
FORMULATIONS FOR PARENTERAL DELIVERY OF COMPOUNDS AND
USES THEREOF CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present invention claims priority to United
States provisional patent application serial number
60/835,574, filed August 4, 2006, the entirety of
which is hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION [0002] 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 which can produce constipation.
The effectiveness of opioids for pain is often limited
due to resultant side effects, which can be
debilitating and often cause patients to cease use of
opioid analgesics. [0003] 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
Ninth 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.
[0004] For example, patients who have undergone
surgical procedures, especially surgery of the
abdomen, often suffer from bowel dysfunction, such as
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 becaused by similar natural opioid
fluctuations as a result of birthing stress. Bowel
dysfunction associated with post-operative or post
partum ileus can 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. [0005]
Opioid 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, so 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 use of peripheral opioid antagonist compounds
that do not readily cross the blood-brain barrier. For
example, the peripheral m opioid 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. [0006] Formulations of peripheral m opioid
receptor antagonist methylnaltrexone have been
described (e.g., see, for example, U.S. Pat. Nos.
6,608,075, 6,274,591, and 6,559,158). However,
methylnaltrexone in certain mediums and under certain
conditions has been found to form degradation
products. For example, see US 2004266806A1. It is
desirable to provide dosage forms that are capable of
effective delivery of methylnaltrexone without
extensive degradation of the methylnaltrexone under
refrigeration and/or room temperature conditions.
SUMMARY OF THE INVENTION [0007] The present invention
provides certain methylnaltrexone formulations. In
some embodiments, the invention provides formulations
having improved shelf-life stability characteristics
of active compound under refrigeration as well as at
room temperature conditions. Provided formulations are
useful for parenteral administration of
methylnaltrexone. The invention includes methods for
production and use of such formulations, as well as
products and kits containing provided
formulations.[0008] In certain embodiments a
pharmaceutical composition is provided containing an
effective amount of at least one active compound
selected from at least methylnaltrexone, or a
pharmaceutically acceptable salt thereof, and a
calcium salt chelating agent in an aqueous solution.
[0009] In other embodiments, liquid formulations
containing methylnaltrexone, or a pharmaceutically
acceptable salt thereof, a calcium salt, a chelating
agent, an isotonic agent, and an aqueous solvent are
provided. In certain embodiments, a calcium salt and a
chelating agent are provided together as a calcium
salt chelating agent. In some embodiments, a calcium
salt 



chelating agent is selected from calcium
ethylenediaminetetraacetic acid (EDTA), calcium
diethylenetriaminepentaacetic acid (DTPA), calcium
hydroxyethylenediaminetriacetic acid (HEDTA), calcium
ethylene
glycol-bis-(2-aminoethyl)-N,N,N',N'-tetraacetic acid
(EGTA), calcium nitrilotriacetic acid (NTA), calcium
citrate, and calcium salt derivatives thereof. In some
embodiments a calcium salt chelating agent is calcium
EDTA. [0010] In some embodiments, formulations further
comprise an additional stabilizing agent. In some
embodiments, a stabilizing agent is selected from
glycine, benzoic acid, citric, glycolic, lactic,
malic, and maleic acid. In certain embodiments, a
stabilizing agent is glycine. [0011] In certain
embodiments, a formulation comprises methylnaltrexone
or a pharmaceutically acceptable salt thereof, a
calcium chelating agent, a stabilizing agent, an
isotonic agent, and an aqueous solvent. In some
embodiments, a formulation comprises methylnaltrexone
or a pharmaceutically acceptable salt thereof, calcium
EDTA, glycine, and sodium chloride, in an aqueous
solution. [0012] In general, provided formulations are
useful for preventing, treating or reducing severity
of side effects resulting from use of opioids,
including inhibition of gastrointestinal dysfunction
(e.g., constipation, bowel hypomotility, impaction,
gastric hypomotility, GI sphincter constriction,
increased sphincter tone, inhibition of
gastrointestinal motility, inhibition of intestinal
motility, inhibition of gastric emptying, delayed
gastric emptying, incomplete evacuation, nausea,
emesis (vomiting), bloating, abdominal distension),
cutaneous flushing, sweating, dysphoria, pruritis,
urinary retention, etc. Provided formulations are
useful for administration to patients receiving short
term opioid treatment (e.g., patients recovering from
surgery (abdominal, orthopedic, surgery from trauma
injuries etc.), patients recovering from trauma
injuries, and patients recovering from child birth).
Formulations are also useful foradministration to
subjects receiving chronic opioid administration
(e.g., terminally ill patients receiving opioid
therapy (e.g., an AIDS patient, a cancer patient, a
cardiovascular patient); subjects receiving chronic
opioid therapy for pain management (e.g., back pain);
subjects receiving opioid therapy for maintenance of
opioid withdrawal). [0013] Additional uses of provided
formulations include prevention, treatment or
reduction of severity of symptoms associated with
disorders or conditions resulting from normal or
aberrant activity of endogenous opioids. Such
disorders or conditions include, among others, ileus
(e.g., post-partum ileus, paralytic ileus),
gastrointestinal dysfunction that develops following
abdominal surgery (e.g., colectomy, including but not
limited to, right hemicolectomy, left hemicolectomy,
transverse hemicolectomy, colectomy takedown, and low
anterior resection) such as post-operative ileus, and
idiopathic constipation. Provided formulations are
also useful in treatment of conditions including, for
example, cancers involving angiogenesis, inflammatory
disorders (e.g., irritable bowel disorder), immune
suppression, cardiovascular disorders (e.g.,
bradycardia, hypotension) chronic inflammation and/or
chronic pain, sickle cell anemia, vascular wounds, and
retinopathy, decreased biliary secretion, decreased
pancreatic secretion, biliary spasm, and increased
gastroesophageal reflux. BRIEF DESCRIPTION OF THE
DRAWING [0014] Figure IA and Figure IB: Effect of
CaEDTA and NaEDTA on the formation of 2',2 -bis
methylnaltrexone in the presence of iron at 40 C
(Figure IA) and room temperature, 25 (Figure IB). Both
calcium EDTA and sodium EDTA are effective inhibitors
of formation of the 2', 2' bis methylnaltrexone
degradant. [0015] Figures 2A, 2B, 2C, and 2D: Effect
of CaEDTA on the formation of 7-dihydroxy
methylnaltrexone in solutions. The effect of CaEDTA
and NaEDTA on the formation of 7- dihydroxy
methylnaltrexone in the presence of iron at 40 C
(Figure 2A) and room temperature, 25 (Figure 2B) was
assessed. Calcium EDTA but not sodium EDTA is an
effective inhibitor of formation of the
7-dihydroxy-methylnaltrexone degradant. The effect of
CaEDTA on the formation of 7-dihydroxy
methylnaltrexone in solution following one month
storage at room temperature (Figure 2C) and at 40 C
(Figure 2D) was assessed. The presence of CaEDTA
reduced formation of 7-dihydroxy methylnaltrexone at
either temperature. After one month at room
temperature, the level was reduced from 0.34% to 0.1
1%; and at 40 C/75%RH, the levelwas reduced from 0.64%
to 0.14%. The presence of NaEDTA in the samples may
even increase levels of 7-dihydroxy methylnaltrexone
formed. [0016] Figure 3A and Figure 3B: Effect of
CaEDTA in methylnaltrexone solution on the formation
of a methylnaltrexone degradant having an RRT 0.79
("the 0.79 degradant"). The effect of CaEDTA and
NaEDTA on the formation of the 0.79 degradant at room
temperature, 25 (Figure 3A) and at 40 C (Figure 3B)
was assessed. Calcium EDTA was not effective at
inhibiting formation of the 0.79 degradant, and may
increase levels of degradant formation. [0017] Figure
4 depicts identified degradants of methylnaltrexone,
respective relative retention times (RRT) and
associated catalysis and/or inhibitors of formation
which have been identified. DETAILED DESCRIPTION OF
CERTAIN EMBODIMENTS OF THE INVENTION [0018] Provided
are pharmaceutical formulations having improved
stability characteristics under certain conditions.
Compositions, kits, and products including provided 



formulations allow for extended storage periods and
also for storage under favorable room temperature
conditions. Compositions and kits and products
containing provided formulations thus allow for
improved delivery of therapeutics to subjects
benefiting from use of methylnaltrexone. [0019] For
example, provided formulations are useful to treat,
prevent, delay, or decrease severity or incidence of
side effects associated with opioid administration,
including gastrointestinal dysfunction (e.g.,
constipation, bowel hypomotility, impaction, gastric
hypomotility, GI sphincter constriction, increased
sphincter tone, inhibition of gastrointestinal
motility, inhibition of intestinal motility,
inhibition of gastric emptying, delayed gastric
emptying, incomplete evacuation, nausea, emesis
(vomiting), bloating, abdominal distension),
dysphoria, pruritis, urinary retention, depression of
respiration, papillary constriction, cardiovascular
effects, chest wall rigidity and cough suppression,
depression of stress response, and immune suppression
associated with use of narcotic analgesia, etc.
Additional effects of opioid administration can
include, 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). Formulations are usefulfor
administration to patients receiving short term
treatment with opioids (e.g., patients suffering from
post-operative gastrointestinal dysfunction receiving
short term opioid administration). Formulations 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). [0020] Further uses
of provided formulations include, for example,
prevention, delay, treatment or reduction of severity
of symptoms associated with disorders or conditions
resulting from normal or aberrant activity of
endogenous opioids. Such disorders or condition
include, among others, ileus (e.g., post-partum ileus,
paralytic ileus), gastrointestinal dysfunction that
develop following abdominal surgery (e.g., colectomy,
including but not limited to, right hemicolectomy,
left hemicolectomy, transverse hemicolectomy,
colectomy takedown, and low anterior resection) such
as post-operative ileus, and idiopathic constipation.
Provided formulations are also useful in treatment of
conditions including cancers involving angiogenesis,
immune suppression, sickle cell anemia, vascular
wounds, retinopathy, and treatment of inflammation
associated disorders (e.g., irritable bowel syndrome),
immune suppression, and chronic inflammation.
Definitions [0021] The term "dose-concentrate" refers
to a pharmaceutical composition comprising a provided
formulation, wherein the concentration of active
agent(s) is higher than a typical unit dosage form
concentration administered directly to a subject. A
dose-concentrate may be used as provided for
administration to a subject, but is generally further
diluted to a typical unit dosage form concentration in
preparation for administration to a subject. The
entire volume of a doseconcentrate, or aliquots
thereof, may be used in preparing unit dosage form(s)
for treatment, for example, by the methods provided
herein. In some embodiments, a dose-concentrate is
about 2 fold, about 5-fold, about 10-fold, about
25-fold, about 50-fold, about 100-fold, or about
200-fold more concentrated than a unit dosage form. In
certain embodiments, a dose concentrate is about
50-fold, about 100-fold, or about 200-fold more
concentrated than a unit dosage form. [0022] As used
herein, an "effective amount" of a compound or
pharmaceutically acceptable formulation can achieve a
desired therapeutic and/or prophylactic effect. In
someembodiments, an "effective amount" is at least a
minimal amount of a compound, or formulation
containing a compound, which is sufficient for
treating one or more symptoms of a disorder or
condition associated with modulation of peripheral m
opioid receptors, such as side effects associated with
opioid analgesic therapy (e.g., gastrointestinal
dysfunction (e.g., dysmotility constipation, etc.),
nausea, emesis,(e.g., vomiting), etc.). In certain
embodiments, an "effective amount" of a compound, or
formulation containing a compound, is sufficient for
treating symptoms associated with, a disease
associated with aberrant endogenous peripheral opioid
or m opioid receptor activity (e.g., idiopathic
constipation, ileus, etc.). [0023] The term
"formulation" refers to a composition that includes at
least one pharmaceutically active compound (e.g., at
least methylnaltrexone) in combination with one or
more excipients or other pharmaceutical additives for
administration to a subject. In general, particular
excipients and/or other pharmaceutical additives are
typically selected with the aim of enabling a desired
stability, release, distribution and/or activity of
active compound(s) for applications. [0024] The term
"subject", as used herein, means a mammal to whom a
formulation or composition comprising a formulation is
administered, and includes human and animal subjects,
such as domestic animals (e.g., horses, dogs, cats,
etc.). [0025] "Therapeutically active compound" or
"active compound" refers to a substance, including a
biologically active substance, that is useful for
therapy (e.g., human therapy, veterinary therapy),
including prophylactic and/or therapeutic treatment.
Therapeutically active 



compounds can be 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. Alternatively or additionally,
therapeutically active compounds can be any substance
used as a medicine for treatment, prevention, delay,
reduction or amelioration of a disease, condition, or
disorder. Among therapeutically active compounds
useful in the formulations of the present invention
are opioid antagonist compounds, opioid analgesic
compounds, and the like. Further detailed description
of compounds useful as therapeutically active
compounds is provided below. A therapeutically active
compound includes a compound that increases the effect
or effectiveness of a second compound, forexample, by
enhancing potency or reducing adverse effects of a
second compound. The terms "treat" or "treating," as
used herein, refers to partially or completely
alleviating, inhibiting, delaying onset of, reducing
the incidence of, ameliorating and/or relieving a
disorder or condition, or one or more symptoms of the
disorder, disease or condition. [0026] The expression
"unit dosage" as used herein refers to a physically
discrete unit of a formulation appropriate for a
subject to be treated. It will be understood, however,
that the total daily usage of a formulation of the
present invention will be decided by the attending
physician within the scope of sound medical judgment.
The specific 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
compound 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 compound 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 in
the medical arts. [0027] The expression "dosage form"
refers to means by which a formulation is stored
and/or administered to a subject. For example, the
formulation may be stored in a vial or syringe. The
formulation may also be stored in a container which
protects the formulation from light (e.g., UV light).
Alternatively a container or vial which itself is not
necessarily protective from light may be stored in a
secondary storage container (e.g., an outer box, bag,
etc.) which protects the formulation from light.
[0028] The present invention provides formulations and
dosage forms for parenteral administration of
methylnaltrexone, including pharmaceutically
acceptable salts thereof. As used herein,
"methylnaltrexone" includes N-methylnaltrexone and
salts thereof. Methylnaltrexone is described for
example in United States patents 4,176,186; 4,719,215;
4,861,781 ; 5,102,887; 5,972,954; 6,274,591; United
States published patent application numbers
20020028825 and 20030022909; and PCT publications
WO99/22737 and WO98/25613; the contents of each of
which are hereby incorporated by reference. [0029] In
general, pharmaceutically acceptable salts include,
but are not limited to, chloride, bromide, iodide,
nitrate, sulfate, bisulfate, phosphate, acid
phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, tartrate, pantothenate,
bitartrate, carbonate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, glucaronate,
saccharate, formate,carboxylate, benzoate, glutamate,
sulfonate, methanesulfonate, ethanesulfonate,
benzensulfonate, p-toluenesulfonate, selenate, and
pamoate (i.e.,
l,l'-methylene-bis-(2-hydroxy-3-naphthoate)) salts of
compovmds. In some embodiments, salts of use in
formulations of the invention are those that have been
described for methylnaltrexone, e.g., methylnaltrexone
bromide, etc. However, the invention is not limited to
these specific salts. Other salts and mixtures thereof
can be adapted and used in a dose formulation
according to the invention so as to achieve the
appropriate compound delivery profiles of the
invention (e.g., chloride, sulfate, bisulfate,
tartrate, nitrate, citrate, bitartrate, phosphate,
malate, maleate, bromide, iodide, fumarate, sulfonate,
carboxylate, or succinate salts, etc.). Alternatively
or additionally, peripheral opioid receptor antagonist
(e.g., methylnaltrexone) base, chemical and chiral
derivatives thereof and other salts can be used, as
appropriate. [0030] The bromide salt of
methylnaltrexone is also referred to, for example,
Nmethylnaltrexone bromide, N-methylnaltrexone
hydrobromide, methylnaltrexone bromide,
methylnaltrexone hydrobromide, naltrexone
methobromide, N-methylnaltrexone, MNTX, SC- 37359,
MRZ-2663-BR, and N-cyclopropylmethylnoroxy-mo f
hine-metho-bromide. Methylnaltrexone is available in a
powder form from Mallinckrodt Pharmaceuticals, St.
Louis, Mo., provided as a white crystalline powder
freely soluble in water. Its melting point is 254-
256C. In some embodiments, the invention provides
formulations in a vial, hi certain embodiments, a
formulation is provided in a vial containing a unit
dosage of methylnaltrexone. In such embodiments, a
formulation may comprise about 0.5 mg to about 200 mg
methylnaltrexone bromide, hi some embodiments, a unit
dosage can contain from about 1mg to about 80 mg, from
about 5 mg to about 40 mg, or from about 8 mg to 12 mg
to about 18 mg to about 24 mg. [0031] Methylnaltrexone
has chiral centers and can therefore occur as
stereochemical 



isomers by virtue of the substituent placement on
those chiral centers. Such stereochemical isomers are
within the scope of the compounds contemplated for use
in the present formulations. In the compositions and
methods of the present invention, compounds employed
may be individual stereoisomers, as well as mixtures
of stereoisomers. In certain aspects, methods of the
present invention utilize compounds which are
substantially pure stereoisomers. All tautomers are
also intended to be encompassed within the
compositions of the present invention.[0032] The terms
"R" and "S" are used herein, as commonly used in
organic chemistry nomenclature, to denote specific
configuration of a chiral center. The term "R" refers
to "right" and is used to designate the configuration
of a chiral center with a clockwise relationship of
group priorities (highest to second lowest) when
viewed along the bond toward the lowest priority
group. The term "S" or "left" is used to designate the
configuration of a chiral center with a
counterclockwise relationship of group priorities
(highest to second lowest) when viewed along the bond
toward the lowest priority group. The priority of
groups is based upon their atomic number (heaviest
isotope first). A partial list of priorities and a
discussion of stereochemistry is contained in the
book: The Vocabulary of Organic Chemistry, Orchin, et
al., John Wiley and Sons Inc., page 126 (1980), which
is incorporated herein by reference in its entirety.
[0033] In some embodiments, isolated R-N isomers of
methylnaltrexone may be utilized in formulations and
methods. As used herein, the designation of
"R-N-isomer" of methylnaltrexone refers to such
compounds in the (R) configuration with respect to the
nitrogen. Isolated isomer compounds include, but are
not limited to, R-N isomer methylnaltrexone compounds
described in U.S. Patent application serial number
11/441,395 filed May 25, 2006, published
WO2006/127899, which is hereby incorporated herein by
reference. In some embodiments, the active compound is
an R-N isomer methylnaltrexone, or a salt thereof. The
RN isomer of methylnaltrexone has been found in USSN
11/441,395 to be an opioid antagonist. [0034] In some
embodiments, isolated S-N isomers of methylnaltrexone
may be utilized in formulations and methods. As used
herein, the designation of "S-N-isomer" of
methylnaltrexone refers to such compounds in the (S)
configuration with respect to the nitrogen. Isolated
isomer compounds include, but are not limited to, S-N
isomer of methylnaltrexone compounds described in U.S.
Patent application serial number 11/441,452, filed May
25, 2006, published WO2006/ 127898, which is hereby
incorporated by reference. In some embodiments, the
active compound is an S-N isomer methylnaltrexone, or
a salt thereof. The S-N isomer of methylnaltrexone has
been found in USSN 11/441,452 to be an opioid agonist.
[0035] In certain embodiments, the methylnaltrexone of
formulations described herein is a mixture of
stereoisomers characterized in that it has an opioid
antagonist effect. For example, the methylnaltrexone
may be a mixture of R-N and S-N methylnaltrexone such
that a mixture itself has an antagonist effect and
would be useful for methods of use described herein
for opioidantagonists. In certain embodiments, R-N
methylnaltrexone is used which is substantially free
of S-N methylnaltrexone. [0036] In certain embodiments
of the present invention, at least about 99.6%, 99.7%,
99.8%, 99.85%, 99.9%, or 99.95% of methylnaltrexone is
in the (R) configuration with respect to nitrogen.
Methods for determining the amount of (R)-N-isomer,
present in a sample as compared to the amount of
(S)-N-isomer present in that same sample, are
described in detail in WO2006/127899, the entirety of
which is hereby incorporated herein by reference. In
other embodiments, methylnaltrexone contains 0.15%,
0.10%, or less (S)-N-isomer. [0037] The exact amount
of methylnaltrexone (or combination of
methylnaltrexone and any other particular active
agent) that is required to achieve a pharmaceutically
effective amount will vary from subject to subject,
depending on species, age, and general condition of a
subject, severity of the side effects or disorder,
identity of the particular compound(s), mode of
administration, and the like. A total daily dosage of
methylnaltrexone (e.g., methylnaltrexone bromide) will
typically be in the range 10-200 mg, preferably 20-100
mg for a 70 kg adult human. A unit dosage formulation
according to the invention will usually contain 1-250
mg of active compound (e.g., methylnaltrexone bromide)
per unit, 5-100 mg of active compound per unit, 10-50
mg of active compound per unit, or about 8 mg or about
12 mg or about 24 mg of active compound per unit. In
certain embodiments, an effective amount of a
methylnaltrexone for administration to a 70 kg adult
human may comprise about 10 mg to about 50 mg of
compound (e.g., methylnaltrexone bromide) per unit
dosage, to be administered one or more times a day. It
will be appreciated that dose ranges set out above
provide guidance for the administration of active
compound to an adult. The amount to be administered to
for example, an infant or a baby can be determined by
a medical practitioner or person skilled in the art
and can be lower or the same as that administered to
an adult. Formulations [0038] The present invention
provides formulations that are capable of maintenance
of integrity of methylnaltrexone without substantial
production of degradants following storage, including
storage at room temperature. Thus, the provided
formulations are capable of conferring improved
storage stability characteristics of delivered
methylnaltrexone. For example, 



in some embodiments, a formulation comprises
methylnaltrexone, a calcium salt chelating agent,an
isotonic agent, and a carrier. In some embodiments, a
formulation comprises methylnaltrexone, a calcium salt
chelating agent, an isotonic agent, a stabilizing
agent, and a carrier. In some embodiments, the pH of
the formulation is between about a pH of 2 to about a
pH of5. [0039] The present invention provides
formulations and methods for delivery of
methylnaltrexone for improved storage and maintenance
of pharmaceutical compositions. In particular, the
present invention provides formulations that are
stable formulations for parenteral administration of
methylnaltrexone compositions. Formulations provided
for parenteral administration may include sterile
solution for injection, sterile suspension for
injection, sterile emulsions, and dispersions. [0040]
For example, in some embodiments, formulations
comprise methylnaltrexone, and a calcium
salt-chelating agent in an isotonic solution. In some
embodiments, fomulations comprise methylnaltrexone, a
calcium salt chelating agent, and a stabilizing agent
in an isotonic solution. [0041] Generally, provided
formulations will include one or more active
compound(s) together with one or more excipients, such
as, for example, one or more chelating agents, a
calcium ion, isotonic agents, carriers, buffers,
co-solvents, diluents, preservatives, and/or
surfactants, or combinations thereof. One skilled in
the art will readily appreciate that the same
ingredient can sometimes perform more than one
function, or can perform different functions in the
context of different formulations, and/or portions of
a formulation, depending upon the amount of the
ingredient and/or the presence of other ingredients
and/or active compound(s). Active compound may
comprise about 0.5 mg to about 200 mg methylnaltrexone
bromide. In some embodiments, active compound may
comprise about 1 mg to about 80 mg, from about 5 mg to
about 40 mg, or about 8, or about 12 mg, about 16 mg,
about 18 mg, or about 24 mg methylnaltrexone bromide.
[0042] In some embodiments, the formulation comprises
a chelating agent. In some embodiments, a chelating
agent may be present in an amount from about 0.01
mg/mL to about 2 mg/mL or about 0.1 mg/mL to about 1
mg/mL in the formulation, or about 0.2 mg/mL to about
0.8 mg/mL of the formulation. In some embodiments, a
chelating agent may be present in an amount from about
0.2 mg/mL, about 0.3 mg/mL, about 0.4 mg/mL, about 0.5
mg/mL, or about 0.6 mg/mL, in the formulation.[0043]
We have found use of a chelating agent is effective as
inhibiting at least one degradant formation. Thus,
addition of at least one chelating agent is
particularly useful in formulations that include
methylnaltrexone, and provides protection from
metal-catalyzed degradant production, and/or from
precipitation. Appropriate chelating agents include
any pharmaceutically acceptable chelating agents and
salts thereof. Examples of chelating agents include,
but are not limited to ethylenediaminetetraacetic acid
(also synonymous with EDTA, edetic acid, versene acid,
and sequestrene), and EDTA derivatives, such as sodium
EDTA, and potassium EDTA, diammonium EDTA, dipotassium
EDTA, disodium EDTA, TEA-EDTA, tetrasodium EDTA,
tripotassium EDTA, trisodium EDTA, HEDTA, and
trisodium HEDTA, and related salts thereof. Other
chelating agents include niacinamide and derivatives
thereof and sodium desoxycholate and derivatives
thereof, ethylene glycol-bis-(2-aminoethyl)-N,N,N',
N'- tetraacetic acid (EGTA) and derivatives thereof,
diethylenetriaminepentaacetic acid (DTPA) and
derivatives thereof, N,N-bis(carboxymethyl)glycine
(NTA) and derivatives thereof, nitrilotriacetic acid
and derivatives thereof. Still other chelating agents
include citric acid and derivatives thereof. Citric
acid also is known as citric acid monohydrate.
Derivatives of citric acid include anhydrous citric
acid and trisodiumcitrate-dihydrate. In some
embodiments, chelating agent is selected from EDTA or
an EDTA derivative or EGTA or an EGTA derivative. In
some embodiments chelating agent is EDTA disodium such
as, for example, EDTA disodium hydrate. [0044] In some
embodiments, a provided formulation comprises a
calcium salt. In some embodiments, a calcium salt may
be present in an amount from about 0.01 mg/mL to about
2 mg/mL or about 0.1 mg/mL to about 1 mg/mL in the
formulation, or about 0.2 mg/mL to about 0.8 mg/mL of
the formulation. In some embodiments, a calcium salt
may be present in an amount from about 0.2 mg/mL,
about 0.3 mg/mL, about 0.4 mg/mL, about 0.5 mg/mL, or
about 0.6 mg/mL, in the formulation. [0045] We have
found the presence of a calcium ion is effective as
inhibiting formation of at least one degradant. Thus,
addition of at least one calcium salt is particularly
useful in formulations that include methylnaltrexone,
and provides protection from metal-catalyzed degradant
production, and/or from precipitation. Appropriate
calcium salts include any pharmaceutically acceptable
calcium salts. Examplary of calcium salts include, but
are not limited to calcium chloride, calcium acetate,
calcium citrate, calcium sulfate, etc.[0046] In some
embodiments, a formulation comprises a calcium ion and
a chelating agent included as a single component of
the formulation. Thus in some embodiments a calcium
salt chelating agent may be present in an amount from
about 0.01 mg/mL to about 2 mg/mL or about 0.1 mg/mL
to about 1 mg/mL in the formulation, or about 0.2
mg/mL to about 0.8 mg/mL 



of the formulation. In some embodiments, calcium salt
chelating agent may be present in an amount from about
0.2 mg/mL, about 0.3 mg/mL, about 0.4 mg/mL, about 0.5
mg/mL, or about 0.6 mg/mL, in the formulation. [0047]
We have found use of a calcium salt chelating agent is
particularly effective as inhibiting formation of at
least one degradant. Thus, addition of at least one
calcium salt chelating agent is particularly useful in
formulations that include methylnaltrexone, and
provides protection from metal-catalyzed production of
2,2' bis-methylnaltrexone, and 7-dihydroxy
methylnaltrexone, and/or from precipitation. In some
embodiments, the formulation comprises a calcium salt
chelating agent. [0048] Appropriate calcium salt
chelating agents include any pharmaceutically
acceptable chelating agents and calcium salts thereof.
Common calcium salt chelating agents include, but are
not limited to calcium ethylenediaminetetra acetic
acid (EDTA) and calcium salt EDTA derivatives, calcium
ethylene glycol-bis-(2-aminoethyl)-N,N,N',
N'-tetraacetic acid (EGTA) and calcium salt EGTA
derivatives, calcium diethylenetriaminepentaacetic
acid (DTPA) and calcium salt DTPA derivatives, calcium
N,N-bis(carboxymethyl)glycine (NTA) and calcium salt
NTA derivatives, and calcium citrate and derivatives
thereof. In some embodiments, chelating agent is
selected from calcium EDTA or a calcium salt EDTA
derivative or calcium EGTA or a calcium salt EGTA
derivative. In some embodiments chelating agent is
calcium EDTA disodium such as, for example, calcium
EDTA disodium hydrate. [0049] In some embodiments, a
provided formulation comprises at least
methylnaltrexone, a calcium salt chelating agent and
an isotonic agent. An isotonic agent useful in the
present formulations can be any pharmaceutically
acceptable isotonic agent. Common isotonic agents
include agents selected from the group consisting of
sodium chloride, mannitol, lactose, dextrose (hydrous
or anhydrous), sucrose, glycerol, and sorbitol, and
solutions of the foregoing. In certain embodiments,
the formulation comprises methylnaltrexone, an
isotonic agent which is sodium chloride, and a calcium
salt chelating agent which is calcium EDTA or a
calcium salt EDTA derivative. In some embodiments, the
EDTA is calcium EDTA disodium.[0050] In some
embodiments, the formulation comprises at least
methylnaltrexone, an isotonic agent, a calcium salt
chelating agent and a carrier vehicle. In certain
embodiments, the carrier vehicle is an aqueous
carrier. Aqueous carrier vehicles are known in the
art, and include, but are not limited to sterile
water, water for injection, sodium chloride, Ringer's
injection, isotonic dextrose injection, dextrose and
lactated Ringers injection. In some embodiments, the
formulation comprises water for injection. In some
embodiments, formulations comprise methylnaltrexone or
a pharmaceutically acceptable salt thereof, calcium
EDTA or a calcium salt EDTA derivative, water for
injection, and sodium chloride in an amount such that
the final solution is isotonic (e.g., 0.1%, 0.25%,
0.45% 0.65%, 0.9% sodium chloride). In some
embodiments, the sodium chloride is present in an
isotonic amount, such that final concentration of
sodium chloride is 0.65%. [0051] Still additional
components such as stabilizing agents, buffers,
co-solvents, diluents, preservatives, and/or
surfactants, etc. may be included in provided
formulations. In some embodiments, formulations may
contain such additional agents which comprise from
about 1% to about 30% or about 1% to about 12% of the
formulation or about 1% to about 10%, based upon total
weight of the formulation. In some embodiments,
additional agents may comprise from about 1%, about
2%, about 5%, about 8% or about 10% of the
formulation, based upon total weight of the
formulation. Optionally included additional
ingredients are described below. [0052] In some
embodiments, provided formulations comprise a
stabilizing agent. In some embodiments, stabilizing
agent may be present in an amount from about 0.01
mg/mL to about 2 mg/mL or about 0.05 mg/mL to about 1
mg/mL in the formulation, or about 0.1 mg/mL to about
0.8 mg/mL in the formulation. In some embodiments,
stabilizing agent may be present in an amount from
about 0.15 mg/mL, about 0.2 mg/mL, about 0.25 mg/mL,
about 0.3 mg/mL, about 0.35 mg/mL, or about 0.4 mg/mL.
[0053] Suitable stabilizing agents for use in
formulations of the invention include, but are not
limited to glycine, benzoic acid, citric, glycolic,
lactic, malic, and maleic acid. In some embodiments,
the formulation comprises glycine. In some
embodiments, glycine comprises glycine-HCl. In some
embodiments, formulations comprise methylnaltrexone,
calcium EDTA or a calcium salt EDTA derivative, water
for injection, sodium chloride in an amount such that
the final concentration is 6.5mg/mL isotonic sodium
chloride, and glycine such as glycine HCl.[0054] In
certain embodiments, a stabilizing agent is added to
the formulation in an amount sufficient to adjust and
maintain the pH of the formulation. Thus, in some
embodiments, a stabilizing agent acts as a buffer
function in addition to its role as a stabilizer. In
some embodiments, a stabilizing agent may act as a
buffer agent, so as to maintain the pH of the
formulation. In certain embodiments, the pH is between
about pH 2.0 and about pH 6.0. In some embodiments,
the pH of the formulation is between about pH 2.6 and
about pH 5.0. In some embodiments, the pH of the
formulation is between about pH 3.0 and about pH 4.0.
In some embodiments, the pH of the formulation is
between about pH 3.4 and about pH 3.6. In some
embodiments, the pH of the formulation is about pH
3.5. 



[0055] In some embodiments, provided formulations
comprise methylnaltrexone, calcium EDTA or a calcium
salt EDTA derivative, water for injection, sodium
chloride in an amount such that the final
concentration is 6.5mg/mL isotonic sodium chloride,
glycine, and the pH of the formulation is between
about pH 3.0 and about pH 4.0. In some embodiments,
formulations comprise methylnaltrexone or a
pharmaceutically acceptable salt thereof, calcium EDTA
or a calcium salt EDTA derivative, water for
injection, sodium chloride in an amount such that the
final concentration is 6.5mg/mL isotonic sodium
chloride, glycine, and the pH of the formulation is
between about pH 3.4 and about pH 3.6. In some
embodiments, formulations comprise methylnaltrexone
bromide, calcium EDTA or a calcium salt EDTA
derivative, water for injection, sodium chloride in an
amount such that the final concentration is 6.5mg/mL
isotonic sodium chloride, and glycine, and the
formulation has a pH of about 3.5. In certain
embodiments, the pH is adjusted with glycine. In some
embodiments, glycine is glycine HCl. [0056] In some
embodiments, provided formulations comprise
methylnaltrexone bromide, calcium EDTA, water for
injection, isotonic sodium chloride, glycine HCl, and
the formulation has a pH between about 3.4 and about
3.6. In some embodiments, provided formulations
comprise methylnaltrexone bromide at a concentration
about 20mg/mL, calcium EDTA at a concentration about
0.4mg/mL, sodium chloride in an amount such that the
final concentration is 6.5mg/mL isotonic sodium
chloride, and glycine HCl at a concentration about
0.3mg/mL, and the formulation has a pH of about 3.5.
In some embodiments, formulations comprise
methylnaltrexone bromide at a concentration about 10
mg/mL, calcium EDTA at a concentration about 0.2
mg/mL, sodium chloride in an amount such that the
final concentrationis 3.25 mg/mL isotonic sodium
chloride, and glycine HCl at a concentration about
0.15 mg/mL, and the formulation has a pH of about 3.5.
[0057] One of ordinary skill in the art will recognize
that additional pH adjustments may be required to
ensure that a provided formulation has desired pH.
Thus, in certain embodiments, further pH adjustment is
performed with hydrochloric acid and/or sodium
hydroxide. Additional components [0058] In some
embodiments, formulations may comprise one or more
additional agents for modification and/or optimization
of release and/or absorption characteristics. For
example, as mentioned above, incorporation of buffers,
co-solvents, diluents, preservatives, and/or
surfactants may facilitate dissolution, absorption,
stability, and/or improved activity of active
compound(s), and may be utilized in formulations of
the invention. In some embodiments, where additional
agents are included in a formulation, the amount of
additional agents in the formulation may optionally
include: buffers about 10% to about 90%, co-solvents
about 1% to about 50%, diluents about 1% to about 10%,
preservative agents about 0.1% to about 8%, and/or
surfactants about 1% to about 30%, based upon total
weight of the formulation, as applicable. [0059]
Suitable co-solvents (i.e., water miscible solvents)
are known in the art. For example, suitable
co-solvents include, but are not limited to ethyl
alcohol, propylene glycol. [0060] Physiologically
acceptable diluents may optionally be added to improve
product characteristics. Physiologically acceptable
diluents are known in the art and include, but are not
limited to, sugars, inorganic salts and amino acids,
and solutions of any of the foregoing. Representative
examples of acceptable diluents include dextrose,
mannitol, lactose, and sucrose, sodium chloride,
sodium phosphate, and calcium chloride, arginine,
tyrosine, and leucine, and the like, and aqueous
solutions thereof. [0061] Suitable preservatives are
known in the art, and include, for example, benzyl
alcohol, methyl paraben, propyl paraben, sodium salts
of methyl paraben, thimerosal, chlorobutanol, phenol.
Suitable preservatives include but are not limited to:
chlorobutanol (0.3- 0.9% W/V), parabens (0.01-5.0%
W/V), thimerosal (0.004-0.2% W/V), benzyl alcohol
(0.5-5% W/V), phenol (0.1-1.0% W/V), and the like.
[0062] Suitable surfactants are also known in the art
and include, e.g., poloxamer, polyoxyethylene ethers,
polyoxyethylene sorbitan fatty acid esters
polyoxyethylene fatty acidesters, polyethylene glycol
fatty acid esters, polyoxyethylene hydrogenated castor
oil, polyoxyethylene alkyl ether, polysorbates, cetyl
alcohol, glycerol fatty acid esters (e.g., triacetin,
glycerol monostearate, and the like), polyoxymethylene
stearate, sodium lauryl sulfate, sorbitan fatty acid
esters, sucrose fatty acid esters, benzalkonium
chloride, polyethoxylated castor oil, and docusate
sodium, and the like, and combinations thereof. In
some embodiments the formulation may further comprise
a surfactant. Dosage Forms [0063] As indicated, the
present invention provides dosage forms including unit
dosage forms, dose-concentrates, etc. for parenteral
administration. Parenteral administration of provided
formulations may include any of intravenous injection,
intravenous infusion, intradermal, intralesional,
intramuscular, subcutaneous injection or depot
administration of a unit dose. A unit dosage may or
may not constitute a single "dose" of active
compound(s), as a prescribing doctor may choose to
administer more than one, less than one, or precisely
one unit dosage in each dose (i.e., each instance of
administration). For example, unit dosages may be
administered once, less than once, or more than once a
day, for example, once a week, once 



every other day (QOD), once a day, or 2, 3 or 4 times
a day, more preferably 1 or 2 times per day. [0064] In
certain embodiments, a provided dosage form is
administered to a rehab patient (patients undergoing
rehabilitation for orthopaedic surgery, e.g. joint
replacement) every other day or every day. In other
embodiments, provided dosage is 12 mg
methylnaltrexone. [0065] In certain embodiments, a
provided dosage form is administered to a chronic pain
patient every other day or every day. In some
embodiments, the pain is malignant or nonmalignant. In
other embodiments, provided dosage is 12 mg
methylnaltrexone. [0066] The present invention
provides variety of different dosage forms useful for
parenteral administration, including, for example, a
methylnaltrexone formulation provided in a container
(e.g., a vial, ampoule, syringe, bag, dispenser, etc).
[0067] In one embodiment, the formulation is in a vial
filled with methylnaltrexone solution, where the
solution comprises at least one active compound which
is methylnaltrexone, and a calcium salt chelating
agent, in an isotonic solution. In one embodiment, a
provided formulation is in a vial where the vial is
filled with a provided formulation, as described
aboveand herein. In some embodiments, provided
formulation is in a vial from about ImL capacity to
about 5OmL capacity. In some embodiments, a vial is
about ImL, about 2mL, about 5mL, about 1OmL, about
25mL or about 5OmL capacity. [0068] In one embodiment,
a provided formulation is in a syringe or other
dispenser filled a provided formulation as described
above and herein. In some embodiments, a syringe or
dispenser has a capacity from about ImL to about 2OmL.
In some embodiments a syringe or dispenser has a
capacity of about ImL, about 2mL, about 2.5mL, about
5mL, about 7.5mL, about 1OmL, about 15mL, or about
2OmL. In some embodiments, a syringe or dispenser
utilizes a hypodermic needle for administration of
contents of the syringe or dispenser to a subject. In
certain embodiments, a syringe or dispenser utilized a
needle-less adapter for transfer of contents of the
container to a subject, or, alternatively to a second
container for mixing and/or dilution of contents with
another solution. A dose-concentrate of a provided
formulation can be in a sealed container holding an
amount of the pharmaceutical formulation of the
invention to be employed over a standard treatment
interval such as immediately upon dilution, or up to
24 hours after dilution, as necessary. A solution for
intravenous administration can be prepared, for
example, by adding a dose-concentrate formulation to a
container (e.g., glass or plastic bottles, vials,
ampoules) in combination with diluent so as to achieve
desired concentration for administration. The amount
of dose concentrate added to diluent is a sufficient
amount to treat a subject for a period ranging from
about 6 hours to about 1 week, but preferably from
about 6 or 12 hours to about 24 hours. The container
preferably also contains an empty space of sufficient
size to permit (i) addition of aqueous solvent plus
(ii) additional space as necessary to permit agitation
and effect complete mixture of diluted dose
concentrate formulation with the added aqueous
solvent. A container may be equipped with a penetrable
or spikable top, for example, a rubber seal, such that
aqueous solvent may be added by penetrating the seal
with a hypodermic syringe or other type non-needle
based, penetrable seal in order to transfer
concentrate contents. In certain embodiments, a
provided formulation is provided in a spikable vial.
In some embodiments, a provided formulation is
provided in a 10 mL spikable vial. [0069] Addition of
aqueous solvent to a liquid dose concentrate may be
conveniently used to form unit dosages of liquid
pharmaceutical formulations by removing aliquot
portions or entire contents of a dose concentrate for
dilution. Dose concentrate may be added to an
intravenous (IV) container containing a suitable
aqueous solvent. Useful solvents are standardsolutions
for injection as previously described (e.g., 5%
dextrose, saline, lactated ringer's, or sterile water
for injection, etc.). Typical unit dosage IV bags are
conventional glass or plastic containers having inlet
and outlet means and having standard (e.g., 25mL, 50
mL, 100 mL and 150 mL) capacities. Dose concentrate
solution of a pharmaceutical formulation of the
invention is added to a unit dosage IV container in an
amount to achieve a concentration of about 0.1 to
about 1.0 mg of methylnaltrexone per mL and preferably
from about 0.24 to about 0.48 mg per mL. [0070] In
other embodiments, it may be desirable to package a
provided dosage form in a container to protect the
formulation from light until usage. In some
embodiments, use of such a light-protective container
may inhibit one or more degradation pathways. For
example, a vial may be a light container which
protects contents from being exposed to light.
Additionally and/or alternatively, a vial may be
packaged in any type of container which protects a
formulation from being exposed to light (e.g.,
secondary packaging of a vial). Similarly, any other
type of container may be a light protective container,
or packaged within a light protective container.
Preparation of Provided Formulations [0071]
Formulations of the present invention may be prepared
in accordance with any of a variety of known
techniques, for example as described by M. E. Aulton
in "Pharmaceutics: The Science of Dosage Form Design"
(1988) (Churchill Livingstone), the relevant
disclosures of which are hereby incorporated by
reference. 



[0072] In one embodiment, a provided formulation is
prepared as follows: dry components of a formulation,
including active compound (e.g., methylnaltrexone
bromide), and calcium salt chelating agent (e.g.,
calcium EDTA) are dissolved in an appropriate solvent
(e.g., an isotonic solution (e.g., isotonic sodium
chloride for injection)). Optionally, additional dry
and/or wet ingredients (e.g., solvent (e.g., water)),
stabilizing agent, or surfactant, may be added.
Optionally, additional components, such as stabilizing
agents, or surfactants are added to solvent prior to
dissolving other components. A provided formulation
may be prepared under low oxygen conditions. [0073] In
another embodiment, a provided formulation is prepared
as follows: dry components of a formulation, including
active compound (e.g., methylnaltrexone bromide),
andcalcium salt chelating agent (e.g., calcium EDTA)
are dissolved in an appropriate solvent (e.g., an
isotonic solution (e.g., isotonic sodium chloride for
injection)). Alternatively, dry components of a
formulation, including active compound (e.g.,
methylnaltrexone bromide), and isotonic agent (e.g.,
sodium chloride) are dissolved in an aqueous solvent
(e.g., water for injection) to generate an active
compound in an isotonic solution (e.g.,
methylnaltrexone in isotonic sodium chloride for
injection), followed by further addition and
dissolution of calcium salt chelating agent (e.g.,
calcium EDTA) to the solution. Next, the pH of the
solution may be adjusted. For example, addition of
glycine may adjust the pH to the desired level. For
example, addition of glycine HCl may be utilized for
addition to the solution to adjust pH to a desired pH
(e.g., pH 3-4, pH 3.4-3.6, pH 3.5). Optionally,
additional dry and/or wet ingredients (e.g., solvent
(e.g., water), stabilizing agent (e.g., glycine), or
surfactant, may be added. Optionally, additional
components, such as stabilizing agents, surfactants
are added to solvent prior to dissolving other
components. A provided formulation may be prepared
under low oxygen conditions. [0074] In one embodiment,
prepared formulations are incorporated into vials,
ampoules, syringes, or dispensers, either alone, or
with additional excipients. Typical excipients added
to a provided formulation include, but are not limited
to surfactants, preservatives, diluents, buffers,
co-solvents, etc. Typical amounts of additional
excipients added to a solution may include, for
example, buffers about 10% to about 90%, co-solvents
about 1% to about 50%, diluents about 1% to about 10%,
preservative agents about 0.1% to about 8%, and
surfactants about 1% to about 30%, based upon total
weight. [0075] A prepared formulation may be subjected
to a filtration process in advance of packaging. The
filtration process may include, for example in the
case of injection preparations, a sterilizing
filtration and/or an ultra filtration of the
processing solution before packaging to eliminate
microorganisms or other contaminating matter from the
processing solution. [0076] A prepared formulation may
be subjected to a distributing process to vials (e.g.,
clear glass vial, amber vials), ampoules, syringes, or
dispensers (e.g., auto-dispensers). The distributing
process includes, for example in the case of vial
packaging, a process distributing a suitable volume of
the solution into vials taking the concentration of
methylnaltrexone into consideration in order that
contained products carry a desired amount of
methylnaltrexone.Isolation and Identification of
Degradant Products [0077] We have identified
degradants occurring in methylnaltrexone solutions, as
well as certain catalysis routes for formation of
degradant(s). Still further, in certain respects, we
have identified means to control formation of
degradants, thus resulting in lower levels of
degradants in liquid formulations containing
methylnaltrexone. Provided in further detail in the
Example 1 herein are methods and results of such
identification, including structures of resulting
degradant compounds. Additional Examples further
provide characterization of prepared solutions, and
identification of mechanisms of catalysis of formation
and/or inhibition of formation of degradants. [0078]
Thus, provided are methods for determining the
presence of one or more degradants in methylnaltrexone
formulations. In certain embodiments, methods of
detection of degradants below a designated level are
preferred for production of a methylnaltrexone
formulation. Detection of individual degradant
formation in a methylnaltrexone formulation by HPLC
analysis and determining a formulation comprises one
or more degradants below a specified level are
preferred. In some embodiments the method provides
analyzing a methylnaltrexone formulation by HPLC
analysis and determining that the level of one or more
specified degradants is not exceeded. Preferred
concentration levels which are not exceeded for one or
more degradants are described in the following
paragraphs relating to levels of degradants in
provided formulations. [0079] Further provided are
formulations which inhibit formation of
methylnaltrexone degradant(s), and confer improved
stability characteristics to formulations and
compositions and products containing methylnaltrexone
formulations. In some embodiments, methylnaltrexone
formulations are provided wherein the concentration of
total degradation products does not exceed about 2% of
methylnaltrexone in the preparation following twelve
or eighteen months of storage conditions. In some
embodiments, methylnaltrexone formulations are
provided wherein the concentration of total
degradation products does not exceed about 1.5% of
methylnaltrexone 



in the preparation following twelve or eighteen months
of storage conditions. In more particular embodiments,
methylnaltrexone formulations are provided wherein the
concentration of total degradation products does not
exceed about 1% of methylnaltrexone in the preparation
following twelve or eighteen months of storage
conditions. Preferred storage conditions include room
temperature storage.[0080] In some embodiments,
methylnaltrexone formulations are provided wherein the
concentration of total degradation products does not
exceed about 1.5% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. In some embodiments,
methylnaltrexone formulations are provided wherein the
concentration of total degradation products does not
exceed about 1% of methylnaltrexone in the preparation
following six months of room temperature storage
conditions. In more particular embodiments,
methylnaltrexone formulations are provided wherein the
concentration of total degradation products does not
exceed about 0.5% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. [0081] In some embodiments,
methylnaltrexone formulations are provided wherein the
concentration of 2,2' bis-methylnaltrexone degradant
product (RRT 1.55) does not exceed about 0.5% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. In some
embodiments, methylnaltrexone formulations are
provided wherein the concentration 2,2'
bis-methylnaltrexone degradant product (RRT 1.55) does
not exceed about 0.2% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. In more particular embodiments,
methylnaltrexone formulations are provided wherein the
concentration of 2,2' bis-methylnaltrexone degradant
product (RRT 1.55) does not exceed about 0.1% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. [0082]
In some embodiments, methylnaltrexone formulations are
provided wherein the concentration of
7-dihydroxymethylnaltrexone degradant product (RRT
0.67) does not exceed about 0.5% of methylnaltrexone
in the preparation following six months of room
temperature storage conditions. In some embodiments,
methylnaltrexone formulations are provided wherein the
concentration 7-dihydroxymethylnaltrexone degradant
product (RRT 0.67) does not exceed about 0.2% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. In more
particular embodiments, methylnaltrexone formulations
are provided wherein the concentration of
7-dihydroxymethylnaltrexone degradant product (RRT
0.67) does not exceed about 0.1% of methylnaltrexone
in the preparation following six months of room
temperature storage conditions. [0083] In some
embodiments, methylnaltrexone formulations are
provided wherein the concentration of the ring
contracted methylnaltrexone degradant product (RRT
0.79) does notexceed about 0.5% of methylnaltrexone in
the preparation following six months of room
temperature storage conditions. In some embodiments,
methylnaltrexone formulations are provided wherein the
concentration the ring contracted methylnaltrexone
degradant product (RRT 0.79) does not exceed about
0.2% of methylnaltrexone in the preparation following
six months of room temperature storage conditions. i
more particular embodiments, methylnaltrexone
formulations are provided wherein the concentration of
the ring contracted methylnaltrexone degradant product
(RRT 0.79) does not exceed about 0.1% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. [0084]
hi some embodiments, methylnaltrexone formulations are
provided wherein the concentration of the aldol dimer
methylnaltrexone degradant product (RRT 1.77) does not
exceed about 0.5% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions hi some embodiments,
methylnaltrexone formulations are provided wherein the
concentration the aldol dimer methylnaltrexone
degradant product (RRT 1.77) does not exceed about
0.2% of methylnaltrexone in the preparation following
six months of room temperature storage conditions hi
more particular embodiments, methylnaltrexone
formulations are provided wherein the concentration of
the aldol dimer methylnaltrexone degradant product
(RRT 1.77) does not exceed about 0.1% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. [0085]
In some embodiments, methylnaltrexone formulations are
provided wherein the concentration of the Hoffman
elimination methylnaltrexone degradant product (RRT
2.26) does not exceed about 0.5% of methylnaltrexone
in the preparation following six months of room
temperature storage conditions, hi some embodiments,
methylnaltrexone formulations are provided wherein the
concentration the Hoffman elimination methylnaltrexone
degradant product (RRT 2.26) does not exceed about
0.2% of methylnaltrexone in the preparation following
six months of room temperature storage conditions. In
more particular embodiments, methylnaltrexone
formulations are provided wherein the concentration of
the Hoffman elimination methylnaltrexone degradant
product (RRT 2.26) does not exceed about 0.1% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions.[0086]
In some embodiments, methylnaltrexone formulations are
provided wherein the 



concentration of O-methyl methylnaltrexone (RRT 1.66)
does not exceed about 0.5% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. In some embodiments,
methylnaltrexone formulations are provided wherein the
concentration O-methyl methylnaltrexone (RRT 1.66)
does not exceed about 0.25% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. In more particular embodiments,
methylnaltrexone formulations are provided wherein the
concentration of O-methyl methylnaltrexone (RRT 1.66)
does not exceed about 0.15% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. [0087] In some embodiments,
methylnaltrexone formulations where the amount of S-N
methyl naltrexone in the starting formulation is less
than 0.5 wt% (relative to the total amount of
methylnaltrexone) are provided wherein the
concentration of the S-methylnaltrexone degradant
product (RRT 0.89) does not exceed about 0.5% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. In some
embodiments, methylnaltrexone formulations are
provided wherein the concentration the
S-methylnaltrexone degradant product (RRT 0.89) does
not exceed about 0.2% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. In more particular embodiments,
methylnaltrexone formulations are provided wherein the
concentration of the Smethylnaltrexone degradant
product (RRT 0.89) does not exceed about 0.1% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. [0088]
In some embodiments, methylnaltrexone formulations are
provided wherein the concentration of total
degradation products does not exceed about 1.25% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions, the
concentration 2,2' bis-methylnaltrexone degradant
product (RRT 1.55) does not exceed about 0.2% of
methylnaltrexone, wherein the concentration
7-dihydroxymethylnaltrexone degradant product (RRT
0.67) does not exceed about 0.2% of methylnaltrexone,
the concentration the ring contracted methylnaltrexone
degradant product (RRT 0.79) does not exceed about
0.2% of methylnaltrexone, the aldol dimer
methylnaltrexone degradant product (RRT 1.77) does not
exceed about 0.2% of methylnaltrexone, the Hoffman
elimination methylnaltrexone degradantproduct (RRT
2.26) does not exceed about 0.2% of methylnaltrexone,
and the concentration of O-methyl methylnaltrexone
(RRT 1.66) does not exceed about 0.25% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions. [0089]
In some embodiments, methylnaltrexone formulations are
provided wherein the concentration of total
degradation products does not exceed about 0.75% of
methylnaltrexone in the preparation following six
months of room temperature storage conditions, the
concentration of 2,2' bis-methylnaltrexone degradant
product (RRT 1.55) does not exceed about 0.1% of
methylnaltrexone, wherein the concentration of
7-dihydroxymethylnaltrexone degradant product (RRT
0.67) does not exceed about 0.1% of methylnaltrexone,
the concentration of the ring contracted
methylnaltrexone degradant product (RRT 0.79) does not
exceed about 0.15% of methylnaltrexone, the
concentration of aldol dimer methylnaltrexone
degradant product (RRT 1.77) does not exceed about
0.05% of methylnaltrexone, the concentration of the
Hoffman elimination methylnaltrexone degradant product
(RRT 2.26) does not exceed about 0.1% of
methylnaltrexone, and the concentration of O-methyl
methylnaltrexone (RRT 1.66) does not exceed about
0.15% of methylnaltrexone in the preparation following
six months of room temperature storage conditions.
[0090] In other embodiments, methylnaltrexone
formulations are provided wherein the concentration of
2,2' bis-methylnaltrexone degradant product (RRT 1.55)
does not exceed about 0.2% of methylnaltrexone,
wherein the concentration of
7-dihydroxymethylnaltrexone degradant product (RRT
0.67) does not exceed about 0.2% of methylnaltrexone,
the concentration of the ring contracted
methylnaltrexone degradant product (RRT 0.79) does not
exceed about 0.2% of methylnaltrexone, and the
concentration of the Hoffman elimination
methylnaltrexone degradant product (RRT 2.26) does not
exceed about 0.2% of methylnaltrexone in the
preparation following six months of room temperature
storage conditions. Combination Products and Combined
Administration [0091] In some embodiments,
formulations include one or more other active
compounds in addition to methylnaltrexone. In such
combination formulations, additional compound(s) may
be included in one or more portion(s) that includes
methylnaltrexone, may be missing from one or more
portions that include methylnaltrexone, and/or may be
included in one or more portions that does not include
methylnaltrexone. Specifically, the invention
encompasses formulationsthat deliver at least
methylnaltrexone and at least one other active
compound. Additionally, the invention encompasses
formulations that deliver at least two independent
portions of methylnaltrexone, and that further deliver
at least one other active compound(s). [0092] In some
embodiments, formulations comprise both an opioid and
methylnaltrexone (e.g., a m opioid receptor
antagonist). Such combination products, containing
both an opioid and an opioid antagonist, would allow
simultaneous relief of pain and 



minimization of opioid-associated side effects (e.g.,
gastrointestinal effects (e.g., delayed gastric
emptying, altered GI tract motility), etc.). [0093]
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, levomethadyl 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, the opioid is selected from
morphine, codeine, oxycodone, hydrocodone,
dihydrocodeine, propoxyphene, fentanyl, tramadol, and
mixtures thereof. In a particular embodiment, the
opioid is loperamide. In another particular
embodiment, the opioid is hydromorphone. 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. [0094]
The amount of additional active compound(s) present in
combination compositions of this invention will
typically be no more than the amount that would
normally be administered in a composition comprising
that active compound as the only therapeutic agent. In
certain embodiments, the amount of additional active
compound will range from about 50% to100% of the
amount normally present in a composition comprising
that compound as the only therapeutic agent. [0095] In
certain embodiments, formulations may also be used in
conjunction with and/or in combination with additional
active compounds and/or conventional therapies for
treatment of 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. Kits and Uses of Formulations Uses
[0096] As discussed above, the present invention
provides formulations 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, formulations of the invention may be used
to treat subjects having disease states that are
ameliorated by binding m opioid receptors, or in any
treatment wherein temporary suppression of the m
opioid receptor system is desired (e.g., ileus, etc.).
In certain embodiments, methods of use of formulations
are in human subjects. [0097] Accordingly,
administration of provided formulations may be
advantageous for treatment, prevention, amelioration,
delay or reduction of side effects of opioid
administration, such as, for example, gastrointestinal
dysfunction (e.g., inhibition of intestinal mobility,
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
rigidity and cough suppression, depression of stress
response, and immune suppression associated with use
of narcotic analgesia, etc, or combinations thereof.
Use of provided formulations may thus be beneficial
from a quality of life standpoint for subjects
receiving administration of 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.[0098] In some
embodiments, provided formulations are useful for
administration to a subject receiving short term
opioid administration. In some embodiments, provided
formulations are useful for administration to patients
suffering from post-operative gastrointestinal
dysfunction. [0099] In other embodiments, provided
formulations 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 is a person receiving
opioid withdrawal maintenance therapy. [00100]
Additional uses for formulations described herein may
be to treat, reduce, inhibit, or prevent effects of
opioid administration 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 provided formulations include treatment of
opioid-induced immune suppression, inhibition of
angiogenesis, inhibition of vascular proliferation,
treatment of pain, treatment of inflammatory
conditions such as inflammatory bowel syndrome,
treatment of infectious diseases and diseases of the
musculokeletal system such as osteoporosis, arthritis,
osteitis, periostitis, myopathies, and treatment of
autoimmune diseases. [00101] In certain embodiments,
formulations of the invention may be used in methods
for preventing, inhibiting, reducing, delaying,
diminishing or treating gastrointestinal dysfunction,
including, but not limited to, irritable bowel
syndrome, opioid-induced bowel dysfunction, colitis,
post-operative, paralytic ileus, or postpartum ileus,
nausea and/or vomiting, decreased gastric motility and
emptying, inhibition of the stomach, and small and/or
large intestinal propulsion, increased amplitude of
non-propulsive segmental contractions, constriction of
sphincter of Oddi, increased anal sphincter tone,
impaired reflex relaxation with rectal distention,
diminished gastric, biliary, pancreatic or intestinal
secretions, increased absorption of water from bowel
contents, gastroesophageal reflux, gastroparesis,
cramping, bloating, abdominal or epigastric pain and
discomfort, constipation, idiopathic constipation,
post-operative gastrointestinal dysfunction following
abdominal surgery (e.g., colectomy (e.g.,
righthemicolectomy, left hemicolectomy, transverse
hemicolectomy, colectomy takedown, low anterior
resection) or hernia repair), and delayed absorption
of orally administered medications or nutritive
substances. [00102] Provided formulations are also
useful in treatment of conditions including cancers
involving angiogenesis, immune suppression, sickle
cell anemia, vascular wounds, and retinopathy,
treatment of inflammation associated disorders (e.g.,
irritable bowel syndrome), immune suppression, chronic
inflammation. [00103] In still further embodiments,
veterinary applications (e.g., treatment of domestic
animals, e.g. horse, dogs, cats, etc.) of use of
formulations are provided. Thus, use of provided
formulations in veterinary applications analogous to
those discussed above for human subjects is
contemplated. For example, inhibition of equine
gastrointestinal motility, such as colic and
constipation, may be fatal to a horse. Resulting pain
suffered by the horse with colic can result in a
death-inducing shock, while a long-term case of
constipation may also cause a horse's death. Treatment
of equines with peripheral opioid antagonists has been
described, e.g., in U.S. Patent Publication No.
20050124657 published January 20, 2005. [00104] It
will also be appreciated that formulations of the
present invention can be employed in combination
therapies, that is, methylnaltrexone and compositions
thereof, can be administered concurrently with, prior
to, or subsequent to, one or more other desired
therapeutics or medical procedures. Particular
combination therapies (therapeutics or procedures) to
employ in a combination regimen will take into account
compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be
achieved. It will also be appreciated that therapies
employed may achieve a desired effect for the same
disorder (for example, a formulation may be
administered concurrently with another compound used
to treat the same disorder), or they may achieve
different effects (e.g., control of any adverse
effects). As used herein, additional therapeutic
compounds which are normally administered to treat or
prevent a particular disease, or condition, are known
as "appropriate for the disease, or condition, being
treated". [00105] In other embodiments, provided
formulations and dosage forms are useful in
preparation of medicaments, including, but not limited
to medicaments useful in the treatment of side effects
of opioid administration (e.g., gastrointestinal side
effects (e.g., inhibition of intestinal motility, GI
sphincter constriction, constipation, nausea, emesis)
dysphoria, pruritis,etc.) or a combination thereof.
Provided formulations are useful for preparations of
medicaments, useful in treatment of patients receiving
short term opioid therapy (e.g., patients suffering
from post-operative gastrointestinal dysfunction
receiving short term opioid administration) or
subjects using opioids chronically (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; or subjects receiving opioid therapy for
maintenance of opioid withdrawal). Still further,
preparation of medicaments useful in the treatment of
pain, treatment of inflammatory conditions such as
inflammatory bowel syndrome, treatment of infectious
diseases, treatment of diseases of the musculokeletal
system such as osteoporosis, arthritis, osteitis,
periostitis, myopathies, treatment of autoimmune
diseases and immune suppression, therapy of
post-operative gastrointestinal dysfunction following
abdominal surgery (e.g., colectomy (e.g., right
hemicolectomy, left hemicolectomy, transverse
hemicolectomy, colectomy takedown, low anterior
resection), idiopathic constipation, and ileus), and
treatment of disorders such as cancers involving
angiogenesis, chronic inflammation and/or chronic
pain, sickle cell anemia, vascular wounds, and
retinopathy. Pharmaceutical Kits and Packaging [00106]
Still further encompassed by the invention are
pharmaceutical packs and/or kits. 



Pharmaceutical packs and/or kits provided may comprise
a formulation and a container (e.g., a vial, ampoule,
bottle, syringe, and/or dispenser package, or other
suitable container). In some embodiments, provided
kits may optionally further include a second container
comprising a suitable aqueous carrier for dilution of
the reconstitute for preparation of administration to
a subject via IV administration. In some embodiments,
contents of provided formulation container and solvent
container combine to form a unit dosage form. [00107]
In some embodiments, a formulation of the invention
may be useful in conjunction with patient controlled
analgesia (PCA) devices, wherein a patient can
administer opioid analgesia as required for pain
management. In such instances, co-administration of
provided formulations may be useful to prevent adverse
side effects of opioid administration. Thus, kits of
the invention may comprise a formulation for
administration of methylnaltrexone contained within a
cartridge for use in conjunction with PCA
device.[00108] In some embodiments, a formulation of
the invention may be useful in conjunction with a
diluent container suitable for frozen storage, wherein
a formulation is diluted in suitable diluent, and
provided in a container suitable for freezing. In some
embodiments, such frozen containers may be thawed
prior to intravenous administration of
methylnaltrexone to a subject. Thus, kits of the
invention may comprise a formulation for
administration of methylnaltrexone in a container
suitable for frozen storage, and thawing prior to
administration to a subject. In some embodiment, such
a container is a frozen intravenous bag. [00109]
Optionally, a single container may comprise one or
more compartments for containing lyophilized
formulation, and/or appropriate aqueous carrier for
dilution. In some embodiments, a single container may
be appropriate for modification such that the
container may receive a physical modification so as to
allow combination of compartments and/or components of
individual compartments. For example, a foil or
plastic bag may comprise two or more compartments
separated by a perforated seal which may be broken so
as to allow combination of contents of two individual
compartments once the signal to break the seal is
generated. A pharmaceutical pack or kit may thus
comprise such multi-compartment containers including
lyophilized formulation and appropriate solvent for
reconstitution and/or appropriate aqueous carrier for
dilution of reconstitute. Optionally, instructions for
use are additionally provided in such kits. [00110] In
some embodiments, a pharmaceutical kit comprises a
formulation in a dilution package or container wherein
a needle-less exchange mechanism allows for
combination of formulation and with isotonic solution
for preparation for intravenous administration. For
example, in certain non-limiting examples, a
formulation of the invention may be utilized in
conjunction with a MINIBAG(r) Plus diluent container
system (Baxter), or an ADD VANTAGE(r) diluent
container (Hospira) system. [00111] Optionally,
instructions for use are additionally provided in such
kits of the invention. Such instructions may provide,
generally, for example, instructions for dosage and
administration. In other embodiments, instructions may
further provide additional detail relating to
specialized instructions for particular containers
and/or systems for administration. Still further,
instructions may provide specialized instructions for
use in conjunction and/or in combination with
additional therapy. In one non-limiting example, the
formulations of the invention may be used in
conjunction with opioid analgesia administration,
which may,optionally, comprise use of a patient
controlled analgesia (PCA) device. Thus, instructions
for use of provided formulations may comprise
instructions for use in conjunction with PCA
administration devices. [00112] In order that the
invention described herein may be more fully
understood, the following examples are set forth. It
should be understood that these examples are for
illustrative purposes only and are not to be construed
as limiting this invention in any manner.
EXEMPLIFICATION PART I : Stability of Provided
Formulations Example 1 Identification and
characterization of degradants of
methylnaltrexoneformulations. [00113] Previously, at
least three degradation products were demonstrated
from HPLC analysis in 20 mg/mL isotonic saline
solution (identified as RRT peaks at about 0.72, 0.89,
and 1.48 when products were analyzed by HPLC). See,
e.g., US Patent Application Publication No.
20040266806A1, published December 30, 2004. We
examined 20 mg/mL saline methylnaltrexone solutions
for production of degradants, and identification of
degradants, as well as identification of inhibitors of
formation of different degradant products. We have
identified and characterized degradants which
accumulate in certain methylnaltrexone solutions. In
these degradation experiments, and in the formulations
prepared in the examples, R-Nmethylnaltrexone was used
having less than 0.15 weight percent
S-N-methylnaltrexone based on the total weight of
methylnaltrexone. [00114] For HPLC analysis, two (2)
different methods were utilized to obtain the data set
forth herein. These methods are summarized below:
Method A: 



Column: Prodigy ODS-3 15cm X 2.0mm, 3mm particles
(Phenomenex) Flow rate: 0.25 mL/min Detection: UV, 280
nm Mobile phase: strength: Isocratic: 75:25 (v/v) 0.1%
TFA in Water/Methanol Mobile phase: purity: Gradient
as follows: Solvent A: 95:5 (v/v) 0.1% TFA in
Water/Methanol Solvent B: 35:65 (v/v) 0.1% TFA in
Water/Methanol Sample Solvent: 0.05M Dibasic Sodium
Phosphate pH 6.8 Gradient Program:Time % Mobile Phase
A (Min> 0 100 45 50 45.1 100 60 100 Column
Temperature: 500C Method B: (purity) Column: Prodigy
ODS-3 15cm X 4.6 mm, 3mm particles (Phenomenex) Flow
rate: 1.5 mL/min Detection: UV, 280 run Mobile phase:
Gradient as follows: Solvent A: 95:5 (v/v) 0.1% TFA in
Water/Methanol Solvent B: 25:75 (v/v) 0.1% TFA in
Water/Methanol Sample Solvent: 0.05M Dibasic Sodium
Phosphate pH 6.8 Gradient Program: Time % Mobile Phase
A (Min) 0 100 45 50 45.1 100 60 100 Method B:
(strength) Column: Prodigy ODS-3 15cm X 4.6 mm, 3mm
particles (Phenomenex) Flow rate: 1.0 mL/min
Detection: UV, 280 run Mobile phase: Gradient as
follows: Solvent A: 95:5 (v/v) 0.1% TFA in
Water/Methanol Solvent B: 25:75 (v/v) 0.1% TFA in
Water/Methanol Sample Solvent: 0.05M Dibasic Sodium
Phosphate pH 6.8 Gradient Program: Time % Mobile Phase
A (Min) 0 95 1.0 85 12.0 50 15.0 95 20.0 95 [00115]
The following compounds were identified in the
stability studies using HPLC analysis (Method A) of
samples under the indicated storage conditions, and,
unless otherwise noted, had the following associated
calculated relative retention times: Methylnaltrexone
bromide RRT 1.00S-Methylnaltrexone RRT 0.86 or 0.89
Quinone RRT 0.89 (for Tables llC-2, llC-3, 12A-2,
12B-2, 12C-2, 12D-2) 8-ketomethylnaltrexone bromide
RRT 0.49Aldol dimer RRT 1.77 O-Methyl methylnaltrexone
RRT 1.66 (3-methyoxy naltrexone methobromide)
2,2,bis-Methylnaltrexone RRT l .55 [00116] Naltrexone
base, S-methylnaltrexone, and O-methyl
methylnaltrexone are each compounds found in initial
production samples. Additional impurities/degradants
formed and identified in methylnaltrexone formulations
include 8-ketomethylnaltrexone bromide (RRT0.49), the
aldol dimer (RRT 1.77), O-methyl methylnaltrexone (RRT
1.66), and the 2,2 bismethylnaltrexone (RRT 1.55), as
well as additional degradants resulting at relative
retention time of 0.67, 0.79 and 2.26. [00117] Each of
the three additional degradants were identified by NMR
analysis following isolation from column eluates, and
further characterized as described herein. The 0.67
degradant has been identified as 7-dihydroxy
methylnaltrexone; the 0.79 degradant has been 



identified as a ring contracted form ((3R,4R,4aS,6aR,l
lbS)-6-carboxy-3-(cyclopropylmethyl)-
4a,6,8-trihydroxy-3-methyl-l
,2,3,4,4a,5,6,6a-octahydro-4, 11-
methano[l]benzofuro[3',2':2,3]cyclopenta[l,2-c]pyridin
-3-ium); and the 2.26 degradant has been identified as
a Hoffman elimination product (see the following
compound names, relative retention times, and
associated structure; see also, Figure 4). 7-Dihydroxy
methylnaltrexone RRT 0.67 Ring Contraction product RRT
0.79 (3R,4R,4aS,6aR,l
lbS)-6-carboxy-3-(cyclopropylmethyl)-4a,6,8-trihydroxy
-3-methyl- 1,2,3.4 ,4a,5,6,6a-octahydro-4,l
l-methano[l]benzofuro[3',2':2,3]cyclopenta[l,2-c]pyrid
in-3-ium) Hoffman elimination product RRT 2.26[00118]
Results of stability studies in tables set forth in
the following examples demonstrate resulting levels of
each of the degradants identified in samples using
HPLC analysis. Stability test procedures used in the
following examples include standard pharmaceutical
stability studies according to ICH guidelines, under
conditions of 25C/60% relative humidity, 40C/65%
relative humidity, and/or 700C. Figure 4 depicts three
of the major resulting degradants, and the associate
proposed mechanisms for catalysis of formation and/or
methods of inhibition of formation which have been
identified and further described in the examples that
follow. [00119] One of ordinary skill in the art will
appreciate that minor modifications in an HPLC method
or sample preparation can result in a shift of RRT.
Thus, it will be appreciated that the RRT values
reported herein may shift depending upon actual
conditions. Example 2 Inhibition of metal and calcium
mediated degradation of methylnaltrexoneformulations.
[00120] Inhibition of metal-catalyzed formation of
2.2'bis methylnaltrexone . We have found Fe3+
facilitates degradation of methylnaltrexone bromide in
solution, resulting in formation of a 2,2'bis
methylnaltrexone degradant. We have found by HPLC
analysis (Method B) the 2,2'bis methylnaltrexone
degradant results in a peak having an RRT about 1.55.
Fe3+ is an ion that can get into the liquid
formulation from several sources. For example, it can
be leached from stainless steel process equipment,
syringe needles, stoppers and amber vials. EDTA, as a
metal chelating agent sequesters the available Fe3+ in
the solution, thereby preventing catalysis of the
undesirable metal-catalyzed reactions.
Methylnaltrexone solutions were prepared in 0.9% NaCl,
in the presence of iron and various concentrations of
sodium EDTA and calcium EDTA. Used throughout the
experiments sodium EDTA is EDTA disodium dihydrate,
and the terms sodium EDTA, EDTA disodium dihydrate,
and NaEDTA are used interchangeably throughout. Used
throughout the experiments calcium EDTA is calcium
EDTAdisodium, and the terms calcium EDTA, calcium EDTA
disodium, and CaEDTA are used interchangeably
throughout. Formation of 2,2'bis methylnaltrexone was
assessed at room temperature as well as at 40 0C.
Addition of either sodium or calcium EDTA solution was
effective at inhibiting formation of the 2,2'bis
methylnaltrexone degradant. See Figure IA and Figure
IB. Thus, chelating action will facilitate
methylnaltrexone bromide stability in solution at room
temperature. [00121] Inhibition of metal-catalyzed
formation of 7-dihydroxy-methylnaltrexone . We have
found EDTA inhibits metal catalyzed formation of a
7-dihydroxy-methylnaltrexone degradant in
methylnaltrexone solution. We have found by HPLC
analysis (Method B) the 0.67 peak degradant to be the
presence of 7-dihydroxy methylnaltrexone.
Methylnaltrexone solutions were prepared in 0.9% NaCl,
in the presence of iron and various concentrations of
EDTA. Formation of 7-dihydroxy methylnaltrexone was
assessed. Addition of either EDTA solution was
effective at inhibiting formation of the 7-dihydroxy
methylnaltrexone degradant. See Table 1. TABLE 1: Peak
area of RRT 0.67 degradant of 20 mg/ml MNTX at room
temperature in presence of lmm Fe+3 [00122] We have
found Ca2+ chelating agent provides additional
inhibition of formation of a
7-dihydroxy-methylnaltrexone degradant as compared to
Na2+ chelating agent. Methylnaltrexone solutions were
prepared in 0.9% NaCl, in the presence of iron and
various concentrations of sodium EDTA and calcium
EDTA. Formation of 7-dihydroxymethylnaltrexone was
assessed at room temperature as well as at 40 C.
Addition of calcium EDTA solution was highly effective
at inhibiting formation of the
7-dihydroxy-methylnaltrexone degradant at both
temperatures. See Figure 2A and Figure 2B. Use of
calcium facilitates methylnaltrexone bromide stability
in solution at room temperature. Furthermore, long
term storage of solution at either room temperature or
40C./75% relative humidity also demonstrated
stabilization and inhibition of 7-dihydroxy
methylnaltrexone degradant formation when calcium EDTA
was present. After one month at room temperature,
resultant production of 7-dihydroxymethylnaltrexone
was reduced from 0.34% to 0.1 1% in the presence of
calcium EDTA. Furthermore, at 40C/75% RH, degradant
was reduced from 0.64% in saline solution alone to
0.14% in sample containing calcium EDTA. See Figure 2C
and Figure 2D. [00123] Preparation of an improved room
temperature methylnaltrexone forumulation. Our results
have shown a methylnaltrexone formulation comprising a
saline solution of active 



compound plus calcium salt-chelating agent results in
a formulation having improved room temperature
stability characteristics. Preparation of such
improved formulations comprise use of the following
exemplary components: Active Methylnaltrexone bromide
(5 to 40 mgs) Chelating agent Calcium EDTA (0.05 to
1.5 mgs) Isotonic Delivery Vehicle 0.9% Normal Saline
( 1 to 1.25 mL) [00124] For a 0.6 mL fill or 1.25mL
fill, 20 or 30 mgs of methylnaltrexone bromide were
dissolved in 0.9% sodium chloride; and 0.24mg or 0.5
mg of calcium EDTA were also dissolved in the
solution. Resulting solutions were prepared and filter
sterilized at ambient conditions, and resulting
formulations filled into clear glass vials, ampoules,
syringes or auto-dispensers. TABLE 2 Formulation
INGREDIENTS 0.6 mL/VIAL 1.25 mL/VIAL Methylnaltrexone
bromide 20 mg 30 mg Calcium EDTA, NF 0.24 mg 0.5 mg
Sodium Chloride 0.65 % 0.65 %Example 3 Inhibition ofpH
dependent degradation of methylnaltrexoneformulations
[00125] Inhibition of pH influenced formation of
methylnaltrexone degradants . We have found in the
presence of Ca2+ and EDTA, degradation of
methylnaltrexone bromide in solution occurs under some
stability conditions, resulting in formation of a
third-methylnaltrexone degradant. We have found by
HPLC analysis (Method B) the degradant results in a
peak having an RRT about 0.79. Identification and
production of the 0.79 degradant is described in U.S.
provisional patent application 60/835,687, filed
August 4, 2006, filed concurrently with the present
application, the contents of which are incorporated
herein in their entirety by reference. [00126]
Formation of the 0.79 methylnaltrexone degradant was
lower at room temperature in the CaEDTA formulation
described in Example 2 above as compared to
refrigerated methylnaltrexone in saline solution.
Methylnaltrexone solution as described in Example 2
containing CaEDTA was compared to a control
refrigerated methylnaltrexone solution in saline and
formulations assessed for production of 0.79 degradant
formation (room temperature CaEDTA 0.03% vs.
refrigerated control saline 0.06%). See Figure 3A and
Figure 3B. Use of calcium EDTA appears to facilitate
production of the 0.79 degradant under our accelerated
stability conditions, however, as it was found at
40C/75% RH the 0.79 degradant increases from control
0.19% to 0.38% in the presence of CaEDTA. Furthermore,
the peak RRT 0.79 degradant increases from 0.03% at
room temperature to 0.4% at 40C/75% RH in 1 month.
Thus, while the formulation described above in Example
2 controls degradants RRT 0.67 and RRT 1.55, degradant
appearing at RRT 0.79 remains under accelerated
stability conditions of 40C/75% RH. [00127] We found
reduction in pH as well as the presence of glycine
resulted in stabilization of the 0.79 degTadant. Table
4, summarizes the formulation stability without pH
control at 7O0C. The formulation has a pH of 5.6. The
data confirms that a formulation containing Ca EDTA
does limit the formation of 0.67 and RRT 1.55 but does
not reduce RRT 0.79. After only a few days RRT 0.79
grows to over 1.0%. Each of the peaks resulting in the
HPLC is represented in the table. For those products
identified by the peaks: RRT 0.89 represents S-MNTX;
RRT 1.17 represents naltrexone base; RRT 1.55
represent 2,2 bis methylnaltrexone; RRT 1.66
represents O-methyl-methylnaltrexone; RRT 1.77
represents aldoldimer formation; and RRT 2.26
represents Hoffman elimination degradant formation.
BRL= below recordable limit. [00128] We tested whether
the 0.79 degradant is pH dependent, and the optimum pH
range for a solution. Table 5 summarizes the stability
of prepared solutions. Additionally, Table 6
summarizes stability of prepared solutions at 40C/75%
Relative Humidity and at 7O0C, with and without pH
adjustment with glycine. We found that as additional
glycine HCl is added to solution, the amount of
degradant at RRT 0.79 formed is greatly reduced and
confirms the stability of the formulation with respect
to RRT 0.79 is stabilized by the presence of glycine.
See Tables 5 and 6.TABLE 5: Stability of MNTX
formulation 20 mg/ml , 0.4 mg/ml CaEDTA, 0.65% Sodium
Chloride with pH adjusted with Glycine HClTable 5
cont. Table 6: Stability of MNTX formulation 20 mg/ml
, 0.4 mg/ml CaEDTA, 0.65% Sodium Chloride with pH
adjusted with Glycine HClPreparation ofapH adjusted,
improved room temperatureformulation. Listed below, in
Table 7 and Table 8, are developed formulations
containing glycine HCl, including a pH adjustment step
in the process, where the range of pH is 3.4 - 3.6
with a target pH 3.5. While not being bound by theory,
this is based on the idea that while pH 3.0 is stable,
the amount of irritation and sting at the site of
injection would be undesirable. Furthermore, at pH
4.0, RRT 0.79 degradant begins to form. Glycine HCl is
commonly used in subcutaneous formulations for pH
adjustment, and has less propensity to cause site of
injection stinging as results with use of citrate
buffer. When glycine HCl is used to adjust the pH of
formulations containing methylnaltrexone, controlling
degradation is also evident. A solution containing
methylnaltrexone including both CaEDTA and 0.3mg/mL
glycine HCl where the pH is adjusted to 3.4 - 3.6 will
inhibit the 



formation of RRT 1.55 and greatly reduce the formation
of degradants RRT 0.67 and RRT 0.79. A room
temperature liquid formulation consisting of
methylnaltrexone, CaEDTA, 0.65% NaCl, 0.3mg/mL glycine
HCl with a pH to 3.5 may be developed as either a
subcutaneous administration or intravenous
administration formulation. [00129] Preparation of
such improved formulations comprises use of the
following exemplary components: Active
Methylnaltrexone bromide (5 to 40 mgs) Chelating agent
Calcium EDTA (0.05 to 1.5) Isotonic Delivery Vehicle
0.65% Normal Saline (0.5 to 1.75 mL) Stabilizer
glycine HCl 0.3 mg/mL pH 3.4 -3.6 QS to final
VolumeTABLE 7 Formulation INGREDIENTS 12 Mg/VIAL A 16
Mg/VIAL A Methylnaltrexone bromide 12 mg 16 mg 20
mg/mL Calcium EDTA disodium 0.24 mg 0.0.32 mg 0.4
mg/mL dihydrate, NF Sodium Chloride 3.9 mg 5.20 mg 6.5
mg/mL Glycine HCL 0.18 mg 0.0.24 mg 0.3 mg/mL pH 3.5
pH 3.5 pH 3.5 Water for Injection, USP QS to 0.6 QS to
0.8 A3mL West flint glass vial with 13 mm West 4432/50
Fluorotec stopper and West 13 FO CS TE 3769 Blue Cap.
[00130] For example, for preparation of a 12 mg/Vial,
12 mgs of methylnaltrexone bromide and 3.9 mg sodium
chloride were dissolved in water for injection; then
0.24 mg of calcium EDTA added and dissolved the final
solution brought to a final fill volume of 0.6mL.. The
pH was adjusted with Glycine HCl to between 3.4 - 3.6,
optimally pH 3.5. Resulting solution was prepared, and
filtered through 0.45 and 0.22 micron PVDF filters.
Resulting solution was filled into clear glass vials
under low oxygen conditions. Any suitable containers,
including vials, ampoules, syringes or auto-dispensers
may be utilized. Resulting preparations are stored at
or below room temperature, without freezing. Resultant
formulation may be used for parenteral administration,
either for subcutaneous administration, or for
intravenous administration applications. See Table 7.
[00131] Similarly, the levels of ingredients may be
adapted to a final fill volume of 0.8 (or any other
preferred final volume) to obtain the same
concentrations. See Table 7. TABLE 8 Formulation
INGREDIENTS 12 Mg/VIALA 16 Mg/VIALA Methylnaltrexone
bromide 12 mg 16 mg 10 mg/mL Calcium EDTA disodium
0.24 mg 0.0.32 mg 0.2 mg/mL dihydrate, NF Sodium
Chloride 3.9 mg 5.20 mg 3.25 mg/mL Glycine HCL 0.18 mg
0.0.24 mg 0.15 mg/mL pH 3.5 pH 3.5 pH 3.5 Water for
Injection, USP QS to 1.2 QS to 1.6 A3mL West flint
glass vial with 13 mm West 4432/50 Fluorotec stopper
and West 13 FO CS TE 3769 Blue Cap. [00132] In an
alternative exemplary formulation, for a 12 mg/Vial,
12 mgs of methylnaltrexone bromide and 3.9 mg sodium
chloride were dissolved in water for injection; then
0.24 mg of calcium EDTA added and dissolved and the
final solution brought to a final fillvolume of 1.2
mL. The pH was adjusted with Glycine HCl to between
3.4 - 3.6, optimally pH 3.5. Resulting solution was
prepared, and filtered through 0.45 and 0.22 micron
PVDF filters. Resulting solution was filled into clear
glass vials under low oxygen conditions. Any suitable
containers, including vials, ampoules, syringes or
auto-dispensers may be utilized. Resulting
preparations are stored at or below room temperature,
without freezing. Resultant formulation may be used
for parenteral administration, either for subcutaneous
administration, or for intravenous administration
applications. See Table 8. [00133] Similarly, the
levels of ingredients may be adapted to a final fill
volume of 1.6 (or any other preferred final volume) to
obtain the same concentrations. See Table 8. Example 4
Comparison and Evaluation of Buffer Compatibility
[00134] Evaluation of phosphate buffers solution
stability. We have also assessed different buffers to
determine compatibility and whether various conditions
would convey further stability to methylnaltrexone
solutions. Table 9 and Table 10 show results (HPLC
Method A) of total degradant formation over time in
methylnaltrexone solutions prepared in phosphate
solution (Table 9), and glycine solution (Table 10).
We found at pH 7, glycine provides better stability
characteristics to samples than phosphate. 



Table 9: Stability of MNTX in pH 7, 0.02M Phosphate*
SolutionPhosphate Buffer: KH PO4 and Na2HPO4 Table 10
Stability of MNTX in pH 7, 0.02M Glycine*
SolutionGlycine Buffer: Glycine and NaOH [00135]
Preparation of a methylnaltrexone forumulation
comprising sodium EDTA and citrate buffer.
Methylnaltrexone formulations consisting of
methylnaltrexone, sodium EDTA, and sodium chloride in
citrate buffer have been described (see US Patent
Application Publication US2004/0266806A1, published
December 30, 2004). We have prepared solutions
comprising the same components for stability
comparison studies with our present formulations.
[00136] Formulations containing 20 mg/mL
methylnaltrexone bromide in either A-0.7 mg/mL NaEDTA
/ pH 3.5 adjusted with citrate buffer; and B- 0.4
mg/mL CaEDTA / 0.65% NaCl / pH 3.5 adjusted with
glycine buffer were prepared. Each of the formulations
were assessed over time for presence of degradant
formation, the results are shown in Table 11.[00137]
Formulations containing 5 mg/mL methylnaltrexone
bromide (12 mg/vial or 24 mg/vial) were prepared as
described in Example 12, below. Each of the
formulations were assessed over time for presence of
degradant formation, the results are shown in Table
12. [00138] Under aggressive stability conditions,
solutions containing sodium EDTA, even high levels of
sodium EDTA, the 0.67 and the 0.79 degradant begin to
increase. It is believed the formulations and methods
provided herein for production of methylnaltrexone
solutions will provide for compositions which retain
stability and will maintain acceptable degradant
levels over extended time periods. TABLE 11 Stability
Comparisons of 20 mg/mL methylnaltrexone formulation
TABLE HA. Stability data for liquid formulation
containing 20 mg/ml MNTX, 0.7 mg/ml NaEDTA 0.4% Sodium
Chloride and pH 3.5 adjusted with Citric buffer (HPLC
Method B)PROCESSES FOR ISOLATING OR PURIFYING
PROPYLENE GLYCOL, ETHYLENE GLYCOL AND PRODUCTS
PRODUCED THEREFROM Inventor: Peter Kalagias TECHNICAL
FIELD This invention relates to a process for
separating ethylene glycol or propylene glycol from
mixtures containing the ethylene glycol or the
propylene glycol and other polyols using polar
compounds, as well as compositions obtained therefrom.
BACKGROUND Propylene glycol and ethylene glycol are
produced from petrochemical sources. Commercial
production of propylene glycol involves the hydration
of propylene oxide, which is made by the oxidation of
propylene. The commercial production of ethylene
glycol involves the hydration of ethylene oxide, made
by the oxidation of ethylene. Propylene and ethylene
are industrial by-products of gasoline manufacture,
for example as byproducts of fluid cracking of gas
oils or steam cracking of hydrocarbons. The world's
supply of petroleum is being depleted at an increasing
rate. Eventually, demand for petrochemical derived
products will outstrip the supply of available
petroleum. When this occurs, the market price of
petroleum and, consequently, petroleum derived
products will likely increase, making products derived
from petroleum more expensive and less desirable. As
the available supply of petroleum decreases,
alternative sources and, in particular, renewable
sources of comparable products will necessarily have
to be developed. One potential renewable source of
petroleum derived products is products derived from
bio-based matter, such as agricultural and forestry
products. Use of bio-based products may potentially
counteract, at least in part, the problems associated
with depletion of the petroleum supply.In an effort to
diminish dependence on petroleum products the United
States government enacted the Farm Security and Rural
Investment Act of 2002, section 9002 (7 U.S.C. 8102),
hereinafter "FRISA", which requires federal agencies
to purchase bio-based products for all items costing
over $10,000. In response, the United States
Department of Agriculture ("USDA") has developed
Guidelines for Designating Bio-based Products for
Federal Procurement (7 C.F.R.  2902) to implement
FRISA, including the labeling of bio-based products
with a "U.S.D.A. Certified Bio-based Product" label.
As used herein, the term "bio-derived" refers to a
product derived from or synthesized by a renewable
biological feedstock, such as, for example, an
agricultural, forestry, plant, bacterial, or animal
feedstock. As used herein, the term "bio-based" refers
to a product that includes in whole or in significant
part, biological products or renewable agricultural
materials (including, but not limited to, plant,
animal and marine materials) or forestry materials. As
used herein, the term "petroleum derived" refers to a
product 



derived from or synthesized from petroleum or a
petrochemical feedstock. Propylene glycol that is
produced by hydrogenolysis of a polyol, such as a
carbohydrate, is referred to as bio-based propylene
glycol. FRISA has established certification
requirements for determining bio-based content. These
methods require the measurement of variations in
isotopic abundance between bio-based products and
petroleum derived products, for example, by liquid
scintillation counting, accelerator mass spectrometry,
or high precision isotope ratio mass spectrometry.
Isotopic ratios of the isotopes of carbon, such as the
13CV12C carbon isotopic ratio or the 14C/ 12C carbon
isotopic ratio, can be determined using isotope ratio
mass spectrometry with a high degree of precision.
Studies have shown that isotopic fractionation due to
physiological processes, such as, for example, CO2
transport within plants during photosynthesis, leads
to specific isotopic ratios in natural or bio-derived
compounds. Petroleum and petroleum derived products
have a different 13C/12C carbon isotopic ratio due to
different chemical processes and isotopic
fractionation during the generation of petroleum. In
addition, radioactive decay of the unstable 14C carbon
radioisotope leads to different isotope ratios in
bio-based products comparedto petroleum products.
Bio-based content of a product may be verified by ASTM
International Radioisotope Standard Method D 6866.
ASTM International Radioisotope Standard Method D 6866
determines bio-based content of a material based on
the amount of bio-based carbon in the material or
product as a percent of the weight (mass) of the total
organic carbon in the material or product. Bio-derived
and bio-based products will have a carbon isotope
ratio characteristic of a biologically derived
composition. Biology offers an attractive alternative
for industrial manufacturers looking to reduce or
replace their reliance on petrochemicals and petroleum
derived products. The replacement of petrochemicals
and petroleum derived products with products and/or
feed stocks derived from biological sources (i.e.,
bio-based products) offer many advantages. For
example, products and feed stocks from biological
sources are typically a renewable resource. As the
supply of easily extracted petrochemicals continues to
be depleted, the economics of petrochemical production
will likely force the cost of the petrochemicals and
petroleum derived products to higher prices compared
to bio-based products. In addition, companies may
benefit from the marketing advantages associated with
bio-derived products from renewable resources in the
view of a public becoming more concerned with the
supply of petrochemicals. A number of commercial
processes which produce polyols from complex mixtures
of carbohydrates exist. These processes usually
produce a homologous series of glycols. Some of the
resulting polyols boil so close to one another that
separation of the polyols by ordinary rectification is
difficult. The relative volatility is so low that a
large number of theoretical plates are required to
produce high purity polyols. In a process involving
hydrocracking of higher carbohydrates, such as
glucose, sorbitol or sucrose, the molecule is broken
into fragments of lower molecular weight to form
compounds which belong to the glycol or polyol family.
For instance, US Patent 5,206,927 describes a
homogeneous process for hydrocracking carbohydrates in
the presence of soluble, transition metal catalyst
with the production of lower polyhydric alcohols. A
carbohydrate is contacted with hydrogen in the
presence of a soluble transition metal catalyst and a
strong base at a temperature of from about25C to about
2000C and a pressure of from about 15 to about 3000
psi (about 1 to about 207 bar). However, as is evident
from Tables Il and III in the disclosure of US
5,206,927, about 2-7% of other polyol compounds are
produced in the hydrocracking process. US Patents
5,276,181 and 5,214,219 describe a process of
hydrogenolysis of glycerol using copper and zinc
catalyst in addition to sulfided ruthenium catalyst at
a pressure over 2100 psi (about 145 bar) and
temperature between 240-270 0C. US Patent 5,616,817
describes a process of preparing 1,2 propanediol by
catalytic hydrogenolysis of glycerol at elevated
temperature and pressure using a catalyst comprising
the metals cobalt, copper, manganese and molybdenum.
German Patent DE 541362 describes the hydrogenolysis
of glycerol with a Nickel catalyst, while US Patent
4,476,331 describes a two stage method of
hydrocracking carbohydrates (for example glucose),
wherein a modified ruthenium catalyst is 



used for hydrocracking sorbitol to produce glycerol
derivatives. European Patent Applications EP-A-0523
014 and EP-A-O 415 202 describe a process for
preparing lower polyhydric alcohols by catalytic
hydrocracking of aqueous sucrose solutions at elevated
temperature and pressure using a catalyst whose active
material comprises the metals cobalt, copper and
manganese. Persoa & Tundo (Ind. Eng. Chem. Res. 2005,
8535-8537) describe a process for converting glycerol
to 1,2-propanediol by heating under low hydrogen
pressure in presence of Raney nickel and a liquid
phosphonium salt. Selectivities toward 1,2-Propanediol
as high as 93% were reported, but required using a
pure glycerol and long reaction times (20 hrs).
Crabtree et al. (Hydrocarbon processing Feb 2006 pp
87-92) describe a phosphine/ precious metal salt
catalyst that permit a homogenous catalyst system for
converting glycerol into 1,2-PD. However, low
selectivity (20-30%) was reported. Other reports
indicate use of Raney Copper (Montassier et al. Bull.
Soc. Chim. Fr. 2 1989 148; Stud. Surf. Sci. Catal. 4 1
1988 165), copper on carbon (Montassier et al. J.
Appl. Catal. A 121 1995 231 )), copper-platinum and
copper ruthenium (Montassier et al. J. MoI.. Catal. 70
1991 65). Other homogenous catalyst systems such as
tungsten and Group VIII metal-containing catalyst
compositions have been also tried (US 4,642,394).
Miyazawa et al. (J. Catal. 240 2006 2 13-221 ) &
Kusunoki et al (Catal. Comm. 62005 645-649) describea
Ru/C and ion exchange resin for conversion of glycerol
in aqueous solution. Again their process however,
results in low conversions of glycerol (0.9- 12.9 %).
One of the problems of producing glycerol derivatives
by hydrogenolysis of glycerol is that other diol
compounds are formed which reduce the purity of the
desired component. For instance, in hydrocracking of
higher carbohydrates such as, for example, sorbitol to
produce propylene glycol, typically 3-5% by weight of
2,3-butanediol is produced in addition to 1,2
butanediol, ethylene glycol and 1,3-butanediol. These
products are referred to as "polyols" or "polyhydric
alcohols". The boiling points of these components as
shown in Table 1 are very close to one another such
that in a rectification column, either under
atmospheric, reduced pressure or at an elevated
pressure, the separation of substantially pure
propylene glycol from these other polyhydric alcohols
is difficult to be attained.The differences in
volatility of propylene glycol compared to
2,3-butanediol or 1,2 butanediol are very small. As
shown in Tables 2 and 3, the number of plates required
to achieve 99% purity is very large, requiring the use
of very tall distillation columns (55 trays for
2,3-Butanediol and 88 trays for 1,2-Butanediol) and
high energy inputs. Table 2: Theoretical and Actual
Plates Required vs. Relative volatility for Separation
of Propylene Glycol and 2,3-Butanediol. Several
reports in the literature describe efforts for
azeotropically separating glycerol derivatives such as
2,3 butanediol from propylene glycol. For instance, US
Patent 4,935,102 describes a method for using an
azeotrope forming agent such as propylene glycol
isobutyl ether, tetrahydro furfuryl alcohol,
N.N-dimethylacetamide, ethylene glycol diethyl ether,
diethylene glycol diethyl ether, 2-methoxyethyl ether,
ethylene glycol nbutyl ether, diacetone alcohol and
ethyl n-butyl ketone. In US Patent 5,423,955, the
azeotrope forming agent consists of a material
selected fromthe group consisting of toluene, ethyl
benzene, o-xylene, p-xylene, cumene, m-diisopropyl
benzene, m-diethyl benzene, mesitylene, p-cymene,
hexane, cyclohexane, methyl cyclohexane, heptane,
3-methyl pentane, octane, decane, 2,3,4-trimethyl
pentane, dipentene, decalin, dicydopentadiene,
alpha-phellandrene, limonene, hemimellitene, myrcene,
terpinolene, pmentha- 1 ,5-diene, beta-pinene,
3-carene, 1-heptene, cyclopentane, pentane, o-diethyl
benzene, 2,2-dimethyl butane and 2-methyl butane. The
azeotrope forming agents described in US Patents
4,935,102 and 5,423,955 may be characterized by their
Hansen solubility parameters (Table 4). Table 4.
Azeotropic Agents Used for Separation of
2,3-Butanediol from Propylene Glycol (U. S. Patent
4,935,102). Azeotropic distillation using organic
solvents as an azeotropic agent has also proven useful
for azeotropically separating ethylene glycol from 1,2
butanediol (Table 5).Table 5. Azeotropic Agents Used
for Separation of 1,2-Butanediol from Ethylene Glycol
(U. S. 5,432,955). The azeotropic agents used in US
Patents 4,935,102 and 5,432,955 can be described by
Hansen solubility parameters, which are described in
detail in "Hansen Solubility Parameters: A User's
Handbook," by 



Charles M. Hansen (CRC Press, 1999), which is
incorporated by reference in its entirety. Hansen
solubility parameters can be calculated using the
program "Molecular Modeling Pro Plus (version 6.0.6,
Norgwyn Montgomery Software Inc, available from
ChemSW, Inc) based on values published in the
"Handbook of Solubility Parameters and Other
Parameters" by Allen F. M. Barton (CRC Press, 1983)
for solvents obtained experimentally by Hansen. The
Hansen "h" (hydrogen bonding) values at 250C and
Hansen "p" (polarity) values 0C listed in Tables 4 and
5 were calculated in this manner. Thus, a need exists
for an economical process of separating polyethylene
glycol and/or ethylene glycol from other polyhydric
alcohols.SUMMARY OF THE INVENTION In one embodiment, a
process for isolating or purifying biobased propylene
glycol, bio-based ethylene glycol or a combination
thereof comprises placing the bio-based propylene
glycol, the bio-based ethylene glycol or the
combination thereof, and a polar solvent in an
apparatus. The bio-based propylene glycol, the
bio-based ethylene glycol or the combination thereof,
and the polar solvent are distilled in the apparatus.
The process further includes collecting the bio-based
propylene glycol, the bio-based ethylene glycol or the
combination thereof. In another embodiment, an
isolated or purified bio-based propylene glycol, an
isolated or purified biobased ethylene glycol, or a
combination thereof has less than 0.2 weight percent
of 1,2-butanediol, 2,3- butanediol or a combination
thereof. In yet another embodiment, a system for
removing butanediols from bio-based propylene glycol,
bio-based ethylene glycol or a combination thereof
includes a first conduit comprising the bio-based
propylene glycol, the bio-based ethylene glycol, or
the combination thereof. The system further comprises
an apparatus configured for distilling a mixture the
bio-based propylene glycol, the bio-based ethylene
glycol or the combination thereof, and the
butanediols. The system also includes a second conduit
comprising an isolated or purified bio-based propylene
glycol, an isolated or purified bio based ethylene
glycol or a combination thereof, and a third conduit
comprising the butanediols. DESCRIPTION OF THE
DRAWINGS Figure 1 illustrates the conditions of one
embodiment of a process of the present invention, as
well as the results obtained therefrom. Figure 2
depicts the conditions of another embodiment of a
process of the present invention, as well as the
results obtained therefrom. Figure 3 presents the
conditions of an additional embodiment of a process of
the present invention, as well as the results obtained
therefrom. Figure 4 illustrates the conditions of a
further embodiment of a process of the present
invention, as well as the results obtained
therefrom.Figure 5 describes the conditions of one
embodiment of a process of the present invention, as
well as the results obtained therefrom. Figure 6
depicts a graph indicating that 1,2-butanediol will
form a high boiling azeotrope with ethylene glycol in
one embodiment of the present invention. Figure 7
depicts the conditions of yet another embodiment of a
process of the present invention, as well as the
results obtained therefrom. Figure 8 illustrates a
graph showing the lack of an azeotrope between water
and 2,3-butanediol in one embodiment of the present
invention. Figure 9 depicts a graph indicating the
lack of an azeotrope between methanol and
2,3-butanediol in one embodiment of the present
invention. Figure 10 illustrates a graph showing the
lack of an azeotrope between ethanol and
2,3-butanediol in one embodiment of the present
invention. Figure 11 depicts a graph indicating the
lack of an azeotrope between n-propanol and
2,3-butanediol in one embodiment of the present
invention. DETAILED DESCRIPTION In each of its various
embodiments, the present invention fulfills this need.
In one embodiment, this invention describes a method
to improve the relative volatility of propylene glycol
over other polyols without the use of an azeotrope
forming agent, which are typically organic compounds, 



and are difficult to process and handle due to
environmental regulations. In one embodiment, this
invention describes the use of polar solvents that
increase the separation efficiency of propylene glycol
and/or ethylene glycol from other polyols. Polar
solvents that may be used include, but are not limited
to, a primary alcohol which is also produced by some
of the hydrocracking routes employed to produce such
polyols or some of the hydrogenolysis routes employed
to convert glycerol into polyols. With the aid of such
polar solvents, the undesirable species that reduce
the purity of propylene glycol may be effectively
removed.In another embodiment, the present disclosure
teaches a method where purified propylene glycol or
purified ethylene glycol may be obtained from a
mixture containing propylene glycol, ethylene glycol
and butanediols, such as a mixture obtained by the
hydrocracking or hydrogenolysis of a carbohydrate or
polyol, such as glycerol. In one embodiment, a
compound which does not form an azeotrope is mixed
with the product of a hydrocracking or hydrogenolysis
reaction and extractive distillation is carried out.
Extractive distillation is defined by Wikipedia
(access date Oct 20, 2006 at
http://en.wikipedia.org/wiki/Extractive_Distillation)
as follows: Extractive distillation includes a
distillation in the presence of a miscible, high
boiling, relatively non-volatile component, i.e., the
solvent, that forms no azeotrope with the other
components in the mixture. Extractive distillation is
used for mixtures having a low value of relative
volatility, nearing unity. Mixtures having a low
relative volatility cannot be separated by simple
distillation because the volatility of both the
components in the mixture is nearly the same causing
the components to evaporate at nearly the same
temperature to a similar extent, thus reducing the
chances of separating the components by condensation.
The method of extractive distillation uses a polar
solvent, which is generally nonvolatile, has a high
boiling point and is miscible with the mixture, but
does not form an azeotropic mixture. The polar solvent
interacts differently with the components of the
mixture and causes the relative volatilities of the
components to change, thus enabling the mixture to be
separated through distillation. In such distillation,
the component with the greater volatility separates
out as the top product. The bottom product includes
the lower volatility product. The polar solvent can be
separated from the fraction in which the polar solvent
is present because the polar solvent does not form an
azeotrope. The polar solvent can be separated from
such fraction by any of the methods available in the
art including, without limitation, a secondary
distillation or membrane separation. In various
embodiments, extractive distillation agents (i.e.,
polar solvents) useful in the present disclosure have
Hansen polarity (P) values of greater than about 12
(delta/sqr(MPa)) and Hansen hydrogenbonding (H) values
of greater than about 15 (delta/sqr(MPa)). The Hansen
P and H values, respectively, for the following
distillation agents are: water, 16 and 42.3
(delta/sqr(MPa)), respectively; for ethanol, 8.8 and
19.4; for methanol, 12.29 and 22.31 for methanol.
Thus, the polar solvents which may be used have a
Hansen P value in excess of 12 (delta/sqr(MPa)) and a
Hansen H value in excess of 15 (delta/sqr(MPa)). In
another embodiment, as ethanol is widely regarded as a
polar solvent, polar solvents that may be used
comprise compounds having either a Hansen P value in
excess of 12 (delta/sqr(MPa)) or a Hansen H value in
excess of 15 (delta/sqr(MPa)), wherein the ratio of P
value to H value is less than 0.5. In one embodiment,
a method of using polar solvents such as alcohols that
do not act as an azeotrope forming agent and aid in
the removal of 1,2-butanediol and 2,3-butanediol from
propylene glycol and/or ethylene glycol are described.
In another embodiment, a polar solvent such as water
may be used. The bio-based propylene glycol, the
bio-based ethylene glycol or the combination thereof
obtained by the processes of the present invention may
be subjected to further purification or isolation
techniques in order to get a purity of at least 95%.
In a further embodiment, the purity may be obtained to
at least 99.5% or even 99.7% depending on the desired
use of the biobased propylene glycol, the bio-based
ethylene glycol or the combination thereof. Propylene
glycol produced by the embodiments of this process 



is referred to as "bio-based" propylene glycol.
Propylene glycol produced as such finds many uses.
Some of these include, without limitation, use as a
solvent for aromatics in the flavor-concentrate
industry; a wetting agent for natural gums; an
ingredient in the compounding of citrus and other
emulsified flavors; a solvent in elixirs and
pharmaceutical preparations; a solvent and coupling
agent in the formulation of sunscreen lotion shampoos,
shaving creams and other similar products; an
emulsifier in cosmetic and pharmaceutical creams; an
ingredient for low-temperature heat-transfer fluids,
involving indirect food contacts, such as brewing and
dairy uses, as well as refrigerated grocery display
cases; a humectant, preservative, and stabilizer in
semi-moist pet food (with the exception of cat food),
bakery goods, foodflavorings and salad dressings; use
as a dust suppression agent; solvents and
compatibilizers for the many dyes, resins and inks
used in modern high-speed printing presses; surface
lubricant in metal part manufacture; as a raw material
for dipropylene glycol phthalate; a plasticizer for
polyvinyl chloride (PVC) resins; for use in the
natural gas processing industry; and to provide
freeze-thaw protection in various wax products to help
prevent damaged caused by freezing. Propylene glycol
is also used as the starting material for the
synthesis of propylene glycol esters with sorbitol
and/or fatty acids. Such uses are not limited or all
inclusive and may be readily developed by those
skilled in the art. Various embodiments of the present
disclosure relate to a biobased replacement for
propylene glycol and ethylene glycol derived from
petrochemical sources. In particular, bio-based
propylene glycol and biobased ethylene glycol can be
produced by hydrogenolysis of polyols derived from
biological sources (i.e., bio-derived). Various
applications for the biobased hydrogenolysis product
mixture are also disclosed. The product mixture from
the hydrogenolysis of bio-derived polyols and the
products produced therefrom may be differentiated from
petroleum derived products, for example, by their
carbon isotope ratios using ASTM International
Radioisotope Standard Method D 6866. Products produced
and present in the product mixture of the
hydrogenolysis product from a bio-derived polyol
feedstock may have a bio-based carbon isotope ratio
ranging from 50% to 100. As used herein the term
"bio-based carbon isotope ratio" includes a
composition or a component of a composition having a
carbon isotope ratio, as determined, for example, by
ASTM International Radioisotope Standard Method D
6866, the disclosure of which is incorporated by
reference herein in its entirety, that is indicative
of a composition including, in whole or in significant
part, of biological products or renewable agricultural
materials (including plant, animal and marine
materials) or forestry materials (Method ASTM 6866).
Other than in the operating examples, or where
otherwise indicated, all numbers expressing quantities
of ingredients, reaction conditions and the like used
in the specification and claims are to be understood
as being modified in all instances by the term
"about". Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the
followingspecification and attached claims are
approximations that may vary depending upon the
desired properties sought to be obtained. At the very
least, and not as an attempt to limit the application
of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be
construed in light of the number of reported
significant digits and by applying ordinary rounding
techniques. Notwithstanding that the numerical ranges
and parameters setting forth the broad scope of the
invention are approximations, the numerical values set
forth in the specific examples are reported as
precisely as possible. Any numerical values, however,
may contain certain errors necessarily resulting from
the standard deviation found in their respective
testing measurements. Also, it should be understood
that any numerical range recited herein is intended to
include all sub-ranges subsumed therein. For example,
a range of " 1 to 10" is intended to include all
sub-ranges between (and including) the recited minimum
value of 1 and the recited maximum value of 10, that
is, having a minimum value equal to or greater than 1
and a maximum value of equal to or less than 10. It is
understood, however, that the invention embraces
numerous embodiments, which may be accomplished by
combining any of the different features and aspects
described herein any combination that one 



of ordinary skill in the art would find useful.
EXAMPLES EXAMPLE 1. A series of studies were conducted
in a 2000ml high-pressure Stainless Steel 316 reactor.
A solid catalyst similar to the "G" catalyst disclosed
in US 6,479,713 or the "HC-1" catalyst available from
Sd Chemie (Louisville, KY) was loaded in the reactor
to a final volume of 1000 ml of catalyst. The reactor
was jacketed with a hot oil bath to provide for the
elevated temperature for reactions and the feed and
hydrogen lines were also preheated to the reactor
temperature. A solution of a bio-based, substantially
pure, 40% USP grade glycerol was fed through the
catalyst bed at LHSV ranging from 0.5hr 1 to 2.5hr 1.
Hydrogen was supplied at 1200-1600 psi(about 83-1 10
bar) and was also re-circulated through the reactor at
a hydrogen to glycerol feed molar ratio of 5:1 . In
other embodiments, the hydrogen to glycerol feed molar
ratio may be between 1:1 to 10:1 . Tables 5A and 5B in
FIGS. 2A and 2B describe the results with
hydrogenolysis of 40% USP grade glycerol feed. Between
47.7-96.4% of the glycerol was converted and between
36.3-55.4% of propylene glycol was produced. In
addition to propylene glycol, the hydrogenolysis
reaction produced 0.04-2.31% unwanted BDOs, which may
present a problem for recovery of pure propylene
glycol (Table 6). The BDOs were measured using a known
gas chromatography analysis method.Table 6.
Hydrogenolysis of 40% USP Glycerol Feed Using a Solid
Phase Catalyst. The exemplary embodiments of the
processes of Examples 2- 7 were modeled using the
ASPEN Plus(tm) software version 12.0, available from
Aspen Technologies, Inc. (Cambridge, MA).EXAMPLE 2.
Extractive distillation of a feed mixture of propylene
glycol, ethylene glycol, 1,2-butanediol,
2,3-butanediol and trace amounts of water to be
distilled in a stainless steel structured packed
column under reflux conditions was simulated using
ASPEN Plus(tm) software version 12.0, available from
Aspen Technologies, Inc. (Cambridge, MA). In these
Examples, the components and amounts of the feed
mixture that were used are representative of a product
produced that may be produced by the hydrogenolysis
process of Example 1. However, it will be apparent by
those of ordinary skill in the art that the processes
and conditions described herein may be varied and
optimized depending on the feed stock used. As shown
in Figure 1, overheads were predicted to contain 0.758
mole fraction of propylene glycol and 0.125 mole
fraction of 2,3-Butanediol. A loss of propylene glycol
in the overhead fraction with 2,3-butanediol was
predicted by the model. Figure 1 also illustrates one
embodiment of a system for removing butanediols from
propylene glycol, ethylene glycol or a combination
thereof of the present invention. A conduit 10
transports the propylene glycol, the ethylene glycol
or the combination thereof to an apparatus 12
configured to distill a mixture of the propylene
glycol, the ethylene glycol or the combination
thereof, and the butanediols. A conduit 16 transports
the butanediols that have been removed from the
mixture. The conduit 16 is in fluid communication with
the apparatus 12. Another conduit 14 transports the
isolated or purified propylene glycol, ethylene glycol
or combination thereof away from the apparatus 12.
EXAMPLE 3. Extractive distillation of a feed mixture
of propylene glycol, ethylene glycol, 1,2-Butanediol,
2,3-Butanediol and trace amounts of water mixed with
the polar solvent, water, to form a solution
containing approximately 10% water to be distilled in
a stainless steel structured packed column under
reflux conditions was simulated substantially the same
as described in example 2. As shown in Figure 2,
overheads were predicted to contain 0.092 mole
fraction of propylene glycol and 0.15 mole fraction of
2,3-Butanediol. Addition of the polar solvent (i.e.,
water) was expected to reduce the overhead loss of
propylene glycol from 0.758 mole fraction (example 2)
to 0.092 mole fraction. The still pot bottoms
(undistilled residue) were predicted to contain
propylene glycol, 1,2-butanediol and ethylene glycol
recovered with trace amounts of water, and
2,3-butanediol. Figure 8 shows the lack of an
azeotrope between water and 2,3-butanediol. EXAMPLE 4.
Extractive distillation of a feed mixture of propylene
glycol, 



ethylene glycol, 1,2-butanediol, 2,3-butanediol and
trace amounts of water mixed with the polar solvent,
methanol, to form a solution containing approximately
5% methanol to be distilled in a stainless steel
structured packed column under reflux conditions was
simulated substantially as described in example 2. As
shown in Figure 3, overheads were predicted to contain
0.1 17 mole fraction of propylene glycol and 0.124
mole fraction of 2,3- Butanediol. Hence addition of a
polar solvent like water was expected to reduce the
overhead loss of propylene glycol from 0.758 mole
fraction (example 2) to 0.1 17 mole fractions. The
still pot bottoms (undistilled residue) were predicted
to contain propylene glycol, 1,2-butanediol and
ethylene glycol recovered with trace amounts of water,
and 2,3-butanediol. Figure 9 shows the lack of an
azeotrope between methanol and 2,3-butanediol
(2.3-B-01 ) . EXAMPLE 5. Extractive distillation of a
feed mixture of propylene glycol, ethylene glycol,
1,2-butanediol, 2,3-butanediol and trace amounts of
water mixed with the polar solvent, ethanol, to form a
solution containing approximately 3.2% ethanol to be
distilled in a stainless steel structured packed
column under reflux conditions was simulated
substantially as described in example 2. As shown in
Figure 4, the simulation predicted that the overheads
would contain 0.134 mole fraction of propylene glycol
and 0.108 mole fraction of 2,3-Butanediol. Hence,
addition of a polar solvent like water is expected to
reduce the overhead loss of propylene glycol from
0.758 mole fraction (example 2) to 0.134 mole
fractions. The still pot bottoms (undistilled residue)
are expected to contain propylene glycol,
1,2-butanedioland ethylene glycol recovered with trace
amounts of water, and 2,3- Butanediol. Figure 10 shows
the lack of an azeotrope between ethanol and
2,3-butanediol (2,3-B-01 ). EXAMPLE 6. Extractive
distillation of a mixture of propylene glycol,
ethylene glycol, 1,2-butanediol, 2,3-butanediol and
trace amounts of water mixed with the polar solvent,
n-propanol, to form a solution containing
approximately 3.01% n-propanol to be distilled in a
stainless steel structured packed column under reflux
conditions was simulated substantially as described in
example 2. As shown in Figure 5, the simulation
predicted that the overheads would contain 0.146 mole
fraction of propylene glycol and 0.096 mole fractions
of 2,3-butanediol. Hence addition of the polar
solvent, water, is expected to reduce the overhead
loss of propylene glycol from 0.758 mole fraction
(example 2) to 0.146 mole fractions. The simulation
predicted that the still pot bottoms (undistilled
residue) were propylene glycol, 1,2-butanediol and
ethylene glycol recovered with trace amounts of water,
and 2,3-butanediol. Figure 11 shows the lack of an
azeotrope between n-propanol and 2,3- butanediol
(2.3-B-01 ) . EXAMPLE 7. Extractive distillation of a
mixture of propylene glycol, ethylene glycol,
1,2-butanediol, 2,3-butanediol and trace amounts of
water mixed with the polar solvent, xylene, to form a
solution containing approximately 1.79% xylene to be
distilled in a stainless steel structured packed
column under reflux conditions was simulated
substantially as described in example 2. The model
predicted that 1,2-butanediol will form a high boiling
azeotrope with ethylene glycol (Figure 6). As shown in
Figure 7, the model predicted that the distillation
overheads would contain 0.1 7 1 mole fraction of
propylene glycol and 0.071 mole fraction of
2,3-butanediol. Hence addition of xylene and the
resulting azeotrope was predicted to reduce the
overhead loss of propylene glycol from 0.758 mole
fraction (example 2) to 0.171 mole fractions. The
model predicted that the still pot bottoms
(undistilled residue) would include propylene glycol,
1,2-butanediol and ethylene glycol recovered with
traceamounts of water, and 2,3-butanediol. The
overheads also contained 0.727 moles of xylene that
would need to be recovered from 2,3-butanediol in
order to be recycled. EXAMPLE 8. A mixture is obtained
by hydrogenolysis of a carbohydrate. The mixture
comprising propylene glycol, ethylene glycol,
1,2-butanediol, 2,3- butanediol and trace amounts of
water is mixed with water to form a solution
containing approximately 10% water. The mixture is
extractively distilled in a stainless steel structured
packed column under reflux conditions. It is expected
that the overheads will contain about 0.092 mole
fraction of 



propylene glycol and about 0.15 mole fraction of
2,3-butanediol, as shown in Figure 2. Hence addition
of the polar solvent, water, is expected to reduce the
overhead loss of propylene glycol from 0.758 mole
fraction (example 2) to 0.092 mole fractions. The
still pot bottoms (undistilled residue) would be
expected to include propylene glycol, 1,2-butanediol
and ethylene glycol that is recovered with trace
amounts of water, and 2,3-butanediol. Figure 8 shows
the lack of an azeotrope between water and
2,3-butanediol. EXAMPLE 9. A mixture of propylene
glycol, ethylene glycol, 1,2-butanediol,
2,3-butanediol and trace amounts of water is mixed
with methanol to form a solution containing
approximately 5% methanol. The mixture is extractively
distilled in a stainless steel structured packed
column under reflux conditions. It is expected that
the overheads will contain about 0.1 17 mole fraction
of propylene glycol and about 0.124 mole fraction of
2,3-Butanediol, as shown in Figure 3. Hence addition
of a polar solvent like water is expected to reduce
the overhead loss of propylene glycol from 0.758 mole
fraction (example 2) to 0.1 17 mole fractions. The
still pot bottoms (undistilled residue) would be
expected to include propylene glycol, 1,2-butanediol
and ethylene glycol that is recovered with trace
amounts of water, and 2,3-butanediol. Figure 9 shows
the lack of an azeotrope between methanol and
2,3-butanediol (2.3-B-01 ).EXAMPLE 10. A mixture of
propylene glycol, ethylene glycol, 1,2-butanediol,
2,3-butanediol and trace amounts of water is mixed
with n-propanol to form a solution containing
approximately 3.01% n-propanol. The solution is
extractively distilled in a stainless steel structured
packed column under reflux conditions. It is expected
that the overheads will contain about 0.146 mole
fraction of propylene glycol and about 0.096 mole
fraction of 2,3-butanediol, as shown in Figure 5.
Hence addition of a polar solvent like water is
expected to reduce the overhead loss of propylene
glycol from 0.758 mole fraction (example 2) to 0.146
mole fractions. The still pot bottoms (undistilled
residue) would be expected to include propylene
glycol, 1,2 Butanediol and Ethylene Glycol recovered
with trace amounts of water, and 2,3-Butanediol.
Figure 11 shows the lack of an azeotrope between
n-propanol and 2,3-butanediol (2,3- B-01 ) . EXAMPLE
11. A mixture of propylene glycol, ethylene glycol,
1,2-butanediol, 2,3-butanediol and trace amounts of
water is mixed with xylene to form a solution
containing approximately 1.79% xylene. The mixture is
azeotropically distilled in a stainless steel
structured packed column under reflux conditions.
1,2-Butanediol is expected to form a high boiling
azeotrope with ethylene glycol (Figure 6). It is
expected that the distillation overheads will contain
about 0.171 mole fraction of propylene glycol and
about 0.071 mole fractions of 2,3-butanediol, as shown
in Figure 7. Hence addition of xylene and the
resulting azeotrope is expected to reduce the overhead
loss of propylene glycol from 0.758 mole fraction
(example 2) to 0.171 mole fractions. The still pot
bottoms (undistilled residue) would be expected to
include propylene glycol, 1,2-butanediol and ethylene
glycol recovered with trace amounts of water, and
2,3-butanediol. The overheads would be expected to
contain 0.727 moles of xylene that would need to be
recovered from 2,3-butanediol in order to be
recycled.The present invention has been described with
reference to certain exemplary embodiments,
compositions and uses thereof. However, it will be
recognized by those of ordinary skill in the art that
various substitutions, modifications or combinations
of any of the exemplary embodiments may be made
without departing from the spirit and scope of the
invention. Thus, the invention is not limited by the
description of the exemplary embodiment, but rather by
the appended claims as originally filed.CLAIMS What is
claimed is: 1. A process for isolating or purifying
bio-based propylene glycol, biobased ethylene glycol
or a combination thereof, the process comprising:
placing the bio-based propylene glycol, the bio-based
ethylene glycol or the combination thereof, and a
polar solvent in an apparatus; distilling the
bio-based propylene glycol, the bio-based ethylene
glycol or the combination thereof, and the polar
solvent in the apparatus; and collecting the bio-based
propylene glycol, the bio-based ethylene glycol or the
combination thereof. 



2. The process of claim 1, wherein the polar solvent
is selected from the group consisting of methanol,
ethanol, n-propanol, n-butanol, iso-butanol, amyl
alcohol, water, acetone, lactic acid, acetic acid,
butyric acid, gluconic acid, sulfuric acid,
hydrochloric acid, and any combinations thereof. 3.
The process of claim 1, further comprising subjecting
the collected bio-based propylene glycol, the
bio-based ethylene glycol or the combination thereof
to a further purification or isolation process. 4. The
process of claim 1, wherein the polar solvent has; a
Hansen P solubility parameter greater than 12, a
Hansen H solubility parameter greater than 15, a ratio
of the Hansen P solubility parameter to the Hansen H
solubility parameter of less than 0.5, or any
combination thereof. 5. The process of claim 1,
further comprising measuring a content of butanediols
in the bio-based propylene glycol, the bio-based
ethylene glycol or the combination thereof. 6. The
process of claim 1, further comprising producing the
bio-based propylene glycol, the bio-based ethylene
glycol or the combination thereof from bio-based
glycerol.7. The process of claim 1, wherein the
distilling is performed at conditions such that a
molar fraction of the collected bio-based propylene
glycol, the collected bio-based ethylene glycol or the
combination thereof is increased as compared to the
bio-based propylene glycol, the bio-based ethylene
glycol or the combination thereof placed in the
apparatus. 8. An isolated or purified bio-based
propylene glycol, an isolated or purified biobased
ethylene glycol, or a combination thereof, having less
than 0.2 weight percent of 1,2-butanediol,
2,3-butanediol or a combination thereof. 9. The
isolated or purified bio-based propylene glycol, the
isolated or purified biobased ethylene glycol, or the
combination thereof of claim 8, wherein the isolated
or purified bio-based propylene glycol, the isolated
or purified ethylene glycol or the combination thereof
is of a bio-based glycerol origin. 10. The isolated or
purified bio-based propylene glycol, the isolated or
purified biobased ethylene glycol, or the combination
thereof of claim 8, having less than 0.2 weight
percent of the 2,3-butanediol. 11. A composition
comprising the isolated or purified bio-based
propylene glycol, the isolated or purified biobased
ethylene glycol, or the combination thereof of claim
8. 12. The composition of claim 11, wherein the
composition comprises less than 0.2% of the 2,3
butanediol. 13. An isolated or purified bio-based
propylene glycol, having less than 0.2 weight percent
of 1,2-butanediol, 2,3-butanediol or a combination
thereof. 14. The isolated or purified bio-based
propylene glycol of claim 13, having a purity of at
least 95%.15. The isolated or purified bio-based
propylene glycol of claim 13, having less than 0.2
weight percent of the 2,3-butanediol. 16. The isolated
or purified bio-based propylene glycol of claim 13,
being of a bio-based glycerol origin. 17. A system for
removing butanediols from bio-based propylene glycol,
bio-based ethylene glycol or a combination thereof,
comprising: a first conduit comprising the bio-based
propylene glycol, the bio-based ethylene glycol, or
the combination thereof; an apparatus configured for
distilling a mixture the bio-based propylene glycol,
the bio-based ethylene glycol or the combination
thereof, and the butanediols; a second conduit
comprising an isolated or purified bio-based propylene
glycol, an isolated or purified bio-based ethylene
glycol or a combination thereof; and a third conduit
comprising the butanediols. 18. The system of claim
17, wherein the second conduit comprises a
weight/weight ratio of the butanediols to the
bio-based propylene glycol, the bio-based ethylene
glycol or the combination thereof to 0.5% or less. 19.
The system of claim 17, wherein the mixture further
comprises a polar solvent. 20. The system of claim 17,
wherein the third conduit further comprises the polar
solvent. 2 1 . A method for isolating propylene
glycol, the method comprising: extractively distilling
a mixture comprising propylene glycol and at least one



other compound in the presence of a polar solvent;
and, isolating propylene glycol having a decreased
content of the at least one other compound.22. The
method according to claim 2 1, further comprising
separating the at least one other compound from the
polar solvent. 23. The method according to claim 2 1,
wherein the polar solvent is selected from the group
consisting of methanol, ethanol, n-propanol, nbutanol,
iso-butanol, amyl alcohol, water, acetone, lactic
acid, acetic acid, butyric acid, gluconic acid,
sulfuric acid, hydrochloric acid, and any combinations
thereof. 24. The method according to claim 2 1,
wherein the extractive distillation occurs in a
rectification column. 25. A method for isolating
ethylene glycol, the method comprising: extractively
distilling a mixture comprising ethylene glycol and at
least one other compound in the presence of a polar
solvent; and isolating the ethylene glycol. 26. The
method according to claim 25, further comprising
separating the at least one other compound from the
polar solvent. 27. The method according to claim 25,
wherein the polar solvent is selected from the group
consisting of methanol, ethanol, n-propanol,
isopropanol, n-butanol, iso-butanol, amyl alcohol,
water, acetone, lactic acid, acetic acid, butyric
acid, sulfuric acid, hydrochloric acid, and any
combinations thereof. 28. The method according to
claim 25, wherein the extractive distillation occurs
in a rectification column. 29. A method for isolating
polyhydric alcohols, the method comprising:
extractively distilling a mixture comprising the
polyhydric alcohols, propylene glycol, ethylene glycol
and at least one other compound in the presence of a
polar solvent; and separating the polyhydric alcohols
from the polar solvent.30. The method according to
claim 29, further comprising isolating propylene
glycol. 3 1. The method according to claim 29, wherein
the polar solvent is selected from the group
consisting of methanol, ethanol, n-propanol,
isopropanol, n-butanol, iso-butanol, amyl alcohol,
water, acetone, lactic acid, acetic acid, , butyric
acid, sulfuric acid, hydrochloric acid, and any
combinations thereof. 32. The method according to
claim 29, wherein the extractive distillation occurs
in a rectification column. 33. A method for purifying
2,3-butanediol from a mixture of 2,3- butanediol,
propylene glycol and other polyhydric alcohols, the
method comprising: extractively distilling a mixture
of 2,3-butanediol, propylene glycol and other
polyhydric alcohols in a rectification column in the
presence of a polar solvent selected from the group
consisting of methanol, ethanol, npropanol,
iso-propanol, n-butanol, iso-butanol, amyl alcohol,
water, acetone, lactic acid, acetic acid, citric acid,
butyric acid, gluconic acid, sulfuric acid,
hydrochloric acid and any combinations thereof;
recovering the 2,3-butanediol and the polar solvent as
a distillate; and recovering the propylene glycol as
an undistilled residue. 34. A method for recovering
propylene glycol from a mixture of 1,2- butanediol,
propylene glycol and ethylene glycol comprising,
azetropically distilling a mixture of 1,2-butanediol,
propylene glycol and ethylene glycol in a
rectification column recovering the propylene glycol
distillate; and recovering the 1,2-butanediol and
ethylene glycol azeotrope as an undistilled
residue.35. A method for recovering 2,3-butanediol
from a mixture of 2,3- butanediol, ethylene glycol and
other polyhydric alcohols, comprising, extractively
distilling a mixture of 2,3-butanediol, ethylene
glycol and other polyhydric alcohols in a
rectification column in the presence of a polar
solvent selected from the group comprising methanol,
ethanol, npropanol, iso-propanol, n-butanol,
iso-butanol, amyl alcohol, water, acetone, lactic
acid, acetic acid, butyric acid, sulfuric acid,
hydrochloric acid and combinations of any thereof;
recovering the 2,3-butanediol and the polar solvent as
an overhead product; and 



recovering the ethylene glycol as an undistilled
residue. 36. A method for recovering 1,2-butanediol
from a mixture of 1,2- butanediol, ethylene glycol
comprising: distilling a mixture of 1,2-butanediol,
ethylene glycol in a rectification column recovering
the 1,2-butanediol as an overhead product; and
recovering the ethylene glycol as an undistilled
residue. 37. A method for recovering polyhydric
alcohols from a mixture of propylene glycol and other
polyhydric alcohols comprising: extractively
distilling a mixture of propylene glycol and other
polyhydric alcohols in a rectification column in the
presence of a polar solvent selected from the group
consisting of methanol, ethanol, n-propanol,
iso-propanol, n-butanol, iso-butanol, amyl alcohol,
water, acetone, lactic acid, acetic acid, butyric
acid, sulfuric acid hydrochloric acid, and any
combinations thereof; recovering the polyhydric
alcohols and the polar solvent as an overhead product;
and recovering the propylene glycol as an undistilled
residue.38. A method for recovering polyhydric
alcohols from a mixture of ethylene glycol and other
polyhydric alcohols comprising: extractively
distilling a mixture of ethylene glycol and other
polyhydric alcohols in a rectification column in the
presence of a polar solvent selected from the group
consisting of methanol, ethanol, n-propanol,
isopropanol, n-butanol, iso-butanol, amyl alcohol,
water, acetone, lactic acid, acetic acid, butyric
acid, sulfuric acid hydrochloric acid, and any
combinations thereof; recovering the polyhydric
alcohols and the polar solvent as an overhead product;
and recovering the ethylene glycol as an undistilled
residue. 39. The method according to any one of claims
21-38, further comprising hydrogenolysis of glycerol.
40. An apparatus configured to perform the method of
any one of claims 21-39. 4 1. A product produced by
the method of any one of claims 21-39. 42. A
composition comprising propylene glycol; and less than
0.2% by weight other polyhydric alcohols, wherein said
composition is obtained from a bio-based source as
determined by ASTM International Radioisotope Standard
Method D 6866. 43. A composition comprising ethylene
glycol; and less than 0.2% by weight other polyhydric
alcohols, wherein said composition is obtained from a
bio-based source as determined by ASTM International
Radioisotope Standard Method D 6866.44. A method for
isolating propylene glycol, the method comprising:
distilling a mixture comprising the propylene glycol
and at least one other compound in the presence of a
polar solvent; and isolating the propylene glycol; 45.
The method according to claim 44, further comprising
isolating the at least one other compound and the
polar solvent. 46. The method according to claim 44,
wherein the Hansen P solubility parameter of the polar
solvent greater than 12. 47. The method according to
claim 44, wherein the Hansen H solubility parameter of
the polar solvent is greater than 15. 48. The method
of claim 44, wherein the polar solvent is one of
Hansen P solubility parameter greater than 12 and
Hansen H solubility parameter greater than 15 and
wherein the ratio of P value to H value is less than
0.5. 49. The method according to claim 44, wherein
distilling the mixture occurs in a rectification
column. 50. A method for isolating ethylene glycol,
the method comprising: distilling a mixture comprising
ethylene glycol and at least one other compound in the
presence of a polar solvent; and isolating the
ethylene glycol. 5 1 . The method according to claim
50, further comprising isolating the at least one
other compound and the polar solvent. 52. The method
according to claim 50, wherein the polar solvent is 



one of Hansen "p" solubility parameter greater than
12.53. The method according to claim 50, wherein the
polar solvent is one of Hansen "h" solubility
parameter greater than 15. 54. The method of claim 50,
where in the polar solvent is one of Hansen P
solubility parameter greater than 12 and Hansen H
solubility parameter greater than 15 and wherein the
ratio of P value to H value is less than 0.5. 55. The
method according to claim 50, wherein distilling the
mixture occurs in a rectification column. 56. A
facility operatively configured to perform the method
of any one of claims 21-39. 57. A product produced by
the method of any one of claims 21-39. 58. A
composition comprising biobased propylene glycol
having a content of butanediols that is less than
0.25%. 59. The composition of claim 58, wherein the
content of butanediols is less than 0.1%. 60. A deicer
containing the product of claim 57, or the composition
of claim 58 or 59. 6 1. An antifreeze containing the
product of claim 57, or the composition of claim 58 or
59. 62. A resin containing the product of claim 57, or
the composition of claim 58 or 59. 63. A laundry
detergent containing the product of claim 57, or the
composition of claim 58 or 59.64. Use of the product
of claim 57, or the composition of claim 58 or 59. 65.
A composition comprising biobased propylene glycol
having a content of butanediols that is less than
0.25% and other polyhydric alcohols less than 1%. 66.
A composition comprising: a bio-based propylene
glycol; less than 0.2 weight percent 1,2-Butanediol
and 2,3-Butanediol; and less than 1 weight percent
other polyhydric alcohols; wherein the bio-based
nature of the bio-based propylene glycol is determined
by ASTM International Radioisotope Standard Method D
6866. 67. A composition comprising biobased ethylene
glycol having a content of butanediols that is less
than 0.25% and other polyhydric alcohols less than 1%.
68. A composition comprising: a bio-based ethylene
glycol; less than 0.2 weight percent 1,2-butanediol
and 2,3-butanediol and; less than 1 weight percent
other polyhydric alcohols; wherein the bio-based
nature of the bio-based ethylene glycol is determined
by ASTM International Radioisotope Standard Method D
6866. 


