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METHOD OF TREATING OCULAR INFLAMMATORY AND
ANGIOGENESIS-RELATED DISORDERS OF THE POSTERIOR SEGMENT
OF THE EYE USING AN AMIDE DERIVATIVE OF FLURBIPROFEN OR
KETOROLAC

FIELD OF THE INVENTION

This invention relates to the treatment of ophthalmic disorders. In
particular, this invention relates to the topical use of certain amide derivatives of
flurbiprofen or ketorolac to treat or prevent ophthalmic inflammatory and

angiogenesis-related disorders of the posterior segment of the eye.

BACKGROUND OF THE INVENTION

U.S. Patent No. 3,755,427 discloses that the compound known as
“flurbiprofen” and certain related compounds possess anti-inflammatory,
analgesic and antipyretic properties and are useful for the treatment of anti-
inflammatory conditions, conditions of pain, and pyretic conditions. The ‘427
patent discloses therapeutic compositions comprising a compound of the
invention in association with pharmaceutical excipients known for the
production of compositions for oral, topical, rectal or parenteral administration.
The compositions are preferably administered orally (see Col. 4, lines 58 — 62).
According to the ‘427 patent at Col. 4, lines 63 — 69, “salts, esters, amides and
alcohols derived from a compound of the invention may be used in place of a
compound of the invention as such derivatives appear to be metabolised by the

animal body” and converted into the corresponding acid.

The topical use of flurbiprofen and ketorolac to treat ophthalmic
inflammatory conditions is known. Flurbiprofen sodium is sold as topically
administrable eye drops, including a product sold under the trade name
OCUFEN® (Allergan, Inc., Irvine, California). In addition, U.S. Patent No.
4,996,209 discloses the use of S(+)-flurbiprofen, substantially free of its

1
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enantiomer, R(-)-flurbiprofen, as a topical ophthalmic antiinflammatory agent.

- Currently, however, no topically administrable amide derivative of flurbiprofen is

sold for the treatment of ophthalmic disorders. Ketorolac tromethamine is sold
as topically administrable eye drops under the trade name ACULAR® (Allergan,

Inc., Irvine, California).

U.S. Patent No. 4,454,151 discloses the use of ketorolac and certain
related acids, salts and esters for relieving, inhibiting or preventing ophthalmic
diseases in mammals. Definitions of salts and esters are provided in the ‘1561
patent at column 3, lines 25 — 42. The ophthlamic diseases may be, among
others, glaucoma, cystoid macular edema, uveitis, diabetic retinopathy,
conjunctivitis, or any trauma caused by eye surgery or eye injury and which are
either caused by, associated with, or accompanied by inflammatory processes.
Among other ways, the compounds of the ‘151 patent may be administered

topically to the eye in the form of eye drops.

US. Patent No. 4,230,724 discloses a method of treating
vascularization of the eye as a result of traumatic injury, surgery (such as a
corneal transplant procedure) or onset of diabetic retinopathy, by topically
treating the eye with flurbiprofen or a pharmaceutically acceptable salt
thereof.

Amide derivatives of certain ophthalmically administrable non-steroidal
anti-inflammatory drugs (“NSAIDS") are known. For example, U.S. Patent No.
5,475,034 discloses topically administrable compositions containing certain
amide and ester derivatives of 3-benzyolphenylacetic acid, including
nepafenac, useful for treating ophthalmic inflammatory disorders and ocular
pain. According to the ‘035 patent at Col. 15, lines 35-39, “[sjuch disorders
include, but are not limited to uveitis scleritis, episcleritis, keratitis, surgically-
induced inflammation and endophthalmitis.”
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SUMMARY OF THE INVENTION

It has now been found that certain amide derivatives of flurbiprofen and
ketorolac are unexpectedly effective in treating or preventing ophthalmic
inflammatory and angiogenesis-related disorders of the posterior segment of

the eye when topically administered to the eye.

Among other factors, the present invention is based on the finding that
amide derivatives of some ophthalmically acceptable NSAIDS are not
hydrolytically bioactivated while others are. Without being bound to any theory,
it is believed that ocular tissue hydrolases, particularly the hydrolases of the
iris/ciliary body are selective in their ability to bioactivate or hydrolyze amide
derivatives of arylacetic acid NSAIDS.

DETAILED DESCRIPTION OF THE INVENTION

The amide derivatives of flurbiprofen useful in the methods of the

invention are those of formula (1) and (ll) below.

X2‘

OO y
R5 \ N
© CH,

X2

CONR'R®

0 (in
wherein
R' = H, Cy.5 (un)branched alkyl, (un)substituted (substitution as defined by Z
below), -(CH2)a-X-(CH2)nA;
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R?= H, Cy.; alkyl, OR?;
R®=H, Cy.3 alkyl;

R*= H, Me-, MeO-, MeS-;
R® = H, Me-;

X = nothing (carbon - carbon bond), O, C=0, OC(=0), C(=0)0, C(=O)NR?,
NR3C(=0), S(O)n2, CHOR®, NR?;

X2, X? independently = H, F;

n = 2-6;
n =1-6;
n?= 0-2;

A = H, OH, optionally (un)substituted aryl (substitution as defined by Z below),

(un)substituted heterocycle (substitution as defined by Z below); and
Z =H, Cl, F, Br, I, OR?, CN, OH, CF3, R*, NO,.

The compounds of formulas (I) and (ll) can readily be made by one
skilled in the art. For example, amide derivatives of formulas (I) and (llI) can
be prepared by reacting flurbiprofen or ketorolac with the appropriate amine
derivative in the presence of a coupling agent such as
dicyclohexylcarbodiimide or 1-(3-dimethylamino-propyl)-3-ethyl carbodiimide
HCI, and 4-dimethylaminopyridine or 1-hydroxybenzotriazole, in an organic
solvent such as acetonitrile, tetrahydrofuran or dimethyliformamide at

temperatures from 0° C to 50° C. The use of certain protecting groups and
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deprotecting steps may be necessary, as appreciated by those skilled in the
art.

Preferred compounds of formulas (1) and (ll) for use in the methods of

the present invention are those wherein:

R' = H, Cy4 (un)branched alkyl, (un)substituted (substitution as defined by Z
below);

R%ZX?, R* R°=H:;
X2 =F: and
Z=Cl, F, Br, OH.

More preferred are compounds of formulas (l) and (ll) wherein R'=H,
Cs.3 alkyl. The most preferred compound of formula (I) for use in the methods
of the present invention is 2-(3-fluoro-4-phenyl)-propionamide. The most
preferred compound of formula (ll) for use in the methods of the present

invention is 5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxamide.

According to the present invention, a therapeutically effective amount of
a compound of formula (1) or (ll) is administered topically to the eye to treat or
prevent ophthalmic inflammatory and angiogenesis-related disorders of the
posterior segment of the eye. Such disorders include, but are not limited to,
surgically-induced inflammation of the posterior segment of the eye; trauma-
induced inflammation of the posterior segment of the eye; cystoid macular
edema; exudative macular degeneration; proliferative diabetic retinopathy;
ischemic retinopathies (e.g., retinal vein or artery occlusion); retinopathy of

prematurity; iritis rubeosis; cyclitis; and sickle cell retinopathy.

The compounds of formula (1) and (Il) can be formulated into a variety of

topically administrable ophthalmic compositions, such as solutions,

5
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suspensions, gels or ointments. The most preferred form of delivery is by
aqueous eye drops, but gels or ointments can also be used. Aqueous eye
drops, gels and ointments can be formulated according to conventional
technology and would include one or more excipients. For example, topically
administrable compositions may contain tonicity-adjusting agents, such as

mannitol or sodium chloride; preservatives such as chlorobutanol,

" benzalkonium chloride, polyquaternium-1, or chlorhexidine; buffering agents,

such as phosphates, borates, carbonates and citrates; and thickening agents,
such as high molecular weight carboxy vinyl polymers, including those known

as carbomers, hydroxyethylcellulose, or polyvinyl alcohol.

The amount of the compound of formula (I) or (II) used in the treatment
or prevention of ophthalmic disorders according to the present invention will
depend on the type of disorder to be prevented or treated, the age and body
weight of the patient, and the form of preparation. Compositions intended for
topical ophthalmic administration as eye drops will typically contain a compound
of formula (1) in an amount of from about 0.001 to about 4.0% (w/w), preferably
from about 0.01 to about 0.5% (w/w), with 1-2 drops instilled once to several

times a day.

Additional therapeutic agents may be added to supplement or

complement the compounds of formula (1) and (ll).

The following examples are presented to illustrate various aspects of the
present invention, but are not intended to limit the scope of the invention in any

respect. The percentages are expressed on a weight/volume basis.

Example 1: The following formulations are representative of the topical
compositions useful in the present invention.
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Formulation 1

Compound of formula (1) or (Il) 0.01-0.5%
Polysorbate 80 0.01%

Benzalkonium Chloride 0.01% + 10% excess
Disodium EDTA 0.1%

Monobasic Sodium Phosphate 0.03%

Dibasic Sodium Phosphate 0.1%

Sodium Chloride g.s. 290-300 mOsm/Kg
pH adjustment with NaOH and/or HCI pH6.0-7.6

Water q.s. 100%

Formulation 2

Compound of formula (1) or (1l) 0.01 - 0.5%
Hydroxypropyl Methylcellulose 0.5%

Polysorbate 80 0.01%

Benzalkonium Chloride 0.01% + 5% excess
Disodium EDTA 0.01%

Dibasic Sodium Phosphate 0.2%

Sodium Chloride g.s. 290-300 mOsm/Kg
pH adjustment with NaOH and/or HCI pH6.0-7.6

Water g.s. 100%

Example 2: The in vitro corneal permeability, bioactivation (hydrolysis) and in

vivo antiinflammatory activity of amide derivatives of flurbiprofen (2-(3-fluoro-

4-phenyl)-propionamide); bromfenac (N-methyl 2-amino-3-(4-
bromobenzoyl)benzeneacetamide; N, N-dimethyl 2-amino-3-(4-
bromobenzoyl)benzeneacetamide); diclofenac (2-[2,6-
dichlorophenyl)amino]benzeneacetamide); suprofen (o—methyl-4-(2-

thienylcarbonyl)-benzeneacetamide); ketorolac (5-benzoyl-2,3-dihydro-1H-
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pyrrolizine-1-carboxamide); and amfenac (2-amino-3-

benzoyl)benzeneacetamide; nepafenac) were compared.

Methods: In Vitro Corneal Drug Permeation

Freshly excised corneas were obtained from 6-week old NZA rabbits
(1.3 - 1.5 kg). Corneas were mounted in a modified Lucite perfusion chamber
and perfused with glutathione-supplemented bicarbonated Ringer (GBR)
buffer as previously described’. Drug concentrations in GBR buffer were as
indicated (Figure 1), with the corneal epithelial cell layer facing the drug
containing donor compartment. The final volume of the donor and receiver
side of the perfusion chamber was 7.0 mL. Samples of 0.1 mL were
withdrawn from both chambers at the beginning of the experiment and at 20
to 30 minute intervals thereafter through six hours. Samples were mixed with
an equal volume of methanol and immediately subjected to HPLC analysis.
HPLC analysis was carried out on a 25 cm x 4.6 mm |.D. Spherosorb RP-18,
10 p column at a flow rate of 2.0 mi/min. The column effluent was monitored
with a flow monitor at a wavelength of 230 nm. Elution of NSAID free acids
and amides was accomplished with an eluant mixture composed of
methanol:water:phosphoric acid (60/40/1 (v/viv)) (pH 3.0). The eluant mixture
was changed to methanol:water:phosphoric acid (60/40/1 (v/viv)) (pH 3.0)

when suprofen and suprofen amide were subjected to HPLC analysis.

In Vitro Metabolism
Freshly dissected iris/ciliary body from the NZA rabbit was incubated at

36°C for a period of four to six hours in 0.5 ml of GBR buffer (pH 7.6)
supplemented with amide derivatives of the indicated NSAIDs. The drug
concentrations used were as indicated in Figure 2. Samples of 0.1ml were
removed for HPLC analysis to monitor the hydrolytic conversion of NSAID

amides to free carboxylic acids.

Inhibition of Trauma-Induced Ocular Inflammation
Effects of a single prophylactic topical ocular dose of the tested
compounds were examined in a rabbit model of paracentesis (Graff, et al.,



10

20

25

WO 02/078681 PCT/US02/06958

Ocular Immunol. Inflamm., 6:227-238 (1998)). Briefly, a single 50uL drop of a
0.1 % drug solution/suspension was administered topically onto the eye 45
minutes prior to paracentesis and removal of ~150 uL of agueous humor.

Thirty minutes after execution of paracentesis aqueous humor was removed
(~100 uL) for analysis. Both pre- and post-paracentesis samples were

assayed for protein and PGE; content.

Results

Under conditions of continued drug perfusion of the corneal epithelium,
the amide derivatives of amfenac and diclofenac exhibited similar permeation
coefficients (7.4 cm/min™'x 10®° and 7.8 cm/min™'x 10, respectively). Lower
permeation coefficients (3.7-5.7 cm/min'x 10°) were determined for the
amide derivatives of flurbiprofen, suprofen, bromfenac and its corresponding
monomethyl and dimethyl amide analogs. Assessment of drug hydrolysis by
the ICB demonstrated the highest rate for the amide derivative of ketorolac
(2.42 nM/min/mg tissue), followed by the amide derivatives of amfenac (0.69
nM/min/mg tissue), flurbiprofen (0.29 nM/min/mg tissue), bromfenac (0.17
nM/min/mg tissue), and its monomethyl amide derivative (0.16 nM/min/mg
tissue). Notably, the amide derivatives of suprofen and diclofenac and the
dimethyl amide derivative of bromfenac were resistant to hydrolytic
bioactivation. Rates of drug hydrolysis by the ICB correlated well with topical
ocular in vivo antiinflammatory activity, as indicated by suppression of
paracentesis-induced breakdown of the BAB at 0.1%. While no
antiinflammatory effects were detectable for the amide derivative of
diclofenac and the dimethyl amide derivative of bromfenac, significant
inhibition of the BAB was evident for the amide derivatives of flurbiprofen
(29% inhibition; vs. 50% inhibition for its free acid analog, flurbiprofen) and

amfenac (64%).

This invention has been described by reference to certain preferred
embodiments; however, it should be understood that it may be embodied in
other specific forms or variations thereof without departing from its special or

essential characteristics. The embodiments described above are therefore

9
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considered to be illustrative in all respects and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the foregoing

description.

10
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We Claim:

1. A method of treating or preventing an ophthalmic inflammatory or
angiogenesis-related disorder of the posterior segment of the eye in a patient
suffering from or predisposed to such a disorder which comprises topically
administering to the eye of the patient a therapeutically effective amount of a

compound having the formula (1) or (ll):

) ()
wherein
R' = H, Cy.s (un)branched alkyl, (un)substituted (substitution as defined by Z
below), -(CH2)p-X-(CH2)n'A;
R?=H, C4.3 alkyl, OR?,
R®=H, Cy.3 alkyl;
R* = H, Me-, MeO-, MeS-;

R® = H, Me-;

X = nothing (carbon - carbon bond), O, C=0, OC(=0), C(=0)0, C(=O)NR3,
NR3C(=0), S(O)nz2, CHOR?, NR?,;

X2, X?* independently = H, F;

11
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n = 2-6;
n' =1-6;
n?=0-2:

A = H, OH, optionally (un)substituted aryl (substitution as defined by Z below),

(un)substituted heterocycle (substitution as defined by Z below); and

Z=H, Cl, F,Br, I, OR3 CN, OH, CF3, R* NO.,.

2. The method of Claim 1 wherein

R' = H, Cy4 (un)branched alkyl, (un)substituted (substitution as defined by Z

below);

R% X?,R*, R°=H;

X?=F; and

Z=Cl, F, Br, OH.

3. The method of Claim 2 wheréin R' = H, C1.3 alkyl.

4, The method of Claim 3 wherein the compound is 2-(3-fluoro-4-phenyl)-

propionamide.

5. The method of Claim 3 wherein the compound is 5-benzoyl-2,3-dihydro-
1H-pyrrolizine-1-carboxamide.

12
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6. The method of Claim 1 wherein the therapeutically effective amount of
the compound is from about 0.001 to about 4.0% (w/v).

7. The method of Claim 1 wherein the disorder is selected from the group
consisting of exudative macular degeneration; proliferative diabetic retinopathy;
ischemic retinopathies; retinopathy of prematurity; iritis rubeosis; cyclitis; and

sickle cell retinopathy.

8. The method of Claim 1 wherein the disorder is selected from the group
consisting of surgically-induced inflammation of the posterior segment of the
eye; trauma-induced inflammation of the posterior segment of the eye; and

cystoid macular edema.

13



	Abstract
	Bibliographic
	Description
	Claims

