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PROSTAGLANDIN PRODRUGS
By Inventors

David W. Old, Wha-Bin Im, and Vinh X. Ngo

BACKGROUND

Ocular hypotensive agents are useful in the treatment of a number of various ocular
hypertensive conditions, such as post-surgical and post-laser trabeculectomy ocular hypertensive
episodes, glaucoma, and as presurgical adjuncts.

Glaucoma 18 a disease of the eye characterized by increased intraocular pressure. On the
basis of its etiology, glaucoma has been classified as primary or secondary. For example, primary
oglaucoma 1n adults (congenital glaucoma) may be either open-angle or acute or chronic angle-
closure. Secondary glaucoma results from pre-existing ocular diseases such as uveitis, intraocular
tumor or an enlarged cataract.

The underlying causes of primary glaucoma are not yet known. The increased intraocular
tension 18 due to the obstruction of aqueous humor outflow. In chronic open-angle glaucoma, the
anterior chamber and 1ts anatomic structures appear normal, but drainage of the aqueous humor 1s
impeded. In acute or chronic angle-closure glaucoma, the anterior chamber 1s shallow, the
filtration angle 1s narrowed, and the 1r1s may obstruct the trabecular meshwork at the entrance of
the canal of Schlemm. Dilation of the pupil may push the root of the iris forward against the
angle, and may produce pupilary block and thus precipitate an acute attack. Eyes with narrow
anterior chamber angles are predisposed to acute angle-closure glaucoma attacks of various
degrees of severity.

Secondary glaucoma 1s caused by any interference with the flow of aqueous humor from
the posterior chamber 1nto the anterior chamber and subsequently, 1nto the canal of Schlemm.
Inflammatory disease of the anterior segment may prevent aqueous escape by causing complete
posterior synechia 1n 1r1s bombe, and may plug the drainage channel with exudates. Other
common causes are itraocular tumors, enlarged cataracts, central retinal vein occlusion, trauma to
the eye, operative procedures and intraocular hemorrhage.

Considering all types together, glaucoma occurs 1n about 2% of all persons over the age of
40 and may be asymptotic for years before progressing to rapid loss of vision. In cases where
surgery 18 not mdicated, topical B-adrenoreceptor antagonists have traditionally been the drugs of

choice for treating glaucoma.
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Certain e1cosanoids and their derivatives are currently commercially available for use 1n
glaucoma management. Eicosanoids and derivatives include numerous biologically important
compounds such as prostaglandins and their derivatives. Prostaglandins can be described as

derivatives of prostanoic acid which have the following structural formula:

5
7 5 3 1
y \\\\\\/\/\/C02H
8 M
6 4 2
10
14 16 18 20

11
13 15 17 19

Various types of prostaglandins are known, depending on the structure and substituents
carried on the alicyclic ring of the prostanoic acid skeleton. Further classification 1s based on the
number of unsaturated bonds 1n the side chain indicated by numerical subscripts after the generic

10  type of prostaglandin [e.g. prostaglandin E] (PGE]), prostaglandin E2 (PGE?>)], and on the

configuration of the substituents on the alicyclic ring indicated by o or B [e.g. prostaglandin F2

(PGE2B)].

DESCRIPTION OF THE INVENTION
15

Disclosed herein 18 a compound comprising

A—Y

G
or a pharmaceutically acceptable salt thereof;

wherein Y 18

f‘e\ro\/\,\,/\

20 -CO»(CH,,0Hor O O.
A 18 (CH»)¢-, cis -CH,CH=CH-(CH,)3-, or -CH,C=C-(CH,)s-, wherein 1 or 2 carbon atoms
may be substituted with S or O; or A 1s |(CH»),-Ar-(CH»),- wherein Ar 1s interarylene or
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heterointerarylene, the sum of m and o 1s from 1 to 4, and wherein one CH, may be substituted
with S or O;

B 1s C=0, CH,, CHOH, CHCI, CHF, CHBr, or CHCN;

G 1s OH or H; and

D 1s aryl or heteroaryl.

As Y 18
f \n/o\/\N
-CO,(CH;),OH or K/O , the compounds below, or salts thereof, are
contemplated.
O (\ 0 O
B A \O,/\/N\) B A’J’]\O/\/OH
O O
\D \D
G G

In relation to the 1dentity of A disclosed in the chemical structures presented herein, A 1s
—(CH»)s-, cis -CH,CH=CH-(CH>)3-, or -CH,C=C-(CH;)3-, wherein 1 or 2 carbon atoms may be
substituted with S or O; or A 18 -(CH))m-Ar-(CH»),- wherein Ar 1s interarylene or
heterointerarylene, the sum of m and o 1s from 1 to 4, and wherein one CH, may be substituted
with S or O.

While not intending to be limiting, A may be —(CH;)s-, cis -CH,CH=CH-(CH;)3-, or —
CH,C=C-(CH,)s-.

Alternatively, A may be a group which 1s related to one of these three moieties in that any
carbon 18 replaced with S or O. For example, while not intending to limit the scope of the

invention 1in any way, A may be a moiety where S replaces one or two carbon atoms such as one

of the following or the like.
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Alternatively, while not intending to limit the scope of the invention 1in any way, A may be a

moicty where O replaces one or two carbon atoms such as one of the following or the like.
f\/\/o\/\ ; f\/\/\o /\‘; i‘e \/\/\/o\;
& N, NN J £ N o/\/ O\/\; f\o/\/\o/\{‘
N OO y f\/\o/\/o\e,,s 4 NN TN

E/E/\O/\a’f E/\:—_’/\o/\f

Alternatively, while not intending to limit the scope of the invention 1n any way, A may
have an O replacing one carbon atom and an S replacing another carbon atom, such as one of the

10  following or the like.
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Alternatively, while not intending to limit the scope of the invention in any way, 1n
certain embodiments A 1s «(CH»)n-Ar-(CH;)o- wherein Ar 1s interarylene or heterointerarylene,
the sum of m and o 18 from 1 to 4, and wherein one CH, may be substituted with S or O. In other
words, while not intending to limit the scope of the invention in any way,
in one embodiment A comprises from 1 to 4 CH, moieties and Ar, e.g. -CH,-Ar-, -(CH;),-Ar-, -
CH,-ArCH,-, -CH,Ar(CH,),-, -(CH»),-Ar(CH,),-, and the like; or
A comprises O, from 0 to 3 CH; moieties, and Ar, e.g., -O-Ar-, Ar-CH»-O-, -O-Ar-(CH3),-, -O-
CH,-Ar-, -O-CH,-Ar-(CH»),, and the like; or
A comprises S, from 0 to 3 CH, moieties, and Ar, e.g., -S-Ar-, Ar-CH»-S-, -S-Ar-(CH;),-, -S-
CH,-Ar-, -S-CH,-Ar-(CH,),, -CH,-CH,-S-Ar-, and the like.

Interarylene or heterointerarylene refers to an aryl ring or ring system or a heteroaryl ring
or ring system which connects two other parts of a molecule, 1.e. the two parts are bonded to the
ring 1in two distinct ring positions. Interarylene or heterointerarylene may be substituted or
unsubstituted. Unsubstituted interarylene or heterointerarylene has no substituents other than the
two parts of the molecule 1t connects. Substituted interarylene or heterointerarylene has
substitutuents 1n addition to the two parts of the molecule 1t connects.

In one embodiment, Ar 1s substituted or unsubstituted interphenylene, interthienylene,
interfurylene, or interpyridinylene. In another embodiment Ar 18 interphenylene (Ph). In another
embodiment A 1s —(CH;),-Ph-. While not intending to limit scope of the invention in any way,
substituents may have 4 or less heavy atoms, or 1n other words, non hydrogen atoms. Any
number of hydrogen atoms required for a particular substituent will also be included. Thus, the
substituent may be

hydrocarbyl having up to 4 carbon atoms, including alkyl up to C4, alkenyl, alkynyl, and the like;

hydrocarbyloxy up to Cs;
CFs;
halo, such as F, Cl, or Br;

hydroxyl;

NH, and alkylamine functional groups up to Cs;
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other N or S containing substituents;

and the like.

In one embodiment A 18 —(CHj)n-Ar-(CH;),- wherein Ar 1s interphenylene, the sum of m
and o0 1s from 1 to 3, and wherein one CH, may be substituted with S or O.
5 In another embodiment A 1s -CH»-Ar-OCH5»-. In another embodiment A 1s —CH»-Ar-
OCH;- and Ar 1s interphenylene. In another embodiment, Ar 1s attached at the 1 and 3 positions,

such as when A has the structure shown below.

H>C O

In another embodiment A 1s —(CH,)¢-, cis -CH,CH=CH-(CH,)s-, or —-CH,C=C-(CH)s-,

10

wherein 1 or 2 carbon atoms may be substituted with S or O; or A 18 —(CH»)>-Ph- wherein one
CH, may be substituted with S or O.
In another embodiment A 1s —(CH,)¢-, cis -CH,CH=CH-(CH;)s-, or —-CH,C=C-(CH)s-,
15  wherein 1 or 2 carbon atoms may be substituted with S or O; or A 1s —-(CH,),-Ph-.
B 1s C=0, CH,, CHOH, CHCI, CHF, CHBr or CHCN. Thus, while not intending to limait
the scope of the invention 1n any way, compounds such as those described by the structural

formulas below, or pharmaceutically acceptable salts thereof, are possible.

O
A—Y A—Y
O O
20 HO HO
O
&i—Y B
O CK/O
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In one embodiment B 1s CH,, CHOH, CHCI, CHF, CHBr, or CHCN.
In another embodiment B 1s C=0, CH,, CHCI, CHF, CHBr, or CHCN.
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In another embodiment B 1s C=0.

In another embodiment B 1s CHs.

In another embodiment B 1s CHOH.

In another embodiment B 1s CHCI.

In another embodiment B 1s CHF.

In another embodiment B 1s CHCN.

In another embodiment B 1s CHBr.

G 1s OH or H.

In one embodiment G 1s OH.

In another embodiment G 1s H.

Thus, while not intending to limit the scope of the invention in any way, compounds such
as those described by the structural formulas below, or pharmaceutically acceptable salts thereof,

arc possible.

o A—Y o A—Y

HO

D 1s aryl or heteroaryl.

Aryl 1s an unsubstituted or substituted aromatic ring or ring system such as phenyl,
naphthyl, biphenyl, and the like.

Heteroaryl 1s aryl having one or more N, O, or S atoms 1n the ring, 1.¢. a ring carbon 18
substituted by N, O, or S. While not intending to be limiting, examples of heteroaryl include
unsubstituted or substituted thienyl, pyridinyl, furyl, benzothienyl, benzofuryl, imidizololyl,
indolyl, and the like.

The substituents of aryl or heteroaryl may have up to 12 non-hydrogen atoms each and as
many hydrogen atoms as necessary. Thus, while not intending to limit the scope of the mnvention
in any way, the substituents may be:

hydrocarbyl, such as alkyl, alkenyl, alkynyl, and the like, including linear, branched or cyclic

hydrocarbyl, and combinations thereof;

hydrocarbyloxy, meaning O-hydrocarbyl such as OCH3;, OCH,CH3, O-cyclohexyl, etc, up to 11

carbon atoms;
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hydroxyhydrocarbyl, meaning hydrocarbyl-OH such as CH,OH, C(CH3),0OH, etc, up to 11

carbon atoms;

nitrogen substituents such as NO,, CN, and the like, including

amino, such as NH,, NH(CH,CH3;OH), NHCH3, and the like up to 11 carbon atoms;

carbonyl substituents, such as CO,H, ester, amide, and the like;

halogen, such as chloro, fluoro, bromo, and the like

fluorocarbyl, such as CF;, CF,CFj3, etc.;

phosphorous substituents, such as PO3;~, and the like;

sulfur substituents, including S-hydrocarbyl, SH, SOzH, SO,-hydrocarbyl, SOs-hydrocarbyl, and
the like.

In certain embodiments, the number of non-hydrogen atoms 1s 6 or less 1n a substituent.
In other embodiments, the number of non-hydrogen atoms 1s 3 or less 1n a substituent. In other
embodiments, the number of non-hydrogen atoms on a substituent 1s 1.

In certain embodiments, the substituents contain only hydrogen, carbon, oxygen, halogen,
nitrogen, and sulfur. In other embodiments, the substituents contain only hydrogen, carbon,
oxygen, and halogen.

Unless otherwise indicated, references to aryl, heteroaryl, phenyl, thienyl, benzothienyl,
and the like are intended to mean both the substituted and the unsubstituted moiety.

Thus, compounds wherem D 1s any of the above classes or species of aryl or heteroaryl
arc contemplated herein.

Further, while not intending to limit the scope of the invention in any way, 1n one
embodiment D 1s phenyl. In another embodiment D 1s chlorophenyl, meaning phenyl with one or
more chloro substituents. In another embodiment D 1s 3,5-dichlorophenyl. In another
embodiment D 1s unsubstituted phenyl.

One embodiment comprises

or a pharmaceutically acceptable salt thereof;

wheremn A and Y are as described herein;
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B 1s CHCI, CHF, or CHjy;
R’ is independently methyl, ethyl, isopropyl, fluoro, chloro, bromo, methoxy, ethoxy,
1sopropoxy, NH,, OH, CN, NO,, or CF3; and
n 1s from O to 3.
Another embodiment comprises

B !S\\\\\\ A Y

O

X

/(R3)n
/

or a pharmaceutically acceptable salt thereof;

wherein A and Y are as described herein;

B 1s CHCI, CHF, or CHjy;

R’ is independently methyl, ethyl, isopropyl, fluoro, chloro, bromo, methoxy, ethoxy,
1sopropoxy, NH,, OH, CN, NO,, or CF3; and

n 18 from O to 3.

Another embodiment comprises

or a pharmaceutically acceptable salt thereof;
wheremn A and Y are as described herein;
B 1s CHCI, CHF, or CHj;
R’ is independently methyl, ethyl, isopropyl, fluoro, chloro, bromo, methoxy, ethoxy,
1sopropoxy, NH,, OH, CN, NO,, or CFj3;
R* is hydroxyhydrocarbyl having from 1 to 10 carbon atoms; and
n 18 from 0 to 3.
Other embodiments comprise compounds according to the structures below, or

pharmaceutically acceptable salts thercof. In these embodiments A 1s as described herein;

10
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B 1s either C=0, CH,, CHOH, CHCI, CHF, or CHCN, or alternatively B 1s CHCI, CHF, or CHj;
and

3 : :
Y, R” and n are as described herein.

11
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Other embodiments comprise compounds according to the structures below, or
5  pharmaceutically acceptable salts thercof. In these embodiments B 1s either C=0O, CH,, CHOH,
CHCI, CHF, or CHCN, or alternatively B 1s CHCI, CHF, or CH,; and

3 : :
Y, R” and n are as described herein.

Cl

10

Pharmaceutically acceptable salts of the above listed compounds are also contemplated.

The compounds of disclosed herein are useful for the prevention or treatment of
glaucoma or ocular hypertension in mammals, or for the manufacture of a medicament for the

15  treatment of glaucoma or ocular hypertension.

A “pharmacecutically acceptable salt” 1s any salt that retains the activity of the parent
compound and does not impart any additional deleterious or untoward effects on the subject to
which 1t 1s administered and 1n the context in which 1t 1s administered compared to the parent
compound. A pharmaceutically acceptable salt also refers to any salt which may form in vivo as

20  aresult of administration of an acid, another salt, or a prodrug which 1s converted into an acid or

salt.

12
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Pharmaceutically acceptable salts of acidic functional groups may be derived from
organic or inorganic bases. The salt may comprise a mono or polyvalent 1on. Of particular
interest are the morganic 1ons, lithium, sodium, potassium, calcium, and magnesium. Organic
salts may be made with amines, particularly ammonium salts such as mono-, di- and trialkyl
amines or ethanol amines. Salts may also be formed with caffeine, tromethamine and similar
molecules. Hydrochloric acid or some other pharmaceutically acceptable acid may form a salt
with a compound that includes a basic group, such as an amine or a pyridine ring.

A “prodrug” 1s a compound which 1s converted to a therapeutically active compound after
administration, and the term should be interpreted as broadly herein as 1s generally understood 1n
the art. While not intending to limit the scope of the invention, conversion may occur by
hydrolysis of an ester group or some other biologically labile group. Generally, but not
necessarily, a prodrug 1s 1nactive or less active than the therapeutically active compound to which
it 1s converted. Ester prodrugs of the compounds disclosed herein are specifically contemplated.
An ester may be derived from a carboxylic acid of C1 (1.e. the terminal carboxylic acid of a
natural prostaglandin), or an ester may be derived from a carboxylic acid functional group on
another part of the molecule, such as on a phenyl ring. While not intending to be limiting, an
ester may be an alkyl ester, an aryl ester, or a heteroaryl ester. The term alkyl has the meaning
ogenerally understood by those skilled 1n the art and refers to linear, branched, or cyclic alkyl
moieties. Ci.g alkyl esters are particularly useful, where alkyl part of the ester has from 1 to 6
carbon atoms and includes, but 1s not limited to, methyl, ethyl, propyl, 1sopropyl, #-butyl, sec-
butyl, iso-butyl, z-butyl, pentyl 1somers, hexyl i1somers, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and combinations thereof having from 1-6 carbon atoms, etc.

Those skilled in the art will readily understand that for administration or the manufacture
of medicaments the compounds disclosed herein can be admixed with pharmaceutically
acceptable excipients which per se are well known 1n the art. Specifically, a drug to be
administered systemically, 1t may be confected as a powder, pill, tablet or the like, or as a
solution, emulsion, suspension, acrosol, syrup or elixir suitable for oral or parenteral
administration or inhalation.

For solid dosage forms or medicaments, non-toxic solid carriers include, but are not
limited to, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharin, the polyalkylene glycols, talcum, cellulose, glucose, sucrose and magnesium
carbonate. The solid dosage forms may be uncoated or they may be coated by known techniques

to delay disintegration and absorption in the gastrointestinal tract and thereby provide a sustained

13
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action over a longer period. For example, a time delay material such as glyceryl monostearate or
olyceryl distcarate may be employed. They may also be coated by the technique described in the
U.S. Pat. Nos. 4,256,108; 4,166,452; and 4,265,874 to form osmotic therapeutic tablets for
control release. Liquid pharmaceutically administrable dosage forms can, for example, comprise
a solution or suspension of one or more of the presently useful compounds and optional
pharmaceutical adjutants 1n a carrier, such as for example, water, saline, aqueous dextrose,
olycerol, ethanol and the like, to thereby form a solution or suspension. If desired, the
pharmaceutical composition to be administered may also contain minor amounts of nontoxic
auxiliary substances such as wetting or emulsifying agents, pH buffering agents and the like.
Typical examples of such auxiliary agents are sodium acetate, sorbitan monolaurate,
tricthanolamine, sodium acetate, tricthanolamine oleate, etc. Actual methods of preparing such
dosage forms are known, or will be apparent, to those skilled 1n this art; for example, see
Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 16th Edition,
1980. The composition of the formulation to be administered, 1n any event, contains a quantity of
one or more of the presently useful compounds 1n an amount effective to provide the desired
therapeutic effect.

Parenteral administration 1s generally characterized by injection, either subcutaneously,
intramuscularly or intravenously. Injectables can be prepared in conventional forms, either as
liquid solutions or suspensions, solid forms suitable for solution or suspension in liquid prior to
injection, or as emulsions. Suitable excipients are, for example, water, saline, dextrose, glycerol,
cthanol and the like. In addition, 1f desired, the mjectable pharmaceutical compositions to be
administered may also contain minor amounts of non-toxic auxiliary substances such as wetting
or emulsifying agents, pH buffering agents and the like.

The amount of the presently useful compound or compounds administered 1s, of course,
dependent on the therapeutic effect or effects desired, on the specific mammal being treated, on
the severity and nature of the mammal's condition, on the manner of administration, on the
potency and pharmacodynamics of the particular compound or compounds employed, and on the
judgment of the prescribing physician. The therapeutically etfective dosage of the presently
useful compound or compounds 1s preferably in the range of about 0.5 or about 1 to about 100
mg/kg/day.

A liquid which 1s ophthalmically acceptable 1s formulated such that 1t can be administered
topically to the eye. The comfort should be maximized as much as possible, although sometimes

formulation considerations (e.g. drug stability) may necessitate less than optimal comfort. In the
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case that comfort cannot be maximized, the liquid should be formulated such that the liquid 1s
tolerable to the patient for topical ophthalmic use. Additionally, an ophthalmically acceptable
liquid should either be packaged for single use, or contain a preservative to prevent
contamination over multiple uses.

For ophthalmic application, solutions or medicaments are often prepared using a
physiological saline solution as a major vehicle. Ophthalmic solutions should preferably be
maintained at a comfortable pH with an appropriate butfer system. The formulations may also
contain conventional, pharmaceutically acceptable preservatives, stabilizers and surfactants.

Preservatives that may be used in the pharmaceutical compositions of the present invention
include, but are not limited to, benzalkonium chloride, chlorobutanol, thimerosal, phenylmercuric
acetate and phenylmercuric nitrate. A useful surfactant 1s, for example, Tween 80. Likewise,
various useful vehicles may be used 1n the ophthalmic preparations of the present invention. These
vehicles include, but are not limited to, polyvinyl alcohol, povidone, hydroxypropyl methyl
cellulose, poloxamers, carboxymethyl cellulose, hydroxyethyl cellulose and purified water.

Tonicity adjustors may be added as needed or convenient. They include, but are not limited
to, salts, particularly sodium chloride, potassium chloride, mannitol and glycerin, or any other
suitable ophthalmically acceptable tonicity adjustor.

Various buffers and means for adjusting pH may be used so long as the resulting
preparation 18 ophthalmically acceptable. Accordingly, butfers include acetate butfers, citrate
bufters, phosphate buffers and borate buffers. Acids or bases may be used to adjust the pH of these
formulations as needed.

In a similar vein, an ophthalmically acceptable antioxidant for use 1n the present invention
includes, but 1s not limited to, sodium metabisulfite, sodium thiosulfate, acetylcysteine, butylated
hydroxyanisole and butylated hydroxytoluene.

Other excipient components which may be included in the ophthalmic preparations are
chelating agents. A useful chelating agent 1s edetate disodium, although other chelating agents may
also be used 1n place or 1n conjunction with it.

The ingredients are usually used in the following amounts:

Ingredient Amount (% w/v)
active mgredient about 0.001-5
preservative 0-0.10

vehicle 0-40
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tonicity adjustor 1-10
buffer 0.01-10
pH adjustor q.s. pH 4.5-7.5
antioxidant as needed
surfactant as needed
purified water as needed to make 100%

For topical use, creams, ointments, gels, solutions or suspensions, etc., containing the
compound disclosed herein are employed. Topical formulations may generally be comprised of a
pharmaceutical carrier, cosolvent, emulsifier, penetration enhancer, preservative system, and
emollient.

The actual dose of the active compounds of the present invention depends on the specific
compound, and on the condition to be treated; the selection of the appropriate dose 1s well within

the knowledge of the skilled artisan.

Synthetic Methods

The compound disclosed herein are prepared from compounds according to the structure
below, which may be obtained using procedures disclosed in United States Provisional Patent
Application No. 60/644,069, filed on January 14, 2005; United States Provisional Patent
Application No. 60/757,696, filed on January 10, 2006; and W0O2006076370. The parts of these

documents disclosing synthesis of the compounds therein are incorporated herein by reference.

O
\D

Scheme 1
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Cl oH C]
W 1. CICO,Et, EtsN, CH,Cl, @::WO\/\R
O > O
R O\Q/C' 2. RCH,CH,OH : OO/C'
HO HO
Cl Cl
1 R=OH
2 R= N
L_O

(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-cyclopentyl]-hept-5-
enoic acid 2-hydroxy-ethyl ester (1)

Triethylamine (15 pL, 0.11 mmol) and ethyl chloroformate (15 uL, 0.16 mmol) were
added sequentially to a solution of (Z2)-7-[(1R,2S,3R,5R)-5-chloro-2-(3,5-dichloro-
phenoxymethyl)-3-hydroxy-cyclopentyl]-hept-5-enoic acid (United States Provisional Patent
Application No. 60/644,069, filed on January 14, 2005, incorporated by reference herein, 10.5
mg, 0.025 mmol) in CH,Cl, (0.2 mL) at room temperature. After 2.5 h, triethylamine (15 pL,

0.11 mmol) and ethylene glycol (200 puL, 3.59 mmol) were added. After stirring overnight at

room temperature, the reaction mixture was partitioned between H>O (5 mL) and CH>Cl, (5 mL).
The phases were separated and the aqueous phase was extracted with CH,Cl, (2x5 mL). The
combined organic phase was washed with 1 N HCI (5§ mL) then dried (MgSO,), filtered and
concentrated 1in vacuo. Purification of the residue by flash column chromatography on silica gel

(10% MeOH/ CH,Cl,) afforded 2.5 mg (22%) of the title compound (1).

(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-cyclopentyl]-hept-5-
enoic acid 2-morpholin-4-yl-ethyl ester (2)

Triethylamine (6.5 uL, 0.047 mmol) and ethyl chloroformate (7 uL, 0.073 mmol) were
added sequentially to a solution of (Z2)-7-[(1R,2S,3R,5R)-5-chloro-2-(3,5-dichloro-
phenoxymethyl)-3-hydroxy-cyclopentyl]-hept-5-enoic acid (see US 60/644,069, 20 mg, 0.047
mmol) in CH,Cl, (0.47 mL) at room temperature. After 2.5 h, triethylamine (6.5 uL, 0.047
mmol) and 4-(2-hydroxyethyl)-morpholine (58 uL, 0.47 mmol) were added. After stirring
overnight at room temperature, the reaction mixture was partitioned between H,O (5 mL) and

CH,Cl, (5§ mL). The phases were separated and the aqueous phase was extracted with CH,Cl,
(2x5 mL). The combined organic phase was washed with 1 N HCI (5 mL) then dried (MgSO,),
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filtered and concentrated in vacuo. Purification of the residue by flash column chromatography

on silica gel (5% MeOH/ CH,Cl,) afforded 5.1 mg (20%) of the title compound (2).

In Vivo Examples

Cl
1

(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-
cyclopentyl]-hept-5-enoic acid 2-hydroxy-ethyl ester (1) was tested 1n normotensive dogs at
0.1%, dosing once daily for 5 days. The maximum intraocular pressure (IOP) decrease from
baseline was 6.6 mmHg (40%) at 78 h; the maximum ocular surface hyperemia (OSH) score was
0.9 at 50 h. This compound was also tested 1n laser-induced hypertensive monkeys, using one

single day dose. At 0.1%, the maximum IOP decrease from baseline was 12.5 mmHg (33%) at 4
h.

/T \

_ e NS

O
O Cl

Cl
2

(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-
cyclopentyl]-hept-5-enoic acid 2-morpholin-4-yl-ethyl ester (2) was tested in normotensive dogs
at 0.1%, dosing once daily for 5 days. The maximum intraocular pressure (IOP) decrease from
baseline was 5.1 mmHg (34%) at 78 h; the maximum ocular surface hyperemia (OSH) score was
0.9 at 30 h. This compound was also tested in laser-induced hypertensive monkeys, using one

single day dose. At 0.1%, the maximum IOP decrease from baseline was 11.9 mmHg (32%) at 6
h.
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Cl
(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-

cyclopentyl]-hept-5-enoic acid was tested at multiple concentrations 1in normotensive dogs,
dosing once daily for 5 days. At 0.05%, the maximum IOP decrease from baseline was 4.3
mmHg (30%) at 6 h; the maximum OSH score was 0.6 at 6h. At 0.1%, the maximum IOP
decrease from baseline was 4.8 mmHg (34%) at 102 h; the maximum OSH score was 1.3 at 6 h.
This compound was also tested 1n laser-induced hypertensive monkeys, using one single day

dose. At 0.1%, the maximum IOP decrease from baseline was 6 mmHg (19%) at 6 h.

Cl
(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-

cyclopentyl]-hept-5-enoic acid 1sopropyl ester was tested at multiple concentrations 1n
normotensive dogs, dosing once daily for 5 days. At 0.01%, the maximum intraocular pressure
(IOP) decrease from baseline was 1.1 mmHg (7%) at 2 h; the maximum ocular surface
hyperemia (OSH) score was 0.6 at 74 h. At 0.05%, the maximum intraocular pressure (I0P)
decrease from baseline was 2.8 mmHg (18%) at 6 h; the maximum ocular surface hyperemia
(OSH) score was 0.6 at 74 h. This compound was also tested 1n laser-induced hypertensive
monkeys, using one single day dose. At 0.01%, the maximum IOP decrease from baseline was
6.8 mmHg (18%) at 6 h. At 0.05%, the maximum IOP decrease from baseline was 6 mmHg
(16%) at 2 h.

The foregoing description details specific methods and compositions that can be
employed to practice the present invention, and represents the best mode contemplated.

However, it 1s apparent for one of ordinary skill in the art that further compounds with the

19



CA 02689293 2009-05-15
WO 2008/064039 PCT/US2007/084684

desired pharmacological properties can be prepared in an analogous manner, and that the
disclosed compounds can also be obtained from different starting compounds via different
chemical reactions. Similarly, different pharmaceutical compositions may be prepared and used
with substantially the same result. Thus, however detailed the foregoing may appear in text, 1t
should not be construed as limiting the overall scope hereof; rather, the ambit of the present

invention 1s to be governed only by the lawful construction of the appended claims.
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CLAIMS

What 1s claimed 1s:

5 1. A compound of the formula
o A——Y
O
\D
G

or a pharmaceutically acceptable salt thereof;

wherein Y 18

fﬁ(o\/\,\(\

COy(CH,),0Hor O g

10 A 1s <(CHy)s-, cis -CH,CH=CH-(CH;)3-, or -CH,C=C-(CH>)s-, wherein 1 or 2 carbon atoms
may be substituted with S or O; or A 18 (CH))n-Ar-(CH»),- wherein Ar 1s interarylene or
heterointerarylene, the sum of m and o 1s from 1 to 4, and wherein one CH, may be substituted
with S or O;

B 1s C=0, CH,, CHOH, CHCI, CHF, CHBr, or CHCN;

15 G 1s OH or H; and

D 1s aryl or heteroaryl.

20

2. The compound of claim 1 wherein D 1s phenyl.
3 The compound of claim 2 wherein D 1s chlorophenyl.
4. The compound of claim 3 wherein D 1s 3,5-dichlorophenyl.
5 The compound of claim 2 wherein D 1s unsubstituted phenyl.
6 The compound of claim 1 wherein A 1s —(CH»)s-, cis -CH,CH=CH-(CH>)3-, or —
CH,C=C-(CH,)s-.
7. The compound of claim 1 wherein B 1s C=0.
8. The compound of claim 1 wherein B 1s CHCI.
25 9. The compound of claim 2 having the formula
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or a pharmaceutically acceptable salt thereof;

wherein B 1s CHCI, CHF, or CH»;

R’ is independently methyl, ethyl, i1sopropyl, tfluoro, chloro, bromo, methoxy, ethoxy,
5 1sopropoxy, NH,, OH, CN, NO,, or CF3; and

n 18 from 0 to 3.

10. The compound of claim 9 having the formula

/(Rs)n

G

or a pharmaceutically acceptable salt thereof;

10  wherein a dashed line indicates the presence or absence of a covalent bond.

11. The compound of claim 1 wherein B 1s CH,, CHOH, CHCI, CHF, CHBr, or CHCN.

12. The compound of claim 11 wherein B 1s CHo,.
13. The compound of claim 8 having the formula
Cl

CA—Y

O\D

OH
15  or a pharmaceutically acceptable salt thercof

wherein D 1s substituted phenyl.

14. The compound of claim 13 having the formula

22
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15. The compound of claim 2 having the formula
B \\\\\\\A Y
4
O R
AN
>
,§ /(RS)n
HO

G

or a pharmaceutically acceptable salt thereof;

wherein B 1s CHCI, CHF, or CH»;

R’ is independently methyl, ethyl, i1sopropyl, tfluoro, chloro, bromo, methoxy, ethoxy,
1sopropoxy, NH,, OH, CN, NO,, or CFj;

R* is hydroxyhydrocarbyl having from 1 to 10 carbon atoms; and

n 1s from O to 3.

16. The compound of claim 1 wherein G 1s H.

17. The compound of claim 1 selected from
(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-cyclopentyl]-hept-5-
enoic acid 2-hydroxy-ethyl ester; and
(Z)-7-[(1R,2S,3R,5R)-5-Chloro-2-(3,5-dichloro-phenoxymethyl)-3-hydroxy-cyclopentyl]-hept-5-
enoic acid 2-morpholin-4-yl-ethyl ester.

18. A composition comprising a compound having a structure according to any one of claims
1 to 17, said composition bemg a liquid which 1s ophthalmically acceptable.

19. A method of treating glaucoma or ocular hypertension comprising administering a

compound according to any one of claims 1 to 17 to a mammal 1n need thereof.

23



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims

