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This clainms benefit of U S. Provisional Application No. 60/574,157, filed
May 25, 2004, the entire contents of which are incorporated by reference
herei n. F| BNO2@5/1THE | NVENTI ON [ 00021 The present i nventicnvusS2esdigsscted to
conpositions useful for the treatnment of glaucoma and other conditions. In
accordance with preferred enbodi nents, the conpositions of this invention
are prodrugs and drugs, the latter conprising beta-bl ocking agents capable
of exerting a localized effect in the eye while substantially avoiding
systenm c effects. BAGEBPIRIFCTNE DRUBE AND PRODAUGKREe di scl osure of each
patent, patent application and publication cited or described in this
docunent is hereby incorporated herein by reference, inits entirety.

[ 0004] d aucona is a condition of the eye that is made up of a collection of
eye di seases that cause vision | oss by danage to the optic nerve. Elevated
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diseases that cause vision loss by damage to the optic nerve. Elevated intraocular pressure

(IOP) due to inadequate ocular drainage is a primary cause of glaucoma. Glaucoma can
develop as the eye ages, or it can occur as the result of an eye injury, inflammation, tumor, or
in advanced cases of cataract or diabetes. It can also be caused by certain drugs, such as
steroids. Glaucoma can develop in the absence of elevated IOP. This form of glaucoma has
been associated with inheritance (i.e., family history of normal-tension glaucoma) Japanese
ancestry, as well as systemic heart disease, such as irregular heartbeat.

[0005] There are two main anatomic classifications of glaucoma. These
classifications are based on whether the angle of the anterior chamber is open or narrow. The
more common open-angle glaucoma is a chronic disease, whereas the less common angle-
closure glaucoma is an acute disease. Open-angle glaucoma is usually associated with an
increase in intraocular pressure, resulting in damage to the optic nerve and the appearance of
cupping of the optic disk. There is an increase in the cup-to-disk ratio and visual dysfunction
in the midperipheral field of vision.

[0006] Conventional therapy for glaucoma has involved topical administration of
pilocarpine and/or epinephrine, and more recently, beta-blockers administered to the eye

several times daily. Various beta-blocking agents have been used to lower intraocular
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pressure. Such use is described, for exanple, in reviews by W P. Boger in
Drugs, 18, 25-32 (1979) and by T. J. Zimrerman and W P. Boger in Survey

Opht hal nol . 23(b), 347 (1979). United States Patent No. 4,195,085 to Stone
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di fficul tok@ml §6d iftleds. control . Beta-bl ocking agents having such properties
are described in Matier, et al., US. Pat. Nos. 4,402,974, Sept. 6, 1983;
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glaucoma. Meiotic agents, primarily parasympathetic (e.g., pilocarpine), constrict the pupil

to enhance aqueous flow through the trabecular meshwork. The meiotic pupils, however,
interfere with night vision. The carbonic anhydrase enzyme inhibitors (e.g., acetazolamide)
are orally and topically administered agents (e.g., dorzolamide) that decrease the production
of aqueous from the ciliary body, thereby reducing IOP. Recently introduced synthetic
prostaglandin analogues (e.g., latanoprost) reduce intraocular pressure by increasing aqueous
outflow.

(0009} Typically less than 1% of the topically instilled dose is absorbed (N. L.
Burstein and J. A. Robinson, J. Ocular Pharmacol. 1, 309 (1985). Even at this low
absorption, potent beta-blockers with longer durations of action can cause severe systemic
side effects, particularly in patients who also suffer from cardiovascular or bronchosplastic
disease. In an attempt to reduce or eliminate such side effects and enhance ocular
penetration, several acyl-ester prodrugs of propanolamine-containing beta-blockers have

been developed. See, e.g., Vincent, H.L. Lee, and Hans, Bundgaard, “Prodrugs”, Chapter 7,
2.



penetration, several acyl-ester prodrugs of propanol am ne-contai ni ng

bet a- bl ockers have been devel oped. See, e.g., Vincent, H L. Lee, and Hans,
Bundgaard, "Prodrugs", Chapter 7, -2 WD 2005/115375 PCT/ US2005/ 018350
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prodrug are different. For example, the half-life of the oxprenolo! prodrug
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and a compound of Patil , et al., US Pat. No. 4,966,914 of the formula
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are 3.6 hours and 0.9 hours respectively. These data suggest that the physical and chemical



characteristics of an acyl beta-bl ocker prodrug cannot be predicted solely
fromthe properties of structurally dissimlar yet simlarly derivatized
bet a- bl ocker prodrugs. 100111 The aforenenti oned conpound disclosed in U S
Pat ent No. WOM&/Bi¥5was reported to be an ocul osel ect i mel/bebas/hiseker
having a long duration of action in the ocular fluid and a short duration
of act i oncharactehistics\p$ eyt berurbdatkart prodiug Banatieeprafictedisolély fifoat hepperties ween
their intraocul ar and systemc stapilities, e Cco und was suggested to
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I ntroduction of nedicanments into the eye, an ideal beta-blocker prodrug

woul d be BatelNese48R7.0LF ansk 4,266, Udite Ratilst algood shelf |ife, and woul d rapidly
hydrol yze in the cornea to dgeliver the parent conpound in the agueous hunor.
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devoid of ocular irritatio an anesthetic adtivity and rapidly
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are ester "prodrugs", which are converted in vivo to the active agent of the 914 patent. The
prodrugs and their active parent compound were evaluated for their befa-blocking actions,
ocular bioavailability and their ocular or systemic safety in animal studies. Neither of the two
prodrugs was found sufficient with respect to solution stability and ocular safety profile.
{0012] For treatments involving introduction of medicaments into the eye, an ideal
beta-blocker prodrug would be stable in buffer solution for good shelf life, and would rapidly'
hydrolyze in the comea to deliver the parent compound in the aqueous humor. The parent
compound thus provided should be sufficiently stable in the aqueous humor to extend the
duration of intraocular pressure lowering, devoid of ocular irritation and local anesthetic
activity and rapidly eliminated from systemic circulation to reduce or eliminate systemic
effects such as heart failure and bronchospasm. Finally, the prodrug compound should not
bind to beta-receptors upon systemic absorption. It can be seen from the foregoing
discussion that there is still a need for prodrug forms of beta-blocking agents, as well as

novel beta-blocking agents themselves, that possess this combination of desirable features.



effects such as heart failure and bronchospasm Finally, the prodrug
conpound should not bind to beta-receptors upon system c absorption. It can
be seen fromthe foregoing discussion that there is still a need for
prodrug forWe 2805/18X7&- bl ocki ng agents, as well as novelPdruUs2odsi0083%0 Ng
agents thensel ves, that possess this conbination of desirable features. -4
WO 2005/ 195 MARYTOETHID BNVESIION SUMVARY OF THE | NVENTI ON [ 0013] The
present inventi ig . directed in part to conpounds of  Fo la l: OROI \
o ym N yR5  RABUIS REneRresER Hvenlpibis direetechi R o capRovBds o FRBEBdndent [y H, W
or a phenoxyl protecting group; R3 is hydrogen, straight chain or branched
Cl-Cl10 al kyl, cycloal kyl, am no, Cl1-Cl0 al koxy, -NHC(=O R8, or-C(=0 N(H) Ra;
Rdis H or W provided that at | east bne of R\ R Hnd Ris W Ra is alkyl,

aryl, or heterocyclyl; R5 iR'G RF ﬁ\‘u:rgeg Cl-C10 al kyl,
i no, benzKil , tetrighydropyranyl,
pi

cycl oal kyl, C1-C10 al koxyal kyl
di hydrof uranyl, furanyl, nor} YIR3 idinyl, Qetrahydropyranyl,

di oxol anyl, 2, 2-di nmet hyl dioxol anyl, dioxanyl, pyrrolyl, pyrrolidinyl,

t et rahydr ooxazol yl , di hydrooxazol yl, phenyl, phenyl substituted with Ca-C10
al kyl, CI-Cl0 glkaxy, or halo, or cycloal kyl substituted with at |east one
strai ght or branched Cl-Cl10 alkyl; Wis: 0O R R* R6 R6 R6 ; and each R6 is
i ndependent |y H, stR'&idjkt are havhrindepersienthcHeW, 6f a fomyl lpydtecting gatupai ght  chai n

or branched C1-G 0 K% Iisk l?}z(d¥ggle¥1ysltr;aight chain or branched C,-C) alkyl, cycloalkyl, amino,
C,-Cyp alkoxy, -NHC(=0O)R?, or ~C(=O)N(H)R?,
R'is Hor W, provided that at least one of R, Rz, and R* is W;

R® is alkyl, aryl, or heterocyclyl;

Ris straight chain or branched C,-C) alkyl, cycloalkyl, C,-C,o alkoxyalkyl,
amino, benzyl, tetrahydrofuranyl, dihydrofuranyl, furanyl, morpholinyl, piperidinyl,
tetrahydropyranyl, dioxolanyl, 2,2-dimethyl dioxolanyl, dioxanyl, pyrrolyl,
pyrrolidinyl, tetrahydrooxazolyl, dihydrooxazolyl, phenyl, phenyl substituted with
Ci-Cyo alkyl, C,-C,y alkoxy, or halo, or cycloalkyl substituted with at least one
straight or branched C,-Cg alkyl;

W is:

R® ke . and
each R® is independently H, straight chain or branched C,-C,q alkyl, or straight
chain or branched C;-C,y alkoxyalkyl;

or a stereoisomer, hydrate, solvate, acid salt hydrate, or pharmaceutically acceptable
salt thereof.

[0014] The present invention is also directed in part to compounds of Formula II:
0O

Rlonko/Y\g%Z\Rs
R?0 g%

I
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or a stereoisoner, hydrate, solvate, acid salt hydrate, or pharmaceutically
acceptable salt thereof. 100141 The present invention is also directed in
part to conpounds of Formula Il: OR OO~-NZ RS RZOR3 CR4 HII -5 WD
2005/ 115375WRCMUIR0H5/ 018350 wherein: R and RZ are eardr/ivswdepessdent|y H,
W or a phenoxyl protecting group; R3 is hydrogen, straight chain or
branched C - Chéhendikyl , cycl oal kyl, am no, Cl-Cl0 al koxy, -NHC(=0 Ra,
or-C(=ON(HR3; Re i;s alkyl, aryl, or heterocyclyl; Rais Hor W Z is -0-
or -O(C=0)-; R5 is RendRrar ginh indeaendently By Wnehzoheaex b pooteqtioggrougy c| oal kyl
Cl- C10 al koxyal kylg3 i@ﬂ}d?@genpﬁxi%%} chal S bREREOE VE ARy, c%lGXIﬂf'lf’&an@,nyl ,
&Hkl, o

furanyl, norpholinyl, piperi , tetrahydropyranyl’,” di oxol any
2, 2-di net hyl dhieQolabeyy, -NHGE(E r-GFONEIRY; pyrrolidinyl,
t et r ahydr ooxazol yl ,,ad] rooxazol yl henyl , phenyl substituted with Cl-C10
al kyl, Ci1-C10 al ko>§yfijé %rﬂh%{yof)r@e}yrggygﬁ'clfal kyl substituted with at |east one
strai ght or branch&dis®eoM) al kyl; Wis: 0 0 R6 R6 or Rr R6 R6 R6 each R6
i's independently H_ straight chain or branched C1-Ci0 al kyl, or straight
chain or branched 611-5090031%?’31;@“ and R7 is alkyl, cycioalkyl, aryl, or

aral kyl ; R’ is H, straight chain or branched C,-Cq alkyl, cycloalkyl, C;-Cyq
alkoxyalkyl, amino, benzyl, tetrahydrofuranyl, dihydrofuranyl, furanyl, morpholinyl,
piperidinyl, tetrahydropyranyl, dioxolanyl, 2,2-dimethyl dioxolanyl, dioxanyl,
pyrrolyl, pyrrolidinyl, tetrahydrooxazolyl, dihydrooxazolyl, phenyl, phenyl
substituted with C;-C,g alkyl, C;-C alkoxy, or halo, or cycloalkyl substituted with at
least one straight or branched C;-C, alkyl,

W is:
"z& X R or jZL/U\

R6

R7

R6 RG
each R®is independently H, straight chain or branched C,-C, alkyl, or straight
chain or branched C,-C¢ alkoxyalkyl; and
R’ is alkyl, cycloalkyl, aryl, or aralkyl;

provided that:
when Z is -O(C=0)-, then R’ is other than H;
or a stereoisomer, hydrate, solvate, acid salt hydrate, or pharmaceutically acceptable

salt thereof.

[0015] Further, the present invention is directed in part to processes for producing a

compound of formula I1la:
0O

RIOIC(LO/\(\EX,Z\RS
R?0 R} OR*

1Ila

wherein;



provided that: when Zis -Q(C=0 -, then R5 is other than H, or a

stereoi soner, hydrate, solvate, acid salt hydrate, or pharmaceutically
acceptable salt thereof. [00151 Further, the present invention is directed
in part to WOoeesdsxssfor producing a conpound of for nmulBCT/US2005/0RD 0~/ ~N~Z-
Rs | RO0)() R3 CRa thl a wherein: -6 WO 2005/ 115375 PCT/ US2005/ 018350
Wand k"2 are each iRiamplhate nadhyindépengenthy HaWp hemphepbxylpootedtingremougs oup; R3 i s

& G5 A Koy Nt SRSl Ry Ry o b € Gio R PRORE B n 1 et
one of R, R2, C.a0daRéxy,s-NNC(=RR!, or aC(e)NIRY] , or heterocyclyl; and Z is
-0-, -Q(C=0)-, or -NH(C=0)-; R5 is H straig chai n oy Qranched Ci1-C10
al kyl, cycl oal kyl , RC}S-}&%QV’Qf%EﬂFQé}W?‘]],easé?ﬁerfgt,klbgnm1,{ tsg{"r ahydr opyr anyl ,
di hydrofuranyl, furgnyiyImaPBehdiebsty g,lpingeri di nyl, tetrahydropyranyl,

di I i

di oxol anyl, 2, 2-di nethyl” di 0xol anyl, ‘ oxanyl, pyrrolyl, pyrrolidinyl,
t et r ahydr ooxazol yl ,Z @i RyaHdexQrodsANHETENY| , phenyl substituted with CI-CO

o015 0, O, Bl S/ AN A L oot one
i ndependent | y dkoxghlkgl, ghinocbenizyl, @tralbydeotafasyl, Ghydro furalyk hiran ¥l meiphalirg/t
piperidinyl, tetrahydropyranyl, dioxolanyl, 2,2-dimethyl dioxolanyl, dioxanyl,
pyrrolyl, pyrrolidinyl, tetrahydrooxazolyl, dihydrooxazolyl, phenyl, phenyl
substituted with C,-C,¢ alkyl, C,-C,¢ alkoxy, or halo, or cycloalkyl substituted with at
least one straight or branched C,-C, alkyl;
W is:

R6 R6
eachR®is independently H, straight chain or branched C;-Cy¢ alkyl, or straight
chain or branched C-C;¢ alkoxyalkyl; and
R’ is alkyl, cycloalkyl, aryl, or aralkyl;

provided that:
when Z is -O(C=0)-, then R is other than H; and

when Z is ~-NH(C=0)-, then R’ is other than H, and W is:
o

R6
- RG

RS

comprising contacting a compound of the formula IITb:

0
R'O 5<,z
0) N RS
R20 R}
IIb
-7-



chain or branched Cl1-d o al koxyal kyl; and R7 is al kyl, cycloal kyl, aryl, or
aral kyl; provided that: when Zis -Q(C=O-, then R5 is other than H and
when Zis -NH(C=O)-, then R5 is other than H and Wis: 0 R6E R6 R6 R6 R
conpri si ng WOy a conpound of the fornula IM 0 RIQOUS2608/01830 ~' Z RS
JI RR0OB CR3 CR4 H Hb -7 W 2005/115375 PCT/ US2005/ 018350 wherein: at
| east one of RVherdt®, and R4 is H with at | east one conpound of forrmula WL,

wherein each L is independept]y.a .l@aving group; for a tinme and under

condi tions effecti \?épe?§°ﬂ?8ﬁ%cé ’aane&rb%]ldnd of fornula Illa. [0016] In
anot her aspectwith ft@edst @RLIMpbiEsTifoMiuld WaL Uiigsein efohdl ¥BhdRpEAdeAlly a COMPOSI ti on
for treatjng a disease or disorder of the eye of a patient, preferably

wher ei n t§8VINgI898Bise or disorder is glaucoma, intraocul ar hypertension, or

optic neuropatfjy, g%gahd Mdef coddting Bitdive B{}?&ﬁm@ QQB%JaﬁddCHﬁo&ﬁ'ngiase an

opht hal nol ogi Calllaé/ acceptable carrier or diluent and a conpound of Fornula
| or Formul a 1[00kd dasgunethisadpesh thecpreseaOnntign etupgsavphdaniacewticab cor dance with

L P el BN NAE, BRIPS R b AR ezl igedong o
associ at ediseaké dr didordes dsglauchbmna, miractnlae hypehensiaei, boelgicaeniopathe assaslntedi st er i ng
o te Qi MnBE SRl it LRRTL I ORI a2 B LT R Y
and a compound of Formula I or Formula II as described above.
[0017] Also provided in accordance with the present invention are methods of
treating diseases or disorders of the eye, namely glaucoma, intraocular hypertension, or the
optic neuropathy associated with glaucoma, for example. The methods comprise
administering to the eye of the patient a composition comprising an ophthalmologically
acceptable carrier or diluent and a compound of Formula I or Formula I in a therapeutically
sufficient amount to ameliorate, delay, or prevent the development of, or reduce the
symptoms of the disease or disorder.
[0018] Other features and advantages of the present invention will be understood by

reference to the detailed description and examples that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 is a graph showing a time course of the percent degradation of
compound 6 (-- A --), compound 7 (--m--) and compound § (--#--) at pH 3.5, 40°C.

[0020] Figure 2 is a graph showing a time course of the ocular penetration of
timolol (--m--),compound 6 (-- A --), compound 7 (--X--) and the parent compound formed

from compounds 6 and 7 (compound 4, --¢--).

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Definitions:

{0021] As employed above and throughout the disclosure, the following terms,
unless otherwise indicated, will be understood to have the following meanings. It will be
appreciated that the compounds of the present invention may contain asymmetrically
substituted carbon atoms, and may be isolated in optically active or racemic forms. It is well

known in the art how to prepare optically active forms, such as by resolution of racemic
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acceptable carrier or diluent and a conpound of Formula I or Formula Il in a
therapeutically sufficient anobunt to aneliorate, delay, or prevent the
devel opnment of, or reduce the synptons of the disease or disorder. [0018]

Q her feat uwgsoesmdsggdvant ages of the present invention wddu&8oswigas st ood by
reference to the detail ed description and exanples that foll ow BRI EF

DESCRI PTI {bin &y b}i@n@%{\?ﬂ}lﬁﬁoﬂ&gﬁﬂcﬁﬁé SRt Bg Matctial, NIPHIab ARMeRGrRié,! M8 course
of the percent de@radation of compound 6 (--A--), conpound 7 élh) and

conpound Becqmic fornsand pilgemaetric Fomeriq HORYPL Ftgatuee are infendedyrumisss Bkowi ng a ti ne
course of I r.at | - L -~ - ~),conmpound 6 (--A--),
conpound ?%?;ﬁg%{é)oageﬁrgﬁﬂﬁ%l%egg?ﬁﬁgg égﬁiﬁ hfélplr%tga' from conpounds 6 and 7
(conpound 4, -{0022]. THrddxhp’EefdEBERipotndsspdeifichalli@dsiphed WiEmbhiB@ial tMENT S

Definitions: [0021] As enmpl oyed ahove .and. t hy oughout .t he dj scl osure, the
Dol | ous nommeyoh et acte fiecles Thah eaclics (e Cheied Lt ol oo HSh Freioh BEBBIN o' have ¢ he
f ol | owi ngtypRAN} MGtive ot miilnallP Gctive BRIBS AN RE ddshied, buh@rsRABRHAToRiatibh e

present invention may contain asymetrical substituted carbon atons, and
may be i sGigateagymatic@ptivitydarecogyaried énte piojagically activepraductst is well  known in

the art how t 1.G ' . hon of
racemc -8 V\Dqgg{ﬁg?f fx%f?%%ﬁt?@eb@:f%%&ﬁ&%ﬁg%-gﬁbﬁpgf‘ﬁga%sreﬁ %?/r%lsn;{h!tb gesi S,
from opt i et hypradtugs €Tlst tamt i‘prgdmgt srintedded toNinkludéicompqunds efshepesamer i ¢, '
racem ¢ fornms. and afél eonetri.c 'sorrerig fornms of a structure gre i ntended,
unl oss. t hEVERioRar Y ax iy BolEIF et Ay e rentlvedinip  comPRYR HcPoriing 1

i ndi cat edForhdd@®)lor (Y SiCkinyBther SbrRpSunt Of e PRA&H GivefifidiCinfinadbliowidgsi gned to
maxi m ze the anpunt of active sgrﬁm es that reaches the desired site of

reaction WHpiaktraion top magapal e Arredrug fasmcafjaicompoundiqfke RIESCRY MY SRAION garkka i ve for

the activj LT : ' I ' I C

activi ty)blg%{aégcgZ‘?}r\fggl?g@y%ynlgjgal@ygé@g%@gﬁ%}g%tp ?é\}éﬁtg?(t)h &??@ouﬁdgg%ﬁhe
present i weethai themodificetipisateedeavhd egherporoutise niasiphlotemoma vap tothe daeent used as
prodrugs. The term "prodrug” is intended to include conmpounds . of the present
Pvent +on iy PladRifrelife sbipBos REIRE plsSipl A pae G IRAER RIS 483y B rpbund
accor di ngarhido ghoupidbehdéd Jo iy grdup)thfl] wiksith@©prdérfug GOampEiHREredl to b tanphgasent

i nvention in vivo foll ow n adm nistration to a marmal. A prodrug formof a
conpound spbiech éleﬁYeé d@ form; arpgc@mypmy]ctgrfres@mmo, respectively. Examples of prodrugs

include, but are not limited to, acetate, formate and benzoate derivatives of alcohol and amine
functional groups in tﬁe compounds of the present invention, and the like.

[0024] As used herein, the term “side effect” refers to a consequence other than the
one(s) for which an agent or measure is used, as the adverse effects produced by a drug,
especially on a tissue or organ system other then the one sought to be benefited by its
administration. In the case of anti-glaucoma drugs, the term “side effect” may refer to such
conditions as, for example, bronchoépasm, heart-block or heart failure.

[0025] As used herein, the terms “‘stereoisomer” and “‘stereoisomers” refer to
compounds or mixtures or compounds that have identical chemical constitution, but differ as
regards the arrangement of the atoms or groups in space. All chiral, racemic and
diastereomeric forms of a structure are intended, except at those chiral centers where the
stereochemistry is specifically indicated herein.

[0026] “Pharmaceﬁtically acceptable salts” refer to derivatives of the disclosed
compounds wherein the parent compound is modified by making acid or base salts thereof.
Examples of pharmaceutically acceptable salts include, but are not limited to, mineral or
organic acid salts of basic residues such as amines; alkali or organic salts of acidic residues

such as carboxylic acids; and the like. The pharmaceutically acceptable salts include the
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prepared, for exanple, by nodifying functional groups present in the
conpound in such a way that the nodifications are cleaved, either in
routi ne mani pulation or in vivo, to the parent conpound. Prodrugs include
conpounds OWORPpE/1p¥38Sent i nventi on wherein the hydroxy ®RCT/GERIDS0O18380UP i S
bonded to any group that, when the prodrug is admnistered to a nmanmal

subj eft : @P@ﬁiﬁ@galh@n—i@ﬁmaiﬁs 'gf the gh@tehhmy)ainanlidm &ﬁtsaa)lfr't}n(p,ardhe&ﬁﬂmﬁm' <}ye| y. .
Exanpl es rodrugs . include ut are not |imt to, acetate, formate an
benz oat & SEPy IF e EP 6 Tom BEIRrERRF AEOTERNES5 TF e{ﬁ%ﬁwuq t he

conpoundsconfertiBfal RoRSEHHM saltd 1RNide Mbse aékled BB ihérRanit Blddduchas BaRsthltpicei n, the

term"side effect” refers to a consequence other than the one(s) for which
an agent bidrabeemigrsulfpgc, suldemicaphospherigoniic sad Brefliker andghowite prepirgd fomr ug,
especi al | 9. A4 : -1 . 1 he,. S0 0. be

bone | ted Byt: fide kR RbucRABLEY BERMELNENC Aplkc, ReigBREtHEe HC® |
term " si descabicgpanioicyayrbice fmaleid, bydroxymaleigplietyilawesc, @butarhior berxaingdakcylic,
bronchospasm...heart-bl.ock .or. heart failure. [00251 .used herein, the terns
Toter oo; SRS datseioRy BPEumans ol Seaitios. MEBANSHIRILS Sanr SEGREL or
conpoundsoxaligtiseiaatfic, afle Hellika! TEERPhoAdlogiONBactdptabRbaltPhbe peiphfe@byas regards
t he arrangenment of the atons or groups in space. Al chiral, racem.c and

di ast er eoRethpds kngwpidn the ag, ag.¢ bivdissodviag e fige amine dases voldyan cxeess poibe adidi r al
centers Q%P  SUIAL I if4 gk ' [ 00261
" Phar mac 2@?@%&%@%@2’?&)? a ggisn gfatﬁs/e‘? c?rgﬁgﬁﬁtagldggﬁ %{/ladtll%@elga%l?&fg %ﬁfcg %gs]%l osed
conpoundshydimexide, or witlearpanieat conpound is nodified by nmaki ng acid or base

sal ts thereof. aml es o har eutical l cceptable salts,include, but
e ot 1 vt doR *Cankgptds AR Rkt BuenbuE SRTEE G frBpdiui SLos suon as
am nes; aditeslate fofms PR Bk £nél hdnyAmiRCEdhitinih @ SdrhptRHds GG uséd srprdpared lak C

acids; and the |like. The pharmaceutically acceptable salts include the -9

VO 2005/ 137siiadditipnisals 00Brosig B sts improve elabpmpndsndingarepertissof ther ¢ he

quat er narg, ! EUPRASIS, Rberdlfy AAMERbabATRAUMA coh@iiBR "R gxanP! e, from
non-toxi c 1 norgani c or orgahic &aclds. r éxanpl e, suc conventi onal

non-t oxi ccopaplotisdsi as desgribed eveip catebé wsed of prepar¢dy forgaample sasithisr sydodehside

hydr ochl ori.c hydr obr om sul furi sul fan c hosphoric,, ni.tric and the
Y ke ancor S ys B BBirbic YA Gt AR Rt AOTRR M ' D, B0 oni <,
succi ni ¢, hydikatespbdlvatess iriidcidCsaltihgdiates, arétlbo contdniplited fotbe vitHin the .scopaDE thebi C,
panmoi c, sorbic, maleic, hydroxymal eic, phenylacetic, glutamc, benzoic,

sal i cyl i cPrese8UVEOP ¢, 2- acet oxybenzoic, fumaric, toluenesulfonic,

met hanesul f oniggagt %@oﬁ%bﬁ%io‘f the ifVeRtibFoontahfiding Brdups ahdl thdiGorel 48 These

physi ol ogi cal l'y aCceptabl e salts are prepared by
capable of forming salts with various inorganic and organic acids. Such salts are also within

the scope of this invention. Representative salts include acetate, adipate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate, ethanesulfonate,
fumarate, hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide,
methanesulfonate, lactate, maleate, methanesulfonate, 2-naphthalenesulfonate, nitrate,
oxalate, pamoate, persulfate, picrate, pivalate, propionate, succinate, sulfate, tartrate, tosylate,
and undecanoate. The salts can be formed by conventional means, such as by reacting the
free base form of the product with one or more equivalents of the appropriate acid in a
solvent or medium in which the salt is insoluble, or in a solvent such as water which is later
removed in vacuo or by freeze drying. The salts also can be formed by exchanging the
anions of an existing salt for another anion on a suitable ion exchange resin.

[0029]  Certain acidic or basic compounds of the present invention may exist as
zwitterions. All forms of the compounds, including free acid, free base and zwitterions, are

contemplated to be within the scope of the present invention. It is well known in the art that
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met hods known in the art, e.g., by dissolving the free am ne bases wth an
excess of the acid in aqueous alcohol, or neutralizing a free carboxylic
acid with an al kali metal base such as a hydroxide, or with an am ne.
100271 Conpwordes/idssssri bed herein throughout, can be usescwuspisppsssed in
alternate forns. For exanple, many am no-contai ning conpounds can be used or

prepar ed @snpodidsadh@inkiibdth @firtrdnd. caffok ANgroufs v felekist infgyunibeiumSwitiathern and
handl i ng properties of the caonmpound. For exanple, dependi gtg on the
r eagent s, ZYileranicoiomas niusi #yof élfmomﬁemrdslééscnb B0 MrQughoutiBalondtL fdier ei n

can be US&qm fe, Bo@PRKRE: fdoé l%?(grr%;oﬁp fuﬁ ri‘é( CTHE’J' Pieft® cfon%%f%otngﬁél at e

salts. |sonofphic cryst i ne racemc
hydr at es, zwiténases, and acid salt hydrat es are aI o) contenpl ated to be

within the sc f i nvent i on n ounds of the
venti on contBif G BPATRE oL e PEL B PaioD iy Vg pUPE BESTURIThg. sal & s
W th Var|@iﬂl$phdﬂﬂﬁ@&mﬂly&ﬁ&pﬂibgﬁdihferﬁcﬂﬂi)hra&lCﬁha&ﬁédeﬁtuﬁll? aéJep@bler {shi n  t he
scope of this invention, resentative salts include acetate, adipate,

benzoat e, “HRIAYEINEEE OIRkT 1o, tﬁ?ﬁ%empaltr@s afenAls FeMpesitiang 48d/og desaap fosme
canphor sulhigh ﬁtteewnﬁh anesp gf‘%ﬂﬁ‘rﬁcﬁmedléd-l'm%ﬁireﬁt sﬁ?ﬁme%'xj Js@‘ir?%on%{a@vﬁﬁ‘ aRt e,

hexanoat e, hydrochloride, hydrobrom de dr o1 odi de, anesul f onat e,
lactate, tisshesatf éummabehmd lafiioradst veithoRt mpﬂstvnawemm irtifationtadlergid respmnes,

oxal at e, ersul picrate ate succi nat e,

sul f ate, ani?r fogl"%f %T%?P‘a& §a6ti°n°ﬁﬁlmlfﬂﬁg%t§ easﬁé%ﬁeo@ f@ﬁ%sirfa % formed by
conventi onal mnees1y, Bﬁ@bmp&uxﬂyofﬂaa(ptdsé}g1rtviaﬁtlonfdaﬁ©ebdtﬂﬁ(eﬂw’1tmcﬁxfrletshe product
with one or.nore (ﬂuwalents of th wggsg&nlaeamdlna | vent or medi um

in whi ch PiFpieny an %rqlwglempoﬁoennew £ Femichsq E!R°§§°%é’?‘é CWieAdh is |ater

removed i gy Fﬂﬂi}é&ﬁc Qﬁaé?Mstfcr 8RA6 tHEipelflc telRBqd] BY adhiist&Rig HAerkaivzed by
exchangi ng ani ons of an exi sting salt for another anion on a suitable

i on excha#peunt eksuah a ¢oPepitiane proghyladiic o therapputisaespenses apobmpiedused e pr esent

| vent] O Pl o (AUREERL OR%in 6Lhork 8108 A (5 oRRRRUFSRpRTL VS O

free aC|d e an f ot he
scope of bﬂthermeeaerdspommntlucm thd initiaionverd dnhkrmmantldidthﬁb&rrEspbmn aswkD WO
20051115375, PCT/ US2005/ 018350 conpounds .co a| ni n h am nq and car boxyl
groups of ¥R BYE{10N, GesSaHAN, PLTUPRTTSUIT ¢ unAcsirable s3per &‘r jcompgsitiens ofhys,  any

of the CofeHRAFARS ExXpebR td'BiEnny 3eH UOQLEbddNA kreaRP E@hiNbelbWr  exanpl e,
both am no and carboxyl groups, al'so include reféerence to their
correspondi ng [093¢]t tA yseé herein, “alkyl" refers to an optionally substituted, saturated straight,
branched, or cyclic hydrocarbon having from about 1 to about 20 carbon atoms (and all
combinations and subcombinations of ranges and specific numbers of carbon atoms therein),
with from about 1 to about 8 carbon atoms, herein referred to as “lower alkyl”, being
preferred. Alkyl groups include, but are not limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, t-butyl, n-pentyl, cyclopentyl, isopentyl, neopentyl, n-hexyl, isohexyl,
cyclohexyl, cyclooctyl, adamantyl, 3-methylpentyl, 2,2-dimethylbutyl, and
2,3-dimethylbutyl.

[0033] As used herein, “halo” and “halogen” each refers to a fluoro, chloro, bromo,
or iodo moiety attached to a compound of the invention. Preferably, “halo” and “halogen”
refer to fluoro or chloro moieties.

[0034] As used herein, “heteroaryl” refers to an optionally substituted, mono-, di-,
tri-, or other multicyclic aromatic ring system that includes at least one, and preferably from 1
to about 4 sulfur, oxygen, or nitrogen heteroatom ring members. Heteroaryl groups can have,

for example, from about 3 to about 50 carbon atoms (and all combinations and

subcombinations of ranges and specific numbers of carbon atoms therein), with from about 4
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[ 00301 The conpounds of the present invention nmaybe used as drugs in
connection wth pharmaceutically acceptable carriers. The phrase
"pharnmaceutically acceptable” is enployed herein to refer to those
conpounds, WeX20¢¥1d5385 conpositions, and/or dosage forns POHUSZNOSHES0 Wi t hi n
the scope of sound nedical judgment, suitable for use in contact with the
ti ssues of ahewtdf cmbpwdglltﬂmefarrﬁdmNsn- !thmwxmealcsa@@lco&goétrﬂmcmsyncluderfw ation,

oL 0L SRRy, ARSHARL PSSR, IR ER SRR 2L L1

can be adimidadlyljitéttazelgt, pyreiyl, peraidgl, quihslyl, aasodﬁmolyijltlhuphm;sl bmzbuhrenylnovel

conpositio uc ns can be us . ophyl actic nosti c,
and/or ¢ HEMEBEIND | PVGRAT B R PG O b P RAmBEaY} 8t Pozokheife of such
a conposi &h@nhetd%@mmga&moﬁ” edferk Pftei SdP60H dtéim 1RFRANGAH BB AP GraReRekced in a
human or sone other type mammal. It will be appreciated that the productlon
of prophy‘f’bﬂ?@lpéete&af)ﬂ Heasalghiond abov@sponses i ncl udes the initiation or
enhancenent of 0, b t essation,
o uppr ossi or?5ET, b SEFRORE Fhme A hnd A Bl BBl 1T o
ar e expecsubslitoted ﬁlkmlelOngnyp wherein ailsyl mbas@revhﬁﬂlyldeﬁgedeeﬂmmpmy alkoxypmidow. [ 00321
As used h ers 0 _an otlonallﬁ/ sub?,tltute sat ur at ed

i k
et ot Sk mouskiidiuge BEVBEE eluPaupis Fr BREBA IR about 20

carbon atons ([gosb) a|“Halo@lkEfbyln@¥ 119418aliRd¥g” wh@ﬁdéal t8 alcl e Hof brimngLsmdand
speci fic numbers of carbon atons therein), wth fromabout 1 to about 8

carbon at Bivght-phaisaturated aliphagic hyrraearban grpups Apvips the speifing nugtber efrcachen Al ky |
groups i nﬁbﬂdg%ubslﬁﬂfteda\{/ﬁh pet mlofenﬂaio%g? UPhe JE%P%% {pyel‘ﬁ'xgél “modb- Qﬁﬁ@f?&k o refef P opyI

n-butyl, 1sobutyl, t-butyl, n-pent cycl open | sopenty eopentyl,
n- hexyl, $usb§titetqu by onewc by bex ¢l moreyrespeotively. , Exahpies of yalpaIBylmuw linsauiey|

d h |.b
242 9 e BB a0, i Ml BRI L P, 5

to a conpguehlofoethybgriotpsenti on. Preferably, "halo" and "hal ogen" refer to
fluoro or chloro noieties, [00341 As uysed herein, "heteroaryl"” refers to an
optionally sud8¢3H ut‘“éd‘se%ﬁﬁm thgterm "sipqalkyl” sefeesiip ap alinylens dijadiqal bathonmt i ¢

ring syst gk bhdhich Melvédess Blthd s%ﬁﬁfcm%ﬁatomuw&a}&ﬁ%%5 f R alsp er chbout 4

sul fur, oxygen, or nitrogen heteroatomrin nmber S ter oary gr oups can
have, f ogroex aﬂ}ﬂ selro Rikghgrabp dakes tegsthghwith ltsgaretarglmm ast henein defingdhas 3 to

toms ¢ nefng Mof R S8 3% 0 d 2GR BRI Abel SRS AR S0

group taken together with its parent group include 1-(1-methyl-cyclopropyl)-propan-2-one,

2-(1-phenoxy-cyclopropyl)-ethylamine, and 1-methyl-spiro[4.7]dodecane. The spiroalkyl
groups of this invention can be substituted or unsubstituted.

[0038] Alkenyl and alkynyl groups include both straight and branched éarbon

- chains. Alkenyl groups according to the invention are straight chain or branched chain alkyl

moieties that include one or more carbon-carbon double bonds. Preferred alkenyl groups are
those having two to about ten carbon atoms. Alkynyl groups according to the invention are
straight or branched chain alkyl moieties that include one or more carbon-carbon triple bonds.
Thus, alkenyl and alkynyl groups according to the invention include, but are not limited to,
hydrocarbons such as ethene, ethyne, propene, propyne, butenyl, pentynyl, 2-butenyl,
2-methylbutynyl, and isopentenyl moieties having 1 to about 10 carbon atoms, and in some
aspects of the invention, preferably 1 to about 6 carbon atoms.

[0039] As used herein, “aralkyl” refers to alkyl radicals bearing an aryl substituent
and have from about 6 to about 50 carbon atoms (and all combinations and subcombinations

of ranges and specific numbers of carbon atoms therein), with from about 6 to about 10
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to about 10 carbons being preferred. Non-limting exanples of heteroaryl
groups include, for exanple, pyrryl, furyl, pyridyl, 1,2,4-thiadiazolyl,
pyrimdyl, thienyl, isothiazolyl, imdazolyl, tetrazolyl, pyrazinyl,
pyrimdyl, WO2EYW375i soqui nol yl, thiophenyl, benzot hi erBCT/US208560835¢ of ur yl ,
pyrazol yl, indolyl, purinyl, carbazolyl, benzimdazolyl, and isoxazolyl. The
t er m " het @rbparajomy being prafeped Aralkyd grouppean begptionally sehsfifusedatNon-GinitMEn t he
ring franguapik; r el i | 4;d ' used
herein, the 'PeErsrlrlrlscM'zgl E’é%ﬂﬁ%ﬁ&gﬁigrQ&@?ﬁ&fgfi;#ﬁbﬁlgﬂ)gﬁgfg 1[ rp%ngl ; %I’A@Sbst ituted
al kyl - O diphenglethtybr ei n al kyl is as previously defined. Exenplary al koxy and

al koxyl groups.hii! ude hoxy.__&th n- pr.o i.- Qr opoxy, n-put oxy, and
hept oxy. [OOSQQbWaI%saan‘i&VFm ’ oafr)%“ Ir—?ca%%(%éq %o‘g’ypgﬁgysflmtgﬁ&gdn@é"idﬁc?ﬁc% bot h
branched ethér msiticy@lig Afontakiakifg Sytdii Aivaxg fdrh AbEit 5 Go htyoait SC edrbeatgho(4pg alhavi ng

t he specified nunber oé carbon atons, substituted wifh | or nore hal ogen.
The use of°MiRatigpesIdsuRcompirpionspirapgss pad trefifF npmgbers ahearban atoBthesrne "or by
two or MoyfR fbRSBBELd ¥abYut 16aBBhESeIRY proRheR! Myl-liSkitRR ampPel Hdfide, AUt are
not limted to, trifluoronmethyl, trichloronethyl, pentafluoroethyl, and

pent achl o¢xgawiey bheyyb opphthyl Gograceny!, ansphemsatteeny]. t he term "spiroal kyl " refers
to an al kyl en adj cal L N ds of Which_ are bonded to .the sane carbon
atom of the pg[r0 gJHt] gésolﬁsﬁd P%g?brhﬁ]%gocgﬁﬂ ({\é\@éﬁsﬁ?émoﬁro B@b'? l%r"n(;er ogbelrro al kyl

group, tamehicycipelipledtic\ingl3ystérm tnaine idegat deapt, onasand peefermablydfonneeh ateass 3 to 20
ring atonms. _Preferably, it has 3 taq 10 rin t ons. n-limting exanples of
L opi t ol R, o5V EON Hirestn sinaies Sog PRmbES. Betric) Bopsica hiddon

1- (1- met hyoufy £ HBHCIYdatboR 28R (ard ANE mbinations and subcombinations of ranges and

2- (1- phenoxy-cycl opro yI%- et hyl am ne, and 1-nethyl-spiro[4.7)dodecane. The
spi r oal ky$pecifie sumbers pI ¢aihan dtofpethered), wishfrom abews Sttp abaus 40 sarbeshenst i t ut ed.
100381 Al a i t ' ned carbon
chains. Al k%#f?' gﬁ%@ﬁ%x%%%‘t&%g’? atyoﬂg'ﬁjh%q@ﬁteg’n flg}rﬁl§§!sg%étﬁ?§§?é(ﬁ{r c%tgcl n or
branched dhgsi Examgies of mabéredyichd gtdapst inclndée, deteexampleptetraydenfaranyipn- car bon doubl e

bonds. Preferred, al kenyl . groups are . those. having twq. o, about .ten carbon
atoms. Al RURAOT PR R PR hsor RO oo B EAP iy anched
chai n al kytazbRdifyl thizé Iyl p’lﬁérbﬂﬁylgﬂ&pﬁélidwrpﬁ)eﬁailhl?},)ﬂe&ﬁ&d}@dihiﬁdlylfﬂ e bonds.
Thus, al kenyl and al kynyl groups according to the invention include, but are

not |i mi t ecfahydrochipenyle atatyeo-exsiapenialcinyranh 1, Bt ¢netralpideaunelylpr opyne,

but enyl , Tt lr: e 2~ I ' t eties
having 1 t&'g b%ﬂz]pl%n(@g}lélb%ﬁgh tdéﬁgm%oﬁﬁt(ﬁﬁ}%@ﬁeand g@gaeig? gﬁ)lg? I?ﬂée/rl)f n ént i on,
pr ef er abl groups canb eutistifitatiarmosubatitoted. [ 00391 As used herein, "aral kyl "

refers to al knyOEﬁdl ﬂael c%m%gl?r{ s'afld ?nrt]en%@{ilatess glb tﬁtte Ip}elsjeenrt]gnvention may contain

protecting groups. Protecting groups are known per se as chemical functional groups that can
be selectively appended to and removed from functionality, such as hydroxyl and amine
groups, present in a chemical compound to render such functionality inert to certain chemical
reaction conditions to which the compound is exposed. See, e.g., Greene and Wuts,
Protective Groups in Organic Synthesis, 2d edition, John Wiley & Sons, New York, 1991.
Numerous hydroxyl protecting groups are known in the art, including the acid-labile ¢-
butyldimethylsilyl, diethylisopropylsilyl, and triethylsilyl groups and the acid-stable aralkyl
(e.g., benzyl), triisopropylsilyl, and ¢-butyldiphenylsilyl groups. Useful amine protecting
groups include the allyloxycarbonyl (Alloc), benzyloxycarbonyl (CBz),
chlorobenzyloxycarbonyl, t-butyloxycarbonyl (Boc), fluorenylmethoxycarbonyl (Fmoc),
isonicotinyloxycarbonyl (I-Noc) groups.

[0043] As used herein, “phenoxyl protecting groups” refer to chemical functional

groups that can be selectively appended to and removed from the hydroxy! functionality
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and have from about 6 to about 50 carbon atonms (and all conbinations and
subconbi nati ons of ranges and specific nunbers of carbon atons therein),
with fromabout 6 to about 10 -12 WD 2005/115375 PCT/ US2005/ 018350 carbon
at ons bei ngwpr2edsansssl. Aral kyl groups can be optional | y FUIBSR20a5018360
Non-limting exanples include, for exanple, benzyl, diphenyl nethyl,

t ri pheny hpresehyin phertedingdmponnd, (AsfH) tol repHensyctefungtionalify0ddttoAsrtais ebknieslei n,

"aryl" refers to an optionally substituted nQ-. di,- Q.- r t her
mal 11 cye eieeap otuRt BB el Tyt B bl gr i bien Bl vl on
at ons ( ansboghtnoxgbgrbupsadre presend dcisbEBaIbitOwn didspedtiert pRgedinggebuppeci fi c
nunber s g‘; carbop ato herein), .with from about to about 10 carbons
bei ng pr eMFRAYCIYNGRF-quRhiunr i REQIEFHABEECUPHEPLRFSMRIRNC (@ RtASH ROth BheaRyY!,
napht hyl , grgilshiRaaR¥dusly2th RLke ﬂﬁ%g i’bﬁéﬁb%(yl_ OB tdgefhier WikR thelGFveh Illto_ms

"heterocyclyl" refers to a nono-, -, tri-, "or other multicyclic aliphatic
ri ng systté@raughwhichildyadesonaectedioom aghexanylfsix prasiberedising Wheogin twa exygbout 4

sul fur, o r.{J .het 1] Het | yl groups can
nave 1 ord e pRedy Hg3RRIE CLSaibe BRTEURE B abEUEMENE Y, 2N
subconbi maembsred iig whergiaswa ptygen pamsfareplacediaerisg positooms b @nd dtrelatvettber ei n) ,
with from apout 4 to_about 10 carbons bein referred. Th eterqcycl yl

O oup. ayPEBoUIF Hnky SRE es PPHERSLMeon Saubie BB ERE SORHES. * Exanpl es
of het er ogygl1y [Ex@ipIepsf dudt Fidon ProfecttipBilps indl@ieltRdediaPbiedd) Yoiety from

t et rahydrot hi enyl, piperidinyl, pyrrolidinyl, isoxazolidinyl,

i sot hi azohf adjagent plwgmﬂ &rqugs with an aldglayde or kigterel respepfi vebo | Adilitigrial exsmplesazi nyl |

nmor phol i n | el Cak ' .

oot anydr o EheRbREldbthol GREAMER TR buns) BEIEERRGRRAT ound i

oct ahydr ocfeheandrWdiisWrorecaec@iouds ia-@rgahio Spiarkdsts] 2diedition, JolanWiley&dBone)| | di nyl .
I—|eterocyc]LI I r can be substituted or unsubstituted. [0042] The
conmpounds g‘?‘lgoﬂhﬁggﬁrsdi ates of the present invention may contain protecting

groups. Proteqboduy HNsQUBShartif, FNOMalRAP réFérs BSarCARTigEctp WHERGH b G md@E oups
that can be selectively appended to and renoved fromfunctionality, such as
hydr oxy! @fribe kydregsn atpmsigadhe gkdereplaced by anpdkaxyanoietympdimryalky sraumpasmn such

funct i onakdvk rohd\Bobs 7 @ 862 Artel b hnd dIFQHIAOALAA hbRDid Ao ch the
conpound I's exposed. See, e.g., eene an ts, rotective oups In
Or gani ¢ Syngdsesd specidn nadibeisoi carbarhatomi thereig, Bt romNboutotolabolitd9 tarboMuner ous

2 but vl dRHRISIEEFTy e Aot Sra siteirote® b P EIREPor or oupe. and
t he aci d- ;kthbxyenelliyd] iksthoxy butyl, methoxy ethyl and propoxymethyl. Alkoxyalkyl groups can
be substituted or unsubstituted. Lower alkoxyalkyl moieties can have from about 2 to about
10 carbons atoms. More preferably, they have from about 2 to about 6 carbon atoms.
[0045] As used herein, “cycloalkyl” refers to an optionally substituted, alkyl group
having one or more rings in their structures having from about 3 to about 20 carbon atoms
(and all combinations and subcombinations of ranges and specific numbers of carbon atoms
therein), with from about 3 to about 10 carbon atoms being preferred. Multi-ring structures
may be bridged or fused ring structures. groups include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl, 2-[4-isopropyl-1-methyl-7-oxa-
bicyclo[2.2.1]heptanyl], 2-[1,2,3,4-tetrahydro-naphthalenyl), and adamantyl.
[0046] As used herein, the terms “aralkoxy” and “aralkoxyl” refer to an optionally
substituted aralkyl-O- group wherein aralkyl is as previously defined. Exemplary aralkoxy
and aralkoxyl groups include benzyloxy, 1-phenylethoxy, 2-phenylethoxy, and 3-
naphthylheptoxy.
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(e.g., benzyl), triisopropylsilyl, and t-butyldi phenylsilyl groups. Useful
am ne protecting groups include the allyloxycarbonyl (Alloc),

benzyl oxycar bonyl (CBz), chlorobenzyl oxycarbonyl, t-butyl oxycarbonyl (Boc),
f I uor enyl newbaf8s0as3pdNyl (Froc), i soni coti nyl oxycar bonyHCT{US20850)836Y oups.

[ 0043] As used herein, "phenoxyl protecting groups" refer to chem cal
functional grl80473 tAsarsedhereipeths sinpardlkaxtyyikglrpfersdedn optienatly séhstitued fr om t he

hydr oxyl thQ [ -13 WO 2005/ 115375 PCT/ US2005/,01835 resent in
phenol ¢ EHREDAIBY gyt aa AT e al peviiny goiay EreBPEE T a
chem cal arsleagfalkghgroapsinéluddbeniz@oxyrhethyl} 1)é-ddasipdbendylosyethgis®d. | n conpounds
of the invention ere. two phenoxyl groups are esent, each may bear its
own i ndep a%rﬁfnew%ﬁ%ﬂ?weg}yédlaphtxﬂptgmmr?%navf - G@henethdoxYihct | on

protecti n,qetgf,lg%y[ray be enpl oyed to protect both phenoxyl groups

si mul t aneously, Such that the two phenoxyl groups together with the carbon

3}1 ons  t hr ougH0U48] dhwilhls/appresiatesithas erawgs icsording tdithadamegtionsaberenber ed ri ng
erein t utgs?ﬁyugﬁ;o){ g%ﬁ{/ﬁ? ofél‘% &t B&r%%ﬁlg%iﬁxten 5‘| Be e%%fe' %@%n{e Aaithe! t%l tg%: lve 1o

each ot her Irve- “menvered ring erein two oxyd ons are
pl aced at termsf@pyglolaxyl ’prteendyld rituranyl s [“etraveirdforan gl c ilgidhefuganyl’,ng.  Exanpl es of
phenoxyl protecting.groups jnclude benzyl and substjfuted aral kyl Exanples
of dual fdﬂ?f?li“ﬁﬂygr CP?%@PW&] ’gWHng r‘?ﬂﬂfﬂn}d/lde ‘{‘]?i@?a&éf taﬂtlo’t?lnylketpéffmﬁﬂlet y from
the adj aCﬂa}ahpa}%@zmyr%quaﬁlywobkazagr%é?twl@ix%lv%@mieg esRat | vel y.

Addi tional exanples “of phenoxyl and catechol (two adjacent phenoxyl groups)
pr ot ect i neptignalysabstinicd T yriealy, substitated elipmiegh moygsies include pae el mereGr oups i n
Organi c ' i]ﬁ,inEF J My »SQF , [ 00441 As
used her S%{l ﬁ,gtn&e}lltitg%égqlg%l FETers b\%lhﬁév%ﬁggrﬁ %I}Jdﬁm éerfe%lEn‘ré] t%aigg%?r nore of
t he hydr omer hytiogensadf tiiehderaifle Imaiety iserpplaed dvithya selectadrkibory tioinditated Al koxyal kyl

groups can ve from.about 2 to about 2Q.carbon atons (and all I nations
ana. SubcoRBrTaY ProNUeTlaP e o SARRS b diena SRR By ot Efeficani 1
t her ei n), thekidRtifulioMeaMeih adtabR RRPLindl Exembhensubstkeédiginbué g6 kdmplexanpl es
of al koxyal kyl géoag I ncl ude, for exanple, et hOXﬁrrret hyl , met hoxynet hyl ,

t-

met hoxy bRAlg{ee. <G errayidedihgt whesgwioyireBhyspid -Br leaktpelied jo anprplss can  be
> 'to abouf ey AR, Mk, mRuRlodo g neRnIsa IR ShAF So PO A En L 5T 57"
about 6 cakyoh aaa_tllqd;saryl[ Eﬂdﬁ&ry%emmﬁclwehﬁirmyl (O] wab KN O,)rayhrer SCNY  an
oPt1 onal | S 5 e SO TR S, S RS b bl

like, wherein each R’, R” and R’ may independently include alkyl, aryl, aralkyl cycloalkyl,

cycloalkylalkyl, heterocycloalkyl, heteroaryl and the like. When a substituent is =O (a keto

group), then two hydrogens on the implicated carbon atom are replaced. By way of

illustration, when a carbon ring containing one oxygen is substituted on the carbon adjacent

to the oxygen =0, a lactone is formed.

[0049] When any variable occurs more than one time in any constituent or in any

formula, its definition in each occurrence is independent of its definition at every other

occurrence. Thus, for example, if a W group is shown to be substituted with, for example, 1

to 5 of straight chain or branched C;-C, alkyl, or straight chain or branched C,-Cyp

alkoxyalkyl, then said W group may optionally be substituted with up to five of the above

mentioned substituents, and the substituent at each occurrence is selected independently from

the above defined list of possible substituents. Combinations of substituents and/or variables

are permissible only if such combinations result in stable compounds. It is further understooc

that, while certain substituents are minimally required, such as, for example in the W moiety,

the moiety may be further substituted with the same substituent(s), another substituent(s)
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(and all conbi nati ons and subconbi nati ons of ranges and specific nunbers of
carbon atons therein), with fromabout 3 to about 10 carbon atons being
preferred. Multi-ring structures my be bridged or fused ring structures.
groups i ncl weegsayiszare not limted to, cyclopropyl, cylrt%1 5()%,8350

cycl opentyl, cycl ohexyl, cyclooctyl, 2-[4- |sopropyl-l- - oxa

bi cycl of Zﬁgm:{—ﬂéhé'%@(m%dulrea s{ll;stlgxe?rt’s%rto%e'i aibsAhuentBR R ik ﬁ{&gnlu @@Q}uﬁg@mﬂnt yl.
[ 00461 As used herein ternms "aral koxy" and aralkoxyl refer to an
optlonallymﬁyu@éﬁltuted aral kyl -O group wherein aral kyl is as previously

g?glhg(r:ﬁl eﬁ]gz’&bé@pﬁdgnyrﬁ’?{%@gy, anéaggbqna%%%yrlﬁgﬂe%ﬁbyﬂﬁi‘g%%%ﬁ115375

PCTI US200thifid 8dH6ientlyOdBust tcﬁmmsedohemeiom usbﬂhbdetgeafemf@uaiylfmmalréayﬁorr efers to

an optionally su t|t ted. aral k rou erei n aral koxyl and al kyl
are as pr'@%% %‘QH mtE%%ﬁ%ché‘i‘?/“S tg oy &Wk\;%]‘a‘d? SRPROUNAR M de

benzy! oxypeetehul in a%cémﬁidz%{mh@sﬁz%lt RoUERRNY! . 3-

trifluoronethyl benzyl oxynet hyl, naphthylethyloxypropyl and

3- (phenet hyl oxi§9511- Ih@tbhwvgﬂﬂmﬂhemm@bﬁpanulmarwmamebésed@pmegmoamee@v aidat groups

accordi ng t por e

Gt t ettt e A oRic REHERRIL, 500 RF iEeiEBho OlFe Sl
"benzyl ", prefent mmgtition doésatot dépedd apotr thayHedretical lcbtyd:mfsmfahgsle formu“larrpfnphol i nyI

“piperidinyl", "tetr dro ol di oxan yrrolinyl"
-t e'to iy d BRI 5 B Tt erhs %869&2&*?)(“““?3@?‘@?‘* g el RS TRGRet )és as
bei ng ophineatdibuisedshd édﬁe‘éﬁbnd-'fbgw filohi¥d oditghibhi, ieaids FRAGER irfRle! | e5

i nclude one or nore substituents that replace ydrogen Thus, "Substituted"
i s i nt endidentioniimanycuaye inchingonyriging intorapy bedifisgaiemeric form o teamyi f i ed ni ety
IS replac ' t hat the
nor mal. vartsay oPSRRE PN bAGF AR WAL GRhSRicoh By I BHPNLARE, |

subst i tut i on ri@8%ajt sAs usediheremblhe tﬂmmmmdingErcéerptoathybﬂng)sg togethertaf | ncl ude,
for exanp alp js -Br, said

CBr s at vemeundR iffidisindss el o hiyfBl e alepton R g mica

nonohal oalrisRfarmatiksitls WbIngahiiAX Yuchahtédabtions P OReR dedtactind! doRip¥linds add iy ny! ,
aral kyl, aryl, heteroaryl, heterocyclyl, hydroxyl (-OHf), nitro (- NOZ) cyano

(-ON),  ssfldtionphase. SOPR ) | sulfarmyl (- SOZNR'R) amno (-NH2, NHR , NHR ',

MR 2 e ogsske-o MRt Sipal s Gl oo MRbpdpAPSHEEAbL,Y ! 0

het er oar yhumasd. t he | i ke. When a substltuent |s =0 (a keto

[0054] “Effective amount” refers to an amount of a compound as described herein
that may be therapeutically effective to inhibit, prevent or treat the symptoms of particular

disease, disorder, condition, or side effect.

Description:
[0055] Compounds. One aspect of the present invention features ester

group-containing compounds that have a selective, localized, beta-blocking effect in the eye
after topical administration. While not wanting to be bound by theory, such compounds are
thought to be rapidly inactivated by metabolism upon entering the systemic circulation and,
therefore, may not be available to act at the receptor in the heart and the lungs. It has been
discovered that these same compounds are relatively stable in ocular fluids, i.e., lacrimal
fluids and aqueous humor, and ocular tissue such as the iris-ciliary complex. Consequently,
such compounds are useful for the treatment of glaucoma or for lowering intraocular pressure
since they remain stable when topically applied to the eye but rapidly metabolize when

subsequently absorbed into the systemic circulation. Thus, the compounds and methods of
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group), then two hydrogens on the inplicated carbon atom are repl aced. By
way of illustration, when a carbon ring containing one oxygen is
substituted on the carbon adjacent to the oxygen =0, a |actone is forned.
10049] Whenw@05(1a5378bl e occurs nore than one tine in arBCTU82865/00838Mt oOr N
any fornula, its definition in each occurrence is independent of its

defi ni ti othe atesamérvynmovide)aawmeefcleheriﬂrmlﬁc altamat'rmeﬁarrphel;redtrhera ofVgroup is
shown to e substlt ted. wi exanpl e f str t chain or

br ancheq BuCRHS o5 ey et ibioqh BhereR R mrone b e Varipeeh B, Koeyl iyl
then said Wgr[ooms] MEGongolhdsdlthe/prontisitioh vbrasissiFobmulp 1 bpFérimuga Bbs t he above
nment i oned substltuent]%émand t he substltuent at each occurrence_ i s se| ected

i ndependeffsfaped hewin. (hoamulsy,l,anddd rckdg npyed elagses plywredmyestha nderep hydrolysis

Conbi nat i | y if such
combi nat | o el #ERUATTY r POl pAUSKABRAS DloPKfe REES ARIACLRIE

whi | e cerhaf- hfesmtmtaqmqmgmhmnmr (—:Inadmtlmlhewm@ugﬂha&dpnwcmraieatlﬁcﬂrthaxarrpl ein

t he W noi gt t urt subst ed with the s

subst1 1 pettriey AL Bl R pbBRRP G Bt a8 s, 018350
fromthe @reaitpn hﬁverlﬁ:qm Bﬁcﬁd\ 5 b Stable il bil ffer solnn@t foe posd dhelfilifs)and (ohpidigt from

t he group of reqw red substjtuents, [0050] "Stable conpound” and "stable
st ruct ur ehydselwzera figrcomsaiiedelivat the activs cpmpennd in theraqpeous HF‘P%lQﬁtaF?"er obust to

survive 'Mp%hhd%ﬂhﬁs%r@w&&ﬁir@ Eufﬁ‘éﬁﬁ&;ﬁstéﬁle RUhd dhebdsHiinor E&é}&éddQHe dufhfdnur €, and
formul ation into an efficacious therapeutic agent. Stable conmpounds are

pr ef er r edofi thelad(f@hmsﬁem\l\ﬁ’wwn@hmtrmcsbie pressurg/asreompated toREMn ¢ompoyndseln eved
the chem cal. SBIMAR, ARY NBNERLUP RS MERECOIBEL QAP SEH ALY

reflect the under ying ¢ and val ue of
the pr esamtthetmﬁmy) Nndoms pfuﬁérrddenfbbdmwmnthe banpdmdﬁ frieisalsstandialily mbiales s of

t hese fornmul a whol e .or under st ood t hat

f or mul as HI%EP@PPP oraéecammst@&p f“ﬁéf“éf h‘g\fweaqre prgfenahly, thay arg,spbsfant yt he

cor r espongdvagl of obieh idth@sh SRAMBAY RESthe®d £1i0RY. bR PRdertdd dnlbliimdnbe
i nvention in any way, including restricting it to any specific t alt omeric

form or tetiyngompqyads dre capidy ieliminated frogeyistiemiq drcukabiam fo reducedpelimingiee such

st er eoone Ay et AR teafl 96 PO sha v AATTL 05 HSBHNESlherl e b,

"contacti Fers to rrngl ng toge oun
di st ancescdniundideswof mpréciubgrb‘md @Chetcarecépidre npat symmlwhdomhmnﬁgqirodrug

L1 ansf or 1Bt 005, ACLOMRYL 1913 Sfe bR PRESHA A% W She SORLASS N0 comPOUNdS

embodiments R* is H; more preferably when R*is H, at least one of R' and R? is also H. In
certain preferred embodiments R!, R%, and R? are each H.

[0057] Hydrolysis of Formula I compounds results in the formation of
beta-blocking compounds such as those described in Patil, et al., US Patent No. 4,966,914
Notably, though, in accordance with the present invention, the beta-blocking drugs formed by
hydrolysis of Formula II compounds constitute a new class of beta-blockers that heretofore
have not been described. Thus, Formula II includes both prodrugs and drugs. The prodrugs
have the features and advantages described above. The drugs encompassed by Formula II
will have utility not only for treatment of glaucoma, but also for a wide variety of other
purposes for which short-acting beta-blockers are known to be suitable or preferred. For
example, catechol-containing beta-blocking compounds such as those described in US Patent
No. 4,966,914 and encompassed by Formula II have been shown to exert a potent antioxidant
and myocardial cytoprotective efficacy against free radical-mediated cardiac membrane lipid
peroxidation (Mousa, et al., 1992, Int. J. Clin. Pharmacol. Therap. Toxicol. 30: 103-106),

thereby augmenting their utility for treatment of post-traumatic or post-operative conditions
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[ 0053] "Subject" or "patient" refers to animals, including manmal s,
preferably humans. [0054] "Effective amount” refers to an anmount of a
conpound as described herein that may be therapeutically effective to

i nhibit, pre0afts1a537§reat the synptons of particul ar diREGAEBISHILSH der ,
condition, or side effect. Description: [0055] Conpounds. One aspect of the
present i phtbeihgagnarheng athes sarditvesculag pblities c Buthermpregingsmyshas dipidt hat have a

sel ective lized. . beta-blocki effect i e . af ter [

adrm ni ot rarpERof it S bR B sle b FoiGe ¥ Bh BB s are
t hought t 2000eE%a i Riaymadodh 389y 29-88), thy bemibidukingsitmgseacompisssdibyFobhsla $ly st e ¢

circul atign ., t.herefore, y not be avajilable to act at fhe receptor in
t he heart%&ﬁ@r}ldqqé‘t'ﬁlﬁy _’s?re*}“ﬂ’e‘i‘fg aﬂé’é‘ﬁyaﬂ*\t%%@b" ‘iq_’féﬂloﬁlﬁ’é%‘_‘ WP % onpounds
are rel at y¥eh YewbpleBtidninmpaHs 2berdekit!i Slh chbnditions itideMt ard Addlifife@Rl agqueous
hunmor, and ocul ar tissue such as the iris-ciliary conplex. Consequently,

such conpeutecneurpdegansiativg dipgrgers pechtas isghenpia dropy stigke ocasseciaied wish facalgsr i ng

i nt raocul : Si; ' : n ' applied to the
ye but vl SR MR b SPE SR ARLRIER o 981 SPLIGEPT e o

ci r cul at i comditibhsier, disdases sachpsuideimerts dieate) demattia; Baoki€on20d15dade] 5375

PCT/ US2005/ 018350, 't h resent .invention provide a ve useful therapeutic
1t er nat | SEGPR uerl ol o (R vt AT 2V FRER PRI HeBoPSBE it o
pressur e, asssovted Witk glaucsityR Nbiaaadisatfoad ol Wasoh thdQapbub@y oAk @seron id§ Present
i nvention conprise Formula | or Fornula Il as described herein. Formnulas I

and |1 i nbs tred toslyantage inelude; butarppeidimityd te, irsatmentefhigh bloed pressytes contrgbn
| ot 1 ati iC ] hat h
corneal pghngt rlﬁ;tkéﬁﬂn&?ﬂf%n%hgﬁr}]al Hs&ﬁhgﬁfugggpgp@ﬁgkm&w&opgg&m fpd hat have

along half-Tife In the aqueou unor . t he prodrugs have one
or nore fbaehads htanaittack, eredmrent ofHgpentoptic natliomyaphtly) tmaterusoffheart fplatehal m c

use. For jnstanc (o30) ndgs of the. jnvention hav een shown to be stable
" but £ er FERPELED P DB g el LSSy Bel R af SRR PP e i 1 ¢ he
cornea t opedntive bf BlB&lifCfron @ssphaal ickd and pReve ittt FedUe BN of stdpe fiagti ve
conpounds t hus BFOVIde are sufficiently stable in the agueous hunor to

extend the durl@?8n Ingeriaimempodiments of castpoyadsiof thejpesntiag, Rgﬁ@‘? Ro¥eE¥h pressure
as conpar ﬁﬁ%&d&ﬂgw W Odmﬁ%ﬁgn?&ly} éﬁtecﬁﬁ&%oﬁ%%@? Bfe‘fenéd@ﬁnb%ﬁ%‘ﬂ&ﬁg snff the
i

i nvention ere uced oc i tat o] anesthetic activity. In
some pr ef Bf aredachriibdependently H aril, adtipulR taycash sndopendentiyabid aphtaergil d  of

cul ar LB Oo8). h253kin PR ASLA ARt ¥ ¥ B oL LRR Y heY
phenoxyl protecting group, one moiety may act as a protecting group incorporating R' and R?
and the atoms through which they are connected into dioxane or dioxolane ring. In other
preferable embodiments, at least one of R' and R? is H; more preferably both R' and R* are
H. Preferably when both R' and R* are H, at least one of the R® substituents is independently
other than H. In some embodiments, the hydroxyl protecting group is a cyclic ketal or acetal
formed by reaction of the catechol derivative (compound wherein R' and R? are both H with
a ketone or aldehyde respectively). In some embodiments, R' and R? are each independently
aralkyl, preferably benzyl.

[0059] In other embodiments, R* is H or W. In certain preferred embodiments at
least one of R, R?, and R* is W; more preferably R* is W. Yet more preferably when R* is
W, both R' and R* are H. Preferably when R* is W, at least one of the R® substituents is
independently other than H. More preferably when R*is W and both R' and R? are H, at
least one of the R® substituents is independently other than H.

[0060] In yet other embodiments where R'and R? are each independently H, W, or a
phenoxyl protecting group, and R'is H or W, at least one of R, R%, andR*is W.
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devoid of ocular irritation and |ocal anesthetic activity. In some preferred
enbodi nents, active conpounds are rapidly elimnated fromsystemc
circulation to reduce or elimnate systemc effects such as heart failure
and broncho¥Pa8M1133S sone enbodi nents the prodrug conmpRUTASAUSH1835L

appreci ably bind to beta-receptors ypon system c¢ absorption. By prodrug
conpound, it |[906‘1i3arim sarheaembadihends R mla'dm‘geﬂstraight chaincbrRdanickedZi-Cn sone

preferabl I | east one
of R anaa cyg ]:kgp r&fno% bés: |_lfoxlyh %P %@%ﬁ?swﬁfrghﬁ and R4 are
each H. [L08,ArylHychetdrysicil; q;frefE@bllyLRasHoc@uﬂa)gumﬂanbeBmhélﬁdmGb’nelkjtlpr mat i on of
bet a- bl ocki n nds h as those, descri hed in Pat US Pat ent
No. 4, 966TF refer%ﬁ?rfﬁatgﬁbmjw orrﬁﬂ E%‘iaén@%ﬂmw Ps#erablm@fkl °f nvent i on,

t he beta- nhétﬁﬁky&%dﬂéyﬂ&réﬁ?%méﬁ yPy hydrolysis of Formula Il conpounds .
constitute a new cl ass of beta-bl ockers that heretofore have not been

descri bed. Thu8062Fodnseme 4>thenemuodmts105tl$r% SNCTEY-, ancdNHLCefQ)-- Theertginodr ugs
h h d db
For rmul a1 R 20N ARSAF EREQRERE PN B G5, BT 03 LERSBIRRESE S, 2

for a w denbodimeitsy Za$ -Q@ICx€))-. Ipuﬂtboﬂmes«erﬁwdlmdmtsﬁlshﬁrt acting beta-bl ockers
are known to abl e or referred. For, exanple, catech t ai ni ng

bet a- bl ocki ngqﬁ%(’??; NS dé'gerftﬁ&és lée%r@ﬁhbé&??ﬁlg‘ gﬁf@hfg aﬁlﬁ’rﬂ 4,966, 914
and enCOfHS@Ii)‘él%?l by-CrpiIRdNyaIkk ], aR@62 bR SN it fufAn §IX BihldrB filR&iye Thraaylt | OXi dant

and nyocardi a toprotective efficacy against free radi cal -nediated cardiac

menbr ane mplrsh@lmyg@pm@al tesvehydyppiganyl, éiw)@ianyl 2 @gdimethy} dioxplayyl,dioxenyr macol .
Th
{F eat ment A pyrrsRaing tuiboorab AT, SO BUAIRE, bRkl Bk UstbE ML 1 15075

PCT/ t | SZO@ECQ%@B@ZI @b alkbney, Ioehalb,,oramlugk)dtshistinw\dlﬂomasasudmrstmtghl art i es.
Furt her mor e s lipid peroxidation inhibitors have been
el el i

denonstr neuroprotective effect (Huh, et al. 2000, Eur. J.

Phar macol . 38900649- ﬁﬁbtheié}ﬂbdmhanbmé@é@uﬁighdémﬂﬁor%ﬁ@mﬁe% amy1,Formul a |11
should find utility for treatnment of a varjety acute_and chroni’c

neur ol ogi ®4lo2tkyh &lﬁlmﬂko’iqulkyw«new hengyb g ksofuegyl, dibydrofuranybdsnyly . sSuch
condi ti ongo legﬁj din ﬁ&aﬂé{;%l%ﬁ;@o&nl%%ﬁfﬁ Héig iXahyie
di sorders s? ﬁ Sl _sf:(t';iher%ﬁl f g n *r 3{<e or ‘aga6ti at 6 ? di ﬁ&%iérc]g{ orM’ di f fuse
brain tr amnm)ylchyfnfahdmyb tesiahydiaomagelyh dihydnooxeblyG phehyil, mhmn)sl subztitupesl Witkas
chronic 0 seas such .as, Al zhei ner' i,se depenti a,
Par ki nsone 8 gsr}% -Co 3&??& Pﬁﬁﬂf” °rlc?ﬁ1%2ﬁ5¥l S@%ﬁ%‘\’%{s‘?’@h & F a’sggF rosis,
cerebral ma,h&,yd Cauay, dllegd. opti c neuropathy associated with gI aucoma. O her
i ndi cations for which the conpounds of fhe invention may
[0065] In some other embodiments R” is straight chain or branched C,-C,o alkyl,
amino, cyclohexyl, benzyl, tetrahydrofuranyl, dihydrofuranyl, furanyl, phenyl! or phenyl
substituted with C,-C, alkyl, C,-C,o alkoxy, or halo. In some embodiments, cyclohexyl,
benzyl, tetrahydrofuranyl, dihydrofuranyl, and furanyl are optionally substituted.
[0066] In other embodiments R’is H, straight chain or branched C;-C alkyl,
cycloalkyl, C;-C;¢ alkoxyalkyl, phenyl, phenyl substituted with C;-Cio alkyl, C,-C;o alkoxy,
or halo, or cycloalkyl substituted with at least one straight or branched C;-C,, alkyl.
[0067] In some embodiments R® is straight chain or branched C;-C) alkyl,
alkoxyalkyl, amino, cyclohexyl, benzyl, tetrahydrofuranyl, phenyl, or phenyl substituted with
Ci-Cyo alkyl, C,-C,o alkoxy, or halo. In some embodiments, cyclohexyl, benzyl,
tetrahydrofuranyl, dihydrofuranyl and furanyl are optionally substituted. More preferably,
they are substituted with alkyl.
[0068] In yet other embodiments, R® is straight chain or branched C;-C,, alkyl,

amino, cyclohexyl, benzyl, tetrahydrofuranyl, dihydrofuranyl, furanyl, morpholinyl,
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be used to advantage include, but are not Iimted to, treatnment of high
bl ood pressure, control of angina, treatnent of certain abnormal heart
rhyt hms, prolonging survival of patients who have had a heart attack,
treat ment oworygsansa7®phi ¢ car di onyopat hy, treatnment of he@EwvS2bEEhsssE,
treatment of vasovagal fainting, treatnment of m graines, treatnent of

essent |t gal pipéritifyl,, dtetr?iydmpy:ahgtndnoiolfxbeeﬂdtmgylf pyménlmymduagﬁht bo»aadsnl'%bcgs anfl f
prevention, o re crion or, s e._Tr. I N, enono nts O
SO A R A AR R A W g IR e M
phenoxyl Iﬁrsghﬁ‘éhibﬂﬁnﬁh@%cldhexﬂ%zﬂr@&ﬁizﬂ@%rﬁm@hméﬁl&nﬁaﬂﬂanﬁz are each

i ndependently H or W or "Rand |ndependently be a phenoxyl
prot ect i n@oqielup'l piperidewl, amhasdrovmn)é,rﬁa@mlw doxamdrpmRlingnd R2 are each

| ndependept iy 4o B3 0&36'112%0%3‘3{9%@%0&@%3 sBGinTBd Adrd Y e‘%f}ha’%‘ﬁu Eh they

protecting group I ncorpor at’ons rou
ar e connegabstitutedwithadikykane or di oxol ane ring. In other preferable

enbodi nent s, ast one of IS nor referably both R and R2
are CHPr of orngs) h b Biefrried clpadimsnis R g BRGrBRVLPT the Rs
substi t ueptrgh ﬂlﬂaﬁﬁpmeaﬁelfefabwtltfqg tetrﬂwar&ﬁuahn-ﬁ%m @lfu%@,% HvRg

hydr oxyl protectlng roup is a cyclic ketal or acetal orned by reaction of
t he cat ectere nieferablyiR vietefrakydsefurad-nrle fesameraltemativipreforableemabpdiments, h - a

ket h

depenaei PRt o RGNy dpul el e FRARMIP HeSerafuordBiats wﬁ%ﬁt . R4

is Hor WubkMuteéMtalanlepst&heaM(gU enbodi nents at Ieast one of R, R2, and R4
W R4 Yet R4 both R

" £ PR o bebrnh o 28 LSO el il o

is i ndepgrasihed CY-C9f A1RYl, Mﬁa d‘)‘cloNQ()ﬂ? b@ﬁ@,ﬂi%@éﬁ&&roﬂ?ﬁryl RinydsofWadidfobaiy) R and

R2 are H, at |east one of substituents is md’ependently ot her t han

H. [0060] Pheﬁyl,/eltpmﬂﬂépbfé%%}”ﬁ’éﬁn§ awHbyleCinalkRay.irdal®ach i ndependently H,

and Ra’i s 0 B60E PG SE R BT SNBIGY. N iRkl O T

enbodi nmenbmanchied G <, halklylpgraimp, gilohexgitbentyditetrahydio fiaargh afihydiofu@h ), furdayl,
cycl oal kyl , n Cl-C10 al ko H R2, wherein Ra is
oy Y o R Ay By B gl o S ORI shot o or

br anched Q&a}%‘;boawﬁ,ord a@omz@fﬁroagheﬁyrbxodheﬁylrsammte&bah ¢,-@, dky@nched
Cl-C5 al k nore preferably stil thyl, yet nore preferably

met hyl . é&@m]alk%)’s@m@l%t her embodi ments, Zis -0-, -Q(C=0)-, or -NH(C=O)-
In certain [0072]

In certain embodiments, R is strai ght chain or branched C1-C|o alkyl, amino,
cyclohexyl, benzyl, tetrahydrofuranyl, dihydrofuranyl, furanyl, morpholinyl, piperidinyl,
tetrahydropyranyl, dioxolanyl, dioxanyl, pyrrolinyl, tetrahydrooxazolyl, dihydrooxazolyl,
phenyl, or phenyl substituted with C,-C,g alkyl, C;-C, alkoxy, or halo; and

Wis:

0
R6
- RS

R e
wherein each R® is independently H, straight chain or branched C;-Cj alkyl, or
straight chain or branched C;-C,¢ alkoxyalkyl. In some preferred embodiments, at least one
of R® is other than H. In other preferred embodiments, at least one of R® is C;-C; alkyl, more
preferably C;-Cj alkyl, even more preferably methyl. In certain other preferred
embodiments, at least one of R® is alkoxypropyl, alkoxyethyl, or alkoxymethyl; more
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enbodi nents Z is -NH(C=O-. In other enbodinents, Zis -QQC0O- or -0-. In
yet other enbodinents, Zis -Q(C=O-. In still other enbodinents, Zis -0-.
10063] In sonme enbodi nents, R5 is H, straight chain or branched Cil-Cl10

al kyl ,  cyckgahdsuhss7£1l- C10 al koxyal kyl , am no, benzyl, tr"éﬁ??&ﬂfoﬁsk’(f anyl,
di hydrofuranyl, furanyl, morpholinyl, piperidi nyI t et rahydropyr any

di oxol any, n yI

t et rahydré)rgffga?% \%%%P%hg gfz%rw 1k°"§'h‘%§31 Xﬂw eny Ophté([s)t(ﬁ%{{lyelgg W tﬂ Q- C10
al kyl, Claligwgy, etvlekam]q pmferetbéy 6 Coalkgmclygtemmtpre@rblslvmethoecd with at |east one
straight or h 4 n [ dinments, R5 is
strai ght chai ﬁb bﬁgﬁ% é e%f]eglfgl%‘?/ﬁ]ﬂé%qs kurrém Il%;}f@% ﬁ:’l@ Obral koxyal kyl ,

ani no, dbemgﬂydrdfmm&h)oﬂfreﬁmfeafwy,,wds ieluﬁlmlfdfmamlyé of wnatmh | %ﬁtralﬂm:’ ylh@vemyl

pi peri di tetr rany di_oxol any 2, 2-dj met hy. i oxol a

di oxanyl , %Oram enaa]w)ﬁ %eﬂxdm fitgan-3-Yle (Ve RO TS TAD ) yfwn Ri} 1yl aé‘tﬂﬂyl
phenyl, pj1§ply{s sﬁb@tﬁté&%ﬁﬁglkw th™ C-Cl0 al kyl, Cl1-C10 al koxy or halo, or
cycl oal kyl “substituted with at | east one straight or branched Cl-Cl10 al kyl .

10065] | n sond08T4herln sorhoetnbastimentRR’ |lsallsylrsabsghttectthuﬂrydmﬁnbn)dn&,’lﬁdal@y G o

Fur anyt . Byt B ot BB RO LR B SRR oy, o
hal 0. In some [oortstpdlhtemasn erﬁb’dﬂlmhﬁxwhenzli?se—ﬂlyks istH; tstraigiricbhainlor druithed
are optionally subs uted. [0066] In other

Ceﬁngzgir (r)rfeﬁ{ianyl lid © lgglif?lgtfgﬁno kexyalkyly p*tfflxlﬂetr@df S&E’S é&tsdéwthﬁn 10 @%b oal kyl
CG-Go al @Qéﬁ)‘%‘ll&\(& ormgﬁan?ﬁj cm@???ﬂub&“@é& bt ?ﬂaﬁf"bﬁ@stﬁighpopblﬂhéth Ci- @1%9 (?r

al koxy, or cyc substituted wth ast one strai
br anched #@kylC10 al kyI [00671 In sonme enbodi ments R5 is straight chal n or

b hed C1- K |

Letrahydr of uré@ofd] ﬁﬂ%ﬁ“ﬁm e%ﬁé/‘@%‘%f/i‘”h%‘g% Qo KEl %Qm%ﬁ‘gh‘dl?‘-%%%lbéﬁnﬁw, Cl- C10
?I Foxz, dOCI Ga,lalkyll ICIyCISﬂHﬂ e;;ﬂmdtyrlranist%tgte?mihcﬂnwamlone loteai ghtlor bfa.nched bCltC]t) o
etra r | orura n ur.a ona S St tuteaq.
Mor e p?’ef @F»Zibé &oat't?éﬁlgtdeargm%n%ﬂttsﬁahmdtq%tﬁwe hng@% Jrﬁﬁavi« ot her
enbodi MenfnSrph&fnyl Sigeridaiyl] ttétraﬁwﬂopyr@ﬁyl hiigpehgd 20 difk IyNhB)((l)lanyl afibRyl,

cycl ohexyl , benzyl t et rahydr of uran di hydrof urany furanyl, norpholinyl,

19 VO 20psrolvlsprelisayl, mpo)@sglsé dlhydqgexazalthhenytletrrphﬂwél smytuwdyl

di oxol any [ ) w.tetrahydrooxazolyl or dihydr ooxazol yl, or
phenyl orughgh%°él¥t%sg‘p¢ gﬁ iR’ 10 al kyl, G -dO0 al koxy, or halo.

[0077} In certain embodlments when Z is -O(C=0)-, is straight chain or branched
C,-C\o alkyl, alkoxyalkyl, amino, cyclohexyl, tetrahydrofuranyl, 3-alkyl tetrahydrofuranyl,
benzyl, phenyl, or phenyl substituted with C;-C,q alkyl, C,-C, alkoxy, or halo.

[0078] In certain other embodiments when Z is -O(C=0)-, R’ is straight chain or
branched C,-C,¢ alkyl, alkoxyalkyl, amino, cyclohexyl, benzyl, tetrahydrofuranyl, phenyl or
phenyl substituted with C,;-C alkyl, C;-C, alkoxy, or halo.

[0079] In still other embodiments W is:
[0}

R6

R6 RG ;
wherein each R® is independently H, straight chain or branched

C;-Cio alkyl, or straight chain or branched C;-C,o alkoxyalkyl; or W may be ~C(=0)-R’,

wherein R’ is alkyl, cycloalkyl, aryl, or aralkyl. Preferably when W is:
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I n sone enbodi nents, cyclohexyl, benzyl, tetrahydrofuranyl, dihydrofuranyl,
furanyl, norpholinyl, piperidinyl, tetrahydropyranyl, dioxolanyl, dioxanyl,
pyrrolinyl, tetrahydrooxazolyl, or dihydrooxazolyl are optionally

substi t ut edvoRbnsa1pref er abl y, they are substituted w tPcalispdosojfB38691 | n
sonme preferred enbodi ments, RS is furanyl, dihydrofuranyl, or
tetrahydrofuranyl. Mre preferably, R5 s tetrahydrofuran-2-yl or
tetrahydrofuran-3-yl. Even nore prefesabRy R5 is tetrahydrofuran-3-yl. In
some alternative preferable enbodi nents, Frahydrofuran 3-yl is optionally
substituted. Mdre preferably, the tetrah gsl ran-3-yl is substituted with
at | east one al kyl. 100701 In other enbod\nents, when Zis -NH(C=O)-, RS is
straight chain or branched G -C10 al kyi’", ahi no, cyclohexyl benzyl ,

ot Ay ot e ol YRS Ao By PR e B pRUEIML iy L o0
Zis - NH(iﬁet@)mqenmm €,€% mhnyg ot m.ieaalmmlkynmepeﬁermly ﬁiﬂ@pmﬂmly,Halm no,.
cycl ohexyl,, .benzyl . tetrahydrofuyr drof uranyl, Hr |,
ot phol | 1t CTBR DAY Sleatt R npamengerigtay vaFb e s Ca G mge
pyrroli nYﬂreferabB'tlfl@ér'p ﬂueagymlnyéthﬁr A%mwe@p&mqt%ﬁhdepeﬁdeahm beH dheny!
substituted with C-C10 al kyl, "C-C10 alkoxy or halo. [00721 In certain
enbodi nerf¢B;0¢8:.i s strai ght chain or branched Cl-C10 al kyI am no,
cycl ohexyl, b d nmor phol i nyl
pi peri di nyI EI?et ahy%m 8’tﬁ¥r§§ %CEB%%QB %@% éa&f’ﬁ(%ﬁﬁmeﬁ&@gl i nyI _
tetrahydrooxazolyl dlhydrooxazol Ophenyl , or enyl substltuted wth
Cl- C10 al kyl, Cl - C10 koRy, or and VVL§, R6 R R6 R R6 wherein
each R6 is independentL strai ght \chain or Rragyched Cl-Cl10 al kyl, or
straight chain or bran¢had ¢ -Cl10 al k
enbodi nents, at |east oneYof R6 is ot
enbodi ments, at | east one i preferably Cl-C3
al kyl, even nore preferabljyfrethyl. In certain other preferred emnbodinents,
at Ieast one of R6 is al koxypropyl, alkoxyethyl or al koxynethyl; nore

[0081] More preferably, when R' and R are H, R is:

_§°“§O "50 o

, , Or

[0082] In certain preferable embodiments, the compounds of Formula I have the following

o H
HO N
0 N
:@L /\O/\ N
HO CH; O O

structure:

more preferably,
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-20 WO 2005/ 115375 PCT/ US2005/ 018350 preferably wherein said al koxy of said
al koxypropyl, al koxyethyl, or al koxynethyl is Cl-C5 al koxy, even nore
preferably Cl-C3 al koxy, yet nore preferably nethoxy. [0073] In sone
preferred eSS, R5 is furanyl, dihydrofuranyl, orPCHES20e8N8s5@f ur anyl .
More preferably, R5 is tetrahydrofuran-2-yl or tetrahydrofuran-3-yl. Even
nore preferably R5 is tetrahydrofuran-3-yl. Yet i
tetrahydrofuran- 3-yl it is sypstituted with alkyf.
enbodi nents, R5 is al ﬁ{d) substjtut ed tetNAhytr of
3-al kyl t et r ahydr of ur anyt: rexprefe i

3-al kyl t et rahydr of ur an- 3- %8075@ | Al cgrtai enbodi nents when Z is -0-,
R5 is H, straight chailifOor br hed al Kyl , cycloalkyl, C-Co

al koxyal kyl , phenyl, phenyl substituted with C-C10 alkyl, G -G o al koxy,

or halo, or cycloal kyl substituted wt | east one straight or branched
Cl-Cio alkyl. [00761 In certain enbody\ents when Zis -0-, RS is H,
straight chain or branched G -C o al cycl oal kyl, cycl oal kyl substituted
with at | east one straight or branche -ClO alkyl, G=-GC o al koxyal kyl,

am no, benzyl, tetrahydrofuranyl, dihydrofuranyl, furanyl, norpholinyl,

pi peridinyl, tetrahydropyranyl, dioxolanyl, 2,2-dinethyl dioxolapyl,

di oxanyl ,  pyrl ‘5§3)l'| ?i"ﬁ‘if%“bl”ie We,mlfoélf‘?%f'rt&éh"c%?‘&%‘?‘&?Io?iéﬂli"%]f?fc&a‘?’&l yl,
phenyl, ofhe RiIRANg S&tbsthbhitkgd with G -G o alkyl, Cl-CGo alkoxy, or halo.
[0077] In certain enbodi nenfs when Z is -Q(C=0) -, is straight chain or
branched C-Cl10 al kyl, al koxyal kyl, @mi no, cysl ghexyl, tetrahydrofuranyl,
3-al kyl tetrahydrofuranyl, BR& 7 Bl _substituted with
Cl-C10 alkyl, G -G o al koxy, or 5&4 certakn other enbodi nents
when Zis -Q(C=O -, R5 is strapQr : branched Cl-C10 al kyl,

al koxyal kyl , am no, cycl ohexyl, benzyl, tetrahydrofuranyl, phenyl or phenyl
substituted with Cl-C o al kyl, Cl-Clo al koxy, or halo. 100791 In still other

enbodi mrents Wis: 0 y RS 7Z Rs R R6 0 o
[0084] In certain embodiments, the present invention is related to compounds of

Formula I or II, or stereoisomers, pharmaceutically acceptable salts, hydrates, solvates, acid
salt hydrates or isomorphic crystalline forms thereof. In certain preferred embodiments, the
compounds are provided as pharmaceutical salts of formula:
[A] - HX;
wherein A is a compound of formula I or IT and HX is an acid. In embodiments

wherein A is a compound of formula I or Il it preferably has the structure:
HO X ﬁf@o
o) N

yet more preferably A is a compound having the structure:

0 H
(0] N
H 0
HO CH, 0

ﬁwo...

and HX is an acid; more preferably, the acid is selected from the group consisting of
hydrochloric, sulfuric, maleic, fumaric, oxalic, succinic, citric, and tartaric acids. In other
preferred embodiments, the compounds are provided as pharmaceutical salts of formula:
-23.



wherein each R6 is independently H, straight chain or branched Cl-Cl10

al kyl, or straight chain or branched Cl-Cl10 al koxyal kyl; or Wmay be
-C(=0-R7, wherein R7 is alkyl, cycloalkyl, aryl, or aralkyl. Preferably
when Wi s: WD 20512605/ 115375 PCTI US2005/ 018350 0 R6 R6 pdRGus20t3/0RGsmt | east
one of the R6 substituents is independently other than H Preferably each R6
is independently H C1-C5 alkyl, or | ¢aprygt koxyal kyl, nore preferably

i ndependently Hor G -C5 alkyl. Alternatively, each R6 independently maybe
H, nethyl or GviEcEhd, is aebmpoyrdedfdsratula/] oribaydiil endr acid;inwie prefenably, the

Alternatively, each_R6 jndependent.l be, H or,. CH2OCH3.. [ 00801 .Jn still
St her o ot Kisr BN B0 sl caseig o e hlobera Faic fenai SrabEg 051 1
More pref aicailcyciti) e titaryWdids2 are H, R' is: OO Oor (00821 In certain

preferabl e enbodi nents, the conpounds of Fornula | have the foll ow ng
structure: O HO085]HGonmqundsofithe mpentiowapd equivatsnts thereef nessesunggibgtantially WO

2005/ 1153$Eilway§gcg%%{cgﬂ'§r§§&ies%g R prepared in accordance with standard synthetic
chemistry protocols. Several such protocols are set forth in the examples herein. A general
scheme is provided outlining a typical procedure for the preparation of compounds of the
invention (Scheme 1). Benzoic acid I may be reacted with a racemic or chiral activated
epoxy propane derivative II to provide the glycidyl ester III. Reactions may be carried out in
the presence or absence of solvent over a wide range of conditions, for example using a base
such as sodium hydride in N-methyl pyrrolidinone at 0-25°C. The optional use of a chirai
glycidyl derivative II allows the introduction of chirality into the final compound, if desired.
Ester 111 may be further reacted with IV with or without added base to form the secondary
alcohol V. Typical solvents include N-methyl pyrrolidinone and acetonitrile. The choice of
base is not usually important so long as it does not substantially interfere with the reaction.
For example, an amine base such as triethylamine may be added. Compounds of structure V
or VI may be further derivatized if required. For example, when Z-R’ is -OH, V may be
further esterified or etherified by known methods as for example in Wuts, to provide the
corresponding ester or ether. Alternatively, the diamine or aminoalcohol corresponding to IV
may be esterified, etherified or N-acylated prior to reaction with compound IIl. Compound
V ( in racemic or chiral form) may be further esterified with R*-L using general esterification
procedures (where L is an appropriate leaving group), such as those in Greene, T.W. and
Wuts, P.G.M.,, Protective Groups in Organic Synthesis 2d. Ed., Wiley & Sons, 1991,
disclosure of which is hereby incorporated herein by reference, in its entirety, to yield VI

(one stereoisomer shown as an example).
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HO YO HOI ACHOHOO 3 [0083] In certain preferable enbodi nents, the

conpounds of Formula | or Il have the follow ng stereochem stry: O
RRO-O-"~-NZ RS R20, R3 OR4 H[0084] In certain enbodi nents, the present
I nvention iwonhelsAigdst o conpounds of Formula | or |1, QerstRhRaisSsTer s,

pharmaceutically acceptable salts, hydrates, solvates, acid salt hydrates
or isonorphic crystalline forns ther®gémeln certain preferred enbodi nents,
the conpounds are provided as pharmaceutical salts of formula: [Al HX
wherein Ais a conpou@d of forrmula | or IT and HX is an acid. In enbodi nents

wherein A is R'oQmg dypf formula | or IT it preferalyy has the structure:

O HO) ( NO HO CH ® 3 ~0 yet mor K| b bs a conpound
havi ng the strrRieture:R® O O~ P21 =NO HO 0,0 0 ¥nd HX is an
acid; nore preferaply, the acid is \selected fr®¥ t Re & oup consisting of
hydrochl oric, sulfuric, maleic, umaric, oxalic, succiWic, citric, and
tartaric acids. In other preferred enbodi nents, the conpounds are provided
as pharmaceutical salts of fornmula: -23 WO 2005/115875 PCT/ WS2005/ 018350
[A] HX; wherein Ais a corrpougz/of formula IR'® e anZagi d; nore

preferably, the I + H,N R o H

~

v

1
R'O 0/\E/\N Z\Rs
v+ R or* H
L RZO R3

* denotes stereoisomer ; R* is R’C(=0)

[0086] As described in greater detail below, the compounds of the invention may be
used alone or in combination with other agents. For instance, a given compound of the
invention may be used alone, or combined with one or more other compounds of the
invention, or combined with non-beta blockers, such as carbonic anhydrase inhibitors (e.g.
dorzolamide), such as miotics / parasympathomimetics (e.g. pilocarpine), prostaglandins (e.g.
latanoprost), sympathomimetics (e.g. epinephrine), B-andrenergic blocking agents,
hyperosmotic agents, a; selective adrenergic agonists (e.g. brimonidine), or cannabinoids in
regimens for the treatment of glaucoma. Likewise, in embodiments relating to non-ocular
treatment, the compounds of the invention may be combined with other appropriate
therapeutic agents in a regimen for such treatment.

[0087]) Pharmaceutical compositions. According to another aspect of the
invention, the compounds of the invention are formulated into compositions for application to
the eye of patients in need of therapy. Thus, such compositions are adapted for
pharmaceutical use as an eye drop, ointment, powder, solution, spray, or in contact lenses,
inserts or the like, as described in greater detail below. Accordingly, formulation of
compound into sterile water containing any desired diluents, salts, pH modifying materials
and the like as are known to persons skilled in the pharmaceutical formulations art may be
performed in order to achieve a solution compatible with administration to the eye. It may be

that eye drops, inserts, contact lenses, gels and other topical liquid forms may require
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acid is selected fromthe group consisting of hydrochloric, sulfuric,

mal eic, fumaric, oxalic, succinic, citric, and tartaric acids. [0085]
Compounds of the invention and equival ents thereof possessing substantially
sim | ar phawoaewlieggical properties may be prepared i n acgaadans®dissd h
standard synthetic chemistry protocols. Several such protocols are set
forth in {daRwesedites Brhdhtbns AAUSNET BrmuldGdiB TBndister? Waiti di@st Jathidisthkiny a
typi cal procedure for the preparat|on of conpounds of the invention (Schene
1) . Benzofiodha@tedrq compyehsadediessbyd with a racenmic or chiral activated epoxy
propane deri vajphat IForh@aRbthélfochidfh Bk A&ive LbmBSir! prkletablaAE fofdr gmy be
carried out in e presence o0 sence of ent over e range of
condi t i onsolutloacidaddmpinesalisin agnoanth amglngsﬁmhalmst &6t mmtbo)ad t0%dyiweight,net hyl

li di T t f hi | d t 1
E ove ¢ hET PR APH Ogoe e 1 by WRESE ndn ERHER = AIER. A1 oo r ed.
Ester |11 formylatién édntaﬁﬁs%nfpaaﬁ EExample 1)\t wdnbemfanm tangink frstfdub@estot 0 form

t he secondary al coh pi cal sol vent s i ncl ude N-matgﬁ/ pyrrolidi none
and acet onPta/ I"e‘“orFﬁée%ﬁ‘F@ﬂld@mH’fabob'a%étq %Oﬁdw/\t)s&)amdysqgﬁ@ theadtiveo | ong as it
does not SBRLARNE n am ne
base such as Pﬁ?edtnﬁ%éaénﬂr%%n%ﬁbl?l%%%uwgggﬁg&k ﬁgy structure AR lf%or VI may

be furt he2.Odwg: iThatdosagd adrhinisteyed toerbatlﬁnmb)dapqnﬂepowuhelpatl’enr&nwds aidhe V may be
further esterified or etherified b s for e le in Wits, to
brovi e + Rt epefindEmglosed & e SRR R R g Fbu B arel ne. o

am noal co§gll inCtRé pesponding to IV may be esterified, et herified or

N-acyl ated prior to reaction with conmpound II1l. Compound V (in racemc or
chiral form nR98%He Gammermuseddn themrenaggions afithepresent invensiogarrraferably
esterific | such
e those e ofRERAEEIY MaGHbIL pisFm @ ARELAREIL S Dot B BpBIRHRL . e
Synt hesi ssut as Water; niktuesg o&w8tznand waerimiscitlessolvestsy michhfis wvvlecﬂcwmlsh&mrsby

i ed |d. VI
Stor eor sonts PR ies ol GEGF: bl BghTchy vl elieliciobe g aso
Scheme 1 @ additiohCGhe Plrhaddui AR Fephrafionsimd) FRQoRKairRAAitMéaal dordpbndnkd such as

emulsifying, preserving, wetting and sterilizing agents. These include polyethylene glycols
200, 300, 400, and 600, carbowaxes 1,000, 1,500, 4,000, 6,000, and 10,000 bacteriocidal

components such as quaternary ammonium compounds, phenylmercuric salts known to have
cold sterilizing properties and which are non-injurious in use, thimerosal, methy! and propyl
paraben, benzyl alcohol, phenyl ethanol, sorbic acid, buffering ingredients such as sodium
chloride, sodium borate, sodium acetates, gluconate buffers, and other conventional
ingredients such as sorbitan monolaurate, triethanolamine, oleate, polyoxyethylene sorbitan
monopalmitylate, dioctyl sodium sulfosuccinate, monothioglycerol, thiosorbitol,
ethylenediamine tetracetic acid, and the like. Additionally, suitable ophthalmic vehicles can
be used as carrier media for the present purpose including cbnventional phosphate buffer
vehicle systems, isotonic boric acid vehicles, isotonic sodium chloride vehicles, isotonic
sodium borate vehicles and the like. The compositions or formulations may also contain
solubilizing agents (e.g. glycerine) or chelating agents (e.g. EDTA for metal ions).

[0090] More particularly, the compositions may also have antioxidants in ranges
that vary depending on the kind of antioxidant used. The usage also depends on the amount
of antioxidant needed to allow at least 2 years shelf-life for the pharmaceutical composition.
One or more antioxidants may be included in the formulation. Certain commonly used

antioxidants have maximum levels allowed by regulatory authorities.
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ROI p~HZR5 IlIl + N VZ~-RS RZO/ RB OH IVV 4i ROO*4HZ RS H V
+ RL RZOI i R3 denotes stereoisoner ; R4 is R7TC(=0O VI [00861 As descri bed
in greater detail below, the conpounds of the invention may be used al one
or in conmbi Wa2PBA1%7§ h ot her agents. For instance, a gi VRET/E3050183® of t he

I nvention may be used al one, or conbined wth one or nore other conpounds of
the inventi o0y dbasminabidrmgedmnobbub@.oh%bbabmmﬂslﬁ"/@udghtés’ vohmieoofi

par 2y moaihim ot L0t ghous RIS BTy o 3 S Ruff A eyt 001 48nopr ost

synpat honabaet2.0% wefghd by @plufiRPifikddieh meddbisalflié. cORY iiltedlth Gtlariifaya@ent s,
hyperosnoti c agents, a2 selective adrenergic agoni stsn&e g. br| noni d| ne), or
cannabi no‘i°&§e“itrﬁ“°‘]' %f’abﬁ%trpsl % Steight by velume fencechat the aheventl-Aqetexrieine mayn

embodi @%%&&hﬁh 'a'?QagEQ)f RS @@w%% abdult 83 RBight B IERIRA SRANEBS ) 1% i

i nvention be conti ned w th other appropriat rapeutic agents in a
regi men fvehoutsl%: heing greferredt Asg@b@‘bmdmlnaalhm‘,eulm bapressohposiangecfabond®dds di ng to

anot her the,. lnventi ok 0 t | entlo ar, e
f or nul at 2%%8 tSQ)T/ 20550t By Yolumg o?lhgé?}ﬁ()% C{?/O fvﬁlgﬂ&fy VY HEE eérﬁfls in need
of ther ap@theermMydrylspllﬁ irchudpd shdy terthe ammdgmfsm N—@d&etyl@ﬁ@d’uﬁm@tiérl cal use as

an eye drop, ointnent, powder, solutian, ra I n contact | enses,
i nserts cfXempRry ?qea)oua%s lﬂélgéermﬁréﬂ"PH{o@P@dt “HeNa?ithYb‘ZMSE?We Bccor di ngl y,

formul at 'ﬂ&cgit?etﬁﬁﬁﬁﬂy NHuth o‘ﬁe%@%fnlllﬁe | IE{: ag@ﬁgﬁlbﬂf{'&thﬂf?%&ﬁd di luents,

salts, pH nodifying materials nown to persons skilled
in the p hautatdle fartocalat adnonisndtan ©gsasearbic meiyd abdits gadts bosulfte or sodiwler t o achi eve

a solution c wi,th adm nistration to the eye. It nay be that eye
dr ops, i nSglp ?rgm?%dmya%%“? ngls and other topical liquid forms may

require -25 de5/&&ﬁ&?ﬁga t%@%ﬁ&kgmwﬁ eEpHaf eydidtdpefoffidlations

formul ations. Al such fornulations consistent with direct, adm nistration
to the ey the@ngefsPeSnorbawSel; jhis SoGeRssaryinnreveat raspeal rlptionnBesanset he

active COfpeYAFbunBE &f thfs AN ettiddark B&ers AP is fteferably maintained at about 3.5 to
about 6.0, preferably about 4.0 to about 5.5, in order to prevent hydrolysis of the ester bond

and to ensure a good shelf life for the product.

[0093] The compositions of the present invention may also include tonicity agents
suitable for administration to the eye. Among those suitable are mannitol, isotonic boric acid
vehicles, isotonic sodium chloride vehicles, isotonic sodium borate vehicles and the like. For
example, formulations of the present invention may be made approximately isotonic with
0.9% saline solution.

[0094] In certain embodiments, the ophthalmic compositions are formulated with
viscosity enhancing agents. Exemplary agents are hydroxyethylcellulose,
hydroxypropylcellulose, methylcellulose, and polyvinylpyrrolidone. The viscosity agents
may exist in the compounds up to about 1.6% weight by volume. It may be preferred that the
agents are present in a range from about 0.2% to about 1.0% weight by volume. A preferred
range for polyvinylpyrrolidone may be from about 0.1% to about 0.2% weight by volume.
One skilled in the art may prefer any range established as acceptable by the Food and Drug
Administration.

[0095] The compounds of the invention may have co-solvents added if needed.
Suitable co-solvents may include glycerin, polyethylene glycol (PEG), polysorbate,
propylene glycol, and polyvinyl alcohol. The presence of the co-solvents may exist in a

range of about 0.2% to about 1.0% weight by volume. It may also be preferred that polyvinyl
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soluble acid addition salt, in anpbunts ranging fromabout 0.01%to about 10%
by weight, preferably fromabout 0.1%to about 5% by weight. In an

exenpl ary enbodi nent, a formulation contains conpound 7 (Exanple 1) at a
concentr at i W@ 206¥igbai§ from about 0.05 to 3.0% w v, norePGpes2ndsioagssé y from
about 0.1 to 2.0% (wWv). Unit dosages of the active conmpound can range from
about 0. oalcahol mby be fosmolatpg in theesbmpaiyidy of the invghiden in@. radgetod abdiy (t1% 2. 0 ngy. The

dosage ad r tieqt the patisn needs and
t he part%ggm i?ﬁc"gg ngﬁ%npséeesgmegénqﬁmg%?&w%?r eaﬁ“qe e%abglgﬁedsagod and
cal cul at esbclq;tab}mbymfeFoe&a:thmgAdiﬂmafratmn[ 00891 Carriers used in the

prepar ations of e resent 1|1 nven ref era nont oxi ¢
opht hal nol ogi d&?ff‘{i J@esgsiaabﬁwﬁﬁ&r%@@dﬁ% loXe 'epgvaﬁr%r’aa?cwlqsawaﬁ.%mong

conposi t i ®Bse réﬁa'ﬁ&l as upad @mswtgm 6§vaﬁm%fsgnzﬁﬁ&nmtcﬁronae fu%'t@bmml vents,
such as Iower al cohols; mneral ©o©ils; petroleumjellies; cel | ul ose;

pol yvi nyl Wsiehtd1yivebies effhenzsthesiung dﬂv@‘iﬁ o). 5%a’fqigbé by volumg Oééhlpltobbtﬁml{ he
h h
phar naceu#g&)qj 095/6\93 Hy()\%ﬁtr{]@éfr gp%x?ﬂm&?er | &ta"f‘edéjr' ntlt'ré?g' i; t§ @_hr@p%qgé} guc as

emul sifyi preserv 1'ZI' ng ese

pol yet hyl mimngbtythoilesosalzﬁl@ to uit 0200 sormndclap&d frmni himma@ 03%Tto @Ot 02%300,
4,000, 6,000, .and, 10,0 ter|OC|d conponents such as quaternary
armoni um YEEERNeLime; éﬂ er{?lpP"(Pa? T'lss known to have cold sterilizing

properties andopdy)chaideduddve, %HﬁﬁlQHSenb&nlbb%&:s bbih g¥EdrigPdnd HFERLBIYdkigNd propy!
par aben, benzyl al cohol, phenyl ethanol, sorbic acid, buffering ingredients

such as s##Burip aem@rrqmb@dmmdpﬁm inyertion, the derahleckingtdrugsslesagibed bereine buf f er s,
d oth |
ana ot her Pﬁ%ﬂé’ ﬁ)%hllg{%ﬁ for ddﬂﬂn{in@tﬁjdt%g:tigﬁﬂ%l? tﬁ%o@? E)@lk’,lt fAln @Qg%?nﬁ{hgl} ate. dioctyl

triethano eate yoxy ene sor nonop :
sodi um sufmoslanamsrfa:taaimlmsmmtohio@gie;compodmonskmf d&qxrésemtohventnai twhieesivettie ami ne

tetraceti ¢ .aci and t he Addi ti aI | ui.tab ht.hal m ¢ vehi cl es
can be ugeéld eIy 0 thy oyp ésr“%ﬂr gf? {na”[g ﬁeﬁﬁ’?‘ﬂﬂpf)ﬁ%dgspfﬁé’l 5B %onvent i onal
phosphat esubiithous #RITh@dRrifonsilemBetalile Qihﬁtﬂin@ pbsitians o deabdsTbegpplitatioh ONi C
sodi um chl ori de vehicles, isotonic sodium bor at e vehicles and the |ike. The

conposi t i Brf8e #in, FuThATI2efch 98 oien a5 avellhs eRGTRAS, SHPPRRHOTIES: PhiFresknt s (e. g.
gl ycerine) or @E@d] atA&ﬂexﬁfb‘ﬁQ& %he(c%nﬂrorl Bﬁtﬁe(?ﬁve'ﬁﬁ&?hag Be ﬁged a0, More

particul arly, e conpositionds may a ave antioxidants in ranges that
vary depecmitigation witheother agents. Rilannamxmtdamomp@eldonsTdmmpnsmgeombmatimpénds on

t he amount _ of nt| %( ant Fgededto aII d %ﬁ%dtz? ear helf-l1ife for
t he phar r’rﬁod]&?tufl SPay: R iggupipied i accpsdance,wi aé’ ﬁrﬁtr? qde g% be included in
t he for nutcibifdtionSmay ﬁicmdﬁ OfoF®iahip1d) 5&abin#ivnk eﬁmmrhampdms ofine | evel s
al l owed by regulatory authorities. -26

invention, or combinations of one or more compounds of the invention with non-beta

blockers, such as carbonic anhydrase inhibitors (e.g. dorzolamide), such as miotics,

parasympathomimetics (e.g. pilocarpine), prostaglandins (e.g. latanoprost),

sympathomimetics (e.g. epinephrine), B-andrenergic blocking agents, hyperosmotic agents, o,

selective adrenergic agonists (e.g. brimonidine), or cannabinoids in regimens for the

treatment of glaucoma. Likewise, in embodiments relating to non-ocular treatment, the

compounds of the invention may be combined with other appropriate therapeutic agents in a

composition for such treatment.

[0099] One embodiment of the invention comprises treatment of ocular

hypertension with a combination of a compound of the invention and a prostaglandin

derivative. Preferably, the combination provides a synergistic effect. More particularly,

compounds of the invention are combined with at least one prostaglandin, such as

Bimatoprost 0.03%, Latanoprost 0.005% and Travoprost 0.004% ophthalmic solutions, and

their pharmaceutically acceptable analogues and derivatives. A preferred prostaglandin is
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WO 2005/ 115375 PCTI US2005/ 018350 [00911 Reasonabl e ranges are about 0.01%
to about 0. 15% wei ght by vol une of EDTA, about 0.01%to about 2.0% wei ght
vol une of sodiumsulfite, and about 0.01%to about 2.0% wei ght by vol une of
sodi um et aWDL05f1118335 One skilled in the art may use a ROOVCKRNSOE3FON Of
about 0.1 % wei ght by volune for each of the above. N Acetylcysteine may be
present i aténoprsydn ekermilarytfofnf)dtidng, Qh@ﬁmlltorﬁp&%dn&b@d%htrh)bn\/cmaum w t h about

0.1%to about % being preferre orbic acid or It may al so be present
in a rangdodtel %[éHlﬂb %‘%‘Sgﬁwﬁﬁb “506%%99"51’1‘! %(Wb%gr?é‘dvﬁ‘? findlpout 0.5%t o

about Z%w%;ﬂlgﬁlo:won\eahmn Bf&.@%wlsmecugm bl%bllefr Byéjdrb@sﬁondlrfg prédrhgigted, may be
t he sane ranq{; as for N-acetylcysteine. O h exenpl ary corrpounds I ncl ude
mer capt optespringaherey iy betiyeen apoxt@d ynd abpyt b ﬁ‘é/v"/{)l A speeifig prigglanganami ne,
glutathio F]E and, e I nts

sui tabl e ocuﬁ? am’ljg mat?ﬂ% C%hlg’?l so5 ctonl%gﬁ%lg%’:or oagégmgﬁ(h&g}%}’e?g@al ts or
sulfite oa'onqxodndﬂr(Exmip&dJ])sul fite may aI so be enpl oyed 10092] A buffering

agent may be |nta n.the H of e rul ation he range
of “about 3.5 1Buodmemesembatiwer ot fiedeudlivy Sl balher ALt at on
Because j@@n&ﬁﬁﬂ%ﬂﬂﬁcoﬂ%lﬁdﬁbﬁ (prBféﬁiB O)A é&?ﬁt@@&rﬁ&ﬁaﬁ&nb‘ 8f Pbrhpound 6f@Eably
mai nt ai ned at about 3.5 to about era g about 4.0 to about 5.5, in

order to iBrenfienantyearbanerthydrase lnblbéglt eﬂfltlwsalubotb gfatbépckers gnécasbisod shel f
life for &r{ijll dRSafkBitors bR Rdved 1610 EF&&P} h&?%sﬁlg tﬁé}ﬁnﬂa{t{%ﬁ%@aqdeﬁuyse“t lon may
e 1or aam

also inclu tonicity agents suita Istration to the eye. Anobng
t hose sui hwidreeagh ef theseriladssds of dmgs opsratediny differmot rdechmbms,lseéx thatghd¢ oni ¢ sodi um

chloride vehi.cl.e ni ¢ sodi.um ehi.cl es . e |

cxanpl e, FOTIAIEE FEHEOURE » REVTPRLEIETT A B TSH SHESEENEHES MR rat of y
| sot oni ¢ gdridlamide. 9% & 8pdciiR chiodinhéf -thd ﬁ&%&nﬁdauﬁarcbﬁdeﬂuﬂmwmbﬁmct he
opht hal m ¢ _conpaositions are formnul ated with viscosity enhanci ng agent S.

Exenpl ar yanhydrsesinhibonfeavaizeds bsiwve abantgskand aboutr ok (Wi myand dhe fin

met hyl cel t
S m e ettt RS

t he agenabpuaO éammBhtO(\n/v%)r ange from about 0.2%to about 1.0% wei ght by

vol une. A pref ol rrol n be f about 0.1%
to about O. Z%m@ght %Ieﬂ’;)?@dl{r)n &ﬁh%ﬁﬁpr%‘a‘“"ﬁ tﬁ‘gtoatF‘%/’ E‘? ®r any range
establ i sh@@eﬁ&xsﬁﬁaﬁﬂi@&&nﬂ;xwwlaeaE&ﬁpb\ﬁadfmw%n&&mﬂalaﬁaﬁ@dbﬂm [0095] The

conpounds of the invention may have co-sol venfs added if needed.
compound. The major active ingredient of marijuana, A’—terahydrocannabinol, has been

known to exert a wide range of pharmacological effects, including reduction of intraocular
pressure in glaucoma (Dewley, W. L. 1986, Pharmac. Rev. 38, 151-178). Novel cannabinoid
(CB2) receptor agonists, their compositions, and the methods of their preparation are
described in US Pat. Nos. 5,605,906 and 5,532,237. The compounds have been shown to be
useful for lowering IOP or treating glaucoma because of the activity on the cannabinoid
receptor either by themselves or in combination with beta-blockers such as timolol. Recently
a peripheral receptor for cannabinoids (CB2), that is not expressed in the brain but rather in
macrophages in the marginal zone of spleen, has been isolated and characterized (Munro et
al., 1993, Nature, 365, 61-65). Thus a selective CB2 agonist can have anti-inflammatory,
analgesic, antiemetic, immunosuppressive and intraocular pressure reducing properties
associated with cannabinoids without the psychoactive effects associated with CB1 receptors.
It has been shown that certain 1,9-dihydroxy-octahydrobenzo-[c]quinolines (Johnson, U.S.
Pat. No. 4,260,764; and Johnson, et al., U.S. Pat. No. 4,228,169) as well as the 9-oxo analogs
(Belgian Pat. No. 854,655, 1977) are useful as CNS agents, especially as analgesics and

tranquilizers, as hypotensives, diuretics and as agents for treatment of glaucoma. The
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Sui tabl e co-sol vents may include glycerin, polyethylene glycol (PEG,

pol ysorbate, propylene glycol, and polyvinyl alcohol. The presence of the
co-solvents nmay exist in a range of about 0.2%to about 1.0% wei ght by
vol une. |t Wayows1s87he preferred that polyvinyl -27 WO 2X00B/S200587850

PCT/ US2005/ 018350 al cohol may be fornulated in the conpounds of the

i nvent i orcormspandiag §anmifio ahtﬂ&bmﬁxirb drtalogs haaaie(alsb béerOé}inmitghivetz;miWanl une. One

and. Dr ug PRI QLR H - T0 061 FAILSt A0y oh&SFay S FEBAMA% e | nvent | on

within pafehmweaéaxfmm@edﬁ esehhaﬁ&dﬁﬁ@ftepfe%iatﬁy &héJﬂndl Qoflpditivlp Wei ght by
vol une of benzal koni um chl ori to 013% vol une of

benzet horfiolfRNERIS ofdle canpakigpid) dt'}"' ’@F-?Ft“t??n @Qﬂ“&%gbﬂﬂ%*moé‘r bBWAM , up to
0. 004% vejnghife fal X&#Mﬁloﬁ%o%ﬁ?%lmf fﬁérc'ogxga&xﬁit St RUedtioh AELas d&&ﬂx tognc? 01 %
n

wei ght by vol une I'merosal, up to about 0.2 % sorbic aci
about 0. 0496 hetweenabout®. lzélmdaheultgl‘ﬂ(vdy%\)'.ol unme of nethyl or propyl par abens

bet a- bl ocki ng 1UHER geop? SRbadiment 5 iaIEHn Feamethad oo WP REsesion yith a
bet a- bl ocdohibinatibhl (frefdRBES dyh@%sﬁ@roﬁ?h@omﬁ&m&b@tﬁe%\mdh@ﬁ 2l Jilcarpi@l Ni stration

to parts of the body oth an the eye. O her” formulations for
adni ni st rEefesbln therfinal compssision rcmntmnoa Réths pHlaeaming inpefaen AboukAdraain t he

delivery fguf lh@ D) %dfﬁer&ﬂltﬂe%ai &, r%po@ﬁ%n e Bidetfiohd F’ tielcSmpblufitsdise and

sprays; |ntrave ous, cutaneous and I ntraperitoneal 1nje ta e sol utions;
conposi t i iovention, sddvammpbmd Bppbdteedni about O bartdrwostkh (h(w/s%c) h as a patch or

oi ntnment; as | tQri.es [

menti oned, th 1cdc?|1rp%{f§ q@? f“rs? ‘%B‘ﬁ 9{%?6 IHV%S?nBrOVngggo 3‘i° trL‘féeng?fl GeHar

combi nat i iypemérsion Mithed confhimition (JrbRFabBSHérgRHd) of PP NdVTSheGAVERLibS hrit)
conbi natlons of conpounds nmay be fornulated in accordance with standard

met hodol difledingdenya lxﬁn%?rﬁm%ﬁéavwlm& p9BIst 3V ity A PO WN tI9WST nat i ons of
tWO Or N, SAMPRIERS:. q:fortef"ﬁnpl% '?Nceﬁbttﬁﬁ‘ted QV(T,rgﬁmOZ%l'd%d%s QEAErBG ifor €

conpounds of the invention wth non-beta cker such as carbonic
anhydr aseYorkhirhil % Pat. Nos g, 4ﬁcﬁ%@hém5dé,)l99'31u¢ﬁ:amo ret ok, il&8§, Pat. No.

parasy npai g' %dgg al%%xsim('n %oglowg %)rgocg;)alr B@LSureD lit 15 ég%v cp %ﬁﬁgﬁs%%é&ts reﬁ§ anoprost),

synpat hom’ne andreh

hyper os ndintrgocale ptessuraly su@p:leestﬁg e irfdwasfag@ons hgas. Uss of@c&nblhﬁtidiiﬂﬂl di ne),
or cannabi nqids in r%@‘ nmens, for the treatnment of gl aucoma, | kewi se, in

enbodi ment/QUABF-AACHPhAS A8ERISIS EUARAS 2prElaRIt{(C 84 PRIZ-ZERASIRMES Wt he |
| nvent i onprRdnidife M@H@ﬁgcl&‘r Stk BRfold RPERRDI iRrfocu P pRRGI isdeRBB M 1 N @

DeSantis, US Pat. No. 5,502,052. Preferably, the final composition concentration of the
clonidine derivative is between about 0.05 and about 1.0 (w/v%) , and the final composition
concentration of the compound of the invention, such as compound 7, is between about 0.1
and about 1.0 (w/v%).

[0104] Another embodiment of the invention is directed to treatment of ocular
hypertension with a combination (preferably synergistic) of a compound of the invention and
epinephrine or dipivalylepinephrine (DPE). A preparation for reducing intraocular pressure
consisting essentially of a therapeutically effective amount of the fixed combination of
dipivalylepinephrine and beta-blocker is described in Gramer, US Pat. No. 5,459,140. The
use of two or more different types of drugs to lower elevated intraocular pressure has been a
common practice, particularly in connection with patients who exhibit severe elevations in
intraocular pressure and/or develop a resistance to the intraocular pressure lowering effect of
a single drug. This practice has included combination therapy with a beta blocker and an

alpha agonist. Reference is made to the following articles for further background in this
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conposition for such treatnent. 100991 One enbodi nent of the invention
conprises treatnent of ocular hypertension with a conbination of a conpound
of the invention and a prostaglandin derivative. Preferably, the

conbi nat i orwpres1335 a synergistic effect. Mre parti culrmuys2oosomspounds of
the invention are conbined with at | east one prostaglandin, such as

Bi Irrat opr Q‘é@ar&lé‘ﬂ%imh@ﬁ,&nﬂpl"mﬁﬁolﬁl.dﬂ@ﬁi’piaﬂﬂl Bpirephfin®Sombinalist T laspdpyhial m c
solutions, and_ their pharmceuti ept e anal ogues and derivatives.
A prefer r%l&t-arggletgﬁmahdﬁbﬁ-? pages 1%1%@3%19@?@% /9t Lo BBl ddine

Lat anopr Ogdtaxold? tEHHRRIEEE ThérBSyTUARL § Dphthalhs, Moab, g&og'etm 198BRCEN4 T ation
of a prostagl andi n deri vatr%ygui S bgb\?\egn ab(_)l?t 0. 8% _and abgut ).5 (Wv%h,
and t he frrefaired grobasinent; the find sompesitan eoncenfrationeofdhediptvelyéapiniephsingds a- bl ocker
or corre ' nQdr IJoPe e : and about
1.0 (wW v%%%hgg%@ iolgﬁ cang%E(?h-t 8?33%6‘);@ ’ Qnﬁfn}g‘% ﬁ%@éh‘?‘Pgﬁﬁt‘&ﬁ%@%%?rgﬁ.“o‘g“%%rrpri ses a
conbi nat i @mpofindofihomiagioa wich askempoahd ¥,ds berdreercabiopiol hdnd’abobxBOPV /%)) .

[ 0100] Anot her, enbodi ent of the invention is directed tg tfreatnment of

i ntraocul ar H(}ld)g? t gﬁﬁ?‘ﬂﬁtW'Pﬂ' OEBABHINACPBRIRE @Fé?’&B‘P‘&Pdéoé‘gﬁé‘r"@?t&“i c

conbi nat i AaY bedelidere®@aAL BYL fa galiént in S hRE 0 LfRUerd] VB9 MR RABIHS iRS €

i nhi bitor. Al though both beta-bl ockers and carbonic anhydrase inhibitors
are bel i dhedrtt b 4 pofsrred apbedimgricthe semprsitione afedomeallysielivrediguieoeds in pienor |
each of t e [ | such t hat

t he conb?ﬁ%ﬁ@%ﬁ%’n%%&%gﬁ g“@&?\%%?g?l%osgﬁngg‘[as%kdpr e %ﬁ?ggﬁ o(:uzfir boni c
anhydr as docationdwithoin theseye v petiodiiinterocilar iajestimadrbiydnfasibo ih amamigatihgre fi nal

conposi ti on concent ration r boni nhydr ase i nhj bitor derivative is
bet ween af‘r?ﬁ'\.‘l'fm i aérﬁtsgo?f Sslglg(%(éﬁé%m bgﬁdﬁ?%é‘?‘frﬁhix) ot R'fon

concent r afoirilated sAutishIRO R beiblédker inR¥EPiehid BuchSld B SE&SorBSPLIS® ./ ThisS bet ween
about 0.1 and about 1.0 (wv% . 101011 In another enbodi ment, the invention
i s di rect@ebodanent will hasigpagiculst uliliy foriuadeliveryito prevnt AOB spikeyiunag powflesf a
conmpound of I#a@ rocBigation and a cannabinoid conpound. The major active

I ngr edi ent B rijuana, A9-terahydrocannabinol, has been known to exert a

wi de range of [pHE] medtEirgvelyl the tdrmds8ions may belappdied édathériophthalinalogiac aocul ar
pressure in glaucama (Dew ey, .\W. L. 1986, Pharnac. Rev. 38 151-178). Novel
D nabi oty oS pubdp et Sl e &% Rishad Bisrpoasd o gh st Ridod B et hogs. of
their prepsahésOfor 3k npld 85 dikd16RE in Herelpo RahrellNOES. Futd05,798628Nd anothet2, 237.

The conpounds have been shown to be. _
: embodiment, the composition may be delivered to or through the cornea of an eye in need of

treatment via a contact lens (e.g. Lidofilcon B, Bausch & Lomb CW79 or DELTACON

(Deltafilcon A) or other object temporarily resident upon the surface of the eye. In other
embodiments, supports such as a collagen corneal shield (e.g. BIO-COR dissolvable corneal
shields, Summit Technology, Watertown, Mass.) can be employed. The compositions can
also be administered by infusion into the eyeball, either through a cannula from an osmotic
pump (ALZET®, Alza Corp., Palo Alto, Calif.) or by implantation of timed-release capsules
(OCCUSENT®) or biodegradable disks (OCULEX®, OCUSERT®) which contain the
compositions. These routes of administration have the advantage of providing a continuous
supply of the composition to the eye.

[0107] Several other types of delivery systems are available that are particularly
suitable for delivering pharmaceutical compositions to the interior or posterior of the eye.
For instance, Parel, et al., U.S. Patent 6,154,671 discloses a device for transferring a
medicament into the eyeball by iontophoresis. The device utilizes a reservoir for holding the
active agent, which contains at least one active surface electrode facing the eye tissue lying at

the periphery of the cornea. The reservoir also has a return electrode in contact with the
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useful for lowering IOP or treating glauconma because of the activity on the
cannabi noid receptor either by thenselves or in conbination with

bet a- bl ockers such as tinolol. Recently a peripheral receptor for

cannabi noi dwo(@BAY5374 hat is not expressed in the brain rdruvsabdsmisssn

macr ophages in the marginal zone of spleen, has been isolated and

char act er}balxeﬂ's(phfhlyrdbosedi eyehids., WA 3t alNats) fP@tentSﬁ&9 B7D-disz) osesldousbirtationd ¢fct i ve

CB2 agonist. c ntj -i nfl ammat si.c,, antienetic,

i mmnosuplpfdé@q nd hydrophobic cniies mﬁ?%&ﬁ?ﬁgrﬁagﬁw%& QF%QF‘E'P@?F’@%S}(‘M at ed
Wi th canngfaitenl Ao ¥ dl.TOW. Phight AIFBHTRACKEN'EL alE U8 Pater?s DOL/598, Ao, bifal CB1
receptors. It has been shown that certain

1, 9- di hydU&(yate@t%w&rléb%%et[aé}Htﬁ Reentnb 07 hWsinsr. et als U.S. Eatent No
4,260, 764 h
9- 0x0 ana ogééj}3J %@’S‘?@ ’.a(h'ﬁbl.)altj?gg’,zggg?o %%9 9?5651?% lﬂngefc UFP artégﬁ Jg\lg@‘g%égnte S,

especi al Izmda;ystematlgmaycbe md to delivephatmaveutical asnpogipohecmsnprsmg cdmpowtds CS and
as agent s@f;’) Inent of gl aucoma. The -29 WD 2005/ 115375
PCT/ 11 S20%5 ‘?)‘irg m"E‘B‘r"Pespondl ng 9-anmino and 9-oxi mino anal ogs have al so

been shown to [0808} SAdVot@ aboiX, RRE b BE cdrdPIURENHE thidisvenfidt willNe uséfuPR, 545) .
Any of these or other cannabinoids or derivatives can be utilized in the

present ef¢ldvibragder thapppintbalaglogy. Thesefareanwilkinglvde indicetionsdonwhigh hort-on of t he
cannabi noﬁc@ing L bk S afe%r@@él%ﬁﬂg@p Ee eé%n Q%oﬁ%f@ﬁ%ﬁ Pr%ssgre( W’ll\é%f’ and the

final conposTtion concent oun nvention, such as
conpound angjnai sedtrmento€ corgostive hlarf fadlne aath anhythm(as ud tr%tme:@t@»f @as]t-tmma her

enmbodi nent s di.rect d to tr nt of oc r erten Lt h

onor na st S i taca T RY heu N SR A RGO RET 1o b et

pi | ocar pi Rates oPidhiaistition oftikeecohi f@ﬁhomrédeﬁﬂnﬁ&lﬂﬁﬁ rwﬂeaém e defivérin®

pi | ocarpine is between about and about 0 (Wv% , and wherein the

final conf96syeisaat cbed forinay m@lﬁd@pra} PrantEasagsd delvenr intraxenqus, sEPRUIIEOUSs uch as
conpound 4 ih@apRRIAEAT an@&ﬁHt arfd: tljangi%g‘n?t&) thnstnulodaMidtitery, [150\;79@11 pg€t anot her

enbodi nent of the I nvention provi or treatnent of “ocular hypertension
with a cowdsierstnoddy oappfskelt mithgatyner gi stic) of a conpound of the invention

and a clonidi erd vatd ve, ou havi ng. al pha- anj st act|V|ty are
known to | owerllaf?sﬁt r#§58{ffc§1rve H?%E%ﬂtrcg%%%?m%%%"f%logp‘et glsﬁasf 1?ut ed
2- (aryl i neghdjtionsitefkaredltd Héramsontaskilled lixeﬁhe laft ma\jQédonuﬂd‘nd a ddsdze sBiedduleas .

4,461,904 and 4,517, 199; and Cavero al No. = 4,515,800; are
known to fQSARSameyn %ft?ﬂ%‘%ﬁorﬂ?ee%‘gﬁﬁtebelqgt“??dbgh?%‘?ﬁé‘tﬁft‘%‘?cctlh'ééseﬁ%@]@ﬁ'tys reduce

[t r a0oul AindYRRaMiSite RHABLRATH AR deiNd-PYRlc 2 BHERUBIRNAN,  Use of a

conbi nati on of "clonidine-type al pha-2 agoni'sts such as apracl onidine (e.g.,
par a- anm nunpandnFoli tapipalalelivery to the eye, it may be preferred that dosing occur one to four

times daily for as long as needed. The dosage amount may be one or two drops per dose.
The dosage schedule may also vary depending on the active drug concentration, which may
depend on the particular beta-blocker used and on the needs of the patient. In addition,
compositions comprising compounds of the invention may be administered in a combination
regimen with one or more other therapeutic agents, as mentioned above and as would be
apparent to one of skill in the art. In this embodiment, it will be appreciated that combination
therapy may be performed by administering two or more different therapeutic compounds
together as a single pharmaceutical composition, or separately in different pharmaceutical
compositions and/or in a different dosage form or regimen.

[0110] Additional advantages and novel features of this invention will become
apparent to those skilled in the art upon study of the following examples, which are not

intended to be limiting.
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bri noni di ne and bet a- bl ocker such as tinolol to control intraocular pressure
is described in DeSantis, US Pat. No. 5,502,052. Preferably, the final
conposition concentration of the clonidine derivative is between about 0.05
and about MWO201153S | and the final conposition conceRCTAISRWHOIBS0 he
conpound of the invention, such as conpound 7, is between about 0.1 and
about 1. EXAMPRKES [ 0104] Anot her enbodi nent of the invention is directed to

treat ment of r h erte SIO wi th nbinatio fer I

synergi stic) 8@qg?coArlrlp°§u 8“%4; n?aﬁ'e CiPARers |agir?1r°%{r’lﬁe Oeaé]‘riu%zﬁL e a‘tbﬂ?r%ra”y’

di pi val yleepérnﬁqmlmlpfb@an(aﬁBEﬁ:rovﬂemeeaaﬁrﬁhmnssf@mrwedmhmdl nt raocul ar pressure
consisting essentially of a therapeutically effective amount of the fixed
conbi nati on of dipivalyl epi nephri ne and bet a-bl ocker is described in
Gramer, US Paltadiard Fréifhast 4Rd AERESaltBRpafatiotMemoa®r € di fferent types of
drugs to | ower el evat ed |ntraocular pressure has been a comon practice,
particul arly ilM1@bnAzpicalaneth ha Prepa e t19590t] efthe exaltesalidrons i n

i ntraoculy ul ar pressure
0t 00Ul pRERTYE A0 “sf’*% 4e) 2 a?rg%r PR Bl I o OB 51 et on

t her apy whtulntal pethszivn cm'kmataafndl mmutalﬁhatlagamtaﬁe layéted &srseparated andmade to t he
follow n cles for further background i.n thi 30 WD 2005/ 115

T US20 et S0 tlhring, diieypriRRe g fulte, el S S PR TS
Epinephrhﬂgtﬁambrnation Therapy", Aust. J. Ophthal nol., Vol. 10 pages
179-182 (1982): and Weineb, et al., "Effect of Adding Betaxolol to

Di pi vefrin Thé¢1é|§!/ Typigal methad fier the praparation pxalata spit: : Tpageltiamef flegg (1986). In
a prefery, f t e

di pi val y|”e%ﬁ%ﬁ%@%@éﬂmﬁ*ﬁggﬂgﬁﬁr@%@w SRR EIGPYAIAMIRC 10 ¢ he
final comgtlodatatanweoatded iroptviseruntifa pihef 2 vasrplstained afd thérgalti wasatibwedito such as
conpound 7, .i.s bet wee bout . 0.1 and. abqut 1. W%W/ 9% . 1051 .

A i ot respsiaiee” Bt Rr et igh B0 SRttt ol acs PR Sried ereon ey
be deliveajsiig to the eye of a patient in one or nore of several delivery
nodes known in theTart1 In a oreferred enbodlnent. the conposrtlons are

t opi cal 'y del il%dAkd To A selptipnrfy free
enbodi Menfeekh a%&@@r?bﬁrh&ﬂfm%%l?@thgﬁ% theraemggdrx%ﬂ SHiSide PSRk EQAS Wi thin

the eye vra perrodr ntraocul ar 1 n| usion in an 1rrigating
sol uti on eher wasgdde@8fapwiserunBESpRIoDS (waj otétAincd)mdBAsaleasalwredto crys@gllize: by
usi ng preg formul at ed i,0Ns. f th bet bl.ocker .in_ex |ents h as
sasir) ort e EYRAsRieRs ootink YR s bR S S b T s e o1
drug del iun€il the s6lufidrebeeame IR R mhke@sﬁufzbdlgalmasaﬁéxﬁﬁlter&,lﬁvgs}&alwitmreﬂqedur es.

acetate and dried before using,

[0115] Typical method for the preparation of other acid salts: Other acids described

herein may be contacted with compounds of the invention to provide complexes of, or acid
salts or pharmaceutically acceptable salts of the compounds of the invention using methods
similar to those described hereinabove. For example, compound 7 was treated individually
with sulfuric, succinic, maleic, fumaric, or tartaric acid to provide the corresponding salt.
Table A provides a few non-limiting examples of some acid salts prepared employing the

above methods.
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Example 1 - Synthesis of Compound 7.
Step 1 Synthesis of 4,5-bis-benzyloxy-2-methyl-benzoic acid 2-(1-methyl-

cyclopropanecarbonyloxy)-3- {1,1-dimethyl-2-[(tetrahydro-furan-3-carbonyl)-amino}-
ethylamino}-propyl ester [Intermediate 2] as its hydrochloride salt

j@ﬁﬂ”%"rcpu JC[‘L’Y\X’HYC

CH;3;CN/ reflux

Intermediate 1 Intermediate 2

[0116]
4,897,417 and 4,966,914, disclosures of which are hereby incorporated herein by reference,

in their entireties. To a suspension of 4,5-bis-benzyloxy-2-methyl-benzoic acid
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post-operative ischema, as well as the neuroprotective applications
referred to above. Other routes of adm nistration of the conpositions of
the present invention, wherein the delivery to the eye is not called for,
may i ncl udevoe@b/its37s nt ranasal delivery; intravenous, swosuisansoissso and
intraperitoneal injection; and transdermal or transnucosal delivery, as
woul d be 3-pnfaingdtpQ-[pitrsiydrafur&K3-tArbbry )t find]-thy b PI2-Kydro§iprasf | ve
treatment of glaucoma or any of the other diseases or  conditions referred
Lo her i rFsteoHBtesmeniatal (19 & b7 amoles) in 4y orsienEIa d0sHgendenbEse and

dosage a%ﬂﬁkﬁ:}ag{é ‘%{%?' %%gf%%‘g}g AfrifitP] -%Ehﬁg‘?%‘??‘ﬁh?@?’g%‘ cfﬁ%ﬁd@'(z?f s Bty occur

| ess freque ositrons a n sustained delivery
vehi cl es,mmoleg)r §hdedsulvipg eltansotution nak aaftuxed-for 16 bpirs and theh Exaporatedddo give eye, it

evded. " e udone A Ay SREHaHE 00 B HiembfEpahaue & S fpadge

schedul e miayndtiehexaiclayde pandicagic® Whildte aclutioewsl ki@, Thid@edtedat @y, whi ch may
depend on the particul ar beta-bl ocker used and on the needs of the patient.

I'n addi t i'8Peated dispodhe thipksesdnepyassyashedonitheberaad dried maapypie@eon nay be

adm ni st g gfimeRjate 223[‘2%)‘}%& it@ﬂ&&r&‘?ﬂiﬂﬁ@?alwbﬂé MR SBECtiIDNE (R diGhentdi €T apeuti c

agents, as nentione ove and as woul d be apparent to one of skill in the
art. |n tanplysie(dedwinnemdrqgen andwitrogdng wepgossistanteritht thaassigned stnechiron  t her apy
may be perforned by admi nistering two or nore different therapeutic
conpounds together as a single pharnmaceutical conposition, or separately in
di ff erent pharStepck di5rRiblydrogpapuethylibenzoicaeild 3n{ 1.l rdimettiyk 2-EtasrahydioSarge-3f or m or
regi men. ht] . nt ages a vel .features of this invention
R L e L D e e R P

f ol | owi nJCenmoph@3] which are not intended to be limting. -32 WO

2005/ 115375 PCT/ uS2005/018350 EXAMPLES 101111 Al conpounds naybe prepared
as free base or acid salt fornms. Cenerally, experinmental preparation

provide the acid falt unless ot W se indicated. &t andar ree e and
Acid Salt Pn i Séfis« 21 Typi cakHogeiod [ Otgbipve Ation of
free base: 0. of t oxal at® salbipdt n, t he ocﬂfgl/i\[ sal # was
suspended %05 CHet hyd=oacet at e_and shakan Hi t BB cat urat ed potassi um

carbonate for 1 nminutNg~The ethyl aébsiate | ayer was s rated and washed

with 50 nlL brine, dried over magndSPeHA¥ul fate, dried, filtered and used as
is in the Intermediate 2 Compound 7

[0117] A mixture containing Intermediate 2 as its hydrochloride salt ( Step 1,10 g
) and 10% palladium on charcoal (1g) in isopropy! alcohol (300 mL) was hydrogenated in a
Parr apparatus at 80 psi for 20 hours. The reaction mixture was filtered over a bed of celite
and evaporated to dryness. The residue was dissolved in ethanol (50 mL). The ethanolic
layer (pH =7)was acidified with 1M hydrochloric acid in ether to a pH ~2 and again
evaporated to dryness to give a white foam. This foam was treated with ethyl acetate and
stirred for 30 minutes. Ether was subsequently added to this mixture to give Compound 7 as
a white solid (6.8 g). The NMR spectra and the elemental analysis (carbon, hydrogen and

nitrogen) were consistent with the assigned structure.

Example 2 - Synthesis of Compound 8.
Step 1 Synthesis of 4,5-Bis-benzyloxy-2-methyl-benzoic acid 2-(2,2-dimethyl-
cyclopropanecarbonyloxy)-3- {1, -dimethyl-2-[(tetrahydro-furan-3-carbonyl)-amino]-

ethylamino}-propyl ester [Intermediate 3] as its hydrochloride salt.
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next step. 101131 Typical nethod for the preparation oxalate salt: To a
solution of free base(from above experinent) in 20 nL ethyl acetate, a
saturated solution of oxalic acid in ethyl acetate was added dropw se until

a pH of 2 was2bhp3ied and the salt was allowed to crystaldskensoisidae
crystallized salt was then filtered washed with ethyl acetate and dried

before wusing. 109141 Ty od for the prepdration Qydroc r|de salt:
To a soluti® P X penPLyes «n?”%& Acetate a
1M hydrogen ¢ de ion thydr us % was @ d e ungil a pH of 2

was obt ai n&¥ and f"l"r”e salt was aH-ewed—to—orPStall (Fe. no crystals were
obt ai ned, then either anhydrous dHethyilwet her or isopxppyl ether was added
until the sol utiohtpedane cl oudy. The crystallized sal/t - was then filtered,
washed with ethyl acetate and dried before usingnerhiia31 Typi cal net hod f or
the preparati be
cont gct gd W t Cgh?%ﬁgﬁsﬁﬁélgrhgﬂn%%gﬁ@a%f 36‘&4$0w Heﬁgﬂ‘ dIg%e? nrl}m%ayam d
sal ts or (Phalyandsnhitogehn mmﬂeﬁwﬁlaﬂd&hfréshly(msttll&e 2;29rrpounds of the i nvention

08 T Py TGS HRES EBELISP N i TP e

tartaric vagirghixed wrgvciasi@aﬂd}ﬁexpwap&ﬁﬂa@&dars}ﬂes§a’rﬁe resid@digs fisPphRyifles a few
non-limting exa%@es of sonme acid salts prepared enploying the above

met hods. chisofoym 903l 1md PasiedWitlspowsOnEasEMm cRstyngteangbringtThee M P. 0 BnO
Y/ ~HNO %@%ﬂfgﬁé@ @%&a{.ﬂsﬁﬁ%&l @%ﬁ@éfmte%a}%rzged. Orhid mirktRe Was %lunﬁéa 'Z!—)LQII ca geFH CH H

O 132. 0-
column chromatography to give Intermediate 1 in free base form as a white powder, which

was dissolved in acetone and acidified with 1M hydrochloric acid in ether until a pH of 2 was
realized. Additional ether was added until the solution turned cloudy. The resulting white
salt was isolated by decanting the supernatant and was dried under high vacuum to give
Intermediate 3 as a white foam (900 mg). The NMR spectra and the elemental analysis

(carbon, hydrogen and nitrogen) were consistent with the assigned structure.
Step 2 Synthesis of 4,5-dihydroxy-2-methyl-benzoic acid 2-(2,2-dimethyl-

cyclopropanecarbonyloxy)-3-{1,1-dimethyl-2-[(tetrahydro-furan-3-carbonyl)-amino]-
ethylamino}-propyl ester [Compound 8].

0
H
/\/\ X/ 7(1:\/ HO O/\(\N><,N\”/Co
10%Pd/C, H, o " 0
BnO 5 HO CHy 0
60 psi
isopropranol

Intermediate 3

Compound 8

[0119] The free base of Intermediate 3 was converted to its corresponding oxalate
salt as described above. A mixture containing Intermediate 3 as an oxalate salt (200 mg)
and 10% palladium on charcoal (100 mg) in isopropyl alcohol (30 mL) was hydrogenated in
a Parr apparatus at 60 psi for 12 hours. Completeness of the reaction was confirmed by TLC
(Intermediate 3 :TLC in 5% Methanol in methylene chloride containing 1 drop of conc.
ammonia, RF 0.5; Compound 8, (10 % methanol in methylene chloride containing 1 drop of
conc. ammonia Rf 0.3). The reaction mixture was filtered over a bed of celite, evaporated to

dryness and triturated with ether until a semi-solid was formed. The cther layer was decanted
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HO/ CNOO _ NI[ ~" 164.3-168.2 C OH HO CH3 A Funarate 0 ~1 HO), -
N-,0 O- N~[T 102.1-104.4 C HOCH3 O_ /| Tartarate O Exanple 1 - SyntheS|s
of Conpound 7. Step | Synthesis of 4,5-bis-benzyl oxy-2-nethyl -benzoic acid

2- (1 - et hylwo eashppipanecar bonyl oxy) -3- {1,1 PCT/US2005/018350
-di nmet hyl - 2-[ (t et rahydr o-furan-3-carbonyl )-am no] - ethyl am nol - propyl ester

[Interm?%&lth% s&iu %ld'&a% sﬂwéted?ta'ﬂ?%tfa%uﬁﬁ ¢ obRRfY nNolﬁnﬁ'S é%m%'f&tm (6810 Cha
H- 0 "I Bno ux I'nternedi at'e hternmediate 2 [0116]
The synt megi §heNMR15r@pmmchﬂleeltmstabmwsb'sm lﬁ@d)qnnhﬂmgeln anétutmlgcn)w Pat ent

Nos. 4, %83sl‘tén¥wttﬂqheas§1§§ cﬁsjfmmudl scl osures of which are hereby incorporated
herein by re Ter ence ? entireties. To a suspensi on of

4, 5- bi s- benzyl oxy- 2- et hyl - benzoic acid -34 WO 2005/ 115375 PCT/ U52005/ 018350
3- (1, \

1- di et hyi*ample 3 o Pynihesis L CRPRMOL. 2 ar bonyl ) - ani no] - et hyl ani no} - 2- hydr oxy- pro
pyl —ester [I gieBrnBeitRds® of 4(5L6is Benzifoxy-20MBth fiSbehkoit Bc1d'3}’ﬁlalcﬂﬁhﬁﬂiy§ pile (130
m.) under nitrogen " atnosphere was added freshly distilled

1- et hyl dQetradipjdrepfytaea%mbgml)mm]rqﬂyl*(rmnq}shjZ nethoxpmethyls) . The resul ting

cl ear sol then evaporated to give an
oil. To tﬁ%lls)&rg% ﬁé&f\%o%gg{?ggfeskgéﬁgﬁéﬁeﬁ The m xture was stirred at
55C for 30 mn and t he hexane | ayer was decant ed whil e the solution was
hot. This procedpre was repeat twi ce. The thickgresidue was vva d W th

et her andndrig /\%(cu ' Ol nt & nedi g l 11/9‘6‘1\
hydr ochl ori o al P heHN sflectra d, the eI aﬁy5| s (car bon,

hydr ogen saod a:n-gge wer e consi st ent WIthH‘b ructte. Step 2
4, 5- Di hydr oxy- 2- Ereth l-ﬁ\enzm C aftachlosefhdnel- di met hyI t et rahydro- f uran- 3-
car bonyl ) - am no] “&RYREH nol - 2- (1- netdry! - cycl opropanec @ayl oxy) - pr opy!
ester Intermediate 4

[0120] Freshly distilled 2-methoxymethylcyclopropylcarbonyl chloride (0.891 g, 6
mmoles) was added to a suspension of Intermediate 1 (1.02 g, 1.5 mmoles ) in dry
tetrachloroethane (35 mL) under nitrogen atmosphere. The reaction mixture was refluxed for
30 minutes and evaporated to dryness under high vacuum. The residue was suspended in
toluene, evaporated to dryness in vacuo and the residue obtained was dissolved in ethyl
acetate and washed with saturated. sodium carbonate and brine. The organic layer was dried
(MgSOy) and evaporated. This mixture was purified by silica gel column chromatography
using chloroform:methanol:ammonia (1:19:0.1) to give Intermediate 4 in free base form as a
white powder (1.58 g), which was dissolved in ethyl acetate (5 mL) and to this was added
ether (50 mL). The gum that settled out was isolated and dried in vacuo to give a foam
(0.518 g). The NMR spectra and the elemental analysis (carbon, hydrogen and nitrogen)

were consistent with the assigned structure.
Step 2 Synthesis of 4,5-dihydroxy-2-methyl-benzoic acid 3-{1,1-dimethyl-2-

[(tetrahydro-furan-3-carbonyl)-amino]-ethylamino}-2-(2-methoxymethyl-

cyclopropanecarbonyloxy)-propyl ester [Compound 9] (as its oxalate salt).
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[ Compound 7] O BnO I p» "HN Hp O H-ry- ~0 0 O 10%NC, H2 e" o 0O Iw 0nO
CH3 O HO H3 O 80 psi isopropranol VW Internediate 2 Conpound 7 [0117] A

m xture containing Internediate 2 as its hydrochloride salt ( Step 1, 10 g
and 10% palw@aewsinissrs charcoal (1g) in isopropyl al cohol PCIQB2095/)189%0S
hydrogenated in a Parr apparatus at 80 psi for 20 hours. The reaction

m xture was filtgred ove wed[of, celite and eva orated H ynes The
resi due w8d¥ cf*d]/ﬁ'wlyﬁh WQSO m). THE I,égef W?) was
acidified_w hyds_ochl ori © acilepeRdit, Bt her afld agaon

evapor at ear\'lgto dr yness gi ve his f Fé?m Otreated with ethyl
acetate and stirre 00..30 m nut %0 PRt her was subseqigntdy added to this

m xture to give Conpou d 7 as a W rers SO|Id (6.8 g). e NWR spectra and
the el enent al anatkysdige { car bon, hydrogen and nitr Ggamnd@er e consistent with

t he assi gned rLyct ure. e.2 - nt hesi § of Conpound Step, 1

Synt hesi s of i(hgTE OBéIHEW %tﬁnl%{"ﬁém%ﬁfglaﬁaﬁei‘ ‘%“’?%523 H’igSr@{)dl“uyl -

cycl opr Oﬂ@ﬂﬁﬁh@lﬁmﬁﬂwn%ﬁﬂcoﬁ‘(ldojmg n ethyl alcohol (50 mL) was hydrogenated in a Parr

-di nmet hyl - 2-[ (t et rahydr o-f uran- 3- car bonyl ) - am nol - et hyl am no ropyl ester

[Inter rred’Pﬁ‘%rét“%?t 0Q9si {05 1} hemre c Rrcorepction wtyre wasdiltapsdyens hedyf Fislitex
PCT/ US20 BnO | CH3
%W fqr %\fﬂl@ tl(i)tur&t%d \W}h Qﬂgr thlp‘;%lldv (e éC"@l %‘f}iﬁg?er Oasa n

OO0 CH3 ntermediate | I nterme
suspensi cshcamrledlamﬂelrerseud aagsubj¢c8da6 high vaadigh mvbtaastmpnulﬂgamwhimfotami le (35

i oty 5ot ph GBS NP BERYT <54 5 PR Eomal SR Lot Ridigsisnd posem ek i ng

cl ear solcohdiént with the assigned structure.

Example 4 - Synthesis of Compound 12

(S)-4,5-Bis-benzyloxy-2-methyl-benzoic acid oxiranylmethyl ester.

2 Q0
BnO S. NaH | BnO
]dLoH + 07 g . jcf)\o/%
(o] 1-Methyl-2-pymrolidinone o]
nO CH3 BnO CH3

[0122] Under a nitrogen atmosphere, Sodium hydride (5.5g , 60% suspension in
g P y g P

oil) was added to an iced-cooled solution of 4,5-bis-benzyloxy-2-methyl-benzoic acid [10, 40
g, 0.11 moles) in 1-methyl-2-pyrrolidinone (80 mL}) and stirred for 30 minutes. To this was
then added 2-(S)-glycidylnosylate (11, 38.7 g, 0.15 moles, Aldrich Chemical Company,
Milwaukee, WTI) and stirred for 20 hours. Water (800 mL) was then added to the reaction
mixture, and the resultant was extracted with ethyl acetate (4 X 200 mL), washed with brine
(200 mL), dried over sodium sulfate and evaporated to dryness to give an off-white solid
which was then recrystallized from ethyl acetate to give 12 (41.2g, 88.7%). (TLC, Rf=0.8,
1.6% methanol in methylene chloride). The NMR and IR were consistent with the assigned
structure.
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was refluxed for 3 days and then evaporated to dryness. The residue was

di ssolved in chloroform (200 nL) and washed with saturated potassium
carbonate and brine. The chloroformlayer was dried (MySO4) and evapor at ed.
This mi xt urEORS1Bd?S fied by silica gel colum chromat B§TASAPSAEYi ve
Intermediate 1 in free base formas a white powder, which was dissolved in
acet one dixample 8+ Syetesis ohCampoyntisddaiapd lébacid in ether until a pH of 2 was
realized. Additional ether was added until the solution turned cloudy. The

eSUl 1 i (514 Sk ootk ol bRl HERAT hMod 1. SHABORAN ANUimBlgL s

dri ed under high vacuum I nt er medi at e ite foam (9 .
The NVR sitisdamino)aprapyliesteepstheoxaddte artidyeshloride edi(Marﬁnnglerrg@eﬁwam nit rogen)
were consistent with the assigned structure. Step 2 Synt hesi s of

4, 5-di hydr oxy- 2- ngt hyI benzoi C aci d 2-(2,2-dinethyl -

cycl opr opapgcarbg Xy) - B o }{\/
(té?ra drd— nﬂ\&/h\gl/% bropyl

1, 1- di met hyl 3 @

ester [ CoppeUne &n, ~N O O~HN"“BnO BnaP TO NHHO 10%d/ C, H2
/ O O Bn0 30 HO CH30 60 pS| |sl8pr opranol I ntermnedi ate 3 Conpound 8 [0119]
The free base o#f2Internediate 3 was converted to itBacolateslbondi ng oxal ate
salt as described above. A mixture containing |Inter¥edChsat 3 as an oxal ate
salt (200 ng) and 10% pal | adi um on charcoal (100 ) in isopropyl al cohol

(30 nL) was hy8¥23yefamidureof cppxiRlierl 24ph 668 0061 atol® Eneg gminoealcohpl P

Compl et e fii r t :TLC in
506 Net hanol & ol o SRSl iRaiRRe RaROLRA Bty it b B TERNRY forde: O
0.5; Conpeurschnd ,eva(pb@at% w&h—h&mﬁndenemwfeem Chileaesulténgresitad wasndissblveld op of

conc. ammpni.a 0. e iltered oyer bed of
celite, &V&RWl aa&e&‘*éF éb‘) "51 duas &l@gﬂpﬁr‘g’f uff WQ [rigd Ayt spdipmysulfate and 5o j o
was for nPéi/a%c;FEt@d &f d¥9hest BYRE réﬂﬂ@edqﬁé‘s@ﬁkﬁe(ﬂhe %dﬂ@v@@%x&@@%& 5n ethyl acetate,

PCT/ US2005/ 018350 and the seni-solid was subjected ?% vacuum to obtain

Conpound Bidifiedawiihpxadic peidrim ethl acetgle and akkovrgdrio §¥Yé@i1ﬂa Hmo wagfilieretht al
anal ysi s (G380 vdYSEOFe 2RI (58151 PHPdde¥Rh © The crystalline solid 14a (17.6 g )

was converted to its free base form and chromatographed on a silica gel column using 5%
methanol/methylene chloride as eluent to give the free base as an oil, which was dissolved in
ether and acidified with HCl/ether, evaporated to dryness and placed in high vacuum to give
14b as a white foam. The NMR and IR were consistent with the assigned structure.

Example 6 - Synthesis of Compound }13.

(S)- 4,5-dihydroxy-2-methyl-benzoic acid 2-hydroxy-3-(2-hydroxy-1,1-dimethyl-
ethylamino)-propyl ester as its hydrochloride salt.

O

o)
BnODf“\O/\/\ ></OH H,/PdIC Ho]i:{)\ NN ></OH
Lt 2 N
BnO CHs HO l!I isopropanol HO CHy HO i!i
14b, as HCl salt

15, as HCl salt

[0124] 10%Pd/C (300 mg) was added to a solution of 14b (3.0g, 9.43 mmole) in
isopropanol (100 mL) and hydrogenated in a Parr Hydrogenation Shaker at 70 psi for 6hours.
The reaction mixture was then filtered, acidified with HCl/ether and evaporated under

reduced pressure to give a yellow gum. The title compound 15(0.8 g) was obtained from this
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consistent wth the assigned structure. Exanple 3 - Synthesis of Conpound 9.
Step 1 Synthesis of 4,5-bis-benzyl oxy-2-nethyl-benzoic acid

3-{1, 1-di met hyl - 2- [ (tetrahydro-furan-3-carbonyl)-am no]-et hyl am no)

- 2- ( 2- met hdXQ AOBMIAIS cycl opr opanecar bonyl oxy) - propyl estPET/USRMS/eI8As0di at e 4] .
:Xx<''r 1-4 HOl CH3 OO Internediate 1 tetrachl oroethane retlux O~

| nt er medi gureupbn[coysdijzatiorfbinya rlixgire of atltyl 2catase ('Etﬁb«;!hbmd)isapymaoqﬂr(b@)Mar bo nyI
chl ori de 0. sad ed. to a ension | nt ar nedi at e

(1 02 g° TeatiR s 08 podllER i the fRmeRf b8 Fhutt RAABSu i iR b e

at nosphercensisttet withahié assigned sthmn@ewas refluxed for 30 minutes and evaporated
to dryness under high vacuum The residue was suspended in tol uene,
evaporated to dryness in vacuo and the residue obtained was dissolved in

et hyl adtample 2n§ynthetieef Gompound 16-at ed. sodi um carbonate and brine. The
organic layer was dried (MySO4) and evaporated. This m xture was purified
by silica gel (§puisnbis-6biz9oRy20maelBiVbentsit Bdd 811292 ofdah Bt S BFiBRY16:3))7 ORI a
(1:19:0. Q to(nge I nt gﬁ%’ed?ate 4% free balsleqformaspl? bg\ihlﬁ)*e powder (1.58
g), whi cHimebylethdamipettZihydwxypropatestesiie (5 nl) and to this was added ether
(50 mL). The gumthat settled out was isolated and dried in vacuo to give a
foam (0.518 g). The NWR spectra and the el enental analysis (carbon,

hydrogen angynitr consi sfept with th aSSI ghed\ structure. St ep 2
Synt hesi s of mlgﬁy Hhy | cidieenz of"@ M | 5
(tetrahydr gné - CHO bodyl) am nogmat hyl 2@(2 rret hoxy thyI

cycl opr opanecar bonyﬂmw;)mmtopyl ester [Corrpound as ifs oxal@te salt).
-37 WD 2005/ 115375 PCT/ US2005/ 018350 BnO | s‘ll’lp_ NO-NN O -ro O Ii

O 1 0%NC, H2 [0115] IA&M@@ oBﬂ@aﬁlﬂ%&lomb@bﬁgQ 692 R6le) fhd ieN6RRhIBAG, OL
I nter medi ate 4 Conpound 9 101211 To a m xture containing Internediate 4 as
an oxal at@-9g&9- 916(159_18) Whgkgus acetonitrile (100 mL, dried over 4A molecular sieves),was

refluxed for 16 hours and evaporated to dryness. The residue was treated with hexane and
decanted. The remaining oil after decantation of the hexane layer was dissolved in 200 mL
ethyl acetate and washed with sat. potassium carbonate ,washed with brine and dried to give
16 as its free base form and chromatographed on a silica gel column using 1% methanol in
methylene chloride. The oil was acidified with HCL/Ether to give 3.2g as foam. TLC in 5%
methanol in methylene chloride showed a single homogeneous spot at Rf =0.25). NMR and

IR were consistent with the assigned structure.
Example 8 - Synthesis of Compound 17.

(S)- 4,5-bis-dihydroxy-2-methyl-benzoic acid 3-[2-(2,2-dimethyl-propionyloxy)-1,1-
dimethyl-ethylamino]-2-hydroxy-propyl ester.

TP e iy

isopropanol
prop: 0

16, as HCl salt 17, as HCl salt

[0126] A mixture of 16 (1.0g, 1.63 mmole) and 10% Pd/C (100 mg) in acetic acid
(100 mL) was hydrogenated in a Parr hydrogenation apparatus at 80 psi for 60 minutes,
filtered and evaporated to dryness and subsequently co-evaporated with toluene. The residue

was redissolved in isopropanol, the insoluble material was filtered out and the solution was
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10% pal | adi um on charcoal (100 ng) in ethyl alcohol (50 nL) was hydrogenated
in a Parr apparatus at 60 psi for 12 hours. The reaction m xture was
filtered over a bed of Celite, evaporated to dryness and triturated with

et her unti w@2@ehisd’sf orned. The ether |ayer was decant edTaszhos/us3mol i d was
subjected to high vacuumto obtain Conmpound 9 as a white foam (354 ng). The
NVR spectconaceatrated inadee redresdt préssanea Tiis tesul{anagim was tritamted evithdredane and dgen) wer e
consistent with the assi .Structure. anple 4 - Synthesis, of Conpound 12
(9= % - et sy ws G 3 fil e Wiiabio Gossahly Werromisd M agcradd 8¢ 0 0o 0
BNO OH Nakli@RQbRirkiahbydecaniyithobtheliwigafied ulier REPvAIIRmYo B 163 a while NO2 12
11 [01221 Under a nitrogen atnosphere, Sodi um hydride (5.5g, 60% suspensi on
in oil) form (AeRI8&" W0 an i ced-cool ed sol ution of |

4, 5- bi s- benzyl oxy- 2-net hyl - benzoic acid [10.40 g, 0.11 noles) in

1-met hyl - 2-pyrrolidinone (80 nL) and stirred for 30 mnutes. To this was

t hen adddéxampley - ynthesisoffoempeund B8 38.7 g, 0. 15 noles, Al drich Cheni cal

Conmpany, M I waukee, W) and stirred for 20 hours. Water (800 niL) was then
added to the reaction mxture, and the resultant was extracted wi th ethyl

acetate (4 X $¥olspahydrozfurand-cartonyky acib2-(3-Goobistbenzyenyettmsthyd sodi um sul fat e
d I f = whi {d which th
ocr yer ol P2 AR brdr it BBl o el O o L R =0, 8,

1. 6% net hanol in nmethylene chloride). The NVR and IR were consistent with

the assigned structure. -38 WO 20051115375 PCT/ US2005/018350 Exanple 5 -
Synt hesis of Co unds 14a and 14b ( 4, 5- bi s- benzyl oxy- 2- net hyl - benzoi c

acid 2- hydggxy-3-l 2- hydroxx-A, 1-di 7l - et hylam no) - propyl estféer\as the
oxal ate or h ch %J:\iﬁet\a a arvd 148° Ny ,)>.£0/ + ~OH
CHgCN Bn0Ogho cH;~'HO ,!{ CHCN g CH, HO '!{ 1

HCI
14b, as HCl salt 18, as HCI salt

[0127] A mixture of the amino-diol 14b (5.26g, 8.92 mmole) and 3-
tetrahydrofurancarbonyl chloride, (1.7g, 12.86 mmole) in anhydrous acetonitrile (100 mL,
dried over 4A molecular sieves), was stirred at room temperature for 16 hours and evaporated
to dryness. The residue was treated with ether and a white solid precipitated. The ether
supernatant was decanted and the solid was recrystallized from isopropanol( 20 mL) to give
18 (270 mg) as a white crystalline solid. The NMR and IR spectra and the elemental analysis

(carbon, hydrogen and nitrogen) were consistent with the assigned structure.

Example 10 - Synthesis of Compound 19.

(S)-Tetrahydro-furan-3-carboxylic acid 2-[3-(4,5-dihydroxy-2-methyl-benzoyloxy)-2-
hydroxy-propylamino]-2-methyl-propyl ester.

o} 0
Bnoﬁko/\i/\h,x/o ° Hy/PA/C HOI:(ko/\;/\NKOYCO
BnO CH; HO |!| ) isopropanol HO CHs HO I!I

18, as HCl salt ©
’ 19, as HCl salt
[0128] A mixture of 18 (570mg, 0.91 mmole) and 10% Pd/C (100 mg) in
isopropanol (50 mL) was hydrogenated in a Parr hydrogenation apparatus at 80 psi for 60

minutes, filtered and evaporated to dryness and acidified with HCl/ether. The residue was
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BnOl s O HZN 13 renuz BnOlil CN 1li, CHHs HOH 12 14a oxalate salt 14b
HO salt [0123] A m xture of epoxide 12 (24.66g, 0.061 nole) and

am no-al cohol 13 (13g, 0.146 nole) in anhydrous acetonitrile (dried over 4A
nol ecul ar H@UWSN1S9Es refl uxed for 48 hours and evapor ECEWS2005/6M8§Hess under
reduced pressure. The resulting residue was dissolved in ethyl acetate (300
m) and wetimased with bthigk dcptete(td gwela(gnmn_’ljhe ethyl angtate/leyersadideeantedlahdithe and

evapor at Lo dry duc re-di ssol ved
in ethyl eﬂ”e‘f’ﬁm acHgé}?‘?{eoc}"% ‘?aﬁﬁmn?(fgl%g% gsaa YJh%VJfﬁg'Jpqace ‘e and al | oned
to crystallize. The solid was filtered and dried in vacuo to give 20.1g
(56.5 % 1 esolld l4a (17.6 g ) was converted to
its free @ggﬂé}igg} m§ tay?ﬁrona'ﬁ%‘muld 2d on a silica gel colum using 5%

met hanol / net hyl ene chl ori de as eI uent to give the free base as an oil, which
was di ssol ved (&4 <&t D I 1) [ et edto dryness
and pl aced i n(ﬁf‘éﬁ%g/ﬂ%ﬂlﬁﬂpg%gg‘:’%ﬁ lbg%gwa&scma @n(e?l ﬁ?&a’n’fyﬁﬁl% I\I/R and IR were
consi st erdthyMnino}-hraydresy-gropyl ester.uct ure. Exanple 6 - Synthesis of Conpound
15. (S)- 4,5-di hydroxy-2-net hyl -benzoic acid

2- hydr oxy- 3- (2- hydroxy-1, | - di net hyI et hyl am no) - propyl ester as its

hydrochl oride salif. 0 O BnO | g& OH Hz2/ Pd/ C Il ( 7N S BnO CHs HO
H i sopr opdhd HOGB H 1 HGtn s 2l 81O S\ al DLOPH) 1000/ C
(300 nm) Ve to @ sol tkN on of Mbwl..amﬂg, 3 m|3e) ||n I sopr opanol

(100 ni) an‘g hydrogenated in a2Parr Hydrogerfti on SHaker at H70 psi for
6hours. The regction mxture was then filtered, achdxdidediew th HCl / et her
and evaporated under reduced pressure to gi ve a yellow gum The title
conpound 15(0. 8]5%% was . obtained fromthis -39 WO 2005/ 115375

PCT/ US2005/ 0148 dumixtye of enoxided2 (242419 bwmoﬂedmn?nalepmlé_éf 6288yl acetate

(20 ™) a5l oY EpAYRIAcAR Bk, 13 MR AR BushRghazand Lhe el emental

anal ysis (car rogen and nitrogen Were consi stént with the assigned
structur epyrrolldlnone(dned over 4A molecular sieves) was heated at 80 OC for 48 hours and

evaporated to dryness under high vacuum. The resulting solid was suspended in ethyl acetate
(300 mL) and washed with sodium carbonate, brine, dried over sodium sulfate and
evaporated to dryness under reduced pressure. The residue was re-dissolved in ethyl acetate,
acidified with oxalic acid in ethyl acetate and filtered to remove any the insoluble solid.
Ether was added to the filtrate to provide a solid which was recrystallized from isopropanol,
filtered and dried in vacuo to give 21 (0.9 g, 1.4 mmole). The NMR and IR were consistent
with the assigned structure.

Example 12 - Synthesis of Compound 22.

(S)- 4,5-dihydroxy-2-methyl-benzoic acid 3-(2-tert-butoxy-1,1-dimethyl-ethylamino)-
2-hydroxy-propyl ester.

0
BnO ></O(t-Bu) o
5 HyPA/C HO ></O(t-Bu)
BnO CHj, HO isopropanol H (i)
21 HO CHs

22

[0130] A mixture of 21 (820mg, 1.25 mmole) and 10% Pd/C ( 100 mg) in 2-
propanol ( 50 mL) was hydrogenated in a Parr hydrogenation apparatus at 50 psi for 16h,
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Exanple 7 - Synthesis of Conpound 16. (S)-

4, 5- bi s- benzyl oxy- 2- net hyl - benzoi ¢ acid

3-[2-(2, 2-di net hyl - propi onyl oxy) -1, 1- di net hyl - et hyl am no] - 2- hydr oxy- pr opyl
ester. 1ol WOBWIIIPB%S~ ~( OH p'laloYl BnO N ~/ chlori de PREOS2B5@8EH3 HO M
CH CNBnOl CHs HOH O 14b, as HCl salt 16, as HCl salt [0125] A m xture of
t he am nd'*ltlk'rﬁlandébap(o&t@P doyreds? ambd o figdwlitip HCH e thr. Trhlrasidmteyas tifithra@g, 0. 016

nole) in _anh trlle 10 dri dover | ar S|eves) was
ot uxed ‘1O 2Lyl Stloidiie Sad ofhd Syl a8 18 YoolReh d M Rodion: oy

wi t h hexavs réepgedted diee ﬁﬂie@dmd ﬁ{e&esruﬁml gﬂhﬂgascuubjea%a & higie eatmalth @ive @@ a§ He hexane
| ayer was_ di ssolved in acetate and washed with saf. potassium

car bonat do#B§ A ek ﬂaCtW ?%é“%l—hﬂloélm reﬁhxlaﬂegahmde sovged 4 single P%Oﬂﬁa%%'sf or m and
chr omat ogg,aph e = 14,8 met hyl ene

chl ori de. rF.)The oi | @B\)Naq\'lsﬁgcﬁhd?%lg%de C\S%BLH H&ﬁE@ﬁg%@g&%%gﬂé 2g as foam TLC in
5% nethanol in nethylene chloride showed a single honbgeneous spot at Rf

=0. 25) . NMBni) 9'1318. gm&s _&ﬁs%mchéJ}n%&@d%ﬂmﬁde fgauct ur e. Exanple 8 -

Synt hesi s of npoun 4,5 roxy- 2- yl - benzoi c acid
3-[2- (2 2-di mi@li}l ﬁmpn@mnmt@rqwr&nmnymseyﬂﬂadmg@id Eznmg{)r\mry propyl

ester. N, oPanoI HO
CH3 HO H °fg&‘ 1o ACpqraing g M’%p%‘?dure BEethed By ke VP (3312%]3 e N4, BR8P S0 (1. 0g,
1. 63 nmmlESA aaldsaﬂO/dML@idgméﬁ]q@anbpmaaeltasa radibligand. 102 reau)ts ms:xmgbwgenat ed

in a Parr, drage ' apparatus at 80 psi for 60 mnutes, filtered and
evapor at éﬂlf%% ﬁﬁ%@bﬁnd subsequently co-evaporated wth tol uene. The

residue was reggisg@ ved in isopropanol, the insoluble material was filtered
out and the solution was -40 WO 200(5)1115375 PCT/ US2005! 018350

X,OR

R!O S~
R?0 R3 OH
Compound R Binding efficacy
number ICso (nM)
15 H 39
17 o 12
% X
(o]
19 . 5 6.4
SJF
o)

Example 14 — Evaluation of Ocular Irritation

[0132] Thirty albino rabbits were randomly divided into five groups. Each rabbit was
dosed in the conjunctival sac of the right eye topically every ten minutes for one hour (six
doses) with 50 L of 0.0 %, 0.3%, 0.5%, 1.0% and 2% of test compound, in 0.9% saline
solution. The treated eye of each rabbit was examined for indications of ocular irritation,
including swelling, discharge, redness, iritis of conjunctiva, eyelid, iris as well as opacity and
involvement of the cornea. Individual scores were added to determine the degree of slight,
moderate or severe irritation. Ocular observations were made before the treatment, one hour

after the first and sixth instillation and then 1, 2, 3, 4 and 7 days, using a slit lamp.
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concentrated under reduced pressure. The resultant gumwas triturated with
hexane and the hexane |ayer was decanted. This trituration procedure was
repeated with ether and the residue obtained after decanting the ether was
dried undeWORWH1B3Buum to give 17 as a white foam (0. 8GT/U8BYY/0188Ranple 9 -
Synt hesi s of Conmpound 18. (S)-Tetrahydro-furan-3-carboxylic acid

2-[ 3- (4, 5- bi s{®33} y Results2 Gompophd 7 (Example 1) was compared with a compound of

benzoyl o 5 2= r - RLODV. i nok-2- et hyl -propyl. £ [ . cio O
800 Crite o PR iR BeRhess WEgun g R b eflen 'm0 . 00
CH3 HO H10S. Batdnt Nas. 4,897, 44dlahd 4866,854.HCl salt 101271 A m xture of the

am no-di ol 14b (5.269, 8.92 mmole) and3- tetrahydr rancar bonyl chl ori de,

(1.79, 12.86 mmol e) in anhydrous wacet ol tri 1 o dried over 4A

nol ecul ar sieves), was stirred at oé%eﬁreﬂatureofor 16 hours and
evaporated to dryness. The residife Wa$"t ngateed with ether and a white solid
preci pitated. The ether supernatant was anted and the solid was

recrystallized from]sopropanol O nL) to.give 18 (270 as a wite
crystall i\!Ybe’%%ﬂ"?P&P‘r‘T‘}ri&aW%&Hg%ﬁ%@é{EP’ér Eﬁ@tl?'h@ase‘i"%ﬁ’éfﬁ@ g’l%éﬂ%{’l‘%si s
(carbon, dyahedRRraBfmiiuids903Ys, 08P 19090 ad. 6%tin Welrpht Shj@RaVARRDISt ruct ure.
Exanpl e 10 - gi;nt hesis of Conpound 19. (S)-Tetrahydro-fufan-3-carboxylic

aci d 2- [ kino Ebbitssempased-to a gentrp) Brayp dewedIvash0.2 % saline. However compound

hydr oxy- VAR Tns| -%—i[fm; r er. ao BnOIl i On/\NX-10 OHC HO |
N~0O 14%&&%@@3@5}%, .r?g?%})%ﬁgﬁw%%'m i8 as HCO salt0O a HO 19, as

HCl salt [0128] A m xture of 18 (570ng, 0.91 nmmole) and 10% Pd/C (100 ng) in
i sopropanol (50 nL) was hydrogenated in a Parr hydrogenation apparatus at 80

psi for 6xample 15 - Corneal Anesthesia Measurements
[0134] The effect of a SO ul single instillation of 0.3%, 0.5%, 1.0% and 2.0% solution
of compound 7 on corneal anesthesia, after a single instillation in the conjunctival sac of the
right eyes of albino rabbits (N=5) was measured using a Cochet's esthesiometer (nylon
thread: 0.12 mm diameter, 10 mm long). Corneal anesthesia was evaluated by the number of
corneal mechanical stimuli necessary to induce a blinking reflex. The effect of drug solutions
was compared with sterile 0.9 % NaCl treated animals (control group) and 0.4 %

oxybuprocaine (Novesine®).

[0135] Results: The compound 7 exhibited no corneal sensitivity (local
anesthetic activity) compared to 0.4 % oxybuprocaine, whereas compound 6 exhibited

complete corneal sensitivity loss at 1%.

Example 16 — Stability Tests

[0136] An accelerated stability test was conducted on 0.25 % solutions of
compounds 6, 7, and 8 (Example 2) at 40 OC for 1,2, 3, 4, 8 and 12 weeks and monitored
for the disappearance of the prodrugs and appearance of the parent compound by HPLC

analysis. The parent compound (referred to hereinafter as compound 4) has the formula:
‘ o)
H o
o xNYC
HO CH,
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mnutes, filtered and evaporated to dryness and acidified with HCl/ether.
The residue was -41 WO 2005/ 115375 PCTI US2005/ 018350 triturated with ethyl
acetate to give a gum The ethyl acetate |ayer was decanted and the yellow
gum was sulw(lamwusr/@ hi gh vacuumto give 19 as a yel | owP€DERI003/0183507) .
Exarrpl e 11 - nt hesi s of Conpound 21.

(S) -4, 5-bis- bé‘ﬁ? | oXhe respseting Farpraynds werg disgplued ip ap apetatp huidstypH 35. di rret hyI

Et gy :\Ii‘m f&?brs?% Qyﬂﬁxﬁlﬁéet%'éo(pﬁ 5_"/)?( §§%ﬁg mld\d(émo&‘gﬁg%gpgbw%%waﬁec&ﬁ) tg 5 1 as )

oxal at e svatam 0. Ei%&{bhmom Thestabilitf of hexbuipourds (vas déternfinetd am#b‘l(éﬁor 1a%i3ndy- al cohol

2 ot By el e cARCenlh Gl AR cortdilia A well 8 he Fonseataniols 86 2t 90

for 48 thH;ﬁ'o@ﬂgco@y@lﬁﬂﬁGI’E%ﬂQadéa)éHﬁﬁfé Jing By HPLGMmatRed/um The resultl ng
solid was suspended in ethyl acetate gOO nm.) and washed with sodiu

carbonate, brilHS8] dRegtsy S@Uﬂl‘%ﬁﬁ%@llﬁ 8‘?@%@7I%W'aﬁiéFaéﬂee%“QoCGFpHess under
reduced B Lasihfarcd Sy %?fngUﬁhd\é’%San&g A SRPAnNiBHal e BoP¥omffALe.  aci di T ed

with oxalic ac I'n et cetate afid fi tere t0o rehove any t nsol ubl e
sol i d. Epmeounda’bhaadmdecttgd shedf-life bf atdeast I&Jnmtbs/atdeomtcmﬂe'raiumndh was

(0.6”g, " fomtfitisn st CrpRARRRRER e moptherdlefn SRt o iegiel rO PR Sdefhneq
st ruct ur enlyEXemonths b2 projevyedisheislife frodnptpPentira2. (S) -

4, 5-di hydr oxy- 2- net hyl - benzoi c acid
3-(2-tert-butoxy-1, 1-di net hyl - et hyl am no) - 2- hydroxy-propyl ester. O

BnOGi ~- ~ Rhanfgit 1Y D BB addRabliiy! | sopropanol N /Q(t HO/ CH3 HO H 21 22

[0139] Three rabbits were used per time point. The 50 pl test substance was
administered in a single instillation using a micropipette into the conjunctival sac of the right
and the left eyes. The rabbits were anesthetized with an intramuscular injection of Imalgéne®
1000 (ketamine 32 mg/kg), and Rompun® (xylasine 7.5 mg/kg). They were then
desanguinated by cardiac puncture and thereafter euthanized by an overdose of pentobarbital.
Immediately after death, the eyes were micro-dissected to obtain: comea (C), aqueous humor
(AH), and iris-ciliary body (ICB). All samples were stored at ~80°C. Only aqueous humor
(AH) samples were analyzed by HPLC.

[0140] Results: As can be seen in Fig. 2, compound 7 is rapidly absorbed across
the cornea and metabolized to the parent compound 4 in appreciably higher quantities as
compared to compound 6. It should be noted that some of prodrug compound 7 itself is also
present in aqueous humor, whereas levels of compound 6 were below the detection limit of
the HPLC method.

[0141] Those skilled in the art will appreciate that numerous changes and
modifications can be made to the preferred embodiments of the invention and that such
changes and modifications can be made without departing from the spirit of the invention. It
is, therefore, intended that the appended claims cover all such equivalent variations as fall

within the true spirit and scope of the invention.
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[01301 A m xture of 21 (820ng, 1.25 mmmole) and 10% Pd/C ( 100 ng) in 2-
propanol (50 nL) was hydrogenated in a Parr hydrogenati on apparatus at 50
psi for 16h, -42 WO 2005/115375 PCT/ US2005/018350 filtered and evaporated
to dryness and acidified with HCUet her. The residue was triturated wth 20
m. ethyl acetate to give a gum The ethyl acetate |ayer was decanted. This
process was repeated five tinmes. and the resulting gumwas subjected to
hi gh vacuumto give 22 as a foam (38 ng). TLC in 5% net hanol in methyl ene
chl ori de showkst iackimgl: e honogeneous spot at Rf =0.5). NMR and IR were
consistent with the assigned structure. Exanple 13 - Binding Efficacy of

Sel ected Conmpounds of the Invention [0131] Human reconbi nant adrenergic

beta-1 Assayp (ngh&h}gﬁg%fﬁbgghgg) were conducted according to the

procedure descri bed Feve , , Proc. Natl. Acad. Sci. USA, 91
5677, 1994 u5|ng [[1 t1]]Cyano qhol as_a radioligand. The results are
p)%i, LERR 10 R10~n10~ sYNOR R2OI| i R3

expressed iR'Q 1 .
OH H Conpound R niné)ef ig%%y nunffer 1Cso (nM 15 H 39 17 sK 12 19 O
6.4 Exanpl epid OCculap Irritation [0132] Thirty al bi no
rabbits were randomy divided into five groups. Each rabbit was dosed in
t he conjunctival sac of thelright eye topically every ten ninutes for one
hour (six doses) with 50 L of 0.0 % 0.3% 0.5% 1.0% and 2% of test
conpound, i "VRE'Y% saline solution. The treated eye of each rabbit was
exar ned f or | ndifeahd RAGreRholPRBERRdI H, A0 Gk phehdIS) Biaing PRIb! NI
di schar ge, redness iritis of njuncfiva, eyelid Is as well as opacity
and |nvolvenentIbﬂShhkogmrﬁeagnmhdnwruuaHWQ&bﬂésamefeydddbﬂ arpindedrer m ne
t he degree ¢ noderate or severe irritation. Ccul ar observations
were nmade befo éyfreatnent one hour after the first and sixth

instillation and R'hen oiLW,q)roxadedékhm@hezst%ysfRusiznﬁada{“salsiw; | anp.
R’ is tetrahydrofuranyl,
W is:

; and
each R® is independently H, straight chain or branched C,-C o alkyl, or straight
chain or branched C;-Cyy alkoxyalkyl;

or a stereoisomer or pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein R' and R? are each independently H
or W.
3. A compound according to claim 1 of Formula la:
0O
1 H 5
R Oj@f‘\ /\@V\ N\“,R
= 4 H
R%0 e R O
la
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-43 WO 2005/ 115375 PCTI US2005/ 018350 [0133] Results: Compound 7 (Exanple 1)
was conpared with a conpound of the fornula below, referred to hereinafter
as "conmpound 6, " and disclosed in Patil, et al., US. Patent Nos.
4,897,417 and 4,966,914. 0 HOOMI|I HN H HO 10 CH3 \ ~O Wen compound 7
was applied topically, no ocular irritation was observed with dosing siXx
tines every ten mnutes at 0.3% 0.5% 1.0%and 2.0%in the right
conjunctival sac of albino rabbits conpared to a control group dosed with
0.9 % saline. However conpound 6 showed noderate irritation at 1%
concentration. anpl e 15 - Corneal Anesthesia,Measurenents [0134] The
effect of a %0 | %F%P‘é‘“ﬁﬁé@qfﬂmam gainb, vhesop ROIsYW, 1. 0% and 2. 0% sol ut i on
of conpound 7 on corneal anesthesia, after a single instillation in the
conjunctival sac of the right eyes of albino rabblts (N=5) was neasured

usi ng a Coch®et's festthpsindnetedingnytleim 4,twireecid R' Gnd R? amedétaHet er, 10 nm

| ong). Corneal anesthesia was eval uated by the nunber of coneal nmechani cal
stimuli necessary to induce a blinking reflex. The effect of drug solutions
was conpar eds Wi t Iy 8&@pdun@ aleddiy Nalthint 5 GAkRSh IQWS@ﬁ'ﬁlﬁht(&lgﬂt(fr%angﬁéa@,)c@nd 0.4
% oxybu rocai ne (Novesine(r)). [0135] Results: The conpound 7 exhibited no
coneal YisR lS\ﬁ@tta}\}’QﬂOfmmﬁ yaredtWetic activity) conpared to 0.4 %
oxybuprocai ne, whereas conpound 6 exhibited conplete corneal sensitivity

| oss at 1% le 16 - Stapility Tests [013 An accel erated stability
test was cond n 0.2% % solutions of %C ounds 6, 7, and 8 (Exanple 2)
at 40 C for 1% 2, 12 wegks and- (tored for the disappearance
of the prodrugs a ppear ance he Parent co nd by HPLC analysis. The
parent conpound (referred to h ter as co has~the formula: 0
HOOMN~-NO -1rc HOl CH OCOH H O .

7. A compound according to claim 6 wherein W is:

v

8. A compound according to claim 4 wherein R' and R? are each aralkyl.

9. A compound according to claim 8 wherein R* is:

10. A compound according to claim 1, wherein at least one of the R® substituents is
other than H.
1. A compound according to claim 1, wherein each R® is independently H, straight

chain or branched C;-Cs alkyl or straight chain or branched C,-Cs alkoxyalkyl.
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3 -44 WD 2005/ 115375 PCT/ US2005/ 018350 [0137] The respective conmpounds were
di ssolved in an acetate buffer, pH 3.5 (0.018% sodi um acetate, 0.135% acetic
acid, 0.9%sodiumchloride in water for injection) to obtain 0.25 %
solution, The stability of the conpounds was determ ned at 40C for 1, 2, 3,
4, 8, andl2 weeks. The concentration of the parent conpound as well as the
concentrations of the prodrug conpounds 6, 7, and 8 at each tinme point by
HPLC net hod. [01381 Results: As shown in Figure 1, conpound 7 is nost stable
at 40 C at pH 3.5 as conpared to the conpounds 6 and 8. A conventional eye
drop formulation of conpound 7 has a projected shelf-life of at |east 18
nont hs at rodm t ehpippRuidaccosdiag fo clpig Enw*m%ﬁacefR doHdeptdesndemethy, nont hs
proj ect eqr§ Qﬁhﬁ |ife, whereas conpound 6 has only 2.6 nonths of projected
shelf-llfe at roon1tenperature Exanple 17 - Ccular Bioavailability [0139]
Three rabbits were used per tinme point. The 50 | test substance was

adnlnlstered |n a sin instillation usin m, G[.opi pette ipnto the

conj unct i val%sac fop nfi|a§?ﬂrd‘n5HH°1f‘WbHIV@T“?“’é?%‘é‘%'l*g@%la%e& P wer e
anesthetized w tth an intranmuggul ar injection ¢f |nmalgene 1000 (ketam ne 32
ng/ kg), and Bompue (xyl asinef/7.5 ng/kg). Theyj/were then desangui nated by

cardi ac punct er eut hani zed an overdose of pentobarbital.
| medi ately after reopicf -d\ssected to obtain: cornea
(©, aqueous hunor , ~s£ciliary body

k\:anples wer e
stored at -80C. On nal yzed by HPLC.
[0140] Results: As can be seen in Fig. 2, conpound 7 is rapidly absorbed
across the cornea and netabolized to the parent conmpound 4 in appreciably

hi gher quant tles as aredq. to co . It should be noted that sone
of prodrug c r'rpod?ﬁ&‘m?p‘?‘{ é‘F?Orf?'é‘gé‘P%l WP eRgh Wit BYEREMHERDY | wher eas

| evel s of conpound 6 were belpw the detectlond imt of the HPLC nethod.
[0141] Thoseskj/lled in the grt w |l appreciaje that nunerous changes and

nodi fi cations odlnents of the |nvent|on and
that such chang and o0 fi
spirit of the inv t he appended

claims cover all sWth equival ent/variations as f 'thr\\the true spirit

and scope of the invention.

the preferred

15. A compound according to claim 1 wherein R? is H or straight chain or branched
C,-Cs alkyl.
16. A compound according to claim 1 wherein R* is methyl.

17. A compound according to claim 1, wherein R’ is tetrahydrofuranyl.
18. A compound according to claim 17, wherein R’ is tetrahydrofuran-3-yl.
19. A compound according to claim 3, wherein R® is tetrahydrofuran-3-yl.

20. A compound of Formula II:
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-45 What is clainmed: | . A compound of Formulal: OROIl \ O_ " NN-Rs
RZO/ R3 OR4 HO1l wherein: Rand R2 are each independently H W or a
phenoxyl protecting group; R3 is hydrogen, straight chain or branched Cl1-C o
al kyl, cycloal kyl, am no, or Cl-Clo al koxy,; R4dis Hor W provided that at

| east one of R, R2, and R4 is W R5 is tetrahydrofuranyl, Wis: 0 R R6
Rfi Rfi ; and each R6 is independently H, straight chain or branched CG-Cio
al kyl, or straight chain or branched Cl-Clo al koxyal kyl; or a stereoi sonmer
or pharmaceutically dtceptable.sglt thereof. 2. A conpound according to

claiml, wherlepn R aad e chzindependently H or W 3. A conpound
according to .®| o Fofmuth I8 BH ROO-sy.NNy\R5 20) ' ! : P/
R3 OR4 H 0 | g ~<46 A4 conPBUNG according to claim1, wherein RA is W 5. A

conmpound according to clgim4, wherein R and R2 are each H

wherein:

R'and R? are each independently H, W, or a phenoxyl protecting group;

RYis hydrogen, straight chain or branched C;-C,¢ alkyl, cycloalkyl, amino, or
C,-Cy alkoxy;

Ris H or W;

Z is —0O- or -O(C=0)-;

R’is tetrahydrofuranyl,;

W is:

each R® is independently H, straight chain or branched C;-C,¢ alkyl, or straight chain or
branched C,-C( alkoxyalkyl; and
R is straight chain or branched alkyl, cycloalkyl, aryl, or aralkyl;
provided that:
when Z is -O(C=0)-, then R’ is other than H;

or a stereoisomer or pharmaceutically acceptable salt thereof.
21. A compound according to claim 20 of formula II wherein R*isH.

22. A compound according to claim 20, wherein R' and R* are each independently H

or W,
23. A compound according to claim 20, wherein R!, R?, and R* are each H.

24. A compound according to claim 20, of Formula I1(a):
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6. A conpound according to claim5 wherein R3 is straight chain or branched
Cl-C10 alkyl, R5 is tetrahydrofuran-3-yl, and Wis: 0 0 or 7. A conpound
according to claim6 wherein Wis: 0 8. A conpound according to claim4
wherein R and R2 are each aralkyl. 9. A conpound according to claims$8
wherein R4 is: 0 10. A conpound according to claim1, wherein at |east one
of the R6 substituents is other than H 11. A conpound according to claim
1, wherein each R6 is independently H, straight chain or branched Cl-C5

al kyl or stralght ch} n or brarc ed C2- C6 al koxyal kyl . -47 12. A conpound

accordi ng t R'€laiml gpe(¢yn s i ndependently H, nethyl, or
CH2OCH3. 13. A n@o acaog ng to B aim1, wherein each Wis
i ndependent | R3or 10B4°" A conpound according to claim5, wherein each
Wis independently: 0 Offfgor 15. A conpound according to claiml wherein
R3 is Hor straight chain or branched 'C -C5 alkyl. 16. A compound accordi ng
to claiml1l wherein R3 is nmethyl. 17. A conpound according to claim1,
wherein RS is tetrahydrofurang 18. A conpound according to claim17,
wherein R i%-t et sdyRnusd apeandisg §a claim2), wheresnBois: according to clai m 3,
wherein R5 is tetrahydrofuran-3-yl. 20. A conpound of Forrmula 11: -48 0 R
'O 0~N Z. R5

26. A compound according to claim 25, wherein R' and R? are each H.

27. A compound according to claim 26 wherein R? is straight chain or branched C;-

Co alkyl, R? is tetrahydrofuran-3-yl, and W is:

28. A compound according to claim 27 wherein W is:

O
29. A compound according to claim 25 wherein R' and R? are each aralkyl.
30. A compound according to claim 25 wherein R* is:

O

5
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RRO 1 / RBOR HII wherein: Rand R2 are each independently H W or a
phenoxyl protecting group; R3 is hydrogen, straight chain or branched Cl-C o
al kyl, cycloal kyl, amno, or C-Co alkoxy; Ris Hor W Zis -0- or
- CO-; R5 is tetrahydrofuranyl,; Wis: 00 Rfi or ,v 2 R/ R6 Rfi Rr,
each R6 is independently H, straight chain or branched Cl-Clo al kyl, or
straight chain or branched Cl-Clo al koxyal kyl; and R7 is straight chain or
branched al kyl, cycloal kyl, aryl, or aralkyl; provided that: when Z is
-Q(C=0) -, thén RA éammiuneacdonding b claiar 208 whteirenilesn®ie dfithRbgubairadrits isal | y
acceptab e sal thereof. 21. A conpound according to claim?20 of fornula ||
wher ei rPthel thag 22. A conpound according to claim20, wherein RL and R2 are
each |ndependently H or W 23. A conmpound according to claim 20, wherein
R, R2, and R4 are each H 24. A conpound accordlng to claim20, of
Formul a 11(a&g: - 49canpdan®a@ordihg B. dBim 7R @hRirGath R® 1slihdgpendently H, stralght

chain or branched C,-Cs alkyl or straight chain or branched C,-C¢ alkoxyalkyl.

33. A compound according to claim 20, wherein each R® is independently H, methyl,
or CH,OCHj;.

A compound according to claim 20, wherein each W is independently:

% ot

A compound according to claim 26, wherein each W is independently:

i é
"~
36. A compound according to claim 20 wherein R is H or straight chain or branched
C;-Cs alkyl.
37. A compound according to claim 20 wherein R® is methyl.
38. A compound according to claim 20, wherein R” is tetrahydrofuranyl.
39. A compound according to claim 38, wherein R’ is tetrahydrofuran-3-yl.

40. A compound according to claim 20, wherein W is:
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25. A conpound according to claim20, wherein R4 is W 26. A conpound
according to claim25, wherein RI and R2 are each H 27. A conpound
according to claim?26 wherein R is straight chain or branched G- C o

al kyl, R5 is tetrahydrofuran-3-yl, and Wis: 0 0 0O or 28. A conpound
according to claim 27 wherein Wis: 0 A 29. A conpound according to claim
25 wherein R and R2 are each aral kyl. 30. A conpound according to claim 25
wherein R4 is: 0 50 31. A conpound according to claim 20, wherein at |east
one of the R6 substituents is other than H 32. A conmpound according to
clai m 20, whergin each R6 ig independently H straight jchain or branched

Cl-C5 al kyl or||strai ght chajjn or branched| C2- C6 al koxyallkyl. 33. A conpound
accordi ng to,cllai m 20, whergi ach R64 gli ndependent] ylJ|H, nethyl, or
CH20CH3. 34..- nd ' to clkaim wher eimre is

i ndependent | y: ogpound actordi®g to claj 26, wherein
each Wis independently: " 0\ 36. A conmpound according to claim
20 wherein R3 is H or straight chain or branched Cl1-C5 alkyl. 37. A
conmpound according to claim20 wherein R3 is nethyl. 38. A conpound

according tqiclaign ou\P{ﬁ%E@dr(ﬁn ® ¢18int EWHRIIIRO{U. ﬁﬁylketrahff&ofufmﬁ?wound
according to claim3 wherein R5 is tétrahydrofuran:3

42. A compound according to claim 20, wherein R is 3-alkyltetrahydrofuran-3-yl.

43. A compound according to claim 1, of the formula:

0 H
HO 0NN N 0
o, H 0

44. A compound according to claim 43, of the formula:

)

q 0
HO O/\/\N><’N
(5) H
HO CH; 0O o

45. A pharmaceutically acceptable salt of a compound according to claim 43, of
formula:
[A] - HX;
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40. A conpound according to claim 20, wherein Wis: -51 0000 or 41. A
conpound according to claiml1l, wherein R5 is 3-al kyltetrahydrofuran-3-yl.

42. A conpound according to claim?20, wherein R5 is

3-al kyltetrahydrofuran-3-yl. 43. A conpound according to claim1, of the
formula: O HO4( I ,~O---~-N_NO HOCH3 0 0 O 44. A conpound according to
claim43, of the formula: OO0 HO~O~/~NyN HOI CH3 0 HOO YO 45. A
pharmaceutically acceptable salt of a conpound according to claim43, of
formul a: [ AjherditXA is afmampmﬂnﬁrmcdsrdﬁqgits cairﬁ@Brp@lecK idanacidiselgctedfromahén 43 and

HX is an acid seleg(ftyg Elgh gI’OLi nsisting of hydrochlorlc sul furic,
mal ei c, 8"PYRveAnsisting gt ydpochiagie cfubfuge ‘??‘Fa magigPxpHe, SUeGIHC, cilgic and tafgpric
processacﬁdgr produci ng a conpound of formula I1la: OR OO4 HZR5 ROR3
OR H 1llla wherein: Rand R2 are each independently H W or a phenoxyl
protecting group; R3 i s hydrogen, strai ght chain or branched G -C o al kyl,
cycl oal kyl, am no, 1a\ﬁlla,provi ded that at |east

one of R an(f‘ p&)c?sg ?%.progucmg a co¥ﬂp0 of tH

R'O Z.
Poaanag
RO R

Ila
wherein:

R'and R? are each independently H, W, or a phenoxy! protecting group;

R*is hydrogen, straight chain or branched C,-C,¢ alkyl, cycloalkyl, amino, or
C;-Cyp alkoxy;

R'is Hor W, provided that at least one of R!,R% and R*is W;

and

Z is —0O-, -O(C=0)-, or -NH(C=0)-;

R’ is tetrahydrofuranyl;

each R® is independently H, straight chain or branched C;-Cyg alkyl, or straight chain or
branched C;-C, alkoxyalkyl; and
R’ is alkyl, cycloalkyl, aryl, or aralkyl;
provided that:
when Z is -O(C=0)-, then R’ is other than H; and
when Z is -NH(C=0)-, then R’ is other than H, and W is:
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and Zis -0-, -C0O-, or -NH(C=O-; R5 is tetrahydrofuranyl; Wis: 00

Rr R" or R6 Re each R6 is independently H, straight chain or branched
Cl-C10 al kyl, or straight chain or branched G -Ci o al koxyal kyl; and Ris

al kyl, cycloal kyl, aryl, or aralkyl; provided that: when Zis -Q(C=0O)-,
then RS is other than H, and when Z is -NH(C=O -, then R5 is other than H,
and Wis: - 53 0 R R A Ae conprising contacting a conpound of the
formula: RIOO NZ 5 TR ROI ZR3 ORaHIlIib wherein: at |east one
of R, R2, and/R4 is H with at |east one conpound of formula WL, wherein
each L is indepeniently a leaving group; to produce a compound of fornula I
Ila. 47. A phariaceudti cal conposition for treating glaucoma, ocular

hypert ensi on, or & C neuropathy associated with the eye of a patient, the
conposition co

RIOI:(LO/\(\N%Z\Rs
R0 R3 OR*

I1Ib

wherein:

at least one of R, Rz, and R* is H;
with at least one compound of formula W-L, wherein each L is independently a leaving
group;

to produce a compound of formula Ila.

47. A pharmaceutical composition for treating glaucoma, ocular hypertension, or
optic neuropathy associated with the eye of a patient, the composition comprising an
ophthalmologically acceptable carrier or diluent and a compound according to claim 1; or a

stereoisomer or pharmaceutically acceptable salt thereof.

48.  The composition according to claim 47, wherein the glaucoma, ocular

hypertension, or optic neuropathy is classified as open-angle glaucoma.

49.  The composition according to claim 47, formulated as an eye drop, eye wash, or

eye ointment.

50.  The composition according to claim 47, formulated for administration from a

polymeric disk or wafer placed upon the surface of the eye.
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opht hal nol ogi cal |y acceptable carrier or diluent and a conpound according to
claim1; or a stereoisoner or pharnmaceutically acceptable salt thereof. 48.
The conposition according to claim47, wherein the gl aucoma, ocul ar
hypertensi on, or optic neuropathy is classified as open-angle gl aucoma. 49.
The conposition according to claim47, fornulated as an eye drop, eye wash,
or eye ointnent. 50. The conposition according to claim47, formulated for
adm nistration froma polyneric disk or wafer placed upon the surface of
the eye. -54151. Mplmhaamﬁeajtbmabsim@oeéattingrgla‘uooma rvetwlréimgqegglamoman, wherein

t he gl auc ,___ocul ar ertensjon, t.i.c.neur opat OC|ated wth the
eye of B TIREHETS oG B LIPREN SO SIF SN R g

accept alhfprisia ah 8phtRAINSIdIANY a862dtaBleCAIRP YPFiRAEMIH QngoRnd séc@fcmlg@ or
stereoi soner or pharmaceutically acceptable salt thereof. 52. The

conposi d3ier0s @@tmm@m% ot phermpeepticallyexcesptablhialighererfona, ocul ar
hypertension, or optic neuropathy is classified as open-angle gl aucoma. 53.
The conposition according to clainbl, fornulated as an eye drop, eye wash,
or eye oi ntsrent Thb4ompbeticoapodirg toBladf SO Whetgin e glhwdomaddguldror mul at ed for

admnistration froma polyneric disk or wafer placed upon the surface of
t he eyehypertegpglon or optic neuropathy is classified as open-angle glaucoma.

53.  The composition according to claim51, formulated as an eye drop, eye wash, or

eye ointment.

54.  The composition according to claim 51, formulated for administration from a

polymeric disk or wafer placed upon the surface of the eye.
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