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Abstract

The present invention provides a compound of formula I: wherein R', R*, R* '
and X are as defined and described herein, methods of manufacture thereof and compositions
thereotf, usetul for example as peripheral mu opioid receptor antagonists 1n treatment of side

S5 effects of optoid administration.
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PERIPHERAL OPIOID RECEPTOR ANTAGONISTS AND USES THEREOF
This application is a divisional of Canadian Patent Application No. 2,682,125, filed March 28, 2008.

It will be understood that any reference to “the present invention” or the like may refer to the subject

matter of this divisional application and/or its parent.

- BACKGROUND OF THE INVENTION

[000]1] Opioids are widely used in patients with advanced cancers and other terminal
diseases to lessen suffering. Opioids are narcotic medications that activate opioid receptors
located in the central nervous system to relieve pain. Opioids, however, also react with
receptors outside of the central nervous system, resulting in side effects including
constipation, nausea, vomiting, urinary retention, and severe itching. Most notable are the
effects in the gastrointestinal tract (GI) where opioids inhibit gastric emptying and propulsive
motor activity of the intestine, thereby decreasing the rate of intestinal transit and producing
constipation. The effectiveness of opioids for pain is often limited due to resultant side
ctfects, which can be debilitating and often cause patients to cease use of opioid analgesics.
[0002] In addition to analgesic opioid induced side effects, studies have suggested
that endogenous opioid compounds and receptors may also affect activity of the
gastrointestinal (GI) tract and may be involved in normal regulation of intestinal motility and
mucosal transport of fluids in both animals and man. (Koch, T. R, et al, Digestive Diseases
and Sciences 1991, 36, 712-728; Schuller, A.G.P,, et al., Society of Neuroscience Abstracts
1998, 24, 524, Reisine, T., and Pasternak, G., Goodman & Gilman's The Pharmacological
Basis of Therapeutics Nihth Edition 1996, 521-555 and Bagnol, D, et al., Regul. Pept. 1993,
47, 259-273). Thus, an abnormal physiological level of endogenous .compounds and/or
receptor activity may lead to bowel dysfunction.

(0003} For example, patients who have undergone surgical procedures, especially
surgery of the abdomen, often suffer from a particular bowel dysfunction, called post-

operative (or post-surgical) ileus, that may be caused by fluctuations in natural opioid levels.

Similarly, women who have recently given birth commonly suffer from post-partum ileus,

which is thought to be caused by similar natural opioid fluctuations as a result of birthing

stress.  Gastrointestinal dysfunction associated with post-operative or post partum ileus can
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typically last for 3 to 5 days, with some severe cases lasting more than a week.
Administration of opioid analgesics to a patient after surgery, which is now an almost
universal practice, may exacerbate bowel dysfunction, thereby delaying recovery of normal
bowel function, prolonging hospital stays, and increasing medical care costs.
[0004] Optoid receptor antagonists such as naloxone, naltrexone, and nalmefene, have
been studied as a means of antagonizing undesirable peripheral effects of opioids. However,
these agents act not only on peripheral opioid receptors, but also on central nervous system
sites, S0 that they sometimes reverse the beneficial analgesic effects of opioids, or cause
symptoms of opioid withdrawal. Preferable approaches for use in controlling opioid-induced
side effects include administration of peripheral opioid receptor antagonist corripounds that
do not readily cross the blood-brain barrier. For example, the peripheral p opioid receptor
antagonist compound methylnaltrexone and related compounds have been disclosed for use
In curbing opioid-induced side effects in patients (e.g., constipation, pruritus, nausea, and/or
vomiting). See, e.g., U.S. Pat. Nos. 5,972,954, 5,102,887, 4,861,781, and 4,719,215; and
Yuan, C. -S. et al. Drug and Alcohol Dependence 1998, 52, 161. Similarly, peripherally
selective piperidine-N-alkylcarboxylate and 3,4-diméthy]—4-aryl-piperidine opioid receptor
antagonists have been described as being useful for treatment of opioid-induced side effects
constipation, nausea or vomiting, as well as irritable bowel syndrome and idiopathic
constipation. See, e.g., U.S. Pat. Nos. 5,250,542, 5,434,171, 5,159,081, and 5,270,328.
[0005] It would be desirable to provide peripheral p opioid receptor antagonist
compounds for administration to a patient in need of treatment for any of the above-
mentioned disorders.

SUMMARY
[0006] The present invention provides compounds useful as peripheral p opioid
receptor antagonists, or prodrugs thereof, and are therefore useful for the treatment,
prevention, amelioration, delay or reduction of severity and/or incidence of side effects
associated with opioid administration, such as, for example, gastrointestinal dysfunction (e.g.,
inhibition of intestinal motility, constipation, Gl sphincter constriction, nausea, emesis
(vomiting), biliary spasm, opioid bowel dysfunction, colic), dysphoria, pruritus, urinary
retention, depression of respiration, papillary constriction, cardiovascular effects, chest wall
rigidity and cough suppression, depression of stress response, and immune suppression
associated with administration of narcotic analgesia, etc, or combinations thereof. QOther uses

of provided compounds are set forth infra.
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[0006a} In one aspect, the present divisional application relates to an isolated

compound of formula I:

wherein X' is a suitable anion; R' is -OS(0),OH; and R? and R* are taken together to form

5  0xo.

2a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 depicts the competition curve obtained for 6-alpha-
methylnaltrexol (I-1). '

[0008] Figure 2 depicts the competition curve obtained for 6-beta-methylnaltrexol
(I-2).

[0009] Figure 3 depicts the competition curve obtained for 3 sulfo-

methylnaltrexone 1-3).

[0010] Figure 4 depicts the competition curve obtained for 6 alpha-methylnaltrexone
(I-1) on the DAMGO-induced decrease in twitch contraction amplitude in guinea pig ileum.
[0011] Figure S depicts the depicts the competition curve obtained for 6-beta-
methylnaltrexol (I-2) on the DAMGO-induced decrease in twitch contraction amplitude in
guinea pig ileum.

(0012] Figure 6 depicts the competition curve obtained for 3 sulfo-methylnaltrexone
(I-3) on the DAMGO-induced decrease in twitch contraction amplitude in guinea pig ileum.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION

1. Compounds and Definitions:
[0013] In certain embodiments, the present invention provides a compound of
formula I:

X

v/\N*/

wherein X' is a suitable anion;

R' is -OH or -OS(0);0H; and

R* is -OH; and

R? is hydrogen; or R? and R are taken together to form oxo;

provided that, when R? and R? are taken together to form oxo, then R' is -OS(0),OH.
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[0014] As used herein, an “effective amount” of a compound or pharmaceutically
acceptable composition can achieve a desired therapeutic and/or prophylactic effect. In some
embodiments, an “effective amount” is at least a minimal amount of a compound, or
composition containing a compound, which is sufficient for treating one or more symptoms
of a disorder or condition associated with modulation of peripheral p opioid receptors, such
as side effects associated with opioid analgesic therapy (e.g., gastrointestinal dysfunction
(e.g., dysmotility constipation, etc.), nausea, emesis,(e.g., nausea), etc.). In certain
embodiments, an “effective amount” of a compound, or composition containing a compound,
is sufficient for treating one or more symptoms associated with, a disease associated with
aberrant endogenous peripheral opoid or p opioid receptor activity (e.g., idiopathic
constipation, ileus, etc.).

[0015] The term “subject™, as used herein, means a mammal and includes human and
animal subjects, such as domestic animals (e.g., horses, dogs, cats, etc.).

{0016] The termns “suffer” or “suffering” as used herein refers to one or more
conditions that a patient has been diagnosed with, or is suspected to have.

[0017] The terms “treat” or “treating,” as used herein, refers to partially or completely
alleviating, inhibiting, delaying onset of, preventing, ameliorating and/or relieving a disorder
or condition, or one or more symptoms of the disorder or condition.

j0018] “Therapeutically active agent” or ‘“active agent” refers to a substance,
including a biologically active substance, that is useful for therapy (e.g., human therapy,
veterinary therapy), including prophylactic and therapeutic treatment. Therapeutically active
agents include organic molecules that are drug compounds, peptides, proteins, carbohydrates,
monosaccharides,  oligosaccharides,  polysaccharides, nucleoprotein, mucoprotein,
lipoprotein, synthetic polypeptide or protein, small molecules linked to a protein,
glycoprotein, steroid, nucleic acid, DNA, RNA, nucleotide, nucleoside, oligonucleotides,
antisense oligonucleotides, lipid, hormone, and vitamin. Therapeutically active agents
include any substance used as a medicine for treatment, prevention, delay, reduction or
amelioration of a disease, condition, or disorder. Among therapeutically active agents useful
in the formulations of the present invention are opioid receptor antagonist compounds, opioid
analgesic compounds, and the like. Further detailed description of compounds useful as
therapeutically active agents is provided below. A therapeutically active agent includes a
compound that increases the effect or effectiveness of a second compound, for example, by

enhancing potency or reducing adverse effects of a second compound.
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[0019] The expression “unit dosage form™ as used herein refers to a physically
discrete unit of inventive formulation appropriate for the subject to be treated. It will be
understood, however, that the total daily usage of the compositions of the present invention
will be decided by the attending physician within the scope of sound medical judgment. The
spectfic effective dose level for any particular subject or organism will depend upon a variety
of factors including the disorder being treated and the severity of the disorder; activity of
specific active agent employed; specific composition employed; age, body weight, general
health, sex and diet of the subject; time of administration, and rate of excretion of the specific
active agent employed; duration of the treatment; drugs and/or additional therapies used in
combination or coincidental with specific compound(s) employed, and like factors well

known 1n the medical arts.

2. Description of Exemplary Compounds:
[0020] As described generally above, the present invention provides a compound of

formula I:

wherein X' is a suitable anion;

R!is -OH or -OS(0),0H; and

R’ is -OH; and

R? is hydrogen; or R® and R* are taken together to form oxo;

provided that, when R’ and R? are taken together to form oxo, then R!is -OS(0),0H.

10021] One of ordinary skill in the art will recognize that the nitrogen atom depicted
in formula I is a chiral center and, therefore, can exist in either the (R) or (S) configuration.
According to one aspect, the present invention provides a compound of formula I wherein the
compound is in the (R) configuration with respect to the nitrogen. In certain embodiments of

the present invention, at least about 99.6%, 99.7%, 99.8%, 99.85%, 99.9%, or 99.95% of a

compound of formula I 1s in the (R) configuration with respect to nitrogen.
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[0022] Provided compounds were discovered as a result of metabolic studies of
peripheral mu opioid antagonists. Without wishing to be bound by theory, it is believed that
 the present compouhds are metabolites of peripheral mu opioid antagonists, such as (R)-/V-
methylnaltrexone bromide (Compound 1), described in International patent application

publication number W02006/127899, which has the following structure:

Compound 1

where the compound is in the (R) configuration with respect to the nitrogen. In certain
embodiments of the present invention, at least about 99.6%, 99.7%, 99.8%, 99.85%, 99.9%,
or 99.95% of Compound 1 is in the (R) configuration with respect to nitrogen. Methods for
determining the amount of (R)-N-methylnaltrexone bromide, present in a sample as compared
to the amount of (S)-N-methylnaltrexone bromide present in that same sample, are described
in detail in W02006/127899.

In other embodiments, Compound 1 contains 0.15% or less (S)-N-
methylnaltrexone bromide. .

[0023] In certain embodiments, compounds of the present invention are useful for the
study of peripheral mu opioid antagonists in biological and pathological phenomena and the
comparaﬁve evaluation of peripheral mu dpioid antagonists.

[0024]} In cerfain embodiments, the present invention provides any compound of the
present invention in isolated form. As used herein, the term “isolated™ means that a
compound is provided in a form that is separated from other components that might be
present in that compound’s biological environment. In certain embodiments, an isolated
compound is in solid form. In some embodiments, an isolated compound is at least about
50% pure as determined by a suitable HPLC method. In certain embodiments, an isolated
compound is at least about 60%, 70%, 80%, 90%, 95%, 98%, or 99% as determined by a
suitable HPLC method.
{0025] As. defined generally above, the X group of formula I is a suitable anion. In

certain embodiments, X~ is the anion of a suitable Bronsted acid. Exemplary Brensted acids

include hydrogen halides, carboxylic acids, sulfonic acids, sulfuric acid, and phosphoric acid.
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In certain embodiments, X is chloride, bromide, iodide, fluoride, sulfate, bisulfate, tartrate,
nitrate, citrate, bitartrate, carbonate, phosphate, malate, maleate, fumarate sulfonate,
methylsulfonate, formate, carboxylate, sulfate, methylsulfate or succinate. According to one
aspect, X' 1s bromide.

[0026] According to another aspect, the present invention provides a compound of

formula I-a or I-b:

wherein each X  is a suitable anion, as defined above and described herein.

[0027] In certain embodiments, the present invention provides a compound of
formula I-c:
X-
U o
OH

noso,d 0 b
I-c
[0028] As defined generally above, the X  group of formulae I-a, I-b, and I-c is a
suitable anion. In certain erhbodiments, X is the anion of a suitable Brgnsted acid.
Exemplary Brensted acids include hydrogen halides, carboxylic acids, sulfonic acids, sulfuric
acid, and phosphoric acid. In certain embodiments, X is chloride, bromide, iodide, fluoride,

sulfate, bisulfate, tartrate, nitrate, citrate, bitartrate, carbonate, phosphate, malate, maleate,

fumarate sulfonate,methylsulfonate, formate, carboxylate, sulfate, methylsulfate or succinate.

According to one aspect, X 1s bromide.

[0029] According to one embodiment, the present invention provides a compound of
formula II:
Br
VT o
OH
Q‘f.
HO O OH
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or a pharmaceutically acceptable salt thereof.

[0030] Exemplary compounds of formula I are set forth in Table 1, below.

Table 1. Exemplary Compounds of Formula I

HOS(0),0

HOS(0),0 o' OH
I-5
[0031] In addition to the compounds described above, the present invention also

provides compounds of formula III. Such compounds have the general formula III:

X

7 o
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wherein X' is a suitable anion;

R! is -OH, -OGlu, or -OS(0),0H;

"'R%is -OH or -OGlu, and R?* is hydrogen, or R? and R? are taken together to form oxo; and
each Glu is a glucuronyl moiety,

provided that at least one of R' and R? contains a glucuronyl moiety.

10032] As used herein, the term “glucuronyl moiety” refers to a group having the
structure:
O
HO” N N
HO OH
OH

wherein the wavy line depicted designated the point of attachment to a compound of formula
I11.

[0033] In certain embodiments, the R’ group of formula III is -OH and R? is -OGlu.
In other embodiments, the R' group of formula I is -OGlu and R? is -OH.

[0034] In certain embodiments, the R' group of formula III is -OGlu and R? and R*

are taken together to form oxo. Such compounds are of formula I'V:

IV.
[0035]) ~ As defined generally above, the X group of formulae III and IV is a suitable

anion. In certain embodiments, X is the anion of a suitable Brensted acid. Exemplary
Brensted acids include hydrogen halides, carboxylic acids, sulfonic acids, sulfuric acid, and
phosphoric acid. In certain embodiments, X  is chloride, bromide, 10odide, fluoride, sulfate,
bisulfate, tartrate, nitrate, citrate, bitartrate, carbonate, phosphate, malate, maleate, fumarate

sulfonate,methylsulfonate, formate, carboxylate, sulfate, methylsulfate or succinate.

According to one aspect, X 1s bromide.
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[0036] Exemplary compounds of formula III are set forth in Table 2, below.

Table 2. Exemplary Compounds of Formula II1

GIuo o O

I1I-2 I11-3
{0037] In other embodiments, the present invention provides a compound as depicted

in Scheme 1, below:

10
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Scheme 1.

[0038] In certain embodiments, the present invention provides a compound as

depicted in Scheme 2, below:

11
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[0039] In some embodiments, the present invention provides a compound as depicted

in Scheme 3, below:

12
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Scheme 3.

Glucusonide

‘ ? HOS(0),0
N‘

o)

OH
- — OH
Glucuronide
] / l \ \ N
CH,0 Other hydroxylated HO
’ Isomer 1 etabolites
% N* %
OH \ Isomer Glucuronide
O HO
[(0040] As depicted in Scheme 3, above, one metabolite of MNTX 1s its 1somer. As

used herein, the term “isomer” refers to a compound having the same mass as MNTX as
determined by mass spectral analysis but, however, has a different retention time on HPLC.

(0041} To the extent that the foregoing Schemes 1, 2, and 3 would predict metabolites
of compound 1, one of ordinary skill in the art would understand that a glucuronyl (-Glu),

glutathione (-GSH or -HSG), or methyl group, depicted at a bracket would be attached to the
bracketed structure at a hydroxyl moiety. It will be appreciated that a hydroxyl moiety

includes both a depicted hydroxyl moiety and the hydroxyl moiety associated with an enol
(formed by a ketone, if present).

[0042] In still other embodiments, the present invention provides a compound as
depicted in any of Tables 3 through 7 below, wherein each X group is independently a
suitable anion. In certain embodiments, each X is the anion of a suitable Brensted acid.
Exemplary Brensted acids include hydrogen halides, carboxylic acids, sulfonic acids, sulturic
acid, and phosphoric acid. In certain embodiments, each X is chloride, bromide, 10dide,

fluoride, sulfate, bisulfate, tartrate, nitrate, citrate, bitartrate, carbonate, phosphate, malate,

13
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maleate, fumarate sulfonate,methylsulfonate, formate, carboxylate, sulfate, methylsulfate or

succinate. According to one aspect, each X', as depicted in any of Tables 3 through 7 below,

1s bromide.

Table 3.
HO HO(0),SO
HO O

wherein each * denotes a stereco-center. In each case the substituent can either be in the (R) or

(S) configuration.

Table 4.

14
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OGlu
HO(0)»,S0O CH-O HO
(O)2 - 1 " x-
N ] N ] N ]
3 "CH4 ., CH, ’, "CH;
‘ OH OH OH
GiuO O O

Table 3.

15
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OH
OH X

/N +,~—< ]

Y

CH,

HO

X-
N + |
) 'CH3

OH OH

16
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HO OH o
Y <
N +
), CHs
OH X-
O
[0043] It 1s readily apparent that certain compounds of the present invention contain

both a quaternized nitrogen group and an acidic moiety (e.g. a phenolic hydroxyl, a sulfate, or
a glucuronyl carboxylate). One of ordinary skill in the art will recognize that the acidic group
of such éo'rnpounds can form a salt with the quaternized nitrogen of such compounds. Such
salts can form between two molecules via an intermolecular interaction or can form between
those groups of the same compound via an intramolecular interaction (e.g. compound I-3a set
forth in the Examples, below). The present invention contemplates both such salt forms.

[0044] In some embodiments, certain compounds of the present inventioh are useful
as prodrugs of peripheral p opioid receptor antagonists, as defined herein. In certain
embodiments, a prodrug of the present invention comprises a glucuronyl moiety. As used
herein, the term “prodrug” refers to a derivative of a parent drug molecule that requires
transformation within the body in order to release the active drug, and that has improved
physical and/or delivery properties over the parent drug molecule. Prodrugs are designed to
enhance pharmaceutically and/or pharmacokinetically based properties associated with the
parent drug molecule. The advantage of a prodrug lies in its physical properties, such as
enhanced water solubility for parenteral administration at physiological pH compared to the
parent drug, or it enhances absorption from the digestive tract, or it may enhance drug
stability for long-term storage. In recent years several types of bioreversible derivatives have
been exploited for utihization in designing prodrugs. Using esters as a prodrug type for drugs
containing carboxyl or hydroxyl function is known in the art as described, for example, in

“The Organic Chemistry of Drug Design and Drug Interaction” Richard Silverman, published
by Academic Press (1992).

19
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3. Uses, Formulation and Administration

- Pharmaceutically Acceptable Compositions

[0045] As discussed above, the present invention provides new forms of Compound
1, which is useful as a peripheral mu opioid receptor antagonist and shows utility in clinically
relevant models for treating opioid-induced side effects. According to another aspect of the
present invention, pharmaceutically acceptable compositions are provided, comprising a
compound of formula I, I, or III, or other compound as described herein, and optionally
comprising a pharmaceutically acceptable carrier, adjuvant, or vehicle. In certain
embodiments of the present invention, such pharmaceutically acceptable compositions
optionally further comprise one or more additional therapeutic agents.

{0046]) As descrnibed above, the pharmaceutically acceptable compositions of the
present invention additionally comprise a pharmaceutically acceptable carrier, adjuvant, or
vehicle, which, as used herein, includes any and all solvents, diluents, or other liquid vehicle,
dispersion or suspension aids, surface active agents, i1sotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants and the like, as suited to the
particular dosage form desired. Remington's Pharmaceutical Sciences, Sixteenth Edition, E.
W. Martin (Mack Publishing Co., Easton, Pa., 1980) discloses various carmmers used in
formulating pharmaceutically acceptable compositions and known techniques for the
preparation thereof. Except insofar as any conventional carrier medium 1s incompatible with
a compound of formula I, II, or III, or other compound of the invention, such as by
producing any undesirable biological effect or otherwise interacting 1n a deleterious manner
with any other component(s) of the pharmaceutically acceptable composition, its use 1is
contemplated to be within the scope of this invention. Some examples of materials which can
serve as pharmaceutically acceptable carriers include, but are not limited to, 1on exchangers,
alumina, aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer
substances such as phosphates, glycine, sorbic acid, or potassium sorbate, partial glyceride
mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc
salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes,
- polyethylene-polyoxypropylene-block polymers, wool fat, sugars such as lactose, glucose and
sucrose; starches such as corn starch and potato starch; cellulose and its derivatives such as

sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;

malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such as peanut

20
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oil, cottonseed oil; safflower o1l; sesame oil; olive oil; corn oil and soybean oil; glycols; such
a propylene glycol or polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar;
buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; 1sotonic saline; Ringer's solution; ethyl alcohol, and phosphate buffer
solutions, as well as other non-toxic compatible lubricants such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, releasing agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
composition, according to the judgment of the formulator.

[0047] The term “formulation” refers to a preparation that includes a compound of
formula I, II or III, or other compound described herein, in combination with one or more
excipients for administration to a subject. In general, particular pharmaceutical additives are
selected with the aim of enabling an optimal release, distribution and development of activity
of a compound of formula I, II, or III, or other compoundi described herein, for the
respective applications.

[0048] A compound of formula I, II, or IIl, or other compound described herein,
according to the present invention, may be administered using any amount and any route of
administration effective for treating or lessening the severity of a disorder associated with
modulation of peripheral p opioid receptors. The exact amount required will vary from
subject to subject, depending on the species, age, and general condition of the subject, the
severity of the infection, the particular agent, its mode of admimstration, and the like. It will
be understood, however, that the total daily usage of a compound of formula I, II, or III, or
other compound described herein, will be decided by the attending physician within the scope
of sound medical judgment. The specific effective dose level for any particular patient or
organism will depend upon a variety of factors including the disorder being treated and the
severity of the disorder; the activity of the specific compound employed; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the
time of administration, route of administration, and rate of excretion of the specific
compound employed; the duration of the treatment; drugs used in combination or
coincidental with the specific compound employed, and like factors well known in the
medical arts.

[0049] Pharmaceutically acceptable compositions of this invention can be
administered to humans and other animals orally, nasally, rectally, parenterally,

intracisternally, intravaginally, intraperitoneally, topically (as by powders, ointments, or

21
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drops), bucally, or the like, depending on the seventy of the infection being treated. In
certain embodiments, a compound of formula I, II, or ITI, or other compound described
herein, may be administered orally or parenterally at dosage levels of about 0.01 mg/kg to
about 50 mg/kg and preferably from about 1 mg/kg to about 25 mg/kg, of subject body
weight per day, one or more times a day, to obtain the desired therapeutic effect.

[0050] Liquid dosage forms for oral or nasal administration include, but are not
limited to, pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
aerosols, gels, syrups, and elixirs. In additionto a compound of formula I, II, or III, or other
compound described herein, liquid dosage forms may contain inert diluents commonly used
in the art such as, for example, water or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents. Aerosol formulations typically comprise a solution or fine suspension of
the active substance in a physiologically acceptable aqueous or non-aqueous solvent and are
usually presented in single or multidose quantities in sterile form in a sealed container, which
can take the form of a cartndge or reﬁll for use with an atomising device. Alternatively the
‘sealed container may be a unitary dispensing device such as a single dose nasal inhaler or an
aerosol dispenser fitted with a metering valve which is intended for disposal once the
contents of the container have been exhausted. Where the dosage form comprises an aerosol
dispenser, it will contain a pharmaceutically acceptable propellant. The aerosol dosage forms
can also take the form of a pump-atomiser.

[0051} Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent 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, U.S.P. énd 1sotonic sodium

chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or

suspending medium. For this purpose any bland fixed oil can be employed including
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synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

[0052}] The injectable formulations can be stenlized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterillizing agents in the form of sterile
solid compositions which can be dissolved or dispersed in stenile water or other sterile
injectable medium prior to use.

[0053] In order to prolong the effect of a compound of formula I, II, or I, or other
compound of the present invention, it is often desirable to slow the absorption of the
compound from subcutaneous or intramuscular injection. This may be accomplished by the
use of a liquid suspension of crystalline or amorphous material with poor water solubility.
The rate of absorption of the compound then depends upon its rate of dissolution that, in turn,
may depend upon crystal size and crystalline form. Alternatively, delayed absorption of a
parenterally administered compound form i1s accomplished by dissolving'or suspending the
compound in an oil vehicle. Injectable depot forms are made by forming microencapsule
matrices of the compound in biodegradable polymers such as polylactide-polyglycolide.
Depending upon the ratio of compound to polymer and the nature of the particular polymer
employed, the rate of compound release can be controlled. Examples of other biodegradable
polymers include poly(orthoesters) and poly(anhydrides). Depot injectable formulations are
also prepared by entrapping the compound in liposomes or microemulsions that are
compatible with body tissues.

{0054] Typical parenteral compositions consist of a solution or suspension of the
compound in a sterile aqueous carrier or non-aqueous or parenterally acceptable oil, for
example polyethylene glycol, polyvinyl pyrrolidone, lecithin, arachis oil or sesame oil.
Alternatively, the solution can be lyophilised and then reconstituted with a suitable solvent

just prior to administration.

[0055] Compositions for rectal or vaginal administration are conveniently in the form
of suppositories, pessaries, vaginal tabs, foams, or enemas. Compositions for rectal or
vaginal administration are preferably suppositories which can be prepared by mixing a
compound of formula I, II, or III, or other compound described herein, with suitable non-
irritating excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax
which are solid at ambient temperature but liquid at body temperature and therefore melt 1n

the rectum or vaginal cavity and release the active compound.
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[0056]) Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, a compound of formula I, II, or III, or
other compound described herein, 1s mixed with at least one inert, pharmaceutically
acceptable excipient or carrier such as sodium citrate or dicalcium phosphate and/or a) fillers
or extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders
such as, for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone,
sucrose, and acacia, ¢) humectants such as glycerol, d) disintegrating agents such as agar--
agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate, €) solution retarding agents such as paraffin, f) absorption accelerators such as
quaternary ammonium salts, g) wetting agents such as, for example, cetyl alcohol and
glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and 1) lubricants such
as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl
sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the dosage form may
also comprise buffering agents.

[0057] Compositions suitable for buccal or sublingual administration include tablets,
lozenges and pastilles, wherein the active ingredient 1s formulated with a carrier such as sugar
and acacia, tragacanth, or gelatin and glycerin.

{0058] Solid compositions of a similar type may also be employed as fillers in soft
and hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high

molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,

dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the
active ingredient(s)‘ only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Examples of embedding compositions that can be used include
polymeric substances and waxes. Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar
as well as high molecular weight polyethylene glycols and the like.

[0059] A compound of formula I, II, or I1l, or other compound described herein, can
also be in micro-encapsulated form with one or more excipients as noted above. The solid
dosage forms of tablets, dragees, capsules, pills, and granules can be prepared with coatings
and shells such as enteric coatings, release controlling coatings and other coatings well

known in the pharmaceutical formulating art. In such solid dosage forms a compound of

24



CA 02865661 2014-10-01

WO 2008/121348 . | PCT/US2008/004109

formula I, II, or III may be admixed with at least one inert diluent such as sucrose, lactose or
starch. Such dosage forms may also comprise, as is normal practice, additional substances
other than inert diluents, e.g., tableting lubricants émd other tableting aids such a magnesium
stearate and microcrystalline cellulose. In the case of capsules, tablets and pills, the dosage
forms may also comprise buffering agents. They may optionally contain opacifying agents
and can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and
waxes.

[0060] Compositions for oral administration may be designed to protect the active
ingredient against degradation as it passes through the alimentary tract, for example by an
outer coating of the formulation on a tablet or capsule.

[0061] In another embodiment, a compound of formula I, II. or IIl, or other
compound described herein, is be provided in an extended (or “delayed” or “sustained”)
reiease composition. This delayed release composition comprises a compound of formula I,
II, or III, or other compound described herein, in combination with a delayed release
component. This composition allows targeted release of a compound of fomiula I, II, or III,
or other compound described herein, into the lower gastrointestinal tract; for example into the
small intestine, the large intestine, the colon and/or the rectum. In certain embodiments, the
delayed release composition comprising a compound of formula I, II, or III, or other
compound described herein, further comprises an enteric or pH dependent coating such as
cellulose acetate phthalates and other phthalates (e.g. polyvinyl acetate phthalate,
methacrylates (Eudragits)).  Altematively, the delayed release composition provides

controlled release to the small intestine and/or colon by the provision of pH sensitive

methacrylate coatings, pH sensitive polymeric microspheres, or polymers which undergo
degradation by hydrolysis. The delayed release composition can be formulated with
hydrophobic or gelling excipients or coatings. Colonic delivery can further be provided by
coatings which are digested by bacterial enzymes such as amylose or pectin, by pH
dependent polymers, by hydrogel plugs swelling with time (Pulsincap), by time dependent
hydrogel coatings and/or by acrylic acid linked to azoaromatic bonds coatings.

[0062] In certain embodiments, the delayed release compositions of the present
invention comprise hypromellose, microcrystalline celiulose, and a lubricant. The mixture of

a compound of formula I, II, or ITI, or other compound described herein, hypromellose and
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microcrystalline cellulose may be formulated into a tablet or capsule for oral administration.
In certain embodiments, the mixture is granulated and pressed into tablets.

[0063] In other embodiments, the delayed release compositions of the present
invention are provided in a multiparticulate formulation. A mixture of a compound of
formula I, II, or IIl, or other compound described herein, and a suitable polymer is
granulated to form pellets which are coated. In certain embodiments, the pellets are seal
coated with a non-functional coating. In other embodiments, the pellets are first seal coated
with a non-functional coating and then coated with a functional coating.

[0064] As used herein the term “non-functional coating” is a coating that does not
effect the release rate of the drug. Examples of a non-functional coat include hydroxypropyl
cellulose, hypromellose or polyvinyl alcohol. In certain embodiments, the non-functional
coating is Opadry® Clear, which contains, hydroxypropyl methylcellulose and polyethylene
glycol.

[0065]  As used herein, the term “functional coating” is a coating that affects the
release rate of the drug from the dosage form. Examples of a functional coating include
ethylcellulose and polymethdcrylate derivatives (Eudragits).

. {0066} Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, ear drops, and eye drops are also contemplated as being
within the scope of this invention. Additionally, the present invention contemplates the use
of transdermal patches, which have the added advantage of providing controlled delivery of a
compound to the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the flux
of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound 1n a polymer matrix or gel.

[0067] The compositions may contain from 0.1% to 99% (w/w) preferably from 0.1-
60% (w/w), more preferably 0.2-20% by weight and most preferably 0.25 to 12% (w/w) of a
compound of formula I, II, or I, or other compound described herein, depending on the

method of administration.
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Combination Products and Combined Administration

[0068] In certain embodiments, inventive compositions, and formulations thereof,
may be administered alone to treat one or more disorders as described herein, or alternatively
may be administered in combination with (whether simultaneously or sequentially) one or
more other active agents useful to treat one or more disorders as described herein. Thus, an
inventive composition, or formulation thereof, can be administered concurrently with, prior
to, or subsequent to, one or more active agents.

[0069] In certain embodiments, inventive compositions include one or more other
active agents in addition to a compound of formula I, II, or IIl, or other compound described
herein, that is not a compound of formula I, II, or III, or other compound described herein.
In certain embodiments, the present invention provides a formulation that delivers a
compound of formula I, II, or IIl, or other compound described herein, and at least one
additional active agent.

[0070] In some embodiments, inventive formulations comprise both an opioid and a
compound of formula I, II, or III, or other compound described herein. Such combination
products, containing both an opioid and a compound of formula I, II, or III, or other
compound described herein, would allow simultaneous relief of pain and minimization of
opioid-associated side effects (e.g., gastrointestinal effects (e.g., delayed gastric emptying,
altered Gl tract motility), etc.).

[0071] Opioids useful in treatment of analgesia are known in the art. For example,
opioid compounds include, but are not limited to, alfentanil, anileridine, asimadoline,
bremazocine, burprenorphine, butorphanol, codeine, dezocine, diacetylmorphine (heroin),
dihydrocodeine, diphenoxylate, ethylmorphine, fedotozine, fentanyl, funaltrexamine,
hydrocodone, hydromorphone, levallorphan, levomethady! acetate, levorphanol, loperamide,
meperidine (pethidine), methadone, morphine, morphine-6-glucoronide, nalbuphine,
nalorphine, nicomorphine, opium, oxycodone, oxymorphone, papaveretum, pentazocine,
propiram, propoxyphene, remifentanyl, sufentanil, tilidine, trimebutine, and tramadol. In
some embodiments the opioid is at least one opioid selected from alfentanil, buprenorphine,
butorphanol, codeine, dezocine, dihydrocodeine, fentanyl, hydrocodone, hydromorphone,
levorphanol, meperidine (pethidine), methadone, morphine, nalbuphine, nicomorphine,
oxycodone, oxymorphone, papaveretum, pentazocine, propiram, propoxyphene, sufentanil
and/or tramadol. In certain embodiments of the present invention, the opioid is selected from

morphine, codeine, oxycodone, hydrocodone, dihydrocodeine, propoxyphene, fentanyl,
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tramadol, and mixtures thereof. In a particular embodiment, the opioid is loperamide. In
other embodiments, the opioid is a mixed agonist such as butorphanol. In some embodiments,
the subjects are administered more than one opioid, for example, morphine and heroin or
methadone and heroin.

{0072] The amount of additional active agent(s) present in combination compositions
of this invention will typically be no more than the amount that would normally be
administered 1n a composition comprising that active agent as the only therapeutic agent. In
certain embodiments of the present invention, the amount of additional active agent will
range from about 50% to 100% of the amount normally present in a composition comprising
that compound as the only therapeutic agent.

[0073] In certain embodiments, inventive formulations may also be used in
conjunction with and/or in combination with conventional therapies for gastrointestinal
dysfunction to aid in the amelioration of constipation and bowel dysfunction, For example,
conventional therapies include, but may not be limited to functional stimulation of the
Intestinal tract, stool softening agents, laxatives (e.g., diphelymethane laxatives, cathartic
laxatives, osmotic laxatives, saline laxatives, etc), bulk forming agents and laxatives,

lubricants, intravenous hydration, and nasogastric decompression.

Uses and Kits of Inventive Formulations

[0074] As discussed above, the present invention provides a compound of formula I,
II, or IIl, or other compound described herein, and pharmaceutically acceptable
compositions and formulations thereof, useful in antagonizing undesirable side effects of
opioid analgesic therapy (e.g., gastrointestinal effects (e.g., delayed gastric emptying, altered
GI tract motility), etc.). Furthermore, a compound of formula I, II, or I, or other compound
described herein, and pharmaceutically acceptable compositions and formulations thereof,
may be used as to treat subjects having disease states that are ameliorated by binding p opioid

receptors, or in any treatment wherein temporary suppression of the y opioid receptor system

1s desired (e.g., ileus, etc.). In certain embodiments of the present invention, methods of use

of formulations are in human subjects.

[0075] Accordingly, administration of a compound of formula I, II, or IIl, or other
compound described herein, or a pharmaceutically acceptable composition or formulation
thereof, may be advantageous for treatment, prevention, amelioration, delay or reduction of

side effects of opioid use, such as, for example, gastrointestinal dysfunction (e.g., inhibition
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of intestinal motility, constipation, GI sphincter constriction, nausea, emesis (vomiting),
biliary spasm, opioid bowel dysfunction, colic, dysphoria, pruritis, urinary retention,
depression of respiration, papillary constriction, cardiovascular effects, chest wall ngidity and
cough suppression, depression of stress response, and immune suppression associated with
use of narcotic analgesia, etc, or combinations thereof. Use of a compound of formula I, 1I,
or I11, or other compound described herein, or a pharmaceutically acceptable composition or
formulation thereof, may thus be beneficial from a quality of life standpoint for subjects
receiving opioids, as well as to reduce complications arising from chronic constipation, such
as hemorrhoids, appetite suppression, mucosal breakdown, sepsis, colon cancer risk, and
myocardial infarction.

[0076] In some embodiments, a compound of formula I, II, or III, or other compound
described herein, and pharmaceutically acceptable compositions and formulations thereof, are
useful for administration to a subject receiving acute opioid administration. In some
embodiments, provided formulations are useful for administration to patients suffering from
post-operative gastrointestinal dysfunction.

[0077] In other embodiments, a compound of formula I, II, or III, or other compound
described herein, and pharmaceutically acceptable compositions and formulations thereof, are
also useful for administration to subjects receiving chronic opioid administration (e.g.,
terminally ill patients receiving opioid therapy such as an AIDS patient, a cancer patient, a
cardiovascular patient; subjects receiving chronic opioid therapy for pain management;
subjects receiving opioid therapy for maintenance of opioid withdrawal). In some
embodiments, the subject is a subject using opioid for chronic pain management. In some
embodiments, the subject is a terminally ill patient. In other embodiments the subject 1s a

person receiving opioid withdrawal maintenance therapy.

[0078] Alternative or additional uses for a compound of formula 1, II, or III, or other
compound described herein, and pharmaceutically acceptable compositions and formulations
thereof, described herein may be to treat, reduce, inhibit, or prevent effects of optoid use
including, e.g., aberrant migration or proliferation of endothelial cells (e.g., vascular
endothelial cells), increased angiogenesis, and increase in lethal factor production from
opportunistic infectious agents (e.g., Pseudomonas aeruginosa):. Additional advantageous
uses of a compound of formula I, II, or III, or other compound described herein, and
pharmaceutically acceptable compositions and formulations thereof, include treatment of
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