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GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY
MUTUAL PRODRUGS, COMPOSITIONS, AND METHODS

This application claims the benefit of U.S. Provisional Application No.
60/560,128, filed April 7, 2004, which is incorporated herein by reference in its
entirety.

Statement of Government Rights
This invention was made with Government support under Grant
GM066321-01 awarded by the National Institutes of Health. The Government
may have certain rights in the invention.

Background of the Invention

An estimated 21 million adults in the United States alone live with
osteoarthritis, one of the most common types of arthritis. Osteoarthritis, also
called degenerative joint disease, is cansed by the breakdown of cartilage, the
connective tissue that coshions the ends of bones within the joint. Osteoarthritis
is characterized by pain, joint damage, and limited joint motion. This disease
generally occurs late in a patient’s life, and most commonly affects the hands
and larger weight-bearing joints. Additionally, age, gender (females), and
obesity are risk factors for this disease.

Researchers have found that in degenerating cartilage, pro-inflammatory
cytokines, such as IL-18 and TNFaq, are agsociated with an increagsed
degradation of cartilage matrix (Sandy et al., Biochem. J., 335:59-66 (1998);
Séguin et al., J. Cell Physiol., 197:356-369 (2003)). These events are also
correlated with the reduction in the cartilage matrix gene expression and
syntheses in vitro (Gouze et al., FEBS Letters, 510:166-170 (2002); Shikhman et
al., J. Immunol., 166:5155-5160 (2001)).

The amino monosaccharide glucosamine, naturally occurring in cartilage
and connective tissues, contributes to maintaining strength, flexibility, and

clasticity of these tissues. Glucosamine is a precursor to a glycosaminglycan
1
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ongoing muiti-center study-GAIT (Glucosamine/Chondroitin Arthritis
Intervention Trial) that is currently evaluating the efficacy of orally administered
glucosamine and chondroitin oral supplements (Glucosamine/Chondroitin
Arthritis Intervention Trial (GAIT), National Center for Complementary and
Alternative Medicine (NCCAM), and National Institute of Arthritis and
Musculoskeletal and Skin Diseases (NIAMS) September 1999).

While oral administration is the most widely recognized method of
administering glucosamine, the effectiveness of glucosamine administered
subcutaneously has also been studied. For example.'thm currently exists an
FDA approved therapy, SYNVISC (Genzyme Corp., Naarden, the Netherlands)
for the local treatrent of pain associated with osteoarthritis of the knee. The
treatment includes injection of a solution including sodium hyaluronate (a
glycosaminoglycan) at the affected joint. However, SYNVISC is currently
approved only for treatment of the knee.

Non-stervidal anti-inflemmatory drugs (NSAIDs) are effective in
reducing inflammation, and are often used to treat the symptoms of
osteoarthritis. However, NSAIDs may have undesirable side effects. Efforts
have been made to improve the pharmaceutical properties of NSAIDs, such as
permeability, solubility, and stability, by creating NSAID “prodrugs.” A
prodrug is a drug precursor. The term “prodrug” has been used to describe a
compound that is composed of one active drag compound and a second, non-
active compound. The prodrug is not active as a pharmacological agent vntil it
undergoes a chemical conversion, e.g., via metabolic processes after
administration to a patient. Once converted, the prodrug provides the active
pharmaceutical agent and the nonactive compound that is typically inert after
conversion.

The prodrug concept was initially articulated by Albert (Nature,
182(4633):421-423 (1958)). The original objectives of prodrug synthesis and
development were to improve drug stability and to target drug delivery for drugs
administered orally and intravenously. Stability is significant to drug activity,
and for water and enzyme labile drugs, stability is typically achieved by
protecting the drug from chemical hydrolysis and enzyme degradation
subsequent to drug administration. Targeted delivery for prodrugs is based on

ephancing drug solubility and permeability, and is particularly useful in drug
3
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administration associated with lipid membranes in order to penetrate the very
hydrophobic blood brain barrier.

The most common form of prodrug utilizes an ester linkage formed
synthetically through reaction of a carboxylic acid with an alcohol or phenol to
modify the perent drug’s in vivo metabolic fate. In addition to affecting the
metabolism of the parent drug, the ester prodrug may possess other advantages,
such as reduced side effects. For example gastric distress may be reduced if the
nopsteroidal anti-inflammatory drug (NSAID) were formulated as a prodrug, as
compared with the NSAID administered alone. Positive characteristics
associated with prodrug usage include, for example, the presence of stable
covalent ester linkage, less intrinsic activity compared to the parent drug, lower
toxicity, and better release kinetics at the binding site to ensure effective drug
levels.

"Mutual prodrugs,” representing a variation of a prodrug, can be
described as the conjugation of two drugs having different pharmacological
activities. The concept arises from the practice of clinically co-administering
two drugs in order to enhance pharmacological activity or prevent clinical side
effects (US Patent No. 4,278,679). Mutual prodrugs are synthesized toward a
pharmacological objective of improving each drug’s efficacy, optimizing
delivery, and lowering toxicities.

In & mutual prodrug, each component drug functions as the "pro” portion
with respect to the other. Like a prodrug, a mutnal prodrug is converted into the
component active drugs within the body through enzymatic and/or non-
enzymatic reactions. Mutual prodmgs can be classified as, for example, carrier-
linked prodrugs, bio-precursor prodrugs, or chemical activation prodrugs,
depending upon their constituents and composition (Albert, Nature,
182(4633):421-423 (1958); Rao, H Surya Prakash (available on the internet at
ias.ac.in/resonance/Feb2003/pdf/Feb2003p19-27.pdf), Capping Drugs:
Development of Prodrugs.k February, 2003). At the site of action, the side
effects of the original drug would be masked allowing the drug to work more
effectively (Albert, Nature, 182(4633):421-423 (1958)). Mutual prodrugs are
typically similar to single active agent prodrugs in regard to pharmaceutical and
pharmacological activities, such as absorption, disposition, metabolism, and

excretion. The objective of a mutual prodrug is for both active drugs reaching
) 4
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molecule, which is used in the formation and repair of cartilage. In vivo,
glucosamine is typically converted to N-acetyl glucosamine. In recent years,
glucosamine has been used widely to treat the symptoms of osteoarthritis in
human and animal models, serving in an anti-inflammatory capacity in reducing
5 joint swelling and pain levels comparable with that observed with non-steroidal

anti-inflammatory drugs (NSAIDs) (Lopes, Curr. Med. Res. Opin., 8:145-149
(1982); Muller-Fassbender et al., Osteoartbritis Cartilage, 2:61-69 (1994); Ruane
et al., Br. J. Community Nurs., 7:148-152 (2002)). Some have also concluded
that glucosamine counteracts the degradative effects that IL-1p bas on

10  proteoglycan syniheses (Sandy et al., Biochem J., 335:59-66 (1998); Gouze et
al., FEBS Letters, 510:166-170 (2002)), as glucosamine reduces nitric oxide
production induced by IL-1p and TNFa (Shikhman et al., J. Immunol.,
166:5155-5160 (2001)) and suppresses the syntheses of cyclooxygenase-2
(COX-2) by buman chondrocytes in response to IL-1p (Largo et al.,

1S  Osteoarthritis Cartilage, 11:290-298 (2003)). Thus, glocosamine may also serve
in the management of diseases associated with degeneration of cartilage tissues,
such as osteoarthritis.

The use of glucosamine grined popularity after being featured in the

book, The Arthritis Cure by Jason Theodasakis, MD, et al. (St. Martin's Press.

20 New York, NY. 1997). Between 1997 and 2002, the annual market growth rate
of glucosamine has exceeded 36.4% (Chemical Market Reporter, vol. 264(1),
July i4, 2003). Currently, glucosamine and its metabolites are not clasgified as
drugs, but as nutraceutical/dietary supplements under United States Food and
Drug Administration's Dietary Supplement Health and Bducation Act of 1994

25 (DSHEA). Oral dosage formulations of N-acetyl-D-glucosamine and its parent
compound glucosamine in salt form (sulfate, hydrochloride etc.) are
commercially available nutraceuticals, and are commonly administered in
conjunction with chondroitin sulfate, also a readily available nutraceutical.
Glucosamine and chondroitin have been reporied effective in the oral treatmest

30  of osteoarthritis but have not undergone the rigorous studies needed for FDA
approval as pharmaceuticals. (Theodasakis et al., The Arthritis Cure, 1* Edition,
St. Martin"s Press, New York, NY. 1997; McAlindon et al., JAMA, 283:469-
1475 (2000)). The National Institutes of Health (Bethesda, MD, USA) has an

2
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their respective active sites, to provide the degired pharmacological effects while
minimizing adverse metabolic and/or toxicological events.

For many years before the terms "prodrug” and “mutual prodrug™ were
coined in the research domain, combination drugs have been administered to
patients as therapeutic agents (Singh et al., Indian J. Pharm. Sci, 56(3):69-79
(1994)), for example in relation to the production of sujphasalazine, representing
modern edvances in antibiotic prodrugs. Essentially, this has led to
combinations of p-lactam antibiotics and their potentiating agents to produce, for
example ampicillin-mecillinam and ampicillan-sulbactam to form sultamicillin,
and Dual Action Cephalosporins as well as other agents not typically referred to
as mutual prodrugs (Singh et al., Indian J. Pharm. Sci, 56(3):69-79 (1994))

One example of a mutual prodrug is estramustine sodium phosphate
(EMCYT, Pharmacia, La Roche) developed in the early 1970°s as an anti-
neoplastic agent that shows certain mutnal prodrug characteristics (Wang et al.,
Biochem. Pharmacol., 55(9):1427-33 (1998); Sheridan et al., Cancer Surv.,
11:239-254 (1991); Ohsawa et al., Gan To Kagaku Ryoho., Apr;15(4 Pt 2-
1):1065-71 (1998); Forsgren et al., Urol Nephrol Suppl., 107:56-58 (1988)).
Bstramnstine is typically vsed in the treatment of metastatic car¢inoma of the
prostate. Bstramustine is selectively taken up into estrogen receptor positive
cells and then, as shown in Figure 1, the urethane linkage is hydrolyzed to give
17-alphaestradiol, which slows prostate cell growth, and nomitrogen mustard as
a weak alkylating agent.

Prodrug research has continued, s exemplified by the synthesis of 5-
fluorouracil/cytarabine mutual prodrugs designed to reduce the resistance
mechanisms at work in the delivery of single nucleoside drugs (Mengeret al., J.
Org. Chem., 62:95083-9088 (1997)). Researchers such as Bhosale and co-workers
have made attempts to produce mutual prodrugs of ibuprofen/paracetamol and
ibuprofen/salicylaminde. The goal of this work was to produce prodrugs of
NSAIDS to reduce the associated side effects (Bhosale et al., Indian J. Pharm.
Sci,, 66(2):158-163 (2003)). Their approach was unique from the perspective of
producing mutual prodrugs vis-4-vis physicochemical modifications towards
simplistic NSAID delivery, much like sulphasalazine, currently used more so as
a ulcerative colitis therapeutic consisting of sulphapyridine and S-aminosaicylic

acid covalently bound via an azo bond (Klotz et al., Adv. Drug Deliv. Rev.,
5
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57(2):267-279 (2005); Lim et al., Rev. Gastroenterol. Disord., 4(3):104-117
(2004); Baker et al., Rev. Gastroenterol. Disord., 4(2):86-91 (2004); and
Diculescu et al., Rom. J. Gastroenterol., 12(4):283-286 (2003). Structures of
Sulphasalazine (Figure 2A), 5-Fluorouracil/Cytarabine (Figure 2B),
Ibuprofen/Paracetamol (Figure 2C), and Ibuprofen/Salicylamide (Figure 2D) are
provided in Figure 2.

Summary of the Invention

The concept of a "mutual prodrug” is relatively new in medicinal
chemistry, pharmaceutics, and drug delivery. A mutual prodrug is composed of
two drug compounds that are covalently linked, for example, by an ester linkage
(Ueda et al., Mem. Inst. Sci Ind. Res. Osaka Univ., 47:43-54 (1990); Imai et al.,
J. Pharmacol. Exp. Ther., 265:328-333 (1994); Fukuhara et al., Chirality, 8:494-
502 (1996); Fukuharz et al., Biol. Pharm. Bull., 18:140-147 (1995); and Otagiri
et al,, J. Con. Release, 62:223-229 (1999)). When covalently linked, the drug
components are rendered pharmaceutically inactive; however, the linkage
provides some beneficial aspect to the mutual prodrug, such as improved
delivery of the covalently linked drugs, as compared with delivery of each of the
drugs individually. An ester linkage is easily degraded by mammalian esterase,
thereby allowing release of each drug component in vivo. Each of the drug
components is thereby rendered pharmaceutically active. Thus, after
administration to a patient, cleavage of the mutual prodrug permits each of the
drug components, pharmacentically activated by cleavage, to produce its
respective intended pharmacological action. In a mutual prodrug, each
component facilitates the delivery of the other component.
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In one aspect, the present invention provides a compound that functions
as a mutual prodrug. The compound includes two pharmaceutically active
substances. In particular, the present invention is directed to a compound
including a first component covalently linked to a second component, said

compound having formula I:

Rz
0
3 1
RO OR ()]

RO NH—L—X

wherein R’, R?, R? and R* are each independently H or an organic group; L is an
optional linking group; and X is an anti-inflammatory agent. In a preferred
embodiment, R', R?, R? and R* are each H; L is an acety) group; and X is
ibuprofen or ketoprofen.

The first component, represented by the substituted ring structure linked
to X, the anti-inflammatory agent, through the linker L., is preferably
glucosamine or a derivative or analog of glucosamine. The second component,
X, is an anti-inflarnmatory agent, preferably a nonsteroidal anti-inflammatory
agent (NSAID). The linker L. may be present or absent in the compound having
formula 1. Jf linker L is present, the first component is considered to be
indirectly linked to the second component. If linker L is absent, the first
component is considered to be directly linked to the second component. The
linkage between the first and second components, whether direct or indirect, is a
covalent linkage.

The linkage between the first and second component is a cleavable
linkage. For example, the linkage may be hydrolyzable and/or may be
enzymatically cleavable. Preferably, the linkage is cleavable under
physiological conditions, such as those present in a mammalian body,
particularly a human body. When a linker L is used, the linkage between the
first component and L. is cleavable, and/or the linkage between L and the second
component, X, is cleavable.

In addition to facilitating delivery of the active components, the linking
of the components may impart a protective effect on the mutual prodrug, thereby

7
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reducing or preventing unwanted degradation, usually by stomach acids, and/or
side effects of either or bath of the drugs, prior to cleavage of the mutual prodrug
in vivo. This protective effect afforded by the mutual prodrug may be
particularly desirable if an NSAID is one of the drugs, in view of the side effects
common to these drugs. The mutval prodrugs of the present invention may also
exhibit aqueous/lipid solubility profiles different than those of each drug
individually, which may further aid in improvements in formulation and/or
delivery of the drugs.

The invention further provides a pharmaceutical composition that
includes a compound having formula I In one embodiment of the invention, a
composition is provided that includes the compound having formula I, as
described above, and a pharmaceutically acceptable carrier. The composition is
preferably formulated for topical application.

In another agpect, the present invention provides a pharmaceutical
composition that includes a therapentically effective amount of a compound

having formula 1I:

ro OR! (1)
R'O NHR®

wherein R', R?, R?, R*, and R? are each independently H or an organic group;
and a pharmaceutically acceptable carrier, wherein the composition is
formulated for topical application. In a preferred embodiment, R, R?, R? and R*
are each H and R’ is an acetyl group. The compound of formula II is preferably
glucosamine or a derivative or analog of glucosamine. While glucosamine and
derivatives thereof are typically delivered orally, as, for example, nutraceuticals,
and, less commonly, delivered subcutaneously, the present invention
advantageously provides for the topical delivery of glucosamine and
glucosamine derivatives, or their acetylated analogs.

Optionally, topical and/or transdermal application of a glucosamine, or a
derivative or analog thereof, can be accompanied by co-administration of an
anti-inflammatory agent, such as an NSAID. When administered together, the

B



WO 2005/116085 PCT/US2005/011739

10

15

anti-inflammatory agent and the glucosamine, including derivatives and analogs
thereof, may, but need not, be covalently linked to form a mutual prodrug, as
described in greater detail herein.

In another aspect, the present invention provides a method for treating
and/or preventing a disorder or a condition in a mammal that includes
administering to the mammal a therapeutically effective amount of a
composition of the invention. The method can involve a therapeutic,
prophylactic and/or cosmetic use. In one embodiment, the invention is directed
to a method to alleviate a condition treatable with glncosamine which method
includes administering to a mammal, preferably a humap, an effective amount of
a compound having formula I or II as described herein. In another embodiment,
the invention is directed to a method to alleviate a condition treatable with an
anti-inflammatory agent which method includes administering to & mammal an
effective amount of a compound having formulsa I or II as described herein.

Brief Description of the Drawings

Figure 1 is a diagram of the structure of estramustine sodium phosphate
(EMCYT) and its promoieties.

Figures 2A-2D show structures of certain prodrug models. Figure 2A
shows a diagram of the structure of the prodrug sulphasalazine; Figure 2B shows
a diagram of the structure of projected mutual prodrug model 5-
fluorouracil/cytarabine; Figure 2C shows a diagram of the structure of projected
mutual prodrug mode] ibuprofen/paracetamol; and Figure 2D shows a diagram
of the structure of projected mutual prodrug model ibuprofen/salicylamide.

Figures 3A and 3B show structures of indomethacin and glucamethacin,
respectively.

Figure 4 shows an exemplary scheme for synthesis of a spacer linked
mutual prodrag of the invention.

Figure 5 shows a scheme for synthesis of a directly linked mutual
prodrug of the invention.

Figure 6 shows a scheme for synthesis of a spacer linked mutual prodrug
that includes a glycosaminoglycan and an NSAID.

Figure 7 shows a scheme for synthesis of a directly linked mutual

prodrug that includes a glycosaminoglycan and an NSAID.
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Figure 8 shows a differential scanning calorimetry (DSC) thermograph of
the mutual prodrug synthesized according to the scheme of Figure 4 (compound
6).

Figure 9 shows an expanded DSC thermograph of the muiual prodrug
synthesized according to the scheme of Figure 4 (compound 6).

Figure 10 shows a DSC thermograph of the mutual prodrug synthesized
according to the scheme of Figore 5 (compound 9).

Figure 11 shows a DSC thermograph of the mutual prodrug synthesized
according to the scheme of Figure 5 (compound 9) showing sublimation, phase
change, and degradation phenomena of the compound.

Figure 12 shows a graph of time vs. peak area as a function of
concentration for a diffusion study of compositions of (a) glucosamine HCI, (b)
N-acetyl glucosamine, and (¢) glucosamine pentaacetyl.

Figure 13 is a graph of the effect of DMSO on the cumulative permeation
of N-acetyl glucosamine through shed snake skin.

Figure 14 is a bar graph showing the accuomulation of N-acetyl
glucosamine through shed snake skin from phosphate buffer (pH 5.5) including
2%, 5%, 10%, 25%, and 50% ethanol, by percentage volume of agueous phase
and ethanol containing NAG.

Figure 15 is a graph showing the effect of ethanol concentration on
cumulative permeation of N-acetyl glucosamine at 37.5°C through shed snake
skin at 2%, 5%, 10%, 25%, and 50% ethanol, by percentage volume of aqueous
phase and ethanol containing NAG.

. Figure 16 is a graph showing the effect of soy lecithin-vitamin E on N-
acetyl glucosamine permeation across shed snake skin.

Figure 17 is a graph showing physicochemical data obtained from the
permeation of N-acetyl glucosamine in pluronic gel-organic phase vehicles
through shed snake skin.

Detailed Description of Illustrative Embodiments
Mammals, both humans and animals, commonly suffer from certain
diseases associated with the deterioration of cartilage and joint connective tissue,
such as osteoarthritis, which can cause pain, swelling, stiffness, and limited

mobility of the affected joint. Management of the symptoms has typically been
10
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carried out through treatment with anti-inflammatory agents, such as NSAIDs. \%
Anti-inflammatory agents are well documented for their pharmacological,

toxicological, and biopharmaceutical properties in the treatment of pain and

inflammation associated with diseases such as osteoarthritis.

The administration of NSAIDs may, however, cause certsin deleterious
side effects in some patients. Far example, NSAIDs may cause stomach upset,
stomach nlcers and/or intestinal bleeding. Also, persons having certain
conditions, such as thyroid disease, diabetes, heart discase, high blood pressure,
and allergies, as well as persons who are about to have surgery (including dental
surgery) and pregnant women may suffer serious side effects from
administration of NSAIDs. Further, anti-inflammatory drugs do not treat an
underlying cause of the disorder, e.g., deterioration of cartilage and connective
tissues.

Glucosamine is currently being investigated as a possible treatment for
diseases characterized by degeneration of e.g., cartilage and connective tissues.
There is evidence that treatment with glucosamine not only eases the pain of,
e.g., osteoarthritis, but it may also treat the disease itself, as it has been shown to
slow the progression of degeneration and to re-grow cartilage tissue,
Glucosamine is thus expected to be effective in the treatment of osteoarthritis,
although it is currently not regulated in the United States as an active
pharmaceutical ingredient (API).

Glucosamine is typically administered orally; however it is considered to
have poor bicavailability as an orally administered nutraceutical. Only a small
percentage of the active ingredient (e.g., 12-13%) is believed to be available to
the affected tissue following oral administration.

Svbcutaneous injection of a glncosamine has slso been investigated. For
example, SYNVISC, a device for administering a hyaluronic acid derivative
available from Genzyme Corp. (Naarden, the Netherlands), is a therapy that is
FDA approved only for the local treatment of pain associated with osteoarthritis
of the knee. SYNVASC js oftcn administered to patients “off-label, " that s, it
is administered to other (e.g., non-approved) joints, thus providing anecdotal
evidence that glncosamine is effective as a treatment for osteoarthritis. Injection
of a drug, however, carries its own potential problems, e.g., injection site

infection, patient aversion to injection, difficulty of administration, etc. Thus,
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improved dosage forms, providing greater bioavailability of glucosamine, its
derivatives and analogs, and more effective methods of its delivery to the
affected areas of a patient are needed.

The present invention provides for effective delivery of glucosamine,
including derivatives and analogs thereof, optionally delivered in the form of a
mutual prodrug with an anti-inflammatory agent, to joints affected with diseases
mssociated with degeneration of cartilage and connective tissue.

As used herein, the term “glucosamine®™ is understood to refer to
glucosamine, derivatives of glucosamine, analogs of glucosamine, and
metabolites of glucosamine, unless otherwise indicated.

As used herein, the term “organic group” is understood to mean a
hydrocarbon group (with optional elements other than carbon and hydrogen,
such as oxygen, nitrogen, sulfur, and silicon) that is classified as an aliphatic
group, cyclic group, or combination of aliphatic and cyclic groups (e.g., alkaryl
and aralky] groups).

The term “aliphatic group” means a saturated or unsaturated linear or
branched hydrocarbon group. This term is used to encompass alkyl, alkenyl, and
alkynyl groups, for example. The term “alkyl group™ means a saturated linear or
branched hydrocarbon group including, for example, methyl, ethyl, isopropyl, t-
butyl, heptyl, dodecyl, octadecyl, amyl, 2-ethylhexyl, and the like. The term
“alkenyl group” means an unsaturated, linear or branched hydrocarbon group
with one or more carbon-carbon double bonds, such as a vinyl group. The term
“alkynyl group” means an unsaturated, linear or branched hydrocarbon group
with one or more carbon-carbon triple bonds. The term “cyclic group” means a
closed ring hydrocarbon group that is classified as an alicyclic group, aromatic
group, or heterocyclic group. The term “alicyclic group” means a cyclic
hydrocarbon group having properties resembling those of aliphatic groups. The
term “aromatic group” or “aryl group” means 8 mono- or polynuclear aromatic
hydrocarbon group. The term “heterocyclic group™ means a closed ring
hydrocarbon in which one or more of the atoms in the ring is an element other
than carbon (e.g., nitrogen, oxygen, sulfur, etc.). A group that may be the same a
or different from another group is referred to as being “independently”
something.

12
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The present invention provides 2 novel compound that is a mutual
prodrug combining a first component, glucosamine, or a derivative or analog of
glucosamine, and a second component, an anti-inflammatory agent. The present
invention further provides a pharmacentical composition including the mutual
prodrug compound to facilitate delivery of the active agents. Once the mutual
prodrug delivered via the composition and is cleaved in vivo, the first component
and the second component are rendered active and mutually provide the
therapeutic benefits of NSAIDs and glucosamine and its analogs and derivatives,
such as glycosaminoglycans. Pain may be managed, for example, via COX-
1/COX-2 inhibition mechanisms of a non-steroidal anti-inflammatory agent
delivered as 2 component of the mutual prodrug, with the added benefit that, as
the anti-inflammatory is delivered topically, substantially all potential side
effects, particularly gastrointestinal side effects, are reduced or eliminated. The
maintenance and/or repair of tissues via regulation of celluler events and/or
physiological processes, such as cell-cell and cell-matrix interactions, and cell
proliferation/differentiation may be managed by, €.g., a glycosaminoglycan or
ester of glycosaminoglycan as the other component of the mutual prodrug.

Additionelly, while not wishing to be held to any particular theory, the
anti-inflammatory component of the mutual prodrug may assist in the
percutaneous delivery of the glucosamine, thus increasing the bioavailability of
the glucosamine upon cleavage of the mutual prodrug in vivo. Additionally, the
anti-inflammatory itself also provides treatment of the affected areas.

13
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The mutual prodrug compound of the present invention is represented by

formuia I:

rR'0 NH—L—X

wherein R!, R%, R? and R* are each independently H or an organic group, as
defined above, X is an anti-inflammatory agent, and L is an optional linking
group. If no linking group, L, is present, the anti-inflammatory agent, X, is
directly linked to the first component. Linking groups are of any type such that
the first componcnt (to the left of linker L in formula I) is covalently linked to
the second component, X (to the right of linker L in formula I), and wherein the
linking group is cleavable, either between the N(H)-L bond, the L-X bond,
and/or internally within the linker L, in such a manner in vivo as to render the
first component and the second component active. Typically the linking group is
an organic group, as defined above. Preferred linking groups include an acyloxy
ester and an alpha hydroxyl ester.

The first component of the mutual prodrug compound provides the
glucosamine portion of the mutual prodrug. While any glucosamine of the
structure indicated above is suitable for use in the mutual prodrug compounds of
the present invention, certain glucosamines may provide preferred embodiments.
Such glucosamines include, but are not limited to, for example, glucosamine,
glucosamine pentaacetate, glucosamine-1-phosphate, glucosumine-6-phosphate,
N-acetyl-p-D-glucosamine, N-acetylglucosamine-6-phosphate, N-acetyl-
glucosamine- 1-phosphate, uridine diphosphate-N-acetyl glucosamine, 2-amino-
2-deoxy-1,3,4,6-acetyl-p-D-glucopyranose, the acetylated analog of 2-amino-2-
deoxy-1,3,4,6-acetyl-f-D-glucopyranose, 2-acetamido-2-deoxy- B-D-
glucopyranose-1,3,4,6-tetraacetate, the acetylated analog of 2-acetamido-2-
deoxy- p-D-glucopyranose-1,3,4,6-tetraacetate, and N-acetyi-glucosamine
(NAG). Particularly preferred embodiments of the mutual prodrug of the present
invention include amino-2-deoxy-1,3.4,6-acetyl-p-D-glucopyranose, 2-

14

[



WO 2005/116086 PCT/US2005/011739

10

15

acetamido-2-deoxy- B-D-glucopyranose-1,3,4,6-tetraacetate, and N-acetyl-
glucosamine (NAG).

As indicated above, the mutual prodrugs of the present invention include
as a second component an anti-inflammatory agent covalently attached to the
glucosamine component, as described in more detail below.

The components of the mutual prodrug typically remain inactive until
they are converted to their active forms in vivo by breaking the covalent bond
between the components. The anti-inflammatory agent may be attached directly
to the glucosamine (e.g., replacing one of the amino hydrogens), wherein upon
cleavage in vivo, only the two active species of the mutual prodrug (the anti-
inflammatory and the glucosamine) are provided. Alternatively, the anti-
inflammatory agent may be covalently attached to the glucoamine via a linking
group or spacer, L, for example, an ester group. Upon delivery of this
embodiment of the mutual prodrug, the bonds between the first and/or second
components and the linking group are cleaved, e.g., by esterases present in vivo,
the mutual prodrug providing the two active species (the anti-inflammatory and
the glucosamine). The linking groups, if present, are preferably selected such
that the entire linking group is cleaved from the glucosamine and the anti-
inflammatory, whereupon the linking group is released and optionally degraded
or otherwise metabolized.

Any type of anti-inflammatory agent capable of covalently bonding to
the glucosamine, as described above, and which provides desired effects to a
patient are suitable for use in the mutual prodrugs of the present invention. Such
anti-inflammatory agents include, for example, prostaglandins, arachidonic acid,
metabolites of arachidonic acid, non-steroidal anti-inflarnmatory agents and
derivatives of non-steroidal apti-inflammatory agents.

Non-steroidal anti-inflammatory agents (NSAIDs) are particularly useful
in view of their wide availability, their effectiveness as an anti-inflammatory,
and, for some NSAIDs, their relatively low cost. Preferred NSAIDs useful in
the mutual prodrug compounds of the present invention include, but are not
limited to, for example, salicylic acids (e.g., acetylsalicylic acid (aspirin),
choline magnesiom trisalicylate, diflunisal, salsalate, magnesium salicylate,
choline salicylate, choline magnesium salicylate, sodium salicylate), propionic

ecids (e.g., fenoprofen, fenoprofen calcium, flurbiprofen, ibuprofen, ketoprofen,
15
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neproxen, oxaprozin, pirprofen, indobufen, indoprofen, tiaprofenic acid), acetic
acids (e.g., diclofenac, indomethacin, glucametacin, sulindac, tolmetin,
carprofen) enolic acids (e.g., meloxicam, piroxicam, tenoxicam, lornoxicam)
fenamic acids (e.g., meclofenamate, meclofenamate sodium, mefenamic acid,
etofenamat), napthylalkanones (e.g., nabumetone), pyranocarboxylic acids (e.g.,
etodolac), pyrroles (e.g., ketorolac, ketorolac tromethamine, phenylbutazone,
remifenzone), pare-aminphenols (e.g.. acetaminophen), and cyclooxygenase-2
(COX-2) inhibitors (e.g., celecoxib, valdecoxib, rofecoxib, flosulide,
nimesulide). The structures of indomethacin and glucametacin are shown in
Figures 3A and 3B respectively. Preferred NSAIDs for use in the mutual
prodrug of the present invention include ibuprofen and ketoprofen. In one
embodiment, the compound indomethacin is excluded from the group of
NSAIDs used in the mutual prodrug of the invention.

The invention additionally provides pharmaceutical compositions. The
compositions of the present invention may include the nmtual prodrug
compound of formula I as described above in a pharmaceutically acceptable
carrier, as described in more detail below.

The invention also provides a composition that includes a glucosarnine,
or a derivative or analog of glucosamine (e.g., a8 compound having formula II), in
a formulation for topical and/or transdermal delivery. These topical glucosamine
compositions are believed to provide percutaneous transport/permeability across
skin membrane such that bioavailability of glucosamine, and consequently its
effectivencss, as compared with the glucosamine bioavailability of oral
glucosamine formulations, may be improved.

Additional compositions of the present invention may include a
glucosamine (e.g., the compound of formula I) in a pharmacentically acceptable
carrier, wherein the composition is, preferably, formulated for topical and/or
transdermal delivery. These compositions do not include the mutual prodrug;
however, formulations as disclosed herein have been shown to provide
unexpected percutaneous transport across skin membrane, which, it is
anticipated, may increase the bioavailability of the glucosamine.

As uged herein and unless otherwise indicated, topical administration is
functionally the same as transdermal administration. While not wishing to be

held to any particular theory, topical administration of glucosamine may provide
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a greater hioavailability of the active ingredient. Up to the present, however, it
has proven difficult to achieve permeation across skin membranes of
glucosamines. The present inveation provides pharmaceutical compositions
including glucosamines that have improved permeability, thus providing a
greater bioavailability of the active agent.

Certain useful compositions of the invention include, but are not limited
to, e.g., esters of glycosaminoglycans, such as chrondroitin, dermatan, heparin,
heparin, keratin, and other biologically significant proteoglycans. Examples of
certain useful glycosaminoglycan esters, which are components of connective
tissue and cartilage, include 2-amino-1,3,4,6-acetyl-beta-D-glucopyranosyl; 2-
acetamido-2-deoxy-beta-D-glucopyranose-1,3,4,6-tetraacetate; and 2-acetamido-
2-deoxy-beta-D-glucopyranose.

Compositions of the present invention igcluding one or more
glucosamines are provided by, for example, formulating or admixing the
glucosamine(s) in a pharmaceutically acceptable carrier, for example a cream,
gel, solution, ointment, lotion, suspension, emmlsion, micoremulsion, liposame,
transdermal patch, etc. Such cream, gel, solution, ointment, lotion, suspension,
emuision, mocroermuigion, liposome, or transdermal patch may include any
number or combination of topical/transdermal vehicles approved by the United
States Pharmacopoeia (USP) for human or veterinary use, for example, fatty
esters, alcohols, gel bases (e.g., pluronic gels) lecithin, dimethylsulfoxide
(DMSO), water, etc. to form a transdermal and/or topical agent. If cither a
subcutaneous or an oral formulation is desired, the pharmaceutically acceptable
carrier may include, for example, normal saline, pluronic F-127 solution, or a
generally recogpized as safe (GRAS) delivery solution (subcutaneous,
intramuscnolar, and/or intravenous delivery), or tablets, capsules, powders,
suspensions, emulsions, and/or gels (oral delivery).

The pharmaceutical compositions of the present invention may include
one or more additional components appropriate for use in the composition and
that, when included, will provide the desired results (e.g., will provide additional
therapeutic benefits to skin or tissues, or will aid, for example, in the consistency
and stability of the composition). Additional components may include, for
example, antimicrobial agents, gelling agents, emulsifying agents, stiffening

agents, ekin bealing agents, emollients surfactants, solvents, lubricants, waxes,
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humectants, skin penetration enhancers, anti-oxidants, and any combination of
these.

While it is understood that certain components useful in the compositions
of the present invention may provide more than one effect in a composition
depending upon, e.g., concentration of the component (for example, a poloxamer
maey be considered both a gelling agent and an emulsifier), the following are
typical edditional components useful in the present compositions.

Anti-microbial agents are typically present in & composition to assist in
preserving the composition, thus extending its shelf life. Anti-microbial agents
useful in the present invention include ethanol, parabens, salts of parabens,
sorbic acid, potassinm sorbate, propylene glycol, glycerin, etc. Combinations of
these anti-microbial agents may also be used.

Certain additional components may be useful in enhancing penetration of
the composition through the skin membranes. Useful skin penetration enhancers
include, for example, dimethyl sulfoxide, ethanol, polyethylene glycol, urea,
dimethyl acetamide, sodium lauryl sulfate, Spans, Tweens, terpenes, azone,
acetone, and oleic acid. A preferred skin penetration enhancer, particularly for
e.g., veterinary use, is dimethyl suifoxide (DMSQ). A preferred skin penetration
enhancer, particularly for use in administration to human patients, is ethanol.

While the present compositions may themselves provide treatment to
skin for such conditions as skin damage, burns, and age-related wrinking of the
skin, in addition to prowdmg therapeutic effects to such diseases as
osteoarthritis, it may be desired to include additional skin healing and/or anti-
oxidant providing components for additional therapeutic benefit to the skin,
Such skin healing agents include, for example, vitamin E, vitamin E-tocopherol
polyethylene glycol succinate (vitamin E-TPGS), ascorbic acid, alpha
tocopherol, beta tocopherol, gamma tocopherol, aloe vera, etc. A particularly
useful skin healing agent in the present compositions is vitamin E. Additionally,
certain useful anti-oxidants include fumaric acid, malic acid, ascorbic acid
palmitate, butylated hydroxylanisole, propyl gallate, sodium ascorbate, sodium
metabisulfite, etc.

Certain other additional components, such as emulsifying agents and
stiffening agents, may be used to provide, e.g., stability and desired consistency

to the compositions. Typical emulsifying agents usefuol in the present invention
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include cholesterol, poloxamers, lecithin, carbomers, polyoxyethylene ethers,
fatty acid esters, stearates, etc, Certain preferred emulsifying agents include
poloxamers and lecithin, with a particularly preferred poloxamer being Pluronic
F-127. Additionally, typical stiffening agents useful in the present compositions
include long chain faity alcohols and long chain fatty alcohol esters.

In addition to any of the above additional components, one or more of the
anti-inflammatory agents discussed above in connection with the mutual prodrug
of the present invention may be included as a free component (e.g., not
covalently bonded to the glucosamine or in addition to a composition including
the mutual prodrug) in any of the compogitions of the present invention.
Furthermore, as these anti-inflammatory agents are not covalently linked to the
glucosamine, choice of anti-inflammatory present as a free agent is not thusly
limited.

To provide pharmaceutically effective compositions, the first component
of the compositions of the present invention (e.g., the glucosamine, derivatives
thereof and/or analogs thereof) are typically present in the composition in an
amount of at least about 1 percent by weight, and preferably at least about 10
percent by weight. Further, the glucosamine component is typicaily present in
the compositions in an amonnt of no greater than abont 75 percent by weight,
and preferably no greater than about 40 percent by weight.

Two general methods for synthesizing mutual prodrugs of the invention
are shown in Figures 4 and 5. It should be understood, however, that the
invention is not limited by any particular synthetic method, and other methods of
synthesis are included. Each exemplary method (Figures 4 and 5) provides a
mutual prodrug that is a glucosamine or derivative thereof, such as a
glycosaminoglycan or ester of glycosaminoglycan, coupled with an anti-
inflammatory agent, such as an NSAID, and the exemplary mutual prodrug is
hydrolysable or otherwise cleavable. Preferably, the linkage is hydrolysable or
cleavable in vivo.

Scheme 1 (Figure 4) is a diagram describing the general synthesis of an
exemplary mutual prodrug of the present invention wherein the glucosamine is
linked with the anti-inflammatory agent via a spacer (e.g., a linker or linking
group), such as an imide-ester covalent bound alkyl chain, covalently bound to

the NSAID via the inberently created malonic ester configuration. The linking
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moieties are typically cleaved in vivo to release the glucosamine and the anti-
inflammatory agent, as well as the inert linking group.

Alternatively, mutual prodrugs of the present invention may be
synthesized to provide a direct link between the glucosamine, or derivative
thereof, and the anti-inflammatory agent according to the exemplary scheme of
Figure 5. Compositions including mutual prodrugs synthesized acconding to the
general acheme of Figure 5 deliver mutual prodrugs that are preferably cleaved
in vivo to provide the glucosamine and the anti-inflammatory without release of
an inert component.

The present invention also provides methods of treating a disorder in 2
mammal that includes administration of the compositions of the present
invention.

The compounds, compositions, and methods of the present invention are
suitable for treating various disorders or conditions in mammals (e.g., for human
and/or veterinary administration), wherein treatment includes relief from a
symptom of the disorder (e.g., pain and/or swelling of a joint), alleviating a
cause of the disorder (e.g., repair of deteriorating cartilage and/or connective
tissves) and/or improvement of a condition (e.g, lessening of the appearance of
facial wrinkles).

The disorder may be the result of disease (e.g., osteoarthritis) or may be
the result of a physical injury (e.g., joint and muscle sprains). Furthermore, the
compositions and methods of the present invention are not necessarily limited to
treatment of disease and/or injury. Compositions of the present invention may
provide therapeutic and cosmetic effects to damaged and wrinkled skin by e.g.,
application of the compositions to facial wrinkles and/or other areas of skin
damage {e.g., skin damage cavsed by sun, salt, and/or wind exposure), to provide
soothing of the skin (a therapeutic effect) and at least temporary lessening of the
appearance of wrinkles in the skin (a cosmetic effect).

Thus, disorders and conditions that may be treated according to the
methods of the present invention, as discussed herein, include, but are not
limited to, arthritis, osteoarthritis, osteoporosis, muscle sprains, muscle strains,
joint spraing, joint strains, tendonitis, bursitis, burns, joint pain, inflamed joints,
skin damage, skin tenderness, skin pain, sun-damaged gkin, wind-damaged skin,

salt-damaged skin, scar tissue, age-related wrinkling of the skin, and any
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combinations thereof.

Methods of treatment according to the present invention include
edministration of a pharmaceutical composition of the invention to & patient
using any convenient route, without limitation. In a preferred embodiment, the
mutual prodrug is administered 1o a patient topically and/or transdermally, via
local application to skin or to other external or internal membrane, as described
more fully above. In other formulations, the mutual prodrug, or its metabolic
products, are delivered to the bloodstream and circulated systemically.

In another embodiment of the invention, the mutual prodrug is
administered orally, such as in the form of tablets, powders, capsules,
suspensions, emulsions, gels, etc. In further embodiments, treatment of a
disorder is achieved via subcutaneous, intramuscular, and intravenous injection,
as more fully described above.

While it is understoad that the compositions of the present invention may
be administered to a patient to treat a number of disorders and/or conditions,
which can include, without limitation, therepeutic disorders and/or cosmetic
applications, it is also contemplated that many different additional components
can be included to provide formulations suitable for delivery of a composition of
the invention with respect to the disorder or condition of interest.

For example, compositions of the present invention that include a
glucosamine, derivative thereof, or analog thereof (e.g., the compositions that do
not include the mptual prodrug) may be prepared from various combinations of
additional componeats, e.g., isopropyl palmitate, isopropyl myristate, a
glycosaminoglycan or glycosaminoglycan ester, a stiffening agent like long
chein fatty alcohols, long chain fatty alcohol esters, waxes like spermaceti,
nonionic gelling/emulsifiers like poloxamers, water, and s USP approved
antimicrobiel agent, wherein the additional components are selected to provide
desired characteristics to the compositions. Further, certain of these exemplary
formulations may provide enhanced permeability, thus improved bioavailablilty,
of the glycosaminoglycan ester.

Exemplary formulations include, but are not limited to, the following,
wherein an NSAID may, optionally, be included in any of the formulations:

1. Isopropyl palmitate, DMSO, ethanol, lecithin, poloxamer, ester of
glycosaminoglycan

21
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2. Isopropyl palmitate, water, ethanol, lecithin, poloxamer, ester of
glycosaminoglycan

3. Isopropyl palmitate, vitamin B, lecithin, poloxamer, ester of
glycosaminoglycan

4, Isopropyl myristate, poloxamer, water, ethanol, lecithin, ester of
glycosaminoglycan

5. Isopropyl myristate, water, lecithin, poloxamer, ester of glycosaminoglycan

6. Isopropyl palmitate, water, lecithin, poloxamer, USP approved antimicrobial
agent, ester of glycosaminoglycan

7. Vitamin E, lecithin, isopropyl myristate, ester of glycosaminoglycan
8. Isopropyl myristate, lecithin, poloxarmer, ester of glycosaminoglycan

9. Isopropyl palmitate, USP approved antimicrobial agent, vitamin E, lecithin,
hydrous or anhydrous lanolin, ester of glycosaminoglycan

10. Jsopropy] palmitate, USP approved antimicrobial agent, vitamin E, bydrous
or anbydrous lanolin, ester of glycosaminoglycan

11. Isopropyl paimitate, USP approved antimicrobial agent, vitamin E, lecithin,
ester of glycosaminoglycan

12, Isopropyl palmitate, lecithin, USP approved antimicrobial agent, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

13. Isopropy] myristate, vitamin E, USP approved antimicrobial agent, lecithin,
hydrous or anhydrous lanolin, ester of glycosaminoglycan

14. Isopropyl myristate, USP approved antimicrobial agent, vitamin E, lecithin,
ester of glycosaminoglycan

15. Isopropyl myristate, USP approved antimicrobial agent, vitamin E, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

16. Isopropyl myristate, USP approved antimicrobial agent, lecithin, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

17. Isopropyl myristate, USP approved antimicrobial agent, vitamin E, ester of
glycosaminoglycan

18. Isopropyl myristate, USP approved antimicrobial agent, lecithin, ester of
glycosaminoglycan

19. Isopropyl myristate, USP approved antimicrobial agent, hydrous or
22
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anhydrous lanolin, ester of glycosaminoglycan

20. Isopropyl myristate, DMSO, ethanol, lecithin, poloxamer, ester of
glycosaminoglycan

21. Isopropyl myristate, vitamin E, Lecithin, hydrous or anhydrous Ianolin, ester
of glycosaminoglycan

22. Isopropyl myristate, DMSO, ethanol, vitamin E, poloxamer, ester of
glycosaminoglycan

23. Isopropyl myristate, DMSO, vitamin E, poloxamer, ester of
glycosaminoglycan

24, Isopropyl myristate, DMSO, cthanol, vitamin E, poloxamer, ester of
glycosaminoglycan

25. Isopropyl palmitate, DMSO, ethanol, lecithin, vitamin E, poloxamer, ester of
glycosaminoglycan

26. Isopropyl palmitate, ethanol, lecithin, poloxamer, ester of glycosaminoglycan
27. Isopropyl palmitate, DMSO, ethanol, lecithin, ester of glycosaminoglycan
28. Isopropyl palmitate, DMSO, ethanol, poloxamer, ester of glycosaminoglycan
29. Isopropyl palmitate, cthanol, lecithin, ester of glycosaminoglycan

30. Isopropyl palmitate, DMSO, ethanol, lecithin, vitamin E, poloxamer, ester of
glycosaminoglycan

31. Isoprapyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin,
poloxamer, ester of glycosaminoglycan

32. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, vitamin
E, poloxamer, ester of glycosaminoglycan

33. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, poloxamer, ester
of glycosaminoglycan

34. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, vitamin E,
poloxamer, ester of glycosaminoglycan

35. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, ester of
glycosaminoglycan

36. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, vitamin
E.poloxarmer, ester of glycosaminoglycan

37. Isopropyl pelmitate, isopropyl myristate, DMSO, lecithin, vitamin E,
23
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poloxamer, ester of glycosaminoglycan

38. Isopropyl palmitate, isopropyl myristate, DMSO, vitamin E, poloxamer,
ester of glycosaminoglycan

39. Isopropyl palinitate, isopropyl myristate, DMSO, lecithin, poloxamer, ester
of glycosaminoglycan

40, Isopropyl palmitate, isopropyl myristate, DMSO, lecithin, vitamin E, ester of
glycosaminoglycan

41. Isopropyl palmitate, isopropyl myristate, DMSO, poloxamer, ester of
glycosaminoglycan

42_ Isopropyl palmitate, isopropyl myristate, DMSO, lecithin, ester of
glycosaminoglycan

43, Isopropyl palmitate, isopropy! myristate, DMSO, vitamin E, ester of
glycosaminoglycan

44, Isopropy! pelmitate, isopropyl myristate, water, ethanol, Jecithin, ester of
glycosaminoglycan

45, Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E,
poloxamer, ester of glycosaminoglycan

46, Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E,
poloxamer, hydrous or anhydrous lanolin, ester of glycosaminoglycen

47. Isopropyl palmitate, isopropyl myristate, water, ethanol, poloxamer, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

48. Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

49. Isopropyl palmitats, isopropyl myristate, water, ethanol, vitamin E, lecithin,
poloxamer, hydrous or anhydrous lanolin, ester of glycosaminoglycan

50. Isopropyl palmitate, isopropyl myristate, water, ethanol, lecithin, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

51. Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

52. Isopropyl palmitate, isopropyl myristate, water, ethanol, poloxamer, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

53. Isopropyl palmitate, isopropyl myristate, water, ethanol, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

24
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54. Isopropyl palmitate, isopropyl myristate, water, ethanol, poloxamer, ester of
glycosaminoglycan

55. Isopropyl palmitate, isopropyl myristate, water, ethanol, ester of
glycosaminoglycan

56. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, lecithin, vitamin E, poloxamer, ester of glycosaminoglycan

57. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, vitamin E, poloxamer, ester of glycosaminoglycan

58. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, lecithin, poloxamer, ester of glycosaminoglycan

59. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, lecithin, vitamin E, ester of glycosaminoglycan

60. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, lecithin, ester of glycosaminoglycan

61, Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, poloxamer, ester of glycosaminoglycan

62. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, vitamin E, ester of glycosaminoglycan

63. Tsopropyl palmitate, isopropyl myristate, water, cthanol, lecithin, vitamin E,
poloxamer, ester of glycosaminoglycan

64. 1sopropyl palmitate, isopropyl myristate, ethanol, lecithin, poloxamer, ester
of glycosaminoglycan

65. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, ester of
glycosaminoglycan

66. Isopropyl palmitate, isopropyl myristate, ethanol, lecithin, vitamin E,
poloxamer, ester of glycosaminoglycan

67. Isopropyl palmitate, isopropyl myristate, water, ethanol, lecithin, poloxamer,
ester of glycosaminoglycan

68. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, lecithin, poloxamer, ester of glycosaminoglycan

69. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol. poloxamer, ester
of glycosaminoglycan

70. Isopropy] palmitate, isopropyl myristate, ethanol, lecithin, ester of
25
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3 0
glycosaminoglycan

71. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, lecithin, hydrous or anhydrous lanolin, ester of glycosaminoglycan

72, Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
lecithin, hydrovs or anhydrons lanolin, ester of glycosaminoglycan

73. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, hydrous or anhydrous lanolin, ester of glycosaminoglycan

74. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, lecithin, ester of glycosaminoglycan

75. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, ester of glycosaminoglycan

76. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
lecithin, ester of glycosaminoglycan

77. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
hydrous or anhydrous lanolin, ester of glycosaminoglycan

78. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, lecithin, hydrous or anhydrous lanolin, poloxamer, ester of

glycosaminogliycan

79. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
lecithin, hydrous or anhydrous Ianolin, poloxamer, ester of glycosaminoglycan

80. Isopropyl palmitate, isopropy] myristate, USP approved antimicrobial agent,
vitamin E, hydrous or anhydrous lanolin, poloxamer, ester of glycosaminoglycan

81. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, lecithin, poloxamer, ester of glycosaminoglycan

82. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
hydrous or anhydrous lanolin, poloxamer, ester of glycosaminoglycan

83. Isopropyl palmitate, isopropyl myristate, USP approved antirnicrobial agent,
lecithin, poloxamer, ester of glycosaminoglycan

84, Isopropyl palmitate, isopropy] myristate, USP approved antimicrobial agent,
vitamin E, poloxamer, ester of glycosaminoglycan

85. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
poloxamer, ester of glycosaminoglycan

86. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, poloxamer, hydrous or anhydrous lanolin, ester of glycosaminoglycan
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87. Isopropyl palmitate, isopropyl myristate, DMSO, vitamin E, lecithin,
hydrous or anhydrous lanolin, poloxamer, ester of glycosaminoglycan

88. Isopropyl palmitate, isopropyl myristate, DMSO, lecithin, hydrous or
anhydrous Janolin, poloxamer, ester of glycosaminoglycan

89. Isopropyl palmitate, isopropyl myristate, DMSO, vitamin E, hydrous of
anhydrous lanolin, poloxamer, ester of glycosaminogiycan

90. Isopropyl palmitate, isopropyl myristate, DMSO, vitamin E, lecithin,
hydrous or anhydrous lanolin, ester of glycosaminoglycan

91. Isopropyl palmitate, isopropyl myristate, DMSO, vitamin E, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

92. Isopropy] palmitate, isopropyl myristate, DMSO, lecithin, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

93. Isopropyl myristate, oleic acid, ethanol, lecithin, hydrous or anhydrous
lanolin, ester of glycosaminoglycan

94. Isopropyl myristate, oleic acid, lecithin, hydrous or anhydrous lanolin, ester
of glycosaminoglycan

95. Isopropyl myristate, lecithin, hydrous or anhydrous lanolin, ester of
glycosaminoglycan

96. Isopropyl myristate, oleic acid, ethanol, DMSO, vitamin E, lecithin, hydrous
or anhydrous lanolin, poloxamer, ester of glycosaminoglycan

97. Isopropyl myristate, oleic acid, DMSO, vitamin E, Jecithin, hydrous or
anhydrous lanolin, poloxamer, ester of glycosaminoglycan

98. Isopropyl myristate, oleic acid, ethanol, hydrous or anhydrous lanolin, ester
of glycosaminoglycan

99. Isopropyl myristate, oleic acid, hydrous or anhydrous lanolin, ester of
glycosaminoglycan

100. Isopropyl myristate, oleic acid, ethanol, vitamin B, poloxamer, ester of
glycosaminoglycan

101. Fatty esters, ester of glycosaminoglycan

102. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetyl alcohol, poloxamer, water, antimicrobial agent

103. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetyl alcohol, antimicrobial agent

7
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104. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, stearyi alcohol, poloxamer, water, antimicrobial agent

105. Isopropyl paimitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, stearyl alcohol, antimicrobial agent

106. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetostearyl alcohol, poloxamer, water, antimicrobial

agent

107. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetostearyl alcohol, antimicrobial agent

108. Isopropyl palmitate, isopropyl myristate, glycosarinoglycan or
glycosaminoglycan ester, spermaceti (or spermaceti replacement), poloxamer,
water, antimicrobial agent

109. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, spermaceti (or spermaceti replacement), antimicrobial

agent

110. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetyl esters, poloxamer, water, antimicrobial agent

111. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetyl esters, antimicrobial agent

112. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, emulsifying wax, poloxamer, water, antimicrobial

agent

113. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, emulsifying wax, antimicrobial agent

Certain of the above formulations of the invention will naturally be better
suited for certain purposes. For example, one formulation to enhance
percutaneous absorption of the composition at a joint, such as the knee, will
likely be different from a formulation intended to heal/restore sun damaged skin
around the eyes and/or wrinkles around the eyes cansed by exposure to sun and
weather. The latter use benefits from the inclusion of vitamin B to promote skin
healing. However, vitamin B may not provide any added benefit to a
formmlation intended for pepetration of the skin and into the joint, even though
vitamin E would not interfere with the skin penetration process.

28
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Thus cosmetic formnlations, for example, are exemplified by formulation
entries 1-101, while formulations suited for use in treating arthritic and/or
inflamed joints are exemplified, for example, by formulation entries 102-113. It
should be understood that, regardless of the intended use of the composition, the
compositions and methods of the present invention are not limited by the
selection of the components in the listed formulations 1-113.

Examples

The present invention is illustrated by the following examples which are
directed to the mutual prodrugs and to the topical and/or transdermal application
of glucosamines, including derivatives and esters thereof, as described above. It
is to be understood that the particular examples, materials, amounts, and
procedures set forth below are to be interpreted broadly in accordance with the
scope and spirit of the invention as set forth herein. Further, the examples are
provided for clarity of understanding, and the invention is not lirited to the
exact details as shown and described; many variations will be apparent to one
gkilled in the art.

Example 1 - NSAID-Glucosamide Mutual Prodrug Development and Synthesis
Combining NSAIDs and glucosamine into a single mutual prodrug
allows delivery of these drugs concomitantly in a form that can target disorders
such as osteoarthritis by either oral or transdermal administration. Transdermal
delivery is advantageous because it avoids side effects associated with oral
delivery of NSAIDs, such as adverse drug reactions and/or adverse
gustrointestinal effects, often experienced with oral administration to patients of
NSAIDs (Shi et al., Acta Pharmacol. Sin., 25(3), 357-365 (2004); Benini et al.,
Pediatr. Nephrol., 19(2):232-234 (2004); Wiholm, Curr. Med. Res. Opin.,
17(3):210-216 (2001); Kromann-Andersen et al., Dan. Med. Bull,, 35(2):187-
192 (1988); Pietzsch et al., Int. J. Clin. Pharmacol. Ther., 40(3):111-115 (2002);
Karch et al., JAMA, 22, 234(12):1236-1241 (1975)) and also the
metabolism/excretion events often observed with administretion of gluocosamine
(Setnikar et al., Arzneimittel-Forschung, 36(4):729-735 (1986); Aghazadeh-
Habashi et al., Journal of Pharmacy & Pharmaceutical Sci., 5(2):181-184
(2000); Setnikar et al, Arzneimittel-Forschung, 43(10):1109-13 (1993); and
29
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Setnikar et al., Arzneimittel-Forschung, 51(9):699-725 (2001)). j V

Experimental
An objective of the present study was to synthesize directly-linked and
chained-linked NSAID-glucosamidemnutval prodrug models.

Materials and Methods

All reagents and solvents utilized were purchased from Fisher Scientific.
TLC and preparative TLC chromatographs were performed on Analtech Co.
UNIPLATES. Melting points were determined on a Fisher-Johns apparatus and
are uncomrected. Nuclear magnetic resonance spectra were recorded on Varian
INOVA 500 MHz spectrometer for 'H NMR and '*C NMR with
tetramethysilane as an intemal stand. Chemical shifts () are reported in parts
per millicn (ppm) and signals are reported as s (singlet), d (doublet), t (triplet), m
(multiplet), or br (broad singlet). A Beckman DU-650 and a Thermo Electron
Corp. AQUAMATE were used to record the UV spectra. Staff at the University
of Georgia’s Chemical and Biological Sciences Mass Spectrometry Facility
completed BSI (electrospray ionization) mass spectra. Column chromatographs
were performed using silica gel >440 mesh. Differential Scanning Calorimetry
(DSC) was performed on a Perkin-Elmer DSC 7 with TAC 7/DX utilizing
PYRIS Thermal Analysis System (Rev. E/March 2002) software.

Synthesis

Synthesis of the mutual prodrug models were successfully completed to
produce compound products 6 (Scheme I, Figure 6) and 9 (Scheme 11, Figure 7).
Methods were explored that would preserve the carbohydrate’s B-conformation,
protect the hydroxy (OH) groups to allow the amine (NH3) to undergo selective
addition to produce primary intermediates 4 (Scheme 1, Figure 6) and 7 (Scheme
1L, Figure 7). Compounds 1-3 (Scheme I, Figure 6) were synthesized from
procedures adapted from: Bergman et al., Chem. Ber., 1932, 975; Silvaet. Al, J.
Org. Chem., 64:5926-5929 (1999) (Supplemental Material); and Charviere et.
Al, ], Med. Chem., 46:427-220 (2003) as starting materials towards compound
6.
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Scheme I (Figure 6) 3
Preparation of 1,3,4,6-tetra~O-acetyl-2-deoxy-2-{[{[2- (4-isobutylphenyI)
propanoyl] oxy} (phenyl) acetyl] amino}-B-D-glucopyranose (Compound 6)

2-deoxy-2-amino-1, 3, 4, 6-tetra-O-acetyl--D-glucopyranosyl (4) Compound 3
(100 g, 0.26 mol) was titrated with triethylamine to yield a white precipitate.
The precipitate was filtered and washed with CH,Cl; (2x150 milliliters (ml)).
The filtrate was dried under vacuum for 24 hours. The orpanic layer was washed
with brine (2x100) and dried with MgsSO,. The solvent was removed via
reduced pressure rotary evaporation and product dried for 24 hours under
vecuum to provide Compound 4, afforded as a white solid (87.9 grams (g), 97%
yield). "H NMR (d-acetone) 9.21 s, 1H), 6.15 (d, 1H), 5.38 (t, 1H), 5.08 (1, 1H),
431 (dd, 1H), 4.11-4.03 (m, 2H), 3.56 (t, 1H), 3.03-2.05 (dd, 6H), 2.25 (d, 3H),
2.10-2.09 (m, 3H). >C NMR (d-acetone) 205.7, 170.1, 169.87, 169.39, 169.0,
95.20, 74.85, 72.28, 68.61, 61.90, 55.46, 19.98, 19.85, 19.82, 19.77. ES| for
C14H2INQ9: FW 347 found m/z 348 [M + H+]. Mp 134°C

2-deoxy-2-(2-chloro-2-phenyl)acetylamino-1, 3, 4, 6-tetra-O-acetyl-p-D-
glucopyranosyl (5)

Alpha-Chiorophenylacetyl chloride (20g, 0.105 mol) was added drop-wise to
stirring solution of Compound 4 (29.88g, 0.105 mo}), triethylamine (12.4 ml,
0.90 ml) in 50 ml CH;Cl, at—10° to room temperature for 24 hours. The
reaction mixture was washed with HCI (1.5 N, 2 x 7 ml), HzO (1 x 100 ml) and
brine (1 x 100 ml). The organic phase was dried with Mg25S0, and the solvent
removed via reduced pressure rotary evaporation. The resultant syrup was
crysiallized with ice-cold acetonitrile and dried under vacuum for 24 hours to
yield Compound 5 (27.4g, 93.5%) afforded as a white solid. "H NMR (d-
acetone) 7.80 (s, 1H), 7.37(s, 2H), 7.25 (s, 2H), 5.79 (s, 1H), 5.33 (d, 2H), 4.90
(s, 1H), 4.09 (d, 2H), 3.95 (s, 1H), 3.84 (s, 1H), 3.17 (s, 1H) 1.87-1.64 (m, 12H).
3C NMR (d-acetone) 205.55, 16.88, 169.69, 169.18, 168.51, 167.69, 128.85,
128.61 (2C), 127.81 (2C) 91.03, 68.54, 61.70, 60.60 53.13, 19.73, 19.70 (20C),
19.62. ES1 for C14H21INO9: FW [M + H+] 499 found m/z S00 440 [M + H+].
Mp >200(238)° C.
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1,3,4,6-tetra-O-acetyl-2-deoxy-2-{ [ { [2-(4-isobutylphenyl)

propanoyl]oxy} (phenyl)acetyl] amino}-B-D-glucopyranose (6)

Compound 5 (653 milligrams (mg), 1.45 mmol) and a-methyl-4-
[isobutyl]phenylacetic acid-Na salt in anhydrous 10 ml CH;Cl; was stirred at
room tempereture for 16 hours. The solution was washed with brine (2 x 10 ml)
and reduced via rotary evaporation to give Compound 6 (763 mg, 93.5%) as a
white powder. "H NMR (d-acetone) 7.73 (s, 1H), 7.41-7.13 (m, 9H), 5.81 (d,
2H), 5.38 (m, 1H), 5.04 (m, 1H), 4.26 (s, 2H), 4.10 (s,1H), 3.96 (s, ZH), 2.48 (s,
2H), 2.01 (s, 6H), 1.84 (s, 6H), 1.65 (s, 1H), 1.53 (s, 3H), 0.90 (s, 6H) . °C
NMR (d-acetone) 205.69, 173.37, 169.61, 168.73, 168.70, 140.38, 138.43,
138.03, 129.25, 128.36, 127.31, 126.84, 91.96, 75.91, 72.54, 71.66, 68.31, 52.07,
44.61,21.72. 19.61, 17.96: Uv 2031 nm. ES1 for CasHysNO;2 FW 669 found
mv/z 522 M + H+] wiloss of (Cy1H;s).

Scheme 11 (Figure 7)
Preparation of 2-deoxy-2-[2-(3-benzoylphenyl)propanaic acid]amino-B-D-
glucopyranosyl (Compound 9)

2-deoxy-2-amino-1, 3, 4, 6-tetra~-O-triethylsilyl-B-D-glucopyranosyl (7)
Glucosamine HC] (7.32 g, 33.95 mmol) and a catalytic amount of
dimethylaminopyridine (DMAP, cat.) was stirred in 100 ml anhydrous pyridine
for three hours at room temperature, Chlorotriethylsilane (20.47 g, 136.27
millimoles {(mmol)) was added drop wise while the solution stirred on an ice
bath at -5° C to room temperature for 16 hrs and at 40-45° C for 2 hours. The
pyridine was removed and the resulting oil was washed with 250 mi of ethyl
acetate and subsequently with 250 ml of 1:1 ethy! acetate and brine. The final
organic layer was dried with Na;SO, and solvent removed via rotary evaporation
to give a colorless oil, which was dried overnight under vacuum, affording
Compound 7 (21.82g; 97%) as a white foam. "H NMR (CD30D): 5.39 (d, 1H),
483-4.80 (m, 2H), 3.89-3.47 (m, 3H), 3.09-3.01 (dd, 1H), 1.04-0.53 (m, 60H).
ES1 for C30HgNOsSiy: FW 636 found m/z 636 [M+] and 522 [M + H+) w/loss
of (CeHys).
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2-deoxy-2-[2-(3-benzoylphenyl)propancic acid]emino-f-D-glucopyranosyl (9}
Compound 7 (28 g, 43.5 mmol) and DMAP (cat.) was stirred in 10 ml
acetonitrile on an ice bath. In a separate vessel, (25)-2-(3-
benzoylphenyl)propanoic acid (11 g, 43.55 mmol) in 10 ml acetonitrile was
stirred on an ice bath with BuNMe; (8.75 ml, 120 mmol), Me2NSO2Cl (9.67 mi,
90 mmol) until the solution became clear. Both solutions were mixed and stirred
at 0° C to room temperature over 12 hours. The acetonitrile was removed via
rotary evaparation. The resulting syrup was washed with 2 x 150 water/ethyl
acetate (1:1) and the organic layer washed with 2 x 100 ml brine. The organic
layer was removed via rotary evaporation and the resulting syrup dried in vacuo
for 12 hours to give 2-deoxy-2-(2-(3-benzoylphenyl) propanoic acid)amino-1, 3,
4, 6-tetra-O-triethylsilyl -B-D-glucopyranosy! (Compound 8) (43 g),
quantitative: ES1 for C4gHgi)NO,Siy: FW 872 found m/z 857 [M + H+] w/loss of
CHj) as a yellow syrup. Compound 8 was directly de-protected with t-butyl
ammonium fluoride/MeOH to give white precipitate that was filtered, wasbed
with methanol and recrystallized from hot ethanol to give Compound 9 (17.3 g,
85%) as an opaque solid. "H NMR (DMSO-d6) 7.63-7.24 (m, 9H), 6.17 (s, 1H),
4.65 (s, 1H), 4.56 (s, 1H), 4.44 (s, 1H), 4.21 (s, 1H), 3.61 (8, 1H), 3.45-2.10 (m,
4H), 2.83 (d, 2H), 2.25 (d, 3H), 1.1 (s, 3H). *C NMR (DMSO- d6) 197.13,
176.39, 141.67, 137.64, 137.34, 132.54, 131.73, 129.65 (2C), 128.79, 128.47,
128.41 (2C), 128.19, 95.20, 74.85, 72.28, 68.61, 61.90, 55.46, 45.09, 18.12 . ES1
for CxHasNO;: FW 416 found m/z 416 [M + H+). Mp 164°C,

Results

Compounds 6 and 9 are projected to be mutual prodrugs to treat disorders
such as osteparthritis via the delivery of both a NSAID and a glucosamine (or
ester or derivative thereof).

Compound 6 is ibuprofen covaleatly bound via a Jinker to the amide of
glucosamine, and compound 9 is a ketoprofen molecule directly linked to
glucosamine, cach a model MP. Physiological, enzymatic, and hydrolysis
reactions are expected to affect eachmutual prodrug's ester and imido-ester
linkage respectively, thus making them ideal mutual prodrugs used to target the
associated pain and perhaps root cause of disorders such as osteoarthritis by

either oral or transdermal administration.
Ky}
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Though glucosamine is not currently recognized as a pharmaceutical in
the United States, studies have shown that orally administered glucosamine
promotes glycosaminoglycan synthesis and the production of proteoglycans that
compose the lubricating fluids and support joint tissues (i.e. cartilage) thus, for
example, treating osteoarthritis’ root cause (McClain et al., Diabetes, 45:1003—
1009 (1996); Singh et al., Diabetes, 50:2355-2362 (2001)). Glucose and
glucosamine are substrates of glucokinase (Singh et al., Diabetes, 50:2355-2362
(2001)). Phosphorylated glucosamine, glucosamine-6-phosphate inhibits
glucokinase and alters both glucose and subsequent glucosamine metabolism
(Van Schaftigen et al., Biochem. 1., 308:23-29 (1995); Virkamaki et al.,
Diabetes, 48:1101-1107 (1999)). Miwa et, al reported that glucokinase has a
low affinity for NAG. Thus, NAG kinase mediates the phosphorylation of NAG
to produce NAG-6-phosphate that does not affect glucokinase activity (Miwa et
al,, Enzyme Protein, 48:135-142 (1994)). Concluding that NAG-6-phosphate
docs not affect glucokinase activity thus allowing glucose and glucosamine to
proceed through metabolism unrestricted. The biosynthesis of
glycosaminoglycans from this perspective would be better promoted with the use
of NAG or some other rate-limiting glucosamine analogue rather than by parent
glucosamine (Gouze et al., FEBS Lett., 510:166-170 (2002)). Anastassiades, et
al reports that glucosamine and analogues thereof such as NAG ss well as
glucosamine with varying N-Jinkage-cheins have shown degrees of human
chondrocyte cell culture growth via matrix matrix gene expression in vitro
(Poustie et al., Pharmacol. Exp. Ther., 311(2):610-616 (2004)). From the
pharmaceutics perspective per review and taking consideration of Anastassiades
patents and patent applications (United States Patent Application Nos.
20040152665 (2003) and 20020045597 (2001); International Patent Application
Publication No. WO 2002017890 A2); our assumed hypothesis states that by
protecting the glucosamine’s amide, the half-life of the glucosamine molecule is
increased which affects its activity. Chain linkage effects have been shown in
numerous literature studies such as coupling a polymer to a molecule via an ester
bond to increase its half-life as method to modify a chemical entity’s dissolution
properties and/or biopharmaceutical properties (D'Souza et al., Journal of
Pharmacentical Sciences, 93(8):1962-1979 (2004)).
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A hindrance to the usefulness of glucosamine as a treatment for certain
disorders is its bioavailability, which is typically accepted to be approximately
12-13%, although some stundies seem to indicate some effective potency in mild
to moderate cases of osteoarthritis (Setnikar et al., Arzneimittel-Forschung,
36(4):729-35 (1986); Biopharmaceutics & Drug Disposition, 25(3):109-116
(2004); Du et al., Biopharmaceutics & Drug Disposition, 25(3):109-116 (2004)).
Although not intending to be held to any particular theory, it is our belief that
these two synthesized mutual prodrugs will undergo in vivo hydrolysis to give
the parent compounds. Then, each parent compound may provide its
therapeutically recognized effect. Studies have not been completed to determine
whether of the new mutual prodrugs dissolution profile is faster than their
hydmlysi-s or enzymatic degradation rate constants. Although this is expected,
the rates are predicted to vary since the linkages depend on the chemical nature
of the covalent bonds, structure of the compounds and the surrounding
conditions in vivo/in vitro.

Compound 6, the tripartite entity may undergo hydrolysis more easily
than the bipartite compound 9. The ibuprofen molecule of compound 6 has the
potential to undergo hydrolysis due to the linking group. The linking group’s
benzyl moiety could possibly then undergo an intramolecular reaction and/or
enzymatic reaction that release the glucosamine molecule. Compound 9, the
bipartite compaqund is expected to hydrolyze to the parent compounds ketoprofen
apd glucosamine.
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M)
These predictions however have been made based on the “in silico” [
calculated pKa values of compounds 6 and 9 (Figures 6 and 7, respectively).
The in silico pKa and log P calculations of compound 6 were obtained as a result
of ACD/pKa v8.02 using the ACD/I-Lab online service (available on the intemet
5  at acdlabs.com) and are as follows:
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Tonic form: HL.

10 pKa, (HL/H+L; 9) = 10.79 1 0.70
pKay (H2L/H+HL; 9) = -3.67 + 0.70
Calculated log P: 6.45 + 0.82



WO 2005/116086 PCT/US2005/011739

The in silico pKa and log P calculations of compound 9 were also
obtained as a result of ACD/pKa v8.02 using the ACD/I-Lab online service and

are as follows:
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Tonic farm: H5SL
pKay (HL/H+L; 9) = 15.53 + 0.70
pKaz (H2L/H+HL; 11) = 14.69 + 0.70
10 pKay (H3L/H+L; 11) = 14.33 + 0.70

pKay (H4L/H+HL; 10) = 13.53 £ 0.70
pKas (HSL/H+L; 8) = 12.03 + 0.70
pKag (H6L/H+HL; 9) =-2.40 + 0.70
Calculated log P: 3.81 + 0.48
15
Predictive calculations may provide an estimation of the
biopharmaceutical properties. The pKa calculations reported are derived from
algorithms derived from known pKa's or various chemical groups, Here we
mainly focus on the pKa of the amide and/or ester linkages. The negative pKa
20 of the amide in compound 6 suggests a large Ka value, which implies that the
equilibrium constant lies to the right for the dissociation of the imido-ester bond
via a hydrolysis type cleavage lending itself more to enzymatic cleavage, which
can also be the case with the imido-ester of compound 6. On the other hand, the
amide also has a high pKa value and, depending on its ionization, the imide-ester
37
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bond may be hydrolyzed. Furthermore, the pKa values near 2.5-3.0 are typically
expected to be due to the protonation of the negatively charged oxygen. Qur
predictions show this to be possible on the imido ester’s carbonyl oxygen.
Additional studies will determine the true pathway of whether or not these
mutual prodrugs have substrate specificity, hydrophilicity and/or other
influences that affect the release rates of the parent drugs. Development based
on their physicochemical properties and understanding of their mechanisms of
release are the primary determining factors towards further mutual prodrug
development.

The ‘in silico’ log P predictions of the compound 6 and 9 (Figures 6 and 7,
respectively) are 6.45 + 0.82 and 3.81 + 0.48 respectively. Currently, using
Lipinski’s Rule of 5 (Du et al., Biopharmaceutics & Drug Disposition,
25(3):109-116 (2004)), compounds 6 and 9 rate a number of 4 and 2
respectively. Whereas, these numbers are solubility ranking based on a
collection of chemical compounds estimated from data mining, e.g. using the
"rule of five" to determine “drug likeness.” The "rule of 5" states that poor
absorption or pexmeation is more likely when:

A) There are more than 5 H-bond donors (expressed as the sum of OHs
and NHs); .

B) The MWT is over 500;
C) The LogP is over 5 (or MLogP is over 4.15); and

D) There are more than 10 H-bond acceptors (expressed as the sum of
Ns and Os).

Poor absorption or permeability is possible since neither compound
satisfies more than two criteria. Though rmore drug likeness is indicated for
compound 9 than compound 6 in regard to their aqueous solubility and intestinal
permeability based on the “rule of 5." In light of this, mutual prodrugs
containing carbohydrate moieties, compounds such as these potentially fall into
classes that are substrates for biological transporters, which are exceptions to the
rule.

This study was primarily commenced as a pharmaceutics study to
synthesize and evaluate the physicochemical properties of two proposed mmitual
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prodrug candidates. Though the dissolution characteristics have not been
discussed, we found the differential scanning calotimetry (DSC) data to be
intriguing. In order to evaluate these mutual prodrugs’ dissolution
characteristics, a consistent crystal form must be established, which we failed to
achieve, We enconntered commonly observed carbohydreate phase transitions
such as glassy state dynamics, which follow trends of the Tool-Narayanaswany-
Moynihen mode} (Areozzi et al., Journal of Physics: Condensed Matter,
15(11):S1215-51226 (2003)). This model is an attempt to explain the glassy
state transitions observed with carbohydrates and other chemical entities such as
sucrose, trehalose, and (poly)vinylpryrolidone. Its application is widely used in
the pharmaceutical industry to investigate the physicochemical stability and the
quantitative relationship between the width of the glass transition and
fragility/activation energy for structural relaxation (Pikal et al., J. of Pharm. Sci.,
93(4):981-994 (2004)).

In Figuare 8, the DSC thermograph of compound 6, a powder, shows three
transitions indicative of polymorphs that look to be thermally stable, with phase
transitions at 226.93°C, 233.09°C and 237.52°C respectively. All thermographs
were consistent with heating at various rates. After opening all of the DSC pans,
we found that the compound had sublimed and decomposed.

The DSC thermographs of compound 9 (Figures 10 and 11) were
difficult to obtain. Compound 9’s uncorrected melting point was determined to
be 164°C. Representative DSC thermograph of compounds 6 and 9 show
exothermic activity (Figures 9 and 11), and many phase transition points
indicative of sublimation, which was proven upoen visual inspection. The
uncorrected melting point is actually the decomposition point in DSC
thermograph. Visually, compound 6 was obtained as a syrup, which was
recrystallized upder high vacuum pressure and/or solvent recrystallization as
opaque crystals with elliptical surfaces. To obtain a clearer, picture of
compound 6, we tried x-ray crystallography, which failed due to the opagueness
and complexity of the crystal structure(s). No distinct polymorph and glassy
transition states were obscrved. Pikal et al.’s hypothesis, “....because physical
and chemical degradation processes require atomic and molecular mobility, just
as structural reJaxation requires similar mobility, instability processes are
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correlated or ‘coupled’ o structural relation” (J. Pharm. Sci., 93(4):981-994
(2004)) seems to be valid regarding compound 6 as an amorphous chemical
entity.

The two mutual prodrug models were synthesized to follow the same
processes and/or methodologies as prodrugs in attempts to overcome
pharmaceutical and pharmacological problems such as incomplete absorption,
t00 rapid absorption and excretion observed with NSAIDS and glucosamine.
The end objective was to have an NSAID and glucosamine reach a site providing
its pharmacological effect while minimizing the adverse drug events and/or
effects. It is anticipated that in vitro and/or in vivo studies will verify the
anticipated objective of these new synthesized mutual prodrugs, as well as
derivatives and/or analogs thereof,

We bave also developed and performed preliminary performulation
studies of other glucosamine-NSAID analogs as a delivery system for
ghucosamine and NSAIDs to produce anti-inflammatory effect as well as
cartilage growth. The NSAID can be, for example, ibuprofen or ketoprofean.

Example 2 — Solability and transport of glucosamine-NSAID mutual prodrug
Transdermal deliver of an NSAID-glycosaminegiycan mutual prodrug,
such as ibuprofen-glucosamine, can concomitantly deliver with an NSAID and a
glycosamineglycan like glucosamine. In experiments showing transport of
glucosamine and glucosamine mutual prodrugs across shed snake skin,
glucosamine HC) was not transported across the shed snakeskin, whereas N-
acetyl-glucosamine (NAG) was highly transported, even though NAG has what
is considered a poor partition coefficient of about 0.017 in octanol/water.
Compound 6 has a partition coefficient (calculated in silico log P) of
6.45, and compound 9 has a partition coefficient (calculated in silico log P) of
3.81, indicating an expectation of greater lipid solubility and greater possibilities
for transport to occur. It has been shown that both ibuprofen and ketoprofen are
transported across shed snakeskin (US Pat. No. 6,368,618 B1; Phar acta Helv
1996, Aug, 7(3):205-212; boll Chim. Farm. 2000 Mar-Apr, 139(2):67-72); both
ketoprofen and ibuprofen are lipid soluble NSAIDS. 1t is expected that the
NSAID-glucosaminglycan mutual prodrug will also be transported across shed
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snakesin as a model for the human epidermis; it is also expected that an NSAID S/S
ester prodrug will exhibit similar transport properties.
indicating greater possibilities for transport of the mutual prodrug to occur.

Example 3. Transport of glncosamines and glucosamine salts across skin

Oral administration of glucosamine, its derivatives and analogs, for
example N-acetyl-D-glucosamine, are affected by the liver’s first-pass
metabolism (Setnikar et al., Arzneimittel-Forschung, 36(4):729-35 (1986); Du et
al., Biopharmaceutics & Drug Disposition, 25(3):109-116 (2004)). However, a
more recent report indicates that these agents may be metabolized mostly in the
gut rather than solely by the liver (Aghazadeh-Habashi et al., Journal of
Pharmacy & Pharmaceutical Sciences, 5(2):181-184 (2002)). Few
pharmacokinetic literature reports exist on the disposition of these agents in
articular cartilage (Setnikar et. al., Arzneimittel-Forschung, 43(10):1109-1113
(1993) and Arzneimittel-Farschung, 51(9):699-725 (2001)) have reported on the
pharmacokinetic properties of glucosamine in dogs and man. It is estimated that
approximately 87% of the original glucosamine oral dose is absorbed and
excreted; <13% is widely distributed in the body; and <1% reaches
osteoarthritic joints. Chondroitin is known to degrade into its basic dissaccaride
components within the gut prior to further metabolism (Lamari et at., Biomed.
Chromatogr.,16:95-102 (2002)). Although only a small fraction of glucosamine
reaches the articular cartilage target site, it is reported to exhibit a high potency;
and together glucosamine and chondroitin therapy demonatrate therapeutic
efficacies over time, (McAlindon et al., JAMA, 283:1469-1475 (2000)).

Initial data shows transport of certain topically delivered glucosamine
compositions of the present invention (esters of glycosaminoglycan) as
compared with glucosamine-containing creams of the type currently available.
These creams typicelly include glucosamine salts (HC! or sulfate), which are
monovalent (uncharged) chemical entities that do not cross and/or penetrate the
skin unless an electrical charge is applied.
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The compositions analyzed included glucosamine HCI, N-acetyl
glucosamine, and glucosamine-pentaacctyl as described below, in a solution of
DMSO:

5 Glucosamine HCI

Molecular Formula = C,(HxCINOy
Formula Weight = 383.7785
Composition = C(43.81%) H(5.78%) C1(9.24%) N(3.65%) O(37.52%)
Molar Refractivity = Not available

10 Molar Volume = Not available
Parachor = Not aveilable
Index of Refraction = Not available
Surface Tension = Not available
Density = Not available

15 Dilectric Constant = Not available
Polarizability = Not available
Monoisotopic Mass = 383.098312 Da
Nominal Mass =383Da
Average Mass = 383.783195 Da

20

N-acetyl glucosamine
Molecular Formula = C;4Ha)NOy

Formula Weight  =347.3179
Composition = C(48.41%) H(6.09%) N(4.03%) O(41.46%)
25  Molar Refractivity = 77.50 0.4 centimeters (cm)®
Molar Volume =266.2 + 5.0 cm®
Parachor =703.1 + 6.0 cm®
Index of Refraction = 1.493 3 0.03
Surface Tension = 48,6 + 5.0 dyne/cm
30  Density = 1.30 1 0.1 gram/cm’
Dilectric Constant = Not available
Polarizability =30.72 + 0.5 x 10 cm®
Monoisotopic Mass = 347.121634 Da
Nominal Mass =347Da
35  Average Mass = 347.32248 Da

42



WO 2005/116086 PCT/US2005/011739

10

15

20

Glucosamine pentaacetyl
Molecular Formula = C;3HsNOyp
Formula Weight = 389.3546
Composition = C(49.36%) H(5.95%) N(3.60%) O(41.09%)
Molar Refractivity = 86.91 : 0.4 cm®
Molar Volume =2994 : 50 cm’
Parachor =1787.0 6.0 cm®
Index of Refraction =1.492+ 0.3
Surface Tension =47.6 + 5.0 dyne/cm
Density =1.30 1 0.1 gram/cm’
Dilectric Constant = Not available
Polarizability =34.45 1 0.5 x 10% cm®
Monoisotopic Mass =389.132199 Da
Nominal Mass =389Da
Avemge Mass = 389.359811 Da

In vitro transport (diffusion) was evaluated by Franz cell diffusion
experiments using shed snakeskin. Shed snakeskin is widely recognized as a
sufficient model membmne to human skin for preliminary permeability studies
due to the similarity in its composition to the human stratum corneum.

The shed snakeskin was hydrated in 0.1% aqueous sodium azide solution
for 48 hours at room temperature. The skins were mounted to three Franz
receptor cells filled with 0.1 M pH7 phosphate buffer. The receptor solution was

' maintained at 37°C and stirred with a magnetic stirrer. The donor cells were

clamped to each receptor cell, with the skin mounted between the receptor and
donor cells, and the donor cells were filled with 100 milligrams (mg) each of
glucosamine HCI (e.p., cell 1), N-acetyl glucosamine (e.g., cell 2), and
glucosamine pentaacetyl (e.g., cell 3) in a 1 milliliter (ml) DMSO solution. The
skin surface exposed to diffusiop was 2.54 cm? (1.8 cm diameter) and the
receptor cell volume was 6 cm’. The system was allowed to equilibrate for two
hours before samples were taken.

Twenty microliter () samples of receptor solution were taken at 5, 10,
20, 40, 80O, 160, and 240 minute intervals and replaced with fresh buffer. A ten
jl aliquot of each sample was analyzed by high performance liquid
chromatography with pulsed electrochemical detection.

As shown in Figure 12, there was no cbservable diffusion and/or
transport across the skin membrane of the glucosamine HC] salt composition.
The compositions of esters of glycosaminoglycan (N-acetyl glucosamine and
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glucosamine-pentaacetyl) showed immediate and constant diffusion and/or
transport from 5 mirutes to 240. Each receptor cell volume was analyzed,
revealing over 50% transport of esters (e.g., of the 100 mg of the esters in the
delivery phase, over 50 mg of the esters were delivered over time.

Example 4 - Transdermal permeability of N-acetyl-D-glucosamine
As an objective of this research was to evaluate transdermal permeability of
glucosamines, esters, and derivatives thereof, to assess the feasibility of pursuing
a percutaneous formmlation for local therapy, NAG was selected for analysis
because it is an active metabolite and prodrug of glucosarine; and owing to its
commercial availability, relatively low cost and stability. It possesses the
following physical and chemical characteristics making it a reasonable candidate
for transdermal delivery and percutaneous absorption: a) high potency, b)
reasonably lipid soluble, c) low molecular weight, d) unique biochemical
pathway with active transport from blood into articular cartilage. (Milewski,
Biochimica et Biophysica Acta , 1597:173 — 192 (2002)). Furthermore,
exogencus glucosamine is understood to promote glycosaminoglycan synthesis
toward the production of proteoglycans by avoiding the rate-limiting steps of its
conversion from glucose to glucosamine, and ultimately to N-acetyl-D-
glucosamine by glutamine (fructose-6-phosphate amidotransferase) (McClain et
al., Diabetez, 45:1003-1009 (1996)). Glucose and glucosamine are substrates of '
glucokinase (Singh et al., Diabetes, 50:2355-2362 (2001)). The phosphorylated
glucosamine product, glucosamine-6-phosphate, inhibits gluokinase and alters
both glucose and subsequent glucosamine metabolism (Van Schaftigen et al.,
Biochem. )., 308:23-29 (1995)). Miwa et al. reported that glucokinase has a Jow
affinity for NAG (Enzyme Protein, 48:135-142 (1994)). Thus, NAG kinase
mediates the phosphorylation of NAG to produce NAG-6-phosphate that does
not affect glucokinase activity (Miwa et al., Enzyme Protein, 46:135-142
(1994)), allowing glucose and glucosamine to proceed through metabolism
unrestricted, Thus, the biosynthesis of glycosaminoglycans from this
perspective was believed to be better promoted, in certain embodiments and for
certain specific uses, by the use of NAG or some other mate-limiting glucosamine
analog rather than by glucosamine (Shikhman et al., J. Immunol., 166:5155-
5160 (2001)), although the use of glucosamine is not precluded.
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Permeability was evaluated by employing NAG suspensions of various
known membrane transport enhancing reagents, ethanol, oleic acid, isopropyl
myristate, isopropyl palmitate; NAG solutions of water and phosphate buffer;
and NAG saturated dimethylsulfoxide (DMSO) solution.

Glucosamine and chondroitin salts are charged, highly polar, aqueous
soluble, and poor candidates for transdermal absorption. Currently, there are
topical products containing these ingredients as salts marketed nutraceuticals for
the treatment of osteoarthritis, which contains ingredients whose effects may be
mistaken in the shart term as being therapeutic NAG an acetylated glucosamine
metabolite is less polar and nentral appears to be a more likely candidate for
transdermal delivery and percutaneous absorption.,

Glucosamine is metabolized to NAG via the hexosamine pathway;
glucosamine or galactosamine, plus & uronic acid, is incorporated as a
disaccharide unit into all macromolecules requiring amino sugars such as
keratan, dermatan, chondroitin, hyluronates, and heparin, to produce
glycosaminoglycans (GAGs). GAGs are highly negatively charged molecules,
with an extended conformation, and demonstrate high viscosity and low
compressibility ideal as a lubricating fluid for anatomical joints. The majority of
GAGs in the body are linked to core proteins, to form proteoglycans or
mucopolysaccarides, which are basic components of skin, tissue, and cartilage.
(Merrick et al,, J. Bio. Chem. 5:235 (1960); Milewski, “Glucosamine-6-
phophate synthase,” Biochimica et Biophysica Acta ,1597:173 — 192 (2002).
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Materials and Methods
Chemicals

NAG of 99.9+% purity was purchased from MP Biomedical (Avrora,
Ohio). All enhancer reagents purchased for this study were at 99.94+% purity.
All other reagents were of analytical grade and used without further purification,

Analysis

NAG analysis was carried out using high-performance anion exchange
chromatography with pulsed amperometric detection (HPAE-PAD) on a Dionex
DX-500 HPLC system (Dionex, Sunnyvale, CA) that included a GP40 gradient
pump, ED40 Electrochemical detector, AS3500 autosampler and a PEAKNET
Chromatography Workstation, (“Optimal Settings for Pulsed Amperometric
Detection of Carbohydrates Using the Dionex ED40 Electrochemical Detactor,”
Technical Note 21, Dionex Corp., Sunnyvale, CA, USA.; Clarke et al., Anal
Chem, 71:2774-2781 (1999); Campo et al., J. Chrom. B, 765:151-160 (2001);
LaCourse, W. R. Puised Electrochemical Detection in High-Performance Liquid
Chromatography, John Wiley & Sons Inc. (1997)). The HPAE-PAD was
equipped with a CARBOPAC PA20 (3 x 150 mm), analytical anion-exchange
colnmn (Dionex, Sunnyvale, CA) for the rapid, high-resolution separation of
monosaccharides and disaccharides, using pulsed amperometric detection, a
CARBOPAC PA20 analytical guard column (3 x 30 mm) (Dionex, Sunnyvale,
CA), and a carbonate trap column (25 x 15 mm) (Dionex, Sunnyvale, CA).
Mobile phase (A) was degassed and prepared with deionized water. The mobile
phase (B) included 0.02 N NaOH prepared with deionized water and filtered
with 0.45 micrometer (um) filters in a solvent filtration apparatus (Waters-
Millipore, Milford, MA, USA) that was degassed under vacuum. The mobile
phase system was run at 2 gradient concentration of 16 mM NaQH at a flow rate
of 0.5 milliliters per minute (m)/min). A standard calibration curve of NAG
(Figure 13) was obtained with linear regression and value of R=0.9936, Bach
sample set was run with external standards. The sample concentration values
were obtained via the PEAKNET software. These values were compared with to
those obtained by calculations of the peak area and peak height observe as
functions of the standard curve's linear regression equation. The instrument

sensitivity was approximately 10* units.
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Solubility measurements

An excess amount of NAG (pKa 6.73) was placed in separate vials
containing 10 ml deionized water, 10 ml n-hexane and 10 m! phosphate buffer
(pH 6, 6.73, and 7.4; 1 M) and stirred at 37°C for 24 hours. The solutions were
centrifuged for 5 min at 9000 rev/min and the supernatant filtered with cellulose
acetate membrane filters (0.45 pm pore size) (Dionex, Sunnyvale CA). The
NAG concentration in each filtrate was determined by HPAE-PAD after the
appropriate dilution.

Determination of partition coefficients

The oil/water partition coefficient for NAG was determined using n-
hexane/phosphate buffer (pH 5.5 6, 6.73, and 7.4, 0.1 M) and n-hexane/water
(Bernacki et al., J. Supramolecular.Structure, 7:235-250 (1977)). In each case 5
ml of n-hexane was mixed with aqueous solutions containing NAG and shaken
at 37°C for 24 hours. The mixture was afterwards centrifuged and the organic
and aqueous phases scparated. The NAG concentration in the filtrates wes
determined by HPAE-PAD after the appropriate dilution.

In-vitro Membrane Permeation

Shed spakeskins were used as 2 model membrane for permeation studies
using the NAG suspensions in known membrane permeation enhancers; ethanol,
oleic acid, isopropyl myristate, and isopropyl palmitate; saturated solutions of
NAG in water and in phosphate. buffer; as well as in a saturated DMSO solution
and phosphate buffer (pH 5.5) containing ethanol at 2%, 5%, 10%, 25%, and
50% solutions.

The skins were hydrated in 0.1% aqueous sodium azide solution at room
temperature for 48 hrs. Franz-cell diffusions experiments were carried out. In
general the receptor cell was filled with 7.4 pH 0.1 M phosphate buffer and the
donor cell filled with a solution or suspension. For the phosphate buffer (pH
5.5) containing ethanol at 2%, 5%, 10%, 25%, and 50% solutions in the donor
phase, the receptor phase consisted of phosphate buffer (pH 5.5, 0.1 M). The
receptor solution was maintained at 37°C and stirred with a magnetic stirrer.

The snake skins were mounted between the receptor and donor cells.

The surface exposed to diffusion was 2.54 cm? (diameter 1.8 cm) and the
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receptor cell volume was 6 cm®. The donor cell was covered with plastic film.
The system was allowed to equilibrate at 37°C for two hours before each
experiment. To the donor cells, 5 ml of the NAG-enhancer suspension or
solution was added. Samples were taken at intervals over a 24-hour period, 200-
K1 samples of receptor solutions were taken and replaced with fresh buffer;
experiments were conducted in triplicate. The amounts of NAG that permeated
through the snakeskin were determined by HPAE-PAD.

Data Treatment

Steady state flux (Ju) for NAG (mg/cm?/h) was calculated from its
increasing amount in the receptor medium (Bach et al., Eur. J. Pharm. Biopharm,
46:1-13 (1998)). NAG's permeability coefficient (kg) in cm/h was calculated
from known physiochemical parameters, (Hadgraft et al., “Feasibility
Assessment in Topical and Transdermal Delivery: Mathematical Models and In
Vitro Studies,” in Transdermal Drug Delivery. 2™ Ed. Marcel Dekker, Inc.,
pages 1-23 (2003)). Lag time (t1g) was determined graphicaily from the
cumslative amount of drug released per unit area (mg/cm?) versns time plots. A
square root of time (t'?) versus cumulative'amount of drug released per unit area
(mg/cm®) was obtained to monitor NAG in vitro release rate (mg/cra?),
{Guidance for Industry: SUPAC-SS Semisolid Dosage Forms. Scale-up and
Postapproval Changes: Chemistry, Manufacturing, and Control; In Vitro
Release Testing and In Vivo Bioequivalence Documentation. US Department of
Health and Human Services, Food and Drug Administration, Center for. Drug
Evaluation and Research, May 1997).

Results

Initial permeability investigations were carried out using shed snakeskin as a
mode]l membrane to human skin; a widely recognized and sufficient model for
preliminary studies due to its similarity in composition to the human stratum
comeum (Jich et al., *“Use of Shed Snake Skin as a Model Membrane for In
Vitro Percutaneous Penetration Studies: Comparison with Human Skin,” Pharm.
Res., 7:1042-1047 (1990)). Nepgligible NAG transport was observed from
suspensions of membrane permeability enhancers; ethanol, oleic acid, isopropyl

myristate and isopropyl palmitate. No permeation was observed from the
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aqueous solutions of NAG in water or phosphate buffer solutions (pH 5.5, 6.0,
6.73, and 7.4; 0.1 M). As a qualitative correlation to a selection of NAG's
partition coefficients shown in Table 1, permeation of NAG from the
aforementioned membrane penetration enhancer suspensions or aqueous
solutions was expected.

Table 1. Experimentally determined partition coefficients for N-acetyl-D-
glucosamine (NAG) (pKa 6.73) and permeability coefficient (kp)

n-hexane/  n-hexane/ n-hexane/ n-hexane/  Octanol/ ky(cm/hr)

pHS5.5 pH 6.0 pH 6.73, pH 7.4 water’>
buffer buffer buffer buffer
0.252 0.194 0.092 0.091 0017 0731

'* Bernacki et al., J. Supramolecular Structure, 7:235-250 (1997)

DMSO was chosen for evaluation as a benchmark permeation enhancer
due to its physical properties and well-documented enhancement properties
(Franz et al., “Dimethyl sulfoxide,” in Percutancous Enhancers. Ed. Smith, E.
W., Maibach, H.1, CRC Press, Inc., pages 112-127 (1995)). Enhancers are
reported to disrupt intercellular lipids of the stratum corneum, by increasing a
drug’s partitioning into the stratum comeum with a concomitant increase in drug
permeation through the intercellular junctions via percutaneous absorption.
(Barry, J. Control. Rel., 15:237-248 (1991); Williams et al., Crit. Rev. Ther.
Drug Carrier Syst., 9:305-353 (1992); Sinha et al., Drug Dev. Ind. Pharm.,
26:1131-1140 (2000)). From the plot containing cumulative NAG concentration
per unit area (mg/cm®?) versus time'? (hour'?) NAG’s in vitro relcase rate was
shown to be 73.48 pg/cm? (Figure 13) with high linearity in transport thus
exhibiting no lag time, as indicated in Table 2. The assumption taken is that
NAG’s high polarity and its low permeation cocfficient, as shown in Table 3,
contributes to its inability to be transported efficiently by means of single
permeation enhancer or in agueous solution.
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Table 2. Physiochemical data obtained for the permeation of N-
acetylglucosamine (NAG) through shed snake’s skin via a saturated dimethyl
sulfoxide (DMSO) solution in the donor phase and pH 7.4 phosphate buffer in
receptor phase.

Parameter

I (mg/cm’/h) 7348
tig ()

In Vitro release rate (mg/cm?) 186.64
R? 0.9736

Table 3. Physicochemical data obtained for the permeation of N-
acetylglucosamine (NAG) through shed snake’s skin via phosphate buffer (nH
5.5) containing ethenol at 2%, 5%, 10%, 25%, and 50% solutions in the donor
phase and pH 5.5 phosphate buffer in the receptor phase.

PCT/US2005/011739

Pammeter 2 5 10 25 50
(% Ethanol)
T (mg/cm /) 112.61 11953 211.61 20593 7796

In Vitro release rate 286.03 303.61 53749 523.06 198.02
(ng/cm?)

by ()
R? 09778 08751 07966 09924 9836

The study shows that DMSO allows NAG to be transported immediately
and continuously with a linear concentration increase over time, as evidenced in
Figure 13, which shows the effect of DMSO on the cumulative permeation of
NAG at 37.5°C through shed snake skin (cumulative concentration vs time %,

each point representing the mean -+/- standard deviation, n=3).
30
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This study also incorporated NAG into an ethanol/buffer solution at
various concentrations. Ethanol as an enhancer is known to promote the
transdermal penetration and percutaneous absorption of many drugs, (Berner et
al., “Alcohols, Percutaneous Penetration Enhancers,” in Alcohgls. Eds. Smith,
E. W, Maibach, H. L, CRC Press, Boca Raton, FL, pages 45-60 (1995)). The
oil/water partition coefficient increases with the decrease in pH of the buffer
solution, shown in Table 1. NAG's transdermal transport was not observed from
phosphate buffer or ethanol where it is highly soluble and insignificantly soluble
respectively. Its permeation was observed in sink conditions from the phosphate
buffer (pH 5.5) containing ethanol at 2%, 5%, 10%, 25%, and 50%, as reported
in Figure 14, showing accumulation of NAG through shed snake skin in Franz
type receptor cells from phosphate buffer (pH 5.5) after 24 hours. The
cumulative concentration of the solutions containing 5%, 10%, and 25% ethanol
are very similar after 24 hrs, whereas the 2% and 50% ethanol in buffer solutions
delivery significantly less NAG (Figure 15, showing the effect of ethano}
concentration cumalative permeation of NAG at 37.5°C through shed snake
skin, cumulative concentration versus time'?), Beyond 50% ethanol
concentration in buffer, the NAG precipitated. The flux values for 10% and 25%
ethanol concentration are similar, whereas the 5% is helf that of both.
Graphically, each has a slightly different linear permeation profile up to the
approximate experimental mid-point. At the canclusion of the 24-hour endpoint
each solution had delivered similar amounts of NAG.

These results overall suggest that thermodynamic and solubility effects
affect the permeation of NAG in correlation o use of DMSO at 100% (Kuriham-
Bergstrom et al., J. Inv. Derma., 89:274-280 (1987)) and the varying
concentrations of ethanol in buffer solutions. NAG’s in vitro flux and release
rates from ethanol in buffer solutions overall exceeded those permeation values
obtained from DMSO. This shows that 5-25% concentration of ethanol as an
enhancer in delivery vehicles to be a useful starting point towards the
formmulation of a transdermally delivered/percutancously absorbed NAG
composition,

The current study also shows DMSO to be a skin penetration enhancer
for NAG. DMSO is generally used in veterinary drug delivery, (Magnusson et

al., Adv. Drug Del. Rev., 50:205-227 (2001)). The use of DMSO in NAG
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formulation may be useful for localized osteoarthritis treatment in animals, since
DMSO is not an FDA approved excipient for human use in topical/transdermally
delivered pharmaceutical products. Furthermore, unpublished preliminary
results in our laboratory show that NAG may have adequate permeation from
other drug delivery vehicles. It is anticipated that further in vitro studies will
determine other NAG formulations will effectively demonstrate transdermal
delivery towards percutancous shsorption.

Example 5 - Permeation of N-acetyl glucosamine (NAG) in pluronic organo-gel
formmlations across shed snakeskin

The objective of this study was to further evaluate the permeation of
NAG in pluronic-organo-gel formulations across shed snake's skin. These
pluronic gel formulations each contained lecithin-isopropyl palmitate and/or
lecithin-vitamin E component as the enhancer and organic phase. Isopropyl
palmitate is a well-studied enhancer. Sparse literature reports concerning the
permeation enhancement effects of vitamin E and soy lecithin are available other
than patents and p-alent applications describing various dosage forms.

For these studies, NAG was chosen as the compound of choice, even
though it has a octanol-water partition coefficient of 0.017 (pH 7.4) (Bernacki et
al., J. Supramolecular Structure, 7:235-250 (1977)). Mahjour and co-workers
(Joumnal of Controlled Release, 14(3):243-~52 (1990)) studied the effect of
lecithins on in vitro skin permeability with several drugs with various NAG’s
octanol-water partition coefficients. They found that soy lecithins improved the
permeability of all the drups including procaterol and oxymorphone which both
have a comparatively low octanol-water partition coefficient of -0.37 (pH 7.7)
and 0.0 (pH 7.4) respectively. The most impressive finding was that the soy
lecithins enhancement effect was the highest for procaterol, which has the lowest
octanol-water partition coefficient of the drugs studied (Mahjour et al., Journal
of Controlled Release, 14(3):243-52 (1990)). As for vitamin B, it is postulated
to act as a permeation enhancer by intercalating within the lipid bilayer of the
stratum corneum, which alters the membrane's permeability (Trivedi et al.,
European Journal of Pharmaceutical Sciences, 3(4):241-243 (1995)).

Vitamin E has a two-fold effect within biological membranes as an

antioxidant and membrane stabilizer. Structurally, vitamin E's chromanol ring's
52
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hydroxyl group is believed to situate in the polar head environment of the
phospholipid membrape, while the phytyl chain intercalates with the lipid acyl
chains. Trivedi and co-workers observed vitamin E’s perineation enhancement
(European Journal of Pharmaceutical Sciences, 3(4):241-243 (1995)). Their
conclusion was that overall improvement in the permeability of the stratum
corneum is moderate. This is a result from the limited insertion of vitamin B
within the ceramide-rich bilayer structure. Thbua their final concluding statement
was that overall vitamin E enhancement effect “...will not be tremendous but
discernible nonetheless (Trivedi et al., Buropean Journal of Pharmaceutical
Sciences, 3(4):241-243 (1995)).

Experimental
Materials

NAG was purchaged from MP Biomedicals, Inc (Avrora, OH).
Poloxamer 407 (PLURONIC F127, Polyethylene-Polypropylene Glycol), soy
lecithin and isopropyl palmitate were purchased from Spectrum Chemical Mfg.
Corp. (Gardena, CA). Vitamin E (mixed tocopherol complex) was purchased
from Solgar Vitamin and Herb (Leonia, NJ). Water used for the preparation was
double distilled and deionized by a Millipore purification system (Continental
Water Systems Corp., B Paso, TX).

Vehicle Preparation

Tweunty percent poloxamer 407 (PLURONIC F127; Polyethylene-
Polypropylene Glycol) gels were made by standard methods e.g. dissolving the
poloxamer into cold water under refrigeration for 24 hours to produce the
pluronic gel phase. NAG was incorporated into the pluronic gel phase. The
final formulations were prepared via the emulsification of the select organic
phase with the pluronic gel phase nsing luer-lock connected syringes.

In-vitro Membrane Permeation Studies

Shed snakeskins were used as the model membrane for these permeation
studies using the NAG semi-solid gel formulations. The skins were hydrated in
0.1% aqueous sodinm azide solution at room temperature for 48 hrs. Franz-cell

diffusions experiments were carried out. In general the receptor cell was filled
5
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with a 7.4 pH 0.1 M phosphate buffer. The receptor solution was maintained at
37°C and stirred with a magnetic stirrer. The snakeskins were mounted between
the receptor and donor cells. The surface exposed to diffusion was 2.54 cm”
(diameter 1.8 cm) and the receptor cell volume was 6 cm’®. The donor cell was
covered with plastic film. The system was allowed to equilibrate at 37°C for
two hours before each experiment. The donor cells were filled with a 5 ml of the
semisolid NAG pluronic-organo-gel formulation. Samples (N=3) were teken at
intervals over a 48-hour period, 200-pl samples of receptor solutions were taken
and replaced with fresh buffer; experiments were conducted in triplicate. The
amounts of NAG that permeated through the spakeskin were determined by
HPAE-PAD.

HPAE-PAD (HPLC) Analysis

NAG analysis was carried out at the University of Georgia, Center for
Complex Carbohydrate Research Center. High-performance anion exchange
chromatography with pulsed amperometric detection (HPAE-PAD); Dionex,
Sunnyvale, CA USA); on a Dionex DX-500 HPLC system consisting of a P40
gradient pump, ED40 Electrochemical detector, AS3500 autosampler and
PeakNet Chromatography Workstation was utilized. The HPAE-PAD was
equipped with CARBOPAC PA20 (3 x 150 mm), analytical anion-exchange
column for the rapid, high-resolution separation of monosaccharides and
disaccharides, using pulsed amperometric detection and a CARBOPAC PA20
analytical guard column (3 x 30 mm) and a carbonate trap columa (25 x 15 mm).
Mobile phase (A) was degassed and prepared with deionized water. The mobile
phase (B) consisted of 0.02 N NaOH prepared with deionized water and filtered
with 0.45 pm filters in a solvent filtration apparatus (Waters-Millipore, Milford,
MA, USA) that was degassed under vacuum. The mobile phase system was run
at a gradient concentration of 16 mM NaOH at a flow rate of 0.5 ml/min. A
standard calibration curve of NAG (Figure 16, showing the effect of soy lecithin-
vitamin E on NAG permeation across shed snake skin, cumulative concentration
(n=3) per unit area +/- standard deviation as a function of time'?) was obtained
with linear regression and value of R*=0.9936. Each sample set was run with
external standards. The sample concentration values were obtained via the

PEAKNET software. These values were compared with to those obtained by
54
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calculations of the peak area and peak height observe as functions of the
standard curve's linear regression equation. The instrument sensitivity was
approximately 10 units.

Data Analysis

Steady state flux (Jn) for NAG (mg/cm?/h) was calculated from its
increasing amount in the receptor medinm (Bach et al., Eur. J. Pharm. and
Biopharm., 46:1-13 (1998)). NAG's permeability coefficient (kp) in cm/h was
caiculated from known physiochemical parameters (Hadgraft et al., “Feasibility
Asscssment in Topical and Transdermal Delivery: Mathematical Models and In
Vitro Studies,” in Transdermal Drug Delivery, 2* Ed. Marcel Dekker, Inc.,
pages 1-23 (2003)). Lag time (twg) Was determined graphically from the
cumulative amount of drug released per unit area (mg/cm?) versus time (h) plots.
A square root of time (t'?) versus cummlative amount of drug released per unit
area (mg/cm?) was obtained to monitor NAG in vitro release rate (mg/cm?)
(Guidance for Industry: SUPAC-SS Semisolid Dosage Forms. Scale-up and
Postapproval Changes: Chemistry, Manufacturing, and Control; In Vitro
Release Testing and In Vivo Bioequivalence Documentation. US Department of
Health and Human Services, Food and Drug Administration, May 1997),

Results

Initially NAG transport was observed from lecithin-isopropyl palmitate,
vitamin E, and lecithin-vitamin B (1:1) suspensions (100 mg/ml). Negligible
(below the limit of detection) transport was observed from all of these
suspensions, excluding the permeation of NAG from the Jecithin-vitamin mixed
E (1:1) suspension shown in Figure 17, showing physicochemical data obtained
for the permeation of NAG in pluronic gel-organic phase vehicles through shed
snake skin, cumulative concentration (n=3) per unit area +/- standard deviation
as a function of time" (JA: 1:1 w/w of pluronic gel:organic phase 1A
(lecithin:vitamin E (1:1 w/w)); IIA: 4:1 w/w of pluronic gel:organic phase IIA
(ecithin:vitamin E (1:1 w/w)); IIA: 0.93:0.07 w/w of pluronic gel:organic phase
IITA (lecithin:vitamin E (0.93:0.07 w/w)); IB: 1:1 w/w of pluronic gel:organic
phase IB (lecithin:isopropyl palmitate (1:1 w/w)); IIB: 1:1 w/w of pluronic
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gel:organic phase IIB (lecithin:isopropyl palmitate (1:1 w/w)); IIIB: 0.93:0.07
w/w of pluronic gel:organic phase IB (lecithin:isopropyl palmitate (1:1 w/w)).

Relatively, linear transport was observed from the lecithin-vitamin mixed
E (1:1) suspension. NAG's release rate=13.71 ug/cm?, steady state flux J,=4.23
pg/cm?/h and its pecmeability coefficient k,=5.012 x 10 (cm/h) have been
recorded (Table 4).

Table 4. Physicochemical data obtained for the permeation of N-
acetylglucosamine (NAG) in a lecithin-vitamin pluronic-organic phase vehicle
through shed snakeskin.

Vehicle T (mg/cmi/h) Releasc rate (mg/cmt) kg (cm/h) tag (N

Lecithin-  4.23 glem'/h 13.71 pg/em’ 5012x 107 ©
Vitamin B
(1:1)

For the pluronic organo-gels, each vehicle was composed of a pluronic
gel and organic phase, as shown in Table 5, along with its respective
physicochemical data obtained for the permeation of N-acetylglucosamine
(NAG). Each NAG vehicle exhibited lag time, as reported in Table 5. The
cumulative concentration versus time plot to obtain f,4 is not shown. As
exhibited in Figure 17, the comulative concentration per unit area versus the
square root of time plot shows a comparison of all the vehicles. Overall
graphically, the pluronic gel formulations containing organic phase mix of
lecithin and isopropyl palmitate out-performed the pluronic gel containing
lecithin and vitamin E organic phase vehicles. Formulation Il A, which
contained the pluronic gel to lecithin-vitamin E mix at a 0.93:0.7 exhibited the
best release rate, steady state flux and permneability coefficient values (Table 5).

The data shows that as the organic enhancer phase is decreased, NAG
permeation increases for both formulations Il A and Il B. However, the release
rates of formulations II B and HI B are comparable. Correspondingly, in
experiments not reported here, NAG was not transported in aqueous only
vehicles.
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Table 5. Physicochemical data obtained for the permeation of NAG in pluronic-organic phase vehicles through shed snakeskin.

Vehicle Graphical Organic Phase ) Release rate k, tiag
Label (mg/om'h)  (mg/ent™) (cmh) ()

Pluronic Gel: Organic Phase 1A 1A Lecithin: Vitamin § (1:1whw) 1.01 688 3.2x10° 645

(1:1)

Pluronic Gel: Organic Fhase TA 1A Lecithin: Vitamin E (1:1 wiw)  1.06 8.94 3.1x10% 398

4:1)

Plurcnic Gel: Organic Phase IIA IO A Lecithin: Vitamin E(1:1 w/w) 103 74.9 3.2x10° 0.85

(0.93:0.7) !

Pluronic Gel: Organic PhaseIB 1B Lecithin: Isopropyl palmitate E  2.16 14.6 3.ix10* 533

Q1) (1:1 wiw)

Pluronic Gel: Organic Phass IB I B Lecithin: Isopropyl palmitate E 6,98 385 25x100 6.98

(€3} (1:1 wiw ¢

Pluronic Gel: Organic Phuse IIB  III B Lecithin: Isopropyl palmitate B 4.46 43.1 68x100 249

(0.93:0.7)

(1:1 wiw

6/
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The complete disclosures of all patents, patent applications, pravisional
patent applications, publications, and electronically available material cited
herein are incorporaied by reference. The foregoing detailed description and
examples have been provided for clarity of understanding only. No unnecessary

5 limitations are to be understood therefrom. The invention is not limited to the
exact details shown and described; many variations will be apparent to one
skilled in the art and are intended to be included within the invention defined by
the claims.
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WHAT IS CLAIMED IS:

1. A compound comprising a first component covalently linked to a second

component, said compound having formula I:

5
rR2
0
Rlo oR! M
R0 NH-L-X
wherein:
R', R%, R® and R* are each independently H or an organic group;

10 L is an optional linking group; and

X is an anti-inflammatory agent.

2. The compound of claim 1 wherein the anti-inflammatory agent is
selected from the group consisting of a nonsteroidal anti-inflammatory agent and
15  aderivative of a nonstervidal anti-inflammatory agent.

3. The compound of claim 2 wherein the nonsteroidal anti-inflammatory
agent is selected from the group consisting of diflunisal, acetylsalicylic acid,
choline magnesium trisalicylate, salsalate, diclofenac, etodiac, indomethacin,

20 glucametacin, sulindac, tolmetin, fenoprofen, ibuprofen, ketoprofen, naproxen,
oxaprozin, flurbioprofen, mefenamic acid, meclofenamate, phenylbutazone,
piroxicam, meloxicam, nabumetone, pirprofen, indobufen, tiaprofenic acid,
acetaminophen, carprofen, etofenamat, tenoxicam, choline magnesium
salicylate, choline salicylate, fenoprofen calcium, indoprofen, ketorolac,

25  ketorolac tromethamine, magnesivm salicylate, meclofenamate sodium, sodium
salicylate, lornoxicam, nimesulide, remifenzone, flosulide, rofecoxib, celecoxib,
and valdecoxib.

4 The compound of claim 1 wherein the anti-inflammatory agent is
30  selected from the group consisting of a prostaglandin, an arachidonic acid, and a
metabolite of arachidonic acid.
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5. The compound of any of the preceding claims wherein L, if present, is an
Organic group.

5 6 The compound of any of the preceding claims wherein the first
component is selected from the group consisting of glucosamine, glucosamine
pentaacetate, glucosamine- i-phosphate, glucosamine-6-phosphate, N-acetyl-B-
D-glucosamine, N-acetylglucosamine-6-phosphate, N-acetyl-glucosamine-1-
phosphate, uridine diphosphate-N-acetyl glucosamine, 2-amino-2-deoxy-1,3,4,6-

10 acetyl-f-D-glucopyranose, the acetylated analog of 2-amino-2-deoxy-1,3,4,6-
acetyl-f-D-glucopyranose, 2-acetamido-2-deoxy- B-D-glucopyranose-1,3,4,6-
tetraacetate, the acetylated analog of 2-acetamido-2-deoxy- p-D-glucopyranose-
1,3,4,6-tetraacetate, and N-acetyl-glucosamine.

15 7 A pharmaceutical composition comprising a therapeutically effective
amount of at least one compound of any of the preceding claims, and &
pharmaceutically acceptable carrier.

8. The pharmaceutical composition of claim 7 further comprising one or

20 more additional components sclected from the group congisting of an
antimicrobial agent, a gelling agent, an emulsifying agent, a stiffening agent, a
skin healing agent, an emollient, a surfactant, a solvent, a lubricant, a wax, a
bumectant, a skin penetration enhancer, an antioxidant, and combinations
thereof.

25
9. The pharmaceutical composition of claim 8 wherein the antimicrobial
agent is selected from the group consisting of ethanol, paraben, salts of a
paraben, sorbic acid, potasgium sorbate, propylene glycol, glycerin, and
combinations thereof.

30

10.  The pharmacentical composition of claim 8 wherein the skin healing
agent is selected from the group consisting of vitamin E, ascorbic acid, alpha
tocopherol, beta tocopherol, gamma tocopherol, aloe vera, vitamin E-TPGS, and

combinations thereof.
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11,  The pharmaceutical composition of claim 8 wherein the emulsifying
agent is selected from the group consisting of cholesterol, poloxamers, lecithin,
carbomers, polyoxyethylene ethers, fatty acid esters, stearates, and combinations

thereof.

12.  The pharmaceutical composition of claim 8 wherein the skin penetration
enhancer is selected from the group consisting of dimethyl sulfoxide, ethanol,
polyethylene glycol, urea, dimethyl acetamide, sodium lauryl sulfate, Spans,
Tweens, terpenes, azone, acetone, oleic acid, and combinations thereof.

13.  The pharmaceutical composition of claim 8 wherein the antioxidant is
selected from the group consisting of fumaric acid, malic acid, ascorbic acid
palmitate, butylated hydroxylanisole, propy! gallate, sodium ascorbate, sodium
metabisulfite, and combinations thereof.

14,  The pharmecentical composition of any one of claims 7-13 wherein the
composition is forrnulated for topical application.

15.  The pharmaceutical composition of claim 14 wherein the carrier is
selected from an oinlment, a gel, a cream, a solution, a lotion, a suspension, a
microemolsion, an emulsion, a liposome, or a transdermal patch.

16.  The pharmaceutical composition of any one of claims 7-13 wherein the
composition is formulated for subcutaneous, intramuscular, or intravenous
administration.

17.  The pharmaceutical composition of claim 7-13 wherein the composition
is formulated for oral administration.

18.  The pharmaceutical composition of any one of claims 7-17 wherein the
first component is preseat in the composition in an amount of about 1 weight
percent to about 75 weight percent.
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19. A pharmaceutical composition comprising a therapeutically effective
amount of a compound having formula II:

-3(0) NHR?

wherein R!, R% R?, R* and R® are each independently H or an organic
group; and

a pharmaceutically acceptable carrier;
wherein the composition is formulated for topical epplication.

20.  The pharmaceutical composition of claim 19 further comprising at least
one anti-inflammatory agent.

21.  The pharmaceutical composition of claim 19 or 20 wherein the carrier is
selected from the group consisting of an ointment, a gel, a cream, a solution, a
lotion, a suspension, a microemulsion, an emulsion, a liposome, or a transdermal
patch,

22. A method for treating or preventing a disorder or condition in 2 mammal,
the method comprising administering to a mammal a therapeutically effective
amount of & composition according to any one of claims 7-21.

23.  The method of claim 22 wherein the disorder or condition is selected
from the group consisting of arthritis, osteoarthritis, osteoporosis, muscle
sprains, muscle strains, joint sprainé, joint strains, tendonitis, bursitis, burns,
joint pain, inflamed joints, skin damage, skin tenderness, skin pain, sun-damaged
skin, wind-damaged skin, salt-damaged skin, scar tissue, age-related wrinkling
of the skin, and combinations thereof.

24, The method of claim 22 or 23 wherein treating the disonder or condition

comprises alleviating at least one symptom of the disorder.
62
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25.  The method of any one of claims 22-24 wherein administering the
composition comprises lopical administration.

26.  The method of claim 25 wherein the composition is formulated for use as

a cosmetic.

27.  The method of any one of claims 22-25 wherein administering the
composition comprises subcutaneous, intramuscular, or intravenous
administration.

28,  The method of any one of claims 22-25 wherein administering the
composition comprises oral administration.

29.  The method of eny one of claims 22-28 wherein the mammal is a human.

30. A pharmaceutical composition comprising a therapeutically effective
amount of a compound having formula II:

RZ
R0 OR! am
R'O NHR®
wherein:
R!, R? R3 and R?are each H, and
R’ is an acetyl group; and

a pharmaceutically acceptable carrier;
said composition formulated for topical application.

31.  The pharmaceutical composition of claim 30 further comprising an anti-
inflammatory agent.

63



WO 2005/116086 PCT/US2005/011739

32. A pharmaceutical composition comprising a therapeutically effective
amount of a compound comprising a first component covalently linked to a
second component, said compound having formula I:

5
Rz
0
R0 OR! m
R'O NH—L—X
wherein:
R, R% R"', and R* are each H,
10 L is an acetyl group, and

X is ibuprofen or ketoprofen; and
a pharmaceutically acceptable carrier; said compasition formulateqd for topical

application.

15 33. A method to alleviate a condition treatable with glucosamine comprising:
administering to a mammal an effective amount of a compound comprising
a first component covalently linked to a second component, said compound

having formula I
R?
0
R0 OR' m
R'O NH-L-X
20
wherein:

R, R%, R?, and R*are each independently H or an organic group,

L is an optional linking group, and
25 X is an anti-inflammatory agent.
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34. A method to alleviate a condition treatable with an anti-inflammatory
agent comprising:

administering to a mammal an effective amount of a compound
comprising a first component covalently linked to a second component, said

5  compouad having formula I:

R2
o
R0 OR! 1)

R0 NH—L—X

wherein:
10 R', R%, R?, and R* are each independently H or an organic group,
L is an optional linking group, and

X is an anti-inflammatory agent.
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PROFARMACOS MUTUOS DE GLUCOSAMINA Y GLUCOSAMINA/ANTI-
INFLAMATORIO, COMPOSICIONES, Y METODOS.

La presente salicitud reivindica prioridad de la solicitud provisional de los Estados
Unidos nimero 60/560,128, presentada el 7 de abril de 2004, la cual se incorpora
en su totalidad a esta solicitud como referencia.

Declaraciéon de Derechos del Gobiemo: Esta invencion fue realizada con la ayuda
del Gobiemo bajo la Donaciébn GM088321-01 concedida por los Institutos
Nacionales de Salud. El gobiemo puede tener ciertos derechos sobre la
invencion.

Antecedentes de [a Invencién.

Un estimado de 21 millones de adultos, solamente en los Estados Unidos, vive
con osteocartritis, uno de los tipes mas comunes de artritis. La osteoartritis,
también llamada enfermedad articular degenerativa, es causada por el deterioro
de los cartilagos, el tejido conectivo que amortigua los extremos de los huesos
dentro de [a articulacién. La osteoartritis se caracteriza por dolor, dafio de [a
articulaciéon, y el movimiento comun limitado. Esta enfermedad ocurre
generalmente tarde en la vida de un paciente, y afecta mas cominmente las
articulaciones de las manos y las mayores arliculaciones que soportan peso.
Ademds, la edad, el género (mujeres), y ia obesidad son factores de riesgo para
esta enfermedad.

Los investigadores han encontrado que en los cartilagos que se van
degenerando, las citoquinas pro-inflamatorias, tales como la IL-1B8 y el TNFaq,
estdn asociadas con una degradacion creciente de la matriz de los cartilagos
(Sandy y cols., Biochem. J., 335:50 - 66 (1998); Seguin y cols., J. Cell Physiol,
197:356 - 369 del (2003)). Estos eventos también se correlacionen con la
reduccién en la expresion y las sintesis génica /n vilro en la matriz de los
cartllagos (Gouze y cols., FEBS Letters, 510:166-170 (2002), Shikhman y cols., J.
Immunol., 186:5155 - 5160 (2001)).

Qo
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El amino monosacérido glucosamina, que se encuentra naturalmente en los
cartilagos y en los tejidos conectivos, contribuye a mantener la fortaleza,
flexibilidad, y elasticidad de estos tejidos. La glucosamina es un precursor para
una molécula de glicosaminoglicano, la cual se utiliza en {a formacion y reparacion
de los cartilagos. /n vivo, la glucosamina se convierte tipicamente a N-acetil
glucosamina. En los Ultimos aftos, la glucosamina se ha utilizado extensamente
para tratar los sintomas de la osteoartritis en modelos humanos y animales,
sirviendo en capacidad de anti-inflamatorio en la reduccion de los niveles
comunes de la hinchazén y del dolor, comparable con lo observado cuando se
utilizan los farmacos anti-inflamatorios no esteroidales (NSAIDs, siglas en ingles)
(Lopes, Curr. Med. Res. Opin., 8:145-149 (1982); Muller-Fassbender y cols.,
Osteoarthritis Cartilage, 2:61-69 (1994); Ruane y cols., Br. J. Comunidad Nurs.,
7:148 - 152 (2002)). Algunos también han concluido que la glucosamina
conirarresta los efectos degradativos que la IL-1B tiene en las sintesis del
proteoglicano (Sandy y cols., Biochem J., 335:59-66 (1988); Gouze y cols FEBS
Letters, 510:186 - 170 (2002)), ya que la glucosamina reduce la produccién de
dxido nitrico inducida por la IL-1B y el TNFa (Shikhman y cols, J. Immunol.,
166:5155 - 5180 (2001)) y suprime la sintesis de ciclooxigenasa-2 (COX-2) por los
condracitos humanos en respuesta a la IL-l B (Largo y cols., Osteoarthritis
Cartilage, 11: 290-298 (2003)). Asi, la glucosamina puede también servir en el
control de enfermedades asociadas a [a degeneracion de los tejidos
cartilaginosos, tales como la osteoartritis.

El uso de la glucosamina gandé popularidad después de ser destacada en el libro,
The Arthritis Cure, de Jason Theodasakis, MD, y cols. (St. Martin's Press. New
York, NY. 1997). Entre 1997 y 2002, el Indice de crecimiento anual del mercado
de la glucosamina ha excedido el 36,4% (Chemical Market Reporter, vol. 264(1),
July 14, 2003). Actuaimente, la glucosamina y sus metabolitos no se clasifican
como farmacos, sino como suplementos nutracéuticos/dietéticos bajo la United
States Food and Drug Administration's Dietary Supplement Health and Education
Act, de 994 (DSHEA). Las formulaciones de dosificaciones orales de N-acetil D-
glucosamina y su compuesto parental, la glucosamina en forma de sal (sulfato,
clorhidrato, etc.) son nutracéuticos disponibles comerciaimente, y se administran
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comtnmente conjuntamente con el sulfato de condroitina, un nutracéutico también
faciimente disponible.

La glucosamina y la condroitina se han reportado como efectivas en el tratamiento
oral de la osteoartritis, pero no han experimentado os estudios rigurosos exigidos
para su aprobacién por la FDA como productos farmacéuticos (Theodasakis y
cols., The Artritis Cure, 1* Ed., St Martin's Press. Nueva York, NY del 1997;
McAlindon y cols., JAMA, 283:4689 - 1475 (2000)). Los institutos nacionales de
salud (N1H, siglas en inglés, Betesda, MD, USA) tienen un estudio GAIT (siglas
en inglés) multicentro en curso (Ensayo de la intervencién en la Artritis de la
Glucosamina/Condroitina) el cual estd evaluando actuaimente la eficacia de la
glucosamina y los suplementos orales de condroitina administrados oraimente
(Ensayo de la intervencion en la Ariritis de la Glucosamina/Condroitina, GAIT)
lievado a cabo por el National Center for Complementary and Alternative Medicine
(NCCAM), y el National Institute of Artritis and Musculoskeletal and Skin Diseases
(NIAMS), Septiembre de 1999).

Mientras que (a administracién oral es el método mds ampilamente reconocido
para administrar la glucosamina, también se ha estudiado la eficacia de la
glucosamina administrada subcutidneamente. Por ejemplo, existe actualmente una
terapia aprobada por la FDA, SYNVISC (Genzyme Corp., Naarden, Palses Bajos)
para el tratamiento local del dolor asociado a la ostecartritis de la rodilla. El
tratamiento incluye la inyeccién de una solucién que incluye hialuronato de sodio
(un glicosaminoglicano) en la articulacién afectada. Sin embargo, la SYNVISC es
aprobada actuaimente solo para el tratamiento de la rodilla.

Los farmacos anti-inflamatorios no esteroldales (NSAIDs, siglas en inglés) son
efectivos en la reduccidn de la inflamacion, y son frecuentemente utilizados para
trater los sintomas de la osteoartritis. Sin embargo, los NSAIDs pueden tener
efectos secundarios indeseables. Se han realizado esfuerzos para mejorar las
caracteristicas farmacéuticas de los NSAIDs, tales como su permeabilidad,
solubilidad, y estabilidad, creando "profdrmacos” NSAID. Un profdrmaco es un
precursor del farmaco. El término "profdrmaco” se ha utilizado para describir un
compuesto que se compone de un compuesto fdrmaco activo y de un segundo,
compuesto inactivo. El profarmaco no es activo como agente farmacoldgico hasta
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que experimenta una conversion quimica, a saber, por la via de los procesos
metabdlicos después de su administracion a un paclente. Una vez convertido, el
profdmaco proporciona el agente farmacéutico activo y el compuesto no activo
que es tipicamente inerte después de la conversion.

El concepto de profarmaco fue articulado inicialmente por Albert (Nature, 182
(4633): 421-423 (1958)). Los objetivos originales de la sintesis y desarrollo de los
profdrmacos, fueron mejorar la estabilidad del fArmaco y dirigir la liberacién del
farmaco para los farmacos que son administrados por via oral e intravenosa. La
estabilidad es significativa para la actividad del farmaco, y para los farmacos que
son inestables en agua y modificables mediante enzimas, la estabilidad se
alcanza tipicamente protegiendo el farmaco contra la degradacion enzimatica y la
hidrélisis quimica de forma subsiguiente a la administracién del farmaco. La
liberacién dirigida para los profarmacos se basa en el incremento de la solubilidad
Yy permeabilidad del fdrmaco, y es particularmente Gtil en la administracion de
farmacos asociados a membranas lipidicas para peneftrar la muy hidrofébica
barrera sangre-cerebro.

La forma mds comin de profdrmaco, uliliza un enlace éster formado
sintéticamente mediante la reaccién de un acido carboxflico con un alcahol o un
fenol para modificar el destino metabdlico “in vivo" del farmaco parental. Ademas
de afectar el metabolismo del firmaco parental, el profarmaco éster puede poseer
olras ventajas, tales como efectos secundarios reducidos. Por ejemplo, el dafio
gastrico se puede reducir si el fdrmaco anti-inflamatorio no esteroidal (NSAID) fue
formulado como profarmaco, con respecto al NSAID administrado solamente. Las
caracteristicas positivas asociadas al uso del profamaco incluyen, por ejemplo, la
presencia del enlace éster covalente estable, menos actividad intrinseca
comparada a la del fdrmaco parental, una toxicidad més baja, y una mejor cinética
de liberacién en el sitio de unién para asegurar niveles efectivos del farmaco.

Los “profarmacos mutuos,” representan una variacibn de un profarmaco, se
pueden describir como la conjugacién de dos farmacos que tienen diversas
actividades farmacoldgicas. Ei concepto se origina de la practica clinica de co-
administrar dos farmacos para incrementar la actividad farmacoldgica o para
prevenir efectos secundarios cllnicos (Patente No US 4,278,678). Los

12
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profarmacos mutuos se sintetizan hacia el objetivo farmacolégico de mejorar la
eficacia del farmaco, optimizar su liberacion, y disminuir sus toxicidades.

En un profarmaco mutuo, cada fadrmaco del componente funciona como la porcién
"pro” con respecto a la otra. Al igual que un profadrmaco, un profadrmaco mutuo se
convierte en los componentes activos de los farmacos dentro del cuerpo,
mediante reacciones enzimaticas y/o no enzimaticas. Los profarmacos mutuos se
pueden clasificar como, por ejemplo, profarmacos ligados a excipientes,
profarmacos bio-precursores, o profarmacos de activacién quimica, dependiendo
de sus constituyentes y composicion (Albert, Nature, 182 (4833): 421-423 (1958);
Rao, H Surya Prakash {disponible en el intemet en
ias.ac.in‘resonance/Feb2003/pdf/Feb2003p18-27.pdf), Camping Drugs:
Development of Prodrugs. Feb, 2003). En el sitio de accidn, los efectos
secundarios del farmaco original serlan enmascarados permitiendo que el
farmaco trabaje mas eficientemente (Albert, Nature, 182 (4633); 421-423 (1958)).
Los profarmacos mutuos son tipicamente similares a agentes activos simples de
Jos profirmacos con respecto a sus actividades farmacéuticas y farmacoldgicas,
tales como absorcién, disposicion, metabolismo, y excrecién. El objetivo de un
profacrmaco mutuo es, para ambas fdrmacos activos, alcanzar sus respectivos
sitios activos, para proporcionar los efectos farmacoldgicos deseados, mientras
que reduce al minimo eventos metabdlicas y/o toxicolégicos adversos.

Por muchos afios antes de que los términos "profirmaco” y “profarmaco mutuo®
fueran acufiados en el dominio de la investigacion, se hablan administrado
combinaciones de fa&rmacos a los pacientes como agentes terapéuticos (Singh y
cols., Indian J. Pharm. Sci, 56 (3): 69-79 (1994)), por ejempio en lo referente a la
produccién de sulfasalazina, representando avances modemos en profirmacos
antibiéticos. Esencialments, esto ha conducido a las combinaciones de los
antibidticos B-lactdmicos y sus agentes potencladores, para producir, por ejemplo
ampicilina-mecilinam y, para formar sultamicilina, y las Cefalosporinas de Accién
Doble asi como ofros agentes no referidos tipicamente como profarmacos mutuos
(Singh y cols., J. Indian Farm. Sci, 56 (3): 69-79 (1994))

Un ejemplo de un profdrmaco mutuo es el fosfato sddico de estramustina
(EMCYT®, Pharmacia, La Roche) desarrollado en los inicios de los afios 70 como

11
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agente anti-neoplésico, que muestra ciertas caracteristicas profdrmacos mutuos
(Wang y cols., Biochem. Pharmacol., 55 (9): 1427-33 (1998); Sheridan y cols.,
Cancer Surv., 11:230 - 254 (1991); Ohsawa y cols., Gan To Kagaku Ryoho., April;
15 (4 pt 2 - 1): 1065-71 (1988); Forsgren y cols., Urol Nephrol Suppl., 107:56 - 58
(1988)). La estramustina se utiliza tipicamente en el tratamiento del carcinoma
metastatico de la prostata. La estramustina se incorpora selectivamente en las
células positivas para el receptor de estrégenos y entonces, segin lo mostrado en
la Figura 1, el enlace uretano se hidroliza para dar 17-alfaestradiol, el cual retarda
crecimiento de las células de la préstata, y mostaza de nitrégeno como agente
alquilante débil.

La investigacion de los profarmacos ha continuado, segtn lo ejempiificado por Ia
sintesis de 5-fluorouracilo/citarabina, profArmacos mutuos disefiados para reducir
los mecanismos de resistencia en accién en la liberacidn de farmacos nucledsidos
simples (Menger y cols., J. Org. Chem., 62:8083 - 8088 (1987)). Investigadores
tales como Bhosale y colaboradores, han hecho tentativas de producir
profimacos mutuos de ibuprofén/paracetamol y de ibuprofén/salicilamida. El
objetivo de este trabajo era producir profarmacos de NSAIDS para reducir los
efectos secundarios asaciados {Bhosale y cols., J. Indian Pharm. Sci., 66 (2): 158-
183 (2003)). Su acercamiento fue Gnico a partir de la perspectiva de producir
profArmacos mutucs con respecto a modificaciones fisicoquimicas hacia la
liberacion simplista de NSAID, tal como la sulfasalazina, usada actuaimente tanto
como un terapéutico de la colitis ulcerativa consistente de sulfapiridina y un acido
aminosalicllico covalente unido, via un enlace azo (Klotz y cols., Adv. Drug Deliv.
Rev., 57 (2): 2687-279 (2005); Lim y cols., Rev. Gastroenterol. Disord., 4 (3): 104-
117 (2004); Baker y cols., Rev. Gastroenterol. Disord., 4 (2): 86-81 (2004); y
Diculescu y cols., Rom. J. Gastroenterol., 12 (4): 283-286 (2003). Las estructuras
de la sulfasalazina (Figura 2A), del 5-Fluorouracilo/Citarabina (Figura 2B), del
Ibuprofén/Paracetamol {Figura 2C), y del Ibuprofén/Salicilamida (Figura 2D) se
proporcionan en la Figura 2.

Esencia de la Invencién

El concepto de un “profdimaco mutuo® es relativamente nuevo en gquimica
medicinal, y en liberacién de farmacéuticos y fdrmacos. Un profdrmaco mutuo se
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compone de dos compuestos de farmacos que se estAn ligados covalentemente,
por ejemplo, mediante un enlace éster (Ueda y cols., Mem. Inet. Sci. Ind. Res.
Osaka Univ., 47:43 - 54 (1980); Imai y cols., J. Pahrmacol. Exp. Ther., 265:328 -
333 (1994); Fukuhara y cols., Chirality, 8:494 - 502 (1996); Fukuhara y cols., Biol.
Pharm. Bull., 18:140 - 147 (1995); y Otagiri y cols., J. Con Release, 62:223 - 229
(1999)). Cuando estén enlazados covalentemente, los componentes del farmaco
se vuelven farmacéuticamente inactivos; sin embargo, el enlace proporciona
algin aspecto beneficioso para el profirmaco mutuo, tal como liberacién
mejorada de los fdarmacos enlazados covalentemente, en comparacién con la
liberacion de cada uno de los farmacos individuaimente. Un enlace éster es
degradado facilmente por la esterasa de mamiferos, permitiendo de tal modo la
liberacion de cada componente del farmaco in vivo. De tal modo, cada uno de los
componentes del farmaco se hace farmacéuticamente activo. Asl, después de la
administracién a un paciente, la separacion del profarmaco mutuo permite a cada
uno de los componentes del farmaco, activado farmacéuticamente por la
separacién, producir su accidn farmacolégica prevista respectiva. En un
profarmaco mutuo, cada componente facilita la liberacién del oiro componente.

En un aspecto, la presente invencion proporciona un compuesto que funciona
como profarmaco mutuo. El compuesto incluye dos sustancias farmacéuticas
activas. Particularmente, la presente invencion se dirige a un compuesto que
incluye un primer componente covalenternente ligado a un segundo componente,
dicho compuesto que tiene la férmula I

NH—-L-X

donde R', R?, R? y R* son cada uno independientemente H o un grupo orgénico; L
es un grupo de enlace opcional; y X es un agente anti-inflamatorio. En una
materializacién preferida, R', R?, R® y R* son cada uno H; L es un grupo acetilo; y
X es ibuprofén o ketoprofén.
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La Figura 9 muesira un termograma DSC expandido del profdimaco mutuo
sintetizado seguln el esquema de la Figura 4 (compuesto 6).

La Figura 10 muestra un termograma de DSC del profArmaco mutuo sintetizado
segun e} esquema de la Figura 5 (compuesto 9).

La Figura 11 muestra un termograma de DSC del profarmaco mutuo sintetizado
segun el esquema de la Figura 5 (compuesto 9), que muestra los fenémenos de
sublimacidn, cambio de fase, y degradacién del compuesto.

La Figura 12 muestra un grdfico de tiempo contra drea maxima en funcién de la
concentracién, para un estudio de la difusibn de composiciones de (a)
glucosamina HCI, (b) N-acetil gucosamina y (¢) glucosamina penta-acetil.

La Figura 13 es un grafico del efecto del DMSO sobre la permeacién acumulativa
de la N-acetil gucosamina a través de la muda de piel de serpiente.

La Figura 14 es un grafico de barra que muestra la acumulacién de la N-acetil
gucosamina (NAG) a través de la muda de piel de serpiente a partir de tampoén
fosfato (pH 5,5) incluyendo etanol al 2%, 5%, 10%, 25% y 50%, por porcentaje del
volumen de la fase acuosa y del etanol que contiene la NAG.

La Figura 15 es un grafico que muestra el efecto de la concentracién del etanol en
la permeacién acumulativa de la N-acetil gucosamina a 37,5°C a través de la
muda de piel de serpiente en etanol al 2%, 5%, 10%, 25%, y 50%, por volumen
del porcentaje de la fase acuosa y del etanol que contiene la NAG.

La Figura 16 es un grafico que muestra el efecto de la lecitina de soya - vitamina
E sobre la permeacion acumulativa de la N-acetil gucosamina a través de la muda
de piel de serpiente.

La Figura 17 es un gréfico que muesira los datos fisicoquimicos obtenidos de la
permeacion de la N-acetil gucosamina a través de la muda de piel de serpiente en
vehiculos de fase orgédnica - gel plurnico a través de la muda de piel de
serpiente.

Descripcién detallada de los de las materializaciones llustrativas
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Mientras que se entiende que ciertos componentes dtiles en las composiciones de
la presente invencién pueden proporcionar mas de un efecto en una composicion
dependiendo de, por ejemplo, la conceniracién del componente (por ejemplo, un
poloxamero puede ser considerado como ambos, un agente gelificante y un
emulsionante), los siguientes son componentes adicionales tipicos Utiles en las
actuales composiciones.

Los agentes antimicrobianos estdn tlpicamente presentes en una composicion
para ayudar a preservar la composicién, ampliando asl su vida util. Los agentes
antimicrobianos Utiles en la presente invencidn incluyen etanol, parabenos, sales
de parabenos, acido sorbico, sorbato de potasio, propilénglicol, glicerina, etc.
También se pueden utilizar las combinaciones de estos agentes antimicrobianos.

Ciertos componentes adicionales pueden ser (tiles en incrementar la penetracién
de la composicién a través de las membranas de la piel. Los promotores Utiles en
la penefracion de la piel incluyen, por ejemplo, dimetilsulféxido, etanoc!, el
polietilénglicol, urea, dimetilacetamida, sulfato laurll de sodio, Spans, Tweens,
terpenos, azona, acetona, y Acido oleico. Un incrementador preferido de la
penetracidn de la piel, particularmente por ejemplo para uso veterinario, es el
dimetilsulféxido (DMSO). Un incrementador preferido para la penetracién de la
piel, particularments para el uso en la administracion a los pacientes humanos, es
el etanol.

Mientras que las presentes composiciones pueden, por sl mismas, proporcionar el
fratamiento para la piel para condiciones tales como el dafio de la piel,
quemaduras, y arrugamiento de la piel relacionado con la edad, ademas de
proporcionar efectos terapéuticos para enfermedades tales como la osteoartritis,
puede ser deseado incluir adicionaimente en las mismas componentes que
proporcionen beneficios terapéuticos adicionales para la piel, por ejemplo que
sean cicatrizantes y/o que tengan actividad como antioxidante. Tales agentes
cicatrizantes de la piel incluyen, por ejemplo, vitamina E, succinato de
polietilénglicol vitamina E-tocoferol {vitamina E-TPGS), 4cido ascdrbico, taocoferol
alfa, tocoferol beta, tocoferol gamma, aloe vera, etc. Un agente cicatrizante de la
piel particularmente Gtii en las actuales composiciones es la vitamina E.
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El primer componente, representado por la estructura del anillo sustituido
enlazado a X, el agente anti-inflamatorio, con el conectador L, es preferiblemente
glucosamina o un derivado o andlogo de la glucosamina. El segundo componente,
X, es un agente anti-inflamatorio, preferiblemente un agente anti-inflamatorio no
esteroidal (NSAID). El conectador L puede estar presente o ausente en el
compuesto que tiene formula |. Si el conectador L. estd presente, el primer
componente se considera que estd indirectamente enlazado al segundo
componente. Si el conectador L estd ausente, el primer componente se considera
directamente enlazado al segundo componente. El enlace entre el primero y el
segundo components, ya sea diracto o indirecto, es un enlace covalente.

El enlace entre el primer y segundo componente es un enlace escindible. Por
sjemplo, el enlace puede ser hidrolizable y/o puede ser escindible
enzimaticamente. Preferiblemente, el enlace es escindible bajo condiciones
fisiologicas, tales como las presentee en el cuerpo de un mamifero,
particularmente en el cuerpo humano. Cuando se utiliza un conectador L, el
enlace entre el primer componente y L es escindible, y/o el enlace enire L y e
segundo componente, X, es escindible.

Ademés de facilitar la liberacién de los componentes activos, el enlazamiento de
los componentes puede impartir un efecto protector sobre el profam€maco mutuo,
reduciéndose o previniéndose asl la degradacion indeseada, generalmente por
los dcidos del estdmago, y/o los efectos secundarios de cualquiera o de ambos
farmacos, antes de la escision del profarmaco mutuo in vivo. Este efecto protector
producido por el profdrmaco mutuo, puede ser particularmente deseable si un
NSAID es uno de los farmacos, debido a los efectos secundarios comunes a
estos farmacos. Los proffrmacos mutuos de la presente invencién pueden
también exhibir perfiles de solubilidad acuosallipidica diferentes de aquellos de
cada uno de los fArmacos individuaimente, lo que puede ayudar adicionalmente a
la mejora en la formulacién y/o la liberacién de ios férmacos.

La invencién ademés proporciona una composicién farmacdutica que incluye un
compuesto que tiene férmula I. En una materializacién de la invencion, se
proporciona una composicién que incluye el compuesto que tiene férmula |, como
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se describe anteriormente, y un excipiente farmacéuticamente aceptable. La
composicion se formula preferiblemente para el uso tépico. En otro aspecto, la
presente invencién proporciona una composicién farmacéutica que incluye una
cantidad terapéuticamente efectiva de un compuesto que tiene férmula |li:

5

o
OR' m

r'o

donde R’, R2 R® R* y R® son cada uno independientemnente H o un grupo
orgdnico; y un excipiente farmacéuticamente aceptable; donde la composicién se
formula para el uso tépico. En una materializacién preferida, R', R?, R?, R* son
cada uno H y R® es un grupo acetilo. El compuesto de formula Il es
preferiblemente glucosamina o un derivado o andlogo de la glucosamina. Mientras
que la glucosamina y los derivados de la misma se liberan tipicamente oraimente,
como por ejemplo, los nutracéuticos, y menos comuinmente, se liberan
subcutineamente, la presente invencion provee ventajosamente la liberacion
topica de la glucosamina y de los derivados de la glucosamina, o sus anélogos
acetilados.

Opcionalimente, el uso topico y/o fransdérmico de una glucosamina, o un derivado
o andlogo de la misma, se puede acompafar por la co-administracién de un
agente anti-inflamatorio, tal como un NSAID. Cuando el agente anti-inflamatorio y
la glucosamina, incluyendo derivados y andlogos de ésta son administrados
juntos, pueden, pero no necesitan, estar covalentemente enlazados para formar
un proférmace mutuo, segun lo descrito en mayor detalle en la presente
invencion.

En ofro aspecto, la presente invencidén proporciona un método para tratar y/o
prevenir un desorden o una condicién en un mamifero que incluye administrar al
mamifero una cantidad terapéuticamente efectiva de una composicidn segun la
invencién. El método puede implicar un uso terapéutico, profildctico y/o cosmético.
En una materializacién, la Invencion estd dirigida a un método para aliviar una
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condicion tratable con glucosamina, cuyo método incluye administrar a un
mamifero, preferiblemente a un ser humano, una cantidad efectiva de un
compuesto que tiene férmula | 6 Il segun lo descrito aqul. En otra materializacion,
la invencion se dirige a un método para aliviar una condicion tratable con un
agente anti-inflamatorio, cuyo método incluye administrar a un mamifero una
cantidad efectiva de un compuesto que tiene férmula | 6 Il segin lo descrito aquil.

Breve descripcion de los dibujos

La Figura 1 es un diagrama de la estructura del fosfato sddico de estramustina
(EMCYT) y de sus pro-restos.

Las figuras 2A-2D muestran estructuras de ciertos modelos de profdrmacos. La
figura 2A muestra un diagrama de la estructura del profdrmaco sulfasalazina; la
figura 2B muestra un diagrama de la estructura del modelo del profdrmaco mutuo
proyectado 5 -fluorouracilo/citarabina, La figura 2C muestra un diagrama de la
estructura del modelo del profédrmaco mutuo proyectado ibuprofér/paracetamol; y
la figura 2D muesira un diagrama de la estructura del modelo del profdrmaco
mutuo proyectado ibuprofén/salicilamida.

Las figuras 3A y 3B muestran las estructuras de la indometacina y de la
glucametacina, respectivamente.

La Figura 4 muesira un esquema ejemplar para |la sintesis de un profamaco
mutuo enlazado mediante un espaciador de la invencién.

La Figura 5 muestra un esquema para [a sintesis de un profdrmaco mutuo
directamente enlazado de la invencién, '

La Figura 8 muestra un esquema para la sintesis de un profdrmaco mutuo
enlazado mediante un espaclador, que incluye un glicosaminoglicano y un NSAID.

La Figura 7 muestra un esquema para la sintesis de un profarmaco mutuo
directamente enlazado que incluye un glicosaminoglicano y un NSAID.

La Figura 8 muestra un termograma de Calorimetria Diferencial de Barrido (DSC)
del profarmaco mutuo sintetizado seguin el esquema de la Figura 4 (compuesto 6).

(o
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Los mamiferos, tanto los seres humanos y como los animales, sufren
cominmente de ciertas enfermedades asociadas con el deterioro de los cartllagos
y del tejido conectivo de las articulaciones, tailes como la osteoartritis, que puede
causar dolor, hinchazén, rigidez y movilldad limitada de la articulacién afectada. El
manejo de los sintomas ha sido tipicamente llevado a cabo mediante el
tratamiento con agentes anti-inflamatorios, tales como los NSAIDs. Los agentes
anti-inflamatorios estdn bien documentados en cuanto a sus caracteristicas
farmacoldgicas, toxicolégicas, y biofamacéuticas en el tratamiento del dolor y de
la inflamacién asociados a enfermedades tales como la osteoartritis.

La administracion de los NSAIDs puede, sin embargo, causar ciertos efectos
secundarios deletéreos en algunos pacientes. Por ejemplo, los NSAIDs pueden
causar trastomos estomacaies, tales como producir Ulceras sangramiento en el
estbmago y el intestino. Ademés, las personas que tienen ciertas condiciones,
tales como enfermedad de la tiroides, diabetes, enfermedad cardiaca, tension
arterial alta, y alergias, asl como las personas que han tenido ciruglas (incluyendo
cirugla dental) y las mujeres embarazadas, pueden sufrir efectos secundarios
serios debido a la administracién de los NSAIDs. Ademés, los farmacos anti-
inflamatorios no fratan la causa subyacente al desorden, a saber, el deterioro de
los cartilagos y de los tejidos conectivos.

La glucosamina se esta investigando actuaimente como posible tratamiento para
las enfermedades caracterizadas por la degeneracién por ejemplo, de los
cartllagos y de los tejidos conectivos. Hay evidencia de que el tratamiento con la
glucosamina no soclamente alivia el dolor, provocado por ejemplo por la
osteoartritis, sino que también pueda tratar la enfermedad en sl misma, pues se
ha demostrado que retarda la progresion de la degeneracién y propicia el
crecimiento del tejido cartilaginoso.

Por lo tanto, se aspera que la glucosamina sea efectiva en el tratamiento de la
osteoartritis, aunque dicho compuesto no estd regulado actualmente en los
Estados Unidos como ingrediente farmacético activo (API).

La glucosamina se administra tipicamente de forma oral, sin embargo se
considera que tiene pobre biodisponibilidad como un nutracéutico administrado

(ot
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oralmente. Solamente un porcentaje pequefio del ingrediente activo (Ej. entre el
12-13%) se piensa que esté disponible en el tejido afeciado siguiendo su
administracién oral.

También se ha investigado la inyeccién subcuténea de glucosamina. Por ejemplo,
SYNVISC, un dispositivo para administrar un derivado del acido hialurénico
disponible a parlir Genzyme Corp. (Naarden, Paises Bajos), es una terapia que la
FDA ha aprobado solamente para el tratamiento local del dolor asociado a la
osteoartritis de la rodilla. EIl SYNVASC se administra frecuentemente a los
pacientes “off-label,” es decir, se administra para otras (Ej. articulaciones) que no
han sido aprobadas, proporcionando asl evidencia anecddtica de que la
glucosamina es efectiva como tratamiento para la osteoartritis. La inyeccién de
una fdrmaco, sin embargo, lleva sus propios problemas potenciales, por ejemplo
la infeccion en el sitio de la inyeccion, aversién del paciente a la inyeccion,
dificuitad de la administracién, etc. Consecuentemente se necesitan formas de
dosificacién mejoradas, proporcionando mayor biodisponibilidad de la
glucosamina, sus derivados y andlogos, y métodos més eficaces para su
liberacion en las areas afectadas de un paciente.

La presente invencién proporciona la liberacion eficaz de la glucosamina,
incluyendo derivados y anélogos de la misma, liberdndola opcionalmente bajo la
forma de profamaco mutuo con un agente anti-inflamatorio, a las articulaciones
afectadas con las enfermedades asociadas a la degeneracion de los cartllagos y
del tejido conectivo.

Segin lo utilizado aqul, el término "glucosamina® se entiende que se refiere a la
glucosamina, a derivados de la glucosamina, a andlogos de la glucosamina, y a
los metabolitos de la glucosamina, a menos que se indicara lo contrario.

Segin lo utilizado aqul, el término “grupo organico” se entiende que significa un
grupo hidrocarburo (con elementos opcionales diferentes de carbono e hidrégeno,
tales como oxigeno, nitrégeno, azufre, y silicio) que se clasifique como un grupo
alifatico, un grupo ciclico, o la combinacién de grupos alifaticos y ciclicos (Ej.,
grupos alcarilo y araiquilo).
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El tdrmino “grupo alifdtico” significa un grupo hidrocarburo lineal o ramificado
saturado o insaturado. Este término se utiliza para incluir los grupos alquilo,
alquenilo, y alquinilo, por ejemplo. El término "grupo alquilo® significa un grupo
hidrocarburo lineal o ramificado saturado que incluye, por ejemplo, metilo, etilo, un
isopropilo, butilo, heptilo, dodecilo octadecilo, amilo, 2-etilhexilo, similares. El
término “grupo aiquenilo® significa un grupo hidrocarburo lineal o ramificado
insaturado, con uno o més doble enlaces carbono-carbono, tales como un grupo
vinilo. El término “grupo alquinile® significa un grupo hidrocarburo lineal o
ramificado insaturado, con uno o maés triple enlaces carbono-carbono. El término
*grupo ciclico” significa un grupo hidrocarburo de anillo cerrado que se clasifique
como un grupo aliciclico, grupo aromético, o grupo heterociclico. El término "grupo
aliciclico” significa un grupo hidrocarburo ciclico que tiene propiedades similares a
las de los grupos alifaticos. El tdrmino "grupo aromético® o “grupo arilo” significa
un grupo hidrocarburo aromético mone o polinuclear. El término “grupo
heterociclico® significa un hidrocarburo de anillo cerrado en el cual uno o més
atomos en el anillo es un elemento diferante del carbono (Ej., nitrégeno, oxigeno,
azufre, efc.). Un grupo que puede ser igual o diferente a otro grupo, se refiere
como que es “independientemente” algo.

La presente invencién proporciona un nuevo compuesto que as un profdrmaco
mutuo, que combina un primer componente, la giucosamina, 0 un derivado 0 un
andlogo de la glucosamina, y un segundo componente, que es un agente anti-
inflamatorio. La presente invencién ademas proporciona una composicion
farmacéutica que incluye el compuesto del profarmaco mutuo para facilitar la
liberacién de los agentes activos. Una vez que el profirmaco mutuo se libera via
composicion y se divide in vivo, el primer componente y el segundo componente
se vuelven activos y proporcionas mutuamente las ventajas terapéuticas de los
NSAIDs y la glucosamina y sus andlogos y derivados, tales como los
glicosaminoglicano s. El dolor se puede manejar, por ejemplo, por via de los
mecanismos de inhibicion de COX I/COX-2 del agente anti-inflamatorio no
esteroidal liberado como componente del profdrmaco mutuo, con el beneficio
agregado de que, como el anti-inflamatorio se libera tépicamente, sustanciaimente
todos los efectos secundarios potenciales, particularmente efectos secundarios
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gastrointestinales, se reducen o se eliminan. El mantenimiento y/o la reparacion
de tejidos via regulacion de acontecimientos celulares y/o de procesos
fisiolégicos, tales como las interacciones célula-célula y célula-matriz, y |la
proliferacién/diferenciacion celular se pueden manejar, por ejemplo, mediante un
glicosaminoglicano un éster de glicosaminoglicano como el otro componente del
profarmaco mutuo.

Ademas, mientras que no desea sostener cualquier teorla particular, se piensa
que el componente anti-inflamatorio del profarmaco mutuo puede ayudar a la
liberacién percutdnea de la glucosamina, aumentando asi la biodisponibilidad de

la glucosamina luego de la escision o divisién del profarmaco mutuo in vivo.

Adicionaimente, el antiinflamatorio, por s/ mismo, también proporciona el
tratamiento de las areas afectadas.

E) compuesto del proférmaco mutuo de la presente invencion es representado por
la férmula I:

R!
o
R oR' o

NH—-L—X

donde R', R?, R® y R* son cada uno independientemente H o un grupo orgdnico,
segun lo definido arriba, X es un agente anti-inflamatorio, y L es un grupo de
enlace opcional. Si no hay grupo de enlace L presente, el agente anti-inflamatorio,
X, se enlaza directamente al primer componente. Los enlaces de los grupos son
de cualquier fipo, tales como que el primer componente (a la izquierda del
conectador L en la formula [) se enlaza covalentemente al segundo componente,
X (a la derecha del conectador L en la férmula 1), y donde el grupo de enlace es
escindible o divisible, ya sea entre el enlace N(H)-1, el enlace L-X, y/o
intemamente dentro del conectador L, de tal manera que el primer componente y
el segundo componente se vuelven activos in vivo. El grupo de enlace es
tipicamente un grupo orgdnico, segun lo definido arriba. Los grupos de enlacen
preferidos incluyen un éster aciloxi y un éster oxhidrilo alfa.
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El primer componente del compuesto del profdmaco mutuo proporciona la
porcién de la giucosamina del profdrmaco mutuo. Mientras que cualquier
glucosamina de la estructura indicada arriba es conveniente para el uso en los
compuestos de los profarmacos mutuos de la presente invenéién. ciertas
glucosaminas pueden proporcionar materializaciones preferidas. Tales
glucosaminas Incluyen, pero no se limitan a, por ejemplo, glucosamina,
glucosamina pentacetado, glucosamina-1-fosfato, glucosamina-6-fosfato, N-acetil
B-D-glucosamina, N-acetilglucosamina-6-fosfato, N-acetilglucosamina-1-fosfato,

uridina  difosfato-N-acetilglucosamina, 2-amino-2deoxi-1,3,4,6-acetil-p-D-
glucopiranosa, andlogos acefilados de 2-amino-2-deoxi-1,3,4,6-acetil-p-D-
glucopiranosa, 2-acetamido-2-deoxi-8-D-glucopiranosa-1,3,4,6-tetraacetato,

analogos acetilados de 2 acetamido-2-deoxi-B-D-glucopiranosa-1,3,4,6-
tetraacetato, y la N-acelii glucosamina (NAG). Las materializaciones
particularmente preferidas del profarmaco mutuo de la presente invencion
incluyen la amino-2-deoxi-1,3,4,8-acetil-B-D-glucopiranosa, el 2 acetamido-2-
deoxi--B-D-glucopiranosa-1,3,4,6-tetraacetato, y la N-acetil glucosamina (NAG).

Segun lo indicado anteriormente, los profdrmacos mutuos de la presente
invencién incluyen como segundo componente un agente anti-inflamatorio
cavalentemente unido al componente de la glucosamina, segin lo descrito més
detalladamente debajo. Los componentes del proférmaco mutuo siguen siendo
tipicamente inactivos hasta que son convertidos a sus formas activas in vivo
mediante la ruptura del enlace covalente entre los componentes. El agente anti-
inflamatorio se puede unir directamente a la glucosamina (Ej. sustituyendo unc de
los hidrégenos del amino), donde luego de la divisiéon in vivo, solamente se
proporciona las dos especies activas del profarmaco mutuo (el anti-inflamatorio y
la glucosamina). Alternativamente, el agente anti-inflamatorio se puede enlazar
covalentemente a la glucosamina via un grupo de enlace o un espaciador L, por
ejemplo, un grupo éster. Luego de la liberacion de esta materializacion del
profarmaco mutuo, los enlaces entre los primeros y/o los segundos componentes
y el grupo de enlace son rotos, Ej., mediante esterasas presentes in vivo, el
proporcionando as{l el profarmaco mutuo las dos especies activas (el anti-
inflamatorio y la glucosamina). Los grupos de enlacen, si estdn presentes, se
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seleccionan preferiblemente de forma tal que el grupo de enlace entero es
escindido a partir de la glucosamina y del anti-inflamatorio, con lo cual el grupo de
enlace se libera y opcionaimente se degrada o metaboliza de otra manera.

Cualquier tipo de agente anti-inflamatoric capaz acoplarse covalentemente a la
glucosamina, como se describe previamente, y que proporciona los efectos
deseados a un paciente, es conveniente para el uso en los profdrmacos mutuos
de la presente invencién. Tales agentes anti-inflamatorios incluyen, por ejempio,
las prostaglandinas, el écido araquidénico, los metabolitos del dcido araquidénico,
los agentes anti-inflamatorios no esteroidales y los derivados de agentes anti-
inflamatorios no esteroidales.

Los agentes anti-inflamatorios no esteroidales (NSAIDs) son particularmente tiles
debido a su amplia disponibilidad, su efectividad como anti-inflamatorio, y, para
algunos NSAIDs, por su relativamente bajo costo. Los NSAIDs preferidos Utiles en
los compuestos de los profarmacos mutuos de la presente invencién incluyen,
pero no se limita a, por ejemplo, los acidos salicflicos (Ej., 4cido acetilsalicllico
(aspirina), trisalicilato de magnesio y colina, diflunisal, salsalato, salicilato de
magnesio, salicilato de colina, salicllato de magnesio y colina, salicilato de sodio),
dcidos propidnicos (Ej., fenoprofén, fenoprofén de calcio, flurbiprofén, ibuprofén,
ketoprofén, naproxeno, oxaprozin, pirprofén, indobufén, indoprofén, acido
tiaprofénico), los acidos acéticos (Ej., diclofenac, indometacina, glucametacina,
sulindac, toimetina, carprofén), los &cidos endlicos (Ej., meloxicam, piroxicam,
tenoxicam, lomoxicam), los dcidos fendmicos (Ej., meclofenamato,
meclofenamato de sodio, dcido mefendmico, etofenamato), las naftilalcanonas
(Ej., nabumetona), &cidos piranocarboxflicos (Ej., etodolac), pirroles (Ej.,
ketorolac, frometamina de ketorolac, fenilbutazona, remifenzona), para-aminfenols
(Ej., acetaminofen), e inhibidores de ciclooxigenasa-2 (COX-2) (Ej., celecoxib,
valdecoxib, rofecoxib, flosulide, nimesulide). Las estructuras de indometacina y
del glucametacina se muestran en las Figuras 3A y 3B respectivamente. Los
NSAIDs preferidos para su uso en el profarmaco mutuo de la presente invencién
incluyen ibuprofén y ketoprofén. En una materializacion, e! compuesto
indometacina se excluye del grupo de NSAIDs usado en el profdrmaco mutuo de
la invencién.

o
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La invenciéon proporciona adicionaimente composiciones farmacéuticas. Las
composiciones de la presente invencion pueden inciuir el compuesto del
profdrmaco mutuo de la férmula | como se describe anteriormente, en un
excipiente farrmacéuticamente aceptable, segun lo descrito mds detalladamente
debajo. La invenciébn también proporciona una composicidn que incluye una
glucosamina, o un derivado o un andlogo de la glucosamina (Ej., un compuesto
que tiene formula Il), en una formulacibn para la liberacion tdpica y/o
transdémmica. Estas composiciones tdpicas de glucosamina se piensa que
proporcionan transporte/permeabilidad percutdnea a través de la membrana de la
piel, de forma tal que se mejora la biodisponibilidad de la glucosamina, y por lo
tanto su eficacia, con respecto a la biodisponibilidad de la glucosamina en
formulaciones orales de la misma.

Composiciones adicionales de la presente invencién pueden incluir una
gluccsamina (Ej., el compuesto de la formula ) en un excipiente
famacéuticamente aceptable, donde la composicién se formula preferiblemente
para la liberacién topica y/o transdérmica. Estas composiciones no incluyen el
profirmaco mutuo; sin embargo, las formulaciones segun lo divulgado aquf han
mostrado proporcionar e! transporte percutineo inesperado a través de la
membrana de a piel, con lo que se anficipa que pueden sumentar la
biodisponibilidad de la glucosamina,

Segun lo utilizado aquf y a menos que se indicara lo contrario, la administracién
topica es funcionalmente igual que !a administracién transdémmica. Mientras que
no se desea sostener cualquier teorfa particular, la administracién tdpica de la
glucosamina puede proporcionar una mayor biodisponibilidad del ingrediente
activo. Hasta el presente, sin embargo, ha dificil de alcanzar la permeacién a
fravés de las membranas de la piel de las glucosaminas. La presente invencién
proporciona composiciones farmacéuticas que incluyen glucosaminas que tienen
permeabllidad mejorada, proporcionando asl una mayor biodisponibilidad del
agente activo,

Ciertas composiciones utiles de la invencién incluyen, pero no se limitan a, por
ejemplo, los ésteres de glicosaminoglicano s, tales como la crondroitina,
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dermatdn, heparina, queratina, y otros proteoglicano s biol6gicamente
significativos. Ejemplos de ciertos ésteres glicosaminoglicano s Utiles, que son
componentes del tejido conectivo y de los cartllagos, incluyen 2 amino-1,3,4,6-
acetil-beta-D-glucopiranosil; 2- acetamido-2-deoxi-beta-D-glucopiranosa-1,3,4,6-
tetraacetato; y 2 acetamido-2-deoxi-beta-D-glupopiranosa.

Las composiciones de la presente invencién, que incluyen unos o mds
glucosaminas se proporcionan mediante, por ajemplo, la formulacién o mezcla de
la glucosamina(s) en un excipiente farmacéuticamente aceptable, por sjemplo en
una crema, un gel, una solucidn, un ungdento, una iocién, una suspensién, una
emulsion, una micoremulsién, un liposoma, un parche transdémmico, etc. Tal
crema, gel, solucién, ungliento, locion, suspensién, emulsién, microemulsion,
liposoma, o parche transdérmico pueden incluir cualquier nimero o combinacion
de los vehlculos tdpicos/iransdérmicos aprobados por la farmacopea de Estados
Unidos (USP) para el uso humano o veterinario, por ejemplo, los ésteres grasos,
los alcoholes, las bases de geles (Ej., geles plurnicos) lecitina, el dimetilsulféxido
(DMSOQ), agua, etc., para formar un agente transdérmico y/o topico. Si se desea
una formulacién subcutdnea u oral, el excipiente farmacéuticamente aceptable
puede incluir, solucién por ejemplo, salina, plurénica normal F-127, o una solucién
reconocida generalmente como fiberadora segura (GRAS) (liberacién subcutinea,
intramuscular, e intravenosa), o tabletas, cépsulas, polvos, suspensiones,
emulsiones, y/o geles (liberacion oral).

Las composiciones farmacéuticas de la presente invencion pueden incluir unos o
mas componentes adicionales apropiados para el uso en la composicion y éstos,
cuando son incluidos, proporcionarés los resultados deseados (Ej., proporcionaré
ventajas terapéuticas adicionales a la piel o a los tejidos, o ayudaréan, por ejemplo,
en la consistencia y la estabildad de la composicién). Los componentes
adicionales pueden incluir, por ejemplo, agentes antimicrobianos, agentes
gelificantes, agentes emulsionantes, agentes endurecedores, agentes
cicatrizantes de la piel, tensoactivos, emolientes, solventes, lubricantes, ceras,
humectantes, promotores de la penefracion de la piel, antioxidantes, y cuaiquier
combinacion de éstos.
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Adicionalmente ciertos antioxidantes dtiles incluyen acido fumérico, dcido madlico,
palmitato de dcido ascdrbico, hidroxilanisol butilado, propil galato, ascorbato de
sodio, metabisulfito de sodio, etc.

Otros ciertos componentes adicionales, fales como agentes emulsionantes y
atiesando agentes, puede ser utilizado proporcionar, Ej., estabilidad y
consistencia deseada a las composiciones. Los agentes emulsionantes tipicos
atles en la presente invencién incluyen colesterol, poloxdmeros, lecitina,
carbémeros, éteres de polioxietilén, ésteres de &cidos grasos, estearatos, efc.
Ciertos agentes emulsionantes preferidos incluyen los poloxameros y la lecitina,
un siendo poloxamero particularmente preferidc el Plurénico F-127.
Adicionaimente, agentes endurecedores tipicos Utiles en las presentes
compogiciones incluyen los alcoholes grasos de cadena larga y los ésteres de
alcoholes grasos de cadena larga.

Ademds de cualquiera de los componentes adicionales anteriores, uno © mas de
los agentes anti-inflamatorios discutidos previamente con respecto al profarmaco
mutuo de la presente invencion, se pueden incluir como componentes libres (Ej.,
no enlazado covalentemente a la glucosamina o, ademas a una composicion que
incluye el profarmaco mutuo) en cualquiera de las composiciones de la presente
invencién. Ademas, como estos agentes anti-inflamatorios no se unen
covalentemente a la glucosamina, la opcién del anti-inflamatorio presente como
un agente libre, no estd de esta manera limitada.

Para proporcionar composiciones fammaceéuticamente efectivas, el primer
componente de las composiciones de la presente invencion (Ej., la glucosamina,
los derivados de !a misma y/o los andlogos de ésta) estin tipicamente presente
en la composicién en una cantidad de al menos aproximadamente el 1 por ciento
por peso, y preferiblemente al menos aproximadamente el 10 por ciento por peso.
Ademés, el componente de la glucosamina estd tipicamente presente en las
composiciones en una cantidad no mayor del 75 por ciento por peso, y
preferiblemente no mayor del 40 por ciento por peso.

Dos métodos generales para sintetizar los profarmacos mutuos de la invencién se
muestran en las Figuras 4 y 5. Debe ser entendido, sin embargo, que la invencion
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no es limitada por ningGin método de sintesis particular, por lo que otros métodos
de sintesis son incluidos. Cada método ejemplar (Figuras 4 y 5) proporciona un
profairmaco mutuo que es una glucosamina o un derivado de la misma, por
ejemplo un glicosaminoglicano un éster de glicosaminoglicano , acoplado a un
agente anti-inflamatorio, tal como un NSAID, y el profarmaco mutuo ejemplar es
hidrolizable o escindible de otra manera. Preferiblemente, el enlace es hidrolizable
o escindible in vivo.

El easquema 1 (Figura 4) es un diagrama que describe la sintesis general de un
profarmaco mutuo ejemplar de la presente invencién, donde la glucosamina se
enlaza al agente anti-inflamatorio via un espaciador (Ej., un conectador o un
grupo de enlace), tal como por ejemplo una cadena alquilo enlazada
covalentemente a un imido-éster, covalentemente unida al NSAID via
configuracién intrinsecamente creada del éster malénico. Los resto s que se
enlazan se dividen tipicamente in vivo para liberar la glucosamina y el agente anti-
inflamatorio, asl como al grupo de enlace inerte.

Alternativamente, los profdrmacos mutuos de la presente invencion se pueden
sintetizar para proporcionar un enlace directo entre la glucosamina, o el derivado
de la misma, y el agente anti-inflamatorio, seglin el esquema ejemplar de la
Figura 5. Las composiciones que incluyen los profdrmacos mutuos sintetizados
segtn el esquema general de la Figura 5, liberan los profdrmacos mutuos que se
dividen preferiblemente in vivo para proporclona? la glucosamina y el anti-
inflamatorio, sin la liberacién de un components inerte.

La presente invencién también proporciona métodos para tratar un desorden en
un mamifero, que incluye la administracién de las composiciones de la presente
invencién. Los compuestos, las composiciones, y los métodos de la presente
invencion son apropiados para ftratar varios desdrdenes o condiciones en
mamiferos los (por ejemplo, para la administracién en humanos y/o animales),
donde dicho tratamiento incluye el alivio de un sintoma del desorden (Ej., dolor e
hinchazon de una articulacion), mitigando una causa del desorden (Ej., reparacién
del deterioro de los cartllagos y/o de los tejidos conectivos) y/o el mejoramiento de
una condicién {por ejemplo, disminuir la aparicién de las arrugas faciales).

[l
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El desorden puede ser el resultado de la enfermedad (Ej., osteoartritis) o puede
ser el resultado de una lesion fisica (Ej., esguinces en la articulacion y en el
musculo). Ademas, las composiciones y los métodos de la presente invencién no
se limitan necesariamente al tratamiento de la enfermedad y/o lesién. Las
composiciones de la presente invencién pueden proporcionar efectos terapéuticos
y cosméticos para la piel dafiada y arrugada, mediante por ejemplo, el uso de las
composiciones para las arrugas faciales y/o de otras dreas de la piel dafiada (Ej.,
dafios de la piel causados por ia exposicién al sol, la sal, y/o al viento),
proporcionar la suavidad de la piel (un efecto terapéutico) y al menos disminuir
temporalmente la aparicién de arrugas en la piel (un efecto cosmético).

Asl, los desérdenes y las condiciones que se pueden tratar eegun los métodos de
la presente invencién, segun lo discutido aqul, incluyen, pero no se limitan a,
artritis, osteoartritis, osteoporosis, esguinces musculares, distensiones
musculares, esguinces articulares, distensiones articulares, tendonitis, bursitis,
quemaduras, articulaciones inflamadas, dafios de la piel, sensibilidad de la piel,
dolor de la piel, piel dafiada por el sol, piel dafiada por el viento, piel dafiada por la
sal, tejido de cicatrizacién, arrugas de la piel relativas a la edad, y cualquier
combinacion de las mismas.

Los métodos de tratamiento segun la presente invencién incluyen la
administracién de una composicién farmacéutica de la invencién a un paciente
que usa cualquier ruta conveniente, sin limitacién. En una materializacion
preferida, el profairmaco mutuo se administra a un paciente topicamente y/o
transdérmicamente, via aplicacién local a la piel o a otra membrana externa o
interna, segun lo descrito mds completamente arriba. En otras formulaciones, el
profamaco mutuo, o sus productos metabélicos, se liberan a la circulacidn
sangulnea y circulan sistémicamente.

En otra materializacién de la invencién, el profdrmaco mutuo se administra
oraimente, por ejemplo bajo la forma de tabletas, polvos, cipsulas, suspensiones,
emulsiones, geles, etc. En ofras materializaciones, el tratamiento de un desorden
se alcanza via inyeccién subcutdnea, intramuscular, e intravenosa, segun lo
descrito mas completamente arriba.
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Mientras que se entiende que las composiciones de la presente invencion se
pueden administrar a un paciente para tratar un nimero de desdrdenes y/o
condiciones, que pueden incluir, sin limitacién, aplicaciones a desdérdenes
terapéuticos y/o cosméticos, también se contempla que muchos diversos
componentes adicionales se pueden incluir para proporcionar formulaciones
apropiadas para la liberacién de una composicion de la invenciéon con respecto al
desorden o a condicién de interés.

Por ejemplo, las composiciones de la presente invencién que incluyen una
glucosamina, un derivado o anélogo de la misma (Ej., las composiciones que no
incluyen el profarmaco mutuo) se puede preparar a partir de varias combinaciones
de componentes adicionales, Ej., palmitato de isopropilo, miristato de isopropilo,
un glicosaminoglicano éster de glicosaminoglicano , un agente endurecedor
como los alcoholes grasos de cadena larga, ésteres del aicoholes grasos de
cadena larga, ceras como el espermaceti, emulsionantes/gelificantes no iénicos
como los poloxameros, agua, y un agente antimicrobiano aprobado por la USP,
donde los componentes adicionales se seleccionan para proporcionar las
caracteristicas deseadas a lae composiciones. Ademds, ciertas de estas
formulaciones ejemplares pueden proporcionar permeabilidad incrementada,
mejorando as! biodisponibilidad del éster de glicosaminoglicano.

Las formulaciones ejemplares incluyen, pero no se limitan a las siguientes, donde
se puede incluir opcionalmente un NSAID a las mismas:

1. Palmitato de isopropilo, DMSO, etanol, lecitina, poloxamero, éster de 2
glicosaminoglicano

2. Palmitato de isopropilo, agua, etanol, lecitina, poloxamero, éster de
glicosaminoglicano

3. Palmitato de isopropllo, vitamina E, lecitina, poloxdmero, éster de
glicosaminoglicano

4. Miristato de isopropilo, poloxadmero, agua, etanol, lecitina, éster de
glicosaminoglicano

D
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5. Miristato de isopropilo, agua, lecitina, poloxdmero, éster de glicosaminaglicano

6. Palmitato de isopropilo, agua, lecitina, poloxdmero, agente antimicrobiano
aprobado por la USP, éster de glicosaminoglicano

7. Vitamina E, lecitina, miristato de isopropilo, éster de glicosaminoglicano
8. Miristato de isopropilo, lecitina, poloxamero, éster de glicosaminoglicano

9. Palmitato de isopropilo, lanolina; agente antimicrobiano aprobado por la USP,
vitamina E, lecitina, lanolina acuosa o anhidra, éster de glicosaminoglicano

10. Paimitato de isopropilo, agente antimicrobiano aprobado por la USP, vitamina
E, lanolina acuosa o anhidra, éster de glicosaminoglicano

11. Paimitato de isopropilo, agente antimicrobiano aprobado por la USP, vitamina
E, lecitina, éster de glicosaminoglicano

12. Paimitato de isopropilo, lecitina, agente antimicrobiano aprobado por la USP,
lanolina acuosa o anhidra, éster de glicosaminoglicano

13. Miristato de isopropilo, vitamina E, agente antimicrobiano aprobado por la
USP, lecitina, lanolina acuosa o anhidra, éster de glicosaminoglicano

14. Miristato de isopropilo, agente antimicrobiano aprobado por la USP, vitamina
E, lecitina, éster de glicosaminoglicano

15. Miristato de isopropilo, agente antimicrobiano aprobado por la USP, vitamina
E, lanolina acuosa o anhidra, éster de glicosaminoglicano

16. Miristato de isopropilo, agente antimicrobiano aprobado por la USP, lecitina,
lanolina acuosa o anhidra, éster de glicosaminoglicano

17. Miristato de isopropilo, agente antimicrobiano aprobado por la USP, vitamina
E, éster de glicosaminoglicano

18. Miristato de isopropilo, agente antimicrobiano aprobado por la USP, lecitina,
éster de glicosaminoglicano

[
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18. Miristato de isopropilo, agente antimicrobiano aprobado por la USP, {anclina
acuosa o anhidra, éster de giicosaminoglicano

20. Miristato de Isopropilo, DMSO, etanol, lecitina, poloxamero, éster de
glicosaminoglicano

21. Miristato de isopropilo, vitamina E, lecitina, lanolina acuosa o anhidra, éster de
glicosaminoglicano

22. Miristato de isopropilo, DMSO, etanol, vitamina E, poloxdmero, éster de
glicosaminoglicano

23. Miristato de isopropilo, DMSO, vitamina E, poloxdmero, éster de
glicosaminoglicano

24. Miristato de isopropilo, DMSO, etanol, vitamina E, poloxdmero, éster de
glicosaminoglicano

25. Paimitato de isopropilo, DMSO, etanol, lecitina, vitamina E, poloxdmero, éster
de glicosaminoglicano

26. Palmitato de isopropilo, etanol, lecitina, poloxdmero, éster de
glicosaminoglicano

27. Paimitato de isopropilo, DMSOQ, etanol, lecitina, éster de glicosaminoglicano

28. Palmitato de isopropilo, DMSO, etanol, poloxdmero, éster de
glicosaminoglicano

29. Paimitato de isopropilo, etanol, lecitina, éster de glicosaminoglicano

30. Paimitato de isopropilo, DMSO, etanol, lecitina, vitamina E, poloxdmero, éster
de glicosaminoglicano

31. Palmitato de isopropilo, miristato de isopropilo, DMSO, etanol, lecitina,
poloxamero, éster de glicosaminoglicano
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32. Paimitato de isopropilo, miristato de isopropilo, DMSO, etanol, lecitina,
vitamina E, poloxamero, éster de glicosaminogiicano

33. Palmitato de isopropilo, miristato de Isopropilo, DMSO, etanol, poloxdmero,
éster de glicosaminoglicano

34. Paimitato de isopropilo, miristato de isopropilo, DMSO, etanol, vitamina E,
poloxdamero, éster de glicosaminoglicano

35. Paimitato de isopropilo, miristato de isopropilo, DMSO, etanol, lecitina, éster
de glicosaminoglicano

36. Palmitato de isopropilo, miristato de isopropilo, DMSO, etanol, lecitina,
vitamina E, poloxamero, éster de glicosaminoglicano

37. Palmitato de isopropilo, miristalo de isopropilo, DMSO, lecitina, vitamina E,
poloxamero, éster de glicosaminoglicano

38. Palmitato de Isopropilo, mirstato de isopropilo, DMSO, vitamina E,
poloxdmero, éster de glicosaminoglicano

39. Paimitato de isopropilo, miristato de isopropilo, DMSO, lecitina, poloxémero,
éster de glicosaminoglicano

40. Palmitato de isopropilo, miristato de isopropilo, DMSO, lecitina, vitamina E,
éster de glicosaminoglicano

41. Palmitato de isopropilo, miristato de isopropilo, DMSO, poloxamero, éster de
glicosaminoglicano

42. Palmitato de isopropilo, miristato de isopropilo, DMSO, lecitina, éster de
glicosaminoglicano

43. Palmitato de isopropilo, miristato de isopropile, DMSO, vitamina E, éster de
glicosaminoglicano

44. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, lecitina, éster de
glicosaminoglicano
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45. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, vitamina E,
poloxamero, éster de glicosaminoglicano

46. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, vitamina E,
poloxémero, lanolina acuosa o anhidra, éster de glicosaminoglicano

47. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, poloxdmero,
lanolina acuosa o anhidra, éster de glicosaminoglicano

48. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, vitamina E,
lanalina acuosa o anhidra, éster de glicosaminoglicano

49. Paimitato de isopropilo, miristato de isopropilo, agua, etanol, vitamina E,
lecitina, poloxdmero, lanoclina acuosa o anhidra, éster de glicosaminoglicano

50. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, lecitina, lanolina
acuosa o anhidra, éster de glicosaminoglicano

51. Paimitato de isopropilo, miristato de isopropilo, agua, etanol, vitamina E,
lanclina acuosa o anhidra, éster de glicosaminoglicano

52. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, poloxdmero,
lanolina acuosa o anhidra, éster de glicosaminoglicano

53. Paimitato de isopropilo, miristato de isopropilo, agua, etanol, lanolina acuosa o
anhidra, éster de glicosaminoglicano.

54. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, poloxdmero,
éster de glicosaminoglicano

55. Palmitato de isopropilo, miristato de isopropilo, agua, etanol, éster de
glicosaminoglicano

56. Palmitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, lecitina, vitamina E, poloxdmero, éster de
glicosaminoglicano
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57. Palmitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, vitamina E, poloxdmero, éster de glicosaminoglicano

58. Paimitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, lecitina, poloxdmero, éster de glicosaminoglicano

59. Palmitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, lecitina, vitamina E, éster de glicosaminoglicano

60. Paimitato de isopropilo, miristato de isopropilo, agua, agente antimicrabiano
aprobado por la U_SP, lecitina, éster de glicosaminoglicano

61. Palmitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, poloxamero, éster de glicosaminoglicano

62. Palmitato de isopropilo, miristato de isopropilo, agua, Agente antimicrobiano
aprobado por la USP, vitamina E, éster de glicosaminoglicano

63. Paimitato de isopropilo, mirietato de Isopropilo, agua, etanol, lecitina, vitamina
E, poloxamero, éster de glicosaminoglicano

64. Paimitato de isopropilo, miristato de isopropilo, etanol, lecitina, poloxdmero,
éster de glicosaminoglicano

65. Palmitato de Isopropilo, miristato de isopropilo, DMSO, etanol, lecitina, éster
de glicosaminoglicano

668. Palmitato de isopropilo, miristato de isopropilo, etanol, lecitina, vitamina E,
poloxédmero, éster de glicosaminoglicano

67. Paimitato de isopropilo, miristato de isopropilo, agua, etanol, lecitina,
poloxdmero, éster de glicosaminoglicano

68. Palmitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, lecitina, poloxamero, éster de glicosaminoglicano

89. Palmitato de isopropilo, miristato de isopropilo, DMSO, etanol. poloxamero,
éster de glicosaminoglicano '
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70. Palmitato de isopropilo, miristato de isopropilo, etanol, lecitina, éster de
glicosaminoglicano

71. Paimitato de isopropllo, miristato de isopropllo, agente antimicrobiano
aprobado por la USP, la vitamina E, lecitina, lanclina acuosa ¢ anhidra, éster de
glicosaminoglicano

72. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, lecitina, lanolina acuosa © anhidra, éster de
glicosaminoglicano

73. Paimitato de isopropilo, miristato de isopropilo, agente, agente antimicrobiano
aprobado por la USP, vitamina E, lanolina acuosa o anhidra, éster de
glicosaminoglicano

74. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, vitamina E, lecitina, éster de glicosaminoglicano

75. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, vitamina E, éster de glicosaminoglicano

76. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, lecitina, éster de glicosaminoglicano

77. Paimitato de isopropilo, miristato de Isopropllo, agente antimicrobiano
aprobado por la USP, lanoclina acuosa o anhidra, éster de glicosaminoglicano

78. Palmitato de isopropilo, miristato de isopropilo, agente antimi%:robiano
aprobado por la USP, vitamina E, lecitina, lanclina acuosa o anhidra, poloxdmero,
éster de glicosaminoglicano

79. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, lecitina, lanolina acuosa o anhidra, poloxdamero, éster de
glicosaminoglicano

119
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80. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, vitamina E, lanolina acuosa o anhidra, poloxdmero, éster de
glicosaminoglicano

81. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, vitamina E, lecitina, poloxdmero, éster de
glicosaminoglicano

82. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, lanclina acuosa o anhidra, poloxdmero, éster de
glicosaminoglicano

83. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, lecitina, poloxamero, éster de glicosaminoglicano

B84. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, vitamina E, poloxdmero, éster de glicosaminoglicano

B85. Palmitato de isopropilo, miristato de isopropilo, agente antimicrobiano
aprobado por la USP, poloxamero, éster de glicosaminoglicano

86. Palmitato de isopropilo, miristato de isopropilo, agua, agente antimicrobiano
aprobado por la USP, poloxamero, lanolina acuosa o anhidra, éster de
glicosaminoglicano

d@7. Palmitato de isopropilo, miristato de isopropilo, DMSO, vitamina E, lecitina,
lanolina acuosa o anhidra, poloxamero, éster de glicosaminoglicano

88. Palmitato de Isopropilo, miristato de isopropilo, DMSO, lecitina, lanolina
acuosa o anhidra, poloxémero, éster de glicosaminoglicano

89. Palmitato de isopropilo, miristato de isopropilo, DMSO, vitamina E, lanolina
acuosa o anhidra, poloxamero, éster de glicosaminoglicano

80. Paimitato de isopropilo, miristato de isopropilo, DMSQ, vitamina E, lecitina,
lanolina acuosa o anhidra, éster de glicosaminoglicano  91. Paimitato de
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isopropilo, miristato de isopropilo, DMSO, vitamina E, lanolina acuosa o anhidra,
éster de glicosaminoglicano

92. Palmitato de isopropilo, miristato de isopropilo, DMSO, lecitina, lanolina
acuosa © anhidra, éster de glicosaminoglicano

83. Miristato de isopropilo, &cido oleico, etanol, lecitina, lanolina acuosa o anhidra,
éster de glicosaminoglicano

84. Miristato de isopropilo, &cido oleico, lecitina, lanolina acuosa o anhidra, éster
de glicosaminoglicano

95. Miristato de isopropilo, lecitina, lanolina acuosa o0 anhidra, éster de
glicosaminoglicano

96. Miristato de isopropilo, dcido oleico, etanol, DMSO, vitamina E, lecitina,
lanolina acuosa o anhidra, poloxdmero, éster de glicosaminoglicano

97. Miristato de isopropilo, dcido oleico, DMSO, vitamina E, lecitina, lanolina
acuosa o anhidra, poloxamero, éster de glicosaminoglicano

98. Miristato de isopropilo, acido oleico, etanol, lanolina acuosa o anhidra, éster
de glicosaminoglicano

99. Miristato de isopropilo, &cido oleico, lanolina acuosa o anhidra, éster de
glicosaminoglicano

100. Miristato de isopropilo, acido oleico, etanol, vitamina E, poloxdmero, éster de
glicosaminoglicano

101. Esteres grasos, éster de glicosaminoglicano

102. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o0 éster
de glicosaminoglicano, alcohol cetllico, poloxamero, agua, agente antimicrebiano

103. Palmitato de isopropilo, miristato de Isapropilo, glicosaminoglicano o éster
de glicosaminoglicano, alcohol cetllico, agente antimicrobiano
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104. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, alcohol estearilo, poloxamero, agua, agente antimicrobiano

105. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, alcohol estearilico, agente antimicrobiano

106. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, alcohol cetoestearflico, poloxdmero, agua, agente
antimicrobiano

107. Paimitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, alcohol cetoestearilico, agente antimicrobiano

108. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, espermaceti (0 reemplazo del espermaceti), poloxdmero,
agua, agente antimicrobiano

109. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, espermaceti (o0 reemplazo del espermaceti), agente
antimicrobiano

110. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, ésteres cetllicos, poloxdmero, agua, agente antimicrobiano

111. Paimitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, ésteres cetllicos, agente antimicrobiano

112. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, cera emuisificante, poloxdmero, agua, agente
antimicrobiano

113. Palmitato de isopropilo, miristato de isopropilo, glicosaminoglicano o éster
de glicosaminoglicano, cera emulsificante, agente antimicrobiano.

Ciertas de las formulaciones anteriores de la invencién se adaptan naturalmente
mejor para ciertos propésitos. Por ejemplo, una formulacién para incrementar la
absarcién percutdnea de la composicion en un articulacion, tal como {a rodilla,
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serd probablemente diferente de una formulacién prevista para curar/restaurar la
piel dafiada por el sol airededor de los ojos y/o 1as arrugas airededor de los ojos
causados por la exposicion al sol y el tiempo. El Gltimo usoc se beneficia de la
inclusién de la vitamina E para promover el saneamiento de la piel. Sin embargo,
la vitamina E puede no proporcionar ningin beneficio adicional a la formulacién
concebida para la penetracién de la plel y en la articulacién, ain cuando Ia
vitamina E no interferirfa con el proceso de penetracién de la piel.

As| las formulaciones cosméticas, por ejemplo, son ejemplificadas por las
formulacién de la entradas 1-101, mientras que las formulaciones apropiadas para
usar en el tratamiento articulaciones artriticas y/o inflamadas, son ejemplificadas,
por ejemplo, por las formulaciones de las entradas 102-113. Debe ser entendido
que, sin importar el uso previsto de la composicién, las composiciones y los
métodos de la presente invencidn no se limitan por la seleccion de los
componentes en las formulaciones mencionadas 1-113.

Ejemplos

La presente invencién se ilustra con los siguientes ejemplos que se dirigen a los
profarmacos mutuos y a la aplicacién tépica y/o transdémica de glucosaminas,
inciuyendo derivados y ésteres de la misma, como se describié anteriorments.
Debe ser entendido que los ejemplos, los materiales, las cantidades, y los
procedimientos particulares dispuestos debajo, deben ser interpretados
ampliamente de acuerdo con el alcance y el espiritu de la invencién segun lo
dispuesto aqul. Ademds, los ejemplos se proporcionan para mayor claridad y
entendimiento, sin embargo la invencién no se limita & los detalles exactos como
se muestran y e describen; muchas variaciones serdn evidentes para la persona
experta en ol arte.
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Ejemplo 1 - Desarrolio y sintesls del profsrmaco mutuo NSAID-Glucosamina

Combinar los NSAIDs y la glucosamina en un solo praféarmaco mutuo permite la
liberacién de estos fdrmacos concomitantemente, en una forma que puede dirigir
a desdrdenes tales como osteoartritis, ya bien sea mediante su administracién
oral o transdérmica. La liberacién transdérmica es ventajosa porque evita los
efectos secundarios asociados a la liberacién oral de los NSAIDs, tal como
reacciones adversas del fammaco y/o efectos gastrointestinales adversos,
experimentados a menudo con fa administracion oral de los NSAIDs a los
pacientes (Shi y cols., Acta Pharmacol. Sin.,, 25 (3), 357-365 (2004); Benini y
cols., Pediafr. Nephrol., 19 (2): 232-234 (2004); Wiholm, Curr. Med. Res. Opin., 17
(3): 210-216 (2001);-Kromann-Andersen y cols., Dan. Med. Bull., 35 (2): 187 - 192
(1988); Pietzsch y cols., int. J. Clin. Pharmacol. Ther., 40 (3): 111-115 (2002);
Karch y cols., JAMA, 22, 234 (12): 1236-1241 (1975)) y también los eventos de
metabolismo/excrecion frecuentements observados con la administracién de la
glucosamina (Setnikar y cols., Arzneimittel-Forschung, 36 (4): 729-735 (1986);
Aghazadeh- Habashi y cols., Joumnal of Pharmacy and Pharmaceutical Sci., 5 (2):
181-184 (2000); Setnikar y ofros, Arzneimittel-Forschung, 43 (10): 1109-13 (1993);
y Setnikar y cols., Arzneimittel-Forschung, 51 (9): 699-725 (2001)).

Experimental

Un objetivo del presente estudio fue sintetizar los modetos directamente-1igado y
encadenado-1igado del profdrmaco mutuo NSAID-glucosamina.

Materiales y Métodos

Todos los reactivo y solventes utilizados fueron comprados a Fisher Scientific.
TLC y las cromatografias preparatorias TLC fueron realizados en Analtech Co.
UNIPLATES. Los puntos de fusion fueron determinados en un aparato de Fisher-
Johns y estén sin comegir. Los espectros de resonancia magnética nuclear fueron
registrados en un espectrémetro Varian INOVA de 500 mHz para ' NMR y
BCNMR con tetrametisilano como estindar intemo. Los desplazamientos
quimicos (5) se reportan en partes por millén (PPM) y las sefiales se reportan

1y
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como s (singlete), d (doblete), t (triplete), m (multiplete), o br (singlete amplic). Se
utilizaron un Beckman DU-850 y un Electron Thermo Corp. AQUAMATE para
registrar los espectros UV. El personal de la University of Gerogia's Chemical and
Biological Sciences Mass Spectrometry Facility completd el espectro de masa ESI
(ionizaciébn con electroatomizacién). Las columnas cromatograflas fueron
preparadas usando sllica gel >440 mesh. La calorimetria diferencial de barrido
(DSC, siglas en inglés) fue realizada en un Perkin-Elmer DSC 7 con TAC 7/DX el
software PYRIS Thermal Analysis System (Rev.E/March 2000).

Sintesis

Las sintesis de los modelos del profdrmaco mutuo fueron completadas
exitosamente para producir los productos del compuesto 6 (Esquema |, Figura 6)
y 9 (Esquema ll, Figura 7). Los métodos fueron explorades que preservarian la p-
conformacion del carbohidrato, protegen los grupos hidroxi (OH) para permitir que
la amina (NH2) experimente la adicién selectiva para producir los intermedios
primarics 4 (Esquema |, Figura 6) y 7 (Esquema Il, Figura 7). Los compuestos 1-3
(Esquema |, Figura 8) fueron sintetizados a partir de los procedimientos
adaptados de: Bergman y cols., Chem. Ber., 1932, 975; Silva y cols., J. Org.
Chem., 64:5926 - 5929 (1998) (material suplemental); y Charviere y cols., J. Med.
Chem., 46:427 - 220 (2003) como materiales de partida hacia el compuesto 6.

Esquema | (Figura 6)

Preparacion de 1, 3, 4, 6-tetra-O-acetil-2-deoxi-2-{[{[2-{4-isobutilfenil)]}propanoil)
oxi} {fenil) acetil] amino}-B-D-glucopiranosa (compuesto 8)

2-deoxi-2-amino-1, 3, 4, 6 tetra-O-acetil-3-D-glucopiranosil (4) compuesto 3

(100 g, 0.26 mol) fueron titulados con trietilamina para rendir un precipitado
blanco. El precipitado fue filtrado y lavado con CH;Clz (2x150 miililitros (ml)). El
fitrado fue secado bajo vacio por 24 horas. La capa é6rgano fue lavada con
solucién salina (2x100) y secada con Mg>SO,. El solvente fue removido via
evaporacion rotatoria a presion reducida y el producto fue secado por 24 horas al
vaclo para proporcionar el compuesto 4, producido como un sélido blanco (87.9
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7

gramos (g), 7% de rendimiento). ""NMR (d-acetona) 9.21 s, 1H), 6.15 (d, 1H),
5.38 (t, 1H), 5.08 (t, 1H), 4.31 (dd, 1H), 4.11-4.03 (m, 2H), 3.56 (i, 1H), 3.03-2.05
(dd, 8H), 2.25 (d, 3H), 2.10-2.09 (m, 3H). *C (d-acetona) 205.7 NMR, 170.1,
169.87, 169.39, 169.0, 85.20, 74.85, 72.28, 68.61, 61.90, 55.46, 19.98, 19.85,
18.82, 19.77. ES| para C14H21NO9: FW 347 m/z 348 [M + H+]. P.M. 134° C.

2-deoxi-2-(2-cloro-2-fenil)acetilamino-1, 3, 4, 6 tetra-O-acetil-B-D-glucopiranasil {5)

Cloruro de Alfa-Clorofenilaceti! (20g, 0.105 mol) fue agregado gota a gota a una
solucién del compuesto 4 (29.88g, 0.105 mol), trietilamina (12.4 mi, 0.90 ml) en 50
ml CH,CI2 a -10° a temperatura ambiente por 24 horas. La mezcla de reaccidn
fue lavada con HCI (1.5 N, 2 x 7 ml), HzO (1 x 100 ml) y solucién salina {1 x 100
mi). La fase organica fue secada con Mg.SO, y el solvente fue removido via
evaporacion rotatoria a presion reducida. El sirope resultante fue cristalizado con
acetonitrilo helado y secado bajo vaclo por 24 horas, para rendir el compuesto 5
(27.4g, 93.5%) producido como un sélido blanco. 'H NMR (d-acetona) 7.80 (s,
1H), 7.37 (8, 2H), 7.25 (s, 2H), 5.79 (s, 1H), 5.33 (d, 2H), 4.90 (s, 1H), 4.09 (d,
2H), 3.85 (s, 1H), 3.84 (s, 1H), 3.17 (s, 1H) 1.87-1.84 (m, 12H). 13C (d-acetona)
205.55 NMR, 16.88, 169.69, 169.18, 168.51, 167.69, 128.85, 128.61 (2C), 127.81
(2C) 91.03, 68.54, 61.70, 60.6053.13, 19.73, 19.70 (2C), 19.62. ES| para
C14H21NOS: El FW [M + H+] 489 encontré m/z 500440 [M + H+]. Mp>200(238)
*C.

1,3,4,6-tetra-O-acetil-2-deoxi-2{[{[2 (4-isobutilfenil) propanoilloxi}-(fenil)acetil]
amino}-p-D-glucopiranosa (6)

El compuesto 5 (653 miligramos (mg), 1.45 mmol) y a-metil-4-[isobutll] &cido
fenilacético sal de Na en 10 ml CHCl> anhidro fueron agitados a temperatura
ambiente por 16 horas. La solucién fue lavada con solucién salina (2 x 10 ml) y
reducida via evaporacion rotatoria para dar el compuesto 8 (763 mg, 93.5%) como
un polvo blanco. 'H NMR (d-acetona) 7.73 (s, 1H), 7.41-7.13 (m, 9H), 5.81 (d, 2H),
5.38 (m, 1H), 5.04 (m, 1H), 4.26 (s, 2H), 4.10 (s, LH), 3.96 (s, 2H), 2.48 (s, 2H),
2.01 (s, 6H), 1.84 (s, 8H), 1.85 (s, 1H), 1.53 (8, 3H), 0.90 (s, 6H). 19.61 de 13C (d-
acetona) 205.69 NMR, 173.37, 169.61, 168.73, 168.70, 140.38, 138.43, 138.03,
129.25, 128.36, 127.31, 126.84, 91.96, 75.91, 72.54, 71.66, 68.31, 52.07, 44.61,
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21.72., 17.96: Uv 203A nm. ESI para C3sH4sNOy2 FW 689 encontrado m/z 522 (M
+ H+] p/pérdida de (C1Hss).

Esquema |l (Figura 7)

Preparacion de 2-deoxi-2-[(2-3-benzoilfenil) &cido propanoicojamino-p-d
glucopiranosil (compuesto 9)

2-deoxi-2-amino-1, 3, 4, 6-tetra-O-trietilsilii-B-D-glucopiranosil (7)

Glucosamina HCI (7.32 g, 33.95 mmol) y una cantidad catalitica de
dimetilaminopiridina (DMAP, cat.) fueron agitados en 100 m! de piridina anhidra
por tres horas a temperatura ambiente. Clorotrietilsilano (20.47 g, 136.27
milimoles (mmol)) fue adicionado gota a gota mientras la solucién fue agitada en
un bafio de hielo a -5° C a temperatura ambiente por 16 horas y a 40-45° C por 2
horas. La piridina fue removida y el aceite resultante fue lavado con 250 m! de
acetato de etilo y posteriormente con 250 ml de 1:1 acetato de etilo y solucién
salina. La capa érgano final fue secada con Na;SO, y el solvente removido via
evaporacion rotatoria, para dar un acelte descolorido, que fue secado durante la
noche al vacio, produciendo el compuesto 7 (21.82g; 97%) como una espuma
blanca. 'H NMR (CD30D): 5.39 (d, 1H), 483-4.80 (m, 2H), 3.89-3.47 (m, 3H),
3.08-3.01 (DD, 1H), 1.04-0.53 (m, 60H). ES|I para CzHasNOsSis: FW 836
encontrado m/z 636 [M +] y 522 [M + H+] p/pérdida de (CgH1s).

2-deoxi-2-[(3-benzoilfenil) dcido propanocico 2]amino-3-D-glucopiranosil (19)

El compuesto 7 (28 g, 43.5 mmol) y DMAP (cat.) fueron agitados en 10 ml de
acetonitrilo en un bafio de hielo. En un recipiente separado, (2S5)-2-(3-
benzoilfenil) acido propanoico (11 g, 43.55 mmol) en 10 ml de acetonitrilo fue
agitado en un bafo de hielo con BuNMe;z (8.75 mi, 120 mmol), Me2NSO,Cl (9.67
mi, S0 mmol) hasta que la solucién se volvié clara. Ambas soluciones fueron
mezcladas y agitadas a 0°C a temperatura ambients aproximadamente12 horas.
El acetonitrilo fue removido via evaporacion rotatoria. El sirope resuitante fue
lavado con 2 x 150 agua/acetato de etilo (1: 1) y la capa érgano fue lavada con 2
x 100 ml de solucion salina. La capa érgano fue eliminada via evaporacion

/?,?f’
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rotatoria y el sirope resultante fue secado al vaclo por 12 horas, para dar 2 deoxi-
2-(2-(3-benzoilfenil)cido propanoico)amino-1, 3, 4, 6 tetra-O-trietilsilil-B-D-
glucopiranosil (compuesto 8) (43 g), cuantitativo: ES1 para CgHg1NO;Siy FW 872
m/z enconfrado 857 [M + H+] p/pérdida de CHy) como un sirope amarillo. El
compuesto 8 fue desprotegido directamente con fluoruro t-butll amonio/MeOH
para dar el precipitado blanco que fue filtrado, lavado con metanol y recristalizado
a parlir de etanol callente, para dar el compuesto 8 (17.3 g, 85%) como un sdlido
opaco. 'H (DMSO-dB) 7.63-7.24 NMR (m, 9H), 6.17 (s, 1H), 4.65 (s, 1H), 4.56 (s,
1H), 4.44 (s, 1H), 4.21 (s, 1H), 3.61 (s, 1H), 3.45-2.10 (m, 4H), 2.83 (d, 2H), 2.25
(d, 3H), 1.1 (s, 3H). "CNMR (DMSO- d6) 197.13, 176.39, 141.67, 137.64, 137.34,
132.54, 131.73, 129.688 (2C), 128.79, 128.47, 128.41 (2C), 128.19, 85.20, 74.85,
72.28, 68.61, 61.90, 55.46, 45.09, 18.12. ES! para C22H2sNO,: FW 416 encontrado
m/z 416 [M + H+]. P.M. 164° C.

Resultados

Los compuestos 8 y 9 se proyectan para ser profArmacos mutuos para tratar
desdrdenes tales como la osteoartritis, via la liberacién de un NSAID y una
glucosamina (o éster o derivado de la misma).

El compuesto 6 es ibuprofén covalentemente enlazado via un conectador a la
amida de la glucosamina, y el compuesto 8 es una molécula de ketoprofén
enlazada directamente a la glucosamina, cada una MP del modelo. Se espera que
las reacciones fisioldgicas, enzimaticas, y de hidrélisis afecten el enlace éster y el
imido-éster de cada profarmaco mutuo respectivamente, haciéndolos asl los
profdrmacos mutuos ideales usados para apuntar al dolor asociado y quizas la
causa raiz de desérdenes tales como la osteoartritis, mediante su administracién
oral o transdérmica.

Aunque la glucosamina no se reconoce actualmente como un producto
famacéutico en los Estados Unidos, los estudios han demosirado que la
glucosamina administrada oraimente promueve la sintesis del glicosaminoglicano
y la produccién de los proteoglicanos que componen los fluidos que lubrican y
soportan los tejidos de las articulaciones (es decir ios cartliagos), de esta manera
contribuyendo al tratamiento de la causa raiz de la osteoartritis (McClain y cols.,

2
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Diabetes, 45:1003 - 1009 (1996); Singh y cols., Diabetes, 50:2355 - 2362 (2001)).
La glucosa y la glucosamina son substratos de la glucoquinasa (Singh y cols.,
Diabetes, 50:2355 - 2362 (2001)). La glucosamina fosoforilada, es decir, la
glucosamina-8-fosfato inhibe la glucoquinasa y altera ambos el metabolismo
subsiguiente de la glucosa y de la glucosamina (Van Schaftigen y cols., Biochem.
J., 308:23 - 29 (1895); Virkamaki y cols., Diabetes, 48:1101 - 1107 (1999)). Miwa y
cols., reportaron que la glucoquinasa tiene una baja afinidad para la NAG. Asl, la
quinasa para la NAG media la fosforilacién de la NAG para producir NAG-6-
fosfato, que no afecta la actividad de la glucoquinasa (Miwa y cols., Enzyme
Protein, 48:135 - 142 (1994)), concluyendo que la NAG-6-fosfato no afecta la
actividad de la giucoquinasa permitiendo asl que la glucosa y la glucosamina
procedan a fravés del metabolismo sin restriccldn. La biosintesis de los
glicosaminoglicanos a parfir de esta perspectiva, seria mejor promovida con el
uso de la NAG o de aigun ofro anélogo de la glucosamina que limite la velocidad
méds bien que con la glucosamina parental (Gouze y cols., FEBS Lett., 510:168 -
170 (2002)). Anastassiades y cols., reportaron que la glucosamina y andlogos de
la misma, por ejempio NAG, asl como la glucosamina con cadenas de enlaces N
varibles, han mostrado grados de crecimiento en cultivo celular de condrocitos
humanos via matriz en la expresién génica de la matriz in vitro (Poustie y cols.,
Pharmacol. Exp. Ther., 311 (2): 610616 (2004)). A partir de las perspectivas
farmacéuticas por revisién y tomando en consideracion las patentes y solicitudes
de patente de Anastassiades (Solicitudes de patentes de Estados Unidos Nos.
20040152665 (2003) y 20020045597 (2001); Solicitud de Patente Internacional
No. WO 2002017890 A2; nuestra hipétesis asumida indica que protegiendo la
amida de la glucosamina, la vida media de la molécula de glucosamina se
incrementa, lo cual afecta su actividad. Los efectos del enlace de cadena se han
mosirado en numerosos estudios de la literatura, tales como acoplar un polimero
a una molécula via un enlace éster para incrementar su vida media como método
para modificar las propiedades de disolucibn y/o las caracteristicas
biofarmacéuticas de entidades quimicas (D'Souza y otros, Joumal of
Pharmaceutical Sciences, 93 (8): 1962-1979 (2004)).

[27
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Un obstéaculo para la utilidad de la glucosamina como tratamiento para ciertos
desérdenes es su biodisponibilidad, la cual se acepta tipicamente que es
aproximadamente 12-13%, aunque algunos estudios parecen indicar una cierta
potencia de efectividad en casos de osteoartritis de media a moderada (Setnikar y
cols., Arzneimittel-Forschung, 368 (4): 729-35 (1986); Biopharmaceutics and Drug
Disposition, 25 (3): 109-116 (2004); Du y cols., Biopharmaceutics and Drug
Disposition, 25 (3): 109-116 (2004)). Aunque no se prepone sostenerse a
cualquier teorfa particular, se cree que estos dos profarmacos mutuos sintetizados
experimentaran la hidrélisis in vivo para dar los compuestos parentales. Entonces,
cada compuesto parental puede proporcionar su efecto terapéutico reconocido.
Los estudios no se han terminado para determinar si el perfil de disolucion de los
profarmacos mutuos nuevos es mas rapido que sus constantes de velocidad de
hidrolisis o de degradacién enzimatica. Aunque se espera, que las velocidades se
predicen que varfen, ya que los acoplamientos dependen de la naturaleza quimica
de los enlaces covalentes, de la estructura de los compuestos y de las
circundantes in vivo/in vitro.

El compuesto 6, la entidad fripartita puede experimentar la hidrdlisis maés
facilmente que el compuesto bipariito 8. La molécula de Ibuprofén del compuesto
6 tiene el potencial de experimentar hidrélisis debido al grupo de enlace. El resto
bencilo del grupo de enlace podria entonces experimentar posiblemente una
reaccion intramolecular y/o una reaccién enzimatica que libere la molécula de
glucosamina. El compuesto 9, el compuesto bipartito se espera que se hidrolice a
los compuestos parentales ketoprofén y glucosamina.

Estas predicciones sin embargo se han hecho basadas en valores de pKa
calculados "in silico”, de los compuestos 6 y 9 (Figuras 6§ y 7, respectivamente).
Los calculos de pKa y log P “in silico® del compuesto 6 fueron obtenidos como un
resuitado de ACD/pKa v8.02 usando el servicio en linea de ACD/I-Lab (disponible
en Internet en acdelabs.com) y son como sigue:
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Forma i6nica: HL
pKas (HU/H+L; 9) =10.79 £ 0.70
5 pKaz (H2L/H+HL; 8) =-3.67 £ 0.70

Log P calculado: 6.45 el £ 0.82

Los célculos de pKa y de log P in silico del compuesto 8 también fue obtenido
como resultado de ACD/pKa v8.02 usando el servicio en linea de ACD/l-Lab y son
10 como sigue:
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Forma idnica; H5L
pKas (HL/H+L; 8) = 15.53 £ 0.70

5 pKas (H2L/H+HL; 11)=14.68+0.70
pKas (H3L/H+L; 11) = 14.33 + 0.70
pKa, (H4L/H+HL; 10) = 13.53 £ 0.70
pKas (H5L/H+L; 8) = 12.03 + 0.70
pKas (HEL/H+HL; 9) = -2.40 £ 0.70:

10 Calculado log P; 3.81 £ 0.48

Los calculos predictivos pueden proporcionar una estimacion de las propiedades
biofarmacéuticas. Los célculos de pKa reportados se derivan de los algoritmos
derivados de los pKa conocidos 0 de los varios grupos quimicos. Aqul nos
centramos principalmente en el pKa de los enlaces amida y/o éster. El pKa
15 negativo de la amida en el compuesto 6 sugiere un valor grande de Ka, que
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implica que la constante de equilibio se encuentra a la derecha para la
disociacién del eniace imido-éster via una hidrdlisis tipo escisién presténdosé por
si mismo mds a la escision enzimatica, lo cual puede también ser el caso con el
imido-éster del compuesto 6. Por ofra parte, la amida también tiene un alto valor
de pKa y, dependiendo de su ionizacién, el enlace imida-éster puede ser
hidrolizado. Ademas, se espera que los valores de pKa cercanos a 2.5-3.0 sean
tipicamente debidos a la protonacion del oxigeno cargado negativamente.
Nuestras predicciones muestran que esto es posible en el oxigeno del carbonilo
del imido éster. Estudios adicionales determinardn la verdadera via de si 0 no
estos profarmacos mutuos tienen especificidad de substrato, hidrofilicidad y/o
otras influencias que afecten las velocidades Iliberacion de los fdrmacos
parentales. El desarrollo basado en sus caracteristicag fisicoquimicas y la
comprension de sus mecanismos de liberacién son los factores de determinacion
primarios hacia el desarrollo de proférmacos mutuos adicionales.

*Las predicciones de log P “in silico” de los compuestos 6 y 9 (Figuras 6 y 7,
respectivamente) son 6.45 + 0.82 y 3.81 £ 0.48 respectivamente. Actualmente,
usando la regla de Lipinski de 5 (Du y cols., Bipharmaceutics & Drug Disposition,
25 (3): 109-116 (2004)), los compuestos 6 y 9 clasifican un nimero de 4 y de 2
respectivamente. Mientras que, estos nomeros son la clasificacibn de la
solubilidad basada en una coleccién de compuestos quimicos estimada a partir de
exploracién de datos, Ej. con la “regla de cinco” para determinar la "semejanza del
farmaco.” La “regla de 5" indica que la absorcién pobre o la permeacion es més
probable cuando:

A) Existen mas de 5 enlaces H donantes (expresados como la suma de OHs y
de NHs);

B) El MWT estd sobre 500;
C) El Log P estd sobre 5 (0 MLogP estd sobre 4.15); y

D) Hay méas de 10 enlaces H aceptadores (expresados como la suma del Ns y
del OS).
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La absorcién o permeabilidad pobre es posible puesto que ninguno de los dos
compuestos satisface mas de dos criterios. Aunque mayor similitud del farmaco
86 indica para el compuesto 9 que para el compuesto 6, con respecto a su
solubilidad acuosa y permeabilidad intestinal basado en la “regla de 5.° A la luz de
esto, ios profamacos mutuos que contienen resto s de carbohidratos,
compuestos tales como éstos caen potenciaimente dentro las clases de los que
son substratos para los transportadores bioldgicos, los cuales son excepciones a

la regla.

Este estudio comenzd primariamente como un estudio farmacéutico para
sintetizar y evaluvar las caracteristicas fisicoquimicas de dos candidatos de
profdrmacos mutuos propuestos. Aunque las caracter(sticas de disolucién no se
han discutido, se encontré que los datos de la calorimetria diferencial de barrido
(DSC) son intrigantes. Para evaluar las caracteristicas de disolucién de estos
proférmacos mutuos, se debe establecer una forma cristalina constante que no se
pudo alcanzar. Se enconfraron transiciones cominmente observadas de la fase
de carbohidrato tales como las dindmicas del estado vitreo, que siguen las
tendencias del modelo de Tool-Narayanaswany-Moynihan (Areozzi y cols.,
Journal of Physics: Condensed Matter, 15 (11): $1215-81226 (2003)). Este
modelo es una tentativa de explicar las transiciones del estado vitreo observadas
con los carbohidratos y otras entidades quimicas tales como sucrosa, trehalosa, y
(poli)vinilpirrolidona. Su uso es ampliamente utilizado en la industria farmacéutica
para investigar la estabilidad fisicoquimica y la relacion cuantitativa entre Ia
amplitud de la transicién vitrea y la energla de fragilidad/activacién para la
relajacién estructural (Pikal y cols., J. of Pharm. Sci., 93 (4): 981-994 (2004)).

En La Figura 8, el termograma de DSC del compuesto 6, un poivo, muestra a tres
transiciones indicativas de los polimorfos que se observaron que eran
térmicamente estables, con transiciones de fase 226.93°C, 233.09°C y 237.52°C
respectivamente. Todos los termogramas fueron consistentes con el
calentamiento a varias relaciones. Después de abrir todas las cubetas del DSC,
se encontrd que el compuesto se habla sublimado y descompuesto.
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Los termogramas de DSC del compuesto 8 (Figuras 10 y 11) fueron dificiles de
obtener. El punto de fusién sin comegir del compuesto 9 se determind que era
164°C. Los termogramas representativos de DSC de los compuestos 6 y 9
muestran actividad exotérmica (Figuras 9 y 11), y muchos puntos en fase de
transicion indicativos de sublimacién, lo que fue probado por inspeccion visuai. El
punto de fusion sin corregir es realmente el punto de descomposicién en el
termograma de DSC. Visualmente, el compuesto 6 fue obtenido como un sirope,
que fue recristalizado bajo alta presién de vaclo y/o recristalizacién del solvente
como cristales opacos con superficies elipticas. Para ohtener una representacién
mas clara del compuesto 6, se intentd la cristalografia de rayos X, la cual fallé
debido a la opacidad y complejidad de las esfructuras cristalinas. No se
observaron estados de transicién vitrea o polimérfica distintivos. La hipotesis de
Pikal y cols., la cual plantea “... .debido a que los procesos de degradacion fisica y
quimica requieren movilidad atémica y molecular, tanto como la relajacion
estructural requiere m similar ovilidad, los procesos de inestabilidad se
comelacionan o “se acoplan” a |a relacién estructural” (J. Pharm. Sci., 83 (4): 981-
984 (2004)) parece ser valida con respecto al compuesto 6 como entidad quimica
amorfa.

Los dos modelos de profdrmacos mutuos fueron sintetizados para seguir los
mismos procesos y/o metodologias que los profarmacos, con la intenciébn de
superar problemas farmacéuticos y farmacolégicos tales como la absorcién
incompleta, la absorcién demasiado rdpida y la excrecion, observados con los
NSAIDS y la glucosamina. El objetivo final fue tener un NSAID y una glucosamina
que alcanzaran un sitio proporcionando su efecto farmacolégico mientras que se
reduclan al minimo los eventos y/o efectos adversos del fdirmaco. Se anticipa que
los estudios in vitro @ in vivo verificardn el objetivo anticipado de estos
profarmacos mutuos nuevos sintetizados, asl como derivados y/o analogos de los
mismos.

También se han desarrollado y realizados estudios preliminares de preformulacién
de otros analogos de glucosamina-NSAID como un sistema de liberacién para la
glucosamina y los, NSAIDs, de forma tal que produzcan efecto anti-inflamatorio
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asi como el crecimiento de los cartllagos. El NSAID puede ser, por ejemplo,
ibuprofén o ketoprofén.

Elemplo 2 - La solubllidad y el transporte del profarmaco mutuo
glucosamina-NSAID

La liberacién transdérmica de un profarmaco mutuo de NSAID-
glicosaminoglicano, tal como ibuprofén-glucosamina, puede liberarse
concomitanternente con un NSAID y un glicosaminaglicano como la glucosamina.
En los experimentos para mostrar el transporte de la glucosamina y de los
profamacos mutuos de glucosamina a través de la muda de piel de serpients, la
glucosamina HCI no fue transportada a través de la muda de piel de serpiente,
mientras que la N-acetii glucosamina (NAG) fue altamente transportada, aun
cuando la NAG tiene lo que se considera un coeficiente de particién pobre, de
aproximadamente 0.017 en octanol/agua.

El compuesto 6 tiene un coeficiente de particién (calculado in silico log P) de 6.45,
y el compuesto 9 tiene un coeficiente de particion (calculado in silico log P) de
3.81, Indicandoc una expectativa de mayor solubilidad lipidica y de mayores
posibilidades para que el transporte ocurra. Se ha mostrado que tanto el ibuprofén
y ketoprofén son transportados a través de la muda de piel de serpiente (patente
No. US 6.368.618 B1; Phar acta Helv 1996, Aug, 7 (3): 205-212; boll Chim. Farm.
Mar-Apr de 139(2):67-72); que ambos el ketoprofén y el ibuprofén son NSAIDs
lipido solubles. Se espera que el profirmaco mutuo NSAID-glucosaminoglicano
también sea transportado a través de la muda de piel de serpiente como modelo
para la epidermis humana; también se espera que un profamaco éster de NSAID
exhiba caracteristicas similares de transporte, indicando que ocurran mayores
posibilidades de transporte del profarmaco mutuo.

Ejemplo 3. Transporte de glucosaminas y de sales de glucosamina a través
de la plel

La administracion oral de la glucosamina, sus derivados y anélogos, por ejemplo
N-acetii D-glucosamina, es afectado por el metabolismo del primer paso del
higado (Setnikar y cols., Arzneimittel-Forschung, 36 (4): 729-35 (1986); Du y cols.,
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Biopharmaceutics & Drug Disposition, 25 (3): 108-116 (2004)). Sin embargo, un
reportée méas reciente indica que estos agentes se pueden metabolizar
mayormente en el intestino més bien que por el higado que solamente
(Aghazadeh-Habashi y cols., Journal of Pharmacy & Phamaceutical Sciences, 5
(2): 181-184 (2002)). Pocos reportes de literatura farmacocinética existen sobre la
disposicion de estos agentes en los cartilagos articulares (Setnikar et. al.,
Arzneimittel-Forschung, 43 (10): | 108-1113 (1993) y Arzneimittel-Forschung, 51
(9): 698-725 (2001)) los cuales han reportado sobre las caracteristicas
farmacocinéticas de la glucosamina en perros y en el hombre. Se estima que
aproximadamente el 87% de |la dosis oral de |a glucosamina original es absorbida
y excretada; <13% se distribuye ampliamente en el cuerpo; y <1% alcanza las
articulaciones osteoartriticas. Se conoce que la condroitina se degrada en sus
componentes disacaridicos bésicos dentro del intestino antes de su posterior
metabolismo (Lamari y cols., .Biomed. Chromatogr., 16:95 - 102 (2002)). Aunque
solamente una pequefia fraccién de glucosamina alcanza el sitio blanco del
cartilago articular, ee reporta que exhibe una alta potencia; y la terapia conjunta
de glucosamina y condroitina demuestra efectividad terapéutica en un tiempo
prolongado (McAlindon y cols., JAMA, 283:1469 - 1475 (2000)).

Los datos iniciales muesiran el transporte de ciertas composiciones de
glucosamina liberadas tépicamente de la presente invencién (ésteres de
glicosaminoglicano) con respecto a cremas que contienen glucosamina del tipo de
las actualmente disponibles. Estas cremas tipicamente inciuyen sales de la
glucosamina (HC| o sulfato), que son entidades quimicas monovalentes (no
cargadas) que no cruzan y/o penetran la piel a menos que se aplique una carga
eléctrica.

Las composiciones analizadas incluyen glucosamina HCI, N-acetil glucosamina, y
glucosalina penta-acetil segtin lo descrito debajo, en una solucién de DMSO:



Férmula Molecular
Peso Fémula
Compoesicién

Refractividad Molar
Volumen Molar
Parachor

Indice de Refraccion
Tensién Superficial
Densidad

Constante Dieléctrica
Polarizabilidad

Masa Monoisotdpica
Masa Nominal

Masa Promedio

Fémula Molecular
Peso Formula
Composiclén

Refractividad Molar
Volumen Molar
Parachor

Indice de Refraccién
Tension Superficial
Densidad

Constante Dieléctrica
Polarizabilidad

Masa Monoisotépica
Masa Nominal

Masa Promedio

Férmula Molecular
Peso Férmula
Composicién

Refractividad Molar
Volumen Molar
Parachor

Iindice de Refraccién
Tension Superficial
Densidad

Constante Dieléctrica
Polarizabilidad

Masa Monoisotdpica
Masa Nominal

Masa Promedio
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Glucosamina HCL

C1H22CINOp
383.7785

C (43.81%) H (5.78%) CI (9.24%)
N (3.85%) O (37.52%)
No disponible

No disponible

No disponible

No disponible

No disponible

No disponible

No disponible

No disponible
383.088312 Da

383 Da

383.783195 Da

N-acetll glucosamina

CuuH21NOy

347.3179

C (48.41%) H (8.08%) N (4.03%)
O (41.48%)

77.50 x 0.4 centimetros (cm)?
286.2 + 5.0 cm®

703.1 £ 8.0cm®

1.493+0.03

48.8 + 5.0 dyne/cm

1.30 £ 0.1 gram/cm?

No disponible

30.72+0.5x 10% cm®
347.1216834 Da

347 Da

347.32248 Da

Glucosamina penta-acetil

CiuHaNOy,

380.3548

C (49.36%) H (5.95%) N (3.60%)
O (41.00%)

86.91 + 0.4 cm®

299.4 +5.0cm?®

787.0 6.0 cm®
1.48210.3

47.8 1 5.0 dyne/cm
1.30 £ 0.1 gram/cm?
No disponible

34.45 + 0.5 x 10 cm?®
380.132199 Da

389 Da

389.359811 Da
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El transporte in vitro (difusion) fue evaluado mediante experimentos en células de
difusién de Franz, usando la muda de piel de serpiente. La muda de piel de
serpients se reconoce ampliamente como un modelo de membrana suficiente
para la piel humana, para estudios preliminares de permeabllidad debido a la
semejanza en su composicion al estrato cérneo humano.

La muda de piel de serpients fue hidratada en una solucién de azida de sodio
acuosa al 0.1% por 48 horas a temperatura ambiente. Las pieles fueron montadas
sobre fres células receptoras de Franz llenadas con tampén fosfato 0.1 M pH7. La
solucion receptora fue mantenida a 37°C y agitada con un agitador magnético.
Las células donantes fueron aseguradas a cada célula receptora, con la piel
montada entre las células donantes y las células receptoras, y las células
donantes fueron llenadas con 100 miligramos (mg) de glucosamina HCl (Ej.,
célula 1), N-acetil gucosamina (Ej., célula 2), y glucosamina penta-acetil (Ej.,
célula 3) en una solucién de 1 mililitro (ml) de DMSO. La superficie de la piel
expuesta a la difusion fue de 2.54 cm? (diémetro de 1.8 centimetros) y el volumen
de la célula receptora fue de 8 cm®. Se le pemmitio al sistema equilibrarse por dos
horas antes de tomar las muestras.

Muestras de veinte microlitros (20 pl) de la solucién receptora, fueron tomadas a
intervalos de 5, 10, 20, 40, 80, 180, y 240 minutos y sustituidas por tampén fresco.
Una allcucta de diez yl de cada muestra fue analizada por cromatografla liquida
de aita resolucion, con deteccién electroquimica pulsada.

Segun lo mostrado en ia Figura 12, no hubo difusion y/o transporte observables a
través de la membrana de la piel de la composicion de la sal de glucosamina
HCL. Las composiciones de ésteres de glicosaminoglicano (N-acetil gucosamina y
glucosamina penta-aceti) mostraron difusion y/o ftransporte inmediatos y
constantes, a partir de 5 minutos hasta 240 minutos. Cada volumen de la célula
receptora fue analizado, revelando por encima del 50% del transporte de ésteres
(Ej., de los 100 mg de los ésteres en la fase de liberacion, sobre 50 mg de los
asteres fueron liberados durante un tiempo prolongado.
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EJemplo 4 - Permeabllidad transdérmica de la N-acetll-D-glucosamina

Como un objetivo de esta investigacion fue evaluar la permeabilidad transdérmica
de las glucosaminas, ésteres, y derivados de la misma, determinar la factibilidad
de buscar una formulacion percutdnea para terapia local, la NAG fue seleccionada
para el andlisis, ya que es un metabolito y un profdrmaco activo de la
glucosamina; y debido a su disponibilidad comercial, costo relativamente bajo y
estabilidad. Esta posee las caracteristicas fisicas y quimicas siguientes que la
hacen un candidato razonable para la liberacién fransdérmica y para la absorcién
percutdnea: a) alta potencia, b) solubilidad lipidica razonable, c) bajo peso
molecular, d) unica via bioquimica con transporte activo desde la sangre a los
cartllagos articulares. (Milewski, Biochimica et Biophysica Acta, 1597:173 - 192
(2002)). Ademés, se entiende que la glucosamina exdégena promueve la sintesis
de glicosaminoglicano hacia la produccién de proteoglicanos, evitando los pasos
limitadores en velocidad de su conversién de giucosa a glucosamina, y en Ultima
instancia de  N-acetil-D-glucosamina a glutamina (fructosa-6-fosfato
amidotransferasa) (McClain y cols., Diabetes, 45:1003 - 1009 (1998)). La glucosa
y la glucosamina son substratos de la glucoquinasa (Singh y cols., Diabetes,
50:2356 - 2362 (2001)). El producto de la glucosamina fosoforilada, la
glucosamina-8-fosfato, inhibe la glucoquinasa y altera tanto el metabolismo de la
glucosa y subsiguiente de la glucosamina (Van Schaftigen y cols., Biochem. J.,
308:23 - 28 (1995)). Miwa y cols. Reportaron que la glucoquinasa tiene una baja
afinidad para la NAG Enzyme Protein, 48:135 - 142 (1894)). Asl, la quinasa de la
NAG media la fosforilacion de la NAG para producir NAG-6-fosfato que no afecta
la actividad de la glucoquinasa (Miwa y cols., Enzyme Protein, 46:135 - 142
(1994)), permitiendo que la glucosa y la glucosamina procedan a fravés del
metabolismo sin restriccion. Asi, la biosintesis de los glicosaminoglicanos a partir
de esta perspectiva se pensaba mejor promovida, en ciertas materializaciones y
para ciertos usos especificas, mediante el uso de la NAG o de algun otro analogo
limitador en velocidad de la glucosamina mas bien que por la propia glucosamina
(Shikhman y cols., J. Immunol., 166:5155 - 5180 (2001)), aunque el uso de la
glucosamina no se excluye.

/0
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La permeabilidad fue evaluada empleando suspensiones de NAG de varios
reactivos conocidos como promotores del transporte de la membrana, etanol,
écido oleico, miristato de isopropilo, paimitato de isopropilo; soluciones de tampén
fosfato y agua de NAG; y solucién saturada NAG de dimetilsulféxido (DMSO).

Las sales de glucosamina y condroitina presentan cargas, son altamente polares,
solubles acuosas, y pobres candidatos a la absorcién transdérmica. Actualimente,
hay productos tépicos que contienen estos ingredientes como sales nutracéuticas
comercializadas para el tratamiento de la osteoartritis, las cuales contienen
ingredientes cuyos efectos pueden ser confusos a corto plazo, por ser la NAG
terapéutica un metabolito acetilado de la giucosamina ee menos polar y neutra y
parece ser un candidato mas probable para su liberacion transdérmica y
absorcion percutdnea.

La glucosamina se metaboliza a NAG por la via biosintética de ia hexosaminag; Ia
glucosamina o la galactosamina, méds un écido urdnico, se incorpora como una
unidad de disacarido en todas las macromoléculas que requieren amino-aztcares
tales como keratdn, dermatén, condroitina, hiluronatos, y heparina, para producir
los glicosaminoglicanos (GAGs). Los GAGs son moléculas altamente cargadas
negativamente, con una conformacién extendida, y demuestran alta viscosidad
baja compresibilidad, ideal como fluido lubricante para las articulaciones
anatémicos. La mayoria de los GAGs en el cuerpo estdn acoplados a una
proteina central, para formar los proteoglicanos o los mucopolisacaridos, que son
componentes bésicos de la piel, de los tejidos, y de los cartllagos. (Merrick y cols.,
J. Bio. Chem. 5:235 (1980); Milewski, “Glucosamine-6-phofate synthase,”
Biochimica et Biophysica Acta, 1597: 173 - 192 (2002).

Materiales y Métodos
Productos quimicos

NAG de 99.9+% de pureza fue comprada a partir de MP Biomedical (Aurora,
Ohio). Todos los reactivos promotores comprados para este estudio presentaron
pureza de 99.9+%. Todos los otros reactivos fueron de grado analitico y fueron
utilizados sin purificacion adicional.
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Andlisis

El andlisis de la NAG fue realizado usando cromatografia de intercambio aniénico
de alta resolucién con deteccibn amperométrica pulsada (HPAE-PAD) en un
sistema Dionex DX-500 HPLC(Dionex, Sunnyvale, CA) que incluyd una bomba de
gradiente GP40, un detector electroquimico ED40, un automuestreador AS3500 y
una PEAKNET Chromatography Workstation (Optimal Settings for Pulsed
Amperometric Detection of Carbohydrates Using the Dionex ED40
Electrochemical Detector,” Technical Note 21, Dionex Corp., Sunnyvale, CA, USA;
Clarke y cols., Anal Chem, 71:2774 - 2781 (1998); Campo y cols., J. Chrom. B,
765:151 - 160 (2001); LaCourse, W.R. Pulsed Electrochemical Detection in High-
Performance Liquid Chromatography, John Wiley & Sons Inc. (1997)). El HPAE-
PAD fue equipado con una columna analltica de intercambio aniénico
CARBOPAC PA20 (3 x 150 mm) (Dionex, Sunnyvale, CA), para la separacion
rapida de alta resolucibn de monosacéridos y disacaridos, usando deteccion
amperométrica pulsada, una columna protectora analltica CARBOPAC PA20 (3 x
30 milimetros) (Dionex, Sunnyvale, CA), y una columna de trampa de carbonato
(25 x 15 mm) (Dionex, Sunnyvale, CA). La fase mévil (a) fue desgasificada y
preparada con agua desionizada. La fase mévil (b) incluyé NaOH 0.02 N
preparado con agua desionizada y fittrado con filtros de 0.45 micrémetros (um) en
un aparato de filtracidn de solvente (Waters-Millipore, Milford, MA, USA) que fue
desgasificado bajo vacfo. El sistema de la fase mévil fue corrido a un gradiente de
concentracién de NaOH 16 mM en una velocidad de flujo de 0.5 mililitros por
minuto (ml/min). Se obtuvo una curva de calibracién estdndar de NAG (Figura 13)
con regresion lineal y valor de R?=0.9936. Cada conjunto de muestra fue corrido
con estandares extornos. Los valores de concentracion de las muestras fueron
obtenidos via el software de PEAKNET. Estos valores fueron comparados con los
obtenidos mediante calculos del drea méxima y la altura del pico observadas
como funciones de la ecuacién de regresion lineal de la curva estandar. La
sensibilidad del instrumento fue de aproximadamente 10 unidades.

Medidas de solubilidad

(Y
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Una cantidad en exceso de NAG (pKa 6.73) fue dispuesta en viales separados
que contenlan 10 mi de agua desionizada, 10 ml de n-hexano y 10 ml de tampén
fosfato (pH 8, 6.73, y 7.4; 1 M) y agitada a 37°C durante 24 horas. Las soluciones
fueron centrifugadas por 5 minutos a 9000 revoluciones/minutos y el
sobrenadante fue filtrado con filtros de membrana de acetato de celulosa (tamafio
de poro 0.45 uym) (Dionex, Sunnyvale CA). La concentracién de NAG en cada
filtrado fue determinada por HPAE-PAD después de la dilucion apropiada.

Determinacién de los coeficlentes de particion

La determinacion de los coeficientes de particién en aceite/ agua para la NAG se
determind usando n-hexanc/tampon fosfato (pH 5.5, 6, 6.73, y 7.4, 0..1 M)yn
hexano/agua (Bemacki y cols., J. Supramolecular Structure, 7:235 - 250 (1977)).
En cada caso, 5 ml de n-hexano fueron mezciados con las soluciones acucsas
que contenlan NAG y agitadas a 37°C por 24 horas. La mezcla fue centrifugada
luego y las fases drganos y acuosas se separaron. La concentracion de NAG en
los filtrados fue determinada por HPAE-PAD después de la dilucién apropiada.

Permeacién de membrana in vitro

Las mudas de la piel de serpiente fueron utilizados como una modelo de
membrana para los estudios de permeacion usando suspensiones de NAG en
promotores de permeacién de la membrana conocidos; etanol, acido oleico,
miristato de isopropilo, y palmitato de isopropilo; soluciones saturadas de NAG en
agua y en tampon fosfato, asi como en una solucién de DMSO saturada y tampén
fosfato (pH 5.5) que contiene etanol en soluciones al 2%, 5%, 10%, 25%, y 50%.

Las pieles fueron hidratadas en soluciones acuosas de azida de sodio al 0.1% a
temperatura ambiente por 48 horas. Se llevaron a cabo los experimentos en las
células de difusion de Franz. En general la célula receptora fue llenada con
tampodn fosfato 7.4 pH de 0.1 M y la célula donante llenada con una solucién o
suspensién. Para el tampdn fosfato (pH 5.5) que contenia etanol en las soluciones
al 2%, 5%, 10%, 25%, y 50% en |a fase donante, la fase receptora consistid en
tampén fosfato (pH 5.5, 0.1 M). La solucién receptora fue mantenida 37°C y
agitada con un agitador magnético.

192
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Las pieles de serpiente fueron montadas entre las células donantes y receptoras. 7

La superficie expuesta a la difusién fue de 2.54 cm? (didmetro de 1.8 cm) y el
volumen de la célula receptora fue de 6 cm®. La célula donante fue cubierta con
una pelicula pldstica. Se le permitié al sistema equilibrase a 37°C por dos horas
antes de cada experimento. A las células donantes se le agregaron 5 ml de ia
suspensién o solucion promotor-NAG. Se tomaron muestras a intervalos por
encima de un perfodo de 24 horas, muestras de 200 pl de las soluciones
receptoras fueron tomadas y sustituidas por tampén fresco; los experimentos
fueron conducidos por friplicado. Las cantidades de NAG que se permearon a
través de la piel de serpiente se determinaron por HPAE-PAD.

Tratamiento de los datos

El flujo del estado estable (Jss) para la NAG (mg/cm?h) fue calculado a partir de
su cantidad en aumento en el medio receptor (Bach y cols., Eur. J. Phamm.
Biopharm, 48:1 - 13 (1998)). El coeficientie de permeabilidad de la NAG (k) en
cm/h fue calculado a partir de pardmetros fisicoquimicos conocidos, (Hadgraft y
cols., "Feasibility Assessment in Topical and Transdermal Delivery. Mathematical
Models and In Vitro Studies,” in Transdermal Drug Delivery. 2™ Ed. Marcel
Dekker, Inc., pages 1-23 (2003)).,” en liberacién del farmaco de Transdérmico.
2do Ed. Marcel Dekker, Inc., pagina 1-23 (2003)). El tiempo lag (tg) fue
determinado graficamente a partir de la cantidad acumulativa del farmaco liberada
por unidad de drea (mg/cm?) contra diagramas de tiempo. Una ralz cuadrada del
tiempo (') contra la cantidad acumulativa del frmaco liberado por unidad de
area (mg/cm?) fue obtenida para monitorear la velocidad de liberacién in vitro de la
NAG (mg/em?), (Guidance for Industry: SUPAC-SS Semisolid Dosage Forms.
Scale-up and Postapproval Changes: Chemistry, Manufacturing, and Control; In
Vitro Release Testing and In Vivo Bioequivalence Documentation. US Department
of Health and Human Services, Food and Drug Administration, Center for. Drug
Evaluation and Research, May 1897).

Resultados
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Las investigaciones iniciales de la permeabilidad fueron llevadas a acabo con la
muda de piel de serpiente como modelo de membrana para la piel humana; un
modelo ampliamente reconocido y suficiente para los estudios preliminares,
debido a su semejanza en la composicién del estrato cérneo humano (ltoh y cols.,
"Use of Shed Snake Skin as a Model Membrane for In Vitro Percutaneous
Penetration Studies: Comparison with Human Skin," Pharm. Res., 7:1042-1047
(1990)). Un transporte insignificante de NAG fue observado a partir de
suspensiones de promotores de permeabilidad de membrana; etanol, écido
oleico, miristato de isopropilo y palmitato de isopropilo. No se observé ninguna
permeacion a partir de las soluciones acuosas de NAG en agua o en las
soluciones de tapdén fosfato (pH 5.5, 6.0, 6.73, vy 7.4; 0.1 M). Como una
cofrelaciéon cualitativa a una seleccién de los coeficientes de particion de la NAG
mostrados en la tabla 1, se esperaba la permeacion de la NAG a partir de las
suspensiones mencionadas de los promotores de la penetracién de membrana o
de las soluclones acuosas.

Tabla 1. Coeficientes de particion determinados experimentaimente para la N-
acetil-D-glucosamina (NAG) (pKa 6.73) y coeficiente de |la permeabilidad (k,)

n-hexanao/ n-hexana/ n-hexano/ n-hexano/ Octanol/ Ky (e
tamponpH 8.5 tampdnpH 6.0 tempdnpH 6.73 _ tampdn pH 7.4 sgua"
0.252 0.184 0.002 0.0e1 0.017 0.731

'®Bernacki y ofros, J. Supramolecular Structure7:235 - 250 (1997)

El DMSO fue seleccionado para la evaluacidn como estandar de comparacién
como promotor de la permeacién debido a sus propiedades fisicas y a sus
caracteristicas bien documentadas de mejoramiento (Franz y cols., "Dymethyl
sulfoxide,” en Percutaneous Enhancers. Ed. Smith, E.W., Maibach, H.I, CRC
Press, Inc., pages 112-127 (1995)). Se ha reportado que los promotores alteran
los lipidos intercelulares del estrato cérneo, aumentando la distribucion del
farmaco en el estrato cémeo con un aumento concomitante en la permeacién del
farmaco a través de las conexiones intercelulares via absorcién percutdnea
(Barry, control del J. Rel., 15:237 - 248 (1891); Williams y cols., Crit. Rev. Ther.
Drug Carrier Syst., 9:305 - 353 (1992); Sinha y cols. Drug Déb. Ind. Pharm.,

1<
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26:1131 - 1140 (2000)). A partir del diagrama que contiene la concentracion
acumulativa de NAG por unidad de drea (mg/cm?) contra el tiempo® (hora®) de la
velocidad de liberacién de NAG in vitro mostrd ser 73.48 pg/cm? (Figura 13) con
alta linealidad en el transporte, exhibiendo asl no retardo en el tiempo, segun lo
indicado en ia Tabla 2. La asuncién tomada es que la aita polaridad de la NAG y
su bajo coeficiente de permeacion, segin las indicaciones de la Tabla 3,

contribuyen a su inhabilidad de ser fransportada eficientemente solamente
mediante un promotor de la permeacién o en solucién acuosa.

Tabla 2. Datos fisicoquimicos obtenidos para la permeacién de la N-
acefiiglucosamina (NAG) a través de la muda de [a piel de serpiente via una
solucién saturada de dimetil del sulfoxide (DMSO) en la fase donante y tampén
fosfato pH 7.4 en fase receptora.

Pardmetro

Jss (mg/cm? /h) 73.48
tag (h)

Velocided de liberacién in vitro (mg/cm®) 188.64
R? 0.9736

Tabla 3. Datos fisicoquimicos obtenidos de la N-acetilglucosamina (NAG) a
través de la muda de la piel de serpiente via tampdn fosfato (pH 5.5) que contiene
soluciones de etanol al 2%, 5%, 10%, 25%, y 50% en la fase donante y tampon
fosfato pH 5.5 en la fase receptora.

Pardmetro
2 5 10 25 50

Jss (mglcn® /h)

Velocidad de
liberacibn in vitro 286.03 303.61 537.49 523.08 198.02

(ng/cm®)
tug (D)

112,61 119.53 211.61 205.93 77.96

R!
0.8778 0.8751 0.7068 0.8024 0.8836
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El estudio muestra que el DMSO permmite que la NAG sea transportada
inmediatamente y continuamente con un incremento de la concentracién lineal
con el tiempo, segun lo evidenciado en La Figura 13, que muestra el efecto del
DMSO en la parmeacion acumulativa de NAG a 37.5°C a través de la muda de
piel de serplente (concentracibn acumulativa contra tiempo* cada punto
representando la media +/- la desviacion estdndar, n=3).

Este estudio también incorpord la NAG en una solucién de etanoltapén a varias
concentraciones. El etanol se conoce como promotor, ya que facilita la
penetracién transdémmica y la absorcién percutdnea de muchos fdrmacos, (Bemer
y cols., “Alcohols, Percutaneous Penetration Enhancers,” in Alcohols. Eds. Smith,
EW. Maibach, H.l, CRC Press, Boca Raton, FL, pages 45-60 (1995)). El
coeficiente de particion aceite/agua aumenta con la disminucién del pH .de la
solucion tapén, demostrado en la tabla 1. El transporte transdémmico de la NAG no
fue observado a partir de tamp6én fosfato o etanol donde esta es altamente soluble
e insignificante soluble respectivamenfe. Su permeacién fue observada en
condiciones de sumidero a partir de tampén fosfato (pH 5.5) que contiene etanol
al 2%, 5%, 10%, 25%, y 50%, segun lo divulgado en La Figura 14, demostrando la
acumulacion de NAG a través de la muda de piel de serpiente en células
receptoras del tipo Franz a partir de tampén fosfato (pH 5.5) después de 24 horas.
La concentracién acumulativa de las soluciones que contienen etanol al 5%, 10%,
y 25% es muy similar después de 24 horas, mientras que las soluciones al 2% y al
50% de etanol en tap6n liberaron significativamente menos NAG (Figura 15,
mostrando el efecto de la concentraciéon de etanol en la permeacién acumulativa
de NAG a 37.5°C a través de la muda de piel de serpiente, concentracién
acumulativa contra tiempo®). M4s all4 de la concentracion del etanol de 50% en
tampén, la NAG se precipitd. Los valores del flujo para las concentraciones de
etanol del 10% y el 25% son similares, mientras que el 5% es la mitad de ambos.
Gréficaments, cada uno tiene un perfil de permeacién lineal ligeramente diferente
hasta el punto medio experimental aproximado. En la conclusion del punto final a
las 24 horas, cada solucién habla liberando cantidades similares de NAG.

Estos resultadocs sobretodo sugieren que los efectos termodindmicos y de
solubilidad afectan la permeacién de la NAG en comrelacién al uso del DMSO al
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100% (Kurihara-Bergstrom y cols., J. Inv. Derma., 88:274 - 280 (1987)) y a las
concentraciones variables de etanol en soluciones tapén. El flujo de la NAG in
vitro y las proporciones de liberacién a partir de soluciones de etanol en tampon
sobretodo excedieron los valores de permeacién obtenidos a partir del DMSO.
Esto muesira que las concentraciones entre 5-25% de etanol como un promotor
en vehiculos de liberacidon es un punto de partida Gtil hacia la formulacion de una
composicion de NAG liberada fransdérmicamente y absorbida percutdneamente.

El estudio actual también muestra que el DMSO es un promotor de la penetracién
de la piel para la NAG. El DMSO se utiliza generalmente para la liberacién de
farmacos en veterinaria, (Magnusson y cols., Adv. Drug Del. Rev, 50:205 - 227
(2001)). El uso de DMSO en la formulacibn de NAG puede ser dtil para el
tratamiento localizado de osteoartritis en animales, puesto que el DMSO no es un
excipiente aprobado por la FDA para el uso humano en productos farmacéuticos
liberados topica/transdérmicamente. Ademds, los resultados preliminares inéditos
en nuestro laboratorio muastran que la NAG puede tener permeacién adecuada a
partir de ofros vehiculos de liberacién de fdrmacos. Se anticipa que otros estudios
in vitro determinardn otras formulaciones de NAG que demostraran efectivamente
la liberacion transdérmica hacia la absorcién percutdnea.

EjJemplo 5 - Permeacién de la N-acetll gucosamina (NAG) en formulaciones
de érgano-gel plurénico a través de la muda de plel de serplente.

El objetivo de este estudio fue evaluar adicionaimente la permeacion de la NAG
en formulaciones de organo-gel plurdnico a través de la muda de piel de
serpiente. Cada una de estas formulaciones de gel plurénico contiene como
promotor un componente de lecitina-paimitato de isopropilo y/o lecitina-vitamina E
y la fase orgénica. El paimitato de isopropilo es un promotor bien estudiado. Los
escasos reportes de la literatura referentes a los efectos del incremento de la
permeacién por la vitamina E y la lecitina de soja, estédn disponibles tanto en
literatura no patente y en solicitudes de patentes, que describen varias formas de
dosificacion.

Para estos estudios, la NAG fue seleccionada como el compuesto de opcién, ain
cuando ésta tiene un coeficiente de particion octanocl-agua de 0.017 (pH 7.4)
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(Bemacki y cols., J. Supramolecular Structure, 7:235 - 250 (1977)). Mahjour y
colaboradores (Journal of Controlled Release, 14 (3): 243-52 (1980)) estudiaron el
efecto de las lecitinas sobre la permeabilidad de la piel in vitro con varios
farmacoa con NAG con varios coeficlentes de particion octanol-agua. Encontraron
que las lecitinas de soja mejoraron la permeabilldad de todas los farmacos
incluyendo el procaterol y la oximorfona, las cuales tienen un coeficiente
comparativamente bajo de particién octanol-agua, de -0.37 (pH 7.7) y 0.0 (pH 7.4)
respectivamente. El hallazgo mas impresionante fue el efecto de mejoramiento de
las lecitinas de soja, mostrando el mas alto para el procaterol, el cual tiene el
coeficiente de particion octanol-agua més bajo de los farmacos estudiados
(Mahjour y cols., Journal of Controlled Release, 14 (3): 243-52 {1990)). En cuanto
a la vitamina E, se postula que actia como promotor de la permeacion
intercaldndole dentro de la bicapa lipldica del estrato cdmeo, los que altera la
permeabilidad de la membrana (Trivedi y cols.,, European Joumal of
Pharmaceutical Sciences, 3 (4): 241-243 (1995)).

La vitamina E tiene un efecto doble dentro de las membranas biolégicas, como
antioxidante y estabilizador de la membrana. Estructuraimente, el grupo oxhidrilo
del anillo cromanol de la vitamina E se piensa en el amblente principal poiar de la
membrana fosfolipldica, mientras que la cadena fitil se intercala con las cadenas
acil lipidica. Trivedi y colaboradores observaron el incremento de la permeacién
de ia vitamina E (European Journal of Pharmaceutical Sciences, 3 (4). 241-243
(1985)). Su conclusion fue el mejoramiento total en la permeabilidad del estrato
cérneo es moderado. Esto es un resultado de la insercion limitada de la vitamina
E dentro de la estructura rica en ceramida de la bicapa. Asl, su declaracion
conclusiva al final fue que el efecto total de mejoramiento de la vitamina E “...no
serd enorme pero no obstante es perceptible (Trivedi y cols., European Joumnal of
Pharmaceutical Sciences, 3 (4): 241-243 (1995)).

Experimental
Materiales

La NAG fue comprada a partir de P.M. Biomedicals, inc. (Aurora, OH). El
poloxamero 407 (PLURONIC F127; Polietilen-Polipropilen Glicol), la lecitina de
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soja y el palmitato de isopropilo o fueron comprados a partir de Spectrum
Chemical Mfg. Comp. (Gardena, CA). La vitamina E (complejo de tocoferol
mezclado) fue comprada a partir de Solgar Vitamin and Herb (Leonia, NJ) de. El
agua usada para |la preparacion fue doble destilada y desionizada por un sistema
de purificacién de Millipore (Continental Water Systems Corp., El Paso, TX).

Preparacion del vehlculo

Veinte por ciento de poloxdmero 407 (PLURONIC F 127; Polietilen-Polipropilen
Glicol) fueron hechos por métodos estandares, ej. disolviendo el poloxédmero en
agua fria bajo refrigeracién por 24 horas para producir la fase del gel plurénico. La
NAG fue incorporada en la fase del gel plurénico. Las formulaciones finales fueron
preparadas via emulsificacion de la fase orgdnica electa con la fase del gel
plurénico usando las jeringuillas conectadas luer-lock.

Estudios de parmeacién de membrana in vitro

Las mudas de piel de serpiente fueron utilizadas como modelo para estos
estudios de permeacion, usando formulaciones semisélidas de gel de NAG. Las
pieles fueron hidratadas en soluciones acuosas de azida de sodio al 0.1% a
temperatura ambiente por 48 horas Se realizaron experimentos de célula de
difusién de Franz. En general la célula receptora fue llenada con tampén fosfato
de 0.1 M 7.4 pH. La solucién receptora fue mantenida a 37°C y agitada con un
agitador magnético. Las pieles de serpiente fueron montadas entre las células
donantes y las receptoras. La superficie expuesta a la difusi6n fue 2.54 cm?
(didmetro 1.8 cm) y el volumen de la célula receptora fue 6 cm®. La céiula donante
fue cubierta con una pelicula plastica. Se le permitié al sistema equilibrarse a
37°C por dos horas antes de cada experimento. Las células donantes fueron
llenadas de 5 ml de la formulacién semisélida del gel drgano-plurénico de NAG.
Las muestras (N=3) fueron tomadas en los intervalos sobre un periodo de 48
horas, muestras de200 pl de las soluciones receptoras fueron tomadas y
sustituidas por tampén fresco; los experimentos fueron conducidos por triplicado.
Las cantidades de NAG que se pernearon a través de la plel de serpiente fueron
determinadas por HPAE-PAD.
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Andlisis de HPAE-PAD (HPLC)

El andlisis de la NAG fue realizado en la University of Georgia, Center for
Complex Carbohydrate Research Center. Se utiliz6 la cromatografla de
intercambio aniénico de alta resoluciébn con deteccién amperométrica pulsada
(HPAE-PAD); Dionex, Sunnyvale, CA USA); &n un sistema Dionex DX-500 HPLC
que consistia en una bomba del gradiente P40, un detector electroquimico ED40,
un automuestreador AS3500 y una PeakNet Chromatography Workstation. El
HPAE-PAD fue equipade con CARBOPAC PA20 (3 x 150 millmetros), columna
analltica de intercambio anidnico para la rdpida separacién de alta resolucién de
monosacdridos y disacaridos, usando la deteccién amperométrica pulsada y una
columna analftica protectora de CARBOPAC PA20 (3 x 30 milimetros) y una
columna frampa de carbonato (25 x 15 milimetros). La fase movil (A) fue
desgasificada y preparada con agua desionizada. La fase mévil (B) consistié de
NaOH 0.02 N preparado con agua desionizada y filtrado con filtros de 0.45 um en
un aparato para filtracién de solvente (Waters-Millipore, Milford, MA, U.S.A.) que
fue desgasificado bajo vaclo. El sistema de la fase movil fue comrido a una
concentracién de gradiente de 16 mM de NaOH a un flujo de 0.5 mlUmin. Se
obtuvo una curva de calibracién estandar de la NAG (Figura 16, demostrando el
efecto de la lecitina de soja y vitamina E en la permeacién de ia NAG a través de
la muda de piel de serpients, se obtuvo la concentracién acumulativa (n=3) por
unidad de drea +/- la desviacién estdndar en funcién del tiempo™®) con regresion
lineal y el valor de R*=0.9936. Cada conjunto de muestra se corri con estindares
externos. Los valores de la concentracion de las muestras fueron obtenidos via el
sofiware de PEAKNET. Estos valores fueron comparados con los obtenidos
mediante calculos del drea del pico y la altura pico observadas como funciones de
la ecuacion de regresién lineal de la curva estdndar. La sensibilidad del
instrumento fue aproximadamente 10 unidades.

Andlisis de los datos

El flujo de! estado constante (J,,) para la NAG (mg/cm?h) fue calculado a partir de
su cantidad incrementada en el medio receptor (Bach y cols., Eur. J. Pharm. And
Biopharmm., 46:1 - 13 (1998)). El coeficiente de permeabilidad de la NA(_.'i (ko) en

[¢/
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cm/h fue calculado a partir de los pardmetros fisicoquimicos conocidos (Hadgraft
y cols., “Feasibility Assesment in Topical and Transdermal Delivery. Mathematical
Models and In Vitro Studies” Transdermal Drug Delivery, 2™ Ed. Marcel Dekker,
Inc., pages 1-23 (2003)). El tiempo de retardo (t,g) fue determinado graficamente
a partir de la cantidad acumulativa del farmaco liberada por unidad de 4rea
(mg/cm?) contra diagramas de tiempo (h). Una ralz cuadrada del tiempo (t%)
contra la cantidad acumulativa de férmaco liberado por unidad de drea (mg/cm?)
fue obtenida para supervisar la velocidad de liberacidn in vitro de ia NAG (mg/cm?)
(Guidancefor Industry. SUPAC-SS Semisolid Dosage Forms. Scale up and Post
approval Changes: Chemistry, Manufacturing, and Control; In Vitro Release
Testing and In Vivo Bioequivalence Documentation. US Department of Health and
Human Services, Food and Drug Administration, May 1897).

Resultados

Iniciaimente se observé el transporte de la NAG a partir de suspensiones (1:1)
(100 mg/ml) de paimitato de lecitina-isopropilo , vitamina E, y de lecitina-vitamina
E. Se observé el fransporte insignificante (por debajo del Iimite de deteccién) a
partir de todas estas suspensiones, excepto la permeacién de la NAG a partir de
la suspensién mezclada de lecitina-vitamina E (1:1) mostrada en la Figura 17,
mostrando los datos fisicoquimicos obtenidos para la permeacion de la NAG en
de la fase de los vehiculos érgano-gel plurdnico a través de la muda de piel de
serpiente, concentracion acumulativa (n=3) por unidad de area +/- |la desviacién
estdndar en funcién del tiempo* (IA: 1:1 p/p de gel plurdnico: fase orgdnica 1A
(lecitina: vitamina E (1:1 p/p)); llA: 4:1 p/p de gel plurdnico: fase organica IIA
(lecitina: vitamina E (1:1 p/p)); lllA: 0.83:0.07 p/p gel plurdnico: fase orgdnica IIIA
(lecitina: vitamina E (0.93:0.07 p/p)); IB: 1:1 p/p de gel plurénico: fase organica IB
(lecitina: palmitato de isopropilo o (1:1 p/p)); lIB: 1:1 p/p de gel plurénico:fase
organica lIB (lecitina: palmitato de isopropilo o (1: 1 p/p)); llIB: 0.93:0.07 p/p de gel
plurdnico: fase orgénica IB (lecitina: palmitato de isopropilo o (1:1 p/p)).

Relativamente, se observé el transporte lineal de la suspension mezclada de
lecitina-vitamina E (1:1). Se registraron la velocidad de liberacion=13.71 pg/cm?, el
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fljo del estado constante J,=4.23 ug/cm*h y su coeficiente de permeabilidad
kz=5.012 x 10 (cm/h) de la NAG (Tabla 4).

Tabla 4. Datos fisicoquimicos obtenidos para la permeacién de la N-
acetilglucosamina (NAG) en un vehiculo de fase organica-plurénico de lecitina-
vitamina E, a través de la muda de piel de serpiente.

Vehiculo Juu (mgicm® /h)  Velocidad de liberacitn K, (cmvh) tug (M)
(mgicm)
Lecitina/Vitamina E ~ 4.23 glem*h 13.71 pgiem? 5.012x 10° 0

Para los drgano-geles plurdnicos, cada vehiculo estuvo compuesto de un gel
plurénico y de una fase orgénica, segun las indicaciones de la Tabla 5, junto con
sus datos fisicoquimicos respectivos obtenidos para la permeacion de la N-
acetilglucosamina (NAG). Cada vehiculo de la NAG exhibié tiempo de retardo,
segun lo divulgado en |la Tabla 5. La concentracién acumulativa contra el
diagrama del tiempo de obtener el t,y no se muesira. Segun lo exhibido en la
Figura 17, la concentracion acumulativa por unidad de éarea contra la ralz
cuadrada del diagrama de tiempo, muestra una comparacién de todos los
vehiculos. Gréficamente, las formulaciones de! gel plurdnico que contenlan en la
fase orgdnica la mezcla de lecitina y palmitato de isopropilo superaron el gel
plurénico conteniendo los vehiculos de la fase orgdnica de lecitina y vitamina E.
La formulacion Il A, que contuvo el gel plurénico para la mezcla de lecitina-
vitamina E en la proporcién 0.93:0.7 exhibié los mejores valores de velocidad de
liberacion, flujo del estado constante y coeficiente de permeabilidad (Tabla 5).

Los datos muesiran que como se disminuye la fase orgénica del promotor, la
permeacién de la NAG aumenta para ambas formulaciones, lll A e Il B. Sin
embargo, las velocidades de liberacién de las formulaciones It B e Ill B son
comparables. Correspondientemente, en experimentos no divulgados aqul, la
NAG no fue transportada solamente en vehiculos acuosos.

15
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Tabla 5. Datos fisicoquimicos obtenidos para la permeacién de la NAG en
vehiculos de fase organica-plurénico a través de la muda de piel de serpiente.

Vehlculo Etiqueta Fue_arginira Ju Velocidad tg
Grifica (mg/cm? /M) de (cmvh) h)
iberaclén
{

Gel plurénico: 1A Lecitina/\Vitamina E 1.01 6.88 32x10° 645
Fasem C::gf)nlea (1:1 plp)
Gel plurénico: A Lecitina/Vitamina E 1.08 8.94 3.1x10° 388
Fase Organica .

A (4:1) (1:1 pip)
Gel plurtnico: A Lecitina/Vitamina E 10.3 74.9 32x107 085
Fasa Orgénica (1:1 pip)
A (0.93: 0.7) .
Gel plurdnico: IB Lecitina/Palmitato 2.18 148  3.1x10* 533
Fase Orgénica de Isopropilo o

18 {1:1) (1:1 pp)
Gel plurdnico: ns Lecltina/Paimitato 6.98 38.5 25x10' 698
Fase Orgénica de Isopropilo o

IIB (4:1) (1:1 pip)
Ged plurdnico: ]]:) Lecitina/Palmitato 4.46 43.1 868x10" 249
Fase Orgdnica de |soproplio o
ne {0.93: 0.7) (1:1 pip)

Las divulgaciones completas de todas las patentes, solicitudes de patentes,
solicitudes de patentes provisionales, publicaciones, y material disponible citados
aqul, son incorporados como referencia. La descripcion y los ejemplos detallados
precedentes se han proporcionado solamente para mayor y comprensiéon. No se
deben entender limitaciones innecesarias a partir de los mismos. La invencién no
se limita a los detalles exactos mostrados y descritos; muchas variaciones serén
evidentes para la persona calificada y se concibe que son incluidas dentro de la
invencion definida por las reivindicaciones.
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1. Un compuesto que comprende un primer componente covalentemente
enlazado a un segundo componente, dicho compuesto que tiene la formula L

NH—L—-X

donde:
R', R?, R®y R* son cada uno independientemente H o un grupo orgénico;
L es un grupo de enlace opcional; y
X es un agente anti-inflamatorio.

2. El compuesto de la reivindicacién 1 donde el agente anti-inflamatorio se
selecciona a partir del grupo que consiste en un agente anti-inflamatorio no
esteroidal y un derivado de un agente anti-inflamatorio no esteroidal.

3. El compuesto de la reivindicacion 2 donde el agente anti-inflamatorio no
esteroidal se selecciona a partir del grupo consistente de diflunisal, {acido
acetilsalicllico, frisalicilato de magnesio y colina, salsalato, diclofenac, etodolac,
indometacina, glucametacina, sulindac, tolmetina, fenoprofén, ibuprofén,
ketoprofén, naproxeno, oxaprozin, flurbiprofén, dcldo mefenamico,
meclofenamato, fenilbutazona, piroxicam, meloxicam, nabumetona, pirbrofén.
indobufén, acido tiaprofénico, acetaminofén, carprofén, etofenamato tenoxicam,
salicilatc de magnesio y colina, salicilato de colina, fenoprofén de calcio,
indoprofén, ketorolac, frometamina de ketorolac, salicilato de magnesio,
meciofenamato de sodio, salicilato de sodio, lornoxicam, nimesulide, remifenzona,
flosulide, rofecoxib, celecoxib, y valdecoxib.
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4. El compuesto de la relvindicacién 1 donde el agente anti-inflamatorio se
selecciona a partir del grupo que consiste en una prostaglandina, un acido
araquidénico, y un metabolito del dcido araquidénico.

5. El compuesto de reivindicaciones precedentes unas de los donde L, si estd

presents, s un grupo organico.

6. El compuesto de cualquiera de las reivindicaciones precedentes donde el
primer componente se selecciona a partir del grupo consistente de glucosamina
pentacetado, glucosamina-1-fosfato, glucosamina-6-fosfato, N-acetil-B-D-
glucosamina,  N-acetilglucosamina-6-fosfato,  N-acetilglucosamina-1-fosfato,
uridina  difosfato-N-acetilgiucosamina, 2 amino-2-deoxi-1,3,4,6-acetil-B-D-
glucopiranosa, andlogos acetilades de 2 amino-2-deoxi-1,3,4,6-acetil-B-D-
glucopiranosa, 2  acetamido-2-deoxi-B-D-glucopiranosa-1,3,4,6-tetraacetato,
andlogos acetilados de 2 acetamido-2-deoxi-B-D-glucopiranosa-1,3,4,6-
tetraacetato y N-acetil glucosamina.

7. Una composicién farmacéutica que comprende una cantidad terapéuticamente
efectiva de al menos de un compuesto de cualquiera de las reivindicaciones
precedentes, y un excipients farmacéuticamente aceptable.

8. La composicibn farmacéutica de Ila reivindicacion 7 que comprende
adicionalmente unos o mas componentes adicionales seleccionados del grupo
que consiste de un agente antimicrobiano, un agente gelificante, un agente
emuisionants, un agente endurecedor, un agentes cicatrizante de la piel, un tenso
activo, un emoliente, un solvente, un lubricante, una cera, un humectante, un
promotores de la penetracion de la piel, un antioxidantes, y combinaciones de los
mismos.

9. La composicidn farmacéutica de la reivindicacion 8 donde el agente
antimicrobiano se selecciona a partir del grupo consistente de etanol, parabeno,
sales de un parabeno, acido sérbico, sorbato de potasio, propilenglicol, glicerina, y
combinaciones de los mismos.
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10. La composicién farmacéutica de la reivindicacion 8 donde e agente
cicatrizante de la piel se selecciona a partir del grupo consistente de vitamina E,
acido ascorbico, tocoferol alfa, tocoferol, tocoferol gamma, aloe vera, vitamina E-
TPGS, y combinaciones de los mismos.

11. La composicién farmacéutica de la reivindicacibn 8 donde el agente
emuisionante se selecciona a partir del grupo consistente de colesterol,
poloxdmeros, lecitina, carbdmeros, éteres de polioxietiién, ésteres de Acidos
grasos, estearatos, y combinaciones de los mismos.

12. La composicién farmacéutica de la reivindicacién 8 donde el promotor de la
penetracibn de la piel se selecciona a partir del grupo consistente de
dimetilsulféxido, etanol, polietilénglicol, urea, acetamida dimetil, sulfato laurel de
sodio, Spans, Tweens, terpenos, azona, acetona, dcido oleico, y combinaciones
de los mismos.

13. La composicién farmacéutica de la reivindicacién 8 donde ef antioxidante se
selecciona a parlir del grupo consistente de d&cido fumdrico, acido madlico,
paimitato de acido ascdrbico, hidroxilanisol butilado, propil galato, ascorbato de
sodio, el metabisulfito de sodio, y combinaciones de los mismos.

14. La composicién farmacéutica de cualquiera de las reivindicaciones 7-13 donde
la composicion se formula para el uso tdpico.

15. La composicién farmacéutica de la reivindicacién 14 donde el excipiente se
selecciona de a partir de un unglento, un gel, una crema, una solucién, una
locién, una suspensién, una microemulsién, una emulsién, un liposoma, o un
parche transdérmico.

16. La composicion farmacéutica de cualquiera de las reivindicaciones 7-13 donde
la composicién se formula para la administracién subcut&nea, intramuscular, o
intravenosa.

17. La composicién farmacéutica de cualquiera de las reivindicaciones 7-13 donde
la composicion se formula para la administracién oral.
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18. La composicion farmacéutica de cualquiera de las reivindicaciones 7-17 donde
el primer componente estd presente en la composicién en una cantidad de
aproximadamente del 1 por ciento an peso al 75 por ciento en peso.

19. Una composicién farmacéutica que comprende una cantidad terapéuticamente
efactiva de un compuesto que tiene férmula Ii:

donde

R', R? R? R*y R® son cada uno Independientemente H o un grupo
orgdnico; y

un excipiente farmacéuticamente aceptable;
donde la composicion se formula para el uso tdpico.

20. La composicién farmacéutica de la reivindicacion 19 y que comprende
adicionaimente al menos un agente anti-inflamatorio.

21. La composicién farmacéutica de la reivindicacién 19 6 20 donde el excipiente
se selecciona a partir del grupo consistente de un ungiento, un gel, una crema,
una solucién, una locién, una suspensién, una microemuision, una emuisién, un
liposoma, o un parche transdérmico.

22. Un método para tratar o prevenir un desorden o condicién en un mamifero,
dicho método que comprende administrar a un mamlifero una cantidad
terapéuticamente efectiva de una composicibn segin cualquier de ias
reivindicaciones 7-21.

23. El método de la reivindicacibn 22 donde el desorden o la condicién se
selecciona a partir del grupo consistente de artritis, osteoartritis, osteoporosis,
esguinces musculares, distensiones musculares, esguinces articulares,
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distensiones articulares, tendonitis, bursitis, quemaduras, dolor de articulaciones,
articulaciones inflamadas, dafios de la piel, delicadeza de 1a piel, dolor de la piel,
dafios en la piel causados por el sol, dafios en la piel causados por el viento,
dafios en ia plel causados por la sal, tejido de clcatriz, arrugas de la piel relativas
a la edad, y combinaciones de los mismos.

24. El método de la reivindicacion 22 6 23 donde el tratamiento del desorden o la
condicién comprende aliviar al menos un sintoma del desorden.

25. El método de cualquiera de las reivindicaciones 22-24 donde la administracion
de la composicién comprende la administracién topica.

28. El método de la reivindicacién 25 donde la composicién se formula para el uso
oMo un cosmético.

27. El método de cualquiera de las reivindicaciones 22-25 donde la administracion
de la composicién comprende la administracién subcutdnea, intramuscular, o
intravenosa.

28. El método de cualquiera de las reivindicaciones 22-25 donde la administracion
de la composicion comprende la administracion oral.

29. El método de cualquiera de las reivindicaciones 22-28 donde el mamifero es
un ser humano.

30. Una composicién farmacéutica que comprende una cantidad terapéuticamente
efectiva de un compuesto que tiene formula Il:

donde:

R'. R% R®y R*son cada uno H, y
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R® es un grupo acetilo; y
un excipiente farmacéuticamente aceptable;
dicha composicién formulada para el uso topico.

31. La composicion farmacéutica de la reivindicacion 30 y que comprende
adicionalmente un agente anti-inflamatorio.

32. Una composicién farmacéutica que comprende una cantidad terapéutii:amente
efectiva de un compuesto que comprende un primer componente covalentemente
enlazado a un segundo componente, dicho compuesto que tiene la férmula I:

donde:
R', R R3?, y R* son cada uno H,
L es un grupo acetilo, y
X es ibuprofén o ketoprofén; y

un excipiente farmacéuticamente aceptable; composicién dicha formulada para
la aplicacion tépica.

33. Un método para aliviar una condicién tratable con comprender de la
glucosamina: el administrar a un mamifero a la cantidad efectiva de un
compuesto que comprende un primer componente covalente se ligb a un
segundo componente, dicho compuesto que tiene férmula l:
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NH~L—X

donde:
R', R% R?, y R*son cada uno independientemente H o un grupo organico,
L es un grupo de enlace opcional, y
X o8 un agente anti-inflamatorio.

34. Un método para aliviar una condicién tratable con un agepnte anti-
inflamatorio que comprende:

administrar a un mamifero una cantidad efectiva de un compuesto que
comprende un primer componente covalente enlazado a un segundo
componente, dicho compuesto que tiene férmula I:

NH=-L—X

donde:
R', R R?, y R*son cada uno independientemente H o un grupo orgénico,
L es un grupo de enlace opcional, y

X es un agente anti-inflamatorio.



73

RESUMEN

Se proporcionan profarmacos mutuos de glucosamina, y derivados y andlogos
de glucosamina y un agente anti-inflamatorio, composiciones de los mismos y
métodos por ejemplo, para el tratamiento de desdrdenes y condiciones,
mediante la administracién de las composiciones. También se proporcionan

composiciones tdpicas de glucosamina, y derivados y andlogos de
glucosamina.
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TITLE OF THE INVENTION

ACETAMINOPHEN/NON-STEROIDAL ANTI-INFLAMATORY
5 DRUG - GLUCOSAMINE COMPOSITION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a Continuation-In-Part of co-pending application US SN

10 05/489,779, filed January 24, 2000, entitled Dietary Regimen Of Nutritional For

Relief Of Symptoms Of Arthritis and Other Joint Discomfort. Co-pending application

US SN 09/489,779 also claims the benefit of pemding Provisional Application

60/151,083 filed August 27, 1999, to the extent that it discloses subject matter in

common. Co-pending application US SN 09/489,779, filed January 24, 2000,

15 entitled Dietary Regimen Of Nutritional For Relief Of Symptoms Of Arthritis and

Other Joint Discomfort is a Conlinuation-In-Part of US SN 09/193,474, filed

November 18, 1998, entitled Dietary Regimen Of Nutritional For Relief Of Symptoms

Of Arthritls, which in tum is a Continuation of US SN 952,272, filed January 6,

1998, entitled Dietary Regimen Of Nutritional For Relief Of Symptoms Of Arthritis,

20 now US Patent 5,840,715 (issucd November 24, 1998), which is the US National

Stage Entry under 35 USC §371 of international application PCT/US95/16722, filed
December 11, 1995,

BACKGROUND OF THE INVENTION

25 L Field of the Invention - This invention is directed to a composition, a
dictary regimen and a method. More specifically, this invention is directed to a
dietary regimen and formulation having improved gastrointestinal absorption and
systemic utilization of nutritional materials for asbatement of the symptoms associated
with arthritis. The dictary regimen of this invention is also effective in the reversal of

30 the degeneration caused by arthritis by the repair and/or replacement of mammalian
joint connective tissue that has deteriorated and/or been damaged incident to disease
and/or injury.
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2 Description of the Prior Art - The increase in life expectancy of
Americans from 1930 to 1980 can, in part, be attributed to the improvement in
nutrition in the United States during that period. ~However, the situation today
remains far from idea), since six out of ten of the leading causcs of death in this
county, (including heart attack, cancer, cirthosis of the liver, and diabetes), are linked
to dietary excesses or deficiencies. It is, thus, becoming increasingly obvious that
many of these common diseascs can be prevented with a well-balanced diet and
efficient nutritional supplcmentation with certain vitamings, minerals and nutrients.

The problem is particularly acute in older Americans. Approximately 30
percent of older Americans are deficient in meeting their dietary requirements of all
the essential nutrients.  These nuiritional deficiencies are complicated in older
individuals by both the inherent limitations on their bodies to efficiently process the
nutrients in food, and factors which interfere with such processes (e.g. medications,
illness, acquired allergies to certain types of food, etc.). More specifically, the
hazards of food-drug interactions, as a potential cause of depletion of essential
nutrients, are well recognized. It is unavoidable that old age calls for increased use of
medications. For example, the use of certain antibiotics decreases absorption of
calcium and iron, while EDTA chelation therapy decreases absorption of zinc, iron,
copper, and magnesium.

Moreover, as an individual’s cholesterol level and triglyceride level increases,
many of the foods which increase the rik of cardiovascular disease also have to be
eliminated from the diet. Such additional dietary constraints further depletes the
available sources of easential nutrients which are found in these high rigk foods. For
example, excellent sources of vitamin B and vitamin D, such as red meat, liver, egg
yolk, cheese and dairy products, have to be limited because of their high cholesterol
content. Moreover, to the extent that dictary limitations require exclusion of foods
rich in antioxidants and other functionally equivalent nutrients, and/or foods that that
impact immune system vitality, the risk of cancer is also increased.

Limiting menu choices also causes a depletion of essential amino acids, such
as tryptophan which is important precursor of neurotransmitters and that may play a
role in the prevention of memory function deterioration with aging. The availability
of essential nutrients is further compromised by poor gastrointestinal absorption. The

PCTIUS00/27931 { ? )/
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traditional way to offset insufficient nutrients in the diet, insufficient gastrointestinal
absorption and/or insufficient metabolic utilization of essential nutrients, is to
administer relatively large doses of vitamins, mineral and other dietary/nutritional
supplements.  Unfortunately, simply increasing the quantity of such essential

5 nutrients, via ingestion of such supplements, does not necessarily increase their
systemic availability, because of self-limiting factors associated with digestion and/or
the body's internal mechanism regulating their availability. This is particularly
apparent in the case of the treatment and/or abatement of the degenerative processes
associated with arthritis,

10 The physiological and biochemical pathways which define the disease
complex know as “arthritis™ are both distinct and yet inter-related. Accordingly, in
order to cffectively treat and relieve the symptoms associated with this disease
complex, it is necessary to provide an integrated approach for reversal of the disease,
while at the same time providing immediate symptomatic relief.

15 Early efforts at combining traditional arthritis medications (NSAID) and so-
called dietary supplements in the treatment of arthritis have been suggested as early as
1961. More specifically, the use of therapeutic amounts of a NSAID (aspirin), in
combination with one or more natural constituents of joint tissue, has been described
as a potential remedy to abate the symptoms associated with arthritis in both the

20 patent and technical literature. For example, US 3,008,874 (to Feeney, et al, issued
November 14, 1961) discloses the co-administration of aspirin (including aspirin-like
compounds) and glucosamine. The observed effect of the sdministration of this
composition is a demonstrative increase in the blood level of the aspinin.

Similarly, aspirin has been disclosed in combination with glycosaminoglycans

25 (e.g. chondroitin sulfate) as a therapy to abate the symptoms associated with arthritis,
Kerzberg, E. M., et al, Combination of Glycosaminoglycans & Acetylsalicylic Acid In
Knee Osteoarthritis, Scand. J. Rheumatorlogy, 16:377-380, (1987). The Kerzberg
article concludes that, based upon the then available knowledge az to the
physiological effects of the individual components, the aspirin and the chondroitin

30  were likely synergists. Moreover, Kerzherg concluded that the administration of the
chondroitin in the diet likely inhibited the enzymatic degradation or the breakdown of
the healthy joint cartilage.
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More recently, the patent and technical literature have disclose the additional
benefits from the co-administration of glucosamine and chondoitin, specificaily, that
such combination is likely to be synergistic and, thus, very effective in the treatment
of the cauges and/or symptoms associated with this disease. More specifically, each

5 of US Patent 5,364,845 (to Henderson, filed March 31, 1992) , and US Patent
5843,919 (to Burger, filed October 22, 1997) are representative of this more recent
prior art. Each of the Henderson ‘845 and Burger ‘919 patents are incorporated
herein in their entirety.

The Henderson ‘845 patent describes and claims a dietary regimen and

10 composition for the abatement of the symptoms of arthritis comprising glucosamine
salts, chondroitin salts and manganese. The Burger ‘9/9 patent describes and claims
a dietary regimen and composition for the abatement of the symptoms of arthritis
comprising one or more glucosamine salts and one or more omega-3 fatty acids
(EDA, DHA and their mixture). RBach of the Henderson and Burger patents are

15 exclusive of co-administration of their respective compositions and an NSAID; and,
must rcly upon one or more additional ingredients in their formulation for immediate
abatement of the inflammation associated with arthritis. Neither Hendersorn nor
Burger patents contemplate the addition of any agent to enhance absorption and/or to
increase the systemic availability of the glucosamine; and, it is assumed that the

20 prescribed dosage levels altain adequate systemic levels of the essential ingredients to
achieve the intended results.

In each of the Henderson and Burger patents, the administration of their
patented compositions is based upon a daily regimen, and contemplates a daily dosage
sufficient to reverse the degeneration of the effected connective tissue. In each

25  instance, the effectiveness of the dictary regimen is based, in part, on the ability of
such nutrients to alter the metabolic pathways associated with cartilage formation so
as to increase the utilization of essential nutrients in the synthesis of healthy cartilage.
The amount of supplements required to achieve this desired result is generally directly
related to the weight of the individual and indirectly related to the absorption and

30 availability of the supplement in sufficient amounts to drive the reaction equilibrium
in the desired direction to accomplish the desired result. More specifically, the
biochemical pathway for the synthesis of collagen from simple sugars is reversible
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unless reaction conditions, favoring its formation, drive the reaction equilibrium in the
direction of such synthesis. Such reaction kinetics are based upon the relative
amounts of glucosamine that is formed, and the further transformation thereof into
proteoglycans (the precursor of cartilage). Unless the amount of glucosamine present
in the blood is in sufficient excess, the transformation thereof into proteoglycans docs
not occur. Accordingly, in order for glucosamine containing dietary supplements to
be effective, such supplements must contain relative large amounts of glucosamine
and/or be taken in accordance with a dietary regimen that insures adequate amounts be
ingested to provide the required systemic level to accomplish the desired cartilage
synthesis, Because of the factors enumerated sbove (relative to inefficiencies in
absorption and other competing/interfering processes relating to the body’s ability to
provide systemic amounts of the supplement at the targeted levels), the administration
of a specified amount of glucosamine in a given dietary regimen cannot be guaranteed
to provide the desired symptomatic relief, or relief within a reasonable period
following adoption of the dietary regimen containing glucosamine. Thus, in a
number of instances, an individual may not attain relief from his symptoms at the
recommended dosage, or attain only marginal relief or attain relief only afier an
extended period of treatment. Thus, there is continuing need to improve both the
efficiency in the absorption of essential nutrients in such arthritis formulations, while
at the same time maintaining a relatively uniform standard or dosage form for
individuals within a given weight and age range.

OBJECTS OF THE INVENTION -

It is the object of this invention to remedy the above as well as related
deficiencies in the prior art.

It is the principle object of this invention to provide a dictary regimen -and
formulation having improved gastrointestinal abgorption and systemic utilization of
nutritional materials, specifically, supplements that can provide symptomatic relief
from both the pain and stiffness associated with arthritis.

It is another object of this invention to provide a dietary regimen and
formulation that is formulated to provide for immediate symptomatic and long term
relief from degenerative effecta of arthritis,

1<
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It is yet another object of this invention to provide a dietary regimen and
formulation that is formulated to enhance the absorption of the components thereof,
while providing immediate relief from the pain and stiffness associated with arthritis.

It is atill yet another object of this invention to provide a dietary regimen and

5 formulation that is both palatable, effective and yet relatively easy to digest.

Additional objects of this invention include the formulation of the dietary

supplement of this invention in a convenient dosage form.

SUMMARY OF THE INVENTION
10 The above and related objects are achieved by administration of a daily
regimen of supplements, including a formulation comprising (a) natural ingredients
and derivatives of natural ingredients generully characterized as chondroprotective
nutrients/supplements, (b) acetaminophen or a non-steroidal anti-inflammatory
(NSAID) at a level sufficient to enhance the bioavailability of said chondroprotective
15 nutrients/supplements, and, optionally, (¢) an additional bioavailablity enhancer for
the natural ingredients and derivatives of natural ingredients.

The unique formulation of this invention has improved gastrointestinal
absorption and systemic utilization of nutritional materials for abatement of the
symptoms associated with arthritis. Moreover, it is believed that each of the

20 acetaminophen/NSAID enhances the systemic bioavailability of the chondroprotective
agents, and, thus, their more effective individual roles and syncrgy relative to each
other.

In brief, the preferred dietary regimen of this invention involves the
administration, on a daily basis, of effective amounts, (consistent with the attainment

25 of one or more of the above stated Objects of the Invention), of the following
supplements

()  glucosamine, glucosamine asalts (e.g. glucosamine sulfate, glucosamine
hydrochloride, N-acetyl-glucosamine) and mixtures thereof,

(b)  chondroitin, chondroitin salts (e.g. chondroitin sulfate) and mixtures

30 thereof,

(c) acetaminophen or a non-steroidal anti-inflammatory (NSAID) selected

from the group consisting of aspirin, naproxen, piroxicam, indomethacin, sulindac,
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meclofenamate, difusinal, tolmetin, ibuprofen, fenoprofen, etodolac, ketorolac,
dicofenac, ketoprofen, and nabumetone, their corresponding salts, their corresponding
isomers and mixtures thereof, and, optionally,

(d) an alkaloid piperine extract from the Piperaceae fruit family.

It is understood that that thc amount of acctaminophen or NSAID
compound(g) in this formulation or administered in the daily regimen, can range from
about 25% to 35% below an amount traditional regarded as therapeutic up to an
including the 100% to 150% of the amount traditionally regarded within the

10  therapeutic rango (e.g- 325 to 500 mgs aspirin per therapeutic dosage; 200 to 300 mgs
of ibuprofen per therapeutic dosags, etc.,). Similarly, the chondroprotective agent in
the formulation and daily regimen can also be administered in an amount below that
which is required of more traditional preparations because of the enhancement in the
systemic bioavailability of such nutrients as a result of their co-administration with

15  the acetaminophen or NSAID. Thus, the body’s demands for chondroprotective
agents and acetaminophen or NSAID is more than adequately met to sbate the
symptoms of arthritis, notwithstanding that the amounts thereof which is administered
has been reduced from that normally prescribed. More specifically, the beneficial
effects of the formulation are less dosage dependent, in that the systemic level of the

20 chondroprotective agents are enhanced as a result of the presence of each of the
acetaminophen or NSAID; and, can be further enhanced, as desired, by the addition of
an alkaloid piperine extract to the formulation. Thus, the body’s needs are more
readily and consistently satisfied 8o as to abate the symptoms of arthritis at these
reduced levels, notwithstanding, the potential interference from prescription

25 medication, reduction in absorption in the gastrointestinal tract and competing
processes, commonplace in older individuals, all of which have historically rendered
such treatment unpredictable and often ineffective.

As the treatment progresses, the glucosamine and chondroitin component(s) of
the composition stimulate the bioaynthesis of the glycosaminoglycans and the

30 hyaluronic acid backbone needed for the formation of proteoglycans found in the
structural matrix of the joints. The addition of the acetaminophen or NSAID
compound, also participate in the process of symptomatic relief from the pain and
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stiffness associated with arthritis, however, their role in this regard is perceived to be
subordinate to the chondroprotective agents, and primarily in the enhancement of the
absorption and systemic utilization of the chondroprotective agents.  As the
absorption of the chondroprotective agents is increased, the reaction kinetics which

5 favor the synthesis and regeneration of joint cartilage, is biased in favor of cartilage
synthesis/regeneration, thereby affording the individual afflicted with arthritis, long
term relief The addition of the alkaloid extract of piperine to the formulation is
believed to enhance the systemic utilization of the acetaminophen or NSAID, even at
what is generally regarded as sub-therapeutic levels, to further reduce inflammation of

10 the effected joint, and thereby provide more immediatc symptomatic relief from the
pain and swelling of the arthritic joints.

In one of the preferred embodiments of the dietary regimen and composition
of this invention the NSAID compound (also “cyclooxygenase inhibitor”) is derived
from a natural or synthetic form of a compound selected from the group consisting of

15 methyl salicylic acid, salicylsalicylic acid, salicylic acid, trilisate, sadalcid, and salts
thereof (hereinafier also collectively “aspirin”). The form of the aspirin and the
amount thereof, is well tolerated at the contemplated daily dosage; and, its
ingestion/digestion otherwise unremarkable at the contemplated daily dosage do to the
form thereof, and/or the presence of additional ingredients (e.g. natural or synthetic

20 buffers).

In one of the preferred dietary regimen of this invention, the recommended
daily consumption of a combination of dietary supplements (based upon a body
weight in the range of from about 50 to about 200 1bs.) is as follows:

o glucosamine, 50 to 2000 mg/day,

25 » chondroitin, 25 to 1500 mg/day,

s aspirin (Acetylsalicylic acid), 10 to 4000 mg/day, and

+ alkaloid piperine, 0.2 to 20 mg/day

In functional terms, the glucosamine and chondroitin are present in a sufficient

30 daily dosage to arrest the deterioration of the connective tissues in the joint and, over
time, promote the regeneration of healthy tissue. In the near term, the other
components of the composition (acetaminophen or NSAID) provide more immediate
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symptomatic relief, a critical factor in maintaining the confidence of the patient to
continue on the program.

The dosage form of the composition can include any conveniently dispensable
preperation, (e.g. tablets, softgel capsules, liquid elixir, etc.). In the preferred
embodiments of this invention, the dosage form preferable contains all of the essential
ingredients in a single, easily ingestible form, that can be taken at different times
throughout the day (e.g. to correspond with meals). Once symptomatic relief has
been attained, it is preferable that the daily dosage, be biased in favor or moming and
mid-day administration of the composition, with little if any additional ingestion,
taking place in the evening (to optimize digestion and uptake)

Essentially continuous adherence to this regimen over a relatively brief period
of time provides both effective symptomatic and essentially continuous relief from the
debilitating effects of arthritis.

DETAILED DESCRIPTION OF THE INVENTION
INCLUDING PREFERRED EMBODIMENTS

This invention is hereinafter described, by way of reference, illustration and
example, to the preferred class of NSAID, collectively referred to as “aspirin™. It is
understood that such reference, illustration and exemplification is intended for of
understanding, and in no way is it to be construed, nor is it intended, to limit or
otherwise restrict the scope of the protection to accorded to the invention, which is set
forth in the Claims.

Novel Composition - It has been discovered that a combination therapy of
glucosamine (and its corresponding salts), chondroitin (and its comesponding salts),
and acctaminophen or NSAID provides effective symptomatic relief from the
associated pain and discomfort associated with arthritis; and, can arrest, and in time
reverse, the progression of the disease. ‘The acetaminophen or NSAID functions in
this formulation both to enhance absorption of the chondroprotective agents and as a
source of immediate relief of the pain associated with arthritis. In one of the
preferred embodiments of this invention, an alkaloid extract of piperine is also present
to further enhance the absorption of all of the essential ingredient of the formulation,
including specifically, the chondroprotective agents. To the extent not otherwise

197
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present in the diet in adequate amounts, the formulation of this invention can also
contain the mineral manganese, and preferably an organic salt of manganege, such as
manganese ascorbate, to promote the conversion of nutrients to collagen.

In order to reduce potential discomfort and irritation associated with aspirin,
the aspirin can be administered at 25 to 50% below an amount considered to be within
the therapeutic range; or, altematively, when administered at therapeutic levels (e.g.
about 7.5 to 15 mgs/kg body weight) is enteric-coated or buffered. In addition, or as
an alternative to enteric coating, the herb, Musa sapientum, {(or the active ingredient
thereof, flavonoid leucocyanidin), can also be included in such preferred composition
to reduce the potential irritating side effects of aspirin and as protective agent for the
GI tract and to inhibit aspirin-induced erosions of the stomach lining in sensitive
individuals.

Glucosamine Component - As above noted, glucosamine provides the
primary substrate for both collagen and proteoglycan synthesis. Glucosamine is
available from a number of naturul sources and/or can be synthetically derived.
Glucosamine is the preferred substrate for proteoglycan synthesis, including
chondroitin sulfates and hyaluronic acid. The glucosamine component of the novel
combination is, preferably, in & salt form so as to facilitate its delivery and uptake by
the digestive system.  The preferred salts of glucosamine include N-acetyl-
glucosamine, glucogsamine hydrochloride and glucosamine sulfate and mixtures
thereof. Once absorbed, glucosamine localizes to cartilage and joint tissues, where it
remains for extended periods, until neeeded in the synthesis/regeneration of
connective tissues. As recognized in the technical literature and indicated elsewhere
herein, the retalive systemic level of glucosamine is critical to drive the reaction
kinetics to collagen formation. Accordingly, it is preferable to provide sufficient
glucosamine to increase the systemic level thereof to effectively drive the reaction
equilibrium in the direction of collagen formation. Generally, because of
enhancements in the absorption provided by the formulation of this invention, as little
as 10 to 15 mga’kg/body weight per day of glucosamine is effective 1o accomplish the
purposes of this invention.

Chondroitin Component - Chondroitin is a polysulfonated glycosaminoglycan
composed of repeating structural units of glucose which provides the framework or

| 10
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template for the remodeling of connective tissue such as cartilage; and, further
provides the cartilage with its flexibility, resiliency and resistance to compression
(shock absorbing properties). = More specifically, there arc multiple synthetic
pathways for the formatoin of cartilage (depending upon the substrate/starting
materials); and, in each instance glucosamine is an intermediate in the formatoin of
the desired product. The Henderson ‘845 patent (previously discusssed herein) is
exemplary of this process. In brief, one pathway involves the conversion of simple
sugars to a more complex sugar, mucopolysaccharides (c.g. glycosaminoglycans).
Altematively, or concurrently, glucosamine (N-acetyly-glucosamine) is ingested
pursuant to the dietary regimen of this invention; and, as the systemic level thereof
increases (based upon the combination of the endogenous and exogenous contribution
thereto), it matures to form collagen. This maturation step involves an accretive
process wherein glycosaminoglycan simply increases in mass and thereby forms
collagen. This maturation is facilitated by the chondroitin which provides a substrate
for the synthesis of the proteoglycans, such glycosaminoglycans.

ACETAMINOPHEN or NSAID - The ecetaminophen or non-steroidal anti-
inflamatory drugs (NSAID) suiteble for use in the formulation of this invention
include many of the well-known over the counter and prescription products prescribed
for relief of pain and discomfort associated with muscle and joint discomfort. The
preferred acetaminophen suitable for use in this invention is a Tylenol-like
preparation. The preferred NSAID suitable for use in this invention includes aspirin,
naproxen, piroxicam, indomethacin, sulindac, meclofenamate, difusinal, tolmetin,
ibuprofen, fenoprofen, etodolac, ketorolac, dicofenac, ketoprofen, nabumetone, and
acetaminophen, their corresponding salts, their corresponding isomers and mixtures
thereof. The accepted and prescibed unit dosage for the acetaminophen or NSAIDs
contemplated for use in this invention can range from about 325 mgs for the lesser
effective drugs (e.g. a single adult aspirin) to about 200 mgs for the more effective
drugs (e.g. a single adult ibuprofen). Where a natural source of the NSAID is used
(White Willow Bark, as source of salycic acid), the prescibed smount will vary
proportionately because of the relatively low content of NSAID in such natural
product.

11
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Bloavailability Enhancer - In order to further enhance the systemic levels of
nutrients within the context of this invention, the formulation of this invention
optionally contains an additional nutrient, absortion enhancer effective amount of an
alkaloid extract of piperine. This compound is available commercially from Sabinsa

5 Corporation (Piscataway, NJ) under the brand name, Bioperine®. This commercial
product, which is an acceptable source of the piperine extract, is dereived from black
pepper and reportedly contains at least 95% alkaloid piperine. This product is also
reportedly described in US 5,536,506, which is herein incorporated by reference in its
entirety). This compound is effective to enhance the bioavailability of the active

10 ingredients of the formulation when present at a concentration ranging from about 0.1
to about 1.0 weight percent.

Optional Ingredients - Other natural ingredients contemplated within the
scope of this invention and which are reported to contribute, in a supporting role, to
abatement of the one or more of the components of the disease complex referred to

15 herein as “arthritis” are as follows: shark cartilage; cayenne; turmeric (curcuma
longa); boswellia serrata; devil’s claw; cat’s claw; sea cucumber; yucca; alfalfa;
chlorella; quercetin; calcium, magnesium; type II collagen; vitamin C; vitamin E;
CoQ 10; bromelain; zinc; manganese; MSM (methyl-sulfonyl-methane); and CMO
(cetylmyristoleate).

20 Dietary Regimen - The composition is administered for a time sufficient to
reduce or control the symptoms of arthritis and other joint discomforts. One or two
doses of the composition may be sufficient, or the composition may be administered
on an ongoing basis for several days or weeks, even months in duration. Variables
related to the amount of the composition to be administered include the severity of

25 symptoms, the species of animals to be treated, and the body weight of the animal.
Typically, the composition is administered at a dosage of between 1.5 to about 275
mgs of the combined glucosamine, chondroitin, and aspirin, (other natural
ingredients) per kilogram of the body weight per day irrespective of species. The
amount of alkaloid extract of piperine per dose, when present, is preferably in the

30 renge of from about 0.004 to 0.08 mg/kg of body weight.

12
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The formulation of this invention may be administered, if desired, in divided
doses, such as BID, TID, or QID. The following recommended treatment is both safe
and effective for relief from the symptomatic effects of arthritis.

Dosage Components Time of Day
10 to 2500 mg Aspirin Moming

50 to 1000 mg Glucosamine Moming
25t0 750 mg Chondroitin Moming

10 to 2500 mg Aspirin Mid-Day

50 to 1000 mg Glucosamine Mid-Day

25 to 750 mg Chondroitin Mid-Day

10 to 1500mg Aspirin PM

50 to 1000 mg Glucosamine PM

2510 750 mg Chondroitin PM

The body's demand for glucosamine and chondroitin requires that both of
them be taken a minimum of twice; and, for better results, three times a day. When
the above treatment is followed, the pain associated with arthritis will begin to subside
immediately, and, thereafter such treatment provides essentially continuous relief so

10 long as the regimen is followed. In most individuals such treatment will slow down
or even reverses the progression of the disease. However, when the regimen is
discontinued, the debilitating pain may return within a brief period (4-7 days). In
some instances, the therapeutic effects of the formulation provides pain relief for an
even longer period (up to 14 days) afler treatrnent has been discontinued. In any

1S cvent, upon resumption of the regimen, the pain once agaim is abated, and no side
effects are experienced cven after several months of continued use.

EXAMPLES
The Examples that follow further define and illustrate a number of the
20 preferred embodiments of this invention. Parts and percentages appearing in these
Examples are by weight unless otherwise indicated. The apparatus used in the

13
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formulation and evaluation of the compositions of this invention are standard unless
indicated otherwise.
EXAMPLE 1
A formulation of this invention is prepared in tabletted form by mixing unit
5  doses of the following components: 325 mg enteric coated or buffered aspirin, 500
mg glucosamine sulfate, and 400 mg chondroitin sulfate.  This unit dosage is
efficacious in a dietary regimen wherein the individual weighe from about 100 to
about 125 Ibs. and takes at least one dose of this formulation in the moming and a
second dose in the evening. For individuals weighing 150 to 175lbs, the dictary
10  regimen contemplates that, at a minimum, one additional dose be taken in the moming
and in the evening. Where the individual is in excess of 200 Ibs., but less than about
2501bs, the unit dosage specified in the regimen is 2x to 3x the minimum dosage.

EXAMPLE 2
15 The procedures of Example 1 are repeated, except for the substitution of a unit
dose of 200 mgs of the NSAID, ibuprofen, for a unit dose of the aspirin component of
the formulation.
EXAMPLE 3
20 The procedures of Example 1 are repeated, except for the substitution of the a

unit dose of 220 mgs of the NSAID, naproxen sodium, for a unit dose of the aspirin
component of the formulation.
EXAMPLE 4
The procedures of Example 1 are repeated, except for the reduction in the unit
25  dose of the aspirin component of the formulation from 325 mgs to 243 mgs/unit dose.

EXAMPLE 5
The procedures of Example 1 are repeated, except for the substitution of a
natural source of an NSAID, White Willow Bark (15% salicylic acid), for the aspirin
30 component of the formulation. The unit dose of White Willow Bark is adjusted to
deliver the therapeutic equivalent of aspirin.

14
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EXAMPLE 6
The procedures of Example 1 are repeated, except for the substitution of
acetaminophen for the aspirin component of the formulation. The unit dose of
acetaminophen is adjusted to deliver the therapeutic equivalent of aspirin.

EXAMPLE 7

The procedures of Example 1-5 are repeated, wherein each of the formulations
of Examples 1-6 are modified to include 150 mgs manganese ascorbate.

15
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30

WHAT IS CLAIMED IS:

1. In a dietary supplement comprising 2 formulation containing
glucosamine and/or suitable salts of glucosamine and possibly one or more additional
ingredients, suitable for providing both symptomatic relief from the pain and
immobility associated with arthritis and repair/regeneration of connective tissues
associated with the disease complex of arthritis, the improvement comprising:

at least one additional ingredient for enhancement of systemic bioavailability
of said glucosamine in said formulation, said additional ingredient comprising
acetaminophen or a non-steroidal anti-inflammatory (NSAID) selected from the group
consisting of aspirin, naproxen, piroxicam, indomethacin, sulindac, meclofenamate,
difuginal, tolmetin, ibuprofen, fenoprofen, etodolac, ketorolac, dicofenac, ketoprofen,
and nabumetone, their corresponding salts, their comresponding isomers and mixtures
thereof,

with the proviso that the acetaminophen or NSAID present in said formulation
is at an effective amount sufficient to (a) enhance the systemic level of glucosamine
and thereby favor collagen formation and (b) within a range of from about 25% below
an accepted and prescribed therapeutic range for said acetaminophen or NSAID up to
about 150% above an accepted and prescribed therapeutic range for said
acetaminophen or NSAID.

2. The improved dietary supplement of Claim 1, including an additional
ingredient comprising & bioavailablity enhancement effective amount of an alkaloid
extract of piperine

3 The improved dietary supplement of Claim 1, including chondroitin.

4, The improvement of Claim 1, wherein the dietary supplement
comprises the following components in following relative proportion:

e about 10 to about 4000 parts by weight aspirin (acetylsalicylic acid),

» about 50 to about 3000 parts by weight glucosamine, and

o about 25 to about 2,250 parts by weight chondroitin,

|96
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5. The improvement of Claim 1, wherein the dietary supplement
compriges the following components in following relative proportion:
e about 10 to about 4000 parts by weight acetaminophen,
o about 50 to about 3000 parts by weight glucosamine, and
5 e about 25 to about 2,250 parts by weight chondroitin

17
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6. In a dietary supplement comprising a formulation containing
glucosamine and/or suitable salts of glucosamine and possibly one or more additional
ingredients, suitable for providing both symptomatic relief from the pain and
immobility associated with arthritis and repair/regencration of connective tissues

5  associated with the disease complex of arthritis, the improvernent comprising:

- at least one additional ingredient for enhancement of systemic
bioavailability of said glucosamine in said formulation,

said first additional ingredient comprising acetaminophen or a non-steroidal
anti-inflammatory (NSAID) selected from the group consisting of aspirin, naproxen,

10 piroxicam, indomethacin, sulindac, meclofenamate, difusinal, tolmetin, ibuprofen,
fenoprofen, etodolac, ketorolac, dicofensc, ketoprofen, and nabumetone, their
corresponding salts, their corresponding isomers and mixtures thereof, and

with the proviso that the acetaminophen or NSAID present in said formulation
is at an effective amount sufficient to (a) enhance the systemic level of glucosamine

15  and thereby favor collagen formation and (b) within a range of from about 25% below
an accepted and prescribed therapeutic range for said acetaminophen or NSAID up to
sbout 150% above an accepted and prescribed therapeutic range for said
acetaminophen or NSAID, and

20 . a second additional ingredient for enhancing the bioavailablity of
acetaminophen or a non-steroidal anti-inflammatory (NSAID) compriging an effective
amount of an alkaloid extract of piperine,

7. The improved dietary supplement of Claim 6, including chondroitin.
25
8. The improvement of Claim 6, wherein the dietary supplement
comprises the following components in following relative proportion:
o about 10 to about 4000 parts by weight aspirin (acetylsalicylic acid),
¢ about 50 to about 3000 perts by weight glucosamine,,
30 s about 25 to about 2,250 parts by weight chondroitin, and
o about 0.3 to about 15 parts by weight alkaloid extract of piperine.
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9. The improvement of Claim 1, wherein the dietary supplement
comprises the following components in following relative proportion:
» about 10 to about 4000 parts by weight acetaminophen,
e about 50 to about 3000 parts by weight glucosamine,
5 e about 25 to about 2,250 parts by weight chondroitin; and
s about 0.3 to about 15 parts by weight alkaloid extract of piperine.
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10. In a dietary regimen involving daily administration of a formulation
containing glucosamine and/or suitable salts of glucosamine, suitable for providing
both symptomatic relief from the pain and immobility associated with arthritis and
repair/regeneration of connective tissues associated with the disease complex of

5 earthritis, the improvement comprising:

A. providing a formulation which includes acetaminophen or a non-
steroidal anti-inflammatory (NSAID) selected from the group consisting of aspirin,
naproxen, piroxicam, indomethacin, sulindac, meclofenamate, difuginal, tolmetin,
ibuprofen, fenoprofen, etodolac, ketorolac, dicofenac, ketoprofen, and nabumetone,

10  their corresponding salts, their corresponding isomers and mixtures thereof,

with the proviso that the acetaminophen or NSAID present in said formulation
is at an effective amount sufficient to (a) enhance the systemic level of glucosamine
and thereby favor collagen formation and (b) within a range of from about 25% below
an accepted and prescribed therapcutic range for said acetaminophen or NSAID up to

15 about 150% above an accepted and prescribed therapeutic range for said
acetaminophen or NSAID, and

B. Administering said formulation to an individual afflicted with arthritis
until said individual attains symptomatic relief.

20
11. In en improved dietary regimen of Claim 10, involving daily
administration of a formulation containing an additional ingredient comprising a
bioavailablity enhancement effective amount of an alkaloid extract of piperine
25 122 In an improved dietary regimen of Claim 10, involving daily

adminigtration of a formulation containing chondroitin.

13. In an improved dietary regimen of Claim 10, involving daily
administration of a formulation containing the following components in following
30 relative proportion:
s about 10 to about 4000 parts by weight aspirin (acetylsalicylic acid),
e about 50 to about 3000 parts by weight glucosamine, and
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14, In an improved dietary regimen of Claim 10, involving daily
administration of a formulation containing the following relative proportion:
5 o about 10 to about 4000 parts by weight acetaminophen,
¢ about 50 to about 3000 parts by weight glucosamine, and
e about 25 to about 2,250 parts by weight chondroitin

e about 25 to about 2,250 parts by weight chondroitin,
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o) ABSTRACT

A muthod of treating, preventing, or inhibiting pain, inflam-
mation or inflammation-associated disorder in a subject in
need of such treaiment or prevention provides for treating
the mubject with glucosamine and a cyclooxygenase-2 selec-
tive inhibitor or prodrug thercof, whermin the amount of
ghicosamine and the amount of & cyclooxygenase-2 sclec-
tive inhibitor or prodrug thereol fogether constinte o pain or
inflammation suppressing treatment or prevention effective
smount of the compasition. Compositions and pharmaccu-
tical coompositions that contain glucosamine and a cyclonxy-
genase-2 selective inhibitor are also disclosed.
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METHOD FOR THE TREATMENT AND
PREVENTION OF PAIN AND INFLAMMATION
WITH GLUCOSAMINE AND A
CYCLOOXYGENASE-2 BELECTIVE INHIBITOR
AND COMPOSITIONS THEREFOR

[0001] 'The presum applicalion claims the benefit of US.
Provinional Application Serial No. 6(/312,272 tllud Avg. 14,
2001, which is incorporated herein by reference therein.

BACKGROUND OF THE INVENTION
[0002] (1) Ficld of the Invention

[0003] The present invention relates to methods for the
treatment and prevention of pain and inflammation and
compositions {or such treatment, and more particularly to
melhods for the treatment and prevention of pain amd
inflammation in subjects peeding such trearment and pre-
vention and to compositions comprising a cyclooxygenase-2
solective inhibitor that are useful in such methods.

[0004] (2) Description of Relatcd Art

[0005] Infammation is a manifestation of the body's
response o tirsue damage and infection. Although the
complex mechanisms of mflammation are not fully eluci-
dated, inflammation is knovwn to bave a close relationship
with the immune response and to be associated with pain and
fover in tho subject.

[0006] Prostaglandins are known 1o be imporiant media-
tors of inflammation, as well as ki regulates other significani,
non-inflammation-related, functioms. Regulation of the prm-
duction and adtivity of prosiaglandins has been a common
targe1 of antiinflammatory drug discovery activitics. How-
cver, common noo-sicroidal antiinflammatory drugs
(NSAIDs) that arc active in reducing the prostaglandin-
induced pain and swelling associated with the inflammation
process slso bave an effect, sometimes adverse, upon other
prosiaglandin-repulsied processes nol wsociated with the
inllammation procass. The wse of high doss ol many
common NSAIDs can produce severe side effects that limit
their therapeutic potential.

[0007] The mechanism ascribed 1o many of the common
NSAIDs is the modulation of prostaglandin synthesis by
inhibition of cyclooxygenases that catalyze the transforma-
tion of arachidonic acid—the first stcp in the prostaglandin
synthesis pathway. It has recently been discovered that two
cyclooxygenascs arc involved in this transformation. These
enzymex have heen termed cyclooxygenase-1 (Cox-1) amd
cyclooxygenase-2 (Cox-2). See, Needicmen, P. et al, J.
Rhewmarol,, 24, Suppl 49:6-8 (1997). See, Fu, 1. Y, et al., J.
Biol. Chenm., 265(28):16737-40 (1990).

[000%] Cox-1 has been shown Lo be & comtitutively pro-
duced cnzyme that is involved in many of the noo-inflam-
malory regulatory functions amsociated with prosiaglandins,
Cox-2, on ibe other hand, is an inducible enzyme havimg
significant involvement in the inflammatory procuss. Inflam-
mation causes the induction of Cox-2, kading to the releem
of prostanoids, which sensitize peripheral nociceptnr termi-
nals and produce localized pain hypersunsitivily. Sce, eg.,
Samad, T. A. ot al., Nature, 410{6827):471-5 (2001). Many
of the common NSAIDs are now knawn to be inhibitors of
hoth Cox-1 and Cox-2. Accordingly, when administered in
suflicicntly high levels, these NSAIDs affect nol only the
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inflammatary consequences of Cox-2 activity, but also the
bencficizl activilias of Cox-1.

[0009] Recenily, compounds that selectively inhibil
cyclouxygenase-2 have been discovered. These compounds
selectively inhibit the activity of Cox-2 io 8 much greater
extent than the activity of (Cox-1. The new Cox-2-selective
inhihilars are believed to offer advaniages that include the
capacily to prevent or reduce inflammation whils avaiding
barmiul side cilects associsted with the inhibition of Cox-1.
Thus, cyclooxygenase-2-selective inhibilors have shown
great promise for usc in therapics—cspecially those which
require extendod adminisiration, such as for pain and
inflammation control for arthritis. Additional information ca
the identifleation of cyclouxygenane-2-sulective inhibitors
can he found in roferences such as: (1) Butigereit, F. et al.,
Am. J. Med., 110(3 Suppi. 1): 13-9 (2001); (2) Osiri, M. et
aL Arthritis Care Res., 12(5):351-62 (1999); (3) Butiar, N. S.
et al., Mayo Chin. Proc, 75(10):1027-38 (2000); (4) Woli-
beim, F. A, Current Opin. Rheumatol,, 13:193-201 (2001);
(5) US. Pat. No. 5,434,178 (1.3,5-irisubstifuted pyrazole
compounds); (6) US. Fai. No. 5476,944 (derivatives of
cyclic phenolic thioethers); (7) US. Pat. No. 5,643,933
(substituted sullonylphanylheterocycles); U.S. Pat. No.
5,859,257 (isoxazole compounds); (8) U.S. Pal. No, 5,932,
598 (prodrugs of benzencsulfonamido-containing Cox-2
inhibitors); (9) U.S. Pat. No. 6,156,781 {substituted pyra-
#nlyl henzeoesulfonamides); and (10) U.S. Pat. No. 6,110,
960 (for dihydrobenzopyran and related compounds).

[0010} The idemity, eficacy and side effects of pew
cyclnoxygenase-2-selective inhibitors for the treatment ol
inflammation have been ruported. Ruferences includs: (1)
Hilksem, J. L- ¢l al,, Expert Opin Pharmacother, 1(5):1053-
&6 {2000), (for rofecoxib, Vioxx®, Merck & Co., Inc.); (2)
BEverin, B. et al., Clin. Rhewmatol, 19(5):331-43 (2000), (for
celecoxib, Celebrex®, Pharmacia Corporation, and rofe-
coxib); (3) Jamali, I, J. Pharm. Pharm. Sci, 4(1):1-6
{2001), (for celecoxib); (4) US. Pat. Nos. 5,521,207 and
5,760,068 (for sulmtituted pyrazolyl henzenesulfonamides);
(5) Davies, N. M. ot al., Clinical Genetics, Absir. at http://
www.mmhc.com/cg/anticles/CGINNG/davies.himl (for
meloxicam, celevoxib, valdecoxib, parecoxib, derscoxib,
and mofecoxib); (6) bitp://www.cclobrex.com (for ccle-
coxib): (7) htp:/iwww.docguide.com/dgnsl/PrintPriot/
F1FSDDD2D8B0094085256 98F00742187, May 9, 2001
(for ctoricoxib, MK-663, Menk & Co., Inc.); (8) Sasg, K.
¢t el., Arch. Fam. Med, 9(10):1124-34 (2000), (for rofc-
coxih); (%) Intcroational Patent Publication No. WO
0y24719 (for ART 963, Abbolt Laborstories).

[0otl] Ahbough cyvclaxygenase-2-sckective  inhibitors
reeently have been largets of infense research in the area of
troaiment and pruvention of inflammation, especially related
1o arthritis treatment, olher compounds have also been
reparted 10 be useful for anti-inflammatory applications. For
example, glucosamine has heen reported to be bepeficial in
the trcatment of osteoarthritis. See, ¢.g., Walker-Bane, K. et
al., BMJ 322:673 (2001). N-scetylgiucosamine has been
reported by Shikhman, A. R. & al, in J. Jmmunol,
166(H):5155-60 (2001}, to prevent il-1heta-mediated active-
tion of ieman chondrocytes 1o resull in anti-inAammatory
activity. Rubin, B. R. et al, in Adu Chitln Sci,
4LCUCIIIS’99):266-269 (2000), reported the use of
N-acctyl-D-glucosamine as » sustained rcleane source of
ghicosamine. Glucosamine bas also been reported to be
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waeful for migraine prophylaxis (Russell, A. L. et al, Med.
Hypotheses, 55(3):195-198 (2000)), fur treatmom of peular
disorders (Head, K., Altern Med. Rev, 6(2)141-166
(2001)), and for treatment of pacdiatric chronic inflamma-
tory bowel discase (Salvatore, S. ¢t al., ANment Pharmacol.
Ther, 14:1567-1579 (2000)).

[0012] ‘The long-term eifecis of glucosamine sultate on
tteoanhrilis progression was reported by Reginster, 1. Y. o1
al., in Lamcer, 357:251-6 (2001). This group rcportcd that a
group of paticnis with knee osteoarthritis had no significant
joint-space loss in 3 years when taking 1500 mg/day of
glucosamine sullate. Their interpretation of the Godings was
that glucosamine sulfate could be a disease modifying agent
in ustcoarthritis. A comment on the articls by McAlindon, T,
Lancet, 357(9252x247-R, suggesied that health care profes-
sionals should accommodate the possibility that & ouiritional
supplement, such as glucosamine, may have valuable thera-
peutic effects for oateoarthritis.

[0013] Combinations of glucosamine with other materials
have also been reported to be useful for the treatmem of
arthritix and inflammation. In WO 0074656, Zhong et al.,
discussed the usc of glucosamine and at Jeast one Chinese
herb selected from Tripterygiun wilfordii, Ligustrum luci-
duns and Erycibe schmidtii for allcviating the symploms of
an ailment that involves the inflainmation or cegeneration of
Joint tissues, such as arthmitis. The publication apeculated
that both Liguvrum Incidun end THpeerygium wilfondii
could affect the activity of the Cox-2 enzyme. However, it is
known that the tritorpenoids, ursolic acid and olcanic acid,
which arc the ¢cnzyme inhibitory compounds of Ligrextrum
lucidiim exiracis, are pot substantially more selective for the
inhibition of Cox-2 than for Cox-1. Sece, for example,
Ringbom, T. el al.,J. Nai. Prod, 61(1U)x1212-1215 (1998).
Furthormore, il s kmown that exiracs of Triptenygiom
wilford!l act primarily by suppressing the oxpression of
Cox-2 mRNA., rather than by inhibiting the activily of the
Cox-2 enzyme. See, Two, X. ¢ al., Arhiritis Rhewn,
41{1)%130-138 (1998), among others.

[0014] [abeled glicosamine has besn widely used as a
component in a method for the measurement of protcogly-
can metabolism. For example, the effect of meluxicam,
aceclofcnac and diclofensc on the metsbolism of newly
syntbesined proteoglycan and hyaluronan in ostenarthritic
cartilage cxplants was studied by Blot e1 al., Hr. J. Pharma-
col, 131(7):1413-1421 (2000, by in vitro administration of
esch of the NSAIDs 1o the explonts. Similar uses for
glucosamine have been reported in Sasaki, T. e1 al, J. Appl.
Physiol., 66(2):764-70 (1989), among othcm.

[0015] Even though the ireaiment and prevention uf pain
and inflammation, such as is cnused by erthritis and other
inflammation-associated disorders, hax advanced very sig-
nificantly during the past scveral years, there still remains &
nced for improved methods and compositions thal prevent
andfor treal pain and inflammation, snd particularly for
methods and compositions that arc cfficacions for such
applications in physiologically acceptable dosages, and
which are selective in 1heir physiological impaclL.

SUMMARY OF TIIE INVENTION

[0U16] UDriclly, thercfore the invention is dirceied lo 2
novel method for the treatment, prevention, or inhibition of
pain, inflammation or inlammation-associsted disorder in &
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subject in peed of such treatment, prevention, or inhibilion,
comprising adminisiering glucosamine and a cyclooxyge-
pase-2 selective inhibitor or prodrug thereof to the subject.

[0017] The iovention is also directed to & novel mothod for
the treatment or prevention of disorders having an inflam-
malory compoment in a subjel in need of the treatment or
provention of disorders haviny an inflammaiory component,
the method comprising administering 1o the subject a thena-
peutically cffcctive dose of glucosamine and cyelooxyge-
nase-2 selective iohibitor or & pharmaccutically acceptable
sal1 or prodrg thereof

[0018] The invention is also directed 10 a novel composi-
tion for the trealment, prevention, or inhibition or pain,
inflammation, ur inflammation-associated disorder compris-
ing glucosamine and a cyclooxygenase-2 selective inhibitor
or prodrug thereol.

[0019] 'Ihe iovention is also direcled Lo & novel pharma-
ceutical composition comprising glucosamine; a cyclooxy-
genase-2 specific inhibitor or prodrug thereof; and a phar-
maceutically-acceptable cxcipicnl.

[0020] ‘The iovention is also directed 10 a novel kit that is
suitable for use in the treatment, prevention or inhibition of
pain, inflammation or inflammation-associated disorder, the
kit comprises a first dosage form comprising glucosamine
and a secund dosage form comprising s cyclooxygenase-2
sclective inhibitor or prodrug thereol, in quantities which
comprise a therapeutically effective amouni of the com-
pounds for the treatment, prevention, or inhibition of pain,
inflammation or inflammation-sssocisted disorder,

[0021] The prosent invention is also directed o a novel
method of treating or preventing a cyclooxygenasc-2 medi-
ated disorder in a subject, said method comprising treating
the subject having or susceptible to said disorder with a
therapeutically-cllective amount of the pharmaceutical com-
positions that comprise glucosamine and any ome of the
eyckoxypenase-2-seleclive inhibitors desceribed shove.

[0022) Several advantages are achicved by the present
invention, inclicling the provision of an improved method
and a compasilion that prevent and/or treai pain and/or
inflammation, and also a method and a composition that are
elficacious for such applications in physiclogically accept-
able dosapes, and which are selective in their physiological
impact.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[23] In accordance with the preseat imvention, it has
been discovered that pain, inflamumation and inflammation-
amocisted disorders can be preveoted amtlior treated in
subjects that are in need of such prevention or treatment by
treating the subject with & combination that includes a
ghicosamine and a cyclooxygenase-2 selective inhibitor.
The amount of the glueosamine and the amount of 1he
cyclooxypenare-2-selective inhibilor that ore used in the
treatment can be selccted a0 that together they constitute a
pein or inflammation suppressing trcatment or prevention
cffective amounl.

[0024] 'The novel metbod of trealing a subject with a
combination of glucosamine and a cyclooxygenase-2-selece
live inhibitor provides a safo and cHficacious metbod for
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preventing and alleviating pain and inflammation and for
proventing and trealing disorders thal are associated with
inflanmation. In addition to being an efficacious method and
composilion for prevoenling end/or alloviating pain and
inflammation in a tresicd subject, such method and compo-
sition might also provide desirable properties such as sta-
bility, eas: of handling, ease of compaunding., lack of side
offecta, case of preparalion or adminisiration, and the like.

{002%] ‘The novel method and compasitions comprisc the
use of glucosamine and a cyclooxygenase-2 selective inhibi-
tor.

[0026] Glucosamine that is useful in the present invention
may be oblsined from any source of glucosamine. Gho-
cosamine is 2-amino- , and is an amino sugar
that is found penenally in chitin, eell membranes and muco-
polysaccharides (c.4.. a5 a component of cartilage). The
ghicosamine can be isvlated and purified from natural
sourves, purchesed from commercial suppliens, or synthe-
sized by any method suilable for the synthesis of pharma-
ceutically accepiable glucosemine. Useful sources of glu-
cosamine ioclide, without limitation: glucosamine;
ghuconamine aalts of hydrochloric, idic, sulfuric. pbospho-
ric, or other pharmaceutically acceptable acid; plucosamine-
2-sulfate; glcosamine-3-sulfate; glucosamine-S-sulfate;
glucosamine-23-disulfate; glucosamine-2,6-disulfate; gh-
cosamine-3,6-disulfate; glucosamine-3,4,6-risulfate; glu-
cosaminc pentasceiaty; glucosamine-1-phosphate; glu-
cosaminc-6-phosphate; N-acciylghicnsamine-6-phosphate;
N-aceiylglucosamine- 1-phosphate; N-acctyl-D-ghu-
cosamine; and oridine diphoaphaie (UDP)-N-acetylglu-
cosamine. Preferred sources of glucosamine include D{+)-
gluicosamine,  glucosamine  sulfate,  glucosamine
bydrvjodide, ghicosamine hydrochloride, and N-acetyl glu-
cuamine.

[0027] Glucosamine can also be supplied by the isolation
and purification of glucuvsamioe from hydrolysis products
and other derivalives of chitin, hyaluronic acid, heparin and
keratosullate which contain glueosamine or 3 derivative of
glucasamine. The glucosamine can also contain mixtures of
two or more of any of the materials described above. A
prefemred type of glucosamine that is uscful in the present
invention comprises substantially pure D-glucosamine. One
source of such pure D-glucosaming is D(+)-glucosamine.
available from Sigms-Aldrich, St. Louis, Mo.

[0028] As used herein, the term “purified™ means partially
purified and/or compleiely purified. Thus & “purificd com-
position” may be ecither partially purified or completely
puritied. For example, glucosamine from a natural source, or
an extruct of a naturally occurring cyclooxygenase-2 inhibi-
lor, may he partially purified or completely purified. Such
materials can also he synthesized.

[0029] ‘Ihe glucosamine thal is usefu]l in the subjecl
method can be of any purily and quality thal & pharmaceu-
tically acceptabls.

[0030] In an embodiment of the present invention, glu-
cosamine is combined with a cyclooxygenase-2 selective
inhibitor. Any cyclooxyponasc-2 selective inhibilor or pro-
drug thereof that meetn the criteria deacribed below can be
uscd in the subject method.

[0031] Aanofher component of the combination of the
present invention is a cycloxypenase-2 sclective inhibilor.
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The terms “cyclooxygeoase-2 sclective inhibitor™, or
“Cox-2 sckeutive inhibitor”, which can be used imerchange-
ably bersin, embreco compounds which selectively inhibit
cyclooxygonose-2 over cyclooxygenase-1, and also include
pharmaccutically acceptablc salis of those compounds.

[0032] 1In practice, 1he nelectivity of a Cox-2 inhibilor
varivs depending upon the condition under which the test is
periormed and on the inhibitors being teated. However, for
the purposes of this specification, the selectivily of a Cox-2
inhibitor can be measured as a ratio of the in vitro or in vivo
ICgp value for inhibition of Cox-1, divided by the 1C,, value
for inkibition of Cox-2 (Cox-1 1Ce//lox-2 ICg). A Cox-2
melective inhibitor is any inhibitor for which the mtio of
Cox-1 ICs, 10 Cox-2 [Cy, is greater than 1. In preferred
embodiments, this ratio is greater than 2, more preferably
greater than 5, yet more preferably greater than 10, still more
preferubly greatar than 50, and more preferably still greater
than 100.

[0033] As uscd Berein, lbe term "IC," refers to the
conceniration of a compound that is required to produce
50% inhibition of cyclooxygenase activily, Prefermed
cyclouxygonase-2 salective inhibilons of 1he present imven-
tion bave s cycloaxygenass-2 ICy, of luss than sbout 1 z0M,
more preferred of loas than about 0.5 M, and even more
proferred of less than about 0.2 M.

[0034] Preferred cycloxnyyonasc-2 sclective inhibitors
have a cyclooxygeasse-1 IC,, of greater than about | #M,
and more preferably of greater than 20 4#M. Such preferred
selectivity may indicate an ability to reduce the incidence of
common NSAID-induced side effecta

[0035] Also included within the seope of the present
inveation an: compounds that acl as prodrugs of cyclooxy-
genase-2-solective inhibitors. As used herein in reference to
Cox-2 sclective inhibitors, the 1crm "prodrug™ refers to a
chemical compound that can be converted into an active
Cox-2 sckeclive inhibitor by metabolic or simple chemical
processes within the body of the subject. One example of a
prodrug for a Cox-2 sekective inhibitor is parecoxib, which
is a thermpeutically effective prodrug of the ircyclic
cyclozygunase-2 sclective inhibitor valdecoxib. An
oxample of & preferred Cox-2 selective inhibitor prodrug is
parecoxib sodium. A class of prodrugs of Cox-2 inhibitors is
described in U.S. Pat. No. 5,932,598,

[0036) The cyclooxypensse-2 seluctive inhibitor of the
present invention can b, for example, the Cox-2 selective
inhibijtor meloxicam, Formula B-1 ((CAS registiry number
71125-38-7), or & pharmaceutically acceptable sali or pro-
drug thereof.

L

[0037] In anothcr cmbodiment of the iovention the
cyclooxygenase-2 scleclive inhibitor can be the Cox-2 selec-

B-1
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tive inhibitor RS 57067, 6] 5-{4-chlurobenzoyl)-1,4-dim-
cthyl-1H-pyrrol-2-ylJmethyl}-3(2H)-pyridazinone, Formula
13-2 (CAS registry number 179382-91-3), or a pharmaceu-
tically accepiable salt or prodrug thereof.

k-2

[0038] In a another cmbodiment of the inveation the
cyclooxygenase-2 selective inhibilor is of the chromene/
chroman struciural class that is a subslituted benzopyran or
a subsiituted benzopyran analog, and even more preferably
selected from the group consisting of substituted benzothi-
upyrans, dihydroquinolines, or dihydronaphthalenes having
the siructure of any one of tho compounds having a siructurc
shown by gencral Formulas 1, 11, 111, 1V, V, and V1, shown
below, and possessing, by way of exampie and not limita-
tion, the structures disclosed in Table 1, including the
diastercomcers, enantiomers, racemales, taulomers, salin,
esiers, amides and prodrugs thereof.

[0039] Benzopyrans that can scrve as a cyclooxygenase-2
sclective inhibitor of the prosent invention include substi-
tuted benzopyrn derivatives that are described in U.S. Pat.
No. 6,271,253, One such class of compounds is defined by
the gencral formula shown below in formulas I:

a2 'Al R!

K- A

A
\' X »

[0040] whercin X' i selecied from O, S, CRR" and
NR*%;

[0041] whercin R™ is ralected from hydrido, €,-Cy-
alkyl, (optionally substituted phenyl)-C,-Cx-alkyl,
acyl and carboxy-C,-C.-alkyl:

[0042] whuruin each of R and R® is independently
selected from hydrido, C,-Cy-alkyl, phenyl-C,-C,-
alkyl, C,-C,-perflucroalkyl, chinro, C,-Cg-alkylthin,
C,-C4-alkoxy, nitro, cyano and cyano-C,-Cy-alkyl;
or wherein CRY R® forms a 3-6 membered cycloalkyl
ring;

[0043] whercin R® is selected from carboxyl, ami-
nocarbonyl, C,-C,-alkylsulfonylaminocarbonyl and
C,-Cs-alknxycarbonyl;

[0044] wherein R* is selecied from hydrido, phenyl,
thrienyl, C,-C,-alkyl and C,-C -alkenyl;

[0045] wherein R? is sclceted from C,-Cy-perflucm-
alkyl, chioro, C,-Cg-alkylthio, C,-C -alkoxy, nitro,
cyano and cyano-C,-Cy-alkyl:

s 19,23 708

[0046] whercin R* is one ur more radicals indcpen-
dently sclected from hydrido, bala, C,-Cg-alkyl,
Cy-Cy-alkenyl, C;-Co-alkynyl, halo-Co-Cy-alkiynyl,
aryl-C,-Cyalkyl, aryl-C,-Cg-alkynyl, eryl-C,-C,-
alkenyl, C,-Cy-alkoxy, metbylenedioxy, C,-C -alky-
hhio, C,C,-alkylsulfinyl, aryloxy, arylthio, aryl-
sulfiny]l, heweraryloxy., C,-Cg-alkoxy-C,-C -alkyl,
aryl-C,-C-alkyloxy, heteroaryl-C,-C -alkyloxy,
wryl-C,-Cyalkoxy-C,-Coalkyl, ~ C,-Cyhaloalkyl,
C-Cohaloalkoxy,  C,-Cybaloalkylthin, €,-C,
baloalkylsullinyl, C,-C,-haloalkylsulfonyl, (,-C,-
(hakoalkyl-C,-Cy-hydroxyalkyl,  C,-Cg-bydroxy-
alkyl, hydmxyimino-C,-C-atkyl, C,-Calky-
lamino, arylamino, aryl-C, -C,-alkylamino,
beteroarylaminog, beteroaryl-C,-Ci-alkylamino,
nitru, cyano, amino, aminosulfonyl, C,-C,-alkylami-
nosulfonyl, arylaminosulfonyl, beteroarylaminosul-
fonyl, aryl-C,-Cs-alkylaminosulfonyl, heteroaryl-
C,-Cqaliylaminosulfmyl,  beterocyclylsulfonyl,
C,-Cq-alkylsulionyl, aryhC, -C alkylsulfonyl,
optionelly substituted aryl, optionally substituted
heteroaryl, aryl-C,-C,-alkylcarbonyl, heteroaryl-C, -
C,alkylearbonyl, hetervarylcarbonyl, arylearbonyt,

aminocarbonyl, C,-C,-alkoxycarbonyl, formyl,
C,-C,-haloalkylcarbonyl snd C,-C;-alkylcarbonyl;
and

[0047] wherein the A ring atoms Al, A%, A® and A*
arc independently selected from carbon and nitrogen
with the proviso thal ot loast two of A', A%, A? and
A* are carbon;

[0048] or wherein R* together with ring A forms a
radical selecied from naphthyl, quinolyl, isoquinolyl,
yuinoliziny!, quinoxalinyl an! dibexafuryl; or an
isomer or pharmaceuticully acceptable salt thereul.

[0049] Another cless of bemmpyran derivatives that can

serve as the Cox-2 selective inhibitor of tho present ioven-
lion includes a compound having the structure of formula 1l:

[0050] whercin X° is sclected from O, S, CR®R® and
NR%;

[0051] wherein R* is selected from hydrido, C,-C;-
alkyl. (optionally substituted phenyl)-C,-C,-alkyl,
alkylsulfonyl, phenylsulionyl, benzylsalfonyl, scyl
and carboxy-C,-Cg-alkyl;

[0052] wherein each of R* and R* is independently
sclected from hydrido, C,-Cy-alkyl, phenyl-C,-Cs-
alkyl, C,;-Cy-perflucrualkyl, chloro, C,-C-alkylthio,
C,-Csalkoxy, nitro, cyano and cyano-C,-C,-alkyl;
or wherein CR°R® form s cyclopropyl ring;

[0053] wherein R? is selected from carboxyl, ami-
nocarhonyl, C;-Calkylslfonylaminocarbony] and
C,-Calkoxycarbonyl;
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[0034] wherein R? i mulocted from hydrido, phonyl,
thienyl, C,-Ce-alkynyl and C.-Cg-alkenyl;

[0085] wherein R’ is sclccied from C,~C,-perfluoro-
alkyl, chloro, C,-C,-alkylthio, C,-C,-alkoxy, nitro,
cyano and cyano-C,-C,-alkyl;

[0056] wherein R" i% one or more rdicals indepen-
dently selected from hydrido, halo, C,-C,-alkyl,
Co-Cyalkenyl, C;-Coralkiynyl, halo-C.-Cy-alkynyl,
aryl-C-Cy-alkyl, aryl-(-Cy-alkynyl, aryl-C,-Cg-
alkenyl, C, -Cg-alkoxy, mathylenedinxy, €, -C-alky-
lihin, C,-C,-alkylsulflayl, —O{CF;).0—, aryloxy,
arylthio, arylsulfinyl, hoteroaryloxy, C,-C,-alkoxy-
C,-Calkyl, aryl-C,-Cslkyloxy, beteroaryl-C,-Cy-
alkyloxy, aryl-C,-C,-alkoxy-C,-Cy-alkyl, C,-Cy-ha-
laalkyl, C,-C,-haloalkoxy, C,-C,-haloalkylthio,
C,-Cs-haloalkylsullinyl, C,-Cg-haloalkybsulfonyl,
C,Cy{baloalkyl-C,C,-hydroxyaliyl). C,-Cy-hy-
droxyalkyl, hydroxyimino-C,-Ca-alkyl, C,-C-alky-
lamino, arylamino, aryl-C,-C,-alkylamino, bet-
oroarylamino, heteroaryl-C,-C,-alkylamino, nitro,
cyaoo, amino, aminosulfonyl, C,-C,-alkylaminosul-
foayl. arylaminosulfonyl, heteroarylaminosulfonyl,
aryl-C,-Calkylaminosulfony!, beteroaryl-C,-Cy-
alkylaminosulfonyl, beterocyclylsulfonyl, C,-C,-
alkylsulfonyl, aryl-C,-Cgalkylsulfonyl, optionally
substiluted sryl, optionally substituted heterosryl,
aryl-C,-C-nlkylcarhonyl, heteroaryl-C,-C,-alkyl-
carbonyl, beteroarylearbonyl, erylcarbomyl, ami-
nocarbonyl, C,-C,-alknxycarbonyl, formyl, C,-C,-
haloalkylcarbonyl and C, -Cg-alkylcarbonyl; and

[0057] wherein the D ring atoms DY, D%, D® and D*
are ilependently sclected from carbon end nitrogen
with the proviso that at lcast two of D?, D?, D? and
D* are carbon; or

[0058] wherein R® together with ring D forms
radical sclocted rom naphithyl, quinolyl, isoquinolyl,
quinolizinyl, quinoxalinyl and dibenimfuryl; or an
isomer or pharmaccutically accupiable salt thereof.

[0039] Otber benzopyran Cox-2 selective inhibitors useful
in the practice of the present invention are described in U.S.
Pat. Nos. 6,004,256 and 6,077.850. The yencral formula for
these compounds is shown in formula Formula [ ix:

X R

[0060) wherein X* is sulocted from the group con-
sisting of O or S or NR";

[0061] whercin R" is alkyl;

[0062] wherein R® ix selected from the group con-
sisting of H and aryl;

[0043] wherein R'° is selected from the group con-
sisting of carboxyl, aminocarbonyl, slkylsulfony-
laminacarbonyl and alkoxycarbonyl;
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[0064] wherein R is selectod from the group con-
- pisting of haloalkyl, alky), aralkyl, cycloalky! acd
aryl optionally substituted with one or more rdicals
selecied from alkylthio, nitro and alkylsulfonyl; and

[0065] wherein R** is selected from the group con-
sisting of anc or more radicals sclected from LI, balo,
alkyl, aralkyl, alkoxy, aryloxy, heteroaryloxy, aratky-
loxy, heiernaralkyloxy, halnalkyl, haloalkoxy, alky-
lamino, arylamino, aralkylamino, heteroarylamino,
beteroarylalkylamine, niro, amino, aminosulfonyl,
alkylaminosifonyl, srylaminosulfonyl, betcroary-
laminosulfonyl, aralkylamincsulfionyl, beieroaralky-
laminosulionyl, heterocycloaulionyl, alkylsulfonyl,
hydroxyarylearboryl, nitroaryl, optionally substi-
tuted aryl, optionally substituted boteroaryl, smlky-
larbonyl, helervarykearbonyl, arylcarbonyl, ami-
nocarbonyl, and alkylcarbonyl; or

[0066]) wherein R'® togelber with ring I forms a
naphthyl radical; or an isomer or pharmaccutically
acceptable salt thereof; and

[0067] including the diasiereomers, coantiomers, race-
maics, tautomers, salts, csters, amides and prodrugs thereof.

[008K] A related class of compounds useful as cyclooxy-
gjenase-2 solective inhibitors in 1hu present invention is
described by Formulas IV and V:

RY
XX
xl R*
[0069] whercin X* is aclected [rom O or S or NRY;

[0070] whercin R® is alkyl;

[0071] wherein R*® in selected from carboxyl, ami-
oocarbonyl,  alkylsulfonylaminocarbonyl  and
alkaxycarbonyl;

[0072]) wherein R™ is selected from haloalkyl, alkyl,
aralkyl, cycloolkyl and aryl optionally substituted
with one or more radicals selected from alkylthio,
aoitro and alkylsulfonyl; amd

[0073] wherein R*? is one or more radicals s:lected from
hydrido, halo, alkyl, aralkyl, alkoxy, aryloxy, hekeroaryloxy,
aralkyloxy, betervaralkyloxy, halvalkyl, haloalkoxy, alky-
lamino, arylamino, aralkylamino, heteroarylaminu, hbet-
croarylalkylamino, nitro, amine, aminsullonyl, alkylami-
oosulfonyl, arylaminosulfonyl, heteroarylaminosualfonyl,
amlkylaminosulfonyl, heteroaralkylaminosulfonyl, heiero-
cyclosulfonyl, slkylsulfonyl, optionally substituied aryl,
optionally substituted beicroaryl, aralkylcarbonyl, het-
croarylcarbonyl, arylearbonyl, sminocarbonyl, and alkylear-
honyl;

[0074] or wherein R™ together with ring G forms a
naphthyl radical;

[0075] or an isomer or pharmacoutically sccepuble salt
thereof.
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[0076] Formula V is:

v
l"
QX
xl l“
[0077] wherein:
[0078] X?* is sclected from the group consisting of
O or S or NR"

[0079] R®is alkyl;

[0080] R s selected from the group comsisting of
carboxyl, anrinocarbonyl, alkylsalfonylaminocar-
bonyl end alkoxycarbonyl:

[0081] R'7is solected from tho group consisting of
haloalkyl, alkyl, amlkyl, cycloalkyl and aryl,
whurcin haloalkyl, alkyl, analkyl, cycloalkyl, and
aryl exch is independently optionally substituled
with one or more radicals selected from the group
comsisling of alkylthio, nitro and alkylsulfonyl;
and

[00&2] R' is one or more radicals salecied from
thc group consisting of hydrido, halo, alkyl,
aralkyl, alkoxy, aryloxy, heleroaryloxy, anlky-
loxy, helervaralkyloxy, hakoalkyl, haloalkoxy,
alkyluminn, arylamino, aralkylamino, helroary-
Iamino, beteroarylalkylamino, nitro, amino, ami-
nosulfonyl, aikylaminosuifonyl, arylaminosalfo-
nyl, heteroarylaminosul fonyl,
aralkylaminosulfonyl, heteroarnlkylaminosulfo-
nyl, heterocyclosulfonyl, alkylsulfonyl, optionally
rubstituted aryl, optionally substituted beteroaryl,
aralkylearbonyl, heteruarylcarhonyl, arylarho-
nyl, ammocarhonyl, anx! alkylcarhonyl; or
whemin R together with ring A forms a naphthyl
radical;

[00H3] or an momer or pharmacoutically acceptable
salt thereof.

[0084] The cyclooxygenase-2 selective inhibitor may also
be a compound of Farmula V, whonsin:

[0089] X? in mclected from the group consisting of
oxygon and sulfur;

[0086] R'¢ is selected from the group consisting of
carboxyl, lower akyl, lower aralkyl and lower
alkoxycarbonyl;

[0087] R'7 is sclected [rom the group comsisting of
lower haloalkyl, lower cycloalkyl and phenyl; and

[008¥] R'™ is oac or more radicals sclected from the
group of consisting of hydrido, halo, lower alkyl,
lower alkoxy, lower haloalkyl, lower haloalkoxy,
lower alkylamino, nitro, amino, aminosulfvayl,
lower alkylaminnsulfonyl, 5-memhbered hetervaryla-
Ikylaminosulfonyl, 6-membered hulsmarylalikylami-
nosulfonyl, lower aralkylsminosulfonyl, 5-mem-
berud  nitrogen-containing  beteracyclosulfonyl,
6-membered-nitrogen containing heterocyclosulfo-
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oyl lower alkylsulfonyl, optionally substituted phe-
nyl, lower aralkylcarbonyl, and lower alkylcarbonyl;
or

[0089] whercin R'® together with ring A forms a
naphthyl radical;

[0090] or an isomer or pharmaceutically acceptable sali
thereof.

[0091] The cyclooxypenase-2 sclective inhibitor may also
bc a compound of l'armula V, wherein:

[0092] X° is selected from the group consisting of
oxygen and sulfur;

[0093] R' i carboxyl;
[0094] R!? is lower haloalkyl; and

[0095] R'" is onc or more rdicals sclected from the
Broup cormisting of hydrido, halo, lower alkyl, lower
haloalkyl, lower baloalkoxy, lower alkylamino,
amino, aminosullonyl, lower alkylaminosulfonyl,
5-mombored huteroarylalkylaminosulfoayl, 6-mem-
bered huleruarylalkylaminosulfonyl, lower aralky-
laminosulfonyl, lower alkylsulfonyl, 6-membered
nilrogen-containing heterocyclosalfonyl, oplionally
subslituted phenyl, lower lrlll.:‘ylﬂlbonyl. and lower
alkylcarbonyl; or wherein R'¥ 1ogether with ring A
forms a naphthyl radieal;

[0096] or an isomer or pharmaccutically scccpiable
salt thereof.

[0097] The cyclooxygenase-2 selective inhibitor may also
be a compound of Formuls V, wherein:

[0098] X? is selected [rom the group consisting of
axygen and sulfur;

[0099] R!* i selecied from the group consisting of
carboxyl, lower alkyl, lower aralkyl and Jower
aTkoxycarbonyl;

[0100] R is selected from the group consisting of
fluaromethyl, chloromethyl, dichloromethyl, trichlo-
romethyl, pentafivoroethyl, heptafluoropropyl, dif-
luorethyl, diflunropropyl, dichionsthyl, dichlon-
propyl, diflucromethyl, and tritluoromethyl; and

[0101] R™ is cne or more radicals selected from the
group cummikting of hydrido, chloro, Nuora, bromo,
todo, muthyl, elhyl, isopropyl, teri-butyl, butyl,
isobutyl, pentyl, bexyl, methoxy, ctbaxy, ssopropy-
loxy, teributyloxy, triffluoromethyl, difluoromethyl,
trifluoromethoxy, amino, N.N-dimethylamino, N.N-
diethylamino, N-phenylmethylaminosulfonyl,
N-phenylethylaminosulfonyl, N-(2-furylmethy-
Daminosulfonyl, nitro, N N-dimelhylaminosulfonyl,
aminusulfonyl, N-methylaminosullonyl, N-¢thybsul-
Tonyl, 22-dimethylethylumimewllonyl, NN-dim-
cthylaminosulfonyl, N-(2-methylpropylJaminosulfo-
nyl, N-morpbolinosuifonyl, mecthylsulfonyl,
benzylearbonyl, 2.2-dimethylpropylcarbonyl, phe-
nylacetyl and phenyl; or

[01a2] wherein R*® together with ring A forms a
naphthyl mdical;

[0103] or an isomer or pharmaceutically scceptable
salt thercut.

2/0
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[0104] ‘The cyclooxygenase-2 selective inhibitor may also
be a compound of Formula V, wherein:

[0105] X" is selected from the group consisting of
oxygen amd sullur;

[0106] R is kelected from the gmoup consisling of
carboxyl, lower alkyl, kower aralkyl and kower
alkoxycarbonyl;

[0167] R is selected from the proup consiming
trifluoromethy! and pentsAuoroethyl; and

[0108] R™ i one or more radicals sclected from the
group consisting of hydrido, chloro, fluorn, bromo,
jodo, methyl, cthyl, isopropyl, teri-butyl, methoxy, tri-
fluoromethyl, trifluoromethoxy, N-phenylmethylami-
nosulfonyl, N-phenylethylaminosulfonyl, N-(2-furyl-
metbylaminosullooyl, N,N-dimethylaminosulfonyl,
N-mothylaminwslfonyl, N-{2,2-dimethylethyl)amino-
sullonyl, dimethylaminosullonyl, 2-muthylpropylami-
nosulfonyl, N-morpholinosulfonyl, methylsulfonyl,
benzylcarhoayl, and pheayl; or wherein R™ 1ogpiber
with ring A forms a naphthy] radical;

[0109] or an isomer or prodrug thereof.

[0110] The cyclooxygenase-2 sclective inhibitor of the
prescnl invention can also bo a compound having the
structure of Formula VI:

v
[0i11] wherein:
{0L12] X® is selected from the group conkisting of
QOand §;

[0113] R** s lower haloalkyl;

(0114] R s selected from the group consixting nf
hydrido, and halo;

{0115] R™! insclected from the group consisting of
bydrido, halo, lower alkyl, lower haloalkoxy,
lower alkoxy, lower analkylearbonyl, lower
dinlkylaminosulfonyl, lower alkylamincsulfonyl,
lowur aralkylaminomlfonyl, lower beteroamlky-
laminosulfonyl, 5-membered nitrogen-containing
hetorocyclosulfonyl, and 6- membered nitrogen-
containing heterocyclosulfonyl;

[0116] R* is selected from the group consisting of
hyxrido, lower alkyl, hala, lowcr alkoxy, ond aryl;
and

[0117] R* in nelccted [rom the group consisting of
the group consisting of hydrido, halo, lower alkyl,
lower allnxy, and aryl;

[0118] or an isomer or prodrug thercof.
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[0119] The cycloaxygenase-2 selective inhibilor can also
bo a compound of having the structure of Formula VI,
wherein:
[0120] X7 i selected from (he group comisting of (0
and §;

[0121] R™ ix selected from the group eomsisting of
trifluoromethyl end pentafluoroethyl;

[0122] R™ is selected from the group consisting of
hydrido, chlom, and fluom;

[0123] R* s selected from the group conaisting of
hydrido, chlora, bromo, fluwo, iodo, methyl, tert-
butyl, trifluoromethoxy, methoxy, benrylcarbonyl,
dimetbylaminosulfonyl, isopropylaminosolfonyl,
methylaminosulfonyl, benzylaminosulfonyl, phenyl-
ethylaminusulfonyl, mothylpropylaminosulfonyl,
methybulfonyl, and morphalinesulfonyl;

[0124] R™ is selected from the group consisting of
hydrido, methyl, ethyl, isopropyl, tert-hutyl, chioro,
methoxy, diethylamino, and phenyl; and

[0125] R™ is sclected from 1he group comsisting of
hydrido, chloro, broma, fluoro, methyl, cthyl, ten-
butyl, methoxy, and phenyl;

[0126] or an isomer or prodrug thereol.

TABLE 1
Bxampies of Chromene Cox-3 Selective ighibligr

Numher

B-3 [¢]
Oﬂ\::i

I
L]

&-Nikro-2-triflueromsthyl-25i-1
~bemeopyrm--carbaryfic wdil

cly

Structum| Formula

6-Chioro-8-methyl-2-trifluoromethyl
“ZH- I-henzopymn-A-carhorylic skl

[+]
Cl
H
¥

(15)-5-Chlono-7-{1,1-dimethylethyl) 2-{irifino
owethyl-2H- 1-beampyran-3-carboxylic scid

[l
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TABLE 1-continucd
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TABLE |-contimued

2

Exagges of Chomene Cox-2 Selective [nkihiion
Compound
Number Siuctunl Foremula
B-6 [¢]

3
2-TriBnasmmethyl-ZH-naphthaf2, %6 |
pym-}curbonylic ncid

B7
OaN [&]
s-c:.hma-«-mqu-mn-z-(mnnmmnyu-ﬂq-:-
beaxopyma-A-aarboxylic scid
B 4]
Q
1
il
a
({5)-6,8-Dichloro-2-{riflunramethyl)-
I-1 -bemxopyms-3-carharylic scid
9
[ +]
a
1
]
G-Chhm-!-{llﬂlnnﬂym-phnyl-zll-
I-henrapyren-Mauhouytic acid
B-10 4]
|
ﬁ-(#llyim;h-yl)-ﬂ-lkﬂmllylj
<21k 1-benzopyran-3-arbaxylic
B-11 [+]
-]
e
L 3

Examples of Chromene Coz-2 Selecive Inhibitom

Compound
Nomber

Simcionl Forpuls

B-i2

H-13

=15

2-{Trifinoromathyl)-&-] (ifluoromethylxhio|
=211 1-benzethinpyan-3-cabaxylic acid

[¢]

<l

§,8-Dichloro-2-trifluaromsthyl-211-1-

0

8 s

6-{1,1-Dimethylethyl)-2-{irifinoromethyl)
21 benathiopymo-Scabaxylic acid

o

H /]

6.7-Difinoro-1,3-dlkyuro-2~{triflcoro
methyl M uizolicocarboxylic acid

[+]

Q
Ol

Ciy

-Chilore-1 2-dihydro- 1-methy}-2- (triflinore
methyl) -} quinclicecarbanyiic acid

[+

N i‘l i

&-Chlaro-2-{triffoaromnethiyl)- 1 2-dilydro
[ 1 oaphthyridine-\-carboxylic ncid
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TABLE 1-confinued

LEmmicy of Clyyrnans Cox-1 Sejective Inhfilpr

nd
Numhor  Siroduml Formuln

B-17 Q
Q.
1
u’ ]
mlﬂ-ﬁﬂn—m
mathyl)-3-quisclinscarbowy e

[0127] Examples of sperific compounds that sre useful for
the cyclooxygenams-2 aclective inhibitor include (without
limitation):
[0128] 1)) B-acetyl-3-{4-Nuorophenyl)-2-{4-meihylsul-
foaylyphenyl-imidayof 1,2-a)pyridine;
[0128] a2) 5,5-dimethyl-4-(4-methylsulfonyl)phenyl-3-
phenyl-2-{5H)-furanone;
130] &3) 5<{4-flucrophenyl)-1{4-{methylsullo-
nyl)phenyl]-3-{iriflutromethylpyrazole;
[0131] »4) 4-(4-fluorophenyl)-5-{4-(methylsulfo-
nyl)phenyl]-1 -phenyl-3-{trifluaromethyl)pyrasmlc;
[0132] a5) 4-(5-(4-chlorophenyl)-3-{4-methoxyphe-
oyl)-1H-pyrazol-1-yl)benzenssu|fonamick

[0133] a6) 4-(3,5-bin(4-methylphenyl)-1H-pyrazl-1-
yhbenzemsul lonamicd;

[0134] 27) 4+{5-(4-chlorophenyl)-3-phunyl-1H-pyre-
mil-1-ylbenmpesulfonamide;

[0135] a8) 4-(3,5-bis(4-methoxyphenyl)-111-pyrazol-1-
ylihenanesul fonamide;

[0136] a9) 4-(5{4-chlompheayl)-3-(4-metlrylpbenyl)-
1H-pymani-1-yi)bonze nesulfonsmide;

[0137] al0) 4-{5-{4-chlorophenyl)-3-{4-nitrophenyl)-
L H-pynazol-1-yDbenzenesulfonamide;

[0138] bl) 4«(5-(4-chlorophenyl)-3-(5-chloro-2-1hic-
oyl)-1H-pyrazol-1-yl)benzencsullonamide;

[0139] b2) 4-{4-chloro-3,5-diphenyl- 1H-pyrazol-1-yl-
Yoenzenesul fonamick:

[0140] h3) 4{S-{4-chlnrophenyl)-3-(trilucrmethyl)-
L H-pyrazol-1-yl]bunzenesulfonamide;

[0141] b4) 4{S-phcnyl-3-{trillvoromcihyl)-1H-pyr-
zol-1-yIJpenzenesulfonamide;

[0142] b5) 4{S-{4-Nuorophenyl)-3{trifluoromethyl)-
1H-pyrazol-1-yIJbenzopesulfonamide;

[0143] h6) 4{54{4-methuxypbenyl)-3-(irillucrm-
cthyl)-1H-pyrzol- 1-yl herzsnemlfonamide;

[0144] b7) 4{5-{4-chlorophenyl)-3-{dillvoromettyl)-
111-pyraml-1-ylJbenxcnesullonamide;
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[0145] LB) 4{S-(4-methylphenyl)-3{iriffuoromethyl)-
1H-pyrazol-1-ylhenanenul fonamide;

[0146] bS) 4{4-chloro-5-(4-chlorophenyl)-3-{trifluc-
romethyl)-1H-pyrazol-1-ylpemzencsulfonamide;

[0147] b10) 413-(dilluoromethyl}-5-(4-methylpbenyl)-
L1l-pyrazol-1-ylpenzenesulfonamide;

[0148] cl) 4{3«{difluoromethyl)-5-pbenyl-1H-pyrazol-
1-yl]berrzcnusulfonamide;

[0149] ¢2)  4{3-{dilluoromethyl)-5-{4methoxyphe-
nyl)- 1H-pyrazol-1-yi penzenesulfonamide;

[0150] <3) 4{3-cyuno-5-(4-fuurophenyl)-1H-pyraenl-
1-yIJhenzenesul fonamids;

[0151] of) 4{3(difluoromethy])-5-(3-Auoro-4-mcth-
oxyphenyl)- | H-pyrezol- |-yl penzeesulfvnamide;

[0152] <5) 4{5-(3-fuoro-4-methoxypheayl)-3-{trifluo-
romethyl)-1H-pyrazol- |-yl Jpenzenesulfonamide;

[0183] o6) 4{4-chlom-5-phenyl-1H-pynzl-1-yi]ben-
2enesullonamile;

[0184] <7) 4{5{4-chinrophenyl)-3-(hydroxymethyl)-
1H-pymzol-1-ylbenzenesulfonamide;

[0155] c8) 4{5-(4-(N.N-dimethylamino)phenyl)-3-{tri-
finormethyl)-1H-pyrami- 1 -yl Jbunvenesul fonamide;
[0156] <9) 5-(4-fluvorophenyl)-6-{4-{methylsulfo-
nyl)pbenylspiro{2.4]hept-5-cnc;

[0157] clO) 4-[6-(4-ﬂuumpb=nyl)|pm{2.4]he|lq5-en-
5-ylJhenzznesulfonam

[o158] d1) 6-(4-ﬂuorup|nnyl)-1-[4-(melhyhllfo-
oylphenylspira3.4Joci-6-cne;

(0159] d2) 5-{3-chloro4-methoxyphenyl)-6-[4-(meib-
yisulfonyl)phenyllspirof 2.4]hept-S-cne;

{0160] 43) 4{6-<{3chlom-4-melhoxyphenylppin]2.4]
hept-5-ca-5-yl pemzemosullonamidu;

[016t] d4)  5-(3,5<lichloro-4-methaxyphonyl)-6-{4-
{methylsulfonyl)phenyljspirg] 2.4 Jhept-5-enc;

{o162] d5) 5-(3-chlora-A-fluorophenyl)-6-{4-(methyl-
suifonyl)phenylnpir[2.4]hcpt-5-cne;

[0163] dS) 4{6-(34-dichloropheayDspiro[2.4Jhep1-5-
en-5-yIlbenzenesulfonamide;

[0164] d7) 2-(3-chloro-4-Huorophenyl)-4-(4-tunrophe-
nyl)-5-(4-mcthylsulfonylphenyljihiszole;

[0165] d&B) 2-(2-chlruphuny]}-4-{(4-Nunraphenyl)-5-(4-
methylsulfonylphenyl)thiazole;

[0166] d9) 5-(4-Huorophecnyl)-4-{4-methylsutfonylphe-
oyl)-2-merhylihiazmnle;

[0167] d1D) 4-(4-fluorophenyl)-5-(4-methylsul fo-
nylphenyl)-2-trifluoromethylthixzole;

[0168] c1) 4{4-Auorophenyl)-5-{4-methylsulfonylphc-
nyl)-2-(2-thicnyl)thiamle:

[0169] e2) 4-(4-finorophenyl)-5-(4-methylsulfonylphe-
nyt)-2-henzylaminothinzole;

[0170] 3) 4-{3-Aucrophenyl)-5{4-methybulfonylpte-
nyl)-2-(1-propylaminofihiamile;



US 2003/0114418 A1

[01711] e4) 2{(3.5-dichlorophenoxynmethyl)-4-(4-flun-
ropheayl)-S{4-(methybsulfonyl}phenylRhiszok;

[0172] e5) 5-{4-Huorophenyl)-4-(4-muthykulfonylphe-
nyl}-2-rifluoromethylthiazole;

[0173] c6) 1-mcthylsulfonyl-4]1,]1-dimeibyl-4-(4-fluo-
rophenyl)cyclopenta-2 4-<lion-3-ylhenzcne;

[0174] 7Y 4{4-(4-flucrophenyl)-1,1-dimeihylcycln-
penta-2.4-dicn-3-yl penzencsuifonamice;

[0175] o) 5<{4-Tuorophenyl)-6{4-(muthylsullo-
nyl)phenyi]spire{2.4 Jhepta-4,6-diene;

[0176] o9 4-[6-{4-llllompllcny1)|puc{2.4]ll=pll-4.5-

dien-5-ylJhenzenecwul fonamide;

[@177] ¢l0) 6-(4-Auaropheny])-2-methoxy-5-{d-(meth-
ylsulfonyl)phenyl}-pyridine-3-carbonitrik;

[0178] 1) 2-bromo-6-{4-Auorophenyl)-5{d-(methyl-
sulfonylpheayl}-pyridine-3-carbonilrile;

[0179] B) 6-(4-fluorophenyl)-5{4-{mothylsulfo-
nyl)phenyl]-2-phenyl-pyridine-3-cacbonitrile;

[0180] D3) 4{2-(4-methylpyridin-2-yl}-4<{trillunrom-
cthyl)-111-imidazol-1-yIJbenzenesulfonamide;
[0181] ) 4{2{(5-methylpyridin-3-yl)-4-(lrifluvorom-
cthyt)-1H-imidazol-1-ylJbarzsenesulfonamide;

[0182] 15) 4{2-(2-methylpyridin-3-yI)}-4-(trifluorem-
ethyl)-111-imidazol-1-ylJbenzencsullcnamicde;

[0183] f6) 3{1{4-(methybulfonyl}phenyl} 4-{trifluo-
romethyl)-1 H-imidazol-2-yl Jpyridinc;

[0184] f7) "-[l-[ll-(melhylm]fmyl)phenyl—d—(lnﬂun—
romethyl)-1H-imidazol-2-yl Jpyridine;

[0185] IB) 2-methyl-4{]-[4{methylmlfonyl)phenyl-4-
(trifluoromethyl)- 1 H-imidaznl-2-yl Jpyridine;

[0186] M) 2-melhyl-6{1-[4-{methylsulionyl)phenyt-4-
(Irilluvoromethyl)-1 H-imidazol-2-yl jpyridine;

[0187] f10) 4{2-(G-muthylpyridin-3-yI)-4-(trifluvrom-
cihyl)-111-imidnz]-1-yl renzencsulfonamide;

[o188] g1) 2-(3A-difiuorophenyl)-l-{4-{methylsulfo-
nyl)phenyl]-4-(trifluormethyl)-1H-imidazole;

[0189] g2) 4{2-{4-methylphenyl)-4-(irifluoromethyl)-
LEl-imidazo!-1-y] penzenesul fonamide;

[0190] g3) 2-(4-chlorophenyl)- 1 {4-{methylsnlfo-
nyl)phenyl]-4+-mcthyl-1H-imidazole;

[0191] gpd) 2-(4-chluruphenyl)-1{4-(inothykulto-
nyl)phenyl}-t-phenyl-1H-imidazole;

[0192] g5) 2-(4<chlorophonyl}-4-(4-fluorophenyl)- 1{4-
(methykullonyl)phenyl]-1 H-imiklazolk;

[0193] g6} 2-{3-fluoro-d-methoxyphenyl)- 1-{4-(meth-
ylsulfonyl)phenyl-4-(trilluciromethyl)-1H-imidazole;
[0184] g7y 1{4{methylsulfonyl)phcnyl}2-phcny]-4-

trifluoromethyl-1H-imidayke;
[0195] g8)  2-(4-methyiphenyl)-1{4-{methylsulfo-
nyl)phenyl}-4-trifluoromethyl-1H-imidazole;

[0196] p%) 4{2-(3-chior4-methylphenyl)-4-{trilluo-
romethyl)-1H-imidaznl- 1-yibenzeneselfonamice:;

10
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[0197] gl0) 24{3-fuom-S-methylphenyl)- |-{4-{methyl-
sulfonyl)phenyl}-4-(triflucromethyl)-1H-imidazole;

[0198] hl) 4 2-{3-Auoro-5-methyipbenyl)-4-{trifiuo-
romethyl)-1H-imidazol-1-yl enzenesullomamide;

[0199] h2) 2{3-methylpkenyl)-1{4-(methylsulfo-
nyl)phenyl-3-riftuoromethyl-1H-imidazole;

[0200] B3) 4L2-(3-meihylphenyl)-4-triluoromethryl-
1H-imidazol- 1 -ylJbenzcnesulfonamide;

[0z01] b4) I{4-{(meihylsulfonyl)phenyl}-2-{3-chk-
raphenyl)-4-triflnoromethyl- | H-imidazole;

[0202] b5) 4{2-(3-chlorophunyl)-4-trifluoromethyl-
1H-imideeol- 1 -yl Jhenamusulfonamide;

[0203] h6) 4{2-phenyl-d-trifluoromethyl- | H-imicazol-
1-ylJhenzzmumulfonamide;

[0204] h7) 4{2-{(4-methoxy-3-chlorophenyl)-d-trifluo-
ramethyl- 1 H-imidsznl- L-yIJhenzenesulfonamide;

[0205] h8) 1-allyl4-(4-Buorophenyl)-3{4-{mothylsul-
fanyl)phenyl}-S-{rifluoromethyl)-1H-pyrzole;

[0206] h10) 4{1-ethyl-4-{4-flvorophenyl)-5-{trifluo-
romethyl)-111-pyrazol-3-yl}benzenesnlfonamide;

[0207] i1) N-phenyl{4-(4-uorophenyl)-3{4-{methyl-
sulfonyl)phenyl}-5-{iriffluoromothyl)- 1 H-pyrazol- 1-y1]
acelamide;

[0208] i2) cthyl [4-{4-Nuaropheayl)-3{4-(mcihylsulio-

nyl)phenayl} 5-{triflvoromethyl)- | H-pyraun]-1 -yl ]Jac-
clalc;

[0209] i3) 4-{4-fluorophenyl}-3{4-(methylsulfo-
nyl)phenyl} 1-{2-pheaytethyl)-1H-pymazole;
[0210] i4) 4{4-luorophenyl)-3{4-{methylsulfo-

nyl)phenyl} 1-{2-phenylethyl)-5-{trilluorometh-
yDpyrazole;

[0211] i5) I-ethyl-4-(4-Buoropheayl)-3{4-{methylsul-
fonyl)phenyl]-5-{trifluoromethyl)-1H-pymunle;

[0212] i6) 5-{4-Muorophenyl)-4-(4-meihylsulfonylphe-
nyl}2-rifluoromethyl- 1 H-imidazole;

[0213] i7) 4-[4-(m=|hylﬂ|Il'nnyl)pl:nyl]-i-("-lhuphu-
nyl}-2-{trithinromethyl)- 1H-imidazole

[0214] iR) 5-(4-Auomphenyl) 2-m=lm:y-4-{4-(melhyl-
sulfonyl)phenyl}-6-{irilluoromothyl pyridine;

[0215] i9) 2-cthoxy-5-(d4-fluorophenyt)-4-{4{methyl-
sulfonyD)phenyl }-6-{irifluoromethyl)pyridine;

[0216] il0) 5-(4-fluorophenyl)-4+{4-(methylsulln-
nyl)phenyl}-2-{2-propynyloxy)-6-{triflucromethyl}py-
ridine;

[0217] j1) 2-bromo-5-{4-fluorophenyl)-4{4-(mothyl-
mlfonyl)phenyl]-6-(trilluoromethyl)pyridine;

[0218]) j2) 4{2(3-chloro-4-methoxyphenyl)-4.5-dif-
luorophenylJhenzenesulfonamide;

[0219] j3) 1-(4-flucrophenyl)-2-{4-(meihylsulfo-
nyl)phenylhenzene;

[0220] ) S-diffuwromethyl-4-(4-methylsulfonyiphe-
nyl)-3-phenylisoxazole;

21y
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[0221] j5) 4-[3-e|hyl-5-1iunylmmlld yllbeozene-

sulfonamide.

[e222] j6) 4-[5-d|.ﬂmmm:.lhyl-3-ph:nylm:ml—4—yl]
benzenuaullunamids;

[0223] 7y 4{5-hydroxymcihyl-3-phenylisuxazol-4-v1]
beazenesulfonamide;

[0224] j8) 4{S-methyl-3-phenyl-isoxaml-4-yiJhenze-
oesulfonamide;

[0225] 9) 1{2+{4-fluorphenyl)eyclopontun-1-yi]-4-
(methylsullonyTjbenzono;

[0226] jLO) 1{2-(4-Aucro-2-methylphenyl)cyclo-
penten- 1 -yl]-4-{methylullonylbemzene;

[0227] k1) 1{2-{4-chlorophenyl)cyclopenten-1-yi]-4-
(methylsullony)benzone;

[0228] ik2) 1{2-(24-dichlorophemyl)cyclopenten-1-y1}-
4-{methylsuifonyl}benzene;

[0229] IK3) 1{2-{4-triflucromethylphenylkyclopenten-
1-ylH4-{methylsulfonyl)bonzene;

[0230] k4) I1{2-(4-methylthiophenyl)cyclopenten-1-
yI-4-(methylsulfonyl)ben:ene;

23] 15) 1{2-{4-lurophenyl)-4.4-dimothylcycly-
peaten-1-yl}-4-(methylsulfonyl Jbenzens;

[0232] k6) 4{2~(4-Buorophenyl)-4,4-dimethylcyclo-
penten-1-ylJbenzenesulionamide;

[0233] k7Y 1{2-{4-chlorophenyl)-4.4-dimethylcyclo-
penten-1-yI]-4-(methylsulfonyl)benzenc;

[a234] IIB) 4{1-(4-¢h1°l°llhﬂﬂ!|)-4-4-dimlhylcych-

[0238] Kk9) 4{2-(4-fluorophenyl)cyclopuntun-1-yljben-
zenesulfonamide;

[0236] k10) 4 2-{4-chinaphenyl)eyclupenien-1-y1]
hamzenesulfonamide;

[0237] 1) 1{2-4-methoxyphenyl)cyclopenten-1-yi}-
4{methylrulfonylbenzenc;

[0238] [2) L{2-(2-dilluoropbenyl)cyclopenten-1-yl]-
4-{methylsullonyl)benne;

[0239] 13) 4 2-(3-fluor-d-methoxyphenyl)eyelo-
penten-1-ylJbenzenesulfonamide;

[0240] 14) 1{2-{3-chinm-4-methoxyphenyl)cycin-
penicn-1-yl]-4-(mcthybulfonyl)bcnzcne;

[241] 1% 412-(3-chlaro-4-llucruphenyl)cyck-
penten-1-yl lhermzenesulionamide;

[0242] 16) 4{2-{2-owihylpyridin-5-yl)cyclopenten-1-
ylbercaocsullonamide;

[0243] 17) ethyl 2-{3-(4-vorvphenyl)-5{4-(methylsul-
fonyl) phenylJoxazol-2-yl}-2-benzyl-acetate;

[0244] 18) 2{4{4-Auorophenyl)-5{4-{muthylsulto-
ayl)phenyljoxazol-2-yllacetiv acid;

[0245] 19) 2-(ten-butyl)~{4-flunrophenyl)-5{4(me-
thylsulfonyl)phenyljoxazale;

[0246] 110) 4-{4-Nuoropheny)-5{4-{methylsulfo-
nyl)phenyl]-2-phenyloxaznle;
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{0247] ml) 4-(4-ﬂunmphnnyl) 2-m=lhyl-5-[4-(mlhyl
saifonyl)phcoylloxazole; and

[0248] m2) 4{5<(3-fluom-4-methoxyphenyl)-2-iriftuo-
romethyl-d4-oxazolyJbenzenesullonamide.

[0249] m3) 6-chloro-2-irifluoromethyl-2H-1-benzopy-
rmn-3-carboxylic acid;

[0250] m4) 6-chloro-7-methyl-2-triflucromethyl-2H-1-
bemrmpyran-3-carboxylic ackd;

{0251] m5) B-(l-methylethyl)-2-rifluoromethyl-214-1-
benmpyran-3-carboxylic acid; -

[0252] m6) S-chloro-7-(1,1-dimethykthyl)-2-triftuo-
romethyl-2H-1-benzopyran-3-carboxylic acid;

[0283] mT7) G-chloro-B(l-methylethyl)-2-triflucrom-
ethyl-2H-1-benzopyran-3-carboxylic acid;

[0254] m8) 2-triflucromethyl-3H-naphthopyran-3-car-
boxylic avid

[0295] m9) 7<(L1,1-dimethylethyl)-2-trifluromethyl-
211-1-benzopyran-3-carboxylic acil;

[0286] m10) 6-bromo-2-trifluoromethyl-2H- 1-ben-
zopyran-3-carboxylic acid;

(0257] nl) S8-chlor-2-trifluoromuthyl-2H-1-benzopy-
ran-3-carboxylic acid;

[0258] n2) 6-triftuoromethoxy-2-trifluoromethyl-2H-1-
benzopyran-3-carboxylic acid;

{0259] n3) 5,7-dichioro-2-triflooromethyl-21-1-ben-
Zopyran-3-carboxylic acid;

[0260] o) B-plnnyl-l-tnﬂuommclhvl—!l-l-l-bennq:y-
ran-3-carboxylic

[0261] nS) T.B-dlmﬂhyl-z-lriﬂuommalhyla‘.’.ﬂ-l-hn-
pyran-3-carboxylic scid;

[0262] ofi) 68-his{dimethylethyl)-2-Irifluoromethyl-
2H-1-henzopyran-3-carhoxylic acid;

[0263] n7) 7+l-mcthylethyl)-2-trifluoromethyl-2H-1-
benzopyran-3-carboxylic acid;

[0264] nN) 7-phenyl-2-trilfluoromethyl-2H-1-benzopy-
ran-3-carboxylic acid;

[0265] n%) 6-chloro-7-cthyl-2-trifluoromethyl-2H-1-
benzopyran-3-carboxylic acid;

[0266] nl0) 6-chlom-B-cihyl-2-lrifluoromethyl-2H-1-
henzopyran-3-carboxylic acid;

[0267] o1} 6-chlom-7-phenyl-2-triflunromuilyl-2H-1-
henapyro-3-carhoxylic acid;

[0268] «2) 6,7-dichloro-2-trifluoromethyl-2H-1-ben-
pyran-3-carboxylic acil;

[0269] o3) 6,8-dichlaro-2-trifluoromethyl-2H-1-ben-
zmpynn-3-carboxylic avid;

[0270] o) 2-rifluoromethyl-3H-napthaf2,1-bpyran-3-
carboxylic acid;

[0271] oS5) G6-chlro-8-methyl-2-riflucromethryl-211-1-
benzopyran-3-carboxylic acid;

[0272] o6) 8-chloro-6-methyl-2-trilluoromethyl-2EL-1-
benznpyran-3-carhoxylic acid;
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[0273] o7) H-chloro-G-methoxy-2-trifluoromethyl-2H-
1-benzopyran-3-carboxylic acid;

[0274] oB) 6-bromo-8-chloro-2-rilluocomethyl-2H-1-
bunzopyrun-3-carboxylic acid;

[a275] o9) H-twomo-6-lluoro-2-trillucromethyl-2H-1-
hemsopyran-3-carhoxylic acid;

[0276] o10) &-bromo-G-methyl-2-trilluorumethyl-2H-
1-henzopyran-3-carboxylic acid;

[0277] pl) 8-hromo-5-fluaro-2-trifluoromelhyl-2H-1-
benzopyran-3-carboxylic acid;

[a278] p2) f-chloro-8-Auoro-2-trifluoramethyl-2H-1-
bemzopynan-3-carboxylic acid;

[0279] p3) &-bromo-8-methoxy-2-trifluaromethyl-2H-
1-benzopyran-3-cathoxylic acid;

[0280] p4) 6{[(phenylmethylaminokulfoayl}-2-rif-
lworomothyl-2H- 1-benapyran-3-carboxylic acid:

[0281] p5) 6{(dimcthylamino)sulfunyl}-2-triflucrom-
cthyl-2H-1-bwnznpyran-3-carboxylic acid;

[0282] pS)  6-[(methylamino)}sulfonyl]-2-triluorom-
olhyl-211-1-bcozopyran-3-carboxylic acid;

[283] pD) 6-{(4-m#nhmhll‘onyl]-3-lnllumom
sthyl-2H-1 -beuzopyma-3-carboxylic scid;

[0284] p8)6{(1,l-dimethylctiryl)aminoaulfonyl}-2-trif-
luoromethyl-2H- 1-benznpyran-3-carboxylic scid;

[0285] p9) 6{(2-methylpropyl)aminosul{onyl}-2-trif-
oromcthyl-2H- 1-bensnpyran-3-carboxylic sid;

[0286] pl0) G-methylsulfonyl-2-triflucromethyl-2H-1-
bexzopynn-3-carboxylic acid;

[0287] ql) B<hloro-6{[(phenylmethyl)amino pulfo-
nyl}-2-trifluuromethyl-2H-1-benznpymo-3-cahoxylic
acid;

[0288] q2) ¢-phenylacetyl-2-trifluoromethyl-2El-1-ben-
ropyran-3-carhoxylic ackl;

[0289] q3) 6,8-dibromo-2-irifluoromethyl-211-1-ben-
ropyran-3-carboxylic acid;

[0290] q4) 8-chloro-S.6-dimethyl-2-iriflupromethyl-
2li-1-berzopyran-3-carboxylic acid;

[0291] o5) 68-dichlor(S)-2-riffucromehyl-2H-1-
henzopyran-3-carboxylic acid;

[0292] q6) G-hunzylsulfonyl-2-triflucomethyl-2H-1-
hemmpyran-3-carboxylic acid;

[0293] q7) 6{[N-{2-furylmethy!)aminojsulfonyl}-2-1ri-
fluoromethyl-2H-1-benzopyran-3-carboxylic acid;

[0254] qff) 6{[N-(2-phenyicthyl)aminclsulfonyl]-2-iri-
fuoromuthyl-2H-1-bensopyran-3-cathoxylic acid;

[0295] q9) b-ipdo-2-rrifluoromethyl-2H-1-benxopyran-
-carboxylic acid;

[0296] qi®) 7<1,l-dimethylethyl)-2-pepiafiuaroethyl-
2H-1-benropyren-3-carboxylic acid;

[0297] 1) 5.5-dimethyl-3-(3-flucrophenyl)-4-(4-me-
thyl-sulphonyl-2(5H)-furanons;
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[0298] 2) G-chloro-2-rillvoromethyl-2H-1-benzothi-
opyran-3-carboxylic acid;

[a299] r3) 4{5-(4-chiorophenyl)-3{triluoromerhyl)-
1H-pyrazol- 1-yl}benzencsulfonamide;

[0300] 1) 4{5-({4-mcihylphenyl)-3{irilluoromeihyl)-
111-pyrazol- 1-yl}benzencaulfonamick::
[0301] 5) 4{5-(3-Euoro-4-methoxypheayl)-3{difluo-
romethyl)-1H-pyrazol-1-ylbeazenesulfonamide;
[0302] r6) 3{1{4{methylsulionyl)phenyl]-4-riffuo-
romethyl-1H-imidazol-2-ylpyridine;

[0303] ¢7) 2-methyl-5{1{4{(methylsulfonyDphenyl}-
4-rrifluoromelbyl- L H-imidazol-2-yl pyridine;

(0304] 8) 4{2-(5-methylpyridin--yl)}4+-(uifiuorom-
cthyl)- | H-imidazol-L-y{Joenzenesulfuaamidle;

[0308] 9) 4{5-methyl-3-phenylisoxazol-4-yiJenzenc-
sulfonaemide;

{0306] r10) 4{5-hydroxymethyl-3-phenyl isoxamol-4-
yipemenesulionamide;

[0307] s1) [2-irifluoromethyl-5-(3,4-diflwrophenyt)-4-
oxamlylhenzonuslfonamidle;

[0308] x2) 4{2-meibyl-4-phenyl-5-txwmnlyl Jhomene-
miforamide; ar

[B9] «3) 4{5-(3-fluoro-d-methoxyphenyl-2-trifluo-
roamethyl)-4-oxaznlylbenzenasulionamids;

[0310] or a pharmaceutically acceptable salt or prodrug
thereof.

[0311] Ina further preferred embodiment of the invention
the cyclonxygenase inhibilor can be selected from the class
of wicyelic cyclooxygenase-2 selective inhihitors repre-
scmed by the generul structure of formuls VI

O

[0312] whursin:

[0313] Z'is selected from the provp consisting of
partially unsaturated nr unsatumted hewemcyclyl
and partially unsaturated or unsatursted carbocy-
clic rings:

[0314] R* in sclected from the group consisting of
In:mcyelg‘ cycloalkyl, cycloalkenyl and aryl,
wherein R™ is oplionally substituted a1 a subsii-
tutabie position with one or more rudicals sclected
Ireun alky), haloalkyl, cyano, carboxyl, alkoxycar-
honyl, hydroxyl, hydroxyalkyl, baloatkoxy,
amino, slkylamino, arylamino, nitro, alkaxynlkyl,
alkylsulfinyl, balo, alkoxy and alkylthio;

[a315] R* is selected from the group consisting of
methyl or amino; and

[0316] R™ isselected from the group consisting of
& mdical selected from I, halo, alkyl, alkenyl,

1/6
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alkynyl, uxo, cyano, carboxyl, cyanoalkyl, hetero-
cyclyloxy, alkyloxy, alkylthio, alkylcarbunyl,
cycloalkyl, aryl, haloalkyl, heterocyclyl, cyclontk-
enyl, esralkyl, heterocyclylalkyt, acyl, alkylthin-
alkyl, hydroxyelkyl, alkoxycarbonyl, arylearbo-
nyl, amelkylcarbonyl, aralkenyl, alkoxyalkyl,
arylthivalkyl, aryloxyalkyl, amlkylthioalkyl,
aralkoxyalkyl, alkoxyanlkoxyalkyl, alkoxycarbo-"
nylalkyl, aminocarbanyl, aminocarbonylalkyl,
ulkylaminocarbonyl, N-arylaminocarbonyl,
N-alkyl-N-arylaminocarbonyl, alkylaminocarbn-
nylalkyl, carboxyalkyl, alkylamino, N-arylamina,
N-anlkylamino, N-alkyl-N-aralkylamino,
N-alkyl-N-arylamino, aminoatkyl, alkylami-
noakyl, N-arylaminoalkyl, N-aralkylaminoalkyl,
N-alkyl-N-aralkylaminoalkyl, N-alkyl-N-arylami-
mozlkyl, aryloxy, aralkoxy, arylthio, aralkylthiv,
alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alky-
laminusulfonyl, N-arylaminwsullonyl, arylsulf-
nyl, N-alkyl-N-arylaminosulfonyl;

[0317] or a prodrug thereof.

[M318] In a proforred embodiment of the iovemtivn the
cyclooxypcnasc-2 nsclective inhibitor neprescnted by the
above Formula VII is sclected from the group of com-
pounds, illustraicd in ‘Table 2, which includes celecoxib
(B-18), valdecoxib (B-19), deracoxib (H-20), rofecoxib
(B-21), cloricoxib (MK-663; B-22), JTE-522 (B-23), ur a
prodrug thercaf.

[0319] Aadditional information about selected examples of
the Cax-2 scloctive inhibitors discusged sbove can be found
as follows: celecoxib (CAS RN 169590-42-5, C-2779,
SC-58653, andl in U.S. Pat. No. 5,466,823); deracoxib (CAS
RN 169550-41-4); rofecoxib (CAS RN 162011-90-7); com-
pound B-24 (U.S. Pat. No. 5,840924); compound B-26
(WO 0W/25779); and ctoricoxib (CAS RN 202409-33-4,
MK-663, SC-86218, an in WO 98/03484).

TABLE 2

-

Compound
Numhar  Sirucuml Farmmb

"M

/
N

Wy

LN

HC
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TABRLE 2-contimed
Exsmples of ‘Trisyclic COX-2 Selective [nhibicm
Compoond
Number Strncmml Formuh

B Q £ F

"L

N
/
N,
CHF,

B-21

H”
2]

) .
[T¥ el *
N
N
a

i 7

Hp”

N
a1y

[0320] In a more preferred embodliment of tho invention,
the Cox-2 selective inhibilor is selected from the group
consinting of celecoxib, mfecoxib and etoricoxib.

{0321] 1o a preferred cmbodiment of the invention, pare-
coxib (Sce, c.g. U.S. Pat. No. 5,932,598), having the struc-
turc shown in B-24, which is a therapeutically effective
prodrug of the tricyclic cyclooxyyenasc-2 selective inhibitor
valdceoxib, B-19, (Sce, ¢.g., U.S. Pul. No. 5,633.272), may
be sdvantageously employed 2s a sourve of a cyclooxype-

nase inhibitor.
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[0322] A proferrud form of parceoxib is sodivm parceoxib,

[0323] In another embodiment of the invention, the com-
pound ART-963 having the formula B-25 that has been
previously descrited in Intornational Publication number
WO /24719, is annther tricyclic cyclooxygensse-2 selec-
tive inhibilor which may be adventageonsly employed.

B-24

B8

[0324] In a further embodiment of the imvention, the
cvclooxypenase inhibitor can be sclected [rom the class of
phenylacetic acid derivalive cyclooxyyenase-2 selective
inhibilors represented by the general tructure of Formula
VIII:

Vil
R

e jY

[0325] whercin:
[naze]
[0327]

R*? ix methy), ethyl, or propyl;
R*® is chloro or fluoro;
[0328] R* s hydrogen, fluoro, or methyl;

[0329] R*™ & hydrogen, fluom, chioro, methyl,
cthyl, metboxy, ethoxy or hydroxy;

[0330] R* is hydrogen, Auoro, or methyl; and
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[0a31] R* & vhloro, fuoro, trifluuromethyl,
methyl, or ethyl,

[0332] provided that R™, R™, R™ and R*' are pot all
fluvro when R¥ is ethyl and R™ i H.

[0333] A phenylacclic scid derivative cyclooxygenase-2
selective inhibitor that is described in WO 99/11605 is a
compound that hes the structure shown in Formula VIII,
[0334] whercin:
[0335] R*7is eihyl;
[0336] R and R™ are chloro;
[0337] R* and R are hydrogen; and
[0338] R*? is methyl.
[0339] Another phenylacetic avid derjvalive cyclooxype-
nase-2 seleclive inhibitor is a compuund that has the struc-
ture shown in Formula VIII,
[0340] wherein:
[0341] R is propyl;
[342] R and R* are chiom;
[0343] R* and R* are methyl; and
[0344] R is cthyl.
[0345] Another phenylacetic acid derivative cyclooxyge-
nase-2 sclective inhibitor that is described in WO 02720090
in a compound that is rcferred to as COX-189 (also termed
lumiracoxib), having CAS Reg. No, 220991-20-8, and hav-
ing the structure shown in Formula VIII,
[0346] wherein:
[0347] R™ is methyl;
[0348] R is Buoro;
[0349] R™ is chloro; and
[0350] R, R™, and R* are hydrogen.

[0351] Compounds that have a structure similar to that
shown in Formula VIII, which can serve as the Cox-2
sclcctive inhibitor of the present invention, are described in
U.S. Pal. Nus. 6,3104099, 6,291,523, and 5,958,978.
[0352] Other cyclooxygenase-2 selective inhibitors that
can be used in the present invention bave the gencral
siructure shown in formula 1X, where the J group is a
carbocyche or a heteracycke. Profermed embodimments have
thu structure:

0

[0354] XisO;] is 1.phenyl; R* is 2-NHSO,CH,;
R is 4-NO,; and there is oo R* group, (nime-
muilide), and

UB



US 2003/0114418 A

[0385] X is ©; ] is 1-oxo-inden-5-yl; R® is 2-F;
R is 4-F; and R™ is 6-NHSO,CH,, (flosulide);
and

[0356] X is O; ] is cyclobexyl; R is
2-NHSO.CH,; R* ix 5-NO.: and thcre is no R*
group, {(NS-398); and

[0357] X is S;J is |-oxo-inden-S-yk R*® is 2.1
R is 4F and R™ & 6N'SO,CH,Na*,
(L-745337); and

[0358] X is S: J i thinphen-2-yl; R is 4-F; there
is no R™ group; and R* is 5-NHSO,CElL,, (RWJ-
63556); and

[0359] X is O; J in 2-0x0-5(R)-methyl-5-(2,2.2-
Iﬁ!lunrnell:g)l‘unn—(Sll)J—yl: R¥?is 3-F; R* is
4-F; and R™ is 4-{p-SO,CHL)CH,, (L-T84512).

[0360] Funber information on the applications of the
Cox-2 selective inhibilor N-(2-cyclobexyloxynitrophervl)
methane sulfonamide (NS-398, CAS RN 123§53-11-2),
having a siructure as shown in formula B-26, bave been
described by, for examply, Yoshimi, N. et al., in Japanese J.
Cancer Rev,, S({(4):-406-412 (1999); Falgueyret, J. -P. et al,,
in Science Spectrs, available al: htip://www.ghhap.com/
Science_Spectrs/20-1-article.him (Jun. 5, 2001); and Iwata,
K. et al,, inJpn. J. Pharmacal, 75(2):191-194 (1997).

R26
n, S04

oge

[0361] An evaluation of the anti-inflammatory activity of
the cyclooxypenase-2 selective inhibitor, RWJ 63556, in a
canine model of inflammation, was described by Kirchner ct
al,, in J Pharmacol Exp Ther 282, 1094-1101 (1997).

[0362] Matcrials that can serve as the cyclooxygenase-2
selective inhibitor of tho present invention include diaryl-
methylidenefuran derivatives that are described in U.S. Pat.
No. 6,180,651, Such diarylmethylidencfuran derivatives
have the general formula shown below in formula X:

15
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[0363] whercin:
[03&4] tho rings T and M independently are:
[0365] a phenyl radical,
[0366] a naphihyl rdical,
[0367] & mxlical derived from a beterocycle

comprising 5 to 6 members and posscasing
from 1 to 4 heteroaioms, or

[0368] a radical clerived from a satursted hydmo-
carbon ring having from 3 1o 7 carbon atoms;
[03629] al lcast one of the substituents Q*, @, L' or
L is:
[0370] an —5(0),—R group, in which o is an
jnteger cqual 1o O, 1 or 2 and R js:
[@371] a kower alkyl radical baving 1 10 6
carbon aloms oF
[0372] a lower haloakkyl radical having 1 10 6
carbon aloms, or
[0373] an —80O,NH, group;
[0374] and is located in 1he para position,
[0375] the others indopendently being:
[0376] a hydrogen alom,
[0377] a halogen atom,
[0378] a lowur alkyl radicsl having 1 to 6 carhon
aloms,
(0379] a trifluaromethyl radical, or

[0380] a Inwer O-alkyl radical having 1 to 6
carbon atoms, or

{(0381] Q'and Q®or L' and L? are a methylene-
diaxy group; and
[0382] R, R*, R* and R* independently are:
[0383] a hydrogen alom.
[0384] = halogen atom,

[0385] = loweralkyl radical heving 1 to 6 carbon
aloms,

[0386] & lower haloalkyl radicat heving 1 10 6
carbon atoms, or

[0387] wn aromatic mdical sclected from the
group consisting of phenyl, naphihyl, thienyl,
furyl and pyridyl: or,

[0388] R, R* or R*, R™ ar: an oxygen atom,
or

[0389] K™, R ur R*, R®, togother with the
curbun atom 0 which they sre atiached, form a

saturated hydrocarbon ring having from 3 o 7
corhon aloms;

[0390] or an isomer or prodrug thereof.

[0391] Panicular masrials that ore included in thin family
of oompounds, and which can serve as the cyclooxygenage-2
selective inhibitor in the present invention, include N-(2-
cyclobexyloxynilrophenyl)methane mulfonamide, and (F)-4-
[{4-methylphenyl)(ietrahydm-2-oxo-3-furanylidenc)
methyl}benzencsulfonamide.
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[0392] Cyclooxygenase-2 selective inhibitors that are uge-
ful in the prescmt invention include darbufelone (Plizer),
CS-502 (Sankyo), LAS 34475 (Almirall Profesfarma), LAS
34555 (Almirall Profesfarma), $-33516 (Servier), SD 8381
(Pharmacin, described in US. Pat. No. 6,034,256), BMS-
M0 (Bristol Myers Squibb, described in U.S. Pat. No.
6,180,651), MK-966 (Merck), L-783003 (Merck), T-614
(Toyama), D-1367 (Chiroscience), L-748731 (Mcrck), CT3
{Atlantic Pharmaceulical), CGP-28238 (Novartis), BF-389
(Biofor/Scherer), GR-253035 ((Glaxo Welkaume), 6-dioxn-
9H-purin-R-yl-cinnamic acid {Glaxo Wellcome), and S-2474
(Shionogi).

[0393] loformation sbout S-3351G, mentioned above, can
he¢ found in Current Drugs Headline News, o hitp:/fww-
weurrent-drugs.com/NEWS/Inflam1.btm, Oct. 4, 2001,
where it was reported that S-33316 is a tetrahydroinoi
derivative which bes IC,, values of 0.1 and 0.001 mM
against cyclooxyycnase-1 and cyclooxygenase-2, respec-
tively. In human whole blood, $-33516 was reported o bave
an EDy=0.39 mg/kg.

[0384] Compcunds that may act as cyclooxygonasc-2
salective inhibitors inclhsde multibinding compounds con-
Taining from 2 w 10 ligands covaniently aitached to one or
mor linkers, as described in U.S. Pat. No. 6,395,724.
[00395] Compounds that may act as cychoxygeoase-2
inhibitors inchude conjugated linoleic acid that is described
in U.S. Pat. No. 6,077,868

[0396] Matcrials that can scrve as a cyclooxygenasc-2
sulective inhibitor of the present invention include hetero-
cyclic aromatic oxazole that are described in
US. Pat. Nos. 5,994,381 and 6,362,209. Such helsrocyclic

arumatic oxazle compounds bave the formula shown below
in formula XI:

pe’

[n397] wherein:
[0398] Z* & an vxygen atom:
[0399] one of R*® and R* is a group of 1he formls

l-l-l
rY
RO m?
l-ll
[0400] wherein:
[0401] R*? is Jower alkyl, amino ar lower alky-
lamino; and

[0402] R*, R*, R*® and R* arv the same or
different and each is hydrogea atom, halogen
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alom, lower alkyl, lower alkoxy, trilluoromethyl,
hydro:ly or amino, provided that a1 least one of
R*, R, R"® and R*” is not hydrogen stom, and
the other is an optionally substituied cycloalkyl,
an optionally substituted heterocyclic group or an
optionally substitmicd aryl; and

[0403] R™ is a lower alky! or a halogenated lower
alkyl, and a pharmaccuticaily acceptable salt
thereof.

[0404] Cox-2 sclective inhibitors thal are useful in the
subject metbod and compositions can include compounds
that arc described in U.S. Pat. Nos. 6,080,876 and 6,133,292,
and described by formula XII:

72

u“
r"o,

[0405] whercin:
[0406] Z? is selecied from 1he group consisting of:
[0407] (a) lincar or branched C, , alkyl,
[0408] (b) linear ur branched C,_, alkaxy,

[0409] {c) unaubsiluted, mono-, di- or tri-sub-
stituted pbunyl or naphthyl whorein the sib-
atifuenis arc sclected from the group consinting
of:

[0410]
[o411]
[0412]
[0413]
[0414)

(1) hydrogen,

(2) balo,

(3) C,_, alkoxy,
(4) CN,

(5) C,_» Auoronlky)
[0415]) (6) C,., alkyl,
[0416) (7) —CO.H;

[D417] R*"ix selected from the proup consisting of
NI, and CH,,

[0418] R* is sclected Irom the group comsisling
af’

[0419] C,, alkyl unsubstituted or substituted
with C, , cycloalkyl, and C, , cycloalkyl:
[0420] R* is selected from the group consisting

of:

[0421] €, alkyl unsubstituted or substituted
with ane, twu or three Nluor etoms; aml

[422] C, ;cycloalkyl;

[0423] with the proviso that R* wod R* are not
the same,
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[0424] Matcrials that can serve & cyclooxygenase-2
selective inhibitors include pyridines 1hat are described in
US. Pat. Nos. 6,360,275, 6,127,545, 6,130,334, 6,204,387,
6,071,936, 6,001,843 and 6,040,450, and which have the
genernl formula described by formula XIII:

S0 XTI

RE
N y o

[d25] wherein:
[0426] R* is solected from the group consisting
uf-

[0427] (a) CH,.
[0428] (b) NH,,
[0429] () NHC(O)CF,.
[0430] () NHCH,,

[0431] Z'is a mono-, di-, or risubstituled phenyl
or pyridiny! (or the N-oxide iherenf),

[0432] wherein the substituents are chosen from the
group consisting ol:

[0433] (a) hydrogen,
[0434] (b) balo,
[0435] (c) C,q alkoxy,
[0436] (d) C, 4 alkylthia,
[0437] (c) ON,
[0438] () C,., alkyl,
[0439] (g) C,_4 lucroalkyl,
{0440] (k) N,,
[o441] (i) —CO-R*%,
[0442] (i) hydroxy,
[0443] (k) —CR™NR*)—0I,
[0444] () —C, alkyHCD,—R",
[0445] (m) C, ;Auoralkaxy;
{0446] R**in chusen from the proup comsisling ol
[0447] (a) halo,
[0448] (b) C, ealkoxy.
[04+9] (c) C,, alkyhhio,
[0450] (d) CN,
[0451] () G, alkyl,
{04%2] (1) C,.; Nuaroalkyl.
[0453] (8) N,
[0484] (h) —COR™,
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[0455] (i) bydroxy,

[0456] () —CR*"NR*)—OH,
[0457] (k) —C, alkyl-CO—R®,
[0458] (1) C,fluoroalkoxy,
[0459] (m) NO,,

[0460] (n) NR*'R*2, and

[0461] (O) NHCOR®;

[01%] 5”' R, I!’_’. R*™. R™, R™, R™, R, R*},
R, R%, are vach independently chason from the
group consisting of:

[0463] (a) hydrogen, and
[0464] (b) C,alkyl;

[0465] or R*! and R*5, R* and R*™ or R*! and R topether
with the atom to which they are atiached form a satursted
manocyclic ring of 3, 4, 5, 6, or 7 atoms.

[0466] Maierials thal can serve ax the cyckoxygenase-2
sclective inhibitor of the present invention include diaryl-
benzopymn derivatives that are described in U.S. Pat. No.
6,340,694, Such diarylbemarpyran derivatives bave the gen-
¢ral formula shown below in formula XIV:

v

[0467] wherein:

[0468] X® i an oxygen atom or a sulfur atom;

[0469] R* and R*, identical tn or differ:nt from
cach other, are independently a hydrogen atom, a
balogen atom, & C,-Cy lower alkyl group, a trif-
loromethyl group, an alkoxy group, a hydroxy
group, a mitro group, a nitrile group, or a carboxyl
group;

[0470] R* ina group of a forrmula: S{Q),R™ wherein
o is an integer of 0~2, R® is a hydropen atom, a
C lower alkyl p. or a group of a formula:
N'Il-g;l“ wherein Rg:“nd R™, identical 1 or dilfer-
enl from each other, are indopendontly a hydrmogen
atom, or a C,-C, lowur alkyl group; and

[0471] R* is oxezolyl, benza[blthicayl, furanyl,
thienyl, naphthy], thizmlyl, indolyl, pyrlyl, hen-
mfuranyl, pyrazolyl, pyraznlyl substituted with a
C,-C, lower alkyl group, indanyl, pyrezinyl, or a
substituted group represcnied by the following
structures:
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NSNS L

[0472] whercin:

[0473]) R' through R™, identical to or different
from onc anotber, arv indepcodently a hydrogen
atom, a halogen alom, a C,-(’, lower alkyl group,
1 frifluoromcthyl group, an alkoxy group, a
hydroxy group, a hydroxyalkyl group, a nitro
gronp, a group of e formula: S(0),R®, a group of
a formula: NR™R™, a irifluoromethoxy group, a
nitrile group a carboxyl group, an acetyl group, or
2 formyl group,

[0474] wherein o, R*®, R* and R™ have the name
meaning as defined by R* above; and

[0475] R™ is a hydrogen stom, & halogen atom, »
(C4-Cq lower alkyl group, a trilluoromeihy] group,
an alkoxy group, a hydroxy group, a trifluo-
romethoxy group, a carboxyl group, or an acetyl
group. Materials that can serve as the cyclooxy-
genase-2 sclective inhibitor of the present inven-
tion inchude 1-(4-sulfumylaryl)-3-substituted-5-
aryl-2-pyrazolines that arc described in U.S. Pat.
No. 6,376,519. Such |-(4-sulfamylaryl)-3-substi-
tuted-5-aryl-2-pyrazolines have the formula
shown below in formula XV:

XV

SOaNHx

[0476] wherein:

[0477] X" is selected from the gronp consisting of
C,-C, uibalomcthyl, preferably trifluoromethyl;
C -Cy4 alkyl; and mn optionally substitvied or di-
substituted phenyl group of formula XVI:

Jun. 19, 2003
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[0478] wherein:

[0479] R7 and R™ are independently selected
from the group consisting of hydrogen, halogen,
preferably chlorine, fluorine and bromine;
bydroxyl; nitro; C,-C, alkyl, preferably C,-C,
alkyl; C,-C, alkoxy, preferably C,-C, alkoxy; car-
boxy, C,-C4 trihaloalkyl, prefembly tribalom-
cthyl, most prelcrebly trifluoromethyl; amxl cyano;

(04801 Z? ik sclected from the group consisting of
subsatituted and unsubstituted aryl.

[0481] Matcrials that can scrve as the cyclooxygenasc-2
selective inhibitor of the present invention include hetero-
cycles that are described in U.S. Pat. No. 6,153,787. Such

bave the general formulss shown below in
formulas XVII and XVIII:

Xva
.1

[0482] whercin:

[0483] R™ is a mono-, di-, or tri-substituted C,_,.
alkyl, or a mox-, or an unsubstituted or mono-,
di- or tri-substituted linear or branched C,_,, alk-
enyl, or an unsubstitutcd or mono-, di- or tri-
suhsdjtuted linesr or branched Ca, 4 alkynyl, or an
unsubstituted or mono-, di- or ri-substituted C,_, ,
cycloalkenyl, or ao unsubstituted or mono-, di- or
tri-gubstituicd C, ,. cycloalkynyl, wherein the
substitucnts arc chosen from the group consisting
ofl:

[0484] (a) halo, selecicd from F, Cl, Br, and 1,
[0485] (b) OM,

[0486] (<) CF,,

[0487] (d) C; 4 cycloalkyl,

[0488] (¢) =D,

[0489] (f) divxolane,

[0490] (1) CN; and

22V
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[031] R™ is selected from the group consisting

[0492] (») CH,,
[0493] () NH.,
[04%4] (c) NHC{OXCE,,
[0495] () NHCH;;

[0496] R®!and R™ arc independemly chosen from
the group consisting ol

[0497] (a) hydrogen,
[0498] (b) C,.\0 akkyk;

[0499] or R*" and R* together with lhe carbon 10
which they are aftached form s saturaled mono-
cyclic carbon ring of 3. 4, 5, 6 or 7 atoms.

{os00] Formula XVII is:

xvii

x

(OpSTIC

4]

HK
an

[0%01] X' is fluoro or chloro.

[aS02] Materials that can serve as the cyclooxygenase-2
selective inhibitor of (he present invention include 2,3,5-
trisubetituted pyriclinus that are described in U.S. Pat. No.
6,046,217. Such pyridines havo Ltho general formuls shown
below in formula XIX:

XIX
S0,R4

e g" |
N XN=—{—(C) OR™

[0303] or a pharmaccutically accepiable salt thereof,

[0504] wherein:
[0305] X' is melected from the group consisting
of:

[os506] (») O,

[sir] @) S,

[0508] (<) bond;
[0509] nisOorl:

Jun. 19, 2003

[0510] R®* is selected from the group consisling
of:

[0s1l] (a) CH,,
[0512] (®) NH,,
[0513] (c) NHC(O)CE,;
[0514] R™ is chosen from the group consisting of:
[0515] (a) halo,
[0516] {b) C,, alkoxy,
[0517] (c) C,q alkyhhio,
[0518] (d) CN,
[0519] (e) C, 4alkyl,
[0520] (M) C,, Quorualkyl,
(0321] (&) Na
{0s22] (h) —CO;R™,
f0x23] (i) hydroxy,
[0s24] () —OR*¥R>)—0H,
[0s25] (k) —C,.; alkyl-CO—R",
[0s26] (1) C,., fluoroalkoxy,
[0527] (m) NO.,
[0s28] (m) NR™R”,
[0529] (O) NHCOR™,;

[0530] R*™ 10 R® arc independamly chosen from
the group consisting of

[0531] (r) hydrugen,
[0332] () C,p alkyl;

[0233] orR™ and R*, or R*™ and R™ together with
the atoms to which they are altached form a
carbocyclic ring of 3, 4, 5, 6 or 7 atoms, or R*® anl
R" are joined 1o form a bond.

[0534] One prefermed embodiment of the Cox-2 selective
inhibiior of formula XIX is that wherein X is a bond.

[0535]) Another prefemred embodiment of the Cox-2 selec-
five inhibitor of formuls XIX is that wherein X is O.

[0536] Another preferred embodiment of the Cox-2 sclec-
tive inhibitor of formula XIX is that wherein X is S.

[0537] Another preferred embodiment of the Cox-2 selec-
tive inhibitor of formula XIX is that wherein R* is CH,,.

[0538] Anoiher preferred embodiment of the Cox-2 selec-
tive inhibitor of formula XIX is that wherein R™ i halo or
(& Muorvalkyl.

[0339] Materials that can serve as the cyclooxygenase-2
selective inbiibitor of the presenl invention include diaryl
bicyclic bele that are described in US. Pat. No.
6,329,421. Such diaryl bicyclic beterocycles have the gen-
eral formuls shown below in formula XX:

213



US 2003/0114418 Al Jun. 19, 2003

20
[0567] (g) P(OXCH,)OH, and
x [0368] (h) P(OXCH,)NIL;
R® [u;?] R% iy selected from the group comsisting
o d T [0570] (a) C,., alkyl,
% R [0571] (b) Cs. cycloaliyl,
L [0572] (c) mono- ar di-aubstitutcd pheayl o
naphthyl wherein the substituent is selected
. ¢ from the group comsisting of:
Mwl;gn :;nd pharmaceutically acceptable salts thereo [0573] (1) hydrogen,
[Oﬂl] _A!-A‘_AT_A!_ is solected from the group [0574] (2) hlk'I' including F. (.1, “f. l.
consisting of: [0575] (3) C,_, alkoxy,
[0542] (a) —CHemCH—CHum(H—, [0576] (4) C,, alkylthio,
[0543] () —CH,—CH,—CIL—(0)—, [0377] () CN,
—CH,—CH—C(0)—CH—, —CH— CF
O(0)—CH,—CH,, —C(0)—CH,—CH,— [0S78] (6) CF,
CH, [0579] (7) C,q alkyl,
[0544] (c) —CH,—CH,—C(0)—. —CH,— [0580] (8) N,,
[ufﬂqg))—cm—.—o—qm—&)a:'— - [0s82] (10) —CO,—CO,., alkyl,
aL— [0s83] (11) —OR'PYR'™)—OH,
[0546] (e) —CH~CH.~C(0)—0—, [0584] (12) —C(R'P)R'™)—0—C,
—ClL—((0)—OCH,— (0 —O0—ClL— alkyl, and
a . [o583] (13) —C,_, alkyl-CO.—R%;
[”gﬂq({’m,_—i“ K °_q°‘3,>:~qn o [0586] (d) mono- or di-substituted heicroaryl
—C(R“")..;C(O) o Sl wherein the helcroary] is 2 monocyclic aromatic
= ring of 5 atoms, said ring having one helero
[0348] (g) —NemCH—CHe=CH—, alom which i 8, 0, or N, and nll:limally 1,2
[0549] (h) —CHe=N—Cli==CH—, or3 lddflinnel N l[lt;mnl,o or the i‘;te.mugl i..n [ ]
[s50] () —Cli=CH—N—ClI—, one heipro atom which ia N, and optionslly 1, 2
a 3, or 4 ulditional N atoms; said snbatit
R o e
sl @ i [0587] (1) bydrogen,

[0553] () —N=CH—N=CH—,

including NMuoro, ¢
[0584] (m) —N N—, [osas8] (&m incheding Muom, chloro,

[0558] (n) —S—CHe=N—, [0589] (3) C,., alkyl,
[0356] (0) —S—N=CH—, [0590] (4) C,., slkoxy,
[0557] (p) —NemN—NH—, [0591] (5) C,_q alkylthio,
[0558] (q) —CH=N—8&—, and [0592] (6) CN,
[0559] (r) —N=CH—S—; [0393] (7) CP,.
” » . .
[01:!] R™ ia solccled from the group consisting [0594) (8)N,,
[0561] (2) S(O)-CH,, [0595] (9) —CIR'®YR**)—OH, a0
[0562] (b) S(O)LNH., [“5.::31; (1) —C(R“”)(R‘“)—O—Cm
(VS63] () S(0).NHCOCF, [0397] (e) benzohetoroaryl which includes the
[0364] (d) S(OXNH)CH,, beazo fused analogs of (); R** aod R™* are
[0365] (c) S(OXNH)NH,, ROy Clrpie et N

[0866] (N S(O}NH)NIICOCF,, from the group consisting of:
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[0398] (a) hydrogen,
[0s99] (b) CF,,
[0600] (c) CN,
[0601] (d) C, 4 alky),

[0602] (c) <Q* wherein @ is Q°, CO.H,
C(R'™)R'™OH,

[0603] () —O-Q*,

[0604] (g) —S-Q*, and

[0603] (h) optionally substituted:

[0606]  (1)—C, 5 alkyl-Q?,

[0607] (2)—0—C,5alkyl-Q%,

[0608]  (3)—S—C, 4 alkyl-Q°,

[0609]  (4) —-C,_s ulkyl-O—C, ; alkyl-Q*,
[0610]  (5)-—C, 5 allkyl S—C, , alkyl-Q°,
[0611] (6) —C, 4 atkyl-0-Q",

[0612] (7)—C,.y alkyl-S-Q",

[0613] wherein the substituent resides on the alkyl
chain and llnl glxb;ﬂ)g;i’ llkc)g. and Q° mng‘;
CO.H, CR i CO,—C,, &
tetraznlyl-S-yl, or QR'PYRI™0—C, , alkyl;
[0614] R, R and R arc each independently

selected from the group consisting of

[0615] (a) hydrogen,
[0616] (b) C, 4 alkyl: or

[0617] R' and R'™ wgether with the carbon 10
which they are attached form a saturated mono-
cyclic carbon ring of 3, 4, 5, 6 or 7 atoms, or two
R'® groups on the same carbon form a saturated
monocyclic carbon ring of 3, 4, 5, 6 or 7 atoms;

[0618] R is hydrogen or C, _, alkyl;
[0619] R'? is hydrogen, C, 4 alkyl or aryl;

[0620] X" & O, § NR'™, €O, CR"™),,
OR'TYOH), —O(R* = C(RT)—;
—O(R)mN—; —N==C(R)—,

[0621] Compounds that may act as cyclouxygenasc-2
inhihitors include salis of 5-amino or a substituted amino
1,2 3-triazole compound that ere described in U.S. Pat. No.
6,239,137. The salts are of a ¢lass of compounds of formula
XXI:

L
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[0622] wheroin:
[0623] R ix:
[0624] whercin:

[0625] pisOto2; mis0t04;andnis 010 5; X"
is 0, §, S0, $0),, CO, CHON, CH, or C=NR'"?
whero R"’uhyﬂm luwullkyl hydroxy, low-
cralinxy, amino, lowerlkylamino, diloweralky-
lamino or cyano; and, R*** and R*** arc indepen-
dently  balogen, cyano, triflucromethyt,
loweralkanoyl, nitro, Joweralkyl, lowenlkoxy,
carboxy, lowercarbalknxy, trifuloromethoxy,
acelamido, bwenlkylthio, loweralkylsulfinyl,
loweralkylmulfonyl, trichlorovinyl, trifluorometh-
ylthio, tn.llnumml..lhyhll.hnyl. or triflucromethyl-
sl.l.lfuuyl, R is amino, momo or dilowerliyl
amino, acetamido, acetimido, urcido, formamido,
formamido or guanidino; and R s mblmoyl
cyano, carbazoyl, smidino or N-h;
oyl; wherein the loweralkyl, lowenlicyl cnntam-
ing, lowcralkoxy and Joweralkanoyl groups con-

Iain from 1 1o 3 carhon aloms.

[0626] Materials that can serve as a cyclooxygenasc-2
sclective inhibitor of the present invention include pyrazole
derivatives (hat are described in U.S. Pat. No. 6,136,831,
Such pymzole derivatives have the formula shown below in
formmula XXIN:

14 xxi
““:_ | 'll.l'l
(L) N
gile X N/
z*
[0627] whercin:

[0628] R'™ is hydrogen or halogen, R** and R*"®
are each independently hydrogen, balogen, lower
alkyl, lower alkoxy, bydroxy or lower alksnoy-
loxy;

[0629] R'"7 is lower haloalkyl ar lower alkyl;

[0630] X is sulfur, oxygen or NH; and

[0631] Z°is lower alkyithio, lower alkcylsulfonyl or
sulfamoyl; or a pharmaceutically acceptable salt
thereof.

[0632] Matcrials that can serve as a cyclooxypenase-2
selective inhibitor of the present invention include substi-

-

23S
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tuted derivatives of beozosulphonamides that are described [0644] and the pharmaceutically-acceptable ralts

in US. Pal. No. 6297282 Such benzosulphonamide thereof.

derivatives have lhe formula shawn below in formula XXIIT: [0645] Materials that can scrve as & cyclooxygecnasc-2

selective inhibitor of the present invention include 3-phenyl-
wan  ‘H4(methylsulfonyl)phenyl)-2-(SH)-furanones that  are
described in US. Pat. No. §239,173. Such 3-phenyl-4-
(4{muthylsulfonyl)phenyl)-2-(5H)-furanones bave the for-

lul
I
x":Q/sm.,_q,n"' mula shown below in formuls XXIV:
o =
/
i@
n'xrm 12 Xxv

[0633] wherein:
[0634] X** denoles oxygen, sulphur or NII;

[0635] R is an optionally unsaturated alkyl or
alkyloxyslkyl group, optionally mono- or RS
polysubstituied or mixed substiluted by halogen,
alkoxy, oxo or cyan, a cycloatkyl, aryl or hei-
cronryl group optionally mono- or poalysubstituted
or mixcd substituicd by halogen, alkyl, CF,, cyano

xl'P"r

or alkoxy; [0&646] _or phamacvutically accepiahle salts thereof
[0636] R"P and R'™, independently from one whercin:

another, denote hydrogen, an optionally polyfluo- [0647] X'"—Y'—Z- is selocted from the group

rised alkyl group, an aralkyl, aryl or heteroaryl consisling of:

group or a group (CH),—X"%; or [0648] (x) —CH.CH.CH,—,
[0637] R and R'™, together with the N— atom, [0649] (b) —C(O)CH.CH.—,

denoic a 3 1o 7-membered, saturuted, parti p

mmphl.ely umn:mled Ilnl::m:yt:lr. wj::illﬁ;lnl: :: [0630] () —CH.CH.O(0)—,

more heteroatoms N, O or S, which can optionally [0651] (d) —CR™ (R*=—0—C(0)—,

bo subatituted by oxo, sn alkyl, alkylaryl or aryl
group, or a group (CH),—X'%;
[0638] X' denotes halogen, NO,, —OR!™,

[0652] (e) —({OY—O—CRI*® (R1ZP)—,
[0653] (f) —CH,—NR™—CH.—,

—COR%, —CO;R', —0(.‘0..=|_l!.'21 —CN, [0654] () —CR'™ (R"*™)—NR'*"—C(0)—,
—CONR‘”OII."’—CONR“‘R’ —SR™1, W CRIF__§
O)Rm _ao)-km _NRJ.MRII: —NH- [m] (h) —CR? R* ’
C(O)R"‘ —NHS(0),R™"; [0656] (i) —S—CR¥™*=CR™_,
[0639] n denotes a whole number from 0 to 6; [0657] () —S—N=CH—,
[0640] R'>denotos a straight-chained or branched [0658] (k) —Cl=N—§—,
alkyl group with 1-10 C— atoms, u eycloalkyl [0659] (I) —N=CR'**—0—,
group, learboxyl X 1
aralicyl ;:;:;k{ heteronryl oe botcroaraliyl grous [0660] (m) —O—CR4=N—,
which can optionaily be mono- or polysubstituted [0661] (n) —N=—=CR"™—NH—,
or mixed substituted by halogen or alkoxy; [0662] (Q) —NemCR'*—§—, and
[Oz:u"" deaotes hlhlf;lll' hydroxy, a sll;:;ght- [0663] (p) —S—CR*>emN—,
or branched alkyl, alkoxy, or "
alkyloxycarbumyl group with 1-6 (‘...iy atoms, [0664] (q) —C(O)—NR'“—CR'™ R*>)—,
which can optionelly be mono- or polysubstituisd [0“5] (1) —R**? N—CH=CH— provide R,
0, NO"I _On.l.z.'l.' _Conl'_‘.l' is nol q'i(O)-.CH,,

R, —0CO.R'™, —N, = "
_Comlz‘lon:l.. _Com:lzlnlz —SR™__ [0“6] {s) —CH=CH—NR provided R
s(o)u‘l..t _s(o)_‘nlzl _NR‘I“‘I.“‘Izn. —NH- is oot —S(O).CH,

C(O)R*#, —NHS(O%LR'™, or a palyflucroalkyl [0667] when side b is a dovble bond, and sides a
group; and ¢ are single bonds; and

[0642] R™! and R, indcpendently from one [0688] X'’—Y'—Z'- is sclected from the group
another, denote hydrogen, slkyl, aralkyl or aryl; consisting ol
end [0669] (a) =CH—O—CH=, and

[0643] m denotes a whole oumber from O 1o 2; [0570] (b) ==CH—NR*"—CH=,
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[0671] (c) ==N—S—CHum,
[0672] (d) ==Cli—S—Num,
[0673] (¢) =N—O—CH=,
[0674] () =CH—O—Ne=,
[0675] (4) =N—S—N==,
[0676] (h) m=N—OD—N=,

[0677] whun sicw o and ¢ are double bonds and
side b ix o single bond;

[0678] R'™ ix relected from the group comsisting
of:

[0679] (a) S(0),CH,,

[0680] (b) S(O).NH,,

[0681] () S(O),NHC(O)CF,,
(06&2] (d) S(OXNH)CH

[0683] (<) S(OXNH)NH.,

[0s84] (M) S(OXNIDNHO(O)CF,,
[0s85] () POOXCH,)OH, and
[0686] (b) (OXCHONH,;

{0687] R'* ia sclected from the group consisting
of

[0688] () C,, alkyl,
[0689] (b) C;, C,. Cs, C,, and C,, cyclonkkyl,

[0690] (c) mxmo-, di- or tri-substituted pheayl or
maphthyl,

[0681] whercin the substitucol is sclected from the
group consisting of :

[0692] (L) hydrogen,

[0693] (2) balo,

[0654] (3) C,, alkoxy,

[0695] (4) C,, alkylthio,

[0696] (S) CN.

[0697] (6) CF.,

[0698] (7) C,.qalkyl,

[0699] (R)N,,

[0700] (9) —CO:H,

[0701] (10)—CO—C,_, alkyl,

[0M2] (11) —C(R'™)YR'*)—OH,

mﬂ] (12) —CR™YR™—0—;,, alkyl,
al

[0704] (13) —C, , alkyl-CO., —R™%;

[0708] (d) mona-, di- or tri-substituted beleroaryl
wheruin the heteroaryl is 8 monocyclic aromatic
ring of 5 atoms, said ring having ome hetero atom
which is S, O, or N, and optionally 1, 2, or 3
additionally N atoms; or the heteroaryl is & mono-
cyclic ring of 6 atoms, said ring baving one hetero
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atom which & N, and optionally 1, 2, 3, or ¢
additional N atoms; said substituents are selected
from the group consisting of

[0706] (1) bydrogen,
[0707] (2) hato, including Auorn, chioro, brome
and imd,

[0708] (3) C, 4 nlkyl,

[0709] (4) C,_ alkoxy,

[0710] (5) C,., alkylthio,

[0711] (6) CN,

[012] (DK,

[0713] (8) N,

[0714] (9) —C(R™®}R'**»—OH, and
[0715] (10) —CR™XR“**)—0—C, , alkyl;

[0716] (c) bemzoheteroaryl which includes the
bemao fused analogs of (d);

[0717] R is selected from the proup consisting
ol

[0718] (a) hydrogen,

[0719] (b) CF,,

[0720] {c) CN,

[0721] (d) C, , alkyl,

[0722] (e) hydroxyC, , alkyl,

[0723] (D) —C(0)—C,, alkyl,

[0724] (g) optionally substituicd:
[0725] (1) —C,.5 alkyl-Q*,
[0726] (2) —C,.; akyl-0—C, , alkyl-Q*,
[0727] (3} —C,.; alky}-S—C, ; alkyHQ?,
[07284] (4) —C-5 alkyl-0-Q°, or
[0729] (5) —C,.s alkyl-S-Q°,

[0730] wherein the substituent resides on the alkyl
and the substituent is C,_, alkyl;

[0731] (h) -0%

[0732] R!® and RZ¥are each indupondunily
selecicd from the group consisting of:

[0733} (a) hydmgen,

[0734} (b) CF,,

[0735] () CN,

[0738] () g ulkyl,

[0737] (e) Q°,

[0738] (0) —O-Q’;

[0739] (g) —S-Q° and

[0740] (h) optionally substituted:
[0741] (1) —C, ; akkyl-Q®,
[0742] (2) —0—C,.4 alkyl-Q",
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[0743] (3)—S—C, ; alkyl-Q?,

[0744] (4) —C, 5 alkyl-0—C, ; alky}-Q°,
[0745] (5) —C,, slkyl-5—C, , alkyl-Q?,
[0746] (6)—C.., alkyl-0-Q*,

[0747] (7)—C,., alkyl-S-Q°,

[0748] wherein the substitueni resides on the alkyl
and the substituent is
[@749] C,, alkyl, and
[0750] R?®,R'™,R™,R"! and R™ are each

independuntly sclected from the grovp consist-
ing of:

[0751] (a) hydrogen,

[0752] (b) C,, alkyl;

[0753] «r R* and R'™ or R™* and R'* ingether
with the carbon to which they are attached form a
saturated monocyclic carbon ring of 3. 4,5 60r
7 atoms;

0734] Q" is CO.H, CO,—C, , alkyl, fetraznlyl-5-

O R RSy OED or G XENCC,

alkyl);

[0785]) provided that when X—Y-Z is
—S—CR™==CR'**, then R'™ and R arc
otber than CF,,

[0756] Matcrinls thal can kerve as a cyclooxygenase-2
sulective inhibitor of the preacnt invention include bicyclic-
carbonyl indole compounds that are described in U.S. Pat.

No. 6,303,628, Such bicycliccarbonyl indole componnds
have tho formmula ahown bolow in formula XXV:

z'\

Al

“l.
B <

(CH»-Y{(C“H-

[0757] or the pharmaceutially acceptable salls
thereof wherein

[0738] A®is C,_, alkylens or —NR*—;
[0759] Z° is C(=L*R'™, or SO,R'™;
[0760] ZPis CH or N;

[0761] Z'uand Y?are mdependumly selected from
—CH,—, O, § aml —N—R'™;

[0762] mB1,20r3;
[0763] q and r arc indcpendently 0, L or 2;

[0764] X is independently selected from halo-
gen, C,, alkyl, balo-substituied C,, alkyl,
hydroxy, C,, alkoxy, halo-substituied C,_,
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elkoxy, C,, aikylthio, nitro, amina, mom- or
di{(C , alkyljamino and cyano;

[0765] ui0.1,2,3 ar 4

[0766] L? is oxygen or sulfur;

[0767] R is hydrogen or C,, alkyl;

[0768] R'* is bydmoxy, C, g alkyl, halo-substituted
Cres 2lkyl, C, . alkoxy, hak-substitned C, .
olkoxy, C,, hl]lmx; Coa  alkyl(Cy o
cyclonlkaxy), —NR'™R37 ¢, alkylphenyl-
O— or pbenyl-0—, said phonyl being optionally
substitmied with one 1o five subatituents indepen-
dently sclected from halogen, C,_, alkyl, hydroxy,
C,; alkoxy and nitro;

[0769] R'*isC, jalkyl or halo-substituted C, , alkyl; and

[0770] R™°and R**7 arc independently sclected from
hydrogen, C, , alkyl and halo-substimted C,_g alkyl.

[0771] Materials that can serve as a cyclooxypenase-2
sclective inhibitor of the present invention include benzimi-
dazole compoumnds that are described in US. Pat. No.
6,310,079. Such benzimidszole compounds have the for-
mula shown below in formula XXVI:

N
aﬂ). (R 1IN
190

“wo—gem,

[@772] or & pharmeaccutically acecpiable salt thoreof,
wherein:

[0773] A is beicroary] sclected from a 5-mem-
hured monocyclic aromatic ring having one hetero
atom selected from O, Smlendopmlly
containing one to three N atom(s) in addition to
said hetero aiom, or a 6-membered monocyclic
aramalic ring having ons N aiom and opfionatly
containing one to four N atom(s) in addition to
seid N alom; and said beteroaryl heing cormected
1o the nitrogen alom on the benzimidazole through
a carbon atom on the heteroaryl ring;

[0774] X° is independently melected from halo,
C-C, alkyl, hydroxy, C,-C, alloxy, halo-substi-
luled C,C, alkyl, hydmxy-mlﬂuulﬂ! -G,
alkyl, (C,-C., alkoxy)C,-C, alky), halo-substituted
€, alkoxy, amino, N—{(C},-C, alkyl)amino,
NNdi(C-C, alkylamino, [N—C,-C, elky-
Damino]C, -C, alkyl, [N,N-3(C,-C, alkyl}amino]
C,-C, akyl, N—(C,-C, alkanoyDamonio,
N—C-C, alkylXC,-C,  alkanoyl)amino,
N—[(('.' -C, alkylysulfonyl Jamino, N—{(balo-sub-
stituted’ C,-C, alkylsulfonyllamino, C,-C,
sllmnoyl, carhoxy, (C,-C, alkuxy)arbonyl, car-
hamoyl, [N—(C,-C, alkylJaminoJearhonyl, [N,N-
di(C-C, nllq'l).'lmmn}:nltmnyl cyana, nitro, mer-
capto, (C,-C, alkylythio, (C,-C, alkyDsulfinyl,
(C,-C, alkyl)sulfonyl, aminvsulfonyl, [N—(C,-C,
alkyl)lmmn]mlfonyl and [NN<i{C,-C, alky-
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DaminoJsulfonyl; X™ is independently selected
from halo, C,-C, alkyl, hydroxy, C,-C, alkoxy,
haln-substituted C,-C, alkyl, hydroxy-substituted
C,-C, alkyl, (C,-C, alkaxy)CO,-C, alkyl, haln-
substituted CO,-C, alkoxy, amino, N—{CO,-C,
alkyDamino, N,N-di(C,-C, alkyl)amino, [N—(C -
C, alkyllamino]C,-C, alkyl, [NN-GH(C,-C, alky-
Damino]C,-C, alkyl, N—(C,-C, alkanoyllaminu,
NC,-C, alkyNAC,-C, alksooyl) amino,
N—{(C:0 -, aikyTpallonyl]amino, N{(balo-sub-
sied  C,-C, akylpulfomyllamioo, CO,-C,
olkanoyl, carboxy, (C,-C, ualkoxy)cabonyl,
ushamoyl, [N—(CO,-C, alkyl) aminojearbonyl,
[N.N<I(C -C, alkyllamioo]carbonyl, N-carbo-
moylamino, cyano, nitro, mercapio, (C,-C, alky-
Dthio, (C,-C, alkyDsulfinyl, (C,-C, aikylsulfo-
oyl. aminosvlfonyl, [N—(C,-C, alkylJamino]
sulfonyl and [N, N-di(C,-C, alkyl)aminolsulfonyl;
[0775] R'® is selected [rom hydrogen,

[0776] mruight or banchod C,-C, alkyl optionally
substitulcd with one 10 three mubstituent(g)
wherein said substituents are independently
mtlecled from halo hydroxy, C,-C, alkoxy, amino,
N—(CO,-C, alkyl)amino and N,N-di{C,-C,, aky-

ml

[0777] C,-C, cycloalkyl optionally substituted
with one to three substituent(s) wherein said sub-
slitucnts arc indcpently sclected from halo, C,-C,
alkyl, hydroxy, C,-C, alkoxy, amint, N—{(C,-(C,
alkylyamino and N, N-di(C,-C, alkyllamino,

[07T78] C,-C, cycloalkenyl optionally substitmed
wilh one 1o three sabstitueni(s) wherein said sub-
slituenix are independently selected from halo,
C-C, alkyl, hydmxy, C,-C, alkoxy, amino,
N—(C-C, alkyljamino and N,N-di(C,-C, alky-
Damino,

[0779] phenyl optionslly substiluled with one 10
three substituent(s) wherein said substituents are
indcpondently selected from halo, C,-C, alkyl,
hydroxy, C,-C, alkoxy, halo-substituied C,-C,
alkyl, hydroxy-substituted C,-C, alkyl, (C,-C,
alkoxy)C,-C, akyl, halo-substituted C,-C,
alkoxy, amioo, N—(C,-C, alkyl)amino, N,N-
di(C: -C, alkyl)amino, [N—(C,-C, alkyl)aminu]
C,-C, alkyl, [N,N-UI(C,-C, alkyDamino]C,-C,
alkyl, N—(C,-C, alkanoyl)amino, N—[C,-C,
alkyl)C,-C, alkanoyl)Jamino, N—[(C,-C, alky)-
JsulfonyJamino, N-{(halo-substituted C,-C, alkyl-
Julfonyl hmino, C,-C, alkanoyl, carbexy, (C,-C,
alkoxy)}arbonyl, cabomayl, [N—{C,C,
alky)aminoJeasbonyl, [N,N-di{C,-C, slky-
Damine karbonyl, cyano, nileo, mercaplo, (C,-C,
alkyDhio, (C,-C, alkylpulilnyl, (C2,-C; alkyl)sul-
fonyl, aminosulfonyl, [N-~{C,-C, alkyl)aminn]
sulfonyl and [N.N-di{C,-C,, alkyl)aminoJsullonyl;
and

[0780] hetcroaryl sclccted from:

[0781] & 5-membered monocyclic aromatic ring
having one betero atom selected from O, S and
N and optionally containing one o three N
atom{s) in addition 1o said hetero atom; or a
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O-membered monocyclic vromatic ring having
onc N atom and optionally cuntaining one o
four N atom{s) in addition 10 asid N atom; and

[0782] waid hetervaryl being optivnatly substi-
ntedl with one to threo substitusni(s) s:lected
from X

[0783] R* pnd R*? are independently selected
from:

[0784] hydrogen, balo,
[0788] C,-C, alkyl,

[0786] pheny] optionally subsiituted with ooe to
three substitueni(s) whercin said substiluenis are
indcpendently sclecied from halo, C,-C, alkyl,
bydraxy, C,-C, slkoxy, amino, N—(C,-C, alky-
Damino and N,N-¢i(C,-C, alkyl)smina,

[0787] or R¥>®and R can form, toyether with the
carbon atom to which they are attached, 8 C,-C,
cycloalkyl ring;

[0788] m =0, 1,2, 3,4 or 5; and

[0789] oD, 1,2,30r4.

[0790] Materinls that can serve as & cyclooxypenase-2
salective inhibilor of the presenl invention include indole
compouriis that are described in U.S. Pat. No. 6,300,363,
Such indole compounds have the formula shown below in
formula XXVII:

XXvil

[0791] and the pharmaceuticslly sccepiable salis
thereof,

[0792] whourein:
[0793] 1. is oxygen or sulfus
[0794] Y? is a direct bond or C,_, alkylidene;
[0795] Q° s
[0796] (a) C,, akyl or halusubstituted C,
alkyl, zaid alkyl being optionally subslituted
with up to thres substituonis independently

selecied from hydroxy, C,_, alkoxy, amino and
monu- ar di<{C,_, alkyl)amina,

[0797] () C,, cycloalkyl optionally substituted
with up to three subslitucnis independently
sclected from hwdroxy, C,_, alkyl and C,_,
alkoxy,

[0798] (c) phenyl or naphthyl, sail phenyl or
naphihyl being optionally rubstituted with up o
four rutmiiluents independently sclected from:
{c-1) hak, C,_, alkyl, halosubstituied C, _, alkyl,
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bydroxy, C,., alkoxy, halosubstituted C,_,
shoxy, S(0)R', SONH;, SO.N(C,,
alkyl)., amino, mono- or di{C, _, alkyl}amino,
NHSO.R™3, NHCQUOR'™, CN, CO:H,
CO(C,, alkyl), C,, skyl-OH, C,, alkyl-
OR™, CONH,, CONH(C,_, alkyl), CON(C,_,
alkyl), and —O—Y-phenyl, said pbenyl being
optionally substituted with one or two substitu-
ents independently sclected from halo, C,_,
alkyl, CF,, hydroxy, OR™3, §(0)_R"3, aminn,
mong- or di{C,_, alkyl)amino and CN;

[0799] (d) a monocyclic aromatic group of §
atoms, said aromatic group having one heteroa-
tom selected from O, S and N and optionally
confaining vp to three N atoms in addition o
xaid holeroatom, and said aromatic group heing
substituted with up 1o three subsiilulents inde-
pendently selected from:

[0800] (d-1) halo, C,_, alkyl, halosubstituted
C,, alkyl, hydroxy, C,_, alkoxy, halosulmti-
tuled C, _, alkuxy, C,_, akyl-OH, ${0),R'*,
SO_.NH., SO,.N(C,_, alkyl)., amino, monn-
or di—(Ch; alkyl)amino, NHSORM*,
NHC(O)R™, CN, CO,H, C0,(C,., alkyl),
C,_, akyl-OR™, CONH, CONH(CO,,
alkyl), CON(C, _, alkyl)., phomyl, and mono-,
di- or tri-substituied pheny] wherein the sub-
stitment is independently sclected from halo,
CFy, €, alkyl, hydmxy, C,_, alkoxy, OCF,,
SR, 80,CH,, $0.NH,, amimn, C,_, alky-
lamino and NHSO,R**;

[0801] (e) a monocyclic aromatic group of 6
atoms, said armatic group having one hoteroa-
tom which is N and oplionally comiaining up to
three atams in addition 10 said hetersatom, and
said aromatic gronp being substituted with up to
thres substituents independuntly solected [rom
the above group {d-1);

[0882] R! i hydrogen or C,_, alkyl optionally
substituted with u subsliluenl selected indepen-
deatly from hydroxy, OR, nitro, amino, mono-
or di<(C,_, alkyl)aminn, CO.H, CO{C,_, alkyl),
CONH., CONH(CO, , alkyl) and CON(CO),_,
alkyl).;

[0803] R'“*is:
[0804] (a) hydrogen,
[0805] (b) C,, alkyl,
[0806) (c) C(O)R™,
[0807] wherein R™? ix selected from:

[0808] (c-1) C, ~ alkyl or C, ..~ alkenyl, said
skkyl or alkenyl being optionally substituted
with up to four subslitucnts inlnp:mh'.nll’y
relected from: (c-1-1) halo, hydroxy, OR™,
S(O)_R'*, nitro, aminn, mono- o &i{C,_,
akylamino, NHSO,R“} CO.H, CO.(C,.,
akkyl), CONI1,, CONIi(C,_, alkyl), CON(C,_,
akyl)., OC{O)R™*>, thienyl. naphthyl and
groups of the following formulae:
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—gr
5 - G

[0809] (c-2) C, ;- alkyl or C. - alkenyl, said

alkyl or alkenyl being optiomally subsiitutcd
with five to forty-five halogen atoma,

[0810] (c-3) —Y*—C, , cycloslkyl or —Y»—

Cy .y cycloalkenyl, said cycloalkyl or cycloalk-
cnyl being optiooally substituted with up to
three substituent independently selected from:

[0811] (c-3-1) C,., alkyl, hydmxy, OR!S,
5(0),R™, amino, mono- or di{C,_, alky-
Damino, CONH., CONH{(C,_, alkyl) and
CON(C , alkyl),, (c-4) phenyl or naphthyl,
said pbenyl or naphthyl being optionally sub-
stituted with up 10 seven (preferbly up to
seven) substiluents independently selected
from:

[0812]  (c-4-1) belo, C, , alkyi, C, , alkyl-
OH, bydroxy, C,, slkoxy, halosubstituted
C" alkyl, balosubstituted C, , alkoxy, CN,
nitro, $(0), R'**, SO,NII,, SO,NII(CO,_,
ekkyl), SO-N(C,_, alkyl)y, amino, C,, alky-
lamino, di{C,., alkylamioo, CONH.,
CONH(C . alkyl), CON(CO,. alkyl),,
OC(O)R™, and phenyl optivnally wubsdi-
tuied with up 1o three substituents indepen-
denily selected from halo, C,, alkyl,
hydroxy, OCH,, CF,, OCF,, CN, nitro,
amino, mom- or di{CO,_, alkyllamino,
CO.H, CO. (C,_; alkyl) and CONH.,

[0813] (c-5) a monocyclic aromatic group as

defined in (d) and (e) abhove, said aromatic
group being optionally substituted with up to
three rubstituvents independently selecied from:

[0814] (c-5-1) halo, C,q alkyl, C,_, alkyi-
OH, hydroxy, C, 4 slkexy, CF,, OCF,, CN,
nilro, ${0)_R'*", amino, mono- or di-{(X),_,
alkyNamino, CONH., CONH(C,_, alkyl),
CON(C , alkyl)., CO.H and COC, , alkyl),
and —‘}-plnnyl. suid pbenyl being optionally
substituted with up 1o three substituents inde-
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pendenily selected halopen, C,, alkyl,
hydroxy, C,_, alkoxy, CHy, OCl,, CN, nitro,
§{0),,R™*, amino, mano- or di{C,_, alky-
DNamino, CO.H, COL(C,_, alkyl), CONH,,
CONH(C,, alkyl) and CON(C,_, alkyl).,

[0815] (c-6) a grovp of the following formula:

[0816] X*ishala, C, , alkyl, hydroxy. CO, , alkoxy,
halosubstitutued C, , alkoxy, S(0).R"", amino,
mopo- or di{C,_, alkyljamino, NHSO,R'*, nitro,
halosubatitutuod C,_, alkyl, CN, CO-H, CO,(C,,
wlkyl), C,, alkyl-OH, C,., alkylOR™*, CONH.,
CONH(C,_ alkyi) or CON(C,_, alkyl);; R** is C,
alkyl or halosubstituted C, , alkyl;

[%17) mis0,10r2;nis0,1,20r3;pis 1,2,3,4
or 5; q is 2 or 3; Z" in oxygen, sulfur or NR** and

[0818] R'*ish n, C, 4 alkyl, halosubstitutued
C,.4 alkyl or —Y°— phenyl, said phenyl being
optionally substiluted with up 0 iwo subsiituents
independently sclected from halo, C,_, alkyl,
hydroxy, C,_, alkoxy, S(0)-R"**, amino, mono- or
di{C, , alkyljamino, CF,, OCF,, CN and nitro;

[0819] with the pruviso that a group ol formula
—Y*.Q iz not muthyl grethyl when X= i hydrogen;

[0820) L*is cxygen;
[0821] R™ is hydrogen; and
[0822) R™ is avetyl.

{0823] Malcrials thal can serve an a cyclooxygonase-2
solective inhibitor of the present imvention include aryl
phenylhydrazides thal are described in US. Pai. No. 6,077,
869, Such aryl phenylhydrazides have the formula shown
below in formula XXVIII:

saae

[0¥24] wherein:
[0825] X* and Y® are selected from bydrogen,
halogen, alkyl, nitro, amino or other oxygen and

sulfur conteining functional proups such as
hydroxy, methoxy and methylsalfonyl.

[0826) Muicrinks thal con sorve =5 o cyclooxygonasc-2
solective inhibilar of the present invention inchade 2-ary-
loxy, 4-aryl furan-2-ones that are describwt in U.S. Pai- No.
6,140515. Such 2-aryloxy, 4-aryl furan-2-oncs have the
formula shown below in formuls XXIX:

XXVIIL
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XXIX

[0827] or a pharmaceutical sall thereuf,

[0828] whereim:
[0829] R!*® is sclected from the group comsisting
of SCH,. —S(0),CH, and —5(0),NH,;

R*" is selected from the group consisting
of OR*®, mono ar di-substituted phenyl or
pyridyl wherein the substituents are selected from
the group consisting of methyl, chloro and F;

[0831] R'™ js unsubstituted or mono or di-anbsti-
tuted phenyl or pyridyl wherein the subslimonts
are selectod from the group consisting of methyl,
chloro and T%;

[0832] R** i II, C,_, uikyl optionally substituted
with 1 10 3 groups of F, Cl or Br; and

[0833] R* i H, C,_, alkyl optionally substituted
with 1 thmurofF.Clnr Br, with the proviso
that R'*® and R are not the same.

[0834] Mpaterinls that can serve as a cyclooxygenase-2
relective iohibilor of the present invention incinde bisaryl
compounds thal are described in US. Pat. No. 5,994,379,
Such bisary] compounds have the formula shown helow in
formula XXX:

XX
tTIlI et
fAld R
©
Ri¥
R 1]

[0835] or a pharmaccutically accepiable salt, csier or
tautorer thercof,

[0836] wherein:
[0837] Z*isCorN;

[0838] when Z'? is N, R'™ represcms H or is
absent. or is taken in comjunction with R* g8
described below:

25/
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[0839] when Z'?is C, R**! ts H and R™*
B a moiety which has the following characterie-
tics:

[0840] (n) it ix a lincar chain of 34 aloms
containing 0-2 double boms, which can adupt
an energetically stable transoid configuration
and if a double bond is prescnt, the bond is in
the trans conflguration,

[0841] (b) i1 is lipophilic cxcept for the atom
bonded directly to ring A, which is either lipo-
philic or non-lipophilic, and

[0842] (c) there exisis an epergetically stable
configuration planar with ring A to within about
15 degrees;

[0843] or R'" and R'*? arc taken in combioation
and represenl a 5- or G-membered aromalic or
non-aromatic ring 1) fused 1o ring A, said ring 1)
contaiming 0-3 heteroatoms selacted from O, S and
N;

[0844] said ring D being lipophilic excopt for the
alomsa attached directly 1o ring A, which arc lipo-
philic or non-lipophilic, and said ring D having
available an enorgetically stable configuration pla-
par with ring A fo within sbout 15 degrees;

[0845] gaid ring D forther being substituted with 1
R" group selected from the group comsisting of:
C,. akyl, —OC,; alkyl, —NHC,; alkyl,
—N(C, alkyl),, —XOX,., alkyl, —5—C, o
alkeyl and —C(S)C,.; alkyl;

[0846] Y ro mN CH or C—OC, 4 alkyl,
and when Z'? is Y"unllmmpmntlm—
bonyl group;

0847 R3 repreacuis H, Br, Clor K; and
[
0848] R represcnts H or CH,.

3

[0849] Materinls that can serve as a cyclooxygeoase-2
selective inhibitor of the prusenl inmvention include L,5-
diarylpyrazoles that are described in U.S, Pat. No. 6,028,
202. Such 1, S5-diarylpyrazoles have the formula shown
below in formula XXXI:

XXXI
Ris
RISt N Rl
. o\ s
n'-"—l C f <
Rlll
nls %RI‘
[0830] wherein:

(o851] R'33, R™¢, R'*", and R'*® erc indepon-
dently selected from the groups commisting of
hydrogen, C, , alkyl, C, , alkoxy, phenyl, halo,
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hydroxy, C,_s alkylaulfonyl, C, 5 alkylthio, triha-
bC,, akyl, amino, nitro and 2-quinolinyl-

methoxy;

[0852] R'* is hydrogen, C,, alkyl, trihaloC, ,
alkyl, phenyl, substituted phenyl where the phenyl
substitntents are halogen, C,_, alkoxy, trihaloC, 4
alkyl or nitro ar R'* is heteroaryl of 5-7 ring
members where at least one of (he ring membens
is nitrogen, sulfur or oxygen;

[0853] R'® is hydrogen, C, 5 alkyt, phenyl C, 4
alkyl, substituted phenyl C,; alkyl where the
phenyl substitutents are lulol%n. C,.s alkoxy, tri-
halod:, o alkyl or nitro, or R*™ & CC,_, alkoxycar-
bonyl, phenoxycarbonyl, substituted phenoxycar-
bonyt where the phenyl substitutents arc balogen,
C,_y slkoxy, trihaloC,;_; alkyl or nitro;

[0854] R'* is C, 5, alkyl, substituted C,_,, allyl
where the subsatiiuents are halogen, irihaloC, ,
alkyl, C,_, alkoxy, casboxy, C;_, alloxycarbonyl,
amino, C,_, alkylamino, diC,_, alkylamino, diC, ,
alkylaminoC, ; alkylamino, C,_; alkylaminoC, ¢
alkylamino or a heterocycle containing 4-8 ring
atoms where one more of the ring atoms is nitro-
£en, oxygen or sullur, where said beierocyule ma
he aptionally substituted with C,_; alkyl; or R*™
is phenyl, substituted pbeayl (where the phenyl
substitutents are onc or more of C,_4 alkyl, halo-
[~ C,. 4 alkoxy, tnlnloC,_, alkyl ar nitro), or
R i heteroaryl having 5-7 ring atoms where one
or more atoms are nitrogen, oxygen or sulfur,
fused hetercaryl where one or more 5-7 membered
aromatic rings are (used to the heteroaryl; or

[083%] R'“!is NR'™R'* wher: R'® and R'* are
independently selecied from hydrogen and C, ,
alkyt or R' arxd R'* may be taken together with
the depicted nitragen 1o form a hetwroaryl ring of
5-7 ring members where one or more of the ring
members i nitrogen, sullur or oxygen where said
beteroaryl ring may be optionally substituted with
G,y alkyl;

[0886] R'® ig hydrogen, C,_4 alkyl, nitro, amino,
end halogen;

[857] and pharmaceutically acceptahle salis
thereof.

[0838] Malerials that can serve as a cyclooxygenase-2
selective inhibitor of the present invention include 2-substi-
tuted imidazoles that are described in U.S. Pat. No. 6,040,
320. Such 2-substituted imidazoles have the formula shown
below in formula X3O(IT:

ot
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[0859] whurcin:

[0860] R!** is phenyl, hetervaryl whersin the het-
croaryl contains 5 1o 6 ring atoms, or

[0861] subwiticd phenyl;

[0862] whercin the subsiiiucnts are independently
selecied from onc or mombens of the group con-
sisting of C, ; slkyl, balogen, nitro, trifluorom-
cthyl and nitrile;

[0863] R'®*is phenyl, beleroary] wherein the bet-
erooryl contains 5 o § ring sloms,

[0864] sulmtituted helervaryl;

[0865] whercin the substituents are independently
sclecied from one or more members of the group
consinting of CC,_ alkyl and halogen, or substiluled
phenyl,

[0866] whercin tbe substiivents are independently
schected from one or members af' (e group con-
siding ol (.4 alkyl, halogen, nilm, Irifluorom-
ethyl and nitrile;

[0867] R'®® s hydrogen, SEM, C, 4 alkoxycarbo-
nyl, aryloxyaarbonyl, aryl(:, 4 alkyloxycarbonyl,
arylCC | alkyl, phthulimide(C, , alkyl, aminoC,.,
alkyl, diaminoC,_y alkyl, succinimidoC, 4 alkyl,
C., alkylcarbonyl, arylearbonyl, C,_, alkylcarbon-
yl'é'_, alkyl, aryloxycarbonylC, , alkyl, hei-
eroarylC, _ alkyl where the heteroary] contains 5 10
6 ring atoms, or substituied arylC, 4 alkyl,

[0868] whercin 1he aryl subsilucnis an: indepen-
dently sclected from one or more members of the
proup consisting of C,_¢ alkyl, C,_¢ alkoxy, halo-
gen, amino, C, o alkcylamino, sod diC, 4 alky-
lamino;

[0889] R™ is (A", —(CH ") —X* wherein:
[0870] A" is sulfur or carbonyl:
(0871} nisburl;
[0872] qis 019;

[0873] X* is selected from the group consisting of
hydrogen, hydroxy, halogen, vinyl, ethynyl, C, 4
alkyl, C, 5 cycloalkyl, C,_; alkoxy, phenoxy, pheayl.
arylC, , alkyl, aminv, C,, alkylamino, nitrik,
phihalimide, amido, phenylearbonyl, €, _q alkylami-
nocarbonyl, phenylaminocarbonyl, arylC, s alky-
laminncarbonyl, C,_, alkylthin, C,_y alkylsulfonyl,
phenylsulfonyl,

[0874]  sulsituted sulfonamisho,

[0878] wherein the sulfonyl substitucnt is sckected
from the group consisting of C,_y alkyl, phenyl,
ura(: | ulkyl, thiznyl, furanyl, und naphihyl;

[0876] substituted viny),
[0877] wherein the substituents are independently

solccled from ane or members of the group con-
gisting of Huorine, bromine, chlorine and idine,
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[0878] substituted ethynyl,

[0879] whercin the substituents are independently
selected Irom une or more members of the group
conniding of fuorine, bromine chlorine aml
iodine,

[O8%D] substituicd C, 5 nlkyl,

[681] wherein the substituents arc sslected frm

the group consisting of one or more C,_, alkoxy,
trihatoslkyl, phthalimido and amina,

[0882] substituled phonyl,

[0883] whercin the phenyl substiluents are jpde-
pendently selected from one or more members of
the group consisting of C, , alkyl, halogen and
C, ,alkoxy,

[0884] substiluled phenoxy,

[0885] wherein the phenyl substituents are inde-
pendently selected from cne or more members of
the group consisting of C, , alkyl, halogen and
C,, ilkoxy.

[0886] substiluted C, 4 alkoxy,

[0887] wherein the alkyl subslituent is selected from
the group consisting of phthalimido and amino,
[0888] substituted aryiC,_, alkyl,

[0889] wherein the atkyl subsiment is hydroxyl,

[0890] substiluicd aryiC, ; alkyl,

[0891] wherein the phenyl substituents are inde-
pendently selecied from one or more members of
the group oconsisting of C, 4 alkyl, halogen snd
C, . nlkoxy,

[0892] substituted amido

[1893] whercin the carbonyl substituent is selected
from the group consisling of C, 4 alkyl, phenyl,
wylC | alkyl, thienyl, furanyl, and naphthyl,

[A9%3] substituted phenylcarhonyl,

[0H95] wherein the phenyl substituents are inde-
pendently sclected from onc or members of the
proup consisting of C, , alkyl, halogen and C, ,
alkoxy,

[0N96] substituted C,. alkylthio,

[97] wherein the alkyl substituent is selected
from the group consisting of hydroxy and phthal-
imido,

[0R98] substituted C, , alkylsulfonyl,

[0899] wherein the alkyl substituent is selected
from the group consisting of hydroxy and phthal-
imidu,

[0900] muhmtiluted phenylsulfonyl,

[0901] wherein the phenyl substituents are inde-
pendently selected from ope or members of the
grrp consisting of bromine, fluorine, chlorine,
C,, alkoxy and trilluoromethyl,
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[0902] with the proviso:

[o%03] if A" is sulfur and X*' is other than
bhydrogen. C,, alkylaminocarbonyl, pheny-
laminocarbonyl, arviC, ; alkylaminocarbonyl,
C,, alkylsulfonyl or pheaylsulfonyl, then g must
be equal 1o or grealer than 1;

[0904] A issulfurand qis 1, then X™ camnot
be C, . akkyl;

[0903] if A" is carbonyl and q is O, then X™*
cannol be vinyl, cthynyl, C, s slkylaminocar-
bonyl, phenylaminocarbonyl, arylC,, alky-
laminocarbonyl, C,_; alkylsulfonyl or phenyl-
sulfonyl;

[0906] if A is carbomyl, q is 0 and X** is H,
thea R!* s pot SEM (2-{wimethylsi-
lyl)ethoxymethyl);

[0907] if o is O and q is O, theg X** cagnot be
bydrogen;

[D908] apd phormaceutically acceplable salls
1herwol.

[090%] Maferiak thal can serve as a cycluoxygroue-2
suluztive inhibitor of the present invention include 1,3- and
23-diarylcycloalksno and cycloalkeno pyrazoles that we
teacribed in U.S. Pat. No. 6,033,969. Such 13- and 2.3-
disrylpyruzole compounds have the general formulas shown
below in formulas XXXIN and XXXIV:

KXXIV

[0910] wherein:

[0911] R and R'® are independently selected
from the group consistioy of hydrogen, halogen,
{C,-Caalkyl, (C,-C,alknxy, nitrn, amino,
hydroxy, trifluoro, —S{C,-Cgalkyl, —S(C,-
Caalkyl and —S0(C,-Cglalkyl; and the fussd
maoicty M is a group sclected from the group
conzisting of an vptivnally substituted cyclobexyl
and cycloheptyl group having the fonmulae:
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[0912] wherein:
[0913] R'™ in selected from the group consisting

of hydrogen, halogen, hydroxy and carboayl;

[0914] ar R'™ and R'” taken togsther form a

moicty sclected from the group consisting of
—OCOCIL—, —ONI(CII)COCH,—,
—0COCH.dwl. and —0—;

[0915] R and R'™ are indopandently selected

from the group comsisting of bydrogen, halogen,
hydrexy, carbonyl, amina, (’C‘:rc_,‘)llkyl, (C;-
Calkexy, =NOH, —NR'™R"™,

—OCH,CH,, —O80,NHU0,CH,,
==CHCOLCHLCH,, —CH,COH,
—CH,CO,CH,, —CH,C0,CH,CH,,
—CH.CON(CH,)., —CIL,

—CHCIC0,Q1,CIL,, —OCON(ClI)OH,
—C(COCH,);, di{C,-Coalkyl and  di(C,-
Caalkoxy;

[0918] R ik selected from the group consisting

of hydrogen, halogen, hydroxy, carbonyl, amino,
(C,Cyhalkyl, (C,Calkoxy and oplionally sub-
liluted carhoxyphenyl, whercin substiluents on
the corboxyphenyl group arc sclected from the
group consisting of halogen, hydroxy, smina, (C;-
Cgalkyl and (C,-Calkoxy;

[0917] or R' and R'™ taken wogsther form a

moiely selected from the group consistiog of
—~—0— amd

[0918] R™ is sukected from the group consisting of
hydrogen, OH, —OCOCH, —COCH, and (C,-
Cyalkyl: and

[0919] R'" is sclected [rom the group consisting of
bydrogen, OH, ~OCUCH, —COCH,, (C;-
C Jalkyl, —CONH,, and —SO.Cll,; with the pro-
viso that

[0920] if M is a cyckhexyl group, then R'™

through R'™ may not all be bydrogen: ax

237
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[0921] pbarmacoutically acceptablo salts, esters
and pm-~drug forms thereof.

[0922] Materials thai can serve as a cyclooxygenase-2
scluctive inhibitor of the present invention include esters
derived from indolsalkunols and novel amides derived from
imdulealkylamicdes thel are described in US. PaL No. 6,306,
890. Such compounds have the gencral formula shown
below in formula XXXV:

XXXV
n‘lﬂ

(CHD—X=
lI"

4 Rl"

h\ ™
R

[0923] wherein:

[0924] R'™is C, i C, alkyl, C, 10 C, branched
alkyl, C, 1o C, cycloalkyl, C, o C4 hydroxyalkyl,
branched C, 1o C, hydroxyslkyl, hydroxy subati-
tuted C, 1o C,, aryl, primary, secondary or testiary
C, to C,4 alkylamino, primery, sccondary or ter-
tiary branched C, to C, alkylamino, primary, sce-
ondary or tertiary C, 10 C; arylamino, C, to C,
alkylcarhoxylic acid, branched C, to C, alkylcar-
boxylic ecid, C, o C, alkylester, branched C, to
o alltyluw.-r.( 10 Cy aryl, C, 1o (5 arylcarboxylic
.'n:.ld. C, 0 G arylenter, G, 10 (G ary] subslituted
C It::C.I llkyl.c.toc,het:tocychcdh'loruyl
with O, N or 8 in the ring, alkyl-substituted or
aryl-substituted C, to C, heterocyclic alkyl or aryl
with O, N or S in the ring, or halo-substituted
versions thereof, where halo s chioro, bromo,
Auoro ur iodo;

[0925] R'7"is C, 1o Cg4 alkyl, C, 1o C, branched
alkyl, C, to C, cycloalkyl, C, 10 C, aryl, C, 10 C,
aryl-substituled C, to C, alkyl, C, tn Cq alkoxy, C,
to C; branched Illmxy. CitoCy _'qloxy. or halo-
subxtituled versions thereol or R*™ is hak where
halo is chloro, Auoro, bromo, or indo;

[0928] R'™is hydrogen, C, 1o C, alkylor C 10 C,
branched alkyl;

[0927] R™isC, 1o C, alkyl, C, to C, aroyL, C, lo
Cy aryl, C, to C, beterocyclic alkyl or aryl with O,
Nor S in the ring, C, 10 C, aryl-subslituted C, to
4 alkyl, alkyl-substituled or aryl-substiluted €, 10
C, beterocyclic alkyl or aryl with O, N or S in the
ring, alkyl-substituted C, to C, aroyl, or alkyl-
subatituted C, to Cg aryl, or halo-substituted ver-
sions thereof where halo is chioro, bromo, or iodo;

[0928] nis 1,2, 3, or4; and
[0929] X*is O, NH,or N—R'™, where R*%i5 C,
1o C, alkyl or €, to C, branched elkyl.

[0930] Matcrinls thal can scrve as a cyclooxyycnasc-2
sclective inhibitor of the pressnt invention include pyridazi-
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pone compounds that are described in U.S. Pat. No. 6,307,
047. Such pyridszinons compounds have the formula shown
below in formula XXXVI:

XXVt

1 101
] N\ ,I

[0931] or s pbarmaccutically acceptable salt, ester, or
prodrug thercof,

[0932] whersin:

[0933] X29is sclected from the group consisting of
0, S, —NR'", —NOR", and —NNR" R%

[0934] R'™ is solected from the gmup consisting
of alkenyl, alkyl, aryl, arylalkyl, cycloalkenyl,
cyclonlkenylalkyl, cycloalkyl, cycloalkcylalkyl,
heterocyclic, and heterocyclic alkyl;

[0935] R", R®, and R° are independently selected
from the group consisting of alkyl, aryl, arylalkyl,
cycloalkyl, and cycloalkylalkyl;

[0936] R'™ is sclected from the group consisting
of atkenyl, alkoxy, alkoxyalkyl, alkoxryimi-
noalkoxy, alkyl, alkylcarbonylalkyl, alkylsulfiony-
laliyl, alkymyl, aryl, arylalkenyl, arylalkoxy, ary-
Inlkyl, arylalkynyl, arylhaloalkyl,
arythydroxyalkyl, aryloxy, aryloxyhaloalkyl, ary-
loxyhydroxynlkyl, arylcarbomylalkyl, carboxy-
alkyl, cyanoalkyl, cycloalkenyl, cycloalkenyls-
liryd, cycloalkyl, cycloalkylalkyl,
cycloalkylidcnealkyl, haloaTkenyl, haloalkoxyhy-
droxyalkyl, haloalkyl, haloalkynyt, heterocyclic,
heterocyelic alkoxy, heterocyelic alkyl. I:elem.y-
clic oxy, hydroxyalkyl, bydroxyi
—(CH,),C(O)R*, —(CH,),CH(OH)R"'*",

H2),C(NOR*)R'™, —(G*z).ﬂ'l(NOR")ll'

—(C"e).CH(NR"R')R

—(CH,),COICR™, %picu(cx”

ofCH SHMCK - Rp( R,
CH,).(CH

{0937] R'™ ks solected from the group consisting
of hydrogen, alkenyl, aliyl, alkynyl, aryl, aryla-
Iryl, cycloalienyl, cycloalkyl, haloalkenyl,
haloalkyl, hakwalynyl, beterocyclic, and hetero-
cyclic alkyl;

[0938] R'™ js selected from the group consisting
of alkenylene, alkylene, halo-substinuted alk-
enylenc, and halo-substituted alkylene;

[0939] R® is sclected from (he grovp consisting
of hydrogen, alkenyl, alkyl, alkynyl, aryl, aryls-
Ikyl, eycloalkyl, cycloalkenyl, haloalkyl, hetero-
cyclic, and beterocyclic alkyl;

[0940] R® and R* are indcpendently selected from
the group consisting of hydrogen, alkenyl, alkyl,
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alicynyl, aryl, arylaliyl, cycloalkenyl, cycloalkyl,
haloalkyl, heterocyclic, and heterocyclic alkyl;

[0941] X™is balogen;

[0942] m is an integer from 0-5;
[0943] nis an integer from 0-10; and
[0944] p is an integer from 0-10; and

[0945] R'™, R¥, and R™ arc independently
selected from the group consisting of hydrogen,
alkenyl, alknxyalkyl, alkoxyiminoalkoxy, alkoxy-
iminoalkyl, alkyl, alkynyl, alkylcarbonylalkoxy,
alkylcarbonylaminn,  alkylcarbonylaminoalkyl,
aminoalkaxy, aminoalkylaarhonyloxyalkoxy anri-
nncarbonylalkyl, aryl, arylalkenyl, arylalkyl, ary-
lalkynyl, culnxyllkylcuhonyhlyllln:!xy, cyuno,
cycloalkenyl, cycloalkyl, cycloalkylidencalkyl,
haloalkenyloxy, haloalkoxy, haloalkyl, balogen,
beterocyclic,  hydroxyalkoxy,  hydroxyimi-
ooalkoxy, bydroxyiminoalkyl, mercaptoalkoxy,
nitro, phoaphonatoalknxy, Y*, and Z'%;

[0946] provided that one of R¥, RY? or R#*
roual be Z', and Further Bmvul:d that only onc of
RI%2, R, or R¥™ s Z;

[0947] Z™ isaclected from the proup consisting of:

27 js sclected from the group consisting of
$(0);, S(OXNR'™"), S(0), Sc(0)., FOXOR™),
and P(OXNR'™R"™);

[0949] X i5 selected from the group consisting of
bydrogen, alkcayl, alkyl, alkynyl and halogen;

[0950] R ix milscied frum tho group consisting
ol alkenyl, alkoxy, alkyl, alkylamino, alkylcarbo-
oylamino, alkynyl, smino, cycloalkenyl,
cycloalkyl, dislkylamino, —NHNH,, and
—NCIIN(R'")R "%,

[0951] R'™, R, R', and R*™ arc indepen-
dently selected fmm 1he group consisting of
hydrogean, alkyl, and cycloalkyl, or R*® and R'™
can be taken together, with the nitrogen to which
they are atiached, to form a 3-6 membered ring
containing 1 or 2 heteroatoms selected from the
group consisting of O, S, and NR'*®;

[OD:ZJRJ;: n :l.ix.s'lll;t:ll l'l"r:.lm the gm;ﬂ' GH'RTHIIIE gl"
—C(O)R'™, —C(O)OR'™, —N(R**)C(O)R'™,
__NqR'I.‘l)“IDﬂ. aml _N(RIO‘I)R..‘I;

[0953] R' is sclecicd from the group consisting
of hydrogen, alkeny!, alkoxyalkyl, alkyl, alkylth-
inalkyl, alkynyl, cycinalkenyl, cycloalkenylalkyl,
‘-chmln cydomlllkﬂ- "'Yl- "Y‘llkyl. hﬂ-
uocr:ln.'t. beterocyclic alkyl, hydroxyalkyl, and
NR'™R™®; and
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[0984] R'¥7, R, R'™, and R*™® are indepen-
dently selected from the group coosisting of
bydrogen, alkenyl, alkoxy, alkyi, cycloalkenyl,
cycloalkyl, aryl, arylalkyl, heterocyclic, and het-
cemeyelic alkyl.

[0955] Materials that can serve as a cyclooxygenase-2
selective inhibitor of the present invention include benzo-
sulphonamide derivatives that are described in U.S. Pat. No.
6,004,948, Such bunsnsulphonamide derivatives have the
formula shown below in formula XXXVII:

[0936] herein:
[0957] A'* denotes oxygen, sulphur or NH:

[0938] R deooios a cycloalkyl, aryl or bet-
croaryl group optionally mono- or polysubstituted
by halogen, alkyl, CT, or alkoxy;

[0959] D" deootes a group of formula XXXVIII or
XXXIX:

ﬂOL\" R or
gl
e
-
13

[0960] R™2 and R*® independently of each other
denote hydrogen, an optionally polyfucrinated alkyl
radical, an arulkyl, aryl or heteroaryl radical or a
radical {(CH,),—X™; or

[0961] R*™ and R*™ together with the N-atom
deaote 8 three- to soven-membered, saturated,
partially or tolally unsaturated heterocycle with
ane or more heteroatoms N, O, or S, which may
optionally be substituted by oxa, an 1, IIH-
laryl or aryl group or a group (CH,),—X**, R,
denutes hydrogen, an optionally polyfuorinated
alkyl pmoup, an lﬂglll, aryl or heleroaryl group or
a group (CHl)n_ ’

[0962] wherein:

[963] X* denotes halugen, NO, —OR>™,
—COR™, —CO.R™, —ocoif". —CN,
—CONR*™OR™, —CONR™R™, —SR™™,
—S(O)R*™™, —S(0),R™, —NR®'R*™, _NH-
C{O)R*™, —NHS(0),R™;

XXXVIL
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[0964] Z"Y denotus —CH.—, %—.
—CH—~—CH—CH;—, —CH.—~CH=CH—,
~—(CH=CH—CH,—, (00—, —C0—
CH;~—, —NHCO—, —CONH—, -—NHCH,—,
—CH,NH—, —N=CH—, —NICI—,
—CH.—CH.—NH—, —CH=CH—,
>N—R™, »(==0, >$(0);

[0965] R*™ and R independently of each other
denote hydropen, alkyl, aralkyl or aryl;

[0966] n is an integer from O o &;

[0967] R is a straight-chained or branched C, -
alkyl group which may optionally be mono- or
polysubsdiluted by halogen or alkoxy, or R2%¢
denotes CF,; wnd

[0968] m denotes an integer from @ 1o 2;

[0969] with the proviso that A does not represent
0 if R™® demoics CF,;

[0970] and the pharmaccuticslly acceptable salts
thervof,

[0971] Cox-2 selective inhibitors that are useful in the
subject method and compositions can inclode the com-
pounds that arc deacribed in US. Pat. Nos. 6,169,188,
6,020,342, 5981576 {(methylsulfonyl)pheny! furanomes);
U.S. Pat. No. 6,222,048 (diaryl-2-(5SH)-furanones); U.S. Pat.
No. 6057319 (34-diaryl-2-hydroxy-2,5-di rans);
U.S. Pal. No. 6,046,236 (varbocyclic sulfonamides); U.S.
Pal Now. 6,002,014 and 5,945,539 (uxamwle derivatives);
and U.S. Pat. No. 6,359,182 (C-nitroso compounds).

[0972] Cychkwxygenase-2 sclective inhibitors that are use-
[ul in the present invention can be supplied by any source an
long as the cyclooxygenase-2-selective inhibitor is pharma-
ceutically acceptable. Cyclooxygenase-2-selective inhibi-
tors can bu isolated snd purified from natural sources or can
be syothesized. nase-2-selective  inbibitors
sbould be of a quality sl purity that is conventional in the
trade for use in pharmaceutical products.

[0973] In the prosent method, & subject in necd of proven-
tion or treatment of pain, inflammation or inflammation-
associated disorder is treated with an amouat of glucosamine
and an amount of 2 Cox-2 selective inhibitor, where the
amount of the glucosamine, whon admimistered with an
amount of the Cox-2 selective inhibilor, wgether provide a
dosage or amount of the combination that is sufficient to
constilute a pain or inflammation suppresaing treatment or
prevention cffective amount.

[0974] As wied hercin, an “offective amaount™ meens the
doac or effective amount to be administered 10 & patieat and
the frequency of administration to the subject which is
readily determined by one or ordinary skill in the art, by the
use of known techniques and by observing results obtained
under amalogous circumstances. The dose or offective
amount to be administered to a patient and the frequency of
administration o the subjoct can be readily determined by
one of ondinary skill in the art hy the use of known
techmiques and by obscrving resulis obtained yader anuko-
gous circumstances. o determining the effective smount or
doxc, & number of fxtors are considered by the attending
diagnostician, including but not limited to, the patency and
dunation of action of the compounis used; the pature and
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scverity of the illness to be treated a5 well as on the sex, age,
weight, geoerl bealth and individual respoasiveness of the
patieat to be treated, and other mlovant circumsiances.

[0975] The phrase “tharapoutically-ciTective” indicates the
capability of wa agent to prevent, ar improve the severity of,
the dimarder, while avoiding adveme side effects typically
associated with alternstive thernpies.

[0976] Those skilled in the art will appreciate that dossgos
may abso be determined with guidanes from Goodman &
Goldman's The Phermacological Baxis of Therapeuiicy,
Ninth Edition (1996), Appendix 11, pp. 1707-1711.

[0977] Inthe present method, the amount of plucosamine
that in used jo 1be novel method of treatment prefershly
ranges from about 0.1 to ahont 500 milligrams per day per
kilogram of body weight of the subject (mgAlay-kg), more
preferably from about 0.5 to about 100 mg/daykg, oven
more prefersbly from about 1 to about 50 mg/daykg, yet
more prefecably from about 5 to about 35 mg/day-kg, and
even more preferably from about 15 to about 25 mg/day-kg.

[0978] The mmount of Cox-2 selective inhibitor that is
uscd in the subject method may be an amount that, when
administered with 1he glucosamine, is sulficient lo constitute
a pain or inflammation suppressing treatment or prevention
effoctive amount of the combination. In the progent method,
the amount of Cox-2 salective inkihitor that is used ia the
novel method of treatment preferably ranges from about
0.01 to about 100 milligrams per day per kilogram of body
weight of tho subject (mg/day-kg), more prefcrably from
shout 1 to shout 50 mg/day-kg, even more prefierably from
about | to shout 20 mg/daykp.

[0979] When the Cox-2 sclcetive inhibitor compriscs rofc-
coxib, it is preferred that the amount uscd is within a range
of from about 0.15 to sbout 1.0 mg/day-kg, and even more
preferably fmm about 0.18 to ahout 0.4 mg/day-kg.

[0980]) Whea the Cox-2 aclective inhibitor comprises
ctoricoxib, it is proforred that the amount uscd is within a
roge of from about 0.5 to about 5 mg/day-ky, and even
more preferably from about U8 o about 4 mg/day-kg.

[0981] When the Cox-2 sclective inhibitor comprises cele-
coxib, it is preferred that the amount used is within » range
of from abont 1 o about 10 mg/day-kg, even more prefer-
ably from abow 1.4 to about 8.6 mg/day-kg, and yot morc
preferably from about 2 to about 3 mg/day-kg.

[0982] In the present method, and in the subjoct compo-
silionw, gluorsernine is admimistered with, or 5 combined
with, a Cox-2 selective inhibitor. It in preforred that the
weight ratio of the amount of the amount of glncosamine 1o
the amount of Cox-2 sclective inhibitor that is administered
to the subject is within a range of from about 0.1:1 10 about
500:1, more prefcrred is & range of from about 1:1 to about
100:1, even more preferred is a range of from aboul 2:1 o
about 10:1.

[0983] 'The combimation of glucosamine and a Cox-2
selective inhibilor can be supplied in the form of a novel
therapeutic componition that is belicved to be within the
scope of the present iavention. The relative amounis of each
companent in the therapeutic compaition may bo variod
and may be as described just above. The glucosamine and
Cox-2 selective inhibitor that are described shave can be
provided in the therapeutic composition so that the prefemed
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amounts of sech of the two components are supplied by a
singlo dosags, a single capsule for example, or, by up 1o four,
or more, aingle dosage forma.

[0984] When the novel combination is supplied along with
a pharmaccutically acccpiahle carrier, 2 pharmaccutical
camposition is formed. A pharmaceutical composition of the
present invention is directed 1o a composition suitable for
the prevention or treatment of pain, inflammation end/or an
inflammatinn-asanciated disorder. The pharmaceutical eom-
position comprizses s pharmecsutically acceptable carrier
and & combination selected from glucosamine and cyclooxy-
genase-2 aelective inhibitors. Pharmeaccutically acceptable
carriers inclde, but are not limited to, physiological aaline,
Ringer’s, phosphate solution or buffer, buffered saline, and
otber carriens known in the ar. Pharmaccutical composilions
may also include stahilivers, anti-oxiiania, enloranis, aml
diluents. Pharmaceutically acceplable carrisrs and additives
arc chosen such that side effects from the pharmaceutical
compound arc minimized and the porfformance of the com-
pound is not canceled or inhibited to such an cxtent that
treatment is ineffective.

[0985] The term “pharmacologically effective amoum”™
shall mean that amount of a drug or pharmaccutical agent
that will elicit the binlogical or medical responsc of a tissuc,
systom, snimal or human that is being sought by a rescarcher
or climician. This amount can be a therapeutically effcctive
amount.

[0986] The term “pharmaceutically accepiable™ is used
hervin tc mean that the modified noun is appropriate for use
in a pharmsccutical product. Pharmeccutically accepiable
cations include metallic ions arnd crganic ions. More pre-
ferred metallic ions include, but are not limited to, appro-
priate alkali metal zaitn, alkaline sarth metal salts and other
phwsiological accuplable melal ions. Exemplary fons include
aluminum, calcium, lithivm, magnesium, polassium, sodium
and zinc in their usual valonces. Preferred organic ions
inchude protonated tertinry amines and quatermnary ammo-
nium cations, including in part, trimethylamine, dicthy-
lamine, N,N'-dibenzylethylenediamine, chloropracaine,
choline, diethanclamine, ethylenediamine, meglumine
(N-methylglucamine) and procaine. Exemplary pharmacen-
tically acceptable acids include, without limitalion, hydro-
chlorie acid, hydroiadic acid, hydrobromic seid, phosphoric
acid, sulfuric acid, methencsulfonic acid, acotic acid, lormic
acid, lariaric acid, maleic acid, malic acid, citric acid,
msocitric acid, succinic acid, lactic acid, gluconic acid, glu-
curonic acil, pyruvic acid oxalacctic acid, fumaric acid,
propionic acid, aspartic acid, ghuamic acid, benzoic scid,
and the like.

[0987] Also included in the combination of the invention
are the isomeric forms and tautomers and the pharmaceuti-
cally-acceptable salis of both glucosamine and cyclooxyge-
nase-2 solective inhibitors. Illustralive pharmaceutically
acceptable salis are prepared from formic, acetic, propionic,
succinic, glycolie, ghwonic, lactic, malic, tartarie, cilric,
ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic,
glutamic, benzoic, anthranilic, mesylic, rtearic, salicylic,
phydroxybenzoic, phenylacetic, mandelic, cembonic
(pamoic), methanesulfonic, ethanesulfonic, bemene-
sulfonic, pantothenic, toluenesulfonic, 2-hydmxyethane-
sulfonic, sulfanilic, cyclohexylaminosulfonic, algenic, f-hy-
droxybutyric, galactaric and galacturonic acids.
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{0988] Souitable pharmaceuticatly-accoptable base addi-
tion salis of compounds of the prosent iovention include
metallic ion salts and organic ion salis. More preferred
metallic ion salts include, but are not limited 10, appropriate
alkali metal (group Ia) salts, alkalinc carth metal {group ITe)
salis and other physiological acceptable mctal jons. Such
salts can be made from the ions of aluminum, calcium,
lithium, mapnesium, potassium, sodium and rinc. Preferred
organic salts can be made from tertinry amines and quater-
nary ammonium salis, including in pant, trimethylamine,
dicthylamine, NN'-dibcnzylethylencdiamine, chlorop-
rocaine, choline, disthanolamine, ethylenediamine, meglu-
mine (N-methylgincamine) and procaine. All of the above
salts can be preparcd by those skilled in the art by conven-
tiona] means from the comespomnding compound of the
present invention.

[0989] The method and combination of the present inven-
lion are useful for, bl not limited lo, the prevention,
inhibition, and treaimeni of pain and/er inflammation in a
subject, and for meaiment of inflammation-sasociated disor-
ders, such es for usc as an analgesic in the treatment of pain
and headaches, or as an antipyretic for the treatment of fever.
For example, combinations of the invention would be useful
to treat arthritis, including, but not limited to, rhenmatoid
arthritis, spondyloarthopathies, gouty arthritis, osteoarthri-
tis, sysiemic lupus erythemalosus and juvenile arthritis
Such combinations of the invention wauld be useful in the
treatment of asthma, bronchitis, mensirua! cramps, tendini-
tis, bursitis, connective tissue injuries or disorders, and skin
related conditions such as psorissis, eczems, burps and
dermatitis,

[0990] Combinations of the invention alsc would be use-
[ul to treal gastrointestinal conditions such as inflammatory
howel disease, gastric uleer, gastric varices, Crohn's discase,
gastritia, irritable bowel syndrome and ulccrative colitis and
for the prevention or treatmeni of cancer, such as colorecial
cancer. Combinations of the invention would bo uscful in
treating inflammation in diseases and coaoditions such as
herpes simplex infections, [IV, pulmonary edema, kidney
slones, minor infuries, wound healing, vaginitis, candidiasts,
lumbar spondylanbrosis, luntbar spondylarthrosis, vascular
discases, migraine beadaches, sinus bheadaches, tonsion
headeches, denial pain, periarterilis nodosa, thyroiditis,
aplastic ancmia, Hodgkin's discase, sclerodoma, rheumatic
fover, type I disbeles, myasthenia gravis, multiple sclcrosis,
sarcoidosis, nephrotic syndrome, Debcet’s syndrome, poly-
myouilis, gingivilis, hyperscnsitivity, swelling occurring
after injury, myocardial ischemia, and the like.

[0991] Compositions baving the novel combination would
tlso he useful in the treaiment of ophthelmic disesses, such
as relinilis, retinopathics, conjunctivitis, uveitis, ocular pho-
tophobia, and of acule injury to the eye tissue. The compo-
sitions would also be usoful in the treaiment of pulmonary
inflammation, such as that associated with viral infections
and cystic fibrosis. The compositions woukd also be umeful
for the treatment of certain centrul nervous system disorders
such as cortical dementins including Alzheimer’s disams.
The combinations of the invention are also wkelul as anti-
inflammatory apents, such as for the treatment of arthritis.
[0992] As used hersin, the terms “pain, inflammation or
inflammation-amsocinted disorder”, and “cyclooxygenase-2
mediated disorder” are meant to include, without limitation,
cach of the sympioms or discases that is mentioned above.
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[0993] The prescat method includes the treatmem and/jor
prevention of a cyclooxygenase-2 mediated disorder in a
subject, where the method compriscs treating the subject
having or susceptible to 1he disorder with a therapeutically-
cifiective amount of & combination of glucosamine and a
compound or sakt of any of the cyclooxygenase-2 sclective
inhibitors that arc described in this specillcation. This
method is uscful where the cyclooxygenase-2 mudiated
disorder is inflammation, arthrilis, pain, or fever.

[0994] The terms “treating™ or “10 treal™ Means W alkeviale
sympioms, eliminate the cansation either on a temporary or
permaneni basis, or 10 prevent or slow the appeamnce of
sympioms. The term “treatmem”™ inchudes allevistion, climi-
nation of causation of or prevention of pain and/or inflam-
mation associated with, but oot limited to, any of the
discases or disorders described above. Benides being usoful
for human treatment, these combinations are also usclul for
freaiment of mammabky, including borses, dogs, cals, mk,
mice, shoop, pigs, etc.

[0995] The wrm “subjec’” for purpisos of ireniment
includes any buman or animal subject who is in need of the
prevention of, or who bas pain, inflammation and/or ony one
of the konown inflammation-aascialed disorders. The sub-
ject in typically a human subject.

[0998] For methods of prevention, the subject is any
luman or animal subject, and preferably is a subject thal is
a need of prevention and/or treatmeni of pain, inflammation
and/or sn inflammation-associated disorder. The subject
may be a buman subject who is at risk for pain and/or
inflammation, or for obtaining an inflammation-associated
disorder, such as those described above. The subject may be
al risk due to genctic predisposition, sedentary lifestyle. diet,
exposure 10 disnrder-cansing agents, exposure 1o pathogenic
agents and the like.

[0997] The pharmaccutical compaositions may be admin-
istered cnterally snd parenicrally. Parcoteral administration
includes subculaneous, intramuscular, intradermal, inira-
rmammary, iotravenous, and otber administrative methods
known in the art. Enteral administration includes solution,
tahlets, sustained release capsules, enteric coated capsules,
and syrups. When administercd, the pharmaceutical compo-
sition may be al or near body ternperature.

[0998] The phrascs “combination therapy™, "co-adminis-
tration”, “sdministration with”, or “‘co-therapy”, in detining
the use of a cyclnoxygenase-2 inhihitor agent and glu-
cosamine, is intended to embrace adminsstration of cach
apenl in a sequential manoor in a regimen that will provide
huncficial cffects of the drug combination, and & intended us
woll 10 embrace co-administretinn of these apeats in @
substantially simuliancous manncr, such as in a singlo
capsule or dosage device having a fixed ratio of these active
aponis or in multiple, sepamte capsules or dosaye devices for
each agenl, where the scparate capsules or dosage devives
van be taken together contemporancously, or taken within &
period of time sufficient 1o receive a benefleial effect from
hoth of the constitusnt agents of (he combination.

[0999] The phrase “therapeuticnlly-effective™ and “offic-
tive for the treatmeni, prevention, or inhibition™, are is
intended to qualify the amount of cach agent for une in the
combination therapy which will achieve the poal of
improvement in inflammation sevecity and the frequency of
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incidence over ircatment of each agent by itself, while
awiding adverse side effects typically sssociated with sher-
nalive therapies.

[1000] Alihcmugh the combination of the present invention
may include administration of a glucosamine component
and & cyclooxygenase-2 selective inhibitor componem
within an effective lime of cach respective component, it is
preferable to adminiater both respective components con-
temporancously, and more prefermble 10 administer both
respective components in a single delivery dose.

[L001] In particular, the combinations of the present
invention van be administered orally, for example, as tablets,
coated wblels, dragees, troches, lozenges, aqueous or oily
suspensions, disperibls powders or granulss, emulsions,
hard or soft capsules, or syrups or elixirs, Compositions
intonded for oral use may be prepared according to any
method known in tho art for the manufacture of pharme-
coutical compasitions and such compoaitions may contain
ont of more agonts aclecied from the group conaisting of
sweelcning agonis, favoring agents, coloring agents and
preworving sgenis in order to provide pbarmaceutically
clugant and palatable proparations. Tablets contain the active
ingredient in admixture with non-loxic pharmaceutically
aceeplable oxcipients which are suitable for the manufacture
of teblots. ‘Thess excipients may be, for example, inart
diluenis, such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate or sodium phosphate; granulat-
inp and disintegrating agonts, for cxample, maize starch, or
alginic scid; binding agents, for example starch, gelatin or
acacia, and lubricating agents, kr cxampk magnesium
nicarale, stearic acid or (alc. The tablets may be uncoated or
they may be coated by known techoiques 1o delsy disinte-
gration and adsorption i the gastroimestinal tract and
thereby provide a sustained action over a loager period. For
example, a time delay material such as glyceryl monostear-
ate or glyceryl distearaie may be employed.

[1002] Formulstions for oral usc may also be prescnied as
hard gelatin capsules wherein the active ingredients are
mixed with an inert solid diluent, for example, calcium
carbonate, calcium pbosphate or kaolin, or as soft gelatin
capsules wherein the active ingredients are present as such,
or mixed with wawr or an 0il medium, for example, peanut
oil, liquid paraffin, ar olive oil.

[1003] Aquegus suspemsions can be produced that contain
the active materials in admixture with excipients suitable for
the mamufacture of agueous suspensionx. Such excipients
arc suspending agenta, for example, sodium carboxymeth-
ylcelluioae, methyleellulose, hydroxypropylmethyl-celin-
lase, aodium alginate, polyvinylpyrrolidone gum tmagacanth
and gum scacia; dispersing or wetting agents may be natu-
rlly-veeurring phosphatides, for example lecithin, or con-
densotion products of an alkylene oxide with fatty acids, for
example polyoxyuthylens searate, or condensation priducts
of ethylens oxide with long chein aliphatic alcohals, for
cxample beptedecaethyleneoxycetanol, or condensation
products of cthylenc oxide with partial esters derived from
fatty acids end a bexitol such as polyoxyethylenc sorbitol
monooleate, or condensation products ol cthylene oxide
with partial esters derived from faty acids and hexitol
anhydrides, for exampl polyoxyethylene sorbitan
monvoleate.

[1004] The aqueous suspensions may also contain one or
mare preservatives, [or example, ethyl or n-propyl p-hy-
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droxyburzzsoate, one or more coloring agoents, une or more
flavoring ageats, or ooe or more sweetening agents, such s
sucrose or saccharin.

[1005] Qily suspensions may be formulated by sukpending
the active ingredienix in an omega-3 faity acid, a vegetable
ail, for example arachis oil, olive ail, scsame oil or cocomut
oil, or in a mincral oil such as liquid paraffin. The oily
suspensions may contain a thickening agent, for example
beeswex, hard paraffin or cetyl aleohal.

[1006] Sweetcning agenis, such as those set forth abowe,
and flavoring agents may be adicd to providc a palatable
ol proparation. These compositions may be preserved by
the addition of an antioxidant such as ascorbic acid.

[1007] Dispersible powders and granuks suilablc for
preparation of an squenus suspension by the addition of
water provide tho active ingredient in admixture with a
dispersing or wetting ageni, a suspending agent and one or
morc prescrvativas. Suitable dispersing or wetting agents
and suspending agents arc exemplified by those already
mentioned above. Additional excipicnts, for cxample swect-
cuing, flavoring and coloring agenis, may also bo present.

[1008] Syrups and elixirs containing the novel combina-
tion may be formulated with sweetening agentz, for example
glycerol, sorbitol or sucrose. Such formulations may also
contain a demulcent, a preservative and flavaring and col-
oring agents.

[1009] The subject combinations can ako bo administercd
pareaterally, either subcutaneously, or intravenously, or
intramuscularly, or intrasternally, ar by infusion tectmigquen,
in tho form of sterikc mjectable aqueous or olagenoun
suspensions. Such suspensions may be formulated according
to Lhe kncrwn arl using those suitable dispersing ol welling
agonis and suspurding agenis which have been mentioned
abovo, or oiher accepiable agents. The sierile imjectable
preparation may elso be a sterile injectable solution or
suspcasion in a non-oxic parenterally-accepiable dilucnt or
solvent, for example as a solution in 1,3-butanediol. Among
the acceptable vehicles and solvents that may be employed
are water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, lixed oils are conventionally
employed 15 a solvent or suspending medium. For this
purpase, any bland flxsd oil may be employed including
synthetic mono- or digltycerides. In addition, n-3 polyun-
saturaled fatty acids may find use in the preparation of
injectables.

[1010] The subject combination can also be administered
by inbalation, in the form of acrosols or solutions for
nebulizers, or recially, in the form of suppositories prepared
by mixing the drug with a suitable non-irritating excipient
which is solid at ondinary temperature but liquid at the rectal
temperature and will therefore mell in the rectum 10 relcase
the drug. Such materials are cocoa butter and poly-ethylene

glycols.

[1011] ‘The povel compaonitions can also be adminisicred
lopically, in the [orm afl creams, ointments, jellies, collyri-
uma, solutions or suspensions.

[1012] Daily dosages can vary within wide limits and will
be adjusted to the individual requirements in each particular
case. In general, for administration to adults, an appropriate
daily dosage has been described above, although the limits

Jun. 19, 2003 2 (fo

that were identifled as being preferred may be exceeded if
expedient. ‘The daily dosage can be administored as a single
dosage or in divided dosages.

[1013] Various delivery systems include capsules, tablets,
and pelatin capsules, for example.

[1014] The present invention further comprises kifs that
are suitable for use in performing the methods of treatment,
prevention or inhibition described above. In one embodi-
ment, the kit contains a first dosage [arm comprising glu-
cosamine in ooe or more of the forms identified above and
a second dosage form comprising one or more of the
cyclonxygenase-2 sclective inhibilors or prodrugs thereof
iduntificd above, in quantities sullicient 1o carry oul the
methods of the present irvention. Preferably, the first dosage
form and the second dosage form together compriss a
therapeutically sffective amount of ths compounds for the
treatment, prevention, or inhibition of pain, inflammation or
inflammation-associated disorder.

[1015] The following examplas describe embodiments of
the invention. Othor embodiments within the scope of the
claims herein will be apparent o one gkilled in the art from
cansideration of the specification or practice of the invention
a5 disclosed herein. [t = intended that the specification,
together with the examples, be considered to be exemplary
only, with the scope and spirit of the invention being
indicated by the claims which follow the examples. In the
cxamplas, all percentages are given on & weight hesis unloss
otherwise indicated.

COMPARATIVE EXAMPLE 1
[1016] This example shows the preparation of celecoxib.

[1017] Siep 1: Preparation of 1{4-methylphenyl)-4,4,4-
trifluorobutane- 1 3-dione.

[1018] Following the disclosurc provided in U.S. Pat. No.
5,760,068, 4-Methylacetophenone (5.26 g, 39.2 mmol) was
dissolved in 25 mL of methanol under argon and 12 mL
(525 mmol) sodium methoxide in methanol (25%) was
added. The mixture was stirred for 5 minutes and 5.5 mL
(46.2 mmol) ethyl trifluoroacelale was added. Afler reflux-
ing for 24 hours, the mixture was cooled to room tempera-
ture and concentrated. 100 mL 10% HCl was added and the
mixture ¢xtracted with 4x75 ml. cthyl acetate. The extracts
were dricd over MgSO,, filiered and concentrated 1o afford
8.47 g (94%) of a brown oil which was carried on without

[1019] Sicp 2: Prepantion of 4{5-(4-methylphcnyl)-3-
(trifluvoromethyl)-1H-pyraznl- 1 -y[lbenzcnesulfonamide.

[1020] T the dione from Step 1 (4.14 g, 18.0 mmol) in 75
mL absohite cthancol, 4.26 g (19.0 mmol) 4-sulphonami-
dophenylhydrazine hydrochloride was added. The rcaction
was refluxed under arpon fior 24 bours. After cooling to room
temperature and filtering, e reaction mixture was concen-
trated to afford 6.13 g of an orange solid. The solid was
recrystallized from methylene chloride/bexame to give 3.11
g (8.2 mmol, 46%) of the product as 1 pale yellow solid,
having a melting point (mp) of 157°-159* C.; and a aakcu-
Iated composition of C,,11,,N,O.SFy: C, 53.54; II, 3.70; N,
11.,02. The compasition 1hat was found by analysis was: C,
53.17; H, 381; N, 10.90.
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EXAMPLE 2

[t021] This illustrates the production of a composition
containing celebrex snd various sources of glucosamine amd
of pharmacentival compositions cunlaining the combina-
lions.

[1022] A composition of the present invention can be
formed by intermixing glucosamine (1500 g, available as
D{+)-glucosamine hydrochloride, from Sigma-Aldrich, SL.
Louis, Mo.) and 4-{5-(4-methylphenyl)-3-{trifluoromcthyl)-
1H-pymol-L-y[benrenesulfonamide (200 g, as produced in
Companstive Example 1, or ss available from Pharmacia
Corporation, S1. Louis, Mo.), in a laboratory mill or mixing
device suitable for intimate mixing of powders withcut
subsfantial geperation of shear or temperature sufficient to
degrade either of the two compounds. After mixing, the
combination of celecoxih and glucosanmine form a compo-
sition that is sfficient for the production of about 1000
human singls doss units.

[1023] Il desirable, & solil carrier and other materials may
be intermixed with the therapeutic compogition to form a
pharmaceutical composition and the resulting pharmaceuti-
cal composition may be formed into capsbles for buman
consumption, for example, by conveantional capsule-forming
equipment, where each capsule contains 1500 mg of ghi-
cosamine and 200 mg celecoxib.

[1024] Altcratively, the glicosamine and the cclecoxib
may be dissolved info a liquid carier, such as, for example,
nomoal salinc solution, to farm a pharmaceutical composi-
tion suitable for human consumption. A single dosage of the
liquid pharmaceutical componition for human use would be
a volume sulficient 1o provide 1500 mg of glucosamine and
200 mg of celecnxib.

[1025] Therapeutic and pharmaceutical compositions
comprising a combinalion of eny of the cyclonxygenase-2-
selective inhibitors and any of the sources of glucosamine
thal are described above can he formed by similar mothods.

EXAMPLE 3

[1026] This illustrans the cvaluation of the biological
efficacy of a composition of glicosamine and celecoxib,

[1027] A composition conteining glucosamine and cele-
coxib is preparcd as described in Example 2. The biological
cificacy of the composition is dolermined by a rat camag-
cenan foot pad edema test and by a rat carrapeenan-induced
analgenin tost,

[1028] Rat Carragecnsn Foot Pad Edema Test:

[1029] The carragesnan foo edema tasl is performed with
matcrials, reagents and procedures cssentially as described
by Winter, ¢t al., (Proc. Soc. Exp. Biol Med, 111, 544
(1962)). Male Spraguc-Dawley rata are selected in cach
group so that the average body weight is as close as posible,
Rats arc fanted with fres access to water for over sixiecn
bours prior to the test. The mts are dosed orally (1 mL) with
compounds suspended in a carriar vehicly containing 0.5%
methylcelluloss and 0.025% surfactant, or with only the
carrier vehicle alone. One hour later, a subplantar injection
of 0.1 mL of 1% solution of carrageenan/sterile 0.99% saline
is administered to one foot and the volume of the injected
foot is measured with a displacement pletbysmometer con-
nected to a pressure transducer with a digital indicator, Three
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hours after the injection of the carrageenan, the volume of
the oot is again measureil. ‘The average [oot swelling in &
group of drug-treated animals is compared with that of a
group of placoho-trealed enimals and the percentage iohi-
bition of cdcma i deicrmined (Oticrcss and Bliven, Labo-
ratory Models for Tesiing NSAIDS, in Non-stercidal Anti-
Inflammatory Drugs, (J. Lombanrdino, od. 1985)). The
percent ichibition shows the percent decrease from control
pew volume detormived in this proccdurc. The data are
expected 1o show that the cumbination of gluctmamine and
celecoxib provided effective anti-inllammatary activity.

[1030] Rai Carmgeenan-Induced Analpesia Test:

[1031] ‘Ihe analgeain tcsi vaing rat carragucnan is per-
formed with materials, reagents and procedures essentially
as described by Hargreaves, et al,, (Pain, 32, 77 (1588)).
Male Sprague-Dawley rats are ircated as previously
described for the Carrageenan Foot Pad Edema test. Three
hours efier the injection of the carmgeenan, the mis are
placed in a special PLEXIGLAS® container with a trans-
pareat floor having a high intensity Iamp a8 a radiant heat
source, positionable under the floor. After an initial twenty-
minute period, thermal stimulation is begun on either the
injected foot or on the contralateral uninjected fool. A
photoclectric cell will turn off the lamp and timer when the
light is interrupied by paw withdrawal. The time until the rat
withdraws its foot is then measured. The wilhdrawal latency
in seconds is determinsd for the cooirol and drug-treated
groups, and percent inhibition of the hyperlgesic foot
withdrawal is dotermined. Results are expected to show that
combination of glucosammine and celecaxib provided effec-
tive analgesic activity.

EXAMPLE 4

[1032] ‘This illusirates the biological eflicacy of & compo-
silion of glucosamine apd celecoxib for the treatment of
collagen-induced arthritis in mice.

[1633] A composition confaining gluconamine and cele-
coxib is prepared as described in Example 2. The biological
elficacy of the composition is determined by induction and
asscssment of collagen-induced arthrilis in mico.

[1034] Arthrilis is induced in 8-12 wesk old male DTIA/1
mice by injection of S0 s of chick-type II collagen (CII) in
complete Freunds adjuvant (Sigma) on day O at the base of
the tail as described in [J. Stuart, Anmual Renve Immunol., 2,
199 (1984)]. Compounds are prepared as 8 suspension in
0.5% methyleellulose (Sigma, St. Louis, Mo.), and 0.025%
Tween 20 (Sipma). The cyclooxygenase-2 inhibitor {cele-
coxih, o8 described in Comparative Example 1), and glu-
cwamine (evailable from Sigma-Aldrich, Si. Louis, Mo.)
arc administered slone or in combination as a therapeutic
compasition as described in Example 2. The compounds arc
administered in non-arthritic amimals by gavage in a volume
of 0.1 ml beginning on day 20 post collagen injection and
contimuing daily until final evaluation on day 55. Animals
are boosted on day 21 with 50 ug of collagen (CII) in
incomplete Freunds adjuvanl The animals arc subsequenity
evaluatad saveral times sach woek for incidenco and severity
of arthritis until day 56. Any animal with paw rcdness or
swelling is counled as arthritic. Scoring of severily is carmied
out uing a acore of 0-3 for each paw (maximal score of
12/moune) as described in P. Wooley, et al., Trans. Proc., 15,
180 (1983). The animals are measured for incidence of
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arthritis and severity in the animals where arthritis was
ubscrved. The incidence of arthritis is determined ot a gross
levul by obhserving ihe swelling or redoess in the paw or
digita. Suverity is measured with the following gnidelines.
Rricfly, animals displaying four normal paws, i.c., no red-
ncss or swelling are scared 0. Any rednoss or swelling of
digits or the paw are scored as 1. Gross swelling of the whole
paw or deformily is scored as 2. Ankylosis of joints is scored
a5 3

[1035] !llistological Examination of Paws:

[1036] In order 10 verify the gross determination of a
non-arthritic animal, a histologival cxamination can be per-
fuormed. Paws from animals sacrificed at the end of the
experiment are removed, fixed and decalcified as previously
described (R. Jonsson, J. Immunol. Metiiods, 88, 109
(1984)]. Samples arc paraflin embedded, sectioned, and
stained with hematoxylin and eosin by sundard methods.
Stained sections are examined for cellular infilirates, syn-
ovial hyperplasia, and bone and cartilage erosion

[1037] I is expected that resplls will show thal the com-
bination of a cyclboxygenase-2 sclective inhibitor with
glucosamine was an cfficacious treatment for collagen-
inducex! arthritis in mice.

[1038] AN references ciled in this rpecification, including
without limiltion, all papem, publications, patents, patenl
applications, prescntations, loxts, reports, manusceipta, bro-
chures, books, iaterne! poslings, journal articles, periodicals,
and tho like, arc hereby incorporated by relerence into this
specification in their entirsties. The discussion of the refer-
encues hervin & intended mercly 1o summerize the asseriions
made by their suthors and no admission is made thal any
reference constituics prior art, Applicants reserve the right 1o
challenge the accuracy and pertinency of the cited refer-
coCes.

[1039] [n vicw of the above, it will be scen that the several
advantages of tho invention arc achioved and other advan-
tageous resulis viiained.

[1040] As various changes could he made in the above
methods and compositions without departing from the scope
of the invention, il is intended that all metter conteined in the
above duseription shall he interproted as illustrative and not
in a limiting sense.

What is claimed is:

1. Amethed for the treatment, prevention, or inhibition of
pain, inflarmmation or inflammaticn-associated disorder in a
subject in need of such treatment, prevention, ar inhibition,
comprising administering ghicossmine and a cyclooxype-
nane-2 soluctive inhibitor or prodrug thercof to the subject.

2 The methad sceording 1o claim 1, wherein the admin-
slration of the glucosamine and the cyclooxygenase-2 selec-
tive inhibitor or prodrug thereofl together comprises an
cffective method for the treatment, prevention, or inhibition
of pain, inflammation or inflammation-associated disorder.

3. The method according 1o claim 1, whercin the ghu-
cosamime & selecied from the group consisting of glu-
cosamine; ghucosamine salts ol hydrochloric, jodic. sulfuric,
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phosghoric, or other pharmaceutically acceptable acid; ghi-
cosamine-2-sulfate; glucosaminc-3-sulfate; glucosaminc-6-
sulfate; ghicosamine-2 3-disullate; glucosamine-2,6-disul-
fate; plucosamine-3,6-disulfate;  glucosamine-3,4,6-
wisulfarc; glucosamine pentsacclaic;  glucossmine-1-
phosphaie; glucosamine-6-phasphate;
N-acetylglucosamipe-6-phosphate; N-acetylglucosamine-1-
phosphare; N-aceryl-D-ghicosamine; uridine diphosphate
(UDP)-N-acetylglucasamine; and mixtures thereol.

4. The method acconding o claim 1, wherein the glu-
cosamine comprises an hydrolysis product or other deriva-
tive of chitin, hyalnronic acid, beparin, or keratosulfate
which contains glicosamine.

S. The method according to claim 1, wherein the glu-
cosamine comprises a material selected from the group
consisting of D{+)-glucosamine, glucosamine sulfats, glu-
cosamine hydrochloride, ghicosamine hydroiodide,
N-acetyl glucosamine, and mixtures thereof.

6. The method sccording lo clhim 1, whercin the
cyclooxygenase-2 selsctivo inhibitor or prodrug thereof has
a cyclooxygenase-2 1C,, of less than about 0.2 ymol/L.

7. The method according to claim 6, whorin the
cyclooxygenase-2 selective inhibitor or a pharmaceutically
acceptable salt ar prodrug thereof bas a selectivily mtio of
cyclooxygenase-2 inhibition over cyclooxygenass-1 inhibi-
tiom of at least shout 2.

8. The method according to claim 7, whersin the
cyclooxygenase-2 selective inhibitor or prodrug thercof has
a cyclooxygenasc-2 IC,, of less than about 0.2 zmol/l. and
also has a sclectivily ratio of cyclooxygenase-2 inhibition
aver cyclooxypenase-1 inhibition of at lcast aboul 100.

9. The method according 1o claim 6, whervin the
cyclooxygenase-2 selective inhibitor or prodrug thereof has
a cyclooxyyunase-1 ICy, of at least about 1 smol/L.

10. The method according 1o claim 9, wherein the
cyclooxygonese-2 selective inhibitor or a pharmaccutically
acceplable salt or prodrug thereof hes a cyclooxygenasc-1
1C,, of at lcast about 10 smol/1.

11. The method according lo cleim 6, whercin the
cyclooxygonaso-2 selective inhibitor comprises 6-{[5-(4-
chloroben:myl)- 1,4-dimethyl- L H-pyrmol-2-yllmethyl]-
3(2H)-pyriderinons, having the formula:

or a prodrug thereof.

12. The method acconding 1o chim 1, wherein the
cyclooxypgenase-? selective inhibitor comprises a chromene.

13. e method secording 1o claim 12, wherein 1he
cyclooxygenass-2 selective inhibitor is selecied from the
group consisting of substimied benzothiopyrans, dihydro-
quinolines, or dihydronaphthalenes baving the general for-
mula:
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wherein X! is selecied rom ©), 8, CRRY and NR*;

wherein R* is solovied from hydrido, C;-C,-alkyl,
(vptionally substituted phenyl)-C,-Cy-alkyl, acyl and
carboxy-C-C,-alkyl;

wherein each of R" and R® is independently selected from
bydrido, C,-C;-alkyl, phenyl-C,-C,-alkyl, C,-Cy-per-
Muoralkyl, <hlom, C-Cealkylthio, C,-Cealkoxy,
mitre, cyano and cyanu-C,-C-alkyl; or wherein CR® R®
forma a 3-6 membered cycloalkyl ring;

wherein R is sclecied from carboxyl, aminocurbonyl,
C,-C,-alkylsulfonylaminocarbonyl] and C,-C,-alkoxy-
carbonyl;

wherein R* is sclecied from hydrido, phenyl, thicoyl,
C,-Cy-alkyl and C,-C-alkenyl;

wharsin R? is selccted from C,~-Cy-perfluoronlkyl, chloro,
C,-Cs-alkylihio, C,-Cs-alknxy, nitro, cyano and cyano-
C,-C,-alkyl;

wherein R* is one or more radicals independently selected
from hydrido, halo, C,-Cgulkyl, C-Cg-allenyl,
Co-Cyralkynyl, halo-C,-C-alkynyl, aryl-C,-Cy-alkyl,
ary-C,-Cy-atkynyl, aryl-C,-Ceenlkenyl, C,-Calknxy,
mothylenedioxy, C,-C~alkylthin, C,-Cnlkylsulfinyl,
aryloxy, arylthio, arylsulfinyl, heteroaryloxy, C,-C,-
alkoxy-C,-C,-alkyl, aryl-C,-C,-alkyloxy, betercaryl-
C,-C alkyloxy, aryl-C,-Cq-alkoxy-C, -C -alkyl,
C,-C,-haloalkyl, C,-C,-haloalkoxy, C,-C,-haloslky-
lihio, C,-C, haloalkylsulfinyl, C,-C,-haloalkylsulfo-
ayl, C,-C;-(haloalky]-C,-C,-hydroxyalkyl, C,-Cgtry-
droxyalkyt, bydoxyimioo-C,-Cealkyl, C-C,-
alkyiaming, orylamimo,  wryl-C,-Calkylamino,
bereroarylamino, heteroaryl-C, Ly -alkylamino, nitro,
cyano, amino, aminosulfonyl, C,-Cg-alkylaminosulfo-
nyl, arylamincsulfonyl. hetercarylaminosulfonyl. aryl-
C,-C alkylaminosulfonyl, hetcroaryl-C, -C, -alkylami-
nosullonyl, heterocyclybsulfonyl, C,-C,-alkylsulfonyl,
aryl-C,-Cy-alkylnulfonyl, optionally substituled aryl,
oplinnally substituted beloroaryt, aryl-CC,-C-alkylcar-
bony!, beteroaryl-C,-C,-alkylcarbonyl, beleroarylcar-
bonyl, arylcarhonyl, aminocarbonyl, C,-C ,-alloxycar-
boayl, formyl, C,-Cy-tnloolkylcarbonyl end C,-C,-
alkylcarbonyl; and

whoruin the A ring stoms A', A%, A* and A* ans indopen-
dently seleciad [rom carbon and nilmgun with the
praviso that at Juast two af A', A%, A" and A? arc
carbon;

or wherein R? together with ring A forms a radical
selected from naphthyl, quinolyl, soguinulyl, quino-
lixdnyl, quinoxaliny] and dibenmluryl;

ar an isomer or pharmaceutically accepiable salt thereof.
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14. The method according to claim 12, wherein the
cyclooxygenase-2 selective inhibilor is selected from the
gmoup consisting of substituted benzothiopyrans, dibydro-
quinnlines, or dihydronaphthalenes baving the genersl for-
mula:

wherein X° is selecied from O, S, CR°R® and NR*;

wherein R* is selecicd from bydrido, C,-C,-alkyl,
(optionally substitwicd phenyl)-C,-C,-alkyl, slkybwl-
fonyl, phenyisulfonyl, benzylsuifonyl, acyl and car-
boxy-C,-C,-alkyl;

wherein each of R* and R® ix indepeadently selected from
hydrido, C,-C,-alkyl, phenyl-C,-C,-alkyl, C,-C,-per-
fuoralkyl, chloro, C,-Cg-alkyhhio, C,-C,-aikoxy,
nitro, cyano and cyano-C,-C,-alkyl;

or wherein CRR® form a cyclopropyl ring;

whercin R? is stlected [rom carboxyl, aminoaarbonyl,
C,-C,-alkylsulfonylaminocarbonyl aad C,-C,-alkoxy-
carbonyl;

wherein R® is selected from hydrido, phenyl, thicnyl,
C.-Cy-alkynyl and C.-Cs-alkenyl;

whuroin R” i selscted from C,-C,-perflunroaliyl, chioro,
C,-Cy-alkylthin, C,-C-alkoxy, nitro, cyano and cyano-
C,-C,-alkyl;

whercin R" is one or more radicals independeatly selected
from bydrido, halo, C,-Cealkyl, C,-Cealkenyl,
Co-C,-alkynyl, halo-C.-C,-alkynyl, aryl-C,-C;-ulkyl,
aryl-Ca-Co-alkynyl, aryl-C.-Cy-alkenyl, C,-C,-alkoxy,
muthylenudioxy, CC,-Ca-alkylthio, C,-C-alkylslflinyl,
—{CF.)s0—, aryloxy, srylihio, arybabflimyl, bet-
croaryloxy, C,-C,-alkoxy-C,-C,-alkyl, ayl-C,-C,-
alkyloxy, heteroaryl-C,-C -alkyloxy, aryl-C,-C,-
alkoxy-C,-C -alkyl, C,-Cytnloalkyl, C,-Cs
haloalkoxy, C,-Cg-haloalkylthio, C,-Cy-
haloalkylsuifinyl, C,-Co-haloalkylmlfonyl, C,-C,-
(halvalkyl-C,-Cy-hydroxyalkyl), C,-Csbydroxyalkyl,
hydroxyiminu-C,-Cy-alkyl. C,-C,-alkylamioo, ary-
lamino, aryl-C,-Cg-tlkylamino, beteroarylamioo, hei-
eroaryl-C, -C, -alkylamino, aitro, cyano, amino, smino-
sulfonyl, C,-Cg-alkylaminosulfomyl,
arylaminosulfonyl, heteroarylaminosulfonyl, aryl-C,-
Cealkylaminosulfonyt, heteroaryl-C,-C,-alkylamino-
sulfonyl, heicrocyclylsulfonyl, C,-C,-alkyksulionyl,
aryl-C,-Cg-alkyisullonyl, optionally substituted aryl,
vptionally sulstituicd beteroaryl, aryl-C,-Cg-alkylear-
bonyl, helervaryl-C,-C ~alkyicarbonyl, heleroarylcar-
bonyt, arylcarbonyl, aminocarbonyl, C,-C,-alkoxycar-
bonyl, formyl, C,-Cg-hakulkylcarbonyl and C,-C,-
alkylcarbonyl; and

wherein the D ring atoms D', I3, D? and D" are inde-
pendenily aclected from carhon and nitrogen with the
provisa that a1 leadd two of D, D7, D? and D* are
carbon;
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or whercin R" together with ring D forms a radical
relccted from naphthyl, quinolyl, isoquinolyl, yuino-
lizimyl, quinoxslinyl and dibenzmfuryl;

ur an isomer or pharmaceutically acceplable sah thereol.

15. The metbod sccording to claim 12, whercin the
cyclooxypenase-2 selective inbibitor is selected from the
group comisting of substituted benaothiopyrams, dihydr-
quirlinus. or dihydronaphthalenes having the gencral for-
mula:

whurein X* is selucted from the group conxixting of O or
S or NRY;

wharein R" is alkyl;

whercin R is selected from the group consisting of 11 and
aryl;

wherein R is nclected from the group consisting of
carboxyl, aminocarbonyl, alkylsulfonylaminocarbomyl
and alkoxycarbonyl;

wherein RY is solected from the gronp consisting of
haloalkyl, alkyl, aralkyl, cycloalkyl and aryl oplioaally
substituled with one or more radicals selected from
alkylthio, nitro and alkylslfonyl; and

wherein R'? is selected from the group consisting of voe
or more radicals selected from H, halo, alkyl, amlkyl,
alkoxy, aryloxy, heteroaryloxy, amlkyloxy, hoi-
croanlkyloxy, baloalkyl, haloalkoxy, alkkylamino, ary-
lamino, erlkylamino, hetoroarylamino, heteroaryla-
Lkylamino, nitro, amino, aminosulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, heteroarylami-
nosulfonyl, aralkylamincsullonyl, hetcroaralkylamina-
sulfonyl, heterocyclosulfonyl, alkykulfunyl,
hydroxyarylcarbonyl, nilroaryt, optionally submtituled
aryl, optionally substituted heteroaryl, aralkylcarhonyl,
huturcarylcarhomyt, arylearhonyl, aminocarbonyl, and
alkylcarbonyl; or

whorein R together with ring E forms a naphthyt radical;
or an isomer or pharmaccutically scccpuble sall
thercol;

and including the diasterenmers, enanlinmens, racemutes,
lautomors, salts, esters, amides and prodrugs thereof.

16. The method according to claim 12, whercin the

eyclooxypenase-2 selective inhibitar comprises a compuund
having the furmula:

R

."c‘ RY
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wherein X* is selected from O or S ar NR%;
wherein R* is alkyl:

wherein R is selected from carboxyl, aminocarbonyl,
alkylsulfonylaminocarbonyl and alkaxyenrbonyl;

wherein R i selected from haloalkyl, alkyl, aralkyl,
cycloalkyl and aryl optionally rubstituted with ooe or
more radicals relected from alkylthio, nitro and alkyl-
sulfonyl; and

wherein R is one or mon: radicals selected from
hydl'i.ﬁ, hals, ﬂlk!"- mlkYL llh"lyn IIUIW- het-
croaryloxy, amlkyloxy, heicroaralkyloxy, haloalkyt,
haloalkoxy. alkylamino, arylamino, aralkylamino, hei-
eroarylamino, heteroarylalkylamino, nitro, amino, ami-
nosulfonyl, alkylamincsulfonyl, arylaminosulfonyl,
heteroarylaminosulfonyl, enalkylaminosulionyl, bet-
croaralkylaminsulfonyl, belercychwullonyl, alkyl-
salfonyl, optionally substituted aryl, optionally subsii-
tuted beteroaryl, anlkylcarbonyl, heteroarylcarbonyl,
arylcarbonyl, aminocarbonyl, and alkylcarbonyl;

or wherein R'* together with ring G forms a naphthyl
radical;

or an isomer or pharmaceutically accoptable salt thereof.

17. The method acconding to claim 12, wherein the

cyclooxygenase-2 selective inhibilor comprises a compound
having the formula:

ll
f n“
wherein:

X'is bﬂ‘.lﬂ:led from the group consisting of O or § or
NR®;

R® is alkyl;

R iy selected from the proup comisting of carboxyl,
aminocarbonyl, alkybailfonylaminocarbonyl  and
alkoxycarbonyl;

R?” is selected from the group comsisting of baloalkyl,
akyl, aralkyl, cycloalkyl and aryl, wherein
baloalkyl, alkyl, aralkyl, cycloalkyl, and aryl each is
indcpendently optionally substiluted with one or
more radicals sehected from the gronp consisting of
alkylthio, nitro and alkylsulfonyl; and

R™ is one or mom radicals selected from the group
consisting of hydrido, halo, alkyl, aralkyl, slkoxy,
aryloxy, hetcroaryloxy, aralkyloxy, beicroamikyloxy,
haloalkyl, haloalkoxy, alkylamino, arylamino,
aralkylamino, heteroarylamino,  helerosrylalky-
lamine, nitro, amino, aminosulfonyl, alkylaminosul-
foayl, aryluminosulfonyl, heteroarylaminosulfonyl,
arlkylaminosulfonyl, heleroeralkylaminosullonyl,
heterncyclasulfonyl, alkylsulfonyl, optionally sub-
stiluted aryl, oplionnlly substituled heleroaryl,
aralkylearhonyl, heteroarylearhunyl, arylcarbonyl,
aminocarbonyl, and alkylearbanyl:
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or wherein R together with ring A forms s naphthyl
radical;
or an isomer or pharmaceutically scceptable salt
thereof.
18. The method acvording te claim 17, wherein-

X* is selected from the group consisting of oxygen and
mlfur;

RY is scleeted from the group consisting of carboxyl,
lower alkyl, lower aratkyl axd kower alkoxycarbonyl;

R' is sclected from the group consisling of lower
haloalkyl, lower cycloalkyl aml pheayl; and

R'™ ix one or more radicals kelected from the group of
consisting of hydrido, halo, lower alkyl, lower alkoxy,
lowur haloalkyl, lower haloalkoxy, lower alkylamino,
pilro, amino, aminosulfonyl, lower alkylaminosnlfo-
oyl, 5-membered hetervaryhlkylaminosulfomyl,
6-membered  hetervarylalkylaminosulfonyl, lower
arakylaminosulfonyl, 5-membered nitrogen-contnin-
ing heterocyclosulfonyl, 6-membered-nitrogen con-
laining heterocyclosulionyl, lower alkylsulionyl,
optionally substituted phenyl, Jower sralkylcarbonyl,
and lower alkylcarbonyl; or

wherein R*" wyetber with ring A forms » saphthy] radical;

o an isomer or pharmaceutically acceplable salt thereof.
19. The method aceording to claim 17, wherein:

R'® ia carboxyl;
R in Jownr haloalkyl; and

R™ is one or more madicals selected from the group
consiting of hydrido, halo, kwer alkyl, lower
haloalkyl, krwer holoalkoxy, kever alkylaming, amino,
aminnsulfonyl, lower alkylamincsuifonyl, 5-membared
hetoroarylalkylaminosutfonyl, 6-membered beteroary-
Inlkylaminosulfonyl, lower aralkylaminosulfonyl,
Jower alkylsulloayl, 6-membercd nitrogen-containing
heterocyclosulfonyl, optiovally substituted phenyl,
Jower aralkykarbonyl, and lower alkylcarbooyl;

or wherein R'® together with ring A forms a naphthyl
radical;

or an isomor or pharmaceutically acceptable salt thereof.
20. The metbod acconding to claim 17, whercin:

R'® is selected from the group consisting of carboxyl,
lower alkyl, lower aralkyl and lower alkoxycarhonyl;

R'7 is solected from the group consisting of fluoromethyl,
chloromethyl, dichioromethyl, trichloromethyl, pen-
taflvorocthyl, heptafluoropropyl, difiucrocthyl, difino-
ropropyl, dichlorocthyl, dichloropropyl, difluorom-
ethyl, and iriflucromethyl; and

R™ is onc or more mdicals sclecte] from the group
consisting of hydrido, chloro, thioro, bromo, iodo,
methyl, ethyl, bwpropyl, teri-hatyl, bulyl, isabutyl,
pentyl, hexyl, metbuxy, othoxy, isopropyloxy, tertbu-
tyloxy, trifluoromethyl, dillooromethyl, triftuo-
romethoxy, amina, N,N-dimethylamino, N,N-diethy-
lamino, N-phenyimethylaminasulfonyl,
N-phenylethylaminosullonyl, N-(2-furylmethyl)ami-
nasulfonyl, nitro, N,N-dimethylaminosulfonyl, amino-
sulfonyl, N-methylaminosulfonyl, N-ethylsuifonyl,
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22-dimethylethylaminosulfonyl, N,N-dimethylamino-
sulfonyl, N-(2-mcthylpropyl)aminosulfonyl, N-mor-
pholinosulfonyl, methylsulfonyl, benzyicarbonyl, 2,2-
dimothylpropylasrbonyl, phenylacetyl and phenyl;

or wherein R® 1wpgether with ring A forms a nephthyl
radical;

or an isomer or pharmaceutically acceptable salt thereof.
21. Tie method acconding o claim 17, wherein:

R* is aclected from the group comsisting of carboxyl,
lower alkyl, lower aralkyl and lowur alkonxycarbonyl;

R'7 i selected from the group consisting triflucromethyl
tnd pentafluorocthyt; and

R'™ is one or more ndicals selecied from the group
consisting of hydrido, chloro, fluom, bromo, iodo,
methyl, cthyl, isopropyl, tert-butyl, methoxy, triffno-
romethyl, trifluoromethoxy, N-phenylmethyluminosul-
fonyl, N-phenylecthylaminosulfonyl, N-(2-furylmethy-
)aminosulfonyl, N,N-dimethylaminosuifonyl,
N-methylaminosulfonyl, N-(2.2-dimethylcthyl)amino-
sulfonyl, dimethylaminosulfonyl, 2-methylpropylani-
nosulionyl, N-morpholinosulfonyl, methybulfonyl,
benzylcarbonyl, and phenyl;

or wherein R™ 1ogether with ring A forms a naphthyl
mdical;

or an isomer or prodrug thereol.

22, The method acronding to claim 12, wherein the

cyclooxygenum:-2 peloctive inhibilor exmprises 8 compound
having the formula:

| o
Y £l

wherein:
X" is selected from 1 group consisting of O and S:
R'® is lower haloalkyl:

R*™ i selected from the group consisting of hydrido,
and halo;

RY i selected from the group comsisting of hydrido,
balo, lower alkyl, lower baloalkoxy, lower alkoxy,
lower anulkylcarbunyl, lower dialkylaminosulfonyt,
lower alkylamincmulftnyl, krwer aralkylaminosulflo-
nyl, lower butorvanlkylaminosulionyl, S-membered
pitrogen-containing  boterocyclosulfonyl, and 6-
mombured nitmgen-containing heterocyclosulforyl;

R* i selected from 1he proup consisting of hydrido,
lowcr alkyl, halo, kower alkoxy, sod aryl; and

R* is sclected from the group consisting of the group
consising of bydridn, halo, lower alkyl, lower
alkoxy, and aryl;

or an isomer or prodrug thereol.
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Z3. The method according to ¢laim 23, wherein:
X® i selected from the group commisting of O wd S;

R js selected from the group consisting of triffluvorom-
cihyl and penmafivorocthyl;

R*® is selected from the group consising of hydrido,
chiloro, and fiuoro;

R* is selected from the group consisting of hydrido,
chloro, bromo, fluors, ixks, methyl, teri-butyl, tifluo-
romethoxy, methoxy, benzylearbonyl, dimethylamino-
sulfonyl, isopropylaminosulionyl, methylaminosulfo-
nyl, benzylaminosulfonyl, phenylcthylaminosulfonyl,
methylpropylaminosulionyl, methylsulfoayl, and mor-
pholincsulfonyl;

R® in selected from the group cominting of hydrida,
methyl, ethyl, isopropyl, tert-bulyl, chloro, methoxy,
dicthylamino, and phenyl: and

R™ is selected from the group comisting of hydrido,
chlom, bromo, Mworo, methyl, ethyl, tort-butyl,
methoxy, and pbenyl

or an isomer or prodrug thercof,
24. The method according 10 claim 1, wherin the
cyclooxygenase-2 sclective inhibitor comprises:
al) 8-acetyl-3-(4-Auorophenyl)-2-(4-methylsulfo-
nyl}phenyl-imidazof 1. 2-a)pyridine;
a2) 5.,5-dimethyl-4-(4-methylsullonyl)phenyl-3-phenyl-
2-(SH)-furanone;
a3) 5<{4-flucropheayl)-1{4-{mcihylsulfonyt)phenyl}-3-
{riflnoromethylpyrazole;
a4) 4-{4-fAucropbeayl)-S{4-(methylsulfonyDphenyl}-1-
. phenyl-3-(irifluoromethypyrazole;
a5) 4-(5-{4-chloropbenyl)-3-{4-methoxyphecayl)-1H-
pyrazol-1-ylbenzenesulfonamide

a6) 4-(3,5-bis{4-mecthylphenyl)-| H-pyrazol- 1-yl)bema-
nesulfonamide;

a7)  4{5<(4-chlorophenyl)-3-phenyl-1H-pyrazml-1-yl-
Yoerzenesulfonamide;

eB) 4-(3,5-bis(4-methoxyphenyl)-1H-pyrazol- 1-yDbenze-
ncsulfonamidc;

19) 4{5-(4-chlorophenyl)-3-{4-mutihylphemyl)-1H-pyra-
zol-1-yl)benzenesufonamicde;

all)) 4<{5-{4-chlorophenyl)-3-(4-nitrophenyl)-1 H-pyra-
ml-1-ylhenzanesullonamic:;

bl)  4(5-(4-chlorophenyl)-3-{5-chloro-2-thienyl)-1H-
pyrazol-1-yl}benzencsul fonamicle;

b2) 4-{4-chloro-3,5-diphenyl-111-pyrazol-1-yl)benzene-
sulfonamide

h3) 4-[5-(4-1.:hlomph|.uyl)-3-(lr|ﬂumomnlhyl) -1H-pyra-
#0l-1-ylJbunoncaulfona

bd) 4-[S-phenyl-3-(|nﬂuummnlhyl)-lH-pynml-l-yl]
henencsulfonamidle;

bS) 4{5-(4-flvorophenyD-3-{Lrillucromethyl)-1I1-pyra-
zol-1-ylJbenzenesullonamide;
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bb) 4L5-(4-methaxyphenyl)-3-{iriflooromethyl)-1H-
pyrazol-1-yljbenzenesulfonamide;

b7) 4{5{(4-chlorophenyl)-3-(diflucronwthyl)-1H-pym-
l-1-yljbcnzenesulfonamide;

bl) 4{5{4-mecihylphenyl)-3-{riluoromethyl)-111-pyn-
#pl-1-yl[benrenesulfonamide;

h9) 4{d-chloro-5-{4-chlorophenyl)-3-{irifluoromethyl)-
111-pyrazol-1-ylhenzencsulfonamice;

b1t 4{{diluoromethyl)-5-{4-methylphenyl)-1H-pyra-
#0l-1-yl[benzenesulfonamide;

¢1) 4{3-(difluoromethyl)-5-phenyl-1 H-pyrazol-1-ylJben-

venesullonamide;

c2) 43(diflucromethyl)-5-(4-meilhoxyphenyl)-1 H-
pyrurnl-1-yllbenzenesulfonamide;

¢3) 4{3-cyano-5-(4-Buorophenyl)-1H-pyrazol-1-yI]ben-
#enesulfonamide;

c4) 4{3-(diffluoromethyt)-5-(3-fluoro-4-methoxyphenyl)-
111-pyrazol-1-ylpenzencsul fonamide;

c5) [ 5-(3-fluoro-4-methoxyphenyl)-3-(trifluorom-
¢thyl)-1H-pyrazol-1-yl benzencsulfonamide;

cli) 4-{4-chloro-5-phenyl- 1H-pyrazol-1-yi Joenzent -
sulfomamido;

<7 4{5-(4-o'hlompheny1)-3—(hydmxymelhyl) -1H-pyra-
#0l-1-yl[benzencsullonamide;

o) 4{5-(4-(N,N-dimethylamino)phenyl)-3-(trifluorom-
ethyl)-1H-pyrazol-1-yi bearencaulfonamide;

e9)  5-(4-fuorcpheayl)-6{4-(methylsulfony!)phonyl]
spiro[2.4 ]hep1-5-cnc;

el() 4{6-(4-Auorophenylspiro[2.4Thepi-5-on-5-ylJben-
wenesulfonamide;

dl) 6-(4-Nucrophenyl)-7{4-{ methybalfonyl)phenyl]
spiro3.4Jocl-6-ene;

d2)  5{(3-chloro-i-methoxyphenyl}-6{4-{methyisulfo-
nyl)pheayljspiro[ 2. 4]hept-5-cnc;

d3) 4{6-(3-chloro-4-methoxyphenyl)spira] 2.4 hept-5-
en-5-yl e nesullonamide;

d¥) 53,S-dichloro-4-methoxyphenyl)-6{4-(mothylsul-
fonyl)phenyt]spira[2.4 Thepi-S-ene;

«5) $-(3-chloro-4-finorophenyl)-6-{4-{methylsulio-
nyl)phenyljspire] 2.4 fhept-5-cnc;

d6) 4{6-{34-dichlorophenyl)piro[2.4]hepi-5-en-5-y1]
henzencsulfonamide;

d7) 2-(3<chloro-4-fluorophenyl)-4-(4-Nuoropheayl)-5-(4-
melhylsulfonylphenylthinzole;

d8) 2-(2-chlorophenyl)-4-(4-Avorophenyl)-5-(4-methyl-
sulfonylphenyD)thinzole;

d9)  S5{4-Tluorvpheayl)4-(4-methylsulfonylphenyl)-2-
methylthinzmle;

di(y 4-{4-flvorophenyl}-5-{4-methylsulfonylphenyl)-2-
Irifluoromethylihiszole;

¢1) 4-(4-Nvaropbenyl)-5-{4-methylsulfonylphemyl)-2-(2-
thienyl)thiazole;
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02)  4-{4-Nworuphcayl)-5-{4-methylmulfonyipheayl)-2-
henzylaminuthiazole;

€3) 4-(4-uorophenyl)-5-(4-methylsulfonylphenyl)-2-(1-
propylaminoyhiaznle;

c4) 2{(3,5-dichlorophenoxy)methyl)-i-{4-flunrophenyl)-
5{4-(mecthyleulfonyl)phenylJthiszole;

o5) 5-(4-Nuocophenyl)-4-(4-methylsulfonylphenyl)-2-iri-
fluoromethylthiszole;

ef) l-methylxulfonyl-4{1,1-dimethyl-4-(4-fluorphenyl-
Yeyclopents-2,4-dion-3-ylJbenzenc;

e7)  4{4-{4-Nuurophenyl)-1,1-dimethylcyclopenta-2,4-
dicn-3-yi]henznesul fonamide;

cf) 5-(4-Nuorophenyl)-6{4-{methylsulfonyl)pbenyl]
spiro[2 4Thepta—4.G-diene;

¢9) 4{6-(4-fAuorophenylspirc]2.4hepta-4,6-dien-5-y1]
benzenesulfonamide;

ol0) 6<{4-Nuorophenyl)-2-methoxy-5{4-{methylsulio-
nyl)phenyl}-pyridine-3-carbonitrilke;

[{}] 2-bromo-fi-{4-Nluorophenyl)-5-{4-(methylsulfo-
nyl)phenyl]-pyridine-3-carbanitrile;

2) 64{4-Auorophenyl)-S{4-{methykulfonyl)phenyl]-2-
phenyl-pyridine-3-carbonitrile;

3) 4{2-(4-methylpyridin-2-yl)-4-{trifluoromethyl)-1H-
imidazol-1-ylJhenzenesulfonamide:

[4) 42-{5-methylpyridin-3-yl)}-4-{trifluoromethyl)-111-
imidazol-1-yiJbenzencsulfonsmide;

f5) 4{2-(2-mcthylpyridin-3-yD)-4-{1rifluoromcthyl)-1H-
imidaznl-1-yiJbenzencsulfonamide;

f6) 3{1{4-(meihylsulfonylphenyl]-d-(triffuorometiryl)-
| H-imidazol-2-yl Jpyridine;

7 2{1{4{methylsulfonyl)phonyl-4-(triluoromethyl)-
L H-imidazol-2-ylpyriding;

W) 2-methyl-4{ 1{4-(mcthylsulfonyl)phenyl-4-{1rifluo-
romethyl)-1H-imidazol-2-yl Jpyridine;

) 2-methyl-6{ 1 {4-(methylsulfony)phenyl-4-(trifluo-
romethyl)- | H-imidazol-2-yl Jpyridine;

N a{2-(6-methylpyridin-3-yl)-4-{triflucromeihyl)-1H-
imidaznl-] -yl Jrenzonesulfonamide;

g1} 2<{3.4-dilluorophenyl)-1{ 4-{methylsulfonyl)phenyl]-
4-{trifluoromethyl)- | H-imidazolc;

§2) 402-{4-methylphenyl)-4-{triflucromethyl)- 1H-imida-
zol-1-ylJhenznesalfonamide;

g3 2-(4chlorephenyl-1{a-(meibylsulfonyl)phenyl]-4-
methyl-1H-imidamle;

p4) 2+(4-chlorophenyl)-1{4-{mcthykullfonylphenyl]-4-
phenyl-1H-imidazole;

g%) 2H4-chiorophenyl}--{4-flucrophcayl)-1{4-(methyl-
sulfonylphenyl}- 1 H-imidazole;

gs)  2<{3-fluaro-4-methoxypheayl)-1{4-(methylsulfo-
nyl)phenyl-4-{Iriluoromethyl)- L1-imidazole;

g7 1{4{mecihylsulfonyl)phenyl}-2-phenyl-4-irifluorom-
elhyl-1H-imidazole:

Jun. 19, 2003

g8) 1-(4-m-lhylph=nvl)-l{4-(m=lhylﬂlﬁmyl)ph=nyl]-4
trifluoramethyl-1H-imidazo

19 4-["-(3-chlnm-4-methylphmyl)-4-(mﬂuummelhyl)
1H-imidaxol-1-ylJhenzenesulfonamide

gl) ..-(3-IIumu-5~m=lhyl'ph=nyl)-!-[4-(m=|hyhall‘n-
nyb)pbenyl-4-{iriflunromethyl)-1 H-imidmmls;

h1) 4{2-(3-fluoro-5-methylphenyl)-4-{irifluoromethyl)-
1H-imidazol-1-yIbenzenesulfonamide;

h2) 2-(3-methylphenyl)-1{4-{methylsulfonyl)phenyl]-4-
trifluoromethyl-1H-imidazols;

h3) 4{2-(3-mesthylphenyl)-4-trifluvcromethyl-1H-imida-

z0l-1-yIjbenzenesulfonamide;

bd) 1{4{methylsulfonyl)phenyl]}-2-{3-chlorophenyl)-4-
trifluoromethyl-1 H-imidazols;

h5) 44 2-(3-chlorophenyl)-4-trifucromethyl-1H-imida-
2ol-1-ylJbenrencsulfonamide;

h6) 4-[2-p||.~nyl-4-tnﬂnmnmelhyl-lH-mtdlml-l-yl]nn-
7cncsulfonamide;

b7 4 24 melhoxy-s-chbmphenyl)-ll-mﬂumnmhyl-
1I-imidazol-1-yl}benzencsulfionamide;

h8) t-allyl-4-(4-fluorophcnyl)-3-{4-{methylsulfonylphe-
oyl}-S-(triffvoromethyl)-111-pyrazole;

hi0) 4{1-ethyl-4-{4-fluorophcayl)-5-{trifluoromethyl)-
1H-pyrazol-3-ylJbenzenesulfonamice;

ir) N-phenyl{4-(4-luorophenyl)-3{4-(methylsulfo-
nyl)phenyl]-5-{trifluoromethyl)-1 H-pymzol-1-yI]ac-
etamide;

i2) ethyl [4-(4-Buorophenyl)-3{4-(methylsulfony!)phe-
nyl}5-{trifluvoromethyl)- 111-pyrazol-1-yljacetate;

i3) 4-{4-Buorophenyl}-3{4{methylulfonyl)phecnyl}-1-
(2-phenylethyl)-1H-pymnle;

i4) 4{4-Avoropbonyl)-3{4-(meihybulfonyl)phenyt]-1-
(2-phenylethyl}-5-{trillunrmmothyl)pyrazole;

iS) 1-ethyl-4-{4-Nuorophenyl)-3-[4-(mol hylsullonyl)phe-
nyl}-5-(trifluvoromethyl)-1H-pyrazol;

i6) 5-(4-fluorophenyl}-4-{4-methylsullonylphenyl)-2-ril-
luoromethyl-1H-imidazole;

i7) 4{4-(methylkulfonyl)phenyl]-S-(2-hiophenyl)-2-{tri-
Auoromethyl)-1H-imidazole;

5-{4-Nuwruphenyl)-2-meiboxy-4-[4-(methylsulfo-

nypheoyl -6-(1rilusromethyl)pyridine;

i9) 2-cthoxy-5-(4-{luorophenyl}-4-{4-(me1hylsulfo-
myl)pbenyl}-6-(triffucromethyl)pyridine;

il0) 5-(4-Buorophenyl)-4{4-(mecthylsulfonyl)phenyl}-2-
(2-propynyloxy)-6-(irilluoromethyl)pyridine;

in 2-bramo-5-(4-fluorophenyl)-4-{4-{methylsulio-
nyl)phenyl]-6-{trifluoromethy)pyridine;

j2) 4{2-(3-chloro-4-methoxyphenyl)-4,5-difluorophenyl]
benzencsulfonamide;

i3) 1-{4-flvorophenyl)-2{4-(methylsulfonyl)phenyljben-
zcoe;
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) S-difluoromethyl-4-{4-methylsulfonylphenyl)-3-phe-
nylisuxazole;

i5)  4{3-cthyl-5-phenylisoxazol-4-ylJbenzenesulfona-
mide;

j6) 4{5-difluoromethyl-3-phenylisnxazol-4-ylbenzenc-
sulicnamide;

7 A{5-hydmxymeihyl-3-phenylisoxazol-4-ylhenvene-
sulfonamick;

M) 4[5-muthyl-3-phenyl-isoxazol-4-yl renvenealfona-
mide;

j9) 1{2-(4-fluwrophenyl)cyclopenten-1-yl}-4-(methylsul-

fonyDhenzsne;

j10) 1{2-(4-fluoro-2-methylphenyl)cyclopenten-1-y1}-4-
(methylsulfonybenzene;

ki) 1f2-(d-chlorophenylyclopeaten-1-yI}4-{methyl-
sulfonyl}benzene;

K2y 1{2-(24-dichlorophenyl)cyclopenten-1-yl }-4-(meth-
ylsulfonyl}honzene;

B3) 1{2-{4-rrifluorametbrylphenyl)cyclopenten-1-y1}-4-
(methylsulfonyl)bomzene;

k4) 1{2-{(4-merhylthiophenyl)cyclopenton-1-yl}-4-(me-
thykulfonylrensune;

k5)  1{2+{4-luorophenyl)-4.4-dimethyk-yclopenton-1 -
yll4-(methylsulfonyDbenacne;

k) 4-{2-{4-Nuoropbenyl)-4,4-dimethylcyclopenten-1-yl]
benzencsulfonamide;

k7) 1{2<(4-chlorophenyl)-4.4-dimethylcyclopenten-I-
yl4-{methylsullonyDbenacnc;

kB) 4{2-(4-chlorophenyl)-4,4-dimeihylkcyclopenten-1-yi]
benzenesulfonamide;

kY) 4 2-{4-Nuorophenyleyclopenten-1-yl henzenc-
saulfonanvich:;

ki)  4{2<(4chlorophenyl)cyclopenten- l-yl}henzene-
sulfonamicde:;

11) 1{2-{(4-metbuxyphenylcyclopeaten-1-yl]-4-{methy)-
sullonyl}benzene;

12) 1{2+23-difluorophenyl)eyclopenten-1-yl4-({meth-
yhulfonyl)benancoe;

)  4{2+(3-llworo-4-methoxyphenyl)cyclopenten- 1-y1]
henzencsulfonamids;

i) 1{2-3-chloro-4-methoxyphenyl)eyclopenien-1-y1}-
4<{methytsulfonyl)benzenc;

15) 4{2(3-chlaro-4-flucropbenyl)cyclopenten-1-ylfoen-

zenusullonamide:

16) 442-(2-methylpyridin-5-yl)cyclopenten-1-y1]benze-
nesulfonamide;

1Ty cthyl 2{4-(4-fluorophenyl)-5-{4-(methylsulfonyl)
phenyljoxazol-2-yl}-2-benzyl-acelatc;

18) 2{4-(4-Muorophenyl)-5{4-{methylsulfonyl)phcnyl]
axaznl-2-yl]scetic acid;

9) 2<{wn-butyl)-4-(4-Nuorophenyl)-5{4-{methylsulfa-
nyl)phenyljuxazole;
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110) 4-{4-Avoropbenyl)-5{4-{methylsullonyl)phenyl]}-2-
phenyloxazmle;

ml) 4-(4-fluorophenyl)-2-methyl-5{4-(muthylsulfo-
nylphenylloxazole; and

m2) 4{5-(3-lluoro-4-mcthoxyphenyl)-2-iriflucromethyl-
4-oxazlyl henzenesulfonamide.

m3) G-chloro-2-trifinoromethyl-2H- | -benmmpyran-3-car-
hoxylic acid;

md) G<chloro-7-methyl-2-irilunmmethyl-2H-1-benzopy-
ran-3-carboxylic acid;

m5) 8-(1-methylethyl)-2-trifluoromethyl-2H-1-benzopy-
mn-3-carboxylic acid;

mé6)  6-chloro-7-(1,! -dimethylethyl)-2-trifflucromethyl-
2H-1-benzopyran-3-caurboxylic acid;

m7) 6-chloro-8-{ 1-methylethyl)-2-triffvoromethyl-2H-1-
benzopyran-3-carboxylic scid;

m#)  2-rrifluorometbyl-3H-naphthopyran-3-carboxylic
aeid;

m9) 7(1,1-dimethylethyl)-2-triluoromethyl-2H-1-hen-
znpyran-3-carboxylic acid;

mi0)  G-bromo-2-trifluoromethyl-2H-1-benzopyran-3-
carboxylic acid;

nl) 8-<chloro-2-rifluoromethyl-2H-1-benmpyran-3-car-
hoxylic acid;

n2) G-rifluoromethoxy-2-trifluoramethyl-211- | -benzopy-
ran-3-carboxylic acid;

n3) 5,7-dichloro-2-trifluoromethyl-2H- 1-benzopymn-3-
carboxylic wid;

nd) 8-phenyl-2-trifluoromethyl-2H-1-benzopyran-3-car-
hoxylic acid;

n5) 78-dimethyl-2-trillvoromethyl-2H- [ -henzopyran-3-
varboxylic acid;

n6) GR-bis(dimeihylethyl)-2-trifluoromethyl-2H-1-ben-
zpynn-3-carboxylic acid;

n7) 7-l-methylethyl)-2-triflooromethyl-2H-1-benzopy-
ran-3-carhoxylic acid;

o) 7-phenyl-2-trilluoromethyl-2H-1-bonaopyran-3-car-
hoxylic acid;

n9) G-chloro-7-ethyl-2-trittuoromethyl-2H-1-henzopy-
nan-A-carboxylic acid;

nll) G6-chloro-H-sihyl-2-iriflusromethyl-2H- 1-henznpy-
man-3-carboxylic acid;

ol) G-chloro-7-phenyl-2-trifflucromethyl-2H-1-benzopy-
ran-3-varboxylic ackl;

02) G.7-dichloro-2-triflaoromethyl-2H- 1 -benzopyran-3-
carboxylic acid;

0}) 68.dichloro-2-trifluoromethyl-2H-1-benzopyran-3-
carboxylic acid;

od) 2-rrifluvoromethyl-311-naptho{’2, 1-bJpyran-3-carboxy-
lic acid;

a5) 6-chloro-8-methyl-2-trifluoromethyl-211- L -benunpy-
ran-3-carboxylic acid;
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of) B-chloro-6-methyl-2-iriflooromethyl-2H-1-benzopy-
ran-3-carboxylic acid;

o7)  8-chloro-6-methaxy-2-triflunromethyl-211- 1-ben-
zopyran-3-carboxylic acid;

of) 6-bromo-8-chlor-2-irifluoromethyl-2H-1-benzopy-
nn-3-carboxylic acid:

08) 8-bromo-6-luom-2-irifluoromethyl-2H- 1 -benzopy-
ran-3-carboxylic acid;

ol0) H-bramo-6-methyl-2-rithmromethyl-2H- 1 -ben-
Zopyrn-3-carboxylic acid;

pl) 8-romo-5-fluvre-2-trifflvoromethyl-2H- 1 -benzupy-
ran-3-carboxylic scid;

p2) 6-chloro-8-flucro-2-trifluoromethyl-2H- 1-benzopy-
ran-3-carboxylic acid;

p3)  G-bromo-8-methoxy-2-triltuoromethyl-211- 1-ben-
zopyran-3-carboxylic acid;

pd)  6{[(phenylmothyl)amino}sulfonyl]-2-trifluorom-
ethyl-211-1-benzopyran-3-carboxylic acid;

pS) 6{(dimethylaminu)sulfonyl}-2-tritluoromethyl-2H-
1-benzopyran-3-carbotylic acid;

pS) 6{(methylamino)sulfonyl}2-trifluorometiyl-211-1-
benzopyran-3-carboxylic acid;

pN  6{{4-morpholinu)sulfonyl}-2-trifluoromethyl-2H-1-
benzopymo-3-carboxylic acid;

p8) 6{(1,1-dimethylethyl)amincsullonyl]-2-trifluorom-
ethyl-2H-1-benzopyran-3-carboxylic acid;

6{(2-methylpropyDamincsullonyl]-2-rifluorom-

cthyl-2H-1-benzopyran-3-carboxylic acid;

pl0) &-methylsulfonyl-2-trifluoromethyl-211- 1-benzopy-
ran-3-carboxylic acil;

ql) H-chloro-6{[(phenylmethyl)amino psulfonyl]-2-rf-
luorumuthyl-2H- l-humrmpyran-3-carboxylic acid;

q2) G-phenylacetyl-2-triflucromethyl-2H-1-benzapyran-
3-carboxylic acid;

q3) 6A-dibromo-2-wrilluoromethyl-2H-1-benzopyran-3-
carhoxylic acid;

gd) 8-chloro-5,6-dimethyl-2-trifluooromethyl-211-1-ben-
zopyran-3-carboxylic acid;

q5) 6,8-dichloro-{S)-2-trifluoromethyl-2H-1-benzopyran-
3-carhoxylic acid;

g6) G-benzylsulfonyl-2-trifluoromethyl-2H-1-benzpy-
ran-3-carhoxylic acid;

q7)  64{IN-{2-forylmethylaminokulfonyl]-2-trifluorom-
ulhyl-2H-1-benzopyran-I-carboxylic acid;

q8) G{[N-(2-pbenylethyl)aminokullonyl]-2-trifluorom-
ethyl-2H-1-benznpyran-3-carboxylic acid;

q¥)  6-iodo-2-irifluoromethyl-2H- |-henzopyran-3-car-
boxylic acid;

q10) 7-(1.1-dimethylethyl)-2-pentafluoructhyl-211-1-beo-
zopynn-3-carboxylic acid;

rl) 5.5-dimethyl-3-(3-Nuorophenyl)-4-{4-methyl-sulpho-
nyt-2(511)-fluranone;
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12) G-chloro-2-trifflvoromethyl-2H-1-benzothiopyran-3-
carboxylic acid;

r})  4{54{4-chlorophenyl)-3-{irifluoromethyl)-1H-pym-
#ol-1-ylJbenzencsulfonamide;

1) 4{5-(4-mcthylpheayl)}-3-{rriflvoromcthyl)-1H-pyra-
#0l-1-ylJbenzenesulfonamide;

£5) 4{5-(3-lvoro-4-methoxyphenyl)-3-{difluoromethyl}-
1H-pyrazol-1-ylberzencaullonamide;

16)  A{1{4{methylsulfonyl)phenyl}-4-triluoromethyl-
IH-imidazol-2-ylJpyriline:;

r7) 2-methyl-5{1{4-(methybulionyDphenyl]-4-trifluy-
romethyl-1 1 1-imidazol-2-y1]pyridine;

18) 4{2-(5-melhylpyridin-3-y[}-4-(trifluoromethyl)-1H-
imidazol-1-ylJhenzenesulfonamide;

t¥) 4{5-melhyl-3-phenyl isvxazol-4-yIbenznesullona-
mide;

rit)  4{5-hydroxymethyl-3-phenylisoxezl-4-vijbenn:-
nesulfonamicde;

1) [2-riflunromethyl-5-(3,4-difluorophenyl)-4-oxazolyl)
benzonesulfonamide;

82)  4{2-methyl-4-phenyl-5-oxazolyl benzenesnifona-
mide; or

83) 4{5{3-lnoro-4-methuxyphenyl-2-trifluoromethyl)-
4-omazolyl renzeocsullonamide;

or a pharmaceutically accepiable salt or prodrug thereof.

25. The method according to claim . wherein the
cycluoxygenase-2 selective inhibitor comprises a compound
having the formula:

YO

Z! is selecied from the group consisting of partially
unsatumled or unsalurated heterocyclyl and partially
unsatursied or unsaturated catbocyclic rings;

R* is selected from the group consisting of heterocy-
clyl, cyckalkyl, cyclnalkenyl and aryl, wherein R*
is optionally substituted at a subatitulable position
with one or more radicals sclected from alkyl,
baloalkyl, cyano, carboxyl, alkoxycarbonyl,
hydroxyl, hydroxyalkyl, haloalkoxy, amioo, alky-
lamino, arylamine, nitro, alkaxyalkyl, alkylsulfinyl,
balo, alkoxy and alkylthio;

R* is selected from the gronp consisting of methyl or
amino; and

R™ is sclocted from the group consisling of a radical
aclected from H, halo, alkyl, alkenyl, alkynyl, oxv,
cyann, carhoxyl, cyanoalkyl, heterncyclyloxy, alky-
loxy, alkylthio, alkylcarbonyl, cycloalkyl, aryl,
haloalkyl, heterocyclyl, cycloalkenyl, amlkyl, het-
erocyclylalkyl, acyl, alkyhthicalkyl, hydroxyalkyl,
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slkoxycarbonyl, arylcarbonyl, aralkylcarbonyl,
aralkenyl, alkoxyalkyl, arylthioalkyl, aryloxyalkyl,
eralkylthioalkyl, anmlkoxyalkyl, alkoxysmlkoxy-
alkyl, alkoxycarhonylalkyl, aminocarbonyl, ami-
nocarhonylalkyl, alkylaminocarhonyl, N-arylami-
nocarbonyl, N-alkyl-N-arylaminocorbonyl,
tlkylaminocarbonylalkyl, carboxyalkyl, alkylamino,
N-wrylamino, N-aralkylamino, N-alkyl-N-amlky-
lamino, N-alkyl-N-arylamino, aminoalkyl, alkylami-
noalkyl, N-arylaminoalkyl, N-srulkylominoalkyl,
N-alkyl-N-aralkylaminoalkyl, N-alkyl-N-arylami-
noalkyl, aryloxy, anlkoxy, arylihio, eralkylthio,
alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alky-
laminosulfonyl, N-arylaminosulfonyl, arylsulfonyl,
N-alkyl-N-arylsminosulfonyl;
or a prodrug thereof.
26. The method according to cleim 1. whercin the
cyclooxygenase-2 selective inhibitor comprises valdecoxib,
baving the [ollowing furmula:

)74

"

or s prodrug thercol.
27. The method according to claim 1, whercin 1he

cyclooxygcnane-2 sclective inhibitor compriscs a compound
baving the formula:

r
4]
pen d X

N F

|

N

e
)
or a prodrup thercol.

28. The method according 1o claim |, wherein the
cyclooxypenusc-2 sclective inhibitor is selected from the
proup womsisling ol colecoxih, JTE-522, derscoxib, a
chromene, a chroman, parecuxib, valdecoxib, cloricoxib,
rofecoxib, N-{2-cyclohexyloxynitrophenyl)methane  sul-
fonamide, COX189, ABT963, meloxicam, prodrugs of any
of them, and mixtns thereol.

29. The method according 1o claim 28, wherein the
cycloxygenase-2 sclective inhibitor comprises celecoxib or
a prodrug thereof.

30. The mcthod according to claim 1, whercin the
cyclooxygenasc-2 sclective inhibitor compriscs a pheny-
lacutic acid derivative represented by the pencral siucisre:
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wherein:
R™ is methyl, cihyl, or propyl;
R™ is chlomo ar fluoro;
R® is hydrogen, fluoro, or methyl;

R®ig hydrogen, flunro, chlom, methyl, othyl, methoxy,
¢thoxy or hydroxy;

R*' is hydropen, fluoro, or methyl; and

R* is chiom, Nluom, riflusomethyl, methyl, or ethyl,
provided that R**, R™, R* and R* are not all flvoro
when R is ethy] and R* is H:

or a prodrug thereof,
31. The method acconding to claim 30, wherein:

R is othyl;

R? and R* are chloro;

R™ and R are hydrogen; and

R*? is methyl;

or a prodrug thereof.

32. The muthod acconling to claim 30, wixrein:
R*" is propyl:

R* and R™ ar: chlon;

R™ and R™ are methyl; and

R* i ethyl;

or a prodrug thereof.
33, The mathad acconding to claim M), wheruin:

R*? in methy);

R* is noro:

R** is chloro; and

R*®, R, and R™ are hydrogen:

or a prodrug thereof.

3. The method according to claim 1, wherein the
cyclooxygenase-2 seleclive inhibilor compriscs a diarylm-
cthylidencfuran derivative.

33. The method acconding 10 claim 1, wherein the

cyclooxygenasc-2 sclective inhibilor comprises a compoumnd
having the genoral formula:

23’0
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R0

wherein:

X is O; ) is 1-phenyl; R” is 2-NHSO,CH,; R™ is
4-NO; and there is no R group, (nimesulide), and

X is O; ] is 1-0x0-inden-5-yl; R™ is 2-F; R* is 4-F: and
R is 6-NHSO,CH,, (flosulide); and

X is ; I is cyclohexyl; R® in 2-NHSO,CHy; R™
S-NO,. and there is oo R* group, (NS-398); ld

X is 8; I is 1-oxo-inden-5-yl; R™ is 2-F; R™ is 4-F; and
R* is 6-N" SO,CILNs*, (L-745337); and

XikSJis lhl:ghr.n-z-yl R™ i 4-F; there is no R™

group; and R™ is S-NHSO;CH,. (RWJ-63556);, and
Xis 0; ) is 2-0x0 elhyl-s-(z,l.z-lnﬂumlhyl)l’u-
ma-{5H)-3-yl; R® ix 3-F; R* is 4-F; and R* is 4-{p-

SOLCHXoH,, (1-784512).

3%. ‘The method sccording to claim 1, wherein the amount
of glucosamino, together with the amount of the cyclooxy-
genase-2 ackective inhibitor or prodrug thereof, constitute an
amouni effective for the treatment, preveation, ar inhihition
of the pain, inflammation ur inflammation-amocisted dikor-

37. The method according to claim 1, wherein the amount
of gluexsamine is within a renge of fom about 0.1 (0 about
500 mp/day per kg of body weight of the subject.

38, The method acconding to claim 37, wherein the
amount of glucosaminc is within o range of fmm about 5 to
sbout 35 mgfday per kg of body weight of the subject.

9. The method acconding to claim 38, whercin the
amount of glucosamine is within a range of [rom sbout 15
W about 25 mpiday per kg of body woight of the sulyject.

40. ‘The methed sceording 10 claim 37, whercin the
amount of the cyclonxygenase-2 selective iohibitar or pro-
dmyg thereof is within & mnge of from showt D.O1 In aboul
100 my/day per kg of body weight of 1he subject.

4. The method acvording 0 claim 40, wherein the
amount of the cyclooxygenase-2 selective inhibitor or pro-
drug thercof is within a range of from aboul | to sboul 20
mg/day per kg uf body weight of the subjeut.

42. The method acconding 1o claim 1, wherein the weight
ratio of the amount of plucosamine to e amounl of
cyclooxypenase-2 selective inhibitor or prodrug thereol that
is administered to the subject is within a range of from about
0.1:1 to about 500:1.

43.The methxd according 1o claim 42, wherin the weight
ratio of the amownt of glucosamine to the amoum of
cyclooxygenasc-2 scleetive inhibilar or prodrug thereal that
i administercd 1o the subject is within a range of from ahaut
21 to sbout 10:1.

4. The method accurding to elaim 1, wherein the pain,
jnflammation or inflammetion arsociated disorcler is nelected
from the group consisting of heodache, fever, arthrilis,
cheumatoid arthritis, sporxlyloanthopathicx, gouty arthritis,
osteoarthritis, sysiemic lupus erythematosus, juvenile arthri-
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tis, asthma, bronchitis, mensirual cramps, tendinitis. bursitis,
vonpective lisme injuries or disorders, skin rolated condi-
linom, pstyriasis, cczema, bumes, dermatitis, gasirointexiina)
conditions, inflammalory bowel diseaso, gastric ulcer, gas-
tric varices, Crohn’s discasc, pasiritis, irritable bowel syn-
drome, vlcerative colitis, cancer, colorectal eancer, herpes
simplex infectioms, 111V, pulmonary edema, kidney stones,
minor injuries, wound bealing, vaginitis, candidiasis, lumbar
spondylanhrosia, lumbar spondylarihrosis, vascular dis-
vases, migraine headaches, sinus headaches, lenxion head-
aches, duntal pain, periarieritis nodusa, hymoiditis, aplasiic
anemin, llodgkin's diseass, sclerodoma, rheumatic fever,
type 1 diahetes, myasthenin gravia, multipls sclormsis, nar-
coidosis, ncphmuc syndrome, Beheel’s syndrome, pnly-
myositis, gingivilis, hypersensitivity, swelling occurring
after injury, myocardial ischemia, ophthalmic discancs,
retinitis, rctinopathios, conjunctivitis, uveitis, ocular photo-
phobin, acute injury to the eye tissee, pulmonary inflanma-
tion, nervaus sysiem disorders, cortical dementian, and
Alzhcimer's discase,

48. ‘The method according o claim 1, wherein the pain,
inlammation or inflammation associated disorder & an
opthalmic discase or opthalmic injury.

46. 'The method sceurding o daim 45, wherein (e
vplhalmic disease or oplhalmic mjury is selecied from the
group comisting of retinitis, retinopathies, conjunctivitis,
uwsitis, ocular photophobia, acute injury o the oyo lisuo,

47. The method sccording to claim 44, wherein the pain,
inflammation or inflammation sssociated disorder is arthri-
tis.

d48. ‘Tho method sccording 1o claim 42, wherein 1he
arthrilis is oateoarthritis.

49. The method according to claim 47, wherein the
arthritis is rbeumatoid anbritis.

50. The method according to claim 1, wherein the subject
is an animal.

51. The method acconding to claim 50, whercin the
subjoct is 8 uman.

52. The method according Lo claim 2, wherein the tresting
sep comprines administering glucosamine aad & cycdoxoy-
gonase-2 sclectiva iphibilor to the subject cnterully or
parenicratly in ane or more dose per duy.

53, The metand seconding o claim 52, wherein the
glucosamine and the cyeoloxypenase-2 selective inhibitor
arc adminisicred to Lhe subject substantislly simuliancously.

54, The method according to claim 52, wherein the
glucosamine amd the cycoloxygenase-2 sclective inbibiwr
are administered scquentially.

35. A metbod for the treatment or prevention of disorders
baving an inflammatory component in a subject in need of
the ireaiment or prevention of disorder having an inflam-
matory cvmponcni, the method comprining administering to
the subject o therapeutically cifective dose of glucosamine
and cyclooxygenmse-2 selective inhibitor or a pharmaceuti-
cally accepiable sall or prodrug thercol

56. A composition for the treatmeni, prevention, or inhi-
hition or pain, inflammation, or inflammation-associsted
disarder comprising glucosamioe and a cyclooxygenanc-2
nelective inhibitor or prodrug Lhereof.

57. The compositinn according to claim 56, wherein the
composition is uscful for treating a subject in need of
treatment, prevention, or inhibition, of pain, inflummation,
or an inflamemation-assaciasied disorder, and wherein u done
of the composition comstilutes an amount of glucosamine

25
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and an amovnt of a cyclooxygonase-2 sclective inhibitor or
a pharmacentically acceplable sali ur prodrug thercol
together onnstitute a pain or inflammation sippressing treat-
ment or prevention offective emount.

58. A pharmaccutical composition comprising glu-
casamine; a cyclooxygenasc-2 specific inhibitor or prodrug
thereofl: and a pharmaceutically-acceptable excipient.

59. A kil that is suitahls [or use in the lreaimend, preven-
tion or inhibition of pain, inflammation or inflammation-

Jun. 19, 2003

associated disorder, the kit compriscs a fimt dossge form
comprising glucosamiie and a second dosage form com-
prising a cyclooxygenase-2 sclective inhibitar or prodrug
thereof, in quantities which comprise a therapeutically elfec-
tive ameunt of the compounds for the treatment, prevention,
or inhibition of pain, inflammation or inflammation-associ-
ated dirorder.

2SSt



PATENT
Docket No. 235.00560201

P PERATION TREATY
ATENT COO 2 3’3

Applicant(s): THE UNIVERSITY OF GEORGIA RESEARCH
FOUNDATION, INC.

int1 Appln No.: PCT/US2005/011739
Int1 Filing Date: 7 April 2005

For: GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY
MUTUAL PRODRUGS, COMPOSITIONS, AND METHODS

e N e St Nt et e e Nemd

R R CHANGE OF
APPLICANT AND INVENTOR UNDER RULE 92" PCT

International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Sir/Madam:

Under Rule 92 PCT, Applicant respectfully requests that the applicant and inventor
information be changed as described herein.

Please change the applicant status of inventors Anthony C. Capomacchia and
Solomon T. Gamner, Jr. to "applicants for purposes of the United States of America only”.

Please add J. Warren Beach as an additional "inventor/applicant for purposes of the
United States of America only”.

These changes are necessitated by an inventorship determination performed after the
international filing date of the above-identified application, and an Assignment recently
executed by the named inventors in favor of The University of Georgia Research Foundation,
Inc.

As a result of these changes, the application should list THE UNIVERSITY OF
GEORGIA RESEARCH FOUNDATION, INC. as Applicant for the purposes of all

designated States except the United States of America.



Request for Change of Applicant and Inventor Under Rule 92bis Page 2 of 2
Applicani(s):  The University of Georgia Research Foundation, Inc.

Jnt1 Appin No.:  PCT/US2005/011739 C y
Int1 Filing Date: 7 April 2005 ) 7

For: GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY MUTUAL PRODRUGS,

COMPOSITIONS, AND METHODS

Further, the inventors
ANTHONY C. CAPOMACCHIA
SOLOMON T. GARNER, JR.
J. WARREN BEACH
should be listed as Applicants for the United States of America only.
Replacement sheets No. 1 and No. 2 of the Request Form are included herewith to

reflect the comrected inventor and Applicant status.

Please direct any inquiry to the below-signed altorney at (612)305-1226.

Respectfully submitted for:

THE UNIVERSITY OF GEORGIA
RESEARCH FOUNDATION, INC.
By

Mueting, Raasch & Gebhard

P.O. Box 581415

Minneapolis, MN 55458-1415
(612)305-1220

Ok 25,205 Ued@nds ~¢

Dale Victoria A. Sandberg
Reg. No. 41,287




PCT

For m:tiving Office use ONlY eee—

International Application No.

REQUEST

Intemnstionnl Filing Date

The undersigned requests that the pm:m
imternational application be processed

according to the Paient Cooperation Treaty.

Name of m:eivig; Office and “PCT Intemational Application™

Applicant’s or
{if desired) (12

*s file reference

maximum) 235.00560201

Box Ne. | TITLE OF INVENTION

COMPOSITIONS AND METHODS

GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY MUTUAL PRODRUGS,

Box No.Jl  APPLICANT [[] his person is alwo inventor

b e ks o i e ey b
Bax is the applicont s Mﬂhﬂhmqﬂu&nfm&nndm&mhww
The University of Georgia Research Center Inc.

Boyd Graduate Studies Research Center

Athens, Georgia 30602-7411

Telephone No.

Facsimile No.

Teleprinter No.

Bar is e applicant’s Stoie (thai is, mdmmvmhledmm"mm&h.}
CAPOMACCHIA, Anthony C.
2326 Elder Road
Bishop, Georgia 30621
United States of America

United States of America

Applicant"sregistration No. with the Oflice
State {that is, couniry) of nationality: Stalc {that is, cowniry) of residence:
US S
Thi lii | ed indi i
He : Ir:‘on s npg icant D oll designated E a dﬁ:ﬁ' Sm:i_s except D the United il“-gl :: glmnlgs Il'l‘lﬂ.l'db::
Box No. JIl FURTHER APPLICANT{(S) AND/OR {FURTHER) INVENTOR(S)
N nd nddress; (Fe followed enthy, full official devignation. . -
The ocbbess :.umﬂmw ki, by -:.’3;’ -of the ookiress indicered in thiz | VP13 PETSON iS:

D applicant only
E upplicani and inventor

D inventor only fIf this chect-box iy
marked, do not fill in below,)

Applicent'sregistration No. with he Office

Stste {that is. couniry) of nationality:

State (that Iy, couniry) of residence:

Us us
This person is spplicant all designated 1l dexignated St the United he Stntes indiewmed i
for lhgc |nu-|mlesp:r:l'l D Simies an l:l t. Unﬂ Smu-: I:l!rmnu dnlsr':fielsn:;;s :he Sl.;:;‘lc:ne::l n.::

E Further opplicemts and/or {further) inventors are indicaled on a conlinuation sheet.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is hereby/has been appointed to act on behalf
of the applicani(s) before the competent Intemnational Authorilies as:

[x]

common
agenl D Tepresenialive

N nd add! wedin:
ome & ress: r;;'mh mﬂn m’m jnrah,d;ulmﬁ-ﬂﬁ ial dexignation.

SANDBERG, Victoria A.

MUETING, RAASCH & GEBHARDT, P.A.
P.O. Box 581415

Minneapolis, Minnesota 55458-1415
United States of America

Telephone No.
612-305-1226

Facsimile No.

612-305-1228

Teleprinter No.

Agent'sregistration No. withthe Office
41,287

Address for corres)
space gbove is u

ndence: Mark this check-bax where no a,

nl Or common representative is/has been appointed and the
instead to indicale a special address 1o wh:c’fconespunden:e should be senl. Ppo

Form PCT/ROV101 (first sheet) {April 2005)

See Notes o the request form



Continuation of Box No. II1 FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
If none of the following sub-boxes is used, this sheet should not be included in the reques:.

N and eddress: i 3 T offici i i is:
Nt S Eo s i s Al ey [ e

Bow is the applicont s Sicte (that is, couniry) of resivience if mo Siate of residence is indicated below,) D applicant only

GARNER, Jr., Solomon T. ] ]

250 Cleveland Road, #205 (<] sppticantand inversor
Bogart, Georgia 30622 e e s

United States of America

Applicant’sregistration No. with the Office

State {that is, coumiry) of nationality: State {that is, coemiry) of residence:

us us
ket (s [iteiires Kl kimsr
Name and address: A . o dexicomati . .

o s et o b Al [T
Bar is the applicant's Srare (thet is, country) of residence if ne Stase of revidence is indicaned beiow.,) D applicant only

BEACH, J. Warren [X] spoticant and inventor

1060 Arbor Lake Walk inventor only (If this check-box
Hoschton, Georgia 30548 ir morked, do mot fill in betow,)
United States of America Applice’s registration No. withthe Office
State frhat is, coumiry) of nationality: State {thor is, couniry) of residence:

uUs USs

D = [igmssrgses, [ty [ Sl

Name snd address: (Family neme foliowed name; fora legal al . .
ﬂmmn-l mhr:ﬂﬂm& -dnm?mm r:nmdw .thm This person is:
Bax s the applicent’s Siate (that is, country) ¢f resience if o State of resilence is indicated below,) (] applicant onty

D applicant snd inventor

inventor m:}z (1f this check-box
is marked, do ot fill in below.)

Applicant’s registration No. with the OfTice

State {that is, coumiry) of nationality: State (that is, country} of residence:

This person is applicant oll designated } desigmaied Sint the United Sistes be States indicuted i
for the purposnpgf: D Swies 1enet D l.he WPI;SUJ:? :nc:r’h D of Ameics only :he Snppl::nennl B;:

Name and address: (Famijy followed by given mame: fegel entity: full afficial designation. . .
ﬂn-ﬁ-rumrh'hrﬁpnduub-dml:}o’_ cownTy. rﬁ-:m-qmm indicored In this This pe Is:
Bax Is the applicant s Siate (thal is, couniry) of residence if no Siate of rexidence is indicated below:.} D applicant only

D applicani and inventor

O e s

Applicant’s regisiration No. with the OfTice

State (that is, couniry) of nationality: State (that is, coumiry) of residence:
Thi i licant It designated It designated Sun he United 51 the States indicated i
e e [ e [Jilimsirom, it [ ki

D Further spplicents and/or (further) inventors are indicated on another conlinuation sheet.

Form PCT/RO/101 (continuation sheet) (April 2005) See Notes 10 the request form



RECEIVED

NOV 2 1 2005
SUETING &RAASCY oor

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Rule 92bis.1 and
Administrative Instructions, Sectlon 422)

USR]0 BeTrus2005011739
PATENT COOPERATION TREATY

e
From the INTERNATIONAL BUREAU
To:

SANDBERG, Victoria, A.

Mueting, Raasch & Gebhardt, P.A.
P.O. Box 581415

Minneapolis, MN §5458-1415

United States of America
Date of mailing (day/month/year)
07 November 2005 {07.11.2005)
Applicant's or agent’s flie relerence
235, 00560201 IMPORTANT NOTIFICATION
international appfiostion No. tnternational flling date (day/month/year)
PCT/US2005/011739 07 April 2005 {07.04.2005)

1. The following indicatians appeared on recard concemning:
E the applicant E the Inventor

D the agent

D the common represantative

Name and Address
CAPOMACCHIA, Anthony, C.

GARNER, Solamon, T., Jr.

E the person [:I the name

2 The International Bursau hereby notifles the applicant thet the following change has been recorded goncarning:

I:I the address

State of Nationality State of Rasidence
" Talephone No.

Facsimile No.

" Teleprinter No.

BEACH, J., Warren

1080 Arbor Lake Walk
Hoschton, GA 30548
United States of America

3 Further observations, If necessary:

designated States and applicants for US only.
4. A oapy of this notification has been sent to:
[X] the receiving office
[ ] the Intemational Searching Autharity
D the Intsmational Preliminary Examining Autharity

The person in Box 2 has been added as inventor for all designated States and applicant for
US only. The status of the persons in Bax 1 has been changed to inventors for al

D the natlonality D the residence
State of Nationality State of Residence
us us
_To!ephorn No.
[~ Facsimile No.
H‘olopﬂmnr No.

D the designated Offices concerned
D the slected Offices congsemed

The intamstions! Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzeriand

Facsimile No. (41-22) 338.8D.86

Anman QlU

Telophone No. {41-22) 338 5088

Form PCTAB/308 (March 1084)

008846198



Docket 235.00560201
ASSIGNMENT

Whereas We, Anthony C. CAPOMACCHIA. Solomon T. GARNER, Jr, and J. Warren BEACH. with
residences and citizenships as indicated below; have made an invention in

*##GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY MUTUAL PRODRUGS,
COMPOSITIONS, AND METHODS***
Filest: 7 April 2005 Internationat Application No.: PCT/US2005/11739

and exccuted an application for Letters Patent of the United States ol America based thereon;

Now, therefore, for good and valuable consideration. receipt of which is acknowledged, we have individunlly
and jointly agreed to assign and transfer and do herchy assign and transfer unto The University of Georgia Rescarch
Foundation, Inc. ("Company ™), a corporation of Georgia, having its principal office at Boyd Graduate Studies Research
Center, Athens, GA 30602-7411 USA, its successors and assigns, the entire right, title, and interest in and 10 said
invention and application, and in and to any division or continuation (in whole or in part} of said application, and in and
to any and all improvements in said invention made by us or any of us or made jointly with others (provided any such
improvement is made during, or within one ycar aficr the termination of, the employment by the Company of whichever
of us, solely or jointly with one or more others, has made the same), and in and 10 any and gll Letters Paient,
reexaminations, reissues, or extensions thereof, of the United States of America and countries foreign thereto (including
the right to apply for Letters Patent, Utility Models, or Inventors' Centificates in foreign countrics in its own name and
to claim any priorily rights for such foreign applications to which such applications are entitled under intcrnational
conventions, treaties, or otherwise), which have been or may be granted thereon or on any divisional, continuation (in
whole or in part), renewal, reexamination, reissue, or other or further application based in whole or in part upon sdid
invention or improvements thereon, to be held and cnjoyed as fully and exclusively as they would have been by us or
any of us had this assignment and transfer nol heen made;

We do further agree for ourselves and for our heirs, executors, and administrators, to execute and deliver without
further consideration any further applications, assignments, and documents, and to perform such other acts as we lawfully
may, that may he deemed necessary by the Company, its successors, assigns, and nominees, fully to secure its right. title,
and interest as aforesaid and (o obiain or maintain Letters Patent, Utility Models, or Inventors' Certificates in uny and
atl countries;

And we do hereby authorize and request the Commissioner of Patents to issue any and all Letiers Patent which
may be granted upon any of said applications, to TheUniversity of Georgia Research Foundation, Inc. as the assignee
of the entire right, title, and interest therein.

In witness whereof, we have hereunto signed our names on the days and years sei forth below.

KM fe.03.0%

Name: Anthony'C. CAPOMACCHIA Date
Address: 2326 Elder Road, Bishop, Georgia, 30621 USA
Citizenship: United States of America

STATE OF G&o%m
COUNTY OF 4! hd iSon

On this_T¥- day of Octeber” 2005, before me personally appeared Anthony C. CAPOMACCHIA, 10 me
known (o be the person described in and who executed the foregoing instrument, and he/she exccuted the same for
the uscs and purposes therein set forth.

Notary Pu’ﬁ %

Notary Public, Madkson County, Georgla
My@mhlonEmlmsOetzgera.m

INY
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Assignment Page2of 2
International Patem Application No. PCT/US2005/11739
Filed: 7 April 2005
For: GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY MUTUAL PRODRUGS, COMPOSITIONS, AND
METHODS

Address: 256-Cléveland Road, #205, Bogunt, Georgia, 30622 USA
Citizenship: United Sinies of America

STATE OF G“ﬂlu’g )
) ss.
COUNTY OF ﬂgd.'ggn )

On this ll*“day of Petober 2005, beforc me personally appeared Solomon T. GARNER, Jr., to me
known to be the person described in and who executed the foregoing instrument, and he/she execuled the same for
the uses and purposes therein set forth.

Netary Public, Madiaon County, Georgla
W \.%1#/ wcmmaumoe:‘ybuz.m
Notary Publ
m&_pj

[0/tof 2008
: ). Warren BEACH Date /

ddress: 1060 Arbor Lake Walk, Hoschton, Georgia. 30548 USA
Citizenship: United States of America

STATE OF Geor:}iq )
) ss.
county of_Madison )

On this _LQ_':' day of MM_ 2005, before me personally appeared J. Warmen BEACH, to me known to
be the person described in and who executed the foregoing instrument, and he/she executed the same for the uses and
purposes thercin set forth.

QM A % MWPMMC&W,G
Notary Publ cmmmmomz.wmﬁ
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PCT e Forreceiving Office s 0y e

Intiermational Application No.

REQUEST

International Filing Date

The undersigned requests thal the present
intemationa) application be processed
according 1o the Patent Cooperation Treaty. Name of receiving Office and "PCT Imermational Application”

licant's or agent’s file reference

A escrecty (12 harcrers matimum) 235.00560201

Box No.]  TITLE OF INVENTION
GLUCOSAMINE AND GLUCOSAMINE/ANTI-INFLAMMATORY MUTUAL PRODRUGS,

ITIONS S
Box Ne.Jl  APPLICANT [] This person is also inventor

Name and address: - name foliowed bygiven name; legal official designation. | Telephone N
l;fn::irmmrmdui.;ﬂdmkedm o Jmn“ﬁﬁmmmm ¢ o
Bax is the appilcars s State (that is, country) of residence [fno State of residence is indicated briorw,)

The University of Georgia Research Center Inc. Facsimile No.

Boyd Graduate Studies Research Center i

Athens, Georgia 30602-7411 Teleprinter No.

United States of America
Applicant’s registration No. with the Office

State {that is, couniry} of nationality: Suite fthar is, conniry) of residence:

uUs us

-’l_;hrl: m .spgll':mml D ;I‘I.:lﬁnigmd Iz] I|'I'Ie mmhs:n:rs Aem D the United Simtes the Simes indicated in

of America only the Supplemental Box

Box No. Ill FURTHER APPLICANT{S) AND/OR (FURTHER) INVENTOR(S)

e e orgma 7 ot foaa s el i desgrton. [T peron v

Bax i the applicant 's Siate fihat is, couniry) of residence ifno State of residence is indicated below.) D applicant only

CAPOMACCHIA, Anthony C. e

2326 Elder Road applicant and inventor

Bishop, Georgia 30621 [] invemios enly (fihis check-bux is

United States of America morked. &6 not Jill in belowd
Applicant’s registration No, withthe Office

Staie fthar is, country) of nationality: State {Yhat is, couniry) of residence:

uUs us

or e paposeret Rl fme [ trsigocs, [irimaay [l Smarria

m Funher applicants and/or (further) inventors are indicated on a continuation sheet.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is hereby/has been appointed 1o act on behalf common
of the applicam(s) before the con'lp:yerl Intemational Authorities as: [X] ssen [ eresensive

Name and address: ,{I:mm"zghm nm:,z:;hpl entity. fill official designotion. | Telephone No.

puatial code and neme of country,) -
SANDBERG, Victoria A. Fifni?id 226
MUETING, RAASCH & GEBHARDT, P.A. 612-305-1228
P.O. Box 581415
Minneapolis, Minnesota 55458-1415
United States of America

Teleprimer No.

Agent’s registration No. withthe Office
41,287

Address for cor ndence: Mark this check-box where no ﬁnﬂ“ or common representative is/has been appointed and the
space above is instead to indicate & special address to which correspondence should be sent.

Form PCT/RO/101 (first sheet) (April 2005) See Noies 1o the request form
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Continoation of Box No. 111

FURTIER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
If none of the following sub-boxes is used. this sheet should not be included in the reguest.

ok o e . g ol s
Bax is the applicant's State (that is, counmy) of residence if no Siate of residence is indicated below)
GARNER, Jr., Solomon T.

250 Cleveland Road, #205

Bogart, Georgia 30622

United States of America

This person is:
D applicant only

@ applicam and inventor
D inventor only (If this check-bax

Is marked, do not fill in below.)
Applicanm’s registration No. with the Office

State frhat is, country) of nationality:

State (thai Is, couniry) of residence:

Bax Is the applicant's Siate (that is, coumiry) of residence if o Siaie of residence is indicoied below.)

uUs us

Thi i licant i i the United St he § indi [
for the purposer o L] Stue m " (] e U Sioes of Ameraca of Amerincnly. L] the Stppietmenial Box
Name and address: Family foliowed by given 3 iy firll official dexignarion. : .
ﬂrﬂnﬂmluﬁdcmﬁﬂﬂmn?}aﬁ? ﬁmﬂmmmm This person ix:

D applicant only

I:I applicant and inventor

invenior only (If this check-box
Is marked, do not fill in below,)

Applicant’s registration No. withthe Office

State (that Is, country) of residence:

State (rhat Is, country) of nationality:
This person is applicani

all desigmated I1 designated Sun
for the purposcs of: D States D the United of Ancr

the Uniled Statey of America

the United Siates
of America only

the Stales indicated in
the Supplemental Box

Name and address: (Family name followed by given name; for a legal entisy; fill official desiygnation,
ﬂm“m%ﬁeﬂm?émm TEG 'm‘:‘ggﬂlﬂrmdlﬂhb
Bax is the applicent’s State (that is, counsry) of rexidence if no Siaie of residence iy indivated below,)

This person is:
D applicant only

D applicant and inventor
D inventor only (3 this check-box

Is marked, do not fill in befow)
Applicant’s registration No. withthe Office

State (that is, country) of nationality:

State {that Is, couniry) of residence:

The address mot Inchade posial code couniry- of the address indicated in this
Bav is the applicant’s State (thar iv. couniry) of residence i no Stote of residence is indicated below,)

This person is applicant 1] designated all designated States excepl the United Siates he Siares indicated §
for the pul'puelllzﬁ D gnlu i D the United Smtes ':I!Am of An'l:uiﬂ oly :In Supplem:unl Bc:
Name and address: ﬂ-'ﬂll.ﬁ'“ﬁ;f:l_’ﬁj’#ﬁﬂ nmicuhgdmm.ﬁﬂw degignation. | This person is:

[] spplicant anly
D applicant and invemor
W ety L s

not fill in below)
Applicant’s registration No. withthe Office

State {that is, couniry) of nationality: State (thai is, country} of residence:
This person is applicant 1l degignated Il designated States except the United Smies the States indicmed §
forlng pmp.:mpgr’ D ;'slllullm D t.h: Unllld States of Ameriea of Al'l:ll‘l'iﬂ only the &:;shnml B:

[C] Further applicants andfor (further) invemtars are indicated on another comtinuation theet,

Form PCT/RO/101 (continnation sheet) (April 2005)

See Notes 10 the request form
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Box No.V  DESIGNATIONS

The filing of 1his request constliutes under Rule 4.9(a), the designation of all Contracling States bound by the PCT on the international
filing date. for the grani of every kind of proiection available and. where applicable, for the gramt of both regional and nmtional pasents.

However,

D DE Germany Is not designated for any kind of nations] proteciion

D KR Republic of Korea Is not designated for any kind of national proteciion
D RU Russian Federation is nol desipnated for any kind of national protection

{The check-boxes above may be used 10 exclude (irrevocably) the designations concerned in order to avoid the ceasing of the effect, under
the national law, of an earlier national application from whichk prioritv is claimed. See the Notes 1o Bax No. V as lo the consequences

of such nationpal law provivions in these and certain other States )

Box No. V] PRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:

Filing dme " INllmlvelr Where earlier application is:
f earli licati of earlier application : —
* taymontyenr) P ity o ieion: | regional application:* | imernational application:
of WTO regional Office receiving Office
jtem (1)
7 April 2004 60/560,128 us

(07.04.04)
item (2)
item (3)

D Further priority claims are indicated in the Supplemental Box.

The receiving Office is requesied to prepare and Iransmit 1o the International Bureau a cenified copy of the carlier application(s) {oaly
{f the earlier applicaiion wos filed with the Office which for the prrposes of this international application is the receiving Office) identified

above as:
al items O iem ] item(2) [ iem® [ other. see Supplemental Bex

* Where the earlier application is an ARIPQ application, indicote at least one country party to the Paris Convention for the Protection of
Indusirial Property or one Member of the World Trade Organiration for whick 1har earifer applicarion was filed (Rule 4.10(0)(1}):

Box No. VIl  INTERNATIONAL SEARCHING AUTHORITY

Cholce of Iuternationsl Searching Authority (1SA) Af mo or more Intermational Searching Authorities are competent 1o carry oul the
international search, ind¥cate the Alﬁﬁon‘ly cmu; rll) lnt{u-kmr code may be used): "

ISA S PP
Request to wse results of earlier search; reference to that search (if an eariier search kas been carried out by or requested from the
International Searching Authority):

Date (daymonth)war) Country for regional Office)

Number

Box No. VIll DECLARATIONS

The foliowing declarations are contained in Boxes Nos. VIII (i) to (v) fmark the appifcable Number of
check-baxey below and indicaje in the right column the number of each npe of declaration): declarations
] Box No. vii (i) Declaration as 10 the idemtity of the inventor
D Box No. VIII (i} Declarstion as to the applicam’s emitlement, a5 ot the internationsl filing
date, to apply for and be granted a patent
D Box No. VI (i) Declaration as 1o the applicant's entitlement, as at the international filing
date, to claim the priority of the earlier applicstion
[d Box Ne. Vil iv) Declaration of inventorship (only for the purposes of the designation of the
United States of America)
D Box No. VI (v) Declaration as 1o non-prejudicial disclosures or exceptions to lack of novelty
Form PCT/RQV101 (second sheet) (April 2005) See Notes 1o the request form
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Box No. IX CHECK LIST; LANGUAGE OF FILING

This intermational application contains:

(a) on paper, 1he following number of
sheets: #

request (inctudi
declaration sheets, : 4

d:scriplioF (gm:lul.lg;g
uence listing and/or
l,:aes related thereta) 58

claims : 7
abstract : 1
drawings : 17
Sub-total number of sheets : 87
sequence ligting

tables relaied 1hereto

? hzh. FII:I aumber
sheets on ]
o

H h
see (c) below)

Total number of sheets
(%) O only In electronic form
(Section 801{a)(i))
(i) [ sequence listing
(i) [ 1ables related thereto

(c) O siso In electronie form
(Section 801(a){ii))

(i) [J sequence listing

87

This international application is accompanied by 1he following Number
item(s) fimark the applicoble check-buxes below and indivaie in of ilems
right coltmn the number of each item):

I. @) fec calculation sheet : 1
2. O original sepamte power of anomey :
3. O] original general power of sitomey

4. 01 glgpy of general power of attorncey: reference number,
L1 T

5. ] swiement explaining lack of signature

6. [] priority document(s) identified in Box No. VI as
11

7.0 lal:nllllion of intlemational application into
8. [ sepamite indications conceming deposited microorganism
or other biological material
9. [J sequence listing in electronic form
{indicate type and number of carricrs)
(i [ copy submined for the purposes of international search under
Rule 13ser only (and not as part of the intemational application) :
{ii {only where check-bax or {c)(i} is marked in fefi cohumm
) O ldd?t’ionnl copies inclu(g{ﬁn‘, whgr? licable, Iﬁﬁcopy l'or) the
purposes of internations] search under Rule 13rer :
(i) [ rogether with relevant stasemeni as to the idemilx of the copy or
copics with the sequence listing memtioned in left column H

10. [] tables in electronic form related 10 sequence listing
Indicate iype and number of mrﬁ:'.g

) O submitied for 1he purposcs of international search under
g:‘c’ﬁon 802(b-guater) znly (and not a5 pan of the international

(i) [J rables relsted thereto spplication)
Type and number of carriers (diskette, {ii {only where check-box (b)) or (c)ill) is marked in lefi colu
CER_OM. CD-R or ather) on which are » g ami:ml copies inclnd€ng. wh:)n p plicable, th’fopy f:'rlt)hc
contained the purposes of international search under Section 302(b-quarer)
] sequence listing: . ............... (iti) [J together with relevant statement a3 16 the identity of the copy or
] r1ables related thereto: . .. ......... - copies with the tables mentioned in left column :
{addirional coples 1o be indicated under 11. B other fspecifiy): amized um-siemped pagteard ......... : 1
itemyx 9(11) and/or 1041), in right cohmn}

Flgure of the drawings which Langoage of Ming of the .

should accompany the abstract: none international epplication: English

BoxNo. X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Nex o eah glynalure, indicase the maaw of the pevsun sigring ond the copacity i which the persan shyms {{f such coparity is not abvious from reading the request).

Victoria A. SANDBERG
Reg. No. 41,287

AR A~

1. Duate of actual receipt of the purporied
international application:

For receiving Office use only

timely received papers
the purported infemational applicationc

3. Corrected date of actual reccipt due to later but
or drawings completing

4. Date of timely recer

of the ired
corrections under Anicl':ﬁﬂ):

5. Intemational Searching Authority
(if two or more are competem):

ISA/

Transmittal of scarch dela
until search fee is [Iidewy yed

6.D

Duie of receipt of the recond
by the Intemational Bureau: i

For International Buresu use only

Form PCT/RO/101 (last sheet) {April 2005}

See Notes to ihe request form
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1) SOLICITUD DE:
o
[X] patente de invencion [] patente de Modelo de Utilidad
E Capitulo . _ D Capitulo Il.
2) RIS o _h I‘l"'” A IDENTIFICACION
SOLICITANTE i ot _
71) i n i |'| .Nl lh- litice.C0  wir:
JeEEion: ynr! ( |f|g
A lj ¥ ce. 0 omd O
it R 1‘ i
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“Mail: i ‘ NUMERO: 41.654.882
E. Mail: info@clarkemodet com.co TP: 20824 OSJ

4)
INVENTOR (ES) |Nombre: 1. CAPOMACCHIA, Anthony, C.; 2. GARNER,

Solomon, T., Jr.; 3. BEACH, J., Warren

(72) Direccién: 1. 2326 Elder Road, Bishop, GA 30621, Estados

Unidos; 2. 250 Cleveland Road, #2056, Bogart, GA 30622,

Estados Unidos; 3. 1060 Arbor Lake Walk, Hoachton, GA 30648

USA

Nacionalidad o Domicilio: Todos los anteriores,

Estadounidenses

5) PCT (86)
Solicitud Intemacional No. PCT/US2005/011738 Fecha: Abril 7, 2005

Publicacién Intemacional No. WOQ2005/116086 A2 Fecha: Dic. 8, 2005
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Clasificaclén intemaclonal: €088 37/00
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Estados Unidos Abrll 7 de 2004 80/560,128

....

lnstrucdones para el dlllgancmmmnto del pruente formulario. Ver rwam de esta paglna




TS

REIVINDICACIONES

1. Un compuesto que comprende un primer componente covalentemente
enlazado a un segundo componente, dicho compuesto que tiene ia férmula I:

donde:
R', R? R® y R* son cada uno independientemente H o un grupo orgdnico;
Lesun grupo de enlace opcional; y
X es un agente anti-inflamatorio.

. 2. El compuesto de la reivindicacién 1 donde el agente anti-inflamatorio se
selecciona a partir del grupo que consiste en un agente anti-inflamatorio no
esteroidal y un derivado de un agente anti-inflamatorio no esteroidal.

[ 3. B compuesto de la reivindicacidn 2 donde el agente anti-inflamatorio no .
| esteroidal se selecciona a partir del grupo consistente de diflunisal, {acido 0
- acetilsalicllico, trisalicilato de magnesio y colina, salsalato, diciofenac, etodolac, S
b indometacina, glucametacina, sulindac, tolmetina, fenoprofén, ibuprofén, '
v ketoprofén, naproxeno, oxaprozin, flurbiprofén, #acido mefenamico,
f meclofenamato, fenilbutazona, piroxicam, meloxicam, nabumetona, pirprofén,
-hdobufén. dcido tiaprofénico, acetaminofén, carprofén, etofenamato tenoxicam,
 wliclato de magnesio y colina, saliclato de colina, fenoprofén de calcio,
I indoprofén, ketorolac, trometamina de ketorolac, salicilato de magnesio,
. meclofenamato de sodlo, salicilato de sodio, lomoxicam, nimesulide, remifenzona,
 losulide, rofecoxib, celecoxib, y valdecoxib.




REPUBLICA DE COLOMBIA
BUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
Bogot4,
2020 9\&\-\
Doctor {a)
RODRIGUEE DILIA MARIA
REFERENCIA Radicacién No. 6§ 112974

Bolicitud internacional PCT/U82005/011739
Fecha inicio fase nacional 07/11/2006

Trémite 11

Evento 378

Act 160 430
Oficlio No. u—\d‘14649

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Declsifn 486 de la Comlsién de la Commnidad Andina, articulo 27 del Tratado de
Cooperacifn en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Gnica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene el poder deblidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del C6digo de
Procedimiento Civil. Adiclonalmente, desbari presentar el documento que acredita la
existencia y representaciSn legal de la sociedad solicitante, cuando &sta fuere
persona juridica.

En cumplimiento de lo dispueato por el articulo 39 de la Decisifm 486, se le
requiere para que dentro del término de dos mesea sigulentes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerari abandonada y perderf su prelacién.

'Hotiﬂquese el presente ofic conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo to del A1itulo primero de la Circular Unica No.10 de 2001.

El anterior fue notificado por fijaclémn en 1lista de
reona____/ 29 DIL. 2006



