OCULCOSELECTI VE DRUGS AND PRODRUGS [ 0001] This clains
benefit of U S. Provisional Application No.
wWeN051153157, filed May 25, 2004, the entire coPCEOSEO18350
whi ch are incorporated by reference herein. FIELD OF
THE | NVENTI ON [ 0002] The present invention is directed
to conpositions useful for the treatnent of glaucona
and ot her conditions hi accordance with preferred
embodi nentégddﬂtssﬁem PRUGN AND PRODROGSON are
prodrugs an rugs, the latter conprising
bet a- bl ocki ng agents capabl e of exerting a |ocalized
effect in the eye while substantially avoiding
system c effects. BACKGROUND OF THE | NVENTI ON [ 0003]

The di scl osuyre of eac tent,. patent, | ] '
UGyl i B SRS Bohd S SRBA R S P o
May 3D, thd\GREP SRR NRRiH Brdl¥cdrBbiafc@NSAefetdhck h@rein.

entirety. [0004]  aucoma is a condition of the eye

that is nmade up of a collection of eye di seases that

FIELDAOFIREINMENBEINpy damage to the optic nerve.
El ed..int G . DEe | tQ_4
)RR S o B B o
glaucémaedoihecndilyel Dacasrduie wiylepr@eted edtbodimens) tigCemipositions

.as the result of an eye in{ury, i nfl.anmati on, . tunor,
of thiinveRficRAFRPIOSE 25 43¢ 4rigf. thatalipheqmpgising baiebloskingragenth capable
o ex G B AR S A i R .
This formof gl aucoma has been associated with
BACKOGIROUNINOF THEIANVENKION hi story of nornmal -tension

HEHRRE The SERRIG R RGP nafy Aiealon 50 Skl Geh or

describb@inBisHodhabaTs Bereb @mSbifpofeddd Iéin Oly refetsncO TR its ENRSH.
classifications are based on whether the angle of the
a0 o/Glayramads a cendippenolghe gyg thatis made umef e ceBeation of eye
diseaﬁ%p it Qzﬂlg,!a @is%nqgfsodépdalmc‘alg@ t&1He ?ﬁg ngfv§.e a}ﬁgvatm%frg@c%lat.r??essure
ess conmon angl ecl osure glaucoma 1's” an acute di sease.
(IOP)@ne o Andéqat culd drinage isapdihyryasascofagladomiat IGlawoma can
increase in intraocular pressure, resulting in dapmage
develgp,ag the c¥prges: Mdt A8 OgRY asHie %?5‘;5%8{7 YO 1B BTy atn, tumor, or

in adviaR€edRbdsCordhtikact JNBAKtdsS 188Nl A BASRsddbyf d¥Btain drugs, such as
cup-to-disk ratio and visual dysfunction

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
-1-



in the mdperipheral field of vision. [0006]
Conventi onal therapy for glauconma has involved topica
w@eiwsnisry ati on of pil ocarpi ne and/ or epi nephrPEEUSEN018350
nore recently, eta-blockers adm nistered to the eye
pressugev Bud useiigrdscrbdd, Yor eampleym reviawb by dKi FlgBmehtBrdga,vES, 25-32

(19793358 py Boh Zibgeraznns V- B Bosg iR Skesphvhaprolehyah A (1979).
Umte@rS%h@ecs P2l N3P 385 088 709§t0ﬁ5@1s51¥se-£ a rﬁethodzfdi‘?%ﬁt'ﬁ?%ﬁt 8PgaWoma by

Boger 1 n Survey Opht hal nol ,
the ocular adminditration opabemtblodclngqmlms,stlmolostrxa}aeted ilboveyse shese

metb R PRtat B T A g LR G BBl B¢ R plocking

compb@ldsiaictthe b@@NiR circhlBRSEcARIali A dosifdld) @B&EISfE-threatening, side
ni fi cant drawbacks, in that the absorption of the

effeCtﬁ)eg@FhkﬂIMﬁ%f resolsm drelargsdibei-tlpeliagpetian qcthe aearbn
broncﬁ%ﬂ: %@H%ﬁ)gﬂ%%%is qﬁpéc?% ﬂ:ﬁfﬁ,r{hé&fl ﬁ%ydqut@d?ﬁ ’nd§‘ a method of
errects.

uch side e res rom prol onge
treatnivat of glhwokiang facloweting inttabeulire@edsprdthatris kelativety fielof unwanted
bl 00 ssel s. Accordingly, there is a need for
systergig Lﬁf §Sand a met hod of treatnent of gl aucoma or for

| T\ NE ekl 2L Yl0gkinp ragéﬁé"fh%t ddi@din bz E 8&1@*1%!11'19/ &bie Ei&8sroups

of unwanted system c Side effects. tain
are krigetngo lsklnibitishert-acdtorg kera-hlckiogefiacts 1rethzwmmmadutcylaham Sech

short Bk T R Bt SRR e e Sl T [ egiment o
prophgléeﬁ oT R@fdiacafiorddds Rei Aresoekteddciag ﬂ'@éﬁﬂ%ﬂ( &S tg‘ﬁaﬁﬁhn@m&ﬁlmlclty

n suggested for treatment or prophyl axis cardi ac

for a ogluERios. Suchsheskpriing derardatkingigomatinds gy koi the sometimes
countésrﬁ‘go:d@ﬁ\%geffemg&@oﬁ%ﬁtny {Fﬁ "befh- ﬁﬁ%{% g%gn?st 'W%QSe e?%% are long-lived

acting beta- can avol
and, therefotd, diEfSicalo tonprecipel domtdlveeaf-lﬂeﬂhﬁg mgencs}mv&fgtduem pfopemes are

bet a- blockln agents, whose effects ar Qng-
descrifn Vsarro bl Ui F1 ot o408 J3PesiPbchy &b AU, UpBat. Nos
44541@hgﬁghqgsgg¢nts havi ng such properties are described
tier , et al., US. Pat. Nos. 4,402,974, Sept. 6,

19@8}8] I\/Htopfeal, eyd-dsopat thel\lbsst camaeh, m@MC@mdatmeABSf @En-angle
opi ¢ eye-dro are .t he nost..comon nedi cal .
slaucq P VAN ST Pa o HASTE CRoPUO TP Be RoBUee the pupil

to enhahédRjuebis AT BHd IS GhbseulaR ntbshwérkl qc;@rrmma% pils, however,
constrict the pupi|l to enhance aqueous fl ow through

interferpavithragltoigion. Hestarkaie anfrydrase prayme iphibitpss (e. Bem@olamme)

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,
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interfere with night vision. The carboni c anhydrase
enzyne inhibitors (e.g., acetazolam de) are orally and
W opsaeisry adm ni stered agents (e.g., dorzol anP@EYS1002018350
decrease the producti on of aqueous fromthe ciliary
Marcdl Ostkkert 1R Eliindtle BUSToas (ddOP199% @eml M. iShamo@hs; §dImai and
synthetic prostagl andi n anal ogues .g., latanopr ost%
M.Otagisiuk Ehire Lhseumeal gée%@uwsdﬁew@rwpwgn@au@reg@g@ 4

Hans BUhonelfh pIES o S Sblch ARRR shT R (R 1 1Ry rtgroronad

Journahef Rharméceullod)i7s38n198B (dedoribirgytirblal pradoigs); C G30&an, J. Pharm.

. (198 e t .this |ow absorpti,on, poten

Sei., 84 h 3B Skl RO e Pl P eI LU RE L ER A aly U Bt No.

4,897 Q@wf»s%u&%%ﬁ%y%bﬂ@v Gn@PAA , ef JIUSPatPRb4, %& @14 ¥sueB Oct 30,
patients who al 50 suffer from c¢ardi ovascul ar or

1990, bpﬂrﬂlmmdasigr@temds@dsbelow n an attenpt to reduce or
0 2o e e S P RoRR R e o ngancoms

agentd) rtmaaaIcamrrnﬁrdégnmabtﬁmagtyb&ﬁcﬁed)isaqkemylrbatéedé}aaﬁve of the
devel oped. See, e.g., Vincent, H L. Lee, and Hans,

secongp dryeeora] Sropp wathugtée oxpHapanetaming ide haimek thebetarblockers.

Intere%ﬁﬁ%n)?ttﬁ B‘M gag%{hr&%%jéai g%aggc%en %&n%ag%w%@@w‘@f 4%_blocker

prodrd&3 dffkesintr iFot axpngrlaphahaf-tife qitheoxpgenaloldtedrugians
Bundgaard, Anders Buur, Shih-Chieh Chang and Vi ncent

H L. Lee, I nternational Jaurnal of Phar maceuti cs,
77-88, 1988 (describing tiggTUfkhrodrugs); C G Jordan,
J. Pharm Sd., 87 (7), 88® 885) 1998 (descri bing
oxprenol ol prodrugs); Patil et al., US Pat. No.
4,897,417 issued Januarg 30, 1990;/and Patil , et al.
US Pat. No. 4, 966,944 ssued r—g0, 1990, both
di scussed in gredet ail below\ [0010] Anpbng the
et a- bl ocker prod %ﬁgﬁLg¢¢|n the literature as
anti - gl aucoma agents e nost common acyl
in phdsphaté bofferd (pHy7.4)x a1 7¥Tisi203 4. 5playal Oyder éddnéicaldendiviahs, viee half-life
of the secondary hydroxyl group within the
of the Sipaleligad¥Bani ne si de chain of the beta-bl ockers.
Interestingly, the physical amd chem ca
characteristics of each pivalo bet a- bl ocker
prodrug are different. For ex I the half-life of
t he oxprenol ol prodr in phogphat buffer (pH 7.4) at
370C is 2035.5 days. Jnder ident+cal conditions, the
hal f-1ife of the t-u| ol po ug |\
VAR

\S/

and a compound of Patil , et al., US Pat. No. 4,966,914 of the formula

o
HO ></'r:1' ©
o N
/\'/\H
ol o
HO CHy o

are 3.6 hours and 0.9 hours respectively. These data suggest that the physical and chemical



and a conpound of Patil , et al., US Pat. No.
4,966,914 of the fornula are 3.6 hours and 0.9 hours

w0 e®prc3s’vel y. These data suggest that the phyRCTEE20851€18350
chem cal characteristics of an acyl beta-bl ocker

charad@ér%@hwaf &PVYPberBBIdVkeFproliRg camid? by pfddiiied Sigelp FRPEtHeipSperties
of structurally dissimlar yet S|rnl arly derivatized

of stn@@trdlmlwmelar Yt stmilagly dw@mﬂ}i betacblgelesy emﬂwgs@ ned
t’ g‘h? it ‘férﬁérﬁ%ne@ &nfg?unﬁ%s%msem % E tglﬁg’ 4"@@6 914 was
orte §be an ochos ective eta-bloc avi'ng
reportbd faObechir ddlul ozBlectivedlird-blocker Hahingadomgdurbtion of anidn én the ocular
short duration of action in the sxsten1c circ Iang
er €nce

fluid and asher dyration of astigndp dhcwysisat qtiog; Becitse 25 s

betwe@ﬁ‘ %eﬁXﬁt&%ﬁhﬁr Sh@Bstdnlit §t§b11ﬁ1@§ {RORBHI A VRS sx?%@f‘eatt@growde
to provi enhanced i ntraocul ar pressure

enhance}ijmtraoamﬂarqqusamel(I@E’)esduqmon laepabildies an th@xwe feteect tonded priwds

reduci.ng the of. s re~systemc e .
while S e dte i shirgn wac e S SEEGS T TR BEo R infyyfifrosed in Us
Pat. Nbs. 80897417 ARd J6633@. 18 Pdtit & aPati | et al., and are ester

"prodr ugs", whi ch are converted in vivo to the active
agent of the 914 patent.pThe prodrug and t r active
parent conpou re evajluated >{§ﬁ' bet afbl ocki ng

a1 i aﬁ ocul ar or
system c safetyy i nA | studHes. Neither of the two
prodrugs was suffiient with respect to solution
stability and oftul ar safety profile. [0012] For
treatnents involving introduction of nedicanments into
the eyend an ideal beta-blocker prodrug woul d be stable
in buffer solution fpr good shelf life nd woul d

rapidly hyd olyze in the corn%ﬁéiépdelivem t he parent
conpound |n re conpound -

actions, ocufax bl Of

t hus provi ded ' d be ffittientl yystable in the
aqueous hunbl© 't 07ext@hd { h ration of intraocular
pressure | owering, devoi g{of ocular irritation and
| ocal anesthetic activity and rapidly elimnated from

are esiy $prediugs't iwhieH @t icomverted ireviue ® the aetiverganit of thy St4epatent. The

effegts.such as heart failure a
prodrygerta 191 Fe BRI G ROU SFRE GG don e b peing actons,
oculaP§ibaval1S6IERE SHdSthiP BEu1SYSHsQStbrBicAa iRy I dridal dtlidi€RMN&er of the two
seen from'the foregoing discussion that there is stil

prodregsmeasfotimst swﬁﬁ@dmurglth sspast tof sobstoa-skAbditk iapd) oeierrratety profile.
R R T
beta %ck?kﬁoﬁ?ﬁ@ﬂﬁl%e stable in buffer solution for good shelf life, and would rapidly
hydrolyze in the cornea 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.



[0013] The present invention is directed in part to
conpounds of Fornmula | : | wherein: Rland R2 are each
w0 pepesdent |y H W or a phenoxyl protecting BCDUS2005AB18350
i s hydrogen, straight chain or branched Q C o al kyl,
SUMPMARYDKYHE BNWVENTION C 10 al koxy, -NHC(=OR a, or

-C(=0)N(H)R a; R4is Hor W provided that at | east _ one
o{OQié} ¢ PEgsentavengoRys digcied in pay fo comppAundypf Formula It
heterocyclyl; R5 is straight chain or branched C1-G 0

al kyl, cycloalkyl, G -G 0 al koxyal kyl, am no, benzyl,
tetrahydrof uranyl, di hydpofuranyl ,\ furanyl,

mor phol i nyl , piRED o(it),et\g,ahy % yLR°

di oxol anyl, 2, 2-di oxal r§| , dr\%ﬁyl ,

pyrrolyl, pyrrokiqh , 1gxatraﬁ)}’grooxazol ,

di hydrooxazol yl, phenyl, phenyl substituted with C-C

0 alkyl, G -G 0 alkoxy, or halo, or cycloal kyl
substituted with at | east one straight or branched
cvhesegial kyl ; Wis: each Ris independently H,

strai ght ] ity G ' .
chai n g r ar@?gan%ﬁ g{a:hgﬁ@%‘éﬁ%&g?%% hﬁkﬁ@g)ﬁyl gﬁm&th@ 8

st er eoRs émeydrogendstedight chaih wabenclzdi Ci-€ alalkyhyayr wrtkyl, @mino,

rraceutic gpt ahl e fhereof. [0014] The
BEZ@CSE?E‘Pme—M%@S@ gﬂr s‘g(zo(?ﬁ\gbb%d in part[to !
conpouRds Pbr WO brBHided thatWh RA&Idhe oRRAIREF, 2l Rf B wach

i ndependently H W or a phenoxyl protecting group; R3
i s hydRogekylsatyhioghetexols¢!sl; or  branched G -C 10 al kyl ,

Lo o By 4R LIS Of oo,

Réinsnd;IbexizyWtetrahydrofuranyl, dihydrofuranyl, furanyl, morpholinyl, piperidinyl,

tetrahydropyranyl, dioxolanyl, 2,2-dimethyl dioxolanyl, dioxanyl, pyrrolyl,
pyrrolidinyl, tetrahydrooxazolyl, dihydrooxazolyl, phenyl, phenyl substituted with
C1-Cyo alkyl, C;-Cy alkoxy, or halo, or cycloalkyl substituted with at least one
straight or branched C,-C,, alkyl;

W is:

0
R6
}i RS
R6
R® “js  :and
each RS is independently H, straight chain or branched C;-C) alkyl, or straight
chain or branched C,-C,, 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

R]OJQH\O/\(\N%Z\RS
R0 g K !

I
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Zis -0 or -0(CO-; RS is H straight chain or
branched C-C 0 al kyl, cycloalkyl, G-G O
w@bkdosnysrkyl , am no, benzyl, tetrahydrof uranyl PCT/US2005/018350
di hydr of uranyl, furanyl, norpholinyl, piperidinyl,
t @hetydr opyranyl , di oxol anyl, 2, 2-di net hyl
di oxol anyl , dloxanyl pyrr ol pyrrolldlnyl
tetr ahﬁd&t@c& aarep3ah m@ﬁmy@nnélwi’az\& na plwn@mprotpcﬁ@rgﬁroup,

palor ! RIS, St cheiftok Blancitda Gl Clo sy W¥ioal, amino,

SCﬁaJlghlkoﬂy,—Mf@(e@Ha Gr ~C(=ON(HHRY;; Wis: each R6 is
i ndependent|y H, straight chain or branched Ci-C 0

al kyl Rofsaélsxlaarghpréﬁsmﬁmy branched G -G 0

al koxth whd R7 is alkyl, cycloalkyl, aryl, or

ar al ky prowdedthat vvhenZis -O(C:O)-, then RS is
ot her ZhaﬁOHpr@(CaFQétereoi soner, hydrate sol vat e,

Fher coR by BY ST chth oP B rﬁi‘eﬁziéé‘:al' e o

dhIkegy eyl zﬁnfﬁ@rﬁen& E&I@Bﬁﬁﬁﬁﬁarf rdn%r £dnyy f@raﬁﬂnﬁ@bﬂlﬂlmyl
of formila Il la wherein: 2 are each

| nepdinak mtra}ayqi{owra@yl diopplanyx3R-dimethytdioxelagylodigxany

égrglg %%ohdlﬁ&lr %tﬁ&dr@%zgiyﬁrdl %x&h&&@ ]ﬁlleh}yll
Ei(b'sﬁl)lﬂl(d'blﬁh ﬂ:l (RéalkyHOpJQWllkgx)gibiglﬂd gl’;?ltloagcryl afhstltucmlewnh at

hleqaétr@w&rwht Oramanczeﬁigl Loy alkyly(c=0)-, or -NH(C=0)-; R5
is H Slal ght chain or branched G - C| 0 al kyl,
cycloalkyl, CG-G 0

0O

(0]
3K
- R  or /‘%{

R6

R7

R6 R6
each R® is independently H, straight chain or branched C,-C, alkyl, or stfaight
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 I1a:
0O

Rloji:ﬁl\o/\(\gx/ 4 RS
R20 R} OR?

IIIa

wherein:



al koxyal kyl , am no, benzyl, tetrahydrofuranyl,
di hydrof uranyl, furanyl, norpholinyl, piperidinyl,

W@ eqosaspds opyr anyl , di oxol anyl, 2, 2-di nmet hyl PCT/US2005/018350
di oxol anyl dloxanyl pyrrolyl pyrrolidinyl,

t et r ahfdamio¥are kydh, indégendernly A | o1 3 p}[dnemyllprotpbtarg/group,
bstityted with
halo B ichurodeh falglsﬁgflppa¥@acbﬁ%<ﬁ Gio g iga, amir,

s@@ Rific. @m@@@g Gr @}@(Hs WIS each R6 is
|néle|5en gﬁ}tsly H strai ht@(chal noor ched CI G o0
al kyl , Rois Fsor Wi, ghavidddd ﬁaéleattroaln@ﬁgd, , aig) Rbis W;

al koxy and, R7,is a ycl oal kyl, aryl, or

ar al ky% %arn@(}r zggb °{H%tf’f°°%ﬁﬁa“l%‘?u S - O(C—O) then R5 is
ot her tZhanoH, (ngdo\)\heﬂ_m{(@_e}\lH( C=0 - then R5 is

ot her than H and Wis: conprising contactl ng

conpouRd 1ok, §treht shain |oabﬂnﬁhqm%r<éwr@1k%tcypl@al¥tyl <§heclof
F apsobr el Eri, et il By ST RRERERBRMAR, rprangim

g pqmpdmfyb tteteahtydirop yanyll divstelangip 2y dl-(hm@ﬂﬂl éifo&elrahyly élolxmyl
roduc f fornu 001 | n _anot

agps%ele/ Pgl.ﬂaéﬁ V?Fx‘?%%‘ﬁ%oli’ﬁ *@5@%& phenyl phenyl”

p Q@sﬁﬁﬁ%itﬁ @:'1 GﬂS’ qR9E 'd,lG{[}‘ alfkeiy ot ﬁ@l*o' &%ﬁl&ﬂé@ afztifited with at

di sorder of the eye of a patient, preferably wher ei n
tmsfdor@esagghtwr biamhedéh (Ilsa@(b’hucorm i ntraocul ar
hypertensi on, or optic neuropathy associ at ed

therewi't B These conposi tions conprise an

opht hal nol ogi cal |y acceptable carriep or diluent and a
conmpound of Forrmula I3 _agr Réormula 11, g§s descri bed
above. [0017] Al so proviged ih acco e with the
present invention are net of treating diseases or
di sorders of the eye, napkly gl aucoma, intraocul ar
hypertension, or the ogfi crneuropathy associated with

| aucoma, for The net hods c ris
g each R"ols 1n(f«(3penclently tragght chain or %Eraelchede Ci-Cyp 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:

comprising contacting a compound of the formula IIIb:

0
RO ><,z
o) N “RS
R?0 R3

IITb



adm nistering to the eye of the patient a conposition

conprising an ophthal nol ogi cally acceptable carrier or
waledoaem37and a conmpound of Forrmula | or For nmul BCT/US1005/618350

t herapeutically sufficient amount to aneliorate,

dehadein:or prevent the devel opnent of, or reduce the

synpt ons of the_ djsgase oy disorder. [0018] O her

feat uré’sleéﬁ‘iﬂn%@f/% tRag%%i Rfisthe present invention wll

{ { d:
oS ARt €850,19 1.\ o g

leavin@@ﬁwli\lGS [0019] Figure 1 is a graph showing a tine

ourklstemg @H%wgﬁ gcgn%?t?gns %‘fi%r ﬁvg: %b(ﬁ%&g%aggm ound;j fg”f)mb%a IIIa.
3[(ﬁ)l 6]‘1%&9&?&9&& itRpRsehit inveRtid @Qtlﬂr&fh%ﬂaﬂﬂao%uﬁédlre

course of the ocular penetration of tinol
comesm()n oo trpdingk @se{asgn\ox) diserdenpfubrieye c(f.a.mnel)t m@ﬁer@lﬂg wherein the

dlseas? or ﬁ»p8rd%9 ﬁ%cfél icon faofng‘é%&ll{%Bsp%%ﬁp%soa\}c%ggrogathy associated

therewitt. UShEAd drvo Stdselob MphdSarDgfhitindlinb ogically he&@ptableAirrier or diluent
nployed above and t hroughout the djsclosure, the
and a eynpydrf Fogppig | op fipeawa gk asclessrbediahoNcat ed, will be

agg?ﬁ@t 98% d;Svaf‘&@& ﬁ’hi&grdfaﬂéé \Qfgfé Hf 1ﬁg§htlohtaré"fn| {hoﬁ§of

eci at ed t hat e conpoun e present
treatirignlissatdsam disaydecoof the ayeasymnbtgiawainlaymﬁaﬁmtﬂarﬂupambnsmn or the

car bon atons, and e isolated i oticII active

optic R EOR et BT R T PEOGT PORBe o
admm@srt@rmg’t% tRPEyeCH the/paeht é’@orﬁ;ﬂfs[’fﬁm USRS ah)bphﬁ&%ﬁh&lb%@ﬂly
racem cf'orms or by synthesis, fromoptically active

accep@b@rqarrmg ondilesnt anhda cmpomdu of Formulador & p@@lﬂe A} i, a therapeutically
sufﬁmsepf %{%ﬁ}tf OLiel cfargtt% @/d %?[Sj ev% tﬁ? %%%g%ﬁé:* &o Bp}:’ed%e e

nl' éss eci

symp @hgroemehﬁggasé svdisgrdérsonmer formis specifi cal I y
i ndi cated. [0022] "Prodrug" refers to.co

s JUUBY | Othgryfeatuiss gwéad\taataﬁ%w ﬁhezeref% inyen W&% begrdepstood by
refereg\ﬁeet‘é fSqdd dt'e %ﬁ;ﬁgﬁ?ﬁ ahli8x tﬁb!llf)@/ of reaction

are o elves ty ca ylnactlve or
mnimally active for the activity desired, but through

BRIEF DESERIPTIONtOBTHE DRAWANGS|t i ¢ acti vi ty) are
converted into biologically active products.

[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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[0023] The present invention contenplates the
conpounds di scl osed herein to be used as prodrugs. The

W0 e0siprodrug” is intended to include conmpounBGT/U820051€18350
present invention as well as any nolecul es that may be

forms of B S{hesRd filoft Gptivallp ARDERCrAGCaaEHAE. 1ol dhiraldizstefdomeric,
or (I'l) or any other caonpound of the present invention

racemjcrfoymy and ] BRAMGEC aCHE &rmstof 3strigure ate Hifgded,Anless the
spemﬂ%&sﬁé%%&e&%r?r&f ?ﬁ?&?mﬁﬁgfgﬁciféqmgiﬁ?@ nt invention

exa ying functiona
gfooapk p1Pe@dmg” tefers’ tuecompqundmjae'cilﬁcslucdlesgmdyo hazmigdthe

S SN LR N T T

typica\l;\fz U HES of Iﬁﬁhfﬁgﬁy CARIHNES ablvity\RsREE %ﬁmhrd dttaA8formation
erein the hydroxy or am no group is nded to any

(e.g., grzymati¢ hetivityharerconixatedrintgrbigogisalipoantive st@uets to a

?ﬁ@gia mﬁ”ﬁgjprersggéc\léﬁ% 1§1§ Eg}{tg f L?B tlgz go:gl%ep%bl?l% dcaiggiésled%rerein to be

used ds PEddiales. THeélterdd Spro@iug! isThie@ded ©,inclG& ainq@ouhof ofche pasaeht
benzoat e derivatives of al cohol and am ne functional

mVemngb%fp’éell # anyemelechles thafgnar be tiansfrmed dto prpmmppyrshaccaiips to
FormJlF ?I% hf) orfag9 28er 'gg‘mgétﬁlq Meﬁér@seg% Elglreltlt o v?xlodfﬁllow?lg)

S t0 a ctonsequence an the one
admmﬁsmratmin tcchmamnaad e At prodrugdarsiuo£a cczmpmmd of tie pgrbsentinhventsm can be

ef fects produced,hy a_dr ecially. a tissue. or
preparghofah SR G DI R BiRcli! ERBPS B it Drenempare inugh 2
way tIQ)Y te oA ABAtHNS bfAd1ERRd, dithet iGottBRanHip@Blidn & RYABB the parent
drugs, the term"side effect" may refer to such

compaundd |Pm|>dmgs iaslude gemmlmdp béthetnr@nnhusm@mwlmtan thegdlydogy or

or hearnt Iure sed ere
aminc o Bond Lo g et ARt whin HREFdEE & mibiferds 1T nammal
subjedd clEiv¥$ b 88m QArfreeHyRLIK ?ﬂ&r ﬁrébadmlha\/lespedﬁﬂﬂy CBkarfiplesoLirbdrugs
constltutlon but dif as regards the arraggenent of

includeplput areonad lwltegrt@wgtat% faymatecand fenzoagy dezivatiyesad gicohglnd amine
mnctlgﬁa&f%;cﬁfpg? le cgmtpggl : zﬂqft ?geﬁyﬁlkaﬁﬁt?ona?rﬁd {nRh&aded,

ose ¢ nters ere
s{endpc Aanised hareinstheperai fsideedfiegt”i mftrctataanbejuende. other than the
Phar maceuti cal ly gcce table s

one(SHF Pl P EeRlror PRSP SLASAcH DRSS LHREried hed drug
el S G A e R o schon .
admingsitation. frcthedase dfantiglancoma drigsi the termo’;sidei efitgetdlmayy 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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organic acid salts of basic residues such as am nes;
al kali or organic salts of acidic residues such as

W@ 200803873 ¢ aci ds; and the |ike. The phar maceur@TEk1095/018350
acceptabl e salts include theconventional non-toxic

convefifibrial nOfi-tdiesald dk ﬁfer@@wnm?mmmmkm ofthd fier? @6@Pbund
conpound fornmed, for exanple, from non-toxic inorganic

formeg fop pxpample, f5um aen-ede Inoxgams & Orgaihacidm Fios exgnale, such
conveﬁg&l tl%(ﬁ x?@éatltg 1%6'11& e gsetcﬂ:fﬁ g’gﬁll 1M§1%ar§15 QEE‘d Fl?é'hga@'?l'yﬁrochlonc

S "SUich oric, r obr
hydrobltd)lnfla,rmtfunﬂ horfmhm:g ph)osphd)md lnﬁrlaanid thiedikk;j ziﬁel thasu:ltst;inepared from
salts p fared from argani.c. aCIdﬁ uch. as acetic,
Organlﬁr%MSéH% S a6R{iG PRRIONIG Seciiccelyeq ’é?af‘tF?E‘c Faghie rgaliGygriagic, citric,
ascortfi@dafloi€ sorbid Hlafeic ﬁ@%%ﬁlel@ ﬁﬁ&iy%ceﬁ@ gg.\tﬁmlc”’@ér?z'ofb, salicylic,
hydr oxyral ei ¢, phenyl acétic, gl utam c, benzoic
sulfam'sléd Reagttioxybenadit afwimaric, tozwamtfomb@ntb@mqsulfmﬁmthme disulfonic,

oxalic eogﬁ”‘sﬁ :Jlgé&}fr lgig?r tege‘r’l ey?ﬁ;i qlciapg ac g?geesaﬂs %’.rl'cle Jr(e)ﬁ]a{rgd by

methdﬂB l&ﬁd)\% aiheatt . gaﬁﬁ aRkaRing tﬁ@frééarﬂfn@ bRse3 A tEsh dX¢ess of the acid
nmet hods known in the art, e.g., by dissolving the free

in aqugeisaicahab @5 noRtrAiZig %&%@Sb%‘ﬂ’hﬁ ped dthoan slkal petgl Base such as a

0 tralizing a free carboxylic acid with
hydm%dg({} lh&H rpl%llé base such as a hydroxide, or wth an

a m(rze] m&ﬂﬁhn&ﬂmmmdshedﬁs throughdut) earebausget oo preparet in
be used or prepared in alternate forns. For

alternid A0FATve FoR FATRLR HOLCEROS AR AR AIRRAALS taPaised, gepepared as
an acif'ad@fitish $1E g?ﬁén ﬁﬂ:h%ﬁftsdmﬁggvet kBt SPArld: ha%ﬁx?é‘g%?%e? 8f the

I mprove isolation and handling properties ©
compa@wwip dionedxankge, depamdihgon depeag&ntsgre@mmndmgemdsthe like,

i ti.ons and the onpounds . .
compy§S it BBaTRET harhiREan BRUs R arenitey, B ARGHPE o ey ydypghloride
or tosﬁlﬁtetsﬁﬁé rIsBMQ?fh?Jﬂr%thlﬁﬁe e5rmis Oy ¢ a€ arkBrtat émicl fSARH) N2 Bkide,

ystal line chiral and racem ¢ forns

hydraNs,cs;am@s angcct sdt hydetesapisglsognaterplaiedial e wifkin Shesgope of the
contenplated to be within the scope of the
pﬂmaﬁ @ggngglnventlon [ 0028] Certain compounds of the
i [0028] | Qerteirtoaipounads sfahginveginatodtairt fmrimefgpoups aad gherefore, are

capable of formng.salts wi.th variqus .i.no [ nd s
capabls; o PTG £H IR US dparganis endrapin ATy S liz gglsgywithin
the scBﬁE St thiVEVELOR REi?r%e%%ﬁl% §£1ts\’1§c1§é’é fktdtd) ‘éhﬁb‘iﬁe B&Ebake,

di pate, benzoate, benzenesul fonate, bisulfafe,

benzeb@mlifpaztte, blmlﬁateabetyrata represe, aeueaphccrawp‘Inamtrlpshsplrsfu&.iﬁmaateh ethanesulfonate,
et h nesul

fomargs, SRR BEBRHP QR B ot BBy R R B apaisiodide

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

-10-



met hanesul fonate, |actate, mal eate, mnethanesulfonate,
2- napht hal enesul fonate, nitrate, oxal ate, panvoate,
w@ensulf32i e, picrate, pivalate, propionate, SURCI/NS1085/018350
sulfate, tartrate, tosylate, and undecanoate. The
comp@&ifikdt Sotaininebdth afith M cobosihiraupalofter akist insequilitatinbyith their
reactl ng the free base form of theeéf)roduct W th

zwitteighis R VEIUSHnY Qffthe spanpaypABEescabd heern firqughad gk sntain, for
examplé, DG Hhb rana‘flgbxé/h %rv\i@s als§ i aﬁ@é POt Rnc® 'io ki@ corresponding

sol vent such as wat his ater renoved i n vacuo
zwittediondy freeze drying. The salts al so can be formed by

ing th i f t

S HIOBAN iR cmbodiite oF Fis presp R iyiion ddasrPe s oA R Camgection
with pﬁﬁﬂns’dceutwa119%§¢e@ta¢,ma§ismé fh& ?)hﬁﬁ@i&%uﬁd&‘ﬂ?%éé@fhbl@’)ﬁs

exi st as zwmtteri ons. fornB (0] t he conpounds

employpd h@rdinrtg ré¢feete th@SecconrppeEdSba@tenahdcmqwmmlﬁ/oraipeage forms
whlchca%%;tézvﬁl teeﬁ%?lgeoof%\%%?\'\cﬁ} &Eﬁlcal:'}u&%rﬁ%rﬁ ps%ét%letf{)}ett RfE gc?rﬂ&c& with the

tissue§ Of Huithdh Hb@ié%&hh afimAOWRRGUt @REISIXY toxdity ﬁﬁtsz)h edlleepit sdsponse,
in equilibriumwith their zwitterionic forns, Thus
or othggrgro nwxéoe@hﬁﬁmna%%mﬁewﬂhér@smbiﬁ Rrnghivuk lat

¢ @g@) N PE BRI N thelméanﬁmaﬁloﬁ%qn s@mgzsaéh vAHOURSers,

rence elr correspondi ng
excipiemis] andfdralilgent} @06 ridkel comppsitions Sichichmppsitgmntan be used in

t t
prophy o T AU ERR T B AP o AT e ectve
amountFHT%ﬁé’[ﬁ&@cHhﬂ)déﬁidnY pRPAFRE R RherbSeuBiOREPYRSEs B B¢ Prolifced in a
refer to those conpounds, materials, conpositions,

humam adsomre etberdype memmal V\huvvﬂ baraeprewatelduthattthﬁeprgd@%@n@ff prophylactic
or thempflﬂﬁ:t rlrgrgpdoltn]g%l 1n1é1§19 nia?ﬁu' to?%nl?ancg et Of db ra%Per}teﬁ)%tnges as well

eln ani ma

as the @EESEInY Eesb 0N bit supptel’silbﬂi af mﬁfésua’;ﬂlé fspsed. GH[I:QMQ)OSMbns of
ot her problem or conplication copmensurate wit

the mv@é@a REDPPCsieh & find mRRY usest asslesqringd 1 greatst desaib Balgws of
F e%%rhtse% ﬁ%’?ﬂt l‘agﬂ{lﬁ el %o %qp%ﬁ@ﬁllgﬂs@fktlﬁﬁéd', s&hrated straight,

uents to rmn
branclm@lr;rpn&ycﬂlc (hlydnocﬁboﬂn ha‘\dng) freit dbonts] eabobe2@Msablon atoms (and all
c, and/ or .f.her apeuti.c

ct .
comb{ra R ) SLOOBP R P BT AR ARELRT BETPS OLshoR aigms therein),

with 1834 Abdut AT RBS S @foonRiGRENReARS feferfid th REFRRRHEEIKG]”, being
responses can be produced in a human or sone o her

prefertagp eAllkpngraiips includg, |b|ut e ngplimited o, @wthyh,aqthxlhlepmpyl isopropyl,
ol B35, PR BRI ol SRR RS oo,
cyclolicyR@RE6sctylaadatkdnltyl, 3-methylpentyl, 2,2- dlmethylbutyl, 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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as the mtigation, cessation, or suppression of
undesi rabl e responses. The conpositions of the
WO pwentizoh are expected to find many uses, as PEBUS1008018350
_in greater detail below [0032] As used herein,
to aboual (kg/d:borrséfeﬁrgsprbﬁrram Dphilmmahg gxangiet cbﬁhsttafda,rylsgbuquiheldde, for

exampl 0y L aEa > 36 L 7o M TR A SHBRARLY o
imida#di¢h &HQE&?’Obﬁ%&in?ﬂ%yﬁﬁndﬁ&ﬁﬁ%lﬁnféowﬁ&lyf G PRERDE rosnzz,ftmenyl

car bon atons t heréin from about t o about
isobenzafuypinpyaeetyl, indotyd pum@f,@anbe@plybbqglmld@@@vl anqkyspxazolyl The

term ‘?Ael h rrﬁl%%%%ﬁ y#erksé? ﬁg?.l%gﬁ ato'n{]ﬁ)cgtdg Wltl?lﬂlt th&" %g rfioatmework

ropyl,  i'soprop

wherelir idtérhryl iss@ldetiiéd abovlut yl , n-pentyl, CyC| opent yl,
i sopentyl, neop ent&%, n- hexyl |sohexyl yclohex
I’ refe

m3§bcﬁ§|useqi@gﬁagn |terns “ﬁlé(p}qyi Hntalkoxy r to an optionally
substl%’t&l' dﬁ er 2 %JOQ]H Fre;r?ﬂg%lzlﬁ E ﬁﬂev%hw |dQH : e e?gﬁ%% agﬁ%xy and

ogen eac
alkoxfrll gieups inctindeometholby, @ﬁm,xym—protpdmy,rrmrqthyanbamb{gdanddlegtoxy

BRSBTS P B

straigichdREA P RE@ hfiphatib %&&ro@ﬁ’bbﬁh groupé E&v?n%ﬂhe 3Pec@Réd ARRbr %f carbon
substituted, nono-, "di-, trr-, nultlcycllc

atomsasubstimied wutlngosmteelmlwgmt Tha abuofcthe atefixesn Smommeand gaaly- refer to
t 0_about 4

subsifBp By @R He bk RERPorT Rporstely £-dhpleR BE ARG 3l o inetuce,

but ar€ a6t 1FAN& tof RIflBIEIRhA, trichRdrA&aY péhtiflucabatyl, & car bon
atons (and all conbinati ons and subcomnbi nati ons of

pentaghlergetbylgieuRspeci fi ¢ nunmbers of carbon atons therein),
mq] & I %@u@@@ﬂéreﬁt ﬁxggaﬂf'tst'rQalﬁﬂ“p t9Gh Qﬁly%@fdf‘ré&l?zﬁ, both

exanp et eroaryl groups”incl
ends cff@wl’hlﬁxmﬂ)bﬁdedw itheysamef dartyin atqim blf dgﬁl parent group to form a spirocyclic
4- 1 hi azol yl |enyl i sot hi.azo

groupI ag@gp y Srarp é%lgﬂn)}f\)/getl'}gx; r“?/i% 1ﬁsyqa.re qu.;h gﬁ,l’llereln de}‘ Xed has 3 to
20 rin@ Ytdagy. Wrefefa%% Wi R lMb 10%@%@?@1 Won- Hﬁ'ﬁ?r%t é?daﬁﬁbl’és of a spiroalkyl

I'sobenzofuryl”, pyrazolyl, “i ndolyl, puriny
groupctdxrebatzgﬂlﬂ}dr Witheitszpanérd grayipyincludentr(l wﬁa'iﬁlygllbpromé-ptr«mamZ one,

et er ga n arbon fers.to.
2-1-ph G labrom Ry and BBl PrfATArRRul, APs spippation
grouph Sf ﬁhiis 1ﬂ€éﬂtf¢ﬁ@aﬁlB@V@sﬂ[t@&ﬁ&]un@ﬁasﬂﬁﬂéﬂ herein, t he terns
koxy" and "al koxyl" refer to_an optionall

S mj)s}ﬁ] t @tllé@yhpm@qtlkmyl GFIDp inghise both sgap@ht apd b]@gched carbon
 chaind’ r&l\f(kr%s’isglrgupq %fcéd?ﬁﬂg tgﬁl%me%%n Q}eks%th%laﬁjam 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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al koxyl groups include nethoxy, ethoxy, n-propoxy,

i - propoxy, n-butoxy, and heptoxy. [0036] "Hal oal koxyl"
wW@eo0sHe30Rl koxy" is intended to include both brPerUkmds/018350

and straight-chain saturated aliphatic hydrocarbon

carbony atoupsbeh@\prmﬁgnt&eAsqdleﬁlgmm can hb eptiafally aubstituted. dNen-limiting
bstj t.uted t h h
oSSR el b O R BB b

diphefyletlyl.t WO or nore, respectively. Exanples of hal oal kyl
groups include, but are not limted to,

t NWhoMn@@mmremt fargR refersrie an pptionsdiyrsubstitgedaneng-, di-, tri-, or
other %ﬁﬂw&g %Haﬁ{: gﬁ% E%tqrg %8#&8? EIP&%%ZI 5 ?1? §|O gfﬂ)gﬁ Qt’on}s (and all

&r m sp o an al ene Iradic
combiﬁ@tldihsemd%ubxfonvﬂimaﬁmna bErangescmd spemﬂdnﬂumbam of earbamataimenherein),
t he parent spi rocycl lC gr oup

)
with fs%rw RO 1019 |ab@+tgb%grhoa§< being ambeg?rrf‘éir N kmjting cyamgles Tiefude, for
exam;ﬂ[e gﬂ*ﬁnyl‘gﬁ Jﬁ&%ﬁ tlggéé ?%d Bﬁélaﬁ‘th}é?l 20 ring atomns.

o 10 ring atorrs Non-1imting
e;[@ﬂﬂpl es\sofsedahsrpmr dmtwyd;ycgsrlb teders &ke monog di-hti-, ovi atheri t s

multu}&c[l? almg%h S)%ﬁ %[B?%%W‘ﬁludﬁF BblgﬁSt Qn%ﬁ]gd preferably from 1 to about 4

sulfurZokygeh) r&@l@ﬁ‘d’geﬁ)ll@{eﬁmt&ﬁﬂnkﬁrﬁbérﬁ Nil&terocd19ll groups can have from
[ - et hyl - spiro[ 4. 7] dodecane. The spi roal roups of

abouttBHp 8bou28eathen aeqms @éd alisembingtiens and sub@aﬁ%@ﬁtouﬁ @fjranges and

speci S(i' ral geﬁ{_\!)gcﬁdgy CLF anc C? Fé{};}r/lgét%rfﬁﬁlg?%dg@ ﬁ/&# SEOLRQBQarbOHS being

prefergeic 0Tt Hegerdayctyl graup\reat beomsatueatsd, had glay alsbdblerfu@ﬁ to aromatic
branched chai n al kyl noi e&d es _that incl u%g, e or nore
R

rings. cErasgHescfhstroqys b BEOUpS Hipiidepfos £Xamile, teir §P8kps
tetrah%r%tl‘ﬁaﬁ@ 3)15@1‘6'1@ cﬂc))gfr?)htiﬁx QI 7 d1fihyE AERRAZ SRR, ;t)yrazohdlnyl

roups “a ding’to the invention are strai
oxazodldlﬂyt a]ma:ttﬂnﬂlrlyhanpﬁrailk)ﬂl morphetingspipbradinyln dd:qaligdroqmnolryl

octah RS ReB oD ARE I R LTTRE ot o IS o o

octah?dr@—[ﬁ}ﬁeridhﬂ'ﬂlt&@aﬁ}@ro B¥&6&§ﬂ5ff@ﬂ3ﬁ¥lsﬁﬁfhnﬁ§az%llbﬁ9ﬁ , Heterocyclyl
propene, propyne, butenyl, pentynyl,

groupscﬁubﬂsﬁl,bﬁtltu@drﬁéwhwbﬁumﬁlyl and i sopentenyl noieties

.ll‘h% 2 8‘%ds]a9d [ Oorﬁ’h Qe't Ve Iﬁgyp E&ktHin
L By e plstpt HrRiGp

I nven pr e
protedting FBoupls OP&Qéctlﬁg ghi@@d aﬁﬁlﬂ&ivm peraé ai; kbelmlcil dlusotidonilqzroups that can

be sclpqHeAPDERIS b PRV LS GO A BEHOH DivE iy ey and amine
group§ PHNeAEh A PR mAHH cSHPSAARL PédePERN 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 z-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 hydroxyl functionality
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of ranges and specific nunbers of carbon atons
therein), with fromabout 6 to about 10carbon atons
wheiongipref erred. Aral kyl groups can be opti onedT/¥S2005/018350
substituted. Non-limting exanples include, for
preserg X pipdnelic bempyind (AirfDigntpl ramden yhich funétpinehtyl inet toydertain chemical

' reactlolgg%gtlec{ng%/%wglacgéhgi hen leﬁstdq:)%/wsgl{]ag tlngp&#l hg\r/eenltlon where

two plbnoxyltdrbups & pREGRS BHH H¥&! itsCov PaBbdndert] &@ry%t Bp.
P arll\cl)lx}rl]ggrflrlosma out Seato agout 150 carggélnaforgg ean #ote

Altermetindliy nertei dva b fuaptdorsprioteoting graup ory b@ferrrm%gaééo amect both phenoxyl

groupzlggﬁl{ltg%e%[us yaf%:b%ha%f G bgﬁgmby rérBOdltpg én% Watw tfle car{)on atoms

throudiowhikh felyl af@cnastd 8sm Héibiasl (shomembarad g wieeiltwo oxygen
napht hyl , ant hraceng and phenant hrenyl. [0041] As

atoms aseplagrsh &g Popiicey bayd:} mlatlweép Sy qtber Oh@ﬁzsolanbdu(ﬁve-

memb%ltéd rin %h&%ln%vo '&&/% a)f&llné gr ngléeo?er 2 sﬂ%rﬁ%’!%ﬁ@ deli@le to

i ncludes at | east rom t o about
each Mhaphﬁglr Exanylgesot, phenoxyl q)rcngcemg feedugs mmlmdn beinpy and sblestisuted

Het er ocyc rou s can have from bout
aralkyl 5 Expplss 6%‘55“3? %‘F profssipe ﬁ%ﬂ“?%H@ h“s‘tﬂ?@g Hba{g‘ﬁg‘t’%‘ﬁ@’ from

the adPcefitPREES P Rt fah G1dEHYBRES Sk RIne GBIPRANV . ONditional 1
°e Cgrtgilﬁn) y\Eflvl@ﬁ)#ﬁfromaabout S}éé?léato aélgut pt180 cez}ltr bonsltlgrgll r%amP .

of pheppeﬂemd seltechn étvmtdemnwmeybxsg rgmms}myteb@ngm@apﬂmy bel found in
sed.t

Greenf?1 g{ué §,§ro ec éye {i}bogpis WC&C&%H n:%/(szlzfeég.ga%g?détlon %nl.?n s\giley & Sons,

New Y&k ﬁﬁmdrof uranyl, tetrahydrothienyl, piperidinyl,
p rrolldlnyl i soxazol i dj n |soth|azoI|d|nyI

p 4b| Agiug erglxla%kqxdrpﬂgy lrefqrﬁ 94| allgyl YQup wherein one or more
of the gg&%{%@& hid¥ls: onrq?é FIQQ ik P acgr g%ﬁ'aﬂéog% }mmety. Alkoxyalkyl groups can

droqui no oct hr onen
have fmhabtyl.dmo (ajm\htcﬂmejaﬂmﬁl@}@ys @nyt lall ckimbihati8ns and subcombinations of

g Y G DL BR8] St 10 carbns

pl &' FTURS xGARY] B fuldb oL ExAMple, eth thyl,
being sfﬁllgésyt:?’%ﬁﬂed 004%(? 'I‘Ylgg%g‘gdj Ol]jln ds and |pn(t3 gr r?t)e{(}j’fngt gs

methogfymethyl, pnnqtls@mbutyiymnthp@yi emyammxynmﬂmle Afkaxyalkyl groups can

ve sutf ARt Pt ol i T CBR R g Rl £ aboue

10 carBbfk Jt@ﬁ@vrﬂdre‘ﬂrsmd’bw elidyaaat frodh abdUED tagbolly 6 Eabyh aRR.
am ne groups, present in a chem cal conpound to render

s (045} | ﬁétqsgchhffrpmy“qyﬁlaa%ky! orefesy oaAnrpnéionai o abstitated; #llksyl group
havmé 8&9&1 rgg sl gg ff\’g{ % r{lgtﬁreg ‘PHHHE %n{ about B % %ut ZS.@ arbon atoms

(and all combmatlons and subcombmatlons 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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Protective G oups in Oganic Synthesis, 2d edition,

John Wley & Sons, New York, 1991. Nunerous hydroxyl
w@e@bsec3Thng groups are known in the art, incl uPCTyS100&018350

acid-1abile tbutyldi nethylsilyl,

dijedny| ixsapedhsreis thelternamdlkoxydkylyefetd ty lan @p o] yasablstituted

w1 B i 5y B SEREb Ay et

S SRR SAPbRG A RIS A8y Doy

triflucrérhethplbemzyogmeatiay boaphihylathydor yprepyy eed Béphaneihpluxy)-2-
h fli uorlenyl nmet hoxycar bonyl (Fnoc),
mMehYRIBRY e ot i nyl oxycar bonyl (1-Noc) groups. [0043] As used

heuoais] It wRNBpYci REDIHAE bolfs AOMRTE to'tRS BiveiitfonCdagBecal

functional groups that can %e sel ectively appended to
unsubgfiftited O diEbear PBAPE METHSPRBtERSItS.f Eercxp@ake In spereeebpdiments, the

R [, G»C nd -1oH) suc jopal ity
s POl G S Ry by B Sl
“morﬁ}\,\?ﬁnﬂﬁ,ﬁtp@wﬂﬂiﬂ}&”, ¢ fﬂﬁﬁﬁﬁopﬁﬁn}dﬁﬁ‘ﬂmuﬁym “digmﬂyﬁ\! epyrrdlinyl”,
w ere two phenaxyl groups, are present ach may bear
tetrabxdéoqa%ﬁ%h’g@sg Hﬁwﬁw%%ﬁqﬂpmfﬁ@tgghwapfmﬁ MAisHes 2y BFIpS
optiof2N§ sEbkdkutEd ME{di oM yPEHsEGitdd e M QURoTERYs BRIRRRING ¥Efotd

protect both phenoxyl groups simultaneously, such that
substitusatstthwy reflasediydroggnolipss, t Stestitded s irttentded te mdimate thetome or

h h [ t : ted. .di . ..
more bG8 b eahenTil iviewar LR B deriearanEoRmls pricaisd
group@), proVideP@at the @Bfmdl valiicpin Bk adendfled MoRRE 1y Ot BRdekdéd, and that
di oxol anyl (fivenenbered ring wherein two oxygen atons

the substiuiigrareaultsan arstably gearpounénExamplary sybstepents insluds, fonexample,

h ri . 10X t] r
halo (@ Jof W8, prbv AR IGE nBtn BIISICXK RO AtMIE RS or
heterdébb&|ri|n§l¢ﬁﬂbhp:tl¥@f}()hﬁﬁbhﬂga}1§dixy,l pslyhﬂohlkdzfey,tah@rl,&p&bﬂkﬁlpalkenyl,
et al noi et romthe adjacent p xyl .grou with an
alkynyl, gratiyidrdy %%%rpewé heta%wewi risﬂxy}(fxgg’ﬁsa la%al(-liéan@faa% (-CN),
. C (6> QAraC ’ X i
sulfory] (BOPRGOUEA89) CSOATR ) drlo SMERS IR PREITIONE'R ) pnd the
like, whierein efhoR o &’iand R& ouysndepelegtipiinch@leralkyd sirgl, a@dkyl cycloalkyl,

it John W Sons, Y 1991., [ 0044
eyeloglEUaL hepfpevIapE PEEPRY' i By URE. SWARR g0 (o keto
groupBdiwd 130 %ﬁs BRI iftiplitdied brBoOAeM ¢ Aipkacedl Byl Jfy!

y

_ I's repl aced an al koxy noi ety. Al koxyal kyl groups
illustration, Hawe afcABIN ANEEONRINRE HIFARYEADIscHPHcd pB the qaghra adjacent

to the%lxglge%o-—[@,i DALLQ0E @Rf.gsubconbi nations of

[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,-Cjg
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 understood
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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ranges and specific nunbers of carbon atons therein),
with fromabout 2 to about 10 carbons being preferred.

wex@splsss of al koxyal kyl group include, for exetmpUs2005/018350
et hoxynet hyl , net hoxynet hyl, nethoxy butyl, nethoxy

from tht pydupasfdequired axlystitienyd, or dthkosubstitlgt(synowfosn tangrbep of required
b Ssubstituted or unsubstituted. Lower al koxyal kyl
substifsnist j es can have from about 2 to about 10 carbons

af6use] MofaBleRioa{pRuLAR! M)d “higk AR TREMRRRAUS irdlidde a compound
about " 6 carbon atons. [0045] As used herein,

that is'suffadiendlylepbust tesusviye isplaiondpe ueafal de;re@mrfwntmﬁr@td a reaction

..alk ro avin re.r
i, (0l SR YR g PR e TRF Bl Rl SV cpaypds are
preferdddfiBcécrdshcaithoebiesaitiovatiand subcombi nati ons of
raqﬁss and speC|f|c nunbers of carbon atons therein),

wilQUS1} r B hplirned the chemienl formylasand aamss vied hgesimegprrectly and
accur?ﬁlgggﬁéc‘? the Mlaltlﬂlm LA A dd % %Q@r hhd gagd aﬂﬁ value of the

ring struct res group c "ude, but are not
preseﬂthm’rdnadn tlogs oy demand apyh thecthmreﬂmal ydrrectesd aftbede\fbrmulae, in

| oh | [, . .
whole3in DR oS i 5 yrdtalgichar. o pmelg pes . ety ghemical
namegatEribugadSto 4nd ErF PO AftaRA c%ﬁiﬂo]mdsaﬁh‘é n%g AN ko limit the

As used hereln the terms "aral koxy" and
mvenn@nr ml anawiy, inchfding ltesinahng)pm @meﬂneylﬁs tdsernenig fogm or to any

mhereln S._as previ ous
specﬁﬁce?mlﬁé o koI RS Enbaf Y Rslipuch SeRoRitlPiiadhny detinea
mdsaple Atsamzcyh@fxm, thk- taﬁe‘l‘wnakfiﬂg(ynefe?-s phheyhieting pethanof
- naphthylheptox 0047]. As used herein, the term

compgms ko Withindistances Ehas allgyv éw 16&5@%‘1%‘&}111&“@{?6&19119{ Hrdecdpemical
transfOnRHHONRS aé}oﬁ{p'ax%, g Fichihre ﬁsﬁﬁ oLk glﬁ ot fgc{aglfghhaé ar@iif

as previously npl ary ar groups
somnompMmde benzyl oxynet hyl, 2, 4- dlnethylbenzyloxynethyl

> a\[ﬂh% l:\uhone’t hyl benZyI ?Fﬂg/@ B(Hﬁﬁé]ﬁelpﬁlg}}ilgﬁﬂanynals Sreferably

hunmﬂ@thylpropyl [0048] It will be appreciated that
gr oups accorQing to the invention can be unsubstituted
0l005¢h BEHectorremmuniioetersiosstanawahosa cmowsiamjmnbedwherem

that mségl&% éﬁ({}?&% 1(';“?& eﬁgeﬁg}g(?e té); ﬁ.ﬁ gﬁy ecnt gF ﬁﬁg rﬂbef sm;rgﬁwy of particular

disease/'@iEdrteN, bovdition, opkigeeffedtny!l ", "tetrahydropyranyl”
" di oxol anyl ", "dioxanyl", "pyrrolinyl",
"tetrahydrooxazol yl" and "di hydrooxazolyl" refer to

t%@m@ﬂMﬂLMGd noi eties as being
[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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optionally substituted. Typically, substituted
chem cal noieties include one or nore substituents
wao bat/118pd ace hydrogen. Thus, "Substituted" i sPCHUSIIFES8350
to indicate that one or nore hydrogens of the
the presdgnini éntida providé ¥ very useful deegpeutid dtetnssiok dart the tredtmem of
t he |nd|cated .group fs), provi ded t hat ' the no&gg
aturesnd

glaucwm ern@y QWErRdNraRcHtar presereraimang other adyantageg
ﬂks&ahag &fth@ L&t EHv%ﬁtlérPccﬁ‘nﬁ{s% *ﬁoﬁnﬁram @eﬂnum 11 as

bstltuen I nclude, for exanple,
descn()ezd @f;rem[: Fonfm],as 1 Bnc) II upnimdﬂ ol ¢lasses medmgi; that @nde&o hydrolysis

d
wpon EEpesdeheprReR (e PRERBIH bareaperen e Ry Hg gilons

half-1iPin"t8éhdeous Ellll‘h&n)ﬂ’l’ad@llthM rﬂié prod SKM{/G o o more features that
heteroaryl, heterocyclyl, hydroxy - , hitro

render(s.tm)ilstlggﬁgn@v@n@ggous o1 qgljﬂwlm(c-tggz glnstgmeg eqrppounds of the
1nventg%ndsnz}vt§]:e FS f(l)o’wn\?ﬁ]b@%ta%lewﬁ%ﬁf%l%\onw*ﬁg%d sh'élffFﬁfe Rnd tg rapidly

ereln eacC
hydrolyz€ épgiedeiieh Yo délﬁdet:ltlﬁ aailwmm]ﬁﬁmﬂ in ﬂfeahk@dus hymbﬁa'lfk@/dtctlve

cycl oal kyl al_kyl , heterocyc oal het er oar and he
compgynds thupymieyidedars syifiiraly S gle-l@ ea?qve%%ef@mﬁée exigpbhe duration
of theI'r p aC\%@Q&%H%\Q&%h%t L ARl A GRERErGR Qﬁ\ﬁaﬁﬁ‘i’m{ﬁé@n compounds. In

['ustrati on, a carbon ring
some emboﬁmentsgtlm menlpnyxgtsrof |t1$ inwérgion thatertdored: duelac aritaion or local

jacent to the ox a |l actone is forned ]
anestiib ACERY: VSR PR TR e P AT PR P Sﬂb%%?ﬁaﬁ'ly devoid
of ocltNthli LS 10841 ahébtiRfi ab@Vifil Efen hbfe steferdvly,itRey drb s@Redhtially
occurrence i s independent of its definition at every

devm@pﬁ@crulamwamm loceth gsestlfetie aetidtyp| 1B soinp prefearesk aulppdiments,

i SR BEPNES A 4 R O 4183 T
systerfiid @iffecte sudl Artehe dailure Gihd BroatHospasal. Kiyl soniefbﬂl‘boﬂﬂiléilté%e prodrug

group may optionally be substituted with uyp to five_ of
compeydl Gse 08 ARBFCTADRERING téereTerERtoss UV RRICAsemio BBy Prodrug

comp&&) d gq%“@%ﬁg%& ap RSstlope SERE c% i ghd ﬁ‘di%lfwn e Q&Iﬁé’ plfefé?EBlE he

st of possi e substituent
emboGardnisrRit is &) snavé pmﬁd:ralblytw.l&nt& inHdAtdeasy ané aﬂtemddi salso H. In

ssi bl e onl onbin ons result in stable
certaif BieTRAnBaE s R ha BATE Rl '« hat - whi | o
CRHasA| N 15)dRSY s BERS AL ﬁcdﬂl;{uuﬁaé beulksSiAhd REmaBOIESE as,
for exanple in the Wnoiety, the nnletg ﬁ be further
)US

beta- lzlmi@mg campaings suehtay éhos>adescgbefkm Raidret @ algnde. 4,966,914.
Notabi)k’I 0%11%7,6 ;’I ﬁlnatcé r%lf (R A n%kt t%f' %ge%?lﬂfn?\éerrﬁrtlgﬂﬁhég ?%ta %I@c?&dlé&ﬁgg t%amed by
hydroB)slisdfiForiilad] 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

-17 -



[ 0050] "Stable conmpound” and "stable structure" are
meant to indicate a conpound that is sufficiently
WO 29881537 survive isolation to a useful degrerCD1S2005/018350
purity froma reaction m xture, and fornulation into
of theamalefafrmm@mthm&atdmmmutmtlag elFurtheﬁhadel mamnqummdﬁd are

eferred i nce Wt resent invent
peroxr%s tqré]h oe an?wai?ﬁé A BRI LSO gk L, et al,

2000, de Wﬁﬁ‘rhzﬂcoﬁz Qf8@e?9 I82?) A AL BI0ERINE ldYuds@ht &hpastdiby Formula IT
underlying chem cal conpounds. However, the nature and

should fihd etibfy fph@eqzﬁmesteqfta vangeracitisrand @b@nmeud@pgn@l cepditions in

whlcwglrgé)rr]%?&eotﬁll 1%%;1{15 gEP tnSﬁc?}ggoLnggl%?lg %encll.g{ € %t ar‘% ﬂ%trilmlted to:
acute heroue gaferds esldiberdels Ructass i¥emiffomhbroke 6Nissédiate@ Weh focal or
attributed to the correspondi ngly indicated conpounds,

diffusg beaim pumpditferscbreia demage andhwpinah geridinigy. iap weHps whgpnic
condlffl&i:sl dllqﬁé%?seg gl‘?éhr As%l&ﬂx%mell S Bﬁezﬂ‘@ydélpe%ﬁbfﬁa?kﬁw 1% H@édsg

ormor to any specific optical; or geonetric IsSoner
amyoeyiepiatashlexcrasis; mudtie edetosis) @tebyallpalsgzj arlrthy ophad memmbathy

0052 used her ej the ter contactin fers t
associaifd S Qé?wgﬂat Jherigic tf‘ml:“cfﬁ‘b\‘fglﬁa S asno e fitfedd may
be us&ﬂ@tad@dﬂt ih@hdd, BLEAERbEEMIE tol, RERMRAL 6@%1 BIB8d pressure, control

chem cal transformations acconpanyi ng suc

of anging, neatotenboicert@in abmormd heart thytlgms priglongidg swvival of patients who

have t?agl atéaﬁ;&lttg&?%%%ﬁfga?%gﬂ y Ub. ECt%Qgélg?lgagl%% ?%tﬁlw&lggfﬁgaﬂ failure,

treatﬂeﬂﬁ@ﬂ\}asoﬁgﬁpﬁlﬂtmg, @EBUBHL of il fRlrkes | tleaBiflerl B Bé¥ent@] tRmor,
onpound as descri bed herein that nmay be

prevemmpr fhbendingfron eéqnh@e%l variges andhpregentiongyr agdugtion pf stagasfright.
T)ﬁ)(;‘%y Ry 95{;&1119 gm félo? %gﬁﬂlﬁ of tl%'lﬁ\%npgg,%]and R? are each

i on, ect scription
mdepﬁxmsptbjuﬂdw o@aephaﬁcp@d: proméctlhg grqampeshe sdmé preertddambodiments R 'and

R arc G DRI Gt B & DB ROERY G PREPIFHIY s B

protec"illfng &k odpORh E8taiR BFTHR eﬂﬂoﬁidléms wilteIRé AH@ R YRR %éeﬁert&ntly a
nd by theory, such conmpounds are thought to

phenm(ahvrdteytmmgx@up yeteauoibly mast aes & protestion gmupemqrgomh@ R' and R
and the’a grrei‘s oug Chlclzl? Ie? greacrc])glhected 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? and R*is W.
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therefore, may not be available to act at the receptor
in the heart and the lungs. It has been di scovered
W@ b@bt/1193e5e sane conpounds are rel atively stabP@r/us2005/018350
ocular fluids, i.e., lacriml fluids and aqueous
hwmm] Mﬁbrﬂ@bthbdidm'ieﬁ&uk Bhglrogsn,tshraight ¢iircod braniqhed Ci-Co

ex. Consequentl y, such c und for
alkyl, @m@oelk@aﬁwgm CoCrgplkdn NHE IR OB %‘1 (?ISJE‘\ éré’emuaB is
alkyl, Qf ?etrgéy{aﬁg %@%}’agﬁfﬁaism 81‘ n%lt\eﬂﬁﬂ ok Bi%EF?éd' ¥,-Cyo alkyl,

rapi d abol i ze
more pmﬁsmlma é&hot syragghs ohlabm dr bnandletihh @yzéksdnmoreq;rcfecabdu stdh H or
b ]’ t he ?rﬁioun and net hods of t he present
methy Wf%?]refﬁ’ lyery useful therapeutic

al[ompatm ¥éiné Sthet éiﬁb&diﬁ@ﬁtgellls—@ gﬂ)(@@ma)raNH(@&O) In certain
| ower i ng i ntraocul ar Er essure, armn ot her

embomaﬁt?age@‘{}é(c’ﬁ&)t ulneas! er[ﬁ@@@é}m@éhﬁol@ nAECTP)-oneOprlagyehether

v IS a~l | as
embo%lgns?g%f (ﬁ re) E‘F—% 4r%rr{bo dézn%{ %l'i%c ude novel
C I[(anssps méomé aﬂb@tﬁﬁqehd@aks isH etrgighhotAirnd g insched Q- c10 alkyl,
rneal penetration to form potent eta- f\grenerg

CYCIO*BkYichﬁgO dbenplkyratinh dsazy, ey defbranyl ghypipfigayl, furanyl,
morplﬁ)gilrﬁgﬂpgaat di Is,t?ttdgyé&g#&g %Bﬁn re @rd'iﬂé}h@ﬁfﬁxeﬂﬁyloﬁloxanyl

st i nct
pyrrolat) parbhdiepl setifabydroptrezhbil, rd1kzydnsce<az61<y} phﬂ&ﬂ,ameeyl substituted with

Cr-Cig RRF £ Bliprier b S ReliS) SHSLR Ry bt OB ragt o

branchedC ALY, dMydr ol yze in the cornea to deliver the active
corrpound i'n the agueous hunor. The active conpounds

t HQ0$4pr éwp@ederab@hmam; R} isntraighisehain o hrwctlwéca&he@l&xl
cycloelr'ﬁéx\qg{r‘f C éo e:ﬁ%é Srn e/ UI ar Fjrb%ﬁi ntef?%jdr%%an? %S'h}q\f \Mv:'lsfdrgnyl

ressure a

morplQitpn plidsidiny) taaiipdephedygivkslanyihe, Zwﬂﬁﬂiyhdﬁxﬁlfanylh&loxanyl
i nvention have reduced ocular irritatjion or

pyrrolyh @yrREdingl, é?&abwrpg?xazph/l <idroprarely, @BGWPMP%MW“ with
Ci- Clit) Ql% £ @TI@I lof hﬁﬂdb&t (?EL aﬁéy‘l YutHBMPIdCw Rl 2044t Bhie strai ght or

tation or Tocal anesthetrc activity. Even nore
branchﬁcb(feﬁa)lﬂllwl they are substantially devoid of ocul ar

tion and | oc nest heti ¢ i Vi
oildesf a8 Serne e bl eRts Ao & et ik bt pranei G Gro etk
amind® L:ydrrb ?ﬁ@eﬁiﬂ’ ffbt?éiﬁzﬁ?dﬂn%n?l' Ay iRty RirdrSH Yhenydlor phenyl
élimnafé systemc effects such as heart failure and
substibiteshwiih §p~&émﬂlkm Gsdimealkabp @ helet dn sotee pmbedimgnisorystaheyyl,
benzy?q ah|¥|8roﬁ1 bs\t’)le&;h? o¥ur%11ys“,pr ggug% lgagﬁggt?gn&ﬂgl%ywl?ﬁed ant
t |[(H166]it Ih eehst elﬁﬁﬁhﬁhfantﬁl?.s 1§49, stm’lght Béaih Sr YyantiedSOPE,, alkyl
preferabl e enbodi nents R4 is H _nore Preferab

y whe
cyclogigyl 4,0 dlkoxyabist. nhsRylophenyl %vﬁaﬂtlt@d Wiy CClo akoxy,
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
C,-Cyo alkyl, C;-C,¢ 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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certain preferred enbodinents Rl, R2, and R4 are each

H. [0057] Hydrolysis of Fornmula |I conpounds results in
wo b@sficmat i on of et a- bl ocki ng conpounds such BST/URS&E018350

described in Patil, et al., US Patent No. 4, 966, 914.

plpenmhtyﬁbéttbhyﬂlbpyﬁhyl dia,xamﬁplc d@mﬁyl,\mmhhme tdwaﬁﬁcﬁﬁbxazolyl or
i nvention, the beta-bl ocking dru

iy g CpEP STV PaRY Shbs e B A G AL, tQJt(élOé“"ﬁ’éw or halo.

o sl 85 LRGP s LS S

morphiﬂmgls plthdinyyt octrahgdropsraeyl Hexbkayl desamyicpyarbliat, ag es
scrib ve The drugs encqonpass. y. For mul a
tetrab BP0 GRS AGS AT GPEORTY PR WP R e ey are

mﬂmuﬁﬁ&jﬁhﬁgm&pr a wide variety of other purposes for
whi ch short-acting bet a- blockers are known to be
s{0068b| &n sempprsfesradehboripnents; &ip¢ franyl, dihydrofuranyl, or

oL SRS B 0, 28,8 R 1. v

more PREQINARS eltctryhfdesftdn-1. lnavachtiematoeldrableyabsdiments,
pot ent anti oxi dant and n%ﬁcardlal cytoprotective
tetrah&fﬂﬁ@%? yaigniionally wbstitytndc Morgpmfainbly, thartefrahydrofuran-3-ylis

[ xi dation (Musa, et al., 1992, Int.
stugﬁ ?ﬁst%hapﬂ%g&pp Therap. Toxicol. 30: 103-106),
t fe76by Iauteeerhbottjmetisj whant Z is -eNH(@O )+ Biisstnighothain or

T TN IR L TR T —

phenywrtph@meﬁ&mut&ﬁ@w@ @§ alkyRicd-mg anasxyi%trm% i nhi bitors
have been denonstrated to éexert a neuro otectlve

e10053] (njother embedimentsp@lten Zis-NH(CH ks Raisoitraighgohain or

branc}i?cigd_é %UI gk)?f o %8’? %y%fo?;i 4 rn??léte?raﬁgﬁ"gﬁ:?ﬁc’niﬁj\;g%{xd: ?ﬁl%y? furanyl,

morplatial/B pRiReldiniyL, @ﬁt&y&@p&ﬁh?lg divablag N ddibk 4118, py[’ro‘hhylgl h
neuroprotectlon inmparts a_benefit. Such conditiq

tetrahydrepxagelyl pudihydreorgrolyli eripheqyl 105 Pheqi, sebstituted with C1 Clo alkyl,
} rative disorders such as ischema from
Cl(h%?%gﬁg%%§925500|ated with focal or diffuse brain
(omma Inol c érfairs anbommmsamaxgestrangm apimar braheld CajCls ylkyl, amino,

evelol Bt e BB G R P L R R Rridin,
tetrah?d%ﬁ\n?\gflhﬂl%xl)lﬁﬁﬁr é’i'oxéﬁyll q;y%hﬁ 1, f&&laayd%@xa%siyﬁ rd‘i’@d?ooxazolyl

cereb al s and t i ¢ neur opat hy associ’at ed
phenmqrmhgbé@clmalte@nb ICnGwl a&ad iCor{sio ﬁkkpxyvmr dhlot pred
conpoug@s of the invention may be used to advant age
i ncl ude, “but are not limted to, treatment of hi gh
bl ood pressure, control of gi na, treatnent of
certain abnormal heart rh{tlinsge prol ongi ng survival of
pati ents who - R®

R
R® RS :
wherein each R° is independently H, straight chain or branched C;-Cjo alkyl, or

straight chain or branched C,-C;y 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;-Cs alkyl, more
preferably C;-Cs 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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have had a heart attack, treatnent of hypertrophic
cardi onyopat hy, treatnent of heart failure, treatnent
woRoogassvngal fainting, treatnment of m grai nesPCT/US2005/018350
treatnment of essential trenor, prevention of bl eeding
preferablyrnvies€ip baid atldoxy af s4ié alkergprppy slkdxyethybyror ratiadorginiethyl BfC,-Cs

stage fright. [0058] |In certain enmhodj nents of
alkoxyf¥p m?a%g@?erm%rﬁ«lp&%wn,yet AR AT a'&e/éneél_i@w
| eEREN IR Sthy pleferrdl/enodfin B BROXY hmﬁ{&tcﬁﬂ}‘draﬁmﬁfyﬁ -

In somre preferred enmbodi nents Rland are each
tetrahydrodépamd.e Mdrg prdferablyy R ors teiaydrof@randyyl @a tdtrahydrofuran-3-yl. Even

more BEGRER Mo IHENARUET BNl o SBPS PRt PBoRRs 1 hydrofuran-

3-yl if ifdeRandeiwlty akyphenoxyl protecting group, one noiety
m:\'[]&O act as a protecting group Incorporating Rl and R2
a

The Insone cmbedmghtswRi istalleyh sybstitusedcighpladrefyiranyt. oPreferably,
oA > ol .
s SRR RO 5P) I8 MG A AT EARIRS AP pyn 3

P@I75T albh yerbwid bmBddianrdtsRthearZisHO-PRYFs&, abhighidiein doéranched

Rl and R2 are H__ at_ | east one of the substituents
Ci-Cyp §lkwﬂ a&ﬂ%ﬂgﬂnfln%@ﬂhw ey phepyly W@a@%@%%i%&?w alkyl,

Ci-Cih Qﬁ’(og?’,% 4%l o Bsto%ﬁ(t il RebsHRRLPW IR aBleSsY Bhé Sttt @ bPinched Ci-Cio

acet f or ned reaction of the catechol déerivative
alkyl.( conpound wherein Rl and R2 are both Hwith a ketone

rl0 el BBl B ARt 2 RS, RER T aPat ) ohgdnoanched
C1-Cib Q&?Q]cydlﬁalﬁylhefc}&dnbﬁ Qlibeeinited with at Feadd oRE stightbraRardcBed'C,-C
preferred enbodi ments at | east one of , and

R1 R4
alkyl, i(g-Gyp alkexralkyledraingpbgnzily tqt@hydmﬁr@{mmxﬁibycb@@rwb&lganyh
i.S. Pr.ef
mor M5, B gt O580E AR0 B8t o Sk oHRSE aBlany,

pyrrolylipgpelidiapt, kefrabydreoxdzob, dihydvbsazplyt phemid) or phieyl sBdstitieted

.. Wand both R1 and R2 are H at |east one of the R6
Wlth%'uéé’tai”fyuéﬁft‘gloi PH¥JEiRient |y other than H. [0060] In

yedo7@j h gxé c &IPS BB kRt e ﬁsa—Q?CJ—;b)"lr s S&Q%gt chain or branched

i ndependently H, W or a phenox protecti group,
C,-CianlityR4lkexyhloyl, shinat cycdatekylptetrabydrifiuranyd, 3-alkyl te#aliysdrofuranyl,

0061] In so nbaodi. ts, [ ydr.ogen, .strai ght
benzy{ R o HPRIGER el L A ST SRR OrdFiho,
Cifa¢78] O Ik&axy otheMNibodinBnd wheh Z-ic(e@)-) I 18 .strifdBf @ath or
Ra is al kyl, aryl, or heterocKcIXI; preferably is H
branched Gt-Eai afkail, dkeivialkol, aprinmebieleheiyl.dienzylatelghydrefyranyl, phenyl or
phensf SRR Ykl T 0 BROR, B nppanched G -C al ko,
[0079] In still other embodir,nents W is:

0
R6
% .
R6
R6 R6 ;
wherein each R° is independently H, straight chain or branched
C1-Cio alkyl, or straight chain or branched C;-Cjo alkoxyalkyl; or W may be —C(=0)-R’,

wherein R is alkyl, cycloalkyl, aryl, or aralkyl. Preferably when W is:
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nmet hyl, yet nore preferably nmethyl. [0062] In sone

ot her enbodi nents, Zis -0, -0(C=0-, or -NH C=0O) -
wo 00813325 N enbodi nents Z is -NH(C=O)-. | n ot hBCT/US2005/018350

enbodi ments, Zis -0(C=0- or -O. In yet other

enbodi nents, Zis -0(C=0)-. An still other

enbodi nents, Zis -0-. [0 Rn sonme enbodi nents, R5

is H straight chain or bréan Bi-a 0 alkyl,

cycl oal kyl, G -G 0 al koxyal k i no, benzyl,

tetrahydrof uranyl, dihydrofuraqyl, furanyl,

nnrpholinyl piper|d|nyl téfrahydrppyranyl

d|o ol an i met h

tleagt ng 0{)% |ROISP t‘ttﬂﬁl Ys ig g{d%é%lsﬁgp%\bg q?zﬂl PIy Preferably each R® is
mdepgidgimiy Hoﬁmlalﬂél di’li@\{/‘éfl alko@@@lﬁyi nﬁiﬂ@?ﬁe‘férgérl? ‘i’nd@FErﬁientlY Hor :

al koxy, " or oal ky
Ci- Cssatllbét Aﬂtgmde,tdaclaR u@&s@nd@ntéy gy & ghtmetblnyl l@r i€, more

006
pretergbly Jpaste Pty 1 R A, SRRSO S o ey be o
CH,00H:C 0 al koxyal kyl, am no, benzyl, tetrahydrofuranyl,
di h drofuranyl furanyl, nnrphollnyl pi peridinyl,
t E0089hy & i Phan prefemblsemberiments, eachWris ingependently:
di oxol anyl, di oxanyl, pyrrolyl, pyrrolidginyl,
tetrahydrooxa%plyl d| ' enyl, phenyl
substltute§ wth a-a al koxy, or

hal o, or~cychoal kyl sul
straight o
ot her enbodi ne

s
G-G o alkyl,la?'no

t et r ahydr of ur aryl , dlhydrofuranyl furanyl phenyl or
p bstltut d with O 2 0 G-Go al koxy,
oﬂﬁﬁiio. rﬁpgg ﬁgng ﬁ?§k mﬁ?*%ﬁeXyl benzyl ,

tetrahydrofuranyl, dih uranyl, and Duranyl are
optionally substituteg%

Imgh enbodi ments R5
Is H stra&i gt chain

cycl oal kylS,
subst i t ut €d
hal o, or cycl gakkyl ,substi W fdr at ne
strai ght or brEHP’ed G-G yt. [006 i somne
enbodi nents R5”is straight chain or branched G -G O
al kyl , al koxyal kyl, am no, cycl ohexyl, benzyl,

tetrahydrofuranyl phenyl, or phenyl substituted wth
[0082] In certain preferable embodiments, the compounds of Formula I have the following

Q H
HO N
o N
HO CH; 0O ©O

structure:

more preferably,
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CG-Co alkyl, G-G 0 alkoxy, or halo. In sone

enbodi nents, cycl ohexyl, benzyl, tetrahydrofuranyl,
walrdvpdrsfur anyl and furanyl are optional ly subRCT/US108%1018350

More preferably, they are substituted with alkyl.

[0068] In yet other enbodinents, RS is

or branched G -C 0.al kyl, am no,

t et rahydr of ur anyl Odlhydrof y
nor phol i nAOgipe dﬁ”\’T§§§§E¥
di oxol anyl nyI , PW r OHi n% trahydr ooxazol yl
or dihydrurza stYTCHQr r pH@nyI substi t ut ed

with G-CG 0 alkyl, G -G Ofal koxy, or halo. In sone
enbodi nents, cycl ohexyl, benzyl, tetrahydrofuranyl,

di hydr of uranyl, furanyl, ol i nyl, piperidinyl,

t et rahydr opyranyl, di oxol di oxanyl, pyrrolinyl,

t et rahydr ooxazol yl, or di oxazolyl are optionally
substituted. More preferably, they are substituted

with al kyl. [0069] In sone preferred enbodi nents, R5

| 00BB] anydertaih precbratle eabydimeats, mebbmbymd@fowaﬁmhla I dbIlchave

freferably R5 is tetrahydrofuran 2-yl or

the foleynglsimashemBiy3- yI . Even nore preferably R5 is
tetrahydrofuran-3-yl. In @one alternative preferabl e
enbodi ments, tetgghydrofulian- opt+ onal | y
substi t ut ed. Nbreqy ab(y/\tﬁ/\NEt ﬁ%ﬁkbfuran-s-yl
i s substituted mn;h t ogrialkyl . [0070] hi

ot her enbodi nentBOwhén Ris -NH(C=0)-, R5.is
strai ght chain or branched G -Qo al kyl, anino,
cyclohexyl benzyl, tetrahydrofuranyl, dihydrofuranyl,

ﬂ{(o%?}" 81 geépaq%!em‘)(i LimRhE r%cle R?ﬁggﬁ%\tﬁgbﬁ? 1s‘#efa&dﬁ8 ;cgnpgunds of

OXy,
Formme#aD GﬂHn@fﬂt@remM}ﬁﬁs,ﬁnhaﬁnadﬂhﬁ@ﬂ@ areeptdBbe $aits Stydrited) kolvates, acid
chain or branched C.-C.o al kyl, anlno yg%ﬁﬂex [,
salt hygga{ssqr lsqre?xmaw%elup%fws therenfdinestahpete rea'rywrh,ments, the
P pyr anyl ,
Compgﬁoxg{é ng?/hed ® [ oxa%elwkalﬁlﬁa ﬁwlgt et rahydr ooxazol yl

or di hydrooxazolyl, or phery] -¢tX;phenyl substituted
with G-Co alkyl, G-C 0 alkoxy, or halo. [0072] hi
ceht@imAes o@k'npmmdsqf fesnuls I ox Ha’ng X tstaai agido rinlgmdredimesmts

G 0 alk ' Loh
whereh it ST LA P G G RIFTTY PRIPLpppcture
mor phol i nyl, plperidinyD H o)

HOI:KJ\O/Y\E

yet more preferably A is a compound having the structure:
O
H
HO \(CO
H

O
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:
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tetrahydropyranyl, dioxol anyl, dioxanyl, pyrrolinyl,
t etrahydr ooxazol yl, di hydrooxazolyl, phenyl, or phenyl
waemstiBm ed with G -G 0 alkyl, Cl1-C 0 al koxyPCDDS2005/018350
hal o; and Wis: wherein each R is independently H,
strai ght chain or branched [@]--GiR: aIkyI or straight
chain or branched G -G o alkoxyalkyl hi sone
pm&fe&ﬁﬂi ads arbmgourehd fSformiila l eaHtandHEX &f anREid; Snat pesferably, the
han H. hi other preferre |nent .at | east one
acid 1%§el¢_§6eq fzomythegroup R%smtlﬁtg,o h r@plgplaamsy tegic, maleigy Iilwanc oxalic,

swxuﬁ¥ 0Lf miaielall y methyl hi certain other preferred
I ments, at [east one of R6 is al koxypropyl,

allmsy et(}wrhpouods afl tho xpaetidnyand m%@@ftbcra@ﬂ possdssingiswbstantially

simila BhGghsc Dl Bl e May R R PR adbsr Bk it stapre gymtpeti
chemﬁt@;pl‘&&bls YSdve E@hipr6foes18 BteyscBirihGX Yhe dx@hpBs hefeis Omigeneral

erred enbodi ments, R5 is furanyl, dlhydrofurang
schemﬂls pervidedyatloting gﬁsppcal Mocedyse &réhmeparam plscompounds of the

1nven{1811i gﬁgglg% (f?;%%% égyl {ne%f%g E&Er gﬁ};ﬁ;&n pagefﬁ cyclr§;hF¥19J<]:tlvated

epOX}pprGf)zﬁfeai&hYatl\XM‘Iflmo Rovide thegllyalidyﬂesoefrulla Reaé?utoylls mialy bIeS:amed out in
substituted with alkyl. [Q0074] In song enbodlnena
the presengg Rx4bsenas Of SPIyeR P VeRa wacrﬁravgﬁ frcRRgitions> ¥ XAmR f‘yusnr& a base

€ )
w51 0 AN AP 01 ol T

glycicbfdr‘dadi‘&aﬂiﬁrn ﬁI;aIerathimtmdu@lqn ch':@hlrahtM mtstthaﬁgii comipaim, afrdesired.

Ester ﬁl%%%d@%er rﬁﬁcéﬂi/w}/t{x B}{e \Mglicﬁt f‘%eéi?f’aﬁﬁ E%foal tl&ﬁ seﬁondary

alcohdll KY Typichl-selven®likude Nhethll pyrroBlinGH& hkPddédohitrile. The choice of
subst??uted with at |east one straight or branched

base ighotQisugllyinkgdrtanf SoipBg a3 ¥ dees nodisubstanbialy mberfese witkrthgreaetion.
For exa%cql O’Egky né_%%/sgltsﬁ&: %%et%g%h{f %o&ggégg&ﬁd %p&g@?@&ﬂﬂucture A4

or VI mdy%eghfthﬁrdebWMH eﬂreﬁ;\lﬂéal Boﬁé)&ayﬂple GiheRIZoRAIsk DAYV kydy,be
no begﬁg t.et rahydr of ur di hy frofurany

further sftala@?d oraihesifisHibyknowamethe |aﬁ§9r exppleiRWinis oo Pagjfle the
corres%'oﬁd(lﬂ% @]ﬂw or efhet; Qlt@ﬁﬁhyély WY b mﬁhgﬂ%ﬁdl corresponding to IV
rro pyrrolidinyl, etrahydrooxazoly ,
may tgi dsgepiﬁedu,mlzanifgctl or phmy;l'dted pmorgh eeraytlomwhihtcompomﬂ it fompound
V( incr:laéegni(c) of Lliﬁ}/a{l for% may eailuﬁgexy ésterlﬁeg w181 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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[0077] In certain enbodi ments when Zis -0(CO-, is
strai ght chain or branched G -G o al kyl, al koxyal kyl,
w@piosn1s3cycl ohexyl , tetrahydrofuranyl, 3-al kylPCT/US2005/018350
t et rahydr of uranyl, benzyl, phenyl, or phenyl
substituted with G -C O0Sdidnyd] C -Cio al koxy, or
haI 0. [0078] In certain other enbodinents when Z is
C=O0-,0R5 is strai ght chain or branched Cl-C10

aR@}@t&x&yal kyl, ami no, cycl ohexy] , benzyl ,
tetr of uranyl ~phenyl phenyl i id h
aRky| oxy or 79]
still pther enbodi ments is: wher e$r9 each 1?{6 | s

i ndependently H, sthi ght chain or branchedlTi -G o

al kyl, or straight chain or branched G-CG 0

al koxyal kyl; or Wmay be -C(=0-R 7, wher&in R7 is

al kyl , cycl oal kyl , yl, or aral kyR'© éﬁv\/@\
is:at |east ,one %EZRES,SCHJSPHU nt o H

i ndependent |y ot Lhan™H. Pr eferpaﬁl y eakh i's

i ndependently H, C| 5 al kyl, or I ower al koxyal kyl

nore preferably i ndependent ly H or CI C5 al kyl .

Al ternatively, each R6 indepep ently y be H hyI
or CH2OCHS, rmre r ef erably |n y_ hRF.
Alternd\flve'ry hLRG |ndep
CH20OCH3. [0080] In still other preferabl errbodl nment s,
each” Wnbss driebapand ahtsl B'c(4®081] More pr efer ably, when
Rl and R2 are H R4 is: [0082] In certain preferable
errbodi ments, the conpounds of Formula | have the
f pddse NG Rbdriteli ¥ BreaffPUEaR bEILG/, Bl BndpBA&RofliRe Hl%ﬁtﬂn‘nr}nay be
preferabl e enbodi nents, the conp ounds of Fornmula I or
used dl¢nerenie combinhtidn wvﬂmgles aganto dive nisgancy,: a g1®@8¢lqm11'nund of the
i nents, t.he sent inve %IOH IS I

invenfiH fodl Be ST B Somitifis) P ORf br Pt oGl e

invenfihiR oiB&AbinEE Mithho HeRPh1aEdees, §@dht é%,caﬂ)\bﬂfcadnﬁ%ra@l'n}iibﬁtefs, (e.g.
acid salt hydrates or i sormrphl c crystalline forns

dorzojapudelofuchias gueticsi/ warss ¥R pahermingtiss (7 erilosarpingy prostaglandins (e.g.

latanoﬁg%%g&?a[ﬂ%r& Ig&?lgél e(.jge. %pi%%pm ,@&ﬁﬁ‘éﬂe?@l: bﬁ)%i(ltn% a%gnts,

hyperosmotic agents, o, selective adrenergic agonists (e.g. brimonidine), or cannabinoids in

RS

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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wherein Ais a conpound of forrmula | or Il and HX is
an acid hi enbodi nents wherein Ais a conpound of

wo orosiss7d or Il it preferably has the structuP€r/Uym®ns5/018350
nore preferably A is a conpound having the structure:

somewhdl differe: fafimdatichs. rmr &ich If@f’r&ﬂ:&biﬂy condistera@ith difect administration
sel ected fromthe oup consisting of hydrochloric,
to thegyie pxgroomprehgndsdch er? maric, oxalic, succinic, citric,

?E@p%ﬁ;%gﬁh&laﬁgﬁsqﬁayé LR e REGE %ﬁ?&ggraggrﬁy gr?the tfgi‘?n ofa

are provi ded as phar maceut i
solubl‘ecmc’raldedit{oA]saLt ihlddmonhsrangngrom ahogtdhPiPana alnlfutﬂﬁ%rhy weight,

C nor.e, pr.ef er abl cid.is

prefergy Earb Ao rbvs eRRgRbs BOVE L 1 8t R ap e,
fonmﬁédofn%hﬁms%h@bﬁnd ¥ @E%ﬁéﬂe 1)3&@ doficentrdi6h an%mgCﬁJIﬁ lhGout 0.05 to

and tartaric acids. npounds of the invention

3.0% wid Imxg spesh feqally ftomaaw Oiddg §él% (wiy)-s Ungtdapagiea pf the active

comp 3R TR APLR YA 3b gPEGI e EEa) BB BRI 695 iabour

2.0 mpr The a@dage adiinisiéred §0I€ PathOWIC @dpen@uporbhe pﬁ@éﬂt’b nedtistahé the
exanpl es herein. A general schene is provided

particglay wrnmvgl dg employed)as m&b@mﬁeédlhbvnqerﬁéoqslr@ﬂ&@%wla&sl tyrone of

skill ifs nds of the invention (Schenme 1). Benzoic acid |
may be reacted with a racenmic or chiral activated

e |pansy] p |Gapiime uskerin viat preparations of fregresdat imhentginyacé pheferably
este I{gll.l. tlonsq'a be carried out in the.
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pi cal solvents include

N- ne
200, 3&% 499 a@ﬁ ﬁ% éaré’ﬁ&’aé"cselt Q00 & 500.e4.066, 6, @Hom@ef/%@o%%@np@dal

comp ST o 905 ko BB OB s o v

cold seﬁrﬂllzpigeprolmntlesmndmfbeisaemnhnjaﬂomsr melsélyhmmrml, mgsthydend propyl

f structure .V.or. .Vl r e further
parab%?)ﬁwé C@Q@& ?he.n@ gthanol sophs agd Mfesngm%?fp %tw%s sodium

chloridé}HodiMnBofatB Esoldilnh B&tatS tgﬁfcbﬁdtegu@érs e fidr k6t eAMonal
known nmet hods as for exanple in Wits, to provide the

ingredients espan @onbgalemoeolamatﬁatrmhanommle@ménaltm oblyoxydikylene sorbitan
monogaillglrlrtiypa?e oc?yrpscr}&)l%mcs% osuc(c:zl%ré eem%not 10} ctepol,I t%osorbitol,
ethylenediamine tetracetic acid, and the like. Additionally, suitable ophthalmic vehicles can
be used as carrier media for the present purpose including cénventional 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.

=26 -



may be esterified, etherified or N-acylated prior to
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eri er

ormu I on 0 comp COh al ni
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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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I to
selective adrenergic agonists (e.g. bnmomdme) 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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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 9-0x0 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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% sorbic acid, and from about 0.01%to about 0.2
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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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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hydroe@thsﬁmi Brdrephehic gnitics dhd Rigdrg adabbasusipingd rglsate,qeylag implant. In
addltlgl‘? r@lﬁd']et ab, g%t; \ngéﬂt @?@5’@7? Clleﬂ@fjalaki’.pS'tPaneIQ 5(90112\5% W’%ng, et al.,

specific anti-glaucdond pRar maceut’i cal preparation
U.S. Rabemp 6i38¢S13, @gm’alenat iLb8. Rn‘tera Spr0gsragWandi,ret dierl SaPatemt

5 466%59 :;:pgi oundrFlI iabn&aggt teé%selalg% 100}1 gAno ?ﬁe&gflocu?ar 1mppag1t devices

and sysPMABSULRY bW RATS BEIBIeP Phattriabeitica i8R Pd8itiods comprising compounds
(preferabl’y a synergistic conbination) of a conpound

of thegiresehleinventignt i on and a carboni ¢ anhydrase inhibitor.

i H#.@T? (Ig}ssn%g?de%%e | eve l%‘ﬁ{ O%P ouﬁ(?scﬁqﬁls‘h&eg Pég&a l?i%e s %eful m

ﬁeldsfb@ddalai than oplith AleHodsiys ’Iménzireasﬁaﬂhnﬁlhdé hﬂ&ﬁusﬂlsaﬁ)s eﬁnwhfshort-
gs O{Eerat es by different nechani snms, such that the
actmgclzﬁ%b}% ?réﬁrectawcbl%wle?@dafogywrgﬁ dpyering blaed preﬂ@llre relief of

angm?,rtf‘efaﬁﬁérﬁ dr ?&g@&fve% an @%ﬁfr@?xﬁdé@%ﬁhfa@’ bnd ﬁeﬁﬁ{eﬁpéﬁmspﬁauma or

n a speci erbodi ment conposi tion
post-aperatignisch¢mmnaswell hethe aelroprotecaimt yphlmaonsirhfelmiet ¢o above. Other
i.vat.ive, getween about

de t
routes P S IO BSOS L EOE AReP S ERUBp. ShEsbR fivery to

the ey@fls héreallgw ﬁi?tIhQ}nmcﬁMG Rra®r HRAARAANEElKery; SntRSENORNs BB dheous
1 and about .0 (Wv%. [0101] In another

and lrém@upn@h iy ecttwe, and/eamsiamal er nsewcesal ddiverse as wentd st
undcrg}gg%ﬁg é/gp kﬁl?ﬂlsﬁlggﬁ\l\nth a combi nation of a conpound
0 I on an

I'hven a cannabi noi d conpound. The nmj or

agei09¢ iFogeffelitivB tre@imei®of glu@dddna or any of the other diseases or
D9-terah¥drocannab| nol , has been known to exert a wd

conditionngetesred ihheraie oncotiled in dhe art may rqqeevmxdﬁgdqsé%ﬁfm%e and

dosagh gt RN For MESPisPocll EyBHs TR S uty e g roauently

if the ¢@BRYsiti @B apd fmrm&lgmdl insestaihtrbdelivennyehsilds, onare dalicbrédrea

ods .of their eparation, are .described in US Pat
impla o SLORigH dBr . S By 3. D be S TEEd htl (GHLE RETE e L four

times amyvtbrtae 103 dd98éded. froe db@ipeahidtnt 2By BE ofid &aWoMops per dose.

gl aucoma because of the activity on the cannabinoid
The dpgage p@lwdubumhezrlsmvary depradingan the a¢tivesivagpeongentoation which may

depengeo he pa(l)rﬁcuel Shoid %Pocf(‘gr usegrgncf) ori thlg%%gcps of)fhe 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.

-32-



a peripheral receptor for cannabinoids (CB2), that is
not expressed in the brain but rather in macrophages
wo pooshes3mar gi nal zone of spl een, has been i sol BEBUSANE018350
characterized (Muinro et al., 1993, Nature, 365,
EXAMPIES . Thus a selective CB2 agoni st can have
antl-lnflannator anal gesic, antienetic
5.; Ay be atepar@é @b fiee pre<y @P’é spkt der&sn generally,
ut the
eXPen%“%?%*é& i “@ﬁé?%“’é%% R L U
has been shown that certain

T

Efl 12{\o Tvﬂlcgﬁﬁet%@@}"o@ﬁe ¥Rbirafién bR RP. ﬂ?%'f ﬁﬁ:%xalate salt or
el gl an Pat. No. 854,655, 1977) are usefu

the hydg:e:htosnde salpeeh alspyncm imhl ng}esthtlsacatatﬁ andzshejsinl WIzlei@Q més
saturag p0t g%glrr\l/ % alrtelr:'I fégt grﬁls’ Iu%gdfé) ae%;y?i% é%taflag'rer %v%.g geﬁ)g‘reated and
washeﬂﬂﬁltlﬁgiﬁ mlAtheAlised Gee haghesivin belfNe\Ricd] ﬁlltérad and used as is in the
roperties (Johnson, U S. Pat. No. 4,309, 545). Any of
nextse’ﬁese or ot her cannabi noids or derivatives can be
ﬁdlllpf eq"y’pﬁaf Ilﬂgthg(ﬁ BorFhd pref A3 ﬂ'@)[ht_late Ee{l?f"[%raagﬁllﬁﬁontcg Free
final” composrtron concentrattomn ot the cannabi no
base(ftkan iabante amemmemm\msmlabhmtacélat@Odse&mdtedksohmoﬂ oBfoxalic acid in
(W v, a d.the f.inal t|o concentration of the
ethyl %cg%eo A%ya dldF@"’Yl?R/‘étm | E{ﬁs abtaipg thg saylt wiag allowed to
crystah%%ﬁé%r?ﬁ@l%tzecpsalt mhépﬁ}ﬂéreé- Whsh¥d ¥ih etl{y@ aQ2dte APER&T before
mbodi ment is directed to treatnent of ocul ar
umnghyperten5|on with a conbination (preferably

I8 B

base(fes GBON é?(fpbﬂﬂle@ﬂ) ut tremmJ étl@ﬁ atghtee 1IN h?&lo%@ﬁéhl@h@euin #hidrous
and about 1.0 (w.vVv and wherein t nal )
ether wangisierl @FQﬂwl&eoWEé ﬁﬂ/%‘b‘?ﬁ owapedipined arshihs aal was allgyeed to crystallize.

1 no U ERNSP oty SHER, 70, SAEPRfrole ol Ry SIRE iR ek wap added
until thé eolutiorebdcamie cirudy i Tescrisvallizedesattrveastthaf filbared,avashed with ethyl
rte S|on with a conbination (preferably
a“ﬂmgﬁﬁi q@?‘ﬁpga compound of the invention and a
C tmlsjil MSpREI m¥Bbdl Y&- th&&@%ﬁn@lﬁoﬂw&muﬁdmmo&le@wm &éscribed
activity are known to Tower intraocular pressure. For
herememaywm eontadﬁ@i withsempeundd of theanyentiai tmprome@amqum el or acid

salts %) Pé'ir:?n %magx 80%3{?8fe salt%{)‘% tEF comeplgmo lgg {he 1Rben’tlorq Llllsmg (rjnethods

similaf tdthosS@criBddehekeimaddvE OF brads@mple) b6 BPGIdT whY Reded Bdividually

is believed that these agents reduce
with sulfuric, succinic, maleic, fumaric, or tartaric acid to provide the corresponding salt.

i I%)da solution of free

Table A provides a few non-limiting examples of some acid salts prepared employing the

above methods.
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i ntraocul ar pressure by suppressing the inflow of
aqueous hunor. Use of a conbination of clonidine-type
WwW@bk@hatd7agoni sts such as apracl oni di ne (e.g.,PCT/US2005/018350
par a- am no cl oni di ne) or brinonidine and bet a- bl ocker
sqables tinolol to control intraocular pressure is
ntis_— US Pat No—5-502 052,
Preferably, Strictatenal conp05|t|on concent r at MdP- of the
clonidine derivative is between about 0.05 and about
1.0 (Wv% , and the final conposifion concentration

of the@onpound of theéénve on, such as conpound 7,
i's bet ;en about .0l (W v 0
BnO,, ' (n)tli on is d|}r6e}E:2?£§j)ﬁ%oc
ent ofcbcu&hr hypei{ ension wth a conbi nati on
BnOT{ pref elGHk y gPxalate) “of a compound of the
i nvention nephrine or dipival yl epi nephrine
BPE=#A p.cpa.ation for—regducthgfhntraocu-ar—pressure

.ting esse i a2 her apeutically effective

HO arisy on of o
vaIerqéEngrlne a bet a- bl ocker is BttibedCin
HO ; ‘(&IUS Ox te, 9, 140. The| use of two or nore

Fower—etevated—intraocutat
actice, particularly in

and/ o?_x(']ie?ief oSeZe{éaeiresaﬁ%"

chi IICU:IIL types—oi UI ugs—t
pressyre has be

HO

further background
.,| "Tinmol ol and
ﬁglnqghrlne mbi hati on [Ther apyt02.1a1@44 °G
. Tarfafpte pages 179- 182 (1982); and
"Effect of Addi ng Betaxolol to
j . : almol VMol 101,
pages 196-198 (1986). In a preferred enbodi nent, the

final conposition concentration of the dipivalyl

epi nephrine is between about 0.01 and about 0.25
Fﬁaﬂuﬁﬂb%&yn@wﬂsPﬁ@oﬂﬂwapd&bnposition concentration of the

conpound of the invention, such as conpound 7, is

between about 0.1 and about 1.0 (wWv%. [010 L

A8teprli Sypthesioafl 4,Ebmpbesizyiosys- mgthwkbfmzmg acife2-€ m@thytrds

f
cyelofiapiddEarb BB ITA R HEL LBt Bk it S Bofin Bpingl:

ethylaintind apropyl esteni[ Itehediater ds ashpdtocidotide §aﬂte
conpositions are topically delivered to the eye in eye

D\*M%W@w Dﬁﬁﬁ%”r@’

Joo-

HO

CH;3CN / reflux

Intermediate 1 Intermediate 2

[0116] The synthesis of Intermediate 1 is described in Patil, et al., US Patent Nos.
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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drops or washes hi anot her enbodi ment, the
conpositions nay be delivered to various |ocations
wowrakitms3the eye via periodic intraocul ar inj ece€DOSN5/018350
by infusion in an irrigating solution such as BSS(r)
3-{1,pﬂin?e‘ﬁ%l@ﬂé@(rﬁhydr&lf@@ﬁ%%o@tzImMGI—Etlh?rlaMo}OZ-hSJ&roM?ipP@yl
terﬁrefornulated sol utions of the beta-blocker in
€s

R@Fmeémgl QJ&& 14<7 lgggéers))J mdrgggetp:glgge £330 mf) ynder nitrogen
oS R S A1

mmolsg)r Jihe a¢suftingedchn s@stior] ¥adkflured for nahbwmland thdneevaporated to give
..conposi tions may .b ppl i | n_other ophthal nol ogic__,

an oilg d {bjé ™ ww&e\sﬂe le-géfwaigoéwﬁw i mvﬁtlwgwaoﬂswreg Ao C for 30

min aA® tRMRx AR AR Wik defantdd WhilhaBsubSh §/al9flot|. "[FL?} urd Whs

exanpl e as disclosed in Herrero-Vanrell , U S Patent
repeatgd M Be 9P he thick repidutrwas wiathediwitnethendnd deisdprovacup o givay

be deljvered to or through t ool of, an e in
tnteriiafffe d (] Ef) bR oiothBHIT G e EChnluf g iy
analydds (dBedeaCRydkogedridd @iféhen) whlelcbASKRhi(Vah thfaksdigud sthuctre.

ot her object tenporarily resident upon the surface of

the eye. hi other enbodi nents, supports such as a

C Stdpad ars-DHyaRAY- Ehielytl béfrott ackl SH{EIRIitedSPLV@Rlrhydro-furan-3-

corneal shields, Summt Technol ogy, Watertown, Mass.)
carboryd jragénodrefiydareiso } -2Hé-reeshyloyiclopsepanecarboaly g ybpropy! ester

] pibstered by infusion into the eyeball, either

[C°m®ﬁ?%€gﬁ a cannula froman osnotic punp (ALZET(r), Alza

Corp., Palo Alto, Calif.) or by inplantation of

ti med-yr el ease capsul es, (OCCUSENT(r)) or_.bi odegradabl e

0
ndi sks JI( OCULEX(\/) , R RT(r)) whi,ch confjain the H o}
B(gm 55197 OfS.N Thesy rout es of adH?DEZﬂﬁ%DVBm/Fﬁve Pﬁﬁlz}
angOvaniage Qf_ provi 8 ng '%EEnt nu @ly 8f{ the ©

Age AL p Y s ;\:g

composi ti to the eye. ‘ everal oth t ypes of

delivery dystens are axagtdpaithie that are parYicularly

sui tabl exfor delivering pharmaceutical cGRIRASi tions to

the 1nteritor or posterior of the eye. For instance,

Pat@al t - . 7 j

a7 Pt bt o bRl muias R HREHRAER Bu(sip 1 10
) and by%ipaiidipi@nahaoal{hg) tidsopeap il hlcbhalg30GmL s hodiogémited in a

hol ding t he active agent, mhjch_contain; at | east. ogne .
Parr agparatps a§(} psi dr 290 hovrs oidte Teartion dnixfise woeliltersd querjahedpf celite

and epol &1 BYHRRE ¥h esih@@wﬁ?ﬁi@&ﬁvedﬁﬁ%%l‘lfqaggglsﬁ ) %h%%tﬂ%ﬁ?/lic

areturn electrode In contact wt lent” s part
layer @Hbs@avae peidifobd. withh iy, hydtochloricldctd. inRtitee fit a pHSA@RNA AGain
evapoga{tgcf lood?f?l?esg ?ongqivc—r:] g\thhcl)tg %oa%fl. 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-{1,1-dimethyl-2-[(tetrahydro-furan-3-carbonyl)-amino]-

ethylamino}-propyl ester [Intermediate 3] as its hydrochloride salt.
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hydr ophi i ¢ and hydrophobic entities in a

bi odegr adabl e sustai ned rel ease ocular inplant. In
w@dwstnisny Guo et al., U S. Patent 6,375,972, EIEOSHD5/018350

al., US. Patent 5 902, 598 Vbng, et al., U S. Patent

0, 3310313 (IJ . Patent 5, 07 643
Bn ,o at 5 4%0
d?at"ent 66251, 90 each de es | trﬁocul
9 npl aﬁf“‘ devi ces and e—F:;s—t—enﬁs—(—ha& fay” bel
del i ver pharmaceutica H&Mﬂg’f tions conprl
conmpolifiacdige 1t he present invention. [0108] not ed
above sorre of the conpounds of this imertitoh W ll be

£ i . .
)8 PR, PP L BB T
(35 mED &n(b:']r @ttkgleﬁ agn@phyqe Ivmlaﬂ&’edl,lﬁr(tslfhlyn%iﬁhllefd(ﬁ 2-exanpl e,
oweril n 00 ress relie 0 ang treat nent )
dlmet{srlcx%?@egxlweong shiorils (3.4 Bolial GRFIREhm e reaHine clear solution
was rdfluk@d @@r@ A&k aR@&len el e®lo B98dss oﬁ'ﬁé |08 was gtk@@?v@d in

as well "as"the neuroprotective applications referred
chlordfmbm@enLnﬂdewashgdj wath seturaethpatasstunacarbonatd andigine. The

chtore G S, WSO P 2R EPinotrE G pig Pt Rarifi by sitica get

colun@ chkorRito frap P RAS P k@ hediafey] inl fidel BR¥E RftkhSas as\ulnceu;&ﬂne@ Ushich
and intraperitoneal injection; and transdernal

was dispelHediicasstene ard acjdifipd with T\ hydropllotie aeid 4n etber wll @il of 2 was
reahz@c{ ﬁ!fo r#&n% ?thtepglaégc{eﬂ [LIB&?(% Iflgrg atf;rrzeglt é&érf 8/[ %Erg%ﬁﬁsngo\irhlte
salt waefseratedd)ytdEckI&rnglth]e supaﬂlaealnt ddewlad driddhendar high®gcuum to give
recommend a, dosa ul nd._dosage unt ade e.
I“‘”‘F‘Sﬁ"af‘}'éa%ﬁﬁﬁhgﬁ é@% efﬁ‘ém %’sﬁ“ﬁnﬁ mgpia ?“aiysm
ted in
(carbon R RS 1#%%%‘2“&2??"%?%%%%?’1 B e E‘S‘“‘@‘i ;
i nplant. For topical delivery to the eye, it may be
p S
P SRR, Sffinbaghr 3T OLA I B bERICH D FRsgtiRli.
cyclopmparrd:cmbenyﬂexy)eﬁe(shl dTmeihgdle&@(ge&rahydhedﬁukm 3Faglrbeﬂ1)d)}amaro§r-
1 ndi n  an t[ge acti%‘g drug concentration, which my
ethyaaa nHrOB StiL [HMPOPRE &) bet a- bl ocker used and on the

needs of the patient. In addition, conpositions
conpgi si ng conpounds the invention may_.be

admi ni stered g combimation regipen wt one or
BnO
" cthe apﬁ%{(/ gen S rrentlon V& a d ﬁs
0 10%Pd/C,
Bno” WBENgy be o
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 ether layer was decanted
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apparent to one of skill in the art. In this
enbodi nent, it wll be appreciated that conbination

wo besapss7sray be perfornmed by adm ni stering twoPOT/URBIE018350
di fferent therapeutic conmpounds together as a single

and ﬂm&&lmmwﬂbj&mwgm VaBuurR o SERAr@éApdund'8 di b Wite Bbam (68
har maceuti cal conpositions and/or in a different

mg). 5 be BER spratiagind rtl@E‘gﬁrlwﬁﬁltal[mly@]s (e, hydrggem andmifraguy were
I this invention will becone
Conm&&q“’?ﬁl ﬁé?JS?gt%tﬁgégé% “Iled in the art upon study of the
foI I ovm ng exanpl es, which are not intended to be -
limting. EXAMPLES [0111 Al'l conpounds may be prepared
Exa“‘é’é‘*?ré&“@&%‘é%poﬁmoﬁng t fornms. Generally,
CXRE(1 Bofthelis B £8H3bLAJIRY Oyl Bon BRI Aical i 1UeR51-2-
otherw se indicated. Standard Free Base and
[(tetraRydnoefurani oarbeny pawirod-ig]anTinp} -2 4 R-meshdrgunedtlioyl- t he
reparation of free base : 0.1, t he oxal ate salt
eyelopifethpifePamebra s et iptentistide Shnded 1 50 mL et hyl
acetate and shaken with 100 nlL saturated potassium
carb@nate for 1 m . The et hyI acet ate | ayer was
sepaj at th 80 nL ne ied ove
Bno@i fa$ drYed, Ptereéﬂ used as |Ns
BnO mxt@;’tep [OlCIS] Typi = et heo

pr epar *ation oxal at eWo ution o e©
ac OFL(]:e ane

base(ftyrpedizbove expert g 20 L et hyl etca\e a
saturated solution of oxalic acid in ethyl é‘ﬁ e4 was
added dropwi se until a pH of 2 was obtai ned an
s §0120ha$reshlyodigtdled@- me&skﬁhéthybycliﬁbwpylpmbmyllchkmtﬂei@.Bf)l g,6
s then filtered,. wa acefate a |ed
mmolfysadti g Speshinf Oecheaesh 003 Byt Rirtor®fin
tetrac]ﬁlbﬁﬁﬁrfaﬁé (3 mby dhes hltRyged @tnﬁbhere T‘l’h@ re%@ﬁ&ﬂ in‘i))[iul‘éfwzfsrr@ﬂuxed for
base(from above experi rrenhlgfl In 20 ethyl acetate a

30 mipweshgd ygperated|te draess undgnbigh wm}wmetmree\zdge wasleuspended in

r I t
oo SAILARAD Hnch B.Blo &y ARA DA SRl T U8
acetatt: aedwashederittosanyated. s ditinet drydnatd :hﬁlrbrﬁfe IThe pEginyd lagdriveds dried
was added until_ the solution ecane cl oudy. The

(MgSPp\and gvpporatgd s This myxture wanpyrsifigddyyetlica ged ﬁ@anw GhFeraatagRPhY

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 (S0 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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acetate and dried before using. [0115] Typical nethod

for the preparation of other acid salts : Qther acids
walemsnidsesl herein may be contacted wi th conpouPdBEUS$005/018350

the invention to provide conplexes of, or acid salts

or p’arnaceut MIy acgept abl e salts ofOthe congggg
BnO g mye‘ﬂ met hods si
'@ ri bedg heei nabgve. 1d5/xm/cep1§rrpl e, oun 7 'Was

o)

BnO™ t P'eatCtid | @lduall uc@ﬁnlc | ei c,
fumari c, olartaric acﬂﬁpﬁo prOV|de the c eg ondlng
salt. Tab A provi desiseRP@W! non- i miti ng ex s of

song,aAgGlg.sal ts prepared enploying the akey&nd9
met hods. Table A Exanple 1 - Synthesis of Cbnpound 7.
SiU21]L Spratthixtirs cgmtamu&-llnit@may e \an 2x pletetsplt (Hfimg) and

., acid 2- h
10% S3iafhuft i Splfeegt B P B8 PRRDRRSIP EROmEE Wek psmesmecdin aer
appargtus S60YsaforNQhoui! M lreRELR Mikthrd Wi Eiired 6vetl bad off Celite,
hydrochl oride salt Internmediate 1 Internediate 2

evapofaad ] dryness aychiriegied with qtheramfibapelidformed Heasetherdaxprivas
t e |
decanfglt iniol@ e e B EMief Byt BRbud CoRfilyBndh R e foum
(354 mg)f Fhe MR spertiahaad theesiemereali aﬁalysf!i Qcabmj &pénmgemmcbxﬁltrogen) were
hi s- benzyl oxy- 2- net hyl - benzoi ¢ aci d3-
COHSI%?E‘tl‘“@‘lth%?ﬂ%‘-eg-S%'(WFr ahydr o- f ur an- 3- car bonyl ) - ani no] -
ethylan1no} - 2- hydroxy-propyl ester [Internediate 1
14. 7 Ies ) n dry acetonitrile (130 ni)
"ﬁﬂ%@rSﬁP?$8§ apuwgbﬁéze was added freshly distilled
I-nEthyIcyclopropylcarbonyl chloride (7.15 g, 60
.. The resulting clear solution was refluxed for
1éS)rfb5nE§s Bereyvigrar?-BeRybPenzsir acl griaayhpetyliestery ¢ hi s
resi due was added n-hexane (100 nmi). The m xture was
stirred at 55C for) 30 min and the hexane |ayer was

degantled while thegSolution was R Thi s gppoce dur-
BnO s
" zfi;léﬁeﬁted S orheghi 4+—Fes§gae—was was mﬁﬁﬁA\%;
d dri
g)] aéﬁpts hydrbchl ori de salt. The NVR spectra and fhe

n “vacuoOt oYY PRTERedigas e
el thental anal Y& (carbon, hydrogen and nitrogen)
wer e consi stent Wlth the assigned structure. Step 2

4, 5- D hydroxy-2-net hyl - benzoi c acid
3{q1122] - dindet hyitro2er] {tirespladng; dSalidmhadri®e (5.5g , 60% suspension in

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, WI) 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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car bonyl ) - am no] - et hyl am no}-2- (| - net hyl - cycl opr opanec
ar bonyl oxy) - propyl ester [Conpound 7] Internediate 2

WO Q3/7)532% m xture containing Internedi ate 2 asPCT/BS2005/018350
hydrochl oride salt ( Step | , 10 g ) and 10% pal | adi um

Exanfple § b8 fehabis of Qonipbundop4Hpid 14 cohol (300 nl) was
hydrogenated in a Parr apparatus at 80 psi for 20

hour cti.on ure. was ere ver of
COT 5 b s et b e v oo r et ety
ethyla‘iimﬁ@})fn‘éﬁﬁl dsfer 88 1RMRh1afed} Hyldochibhige SAIRAPAAC] 4baye%ﬁeo&ipbly).
ywas acidified with I Mhydrochloric acid in ether to
a pH ~2 and again evaporated to dryness to give a
whit ) foam This foamwas treated with ethyl acetate
= "64}x5;or 30 nupgs. ELAONEr e OH
Added to tHs m XtNire™f o given&onpoun S a MFIteT
BnO"soli d°':6. 8 g). The MWR spectra and®i%he el effent a H
analysis (carbon, hydrogen and nitrogen) WeL8. i cait
consistent wth the assigned structure. f %
Synthesis of Cbnpound 8. Step 1 Synthesis of

R AR A ooy 132
0.146-nab18Einythydrolg i@tdn&h}ﬁ:{ldﬁecﬂ gvanSmokichian ylb\)esaimaﬁ fli]ﬂuxed for 48

hours 90 FEATFEFA ARERRY U e Hse et | BAoIgpilfog feidue was dissolved

in eth fr"'crctﬂﬁllfhs 1180 n& RLELARON RS Brite gt?’x @@O B ) Ml ()W@ngo%ﬁnﬁ shifate and

ace onltrl e (35 1nL) und nltrogen at nospher e
evapcmasd toddteolesk naddrl rydud:eé prels$1gd Phéresidue was re-dissolved in ethyl acetate,

I TR TP TAE ST N e

d dBedBYSucab b £iRED0.2Y 2905 o) chedUNNTRS Iﬁﬂlﬂeemlamam%
o d?ssol&ed |% chloggforﬁ?(ZOO nl)  and mgghed g)

was cge\temedtteus fee bassiform and Yuerantogmpbeden mailicapel column using 5%
metha%ﬁl/x% @chﬂ%é ayvglﬁel? tb g{jve(t}q/egﬁ%ﬂas@ QQ faj? ég’lp‘gﬁrrlgﬁ %S dissolved in
ether aﬁtr mﬁfﬁlﬁe@ mme/Cl/ah@*; Mpbfateﬂrtﬁﬂfb&mtseanﬂ plicetiiefighaaeuum to give
formas a white whi ch was dissol ved i p acetone
14b ag 3 whiteifeam; dje Nl\flﬁ anmy&feowwpbwgﬁ ithe ffsﬁ‘gé?‘ﬂ%’fucﬂ%‘i?-i |
a pH of 2 was realized.- Additional ether was added
until the solution turned cloudy. The resulting white

BnO.

Example 6 - Synthesis of Compound 15.

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

0]

0
> 2 N
BnO CHs HO | isopropanol HO CHa HO Ill

H

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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salt was isolated by decanting the supernatant and was
dried under high vacuumto give Internediate 3 as a
wokiosa130am (900 ng). The NWVR spectra and t he PCED&003H018350
anal ysi s (carbon, hydrogen and nitrogen) were:
gum RASHEtANiatioh ot Hmidasd gledd] aédtate (20 @L) Siidamoﬁropanol (10 mL).

Synt hesi s of 4, 5-di hydroxy-2-neth ol C ac
The MU g S ety e e PRy e S5 Sicogen) wer
con51i%er{tw1Lhtlﬂbg?st1 hsBudthicet r ahydr o- f ur an- 3- car bonyl ) - ani no

- et amn propyl ester [Conpound 8].

I nternmedi ate 3 Conpound 8 [0119] The free base of

Exanipk 2r Spdilesie oB Coasponadviét ted to its corresponding
oxal ate salt as described above. A m xture containing

oA A U s 2 S o0 TP AP SR PO L1
dlmetﬁﬁloetnj«.&mymﬁ I @gepabgitksion. @ Parr apparatus at 60 psi

for 12 hours. Conpl eteness of the reaction was
confl rmed by TLC (I ntermediate 3 : TLC i n 5% Met hanol

in metOhyI ene ch i de cont ai ni ng 1 drop of cone
opoultip. (0 eethapel X o
Iene hIo i de cm'rt-a-r—m—ng—r @ of ~ cane q#mo ia

BnQRf O§ Te ribacti on mXture %8s ¥ Iear e over a be
of cel |’(4€ s BG'Eor at ed to dryness andmusntu;mat ed with
ether until a seni-sol S forrre The

AR e b R bAoA 01O and Pl Fhloride,
(1.9g,_|£§gf%g%fez iR Hﬁu%&@&ﬁﬁﬂe glo@%ﬁ dMydto%elf ORB 18R 4 eves),was

pect the el ntal anal ysis (carbon,
refluxieyt doroleimuanahdrivapargeed to demessc disirestiduet wasi trdatedhwith hexane and
nt hesi s of

deca.ngasc’is gﬂg %%ﬁrég}g %)hg]i‘tlggdwgtnpon of3 the hg)Yane layer was dlsscqucp i‘ﬂ%o mL
ethyl %%@hﬁd Radher |vﬂﬁVsa2 PIRisEIMin-dafyoaRleGwadhied with brine and dried to give

16 asijtg }r@t: L&%Lfg% 2:1@ ﬁl@rrm@tqgaapb@% on psdiep el coduny ngiRg Ay methenol in
meth)[lfn tceh(ri)o dge Il“Fé/ oﬁm ?&figrﬁﬁe Z%I@Eﬂ%k%?é ﬁveg%é%% f?gf?lt fLCin 5%

methailloSiﬂ Ihbthﬂleﬁc Blﬁbﬁ@e(s}dmdehyal smg(té ghegeyibearsponyt R fe+0l. 25) i NBIR and
(0 nmol es) vvas added to a suspension of
[Rqu‘i‘ﬂ?@‘rSFPéfd’it&’tl@ the pspignod gtrucfurs. nypjes ) in dry
tetrachl oroet hane (35 nL) under nitrogen atnosphere.

The reaction m xture was refluxed for
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.

0
9]
BnO AN\ ></O
BnO CH H ™ Ho CHs HO Ili 1

3 0 isopropanol
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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30 m nutes and evaporated to dryness under high
vacuum The residue was suspended in tol uene,
weyapatsred to dryness in vacuo and the resi duBCT/US2005/018350
obt ai ned was di ssolved in ethyl acetate and washed
concentrhted siaderradwedd @m@ls’;urm Thdf houledne gamdv dsrtfitveated vith diegaei and the
| ayer was drled,éltl and evaporated. This thM
hexmﬁdy%wﬂp@ateéy %mélga@@} ProgtdirmWenicBREEb YIS ad the
remd&rﬂb?aﬁf?&f)a{ﬁgr QeLRARe #heaem@ a8 d('u]:d 44 hi@h JaRu@th V6 glve 17 as a white
Intermediate 4 in"free base formas a white powd
foam (A658569), whi ch was di ssolved in ethyl acetate (_5 nL)
and to this was added ether (50 niL). The gumt hat
settled out was isolated and dried in vacuo to give a
Exanfplath- S§nikSis @f CohippulidH8spectra and t he el enent al
anal ysi s (carbon, hydrogen and nitrogen) were
consistent with the assigned structure. Step 2
S}(S)—Tﬂetsd}@dm‘ fudarb3-datbprylocxaci 2R §ibibberzglox y2eimdthyl-
3-{I di met
benzqyé%? ReANERy: %epﬁﬁmgl%&rrseﬁwll gk sitst Wnyl ami no} - 2- (2
- met hoxynet hyl cycl opr opanecar bonyl oxy) - propyl ester
[ Conpound 9] (as its oxalate salt).Internediate 4

Compound 9 [0121] To a m'xtgre contai ning Internediate

4 as ®@n oxal at alt ( ) and 10% paI [ adi um on
BnO EO8 ioH et hyl al ew >€{o 0
a,l'@dunaP tus 60p f dr

B'Ohour s™The redttion m xt ufe B 17 tBie overH a bed gof
Celitel Bodfdidt ed to dryness and trisidmated wth
ether until a saljd forned. The ether | ayer was

ddORT e BrdfureRf thepminopgiel M@éﬁe&j% gupglgkandatsuum t o
tetrahg g}gﬁ@%%% ?@?rea% Vﬁl anal SI S %rﬁﬁ'ggg%‘ ac 9%}1? enOO mL

dried anct 4 totegelay smms&; vmsrmmsd ahrtoom temptiature i l¢riedrs and evaporated

to dry(xgss Z[%érr%@uao\g abggywﬁh %Etfrp%e;l'% aovgﬁﬁeoﬁ qg)&?caplta%ed The ether

superRathritaris! dEBAd arRisthé€bolid @4521%]: gH@ﬂﬁéd &ofi s68F4hol( 20 mL) to give
at nosphere, Sodi um hydrid , 60% suspension in

18 (260 mg) o Whtlel erystelingisolid. eEhchMRe anctBi sRect® aipgd the elemental analysis

(carbcfi n&quo 5:1? S i 1¥ T n‘%ﬁ%{ '?%E(%%érsF r%lgen%gi(ggf)({ gr}%ctu‘}g g, 0.1

stirred for 30 mnutes. To thls was then added
2-(S)-glycidylnosylate (11., 38.7 g, 0.15 noles,
Al drich Chem cal Conpany,

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.

0
BnOI:ELO/Y\NX/OWE Hy/Pd/C j@ka/\/\ ></O\H/C
BnO cHy HO ~isopropanal cH, HO | I

|
18, as HCl sa t 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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M | waukee, W) and stirred for 20 hours. Water (800
nm.) was then added to the reaction m xture, and the
wo emsiitsm was extracted with ethyl acetate (4PXI/EOD05/018350

m.), washed with brine (200 nL), dried over sodium
triturated wvith ethgh dceeatal:toglat egduino The\ettes acdtate ga'yEEwa:nd@‘hﬁteWIahd the

solid whi S hnrecr stalljzed from.eth tate
yelloy gugy yas s %Jee?@ t%b gﬁg@cw %ltﬁéﬁawxeﬂfgﬂ %ntséi 402 Ranol

[ n net hyl ene chloride). The NWR and IR were consi stent

ith the assjgned structure Exanple 5 - Synthesis of
Exantniﬁﬁbuﬁugthfalaoaﬁa%n

(S) 4, 5- bi s- benzyl oxy- 2- et hyl - benzoi c acid

2- hydroxy-3-(2 -h droxg 1, 1-di net hyl et hyl am ng
pr@% R AE O &8 o R AT L S
141 ). 12 14a oxalate salt 14b HC
cthyldt 0)1?%&{0?‘?%?%‘; t\éﬁlr% of epoxide 12 (24.66g, 0.061
m)I e) and am no-al cohol 13 (13g, 0.146 nole) in
anhyds ous acetonitrile (dried over 4A nobecul ar

BnOSLRYV s refl ux f gH-B48 ur sgpand eviporat O(t-Bu)
@éﬁot\%r r*e@uMees—uﬁg—ﬂ'he @ ItP%N%
BnO iigsol ved i n ethyl atBYATEUr300- ML “apd Washef

with brine (4 x 100 nL), dried over sodium sulfate and

evapbrated to dryness under reduced predguplaterpp

resi due was re-dissolved in ethyl acetate, acidified

Wirh1hopxad hfix@fd cﬁ‘e?ﬂxﬁ& ylo. @7:% ﬁhﬁn(ﬁ@daﬁ ONEshol 80 (1. 62ug, 6.7

crystallize. The l'Td™Was filtered and r|ed I T va
mmole))algi trieti3tandige (580 ®194 3 éfmmolq)jm danhgdrowh é-noathdt2al | i ne

pyrrofnfecticto il BerbeASAaR SR Kb LBy TR RS
evapopdfed'ed NFHEs MABSrNEIERRuER] Thie desufting®ol8 Kas s@spBhde ih Rehyl acetate

free base as an oil, which was dissolved in ether an

(300 m&) and washediveith sq@tmepatb@nat@\bapercmeé@vmsoarw el fateand
evapc%{}gg ?od%rlyﬁﬁlg ugHer {8dildd {e%)s é V?{l% ? a2 wis wdlsgolvé)dalg]eﬂ;g;f gcetate

were con S e assi
acidifbddrwigh o #ic aadaﬁ'&t}fyl fcetatSynd fikated tcolfenﬁﬁrﬂ'ﬁﬂyl thd idmlulSolid.

4, 5- i dr 0X met hyl - benzod c . acid
Ethersvag fl ébra’;ﬁ,terpég(\s}de gsql Whlﬁgtv\ﬁ; frecrystallized from isopropanol,

thwl [ d
F b DT

with th8 agSggned .stthtnm)I e) in
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.

Olll

o)
BnO ></O(t Bu) 0
H,/Pd/C HO ></O(t Bu)
BnO CHj3 isopropanol
CHs H

HO

O“l

21 2

[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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i sopropanol (100 nL) and hydrogenated in a Parr
Hydr ogenati on Shaker at 70 psi for 6hours. The

WO e@stiissns m xture was then filtered, acidifi edp@i/B2005/018350
HCl / et her and evaporat ed under reduced pressure to

filterdd a8l eapdRhte@¥6 Ayfiess THRY dcidifi€d wRAPICIhet5THe fesiue WAS triturated
obtai ned fromthisgumupon crystallization froma

with 2 il atley] gectate iy ivg @euat eTiexshyhapetatedayes gyss dpeantnd. Thig process
| t
was ey NS U8, Sl BaRip Sb IR GRER by R Vb 22

foam { B8 ngd s IThaEE 5846 medianokin rﬁthﬂﬁ@cﬂonde@m%éalsmgm‘ homogeneous
Co und 16. (S)- 4, 5-bi.s-benzyl oxy- 2- | - benzoic
spot aé&'r}%%sﬁ{%? %ﬁ wewymﬁe&awﬁﬁgbﬁ &ﬁ%‘“‘qﬁfr&ig‘ﬂﬁ hyl -

et hyl am no] -2-hydr oxy- propyl ester [0125] A m xture
t he_am no-di ol 14b l( 012 mpl e) and pival oyl

of
Examyle 6? r @é“d'(‘g F{ﬂjcacd of Bg eﬁ@!‘ O'PHOWFB‘EJ&“%EE‘PBm trile
| S
t ORI h P ReOHOhaARTN AR AL IS WEUER (R IBS R D RHe) were
condwisl dccexdinedowhd probeiuandesamiobddeckEavech., effdle Prendatli Acad. Sci.

usa Ji 5817, dho Fapl o R Setpnindiial R ol BEL B s grressed

mlcsgtpﬁmg-féwegyr bonate ,washed with brine and dried to

ive as Its free base formand chromato graphed on
aTs‘#BLEeB gel columm using 1% nmet hanol in methyl ene
chloride. The oil was achdified with HCL/Ether to give

3.2g as foam kﬁ%ln 5% fret ha I }?4; | ene chloride
showed a singleh BYE0 s S H .25). NWR and
IR were consiste It @;.HgHed structure.
Exanple 8 - SynR SI of R npound 17. (S)-
4,.5-his-di hydroxy-2-net hyl - henzoic _acid

Comppand 2, 2- di Rt hy! - pf opi onyl oxy) - | Bindingestfsscy

neibgl a 'no] - 2- hydr oky- propyl ester.I@o0#) A mi xture
ofs16 (1.COg, H.63 mple) and 10% Pd/ C 3800 ng) in
aceticjacid (100 L) |was hydrogenated in a Parr

nygrogenati on\apparafus at oU psi Tor gy mnutes,

filtered a porated to dryness and subsequently
co-evaporate wi't h tpluene. The residue was
red-ssotved—Th=soprppanot—the—t+nsotuhl frat-er—at—was
fprtered ndcihe sol ution masconceﬁffated under
reduced pr . The resultant gumwas triturated

with hexaneoand the hexane | ayer was decanted. This
Trituration procedure was repeated wth ether and the

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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resi due obtained after decanting the ether was dried
under high vacuumto give 1J7 as a white foam (0. 6g,

w@adp/118%anpl e 9 - Synthesis of Conpound 18. PCT/US2005/018350
(S) - Tetrahydro-furan-3-carboxylic acid

2-[()13}3(] 4 Reshits:- ﬁempyﬁmq (E&aﬁ’qﬂehyj \bﬁrzmﬁacedy\a/rth a compound of

2- r oxy- propyl am noj - 2- net hyl - propyl
the fomil\éﬂelomﬁ? fefred b welph%eram FRIDRALGA & Bmf %ged ls)PQEI etal,

U.S. Ifﬁzlalt?\)osam@ Zlﬁﬁr{dﬂb&éjéﬁf ur ancar bonyl chloride, (1.7g,

I n anfiydrous acetonitrile (100 ni, dried
over 4A nol ecul ar sieyges), s stirgeddat] reom
tenperature for 16 hour d ®v pon o’ dryness.
The residue was treat g netfer,and & white solid

preci pitated. The ether supernakant was decanted and
the solid was recrystallized fromisopropanol ( 20 ni)
Wher @nghouad I8&ds2ppliedtpprally notvictiiar n‘rlpembﬂ itais oBsesodd wlith dosing

i R GBRD SHORT ¥ G35 07k BHCH Qi EH PREH o of
a1bm@§a§bﬁ§1@<9n1§atrw&ta%%tm% 0P iscllQyith &} iSO fe TBAYHEhd

t rahydro-f uran- 3-carboxylic acid
6 showed mo@arasammxm atxho 2ompentigtionbenz oyl oxy) - 2-
hydr oxy- propyl am no] -2-nethyl -propyl ester. [0128] A
m xture of 18 (570ng, 0.91 mmole) and 10% Pd/ C (100

in isopropanal (50 nmL) was hydrogenated in a Parr
EX“"@EF%Q&P&PP%‘ wﬁwamawe@enﬁy for 60 minutes,

(13455 40, SeRrtntid bRy HlRSTD. A0 58 i i 20 ot
of comﬁ@hﬁlt‘Bort corfiéal anestigia) affdre sarighyinswitaioatie tHe&;Oﬁj‘un‘vbﬂ@al sac of the
ecant %d and the yel |l ow gum was SﬁEJPeCt ed o, hi

right %?é QhiAlbng Tabkits @b%gvaanvéwrwq% slesmrzsz%ﬁspﬁn@lon
threadt b, 12 rﬁbﬁiﬁﬁéﬂeﬁ 19 Trgqgﬂi%u@@n?e'al esthesia was eya&uated by the number of

(S)- I S- bénz net hyl - benzol ¢ aci
corned-rigchiamical- dmmabmyeceﬁam to gidwe¢ hplinking lrdh:ixnd)he effect of drug solutions

was o ¥y ResB Y 04 N sty Shigfhls (il o iiang 0 Bonor
oxybdRodainedRBvedine®ymol €) and tri et hyI am ne (1. 36 m., 13.4
nmol e) i n anhydrous | -nethyl -

[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
HO ><,HYCO
o N
HO CH,
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pyrrolidinone(dried over 4A nol ecul ar sieves) was

heated at 80 OC for 48 hours and evaporated to dryness
wapmeni13rgh vacuum The resulting solid was suBQpEUS®0S/018350

in ethyl acetate (300 nL) and washed wi th sodi um

c 40 BThatTdhe rispeptave mmmnds/wresi@sbhmd sudrf aoetatabuffer, pH 3.5

0 FAIPIHE Foehe CIBIERIEROR 0 SRS BIGHE e o igection o

obtait\).2h %0 ¥stliién. ahic dtabilitg bhibe comPbaid® vl WcterhiREQE40T for 1, 2, 3, 4,
renove an%/ the insoluble solid. Ether was added to the
®

8, and12| weeks.e Theycqiicentrationof syt pagentsppovdsasredll gsthe roncgatgations of

e pBATRRLIBND mld o SR SOl 0 0 e
C OISt Rdsults:t hstshewmasFlgn&dl sbimpeind Pis nivst bl a1 20 °C at pH

3.5 aszspyog}pg?qil;}g rtg(gpcrgp% gg@n% 8n faoqogvgg}qgal eye drop formulation of

comp§ur(d27 hatd Ig}gcfé)&yshlel’f |lffgbf'?tléh¥ ]zse&%}{!h@m 8k ¢ femé)eraZIg% Oar!rlg,a

- y'droxy propyl ester A'mxture o
formulati&ﬁl ofreoinppumchd ha0%9 Rabinthy proj@etedyhelf life2whereapeomapoupd Bthas

dr.oge n a Pa rogenati on appar at us
only 45 g5 g PHr PG o it g miiAmngt S at e Lo dr yneas
and acidified with HCO /ether. The resi due was

triturated with 20 nL ethyl acetate to give a gum The
Example\}7 -Qadax Bigaxgdabilins decanted. This process was

e Vv n u
BT e SR Bl bt R, SRR O ppangs was
admlrﬁ'g):redTlh-Qsinlgleﬁ%tﬂHtlbﬁ ﬁl@lhglaﬁmﬁﬁipm&te o €Y cohfiaieti 641 QWe 6 the right
honbgeneous spot at =0.5). NWR and IR were

and t}@dﬁg ic¥ese Ahe {HbbHs Wﬁée €H§§ﬁh@tﬁ?€é veth acinfpmusqules i petioppf Imalgéne®
tooo FLagh P 50 ey TR PSR FETEOMOAR Pnd e pen

desanfsinated bfy Rardi al plgxamde Bidwtiergleneattanized dy ah edexﬂosaocrfdjen@barbltal.

Immeh%ttqtlg %ﬁgra% &Sg{eeey%?\ejx%{eigglecgo-g%#tee\a%g QEtaEPs Ic%ﬂ'xea ©), Z(rll?e%us humor
AH)] dnbiZab-LiifaypeaB) (168 Al { wetieQldrapad-goddeohi h
( )I{ng eipr@s/}?ed |<?1€| b %ﬁn e(Tab erB) TE\BL%% E)S?g{rlr%olﬁg Hmor
(AH)$2tlrnpleEw&rmmal)@ndbt’HB1tﬂ ar Irritation [0132] Thirty

al bi no rabbi ts were randomy divided into five groups.

a
E%:{hor] esults is 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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dosed in the conjunctival sac of the right eye
topically every ten mnutes for one hour (six doses)
wowak/1537:1 of 0.0 % 0.3% 0.5% 1.0% and 2% PET/USEIDS/018350
compound, in 0.9% saline solution. The treated eye of
WhattiaChainddbi t was exam ned for indications of ocular
irritation, including swel l'i ng, discharge, redness,

iritis of .c va, eyelid, iris as well as opacity
d REhE G

L adYcqmRayp the cornea. Individual scores were
added to determ ne the degree of sligh noder ate or
severe irritatigny | a %{ r e Rfade
before the treatnen ne (Hour af irst and
sixth instillatjg hen 1O0R* 3, 4 ang 7 days,

using a slit la .[0133]RResuIts Compound 7 (Exanpl e

1) was conpared with a conpoung of the fornula bel ow,

referred to hereinafter as "conmpound 6, " and

di sclosed in Patil, et al., US. Patent Nos. 4,897,417

an 4 966 914. VMen conpound 7 was applied toplcally,
irritation was observed with dosing six

t | rres @Nﬁmﬁ £9 ehdnutigfenaénty- BW, Qr §%en$xﬁ%r@t@§hr?g E%up;

in the right conjunctival sac ‘of bi no rabbits

conpar & i hvdaomn@tr%ghtgh@u@r b@@é@%rﬁm@llgﬂ%ﬁmamls amino,

g irritation at 1%
coﬁcéﬁ%rggfgﬁﬁﬂ%kQﬂp gxﬂﬁﬁ§?ﬁ§d| Anest hesi a i
Measur &BH sr I&Ql:ﬁﬂildéﬂhhateaft feasttonefof R R, ahd BRI isgWe

|nst|IIqt|on of % . 1. 0% and 2. 0% sol ution of
corrpouﬂ\3d137a by 2k ﬁégFte%ﬂ‘f&lﬁ’he& a, after a single

i nstil lpagd &Hu%}{t‘ cBilﬁ o? BH;JnHﬁlet(t vel, aﬂ@ﬁ c@rf:lo%ﬁk‘?l id Q@lto aﬁéb‘i?alkyl,

of albino rabbits was nmeasur ed asi ng
esmlnt&s by, ectra(lmitafmranhl; émddromrmlnfmdlyh nmrphqllrw@, Immrldlnyl

of tebyroRv g knp . 2o ey BB et e
b |p'yﬂ5]1cﬁﬁylr %ftﬂaﬁyﬁroa_)hﬁo@i fcﬁ?ﬁdr&ﬁ‘xa%lyg pﬁ@ﬂyl}l tphefy sﬁ@ﬁltuted with

conpar ed with sterile 0. treated aninmals

( &orfti 8lkyl Cotp) aumzay,mrlna% @W@lp@il@é sibsttutedow Bl phlsast pne
[g&gﬁlt ?&HCE‘? CTlae Egpoun_d 7 exhi bited no corneal
ne

sens thetic activity) conpared to
0.4 % Wydoupr oca| ne, wher eas conpound 6 exhi bited
conpl ete corneal sensitivity loss at 1% Exanple 16 -
Stability Tests .% s

- R6

RS
R® gs  :and
each R® is independently H, straight chain or branched C;-C,, alkyl, or straight
chain or branched C,-C,, alkoxyalkyl;

or a stereoisomer, hydrate, solvate, acid salt hydrate, 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 Ia:
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[0136] An accelerated stability test was conducted on
0.25 % sol utions of conpounds 6, 7, and 8 (Exanple 2)
w@rood01BG for 1, 2, 3, 4, 8 and 12 weeks and neai/Us208%1018350
for the di sappearance of the prodrugs and appear ance
of the parent conpoundOby HPLC agal,ygys. The parent
conmpound (refgriped rgg@gLL s Nonrdund 4) has
the formula:[013 e r@spestl conmpqunds wer e
di ssol ved in go bufKHR H 3.5Q0.018% sodi um
acetate, 0.13 /Qacetlc acid, 0.9% sodiumchloride in
water for injection) to obtalqao 25 % solution. The
stability of the conpounds was determ ned at 400C for
1, 2, 3, 4, 8, andl 2 weeks. The concentration of the
4. p@(@&h &ﬁﬂﬁ@éﬁiﬂm@%\éﬁiﬂq 1a§/héﬂéﬁ‘1 rogeentrations of the
prodrug conpounds 6, 7, 8 at each tine point by
_ HPLC net hod. [0138] Results As shown in Figure 1,
5. COUBAHSEnG akSoriRglto elafth |4ewﬁ5reﬂ1q{’0e§1dq{2 Rl as
conpared to the Compound$ 6 and 8. A conventional eye
drop fornul ati on of conpound 7 has a projected
shgl fiadsi I ature,
I L b R e SR ST
tetrahydwjfiren-Selylsdnell W iki f e, wher eas conpound 6 has only 2.6
nmont hs of projected shelf-life at roomtenperature.
Exanple017 - Ccul ar Bioavailability [0139] Three

rabbits;were used peo tinme point. ThedO m test
subsg ajyfjce was adng nijfstered in a sigglg instillation
usi fa nicropipgg into the conj_2 ival sac of the

right an e leftC eyss. The rabbit (e anesthetlzed
with an i amuscul ar tion of | nmal geng
(ketam ne 32 ng/ kg), un(r) (xylagine 7
nmg/ kg) . They were then desangui nated by cardi ac
puncture and thereafter euthanized by an overdose of

7. peNtshgsbidtaddordngn® diash 6lwheddih @ igdeat h, the eyes were
m cro-di ssected to obtain: copnea (C), aqueous hunor
(AH), and iris-ciliary bodés( CB). Al sanples were

stored at -80C. Only aqueogys (AH) sanpl es were
anal yzed by HPLC. [0140] R " As can be seen in
Fig. 2, conmpound 7 is rapidly a bed across the
cornea and netabolized to the p nt conmpound 4 in
appreci ably higher quantities as conpared to conpound
6. It should be noted that sone of prodrug conpound 7
itself is also

8. A compound according to claim 4 wherein R' and R? are each aralkyl.
9. A compound according to claim 8 wherein R* is:
(0]

5
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present in aqueous hunor, whereas |evels of conpound 6
were below the detection Iimt of the HPLC nethod.
W Qm4/1]53Those skilled in the art will appreci ap€r/Ukmns5/018350

nunmer ous changes and nodifications can be nade to the

10. pretanpemdestadingrotiimfl, whereinnut daki @it afiite Rhatbsstwedts is other
changes and nodificati ons can be nmade wi t hout

thanIﬁeparting fromthe spirit of the invention. It is,
therefore, intended that the appended cl ai ns cover al
such equivalent variations as fall within the true

11 s eompoind asespi@ede clakm 1; whersin e9sh B ay independentlydd, CirCs alkyl

of Formula | : wherein: Rland R2 are each

Orb%%ﬁ%g%ggﬁg tly HW or a phenoxyl protecting group; R3

i s hydrogen, straight chain or branched Cl-Cl0O al kyl,

cy, l5, 1110, - C10 BNHG( =
12. YR o B S yer o R ey 2 mettd, or
CH,O¥HR1, R2, and R4 isW Ra is alkyl, aryl, or
heterocyclyl; R5 is straight chain or branched C1-G 0
al kyl, cycl oal kyl, Cl1-C 0 al koxyal kyl, am no, benzyl,
t et rahydr of uranyl, di hydrofuranyl, furanyl,
nmor phol i nyl, piperidinyl, tetrahydropyranyl,
di oxol anyl, 2,2-di nethyl dioxolanyl, dioxanyl,
13.  PW ésthpdundRigédraingds BMim 1] @hérRinyedeh X azadsfendently:
di hydr ooxazol yl , phenyl, phenyl substituted with
C-Co alkyl, G-G 0 al koxy, or halo, or cycloalkyl
substit@ted with at feast one straighty or branched
G-@g al kyl; W each R6 is indepgndently H,

chain or
st ereoi so

14. A compound according to claim 5, wherein each W is independently:

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

17. A compound according to claim 1, wherein R’ is furanyl, dihydrofuranyl, or

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.
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20.

2. A compound according to claim1, wherein Rl and R2
are each i ndependently Hor W 3. A conpound accordi ng

wo oooshs3ms 1 of Fornula la:la 4. A conmpound accke™USIPOL/a18350

claim1, wherein R4 is W 5. A compound according to
claatompbundlo€ FeimuliRIl: and R2 are each H. 6. A conpound
according to claim5 wher 'n R3 is Cl-C Qal kyl, R5 is
t et rahydr of ur an- M and . 0 ound
according to cla RS /W\I/s’\ ound
according to cla|m4re|n cHRZ are each
aral kyl. 9. A coR3oldntd*acgdr di n%ﬂto claim8 wherein R
i s:10. A conpound accordi ng tdlclaim1, wherein at
Ie?)t .one of the R6 substituents is other than H 11.
Ye6Hbund accor di ng to claiml1, wherein each R6 is
I ndepeleam R¥/arbleadh in@&peatidsitly Wl @M@ph@bkgﬂ)@t@ﬂe&yﬂg grbap,
A conpoynd according to claim1, wherein each

i ndepeﬁdéﬁhwow HEALBRfIchaig or BFPERI -4, alwlxﬂ%k?@m& amino,
a d JR\hA h Wis independently:
?Q?&Ohﬁkg& rl?gjl‘gec—@}?{dl\rgg to cl@% ’5, wherein each Wis

[ ndepeﬂdwalkyl; aryh.or Aeteompdyhd according to claim1l

wher ei EﬁfﬁRfks gg.or Cl1-C al kyl. 16. A conpound according

to cl ai fhérein R3 is nethyl. 17. A conpound

accor diZg bR ofl@icady.; wherein R5 is furanyl,

di hydr of uranyl, or t'etrahydrofuranyl. 18. A conpound
ac cor diRigs Hostrslighit whaist or WriaeksdrCIRE 10iabkyl, cycloalkyl, Ci-Cio

gcr %Er of :{ngpl%erﬁéi tetragg(%rof rgngﬁo(r E}(drgﬁ\%a%y? i'g'%m ]omorpholinyl,
gﬁﬁdﬁ@/l @étrdﬁgﬂmpmnyl dldwbahyzll D,2-Rii] Hﬁxalaﬁylﬁaﬁ)hanyl

endent | X or henox%Y pr ot ect i ng roup
.@yrﬁym FyERlidigyl, aqt@hvdr@%am%rdl diptseetybphen %henayll

C¥1‘fl&s‘t’iﬁ{t}§&' lmth ‘”Cm(ﬂo alkyl, C;-C alkoxy, or halo, or cycloalkyl substituted with at
least one straight or branched C;-C, alkyl;
W is:
o 0

}i : R®  or /EJ\

R6

R7

R6 R6
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, hydrate, solvate, acid salt hydrate, or pharmaceutically acceptable

salt thereof.

21.

A compound according to claim 20 of formula II wherein R* is H.
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22
Ww.

23.

24.

25.

26.

27.

G -C 10 al koxy, -NHC(K))R, or -CCONHR; Rais
al kyl, aryl, or heterocyclyl; Rdis Hor W Zis -O or

wo Qoea373 R5 is H straight chain or branchedpr@/ugi009018350

al kyl, cycloalkyl, G -G 0 al koxyal kyl, am no, benzyl,
tat d’o&h’ipbﬁih@ﬁbti’oﬁidmg 1o clainy 00,0fherein W' and B aféjéaph independently H or
nmor phol i nyl, piperidinyl, tetrahydropyranyl,

di oxol anyl, 2, 2-di net hyl di oxol anyl, dioxanyl,
pyrrolyl, pyrrolidinyl, tetrahydrooxazolyl,
dlhydrooxazolyl henyl phenyl §ub§t|tuged mnth G -G
0 Agfompoundsaceardipg o wlaiy 20,0vhergn & > R, apg &' aeer qagh H.
substituted with at | east one straight or branched

G -CO0 alkyl; Wis: each R6 is independently H,

s ¥y eometoung Bedonding trelaine R Eorayladl(@: kyl , or strai ght
chain or branched G -C 0 al koxyal kyl ; and R7 is

strai ght chain or branched al kyl, cycloalkyl, aryl, or
aral kyl ; prOV|ded that :Qwhen Z i (C;C» then R5 is
other than H ROy °5/$&UEF 5 sol vat e,
acid salt hydrate, phar ma g?q{cally ceptable salt
t hereof. 21. ARZphpetinglacco ng to claim20 of
formula Il wherein R4 is HIZ@&) A conpound according to
clai m 20, wherein RL and R2 are each independently H
or W 23. A conpound according to claim20, wherein

accor dgouadtqgéyéﬁnigﬁéﬁ%&?%@%@%ﬁn%ﬁ 5 1IW( g;mpggndA

compound according to claim20, wherein RA is W 26. A

ORI, ASEQLRRD% blics ba P RNRE R Rhefti LR 2

npourid accor di ng alm 26
wherein R3is G -C O alkyl, R5is tetrahydrofuran-

A compound according to claim 26 wherein R? is C;-Cyp alkyl, R’ is tetrahydrofuran-

3-yl, and W is:

28.

29.

30.

A compound according to claim 27 wherein W is:

0
A compound according to claim 25 wherein R' and R? are each aralkyl.

A compound according to claim 25 wherein R* is:
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3-yl, and Wis: 28. A conmpound according to claim 27
wherein Wis: 29. A conpound according to claim25
wob@sei37R1L and] R, 2 are each aral kyl. 30. A PORpPs200n£018350
according to claim25 wherein R4 is:31. A conpound
according to claim 20, whereifd at | east one of the R6
substituents is other tham H/ff 32.. A conpound accordi ng
to claim 20, wherein each-R6\s f/ ndependently H, Cl-C5
al kyl or | ower al koxyal kyl . 33. conmpound accor di ng
to claim 20, wherein each R6 is dependently H,
met hyl , or CH2OCH3. 34. A conpoufnd -according to cl aim
20, wherein each Wis independently: 35. A conpound
according to claim 26, wherein each Wis
i ndependent|ly: 36. A conpound according to claim 20
wherein R3 is Hor CpC 5 alkyl. 37. A conpound
according to claim20 wherein Ris methyl.38. A
31.  cdngpoupuind @canrdingdo tleing RO, whe2€in ativesteing oRBeiRS substemeyits is other
ﬂmnfglhydrofuranyl or tetrahydrofuranyl. 39. A conpound
iccording to claim38, wherein Ris
t et rahydrofuran-3-yl. 40. A conpound according to

cl.aim 20, wherein Wis: . 41.. A.co ad .a
32 cpCiamEangABRETRE A Pl 20 A B R R P anteatIf . Bts all
or lowdr GXERGARE. according to claim 20, wherein Ris
3-al kylt etrahydrofuran-3-yl. 43. A conpound accordi ng
to claim1, of the fornula: 44. A conpound accordi ng
33, tQy Edrﬁ’ﬁdﬁlﬂ%cccﬁﬁmgl?@clfaﬁﬁ 00| vherdR cadh Rhﬁrlﬁ@éﬁ@hﬁénﬁ§|ﬂ Ynethyl or
acceptabl e salt 6f a conpound according to cl aim4
CH,O8iHsf ormul a: [A] -HX;wherein A is a conpound accordlng
to claim43 and HX is an acid selected fromthe group

consi sting of hydrochloric, sulfuric, maleic, fumaric,
34. oxatdmpousd@céanding te tlam 20, velredein gachaWVi is iedspdwdently:

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

36. A compound according to claim 20 wherein R? is H or C;-Cs alkyl.

37. A compound according to claim 20 wherein R’ is methyl.
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46. A process for producing a conpound of fornula
Ilia: Ilia wherein: Rland R2 are each i ndependently H,
waGoosn1m7phenoxyl protecting group; R3 is hydrpgEns2005/018350

strai ght chain or branched C -C o al kyl, cycl oal kyl,

38.  am ¢uinpduind Gtedraink Gx ylaim BBIG(IRAIR A is ﬁrran}ﬂ:(diﬁ)di%fd)dﬂya or
Rdis Hor W provided that at | east one of Rl, R2, and

tetrahpdrofwranl- Ry i s al kyl, aryl, ‘or_heterocyclyl; and Zis
-0, -0(C0O-, or -NH(CO-; RS is H, strai ght chain
or branched C -Gio al kyl c cl oalkyl

39. a WUP@QI“C%WE@Clﬁ@h§§/|Whetr@ﬂBah§/@Fréhxﬂfra&%n3 yl.
di hydr of uranyl, furanyl, nnrphollnyl pi peri di nyl,
tetrahydropyranyl dloxolanyl 2- dlnethyl

40.  giAoseEmranpf aCenréing i Flaimy . rierein Viéysf rol i dinyl,
tetrahydrooxazol yl, @ hydrooxazol ylo, phenyl, phenyl
substitifted with G - 0 alkyl, G 4C 10 alkoxy, 0

hal o,-q,& cycl oal kyl bsfitut ed at | east e
straig nched al kyt’; Ns+—eagh i S
i ndependent H,, straigh hai n or brakched C-C 0

al kyl, or straight chain dr branched G'-C 0

al koxyal kyl; and R7 is al kyl, cycloal kyl, aryl, or

ar al kyl ; prowdedthat vvhenzls -0 C—O)-, then R5 is
41, oteampcvad apeording tavleim . Wlserelmklk ax=®alkyltetratrydrsfuragn-3-yl.

other than H, and Wi s:conprising contacting a

conmpound of the forrmula: Il11b wherein: at |east one of
42. RA cormpouaddcieding taglaim 20, wherein R is 3-alkyltetrahydrofuran-3-yl.

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

0 H
HO 0N N O
o H o)
HO CHj, WZ:O

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

0
HOD\AO xN
HO CH, 0

Om

45. A pharmaceutically acceptable salt of a compound according to claim 43, of formula:

[A] -HX
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with at | east one conpound of fornmula WL, wherein
each L is independently a |eaving group; for a tine

wa@psamies conditions effective to produce a cpapUs2uds/018350

of formula Ilia. 47. A pharmaceutical conposition for

t ivdietding ighaumpoEnd Rcoildaig tBYREMmI4SNMAMHIX iD4n i satected from the
neur.opat hy associated with the eye. of a patient, . the

groupseppB Afdr deshirics sl rigAmalsic ﬂﬁl]l%l, alicasycginic, citric, and
mnan@%&ﬁFtable carrier or diluent and a conpound according

46.

claim1; or a stereoisoner, hydrate, solvate, acid
salt hydrate, or pharnaceutically acceptabl e salt

B i rof R ERATA 3P RN 222. on, “or opt 1 ¢

neuropathy is classified §s open- an glaucona 49.
The conposition ®RAOQr myl ated as
an eye drop, eye was r eye o %% 50R»The
conmposi tion accordj ba|n1 ornulated for

adm nistration from a polynerlc di sk or waf er pl aced

upon the surface of the eye. Bl A nethod of treating
iycona ocul ar hypertension, or optic neuropathy

add§Chted with the eye of a patient, wherein the

met hod REHR] &esackaidddpehsdrlly HIONVT 6r 4 peeney sl obtetties group,
patient ,a conposition conpr|3|n%@?n oghthalnolog|cal

accept Bbp%hxda@gqneﬁtr%g t ghaip R branpled-C i rpdiii e ysloaldiapyno,
3 WMe olvate, acid
N N AL L A U LT

armaceutica y acc table salt
t her eoRisiH ar V\’r;eprc&pmadtthnalt legstsmt foff &' GRit, amdBUist Wt 0

anelio atelgﬁ gﬁﬁﬁgﬂFpéﬁéﬁ t the devel opnent of, or

reduce , ocul ar hypertenS|on

or optggsu@prQQ@ng,oﬁzNy[égoFethod according to claim
51, wherein the gl aucoma, ocul ar ertension, or

0 pt i c Be us Hpsitanght ichaig Ioab@nﬁheédila@m@{ﬂ@h anlpakkylIGeGona.

hod
o etk ToAmRg. Biedl, Pl RiRgo lPEHE Boh ¥ mepphotiny,
WElp%MQmQI ,étrapglropSrhnyll BRxERAVOY, 2adifethdi a@xbmnyzll diowbA,,
erein the cogg05|t|on is adm nistered from a

payyekvhipyrrglidinyb fetighy dipoxazabibdlilysseoxagel vk phemd edhsnyk he
¥ Sstituted with C;-Cyp alkyl, C,-Cyo alkoxy, or halo, or cycloalkyl substituted with at

least one straight or branched C;-C, alkyl;
W is:
o 0

I e w3

RG

R

R® RS :
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; and
when Z is -NH(C=0)-, then R’ is other than H, and W is:
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55. A pharmaceutical conposition for treating

gl aucoma, wherein the glauconma, ocul ar hypertension,
W@er006f133¢5 neur opat hy associ ated with the eye OPCHUS2005/018350

pati ent, the conposition conprising an

opht hal nol ogi cal | y acceptablf carrier or diluent and a

conpound according to clakp20Rbr a stereoi somer,

hydrate, solvate, acid sal dr ake, or

pharmaceutically acceptable s pereof. 56. The

conposition according to clai/m55, wherein the

gl aucoma, ocul ar hypertensiéﬁ, ®r optic neuropathy is

cl assified as open-angl e gl aucona. 57. The conposition

according to claimb55, fornmulated as an eye drop, eye

W@&h})riﬁﬁg GMﬁa&in@ta%ﬂipouﬁ@of tFB@orﬁﬁi_mOSi t ' on according
to claimbb, fornmulated for admnistration from a

pol ymeric disk orlmafer pphced upon\t e surface of the
eye. 59. A netho® '@ %hggein t he
nsi on

gl aucoma, ocul ar hyp 4 gptic nedropat hy
associ ated with Rhg e R3a pdtient, wherein the

nmet hod conprises adm nisteri to the eye of the

pati ent a conposition conpristtyg an opht hal nol ogi cal |y
aGHeRkabl e carrier or diluent and a conpound according
to clarm 20, or a stereoi soner, hydrate, solvate, acid
sal't hytlieastene of RhR{r edcRiisital | y~ accept abl e sal't

t here in a therapeutical |y suf.ficien nmount t

el stohe o ung o forE 12 ettt ER i Bdpeh ety o
leaving@¥\g? the synptoms of gl aucoma, wherein the glaucons,

ocul ar hypertension, or optic neuropathy.60. The

net fd tieeardindgr eenditians gifsgivetp pradupe @ sempgeyndffarmula Ila.

ocul ar hypertension, or optic neuropathy is classified

as open-angl e glaucoma. 6 1. The nethod according to ,
47.  clhrephrrBaceuiipal cempositien £ isetng glawcoma, aeHpnigedersion, gr optic

an,eye dron,. . h [, 0J 1 P t hod
R e T
ophthalgtlskisd1 B RGeptiletaripodndirentandiasdompound hcsordih@medlaim 1; or a

upon the surface of _the eﬁe. .
stereoisomer, hydrate, solvate, acid salt hydrate, 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.

51. A method of treating glaucoma, ocular hypertension, or optic neuropathy associated
with the eye of a patient, wherein the method comprises:

administering to the eye of the patient a composition comprising an
ophthalmologically acceptable carrier or diluent and a compound according to claim 1; or a

stereoisomer, hydrate, solvate, acid salt hydrate, or pharmaceutically acceptable salt thereof,
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in a therapeutically sufficient amount to ameliorate, delay, or prevent the development of, or

reduce the symptoms of glaucoma, ocular hypertension, or optic neuropathy.

52.  The method according to claim 51, wherein the glaucoma, ocular hypertension, or

optic neuropathy is classified as open-angle glaucoma.

53.  The method according to claim 51, wherein the composition is administered in an eye

drop, eye wash, or eye ointment.

54.  The method according to claim 51, wherein the composition is administered from a

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

55. A pharmaceutical composition for treating glaucoma, wherein the 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 20 or a stereoisomer, hydrate, solvate, acid salt hydrate, or pharmaceutically acceptable

salt thereof.

56.  The composition according to claim 55, wherein the glaucoma, ocular hypertension,

or optic neuropathy is classified as open-angle glaucoma.

57.  The composition according to claim 55, formulated as an eye drop, eye wash, or eye
ointment.
58.  The composition according to claim 55, formulated for administration from a

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

59. A method of treating glaucoma, wherein the glaucoma, ocular hypertension, or optic
neuropathy associated with the eye of a patient, wherein the method comprises administering
to the eye of the patient a composition comprising an ophthalmologically acceptable carrier
or diluent and a compound according to claim 20, or a stereoisomer, hydrate, solvate, acid
salt hydrate, or pharmaceutically acceptable salt thereof, in a therapeutically sufficient
amount to ameliorate, delay, or prevent the development of, or reduce the symptoms of

glaucoma, wherein the glaucoma, ocular hypertension, or optic neuropathy.
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60.  The method according to claim 59, wherein the glaucoma, ocular hypertension, or

optic neuropathy is classified as open-angle glaucoma.

61.  The method according to claim 59, wherein the composition is administered in an eye

drop, eye wash, or eye ointment.

62.  The method according to claim 59, wherein the composition is administered from a

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