OPHTHALM C FORMULATI ON AND METHOD OF MANUFACTURE THEREOF RELATED

APPLI CATION 5This application clains priority to U S. Provisional

Appl i cat iwo 2bin/os8skh 254, 923, Attorney Docket No. | TJ- 045eta/Uskéiemsdoads ober

26, 2009, titled "OPHTHALM C FORMULATI ON AND METHOD OF MANUFACTURE
THERECF." The contents of any patents, patent applications, and references
cited throughout this specifica[ion are hereby incorporated by reference in
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BACKGROUND
20 In copending patent application US 12/771,289, the Applicant has shown

clinically significant reduction of intraocular pressure using an A; agonist in human
subjects having glaucoma. The specification of US 12/771,289 is herein incorporated in
its entirety as if individually set forth.
The specification of US 12/771,289 describes a formulation comprising | part of
25  an Aj agonist to 20 parts Hydroxypropyl B-Cyclodextrin (HPBCD) (i.e. 1:20 wt/wt)

reconstituted with 0.9% Saline for Injection, USP, at concentrations indicated below.



SUMVARY OF | NVENTI ON In a first aspect of the invention there is
provi ded an ophthal mc fornul ati on conprising: 15(a)an agqueous suspensi on
of fine paotcolmwssedf an Al agonist, (b) a surfactant, amdT(USR018/054040
preservati ve. I n one enbodi nent the suspension of an Al agoni st
conprises fine particles of less than 50 mcrons, |In another enbodi nent the
fine particles are | ess than 10 mcrons 20In a further enbodi nent the fine

particles are between ; rrons YO 4uu ovr'\,ll "ﬁ()i(‘u 54040 I n one
enbodi nent the Al aqonfj P‘° ﬂsﬁ €l ect e O'P’Pg‘;i éorrpou&(f“ﬂr ose
5(( 2R 3S, 4R, 5R) - 5- ( 6- FEPEt yI ami ndF29REbur i n- oYityedih)
di hydr oxyt et r ahydr of ur an 2-yl ) met hyl nippate, ConpoundB
((2R, 3S, 4R, 5R) - 5- (2+chl oro-6-(cycl opentyl am no) + 9H-purin-9-y1) - 3, 4-
10di hydr oxyt et r ahydr of uraf-2-yl ) met hyl filfrate, |15 Cofipound C
sodi um (( 2R, 3S, 4R 5R~5—(6-{eyetopentytamno)r-—9HHpur+n-—9-yH—-3, 4-
5di hydr oxyt et r ahydr of uran 2@ yl ) met hyl sttfat e, Corrpour?@ D

60 1.2 50

180 3.6 50

350 7.0 50

700 7.0 2x 50

A difficulty with the HPBCD formulation was that the formulation was prepared
as a lyophile that needed to be reconstituted with saline prior to use. This was because
the stability of the A; agonist was limited, and after time a by-product of Compound A

5 would begin to be formed. While the HPBCD formulation could be used in the first

clinical trials and was shown to be effective for treatment, the Applicant has sought to
develop a new formulation with enhanced stability and without the need for preparation
of a lyophile and subsequent reconstitution. Therefore, there has been a need to develop
a stable ophthalmic formulation for delivering an A; agonist and a process for

10 manufacturing the ophthalmic formulation.

SUMMARY OF INVENTION

In a first aspect of the invention there is provided an ophthalmic formulation

comprising:
15 (a) an aqueous suspension of fine particles of an A agonist,
(b) a surfactant, and
(c) a preservative.

In one embodiment the suspension of an A; agonist comprises fine particles of
less than 50 microns. In another embodiment the fine particles are less than 10 microns.

20  In a further embodiment the fine particles are between 3-7 microns.



((2R, 3S, 4R 5R) - 3, 4-di hydr oxy-5- (6-(tetrahydrof uran- 3-yl am no) - 9Ht opuri n-9-y
| )tetrahydrofuran-2-yl)nmethyl nitrate, 15 Conpound E oNO2CH

((2R, 3S, ARO2R11B3166- (cycl ohexyl am no) - 9H puri n- 9-y1) - 3, $€T/US2010/054040

di hydr oxyt et rahydr of uran-2-yl)nethyl nitrate, Conpound F

42R, 3S, 4R 5R) - 5- (6- (bi cycl e42. 2. 1] - hept an- 2-yl am no) - 9H- puri n-9-y1) -

3, 4-di hydr oxyt etrahydrofuran-2-yl)nethyl nitrate, 10 15 Conpound G

sodi um (( 2R, 3S, 4R 5R) - 5- (2-chl or o- 6- (cycl ohexyl am no) - 9H puri n- 9-

Sy1)-3, 4 i hyclr oxr it Ry ERIRLR: Sb Rt ARM A e, “and Compound H

((2R, 3S, 4R 5R) - 5-(2-chl oro- 6- (cycl ohexyl am no) - 9H- puri n-9-y1) -3, 4-

10di hydr oxyt et rahydrof uran-2-yl)nmethyl nitrate. 15

Compound A

5 ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate,

Py

O

Compound B

((2R,3S,4R,5R)-5-(2-chloro-6-(cyclopentylamino)-9H-purin-9-yl)-3,4-
10 dihydroxytetrahydrofuran-2-yl)methyl nitrate,



WD 2011/ 053569PCT/ US2010/ 054040 I n one enbodi nent, the Al agonist is

conpound A | -1 N Conpound A

((2R, 3S, ARO2R11B3166- (cycl opent yl am no) - 9H puri n- 9-y1) - 3PET/US2010/054040

di hydroxytetrahyd rofuran-2-yl)nmethy | nitrate. 5l n one enbodi nent the

surfactant is selected from pol ysorbate 80, polysorbate 60, polysorbate 40,

pol ysorbate 20, polyoxyl 40 stearate, pol oxancrs, tyloxapol, PCE 35 and

castor oil. I n one enbodj nent the preservative is selected froma

quat ernary anmmoni um satt@P9H¥ Gdi ng benzal koni um chl ori de, cetri ni de,

chl orobut anol, sorbic acid, boric acid, 10and any r preservatives known

to be safe and effective when used in topical ongﬁgzﬁic pr oduct s. I n

anot her enbodi nent the ophthal mc fornulation f

osmol arity agent, such as sodium chloride and gllycerine. In another

enbodi nent the ophthal mc fornulation further | udes a buffering 15agent

selected froma citrate, acetate, phosphagy | edt e, and ot her

pharmaceutically acceptabl e buffer, singl |1fjégglnatlon at | evels that

are not irritating or disconforting to thg'eye™wTn ot her enbodi nent the
suspendi ng agent sel ected from

ophthal mi ¢ fornulation further includes,
car boxynet hyl cel | ul ose sodi um (CMC), hydroxygthyl cel | ul ose, hypromel | ose,

pol yvi nyl al cohol, povi done, carboners, yaluronic acid and its salts,
chondroitin sulfate and its salts, naturak guns, and ot her pharnaceutlcally
accept abl e pol yners. I n anot he gpb@dlnent the ophthal mc fornulation
according to claim1l further includes glycine as a stabilizer. I n
one enbodi nent the pH of the ophthlamc fornulation is between 3.0 and 7.0.
I n anot her enbodi nent t%llﬁﬁl(@f{ 3tgh@< §}:Q)[5]‘1.5L?§/d}%n{y§dn{}§$)wmlﬂ}dﬁ yBRG-5.5. In

a further enbodi ment the pH o f or’nu lon i s between about 5.0 and
5 2. s dlhydroxytetrahydrofuran—2 yl)methyl sulfate,

i ncl udes an

Compound D

\N
¢ﬁl\\
N H

AR

3
OH

ONO,

((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-
10 purin-9-yhtetrahydrofuran-2-yhymethyl nitrate,



I n one enbodi nent the Al agonist present in the ophthalmc fornmulation is
S5between 0.05 - 5.0 % wv. In one enbodi nent the surfactant present in the
opht hal miwof20rimsbsbi on is between 0.2 - 0.5 % wv. |n aovtUsesioesdvaai nent
the preservative present in the ophthalmc fornmulation is between 0.005 -
0.015 % wv. In one enbodi nent the ophthal m c formul ati on conpri ses:
Ingredient% wv 10An Al agonist (e.g, A-H), mcronized0.05 - 5.0 A
suspendi ng agent0.4 - 1.5 A preservative0.005 - 0.015 A surfactant0.2-0.5 A
buf f eri ng agent 5mvt 20mA™BY ne0 - 0.2 NaClTBD (gs to 270-330 nOsm

NaOH HC1 (pH adjustnment)pH3.0 - 7.0 0.1 Purified Waterg.s. 100.00. 20l n one
enbodi nent the ophthal mc fornulati on conprises Ingrediept% w v Conpound
A, mcronized0.4 Sodium CMC, |ow viscosity0.70 Bengzal konj um Chl ori de0. 01
25Pol ysorbate 800.3 Citric Acid Mnohydrate0. 15y

i
0,

"“””OH

o

ONO, H

((2R,3S,4R,5R)-5-(6-(cyclohexylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate,

LD

IHOH

Compound F

O\\u\“'

ONO, H
((2R,3S,4R,5R)-5-(6-(bicycle-[2.2.1]-heptan-2-ylamino)-9H-purin-9-yl)-
3,4-dihydroxytetrahydrofuran-2-yl)methyl nitrate,

10



G ycine0- 0.10 NaClTBD (gs to 290-300 nOsm) NaOH HCl(pH adj ustnent) pH5. 10. 1
30Purified Waterqg.s. 100.00. In another enbodi nent the ophthal mc

formul at iwo 200mpBseses: | ngredient% w v Conmpound A, m cromiusea0od4o$odi um
CMC, | ow viscosity0.70 5Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 Citric
Acid Monohydrate0.15 (7mM G ycine0.0 NaC 10.8 (gis to 290-300 nsm

t oNaOH HC1(pH adj ustnent)pH 5.10.1 Purified Waterg.s. 100.00. In one

enbodi ment the ophthal gic foryul ation conprises |Ingredient% isConpound A,
m croni zed2. 0 Sodi um Cﬁﬁ’,‘p?'&/é Ei scosity0. 70 Benzal koni um Chl ori de0. 01

Pol ysor bate 800. 3

””””OH

E

0SO,Na H

sodium ((2R,3S,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-

5 yD)-3,4-dihydroxytetrahy drofuran-2-yl)methyl sulfate, and
Compound H
HN
N
< 11\ ”
N //k
N cl

IO H

|

ONO,

((2R,38,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-yl)-3,4-

o

H

10 dihydroxytetrahydrofuran-2-yl)methyl nitrate.



Citric Acid Monohydrate0.15 - 0.3 (7nv14m\M) 20d ycineO - 0.10 NaCl TBD (gs
to 290-300 nOsn) NaOH HCl(pH adjustnent)pH 5.110.1 Purified Waterq.s.

100. 00. 2Asbroomssswbodi nent t he ophthal mic fornul ati on ecrusteE@es54040

I ngredient% w v Conpound A, mcronized0.152 Sodi um CMC, | ow viscosity0.70
Benzal koni um Chl ori de0. 01 30Pol ysorbate 800.3 Citric Acid Mnohydrate0. 15
(7mM dycine0.0 NaCl0.8 (gs to 270-300 nOsn) NaOH HClpH 5.1+0.1 Purified
Waterqg.s. 100. 00. one.cmbodi elI]tnth%r}\el aerrltq)lo{ilis rrgrgtouw% opht hal m ¢ fornul ati on
conprises: 5l ngr et BRI cHpbRITR S STRPYAT 22d0. 30 Sodi um CMC, | ow

vi scosity0. 70

ye
T

I H O

Compound A
((2R,3S.,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-y1)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate.

5 In one embodiment the surfactant is selected from polysorbate 80, polysorbate
60, polysorbate 40, polysorbate 20, polyoxyl 40 stearate, poloxamers, tyloxapol, POE 35

and castor oil.

In one embodiment the preservative is selected from a quaternary ammonium
salts including benzalkonium chloride, cetrimide, chlorobutanol, sorbic acid, boric acid,
10 and any other preservatives known to be safe and effective when used in topical

ophthalmic products.

In another embodiment the ophthalmic formulation further includes an

osmolarity agent, such as sodium chloride and glycerine.

In another embodiment the ophthalmic formulation further includes a buffering
15 agent selected from a citrate, acetate, phosphate, maleate, and other pharmaceutically
acceptable buffer, singly or in combination at levels that are not irritating or
discomforting to the eye. In another embodiment the ophthalmic formulation further
includes a suspending agent selected from carboxymethylcellulose sodium (CMC),
hydroxyethylcellulose, hypromellose, polyvinyl alcohol, povidone, carbomers,
20 hyaluronic acid and its salts, chondroitin sulfate and its salts, natural gums, and other

pharmaceutically acceptable polymers.

[n another embodiment the ophthalmic formulation according to claim 1 further

includes glycine as a stabilizer.



Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 10Citric Acid Mnohydrate0O. 15
(7mM dycine0.0 NaCl0.8 (gs to 270-300 nOsn) NaOH HCl pH 5.1+0.1 Purified
Wat er q. s.wdQ0110835685 | n one enbodi ment the ophthal m ¢ f ecorwsadioos4040
conprises: Ingredient% wv Conpound A, mcronized0.61 Sodi um CMC, | ow

vi scosi ty0. 70 20Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 Citric Acid
Monohydrat e0. 15 (7mM d yci ne0. 0 NaCl10.8 (gs to 270-300 rrfbrr) 25Na0OH HCl1pH
5.1+0.1 Purified V\ater . enbodi t th

formul ation compri'S88 e‘%f’%dd%ﬁq%%?qﬂﬁ% &gtﬁl@%“r?pofgﬂnﬁag . 1Eaneé‘F"on zedwg11

In another embodiment the pH of the formulation is between 4.5 and 5.5. In a further

embodiment the pH of the formulation is between about 5.0 and 5.2.

In one embodiment the A| agonist present in the ophthalmic formulation is
5 between 0.05 ~ 5.0 %, w/v. In one embodiment the surfactant present in the ophthalmic
formulation is between 0.2 — 0.5 %, w/v. In another embodiment the preservative

present in the ophthalmic formulation is between 0.005 — 0.015 %, w/v.

In one embodiment the ophthalmic formulation comprises:

Ingredient Yo, WiV
10 An Al agonist (e.g, A-H), micronized 0.05-5.0
A suspending agent 04-1.5
A preservative 0.005 - 0.015
A surfactant 0.2-0.5
A buffering agent SmM-20mM
15 Glycine 0-0.2
NaCl TBD (gs to 270-330 mOsmy)
NaOH/HCI (pH adjustment) pH 3.0-7.0+0.1
Purified Water q.s.  100.00.
20 In one embodiment the ophthalmic formulation comprises
Ingredient %, wiv
Compound A, micronized 0.4
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 01
25 Polysorbate §0 0.3
Citric Acid Monohydrate 0.15-0.3 (7TmM-14mM)
Glycine 0-0.10
NaCl TBD (gs to 290-300 mOsm)
NaOH/HCI(pH adjustment) pH 5.1+0.1
30 Purified Water q.s.  100.00.



Sodi um CMC, | ow vi scosity0. 70 Benzal koni um Chl ori de0. 01 Pol ysorbate 800. 3
WO 2011/ 053569PCT/ US2010/ 054040 Citric Acid Mnohydrate0. 15 (7nmV)

d yci ne0.WoNaG1B33B9(qs to 270-300 nsm) NaOH HCl pH 5. 1+@ci/UsBuwiosioed

I n one enbodi nent the ophthal mc formulation conprises:
I ngredient% w v Conpound A, micronized2.42 Sodium CMC, | ow viscosity0.70
Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 Citric Acid Mnohydrate0O. 15

OB erBockfifent Fe 25ARADT. FERIhaNPQHHEPH 5. 1+0. 1 Purified

Waterqg.s. 100. 00.

(7mM dycine0.0
Waterqg.s. 100. 00.

[

20

N
(%]

30

Ingredient

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride
Polysorbate 80

Citric Acid Monohydrate
Glycine

NaCl

NaOH/HCI(pH adjustment)
Purified Water

%, WiV

0.4

0.70

0.01

0.3

0.15 (7TmM)

In one embodiment the ophthalmic formulation comprises

Ingredient

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride
Polysorbate 80

Citric Acid Monchydrate
Glycine

NaCl

NaOH/HCI(pH adjustment)
Purified Water

%, Wiv

2.0

0.70

0.01

0.3

0.15-0.3 (7mM-14mM)
0-0.10

TBD (gs to 290-300 mOsm)
pH 5.1£0.1

q.s. 100.00.

In one embodiment the ophthalmic formulation comprises:

Ingredient

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride
Polysorbate 80

Citric Acid Monohydrate
Glycine

NaCl

%o, WiV

0.152

0.70

0.01

0.3

0.15 (TmM)

0.0

0.8 (gs to 270-300 mOsm)



In a further aspect the present invention provides a nethod of reducing

20i ntraocul ar pressure conprising the step of; applying an effective anpunt
of an ophwbabnies3feor mul ati on as descri bed above to an afteaisesioeymi0f a
subject. In one enbodi nent the ophthalmc fornulation is admnistered to
the affected eye of the subject in 30-50 pal drops. In another enbodi nent
the ophthalmc formulation is admnistered in 1 to 2 drops once or tw ce
daily. In another iytent the subject has 2 -tensi on gl auconm,
OHT, or POAG N%BPIﬂﬂbla further aspect ther égrgupﬂr%{ovi ded a process for
prepari ng an opht Ralifiedcwhter mul ati on as descri hedi@b@y/e conprising the steps
of (a) mlling the Al agonist forminto particle sizes of |ess than about
50 microns; (b) sterilizing the mlled Al agonist; and 30(c) aseptically
suspendi ng the paid érele@bobifnehiBe fphtiagani HimilficARoAGHLROUS suspensi on

conpri si n% a surfactant and a preservative. I n one enbodi nent the
milled Al dagoni st If&ediendr i | i zed by ganma irradffatfYon up to a maxi num of 40
Gay (Q). tempieidnemiesbieei ment the pracgss includes the further

step of adjusting the pH of the agueous suspension to between 3.0 and 7.0.
51n a further enbdedinBlftMEHevyEReRtrati on of e Al agonist in the
suspensi on i s adj gstBfohametiwggn 0. 05 and 5. QPey(w v), or in another
enbodi ment the Al agonist in the suspension is adjusted to about 0.3 to
2.0% (W v). | n onBolgpisertis $ent the concentrati d® of the Al agonist in the
suspensiop is ReNMR8 Ao bho8a0/ M, or in appthgRpenbodi nent the Al
agoni st in the sugbteﬁsséﬁ on (I)S go%et ween 3 to 30 ng(7mM) The foregoi ng
brief summary bro&dfcynedescri bes the features ddd techni cal advant ages of
certain enbodi nen f the present invention. t hcal advant ages
wi |l be descri bedN?%pt he detail ed description OE%J(Q% E}gﬁionﬁgﬁt&?o t hat
follows. Novel feduOHE$CMWhich are believed to dkS.eHalracteristic of the

invention will bePQr?ttte\{/ %r5underst ood fromthe sd%datgd ed description of the
i nventi on when consi &élr ed%i n connection with aqhy acconpanyi ng figures and

exanpl es.isHowever, the figures and exanples provided herein are intended to

help illustrate the invent.ion or sist with devel opi ng an under st andi ng of
the invention, an (?i’tﬁé"ﬁ8%lnﬁeﬂtttg‘?18‘§@"ab%mbf8mﬂ’gﬁtlOHiCP‘?iB'R Sof the invention's

scope. 20 Ingredient %o, wiv
Compound A, micronized 0.61
Sodium CMC, low viscosity 0.70
20 Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.0
Na(l 0.8 (gs to 270-300 mOsm)
25 NaOH/HCI pH 5.140.1
Purified Water q.s. 100.00.

In one embodiment the ophthalmic formulation comprises:

Ingredient %, wiv
30 Compound A, micronized 0.91
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3

10



BRI EF DESCRI PTION OF DRAWNGS FIG 1 shows the effect on 1013 in
Dutch-Bel ted rabbits of three placebo ophthal mc formulations not including
the Al agwoizsti/eesspound A over tine prior to and post 2Padruspeistosaue on.

FIG 2 shows the effect on IOP in Dutch-Belted rabbits of three ophthal mc
formul ations including the Al agonist conmpound A over tine prior to and
post adm nistration. 30 DETAILED DESCRI PTI ON DEFI NI TI ONS The term
"surfactant” refefsitQ.dneRbiikge compound thap (g s the surface tension
of liquids, or reduces Interfacial tension between two liquids or a liquid
and a 5solid, theGkumtace tension being the f6fce acting on the surface of
a liquid, tending,te mnimze the area of the f ants are used
i n pharnaceut i ca?N?@rnul ations in order to nogi%;téfgtt%%zﬂggg@r(%ﬁ)on of the
drug or its delivea@QHAEIt he target tissues. WeHI5S.lkfidwn surfactants include
pol ysor bat es (Pol yo hyl ene derivatives; Tween well as Pluronic. In
one enmbodi ment th ur)k%gft%%?rant is selected froﬂ\s'p%)los)Ebr bate 80, polysorbate
1060, polysorbate 40, polysorbate 20, polyoxyl 40 stearate, pol oxaners,

tyl oxapol, POE 35 and castor oil. . . The term"preservative" refers to
a compound in a &?&Pﬁ%gﬁmﬁﬁlthqwm%if(&ﬁ‘uﬁﬂ%C‘ﬁ’&lfr ®4s an anti - nicrobial
agent. In one enmbggidmak the preservative is sgheeted froma quaternary
ammoni um sal ts i ncl udi ng benzal koni um chl ori de, cetrim de, 15chl or obut anol
sorbic acid, bori€BRIET Aafer ot her preser védti ves known to be safe and
'('af fectiveg,when usggijnnchrRiIGAVis@RAY hal m ¢ progygts. The term

topi cal application" as used hereln neans apBI i cation by way of a |iquid,
gel or ointment tRereplkondymépipaidecor neal surfatélof a subject. The term

" subj ect” means B IRA@b] ect or an ani nal gybject. 20The term "effective
anount" as used herein refers to an anount of an ophthal mc fornulation
that is effectiveCwracid Monphyslgate ng or prevenbilhg/eMevated |1 0P; or (ii)
reduci ng 10P in aGE/l:'inaeCt: ~ The particl g'Osi ze of the "fine particles”
whi ch may be used 1'n the invention is preferably not nore than 50 m cron,
whi ch i s1about th¥a@haxi mrum particle size tol eP&t(euto23650¢ hdlsmical ly in

topi cal fornul atiﬁg@H/H‘me particle size may bsHtg(_altiWﬁen 1-50 m crons,

Purified Water g.s. 100.00.

In a further aspect the present invention provides a method of reducing
20 intraocular pressure comprising the step of: applying an effective amount of an
ophthalmic formulation as described above to an affected eye of a subject. In one
embodiment the ophthalmic formulation is administered to the affected eye of the
subject in 30-50 pul drops. In another embodiment the ophthalmic formulation is
administered in 1 to 2 drops once or twice daily. In another embodiment the subject has

25  normal-tension glaucoma, OHT, or POAG.

In a further aspect there is provided a process for preparing an ophthalmic

formulation as described above comprising the steps of
(a) milling the A; agonist form into particle sizes of less than about 50 microns;
(b) sterilizing the milled A, agonist; and

30 (c) aseptically suspending the particles of the A, agonist in an aqueous

suspension comprising a surfactant and a preservative.

11



e.g., less than 50 mcrons, less than 40 mcrons, |less than 30 m crons,

| ess than 20 microns, or less than 10 mcrons. In one enbodinent, a "fine
particl e"woannalsswsobe referred to as a "mcroni zed" par PCTIUS2010/054040 As
used herein, the term"drop” refers to a quantity of ophthalmcally
acceptable 30fluid that resenbles a liquid dr op I n one enbodi nent, a drop
refers to a |iquid volune equival ent to about ul to about 200 III e.g.
about 30to about 80 | 0 viations
are used herein aﬁ‘apnﬁ'ag?\?lejg? Elgmltﬁ%?lgaetde% il ?trllsl ?r-(l)ﬂr%gd BB?%S%\% |ntrao‘§)uljloar
pressure; OHE mainooub&40 BypéGyensi on or POAG is primary open-angle

gl aucoma; HPI 3CD i s hydroxypropyl P-cyclodextrin; sodiumCMC is sodium

car boxynet hyl cel | Inapgder SnidEenPARDICEE ISOMROUNDS ther step of apfusting thagdni st in

t he present ti is selective to the adenosi ne Al
recept or and%?%?:?ucfogysug% ?ioglton@et Br%10tcélc=§lg7os ((2R, 3S, 4R 5R) - 5- ( 6-

E, f%/ggfgen%y I am noj; Gk R hf?ao%niégrt)thg’ecf}lcg{tﬁﬁgﬁ Ot &1 EARKIMQh RPN ) met hyl
10( (2R, 3S, 4RadiRytedto(betvehh 8108264 §.6%dVaperrtiy bianthen oipbedinpuirthnA gagpaist 18, 4-

ot by oy et eyl ol SRS B Ry o, SOdTUT

(2R 39, 4R SRy~ 3. IOERG SEE %‘%“g??%i‘if‘ﬁof“b?%%wémythzaamﬁ%%“?aﬁ

15puri n- 9- ypbetmeehi e g]fg(,mlanmz.ay@gtem)bpdlmentrta@ A1l agonist in the suspension is

((2R, 3S, 5 Vi hexyl am no) - 9H purin-9-y1) -3, 4-
di hydroxétgeet %@d‘%ou@aﬁé% yl)methyl nitrate;

((2R, 3S, 4R 5R) - 5- {fis R Sﬁﬁglbﬁef[ﬁm%la}ylbrbgc% @&cgbe)éltl?cr?eﬁf?l)es S PUmiar 9-y1) -
3, 4- di hydr oxyt et r ahydr fu an-2-yl)rmethyl” nitrate; 20sodi um

((2R 3S, 4R, SR)\laSta(é@-Qf h¢m@eraqu¢xy@1tmfém/prammyergpin guerther-technical

yl) -3, 4-di hy t I

(2R 35S, 4R, Sy LS LR LR QUB AN A TU R B B0, g ol

di hydr oxyt et thldeauir@ﬁr\amcm arye by ineedhiol bemhanaettrwlc of the invention xHérb@ bateat
gl)rsne)\gﬂﬁ{qu sPds ug é:gd ﬁxa% Sed &:)s((lfrlsp%gr uc%wger\%qmw en"cj?r% cfereg 11%011?‘1&9 goa
t hat act as S@theﬁ)t aacemaaigrmgsﬁgmeesAhd agomicsst sloazeeerhh@ﬁ@urammamlsﬂqom a
variety of utiliti 144 and 7 10 Jagtap et
o Gederi be it Gl ep e GRpe R it Bl sy A0 S5t ant,

appl i cation Uleldndin},028R.invEhesE atikire hemnaesdedt€bd dtoitoas af einkedtiehn by

reference in their entireties.
scope.

npounds

20
BRIEF DESCRIPTION OF DRAWINGS

FIG. I shows the effect on IOP in Dutch-Belted rabbits of three placebo ophthalmic
formulations not including the A1 agonist compound A over time prior to and post

25  administration,

FIG. 2 shows the effect on IOP in Dutch-Belted rabbits of three ophthalmic formulations

including the A1 agonist compound A over time prior to and post administration.

30
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30The process for preparing the fine particles of the Al agonist may be

carried out with any of breakdown process such as a ball mll, a bead mll,
a jet mlwoandsaseshamrer mill; spray dry; and built-up pcoasseossmio as
crystallization. The surfactant of the invention is used as a

wetting or dispersing agent to disaggregate the particles of the mcronized
Al agonist into its mcronized particles and to wet the surfaces of the
particles tOD%%IQ N 9% ility with the aqueous sol ution. The
surfactant i group of surface active agents that are
primarily SnOEFEWITEOSA i ncl ude without Iimtation pol ysorbate 80,

pol ysorbate 60, polysorbate 40, pol ysorbate 20, polyoxyl 40 stearate,

pol oxaners, tyIoxﬁmohnlﬁﬁﬁhaﬁﬁéwﬁﬂ@agh@hwthHmbmmhbmUGhb@Happn@giated t hat
any simlar harna ey I l.e n be usabl e
at levels thgpmao no (%d%ééxwﬁ?%fg%ggﬁmgF) g@%n orlmVﬁggga%&FFg%ato t he
eye as topi cadliddthepsrfacd hesipn esieg matfmmeamfngtohehei soxferetof @ hiquid, skt tho preserve

the opht hal 10f | t ed f Itj.-d
opnt hal m ¢ 1 BB ACTonG: oo lBe 8RR af bR Pk CEn Ak Y Bmon um

salts such aSrdbﬁtlﬂZﬁddkf@mhde’bE@rbﬁ@Tdfdl&b drﬁgbfﬂtsfﬂedeery(i‘d’lﬂh@faﬁ)éﬁﬂtlﬁﬂéﬁ Weslor b| c acid,

boric acid, and any.other pres known e safe and effe tlve mhen
used in toplg rb%lﬁfeﬁarrtfﬁneﬁﬁ? Belt %teSfﬁ@Y%Wh °BF SBIVAIVeEt FYERES (fgaﬁt be

enhanced, esprgdmd. | owé ERbddiBerd Rt QFRA%Y | PRTHBMRI ﬂmnlp%g%mc 8bypou>fa@rbatedl tion
of chelatlng agents such as edetate disodium Suspen agents are used to
i ncr ease ' heSUirelisabiy Griehisedaic e O1ib sk 4 1518 s Q?’@X'@Fer% rﬁséowelp BREZ&d
particles in,stspgpsion and to allow for uniformdosing by an end user.
Suspendi ng agents help to ensure uniformty in the manufacturing and

filling processesThSusPecRAIATOOES t&k CorRbduNBli 4 phaB@ictiRaBfotRakti@r e
synthetic, sem -synthetic, 20or natural, and. include w thout |Iﬁl% ation:

sol ubl e cel | Heba aap PRtiriyelialagen- fsonefniudipeat o Preatraive seclesiad frm avo)
hydroxyet hyl geliditth2$ @mnlo¥RACORL | RARINBMIENAIDANS cHRRId Vdehrhid@l cohol ,

povi done, carboners; hyaluronic acid and its salts, chondroitin sulfate and
its saltds nehlpmoantagpkerbiai. beretcihrad Mycalrriisretivas kptdp be somfher s. | t

i's |nportante@gﬂoggﬁm;ﬁégHﬁgﬁggoﬁmﬁggnghggm@gents m ght al so provide sone
surfactant 95properties as noted above. Buf fering agents are used to

mai ntain the pH dpigd B, shgkdl abf)lfc‘é‘tldd“ ab Bﬁédrh@fégﬁm%% MRkt NN ORI Nt ai n
chem cal stability of the mcronized particles of t%e Al agonist. Suitable
buf f eri ng agbmuid. geheaiimenttp theteaiernagenel agfacoploshigtles, nal eates, and

ot her phar rmceut'f»@téh AGHEAL ARLG a%fniaﬁ stibjec oS iRl shaeaowb' nation at

| evel s that are not 30irritating or |sconfort|ng to the eye. I n one
enbodi ment, provi tedetret eéfentwe@nmnbphmélhmem Yo lapinent Pon QRbkﬂa@@}P
appllcatlon i

atependi ng agonritdt A 8 MO0 A6 M AR il o SOPRIUEI RS, i e,
and Nad . ThHM?mmanaulon can

The particle size of the “fine particles” which may be used in the invention is

preferably not more than 50 micron, which is about the maximum particle size tolerated
25  ophthalmically in topical formulations. The particle size may be between 1-50 microns,
e.g., less than 50 microns, less than 40 microns, less than 30 microns, less than 20
microns, or less than 10 microns. In one embodiment, a “fine particle” can also be
referred to as a “micronized” particle.
As used herein, the term “drop” refers to a quantity of ophthalmically acceptable
30  fluid that resembles a liquid drop. In one embodiment, a drop refers to a liquid volume

equivalent to about 5 ul to about 200 pl, e.g., about 30 pl to about 80 pl, e.g., about 50
ul.
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optionally include NaOH and HC1 for pH adjustnent, and/or purified water.
The Al agoni st content in the ophthalmc fornulation of the invention is
bet ween OW02011005589 (W v), or in one enbodi ment 0.3 to 2pPOTAGSCHWF4040 N

anot her enbodi ment, provided herein is an ophthalmc formulation for

topi cal application conprising mcronized 5conpound A, |ow viscosity sodium
CMC, benzal koni um chl ori de, polysorbate 80, citric acid nonohydrate,

gl ycine, and Nad ._ The for ation can optional Ly include and HCl for
O Sa st mont |- and ORI PR R NP R FR ATV T oA BSE T bed | n
t he co- pendi ngrapplrbcaalar eirsddfe; D2 17i¢ bedBhypeiidigioh BEP@RGES pilifal ohavsgpy oven
to be effective for the reduction of intraocular_ pressure include both
agents that RS dIEGES BEIREYREPYDPdtiedT i Sotiim GdHe & sPHER i ncrease the
out fl ow faci ldathpxyrMiENcdiiRk@pi es are in general adm nistered by one of two
possi bl e routes: topically (direct application to the eye) or orally.
However, pharmaceutical ocular anti- 15 hypertension approaches have

exhi bited various undesirable side effects. For exanple, motics such as
pi | ocar pi ne GANECARECOHE @ONTPQUNDSVI si on, headaches, and ot her negative
visual side effects. System cally adm ni stered carboni c anhydrase

i nhibitors can al dbe dasgaishaubepesayspepsioaof i ihe pudsle andecbabhki c

aci dosi s. Cert,ain. prostagl andi.n ause. h rem a, I j.tching, and

dar keni ng of agf/né)ISlélg &SR %ler“ilcolfcgels’#’élflstnl}ég@ﬁ%gtolﬁggtcjﬁe%’s %O%Lgr tain

bet a- bl ocker Sciuinpentyasireastngiry-bes-o mediagkogiaiargirstan-2s@rhakg nprateqonar y
side- effects attributable to their effects on beta-2 receptors in

pul nonar yiot i ssue. Synpd@2RaefHRBR)-CI2echlise ot achypeayidingo)-aHrhyinkRy a3 dand
hypert ensi on. ;. Such tive side-effects may |ead to decreased patient
conpl i ance ordﬁfyg%txé{rgfﬁgﬁ'gfo:f%rﬁn gfy?)tnﬁtéh gﬁlﬁra;seach that normal vision continues
to deteriorate. Additiwodain (2R BRERSRAE6H O MetltyBhSnoMIOl-mirimpd-y)-d@- 25n0t
respond wel | n treated wt ertain existing glaucoma therapies.

It has now bg\é}ﬂ%’f%(ﬁﬁﬁglyﬁﬁqfurénggﬁ) e%l]yil/émg’&enosi ne Al agonist in fine
particle formreduces @R, 3SHMRISRIED)S-dihgdkyBi(6aetrsiydeif@an-3ylanfiastrcul ar,
formul ati ons descri bed herein are c ounds of Formula I (e.g., Conpounds
A B C D Eurlf’—'fé"y@t%ﬁahﬁ?ﬁfaﬁ‘fzrylﬁgetggﬁl“irﬁ’e form that can reduce
intraocul ar pressure Iq'(lglaﬁ§,_upj5@\(}15-(6Q@3g~,1ohegylﬁﬁﬁapéHJpﬂriﬁleq,qi)_j’hl.eI‘ eof . 30As
shown in copending application US 12/771,289 Conpound A has been found to
i nduce a st atdihygioyiershyeiogHpt-odtethybaidaieel at ed decrement in 10P upon a
single application of CoOROURGRASLE-(bLEIEYL. PLnBiRWIRAEXNORILIAG. @ evat ed
intraocul ar pressure as a resuléBA o(f (Ol—gc Q@P&Cﬁ% Co%oundpA fpgrlrrul}?t ed inl
part to 20 partdhyderresappydpyirani3ylapethydekaesi n (HP13CD) (i.e. 1:20 wi/wt)
reconstityted with 0.9%558| in€3& 9k skNIs&SLhRK-6. S pydptek g6 to one
eye per subject (the st u@%“e(ye’;.’ D’osggg(g r angeg@fgroom éﬁg r12I CI? %ﬁlgﬁs to 700
m crograns peb-Tedbedpkxerahydatumemi-ygmelbp! sulfhie; 880ntg and 700 5ntg

treatment groups showeghg e sBIRAL ]S L fofIHSE e kiR SEEHNREES 5 4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate.

=+ 1

Here and elsewhere, where discrepancies exist between a compound’s name and

25 acompound’s structure, the chemical structure will control.

Compounds that act as selective adenosine Al agonists are known and have
shown a variety of utilities. U.S. Patent Nos. 7,423,144 and 7,732,424 to Jagtap et al.
describe the synthesis of certain Al agonists, as does co-pending application US

12/771,289. These references are incorporated herein by reference in their entireties.

30 The process for preparing the fine particles of the Al agonist may be carried out
with any of breakdown process such as a ball mill, a bead mill, a jet mill, and a hammer

mill; spray dry; and built-up process such as crystallization.
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The present invention is further illustrated by the follow ng exanpl es, but
shoul d not be construed to be limted thereto. 10 PREPARATI ON EXAMPLE

The i nvenwpanijpsesshdes an opht hal mic formul ati on conpri CHESM0BHISOUS
suspension of fine particles of an Al agonist. The Al agonist, e.g.,
Conpound A, in APl formwas fed into a loop mll at the rate of between
50-70 gns per hour and at a 15m |l pressure of 90 psi. The mlling process
produced fine partjcles havi .a range of. particle sizes of between 3-7
mcrons with an a@ ?Séllé%a%%ro{ p%llréverslﬁozrgisggeda Stﬁehglgn%rglrséeﬁgf?g ?%enlg% general |y
recogni zed t liahggragate thd parsdlzes theas®ronhat AD@gmist fronis siamortieed pdnickes stder ed

topically to the cornea in . an ophthal m c.fornul.ation w thout undue

P cati on 06 ERARCHP R obie ekl i dafir SR R PR cd ¢ he
rﬁsul ting }‘i Me p@Faciat i@gel&w&dgr&x@%%wuh)iol@ﬂfdaya@i(vga)gﬁms ﬂqﬁtra@@;brflrhdrﬂ)yﬂ Er ocess.
The particles were ifradiated at up.to 40 a to sterilize the
Conpound A PeRRRE AT] leauwmirm%lwﬂvém?a@§8ﬁ§¥>@ﬁrb6§t68hwssfba@&ﬁpound A
were made at pBguRelit 258858 RO kRarER| Hd18kRieas, BloxafOANPOE B afdEdakibLoid NEis

at nospheric pressure and the batches ranged in volume from10nm. to 120 nL

and i n concef baappesiated gt ety Phamsaceficabngsetithl asur esiciBatERE % equi r ed

the use of apst,@hRra [QLOThallc Rl chiRe m&@&%&&&%&@&&&ébpﬁé@t\éitﬁé‘eg%%ugh
shear to achi eve adequate wetting and di spersion of the Conpound A

aggr egat es 30pics! dinps. ph¢ papeyvative poihe nvantisarit isefl éxspresehe thperhiffainsioni xer used
was an Ol %ﬁﬁti%%r%@%md Nt}g@ireé?gr%ulmdbﬂa Aggf?gg? %ﬁxﬁfaﬂ{)nspr obe for 10

nmL bat ches an Omm gener ator probe for batches ni. Batches of
20 nL were piSeppablenedsyvativistindglomiuatamporanfrornighealts seh BOemakkotiem and t hat

was found_ tOcﬁ)l%rigeufc{tf:il%.ﬁa%Péll:ﬁgr%titﬁl%fg?r%iceac ] %Jr?cra%ﬁdo En%y%%e?ﬁ{%&%%v?y .
m croscopi ¢ eéxam nation. e steps taken for nmanufacturing e sterile
f or mul at i ons knewetods sfifo khdefcti Gl whe@arsbdiytoptd pplabdlnid wséucsodibam ( CMC) was

di ssol ved i n gbout. 70390%0f, water L0 8 batch. Pyci Ll ed Varer for vater
for InjectiofyRELPEECTIEE mighits cahanscd &SPy SR S SHAE AR AT BOE 700) or
room t enper akaitsebywt edditicd.of Chdlating agaitdsush ss addeddiic@iitne CMC and m xed to
di ssol ve. 10 : . o .
Suspending agents are used to increase the viscosity and reduce the settling rate

of the micronized particles in suspension and to allow for uniform dosing by an end

user. Suspending agents help to ensure uniformity in the manufacturing and filling

processes. Suspending agents are primarily polymers that are synthetic, semi-synthetic,

20  ornatural, and include without limitation: soluble cellulose derivatives such as
carboxymethylcellulose sodium (CMC), hydroxyethylcellulose, hypromellose and
others; polyvinyl alcohol, povidone, carbomers, hyaluronic acid and its salts, chondroitin

sulfate and its salts, natural gums, and other pharmaceutically acceptable polymers. It is

important to note that these suspending agents might also provide some surfactant

ho
W

properties as noted above.

Buffering agents are used to maintain the pH during shelf life in the range most
optimum to maintain chemical stability of the micronized particles of the A1 agonist.
Suitable buffering agents include citrates, acetates, phosphates, maleates, and other
pharmaceutically acceptable buffers, singly or in combination at levels that are not
30  irritating or discomforting to the eye.

In one embodiment, provided herein is an ophthalmic formulation for topical
application comprising a micronized A; agonist (e.g., compound A), a suspending agent,

a preservative, a surfactant, a buffering agent, glycine, and NaCl. The formulation can

15



3. The pH was adjusted to 5.110.1 wi th sodi um hydroxi de sol uti on of
appropriate strength. 4. Pol ysorbate 80 was added and m xed. The m xi ng was
gentl e t owewoiwhstman ng. 15 5. Benzal koni um chl ori de wagcrhspowdsiado and

m xed gently to avoid foam ng. 6. Sodi um chl oride was then added
and m xed so as to avoid foam ng. 207. The pH was neasured and re-adjusted
again to 5.10.1 if necessary. 8. The resulting solution was filtered
through a 0.2-m ¢ erd hizi ic| t i teri turi ng tank
caui pped i § FPR BLORSROE Nl ol o ou® SR SWRINGES Yo Y, | Ters of
| ar ger pore sg@és cauah irathe bplohal@@ fmnadgivnwil ghtinketiase detvkce?bheoessary, 9.

The sterile and, mcroni zed .parti of ound A were then added
aseptically %gg’ﬁé”é%]leﬁﬁ%%l egts(tlﬂoﬁfﬁog/‘?(?%’% %lboq‘?frﬁr\rl?\gocﬁﬁgﬂ’ Qﬁoyg%ieto achi eve
conpl et e wet hemg/idks@ersingi famuldien for espddl Zgdicpintcotpasn®middanpdund A. 30
10. The bal ance of .the water. in the h s then added, and m xed .to

ensur o hoqogBptyd . B ety oreVR R WA RE T B G S U ed i 1
necessary t oaddptdneydaatd gWictnd, SHAN0M Nyl skeonQan ByebnatineliieNacHd.
FORMULATI ON EXAMPLE 1 5The foll owi ng Fornmul ati on was prepared according to
the Fornul at PohtPr EpaH ativsieri AMptPUHEet MiBed above, however, glycine was
added after the citric acid and the pH was adjusted with hydrochloric acid.
I ngredient% w V 10Conpound A, mcronized0.4 Sodi um CMC, | ow viscosity0.70

Benzal koni u%ﬁébq}%or}g%AFﬁEﬁor bate 800. 3

10 As described in the co-pending application US 12/771,289, drug therapies that

have proven to be effective for the reduction of intraocular pressure include both agents
that decrease aqueous humor production and agents that increase the outflow facility.
Such therapies are in general administered by one of two possible routes: topically
(direct application to the eye) or orally. However, pharmaceutical ocular anti-

15 hypertension approaches have exhibited various undesirable side effects. For example,
miotics such as pilocarpine can cause blurring of vision, headaches, and other negative
visual side effects. Systemically administered carbonic anhydrase inhibitors can also
cause nausea, dyspepsia, fatigue, and metabolic acidosis. Certain prostaglandins cause
hyperemia, ocular itching, and darkening of eyelashes and periorbital tissues. Further,

20 certain beta-blockers have increasingly become associated with serious pulmonary side-
effects attributable to their effects on beta-2 receptors in pulmonary tissue.
Sympathomimetics cause tachycardia, arrhythmia and hypertension. Such negative side-
effects may lead to decreased patient compliance or to termination of therapy such that
normal vision continues to deteriorate. Additionally, there are individuals who simply do

25 not respond well when treated with certain existing glaucoma therapies.

It has now been found that a selective adenosine Al agonist in fine particle form
reduces IOP in humans in clinical studies. In particular, formulations described herein
are compounds of Formula I (e.g., Compounds A, B, C, D, E, F, G or H), in fine particle
form, that can reduce intraocular pressure in a subject (e.g., a human) in need thereof.

30 As shown in copending application US 12/771,289 Compound A has been found to
induce a statistically significant dose-related decrement in IOP upon a single application

of Compound A to the eye of a human exhibiting elevated intraocular pressure as a
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Ctric Acid Monohydrate0O.15 (7m\M 15d ycine0.1 NaCl0.8 (gs to 290-300 n0sm
NaOH HClpH5. 10. 1 Purified Waterq.s. 100. 00. 20 FORMJLATI ON EXAMPLE 2

The fol | omDng11FBBswml ati on was prepared accordi ng to thepEwruszéiaiosmmo
Preparati on Exanpl e descri bed above. Ingredient% wv 25Conpound A,

m croni zed0. 4 Sodi um CMC, | ow vi scosity0. 70 Benzal koni um Chl ori de0O. 01

Pol ysorbate 800.3 Citric Acid Mnohydrate0.15 (7mV 30d yci ne0. 0 NaCl10. 8

(gs to 290-300 NaQ1- (fie

FORMULATI ON %‘ﬁ@% Pt %%ﬁ%eguﬁ%%‘%ﬁwmnﬁ%{g%’rln%ﬁﬁ?@h%ﬁgig d%‘%g’B%&éld
accordi ng t o ptdyelddextrin (8RR (Pe.dpdrat o recExaingédevites 8Yi b Bboyetiohowever ,
ﬁlyé(r:ljgﬁl \gkrils C?%%fevgﬁs%zl}menristérgc? tocolng I;:}Irecpezri(s:lllb?ec?&gg stvafl(pyeeyeg._| ]:y\(%ggeg‘gin%eszé ﬁgmw th

2.5 micrograms to 700 micrograms per respective treatment group. The 350meg and 700

5 mcg treatment groups showed the greatest reduction in [OP.

EXAMPLES
The present invention is further illustrated by the following examples,'but should
not be construed to be limited thereto.
10
PREPARATION EXAMPLE

The invention provides an ophthalmic formulation comprising an aqueous
suspension of fine particles of an Al agonist. The Al agonist, e.g., Compound A, in
API form was fed into a loop mill at the rate of between 50-70 gms per hour and at a
15  mill pressure of 90 psi. The milling process produced fine particles having a range of
particle sizes of between 3-7 microns with an average particle size of about 5 microns.
It is generally recognized that particle sizes less than 50 microns can be administered
topically to the cornea in an ophthalmic formulation without undue irritation to the
cornea or ocular tissue. Once Compound A was milled the resulting fine particles were
20  sterilized by a gamma irradiation process. The particles were irradiated at up to 40 Gray

(Gy) to sterilize the Compound A.

FORMULATION PREPARATION

25 The suspension batches of Compound A were made at Newport Research in
California at room temperature and atmospheric pressure and the batches ranged in
volume from 10mL to 120 mL and in concentration from 0.4% to 2.5% of Compound A.
Most batches required the use of a stator-rotor mixer (a high-shear mixer) to provide
enough shear to achieve adequate wetting and dispersion of the Compound A aggregates

30 to the primary micronized particles. The specific mixer used was an OMNI MIXER
HOMOGENIZER, Model 17105 with 10mm generator probe for 10 mL batches and
20mm generator probe for batches of 100-120 mL. Batches of 20 mL were prepared by
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Ingredient% w v Conmpound A, mcronized0.4 Sodium CMC, | ow viscosity0.70
10Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 G tric Acid Mnohydrate0.3
(14mV) dwoizoasisehaCl0. 8 (gs to 290- 300 nmOsn) 15NaOH Hetwhis20180s54b46°uri fi ed
Waterq.s. 100.00. FORMULATI ON EXAMPLE 4 The foll owi ng Fornul ati on was
prepared according to the Fornul ati on 20Preparati on Exanpl e descri bed
above, however, gl yci ne was added after the citric acid and the pH was

dj usted with, hyd i ' I. di t % d2.0
S5S0ai um o RSOER B8 a miflgi S Kt PHEBRHI a0 Bl "800 3
Citric Acid Nbpekiyfbadedmided by mWrofdoyicrg@Bindtion.

The steps taken for manufacturing the sterile formulations were as follows:

5 1. Carboxymethylcellulose sodium (CMC) was dissolved in about 70%-90% of
water in a batch. Purified Water (or Water for Injection) may be used. This step

may be done using warm (50°C-70°C) or room temperature water.

2. Citric acid was added to the CMC and mixed to dissolve.
10
3. The pH was adjusted to 5.140.1 with sodium hydroxide solution of appropriate
strength.

4. Polysorbate 80 was added and mixed. The mixing was gentle to avoid foaming.

15

5. Benzalkonium chloride was then added and mixed gently to avoid foaming.
6. Sodium chloride was then added and mixed so as to avoid foaming.
20 7. The pH was measured and re-adjusted again to 5.1+0.1 if necessary.

8. The resulting solution was filtered through a 0.2-micron sterilizing filter in a
sterile manufacturing tank equipped with a powder transfer device and suitable
mixer(s). Prefilters of larger pore sizes such as 5 or 20 micron might be used if

25 necessary.

9. The sterile and micronized particles of Compound A were then added aseptically
to the solution resulting from Step 8 and then mixed to achieve complete
wetting/dispersion of the micronized particles of Compound A.

30
10. The balance of the water in the batch was then added and mixed to ensure

homogeneity.

18



30NaCl10.8 (gs to 290-300 nDsm) NaOH HClpH 5.10.1 Purified Waterq.s. 100. 00.
FORMULATI ON EXAMPLE 5 A batch of Cinical Trial Material (CTM was

pr epar ed woder1/ss®pi | e condi ti ons using the sanme procedece/ssodesone bed
above for the Formul ati on Preparati on Exanpl e and made up according to the
following Fornulation. 5 Ingredient% wv Conpound A, mcronizedO. 152

Sodi um CMC, | ow vi scosity0. 70 Benzal koni um Chl ori de0. 01 10Pol ysor bate 800. 3

Citric Acid Mnph t 7 ' . s
NaOH HC1pH 5. 10&1@%‘%&5??‘@ h\/@%\%’%‘%%& %d%&%%ﬁﬁgﬁoﬁ%ﬁ@% "
A batch of d i ni caddivbn halroivéd erhiydtocflcidpcidvas prepared under sterile

condi tions using the sane procedure as descri bed above for the Formnul ation
Preparati on Exanpl e 20and nade up according to the foll ow ng Fornul ation.

| ngr edi ent % RORMTDAPMMEXAMPLIEL Ooni zed0. 30
5 The following Formulation was prepared according to the Formulation
Preparation Example described above, however, glycine was added after the citric acid

and the pH was adjusted with hydrochloric acid.

Ingredient %o, wiv
10 Compound A, micronized 0.4
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (7mM)
15 Glycine 0.1
NaCl 0.8 (qs to 290-300 mOsm)
NaOH/HCI pH  5.1z0.1
Purified Water q.s.  100.00.

20  FORMULATION EXAMPLE 2
The following Formulation was prepared according to the Formulation

Preparation Example described above.

Ingredient Yo, W/V
25 Compound A, micronized 0.4
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (7TmM)
30 Glycine 0.0
NaCl 0.8 (gs to 290-300 mOsm)
NaOH/HCI pH 5.1+0.1
Purified Water q.s. 100.00.
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Sodi um CMC, | ow vi scosity0, 70 Benzal koni um Chl ori de0. 01 25Pol ysor bate 800. 3
Citric Acid Monohydrate0O.15 (7mM dycine0.0 NaCl0.8 (gs to 270-300 nOsm
NaOH HClpWo20i1#0333930Puri fi ed Waterq.s. 100.00. FORMILACT@N2&86840ue 7

A batch of Cinical Trial Material (CTM was prepared under sterile
conditions using the sane procedure as descri bed above for the Fornulation
Preparati on Exanpl e and nade up according to the follow ng Formul ati on.
5Ingredient% w v Conpound A, mcronized0.61 Sodium CMC, |ow viscosity0.70
Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 10Citric Acid Monohydrate0. 15
(7mV) d yci nEORMNaLTIONBEKGSRIGE 270- 300 nOsm) NaOH HClpH 5. 1+0.1 Purified

Wat erq. s.

5

100. 00.

The following Formulation was prepared according to the Formulation

Preparation Example described above, however, glycine was added after the citric acid

and the pH was adjusted with hydrochloric acid.

Ingredient Yo, wiv
Compound A, micronized 0.4
Sodium CMC, low viscosity 0.70
10 Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.3 (14mM)
Glycine 0.1
NaCl 0.8 (gs to 290-300 mOsm)
15 NaOH/HCI pH 5.1+0.1
Purified Water g.s. 100.00.
FORMULATION EXAMPLE 4

The following Formulation was prepared according to the Formulation

20  Preparation Example described above, however, glycine was added after the citric acid
and the pH was adjusted with hydrochloric acid.
Ingredient Yo, Wiv
Compound A, micronized 2.0
25 Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (TmM)
Glycine 0.1
30 NaCl 0.8 (gs to 290-300 mOsm)
NaOH/HCl pH 5.10.1
Purified Water g.s. 100.00.

20



15 FORMJULATI ON EXAMPLE 8

A batch of dinical

Trial Material (CTM was

prepared under sterile conditions using the sane procedure as descri bed
above forwoheifssswl ati on Preparati on Exanpl e and nade epTaseomwessgoto the

foll owi ng Forrmul ati on.
Sodi um CMC,

NaOH HCLpH

A batch of

condi tions using gfggtcﬁgp@n%@mqﬁgmﬁe

Preparati on Exanpl e an

20l ngredient% wv

Compound A, m cronized0. 91

| ow vi scosity0. 70 Benzal koni um Chl ori de0. 01 Pol ysor bate 800. 3
25Ci tric Acid Monohydrate0.15 (7mM d yci ne0.0 NaCl0.8 (qgqs to 270-300 nsn)

(Eerpri

e up according to

5 i terqg.s. 100.00. 30 FORMULATI ON EXAMPLE 9
&éﬁ%@%kﬁq aFﬁmE?% (CTM was prepared under sterile _
atpggzp?rg??ﬁ’ﬁief Qtrilk Q&qdft%gm ation

ow ng Fornul ati on.

51 ngr edi ent %ysing the s@onpocdreAs descdbairibzed2r te IsodilatmnAvpardtiowbyisplesi t y0. 70
Benzal koni u man(aﬂI %QJe' u%eaQCOQ&ing to the following Formulation.

5

20

25

30

Ingredient

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride
Polysorbate 80

Citric Acid Monohydrate
Glycine

NaCl

NaOH/HCI

Purified Water

FORMULATION EXAMPLE 6

Yo, wiv
0.152
0.70
0.01
0.3
0.15 (7TmM)
0.0
0.8 (gs to 270-300 mOsm)
pH 5.1+0.1
g.s. 100.00.

A batch of Clinical Trial Material (CTM) was prepared under sterile conditions

using the same procedure as described above for the Formulation Preparation Example

and made up according to the following Formulation.

Ingredient

Yo, W/V

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride
Polysorbate 80

Citric Acid Monohydrate
Glycine

NaCl

NaOH/HCI

Purified Water

21

0.30

0.70

0.01

0.3

0.15 (TmM)

0.0

0.8 (gs to 270-300 mOsm)
pH 5.1+0.1

q.s. 100.00.



Pol ysorbate 800.3 10CG tric Acid Mnohydrate0.15 (7mM G ycine0.0 NaCl0. 8
(gs to 270-300 mOsn) NaOH HClpH 5.10.1 Purified Waterq.s. 100.00. 15 USE OF
FORMULATI VO 2BAIsBYsES Ani mal St udi es The For nul ati ecTEsanplosssd to 3
above were used in an ani mal study involving ocul ar nornotensive

Dutch-Bel ted rabbits. Additionally 3 equival ent placebo 20fornul ations to
that of Fornul ation Exanples 1, 2 and 3 descri bed above were prepared as

per the meﬁ(}%\@lﬁﬂAW&%‘MﬁtE; and 3 above, but | acking Conpound A
C -

Ocul ar nor not ensi ve el'ted rabbits were prepared for study and for
each treatnent gr IR ki MR, 088N nddr ReBRGANdiE SRt MENt
group 6 animals rg\t%fc\gggegglg?lgé%g . %plgp(lgrse tag :}%a%ﬁynté te.he. cgrlﬁea of one
treat ment eyaesiof tchemEpronuluat dsolnscEkahpices f@Slwhidugulatien Prepaitivindradplani mal s
received the aag%g&c&pl %gorgfngqggg{&wi E{g{;&;{}uqagm he cornea of one treatnent

re o he Trea

eye. The intraocular presstre ment eye of each of the rabbits

in each treatment In’%{r@di?nt""as nmeasured at tinme ioptgpvals, 1, 2, 4, 6 and 8
hours post adni ni St n Exanple or the
respective pl aceb&ompound A, miciPhiged esul ts of t Weblstudy are shown in Figures
1 and 2. It can b I . s 30shown i Figure 1 that the TOP

val ues seen bef orgoﬁﬁﬁ%é\%(?’e%&ga%)%strati on ofonztohe respective placebos are
conpar abl e t o bas8knmkohiemelidoride It can fQHit her be seen in the plots
shown in Figure 2 tlhatba%:@ | OP val ues at and ost adm ni stration of the
respective Formul A7 &h npl es were reduced from baseline |evels over the
8 hour peni od postiAdatididéroadydraa. Furt hei nor @.15t(7a&H be seen that all

t hree Fornmul ati on anpl es produced conpar abl eductions in IOP. It is
anti ci pat ed 5t hat "5l ar results woul d be seé? in the reduction of 10P in
humans given the ®aciier clinical trial conpletsdsy270B@0AEMm)cant as
described in co pﬁgghp}%lappl ication US 12/ 771,1012{859&0_1

Purified Water g.s. 100.00.

15
FORMULATION EXAMPLE 8

A batch of Clinical Trial Material (CTM) was prepared under sterile conditions
using the same procedure as described above for the Formulation Preparation Example

and made up according to the following Formulation,

20 Ingredient Yo, WiV
Compound A, micronized 0.91
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3
25 Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.0
Nac(l 0.8 (gs to 270-300 mOsm)
NaOH/HC] pH 5.1+0.1
Purified Water q.s. 100.00.

30
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Stability Studies 10The fornul ation prepared in Fornul ati on Exanple 4 was
studied for stability over a 3 nonth period at 2-8 degrees C. Sanples were
t aken at wowesks3seéd nonth, 2 nonths, 3 nonths, 6 nonthspamdsi@omenths and
anal yzed by |iquid chromatography. The stability findings are tabulated in
Table 1 below 15Table 1 Tine at 2-8 C Conpound A A Inpurities A) pH
100.00 028 4.9 2 weeks 100.99 0.25 87 1 nonth 100.11 0.29 .88 2 nonths

FORMULATION EXAMPLE 9

A batch of Clinical Trial Material (CTM) was prepared under sterile conditions
using the same procedure as described above for the Formulation Preparation Example

and made up according to the following Formulation.

5 Ingredient Yo, Wiv

Compound A, micronized 2.42
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate §0 0.3

10 Citric Acid Monohydrate 0.15 (7mM)
Glycine 0.0
NaCl 0.8 (gs to 270-300 mOsm)
NaOH/HCI pH 5.1+0.1
Purified Water g.s. 100.00.

15

USE OF FORMULATION EXAMPLES
Animal Studies

The Formulation Examples | to 3 above were used in an animal study involving

ocular normotensive Dutch-Belted rabbits. Additionally 3 equivalent placebo

20  formulations to that of Formulation Examples 1, 2 and 3 described above were prepared
as per the Formulation Examples 1, 2 and 3 above, but lacking Compound A. Ocular
normotensive Dutch-belted rabbits were prepared for study and for each treatment group
nine (n = 9) animals were chosen. In each treatment group 6 animals received a single
50ul dose topically to the cornea of one treatment eye of the Formulation Example,

25  while the remaining 3 animals received the respective placebo topically to the cornea of
one treatment eye. The intraocular pressure of the treatment eye of each of the rabbits in
each treatment group was measured at time intervals, 1, 2, 4, 6 and 8 hours post

administration of either the Formulation Example or the respective placebo.

The results of the study are shown in Figures 1 and 2. It can be seen in the plots
30 shown in Figure 1 that the IOP values seen before and after administration of the

respective placebos are comparable to baseline levels.

23



98.21 0.22 .91 3 nonths 98.79 0.23 9.92 6 nonths 96.590 0.21 .89 12 nonths

97.423 0.17 .83 As can be seen fromthe results in Table 1 the
suspensi onof2ormsbswbi on of Formul ati on Exanpl e 4 was subgtantsb@lboloysosd abl e
over a 12 nonth period upon storage at 2-8 C The fornul ation

prepared in Formul ati on Exanple 2 was studied for stability over a 6 nonth
period at 2-8 degrees C Sanples wer e taken at 1 nont h, 2 nonths, 3 nonths,

4 th d 6 th d d bili
fi Ir’lrglnng: Z‘Pe tagﬂ SH S%r%ger ha‘fgg‘einx% 66)2 S sho 111,aﬁu eogﬁx%tq% Wyaluelgpa ﬁt apility

post administration of the respective Formulatlon Examples were reduced from baseline
levels over the 8 hour period post administration. Furthermore it can be seen that all
three Formulation Examples produced comparable reductions in IOP. It is anticipated

5  that similar results would be seen in the reduction of IOP in humans given the earlier
clinical trial completed by the Applicant as described in co-pending application US
12/771,289.

Stability Studies

10 The formulation prepared in Formulation Example 4 was studied for stability
over a 3 month period at 2-8 degrees C. Samples were taken at 2 weeks, 1 month, 2
months, 3 months, 6 months and 12 months and analyzed by liquid chromatography.
The stability findings are tabulated in Table 1 below.

15 Tablel
Time at 2-8 °C Compound A %  [Impurities % pH
0 100.00 0.28 4.9
2 weeks 100.99 0.25 4.87
1 month 100.11 0.29 4.88
2 months 08.21 0.22 4.91
3 months 08.79 0.23 4.92
6 months 96.590 0.21 4.89
12 months 07.423 0.17 4.83

As can be seen from the results in Table 1 the suspension formulation of
Formulation Example 4 was substantially stable over a 12 month period upon storage at

2-8 °C.,

24



Time at 2-8 C Conmpound A A npurities A 0 100 0.28 5.17 1 nonth 97.8 0. 23
5.04 2 nonths 102,4 0.24 5.16 3 nonths 101.8 0.3 5.21 4 nonths
WO 2011/053569 PCT/US2010/054040

The formulation prepared in Formulation Example 2 was studied for stability
over a 6 month period at 2-8 degrees C. Samples were taken at | month, 2 months, 3
months, 4 months and 6 months and analyzed by liquid chromatography. The stability

findings are tabulated in Table 1 below.

5
Table 2
Time at 2-8 °C Compound A %  [Impurities % pH
0 100 0.28 5.17
1 month 97.8 0.23 5.04
2 months 102.4 0.24 5.16
3 months 101.8 0.3 5.21
4 months 105.2 0.3 5.20
6 months 106.5 0.34 5.09
12 months 102.9 0.41 5.18
As can be seen from the results in Table 2 the suspension formulation of
Formulation Example 2 was substantially stable over a 12 month period upon storage at
10 2-8°C.

At the time of filing this application, the stability of Formulation Examples 5-9
had been studied for a period of 3 months under refrigerated conditions (5 degrees
Celsisus) and the stability of these Formulation Examples appeared satsifactory, with the
pH readings remaining stable and the percentage of total impurities remaining

15 substantially unchanged.

The present invention and its embodiments have been described in detail.
However, the scope of the present invention is not intended to be limited to the
particular embodiments of any process, manufacture, composition of matter,
compounds, means, methods, and/or steps described in the specification. Various

20  modifications, substitutions, and variations can be made to the disclosed material
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105.2 0.3 5.20 6 nonths 106.5 0.34 5.09 12 nonths 102.9 0.41 5.18

As can be seen fromthe results in Table 2 the suspension formnul ation of
For mul at iwo 2bxaspdee 2 was substantially stable over a l12cmstédopsiis@d upon
storage at i102-8 C. At the time of filing this application, the stability
of Formul ati on Exanpl es 5-9 had been studied for a period of 3 nonths under
refrigerated conditions (5 degrees Cel sisus) and the stability of these
Forrmul ati on I tsifac i i : i ni ng
rabl e and t Rooa e R ARRRR R 5P hd @k Ohba irdlerd I, AT BTSRRI J
unchanged.  Accordinlyeonprod selrtary skiléimt thoart andrepdily apptsoidierfem theldxvlesiseen
described in,d il. ver he. scq of the present invent.i i's not
"ntended to B REPee e AReRE ARG Pk BT E Ry RSN O e S

manuf act ur e, saodfpediohiod achidvingetibeantiaby peamds:sulmesansodimensoldsribahd/ or st eps
described_in_the specif..cation, Various.20 ificatigns, substitutions, and
variations cg?felﬁén%&ciémi%e%taﬁ(éorgi‘ing ?‘1 %‘§§6€1%§‘{T%?d703imen&/ﬁ ‘gﬁbﬁﬁm&%ﬁd%eﬁ#%@ from
the spirit amdhQtheaslssnhd ahinshes iaehéyd 6 th@snpads withén Mieie s@pt nod\Rmidnen.
Accordingly, aone of ordinary skill in the art will readily appreciate from
the di scl osuf@stEens; é@”ﬁ%ﬂ?ﬁ?@@&%ﬁﬁ#?a 89St PRIRSONSH AP var i at i ons

perform ng suhgpmbd, alehds, BBosaBRI/Egk dRACQK haeh. evi ng substantially the
sane result as enbodi nents descri bed
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Sherein may be utilized according to such related enbodi nents of the
present invention. Thus, the followng clains are intended to enconpass

wi t hin t hwonosiospsonodi fi cations, substitutions, and varpPc&usSeans/05m40
processes, manufactures, conpositions of matter, conpounds, neans, nethods,
and/ or steps disclosed herein. CLAIMS: 1. An ophthalmc fornulation for
topi cal application conprising: an aqueous suspension of a fine particle of
an Al agoni sy avgur factant, and 5(c)a preservative. 2. The ophthalmc
formul ati on according to claim1, wherein the suspension of an Al agoni st
conprises fine paAflbﬁlt@ﬁmefofnaﬁaiowfmoéi_Qal%ﬁrc@ﬂ@ comprisinghe ophthal m ¢
formul ati on according to claim2, wherein the fine particles are | ess than
10 microns. 10 4.(Hhe ophtyhalsbipdnelonul atihoparadeof di Aggoais¢l ai m 2, wherein
the fine particles are between 3-7 mcrons. 5. The ophthalmc fornulation
according to claiml, asheheinm dle Al agonist is selected from Conmpound A
HN 15 ((2R 3S, 4R 5R)-5-(6-(cycl opentyl am no) - 9H puri n-9-y1)- 3, 4-

di hydr oxyset r ahydiepf uragmes@ewttiyaret hyl nitrate, Conpound B

((2R, 3S, 4R 5R) - 5- (2-chl oro- 6- (cycl opentyl am no) - 9H puri n-9-y1) -3, 4-

di hydr oxyt et Rahyd¥isfaphtalngic fdrprratipy hecpidingdd elainConyslesueinl the sgspension of an

A1l agonist comprises fine particles of less than 50 microns.
3. The ophthalmic formulation according to claim 2, wherein the fine particles are
less than 10 microns.

10 4 The ophthalmic formulation according to claim 2, wherein the fine particles are
between 3-7 microns.

5. The ophthalmic formulation according to claim 1, wherein the Al agonist is

O
1,

"""”OH

selected from:

Compound A

g s

15 ONO2
((2R,38,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methy! nitrate,

Compound B

27



sodi um (( 2R, 3S, 4R 5R) - 5- (6- (eycl opentyl am no) - 9H purin-9-y1) -3, 4-

di hydr oxyt et r ahydr of uran-2-yl ) net hyl sul fate, Conpound D

(( 2R, 3S, 4R02R17B3%k9di hydr oxy- 5- ( 6- (t et r ahydr of ar an- 3- y 1egirnspe8iopiene n- 9- ypt
et rahydrofuran-2-yl)methyl nitrate, Conpound E ONO2CH

((2R, 3S, 4R 5R) - 5- (6- (cycl ohexyl am no) - 9H purin-9-y1)-3 , 4-

di hydr oxyt et rahydrof uran-2-yl)nmethyl nitrate, 10Conpound F

((2R, 3S,4R 5R) - 5- (6-(bicycle-[2.2.11-heptan-2-yl am -9H purin-9-y1)-

3, 4-di hydr oxyt et rahydr of uran-2-yl ) net hyl nitrate, nmpound G HNr"--11:11
sodi um (( 2R, 3S, 4R, 5R) - 5- (2-chl or 0- 6- (cycl ohexyl am H purin-9-

y1) - 3, 4-di hydr oxyt et r ahydr of ur an- 2-yl ) net hyl sut¥ and

Z2n Y
ONO

((2R,3S,4R,5R)-5-(2-chloro-6-(cyclopentylamino)-9H-purin-9-yl)-3,4-

at e,

dihydroxytetrahydrofuran-2-yl)methyl nitrate,
Compound C

sodium ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl1)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl sulfate,
Compound D
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10Conmpound H HN-""..-ED

((2R, 3S, 4R, 5R) - 5- (2- chl or 0- 6- (cycl ohexyl am no) - 9H puri n-9-y1) -3, 4-

di hydr oxywetnatsssedf ur an- 2-yl ) net hyl nitrate. 6. The ophtrhaiuseeofossonul ati on
according to claim1, wherein the Al agonist is 5 conmpound A Conmpound A
((2R, 3S, 4R 5R) - 5-(6-(cycl opentyl am no) - 9H puri n-9-y1) -3, 4-

di hydr oxyt et rahydrof uran-2-yl)nethyl nitrate. 107. The ophthal mc
formul ati on according to claim1, wherein the surfactad is selected from
pol ysorbat e 80, pol ysorbate 60, polysorbate 40, pol pat e 20, pol yoxyl 40
stearate, pol oxanmers, tyloxapol, POE 35 and castor
formul ation according to claim1, wherein the prggervative is selected from
a quat ernary anmoni um salts including benzal koni um chl ori de, cetrim de,

chl orobut anol, sorbic acid, boric acid, a:%y er preservatives known

to be safe and effective when used in topigal t hl m ¢ products. 9. The
ophthal mc fornul ati on according to claimy, rtggibincluding an

osnol arity agent. 510. The opht hal m ¢ formnul yaccording to claim9,
wherein the osnolarity agent is selected fyom sodi um chl ori de and
glycerine. 11. The ophthal mc fornul atfonNaccording to claim11, further
including a buffering agent. 12. The opht hal"ti®¢ fornul ati on according to
claim11l, wherein the buffering agen

g\u‘“"

ONO,

((2R,3S5,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-
purin-9-yl)tetrahydrofuran-2-yl)methyl nitrate,
5 Compound E

J

-nlll”OH

o

ONO, H

((2R,38,4R,5R)-5-(6-(cyclohexylamino)-9H-purin-9-yl)-3 4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate,

10 Compound F
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10is selected froma citrate, acetate, phosphate, nal eate, and ot her

phar maceutical |y acceptable buffer, singly or in conbination at |evels that
are not iwoizbatisegeor di sconforting to the eye. 13. Thecopsthalosiogso
formul ati on according to claim11, further including a suspendi ng agent.
1514. The ophthal mc fornulation according to claim21 wherein the suspendi ng
agent sel ected from carboxynet hyl cel | ul ose sodi um ( CVC)

hydr oxyet hyl cel | ul ose, hypronel | ose, polyvinyl alcah povi done,

carboners, hyaluronic acid and its salts, chondroi ulfate and its
salts, natural guns, and other pharmaceutically ag
2015. The ophthal mc formul ati on according to chi urther including

glycine as a stabilizer. 16. The ophthalm c fofmulation according to claim
1 wherein the pH of the forrmulation is be 0 and 7.0. 17. The
ophthal mc fornulation according to cIaiﬁil6[mher in the pH of the

8

25fornmul ation is between about 4.5 and 5. .Ahe ophthal mc formul ation
according to claim 17 wherein the pH of tphe fomnul aki on i s between about
5.0 and 5.2. 19. The ophthal m c formy.-atjon according to claim1 wherein
the Al agonist present in the formulatfiony.s,bhetween 0.05 - 5.0 % wv.
3020. The ophthal m c fornul ati on accorei to claiml1 wherein the surfactant
present in the fornulation is betweén 0.2 - 0.5 % wv. WO

2011/ 053569PCT/ US2010/ 054040 21. The ophéshal mic fornmul ation according to
claim 1 wherein the preservative presént in the fornulation is between
0.005 - 0.015 % wv. (2R3SFRSRopHoEHbicwc[F DI MeptniZonamesPdipvgnolel ai m 1

conpri si ng: 5'“gfedie“t”%fMﬁMyé%xﬂQ8£§a£ﬁn£1f&ﬁﬂ&ﬁQQQnQQ - 5.0 A suspending

agent0.4 - 1.5
HN
N
</f |
N /A
N cl

HilOH

Compound G

oww

0803Na H

sodium ((2R,385,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-
yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl sulfate, and

10 Compound H
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A preservative0.005 - 0.015 A surfactant0.2 - 0.5 10A buffering

agent 5mvt 20nM A ycineO - 0.2 NaClTBD (qs to 270-330 nOsn) NaOH HC1 (pH

adj ust renvppbiidstses 7.0 0.1 Purified Waterq.s. 100.00. ?ET/1R3010/06@40

ophthal m c formul ati on according to claim 1 conprising: Ingredient% wv
Compound A, mcronized0.4 (4ng/ m) Sodium CMC, | ow viscosity0.70

20Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 Citric Acid Mnohydrate0O. 15 -
0.3 (7nM -14mVM) G ycine0 - 0.10 NaClTBD (gs to 290- 308 _ntOsm) 25NaOH HC1 (pH
adjustnment)pH 5.10.1 Purified Waterqg,s. 00.00. 24 opht hal m ¢

formul ati on according to claim21 conprising: |Ingred A, wWyv
HN
N
(T
Py
N o]
"“””OH

owme”

ONO, H

((2R,38S,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate.
6. The ophthalmic formulation according to claim 1, wherein the Al agonist is

5  compound A

Compound A
((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yDmethyl nitrate.

o 7. The ophthalmic formulation according to claim 1, wherein the surfactant is
selected from polysorbate 80, polysorbate 60, polysorbate 40, polysorbate 20, polyoxyl

40 stearate, poloxamers, tyloxapol, POE 35 and castor oil.

8. The ophthalmic formulation according to claim 1, wherein the preservative is

selected from a quaternary ammonium salts including benzalkonium chloride, cetrimide,
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Compound A, m croni zed0.4 (4ng/ m) 30Sodi um CMC, | ow vi scosity0.70

Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 WO

2011/ 0535606B01/d3s010/ 054040 Citric Acid Mnohydrat e0. 1pcisbdio@saoas ne0. O
NaCl 0.8 (gs to 290-300 nmOsn) NaOH HCl (pH adjustnment)pH 5.1+0.1 5Purified
Waterqg.s. 100.00 25. The ophthalm c fornul ation according to claiml
conprising: Ingredient% w v Conpound A, mcronized2.0 (20ng/ M) 10Sodi um
CVC, | ow vi Sslgéﬂoﬁmgnomom% KO 44, SR BTy ARQ- %erl'v‘&lvséﬂa{o%tt@ b8 Aol tric
Aci d Monohydr at e0. /mV) G ycine0.1 15Na 10 (gqs to 290-300 nGsn

NaOH HC1 ( pHeﬁ@JnM@wh@m%H tgpigai gphthalmic products.

9. The ophthalmic formulation according to claim I, further including an

osmolarity agent.

5 10.  The ophthalmic formulation according to claim 9, wherein the osmolarity agent

is selected from sodium chloride and glycerine.

11.  The ophthalmic formulation according to claim 1, further including a buffering
agent.
12. The ophthalmic formulation according to claim 11, wherein the buffering agent

10 is selected from a citrate, acetate, phosphate, maleate, and other pharmaceutically
acceptable buffer, singly or in combination at levels that are not irritating or

discomforting to the eye.

13. The ophthalmic formulation according to claim 1, further including a suspending
agent.
15 14, The ophthalmic formulation according to claim 1 wherein the suspending agent

selected from carboxymethylcellulose sodium (CMC), hydroxyethylcellulose,
hypromellose, polyvinyl alcohol, povidone, carbomers, hyaluronic acid and its salts,

chondroitin sulfate and its salts, natural gums, and other pharmaceutically acceptable

polymers.

20 15.  The ophthalmic formulation according to claim 1 further including glycine as a

stabilizer.

16.  The ophthalmic formulation according to claim 1 wherein the pH of the

formulation is between 3.0 and 7.0.

17.  The ophthalmic formulation according to claim 16 wherein the pH of the

25  formulation is between about 4.5 and 5.5.

18. The ophthalmic formulation according to claim 17 wherein the pH of the

formulation is between about 5.0 and 5.2.

19.  The ophthalmic formulation according to claim 1 wherein the A; agonist present

in the formulation is between 0.05 — 5.0 %, w/v.

30 20 The ophthalmic formulation according to claim 1 wherein the surfactant present

in the formulation is between 0.2 — 0.5 %, w/v.
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Purified Waterq.s.

100. 00 26. The ophthalmc formul ati on according to claim

1 conprising: 20lIngredientw v Conpound A, m cronized0.152 Sodi um CMC, | ow
vi scosi t Wo2011Bsssal koni um Chl ori de0. 01 Pol ysor bat e 800p8TABShNM4ACi d
Monohydrat e0. 15 (7mV) d yci ne0. 0 NaCl0.8 (gs to 270-300 nmOsm) NaOH HClpH

5.1+0.1 Purified Waterq.s.
according to claim1 conpri sing:
2011/ 053569PgT/ USg

vi scosity0. 70 Benza

oni um Chl ori de0. 01

100. 00. 30 27. The ophthalmc fornul ation
I ngredi entw v WO

&Mé%r@ﬁﬁ&y&goﬁin M 001 3@dQinde
ol ysor bat e 800.

gﬁﬂﬁkgwc, !ow
5Citric Acid

Monohydr at eOpreSen¢ g formulation is between 0.005 — 0.015 %, w/v.

10

20

25

30

22.

23.

24,

The ophthalmic formulation according to claim 1 comprising:

Ingredient

Al agonist, micronized

A suspending agent

A preservative

A surfactant

A buffering agent

Glycine

NaCl

NaOH/HCI (pH adjustment)
Purified Water

%, WiV

0.05-5.0

04-1.5

0.005 -0.015

0.2-0.5

SmM-20mM

0-0.2

TBD (gs to 270-330 mOsm)
pH 3.0 - 7.0 +0.1

q.s. 100.00.

The ophthalmic formulation according to claim 1 comprising:

Ingredient

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride
Polysorbate 80

Citric Acid Monohydrate
Glycine

NaCl

NaOH/HCI (pH adjustment)
Purified Water

%, wiv

0.4 (4mg/ml)

0.70

0.01

0.3

0.15-0.3 (7mM -14mM)
0-0.10

TBD (gs to 290-300 mOsm)
pH 5.1+0.1

q.s. 00.00.

The ophthalmic formulation according to claim 1 comprising:

Ingredient

Compound A, micronized
Sodium CMC, low viscosity
Benzalkonium Chloride

Polysorbate 80

33

%o, wiv

0.4 (4mg/ml)
0.70

0.01

0.3



d ycine0.0 NaCl10.8 (gs to 270-300 nOsn) NaOH HClpH 5.10.1 Purified
Waterqg.s. 100.00. 1028. The ophthalmc fornul ati on according to claim1l
conpri si ngo 2bngrsedbent % w v Conmpound A, m croni zed0. 61 pBodiseeno/084040 | ow
vi scosi ty0. 70 Benzal koni um Chl ori de0. 01 15Pol ysorbate 800.3 Citric Acid
Monohydrate0. 15 (7mV d yci ne0. 0 NaCl0.8 (gs to 270-300 nmOsm) NaOH HClpH

5.10.1 20Purified Waterq.s.

100. 00. 29. The ophthal mc formul ati on accordi ng

to claim1l conpriéhﬁgédgaﬂﬁgﬁ%§g£@6 w v Cbnpo%gg(@nwgicronized0.91 25Sodi um
. ol ys
0

CMC, | ow viscosity enzal konr um Chl ori deO. or bate 800. 3
Glycine 0.
NaCl 0.8 (gs to 290-300 mOsm)
NaOH/HCI (pH adjustment) pH 5.1£0.1
5 Purified Water g.s. 100.00

25. The ophthalmic formulation according to claim 1 comprising:
Ingredient %, wiv
Compound A, micronized 2.0 (20mg/ml)
10 Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.1
15 NaCl 0.8 (gs to 290-300 mOsm)
NaOH/HCI (pH adjustment) pH 5.1+0.1
Purified Water q.s. 100.00
26. The ophthalmic formulation according to claim 1 comprising:
20 Ingredient %, wiv
Compound A, micronized 0.152
Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 03
25 Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.0
NaCl 0.8 (gs to 270-300 mOsm)
NaOH/HCI pH 5.1+0.1
Purified Water g.s. 100.00.
30
27. The ophthalmic formulation according to claim 1 comprising:

Ingredient

%, wiv



Ctric Acid Monohydrate0.15 (7m\M d ycine0,0 30NaC10.8 (gs to 270-300 nOsm
NaOH HClpH 5.10.1 Purified Waterg.s. 100.00. WO

2011/ 0535606RG1/03552010/ 054040 30. The opht hal m ¢ for nmul at ipom/meconsiong t o
claim1l conprising: Ingredient% w v Conpound A, mcronized2.42 5Sodi um
CMC, | ow viscosity0.70 Benzal koni um Chl ori de0. 01 Pol ysorbate 800.3 Citric
Aci d Monohydrate0.15 (7mM d ycine0.0 10NaC 0.8 (gs to 270-300 nOsm

NaOH HC1pH 5. 10. 1 Er%dxﬁah%dm%BﬁEﬁs' 100, 00. 3L,A nethod of reducing

i ntraocul ar pressure conprisin e step of: applying an 15effective anmount
of an ophthal mc SazdmmlCM(Edmwasswslitai med in any.70ne of claims 1 to 30 to an

affected eye of apgubh &Gt Chloride 0.01
Polysorbate 80 0.3
5 Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.0
NaCl 0.8 (gs to 270-300 mOsm)
NaOH/HCI pH 5.1£0.1
Purified Water g-s. 100.00.
10 28.  The ophthalmic formulation according to claim 1 comprising:
Ingredient Yo, wiv
Compound A, micronized 0.61
Sedium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
15 Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.0
NaCl 0.8 (gs to 270-300 mOsm)
NaOH/HCl pH 5.1£0.1
20 Purified Water q.s. 100.00.
29. The ophthalmic formulation according to claim 1 comprising:
Ingredient Yo, wiv
Compound A, micronized 0.91
25 Sodium CMC, low viscosity 0.70
Benzalkonium Chloride 0.01
Polysorbate 80 0.3
Citric Acid Monohydrate 0.15 (7TmM)
Glycine 0.0
30 NaCl 0.8 (gs to 270-300 mOsm)
NaOH/HCI pH 5.1+0.1
Purified Water q.s. 100.00.
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32. The method as clainmed in claim31 wherein the ophthalmc fornmulation is
adm nistered to the affected eye of the subject in 30-50 | A drops. 33.The
met hod ofwol2aims3ssy wherein the ophthal mic fornul ati on ipeTagoowiosioes ed in 1
20to 2 drops once or twice daily. 34.The nethod as clained in claim 31
wherein the subject has nornmal -tensi on glaucoma, OHT, or POAG 35.A process
for preparing an ophthalmc formulation according to any one of clains 1 to
30 conprising the steps of 25(a) mlling the Al agonist forminto particle
sizes of less than about 50 m crons; (b) sterilizing the mlled Al
agoni st; andso  The i ARERNERbY (RURARNIDAN tNSpALRL.C! es of the Al
agoni st in an aqueous suspension conprising a surfactant and a
preservative. 36. fhigedibicess of claim 35 wherejnyfhe mlled Al agonist is
sterilized by ganmma 30irradi ation up to a maxi numof 40 Gay (G). WO
2011/ 053569PCT/ US€ompywd4oancrogzed The process 268 cl ai m 35 i ncl uding the
further step of ad] i t t he aqueo uspension to between 3.0
and 7.0. tS38. Theg%#Q%éggaégsgﬁgfﬁ$35 includixgﬂfhe further step of

adj usting the pH Bfnzaheniaguidderslesuspensi on to 0811 0.1. 539. The process of

cl ai m 35 wherein Pg?m%&ﬁg tration of the Al S%PniSt in the aqueous
suspension is adjusted to between 0.05 and 5.0% (wv). 40. The process of
cl ai m 39 wher ei n Chec Acoddémtohgtraton of the Al &goriysM)i n t he suspension is

i 0
adj usted to aboutG%k%%o 2.0% (W v). 0.0
10 NaCl 0.8 (gs to 270-300 mOsm)
NaOH/HCI pH 5.1+0.1
Purified Water g.s. 100.00.
31. A method of reducing intraocular pressure comprising the step of: applying an

15  effective amount of an ophthalmic formulation as claimed in any one of claims 1 to 30

to an affected eye of a subject.

32.  The method as claimed in claim 31 wherein the ophthalmic formulation is

administered to the affected eye of the subject in 30-50 pl drops.

33. The method of claim 32, wherein the ophthalmic formulation is administered in 1

20 to 2 drops once or twice daily.

34. The method as claimed in claim 31 wherein the subject has normal-tension

glaucoma, OHT, or POAG.

35. A process for preparing an ophthalmic formulation according to any one of

claims 1 to 30 comprising the steps of
25 (a) milling the A, agonist form into particle sizes of less than about 50 microns;
(b) sterilizing the milled A, agonist; and

(c) aseptically suspending the particles of the A agonist in an aqueous

suspension comprising a surfactant and a preservative.

36. The process of claim 35 wherein the milled A; agonist is sterilized by gamma

30 irradiation up to a maximum of 40 Gray (Gy).
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41. The process of claim39 wherein the concentration of the Al agonist in
the Osuspension is adjusted to about 0.3 - 1.0% (wv) 42. The process of

cl ai m 39 wbensaisstshe concentration of the Al agoni st i npCharssuspsnge on is

between 1-50 nmg/ M. 43. The process of claim42 wherein the concentration
of the Al agonist in the suspension is between 1-20 ng/m . 15

37.  The process of claim 35 including the further step of adjusting the pH of the
aqueous suspension to between 3.0 and 7.0.

38.  The process of claim 35 including the further step of adjusting the pH of the

aqueous suspension to 5.1 +0.1.

5 39, The process of claim 35 wherein the concentration of the A agonist in the

aqueous suspension is adjusted to between 0.05 and 5.0% (w/v).

40. The process of claim 39 wherein the concentration of the A agonist in the

suspension is adjusted to about 0.1to 2.0% (w/v).

41.  The process of claim 39 wherein the concentration of the A agonist in the

10 suspension is adjusted to about 0.3 — 1.0% (w/v).

42.  The process of claim 39 wherein the concentration of the A1 agonist in the

suspension is between 1-50 mg/ml.

43.  The process of claim 42 wherein the concentration of the A1 agonist in the

suspension is between 1-20 mg/ml.
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