ol ok BEnGRI brdhide! Bafobfkedt OM 1O whi ch
Rl and R3 are attached and thé central ring carbon to R2 and R4 are
attached is &ptaflypraphogphatgsalaced with a nitrogen atom or a
pharmaceutically acceptable salt of the conpound or of the oligoner
or pol ymer ofjo018} c@ipaybethe XMIEDRF IR aRPRN18Ly R HP&6sarbohl) R andyDe H.
provi ded use of a cornpound for delivering a neuroprotective agent to

a neur al ceII ound .havi structure of eneral fornula |
or an ol i goner fgﬁ' po %?Setﬂwgrlemgqgt? T@f‘lmrﬁi%aﬁgfheer% ggpect there is
provi ded use methyimiteagioom i3 -bisbénaginmidaro e, 13-disopropy limpdhzaiawe hS-di-or

delivering a.neur : . Ere conpound
havi ng a structurt)g%?ézg@%}r{glraagg?tﬁ% an%d)gg#dé%&%[ﬁ’lelg%blsé%% pol yrer
ther eof . [ 00 ¥hsthylphenyl)-Guillaelindur dci-bre(@ O gliiserepy b pwpirimidazelizivm, 1,3,-
i m dazol i UM §fsw@Byibenzimidazotium, 1,3 dibenzy! -2-methylimidazolium, 1,3-

" diallylimidazolium, 1-benzyl-3-methylimidazolium, 1-butyl-3-methylimidazolium, 1-

(1-adamantyl)-3-(2,4,6-trimethyiphenyl)-4,5-dihydroimidazolium, 2-

benzylimidazo[1,5-a]quinolinium, 1,3-bis(l-adamantyl)-benzimidazolium, 1,3-
dicyclohexylbenzimidazolium, 1,3-diisopropylimidazolinium teﬁaﬂuoroborate,' 1,3-
diisopropylimidazolium, 2-(2,6-diisopropylphenyl)-5-methylimidazo[1,5-
a]pyridinium, 1-(2,6-diisopropylphenyi)-3-(2,4,6-trimethylphenyl)-imidazolinium, 2-
mesityl-5- methylimidazo[1,5-e]pyridinium, 2-mesityl-2,5,6,7-tetrahydropyrrolof2,1 -
c](1,2,4]iriazol-4-ium, 1,3-bis(1-adamantyl)imidazolinium, 1-butyl-3-(2-
pyridinylmethyl)-1H-imidazolium, 6,7-dihydro-2-pentafluorophneyl-5H-pyrrolof2,1-
c]-l,2,4;triz01ium, 1-methyi—3—(2—hydroxyiethy])-imidazolium, 1-methyl-3-(4-
isocynatobenzyl)-imidazolium, 1-methyl-3-(4-carboxylbenzyl)-imidazolium, 1-
methyl-B-_(4-acetate-benzy1)—imidazdlium, 1-methyl-3-(2,2-dimethoxylethyl)-
imidazolium, 1-(2,4,6-trimethylphenyl)-3-(4-acetate-benzyl)-imidazolium, 1,3-
Dibenzyl-5-phenylimidazoliom, 1-benzyl-3-(4-carboxylbenzyl)-2-
methylimidazolium, 1-benzyl-3-(3,4,5-trimethoxylbenzyl)- 2~methylnmdazohum 1-
benzyl-3-(4-acetate-benzyl)-2-methyl-imidazolium, 1-benzyl-3 (4-
methylcarboxylatebenzyl)-2-methyl-imidazolium, 1-benzyl-3-(2,2-dimethoxylethyl)-’
2-methyl-imidazolium, 2,6-di-(3-benzyl-imidazolium)-pyridine, 2,2’-di-(3-benzyl-
imidazolium)-1,1°-binaphthalene, 1-benzyl-3-(4-methylbenzyl)-2-methylimidazolinm,
1-benzyl-3-(2-trifluoromethylbenzyl)-2-methylimidazolium, 1-benzyl-3-(4-
methylearboxylatebenzyl)-5-phenyl-imidazolium, 1-benzyl-3-(4-acetatebenzyl)-5-
phenyl-imidazolium, 1-benzyl-3-(4-methylbenzyl)-5-phenylimidazolium, (1,2-4,5-



imdazoliumsalt. In other particular enbodi ments, the compound is an
imdazoliniumor an imdazoliniumsalt. In certain enbodi nents, the
pharmaceutically acceptable salt of general forrmula I nmay be a
chloride, brom de, tetrafl uoroborate or hexafl uorophosphate salt.
[0018] R5 may be the sane as R6. R5 and R6 may be hydrocarbons. R7
may be H [0019]In various enbodi nents, the conpound may be
1-ethyl-3- mefibydadiudgrold, W’”Jteu?a pl?eHZeXxL'ﬂH}h%@é Qb ptyn-1-y1)-

1, 3-di i sopropyl I m dazol i um 3-ditert-but zol i ni um

1, 3- bi s( 1- addPrifatajiam hpeayiol- €3ch¥firozy13rw§(lmld4m@um, 1,3- dl(Z—Phenylethyl)-

trimethyl pherlﬁﬁﬂdhzdhmndﬁg 103 H[Ecetatebenzyl)—umdazolmm, -benzyl 3-(pyridin-2-y1)-
1, 3-bis(2, 6- dllsopro | -i m dazol i ni

p

bi sbenzyl benzinl‘liif’%f’lhalfoh amls-(f @ﬂaflﬁ'élﬁ%zylm)th@ WlOPhqn&dz%ﬂipwl-?-x 3
diallylim da@kJa;beazyiLIﬁ?.%ﬂ@xéa chm&haehe)m FlaiERdrb-Yimidazole, 1-benzyl-3-

1- but y1- 3- net hyl i m dazol |ug%

(1- adamant y 1)negyt-pnidazgliyn,il tcﬁwﬁh@m;m@y&m%%%.Irfﬂdazo| ium 2-
benzyl i m dazghdesb g—Bﬂ:@tﬂyﬂUﬂHﬁazohum 1-methy1-3 -(4-acetate-benzyl)-imidazolium,

1, 3-bis(1- adanant 1) - benzi r ni dazol

di cycl ohexy| JaRERY d&%dwﬁkﬁxya&w—mw@mw (2 G eAthomphaRD-3-(4-

t et r af | uor obatsdt@benlylBimichizb 500 Pyhdriidcd@ically 4¢B3ptable salt thereof.
2-(2,6-diisopropyl pheny0- 5- nethyllnldazo[l 5- Apyridinium

1-(2,6-diiso | phen ( nmet.hyl n azol i,nium 2-
mesi ty1- 5- m@ﬁ?@? i Rg%lzagv[vily %e Tdngpoun nﬁ?yubr?]yl 3Ob § Xzy)xmu{n oliim, Ilb-
2- mesi t y1- 2, 9ji®pidpyletidehipdn.oprdirtet-bftplifidazolifidm 2L, #pisfl azol - 4- i um

1, 3-bi s(1-adg | g _
o et hﬁ%!x %fmlﬁazgﬁﬁgllfﬂ&tﬂh iR YibReRy§-fridazolinium, 1,3-bis(2,6

6, 7- di hydr o- ﬁufwemﬂfnhml)dpmwﬂm1,3pplslregmt[ezzmudaznlmomu pririsdft um

1-met hyl- 3-( ?neh:%gﬁrﬁm&mmrﬁ(ed é%ﬂﬂlﬁgé'opybha%thmﬂiy écép“/eﬁb]e salt

|socynatobenzy i m dazol'i um

1- met hyl - 3( 4egPhoxyl benzyl ) -i mi dazol i um

| met hy1- 3- (4- acet at e- benzyl)-i m dazol i um

1 met hy1- 3- ( @241} nkidhe paHiaildr yinpediinehtthezhnipuiiid is 1,3-bisbenzylimidazolium

i benzy. 5. pHCHRIETTRC ARSIy Shp bR aE Ba i A bk ey e bt vt

met hyl i m daz oémpeopd is 1,3-diisopropylimidazelium or a' pharmaceutically acceptable salt
1-benzyl- 3- (3,4,p- t i methoxyl benzyl) - 2- et hyl i m dazol i um 1-
benzyl- 3- (4- acetat e-benzyl) - 2-net hyl -i m dazol i um 1-benzyl- 3-(4-
met hyl car boxyl at ebenzy1l) - 2- et hyl -i mi dazol i um

1- benzy1- 3- (ﬁ) Hi Ry pud Ay be a dimes pia gompayndeving @ fyucture of

2, 6-di - ( 3- bepgnylat foﬁﬂ@?&'a‘ﬂlbﬂﬁm@éﬂhbﬂ rz‘@rsf:p‘cable salt thereof. For example, the

2,2 -di-(3-benzylimdazoliun - t hal ene,
T benzy . 3. ( SO BRI DL T R A PRS2 ylidene) 23
1-benzyl- 3- (Zmpdrbnt{ummam l@ythgrtztxﬂldazam&smw NTY) MFaZ@irabdiRyl-benzene,

1- benzyl- 3-( Ia ebe lnld 0I|u
1- benzy1- 3- ( Gaiingsi gﬁ%{ %"mﬁ' £?n‘f‘c‘gg’8’¥z?h’rﬂ‘daz fum)- 11
1- benzyl- 3-(Emmtﬁa}ﬁhé)eﬂipﬁb)mﬁetﬁm:elﬂ}ydcbdﬂaﬁhkﬁﬂlhbt@’bf (1, 2-4, 5-

diimdawium-N N, N, N"-tetrabenzyl -benzene,

1-benzyl- 3-( & i
1-benzy 13-  GoppPYidaatl dOUSRBA Ml o cimer gt s compound bvioga
i m dazol i um stiuctyernf ganegl fotmblodrat ﬂbemy@:allyrﬁcmmbleiseimhereof For

1- benzyl- 3- ( i i

T35t o ( el i Eonkpblia b ST et oty ol ko cycphanc |
(1, 3- di benzyor aipharhaceyticrily @cceplaBlelpalithéredne) - 2, 3- dlhydro 1Hi mi dazol e,
1- benzyl- 3- nethyl-im dazolium

1- (4-cyanat O%QQH- ¥ 1) T3 nemhingl lTﬂambgﬁ‘rZﬂlvfMBell &r fadd be an in vivo cell. For

car boxybenzy 3 nethyl-lnldazoI|Uﬂ
example, the miethod may comprise administering an effective amount of the



[ 0022] The conpound nay be a diner of a conpound having a structure
of general fornmula | or a pharmaceutically acceptable salt thereof.
For exanple, the conpound may be

1, 3-di benzyl-2- (1, 3-di benzyl - 1Hi rni dazol - 2(311) -yl i dene) - 2, 3-

di hydro-1H i m dazole, (1,2-4,5-diimdazolium-N N- N',
N'"-tetrabenzyl-benzene 2, 6-di - (3-benzyl -i m dazolium -pyridine or
2, 2" - di - (3- beQaprotdivtagalt td’dglbjl-ctl‘or thd kA RiAL $‘f94|n%ﬁ}%}o§i9e{l dforder.

pharnaceutlcally acceptable salt thereof. ﬁ% ernati vel t he
conpound may AEmatvElyathe use may campRER ¥ OhAA @twaa@@wme’itb?@wu Eral

fornula I or @eaﬁ:ﬁﬂfdﬁ@n%&lbﬁ@éﬂdbéoxﬂ&qﬁ%ﬂﬁﬂcﬁ ﬁ@lnteurahsea@afsmmﬁay%arrpI e,
t he conpound nay be 1,3,5-tris(4-methyl-imdazolium-Iinked

cycl ophane or°é@%ﬁ3¥ﬁﬁ$@ﬁ¥\%%FFV055§@§P§51e salt thereof. [0024] The
neural cell may be an in vitro cell or may be an in vivo cell. For

exanpl e, the [onzslod Otlhey aspedtpand Seanrelof et édt Ry eition SFlf maxhyeppamnt of

t he neuroprot v, n o a subject. for t tre (o]

neur ol ogi cal ‘ggfda“%ﬂ sﬁkg lﬁgﬁa{félpé}" TeyiRy 0698? gﬁiﬁf"’téoémtﬁse of an
effective arrwmt‘mm‘mbbﬂlmemmbmmdenfucﬁ mtdbejaﬁcrmmwtbfheacdampmgrﬁngg‘nguab.

di sorder in a subject The neurol ogi cal disorder may be for exanple

Par ki nson' s i gﬁ&ﬂﬁ aspects and features
of the preseq? |nven iﬁﬁﬁﬁggﬁﬁéhggﬁgé g t hose of ordinary

skill in they ?626 Up%(‘ﬂlE ﬁ%‘&:@s"‘&vﬂ:‘éh fildGrAOby QU BkxEGS 9 P ehBBaifnS pECi f i C

enbodi nents of the invention in conjuiction wth e’ ‘acconpanyi ng
figures. BRI Eie mEstiveriooN OF THE DRAW NGS [0026]In the figures,
which illustrate, by way of exanple only, enbadi nents of the present
I nventi on: [0027] Figure, 1. Chemical structure of DBZIM (1,3-bisbenzylimidazolium

bromide).

[0028] Figure. 2. Compound dosing and retinal imaging regime. Mice were
treated with neurotoxicant 2’-CH3;-MPTP, DBZIM and neurotoxicant 2°-CHs-MPTP
or saline. The DBZIM /neurotoxicant treated group received an intraperitoneal (ip)
injection of DBZIM (25 mg/kg in saline) 24 h before and after administering 4 ip
iﬁjections of 2°-CH3-MPTP ( 15 mg/kg in saline; once every 2 h). Mice in the
neurotoxicant-treated group were injected with 2°-CH3;-MPTP only (4 % 15 mg/kg in
saline; ip; once every 2 h). For each mouse in the DBZIM/neurotoxicant-treated group
(n =5) and neurotoxicant-treated group {n = 5), saline was used as a vehi_cle for the |

control group (n = 6).

[0029] Figure. 3. Retinal imaging of transgenic GFAP-GFP (glial fibrillary
acidic protein-green fluorescent protein) mice. Adult mice (8—10 weeks old) in
FVB/N (Friend virus. B-Type) background were treated with saline, 2°-CH;-MPTP,
and DBZIM/2’-CH;3;-MPTP, respectively. A basal level of GFP (green fluorescent
protein) signal is seen in the optic disc. A significant elevation in the GFP signal is
observed for the mouse treated with the 2°-CH;-MPTP neurotoxicant after 96 h. It is

noted that the maximal GFP fluorescence is seen around the fringe of the optic disc.

[0030] Figure. 4. Quantification of fluorescence intensity (FI) induced by'

neurotoxicant 2°-CHi-MPTP. Raw images were obtained from the optic discs of a



[0027] Figure. 1. Chem cal structure of DBZI M

(1, 3- bi shenzyl i m dazolium brom de). [0028] Figure. 2. Conpound
dosing and retinal inmaging regine. Mce were treated with

neur ot oxi cant 2'-CH3- MPTP, DBZI M and neur ot oxi cant 2'-CH3- MPTP or
saline. The DBZI M / neur ot oxi cant treated group received an
intraperitoneal (ip) injection of DBZIM (25 ny/ kg [ n saline) 24 h
befor e and_afibigfor 3¢ uflinileitdail “Sﬁh' fiok 0 -£61 205, QT8 i S5PMETP (15

ng/ kg in saline;, once every t he neurot oxitant-treated

group were i A RZIME-GHtNP TP (nei—@ AMveT theaa images werg ropegpadgthe Bl sal i ne;

i p; once eveludreince TR DDAS the student’s =

DBZI M neur ot (glucgntncfr eantsgjaqrglﬁloup g%t!d}neh dana zﬁ%ﬂ?%% oifhégrrl]tt“tt?%at ed

gr oup (n = 5)The daft were expaessqns cneam < 3eMPBP indpees & eigrifiest gr oup (n
6). [0029] UE:H‘&W P <. OSfﬁtP'I B@értﬂe@ﬁgﬂc@&m‘a mttﬁ@éﬁggﬁﬁs(bfg:épcgfp (ghat

f| brillary acidic prote| n-green fluorescent protein) mce. Adult mce
(8-10 weeks OMPF-egtefymyensigidyingyefing] texieityRirpppfeast, rgemEntner e

treated with &@Lﬂté@ﬁhe -C%wgﬁucea%g%% medstiRa MR 4).

respectively. A basal |evel of G-P (green fluorescent prot ei n) S|gnal
is seen int di s ni ficant _elevation in G-P si gnal
i s observed E'gnrz‘qﬁ)he g If‘?“eaftvg'&’ IGimpypts frgmomice hat ms‘f'ﬁ‘e‘r\tg{ﬁeot oxi cant
after 96 h. ldiffekaltmhmbntshaéﬁ.uzhae ralié-fredtedGidasd, rdtidhlesERpREatINFLS een
around the frjnge.pf the optic.di 0 antification
of O ot o colav Rt rarery S fing i S ﬁgw%@ta%ﬁ‘ﬁms st S pEE T,
Raw i mages wdisearebkaiynadblé mhﬁtehmmmHP(ﬂudremacqurem) ahdthalGFAP 16 adul t

pezi v 2 - oo R Ry idlieon e i Reule clsdbesallpuwcapa | e

FI (Fl uor escéﬁsm&ﬁmbﬁtw&emme@measw'aﬁ mérdgilea"fm nalnatbymﬂ usi ng

t he student’ SR ‘gﬁ}q
2' - CH3- MPTP ?’rﬁl it gﬁésm %F“g%ﬁq‘?‘; dqjg%gl}%ﬁecreaglg 15 Ig?é g}? ‘ﬂgﬁ’ fn over t he
sal i ne contr eﬂﬁOPﬁﬂstahéN@ﬁPﬂcellﬁbee@lﬂ@ﬁr afighialzells@s pRuke/by GFP sesms éd i ce,

si gni fyi ng 1 gfteDalas WOX 1y bdclasid)! f)ﬁﬂﬁ& mg&ﬁ@n% Bﬁe‘?@&tm glﬂ&?‘é@ nt ed
the 2'-CH3- MPTP-i nduced e |na XI cit asur ed at 4). [0031]
Figure. 5. RSOy adprssase wwawt%eepﬁeﬂﬁeﬁf@emg%@r r289ernved thr ee
different treatnents. Left: In the saline-treated nouse, retinal
astrocytes af0ORPL (RNeureco.DHEEIM hieopaitks Brsnﬁmnwngdbdeﬁ(gﬂomeﬁs&insl
radiating fromt t ptic. disc are clear i wth
the innate Cﬁrgq‘c ﬁo?ngig{ggi;l]%-é:e gpgé%%) Eocﬁt(fs tﬁeiﬁﬁfﬂ« |§frlurﬁ%n3ﬁ{et§n Hﬂ‘ay
(red). |n adNervediiher Linereind GOEdGamggdlioniéll bayen efel lgbeled pe dre immte@RRCt at ed
dots in the yess géncé ég‘?e%f;)%%e%ﬂﬁ a%&laédﬁg&g} Qe BRNIARY Eé‘fz@mﬁé‘ﬂ@h The

neur ot oxi cant 1 nduce 1 OSI'S as evi an | ncrease 1 n
total green Hpgr ede@Layemam‘gprptipnbmﬁy bbqimﬁy;khesmagmhcl\ﬁﬂﬂ dliddirehes. The

nurmber of gl jal, t&@éah&rﬁﬁatﬁﬁf%ﬁgnmsgzcam TBrh® S{aﬂ’%g%l%?‘h w%om s,

(hyperpl asi a) . % DBZI'tvl signi y attenuatwes
as shown by anddvilleeeells, indicating severe eatinal dvxdrity ead glicgisnikigh: WEtéﬁhe— 200 gm

[0032] Fi gurgpzfia trQﬁKErM tﬂé 3 Qf%aﬁdf‘PP%du&é Jgﬁos'%@??ghﬁ%ﬁ?@tteﬂh&té&% s in

retinal astrgp;g/tes and | 1 er cel : Astrocytes in the saline
control reti ﬁ“O%%aRFMU(INé‘F%BP’%@rH%ayer) and GCL (Ganglion Cell
Layer) are | abeled by the innate GFP fl uorescence (green) and the

GFAP ant i bodjpo88Ed)Figwveer. mm&@uam’leﬁ}m&md eliRereiNTRd ear
Layer) are pr ed m _nant |

ab t he trans e: The
oo oul Canto i T s 8 e ods PR e PR LS G PTG |
bo:j h iast I’OCyIaEISOfadi)ﬁblMﬂ'HﬁGIAﬁ Cdbifinerpintixond Are\igbdeMsi the TH {(tyfosihe t OXi gi tyd
and gliosis t eat ment TP- i nduce
oot 6076 i) oo ef it Midis ThoR Bt frmea s ar o
cells. Bar —g]ﬁ&s@fﬂus]&&@ﬂwdﬁh@ﬂdh@m dlevabiidivin GRI ighiaRDas to the low basal
2'-Cl1 3- 1VEPTP1| ceg g! i 0Si S. The {th rTlH'it al ast, roca/i es in the

0 in the axons, no signi xcan change in expression is visdally



observed. Right: DBZIMsignificantly attenuates the neurotoxicity in
this area. Bar = 50 gm [0034] Figure. 8. DBZEVI attenuates

2' -Cl113- 1VLPTP-i nduced DA neuron depletion. Top: The nornal -sized DA
neuron cluster is stained with anti body against TH (in red), and the
resting astrocytes are noderately | abeled by the G-P (green). M ddl e:
A significant nunber of DA neurons are acutely ablated by the
neur ot oxi cant ShRu Rar =
acconpani ed Sb@e;r%'&: IE]lgzl(r?cease |%§%§%g|ﬁsg&r$§?a%%{et '2'8{53‘? roun g B4, Bar =
astrocytes. B8tmm A significant portion of the DA neur ons IS
protected with DBZIMtreatnment, as evidenced by the TH staining

(red). The pgos3st eFgfrd. 8. P bRVRiate - CHL- MBI Indbéedtg nMirgh Ni ty  Of
SNpc indicates that _so 2% CH3- VPTP-i nduced neurotoxicity still

exi sts. Bar "E'GB"‘Q APP: [ g ﬁ@‘S]"alT%ﬁFé’Aim“N&ﬁ{é’ét%ﬁﬂa'S?"rﬁﬁ %IF‘E%“‘Y&E&’PWSS
DElTAL LEtD DtEﬁ@IH dﬁlTxle@\b:{dQﬁha@t hattmg esmh%mad;ehtaiﬁaselaﬂ@qné csg (éil&lh)i‘l n
rel ate (0] dalLscover a cer N I Mmdazol I u a20|n|um
conpounds ( cg\frg‘g’ﬁﬁ vigificant nymben of UA peyrops Frﬁéﬂ‘tei%é%’é‘f@?yép © PSPy
?el ow, i nf:I Udiloﬂghd: SN;B&’(ﬁlbfatﬁﬁtmlﬁﬁra pm &aﬁ;@&w)um@ﬁ;ﬁnieabﬁaﬂmhﬂeﬁuemgﬁsnl ts
or exa e as ner al or e as
neur opr (r)r}[) ecti \%‘rﬁéfbtgnf‘gmg'?f gcst?cé'Ef %ﬂ?’dﬁé@“@&@ H‘?@?}{%‘g}i‘%ﬂg["ﬁﬁ%ﬂf]

Bot h i m dazolid gructemdlﬂi mmiﬂmm%eﬁmmcdd&@eld: THstifting KiedlaTid € ri ng

and both are N sub tut i.n.da e

o dagol oo TP L BT OO 3 R kR ek i R bl
and do not h%Wm&m@m@wMSﬂmabémBmmm.men positions C4
and C5 that is present in imdazole. Inmidazole itself is incorporated

in many biol ghasp! FRLIC W Kfes aﬁ@@ﬁ&g}é@%}bﬁs@ substituted i m dazol es
have becone an inportant part of many pharnmaceuticals (A nos et al.

1999) (Casan 038] One attractive feature of using

| MSs in synt ﬁﬁ’f@é@#?@(&f% structural versatility they

provi de. The tronic u ure, an ahi nd thus,the

t her apeutic g(g;g y iﬁe Vesoqesﬁr%ﬁ‘iﬁereé’éﬁiaﬁ%"ﬂer?gsc?ﬁ%@amr yi ng
the N-substi imigmioBur smdmﬁdamlmﬂlm::mpot:ﬂm (dﬂbllédtl@@f&ﬁﬂ\dﬂsbm dedcribdiidn cent r al
og)  and, L el £ b, Aol iR B G bt o Pt DB S 00

that the "ce rn ¥ ers
salts for example as shown in general formula II below, may be used as

neuroprotective agents or to treat neurological disorders.

[0037] Both imidazoliums and imidazoliniums are based on an imidazole ring and
both are N,N’-substituted; imidézoliums are N,N’-substituted imidazoles, while
imidazoliniums are N,N’-substituted im.idazolines and do niot have the carbon-carbon
double bond between positions C4 and C5 that is present in imidazole. Imidazole
itself is incorporated in many biological molecules, and syntﬁeﬁc C-substituted
imidazoles have become an important part of many pharmaceuticals (Olmos et al.
1999) (Casanovas et al. 2000). '

[0038] One atiractive feature of using IMSs in synthetic chemistry is the structural
versatility they provide. The electronic structure and stability, and thus the therapeutic
safety and efficacy of IMSs, can be fine-tuned by varying the N-substituents
(substituents on the nitrogen atoms of the central ring) and the central ring of the

molecule. It will be understood that the “central ring” of IMSs refers to the five

10



menbered ring containing at | east 2 nitrogen atons to which various
substituents may be bound to create different | M5 nol ecul es and thus
refers to either the i mdazole ring or imdazoline ring. |MSs provide
i nexpensi ve and chem cally tunable building blocks for the

devel opnment of novel therapeutics. [0039] Some | MSs are precursors of
N- het erocyclic carbenes (NHCs). NHCs can be easily generated from

| MBs havi ng a,byg cﬁﬁtgﬁ]gst NS x%ﬂ%ﬂ%%oms?@wfﬁﬁh mﬁ?scsﬁ%imhts [

g9
and substituents on both r ogen ato the central ring 1.e. two
Nsubst i t uent sbe hqEndde cepate difterast B rrokeulenanth tyerefaygg eiger tha énidazole ring

depr ot onat | o Ghidgfifind M. WISEfro e ARDEAR AR AR

Deprotonation o may be carried out under basic condi tions or in
a di | uted sol btlegksfprihedievelopmenradnovebtigiapdugess. 1t may be difficult to
generate NHCs from I Mss with substituents other than a hydrogen atom

at the C2 posjobBON ondeRISE BB predlrsdré SIN-hélHBNBE carbeAdki (NRICs)S PARTRSn MRy
be formed fromthese | M5s, by cl eavjng gﬁge or bot H@of t he
N- subst i t uent % eafilycaeTaereirom M7 By iae A Avdossn stomat e ¢ 2prsiton éhe vBs as

g_es cr ijbed Eer@hagm IRy le&_nd’kﬁbldéiﬁj@ﬁt@bﬂ_&dtﬂx Migro fin QR 8 cerNALKirgl i @O N - ] -

i sorders have, been ed to oxidatiye stress. .response and, out

Dot g 11 ot e, N retgpereiadtengs ece ThSS i tae SerBotoates pigted ML o

may exhibit anidérthxdpgrbliste cdaabipay, DeptonhHHEE IME4 MO chiiiall otrayddie used

as neuroprotective ents are co unds, havj .structure - the

general for mf?§® F?nd%% i db i df%ﬂfﬁnﬁ’ﬁ?‘fl ‘Q}’élﬁrerf’e&'fmqg Bf}adﬁt?f’a%??mlf ﬁeecgéﬁglﬁed

| ine i s absent gateratesNHCefan IMaswizh dmbsttlueh® other than a hydrogen atom at the C2
position of the central ring. However, radical species may be formed from these IMSs

by cleaving one or both of the N-substituents.

[0040] The inventors have discovered that the IMSs as described herein have
neuroprotective properties. Neurological disorders have been linked to oxidative
stress response and, without being limited to any particular theory, the IMSs as

described herein may exhibit anti-oxidative properties.

[0041] IMSs that may be used as neuroprotective agents are compounds having a

structure of the general formula I:

R1 RS
3 e
R N
[}
D
I
N
R4 \
R2

RS @

[0042] In general formula I, the dashed line is absent or is present as a bond to
form a second bond between the carbon to which R’ and R? are attached and the.
carbon to which R? and R* are attached. Thus, the carbon to which R! and R are
‘attached and the carbon to which R* and R* are attached may be connected by either a

single bond or a double bond.
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forma second bond between the carbon to which RI and R3 are attached
and the carbon to which R2 and R4 are attached. Thus, the carbon to
which RI and R3 are attached and the carbon to which 112 and R4 are
attached may be connected by either a single bond or a doubl e bond.
[0043]RI and R2 (i) are each independently H, strai.ght or branched
Cl -Cs al kyl, straight or branched C2-C6 aIkenyI straight or
branched C2- Ky i h hr

@é Trﬁt‘)r nc]l g@cﬂ'@ca@ﬂ %h%ﬁ%nt(}’ gtgrtr Bled{:lch% bP g& c}ﬁ%‘l

central ri ng at OI’TB ere sat ur at

unsat ur at ed o¥raightorhrapehed Cns 2lieny b siyaight or(hrmcbtedF@z-%rracms @eo@leﬂlbrb Prwith
their central nﬂoé]&m?wgﬁleg erB%l )%{kdatm fﬁﬂgﬁs h&' 0-WekBerkdRikdd sgtgﬂteﬁal

ring atons, forma 5- to nbered fused saturated, unsaturated or
aromatic ri ngmsar}?@ttéﬂiwfeﬂfmﬁatﬂhém@'é)ﬁ'@m, @T(HRR anvcR Frozether wish their Fensal iBov e

in (i); or (i¥oms RAR Iﬁﬁoée%%t&%ert&lﬁartﬂg'armﬁ%ﬁﬁ 95 h108heRbOE® and

R2 and R6 together wth their central ring atons each mdedb gndent |y
forma 5- to fsedsatyraidapuirfehedroastipring weemandthe oher S & ard Byrib#fat i c

ring system &ﬁ%%ox@%aﬁ‘érﬁm@\%ﬁdﬂ@% tﬂérwﬁﬁthel\ﬁ’eéﬁa g%%s@gdkbget her

with their centr ring atons forma nbered fused aromatic
ring system épd @aeftl%évﬂaé}serréantr#ﬂ@at@nw@s@ﬁw%n%y fosnas-rd%and R4

are absent. L&le%‘éﬂed‘ﬁ!tsdtsaﬁémar uidBtufh@dRPhrom@id i shuged aromatic ring
together with RI or R2, respectrvely, as set out above, R5 and R6 are

each i ndepen ran tra
e anched tor a1y X Lt @ik i B SRR, SRS bitp Peptiatasily o
cycl oal | cyl iamedsdichrmg6-fiel sieshebarédoibed wtomatiougngssysttmves whétthCdDhearlipk |

C6- C10 aryl Clﬁ(;g%sei?tla%élbb@’ de%‘%&ésqz C6 al kenyl, or Cs-Cl10

aryl - C2-05 al s aryl, C2-05 al kenyl-Cs-Cio
aryl, or -C6 al kynyl - C6- C10 ar%/ . [0046] R7 may be H, Cl-C6 al kyl
or 06- c:1o ar \ip045] ooﬁ%enﬁymdt dornet app Bised Asematicing tageter wigh lf:e@erhere

applicabl e, naYeaRi,a0 8 bt JBNEROME R9 fre mmn&aédaaﬁrya&ggﬁ of BlRhcheed
with a heteroatom sel ected fromN any_of ‘the

above subst i (u&uelkyRpraight pxpranghsd (s CaﬁBF?Yé’éHP’éht Ct'iﬁ'&?“ﬁ’ﬁf‘ Fohatlymybe
substituted wid}; GORaIRY] lﬁﬂllfdﬁtgqflseﬁt:io@da&mrufgrsyhéxﬂﬁ@% ;@1 CECabigyl ,

oot oL B AT oCE Sl ke 5 PR S BRI P o

C6- C10 ar yI i amr@;-ctatkenﬂﬁ:m.@ambmzl-cﬁ aip@pBCHC, o ra@bcyanat o,
car boxyl , CI -C6 acyloxy, C-C6 acyl car bonyl, am no, acetyl,

acet oxy, OXOrod¥ei' Or” By ar boxy, Cl-Cs all coxy,

C2-C6 al keno>§y, E?Z CEIQF%i O)?Y 000} é%g of the central ring
h R h

carbon atom t[O 4V'\7/?| CAny of tgg gboxl?gsu gtﬁue?ttttsth?o P%éjwﬁere applicable, may optionally

have one or more carbon atoms replaced with a heteroatom selected from N, O, S and

P. As well, any of the above substituents R' to R®, where applicable, may optionally
be substituted with one or more of straight or branched C;-Cq alkyl, straight or
branched C;-C; alkenyl, straight or branched C;-Cg alkynyl, C3-Cyz cycloalkyl
including fused cycloalkyl ring systems, Cg-Cyo aryl, fluoro, tri-fluoro-methyl,
cyanato, isocyanato, carboxyl, C-Cs acyloxy, C1-Cs acyl, carbonyl, amino, acetyl,
acetoxy, oxo, nitro, hydroxyl, C;-Cs alkylcarboxy, Ci-Cs alkoxy, C,-Cs alkenoxy, Cs-
Cs alkynoxy.

[0048]  One of the central ring carbon atom to which R' and R? are attached and
the central ring carbon atom to which R” and R” are attached may be optionally

replaced with a nitrogen atom.

12



the central ring carbon atomto which 122 and R4 are attached may be
optionally replaced with a nitrogen atom [0049] The above conpounds
may be present in salt form Thus, IMSs that nay be used in the
present mnethods include pharmaceutically acceptable salts of
conpounds of general fornmula | and oligonmers and polynmers of such
salts. Such salts may have a structure of the general fornula Il

[ 0050] Gener al job4g MUl blové Sonfpudt nlaD 66 pRRAVA s{iPford STRE AMSs RlalMb@ |
with the further ‘feature of counterion X. X is a pharnmaceutically
accept abl e arbicaped i the pigeAnhigetbeds inrdnde phamnecsutically eqseriablegelts dr oni de,
tetraf | uor obQpab&Sindd¥Peaierd 85RRR RN Alebmerk APl HISS $r8hdR saltsU 866k saRS
used herein in reference to ring structures refers to the sharing of
at | east two Baydwre pEpceRt the aeemd foreelgHes. Wien two central ring
atons (either of which nmay be Cor N) are included in a fused ring
system the ring systemisgfused tRf the central imidazolium or

I rni dazol i ni umring. = N//
]
E 69>——R7
1
e N\ x©
R
R® (I

[0050]  General formula II is as defined above for general formula I, with the
further feature of counterion X. X is a pharmaceutically acceptable anion, including

but not limited to chloride, bromide, tetrafluoroborate, hexafluorophosphate.

[0051]  The term “fused™ as used herein in reference to ring structures refers to the
sharing of at least two atoms between ring structures. When two central ring atoms
(either of which may be C or N) are included in a fused ring system, the ring system is

fused to the central imidazolium or imidazolinium ring.

[0052]  In particular embodiments, the IMS has a structure of general formula I or
II, in which the dashed line may be absent or is present as a bond to form a second
bond between the carbon to which R! and R? are attached and the carbon to which R?
and R* are attached,; R! and R? are both H or together with their central ring atoms
form a 6- to 10-membered fused aromatic ring system; R® and R* are both H or are
absent; R” and R® are each indeppndently strai.ght or branched C;-C; alkyl), straight or
branched C,-Cg alkenyl, straight or branched C,-Cg alkynyl, Cs-Cys cycloalkyl
including fused cycloalkyl ring systems, Cs-Cyg aryl, Cg-Cyo aryl-Ci-Cs alkyl, Cs-Cro
aryl-Cy-Cs alkenyl or Cg-Cig aryl-Cy-Cs alkynyl; R7 is H, methyl or phenyl; any of
which substituents R' to R®, where applicable may have one or more carbon atoms
replaced with a heteroatom selected from N, O, § and P and may optionally be
substituted with one or more of straight or branched C;-Cs alkyl, straight or branched
C;-Cs alkenyl, straight or branched Cz-Cs alkynyl, C3-C;5 cycloalkyl inqiuding fused
cycloalkyl ring systems, Cs-Cyo aryl, fluoro, tri-fluoro-methyl, cyanato, carboxyl,
carbonyl, amino, acetyl, oxo, nitro, C;-Cs alkoxy, C;-Cg alkenoxy, C2-Cg alkynoxy.
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[0052] I n particul ar enbodi nents, the |i M5 has a structure of general
formula | or Il, in which the dashed |ine may be absent or is present
as a bond to forma second bond between the carbon to which Rl and R3
are attached and the carbon to which R2 and R4 are attached; R and
R2 are both H or together with their central ring atons forma 6- to
10- menbered fused- aromatic ring system R3 and R4 are both H or are

absent; R5 a ar, cl -
al kyl, strai Sﬁ)ﬁg ?‘%‘ﬁ%ﬁ’% %gﬂ%%ﬂ ﬁ%teny %%‘?Iékt &%]%H eld CZ Co6
al | cynyl, C3{i@m8ladld whittkihe dash@llundmgsemmedprwcﬂa@abmm fqnng SS%Ps@errs

C6- Cm aryl 12%] al.

Ce-t 0 a?/yl %ﬂ 1\(cynyF(g;‘16tl?§J m&gﬁ‘g‘"fﬁ%‘é&ﬂ’ %ﬁdgﬁgwim\%m ch
substi t uent s am} R"t@e R@Ghedhéifen%ip’pb’l tba Bl S hasdle stragiure ohgenenal fopruwda kadr bon
atoms 1 epl acggholh il BCHAIRAHIC The R! 6 bRH i dr fiRetler ki (RiABAAT AR TEY

optionally b substitutée one or nore of straight or branched
Cl - C6 al kyl , 29ms Firgtee6- & 10nemierrd dusep aromatig ningsystem.s A kenaiively.dhe Bdanched

C2-C6 all Cyn)ﬂts’ﬂleg%ru% ?g&l«:ﬁﬁohﬁuﬁhb%ﬁ&ﬂ'f%ufa%ﬁ%@w&mk%h‘ﬂyhmr' ng

systens, C6-C tor, tri-fluoro-methyl, cyanato, carboxyl,
car bonyl , ani’?fb H ‘H@@t@’?ﬁﬂt ddismatiyely, ghe [@SJ’%thaFWW ofgpuers fegmplad ok y |

C2-C6 al | Cyn@éﬁéral f(ﬁ'{ggg’ﬁ] tﬁl\ﬂﬁghﬁgtahd/ R Me eicfi' ﬁldkﬁ@déﬁﬁ Sﬂ‘é.ﬁlt Sitratehddr € of

general formula | general fornula | % dashed |ine is

absent or .scppeéléws S‘raehtapr@meheflwgﬁuﬁei §Eeéﬁar?ferfaedo‘éﬁ@élﬁm¥1he
carbon to whgh, Ry Rieie fakd @emeuiymg sy f@nsCal-bRAM, T a41- R2 and

R 4 are attached. Alternatively, the IM has the structure of general
fornula | orcggﬁéll‘%ﬁi Cotow A IS 6 alkamy Lt Cert iy il eredlyvmyle Algmpvielyor
toget her wi t thelMISILGs @EsFkaRle Jfighgrad FoRiibla T oF g&l&aﬁonﬂlﬂh 1.Gn wich & R, f used

enoral 1 or niEE eGPy BRI RIS G Nes! S e °Br o ot b

H or are absegsikral f&hhﬂa I‘Iammhe:lhmy biie th RZBuhna& ap]lsm-abit has@heisran@t cegieomer al

formula | or ener
i ndependent | ytgs Fa ?ac dw‘ mhﬁe Lﬁeﬁﬁﬁw ]ﬁ St'rai alﬁ?twelg %'r anched
C2-C6 al kenyIMS hasrtbn sghttm@rof bwnanabfuanblwer@nmllfmla IL, @GBwidaigany YERO®I Ky |

B SRRy LR Ao b G
al I cynyl . Al tliylnseishtdrpranetied Co-Upalkenyl. stight o bresobed:Cofs aomik §4-Cheor mul a
| or general cyfcﬁlraffyi ﬁclbclmg fu&d‘@?&l&ﬂ(ﬂné sys febns r@kﬂé’ iwpflud?@ %ﬂhorlo-

Al ternatively, th structure of general formula | or
gener al for ni#Fhyh *Fyan% cwbpeﬂp carﬁynyéfwmo tSyREXo\Ey E1-GppkrFabie has
one or nore g BlREkykRP! aced with a heteroatom sel ected fromN,
0, S and P Al ternatively, the IN48 has the structure of general
formula | for la || ic R6 wher e
hopi 1 oanl e 1 WOBRE o sPRRs A etgne P inge Heobp it i b6R b anched
Cl -Cs al kyl, xrmﬂaza]uginkaltow:tﬂai dmxbhébdnc[]%t\%n ﬁiek:anyén,ﬁ-abﬁigat@’ﬂtto whichRanched
C2- C6 aIIcYnYI al k di ed SY G0 Llcyl ring
systens, C6- @fd{ ﬁ%&f"?uoy%mu‘? ér/t#wrf ['0o mwnq? the%%mgo 51%5% ‘l(i:nar boxyl ,
car bonyl , amrmdqzohuet ydlt, wherein Rﬁmdrlb“,arc(bb/dl@gerahkdﬁyrp isCRlyCosimlmnoXy |
C2-Co6 al kyn

een MR kn ‘i’F %eum sa?ﬂ yet Bn¥Adtb Et?q@ghd‘g"%éabsén@ﬁnd

conpound may be an im with a et ween t he
two central Riang Ratqgntbertmthvtmmnﬂl ringefoRe foame Gatqlé}shm@ereﬂﬁlswr i ous

ot her enbodi g Iﬂz‘% "‘%}}ﬁ s&@mpound nmay be an imdazoliniumsalt, wherein
R3 and R4 are ro s and there is only a single bond between their

central ring carbons. et other enpodi ne nts R3 and 124 are absent
and R and RPOBsY etﬁersuwl th PRETRTISEE Rt P‘&iRﬁaﬁdSaf’%sFoFS’Fﬂﬁ%PéF B- to 1

0- menbered f m@mb&;ﬁeﬁe %JMsgofw@mt n{ea%%]a?hea saﬂﬁ)hha WRIMiS R’
conprising 85 and R 6 may-al so vary.

enmbodi ment s, a“tdl?e ayens %Wetlﬁéiffifeégﬁ?ﬁ"d'ﬁ@ﬂﬁo% %H‘B%b"aar%(?[ﬁﬁﬁf'%er ein
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[ 0056] ENASs that may be used in the present nethod al so include

ol i goners or polyners forned from conpounds of general fornula | or
general fornmula Il. Thus, "oligoner" as used herein, refers to, for
exanple, 2 or nore, 3 or nore, 4 or nore, 5 or nore, 10 or nore, 15
or nore, 20 or nore, 25 or nore, 50 or nore, 100 or nore, 150 or nore
conpounds of general fornmula | or general fornmula Il connected

together in the, MRUNSLIdRSEIdRGTRE LB, LBYSH (et ARFRImdAG YIRS
rs (0]

dimers and tri . yners" "as used ‘herein refers to, gor qganple,
100 or nore, m&Comprisegrpbenaikydgrowp. fppéer cghodipentypneor HOCIR ambRe, 1000

or nore CO”DQHQQQmBEwQEQﬁﬁﬂ&mﬁﬁ%ﬁﬁéa | or general formula I
[

connected toget’her "I n the manne scribed below. [0057] In
ol i goners ordgﬁ%%ners as used herein, conpounds of general fornula I

or general f a [MSgihat maysaieaddn the gresent megodaso ingudegiligpmers or
macr onol ecul gfolysdefs et rom Wb Sund B doferdl Y&rnuBe Gr gdnB@PBmdinIt Mhus,

macronol ecul ar structure, two conpounds of general fornula I or
general f or muPHSYIET TREYSHETEBnTFEET 8Ot FgBPker OrSRPTE H&X MSFfe? BT Mfbre RI
R2, RS, R6 OrorBibre; U&rhdrél @B or inSrel20Vd RS, 296kindr, 50 apmoN AT0RA maf] ween

the two conpounds, -rather t{han haye a rel evant substituent present in
the ol i gomer 'of °pBeTs ﬁ%tflpquafﬁs of genetpl @aﬁ%ﬁw&ew&i f@‘@ﬁz"r%F"“PB‘}‘%’ﬁ?géﬁ’F" or
gener al df Or Mih the kdangtk e&e;ﬁﬁ;d gaew. Q‘ﬁﬂmc%elgeli iﬂcl;lﬁddsﬁ birrf&rs(ﬂng'ﬁ{meri wo g
conpounds may, _be copnect share iV nt R stituent, an
Thus i T he BRSPS S e B e ST QAL BUREBUS S m
substituent fowdre, 2b®orinivre, SODPQHGE.S 008 orgRuze tamtpohtds ¥l kdhelal HEmgehar al
formula I'l. [005 Th t he unds of general formula | or

general for nﬁ%f’rﬂg%c’%fé R Fﬁg"g@@?{ ‘%E‘SH‘ Q?scs‘?eg b§f°B’i val ent .

substituent such as R, R2, R5, R6, or R7. For exanple, an R5
substituent dP0%he &orlisewerd oufolyjessessasedtherein, pempoundsof genersl fpempgl on a

second conpoypgrefl BRAAE A lare BhllHed o eadtHfitlr td18Em b BRcLMBI.CAIRRLALS, are

l'i nked via a shared R5 substituent. Simlarly, oligners or polyners
may be for med"HRp My Rk FYgscdonpounds via shared R, R2, Rs, no, x or R7
substituents. [0060] For exanple, diners of this description include
2, 6-di - (3-berjedds] i M iHamadromictedulad sdaye, py dotiphende bf genpabbimdLlri cal | y
acceptabl e s aglcrgeratl o%t?lgfﬂ n(la{yl b%'élbnnegtga fogether so that one or more Rl, Rz, RS, RéorR’
substituent is bivalent and is thus shared between the two compounds, rather than
have a relevant substituent present in the oligomer or polymer for every compound of
"general formula I or general formula I present. For example, in such a dimer, two
compounds may be connected by a shared bivalent R! substituent, and thus in the
complete dimer, there is only one occurrence of an R! substituent for the two

compounds of general formula I or general formula II.

[0059]  Thus, the compounds of general formula I or general formula II may be
joined to each other via a bivalent substituent such as R', R%, R, R%, or R’. For
example, an R’ substituent on one compound of general formula I may also be R* on a
second compound of general formula I such that the two compounds are linked via a
shared R” substituent. Similarly, oligmers or polymers may be formed by linking

compounds via shared R', R? R’ R®, or R substituents.

[0060]  For example, dimers of this description include 2,6-di-(3-benzyl-

imidazolium bromide)-pyridine or a pharmaceutically acceptable salt thereof (IBN-
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[ 0061] For exanple, triners as described herein include
1,3,5-tris(4-nmethyl- imdazeliunm-1linked cycl ophane or a

phar maceutically acceptable salt thereof (TDBZIM. [0062] Shari ng of
substituents as descri bed above can include sharing of two
substituents that together with their central ring carbons forma
fused ring system Thus, for exanple, if Rl and R2 together with
their central, j’i ng carbons forma ring systemon a first conpound of
gener al formJFé |, additional carbons within the ring will be central
ring carbons froma_second conpound of general fornula I. For

exanmpl e, di mb9%61bf Feriexarpple dmess wcﬁ@sqraheclg Regein include 1,3,5-tris(4-methyl-

benzo(1, 2- 4, ynididoflLRRKed KBophnlor J\Ehan{}!{c'eﬁﬁcﬁﬁgwf é%p(%%bélsilgﬂlér@ipm de or a
pharmaceutically acceptabl'e salt thereof (133N 29).

[ 0063] Al ter neﬁ@%@@; a substituent such as one or nore of R, R2, R5,
R6 or R7 may be bonded to another such substituent on a second
conmpound in ¢OOG2] t Shaiag BRGbstitushts ONERGIbBA Sbolv gmlifvdide biirikh bNBwan

ol i goner or E%I mer, and thus there wil] be one occurrence of the
rel evant | i nRINGUEHEE9850R ™ gheicentiel SoaAEbom TR afiisd Fag SEsPhul a |
in the ol i gomkis, ff epalplenER’ add Rttogetter @ nhei des-af rivlglchbensvibrinhd mnggener al

formula | or neral .fornmula ll ma e .ol ned.together .(ollgonerised)
o o ey RGN e pl sl PGl PSR i bR
subst i t uent s wilFar cestxad ipg erbossuftm disevend canpolutief general formulaI. For
2,2'-di-(3-b - i.m dazgli um.broni de) -1, 1'.- bi ht hal,en s \Go>

phar maceut i cgl I é&eag%]eebstogg’lmedésscgp{mnﬁﬂg? én’obfehfoﬁ%’g%n@“p&mmmiﬁ 5,

[ 0064] Addi t i biattdtgbentyigi-brompiowna shaphacgetirelinbccémgbladal thereof (IBdREMal
formula Il may be attached by a single or double bond between

respective cwobsr ah At Ay WlisBnRANusH asBhe ofRor@bf IR, R° alpghed in
general fornula 0 eneral formula Il to forman ol igonmer or

r . .
pol yner, i nclauPniprdedde Arather puch gbstitugnt o g srcard coppaundiin prdghie ANPGRS
conpounds  ar svedobip6itREitopither & Hih gk SligdheHRlythel aRDihtiOhé0 will SelbmB an
ol i gomer or rrel evant atom of the central ringﬁwill

ol ynmer, _then th
have the app&? ?rﬁ?gft&"(ﬂ? Yaut ESupHERS £97 $7GP FRRC BRI ™ EpI aced
by this si nglnehosligdmed olpaerd Multiyds onpolueds ks Wikl gealeral formexbarpl e,

1, 3-di benzyl- 2- 3-di henzyl - 1H.i m dazol.2( 3H) -yl i dene) - 2, 3- di hydr o- 1H
L el s oiaalerntl BERSbe i Wb Bl leal b RN 57 ot G bt

H) . [ 0065] ThehawH biyelvarR' SRR R® pok Ysubstieet. Eanpovplesudmymieinthde sane
conpound, 2,2°-di-(3-benzyl-imidazolium bromide)-1,1°-binaphthalene or a pharmaceutically

acceptable salt thereof (IBN-23).

[0064]  Additionally, two compounds of general formula I or general formula IT
may be attached by a single or double bond between respective carbon atoms fo which
any of R', R? or R’ is attached in general formula I or general formula II to form an
oligomer or polymer, including a dimer. It will be appreciated that when two
compounds are attached via a single or double bond to form such an oligomer or
polymer, then the relevant atom of the central ring will have the appropriate
substituents (including hydrogen atoms) replaced by this single or double bond.

These molecules include for example, 1,3-dibenzyl-2-(1,3-dibenzyl-1H-imidazol-
2(3H)-ylidene)-2,3-dihydro-1H-imidazole or a pharmaceutically acceptable salt
thereof (compound H).

[0065]  The oligomerised or polymerised compounds may be the same compound,
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such that all substituents in general fornmula | or general fornula H
are the sane in each oligonerised or polynerised conmpound, or may be
different, with one or nore substituents differing between conpounds,

with the exception that shared bival ent substituent or substituents

wi Il obviously be the same in the conpounds in which the bivalent
substituent is shared. [0066] Table 1 contains the nanes and

structures of sugRhbd kBt RS HEehtal Formulg of kshedPHrRas AlakdiRSsap@iLI N.
[0067] I'n particul ar enbaodi ments, the conpound of the present

i nventi on n»ayeaﬁléo gog{eﬁgﬂi ogpq]rgflquq GREeNG} PR be different, with one or more

1, 3- bi sbenzyl jupitBazaR|diftering bekwen c@hp&@w QRY the @k @pE that Bhared bivalent
1,3-di-tert- buijgéj i m dazol | ni um - bi s(| adamant yl )i m dazol i u

1, 3- bi s( 2, 4, 6MPTINBL AP H%‘ﬁ%iﬁ)wf“rﬂb&a&s&l Berfhqpme 0 B Gprapopnes in which the

di i sopr opyl Phieend Jubbtithdak & éRdréd)i UM 1, 3, - bi sbenzyl benzi m dazol i um
1, 3-di benzyl -2 nethylim dazolium1, 3 diallylimdazolium

1- benzyl- 3- | but iu

1- (1- adamant ?é{é’] 2-1d ﬁég ep %&lﬁ sﬁ‘ tﬂ‘%\%o{nﬁgwgf %ﬁaﬁ‘bﬁﬁ%foﬂil? um
2- benzyl i m da}zztﬁ[s]ﬂpst&neddqwannl i ni um 1, 3 bi s(1-adamantyl) -

benzi m dazol i um 1, 3-di cycl ohexyl ben2| m dazol i um

1, 3-di i sopropgbé7y d%ﬁérh&il&%%bod%n%tﬁih'e%@rﬂ &ﬁﬂé{ bt & Iﬁid]hwiﬂion may be

| phenyl) -5-nethyl i m dazo I ni um

2-(2,6-diisopropy tﬂi
1- (2, 6-di i sop¥r 6&5}13%%@}@@'@2“4;363%5?%%% 9 -im dazol i nium
mesityl-5- nﬁﬁ@éﬂréﬂﬂﬂm%&l §-]dpbéi:t1bq ﬂﬁ‘ﬁﬂﬁzohmum 1,3-bis(1-

2-mesityl-2,5 67tetrah dro rroI % - L[lé Jtrlazol -ium

1, 3- bi s( 1- ad AEAL AR | IphepyDzimidazolinium, 1,3-bis(2,6-

EY;' (Cj“ RYLWEJ[ gﬂllsa E&?@-lrﬂfdﬂéfﬁmm 1,3, bleT lbenzumdazoimm41 J3- chbcnzyl -2
i hydr o- 2- uor ophne p roﬂziﬁy triz

1- et hy1- 3- (?ﬁﬁv %?fmghg-aﬁ?lmlmﬁw dhe 1—&-&%%@%9!% f Stk

i socynat obenByﬂaéthylﬁmdﬁbE&m URQ1-adamantyl)-3-(2,4,6-trimethylphenyl)-4,5-
1- net hyl -

met hy1- 3- (4 agg'?%’?’gé%z@ﬁen?/%%nﬁliﬂﬁﬁ% [?ﬁ,ﬁljrgmojﬁnxum 1,3-bis(1-adamantyl)-

1- net hy1l- 3- ( del=ididaatiox i, B-dichglbbexy lbakidadaodlivam,3- dusopropylumdazolmlum ,

B benzy1- 5. prerirrRe plsaohit AL GHRENBIRAD sThARF B
met hyl hni daz Glﬂnymld]mum 1- (2 6-diisopropylphenyl)-3-(2,4,6- tnmethylphenyl) umdazolmlum, 2-

1- benzyl- 3- (Judii:st %ﬁ;@?ﬁe%%&c?m&n@;ngﬁliﬂ %%@ﬁa{hﬁ&%&gm 2,1-

benzyl- 3- (4-acetat e- enz I'm dazol'i um
met hyl car boxfﬂ%ﬂéﬂi@ﬁ@}rﬁm@r1s?el’1P{9/1ad4Iﬁﬁm’9mﬂmh@!mn 1-butyl-3- (2-

1- benzy1l- 3- (?pyﬂdlggdﬁi%ﬁa?@)i#ﬁﬁdwétﬁm 87-@?&55612 ﬁﬁhﬁ@&%h%SH—pynolo[Z 1-
2,6-di-(3- benzil-lm azol ium

2 O O e i ol Ty s e, -y

1-benzyl- 3- (4soaﬁialfb}5Lrﬁgrnzmid)azoaumﬁw1m-aaea£ﬂok3usenzy1) imidazolium, 1-
1- benzyl- 3-( 2- tr| fl %or onet hyl benzy0- 2- hyl i m dazol |

T benayl. 3 ( Moty bOR) R sy LR R b bR urm
i Eenzyi g (%me?ﬂxaﬁgbgzmg&h%@hyﬁm&@lmyj (4d&ﬁﬁb@ﬁdyla)mmdszcﬁlu15n 1,3~
di i m dazol | Lny PR el Sy P Dk 2

1- benzyl- 3-( &teﬂfyﬁﬁ)ﬂazﬂmml)abeﬂzm-ﬂﬂ@i trhﬂ&hoxylbenzyl) 2-methylimidazolium, 1~

e o R B O R SR RSB 1 Byt Pheny i ethyl)-

1- benzy1- 3- ( pyastiytharboRyIytdhenzyilad- dlarhjzil-nnﬂmcolmm 1-benzyl-3-(2,2-dimethoxylethyl)-

(13- i benzy TR PSR T e e BB =S GRS P L1 bl o,

1- benzyl- 3- reidayoliumpvl dakiebphthalene, 1-benzyl-3-(4-methylbenzyl)-2-methylimidazolium,

(:I:-;a.l(’ ébigggﬁ;;?%n% n—é (211' uto%gli'g%e ﬁ?l-r{lel'{l!;ghmidagolmm 1-benzyl-3-(4-
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Compound S15), 1-nethyl -3-(2-hydroxyl et hyp-im dazol i um brom de
D3N-2), 1- nethyl-3-(4-isocynatobenzyl)-im dazolium chloride
D3N-3), 1-nethyl-3-(4- carboxyl benzyl)-i m dazolium brom de (IWN-4),
nmet hyl- 3- (4- acet at e- benzyl )- im dazoliumchloride (D3N 6),
thyI -3-(2, 2-di rnet hoxyl et hyl') -i m dazol i um brom de (1BN-8),
,4,6-trimet hyI phenyl) - 3-(4-acet at e- benzyl)-i m dazol i um chl ori de

E’:—ngi/l % 3(% car xyiﬁ %ﬁ?b\l% bﬁ&w*#mggo ﬁsm i%%%%b%é))) | BN 17),

benzy1- 3- ( 3hanydrimidgzolm, Hob@y%ér{éyf!?ﬂl@ﬂwﬂﬁyﬂh@}ﬁm@z@!qﬂuﬂ EhAPori de

A hi d
:gx igg iﬁ%léﬁ 4 RGE REGDRREYI)5ehzeE 1 Behzy L L EABARLA-HRHCNI Or T de

met hyl car boxyimidezhiamz | bonzpl-vBthydroxylrarepyDdmidazalieml bidd&phenpieghyl)y |
1-benzy1l- 3- (%marazo@khaei Ba&yﬂ ﬁ{amééatc@emmcﬂazmmnﬂ%ewm mﬂf&z

(1''3N-21), 2,6-di-(3-benzylimdazolium brom de)- di ne

2, 2" - di - ( 3- bamidprolipm HASHisGrmehdimidezpliv- lpkecbm hﬁt“ﬁ’a]l% enzpisiN- 23)

1-b 1-3- SUTHGH 24
I benzyl. 3. (3. ??Fb?ﬁ’ﬂagf%ﬁ%{dﬁ;‘gﬁ‘%@m?mmf b Por e

(1 BN-25), 1- Beifeyimideolumpdr by enatobeiayl)-drtuiningidyzounHddy | - i mi dazol i um

brom de (113Na@Eiybe ﬂ?—@ﬂiéﬂ%d-:ﬁmﬁé]zoﬁ@xﬁtlaﬁﬁﬁﬁﬁiz Ja);et@te—lﬁ@&? Junidazod@ﬁol ium
brom de (D3N-27) r&% 1-3-(4- methylbenzy%‘S pher%/Iy Jlum
chloride (I B,Q_nz;gl}yl& , 2 dunethoxyeﬂayl) imiddzolm, ot 1-(2,4,6-trime yiphen )~3 ?

Benzo( 1, 2- 4, Godtitt-Bina@y-DhiilasBliuroNany\phadhaceutiedlly abep@wk eiit théresti de
( TBN- 29), 1- benzyl- 3-( 2- propyn | -y1)-imdazolium brom de (IBN 30),

T 550 12 pneoeel oKl SRY S IR L LR R Bk ibhrmay be
1-benzy1- 3- A-WéﬁateétyémziﬁqlmmrhrmvaI113thmbemﬁybm1dd@llilmmx®89 (DBZIM),
1- benzyl- 3- ¢ 34)
1,3,5-tris- (i%yn(%fts a";&é‘Fﬂ &%ﬁ% %@Wﬁ%ﬁﬁl—é 3Br (TDBZI M),
1, 3-di benzyleW(ﬂmldszoﬁFIB@#ﬁyﬂuqrﬁﬂr%ﬁq PER),-15¢84{] -adamantyl)imidazoliom

yl i dene) - 2, 31&:&%&6%&#@%@@%&@(&&%&%&% —umda.zollmum chloride
1- benzyl- 3- lﬁ ﬁl -im dazol i um’br om de E}co oun
Y

1- (4- cyanat o6EHEYE. B3 his(A8Hiseprod Aen cé‘l“i“&b“h oride OPPHIM), 1,3,-
car boxybenzy bjsbedmfTBdnbividazslieeBremidé IDBZBINDI € 3-dibenzyl -2-methylimidazoli

1- et hyl- 3- (4Sac t ate- benzyl) - azol i um chf e?ﬁyde,me YT
1 mothyl - 3. (R MR g e e ipsai By 1 penzyt3-
(2,4,6-tri m&ﬂ%ﬁyﬁhﬂﬂzbh)lm:ﬁrc(nﬁd@@ﬁh@blﬁrd@ﬂzwl 3Lmtdﬁmhazumnnckﬂlaﬂdbde

[0069] I n oth artjcu t.s the resent
i nvention rragé??gm&n%&)o:lz{) %?W hﬁa@z”bﬁ“ ?Lﬁlﬁﬁ?‘yipgen?ﬁw}‘dd ydroimidabolim

1, 3-diisopr oplgdbmdﬂ(daipdundl 81), 2-péhedlimidesof lf& linstindiaa cilorivle @pmpound
1,3-bis(1- ad%?i 5115 -mamﬁnzlﬁil)lb n}mlgiaz%lnpnla gl"lgricﬂé’(éﬁmpound 83}, 1,3-

trimet hyl phenyl)~i M dazo _
1, 3-bis(2, 6- dlcyd@pxﬁwmoim chiloridd éCaaponad §6), 113-3, - ‘
b| sbenzyl ben.gl ﬁbgﬁé%lha%l% te‘h‘a§uc1§?l‘}oHtes(Cgé1Pg‘[En%lt§¥g3l sm azolium-1i nkeé

cycl ophane, rmaceutically acce al't thereof
i ncl udi ng foriu@mpqdhmdazomlm Ehl@'bblﬁ@vmpmfﬂ&&)o? (2fiisopmapidphepBZ-M) |

, 3-diisopro | 4 f -
,3-di-tert- B%{hg{%g%gz m{‘(ﬁﬁni’? I(cpji'althlrea @%g%hgtg((e r}%}Bund poh 125
, 3- bi s( 1- addiarcygphendad6?.f; éﬁnv@hriblfehﬂbmwmv@nGNMIM(Compound

, 3-bis(2,4, ) |B?Jﬁﬁ”i¥ﬁ& %ﬁ@i T [\
, 3-bis(2, 6- g}? s%}g hy phenyl) -|ér)n dsazol F%%&gﬁﬁg??%@%?ﬁdﬁﬁrz

. 3, - bi shenzylesghzs atzaéswremrw&qwﬁm L eiEmp -4 fum ehoride (Compound
, 3, 5-tris- (élm ﬁuﬂsatamr%@}l lmaihzdnhmm@ha@m&wméf@onﬁﬁam( eﬁffitzmyl-

[0070]In one enbodi nent onpound present inv ion may be

1,3- bi shenz§t ﬁfruiwémtwa va Haldmavrnﬁ@@ﬂw@ﬁw}la@&@@rm%w el
thereof, i NCYiRgdr5.8- e b ARYHRR B AL p3erBlo PR AYS - FIRFR ek bR B oIl de

~

(
(
(
1-
1-
1-
(1
1-
1
(
(

PRPRRRRPR
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[0071] In another enbodi nent, the conpound of the present invention
may be 1, 3-diisopropylimdazoliumor a pharmaceutically acceptable
salt thereof, including for exanple 1, 3-diisopropylimdazolium
tetrafl uoroborate (DPIM. [0072] The conpounds of general fornmula I
and conmpounds of general formula Il and oligoners and pol yners
t hereof are connercially avai l abl e or may be synt hesi zed using

out botow, M RO By BB AR DSl BohRE (BREITLEP L7

al . 1996, Zharethyés- (t&isocyn@lgami)emm@@nschlozﬂélVIBNGM lametsd-3ad Cratree
2005 d B , -
and Boy ‘E!&rh&%lbghzlyﬁ dm’cégo%m &89@@%%16%@@% ('4-%cé?£t§§ iy

provi ded a Ivering a n agent 10 a neural
cell, the neumlddmhmmghlmsder(@}ééhﬁamﬁyh@-(l,héimﬁélwﬂbthﬂkmﬂwhm a

Ther oof or oy s, T8 2 mBuAaE PR M RER ARt o211

oner  or

"del i veri ng' chiom@lmﬁbﬁbﬂé@lbwlaﬁgémylmdaaolmubramldeélBIN Fflehesztlg-
providing the, @agﬁmrlb!er[}yl?% [ igiabotiue] AREiaP N‘ lrﬂ t%eh&l—ﬁ Jieasell such

that the agent can exert its neuroprotectiv fécts on the cell. In

vitro, for e%mwlb?W)ﬁmlwl@@WlWEf@H 18h lttgazyhd(t-aaetateel | by

addi ng the aggpinbon m‘ﬁ@izhlnﬁﬁ'l:ﬁlb’r’icﬁdﬁﬂh% 1balz>vu3vg for exanple, the
agent may be de |ver adm nistering the agent to a subject as a

phar maceut i c&ﬁ%@ﬁfﬁ@g’ﬂﬂﬁqul){wl A@lda@@amﬁblf’@?er{mN eOnl-BeEr Y22 cel |
refers to di agethoRethINElie@Gl-inG@RbRGH bidinidd dEMe20€1 §-di-BiveRgl- cont act

refers to a direct interaction between_ the a%ent and the . ce]l I n

contrast, i ndnifegetiurg gramidey-pyriding (RN-2De 4+ de(f-Prgy kimidazeljum: brompige)-
i nteractions 1)M-biRaghtHaRfe (mhagy hfbsm@r-swﬂipmwﬂ&&yné%eﬂ@mm&cﬂ:mt he

0 e o Rt D, oS bt PRI o

anot her nol eelbide\IBENG25)WI-bdnzfikBe(d-metyddathoiy hidbenzsi B pleaytimidazaioar t  an

effect. Indi act ol ve a i e f. | ecul.a

i nteractions Ry ﬁﬁﬁ\‘g@ gaé‘ryiy ‘efr] é a&?ta%be"fﬁ%g'g%n?lf m[ln%ﬁ‘g%ljn&mmlde
"neur opr ot ecﬂBNe27agebmzyl-a@-us@dlbh@ybﬁmhmaﬁm@zolmnacbhmdpCIBNEESﬁ hat
| t d S tel ¥,

aiters, re UE@%agf A ﬁgld{uﬁld% xeC{‘NtN N Npﬂéab&\%*lyﬁ%m&ﬁgﬁbﬁ 1) %

nol ecul es, s’ aSsoci at ed neur i cal

di sorders. Absmavirio@rrsyat iWeimidsesiinmbrgmide GBNe3nipheazy l3ddlzdowi-
i nhi bi t damﬂ‘&\%&lﬁirﬁl@&alﬂlm GBhnid dﬂi\ﬁﬁﬂdi 5‘91(5 ?étﬁﬁi}?’hﬁ%daﬂoﬁéﬁ bﬁﬁmﬁ:eur ons

and gliosis peing |inted to any ar theor

neur opr ot ect (I¥-Bydrheszvid t—a@e@éqbewlf)émwa%&ymék’ef@e @BR38), é‘lbf’%i’%“ by
reduci ng, i NRRHAHRG)-kA:iuk B6mRE @NLEH) Ns-cRak kicthl ¥nikomanp! et el y,

the harnful activity of neurotoxic nolecules or nechani sns, by
i ncreasi ng t hked ewigphae8Br GIDBYAMD,d|3-dibénizgl-2-0, Mbmwildﬂ—mldmlé’ﬁll)es or
TN ST O e 3% ST e afe (0 ot ), 1 el P ey S b, U @

bromide (compound 12), 1-(4-cyanatobenzyl)-3-methyl-imidazolinm chloride, 1-(4-

carboxybenzyl)-3-methyl-imidazolium bromide, 1-methyl-3-(4-acetate-benzyl)-
imidazolium chloride, 1-methyl-3-(2,2-dimethoxyethyl)-imidazolium bromide, or 1-

(2,4,6-trimethylphenyl)-3-(4-acetate-benzyl)-imidazolium chloride.

[0069] In other particular embodiments, the compound of the present invention
may be 1,3-bisbenzylimidazolium, 1,3-diisopropylimidazolium, 1,3-di-tert-
butylimidazolinium, 1,3-bis(1-adamantyl)imidazolium, 1,3-bis(2,4,6- _
trimethyIphenyl)-imidazolinium, 1,3-bis(2,6-diisopropyl-phenyl)—imidazolinium, 13,
bisbenzylbenzimidazolium, or 1,3,5-tris-(4-methyl-imiazolium)-linked cyclophane, or
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[ 0076] As used herein, "neural cell"” refers to neurons, glial cells,
ol i godendricytes and mcroglia. Neural cells may be found in the
central nervous systemincluding regions of the brain and spi nal
cord, the peripheral nervous system the retina and the optic nerve.
A neural cell may include, for exanple, a retinal ganglion cell, a
cell of the SNpc, a cell of the striatum a dopam nergic neuron, a

neuron of th ' ' I - 0 wul I er cell,
a Schwann ce?ﬁﬁggﬁ%ﬁ%%#%bﬂﬁgﬁg%%g&F§%§%ﬁﬁ%§E%§ﬁ%§&§%ﬂﬁ_to whi ch t he
neur opr ot ect ibiskenagemitiazoBun brotyale (VB IMe 3 whiisoptrgy limidazediumal  cel |

i ncl udi ng anJ | 11— : P I r-an in
Vi vo neur al (t:égP?NA\;\zS l{ogﬁtmgﬁgdéte{n %ﬁ#g@%ﬁ%ﬁdﬂﬁg@%@gﬁer ein
refers to and.3isl-adberntyDisiidegblinncietrifluomberaigAMIMY, 1g¥-big@l4lés or a

popul ati on of . : d ' S ] 1,56
specified. T é&e?gl%e)%g&g%ﬁgnﬂﬁﬁéh&%? ‘%:‘EVF‘”? %gﬁ’ﬁsé? %gﬁ%ﬂg gﬁl ]

expl ant ed f r ohanyl)-dmidpzeinivechiotidaX@PPHEVIA i, 3i-bishepmydbenaimidageliug bsupidect
Simlarly, r e "cgells" al.sp includes referenge i ngl e
cell where cREERDGE Ao S ermpndin Graibma o8 eyt IRAMP: | out ar
enbodi nents, the neural cell to which the neuroprotective agent is
provi ded i s, [6070] EXBIERk 8mbdliféY kiR toRpouhd OF ihd bresédk Inver:OR ABY #hg3-neur al

cell may be derived from any organi smthat has eural cell for
exanpl e an iﬁ’é‘&?i‘ﬁﬁ‘f‘d"éﬂh"é‘h?r a‘?%&?“&&ﬁ“ﬁé“ﬁ”ﬁ@ﬁﬂ‘i‘itg TG *aﬂvage & human.

[ 0079] The neualplecied-biskehzyliitd-psiReibmide BZIMBY be within a subj ect
havi ng a neurol ogi cal disorder, a subject requiring treatnent for a

neur ol ogi cal hrspr dgr ject, | ' Is
neur ol ogi cal [@zgr d%ran%er Ie“é?@g%& T%&%@%?%t@ntﬁﬁgagj ect is
a human subj &3diispoagiitimediumana pliafraastiticellyavoaptablechlt thereel inglyding ect i ve

agent may begg Q;J:dn}{;?er ﬁﬁj-dirisgpx%pylinﬂdazolimn tetrafluoroborate (DPIM).

[0072] The compounds of general formula I and compounds of general formula IT
and oligomers and'polymers thereof are commercially available or may be
synthesized using routine chemical methods, including as described in the Examples-
set out below. Methods of synthesis have also been described in Harlow et al. 1996,
Zhang et al., Organic Letters, 2007; Chianese and Cratree 2005 and Boydston et al.
2005.

[0073]  Thus, there is presently provided a method for delivering a neuroprotective
-agent to a neural cell, the method comprising contacting the neural cell with a
compound of general formula I, a pharmaceutically acceptable salt thereof or an
oligomer or polymer thereof. As used herein, “delivering” a neuroprotective agent to
a neural cell refers to providing the agent in sufficiently close proximity to the cell
such that the agent can exert its neuroprotective effects on the cell. In vitro, for
example, the agent may be delivered to the neural cell by adding the agent to the cell
culture media. In vivo, for example, the agent may be delivered by administering the

agent to a subject as a pharmaceutical composition.

[0074]  As used herein, “contacting” a cell refers to direct and indirect contact

with the cell. Direct contact refers to a direct interaction between the agent and the
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cell in a subject for the treatnment of a neurol ogical disorder.

[ 0081] "Neur ol ogi cal disorder”™ will be understood by those skilled in
the art to refer to a disease or injury of the central nervous system
characterized or caused by damaged, defective, malfunctioning or
deficient neural cells. Neurol ogical disorders may include for
exanpl e, stroke, ischem a, epilepsy, Parkinson's disease,

Hunt i ngton' s di seas Al zhei ner''s dj seas Jrultipl.e.sclerosis
anyot r ophi c F%?ergﬁgé%ﬂﬁﬁﬁgfgﬁmﬁgﬂPQ eﬁ%ﬁ%%m%%ggﬁggFg?mﬁggﬁsgﬁ
spi nal cord totteumelearesionanppunddr Ber-ekmaple, el agent nay ontéraxit tvith a molecule,
t oxi n-i nduced ur ot oXi Ci chem cal 1nduced neur.ot.oxi ¢it

bosti et do s maReaHE fREkCh v mEUSE S8 caleBl BSMRS SHRIRLef o} Hieract

[ 0082] The newiiblaogha atoledille ehiatk will then mtepat witlctht el te pizoicinreEadt. | S

Par ki nson' s (] . Ln _anoiher. e i nent. . the.neurol.0gi cal .di sorder
s ret nopat Ay eront TeERRREL PR S by pl AR YRR AR cpf O
1, 3- bi sbenzylontheicdhzol i um or a pharnaceutically acceptable salt

t hereof. [0084]1n another enbodi ment, the neuroprotective agent may

be for exarrplmn%,% 3- AGhL3ORGaRYL gl%wameh HARL iR befds RNAGIRGS e Rlteksy
acceptable salt thereof. [0085] The term "effective anbunt” as _used

herei n means "8HceEiBARES o8 inhibits.ipgrsiallipgr completely, molecules, mechanisms or effects
associated with neurological disorders. A neuroprotective agent may, for example,

reduce or inhibit damage to neural cells including for example, loss of neurons and
gliosis. Without being limited to any particular theory, the neuroprotective agents
described herein may exert their effects by reducing, impairing, inhibiting or altering,
partially or completely, the harmful activity of neurotoxic molecules or mechanisms,
by increasing the resistance of neural cells to neurotoxic molecules or mechanisms or

by both reducing harmful activity and increasing neural cell resistance.

[0076]  As used herein, “neural cell” refers to neurons, glial cells, oligodendricytes
and microglia. Neural ceils may be found in the central nervous system including
regions of the brain and spinal cord, the peripheral nervous system, the retina and the
optic nerve. A neural cell may include, for example, a retinal ganglion cell, a cell of
the SNpc, a cell of the striatum, a dopaminergic neuron, a neuron of the nigrostriatal

DA pathway, an astrocyte, a Miiller cell, a Schwann cell or a motor neuron.

[0077]  The neural cell to which the neuroprotective agent is to be provided may
be any neural cell, including an in vifro neural cell, a neural cell in culture, or an in
vivo neural cell within a subject. The term “cell” as used herein refers to and includes
a single cell, a plurality of cells or a population of cells where context permits, unless
otherwise specified. The cell may be an in vitro cell including a cell explanted from a
subject or it may be an in vive cell in a subject. Similarly, reference to “cells” also
includes reference to a single cell where context permits, unless otherwise specified.
In particular embodiments, the neural cell to which the neuroprotective agent is

provided is, for example, a neuron or a glial cell.

[0078] The neural cell may be derived from any organism that has a neural cell,

21



concentrations, dosages and/or periods of time necessary to achieve
the desired result, for exanple to provide a neuroprotective effect
or to treat a neurol ogical disorder. The total anmount of IMS to be
adm nistered will vary, depending On several factors, including the
severity and type of the disorder, the node of adm nistration, and
the age and health of the subject. Methods for determ ning an '
effective a nt _of a particul ar or_treati.n neur ol ogi cal

di sorder w Irr{)fgi)eexalrngga? B‘ﬁeca%rpagrare’n ai 'fl\@u%m aeirngr(r)urlllafs |‘Ilcﬁnegcf*et|l%ﬁua{1'he art.
[0086] "Treating" neurol ogical disorders refers to an approach for
obt ai ni ng berf@g'(sﬂi alThe el s¢1} efdherpsesgmtimethoid mal belwitkin é siligct bavinga@s ul t s.
Benef i ci al - ornedealc8ithiGlde) S@ject Rk Sr&flnt REL HRoloddAl diddrGer 3PS
limted to, alleviation or anelioration of one or nore synptons or
condi ti ons, dibirdintkeheresntienal e aewelpsicl dopderis érsirg heame,

stabi | i zati onm,yBfindhte (R @bict N a 16 &Rfect.Pr eventi on of devel opment  of
di sorder or disease, prevention of spread of disorder or disease,

del ay or sl ow of _disorder or disease progression, delay,. or slow ng
of di sorder %8%]%53%&6‘?1 t,“’eé‘ﬁ’@l"l‘t(??éfl? Ppr ?ct‘ﬁ%?ﬁ"?té’f‘?@ﬁ%éf“efeﬂéoa

di sorder or deB@asSRbiitdbehe tiathehtifaSsiroBgicdabdder partial or total.
"Treating" can al so nean prol onging survival of a subject beyond that

b bi t1ng ¢ HO0E 00 RESoBticd RRGHES Wi be LioB I 0S8 3R uERA,
progr essi on aéfextp sdisese ominjugi of dmsenttabnqrorua systep chatia@thmghr dansed byre

i nstances, it;] I . I . d j i . r
i sease per mishl MESASLMFRRiHG PUOMEF LT IR PP R
the | MS may Reyfieplydg ferenuinmge starke) ipghemigi epitepsy Pagkinship Aiseastit i cal

conposi tion. e £APPASkL ADBReNEY: SRR IBEE thiGRbhi¥ AgHept abl e
concentrations of salt, buffering agents, preservatives and various

conpati bl e ca&flFiogh eypeeaeticdiserdses, headasl SROFYRE PHIuRh drugdedicst v of

t he phar maceukire@kicly, AGaLRABY fufddidiS! chehicHBRRREBRroRRXichy ViRkticeley Of
factors incluydjng the chosen route of adm nistration, conpatibility

with the M5 ARUEdReRoRK IS CX APPSR ut i cal practice. Generally,

t he pharnaceutical conposition will be forrmulated with conponents
that will notf0@82yni Thewantdlogidahgisorder.tihe pistiollagnbediment dyRarkinses’s of t he

I'MB. [ 0069] S}dﬁgsk%?.'lﬁ atcRHr GhGiRirR ofll ebORER M SrlES b By, f O exanpl e,

i n Rem ngt on
[0083] The neuroprotective agent may be for example 1,3-bisbenzylimidazolium

or a pharmaceutically acceptable salt thereof.

[0084] In another embodiment, the neuroprotective agent may be for example 1,3-

diisopropylimidazolium or a pharmaceutically acceptable salt thereof.

[0085] The term “effective amount™ as used herein means an amount effective, at
concentrations, dosages and/or periods of time necessary to achieve the desired result,
for éxample to provide a neuroprotective effect or fo treat a neurological disorder. The
total amount of IMS to be administered will vary, depending on several factors,
including the severity and type of the disorder, the mode of administration, and the
age and health of the subject. Methods for determining an effective amount of a
particular IMS for treating a neurological disorder will be readily apparent to a person

skilled in the art,
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Phar maceuti cal Sciences (Rem ngton, The Science and Practice of
Pharmacy, 2 |d edition, Lippincott WIllianms & WIkins, Philadel phia,
PA., 2006). It would be known to a person skilled in the art howto
prepare a suitabl e pharmaceutical conposition. [0090] The
pharmaceutical conposition nay be adm nistered to a subject in a
variety of forms depending on the selected route of adm nistration,

as wll be u t o , j i ition of
the inventi or:[gﬁer%? beqlfa rﬁ%?%@?@%l ? %‘%g%i%ﬁ%{]@,ﬁév%a;ggfb&%ﬁ@
admi ni st r at i dienefisiat efi dgsirer yeswifs, pgluding distidcabresultes. Bénefidlelor desiteds¢linisal

[0091] I'n di f fiene0la GAREI HIERE Rot tid¥Ed %951}%91%&5& &kaﬁor&%f{io?{)&to%% by
injection (subcutaneously, Intravenously, intranmuscularly, etc.)
directly at a#yapiomsexcogiitiens, digmishranhof extént of disorder of disense, tibilizaon

neur ol ogi cal #RQRAYE alsBRL, pleFertiBn Bl d1GRa or didbRParis A, p?zﬁrgx?cioﬁfoft he

pharmaceutical conposition that Is to be used depends on _
parti cul ar neuteesd ddliserier efidiseaseialelay ot shaying efztisorler eryiisease peogressjonpf. t he

condi tion, ingdjy bfﬂa@&m@@ftﬂimﬁ cgaa BAEBbRES arh%lfblr:ﬁﬂh BEpaBBon MWSdisofer

f
condition, size and weight, the duration of the treatnent, the nature
of concur r entr figAERsiRfe. @04 reayipyipn, hethermpaetia] o1 tetak Glhteatingd” capliomestr at i on

and other si BdigfzinzaahRaforhRfiectbs ol hitieRpdcRE idhO e 6 AAEhaKPErti se
of the health practitianer. Tﬁese factors are known to those of skill

in the art andregig’ s alpdpess Gbibitineihs npamssHian of Biprdener disepss SIoTERg at i on.
[0093] I't Wil héiRogidrcion 6t Betiet Hfisel MnipReEAYL, bERuERANPAS inktu@as ithey be
provided in a varie of dosage fornms and thus, in different

enmbodi ment s, “F‘N"Séhq&l%*ﬁﬂi‘fepr W%ﬂ?%ﬁ‘é%ﬂ”?%oﬂﬁlfqa&@m% age forms
including for exanple pills, tablets, capsules, solutions,

suspensi ons, [BAder Tand in ajrguistratins to aGobjeethe BviSimay bofoenlatesasand

i ngredients f r i 1 Nl r4 - di . dosage
fornms woul d 51%!} f%ﬁ}]ﬂ% ggglageﬁﬁ?a?g%\ﬂgge@égnﬁg%%&g‘rﬁggh;eéﬁ‘?Og{eag’ for

exanpl e, i n Rbarinagsutrely a@ppizbiaeoncaniretiohs GoelbbuleringRaeritn gressvativise

Sci ence and By pGhieeotpadthedalREYor didedisedi tion, Lippincott Wllianms &
W ki ns, Phil adel phia, PA., 2006). [0094] A skilled person w |

understand t T@&SS? : J ;g' go%o%ca.%ti'] }ﬁgntiat}g SP tLe SLgsarrgs[cieEtl%gliy acceptable carrier is
dependant on a variety of factors including the chosen route of administration,
compatibility with the IMS molecule and standard pharmaceutical practice. Generally,
the pharmaceutical composition will be formulated with components that will not

significantly impair the biological properties of the IMS.

[00B9]  Suitable vehicles and diluents are described, for example, in Remington’s
Pharmaceutical Sciences (Remington, The Science and Practice of Pharmacy, 21%
edition, Lippincott Williams & Wilkins, Philadelphia, PA., 2006). It would be known

to a person skilled in the art how to prepare a suitable pharmaceutical composition.

[0090]  The pharmaceutical composition may be administered to a subjectina
variety of forms depending on the selected route of administration, as will be
understood by those skilled in the art. The composition of the invention may be
administered for example, by oral administration, surgically or by injection to the

c_i_esired site.

[0091] In different embodiments, the composition is administered by injection
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herein may be adm nistered as part of a conbined therapy w th anot her
conpound for the treatnment neurol ogical disorders. For exanple, the
neur oprotecti ve agent may be provided in conbination with a known
drug for the treatnment of neurol ogical disorders currently in
clinical use Conbined therapy may involve sinmultaneous or sequenti al
adm ni stration of the conpounds included in the therapy. [0095] Uses

of the Ilvl Ss(gs%utgﬁﬁﬁﬁs?}, %qr%%@, %ﬁghﬁ&hﬂﬂ},’}%)%%F?&%Pgﬁesﬁt@&é%tﬁ,%ﬁ

structure of general fornu armaceuti‘call'y acce e salt
t her eof or arexewplgémtbe vmit&p@ﬂtbqwdwlebﬁrdeoﬂlablémwwmpé a
neur oprotective agent to a neural cell and in the manufacture of a

medi cament f o9l | VIRE UAE ofthd SEHARERE R dompEsiRGaRt: is!t beudd® WpRhdsea! |
are also contenplated. Also contenplated are uses of the | MSs as

descri bed her'8§ Pariicyfar peugelegicehdissfer eipg isatndolge seyprity pEihe ermditiopy o
subj ect, or iinditiagal PR RGeS iﬁfluc&xg"@é,gﬁf%ﬂéonﬁﬂbn,tsfz@_ﬁdﬁﬁé?éhtﬁﬁe a
0096] The p

neur ol ogi cal disorder in a subject. | resent invenfors have

di scover ed t HEFRUPRel haisimras denguee Heprermemy dewery Q?Wé’h RSP e

ef fect, whic f[t)afﬁ@fﬁinisﬂ&iolﬂ(dﬁﬂ J)tﬁéiisiﬁ'ﬁtai' %%oﬁ Iﬂiasvja‘;le ﬁviﬂxﬁ t%mowlﬁ:gmd akdrise
attenuating neuron | gss in.t C. t hout ing.limted to any
particul ar tff@glﬁg‘,ealg‘l?éaq‘%gr'ra‘rh °§1°f5’f ¢ KnEg iy °§?é$ FIQEHV‘L%?’T iht | y
passi ng t hr oughddregedodigOginin®il rdiéihe dxpérirhedtatiamd t he bl ood- brai n-barri er
and penetrating glial and neuronal cells where they exert .

ant i - neur ot OﬁPﬁ%:ﬂ”d 1eWH b Rﬁé%l’-sfo%h ith‘é?%lﬁéﬁ#g%{ch%ﬁmpéﬁ&o% 1%@% ié V;ﬁ!gw)ided%‘e

| MSs may exe eir neuroprotectiv S on neura

i ndirectly, ®vafiety of dostge figgmapndthyp ingdiffdrens embastimeantm BYSomasoeher cel | s
to affect a ARGl e kB RERAERLRI OIS Hblets, Edpdifiest N
turn exert neur Qprétdgg?%gﬁ%ﬁ%gg?%sf [0%87] T%zplﬁg\;ésf used #n The
present met hoaluiey, sespspsionspowvdenfad ingshons e Corvpatioapkrseeedyes aadr esul t - of
ant i - oxi dat i Viggrbi@REH dr&rindMtd @Bm FBYerihyl e aifRRenY bRag fottlstidutade of

mol ecul ar interactions. Anti-oxidants generally exert their effect
mai nl'y t hr ougfoVhicaskied pessonand g fesGrRre forexample df Remingta?’s on of

cel lular ng)&’hﬁxﬂgbﬁﬁ#al mcgqmgﬁ@ig&ﬂ, THe'ScREce MRl 8RGHide DEPRAMHadyNIIINE
response, j.ndyction of en qQus_anti -aqxi dat.i enzymatic
activity, andd{igy &cﬁ?%waﬁfgﬁﬁ%“soPﬁg‘g'ﬂ%?’ Pg‘or?rge{ft%hat catal yze the
generation of hydroxyl radical. Wthout being limted to any
particul ar tHeQRd}, Atskdlpdeason will anderstand ghat 4 neyrapeivdciiveeagontaiperibddes of

he | M5 , i i G 1.
the S may h@l%ﬁx%aty ble?&rging’r’ﬁetd ak Pﬁp@ﬂf atcngﬁ{Qd EhQra%thl{ ar%ﬁfef‘ %’ < %rgisfo'r

radi cal scavengers. pears that the neutral’ization o

radi cal s by [hSsaimeyt nserolpgicalidisordess. Barekaseple theiernpretartivea gt max be

i ncl udi NG ( Dprdviiea SROBLAICAUSIHCOREGR 3@ RorThe FVInSat delNbissicar ef er abl y
under a basic_condition, (2) the interaction of the NHCs at the

car bon 2- posidsParsETaRtly fredinicaldise Sombied ferary RESNYAER SPRIEGEqUR OF he

formation of _sédﬁkxﬁfaﬂﬁ@ﬁhﬂkﬁti&%fim&ﬁ@@hﬁ@hﬁlﬁ%mﬂh@@ﬁ ralization of
the free radicals. [0098]1n addition to anti-oxidative mechani sns,

there may be r chapi by, which the.l MGs presentl rovi ded
. exert ¢ ndf0o e, Pi5 o8 PediRS: e Pttt i Mhu Rarashi e Brae ry
exert neur oprotcact ofigenedlfeatut If iploogheaiotliy dcodplablovalt teseoforeperti es.

Furt hernore, t.he nechani s by, whi.ch.the | M5s, exert eir

ot onr ot et RS BERRAM R el tof s Bt Ao bR S Elshent B deprat cftigng
reduce, i nhi lin the ornufpdiré §f 4 thalicaoentfortdglivring X poegsoetenive bgentin iaaergal

nol ecul es in i i n_inf ian., i | udi f I .

activator pr \é@!a?rgglio ?Oﬂlﬁyfia?c%gﬁogg?m?é%f d(;%e E%E)Bgﬁl%ﬁ\?ﬁlﬁg .gsfg?e%and

| NF- a. | NF- a hesindordetetvedt qfrinpepliogiyal disondercn o piigege or mrikk pimfistuge ofgj or
role in the i i ] ] wn that the

bi ndi ng of | %&5&?&%@?@ gat@r%nﬁ‘g?%}ﬁ%%%p@%orrﬁ%ﬁﬂw gti:ti vates nultiple

downstream signalling events, including activation of caspases and
[0096] The present inventors have discovered that the IMSs described herein have
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2005) [0099] The present nethods and conpounds are further
exenplified by way of the follow ng non-limted exanples.

[ 00100] EXAMPLES [ 00101] Materi al s and Met hods [00102] Transgeni c

GFAP- G-P mi ce [00103] The generation and genotypi ng of the transgenic
GFAP (glial fibrillary acidic protein)-G-P (green fluorescent
protein) mce were performed as previously described (Zhuo et al.

1997, See PCI. CT/ . SG2008/.0 15 A 8-10
ce ’%ﬁl%p]l-.gr Ew et e&f\m}gﬁgn rc% %ﬁ%ﬁﬁﬂg % aO(S:l& ‘iHe et né‘a%g (

weeks ol d) in ground were used in
thi s study. Nﬁnmtmgm&lnamdr lpssiimthe [Sva i Wigwutheinghieni®d ol ang ipaéitul®Resour ce

Chi's st udy welompaabis ey PloREARRHFeopt AFesAARR Rk ol ciifty, ©f
Conmi ttee at rBiR@El bardd 20HhOBZbdbrameanot gdipermstratingahidl wid sevngpal &g e

,[A\gg |1|0§131;r|h g N S Weifk%ﬁéysexgxft a@éﬁ%o&%sang) ﬁ&@opqcﬁéc(fi% Prggertie(s.sﬁﬁerﬁge}y, the

IMSs may exert their neuroprotective effects on neural cells indirectly, by interacting
with molecules, compounds or other cells to affect a change in those molecules,

compounds or cells that in turn exert neuroprotective properties.

[0097] The IMSs used in the present method may exert their neuroprotective
effect as a result of anti-oxidative properties, which may function via a multitude of
molecular interactions. Anti-oxidants generally exert their effect mainly through
three different pathways: (1) neutralization of cellular free radical ROS generated
during metabolism and immune response, (2) induction of endogenous anti-oxidative
enzymatic activity, and (3) chelation of iron or copper ions that catalyze the
generation of hydroxyl radical. Without being limited to any particular theory, it
appears that the anti-oxidative properties of the IMSs may result, at least in part, due
to their activity as radical scavengers. It appears that the neutralization of free radicals
by IMSs may occur after a series of chemical reactions including (1) the spontaneous
conversion of IMSs to NHCs preferably under a basic condition, (2) the interaction of
the NHCs at the carbon 2-position with free radicals such as ROS resulting in the

formation of intermediate active radicals and the neutralization of the free radicals.

[0098] In addition to anti-oxidative mechanisms, there may be other mechanisms
by which the IMSs presently provided may exert their neuroprotective effects. For
example, the IMSs may exert neuroprotective effects through anti-inflammatory
properties. Furthermore, the mechanisms by which the IMss exert their
neuroprotective effects may be multi-factorial. For example, IMSs may reduce, inhibit
or modify the activity or expression of various molecules involved in inflammation,
including for example the activator protein-1 (AP-1), nuclear factor kappa B (NF-xB)
and TNF-a. TNF-u is produced primarily in macrophages and plays a major role in
the pathogenesis of inflammation. Tt is known that the binding of TNF-a. to its
membrane receptor TNE-R1 activates multiple downstream signalling events,

including activation of caspases and NF-xkB-mediated transcription (Cleren et al.,
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No. SG2009/000037, Zhang et al., 2007). The structure of DBZIMis
illustrated in Fig 1. The neur ot oxi cant

nmet hyl - 4(2' - met hyl phenyl) -1, 2, 3, 6-tetrahydropyridine (2'-CH3- MPTP),
which is a nore potent anal og of MPTP for inducing Parkinson's

di sease in the adult brain (Abdel -Wahab, 2005), was purchased from
Sigma-Aldrich (MO3; St. Louis, MO USA). The dosing reginme is
illustrated if,&hi 9. 2. Mce in the DBZI M neurotoxicant-treated group
received an int r)aperi toneal (ip) injection of DBZIM (25 ng/kg in
saline) 24 h before and after adm nistering 4 ip injections of 2'-
CH3- MPTP (15 (AR g iThe rrasentaethass and cotpppypdgans furthgy exgmplified fyg way of the

neur ot oxi cantgyigwdl iRd-1HiRs Bxawples. | Nj ected with 2'-CH3- MPTP only (4 X
15 nmg/ kg in saline; ip; once every 2 h). For each nouse in the

DBZI M neur ot 3§6&g£t-t&5€&§ghgéoup (n = 5) and neurotoxicant-treated

group (ii = lin d as a vehicle for the control group (n
= 6). Retinal imaging was perfornmed before and after treatnent.

[ 00106] Pr epad@@10dh of Materisls and BRI M ce were anest hetized by ip
injections with 0.15 nml/ 10 g body wei ght of Avertin (1.5%

2,2,2-tribr OEMDZT_”O' T BARLEFRPIGEHBsRE from Sigma- Aldrich (St.
Louis, MO, USA). Their pupils were dilated with a drop of 0.5%

cl ogyl (r i.l e opht hal m.c sal ution cl opent.o . .
vy odrt 1) (T06HReL o RS Bpisiien S atanihe ol i AR PHIRGRAF (glial fbrilary
pol ynmet hyl metabidie pyokedi)eG KPR flita¢stent prated nideaveseserfofiaadiae prefioMls Ssel |

Nor t hanpt i t i.d d ' _
Car ef i exantRatTeaomy EH- A SsraRnt Rl %, B R eb i3 A=
opht hal nos copece((SHQweeksagd)rigthe Fried wiut Billyee Ve leek mhund wgreasedieal or

| ens opaci ty..[ QOLOB]:SCANN ngxﬁlévﬁtg ﬁ{owggm)&glf g}%%"%ﬁgﬁ{és%g %JBFEE( ) )

[ 00109] The second-version o berg I ' na~Angl ogr ap

SLO (Hei del béRigrdHagiingapetierithe eRppsigenthlgiretpcolir Hanspydywees aproeiief betef or
use on mce. kOl S gginj L 0O L RRLAME JpAged on the scanning of the
fundus wth a b{agger eam from a pg%%nt so&rce; the reflected light is

det ected by i%ohglt onul tié)l ijer. The incident and reflected |ight beans
fol low a co- 3818f1 pat REAMperefpEcantrd WpSMBEE®En pass t hrough snal |
eyes with SLO than with conventional fundus caneras. Several reports

of SLO i magi f@p106] r at $h¢ syoesis of BRZIM has b&a8pscikbalo feh PCEAgpiReioran,
1999: Cordei : j ] . i ssle
ot ai . - b0o1 8y 02Bie000s? Mimg EREURR, Bl sBucure ORI NERAIAE iy
st udi es ( Seelli @hﬁr!}eetot%icat,lt_lm%ﬂ(m%h’hwl)d!@éﬁ-m@dr@wéw BegHs-
eval uating mpuse) LuRdYsS, WhihofelSniibg §ﬁnﬂjfﬁ‘ %& RuQis PAGndde dfstBAO. The

11RA Il features'two argon l'asers 1h the short wavel ength range (488

um and 514 niHe addtiaaip wbdehPabibe 4005), e pyrehasqddranySigma-Algich MaRAeSengt h

range (795 nmp@n@IKA) Me dodiRerefBR-ivMMuantd (PBzIMMiasRiR Were used
for fluorescein and i ndocyani ne green_angi g}gr aphy, respectively.
Appropri at e BRAYEpurptoricait-Greged moup AtFivath an bererifAncy! §ahaictiondfy, were

enpl oyed to DpyIMEdheks Bf bl 20h hdfabndMiehadaiisAgedipWayabangth, and
all owed only the Ilqht emtted by the diﬁ ggon_ stinmulatjon to pass
t hrough. The S hEdE Uppike i BHne ARCe PEBY % by dHoqin e neurgioxigant-iisyieg o

resol ulti onI ogoﬁﬁr%gﬂjw%e&imdzz@glmmm 'Iﬁmzztms&@g/kg' ?!Sdﬁle,oig;l otice¥veyi t h
nom na val ues_o , . a . e T1.0Cus S a jUS_t over a
s & onELFer cad et e DB g e P g8 =) B o1 o A

vi deo ?cqui Shéﬂr@ﬁkié@d@ea(eg%rcfﬁﬁ (08 5), ea@ﬁ_);vay\@sd @s\/ﬁ\i’el'nﬁblf&thé/i)!(ilﬁblrgr(ﬂlpy
area o |ntere_s , -d. S].aCK, O to r C 1 es 7Z-SCcans uptoa
maxi mum dept H’T)%)' §°tﬁlﬁfIBT&EIPQWB%P&%&B%&F\LOE%@HER%{&%PF& . [00110] I nage

processi ng and quantification
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[00111] Unl i ke magnetic resonance images (MM and in vitro
fluorescent- |abeled cell inmages, the in vivo fluorescence i mges of
transgeni ¢ GFAP- GFP expression in the nouse retina have very | ow
signal -to-noise ratio (SNR), which nakes the quantitative anal ysis of
the transgene expression difficult. To overcone this challenge, an

al gorithm was devel oped to automatically align nultiple inmges

collected fr \dhfere i+ians to achi eve hi gher SNR and
O[E’fbt g D, an?é’uHaB‘

resol ution for final® conpoSite Inmage. The details of the

al gorithm devel opent are descri bed separately _ggumar et al., 2007).
Al the imgé“B?@dessiM@e&ﬁﬁ aggstigtiaed fy annestioga i L sl B0 kedy Sreigbty
using the al gt dex elenasomééiRandl a88400) RECHRH Bem LR @osed
as nean standard error of .nean , and statistically tested using

.mean (SE . .
Student' s twd-ouifi MEyUPA}: dbqir pupders figied with 2 diprefd-Frp brtlogyh pterile
i munohi st oc hpRhslidid/soflutibi-fey 16 A RleAl BREnIR@Tf ARLIINPWS, BelgiundyBS,
foll owed by 4% fresh, pa aftgr mal dehyde_(in | x PBS, PH 7.4), the nouse
brains were KAVl PakEe e%%‘a@mt“é'd.w% egspa Capler &
i hmTedi at el 3d/_ mig@enN'gmnaﬁﬂﬁoﬁafuaImm&rdemﬁﬁvﬁmealeﬁsidm‘bn gﬁm&&msafctmﬁmhi ch
they were dissecte t the equator_wt t en na vit S
renpved.  The SRURTFHEE oY pF 68 SRS G ORGP BIPE e BERERESPPESHOY ver e
whol e- nount edmegingrugt asishspresdee \of iy cveeiler khi @adityrount i ng medi um f or
fluorescence (Vector Laboratories, Inc., Burlingame, CA, USA; H1000).

The brains hrst di } g t 4C for 4 h, and
soaked in 38@?@1@’ osegg%%ﬁ%%%r%’gﬁﬁés%%g@%%g" brain tissues
wer e enbedde? in OTC freezing nmedium (Fisher Scientific, Pittsburgh,
PA, USA) for QU089 oni rge srsond wersipaof Beidelpere Kating Ansisgipeh €784 IRGSSQI och
GrbH, CM 305Q8RideldoneEigickfid:, Dbt iekh GofrfanPPwa mtigitd fitfusdda k. /M1.08

rabbit pol ycl.onal antihod aj nst GFAP (20334; Dako, Carpinteria,
Ca Uy 1 X S0 Sere CER Grib et e S A oI GPT REManp
(bregma - 3. 1poitRouicefites aflécald 1ight6ddettied dnd phdtornattipliEr. (The @gidant@nd2 MM
i nteraural 4. . cordi to th tLas of Muse, Brain (Frapklin
and Paxi nos, r%ﬁtwl%ggeem& %I@%faoc 'BI%FQ???‘ #gcrggf:eaﬁlﬁfetﬁl%toﬂBTSBﬁ'écfugH
anti body agakmal eyeywils Bh@ thay chith xyr varstiond | Fif)dug Ginems cCSengralGépors)BASLO
Ab-152) in 1520

sections were ﬁ%fldoirﬁ 1*;335 %BF Sﬁi“-él;pgb 2@*99‘?‘%@“8”%‘5{?%%%{%3 9%% %ff’édégg Et?a z'blt | ssue
(Abeam Ab7088); Geneyois 602006 and micet(Taisslyret AleAYH T ¥ efra, 2098) 2vibeeand
0 ) g aaak el cegthe (U SHETA, 0l Bl
reduced 2' - CRraduafipsnmoysp dindesiviteps Bt veriqurab theHFeA (HRAD. Ta@@A 8d by
quantitati vesdRldsB@b arksPEieRGn the short wavelength range (488 nm and 514 nm), and
two infrared diode lasers in the long wavelength range (795 nm and 830 nm). The
488-nm and 795-nm lasers were used for fluorescein and indocyanine green
angiography, respectively. Appropriate barrier filters of 500 nm and 800 nm,
respectively, were employed to remove the reflected light with unchanged
wavelength, and allowed only the light emitted by the dye upon stimulation to pass
through. The finest definition was 768 x 768 pixels at an optical resolution of 10
pm/pixel, coupled with three fields of view (with nominal values of 15°, 20° and 30°).
The focus was adjustablé over a +12/-12 diopters range using step increments of 0.25
diopters. A video acquisition mode (48-96 ms/image) was available. Within any area
of interest, a stack of tomographic images (z-scans) up to a maximum depth of 8 mm

could be automatically acquired.
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[ 00116] Representati ve conposite retinal imges for mce from
different groups (saline control, 2'-CH3-MPTP-treated and

DBZI M 2' - CH3- MPTP-treated) are shown in Fig. 3. It is clear that the
neur ot oxi cant 2'-CH3-1vIPTP causes a drastic increase in G-P

fl uorescence on the nouse optic disc two days post-dosing (Fig. 3,

m ddl e columm). Regions with the highest GFP fl uorescence were mainly
| ocated in the fringe of the optic disc where axon fibers and retinal
vascul ature were congregated with retinal glia. In contrast, mce
injected with DEZIMand 2'-0113- MPTP separately displayed no apparent
neur ot oxi ci t yIOBEIW. 3 Imqggnrocessing mrd quansifiagien acquired directly from a
particular retina of a living nouse have their distinct X-Y-Z

posi tions, priooerd]ly dugikeenabiic Geitahdeiabiss (MRNQAd Hfvidy BiRkdiben® and
heart beat of lth a FSt heti zed nmouse. Theref or the, s aé Kk ]gf i mges
coul d not be & |°§} BR8P TP &7 YR ”ﬁ(Fécreﬁ‘ijéﬁaﬁeﬁo frensgsric GF® conposi te
i mage W th SLExfnleﬁbioﬂﬂﬁ memkd:éﬁrﬁmmfe%ryamhlgﬁméﬁwmw asml)imhusi ng

t he buiIt-ine[ﬁ tﬁlaml te 1 ILE%SLO To accuyr %%&%/ q,uantlf

GFP fl uoresc h ALY E‘V"P?éﬁ’ﬁ CTRESESTC PRYTI ikt (T pqyeeome

p(r:I gpri et alry a:lhgtmgd, hhmlgafthxdwedie@aleﬁl:d tdl'hﬁmﬁt&ical!ﬂﬂﬁndﬂlt@geﬁﬂlﬁ@m and

addi ti ona | al.gorithm a ri hed el.se re
(Saravana et Bec spBiRmttn sy g tive W?f??‘ﬁ‘qa&ﬁﬁ?fﬂw%ﬂﬂfﬁﬁ,

36% i ncr ease final dolnpodBE BnddelTreaisaiudehewizprithind davalephxérm&retibnenmﬂt i c disc

d t t
cont 1 ast - et b4 (uACHD B RS MbeoPriGe b awlies
signi fi cant o#mmefomdmhmg Gl Rlgbtithmrdewdepad.e'ha tyuantibads wluek mlexpressed
conpar abl e tqs LRl 9fihherSAlfREs § SERAL G s ﬁ& ch temtﬁg%ﬂgm Cll}té)th»

suggesting a si gnl frcant attenua in retinal” neuro
[ 00117] Ret i n&diled ;-teg. dat a confirmed in vivo imagi ng observations
[00118] To prove that the green fluorescence signal detected fromthe

retina is ingeedt2f r omARallHolelRdunBhndimmiinons@thdriap @dyer retinal
cell types or the plasma within the retinal blood vessels, 111C was

performed on |xe eLlpas of ubj e, dto three
treatnments. {‘N@é con?‘é%’a?e | ﬁ’ﬁ%géﬂl E@Ké’?owed%xgsﬁ%sﬁ %afoma(h]% . déltl nal
whol e- nount s (s XBSHEH 24), theencuscdatintiyernbarvested and i tyes epatcetdd. dhe

DBZI M neur ot ﬁ@mYXﬁf Fol t he
adm ni strati g%‘]ésg‘?%lﬁ“eﬁg% ot ogﬁc%‘fﬁ severeg %ﬁ?&%ﬁ%é%gﬁ%\g&ﬂgy

el evat ed f| udicrsetsrisedadrat th equaton iy theilens ambitrepus esmlovesh he rgtinashe

endogenous %@Poi(tﬁ@ﬁ%rdd"aﬂd@@leﬁ%ﬁsﬁ@s {vbtgﬂhoieaﬁ{&ﬁiteﬁwﬁla)glagﬁﬂhgw@ seen in
the optic disc and peripheral retina, when conpared he .sal i ne

control (Fi gVegyrshipld mopnfinemaeg ‘““[fBZﬂW%EQ“éﬁGéﬂC@GLWWT&Fé% and red

f1 uor escenceBt;ﬂmgab@e b@\sabAl BYRDP T84 Brhih@werk Qirdt RS bd1RAr-ER RSy dg OUp
(Fig. 95). ‘t,dg{%ﬁ_ ectlons of the saline-treated retina, the

Mul I er cel | s f@élffad i 1P Berosat 4F e AVt Bhe BRRrETSehRTRP e ar
| ayer (INL) &ﬁdestvh-;ee aﬁichaﬁdaﬁ OQCCfféeﬁﬁgeﬁecﬁ\ﬁi gﬂdieﬂgclén@ﬂb FHittsyurk iPAYUghout .

al nost the entl .na were Iabe W t but with
very little @%Aﬁﬁ: TEEAP S A T %ﬂgsyﬁﬁﬁ’& "éﬂ%l@?'%:&Msetti ngs
(Fig. 6). In3e508). rmtrennhheohe:wu@ﬁs Gr)éie(ﬁad’ditfot mlmcg aSrebhaipelyglohf)Si S i N
both the Ml | eIIs tes . at Cel |
Layer), vvhereglsb0 Bﬁ%@%ﬁe aliohg”ﬂlgff %H&g{ﬁa ?hbﬂf@%’ﬂmbl i 0si s
to close to Cbmné:laa@hechmei s pefthel SNk liigreg@ad 13016 mﬂht&ﬁhra(ﬁzgnmﬁand
[ 00119] DBZ1M, ¢ du PTP- i n ed.striata nd DA
neur onal depf etlum e%m% é}ég_%f{ip efa(ﬁ‘ff’igg?wn)\ﬁé%or %0 t%’s‘%‘tgqﬂ ?%ﬁ'éa t hat
MPTP and i t sBaunalFogklin angdexinst 2004} wére gdel ¢ [BC using a rabbit polyclonal

antibody against tyrosine hydroxylase (TH) (Chemicon, CA, USA; Ab-152) in 1:200

dilution. The bound primary antibodies on the tissue sections were stained with a goat
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as neasured by using GFAP anti body. Herein, it was shown that the
GFAP- GFP transgene (as a GFAP surrogate) responded simlarly to

2' - CH3- MPTP by up-regulating its expression. Interestingly, treatnent
with DBZI M again cut down the gliosis in the striatumto a basal

| evel as in the saline control (Fig. 7). In the SNpc, DBZI M not only
attenuated gliosis, but also protected a significant portion of the
DA neurons (& : } i -

hydr oxyl ase) - %ﬁ&ﬁf‘fﬁ%ﬁj&g gécl?l&l\%?"{ é&"(’ﬁ%&% %)%‘"P;r%%)%l &8%?%‘1&“% %t ch;/m é“‘“‘-"&ﬁﬁ%‘ veTP
(Fig. 8). [00f22hARd vimbEddoming oorfoahalicppatopn (LB p1G METAoGa &dissed i n
this specificgtl LI orated by reference as if each

i ndi vi dual pu %@g%ﬁqﬂoﬁiﬁ%@qgg%éﬁ@ﬁrg%al cation were specifically and
individually indicated to be incorporated by reference. The citation
of any public@PitH is Rrlt§ts disclosure prior to the filing date and
shoul d not be construed as an adm ssion that the present invention is
not entitled [001t8)t edadRZENEddudR ICEBIMRTP-thdu bt ¥ériagl mikerddbsiidlty as

i nvention. [001;”2! Concentrati.ons given in this specification, when
given in terrf§'® fesfiegyesng (et wei ght / wei ght (W w),

wei ght/vol une (w'v) and vol une/vol une (v/v) percentages. [00123] As
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forms "a", up (linelcBiftror AL AR Bty oh EDELRBCCHILBT.deliar GNT X!

clearly di ctate erw se. used 1n this specification ant
appended cl aishevn intiidg. 8t ivleattbatyihe nputotoxicew 3HEHs MAGT cawseongredtices” and
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sense, that is, to include particular recited el efrents or "‘components
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ot herwi se al |hd @nfireRl opAOGisSwh@hloh ifbert SIdTBdPHECUNAIE WBrekBYEeghiRE
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Toxi col . 19, pdizhadlly.due to the continuous motion of breathing and heartbeat of the anesthetized

mouse. Therefore, the stack of images could not be simply overlaid and averaged to
obtain a final composite image with sufficient resolution for analysis/quantification
using the built-in program in the HRA I SLO. To accurately quantify the GFP
fluorescence intensity from stacks of raw retinal images, a proprietary algoﬁthm was
developed. The detailed development and additional applications of this algorithm are
described elsewhere (Saravana et al., 2007). Using this algorithm for quantification, a
36% increase in the GFP fluorescence was obtained for the optic disc in mice
administered with the neurotoxicant alone (Fig. 4). In contrast, mice injected with
DBZIM and the neurotoxicant showed no significant change in the GFP fluorescence
at a basal level comparable to that of the saline-treated control mice (Fig. 4),

suggesting a significant attenuation in retinal neurotoxicity.
[00117] Retinal IHC data confirmed in vivo imaging observations

[00118] To prove that the green fluorescence signal detected from the retina is
indeed from the retinal glia, and not from other retinal cell types or the plasma within

the retinal blood vessels, IHC was performed on the fixed retinas of the mice
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5- HT1A receptor agoni st-nedi ated protection from MPTP toxicity in
nouse and macaque nodel s of Parkinson's disease. Neurobiol. Ds. 23,
77-86. Blanks, J C, Schmdt, S Y, Torigoe, Y, Porrello, KV, H nton,
D R Blanks, R H , 1996. Retinal pathology in Al zheiner's disease.
1. Regional neuron |l oss and glial changes in GCL. Neurobiol. Aging.
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Neur oRX 2, 484-494. Boydston A. J. I i ans I elawski C. W,

J. Am Chem mgdnistrafionaf theppgrotoxipacevesy glingis PVldWe%Yﬁé‘bé?tF% WC, Su,
Y, Besnard, FyyoMR&abd\@r thérankt@Rft-GEFTARD 000 8le eﬂng@ﬁi&GFAP (red) in 14,

astrocyte-specific expression in transgenic mce . Neurosci .

1030- 1037. Cabawssiefbenlayeia cenld kg ssen @ the ontig dis md mvripheratetine en ) E,

Gar ci a- Sevi | | @mpardd tol (REU4GAd &Hn&iﬁé%@%& 4FechAl ALK AfhSar@daPia4ent i on
of notoneuron cell death by t - imdazoline receptor |igand LSL

60101. Br J Pdrsddhigresensde thebasiApvelssimpdr tadfis spliae eonfol gmupa(ﬁla Pt ree
R H O ganongd @bdsiseSioniI @R, saléfd-tredidPtina, @t}%llegce-ﬁs wlx‘tﬁthear‘lal bddid, P C

Chuang, J |, 2003. The retina as a _novel in_ vivo nodel f )r stU(ilyl ng
the rof e of e B ngpr et fgyes NIl Fyp Pz rospe et R
neur ot oxi Ci t ythrolN@tiQlhiesihe Bafe redfa wb pro&ilitbntly labeled with GFP, but with very

little or no GFAP staining under our image acquisition settings (Fig. 6). In contrast,
the neurotoxicant induced severe gliosis in both the Miiller cells and astrocytes at the
GCL (Ganglion Cell Layer), whereas the DBZIM reduced the neurotoxicant-induced

~ gliosis to close to the basal level seen in the saline control (Fig. 6).

[00119] DBZIM reduced 2’-CH3-MPTP-induced striatal gliosis and DA
neuronal depletion in the SNpc

[00120] It was well established that MPTP and its analog trigger striatal gliosis
as measured by using GFAP antibody. Herein, it was shown that the GFAP-GFP
transgene {as a GFAP surrogate) responded similarly to 2°-CHs;-MPTP by up-
regulating its expression. Interestingly, treatment with DBZIM again cut down the
gliosis in the striatum to a basal level as in the saline control (Fig. 7). In the SNpc,
DBZIM not only attenuated gliosis, but also protected a significant portion of the DA
neurons (as marked by the TH (tyrosine hydroxylase)-immunoreactivity in red) from
depletion by 2’-CH3-MPTP (Fig. 8).

[00121] - All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The
citation of any publication is for its disclosure prior to the filing date and should not
be construed as an admission that the present invention is not entitled to antedate such

publication by virtue of prior invention.
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wherein:

the dashed line is absent or is present as a bond to form a second bond between the

carbon to which R! and R? are attached and the carbon to which R? and R* are attached;

R' and R*:

(i) are each independently H, straight or branched C;-Cg alkyl, straight or
branched C>-Cyg alkenyl, straight or branched C,-Cg4 alkynyl, C4-Cyg aryl;

(ii)  together with their central ring atoms form a 6- to 10-membered fused
saturated, unsaturated or aromatic ring systenn;

(i) R'and R®to gether with their central ring atoms, or R* and R® together
with their central ring atoms, form a 5- to 10-membered fused saturated,
unsaturated or aromatic ring system and the other of R' and R* is as
defined above in (i); or

(iv)  R!and R’ together with their central ring atoms and R” and RS together
with their central ring atoms each independently form a 5-to 10-

membered fused saturated, unsaturated or aromatic ring system;

R* and R* are both H, or, when R! and R? together with their central ring atoms form a 6-
to 10-membered fused aromatic ring system or when the dashed line is present as a bond,

R* and R* are absent;
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(ii) together with their central ring atons forma 6- to 10-nenbered
fused saturated, unsaturated or aromatic ring system (iii) R and RS
together with their central ring atons, or R2 and R6 together with
their central ring atoms, forma 5- to 10-nenbered fused saturat ed,
unsaturated or aromatic ring systemand the other of Rl and R2 is as
defined above in (i); or (iv) Rl and R5 together with their central
ring atons and R2 and R6 together with their central ring atons each
i ndependently forma 5- to 10- nenbered fused saturated, unsaturated
or aromat g€, fRNg system R3 and R4 are both H or, when R and R2
together wth their central ring atons forma 6- to 10-nenbered fused
aromatic ring €Yst eare oy dafived abdve foaRhed R e i s present as a bond, R3

and R4 are absgnt; RS or. - (i re.as_defin ove .for. and Rz;
o (1) are oatl | b sufhintiPry ety SrpR os PoppG 2 AP il gt
strai ght or branchegtafebeds, @, kBapl, sttidhdbghtindid or-anahedyiC2;-C6;

al kynyl, C3-Cls cycloal kyl . including fused cycl oal kyl ring systens,

C6- C10 aryl, ©6- Cloevsloplkyoncleging fyspr cygpalicoingsystend CedaprbifyerCio or
C6-C10 aryl - C2- C6 alkyaye, afd; €6 1-c08; GkbhyR of los- 2 iR C,-C alkynyl
al kenyl - C6-Ci o aryIf§orycﬁ?g%’§?F%%%¥l-%B§ Cld%aryf; %Eg fséﬁ,ygﬁ1C6
al kyl or ©6-C10 ar yTi-Ci ik chioanm), Gf-CrulkenylHB-Cinkrt, or Spfk ialday1eCs-
optionally has one Qr .nore carbon atons replaced with a heteroatom
selected fromN, 0,~%%d P and is optionally substituted with one or

nore of straight or branched Cl-Co al kyl, straight or branched C2-C6
al kenyl, straight or branched C2-C6 al kynyl, C3-Cl18 cycl oal kyl
includingif 3% '9%@%§PR§F(¥@ﬁ§Esystens, C6- C10 aryl, fluoro,
tri-fluoro-nethyl, cyanato, isocyanato, carboxyl, Cl-Cs acyl oxy,
Cl-Co acyl, carbonyl, ammno, acetyl, acetoxy, oxo, nitro, hydroxyl,

Cl - Co al kit whiehasyof Roto 8, whwossplicade, optianatlhox gne @m@s cabky exy. and

replaced with a heteroatom selected from N, O, S and P and is optionally substituted with
one or more of straight or branched C;-Cg alkyl, straight or branched C,-Cy alkenyl,
straight or branched C,-C; alkynyl, C5-C;5 cycloalkyl including fused cycloalkyl ring
systems, Cs-Cyp aryl, fluoro, tri-fluoro-methyl, cyanato, isocyanato, carboxyl, C;-Cs
acyloxy, C;-Cs acyl, carbonyl, amino, acetyl, acetoxy, oxo, nitro, hydroxyl, C;-Cs

alkylcarboxy, C-Cs alkoxy, C,-Cg alkenoxy, C;-Cg alkynoxy; and

in which one of the central ring carbon atom to which R' and R? are attached and the
central ring carbon to which R? and R” are attached is optionally replaced with a nitrogen

atom,;

or any pharmaceutically acceptable salt of the compound or of the oligomer or polymer

of the compound;

wherein the compound is:

a) an oligomer or polymer comprising three or more compounds of general formula I

connected together;
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in which one of the central ring carbon atomto which RI and 12.3 are
attached and the central ring carbon to which R2 and R4 are attached
is optionally replaced with a nitrogen atom or any pharmaceutically
acceptabl e salt of the conpound or of the oligoner or polyner of the
conpound; wherein the conpound is: a) an oligoner or polyner
conprising three or nore conpounds of general fornmula I connected
together; b%ﬂ 3-di-tert-butylimdazoliniu

3-bis(1 Bldh hfe‘;/'q-‘t)qtyﬁrﬂgg@hpwm 18- lgs(gragexgag%umdazohum, 1,3-bis(2,4,6-
trlnethyl _ _
1,3-bi s{ Zaﬂﬁﬁyﬁgﬁénﬁgqmlzhgﬂa% 1,3 bls azo xsor].;m')}Jl%l phenifi) -imidazolinium, 1-(1
adanmant y 1 pdagasn@yI¥3-62, ﬁ,ﬁrtmﬂylnhhmjdy&ﬁ -dyyslralinidedo loim 2deena)lirnidazo[ 1,5-
2- benzyll daz

SRR R T TP e S T e

22 (2, 6- d(1,sdpspRypyhemyiLs mw&ﬂgizo ,Slartidindnd] 1PR)4-diigdbtopylphenyl)-3-
1- (2, 6- dIISO eryngenyl 4, 6- trlnethyl henyl)-lnldazollnlug
2- mesi tyl(%-’ ﬁ%@ﬁ%’ APRY; ’6‘[‘432911{’:‘8?5’9'?1“6?SHY1c§nm"72hyhmldaZ°[1 S-a]pyridinium,

mesi tyl- 2@@1&&@?&&&@&&@*&&9@% A2 8)ehidnoR a4l | 84Q)1-4-1um

1, 3- bi s(1- adanant’yei m daz ni u

6, 7- di hydp@r@nbéhmaraz@onmhﬁéyﬂhm @menf@ﬂ@@r@pmea!ﬁfi pRrralo[ 2, ek o2idam
i_ g: E;ll: gzz%aﬁ @ggc el blf)i(gfegl%lf) dlé’l%(.g r‘Q)hum 1-methyl-3-(4-isocynatobenzyl)-
1- met hy1- dniddzodiany, at ﬁieih?l‘-lz )’{4—)1@dtm-daizgl)l1mﬁﬂazahl.ﬁﬁ,tlhl)ﬁ&t-}@} §-22,2-

di net hoxyl. et

d
o 0o B bR o b Lo 6 mebutebsnn))- > frpesisesbena)-
1- benzyl- ﬁnﬁiﬁzdﬁﬁxt qt@engﬁtazwace&térﬁéﬂaylb 2l EAzliidBunk - ReaYils 32 02, 2-

di net hoxyl et hyl ) - 2- met hyl -1 m dazol i um

1- benzy1- ginfethoxg h@tlml)e%éwﬂvl ymlazsthiapy |1 1@6&@&%&9%&%%@1) -5-phenyl-
1-benzyl- ﬁmﬁazoiﬁ)ﬁﬁuplf 'b%ﬁi}@rls )% éetﬂ)}rlﬁé}x\ékrb B HRANh B ot B L1333

hydr oxyl - prop
1- benzyl- Byc(rdx;fl{pe(ﬁm'ﬂ)ahﬁdmyﬂil)m] IbelaxbB{4ragetdiefedzyl)-imidazolium, 1-(4-
cyanat obenzyl

- 3-met.hyl -im dazol.i u . .
1-(4-carb ‘gghwgﬁé %.grthﬁ{/n mlﬁ hg}ilg]-{%mrbaxy?enzyl) 3-methyl-imidazolium, 1,3-
Bi s( 2, 6- dBissDpdanprVesheB MA@zl 6 05-Hi-BrtBurflielida 81! dring@zedi um

or any dimer thereof; or <c¢) 2,6-di- (3 benzyl -i m dazol i um - pyri di ne,
2,2 -di- §@5@ﬁiVI-|n1dazollun) 1,1' - bi napht hal ene,
(1,2-4,5-diinidazoliun)-N,N',N',N'"-tetrabenzyl-benzene,
1,3,5-tris-(4- methyl-imazoliunm-1linked cycl ophane or

1, 3- di beng)y12.8-d(3 BeImYbimizlgeplimﬂr)-ipwﬁdiazéﬂ,ZZ(@K&byﬂlzydénid)lz@ium)di,Hydr o-1H

-|n1dazol ny eutlc || alt. thereo T
L of o Emaftmdtie, B0A R e B A RN L BB BRI 35l
i m dazol i Hmlﬁ'ahﬁlazcﬁ;um-ﬁhﬁlk%@dwphﬁﬂm%rm ﬂ:dWﬁﬂy@QQlBhﬁb&@Sﬂpﬁ@ﬂﬁiidaSolan
' m dazol | giym g, 20T agel U S

or any pharmaceutically acceptable salt thereof.

2. The use of claim 1 wherein the compound is an imidazolium or an imidazolium salt.

3. The use of claim | wherein the compound is an imidazolinium or an imidazolinium

salt.
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4. The use of any one of clains 1 to 3 wherein R5 is the sane as R6.
5. The use of any one of clains 1 to 4 wherein R5 and R6 are

hydr ocarbons. 6. The use of any one of clains 1 to 5 wherein the
pharmaceutically acceptable salt is a chloride, bron de,

tetrafl uoroborate or hexafl uorophosphate salt. 7. The use of any one
of claims 1 to 6 wherein R7 is H 8. The use of claim1l wherein the
conpound is an oligoner or polynmer of 1-ethyl-3- nethylim dazolium
1, 3- bi sbhefizyhetiseabwiwaef dlamusgh fodophapy |Ri i Bassne ik -
1,3-ditert-butylimdazolinium 1, 3-bis(1-adamantypi m dazolium

1, 3-bi (254, Fire sk bRy BAE BRERYA T ol WEZEh IRIaHEIR® are hydrocarbons.

1, 3-bis(2, 6-diisopropyl - phenyl)-lnldazollnlun1 1,3 -

bi sbenzyl benzi m dazolium 1,3 -dibenzyl-2-nethylim dazolium 1,3-

di al | yl i mPdakhsiuse af any-ase af glaing: Ivethyhdrein deesdiamsgeutically acceptable salt is a

1-butyl- 3-

(1- adamant ;Ec?l mﬂd mrglﬂégtﬂfe #?r%tq% ETOI teeﬁli/ 3xaﬂuq5m%1mh9 rt%?a#i dazolium 2-
benzyl i m dazo[ 1, 5 a] qui nol i ni um

1, 3- bi s( 17adﬁx¢amyﬂf)nybmapf vlaideszlotoi Guwherdin & is H.

di cycl ohexyl benzi m dazol i um 1, 3-diisopropylimdazolinium, 1,3-

di i sopropyli _
2- (2, 6-di ?so%lr g%%/? (lhenyllg"h%rem PR TRgS S omeL e Rod T o 1 -ethv3
1- (2, 6- di i sopetbylyhighaiiyh) 1,3- h@ﬂ:eﬂzsﬁhmmazn’emmyl Mﬂmpic)pylmdiamblhmni Budi- 2-

ityl-5-
r2re rsr{95|yt y1- Zr{g}t gm?' 1%‘%‘?@”{? ]pg}bﬁ)% B Aéglgfgq}éﬂdfz@mﬂt P BG4S i um
1,3-bis(1- adﬂﬁﬁﬁ'ﬁ/}ﬂh}:ﬁm shad otifiudiN , 31biRuIeYdits8progyl-phenyl)-imidazolinium, 1,3,-
pyri di nyl met h){)ﬁ) 1H i m dazgliu

6, 7- di hydr o-8 WW%@%@]I‘FW&&@WWH@QS]P@,@M@}N% b34-trizolium
1-methyl-3- (dgali}rylgﬁ&?% ifth hlﬂ)énz&/m (A%%I‘BJ]1%5920&&%-9%}1’—§—'n(e45ylinﬁdazoIium, 1-

i socynat obenz -1 m dazol i

1- n‘e%/hyl 3- ((ﬂ};da‘nbmdj'-ﬂﬂéﬁ;ﬁym_)ne!thulpi&n_mﬂ)14Lﬁr-rqiihftdroimidazolium, 2-
T SRRy R IEE i e bensimidsatio, 1.3
1- (2, 4, 6- tr|dmrch)y1b;ghmyﬁﬁid&o(14macem%@nwmaémlimuda,zm-i um 1, 3-

Di benzyl- 5- pf; e dazol i un} 1- benzyl- 3-(4- car boxyl benzyl) - 2-
met hyl i mi da 1dazolium, 2-(2,6- dusopropylphenyl) 5-methylimidazo| 1,

1-benzyl- 3- (a?p)ﬂdcﬁ_mﬁﬁl' @%ﬁéfdg@ﬁﬁ%ﬁy@ EWHI{&[Q@%%M‘)' r’ﬁhldlizolmmm 2-

benzyl- 3- (4- acet at e- benz -2-methyl -i midazol 1 um benzy
met hyl ear bostswleirmwl)rmﬁawﬁ Mpmdiramoa ngsityl-2,5,6,7- tetrahydrOPleolo[Z -

]2-, g?giz}/gé?be 1%%}%@2@% qt B’ls@l adémggttyﬂxmdéz@h ZC)lll }H{E}l 3-(2-

2, 2" - di - ( 3- peridiplylnmiticd e difiindazdljun, -dyf-dépdioapanaluorophneyl-5H-pyrrolof2,1-

1 benzyL. 3. (FIer BT BrEryobardirayesy R A Pidiiobirs | o

benzyl- 3- (4-igRiMtbsearf Eﬁmhmlaﬁm;f&ﬂ%mh@m&bdx?lbeﬁ% HnM@zolium, 1-
1- benzyl- 3- (4-_ acet at ebenzyl) - 5-phenyl -i m dazo

1- benzy1- 3- G’Aﬁthbét%%%éﬁﬁﬁey@zgl) np]qiem}qumﬂldaqmlraﬁ,z -dimethoxylethyl)-

1,2-4,5-d
E)enzyl 3- (Izlngiﬁ%giz/lgj ”(% Zim d azg(’)lplfedlr\f‘p%t'(4%%{%3\[&6“9?@'%%%%% 13-

1- benzy1- 3- (Bbénegl ﬁ}pydmy;hnmﬂnzdabiurhm~ngl-34ﬂ¢rparboxylbenzyl)-2-

i ge g IZ §, ]2_ g h (enzL %}@ é?%BEIHZ g lyirlﬁlg gé,éo’ﬁ-tiﬁmﬁthoj\_{ylbenzyl)-2-methylimidazolium, 1-

benzyl- 3- ( pyehgii-= @-a)éaaﬂemed@ipﬁJmﬁﬂhyl—lmldazollum 1 benzyl 3-(4-
1,3,5-tris-(4- rret éql-lmdazo ium-1linked cycl oph

1, 3- di benzy Tegshylqarboxyldighen aﬂﬁhﬁlﬂ@@ézalm%beywiéeﬁ’e% dimethoxyiethybo1H

-im dazol e, W o “
1 (4 Cyanat CaReay oo d- LGRS, i Reoltum) pyridine, 2.2 (-beny!

imidazolium)-1,1’-binaphthalene, 1- benzyI 3-(4-methylbenzyl)-2-
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butyli m dazol um or any dinmer thereof, or any pharnmaceutically
acceptable salt thereof. 10. The use of claim1l wherein the conpound
is an oligonmer or polyner of 1,3- bisbenzylimdazolium

1, 3-diisopropylimdazolium 1,3-di-tert-butylim dazolinium

1, 3-bi s(1-adamantyl )i m dazol i um

1, 3-bis(2, 4, 6-tHret hyl phenyl)-im dazol i ni um

1, 3-bis(2, 6-dijsopropyl-phenye-im dazolinium

1, 3, - bi Sbenﬂ/?tbgﬁlilfl oglg_lzlohbglﬁqyl B2~ mﬂuoromethylbenzyl) 2-methylimidazolium, 1-

1,3,5-tris- t (4.

phar maceut i cb;é ‘F@ 3acc%%1t?gélg%g&}§h #égen#éjr]ég)ﬂ %%@ﬁ%@%@é Igiengiai 1
wherein the accmtpbmngll)ﬁsphtnﬂ-idndazeluum blubgniziR3-Famethytiennyl)-3-, 3- bi s(1
-adamant yl)

1, 3-bi s(2, 4 Yslin?.}g?Zﬁb]llBhgr%&)ﬁ qllitﬂl(&ég.?]dlllrp}]}\f% N N°*"-tetrabenzyl-benzene, 1-

1, 3bi s( 2, 6 dieh@@-BE(QF}ﬂbpy&hESWJlﬂudaﬂdlﬂﬁi QLﬂeﬂkjllfﬂ—€30P§ydroxyl—pr0pyl) -imidazolium,
135tr|s(4rrethl-|mdazollurr) | i nked ¢ hane
phar maceut i dat-fi2-Rbewistinp)-gidagotiump, kbergyl-34 acefﬁébeﬁéﬂ) aﬂldémiwm,i

wherein the HeRIRAL 1('.11&2%%/9411&%51 95, P{ Y et 1-1$1C%F011um -linke.

bi sbenzyl i mi dazZol'i Um or arnaceut i ca I y accepta I't t%er eof .
13. The use cgflophamien,3- d\bimzyéﬁr(lﬁhi;bmmptidmmidasolaaﬁld] yigtame)y-2,drdilpdiofmer

1,3- dii |.i,m i t ab | t
thoreor 14 RS Sehdache fRLRRIRIRE LB RESHR A0S o2

1, 3- gh belnzyllzﬁil_iagdlzﬁ% ct;daaﬂzbdxd yﬂe:ﬂtzml)daﬁahyiaﬁﬁd@zomhmdw@m@& di hydro- 1H
-im dazol e i im.dazol i

N "-tet rabeﬁiwplﬂ@ﬁ%ﬁ@)m?d@oh‘i‘m(ogjlﬁéﬂlz?ﬂ -hupilimiderolivmy M¥Wi di ne or

2,2'- di- (39 %WkutlcmlfQ&%thﬁl%al@th@reop' napht hal ene, or any
phar ITB.CEUtI cally acceptable salt thereof 15. The use of claim1l in

whi ch the conpound is a trinmer of a conpound having a structure of
general formula |I or any pharnmaceutically acceptable salt thereof.

16. The u§eli{@1fr€:re§%1@11 MRkt M&F&I tﬁs % ngoluflq e butyhmldazohmum 1,3-

1,3,5-tris( -1 mdaz éyc ophane or any
phar maceut i dm(l-ydmmmlmhﬂaeolsaﬂl t1,3- hm@efbtﬁ -trifeth¥lpkenyfemidazahyivmn g3 of

L LI 1?%,16-@]11%??{913 ﬂeny?)f—lfmel f§z|0 1§iuInO|i (E agat m%r/B 3(%5 4a6 neur ol ogi cal

di sorder in
trimethylphenyl)-4,5-dihydroimidazolium, 2-benzylimidazo[1,5-a]quinolinium, 1,3-

bis(1-adamantyl)-benzimidazolium, 1,3-diisopropylimidazolinium, 2-(2,6-
diisopropylphenyl)-5-methylimidazo[ 1,5-a]pyridinium, 1-(2,6-diisopropylphenyl)-3-
(2,4,6-trimethylphenyl)-imidazolinium, 2-mesityl-5- methylimidazo[1,5-
alpyridinium, 2-mesityl-2,5,6,7-tetrahydropyrrolo[2,1-¢][1,2,4]triazol-4-ium, 1,3-
bis(1-adamantyl)imidazolinium, 6,7-dihydro-2-pentafluorophneyl-3H-pyrrolo[2,1-¢]-
1,2,4-trizolium, 1-methyl-3-(2-hydroxylethyl)-imidazolium, 1-methyl-3-(4-
isocynatobenzyl)-imidazolium, 1-methyl-3-(4-acetate-benzyl)-imidazolium, 1-
methyl-3-(2,2-dimethoxylethyl)-imidazolium, 1-(2,4,6-trimethylphenyl)-3-(4-acetate-
benzyl)-imidazolium, 1-benzyl-3-(4-acetate-benzyl)-2-methyl-imidazolium, 1-
benzyl-3-(2,2-dimethoxylethyl)-2-methyl-imidazolium, 1-benzyl-3-(4-acetatebenzyl)-
5-phenyl-imidazolium, 1-benzyl-3-(4-methylbenzyl)-5-phenylimidazolium, 1-
benzyl-3-(3-hydroxyl-propyl)-imidazolium, 1-benzyl-3-(4-acetatebenzyl)-
imidazolium, 1-(4-cyanatobenzyl)-3-methyl-imidazolium, 1-(4-carboxybenzyl)-3-
methyl-imidazolium, 1,3-Bis(2,6-diisopropylphenyl)imidazolium or 1,3-Di-tert-
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18. The use
Par ki nson' s
neur ol ogi cal

10.

11

12.

13.

14.

I5.

16.

I7.

of claim 17 wherein the neurol ogical disorder is
di sease. 19. The use of claim 17 wherein the
di sorder is retinopathy.

butylimidazolium, or any dimer thereof, or any pharmaceutically acceptable salt

thereof.

The use of claim 1 wherein the compound is an oligomer or polymer of 1,3-
bisbenzylimidazolium, 1,3-diisopropylimidazolium, 1,3-di-tert-butylimidazolinium,
1,3-bis(1-adamantyl)imidazolium, 1,3-bis(2,4,6-trimethylphenyl)-imidazolinium,
1,3-bis(2,6-diisopropyl-phenyl)-imidazolinium, 1,3,-bisbenzylbenzimidazolium, or
1,3,5-tris-(4-methyl-imidazolium)-linked cyclophane, or any pharmaceutically

acceptable salt thereof.

. The use of claim 1 wherein the compound is 1,3-di-tert-butylimidazolinium, 1,3-

bis(I-adamantyl)imidazolium, 1,3-bis(2,4,6-trimethylphenyl)-imidazolinium, 1,3-
bis(2,6-diisopropyl-phenyl)-imidazolinium, or 1,3,5-tris-(4-methyl-imidazolium)-

linked cyclophane, or any pharmaceutically acceptable salt thereof.

The use of claim 1 wherein the compound is an oligomer or polymer of 1,3-

bisbenzylimidazolium or any pharmaceutically acceptable salt thereof.

The use of claim 1 wherein the compound is an oligomer or polymer 1,3-

diisopropylimidazolium or any pharmaceutically acceptable salt thereof.

The use of claim 1 wherein the compound is 1,3-dibenzyl-2-(1,3-dibenzyl-1H-
imidazol-2(3H)-ylidene)-2,3-dihydro-1H-imidazole, (1,2-4,5-diimidazolium)-
N,N’,N*’, N**’-tetrabenzyl-benzene, 2,6-di-(3-benzyl-imidazolium)-pyridine or 2,2°-
di-(3-benzyl-imidazolium)-1,1°-binaphthalene, or any pharmaceutically acceptable

salt thereof.

The use of claim 1 in which the compound is a trimer of a compound having a

structure of general formula I or any pharmaceutically acceptable salt thereof.

The use of claim 15 wherein the compound is 1,3,5-tris(4-methyl-imidazolium)-

linked cyclophane or any pharmaceutically acceptable salt thereof.

The use of any one of claims 1 to 16 in an amount effective for treatment of a

neurological disorder in a subject.
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18. The use of claim 17 wherein the neurological disorder is Parkinson’s disease.

19. The use of claim 17 wherein the neurological disorder is retinopathy.
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