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CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Ser. No.
61/510,521, filed on July 22, 2011, which is incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

The present invention relates to a method for treating visual disorders
mediated by lateral geniculate nucleus, superior colliculus and the visual cortex by
administering to a patient in need of such treatment compounds acting at the alpha 2
adrenergic receptors.

BACKGROUND OF THE INVENTION

The compound (5-bromo-quinoxalin-6-yl)-imidazolidin-2-ylidene-amine is
generically known as brimonidine; its tartrate salt is sold under the trademark
ALPHAGAN®P (available from Allergan, Inc.). Pharmacological activation of the
alpha 2 adrenergic receptor by brimonidine is a well established treatment for
various visual disorders of the eye. Alpha 2 adrenergic agonists also have
physiological effects beyond the eye in the central nervous system where they
interact with the adrenergic central pathways. Thus, alpha 2 adrenergic agonists
might also be beneficial for treating visual system disorders mediated by central

visual areas, including, but not limited to visual cortex.

The visual cortex is one synapse removed from the eye and integrates visual
signals generated by the retina. It is thus essential for decoding, processing and
transforming visual inputs originating in the eye, and proper visual cortical function is

necessary for normal vision. Noradrenaline released from the nerve terminals in



The present invention relates to a nethod for treating visual disorders
nedi ated by | ateral genicul ate nucl eus, superior colliculus and the visual
cortex bywedniyisi7eri ng to a patient in need of such trearmsea2oewpounds
acting at the alpha 2 adrenergic receptors. BACKGROUND OF THE | NVENTI ON

Th d_(5-brono- qui noxal i n-6-y1) - i ni dazol i din: 2-yl i dene-ani ne |
gener | CHRIA). SR GRS kRN o el ger b radliaan B vl oGnRhorens
tr ade”ﬁﬁlﬂu&iﬂg"w HORiNAER SRb eafferr(?ﬁbﬁéétﬁérgégpri\}d”!%n) (METRSER GRT %'eﬁ.ﬁ"

activation of the alpha 2 adrenergic receptor by brinmonidine is a wel
establ i¥dd. treatment for various visual disorders of the eye. Al pha 2

adrenergi ¢ agoni sts al so have physi ol ogi cal effects beyond the eye in the

et hvays ThIE eB¥ eSS e oo R S AR SRR RIS, o,
treati ng@riexswgihg %y@ihesncdbgﬁépi@rea et giradnpbyisagintdrééx 10 deRrmaiepsdssible

i ncluding, but not limted to visual cortex. The visual cortex is one
synaps &rHg ieErtions Wit ieevisualeprien RigpligiyameeRanisms; nedréicglenang-®impy t he
retina. iS5 fh Ss i L iag, [N r f )

Vi sua ROETSicE ST FRE nvihgscy SoMaR mald d6P TR POfek KRSCRY TRt o1

i s necdssafuyctiomalremmseuencasoon ikuah@veked iresponslesgSadkeram Bbar, r20103.
termnals in WO 2013/ 016073PCT/ US2012/ 047064 2 vj.sual rtex . gates

xpor | SHEESE0aIRICh T SHBRIE SROUNST E0r s dabl A PRI AEAISE TSI o cul ar
domi nanes ihidhts|-8lahfihe MNOCUl argfepr i vat i opgy Ma1-PAEAnicdBToRE-yAkthyhB7) -
The effect of sel e(?t a?pha 2 adraenergi C agog\lsfs-{ég(wg@q;i nl\/es?i gat'ed yii.)n t he

vi sual roethyhenyl)mgtharml stratiuces rgprepented bietawn pri mary visual cortex to
determ ne possible drug interactions with the visual cortex plasticity
mechani sms, in particular |ong-termpotentiation (LTP). LTP serves as a

cel lular nodel fpf visual cortex plasticity and has|functi onal consequences
on visual evoked|responses {(Cooke and Bear, 2010). [These:al pha 2 adrenergic

agoni sts afg: 4-hAgonmo-N\ (i azolidin-2-y Bg indazeNs 5- am ne and
7ol - 23 i(?hyl )-2- net \strytur es
HN N

(S)-(3-(141 7>

represented b
N \
H H
4-bromo-N-(imidazolidin-2-ylidene)- (S)-(3-(1-(1H-imidazol-4-yl)ethyl)-
1H-benzimidazol-5-amine 2-methylphenyl)methanol

Compound [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol is known
as a selective modulator of the alpha 2 adrenergic receptors. [3-(1-(1H-imidazol-4-
ylethyl)-2-methylphenyl] methanol and its (S) enantiomer are described in Journal of
Chromatography, (1997), 762(1 + 2), 281-291 by Hui, Y.-H et al.

[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyllmethanol is described in
“Synthesis of detomidine and medetomidine metabolites: 1,2,3-trisubstituted arenes
with 4'(5')-imidazolylmethyl groups” in Journal of Heterocyclic Chemistry (1993),
30(6), (1645-1651) by Stoilov et al.

Kavanagh et al. describe [3-(1-(1H-imidazol-4-yl)ethyl)-2-
methylphenyllmethanol in “Synthesis of Possible Metabolites of Medetomidine {1-
(2,3-dimethylphenyl)-1-[imidazol-4(5)-yllethane” in Journal of Chemical Research,
Synopses (1993), (4), 152-3.
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Compound 4-bromo-N-(imidazolidin-2-ylidene)-1H-benzimidazol-5-amine may
be prepared according to the disclosure of U. S. Patent Number 6,495,583 B1 which
is hereby incorporated by reference in its entirety. Acheampong et al. have shown in
Xenobiotica, February 2007, Vol. 37(2), pages 205-220 that this compound was
found in trace amounts in the urine of rats after administration of an oral dose of

brimonidine tartrate.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method for treating visual disorders
mediated by the visual cortex comprising administering to a patient in need of such
treatment, a therapeutically effective amount of a pharmaceutical composition
comprising an alpha 2 agonist and a pharmaceutically acceptable diluent or carrier

It is a further object of the invention to provide a method of treating visual
disorders mediated by the visual cortex comprising administering to a patient in need
of such treatment, a therapeutically effective amount of 4-bromo-N-(imidazolidin-2-
ylidene)-1H-benzimidazol-5-amine or a pharmaceutically acceptable salt thereof.

It is a further object of the invention to provide a method of treating visual
disorders mediated by the visual cortex comprising administering to a patient in need
of such treatment, a therapeutically effective amount of (S)-(3-(1-(1H-imidazol-4-
yl)ethyl)-2-methylphenyl)methanol or a pharmaceutically acceptable salt thereof.
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size, or magnification, in each eye), or suppression resulting from strabismus
(misalignment of the eyes). A prolonged transmission of poor quality visual images
induces a physiological change within the visual cortex that alters the perception
within the visual cortex. Briefly, the visual cortex will “ignore” the poor vision from one
eye. Hence, amblyopia often lacks visual acuity and stereopsis. Amblyopia
treatments include occlusion therapy with full-time or part-time patches, adhesive
patches, opaque contact lenses, occluders mounted on spectacles, and adhesive
tape on glasses or vision therapy with medication (such as atropine) or surgery for

eye turn or cataract.

In addition to amblyopia, visual disorders mediated by visual cortex include,
but are not limited to stroke-induced blindness, visual dysfunction in Parkinson’s
disease and Alzheimer's disease, seizure-induced cortical blindness, epileptic
blindness, and induced visual dysfunction including but not limited and to multiple
sclerosis (MS)-induced visual dysfunction, and congenital and childhood myotonic

dystrophy type 1-induced visual dysfunction .

It has been discovered that compound 4-bromo-N-(imidazolidin-2-ylidene)-1H-

benzimidazol-5-amine, administered to visual cortex slices produced a marked and



4 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows dose-dependent
facilitation of LTP in rat visual cortex by

4- br ono- Nyorentbamed78di n- 2- yl i dene) - 1H benzi m dazol - 5- am ReTWiSé12a41064 eshol d
dose of 3 nl\/l Fi gure 2 shows dose- depé&ndent faci Iitation of LTP in rat

1, Bl ot Y i DR LT

A pri ”%@ﬁﬁﬁéﬁﬂteddge Gepdriiek f%ﬁb%%o%u@ﬁﬁ%as”ﬁl@b%@ﬁ'd ByheH &sBhgCadter 1S
anbl yopia. Anblyopia 1s defined as” poor or 1ndistinct vision by an eye that

i s physilehé |y nér mal .adsemergipi a cagomisl, i ni t (S} @d(%ﬂ%ﬂbtdatzobﬁs/h)\eﬁml)a& of
the visual |nmage t he visu cortex during.childhoqd. nor np I sual
or oces MRV B BLAES I F PRt iy ocrestiog SR8 O 108" A
ani somqFpgureP2y (tdhb§ evesr degéinmiakbdi ﬂ?éﬂ%k%rﬁ%coﬁfgldmgékhtf\ﬁaﬂ@hl@Iﬂalphb @ach
eye), or suppression resulting fromstrabisnus (m salignnment of the eyes).

A pr ol GegeRlors hesrpewedhl ECiiaory itecis prvi ERaformagesii i yisyak coriex.
physi ol s%ahn&uﬂgggaere"‘hﬁ&p% el lvéc%pgé hgfd e%@@rté"t&% IR Zp?éé,é?)%] on

wthin € visuaF cortex e VI sua ex WI gnore € poor

vi si on éotuvmu@mmay@pp‘rEwETPa‘ahhamn in bfdiearéackschvas tad h@puctampaedand
stereopS| S. opia treatnents include occlusion therapy wth ful I -tinme

or partt ?l&FBY%'@H@BO&Hh@s?W@% dfBset 8hAl19: atematsy @jﬁs%s 2008 | tWer s
mount ed, ., ﬁ%g%@@ fﬁ%t afdHoR O@rsr'\d@eestséﬂﬁal%r glgaélsfﬁﬁcﬁ’én vision therapy with

medi cation (su as atropine) or surgery turn or cataract. In
addition to anbl yopia, visual di sorders rredl at ed by visual cortex include,
but are notThei priesent mesuﬁsﬁmﬂdeaﬁertﬂatehbhlal’zz adrexssgicvagansts dydédings bohnotn

Par ki h duced
bl nandCateth i (Rt R St MR ER S HREEE T AR L RIS A St ng
but not(1l(l1m-hﬂeaz>cnfh El%tﬁxﬂ)lz _Rleth\BEhHyPP&th&M6Y) - | BEHEmd Wisul @isdraast i on,

and congeni tal and myot oni ¢ ‘'dystrophy type 1-induced vi sual
dysf undhediated byycentoal3ontic phreity)S2012/ 047064 5
This invention provides a method for treating visual system disorders mediated
by the visual cortex by administering to a patient in need of such treatment, 4-bromo-
N-(imidazolidin-2-ylidene)-1H-benzimidazol-5-amine  or  (S)-(3-(1-(1H-imidazol-4-
ylethyl)-2-methylphenyl)methanol or a pharmaceutically acceptable salt thereof.

To “treat,” as used here, means to deal with medically. It includes, for
example, administering a compound of the invention to prevent the onset of a

disorder, to alleviate its severity, and to prevent its reoccurrence.

It is a further object of the invention to provide a method for treating visual
disorders mediated by the visual cortex visual disorder selected from: amblyopia,
stroke-induced blindness, visual system disorder in Parkinson’s disease and
Alzheimer’s disease, seizure-induced cortical blindness, epileptic blindness, multiple
sclerosis (MS)-induced visual system disorder, and congenital and childhood
myotonic dystrophy type 1-induced visual system disorder by administering to a
patient in need of such treatment, a therapeutically effective amount 4-bromo-N-
(imidazolidin-2-ylidene)-1H-benzimidazol-5-amine or a pharmaceutically acceptable
salt thereof.
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It is a further object of the invention to provide an article of manufacture
comprising packaging material and a pharmaceutical agent contained within said
packaging material, wherein the pharmaceutical agent is therapeutically effective for
treating amblyopia and wherein the packaging material comprises a label which
indicates the pharmaceutical agent can be used for amblyopia and wherein said
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where central visual plasticity needs to be restored or increased.

Alpha 2 adrenergic agonists may be administered at pharmaceutically effective
amounts. Such amounts are normally the minimum dose necessary to achieve the
desired therapeutic effect. The actual amount of the compound to be administered in
any given case will be determined by a physician taking into account the relevant
circumstances. In one embodiment, the compounds of the invention are
administered at doses that are pharmaceutically effective but do not cause sedation.
The patient may be given the compounds of the invention orally or by local delivery
to the eye. Local delivery includes topical delivery, in which an ophthalmological
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Changes in amplitude of the synaptic response were used to measure the extent of
LTP, since the amplitude was determined to be the more consistent parameter than
the slope of the response. Control LTP values were obtained from slices not treated
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thereo facilitated at 3, 30 and 300nM compared to control slices. The percent increase in
LTP was shown relative to the pre-LTP baseline for each condition. The results were

reported in Figure 1.

We found that LTP obtained in presence of different concentrations of alpha 2
agonist, (S)-(3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl)methanol was significantly
facilitated at 100 and 300nM compared to control slices. The percent increase in LTP
was shown relative to the pre-LTP baseline for each condition. The results were

reported in Figure 2.



3. The method of claim1l1l, wherein the al pha 2 adrenergic agonist is
(S)-(3-(1- (1H i m dazol -4-yl)ethyl)-2-nmethyl phenyl)nmethanol or a salt

t her eof . wo.20lBa6omt hod of claim 1, wherein the visual @CTarsder/oewapri ses
anbl yopi a, stroke-i nduced bl i ndness, Mi sual system di sorder in Parkinson's
di seas%g g Al zhei 's di sease, seizure-induced cortical blindness,

epi | epth I5i Gl rrul tiple sclerosis induced visual system disorder,
congenital and chil dhood nyot oni ¢ dystrophy type 1-induced visual system
di sorder. 5. The method of claim2, wherein the visual disorder is
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3 wher 6igPNIH&NG & DaaMaRGaMIGaly pecentplbRaliugaLGRERTES. ndness 11. The met hod
of claim3, wherein the visual disorder is in Parkinson's disease. 12. The
met hod of claim 3, wherein the pharnaceutical conposition is adm nistered
topi caldly. The method of claim 1, wherein the alpha 2 adrenergic agonist is 4-bromo-N-

(imidazolidin-2-ylidene)-1H-benzimidazol-5-amine or a salt thereof.

3. The method of claim 1, wherein the alpha 2 adrenergic agonist is (S)-(3-(1-
(1H-imidazol-4-yl)ethyl)-2-methylphenyl)methanol or a salt thereof.

4. The method of claim 1, wherein the visual disorder comprises amblyopia,
stroke-induced blindness, visual system disorder in Parkinson’s disease and
Alzheimer’s disease, seizure-induced cortical blindness, epileptic blindness, multiple
sclerosis induced visual system disorder, congenital and childhood myotonic
dystrophy type 1-induced visual system disorder.

5. The method of claim 2, wherein the visual disorder is amblyopia.

6. The method of claim 2 wherein the visual disorder is stroke-induced
blindness.

7. The method of claim 2, wherein the visual disorder is in Parkinson’s disease.
8. The method of claim 2, wherein the pharmaceutical composition is

administered topically.

9. The method of claim 3, wherein the visual disorder is amblyopia.

10. The method of claim 3 wherein the visual disorder is stroke-induced
blindness.

11.  The method of claim 3, wherein the visual disorder is in Parkinson’s disease.

12. The method of claim 3, wherein the pharmaceutical composition is

administered topically.
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conpri sing packagi ng materi al and a pharnmaceutical agent contained within
sai d packwging/oraizeri al , wherei n the pharnaceuti cal agemCTiU$2012/047064
therapeutically effective for anbl yopila and wherein the packagi ng materi al
conprises a | abel which indicates the pharmaceutical agent can be used for
anbl yopi a and wherein said pharmaceutical agent conprises a

t her apeutical | yef fecti veanount of 4- brono- N- (i mi dazol i di n-2-yl i dene)-1H
benzi m dazol -5-am ne. 14. An article of manufacture conprising packagi ng
mat er i al3.andAa @rhcleacelut marufagjere contuisingd wiackaging ai rmlai:eﬂatagﬂmb a
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sai d pharmaceutical agent conprises
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met hy| %eq}ge)dn%thaé?%lyopla and wherein said pharmaceutical agent comprises a
therapeutically  effective amount of 4-bromo-N-(imidazolidin-2-ylidene)-1H-

benzimidazol-5-amine.

14. An article of manufacture comprising packaging material and a
pharmaceutical agent contained within said packaging material, wherein the
pharmaceutical agent is therapeutically effective for amblyopia and wherein the
packaging material comprises a label which indicates the pharmaceutical agent can
be used for amblyopia and wherein said pharmaceutical agent comprises a
therapeutically effective amount of  (S)-(3-(1-(1H-imidazol-4-yl)ethyl)-2-
methylphenyl)methanol.



