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Also prov1ded herein are uses of certain compounds in human subjects for reducing

and/or controlling elevated or abnormally fluctuating IOPs in the treatment of glaucoma
or ocular hypertension (OHT).
15
BACKGROUND OF THE INVENTION
Glaucoma refers to a group of optic neuropathies that are characterized by loss of
retinal ganglion cells and atrophy of the optic nerve with resultant visual field loss. The
disease is the leading cause of irreversible blindness worldwide and the second leading
20  cause of blindness, behind cataracts. Clinical trials have demonstrated that elevated IOP
is a major risk factor for glaucoma and have validated the role of lowering IOP in the
management of glaucoma.
Glaucoma is classified according to three parameters: 1) the underlying cause,
i.e., primary (idiopathic) or secondary (associated with some other ocular or systemic
25  conditions); 2) the state of the anterior chamber angle, i.e., open angle (open access of
the outflowing aqueous humor to trabecular meshwork) or closed angle (narrow angle;
the trabecular meshwork is blocked by apposition of the peripheral iris and the cornea);
and 3) chronicity, i.e., acute or chronic. Although secondary forms of glaucoma with
clear etiologies do exist (e.g., pseudoexfoliation and pigmentary dispersion), the most
30  common form of glaucoma is primary open angle glaucoma (POAG).
OHT is a condition in which IOP is elevated but no glaucomatous findings have

been observed (Bell, 2005). The Ocular Hypertension Study demonstrated that patients
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15  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 not respond well when treated with certain existing glaucoma
therapies.

There is, therefore, a need for other therapeutic agents that control IOP.

20

SUMMARY OF THE INVENTION

Provided herein are compounds, pharmaceutical compositions comprising such
compounds, and methods of using such compounds to treat or prevent diseases or
disorders associated with elevated intraocular pressure. In one embodiment the diseases

25  and conditions caused by elevated IOP in a human are selected from the group
consisting of normal-tension glaucoma, OHT, and POAG.

Thus, in a first aspect there is provided a method of reducing intraocular pressure
comprising the step of: applying an effective amount of an ophthalmic pharmaceutical
composition to an affected eye of a human, the composition comprising an effective

30  amount of a compound according to Formula I,
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In one embodiment the method comprises applying from about 0.05 mg/ml to
about 7.0 mg/ml of a compound according to Formula I from 1 to 4 times daily. In
another embodiment the method comprises applying from about 20-700ug of a
compound according to Formula I from1 to 2 times daily. In another embodiment the
15  method comprises applying about 350 pug of a compound according to Formula I from 1
to 2 times daily.
When practicing the method, the compound can be administered in drops, e.g., 1
to 2 drops. In one embodiment the IOP of the affected eye is reduced by at least 10%,
e.g., at least 10-20%, e.g., by 20% or more. In one embodiment the IOP of the affected
20  eye is reduced by at least 10% for more than 3 hours, e.g., at least 10-20% for more than
3 hours, e.g., by 20% or more for more than 3 hours. In one embodiment the IOP of the
affected eye is reduced by at least 10% for at least 6 hours.
In another embodiment the method further includes prior, simultaneous or
sequential, application of a second IOP-reducing agent. The second IOP-reducing agent

25  is selected from the group consisting of B-blockers, prostaglandin analogs, carbonic
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In one embodiment of the methods described herein, the effective amount of the
selective adenosine A1 agonist is at least 20ug, e.g., between 60ug and 350ug, e.g.,
between 60ug and 700ug.

In one embodiment the effective amount of the selective adenosine Al agonist is

20  administered as a single dose. In another embodiment, the effective amount of the
selective adenosine Al agonist is administered as a twice daily dose.

In another aspect there is provided an ophthalmic pharmaceutical composition
comprising a compound of Formula I as defined above and a pharmaceutically
acceptable vehicle or excipient. The pharmaceutically acceptable vehicle or excipient

25  can be selected from the group consisting of: ophthalmologically acceptable
preservatives, surfactants, viscosity enhancers, penetration enhancers, gelling agents,
hydrophobic bases, vehicles, buffers, sodium chloride, and water.

In one embodiment the composition further comprises a second IOP reducing
agent in addition to a compound of Formula I as defined above. The second IOP

30  reducing agent can be selected from the group comprising: -blockers, prostaglandin
analogs, carbonic anhydrase inhibitors, rho-kinase inhibitors, o, agonists, miotics,
neuroprotectants, A3 antagonists, A2A agonists, ion channel modulators and

combinations thereof.
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15  dihydroxytetrahydrofuran-2-yl)methyl nitrate;
sodium ((2R,3S,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl sulfate; and
((2R,3S,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate.
20 In a further aspect the selective adenosine Al agonist compounds of Formula I
can be used to lower and/or control IOP associated with normal-tension glaucoma, OHT,
and POAG in humans. In certain embodiments, when used to treat normal-tension
glaucoma or OHT, the compounds of Formula I can be formulated in pharmaceutically
acceptable compositions suitable for topical delivery to the eye.
25 Another embodiment of the present invention comprises an ophthalmic
pharmaceutical composition useful in the reduction of intraocular pressure, comprising
an effective amount of a compound according to Formula I.
In another aspect of the invention, there is provided an ophthalmic formulation
for reducing intraocular pressure, comprising about 0.05mg.ml to about 7mg/ml of a
30  compound of Formula I as defined above and from 1mg/ml to about 140mg/ml of

hydroxypropyl B-cyclodextrin in saline for injection.
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Novel features which are believed to be characteristic of the invention will be better
15  understood from the detailed description of the invention when considered in connection
with any accompanying figures and examples. However, the figures and examples
provided herein are intended to help illustrate the invention or assist with developing an
understanding of the invention, and are not intended to be definitions of the invention's
scope.
20
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the dose escalation scheme over the 7 treatment groups of the
multi-center, randomized, double-blinded clinical study. Twelve subjects were
randomly assigned to each treatment group: 8 subjects received Compound A and 4
25  subjects received placebo.
Figure 2a shows the mean IOP (mmHg) in the study eye at each time point
across all treatment groups.
Figure 2b shows the median IOP (mmHg) in the study eye across all treatment
groups at each time point.
30 Figure 3a shows the mean absolute IOP change from predose IOP (mmHg) in the
study eye across all treatment groups at each time point.
Figure 3b shows the median absolute IOP change from predose IOP (mmHg) in

the study eye across all treatment groups.
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Figure 7 shows the mean and median % decrease from baseline (BL; predose)
and the categorical responder analysis of the 700 mcg cohort over a 10 hour postdose
observation period.

15 Figure 8 shows the statistically significant percent decrease in the mean and
median IOPs (from the predose baseline IOP determinations) observed in the 700 mcg

cohort relative to the placebo response.

DETAILED DESCRIPTION OF THE INVENTION

20 Embodiments of the present invention provide compounds useful for treating
reducing and controlling normal or elevated intraocular pressure (IOP) and/or treating
glaucoma.

Adenosine is a purine nucleoside that modulates many physiologic processes.

Cellular signaling by adenosine occurs through four adenosine receptor subtypes: Aj,

25  Aja, Asp, and Aj as reported by Ralevic and Burnstock (Pharmacol Rev. 50:413-492,
1988) and Fredholm BB et al. (Pharmacol Rev. 53:527-552, 2001). In the eye,
adenosine A; receptor agonists lower IOP in mice, rabbits and monkeys (Tian B et al.
Exp Eye Res. 64:979-989, 1997; Crosson CE. J Pharmacol Exp Ther. 273: 320-326,
1995; and Avila MY et al. Br J Pharmacol. 134:241-245, 2001). While other

30  publications have noted that adenosine A1l receptor agonists in the eye target the
conventional outflow pathway via the trabecular meshwork (Husain S ef al. J Pharmacol
Exp Ther. 320: 258-265, 2007), reduction of IOP via other pathways has not been

excluded.
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basel i ne (Bhlayﬂth@@lﬁﬁﬁ’])cr@d%@e&&iﬁqt‘j%%ﬁf@i@ﬁ|a@éﬁosfn@$@&@dﬁ—‘rsul§i ey SiihirOthe e 700
meg cohort over a 10 hour postdose observation period. Figure 8 shows the

stati sti cal Phasiagplioricebsiedipeindisate thadhis fgesig eldyationemnOfhaight B¢ dve. ROPs

(fromthe p g
cohort rel age?gte %aR’?%%é ?quaﬁjf‘: g%&sdgéﬁgéggﬁ%% ﬁjl%%%@é%%l Eﬁ?é&\ﬁ&é& %—@E

| NVENTI ON Edgbwadopiedit of @hlgﬁlt;esqmds(ﬁs/em dgoxi nthaDenlp falicel EOR owphlupgsarusdbul  f or
treati nggr educing and controlling nornal or elevated intraocular pressure

(1 0P) antl/ ofars @atﬂ?lﬁ gl t%‘a%’ﬁéPPn}SGé%%qu%sm% A TpiFPIasdarRscdregsion deptiig
modul at es ”?@ W?A 9% étgma %éa%@sdecg%é éﬂ&ért%l%@&‘f&% Qvicelaaasbne
occurs throug OUI’ enosi n recept or su types 1,
2004; Konno, J Pharmacol Sci., 2005; Konno, Eur J Pharmacol. 2005).
Compounds that act as selective adenosine Al agonists are known and have
shown a variety of utilities. U.S. Patent No. 7,423,144 to Jagtap et al. describes such
15  selective adenosine Al agonists compounds for the prevention or treatment of
tachyarrhythmias (elevated heart rate), pain disorders, and ischemia-reperfusion injury.
Selective adenosine Al agonists have been discovered to reduce IOP in humans
in clinical studies. In particular, described herein are compounds of Formula I (e.g.,
Compounds A, B, C, D, E, F, G or H) that can reduce intraocular pressure in a subject

20  (e.g., a human) in need thereof.

Compounds of Formula I have the following structure:

ey
25  or a pharmaceutically acceptable salt thereof,
wherein
A is -CH,ONO; or -CH,0SO:H;
B and C are —OH;
Dis
30



A2A, A2B, and A3 as reported by Ralevic and Burnstock (Pharmacol Rev.

50: 413-492, 1988) and Fredhol mBB et al. (Pharmacol Rev. 53:527-552, 2001).
In the eywoateneabne Ai receptor agonists |ower |OP i npriras2owabdiizs and
nonkeys (Tian B et al. Exp Eye Res. 64:979-989, 1997; Crosson CE. J
Pharmacol Exp Ther. 273: 320-326, 1995; and Avila My et al. Br J Pharnacol .
134: 241- 245, 2001). While other publications have noted that adenosine Al
receptor agonists in the eye target the c?@%entional out f | ow pat hway vi a

t he trabecul ar neshwork (Husain S et al. har macol Exp Ther. 320:

258- 265, 2007), reduction of IOP via other| pathways has not been
excluded. It should be noted that th L R pbust, adenosine Al
receptor-nediated drop in IOP rep ed jin preclinical studies is often
preceded by an i nmedi ate, yet transjent|lelevation in I OP foll ow ng

instillation of the Al receptor lig ( sonneE and Gey T. Inv Ophthal
Visual Sci. 37, [9] 1833-1839, 1 . Transient elevations in IOP of ~ 3- 9
nmHg have been observed in a -30 nrha "wi ndow' after dosing. This phenonenon

may arise fromcross-reactivity between deﬁésine receptor sub-types within
the eye. Phar macd 3% aie EpiayiEsesRgt 8260 PHSE this transient el evation in

| OP m ght be dueg aly d 8@%is \ivﬁhPé%P&otté &dhhgnact i vati on of adenosine A B
receptors (Crosson, 1996). Therefore, devel opment of a highly- selective Al

agoni st fhat onl ¢ andduer diChr nwoul witharppesat ttaachethenr e t enabl e t han t he

devel opnment of adenosin -receptar-pbased drugs, for treating | OP, cas A2A
agoni sts may i ncgeéss'zj’ @é?r%(éaag@ E?fﬁefg?? ?rﬁl%t%fg%c* 188 Cﬁﬁh?técf‘%n'ﬁb% 2004;
Konno, J Phapmg@ler&rbicyclRMeRirodRRIG-ElododyRaE BRESlIkyl1 2@ méRsggennds
that act as sel ective adenosine A agonists are known and have shown a
vari ety of ayélpilkenys -CoyCs, bippeliernycielkyl -dp € 1ligydlis cyslgalkpnydt-(Gil)q-tles€s i bes

puch, s ot 5aioRs O b, SORD SS CAMREHE AR PrRIPTICICET
i schem ag r epiytlicseyivalljiy EQCH,),-(Cs-Ci, bicyclic cycloalkenyl), or -(CH,),-aryl;
R? is -H, halo, -CN, -NHR", -NHC(O)R*, -NHC(0)OR*, -NHC(O)NHR*, -
NHNHC(O)R*, -NHNHC(O)OR*, -NHNHC(O)NHR", or -NH-N=C(R)R’;
R*is -C1-Cys alkyl, -aryl, -(CHz)p-aryl, -(CHz),-(3- to 7-membered monocyclic
heterocycle), -(CH,),-(8- to 12-membered bicyclic heterocycle), -(CH;),-(C5-Cs
15  monocyclic cycloalkyl), -(CH»),-(C3-Cg monocyclic cycloalkenyl), -(CH2),-(Cs-Ci2
bicyclic cycloalkyl), -(CHa),-(Cs-Cy2 bicyclic cycloalkenyl), -C=C-(C;-C;p alkyl) or -
C=C-aryl;
R®is -C1-Cyp alkyl, -aryl, -(CHy)p-aryl, -(CH;),-(3- to 7-membered monocyclic
heterocycle), -(CH»),-(8- to 12-membered bicyclic heterocycle), -(CH2),-(C3-Cg
20  monocyclic cycloalkyl), -(CH3),-(C3-Cg monocyclic cycloalkenyl), -(CH2),-(Cs-Ci2
bicyclic cycloalkyl), -(CHa),-(Cs-Ci2 bicyclic cycloalkenyl), -(CH;),-(C3-Cs monocyclic
cycloalkenyl), -phenylene-(CH,),COOQOH, or -phenylene-(CH,),COO-(C;-C,g alkyl);
R’ is -H, -C;-Cyp alkyl, -aryl, -(CHy),-aryl, -(CH,),-(3- to 7-membered
monocyclic heterocycle), -(CH2),-(8- to 12-membered bicyclic heterocycle), -(CHa),-
25 (Cs-Cg monocyclic cycloalkyl), -(CHz),-(C3-Cg monocyclic cycloalkenyl), -(CH2),-(Cs-
C,; bicyclic cycloalkenyl) or -(CH,),-(Cs-Cy; bicyclic cycloalkyl); and
each n is independently an integer ranging from 1 to 5, and a pharmaceutically

acceptable vehicle.



Sel ecti ve adenosi ne Al agoni sts have been discovered to reduce I1OP in
humans in clinical studies. In particular, described herein are conpounds
of For mulwol20{oei2g21p Conpounds A, B, C, D, E, F, G or H) pcChats2@ian3zieduce

i ntraocul ar pressure in a subject {e.l. , a human) in need thereof.
Compounds of Fornula | have the follow ng structure: (lI) or a

phar maceut i cal | y liae tefiteabinbodialeht, thearorgfoundhfer @saninAhé s1vel@dnZENERMpoundeCH
20SBH; Ba re.-OH, DisA and B are trans with respect to each other;
B and C are %Ylgg\?hetfﬂrr?‘é@pect to each other; Cand D are cis or trans with
respect to each other; Rl is -H -G-Co alkyl, -aryl, -3- to 7-nenbered
nonocycli c het erocycle -8- to 12-nenbered bi cycllc het erocycle, -C-C
nmonocyclic cycl oal kyl, -C3-C nonocyelic 6xcl os EP<enyl -Cs-Cn bicyclic

cycl oal kyl, -Cs-Cn bicyclic cycl oal kegy SHA2) n- (C3- Cs nonocyclic

cycl oal kyl'), -(CH2)n-(C3-Cs nonocycli gal kenyl ), -(CH2)n-(Cs-C 2

bi cyclic cycloalkyl), -(CH2)n-(Cs-C 2 N i c cycl oal kenyl), or

-(CH2)n-aryl; R2is -H halo, -CN, -NHR4, -\WHC(O R4, -NHC(O OR4,

-NHC( O NHR4, - NHNHC(O R4, - NHNHC(O) OR4, - NAINHC( O NHR4, or - NH N=C(R6) R7;

R4 is -Cl1-Cl alkyl, -aryl, -(CH2)n-ar¥l, -(CH2)n-(3- to 7-menbered

monocycl ic heterocycle), -(CH2)n-(8- to (%mmer ed bicyclic heterocycle),
-(CH2) n- (C3- Cs nmonocyclic cycl oal kyl), 2) n- (C3-Cs nmonocyclic

cycl oal kenybyaphz(r@td@ém}c@msa@egtabie@yhItheu:eozfycl oal kyl), -(CH2) -(C8-Cl12
bi cyclic cy%hg%li#enyl ), -OC(C 1-C10 al kyl) or -

Ais —CH20N02 or —CHQOSO3H;
B and C are —OH;
10 Dis

(1
LA
)
o,
A and B are trans with respect to each other;
B and C are cis with respect to each other;
C and D are cis or trans with respect to each other;
15 R' is -C3-Cg monocyclic cycloalkyl, -3- to 7-membered monocyclic heterocycle,
or -Cs-Cy; bicyclic cycloalkyl; and
R? is —H or —halo.
In a further embodiment, the compounds for use in the invention are compounds
having the formula

20



CC-aryl; REBis -C-Co alkyl, -aryl, -(CH2)n-aryl, -(CH2)n-(3- to

7- menber ed nonocyclic heterocycle), -(CH)n-(8- to 12-nenbered bicyclic

het er ocycWe)2010/12CHB) n- ( C3- Cs nonocycl i c cycl oal kyl ), - ( €EZ2)us21@B35132

nonocyclic cycl oal kenyl), -(CH2)n-(CsHGC 2 bicyclic cycloal kyl),

-(CH2)n-(Cs-Ci 2 bicyclic cycloal kenyl), -(CH2)n-(C3-Cs nonocyclic

cycl oal kenyl ), -phenyl ene-(CH2) nCOOH, or(Ib)phenyl ene-(CH2)nCOO- (G -G O

al kyl); R7 is - (CH2)n-aryl, -(CH2)n-(3- to

7- menber ed H’bﬁB@f&%@“ﬁéﬁ%?@@é@P}é)fﬂ¥}{‘3€§Qf)n (8- to 12-menbered bicyclic

het er ocycl e)yherehiH2) - (C3-Cs nonocyclic cycloal kyl), -(CH2)n-(C3-Cs

nonocyclic cycl oal kenyl), -(CH2)n-(Cs- G 2 bicyclic cycloal kenyl) or
-(CH2)n-(Cs-Ci 2 bii@yQHz@NQ/zcl oal kyl); and each n is independently an

i nt eger ranging to 5, and a pharmaceutically acceptable vehicle.In a

further enbodi nme tnt e C(gﬁiliounds for use in the invention are conpounds

havi ng the formulpgis(la) or a pharnaceutically acceptable salt thereof,

wherein Ais -CH 20N or -CH 205C8H; B and C are -O4 Dis A and B are

trans with respect to each other; B and C cis with respect to each

other; Cand D are cis or trans W|th respect to each other; RL is -C3-C8

m)nocycl ic cycloalkyl, -3- to 7-nenRered ocyclic heter ocycl e, or -C-C12
bi cyclic cycloal kyl; and </ N
)\
/N N R?
WL :

A and B are trans with respect to each other;
B and C are cis with respect to each other;
10 C and D are cis or trans with respect to each other;
R' is -C3-Cs monocyclic cycloalkyl, -3- to 7-membered monocyclic heterocycle,
or -Cs-Cy; bicyclic cycloalkyl; and
R? is —H or —halo.
In another embodiment, the compound of Formula I is one of the following
15  compounds:

Compound A

D

“illQH

ow

ONO, H

((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-
2-ylDmethyl nitrate,
20



R2 is - Hor -halo. In a further enbodi nent, the conpounds for use in the

i nvention are conpounds having the forrmula(lb) or a pharmaceutically

accept ablwo=alwizthier eof , wherein Ais -CH 20NO2; B and ECans201Q633121s A
and B are trans with respect to each Bther; B and C are cis with respect to
each other; C and D are cis or trans with respect to each other; Rl is -C

- Cg nonocycldommpaddal kyl , -3- to 7-nmenbered nonocyclic heterocycle, or -C
-Cl2 bicyclic cycloalkyl; and R2 is - Hor -hala. In another enbodi nent,

t he conmpound of Formula | is one of the follo conmpounds: Conpound A
((2R 3S, 4R, 5R) - 5- (6- (cycl opentyl am no) - 9H-p -yl) -3, 4-di hydr oxyt et r ahyd
rofuran- 2-yl)nmethyl nitrate, Conpound B

((2R, 3S, 4R 5R) - 5- (2-chl oro-6-(cycl open W\00) - 9H purin-9-yl)-3, 4-

di hydr oxyt et r ahydr of ur an- 2-yl ) et hyl é\‘tr te,)

é )k

e,| Conmpound C sodi um
(2R, 3S, 4R, 5R) - 5- (6- (cycl opent yl am no u&L\

in-9-yl)-3,4-
i hydr oxyt et r ahydr of ur an- 2-yl ) net hyl | fafle, ©
(0]

“uiQOH

O\\\\\“'

ONO, H

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

wtiQOH

o
I

OSO4Na

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

Compound D

1
HN

N

¢ Ii

N N y

-ulll"OH

10 ONo, OH

((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yDtetrahydrofuran-2-yl)methyl nitrate,



Compound D

((2R, 3S, 4R, 5R) - 3, 4- di hydr oxy- 5- (6- (tetrahydrof uran-3-yl am no) - 9H puri n- 9-

yl )t et rahyoroefunrane2-yl ) met hyl nitrate, Conpound E PCT/US2010/033112

((2R, 3S, 4R 5R) - 5- (6- (cycl ohexyl am no)B9H- puri n-9-yl) -3, 4-di hydr oxyt et r ahydr
ofuran- 2-yl)nethyl nitrate, Conmpound F

((2R, 3S, 4R, Sdmpwuind-K bi cycl e-[ 2. 2. 1] - hept an- 2-yl am no) - 9H puri n-9-yl ) -3, 4-
di hydr oxyt etrahydrof uran-2-yl)nmethyl nitrate, Cagpound Gsodi um

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

di hydr oxyt et rahydr of uran- 2-yl ) net hyl sul fate, Conmpound H

((2R, 3S, 4R 5R) - 5- (2-chl or 0- 6- (cycl ohexyl an Hpurin-9-yl) -3, 4-

di hydr oxyt et rahydr of uran-2-yl ) net hyl nitrat or pharmaceutically
acceptabl e salts thereof. Where discr nci exi st between a compound' s
nanme and a conpound' s structure, th m cal structure will control. In
one enbodi nent, provided hereinis a reduci ng i ntraocul ar
pressure, conprising adm nistering angeffeoti veqanount of a conpound of
Formula | to a human. In anot her di ment, provided herein is a method of
reduci ng i ntraocul ar pressure, co i ]mgnfpplying an effective anount of a
conpound of Fornmula | to an affe ye of a human. In yet another

enbodi ment, provided herein is met Rod of treating glaucoma, conprising
adm nistering to an affected ey f 2oihuman an effective anpbunt of a
conpound of Formula | . In anothef’ embodi nent, provided herein is a method
of treating @R 3SARNR)LS(MEyarbhbtishio)-VH-h @9 ydt T ecigdrayerahy@ohuman an

pd
So

2-ylDmethyl nitrate,
5 Compound F

N e
74 N
<N IN 'y
o
"1|OH
ONO, OH

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

10



effective anmount of a conpound of Forrmula | . In another enbodinent,

provi ded herein is a nmethod of treating POAG conprising admnistering to
an af f ectwad 2ewei2ef10a hunan an effective anount of a conpoun$2@b/oBzIMNUl a |

I n anot her enbodi nent, about 0.05 ng/¥ to about 7.0 ng/m of a conpound of
Formula | is applied to an affected eye of a human from1l to 4 tinmes daily.
I n one enbodi nmesvdjuna@Rt3S24R,FRPAY 2 ahlcao-Gekpdaink ybimikoy $idiparih-9-gl)-8ppl | ed to
an affected eye of a hu froml to 4 tines dail n still another

enbodi nent, about 350ngng%ygmﬁﬁﬁﬁﬁmﬁﬁo%ﬁm¢iVHHFQW¥“#§“%6B@|ed to an
affected eygbg{d%naqqan froml to 4 times daily. A conpound of Fornula

can be adnlnlstered in drops, e.g., 1 to 2 drops.In another enbodi nent,

provi ded herein is a nmethod of redu0|ng i ntrago ar pressure, conprising
adm ni stering an effective amount of Conpound 0 a human. In stil

anot her enbodi ment, provided herein is a mathos~of reducing intraocul ar
pressure, conprising applying an effecfivelanount of Conpound A to an
affected eye of a human. In yet anothﬁr fbddi nent, provided herein is a
nmet hod of treating gl aucoma, conprisi dm |ster|ng to an affected eye of
a human an effective anmount of Conpou A NTn“anot her enbodi nent, provided
herein is a nethod of treating OHT,o rising admnistering to an affected
eye of a human an effective anount Mpound A In still another

enbodi nent, provided herein is a od of treating POAG conprising
adnlnlsterlng to an affected eye aCMUnan an effective anount of Cbnpound
A. I n one enbodi nent, about 0.05 ng/n1 to about 7.0 ng/mM of Conpound A i
applied $0 an af f qCIRe8s SRSRYTS-@-EHIABIG- tdyomhaxﬂmoy -Oresurthadlyy-3.4n one
enbodi ment, about 20-700ng of Conpound is applied to an af f ect ed eye of a
human from L to 4 {imes o RBI e RO AT rBout. 350G of

Cbnpound A i ﬁﬂg&g%%CQ§h§%6@5@>gmﬁgh&¥8f°f a human from1 to 4 tines

daily. The oun mnistered in drops, e.g., 1 to 2 drops.
Where discrepancies exist between a compound’s name and a compound’s

t

structure, the chemical structure will control.

10 In one embodiment, provided herein is a method of reducing intraocular
pressure, comprising administering an effective amount of a compound of Formula I to a
human. In another embodiment, provided herein is a method of reducing intraocular
pressure, comprising applying an effective amount of a compound of Formula I to an
affected eye of a human. In yet another embodiment, provided herein is a method of

15  treating glaucoma, comprising administering to an affected eye of a human an effective
amount of a compound of Formula I. In another embodiment, provided herein is a
method of treating OHT, comprising administering to an affected eye of a human an
effective amount of a compound of Formula I. In another embodiment, provided herein
is a method of treating POAG, comprising administering to an affected eye of a human

20  an effective amount of a compound of Formula I. In another embodiment, about 0.05
mg/ml to about 7.0 mg/ml of a compound of Formula I is applied to an affected eye of a
human from 1 to 4 times daily. In one embodiment, about 20-700ug of a compound of
Formula I is applied to an affected eye of a human from 1 to 4 times daily. In still
another embodiment, about 350ug of a compound of Formula I is applied to an affected

25  eye of a human from 1 to 4 times daily. A compound of Formula I can be administered

in drops, e.g., 1 to 2 drops.



I n anot her enbodi nent, provided herein is a topical ophthalmc fornulation
for reducing intraocular pressure in a human conprising 0.05ng. M to about
7mg/ M ofwGanpozndoA, and fromlIng/m to about 140ng/ m pofr/usganos3pz opyl
b-cycl odextrin in saline for injectio. This formulation can be used to
treat n glaucoma, OHT, or POAG in a human. In another enbodi ment, provided
herein i s the usén afotieerearbpdinmoht,gfroHdedrhdrainlis & arethddeofmedwefrechuieubl a

nmedi canment for reducing. i ntraocul.ar pressure in a subject. |In another
enmbodi ment , PV -ded! ingiamiisteripe Efgéﬁ?ﬂmﬁ a%ﬁﬁ%ﬁr@%ﬁo‘lﬁﬁﬁﬁﬂ YmagIng he

manuf act ur e ;@i afoMBRdnARARMNLf ﬁBvdeé&HérEfﬁQs § lnRUCSINgY rEcﬁhcﬁngiHQja&%ﬁar préys@eot her
enbodi nent, provided herein i's the use of a conpound of Formula | for the

manuf act ur ecopasingdpppimegan effeetiverapatuinh gf ChMpoundaA sudnj eftcted eyeafiothivaran.

enbodi nept, . provided herejn is the e of.a co und of Formula | for the
manut act tr e "oetA e Sapdiveropro At A 8 s PR anot her
enbodi ment, cphpiiiAeddiimiimhg td ahREfctts® e ofta BANRPMNEITRivEMBUtF for
reduci ng i ntraocul ar pressure in a subject. In another enbodi nent, provided

herein is thempsendA. dn gaetheriambadimeyy pravided hergin s pargthorhofgreatios I .n a
subject. In - ' , ' I.0.J - conmpound of
Fornmul a | fS&ﬂg Iﬁ%alg% i‘“ﬁ‘gﬁ%@% 4 %Effgégg(?ggﬁ ﬁtei[alﬁdorﬁ%de% éeffﬁgggig %él% r,lt%gr ovi ded
herein is tlenpsendh. alncsilipmuthdr edhbédimetd, ardvidedrhetdieatd methBOAGreqing

subj ect. I n_anot her enbodi nment, provided herein_ is the use of Conmpound A
for reddi n§OMEcBwiisag agisigrae fonnatisgideye of p AuRab ehelfectivs saonanef,

provi ded hegeln | h SR 1 }

subj ect . Intgn Phgﬁkéﬁgggigﬁ@%?, prg\lélq9 é?%&%’frﬂ%ﬁ?%g%@g@;@gg& o&ﬁ% A
for treatind ©appliad ta asulfpeted eyd of anohdnefrornixodi treestdailyr div pukeenbatiment, i s

Lhe uoe o SBIROHIAA Lo SOLL RS, EOOG, 0, & sl et L b asoqm 5o Lha
times daily. In another embodiment, about 350ug of Compound A is applied to an
15  affected eye of a human from 1 to 4 times daily. The Compound A can be administered
in drops, e.g., 1 to 2 drops.

In another embodiment, provided herein is a topical ophthalmic formulation for
reducing intraocular pressure in a human comprising 0.05mg.ml to about 7mg/ml of
Compound A, and from Img/ml to about 140mg/ml of hydroxypropyl B-cyclodextrin in

20  saline for injection. This formulation can be used to treat n glaucoma, OHT, or POAG
in a human.

In another embodiment, provided herein is the use of a compound of Formula I
for the manufacture of a medicament for reducing intraocular pressure in a subject. In
another embodiment, provided herein is the use of a compound of Formula I for the

25  manufacture of a medicament for treating glaucoma in a subject. In another
embodiment, provided herein is the use of a compound of Formula I for the manufacture
of a medicament for treating OHT in a subject. In another embodiment, provided herein
is the use of a compound of Formula I for the manufacture of a medicament for treating
POAG in a subject.

30 In another embodiment, provided herein is the use of a compound of Formula I
for reducing intraocular pressure in a subject. In another embodiment, provided herein
is the use of a compound of Formula I for treating glaucoma in a subject. In another

embodiment, provided herein is the use of a compound of Formula I for treating OHT in



centers. This invention contenplates all enantioners, diastereoners, and
m xtures of Formulas | thereof. Furthernore, certain enbodi nents of the
present iwoentoamieonpri se pharnaceutically accept abl e ealrtis2@b/o0szanpounds
according to Fornmula | . Pharmaceuticisl |y acceptable salts conprise, but
are not limted to, soluble or dispersible fornms of conpounds according to
Formul a | t hatbjecte Is andthdrleentfodimdm gadvvided hatinds sease ofa toiapoundnedifermula
undesi rabl e ffects 32—,[)8.3 allergic reactions or toxicity. Representative
phar maceut i & ‘?rltgfa%%éé J5 i ncl ude, but are not limted to, acid

addition salts syghhdgeraafodinfont ﬁirévﬁécﬁher@iﬁ%%tu“s‘e of @6hmpbénd &%M@Q@&ﬁ@t e
and basic addition salts such as lithium sodium potassium or alumnum

DEFI NI TI ONSimisoggledipriesued in,2 suhgect dnmnbibet erubédimenidprogsied dewiin mdbmisstof nmeans

an Al ag n| t hat h.affini.t whil e .

ol t g oSyl AR Bl kit ¥ svSete Tnangthe R RegmdirasSyided ot or s
Conmpounds  Oherdeft iR eAusk of €othpoukd ABHAEHEINA VKT 2 3ltgvE. Mavetiadfehibotlingst,t O
the Ai receptor considerably greater than their respective affinities to

the A2A andPryideddepibisshe FeeotAfompquadt’ fﬁrﬁrya@@aﬁoﬁ&ln@oﬁvﬁmhds Ato His
summarized in the rabl gm%eﬁ?l‘ﬁ’t (ltorﬁl\}?oﬁﬁlapgf FO?H{%fadf JEWntalPnel R LREFES Of

the present invention, oni st 18§ considered a conpound t hat
has a sel ecténterkyTlek 1rAden1ﬁ)cbrﬂ¢hn|tH;nﬁﬁtfeg flil telyanltlehﬁtsl dastezoblaes éﬁdbnﬂdte@gf
affinity greater than about 130 (i.e., AI>A 3 [Ki A3(nn)/K|A|(nn)]) . CPA
and CCPA? ar Eounyap] Bsregf: known Al agoni sts. However, these corrpounds have a

| over Al recept Oﬁ:{lﬁﬁer%ﬁ?@ F&EI% ? %&trﬁe‘ﬁ'tstéftﬁ&faﬂeg’ecnh Hugfl rfse

cycl opent yl adenosi ne ro cyc ent yl adenosi ne
(CCPA). As pbadhabharenky a¢daptabbrsradt§ ofl dophpounesf zmcerdur(g ta@ Houlnbila Isat ur at ed
branched or Pharmaceutically acceptable salts comprise, but are not limited to, soluble or
dispersible forms of compounds according to Formula I that are suitable for treatment of
15  disease without undue undesirable effects such as allergic reactions or toxicity.
Representative pharmaceutically acceptable salts include, but are not limited to,
acid addition salts such as acetate, citrate, benzoate, lactate, or phosphate and basic

addition salts such as lithium, sodium, potassium, or aluminum.

20  DEFINITIONS
As used herein, the term "selective adenosine A; agonist” means an A; agonist
that has a high affinity to the A; receptor while simultaneously having a low affinity for
the A, and A; adenosine receptors. Compounds of Formula I (e.g., Compounds A to H)
above have affinities to the A; receptor considerably greater than their respective
25  affinities to the A5 and Aj receptors. The A, selectivity data for compounds A to H is

summarized in the Table below.

Compound A1 (Ki (nm)) A>Asn A>Az
POTENCY SELECTIVITY SELECTIVITY
[KiA(nm)/KiA;(nm)] | [KiA3(nm)/KiA(nm)]
CPA 2.3 345 31.3
CCPA 0.83 2735 50
Compound A 0.97 4837 725




unbranched hydrocarbon noiety. Preferably the al kyl conprises 1 to 20
carbon atons, nore preferably 1 to 16 carbon atons, 1 to 10 carbon atons, 1
to 7 carbwo atoonirg210or 1 to 4 carbon atons. Represent ati veTasanploaxninf al kyl
i nclude, but are not limted to, nethyl, ethyl, wpropyl, wo-propyl,
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i sooctyl, neooctyl, nonyl, isononyl, neononyl, decyl i sodecyl, neodecyl,

undecyl, dodecyl g, aﬁatﬁe%xlbodfgﬁ&ﬁ ades 'pu?ﬂaqesomﬁ@gégexq!t inVePi g sgfgpggéwgggt
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when R = H = cyclopentyladenosine (CPA) and when R = Cl = 2-chloro
cyclopentyladenosine (CCPA).

10 As used herein, the term “alkyl” refers to a fully saturated branched or
unbranched hydrocarbon moiety. Preferably the alkyl comprises 1 to 20 carbon atoms,
more preferably 1 to 16 carbon atoms, 1 to 10 carbon atoms, 1 to 7 carbon atoms, or 1 to
4 carbon atoms. Representative examples of alkyl include, but are not limited to,
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl,

15  isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2- dimethylpentyl, 2,3-dimethylpentyl,
n-heptyl, n-octyl, n-nonyl, n-decyl and the like. Furthermore, the expression “Cx-Cy-
alkyl”, wherein x is 1-5 and y is 2-15 indicates a particular alkyl group (straight- or
branched-chain) of a particular range of carbons. For example, the expression Ci-Cy-
alkyl includes, but is not limited to, methyl, ethyl, propyl, butyl,

20



neoheptyl, octyl, isooctyl, neooctyl, nonyl, isononyl, neononyl, decyl,

i sodecyl and neodecyl. In one enbodinent, the Cl1-ClO al kyl group is
substi t utwo 2eiotz7ane or nore of the followi ng groups: -rarais20104065312 C 6
al kyl), -OH, -CN, -COOR, - OCC(OR, BN(R )2, - NHC(OR or -C(O NHR groups

wherein each Ris independently -H or unsubstituted - C-C6 al kyl. Unless
i ndi cat ed, idopropil, €rObetykynd issbutyls l]msttémuztlbyl in€hd€s] tutakb kyt lirhined tod€sCiout i s

not limted a he t "Ci-C6 al kyl" as used herein refers
to a strai gﬁ@ybrco&laﬁ%L@Y‘Jc@hE 1kglgtur ated hydrocarbon having from1 to 6
carbon atoms. Repheagntalieve aﬁgyl"cés(ﬁs@d KFbinGERHAS al sG] HASy braktheBtRaiRO!

limited to methyl, ethyl, propyl, isopropyl, butyl, sec- butyl, tert-buty,

pentyl, i sop@nltasdd hyldwpéwmwavmaém 1to é@h@d@yﬂl atoadeﬁfm‘o?'mt@yllve Cldrﬂleslkyl _
skt A R T AT A C S
group is SUEb?f—bﬁtgltl%ﬁ &/_mln &dspaage Ifyoggmyleh%t&ltl)b@e&?ﬂ heyMeRgl, Héﬁﬁpﬁoheﬂ%ﬂ o,

-0- (G -C 6 al kyl -N(R )2, %
C(O NHR gr otpaheptydrasiy, lé@&qwlmqogcﬁym@pﬂnw@mw nqqn@rylmmsvpﬂ@qy ed -G - 06

al kyl. Unl eﬁgocie@gr ﬁ;‘ae‘%&adg&% %&ecgls te%ﬁé‘%T %ﬁ& b'é{ﬁfgdeg)lel%gl{ r@.inb%dng%nt the

monocyclic cyc S use

nmenbered salH@t eldiyhgmu}ars@miaititﬁtemmmldrfmcxwof thalf&ﬂydwmg rg@upRehaleséﬂm ative
C3-C rmnocycl i c cI oal kng}gr ou include, but are not limted t

cycl oprdpyl Ce @P MUHQH rGQ yPCEYR' IHEp NPE@@Bh@p@PﬂEHB groups
cycl ooctyl . th@r %{‘gacﬁrﬁf’%% e};ﬁt%gﬁﬁ LﬁQuISE'Pi'ElRQd’ @l aﬁkﬁ' ggﬂ[egé’ n_d%fa{(%%pt_hlése

substituted wth one or nore OW Ng gr oups:
al kyl), O—ICl-(Eg\lalkyD@ﬁRqusHﬁ&(dO) R, -NR )2 -NHC(O R or - C(O NHR groups

wherein each Ris,i nde u Unl ess
i cated. the CIEREBhEeon RIS E 1G] RFTEretE oS Ien Padanehie cbim - C3- og

monocyclic gyGlaeal ﬂyam@a bohaWREFrdhe 1 & M0 t&bén Sroms4Representaive C{-C,Qhlkyl
15  groups include, but are not limited to methyl, ethyl, propyl, isopropyl, butyl, sec- butyl,
tert-butyl, pentyl, isopentyl, neopentyl, hexyl, isohexyl, neohexyl, heptyl, isoheptyl,
neoheptyl, octyl, isooctyl, neooctyl, nonyl, isononyl, neononyl, decyl, isodecyl and
neodecyl. In one embodiment, the C;-Cyq alkyl group is substituted with one or more of
the following groups: -halo, -O-(C;-Cs alkyl), -OH, -CN, -COOR', - OC(O)R’, -N(R")2, -
20 NHC(O)R' or -C(O)NHR' groups wherein each R'is independently -H or unsubstituted -
C,-Cs alkyl. Unless indicated, the C;-C alkyl is unsubstituted. C,;-C,g alkyl includes,
but is not limited to, C;-Cs alkyl.
The term "C;-Cs alkyl" as used herein refers to a straight or branched chain;
saturated hydrocarbon having from 1 to 6 carbon atoms. Representative C;-Cg alkyl
25  groups include, but are not limited to methyl, ethyl, propyl, isopropyl, butyl, sec- butyl,
tert-buty, pentyl, isopentyl, neopentyl, hexyl, isohexyl, and neohexyl. Unless indicated,
the C1-C6 alkyl is unsubstituted.
The term "aryl" as used herein refers to a phenyl group or a naphthyl group. In
one embodiment, the aryl group is substituted with one or more of the following groups:
30 -halo, -O-(C;-Cs alkyl), -OH, -CN, -COOR’, -OC(O)R', -N(R")2, - NHC(O)R' or -
C(O)NHR' groups wherein each R' is independently -H or unsubstituted -C;-Cs alkyl.
Unless indicated, the aryl is unsubstituted.



8- menber ed non-aromati ¢ nonocyclic carbocyclic ring having at | east one
endocyclic double bond, but which is not aromatic. It is to be understood
t hat wherwernyioeeigr oups, together with the carbon at ompcwe/usheiol3iihey are
attached forma C3-Cs nonocyclic cyclwal kenyl group, the carbon atomto
which the two groups are attached renmains tetraval ent. Representative C3-C
nonocyclic cycloahkenyk(gKhup&uk@d&uﬂ&kmﬂqﬂ'amge@hmBhﬁﬂhBedlt@-6 7 or&
cycl opropenyl cl obut en 1, 3-cycl obut adi eny o clopentenyl

cycl opent ad P@the e WGﬁ%ﬁ@w Omailcén%vemm%ﬁa@atw & RFErSREpT By e 1,3-
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cycl ooctenyl, 1,3- cyclooctadienyl, 1,4-cyclooctadi ényl
-1, 3, 5- cyclgwdowmmﬂequﬂwkﬁ,q“éﬂepbmdwhemixmnhdh@®elnmwdmmymnh@CsC%
cycl oal k

ny stituted ne,or nmore of .th ol.l owi n r oups:
el oo B ol ia RgRAIRST espih Koyl e Unegtp e or gl n® B b
- (O NHR gheupD ‘(@PCthﬂlyﬁa—@H RONs CO@H@G‘-UI@{(DI)RY NdR"Qr- NH@Q@)RI btuted -G -C
al kyl. Unless indicated, the C3-C nonocyclic cycloal kenyl is unsubstituted.
The term " C§{QI$HB; gry@ps wh@ryl@l cgel Ryis'indgpendeaty hidros jupsubstityteg-Ci-§% alkyd- | 11-
or 12- menb t kyl ring system
Repr esent at ﬁ?‘gqu“%‘%@’ g‘%c(ffcr? i rélgfé‘gcg? hé X(Cl?(%aqléﬁ 6%18%%?%5&% y but gr eynot

limted to, decaﬂ}ddt@ﬂﬁ'{ﬂhtmeﬂeyclﬁm@&mad{eﬁyﬂd@m@ad herein is a 3-, 4-, 5-, 6-, 7- or
decahydr obenzocycl ohept ene, and dodecahydroheptal ene. In one enbodlnent

the Cs-@2 Biregrabgred E%P@a}a&ly IMeFEEYRicicarhogpaic ring haying ¥t feashenesmdapiclic of  t he
fol |l ow ng g ‘$£§%

-N(R )2, - bgﬁ%p@lé?l{ﬁ(—@t a&olﬁaptgl %geroell)enlgedggsﬁo gﬁtlhs I'n epgndé%ﬁ?% H or
unsubsti t ut mgethef)mﬁaheact delydn atbiml te sehi¢ntiey ateedtactedeofds a Ogligbnmmbclmc
cycloal kyl is %QEUb titut%g. he term"Cs-Ci 2 bIC clic ‘%ﬁh‘flken

used her ei n¢Y€o%keyl gepup. g carbeyg atogy togyhic E’Peﬁﬁ R GRS By el | c
cycl oal kyl 'Eétﬁgal%ﬂ{tsk%‘ﬂesé?@éﬂv@%a@g hERRY cIRNS ERHRAYLLLE sdi%ﬂtah@ PR nott 1S
to be understood that when any two grolups, 't ogether mn%h t he ‘car bonatomto

whi ch t hey &matedte.ayblepropenyh @cObu@npl, dyletyctobeyelianal, kgalppengenylipl,3t he car bon
cyclopentadienyl, cyclohexenyl, 1,3-cyclohexadienyl, cycloheptenyl, 1,3-
cycloheptadienyl, 1,4-cycloheptadienyl, -1,3,5-cycloheptatrienyl, cyclooctenyl, 1,3-
cyclooctadienyl, 1,4-cyclooctadienyl, -1,3,5-cyclooctatrienyl. In one embodiment, the
Cs-Cs monocyclic cycloalkenyl group is substituted with one or more of the following
20  groups: -halo, -O-(C;-Cs alkyl), -OH, -CN, -COOR', -OC(O)R’, -N(R"),, -NHC(O)R' or -
C(O)NHR' groups wherein each R' is independently -H or unsubstituted -C;-Cs alkyl.
Unless indicated, the C3-Cg monocyclic cycloalkenyl is unsubstituted.
The term "Cs-Cy; bicyclic cycloalkyl" as used herein is a 8-, 9-, 10-, 11- or 12-
membered saturated, non-aromatic bicyclic cycloalkyl ring system.  Representative Cs-
25  Cy; bicyclic cycloalkyl groups include, but are not limited to, decahydronaphthalene,
octahydroindene, decahydrobenzocycloheptene, and dodecahydroheptalene. In one
embodiment, the Cg-C;; bicyclic cycloalkyl group is substituted with one or more of the
following groups: -halo, -O-(C;-Cs alkyl), -OH, - CN, -COOR', -OC(O)R’, -N(R")2, -
NHC(O)R' or -C(O)NHR' groups wherein each R'is independently -H or unsubstituted -
30  C;-Ce alkyl. Unless indicated, the Cg-Ci» bicyclic cycloalkyl is unsubstituted.
The term "Cs-Cy; bicyclic cycloalkenyl" as used herein is a 8-, 9-, 10-, 11- or 12-
membered non-aromatic bicyclic cycloalkyl ring system, having at least one endocyclic

double bond. It is to be understood that when any two groups, together with the carbon



atomto which the two groups are attached remains tetraval ent.
Representative C -C bicyclic cycl oal kenyl groups include, but are not
limted two0miamdr onapht hal ene, hexahydr onapht hal ene, PoeAmsbhyidiosiinziene,

t et rahydr oi ndene, octahydrobenzocycl atept ene, hexahydr obenzocycl ohept ene,

t et rahydr obenzocycl ophept ene, decahydrohept al ene, octahydrohept al ene,
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Do C o Pl hie B ol hant btah S e gl oy Rt e 01 9
-NHC( O R or picGEitd NAR BleRYPSroWh\Eh Elube, @AE BreRot ﬁmiit@&i?d)%egﬁgdrbﬂaphﬁla?é’ne,
unsubstituted - Cl-"C6 al kyl~ Unless indicated, the C8-C 2 bicyclic

cycl oal kenyhexabhydiosagighdlengt bexahYénoindenentetredilydtoirdeneised herein refers to -F,
-, -Br_or -l. The term"3- to, 7- red nocyclic heterocycle" refers
to: (i) a 3%°BPYeK %8@@:‘31188%?9%#’8%%&5%%8%08@?18??%6%c| oal kyl in which 1 of
the ring cakd@Ry@bbéfzobasofephnt eRtasabheptaltnabctihy@obept@leaé,om or (ii) a
5-, 6-, or 7-menbered aromatic or nonaromatic nonocyclic cycloal kyl in

whi ch 1-4 ohexahzdionepfalens.lsod teffabrgoherielene i onheepeHaent: e Gepldaglioi th a
N, Oor S a e -~ at.lLc 3 - L& heteroeycl es
can b att achar by PR ORI utt o FEFRHE RUERARE KBk BB AN, 2
3- to 7-nenbgnigl)radacyN,i-COR'eGIOYHRESNR 'S, aNHAI®R o i@ CANHRN@roui@s bon
atom Representative exanples of a 3- to 7-nmenbered npnocyclic heterocycle
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i m dazol i nyly _ m i L edisoxazol yl, nor pholinyl,

oxadi azol yl bg(g(lg?%??% %f}?al%gglgg%ﬂbg%?ggbl idinyl, pyrimdinyl,

phenant hri di nyl , Thaemanthhlodlas nydd, hepdip exfazitoylf, -Chi-Beot di nyl , pyranyl ,

oyr 1 dooxazol o, pyPt dsasb b sy b RV EGE Rl G ) bty
pyrrol i di nylyenfifdddonMbmatic monocyclic cycloalkyl in which 1 of the ring carbon atoms has

15  been replaced with an N, O or S atom; or (ii) a 5-, 6-, or 7-membered aromatic or non-
aromatic monocyclic cycloalkyl in which 1-4 of the ring carbon atoms have been
independently replaced with a N, O or S atom. The non-aromatic 3- to 7-membered
monocyclic heterocycles can be attached via a ring nitrogen, sulfur, or carbon atom. The
aromatic 3- to 7-membered monocyclic heterocycles are attached via a ring carbon atom.

20  Representative examples of a 3- to 7-membered monocyclic heterocycle group include,
but are not limited to furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl,
isothiazolyl, isoxazolyl, morpholinyl, oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,

25  pyridoimidazole, pyridothiazole, pyridinyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl,
quinuclidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thienyl, thienothiazolyl,
thienooxazolyl, thienoimidazolyl, thiomorpholinyl, thiophenyl, triazinyl, triazolyl, In
one embodiment, the 3- to 7-membered monocyclic heterocycle group is substituted
with one or more of the following groups: -halo, -O-(C,-Cg alkyl), -OH, -CN, -COOR’, -

30  OC(O)R', -N(R")2, -NHC(O)R' or -C(O)NHR' groups wherein each R'is independently -
H or unsubstituted -C;-C¢ alkyl. Unless indicated, the 3- to 7-membered monocyclic

heterocycle is unsubstituted.



qui nuclidi nyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thienyl,
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heterocycle group can substituted with one or more of the following groups: -halo, -O-

(C-Cs alkyl), -OH, -CN, -COOR', -OC(O)R’', -N(R"),, -NHC(O)R". or -C(O)NHR'

groups wherein each R' is independently -H or unsubstituted -C;-Cg alkyl. Unless

indicated, the 8- to 12-membered bicyclic heterocycle is unsubstituted. Representative
20  examples of a "phenylene group" are depicted below:

The phrase "pharmaceutically acceptable salt," as used herein, is a salt of an acid
and a basic nitrogen atom of a purine compound. Illustrative salts include, but are not
limited, to sulfate, citrate, acetate, oxalate, chloride, bromide, iodide, nitrate, bisulfate,
phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate,

25  tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and pamoate (i.e., 1,I'-methylene-
bis-(2-hydroxy-3-naphthoate)) salts. The pharmaceutically acceptable salt can also be a
camphorsulfonate salt. The term "pharmaceutically acceptable salt" also refers to a salt

30  of a purine compound having an acidic functional group, such as a carboxylic acid
functional group, and a base. Suitable bases include, but are not limited to, hydroxides of
alkali metals such as sodium, potassium, and lithium; hydroxides of alkaline earth metal

such as calcium and magnesium; hydroxides of other metals, such as aluminum and



indicated, the 8- to 12-menbered bicyclic heterocycle is unsubstituted.
Represent ati ve exanpl es of a "phenyl ene group"” are depicted bel ow. The
phrase " pharoaceatincal |y acceptable salt,” as used hereipao/tsso@/osahit of an
acid and a basic nitrogen atomof a p2rine conpound. Illustrative salts
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i soni cotinate, |ac e, acid citrate, tartrat

tannate, paft o‘?rﬁé‘r?é]? am%ﬂef" af]rl‘f%iqa}@xylé Hgﬁ“é‘/l e iPyEAwe; ﬁaq’%th

genti si nat eey ?}éﬁ’iﬁﬁ@t&ethﬁhl%ﬁﬁnﬁ{e% le%i%%@ﬂ@-t Biis- %@ﬁ?sh?[(@flelowtspﬁlﬁﬁtaﬁnnes)
benzoate, glufamate, nethanesul fonate, ethanesul fona benzenesul f onat e,

p- t ol uenesubtidrrtneonoarids-pantpist(d- leydrexyethyl)tarmm Byllydredyitert{butylamine, or tris-

290 bo & cungRavatr Bl E e, R IR Ao FRATR A Cubaty o

salt" al so k@fhelsN,NodigheSil IN-0f- I@dﬁi?rétﬁ?l)&ﬁfﬁ@@vﬂﬂi(ilﬁ}/dhﬂgyémyl?&mﬂé ‘ON-
functional group, such as a carboxylic acid functional ngroup, and a base.

Sui t abl e bag@ﬁlsil%ghla@mrﬁu@nda&r@nﬁ@fﬂds prahtasargiaine hlysinedanddle e Thgsrm et al s
such as sodi i g‘%aﬁ% eftgle ! ﬁél "*Hléa"}]clﬁé{&r qﬁaﬁﬁ ok Pﬁ.}d@édﬁ%ﬁér Spet al

such as calc esrum roxi des of as al'um num
andzi nc; anohgiaal mdtuoersgamm amrﬂepese,d Wb odd anthddshad Titiastte eepoesehty dr oxy-
substit ut ed nono- or tri-alkylam nes, dicyclohexylamne; tributy

amine; pYri ah%cah\wﬁ% rhpese held Ay dishad lings depiey p %stqeppl&rm%rﬁ held m)no-
bi's-, or tr;u? & {ifdi ! tﬂaﬁ% guﬂétﬁa{én@m 49 ¢ ejﬁéﬂa d}“%hm@@on atBih%o whitth it fs! S- (2-

hydr oxyet hyl') am ne, roxy-tert-butylam ne,

(hydr oxymet hydchae tund/h dmhﬂé lind\jriichies|tioat@rsubdtioydnt N-t(elhywi thn»gumel a\Wey carbon

al kyl')-am nes, such as .N, N-di met hyl - N- (2- hydroxyet hyl )am ne or

tri-(2- hydrﬁs??é’tohwlfﬁfﬁl?l%uac thyl - D-glucam ne; and anmino acids such as

argi ni ne, |ysinerhafgdmt Rerebte@moliAe ds&f8a | é}@ﬁrrei%&et@tah%{dlmt SfeLepiabt e salt”
al so includes a hydrate of a purine conpound. Sonme chem cal structures

herein afe d@qnoemeeﬁlw@ongt thot id efiactivtohdd) tieatsort prevanping skevated HQRT o)
bonds. These d%g%n% IBB ] a upn%d | i nes depict absolute stereochem stry. A bold
The term “subject” is intended to include organisms, e.g., prokaryotes and
eukaryotes, which are capable of suffering from or afflicted with a disease, disorder or
condition associated with elevated IOP. Examples of subjects include mammals, e.g.,

20  humans, dogs, cows, horses, pigs, sheep, goats, cats, mice, rabbits, rats, and transgenic
non-human animals. In certain embodiments, the subject is a human, e.g., a human
suffering from, at risk of suffering from, or potentially capable of suffering from an
increase in IOP. In another embodiment, the subject is a cell.

The term “treat,” “treated,” “treating” or “treatment’” includes the diminishment

25  or alleviation of at least one symptom associated or caused by the state, disorder or
disease being treated. In certain embodiments, the treatment comprises the induction of
elevated IOP, followed by the activation of the compound of the invention, which would
in turn diminish or alleviate at least one symptom associated or caused by the elevated
IOP. For example, treatment can be diminishment of one or several symptoms of a

30  disorder or complete eradication of a disorder.

The term “use” includes any one or more of the following embodiments of the

invention, respectively: the use in the treatment of elevated IOP; the use for the

manufacture of pharmaceutical compositions for use in the treatment of these diseases,



line indicates that a substituent is above the plane of the carbon atomto
which it is attached and a dashed line indicates that a substituent is

bel ow t hewpl2arei2of10t he carbon atomto which it is attaclret/usStie/osanm
"effective anount” as used herein ref®rs to an anount of a selective
adenosi ne Al agonist that is effective for: (i) treating or preventing
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bei ng treat t. ak Ry, e I it [

Cnduct i on of el RR e RPN B S FRAb TP B k2885t Bfeciy o

t he inventi diternakivell, svpedially i Hivlopicdl systeins theteral ‘labvitdigcaat witkasdboone
synpt om associ ated or caused by the elevated | OP. For exanple, treatnent
can be df m Mi&hieat oper ghaaghitidey pietaratdy mithgny fagtor of By e ygivevalienpl et e
eradi cati on of adi : £ A7), -0 e t he
Fol Low ng_enbod; Aol Aftin (R Eidiby Uefers IREQNARE, Abph R EpQhic
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conpositions for use jn the treat t . of these diseases,e.gq., in the
manuf act ur e CBHIVeenida PRttt ;to ﬁ]é‘?lﬁg‘ég “ije'%sag’OB'f 3@%%&5%‘58%(33 the invention
in the Ej r ea}g rrfﬂt TRE r81RRARe WIIERSESHs RDAIIBCRYN hfPhavRIRPANRIQRASHiRAYhNY
conpounds o e
15  CCPA is 2-chloro- N6-cyclopentyladenosine; CPA is N6-cyclopentyladenosine; NECA
is adenosine-5'-(N-ethyl)carboxamido; NMR is nuclear magnetic resonance; R-PIA is

N6- (2-phenyl-isopropyl) adenosine, R-isomer; OHT is ocular hypertension or POAG is
primary open-angle glaucoma; HPBCD is hydroxypropyl B-cyclodextrin.

20 METHODS OF SYNTHESIS
Compounds according to Formula I can be prepared by using synthetic
procedures described in US patent 7,423,144, the disclosure of which is incorporated
herein in its entirety, as well as other published methods (see Cristalli et al., J. Med.
Chem. 35:2363-2369, 1992; Cristalli et al., J. Med. Chem. 37:1720-1726, 1994; Cristalli
25 etal,J. Med. Chem. 38:1462-1472, 1995; and Camaioni et al., Bioorg. Med. Chem.
5:2267-2275, 1997), or by using the synthetic procedures outlined below.
Scheme 1 shows methods for making nucleoside intermediates that are useful for

making the compounds of the invention.
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invention for the treatnent of these di seases; and conpounds of the
invention for use in the treatnment of these diseases; as appropriate and
expedi entwoi2bimiar218t at ed ot herwi se. I n particul ar, di seasgdastaobas3itiz eat ed
and are thus preferred for use of a c@npound of the present invention are
sel ected from gl aucoma, POAG or OHT. The term "about" or "approxi mately"
usual Iy means within 20% nore prefer&shymeilt hin 10% and nost preferably
still within 5% of a given value or range. Alternatjvely, especially in

bi ol ogi cal systens, the term "about" neans vvlthlq? out a log (ige.

order of ma d@)o%efEraly vmthlnafactor Tty of aglvem
used herei ng\@dt)he t Nref1eﬁ=§'\’"P%Ag epht

accept abl e fl ui dot r sarmisogqeli d dro n one ermodl , a drop
refers toallquge(volun'é equi Vat Bt to aboyfs to about Z0Gn, e.g.,
about 30 m to about 80 m ,. The follow ng abbr eV| ations are u§ed her ei n

and have the indicated defl nitions: CCPA is 2-chloro-
Nob- cycl opent yl adenosi ne; CPA is N6-cycl opentyl aden05| ne; NECA is
adenosi ne-5' - (N- et hyl ) carboxam do; NMR i s nucl ear gnetl c resonanc§; R-PIA

is N6- (2-phenyl |050Q{Agpyl) Chdenosi ne, R- |sorrer, y N s ocul ar r Nan5| on
or POAG is p?‘? pen- gl aucows, A HRHCD bSN ﬂep@/pro,pyl
b-cycl odextrin. SXNTHEW ound§ accor di n% AEY Fer I a I can

S pat 7,423, 144,

be prepared by u‘@?ﬁ syntl-helNl cRproocedures desdribed in
the disclosure o ich is incorporated herelfbgon its entiretY<as well as
ot her published nethods (seé Cristalli et al . Med. Chem 735:2363- 2369,
1992; Cristalli et al, J. Med. Chem 37:1720-1726, 1994; Cristalli et al,

J. Med. meth%S%%A'gzas]d%ngélb%% and Camaioni et al., Bioorg. Med. Chem

5:2267- 2275 using the synthetic procedures outlined bel ow
Schenme 1s5shows n&hbé@asediat ritmakicompoue] diraala néaarberduplee svithhapuriaee usef ul
For compound of Formula 2 using lithium hexamethyldisilazide and trimethylsilyl triflate,

followed by acetonide removal using trifluoroacetic acid to provide nucleoside

intermediates of Formula 3 and their corresponding other anomers of Formula 4.

Similarly, the ribose diacetate of Formula 5 can be coupled with a compound of Formula

10 2 using lithium hexamethyldisilazide and trimethylsilyl triflate to provide acetonide-
protected nucleoside intermediates of Formula 6 and their corresponding other anomers
of Formula 7.

Scheme 2 shows a method useful for making the adenosine intermediates of

Formula 8 which are useful for making the compounds of the invention.

15
Scheme 2
Cl NHR'
N SN 1. Acetone N Y
2,2-dimethoxypropane N
</N | PN CSA P ¢ .
HO\_O N™ "Ry > HO\ _O.N""N""R,
2.R-NH, /\;J
HO  OH

. c><o
8

where R! and R? are defined above.
The 6-chloroadenosine derivative of formula 3a is converted to its 2°,3’-

20  acetonide using acetone and 2,2-dimethoxypropane in the presence of camphorsulfonic



maki ng the conpounds of the invention.Schene 1 wherein Ris as defined
above. The protected ribose conpound of Formula 1 can be coupled with a
purine cowpaori2ofioFor mul a 2 using |ithium hexanet hyl di Ciraseae/oasid2
trimethylsilyl triflate, followed by 2cetoni de renoval using
trifluoroacetic acid to provide nucl eoside internediates of Fornula 3 and
their corr esgdndhageaviide canentarter dérvRoizedibdngan Sinivelodifdrynuld RENH Lo sle

di acet ate of FornuI% 5 can QE co%fle ith %I onpound of Formula 2 using
i t hi um hex BFSEHy196P8I BRI %r@v ot triflate to provi de

acet oni depr ot ect %tﬁk&&h&g@zﬁis@ﬁl fd}tn%kﬁﬁ?gjbtﬁ&&%nﬂiouﬁ@sf Mth@iReAsh i ABIdibed in
correspondi ng other anoners of Fornmula 7. Schene 2 shows a net hod useful

for maki ng fheeragkbnosi ne i nternedi ates of Fornula 8 which are useful for
maki ng the conpounds of the invention. Scheme 2 where Rl and R2 are defi ned
above. The 6-chl oroadenosi ne derivative of fornula 3a is converted to its
2',3"' - acetonide using acetone and 2, Jcllenmighoxypropane in the presence of
canphor sul foni caci d. The acetoni de can be futher derviatized using an am ne
of formula R*-NH2 in the pyf#Sence of base to provide conmpoundgof fornula

8. Met hodol ogy usef ul f</ ki ng étfﬁ%t»/’;é@(ﬁf%unds of the inN:eEng onis
4 WHEF 8lEne a8Y R0 ab

described in Schene 4. YR2 are definéd %e. The
adenosi ne i nt er nEfi of " f OFnul & '@AdRA be converd,nd tNelN” B,-nitrate
anal ogs using nitricracid in the presence of acetic anh i de, or other
nitrating agents, sésfPas MSCI/ONOG3 or nitrosonium tetyafyoroborate.

Acet oni de renoval usipg

where R' and R? are defined above.

10 The adenosine intermediates of formula 8 can be converted to their 5'-nitrate
analogs using nitric acid in the presence of acetic anhydride, or other nitrating agents,
such as MsCI/ONOQOs or nitrosonium tetrafluoroborate. Acetonide removal using
TFA/water provides compounds of the invention.

Methodology useful for making the Purine Derivatives of Formula (Id) wherein

15 Rlis —CH,0S0;H is outlined in Scheme 6.

Scheme 6
NHR1 NHR1
N S
N N S
AL A i <1
1. SO;-Pyridine, DMF
HO O N N R2 Y I HO3SO @) N N//l\R2
2. NaOH or KOH X_(
3. TFA/H,O
0. _0 2
< 4. 1 HO OH
8
where R! and R? are defined above.
20 The adenosine intermediates of formula § can be treated with sulfur trioxide-

pyridine complex to provide the corresponding 5'-sulfonic acid pyridine salt
intermediate. The pyridine salt intermediate can then be neutralized using NaOH or
KOH, followed by acetonide removal using TFA/water to provide the corresponding

sodium or potassium salt, respectively, of the Purine Derivatives of Formula (Id)



TFA/ wat er provi des conpounds of the invention. Methodol ogy useful for
maki ng the Purine Derivatives of Fornula (1d) wherein R3is -CH 20S3H i s
out | i ned wo 28mnena06. Schene 6 8 where Rl and R2 are defcmas2@bosai2 The
adenosi ne internediates of fornmula 8 Wan be treated with sul fur

tri oxi depyridine conplex to provide the corresponding 5 -sulfonic acid
pyridi ne salwtherent ArisresdHadSO;H h&r@yment afehesaldium ot potasdinatat eah strben be
neutralized usin

TEA vt er ¢ BBPBYITE THR M1 S RATRBIIEBUR I BPvi6t Suentiasel e

respectivel YnveRfiof BReBH A RE. CaLDYOLEVes of Formula (Id)wherein Alis -CH GSO
H Treatnent of the sodiumor potassiumsalt with strong aqueous acid, such

as sulfuric or hydrochloric acid, provides conpounds of the invention
wherein IS, A S OF DELI VERY The conpounds according to
Formul a $ §ﬁD%E§%ﬁ§§$E%Y d into various types of ophthal mc conpositions
or fornulations fag cel@bbek Yiecdr@ih g Boﬂmlﬁ@mwhdmccs@um&a ifelJavietedped sect |y
to the eye (for exanple: topical ocular drogs or _ointments; slow rel ease

devi ces suchplibalphiacpmpesitiansar fermwatival furaleliveryoReasla hesmapmuads may bhe
cul -desac O'Eieh\%’é &%e%ﬁﬁfﬁg{h%cegg gfo} gxatnriﬁe st8 ighieql Mop@ bPo Ia?eﬂ?tél esiow

periocul ar, “conj unc nons, Caneral ntravitrea

i ntracanal i wéaé devip@odutlo lssl)ha@ﬂnaéquslt:ﬁrﬂrﬁ@hélwd;f Qfonge@a[ﬁpﬂz&ltedlhahé <yu1 de-

i ntravenous, subcutaneous or intramuscul ar. injections; parenterally, derma
or nasall® deF?WrISﬁP lapegdradiacertnithuisierner Witkinghmexsy Petirsaar gfongngfinalr §bski | |

in the art nd Snd4a BRI, 1ﬁt?£\11§59?' &Hﬁﬁactaﬁﬂfcula?‘?raérgﬁ)%)sor%séﬁ?cahi?\(ﬁ?t' on may

be fornulateg’ln intraocul ar insert or inplant device
example: orally, intravenous, subcutaneous or intramuscular injections; parenterally,

dermal or nasal delivery) using techniques well known by those of ordinary skill in the
art. It is further contemplated that the agents of the invention may be formulated in
15  intraocular insert or implant devices.

The compounds of Formula I are preferably incorporated into topical ophthalmic
formulations with a pH of about 4-8 for delivery to the eye. The compounds may be
combined with ophthalmologically acceptable preservatives, surfactants, viscosity
enhancers, penetration enhancers, buffers, sodium chloride, and water to form an

20  aqueous, sterile ophthalmic suspension or solution. Ophthalmic solution formulations
may be prepared by dissolving a compound in a physiologically acceptable isotonic
aqueous buffer. Further, the ophthalmic solution may include an ophthalmologically
acceptable surfactant to assist in dissolving the compound. Furthermore, the ophthalmic
solution may contain an agent to increase viscosity or solubility such as hydroxypropyl

25 B-Cyclodextrin (HPBCD), hydroxymethylcellulose, hydroxyethylcellulose,
hydroxypropylmethylcellulose, methylcellulose, polyvinylpyrrolidone, or the like, to
improve the retention of the formulation in the conjunctival sac. Gelling agents can also
be used, including, but not limited to, gellan and xanthan gum. In order to prepare sterile
ophthalmic ointment formulations, the active ingredient may be combined with a

30  preservative in an appropriate vehicle such as mineral oil, liquid lanolin, or white
petrolatum. Sterile ophthalmic gel formulations may be prepared by suspending the

compound in a hydrophilic base prepared from the combination of, for example,



The conpounds of Fornmula | are preferably incorporated into topical

ophthal mc fornulations with a pH of about 4-8 for delivery to the eye. The
conpoundsworyite7nonbi ned wi t h opht hal nol ogi cal | y acceptrablus2@opszanyati ves,
surfactants, viscosity enhancers, pen@tration enhancers, buffers, sodium
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( of , for. .
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can be i ncorporated. npounds i n preferre odinents are contained in a
conposi t i onglancanotradtmesudgentsi erch ab,dbult owdimitédRol frbpakesnprestexlpedinenci ng

el evated | OP and/or_ nmaintaining normal 1OP |l evels. in POAG or CHT ients.
Pty K 4 S A S A R S e R R P

reduce | OP, 3n@FodTRE EASBA ARbsts At &ShfiRddone qapaynt . * The conpounds wi ||
normal |y be contained in these formulations in an amount 0.05 ng/m to 7.0

mg/ M buf preferably in an anount of 0.4 to 7.0 ng/m . Thus, for topical
DESIGN OF A CLINICAL STUDY USING COMPOUNDS OF FORMULA 1

The clinical study described herein is a multi-center, randomized, double-blind,
placebo-controlled, dose-escalation study of a single topical ocular application of the
study drug (i.e., Compound A or placebo) to the one study eye of adults with OHT or

20 POAG. The “study eye” was defined as the eye with the higher mean IOP, recorded
between 7:00 and 8:00 AM on the day prior to dosing (Day 0). Subject enrollment
criteria included males and females with no childbearing potential, aged 18 to 75 years
(inclusive), who signed informed consent, have been diagnosed with OHT or POAG,
and had a low risk for acute exacerbation of their eye disease while enrolled.

25 The adult subjects were sequentially assigned to 1 of 7 treatment groups. Each
treatment group included twelve subjects: 8 subjects randomized to receive 2.5, 7.5, 20,
60, 180, 350 or 700 micrograms of Compound A in the study eye and 4 randomized to

receive matched placebo (see Table 1) on Day 1.
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presentation 1 to 2 drops of these fornulations would be delivered to the
surface of the eye from1l to 4 tines per day, according to the discretion
of a skilweaonlizmiiei an. The conpounds of Formula | can &csawsk@owsad2in
conbi nation with other glaucoma treat2$ent agents, such as, but not |imted
to, b-blockers, prostaglandi n anal ogs, carbonic anhydrase inhibitors, a2
agoni sts, nilableck RaaddnrizatiomSchienetianhs CABicahTaigbni st s, A2A agoni sts and

conbi nati ons | ~ORMULA
inis aYhtiyeenter, raWBB‘%ﬂi‘B’d,

| The clinica

doubl e-bl i nd, se-escalation study gf a 43Yﬁgl e f opi cal
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day prior to dpspdrgrebiante oupSubj ect enrol | ment criteria i ncl uded nales and
femal es with no chilTdbearrng potential, aged 18 to 75 years (inclusive),
who signed informed consent, have been di agnosed with OHT or POAG and had

alowrisk for abﬁmkabkmmemﬂaukcnumﬁvmhe&ﬁmmyeaﬂmsmaﬁeﬂmmmmeléﬁdUMhmd The
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and 4 random zed to receive matched pl acebo (see Tab on Day % Tabl e 1.

Randomi zat i efudBdhenéomponné AQrimateled pradehd) wassiketdledras raamgm A} 1o deapstartless
were determ.ned in duplicate wth t gnonet er. fo Iow

tradi £ onal PREr PR Rty (TBAR SR ARAR Rl o OP e, o
basel i ne (puewdasi@htidfIRyvdre peisarEank 9: oorAthao DOANIND: 00 nddY add 200 @M s&icyned
study drug (Conpound A or matched placebo) was instilled as a single 50 nL
drop to the*dmengenidgorespponsingto lsdbdeiddnitouss pest gy daigtappligdtiogyla

exam natlb Onﬁdcﬁﬂgn Hﬁ%‘?@o b@g cohort an IOP determination was performed at 6:00 PM (18:00),

study'described her

corresponding to 10 hours post study drug application.

DOSAGE / DOSAGE FORM, ROUTE, & DOSE REGIMEN
Subjects had the study drug applied via eyedropper to the inferior conjunctival

15  sac of the study eye. The study drug was only administered to one eye per subject (the

study eye). Dosages ranged from 2.5 micrograms to 350 micrograms per 50 microliter

drop, per respective treatment group. A board-certified ophthalmologist (or comparably

trained designee) administered the study drug. Randomized enrollment of subjects into

each successive treatment groups was predicated upon the review and approval of the
20  safety data from the completed treatment groups by the Safety Research Committee,

consisting of three qualified physicians (i.e., an internist, cardiologist, and

ophthalmologist).

FORMULATION EXAMPLE
25 Formulation is 1 mg of Compound A for every 20 mg of Hydroxypropyl -
Cyclodextrin (HPBCD) (i.e., 1:20 wt/wt) reconstituted with 0.9% Saline for Injection,

USP, at concentrations indicated below.
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The results of the clinical trial are presented in the figures and further as

The dose escalation scheme over the 7 treatment groups of the multi-center,

randomized, double-blinded clinical study is shown in Figure 1. Twelve subjects were

randomly assigned to each treatment group: 8 subjects received Compound A and 4

subjects received placebo. Escalation to each successive treatment group was predicated

upon the approval of the Safety Review Committee of the safety data from the most

The mean and median IOP (mmHg) in the study eye at each time point across all

treatment groups is shown in Figures 2a and 2b, respectively. The mean absolute and

median absolute IOP change from predose IOP (mmHg) in the study eye across all

treatment groups at each time point is shown in Figures 3a and 3b.

Figure 4a presents a summary chart of the responder analysis in the 7 treatment

groups at 10:00 AM. In human subjects treated with topical ocular doses of Compound

A, at approximately 2 hours post-dose (approximately 10:00 AM), the largest portion of

the difference in IOP between drug-treated and placebo-treated eyes is apparent. The 2

hours post-dose clinical IOP assessment is especially relevant for detecting the presence

un a
cuccessive. RESsof glubetIRICRS Tat
described below.
5
10 recently completed cohort.
15
20

of an effect in human glaucoma/OHT patients with statistical significance.

Figure 4b presents a summary chart of the responder analysis in the 7 treatment

groups using the mean responder rate over a 6hr postdose observation period. To obtain

the response rate, the percent decrease in IOP for each subject at each of the 3 postdose



upon the approval of the Safety Review Commttee of the safety data from
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figuresr eg@%t@&aieaom% ffsaendsT apalygs a@hﬁﬁg@ gg coherk ovqrdhg RYStAose | v

si gni ficant ,Jecl8R %e{%@d.t he nean and nedian | OPs (fromthe predose baseline
| OP determ nahons? observed in the 350 and 700 nmeg cohorts relative to the
pl acebo response. Figure 7 presents the nean and nedi an % decrease from

lgg;el:ioﬂgr »E Bgym%%séﬁwﬁNga}\%égék responder anal ysis of the 700
Compound A was found to induce a decrement in IOP from the Day 1 pre-dose
15  baseline that was:
1. Dose-related decrement in IOP

a. A trend in the mean and median decrease in IOP and percent change
from baseline was observed, especially at the 2 hours postdose time
point. The largest mean and median decreases in IOP were found at the

20 350 mcg dose.

b. The responder analysis showed a dose-response to Compound A in the
numbers of subjects that achieved categorical mean decreases from
baseline in IOP of >10%, >15% or >20%, throughout the observation
period (~6hrs). The % of subjects achieving greatest IOP decrement

25 (responder analysis) was in the 350 mcg treatment group.
2. Statistically significant from placebo

a. Statistically significant differences from the placebo response were
observed in the 350 mcg and 700 mcg treatment groups at the 2 hours
postdose time point.

30 3. Inthe 350 mcg treatment group, the decrease in IOP was found to last for the

entire observation period (~6 hrs).
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concent r at egrdvidedt oyl atesty labenos e uk b avtiterseBd (1600Aa)s Ndidyetaddxyhddnoviae er (50

m) and 1(? ' h)(/2|.6 g) was diluted with acetone (30 ml) and to the resultant solution was added 2, 2-
dimethoxypropane (12 ml), followed by D-camphorsulphonic acid (3.01 g) and the
mixture was allowed to stir at room temperature for 18 hours. The reaction mixture was
concentrated in vacuo and the resultant residue was diluted with ethyl acetate (150 ml),
then neutralized to pH 8.0 using saturated aqueous NaHCO;. The organic layer was

15  separated, dried over sodium sulfate, concentrated in vacuo. The residue was purified
twice on the silica gel column using MeOH- CH,Cl, (4:96) as an eluent to provide 2°,
3’-isopropylidene-N°-cyclohexyladenosine (3.16 g). '"H NMR (CDCls): 3 1.23 — 1.47
(m, 9H), 1.38 (s, 3H), 1.64 (s, 3H), 1.79 — 1.81 (m, 1H), 2.04 - 2.06 (m, 1H), 3.80 (d, J =
12 Hz, 1H), 3.96 (d, J = 12 Hz, 1H), 4.53 (s, 1H), 5.09 — 5.16 (m, 2H), 5.80 — 5.92 (m,

20  2H),7.79 (s, 1H), 8.24 (s, 1H), 8.22 — 8.38 (m, 1H).

NS-Cyclohexyladenosine-5’-O-nitrate (Compound E): Acetic anhydride (6 ml)

was slowly added to a stirred solution of nitric acid (2 g, 63%) at —25° C (CCl4-CO, bath
used for cooling) and the reaction temperature maintained at —7.5 to 0°C for additional
1 hr. A solution of 2’, 3’—isopropylidene—N6—cyclohexyladenosine (1.0 g) in acetic

25  anhydride (3 mL) was added slowly. The resultant reaction was allowed to stir at 0 to —
5°C for 2 hour and the mixture was slowly poured slowly into an ice-cold solution of
aqueous NaHCOs (40 mL) and ethyl acetate (150 mL) and it was allowed to stir for 5
minutes. The organic layer was separated and washed with water, dried over sodium
sulfate, and concentrated in vacuo. The residue was diluted with a mixture of TFA (16

30 mL) and water (4 mL) and the mixture was allowed to stir for 30 minutes at room
temperature. The mixture was concentrated in vacuo and the resultant residue was

diluted with water (10 mL) and concentrated in vacuo. The residue obtained was diluted

with ethyl acetate and washed with saturated aqueous sodium bicarbonate, and the



acetate (300 m). The organic |ayer was separated and the aqueous |ayer was
extracted with ethyl acetate (2 x 50 ml). The conbined organic | ayers were
washed wiwb2omter21) 1 x 30 m ), dried over sodi um sul f ater/usemnomsiinat ed in
vacuo and dried under vacuumto provi¥e N6-cycl ohexyl adenosine as a white
solid (2.600 g). N6-Cycl ohexyl adenosine (2.6 g) was diluted with acetone
(30 M) and otgantchazyam\msIdriambvmbdmhosulfa&samlcb@echnﬂ,ateﬁ-in cfaeret Iﬁha;ep'rdmpane (12

m), followed h h d (3,01 th
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(s, 3H), 1.64 (s, - 1.81 (m LH, 2.04 - mg I—%SSO(dJ
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(CA4-C2 bath used for cooling) and the reactjon tenperature maintained at

-7.5 tolpocaniyidridade mlbyia SIQWHradd%i K0t ttiredrrobttiop of niric adid ¢ 8% Hind N
6- cycl ohexy g0 )@afhlusld ﬁ%r cbeh.(?;gﬁ%a?heallag&f&wt 8ér_§tuggéﬂ1]gmn&pﬂed7 stowy.

The resultant reaction was a to stir at O 2 hour and t he
m xt ure was 03Cdwl addigauak ths lAosdlytidnndf@’ a¥ - ikepremd]ddnesdI wib-aortwinydadeaosise
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15 solution of aqueous NaHCQOj3 (40 mL). The solution was extracted in dichloromethane.
The organic layer was separated and washed with brine, dried over sodium sulfate, and
concentrated under vacuo. The residue was purified on the silica gel column using ethyl
acetate — hexane (1:1) to provide the desired product (0.245 g) and the starting
compound (1.0 g). The nitro product (0.245 g) was diluted in a mixture of TFA (15 mL)

20  and water (5 mL) and the mixture was allowed to stir for 30 minutes at room
temperature. It was concentrated under vacuo and diluted with water (10 mL) and
concentrated in vacuo. The resultant residue was diluted with ethyl acetate and washed
with saturated aqueous sodium bicarbonate. The organic layer was dried over sodium
sulfate and concentrated in vacuo. The residue was recrystallized from the mixture of

25  ethyl acetate and hexane to provide N6—exo—2—norbornyladenosine—S’—O—nitrate (0.123
gm). 'H NMR (DMSO-Dg): § 1.03 — 1.21 (m, 3H), 1.40 — 1.56 (m, 3H), 1.58 — 1.64 (m.
4H), 3.94 (bs, 1H), 4.13 —4.17 (m, 1H), 4.30 (bs, 1H), 4.66 — 4.87 (m, 3H), 5.49 (d, J =
54 Hz, 1H), 5.62 (d,J =5.4 Hz, 1H), 5.91 (d,J =4.8 Hz, 1H), 7.60 (d, J = 6.6 Hz, 1H),
8.20 (s, 1H), 8.31 (s, 1H).

30 2-Chloro-N°-cyclohexyladenosine: A mixture of 2,6-dichloroadenosine (1.0 g)
and cyclohexylamine (0.926 g) in ethanol (30 ml) was heated at reflux for 6 hours then
cooled to room temperature. The mixture was concentrated under vacuo. The residue

was purified on the silica gel column using MeOH — CH,Cl, (1:6 to 1:5). The combined



m.) and water (4 nmL) and the m xture was allowed to stir for 30 m nutes at
roomtenperature. The m xture was concentrated in vacuo and the resultant
resi due waie 2didutad with water (10 nL) and concentr at ed Pci/Usa@om331The

resi due obtained was diluted with etBgl acetate and washed with saturated
aqueous sodi um bi carbonate, and theorganic |ayer was dried over sodium
sul f at e andfractiasmaratedenmatvdaenbdricthedersicdum topsovidr 2-Ehlech-bift t he Si I | ca
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slowy. The mixture was allowed to stir at 0 to -5 C for 40 mnutes and t he
nmi xt ur e 1has 0176w yI S Td@nsie’stop mixtwe 3 alé%wedoq()cfﬂg B TQPMGAMPEraBERIES #s  NaHCO

(40 ). Theg,sQl %dkiﬂﬁ‘) X‘Pés&%@lb%r Ghad ad dda! 185&’?6?t Q?d&?s TEF?‘E%%LISC Iayer

was separated and was ed W t ine, dri e over m su and
concent r at edontedeated acue o The theessuitant resdugwns dhih&di withethyl s¢dtatc;athge| col um

usi ng et hyl ace ne (1:1 rovid |red r oduct 0.245
oot Phe! oY LR et R et dntefheP R0t es Sl g Thesraale dvetaal di ared
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stir for 30 m nutes at roomtenperature. It was concentrat ed under vacuo
and dil uf ed2Wp t—homp}e]nde@@@\f rdyrlohaglyladenosine (0.378 g). 'H NMR (CDCl;): 6 1.23 - 1.30

(m, 3H), 1.36 — 1.44 (m, 1H), 1.63 (s, 3H), 1.68 — 1.79 (m, SH), 2.04 — 2.08 (m, 2H),
3.81 (d,J=5Hz, 1H),3.99 (d, J =129 Hz, 1H), 4.51 (s, 1H), 5.11 (d,J = 5.7 Hz, 1H),
5.15-5.18 (m, 1H), 5.75 (bs, 1H), 5.78 (d, J =4.5 Hz, 1H), 5.96 (bs, 1H), 7.76 (s, 1H).
2-Chloro-N°-cyclohexyladenosine-5°-O-sulfate sodium salt (Compound G):
20  2-Chloro-2’, 3’—isopropylidene—N6—cyclohexyladenosine (0.540 g) was dissolved in
DMF (6 ml) and added slowly in to the solution of sulfur trioxide (0.302 g) in DMF (3
ml). The mixture was stirred overnight at room temperature. It was concentrated on
ratavaporator and the residue was diluted with water (8 ml). The water solution was
slowly neutralized with NaOH (0.1N) to pH 7.0. It was extracted in ethyl acetate and the
25  aqueous layer was then concentrated. The white solid obtained was used as such for the
next step. The protected sodium sulfate salt was treated with the mixture of TFA-water
(16:4 ml) and stirred for 30 min. The reaction mixture was concentrated and the residue
was crystallized from acetone to provide 2—chloro—N6—cyclohexyladenosine—S’—O—sulfate
sodium salt (0.150 g). "H NMR (DMSO-Dg): & 1.10 — 1.13 (m, 1H), 1.25 — 1.41 (m, 4H),
30  1.57-1.83 (m. 6H), 3.72 - 4.08 (m, 4H), 4.47 (s, 1H), 5.81 (s, 1H), 8.14 (d, ] = 6.0 Hz,
1H), 8.43 (s, 1H).
2-Chloro-N°®-cyclohexyladenosine-5°-O-nitrate (Compound H): Following the

nitration and the TFA water deprotection reactions, 2—chloro—N6—cyclohexyladenosine—



concentrated in vacuo. The resultant residue was diluted wth ethyl acetate
and washed with saturated agqueous sodi um bi carbonate. The organic | ayer was
dri ed ovewozodvuzmisul f ate and concentrated i n vacuo. TheCrastdum3ias
recrystallized fromthe m xture of etdyl acetate and hexane to provide

N6- exo- 2- nor bor nyl adenosi ne-5' -O-nitrate (0.123 gm. 1U NWVR (DVSO-D 6) : d
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hour s th n cooled to roomtenperature. The m xture was concentrated under

vacuo. e residue was purified on the silica gel columm using MeOH - CH2dC
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vacuumto provid chloro-N 6- cycl ohexyl adenosine as a white solid (2.600
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S' - i soprpy resHEHE rapdipcy Bribadanigh aten &t00anlpand phyacstate (HOP gMex Y headenosi ne
(0 g) was t
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hours. he ardburul e ReHEGY A0 atd mAHe I Ehun S iR Ny
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aqueous NaHCO organi c |l ayer was
15 cyclopentyladenosme (43.8 2).

2°,3’-isopropylidene-N°-cyclopentyladenosine: N6—cyclopentyladenosine 43 g
was diluted with acetone (75 eq.) and to the resultant solution was added 2,2-
dimethoxypropane (5 eq.), followed by D-camphorsulphonic acid (1 eq) and the
resultant reaction was allowed to stir at room temperature for 3 hours. The resultant
20  reaction mixture was concentrated in vacuo and the resultant residue was diluted with
ethyl acetate, then neutralized to pH 7.0 using concentrated aqueous NaHCOQO;. The
organic layer was separated, dried over sodium sulfate, concentrated in vacuo and dried
under vacuum to provide a solid which was suspended in hexane (250 mL), filtered,
washed with hexane and dried under vacuum to provide 2’ ,3’—isopropy1idene—N6—
25  cyclopentyl adenosine (43 g).
2°,3’-isopropylidene-N°-cyclopentyladenosine-5’-nitrate: Acetic anhydride
(22 eq) was slowly added to a stirred solution of nitric acid (5 eq., 63%) at —10°C
(acetonitrile-CO; bath used for cooling) over a period of 4 hours with the reaction
temperature maintained at —5 to 5° C during the addition. The resultant solution was
30  cooled to —20° C and a solution of 2’,3’—isopropylidene—N6—cyclopentyladenosine
(18.250 gm, 0.048 mol) in acetic anhydride (37 mL, 8 eq.) was added slowly. The
resultant reaction was allowed to stir at —15 to —5° C for 1 hour and the resultant reaction

mixture was slowly poured slowly into an ice-cold solution of aqueous NaHCO5 (168



separated, dried over sodiumsulfate, concentrated under vacuumto provide
2-chloro- 2',3 -isopropylidene-N 6-cycl ohexyl adenosine (0.378 g). 1 NWMR
(CDA 3) :wo20102272101. 30 (m 3H), 1.36 - 1.44 (m IH), 1r63/Us30108bH1121. 68 -
1.79 (m 5H), 2.04 - 2.08 (m 2H), 3.1 (d, J =5 Hz, IH, 3.99 (d, J =
12.9 Hz, IH), 4.51 (s, IH), 5.11 (d, J = 5.7 Hz, IH), 5.15 - 5.18 (m |H),
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diluted th vvat he.wat er solutio tralized.

NaGH (0. A Cof RSy QR ST bl B T SRRl bhnte ARilheed BBl

| ayer was taesl’ -ROpopideat orf- cyFFbgeW@laH@n(ﬁﬁieLSj -3k4di(ned oyas used as such for
t he next step The protected iumsulfate salt was treated with the

m xture of TFA- w&iospound:Ar Y -igapiopstlidencal fmlowty}ﬁciﬁnoalﬁ@ér -BHeEtd OB B xture
was concent %Bts ﬁﬂ}n%ﬁ Qe ESE By %Fg@ég}%ﬁ’ a%ﬁlvlfdt Oﬂd%ﬁg%egﬁﬁ%g%%a?{l Qyi de

2-chloro-N exyl adenosi ne- te so sal U NWVR
(DVBO-D 6) wasl allo\ik&i to sllr 13 30minbitdp at dhoRbtempéradike Whe fshiltant rémétion ﬂ:n;&ﬁre( m

6H), 3.72 - 4.08 (m 4H) 447Bcgs, |%Hla1%5.81(s, I‘H),8.‘14a§d J =6.0 H,
IH), 8.48 (&as FRcenpates rhyqsinapd thedraHant FHdunwas dilited with fyaterdd @ miggRound
H): Fol | ow @anteﬁfoﬁéi 7] %c ONTROEshig 7 ﬁluWa%rdllq%ﬁ v%?&h&l&i%?{af‘e%@v@%ﬁor -2 .

2-chl oro-N 6-cyc exyl adenosi neb5' -O-nitrate was prepare rom?2
S' - i sopr opy wiitienerded ypleohesodivwad bivagionate, dild thivR gatioTh3) was drigd 0Ger-sodivdR (m
4H), 1.64 -
| H) 441 ( §1:1Ilfa‘t?_|5n$c{n gpng!éﬂtrat%{ 1§8/a% tozg_ﬁkgld%a g&%utegohc\ij reE?dgle Ziv}ﬁgl &/?ﬁ_ﬁl‘lﬁd&lfé@f (d,
J 4.5 Hz, yhddum ahd¥ed ﬂacry%taﬁz&i foliZoold dthanoB tc?ﬁro@ﬂle C‘l)mpoﬁna AB.1 glgrh') '8 38
(s, I'H. Synthesis of Conpound
15  NMR (DMSO-dg): 8149—158 (m, 4H), 1.66 — 1.72 (m, 2H), 1.89 — 1.94 (m, 2H), 4.12
—4.17 (m, 1H), 4.28 — 4.33 (m, 1H), 4.48 (bs, 1H), 4.65 — 4.87 (m, 3H), 5.5 (d,J=5.1
Hz, 1H), 5.63 (d,J=5.7 Hz, 1H), 5.91 (d,J = 5.1 Hz, 1H), 7,75 (d, ] = 7.5 Hz, 1H), 8.17
(bs, 1H), 8.30 (s, 1H); MS (ES"): m/z 381.35 (M+ 1); Anal. Calcd for C;sH20N¢Og: C,
47.37: H, 5.30; N, 22.10; Found: C, 47.49; H, 5.12, N, 21.96.
20

Svathesis of Compound B

2-Chloro-N°-cyclopentyladenosine - 2°,3’,5'-triacetoxy-2,6-dichloroadenosine
(1.5 g) and cyclopentylamine (8 eq.) were diluted with ethanol (50 eq.) and the resulting
solution was heated at reflux for about 15 hours, then cooled to room temperature and
25  concentrated in vacuo to provide a crude residue which was diluted with a mixture of
ethyl acetate and water and transferred to a separatory funnel. The organic layer was
separated, dried over sodium sulfate and concentrated in vacuo to provide a crude
residue which was purified using flash column chromatography on silica gel (§% MeOH
- dichloromethane as eluent) to provide 2—chloro—N6—cyclopentyladenosine (0.948 g).
30  MSm/z370.32 [M+H]"
2°,3’-Isopropylidene-2-chloro-N°-cyclopentyladenosine: 2-chloro-N°-
cyclopentyladenosine (900 mg, as prepared in the previous step) and 2,2-
dimethoxypropane (10 eq.) were diluted with acetone (15 mL) and to the resulting



N6- Cycl opent yl adenosi ne: A sol ution of 6-chl oroadenosine (43 g) and
cyclopentylamne (5 eq.) in ethanol (50 eq.) was heated at reflux for 3
hour s t hemocom/edibo room tenperature. The resultant re&criuspowioziiuz e was
concentrated in vacuo and the resultat residue was diluted with water (400
m ) and ethyl acetate (400 m ). The organic | ayer was separated and the
aqueous | ayeslutiars wex ddded T2 damplicrsieéphvplic adetlatg aqa the 00timd Jeactidvewssonbi ned

organic Iayeﬁ vq\gre washed with wat r (2 xﬁ&ngrO 1{11% dried over sodium
sul fat e, ACEMES L9t S8H 2 rﬁo’{PatE’E‘Ber&HHe i CSWRESITATHY PPOVEFESa sol i d
which was suspendsadd irﬂvd‘éﬁ@'&hﬁ%ﬂﬂ-h rmfcﬂulret & s%glré’tg&ia(ﬂfe'oﬁgNBHC@}%HH gélyl\'6'
cycl opent yl adenosi ne (43. . 2',3 -isopropylidene-N

6- cycl opent 9¢Q§@temm§|tmesfemed tfyfcmp@mry Ifereh o Shanergguig laypr was smatamdedrlvd th

acetone (75 e resul t ant. sol ut.ion

di net hoxépr8 r?)8d‘(“§1 %l(tﬁp ﬂ?‘oﬂor%%ér&%@yn BB REN *bﬁ%lﬂ? {:esﬁf& MWy and
the resul taﬁﬁnﬁ&ﬁ@sﬁﬁg)ﬂas\h&:%hﬁhﬁﬂ EmBhatodraphl londllich @eNtukiREIer Me@re- f or 3 hours.
The resultant reaction m xture was concentrated in vacuo ang t he resul tant

resi due was dighloipmethopa as eluprt) thlzr@tnéf:é St-hepropslidengt2-gdarotN -pH 7. 0 usi ng

concentrate e eparat dri over
sodi um sul fg}/&g&%%%de%??@d%@ vacuo aﬁgbg%’i égwﬁﬁgQr g@é’?éﬁﬂa’%%?ﬁ%i de a
sol i d whi ch3Wasl.euspdndear 9OHN, bwaiﬁQ—UZ@Hm_])H) 1‘3!9l8t(&;]€r-(£l,‘12@€}l;z|”,|(ﬂall)vvlr sh(kexane
and dried under vacuumto g%ov ide 2 Fyl i dene- N 6 %c opent yl

adenosi né¢ (48)g}25 24,68(m. 4 r%%%/‘r?dgr{@—’ RH- §/]c B pbt yiadendd AS%S. kDt r at e:
Acetic anhydride (,g’tz.ls_%%odgi‘-?eﬁé Q‘Mh}’oﬁ‘ﬁegyéﬁcg) gtyﬁﬁdéﬂog eSPitrhRP A’Eglﬁh&{ Ic

acid (5 eq., 639 acetonitrile used for cooling) over
period of 4ohoitmsaci {Zh0 hile 60&actas addddesipelyatvar e peodefaiOnechusts te a&etico 5C

duri o e Sahon. Thg roil Lol oLt Lon uas,cagl &0y L0129, 9F, a0 @

reaction mixture was allowed to stir at —10 to 10 °C for 10 minutes. The reaction mixture

15 was then cooled to —30 °C and then a solution of 2’,3’—Isopropylidene—2—chloro—N6—
cyclopentyladenosine (655 mg, 0.0016 mol, as prepared in the previous step) in acetic
anhydride (8.0 mL) was added slowly. When addition was complete, the resulting
reaction was allowed to warm to -5 °C and monitored using TLC (solvent 5% MeOH-
CH,Cl; or 70% EtOAc-hexane). When the reaction was complete, the reaction mixture

20 was poured slowly into an ice cold mixture of saturated aqueous NaHCO; (300
equivalent in 75 mL water) and ethyl acetate (60 mL). The organic layer was separated
and the aqueous layer was back extracted with ethyl acetate. The combined organic
layers were washed with water, dried over sodium sulfate, and concentrated in vacuo to
provide a crude residue. The crude residue was purified using flash column column (5%

25  methanol-dichloromethane as eluent) to provide 2’,3’—Isopropylidene—2—chloro—NG—
cyclopentyladenosine-5'-nitrate (0.435 g). "H NMR (CDCl3, 300 MHz): & 1.38 (s, 3H),
1.59 (s, 3H), 1.66 — 2.13 (m, 9H), 4.50 — 4.55 (m, 1H), 4.71 — 4.83 (m, 2H), 5.14 - 5.17
(m, 1H), 5.31 (d, J =5.7 Hz, 1H), 6.04 (s, 1H), 7.24 (s, 1H), 7.81 (s, 1H). MS m/z 455.44
[M + HJ".

30 Compound B: 2°,3’ —Isopropylidene—2—chloro—N6—cyclopentyladenosine—S "-nitrate
(0.435 g, as prepared in the previous step) was diluted with TFA (20 mL) and water (5
mL) and the resulting solution was allowed to stir for 30 minutes. The resulting reaction

mixture was concentrated in vacuo and the resulting residue was diluted with water (10



(18.250 gm 0.048 nol) in acetic anhydride (37 nL, 8 eq.) was added sl owy.
The resultant reaction was allowed to stir at -15 to -5 C for 1 hour and

t he resulwenviweandi on m xture was sl owy poured sl ow yPcmtus2@n/08z1e2 col d
sol uti on of aqueous NaHCO3 (168gmin 800 niL water) and ethyl acetate (350
rnL) and the resultant solution was allowed to stir for 5 mnutes. The
organi ¢ | ayerlL)was tisaparlabesblatich irecamqeracuts] inayiewo. Was caxie residiedbirsngty et hyl
acetate (350 he_ conmhi ned organic |ayers were hed wi th water, and
i ed over  SaaRliHed P CaneHIPEEd 1 H U SHETUT PPFLY eRHE T ash
col um chr OHBERYE HWuRBiGiddnaR, 8Ld sk REHIdR%UBERYhd BERleAl: B aX @80 aPhee! uent
to provide 2", 3" -isopropylidene-N 6-cycl opentyl adenosine-5' -nitrate (14.9
g). Conpou ndrude re¥idig’ obtaanﬁr\mmpurd@delsmgalaslyc¢lomer¢h§drmlegreshm@l Glicmgdlr at e

Casol Dhnb s ciing T ptao oo e e g i oo dnodnb el Ly o

The resul taNMRQBMS(QJaﬁ,FBOJOMH@) \JaS5COoNOENHY, 8HEd! | - w@@w 20 4t§5&4§s@ht ant
residue was diluted with water (10 m_}q}? and concentrated I n vacuo.
|

resul tant r@E).guée wasSdim. gHed. W ths, Bl hyloldestlabed &had.dasheé dlanl Hh 85%& ﬂPrSat ed

aqueous sod the organic |ayer was dried over sodium
sul fate andbgg]n@(g%g?ﬁggfn vacuo to provide a white solid residue which
was dried under vacuum and then recrystalized fromcold ethanol to provide
Compound A (3. 1 .g 1HNMR ( DMV 6% :d 1.49 - 1.58 (m 4H), 1.66 - 1.72
(m 2H) 101, &M@w_zéwhess Sd 17 (m IH), 4.28 - 4.33 (m IH),

g 4718H§bs I'H), 4A6?1d(tur% o@é f’)’n}so ?/1 I-i%mé I\(édcg/cgogenﬁlalleﬁ_&me |_(‘Z|T|)g 0%0@@5{0?_7 \(]b:

'OH% Hngg& ( Prephllfl)i as NG f(aﬁlsm Examplz 1;3?11(1 wfqrwmompe; gé\l’liﬂne Zg@pm (o 6p39 ml(\)ln
SO iR shiesih e R ayettipb iy b sy 5

21.96. SyntHe
, 5" -triacet @fYsvedBn %&Jala%wl%mghgﬁes{d%e %aghna@@ﬂ &»e% ORROLNE A fage (WBs €a- )

vvere diluted with ethanol (50 eq.) and the resul

15  diluted with water (25 mL), neutralized to pH 7.0 using NaOH (IN) and concentrated in
vacuo to provide a crude residue which was diluted with an solution of TFA (80%
solution in water, 50 mL). The resulting solution was allowed to stir at 25 °C for 30
minutes and the reaction mixture was concentrated in vacuo to afford a crude residue
which was diluted with water (10 mL) and concentrated in vacuo. The crude compound

20  obtained was recrystallized from acetone — water to provide compound C (sodium salt)
(805 mg). 'HMNR (DMSO-ds, 300 MHz): 1.53 — 1.96 (m, 9H), 3.78 — 4.10 (m, 4H),
443 -4.54 (m, 2H), 5.90 (d, J =5.1 Hz, 1H), 8.23 (s, 1H), 8.46 (s, IH). MS m/z 416.20

[M + HJ".

25 EXAMPLE - BINDING STUDIES

Cell culture and membrane preparation

CHO cells stably transfected with human adenosine A; receptor are grown and
maintained in Dulbecco’s Modified Eagles Medium with nutrient mixture F12
(DMEM/F12) without nucleosides, containing 10% fetal calf serum, penicillin (100

30  U/mL), streptomycin (100 pug/mL), L-glutamine (2 mM) and Geneticin (G-418, 0.2
mg/mL; Asg, 0.5 mg/mL) at 37°C in 5% CO,/95% air. Cells are then split 2 or 3 times

weekly at a ratio of between 1:5 and 1:20.



solution was heated at reflux for about 15 hours, then cooled to room
tenperature and concentrated in vacuo to provide a crude residue which was
di | uted wvohom/mruabure of ethyl acetate and water and tPramafseswesdiin a
separatory funnel. The organic | ayer 38as separated, dried over sodium

sul fate and concentrated in vacuo to provide a crude residue which was
purified using fMeshbrewdsdonradioligamt mgdiap kypaimeaitd are prapaled(fB88 ketHor

di chl oronet hane as, el yent) to provid -chl oro-N 6-cygl niyl adenosi ne
(0548 ) Neren Saodsmiibed B Rl erat, FulipuchlmybiebntSichlspe: n-

6- cycl opent yhadenasvseThechb@p&rshinds t&ﬁ%o%?@ﬁi!é@ﬂqw&m% g& RicRffeAS

prepared in"the previous step) and 2,2- di methoxypropane (X eqg.) were

di l uted wi t mMdetsgiel, g PV TAnpH t/6t) tahé thedpuiagengs o wui dor Waminatkddd’C)

D- canphog sul iC id 1 eqg dthe resulti reaction all owed to
otir e b oot s T mehpeats bythebnscdTpbEE b mdfe MERFHRT ISD Pan RS
concent r at ed0,00( 2aH®resBépgeHd&inWOthVET /KUY beffaf prs auUUFct S thdeavkarus NaHCO
and ethyl acetate, and transferred to a separatory funnel. The organic

| ayer was s&paptared) mMilsy/Bved0 stdiMatbul mM E pEbhéehtioaeed liwid/acuo to
provide a c ' Wi ¢ purif] ' h | umm

chr onmat ograE)HEI)C/z)(?é(%fr%gt;iﬁ:6 geéﬁ\g%ch?%\%?oﬁg&%oé @g&#?h%?tgk{dga?o%g?hane as eluent) to
provi de 2',3' -Isopropylidene-2-chloro-N 6- cycl opentyl adenosine (0.905 g).
1 NW\R (CDOA 3, 300 MHz): d _1.36 ~3H), 1.62 (s, 3H, 1.66 - 2.16 (m 9H),
3.78 (d0) Adyw ceptol Bingingddtugies 3° = 12.9 Hz, IH), 4.51 (bs, IH, 4.55 -
4.60 (m IH, 5. = e I S Al (s,
Ty 2 3 sopr ang T RuRS A THEAEH PuincCobBhunds M ndadhodie s becplrBh 7
sol uti on of badetermined by neds@ingithe éidpthcanant aflshedifsl [OFd] %’/-Cblmecv—Né—cpeleﬂnlylof 30

mnutes to acetic anhydri 16. 0 at -10 to 10 OC (usi.n
Rcetonttr i1 s e Biiey CHORFISHEY HanHEAE! bOh hmR At ST M oved o
stir at -10ag&0;ﬁ69§ef)@;eg@eg§g@$g§I§(nl\jﬂje reaction m xture was then cool ed

to -30 0OC and then a solution o , 3' -1 sopropylidene-2-chl oro-N 6-
15 Dissociation constants of unlabeled compounds (Kj-values) are determined in

competition experiments in 96-well microplates using the A; selective agonist 2-chloro-
N6—[3H]cyclopentyladenosine ([SH]CCPA, InM) for the characterization of A, receptor
binding. Nonspecific binding is determined in the presence of 100 uM R-PIA and 1 mM
theophylline, respectively. For details see Klotz et al., Naunyn-Schmiedeberg’s Arch.

20  Pharmacol., 357:1-9, 1998. Binding data can be calculated by non-linear curve fitting
using the program SCTFIT (De Lean et al. Mol. Pharm. 1982, 21:5-16).

Functional characterization

The A; and Aj receptor-mediated inhibition of forskolin-stimulated adenylyl
25  cyclase activity was tested in membranes prepared from CHO cells stably transfected
with the human A; and A3 adenosine receptors. The A, and A,y receptor- mediated
stimulation of basal cyclase activity was tested in membranes prepared from CHO cells
stably transfected with the human A,, and A3 adenosine receptors
Adenylyl cyclase inhibiton via human adenosine A; and As receptors
Ay (ECso nM) A3 (ECso nM)
Compound A 17 >100,000
Compound B 20 >100,000

30



cycl opentyl adenosi ne (655 ng, 0.0016 nol, as prepared in the previous step)
in acetic anhydride (8.0 nL) was added slowy. Wien addition was conpl ete,

t he resulwongiweandi on was allowed to warmto -5 0C andpoonistawesdiusi ng TLC
(sol vent 5% MeOHCH Cl or 70% Et OAc- he¥ane). Wen the reaction was conpl ete,
the reaction m xture was poured slowy into an ice cold m xture of
saturated aqueous NaHCO3 (300 equivalent in 75 nL water) and ethyl acetate
(60 m). The organic | @weipovBSESEparateg and the agueouso ! ay¢r was back
extracted with ethyl pcetate The conbined organic layers wede washed with
wat er, dried over sod| Gempornd€el and ddncentr at ed>ilA0.08@uo o provide a
crude residue. The crugde—restduve—was—purt+ied—tustrg—Ft+astr—eot uimm colum (5%
met hanol - di chl or onmet hane as el uent) to provide

2',3" -1sopropyli @Bgregerﬁhﬂl%aoﬁa& ite¥aboReRhY hatlehQsidserived M ddtat.e (0. 435
g). 1U NWR (CDA 3, 300 MHz): d 1.38 (s, 3H), 1.59 &s, 3H), 1.66 - 2.13 (m
9H), 4.50 - Hewsser e scefje ofghg presend iig@nfion iszdf intended ta belimpteq fp theH) | 5. 31

(d, J =5.7 He, | 6,04 (S, I {..24 | 7.81.(s.1H. M5z
455 2 (3 +PRE ek Ry bl bl Bag il dhidiorptie:

6- cycl opent ybiageun@s) meand, methbdahed/oPstd@degeritad ip Heppedtcitiont Maripisevi ous
step) was diluted with TFA (20 nL) and water (5 nmlL) and the resulting

sol uti on wa§odificafiars. sepssiytions.gpd 3prigHopgcasbe mage odbe disrlosed wagtitlon ni xture
was concent ' I I il Wt wat er
(oni 1) and"frE LB BE - DR PSS ERELALRG Lhm RS, B ol el i liohe
resi due obt Acnedinghs odé bfibeihany tkill éd thelartaeidlt ridily dppesesdtefromdhe disalosure
separatory funpel, washed with saturated agueous sodi um bi carbopate, dried
over sod?ymﬂ‘é’ﬁraffgtr%gd\gﬁﬁﬁt’&BﬁéB Fa oy tgionperier e S\ﬂé%%nalaﬁ_ym ai ned
was purified,ystpgeibl Qiszh:hfe%r}g’%b%ﬁt?ﬂ@ttﬁcg£a%£€"ﬁés19f‘a§édﬂb&i@m9ﬁk dédsibag 10%
nmet hanol - di chl or onet hane as eluent) to provide Conpound 16 (0.250 g). 1H
NVR ( DMSQd B¢reBOdaywbt htilizgd hegstding 10 9&h(rajatedigmbodimeénts o4th present idédnfiod., 55 -

4. 2_81( mz ! :_Dlrﬁﬂ,lé 'é}_zeg@h@%' %Sd&% 22 htended D SRS mphddienn Heid2pe Mblificaadns, (&

substitutions, and variations to processes, manufactures, compositions of matter,

15 compounds, means, methods, and/or steps disclosed herein.



2H), M5 mz 414.85 [M+ H +. Synthesis of Conmpound C (sodiumsalt) A

m xture of 2',3'-isopropylidene-N 6-cycl opentyl adenosine ( 1 g, 0.0026 nol,
prepar ed we m12fxpt h i n Exanple 1) and sul fur trioxi deprcpyuseaionssiennpl ex
(0.0039 nol) in DWMF (17 nmL) was stirr#8d at roomtenperature for about 18
hours. The DMF was renoved in vacuo and the resulting residue was dried in
vacuo. The dLAAMS esidue was diluted with water (25 nL), neutralized to pH
7.0 using IN). and concentrated in vacuo to provide a crude residue
whi ch was m&ocl}%h“}eﬂl%m sol ution of TFA (80%solution in water, 50 nlL).
The resulting solution was allowed to stir at 25 0C for 30 m nutes and the
reaction m xture was concentrated in vacuo to afford a crude residue which
was di | ut edlwi t hAwat@dped pfi @dating arthocolncpiasuat wdh humandomeed theeeotr ude
conpound_ obt ai ned s recrystal.lized.from aceto - water to proyide
Compound’ G EQBRTTIAY D% St YigS 31 SHRRES BoRe e Comg uimasortingle 71 o6
(m 9H), 3. F8rmul4 1 iDad sfectddoyebf4dumatt; 54 (m 2H), 5.90 (d, J = 5.1 Hz,
IH), 8.23 (s, IH), 8.46 (s, IH. M5 mz 416.20 [M+ H +. EXAMPLE - BI NDI NG
STUDI ES Cell culture and nenbrane preparation CHO cells stably transfected
W th human adenosi ne Al receptor ape gr own and grai nt ai ned i n Dul becco's
Modi fi ed Eagl es Mediumwi th nutrient\um e 2 (DVEM F12) wi t hout

nucl eosi des, containing 10% fetal cal penicillin (100 Wnl),
streptomycin (100 ng/nlL), L-glutam ne and Ceneticin (G418, 0.2

mg/ m.; A2B, 0.5 ng/nL) at 37Cin 5% air. Cells are then split 2 or
3 times weekly at a ratio of between 1/5 any 1:20. Menbranes for radioligand
bi ndi ng experinents are prepared fromgfreshjior frozen cells as described in
Klotz et al., Naunyn-Schm edeberg's Ar ch.I Phar macol .,

10 or a pharmaceutically acceptable salt thereof,
wherein
A is —-CH,ONO, -CH,0SOsH;
B and C are —OH;

Dis
NHR!
N
g
AL,
15 o, :

A and B are trans with respect to each other;
B and C are cis with respect to each other;
C and D are cis or trans with respect to each other;
R'is -H, -C;-C} alkyl, -aryl, -3- to 7-membered monocyclic heterocycle, -8- to
20  12-membered bicyclic heterocycle, -Cs-Cg monocyclic cycloalkyl, -C3-Cg monocyclic
cycloalkenyl, -Cs-Cy» bicyclic cycloalkyl, -Cs-Cy» bicyclic cycloalkenyl -(CHa),-(Cs-Cs
monocyclic cycloalkyl), -(CH,),-(Cs-Cg monocyclic cycloalkenyl), -(CH,),-(Cs-Cy»
bicyclic cycloalkyl), -(CHa),-(Cs-Cy2 bicyclic cycloalkenyl), or -(CH»)p-aryl;
R* is -H, halo, -CN, -NHR*, -NHC(O)R*, -NHC(O)OR", -NHC(O)NHR", -
25 NHNHC(O)R', -NHNHC(O)OR*, -NHNHC(O)NHR", or -NH-N=C(R"R’;



357 :1-9 (1998). The cell suspension is then honogenized in ice-cold
hypotonic buffer (5 MM Tris/HO, 2 mM EDTA, pH 7.4) and the honpbgenate is
spun for WO 2iomaras (4C) at 1,000 g. The nenbranes are trhemssadiosam: ed from
t he supernatant for 30 m nutes at 10041000 g and resuspended in 50 mM
Tris/HA buffer pH 7.4 (for A3 adenosine receptors: 50 mM Tris/HO, 10 nmM
MyCl 2, 1mM EDTA, Rpls & 2%) alkiyt, omh ((EHJ)IL oy, d(@HL) - Q&gem7anerabqwed)mnmychc

SC i 65, ThePBEREHIE) ok bt Cob LT BBE LI R BB RIS For (R daBRbsi ne A1~

recept or camdagc gk RLALARG) bycHBRSE %Ugamtne@y@ﬂc%&oaml@l@gi,s. fspeslene [3H

2-chl oro- N 6-cycl opentyl adenosi'ne binding 1n y transfected
wi th human beyoibéyeirikyAl -@denodisHe. bayel oycletlipmgbsdd- (@ eC KE o)), or -
Di ssoci a] |o& ns ants of unl abel ed conpounds (K1-values) are determned in
corrpetlt g ‘ments in 96-well mcroplates using the Al sel ective

agoni st 2- chl or oR® N6-(f, 3], aMl, omntcdﬂggmﬁl @{)[—@ﬂt@@?ﬁemﬂ)&é@ mioBbcylclie

characterization of A _receptor binding E}em bi nding i s determ ned

in the presfigecyele) 66 He-@&- m A2 befﬁdl ttlmﬁ 9lerqcmele> rédpectGxet y. For

I e Toos. TarShfE Bburo AU, AT BRI et R T ARGl G 0
using the pbmgtl&fmﬁ(b'ﬁﬂiy'[) (mzb,;e(zm (éltz b&lychd?\@clodﬂkh&mym -(CO8R:(C2 L mckbyyclic
Functi onal char acterization receptor-nedi ated inhibition of

f or skol ilh- §Y§lpatkeybe P&ﬁaﬂyw Clésy&(a@él af:tnhﬁlxlsfn%‘sto&Q@dCuﬁwmanes
prepared from CHR7eel scsgbmg%lt r@b (@ﬁzﬁadarw t(@}fzgeﬁh’cbrmﬁwﬁlb d A3

adenosi ne receptors. The receptor - iated stinulation of
basal cycl amnacstqhmhby:rmsleb edildd, (& tmmmeqobleymmédte&oMeMthl S

stably tr an%&e 8& gl%n\o,\f:;c 1c ¢cycC %ozﬁﬂ;ﬁ? n(éﬁ% ?8 d ?glo%ggyrcl: 1% Icg/]gloalﬁe %rﬁ))t O{d{z)n (Cs-
C)2 bicyclic cycloalkenyl) or -(CH2),-(Cs-Ci2 bicyclic cycloalkyl);
15 and each n is independently an integer ranging from 1 to 5, and a

pharmaceutically acceptable vehicle.

2. The method of claim 1, wherein the compound of Formula I has the formula:
A 0 D
20 B C
(Ib)
or a pharmaceutically acceptable salt thereof,
wherein
A is —CHZONOZ;
25 B and C are —OH;
Dis

30



Adenyl yl cycl ase inhibiton via human adenosine Ai and A3 receptorsThe
present invention and its enbodi nents have been described in detail.
However, wbeoscpaoof the present invention is not intemrdedstaobssiizmted
to the particul ar enbodi nents of any 43rocess, manufacture, conposition of
matter, conpounds, neans, nethods, and/or steps described in the
specification. Various nodifications, substitutions, and variations can be
made to the disclosed nmaterial wthout dep@ng ng fromthe spirit and/or
essential characteristics of the present ipvention. Accordingly, one of
ordinary skill in the art will readily appfeciate fromthe disclosure that
| ater nodifications, substitutions,N riations performng
substantially the same function %achi ving substantially the same result

as enbodi ments described herein be [utilized according to such rel ated
enbodi ments of the present inventi S, followng clains are

i ntended to enconpass W thin their /scope mbdificBtions, substitutions, and
variations to processes, nanufacnggés, conposi tions of matter, conpounds,
nmeans, nethods, and/or steps discldsed herein. CLAPMS What is claimed is: 1.
A met hod of reducing intraocular pressure in a human in need thereof,
conprising the step of: applying an effective anount of a conpound

accordi ng to ForAuima B ategram vaflf respestitoeapeh ofhesr human, (D or a

pharmaceutical | y ,ac t abl.e |t thereof, wherein Ais -CH 20NO2- CH 20S(3H;
B and C gre - OH; Bljm‘iégdo%eafhgdw ﬁersge‘it?%ﬁaé:fhvﬁﬂfeﬁ’ respect to each ot her;
C and D are cis or trans with respect to each other;

R' is -C3-Cs monocyclic cycloalkyl, -3- to 7-membered monocyclic heterocycle
or —Cs-Cy; bicyclic cycloalkyl; and
R? is —H or —halo.
10
3. The method as claimed in claim 1 wherein the compound of Formula I is
selected from:

Compound A

O

ilOH

ow

ONO, H

15 ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-
2-ylDmethyl nitrate,

20



B and C are cis with respect to each other; Cand D are cis or trans with
respect to each other; Rl is -H -C-Co alkyl, -aryl, -3- to 7-nenbered
nonocycl iwohetenronygcl e, -8- to 12-nmenbered bicyclic het ecoagede/0331C8- C
nonocyclic cycl oal kyl, -C3-C nonocycl43c cycl oal kenyl, -Cs-Ci 2 bicyclic
cycloal kyl, -Cs-C 2 bicyclic cycl oal kenyl -(CH2)n-(C3-Cs nonocyclic

cycl oal kyl ) ComipaddyB ( C3- Cs nonocyclic cycl oal kenyl), -(CH2)n-(Cs-G 2

bi cyclic cycloal kyl), -(CH2)n-(Cs-C 2 bicyclic cl oal kenyl ), or
~(CH2)n-aryl; R2is -H halo, -CN -NHR4, -NHR4, - NHC( O) OR4,

-NHC(O) NHR4, - NHNHC(O R4, - NHNHC(O) OR4, - NHMNC(O) NHR4, or -NH N=C(R6) R7; R4
is -Cl-C1 alkyl, -aryl, -(CH)n-aryl, -( n-(3- to 7-nmenbered nonocyclic

het erocycle), -(CH2)n-(8- to 12-nenberg Fgyclic heterocycle), -(CH )n-(C
- C nonocyclic cycloal kyl), -(CH )n- ((%— Cllrongcycl i c cycl oal kenyl ),
-(CH )n-(Cg-Cn bicyclic cycloal kyl), -\ C8-Cl12 bicyclic

cycl oal kenyl ), -OC(C 1-C10 alkyi) or . CcClaryl® R6 is -G -Cio alkyl,
-aryl, -(CH2)n-aryl, -(CH)n-(3- tR® nber ed nonocyclic heterocycle),
-(CH2)n-(8- to 12- rrerrber ed bicycli &fdtycle), -(CH )n-(C3-C nonocyclic
cycl oal kyl), -(CH )n-(C3-C nonocyflic:cycl oal kenyl), -(CH )n-(Cs-Cn
bicyclic cycloal kyl), -(CH)n-(Css5En WiHcycl i ¢ cycl oal kenyl), -(CH)

n- (C3- Cs nonocyclic cycl oal kenyl), -phenyl ene- (CH )nCOOH, or

- phenyl ene- (CH 2) HCRO3S, 4R SR)-5a 2adhkorb)6- (cmopmtylbnﬁno@%mirwwj 34-aryl,
-(CH2) n-aryl, -(CH2)n-(3- to 7-nmenber cli heterocycle)

-(CH2)n- (8- to 12-menber ecfltﬂﬁfd(f%xt‘?tﬁa P{&Oé Fae 3?1 ﬁYl RS n- (C3-Cs
monocycl kc @(,ﬁ{lgﬁllnh)@), -(CH )n-(C3-Cs m)nocycl i cycI oal kenyl ),

-(CH )n-(Cs- Cn bicyclic cycloal kenyl) or -(CH )n-(Cs-Cn bicyclic
cycloal kyl); and each n is independently a teger ranging from1l to 5,
and a pharnmaceutically acceptable vehicle,

wtiQOH

o
I

OSO4Na

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

-ulll"OH

Compound D

10 ONo, ©H

((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yDtetrahydrofuran-2-yl)methyl nitrate,



2. The nethod of claim11, wherein the conpound of Fornula | has the
formula: (Ib) or a pharnmaceutically acceptable salt thereof, wherein Ais
-CH 20NO w0 2BI0eIn21€ are -OH;, D i sA and B are trans w t hpcedseamw/osz11each
other; B and C are cis with respect t4 each other; C and D are cis or trans
with respect to each other; Rl is -C -Cg nonocyclic cycloalkyl, -3- to
7-menber ed GCongupndilE het erocycle or - C -Cl12 bicyclic cycloal kyI and R2
is - Hor -halo. 3. The nethod as clained in claim 1l wherein the corrpound
of Formula | is selected from Conpound A
((2R, 3S,4R 5R) - 5- (6-(cycl opentyl am no) - 9H puri ‘
rofuran- 2-yl)nethyl nitrate, Conpound B
((2R 3S, 4R 5R) - 5- (2-chl oro- 6- (cycl opentyl anf no) - 91 purin-9-yl) -3, 4-
di hydr oxyt et r ahydr of uran- 2-yl') met hyl Compound C sodi um
rin-9-yl)-3, 4-
e Conpound D

((2R 3S,4R 5R) - 5- (6-(cycl opentyl am n
rahyd of ran- 3-yl am no) - 9H puri n- 9-

| ) -3, 4-di hydr oxyt et rahyd

di hydr oxyt et r ahydr of ur an- 2-yl ) net hyl
((2R, 3S, 4R, 5R) - 3, 4-di hydr oxy-5-(6-(t

ONO,
((2R,3S,4R,5R)-5-(6-(cyclohexylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-
2-ylDmethyl nitrate,
5 Compound F

N e
74 N
<N ,NAH
o
"1|OH
ONO, OH

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

10



yl)tetrahydrofuran-2-yl)nmethyl nitrate, Conpound E

((2R, 3S, 4R, 5R) - 5- (6- (cycl ohexyl am no) - 9H puri n-9-yl) -3, 4-di hydr oxyt et r ahydr
of uran- 2wgl2preeigib nitrate, Conmpound F PCT/US2010/033112

((2R, 3S,4R 5R)-5- (6-(bicycl e-[2. 2. 1] -4%ept an- 2- yl am no) - 9H puri n-9-yl ) -3, 4-
di hydr oxyt etrahydrof uran-2-yl)nmethyl nitrate, Conpound Gsodi um

((2R, 3S, 4R, 5R) - od{izn (BRESHUBSREY R ahiocyloaiey«lohex§Hnpno - 9H Duyin)9-3)4;4-

di hydr oxyt et rahydr of uran-2-yl ) net hyl sul fate, and ound H

((2R 3S, 4R 5R) - 5- (2- chl oii%y%fp(‘&g?&%ﬁé%g‘r i 'MBSHPQHMJ gﬁgﬁgﬁwﬁé-yl )-3, 4-

di hydr oxyt eldoaipodn@ifer an- 2-yl ) methyl nitrate, or pharmaceutically
acceptabl e salts thereof. 4. The nethod as clained in claim3 wherein the

conmpound is selected from

((2R, 3S, 4R 5R) - 5-(6-(cycl opentyl am no) - 9H pur, 9-yl) -3, 4-di hydr oxyt et rahyd
rofuran- 2-yl)methyl nitrate; HN

((2R 3S, 4R, 5R) - 5- (2- chl or 0- 6- (cycl openyl agi no) - 9H purin-9-yl) -3, 4-

di hydr oxyt et r ahydr of ur an- 2- yl ) et hyl fat ¥\ sodi um

((2R 3S, 4R, 5R) - 5- (6- (cycl opent yl ani no{::l py{n- 9-yl)-3,4-

di hydr oxyt et r ahydr of ur an- 2- yl ) net hyl | f aNe; ~and

((2R, 3S, 4R, 5R) - 3, 4-di hydr oxy-5-(6- (¢ ahydr of ur an- 3-yl am no) - 9H- puri n- 9-
yl)tetrahydrofuran-2-yl)nmethyl nitrate?''8®H The nmethod as clained in claiml
conprising the step of applying aout~0.05 ng/m to about 7.0 ng/m of a
conpound according to Fornula | f @g]BHto 4 tinmes daily.

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

or pharmaceutically acceptable salts thereof.

4. The method as claimed in claim 3 wherein the compound is selected from

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

15  dihydroxytetrahydrofuran-2-yl)methyl sulfate; and
((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yDtetrahydrofuran-2-yl)methyl nitrate.

5. The method as claimed in claim 1 comprising the step of applying about 0.05
20  mg/ml to about 7.0 mg/ml of a compound according to Formula I from 1 to 4 times

daily.

6. The method as claimed in claim 1 comprising the step of applying about 20-
700ug of a compound according to Formula I from 1 to 2 times daily.

25
7. The method as claimed in claim 1 comprising the step of applying about 350ug

of a compound according to Formula I from 1 to 2 times daily.



6. The nethod as clainmed in claim21 conprising the step of applying about
20- 700ng of a conpound according to Fornmula | froml to 2 tines daily. 7.
The net howloasiwci2ziired in claim 1 conprising the step of papalsgémg3abbut
350ng of a conpound according to Formséla | from1l to 2 tinmes daily.8. The
method as clained in any one of clainms 5-7, wherein the conpound is

adm nistered in drops. 9. The nethod of claim8, wherein the conmpound is
adm nistered in 1 to rops. 10, The nethod as clained.in claim1 wherein
the 10P of fhe a#ﬁ%&e{ﬁﬁ e%?éfﬁl@e Hbl%}’éfe%leﬁcg’fm g‘a? W%i@% the fompRUNGYSt hod as
clainmed in ghgimidredielighy) the 1OP of the affected eye is reduced by at

| east 10-20% 12. The nethod as clainmed in claim1, wherein the IOP of the
affected eye is reduced by 20% or nore. 13. The nethod as clainmed in claim

1 whereip the | of th ffected. eye |.s reduced. by at. | egst .10%.for nore
than 3 hour & 14 Mg Rt Sngiei iR RFePERhs PimiireRA T AdSF Tt T he
affected eye is reduced by at least 10-20%for nore than 3 hours. 15. The
method as claimed in claim1l wherein the IOP of the affected eye is reduced
by 20% or ndPe fdhe msthodtaighpimedouglaim i grhemnethed ORed thesaftactadrrye 15 iedededi m 1,
wherein theb&%ﬁc&ﬂlb@? affected eye is reduced by at |east 10% for at | east
6 hours. 17. € method as clainmed in claiml, further conprising prior,

si mul t aneous or sequential, application of a second | OP reduci ng agent. 18.
The nethod as clainmed in claim17 wherein the second | OP reducing agent is
sel ect ed?f r o t hdhgistheddssimsd Hyclaim bpdetest the IRP S thegittastndieys marediced
carbonicanhggggﬁgmhghﬂﬁttors, rho- ki nase i nhibitors, a2 agonists, motics,
neuroprotectants, A

12. The method as claimed in claim 1, wherein the IOP of the affected eye is reduced
by 20% or more.

15
13. The method as claimed in claim 1 wherein the IOP of the affected eye is reduced

by at least 10% for more than 3 hours.

14. The method as claimed in claim 1 wherein the IOP of the affected eye is reduced

20 by at least 10-20% for more than 3 hours.

15. The method as claimed in claim 1 wherein the IOP of the affected eye is

reduced by 20% or more for more than 3 hours.

25 16. The method as claimed in claim 1, wherein the IOP of the affected eye is reduced
by at least 10% for at least 6 hours.

17. The method as claimed in claim 1, further comprising prior, simultaneous or
sequential, application of a second IOP reducing agent.

30
18. The method as claimed in claim 17 wherein the second IOP reducing agent is

selected from the group comprising: B-blockers, prostaglandin analog, carbonic



ant agoni sts, A2A agoni sts, ion channel nodul ators and conbi nati ons thereof.
19. A nethod of treating diseases and conditions caused by elevated 10OP in
a human swbj2eowi2ioadm ni steri ng an effective anount of paTask@os31e2
adenosine Al agonist to an affected efye of the subject. 20. The method of
claim19, wherein the diseases and conditions caused by elevated IOP in a
human ar e sehlgdtresd idhibitot,heo-gimauinbdni®rs b agprddts, muibtied, nelﬁ‘npﬂomctagtsaﬂéona
OHT, and POAG 21. The nethod.as claimed in claim119, wher he sel ective
adenosi ne APTAZYHIEIATA GO SR B¢ e RIPE and cp ingpons ceutically
acceptabl e salt thereof, wherein Ais -CH 20NO2- CH 20SBH;, B and C are -OH
Dis Aand B are trans mﬁth respect to each other; B and C are cis with

r espect t 0 édch dtmethod Of tieadin® dasegseasiagd gondiﬁ@l‘ms:auﬁeﬁrbyreé@p@@tIQPdn@dmmam her ;

RLis - cI| het.erocycl e,
6 To - ettty Bty e Mnerticdig Pl B ERRORPERTE BY CRBHMRY | G-
nonocycl i ¢ gpfedtedé he subfext.Cn bi cyclic cycloal kyl, - Cs Cn bicyclic

cycl oal kenyl -(CH2) n-(C3-Cs monocyclic cycloal kyl), -(CH2)n-(C3-Cs
nonocyclic cycl oal kenyl), -(CH2)n-(Cs-GC 2 bicyclic cycloal kyl),

o e, 2ol éffkﬂoﬁmé’fab%si%ﬂ%ﬁe&%dmﬁ&%&ﬁﬁhﬁ@@%ﬁﬁﬁ PRIy ora.

- NHNHC( O) NHRP 1104 huiNith AreGeRGERTi:om the group consisting of normal-tension glaucoma,
10 OHT, and POAG.

21. The method as claimed in claim 19, wherein the selective adenosine Al agonist

is a compound of Formula I,

15 B C
ey

or a pharmaceutically acceptable salt thereof,

wherein
A is —CH20N02 —CHZOSO?,H;
20 B and C are —OH;
Dis
NHR!
</N ‘ j\
N N/ R2

A and B are trans with respect to each other;

B and C are cis with respect to each other;

25 C and D are cis or trans with respect to each other;



R4 is -Cl-C1 alkyl, -aryl, -(CH)n-aryl, -(CH2)n-(3- to 7-nenbered
nonocyclic heterocycle), -(CH2)n-(8- to 12-nenbered bicyclic heterocycle),
- (CH2) n- (WwB-2ee/1mmocycl i ¢ cycl oal kyl ), -(CH2)n-(C3-Cs neooapediom33112

cycl oal kenyl ), -(CH2)n-(Cs-C 2 bicycl48c cycl oal kyl), -(CH2) -(C8-C12

bi cyclic cycl oal kenyl) -OC-(C 1-C10 alkyl) or - CCGaryl; Reis -CG-Co

al kyl, -aryl, -(®H2)4H,a€yCyo alkﬂl—%)ryi {B+o V@ne?nbmﬂ:mm@yﬁh@bﬁymbyde -8- to

h | 12- d bi
peApru et R T A s T
cycl oal kenyl)oloak&hyR)- @g@%bc%alctﬁef@%% KyE -eyel, ?Iﬁl:iféi c)cycroﬁﬁg})ln((ﬁ%% &2cs

bi cyclic cycloal kenyl) nonocycli1c cycl oal Kenyl)

- phenyl ene @@HQ?y@C@#lOdkyL)p%@Hy)héﬁeC@ CHRPaBOCy GoalRenyd), a(lGH'zI)IHCsRZzl s -H,

-G -0 d |
et er ooy bl 6Py liEabintigs SRl b A FE R el SR a2 e
(C3-Cs nonocycl i 26y g aalok by, -NHIEH2NAC( ‘CQ\IH@KI@W LIxHCYOhBRKenyl ) ,

-(CH2)n-(Cs- G2 hic cllcccloalge]\%ﬁ\} -(Cs-G 2 bicyclic
cycl oal kyl ) NeBHCHOIKS, iNd @é(ﬁRl,y HlGg Rr,alh AQNFGBNR:t 0 5. 22. The

rethod 55 1 S LaL AP g, ket e RiDe RO paRRLLAL | @
wher ei nA i shctadcgﬂbm(CIﬁ)@(&;l t&lahﬁ:mb@}d:d H'ibyd;lcheﬁftd:yaeﬁr ejfﬂjjla((s} @ith respect
to each 1(()) ' h%lronogycilalgcci:ygogﬁiyl) ((SlH\é\)IIIl t(& rCE%l%%%E:ycthg c?m?l%glkenyl) (CHz)n (Cs-Cy»
bicyclic cycloalkyl), -(CHa),-(Cs-Cy2 bicyclic cycloalkenyl), -C=C-(C;-C;p alkyl) or -
C=C-aryl;
R®is -C1-Cyp alkyl, -aryl, -(CHy)p-aryl, -(CH;),-(3- to 7-membered monocyclic
heterocycle), -(CH»),-(8- to 12-membered bicyclic heterocycle), -(CH2),-(C3-Cg
15  monocyclic cycloalkyl), -(CH»),-(C3-Cg monocyclic cycloalkenyl), -(CH2),-(Cs-Ci2
bicyclic cycloalkyl), -(CHa),-(Cs-Ci2 bicyclic cycloalkenyl), -(CH;),-(C3-Cs monocyclic
cycloalkenyl), -phenylene-(CH,),COOQOH, or -phenylene-(CH,),COO-(C;-C,g alkyl);
R’ is -H, -C;-Cyp alkyl, -aryl, -(CHy),-aryl, -(CH,),-(3- to 7-membered
monocyclic heterocycle), -(CH2),-(8- to 12-membered bicyclic heterocycle), -(CHa),-
20  (C;-Cg monocyclic cycloalkyl), -(CHz),-(C3-Cg monocyclic cycloalkenyl), -(CH2),-(Cs-
C); bicyclic cycloalkenyl) or -(CH,),-(Cs-Cy, bicyclic cycloalkyl) each n is

independently an integer ranging from 1 to 5.

22. The method as claimed in claim 19 or 21 wherein the selective Al agonist is a

25  compound of formula

(Ib)
or a pharmaceutically acceptable salt thereof,

30  wherein



Cand D are cis or trans with respect to each other; RlL is -C3-C8
nonocyclic cycloal kyl, -3- to 7-nmenbered nonocyclic heterocycle or -Ce-C 2
bi cyclic woehmai2kyb; and R2 is - H or -halo. 23. The nerhodSasiooBaized in
claim2 1 wherein the conpound of For4fula | is selected from Conpound A,
Compound B, Conpound C, Conpound D, Conpound E, Conpound F, Conpound G or
Conmpound H, or phasratbON@al |y acceptable salts thereof. 24. The nethod as
clainmed in clainh19 %@erekﬁ{the sel ective adenosine Al agonist is selected
from and C are —OH;
((2R 3S, 4R 5R) - 51(6- (cycl opent yl am no) - 9H- puri n-9-yl ) - 3, 4-di hydr oxyt et r ahyd
rofuran- 2-yl)nmethyl nitrate
((2R, 3S, 4R 5R) - 5- (2-chl oro-6-(cycl opent yl Fﬂo)-9|—l—purin-9-y|)-3,4-
di hydr oxyt etrahydrof uran-2-yl)nethyl nitrafe; sodium
((2R, 3S, 4R 5R) - 5-(6-(cycl opentyl am RQ) -9 rin-9-yl)-3,4-
dihydroxytetrahydrofuran-z-yl)netzii suy f at esNand

(

((2R, 3S, 4R 5R) - 3, 4-di hydr oxy-5- (6 t et rjahydr of ur an- 3- yl am no) - 9H puri n- 9-
yl ) tetrahydrof uran-2-yl ) net hyl nithate5. met hod as clainmed in claim
19 wherein the 10P of the affected £ye is*Neduceéd?by at | east 10% 26. The
nmethod as clainmed in claim19 rein the 10OP of the affected eye is
reduced by at leastl O20% 27. The¥nethod as clained in claim19 wherein
the IOP gf the affected eye is reduced by 20% or nore. 28. The nethod as
claimed Tn claim19 wherein the IOP of the affected eye is

A and B are trans with respect to each other;

B and C are cis with respect to each other;

C and D are cis or trans with respect to each other;

R' is -C3-Cg monocyclic cycloalkyl, -3- to 7-membered monocyclic heterocycle
10 or —Cs-Cy; bicyclic cycloalkyl; and

R? is —H or —halo.

23. The method as claimed in claim 21 wherein the compound of Formula I is
selected from: Compound A, Compound B, Compound C, Compound D, Compound E,
15  Compound F, Compound G or Compound H, or pharmaceutically acceptable salts

thereof.

24. The method as claimed in claim 19 wherein the selective adenosine Al agonist is
selected from:

20 ((2R,3S.,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-
2-yl)methyl nitrate;
((2R,3S,4R,5R)-5-(2-chloro-6-(cyclopentylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate;
sodium ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-

25  dihydroxytetrahydrofuran-2-yl)methyl sulfate; and
((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yDtetrahydrofuran-2-yl)methyl nitrate.



reduced by at |least 10%for nore than 3 hours. 29. The method as clained in
claim19 wherein the 10OP of the affected eye is reduced by at |east 10-20%
for nore wbanmodi2rors. 30. The nmethod as clainmed i n cl aPorA$2ekesailn t he

| OP of the affected eye is reduced bys020% or nore for nore than 3 hours.

31. The nethod as clainmed in claim19 wherein the OP of the affected eye

i s reduced BYy. at TheasthclOoctaimedin ¢leiast9 Fhbieitr the IQP of TeaaffeeteH@gle &s ¢l ai med

in claim 19 ?Peéﬁéf the ?6%ective anount of the sel ective adenosi ne Al
agoni st is 59 atdepy10%3. The method as claimed in claim19 wherein the

effective anount of the selective adenosi ne Al agonist is between 60ng and
350ng. 34. The nethod as clained in claim19 wherein the effective anount
of the sel eébi ve Taderdsidre chllimadjonélsim 1% whdieimthe 1@P ofl thesaiftecwidieyt & dose. 35.
The met hod as, cl 'nqﬂfi C#g&lﬂ 19 wherein the effective anount of the

sel ective alfehEe] med ‘“255 $t is adnministered as a twice daily dose.36. An
opht hal m ¢ pharnmaceuti cal conposition conprising a conpound of Formula | as
defined in any one of clainms 1 to 4 and a pharnaceutical%%ﬁacceptable

vehi cl e or @é%ci pilepmettd asThdmpth iy ¢eise il Woaleincmb@BIof thsrafisetediess i 36,

wherein ther&ﬁ@@ﬁﬁfﬁ&%kﬁ%&ﬁ% acceptabl e vehicle or excipient is selected
fromthe group consisting of: ophthal nologically acceptable preservatives,

surfactants, viscosity enhancers, penetration enhancers, gelling agents,
hydr ophobi ¢ _bases, vehicles, buffers, sodiumchloride, and water, 38. The

conposi t9on28f cilhe medpdmétamsd sxslain Eipbeictn br 10Bshiesbiectef 6xF dbout
0.05mg/ m  t . by {MBLH 0@ toSALA: RARAAY. of Formula |

29. The method as claimed in claim 19 wherein the IOP of the affected eye is
reduced by at least 10-20% for more than 3 hours.
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30. The method as claimed in claim 19 wherein the IOP of the affected eye is

reduced by 20% or more for more than 3 hours.

31. The method as claimed in claim 19 wherein the IOP of the affected eye is
20  reduced by at least 10% for at least 6 hours.

32. The method as claimed in claim 19 wherein the effective amount of the selective

adenosine Al agonist is at least 20ug.

25 33. The method as claimed in claim 19 wherein the effective amount of the selective

adenosine Al agonist is between 60pg and 350ug.

34, The method as claimed in claim 19 wherein the effective amount of the selective
adenosine Al agonist is administered as a single dose.

30
35. The method as claimed in claim 19 wherein the effective amount of the selective

adenosine Al agonist is administered as a twice daily dose.



39. The conposition of claim36 wherein said conposition conprises from

about 0.4ng/mM to about 7ng/mM of said conpound of Fornmula | . 40. The
conposi t iwo 20fo/ekhAabm 36 wherein the conpound of Fornul arPcTits2@elogiied from
t he group consisting of: 51

((2R, 3S, 4R 5R) - 5- (6-(cycl opentyl am no) - 9H purin-9-yl) -
3, 4- di hydr 08¢t et Aalypiithalmicgrha@nade) ticed b(yﬂ1pd)’ditﬁcrra¢cenprising a compound of Formula

0 hydlr oxyt eT FAPSTFBTGFBNE eIt b i DB SRR ccteptanle Veele or
((2R 3S, 4R, sR)iniend 6- (cycl opent yl am no) 9H purin-9-yl)-3, 4-
i hydr oxyt et rahydr of uran-2-yl ) nmet hyl sul fate;
(2R 3S, 4R, 8R) - 3 The thp@xyaBGO(I@O(sm@mméhLa@mdﬁuwhm&tw ahdrmayewidalbur i n- 9-
| )tetrahydrofu nethyl. nitr :
(2R 35 3R, BREPEFs PR TR FOF F A8 R 958 Bty dr oxyt et r ahydr
furan- 2- y'o%2 ﬁlﬂidlogiéilllyaaﬁ:@eptable reservatives, surfactants, viscosity enhancers,
2R, 3S, 4R, 5R) - 5- (6- (bi cycl e- | 5 eptan2y|amno)-9H— ur|n9yl) 3, 4-

di

(

y

(

0

((

di hydr oxyt eP?WH%ﬁ@haaﬁﬁ@-aﬂl)%eﬂtgﬁw hﬁdm&lpblc bagesi vighicles, butfers, sodium
((2R, 3S, 4R §ﬁ}) % qro 6- (cycl ohexyl am no) - 9H puri n-9-yl ) -3, 4-

di hydroxytetra ydr o?uran 2- yI )nmet hyl sulfate; and

((2R, 3S, 4R, 5R) - 5- (2- chl or o- (cycl ohexyl am no) - 9H purin- 9- yI) 3, 4-

di hydr oxyt et r ahydr of ur an- 2-y n| trate.41. The conpasition of claim
36 wher é 5 SBe Cg ngaoqlgorg W RN said composition comprises from about

(
r
(
di
(

(2R, 3S, 4R, 6'883%%&&0%%%5% atgﬂﬁ%k%ﬂh@%p%dpdﬁﬁo?mgraﬁ!) 3, 4-di hydroxytetrahyd

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

byt ot gy gl a2y AN L LSS, gt fom bt
0.4mg/ml to about 7mg/ml of said compound of Formula I.

15
40. The composition of claim 36 wherein the compound of Formula I is selected
from the group consisting of: ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-
3,4-dihydroxytetrahydrofuran-2-yl)methyl nitrate;
((2R,3S,4R,5R)-5-(2-chloro-6-(cyclopentylamino)-9H-purin-9-yl)-3,4-

20  dihydroxytetrahydrofuran-2-yl)methyl nitrate;
sodium ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl sulfate;
((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yltetrahydrofuran-2-yl)methyl nitrate;

25 ((2R,3S.,4R,5R)-5-(6-(cyclohexylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-
2-yl)methyl nitrate;
((2R,3S,4R,5R)-5-(6-(bicycle-[2.2.1]-heptan-2-ylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate;
sodium ((2R,3S,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-yl)-3,4-

30  dihydroxytetrahydrofuran-2-yl)methyl sulfate; and
((2R,3S,4R,5R)-5-(2-chloro-6-(cyclohexylamino)-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl nitrate.



di hydr oxyt et r ahydr of uran- 2-yl ) met hyl sulfate; and

((2R, 3S, 4R, 5R) - 3, 4- di hydr oxy- 5- (6- (tetrahydrof uran-3-yl am no) - 9H puri n- 9-

yl )t etrahyorofunrane2-yl )methyl nitrate. 42. A topical opotrhskenowo33ii2

formul ation for reducing intraocul ar 2ressure conprising 0.05ng/mM to about
7mg/ M of a conpound of Fornmula | as defined in any one of clains 1 to 4,
and from | nginm e adnnpbsiﬂ@lﬂ@fgﬂﬁmmwhmdmakgpommdndbs syledtatiextnr i n i n sal i ne

for injecti Imcfor tion c inc

conpr | 51 ng. B RARE S SRR P s Spbct ST et eraR doffan-
((2R 3S, 4R, S5Ripmethd n@tﬁ‘alt@ro 6'

(cycl opentyl &m no)™- 9H purin-9-yl) -3, 4-di hydr oxyt et r ahydr of ur an- 2-yl ) et hyl

nitrate; sod(iZBrﬁS(/(&RR,’B-S (QRhERY @Cyﬂop@yﬁhmpm}@ﬁ purim&y M puri n-9-yl ) -3, 4-
di hydr ox tetra dr Ifate and
(( 2R, 3S, E?)yg 9 MP%’%% %n?) %}fyéfl}]é?ﬁildr of ur an- 3-yl ani no) - 9H puri n- 9-

yl)tet rahyd@@ﬁlummess( UR R ALl 6- RiyElopéfylamino)-9H-purin-9-y1)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl sulfate; and
((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yDtetrahydrofuran-2-yl)methyl nitrate.

10
42. A topical ophthalmic formulation for reducing intraocular pressure comprising
0.05mg/ml to about 7mg/ml of a compound of Formula I as defined in any one of claims
1 to 4, and from 1mg/ml to about 140mg/ml of hydroxypropyl B-cyclodextrin in saline
for injection.

15

43. The ophthalmic formulation as claimed in claim 42 comprising 7mg/ml of a
compound of Formula I selected from: ((2R,3S,4R,5R)-5-(2-chloro-6-
(cyclopentylamino)-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl nitrate;
sodium ((2R,3S,4R,5R)-5-(6-(cyclopentylamino)-9H-purin-9-yl)-3,4-

20  dihydroxytetrahydrofuran-2-yl)methyl sulfate; and
((2R,3S,4R,5R)-3,4-dihydroxy-5-(6-(tetrahydrofuran-3-ylamino)-9H-purin-9-
yDtetrahydrofuran-2-yl)methyl nitrate.



