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METHODS FOR REDUCING BODY FAT USING
VITAMIN D COMPOUNDS

PRIORITY
[0001] Priority is hereby claimed to provisional applications Serial Nos.
60/524,813 and 60/524,798, each filed November 25, 2003, each of which is incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] This invention is generally directed to a method of using one or more

vitamin D analogs to reduce body fat of an animal.

BACKGROUND OF THE INVENTION

[0003] Obesity and overweight have reached world-wide epidemic proportions.
Further, overweight and obesity are highly correlated with the incidence of high blood
pressure and high cholesterol. The United Nations has identified three of the world’s top
ten health risks as obesity, high blood pressure and high cholesterol. Globally, there are

more than one billion overweight adults and at least 300 million of these overweight
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adulis are considered obese. In the United States alone, over 60% of the population is
considered overweight or obese. In addition, overweight is one of the fastest growing
disorders among children. The incidence of childhood overweight is approaching levels
of one in three, resulting in over 22 million children under age 5 being overweight in
Europe and North America alone.

[0004] Besides being recognized as a disease in its own right, obesity is also
associated with such life-threatening diseases as high blood pressure, diabetes, coronary
artery disease, congestive heart failure, stroke, osteoarthritis, various cancers and
reproductive health and psychological disorders. In 1998, the United States alohe had
economic losses of over $92 billion due to overweight and obesity. Further, there is no
doubt that obesity increases mortality because of its pathophysiologic effects.

[0005] Overweight and/or obesity can be empirically determined by calculation
of either the Body Mass Index (BMI) or the lean body mass. The BMI is the product of
the weight (in kilograms) of an individual divided by the height (in meters) squared. For
adults, a BMI of 25 or more is considered overweight and a BMI of 30 or more is
considered obese. Lean body weight is the total body weight minus the weight of the
adipose or fat component. Typically, men are considered overweight when they have a
fat content of about 24 percent or more and women 30 percent or more. Lean body
weight, therefore represents the sum of a persons bones, muscles and organs. Lean body
weight can be calculated using empirical formulas and objectively using dual-energy X-
ray absorptiometry (DEXA). DEXA determines the body weight contribution of the lean
soft tissue, fat soft tissue and bone compartments by differentiating between the tissue
attenuation of two different X-ray wave lengths.

[0006] The major factor responsible for the increase in overweight and obesity
appears to be environmental or cultural rather than hereditary. However, adopted
children tend to have weight problems more like their biological parents than their
adoptive parents, indicating that genetics plays at least a minor role. Obesity and
overweight tends to run in families, most likely resulting from shared lifestyle and eating
habits. Children of obese or overweight parents have a 25 to 30 % chanc;e of becoming

obese themselves. However, the current epidemic of overweight and obesity is ample
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evidence that genetics may actually be reinforcing an environmental problem. Thus,
family background, whether environmental or genetic, is predictive of a tendency or risk
of becoming overweight or obese.

[0007] Critical life periods also are correlated to weight gain. For men, the
critical periods are between 35 and 40 years, after marriage and after retirement. For
women the critical periods occur during adolescence, after marriage, during pregnancy,
during menopause and after retirement. In women, the problem of weight gain is further
exacerbated by the fact that women tend to have less lean body mass. Lean body mass is
more metabolically active than fat soft tissue. Consequently, women have less ability to
burn excess calories than men. Generally, men have higher rates of overweight while
women have higher rates of obesity.

[0008] In women, the effects of overweight or obesity may have even more
serious health consequences during menopause. For example, women approaching
menopause are at an increased risk of heart disease and osteoporosis, weight gain and
urinary incontinence. During menopause, if a woman is more than 30% overweight, she
is at an increased risk of heart disease. The risk of heart disease and urinary incontinence
can be reduced by decreasing body fat while the risk of osteoporosis can be treated by a
variety of methods, including hormone replacement therapy (HRT), bisphosphonates and
selective estrogen receptor modulators (SERMs). Pharmacologic treatments directed to
preventing or ameliorating osteoporosis may have serious side effects, including
cardiovascular disease, increased blood pressure and an increased risk of breast cancer,
and do not address the tehdency for weight gain and its associated risks.

[0009] There are a wide variety of techniques and methods advocated to treat
obesity and overweight. Current weight control methods range from surgical
intervention, to diet modification, to acute reductions in caloric intake, to pharmacologic
or naturopathic remedies, both of which are designed to increase metabolism and/or
suppress the appetite. Each of these methods has its deficiencies. For example, surgical
methods to reduce the intake of food include stapling the stomach or reducing the length
of the small intestine. While such surgical methods are generally effective, they are

limited to the morbidly obese because of the risk of serious and/or fatal complications.
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[0010] A more obvious approach to weight loss is altering dietary habits. While
it is generally conceded that weight loss will result from consuming less calories than
expended, such methods do not appear to be a viable solution for the legions of
overweight. Therefore, a large number of special diets are advocated to facilitate weight
loss. For example, some individuals use diets that focus on shifting calories between
food groups, such as high protein/low carbohydrate diets or grapefruit diets. Some
individuals resort to fad or crash diets or acute reductions in food consumption.
Unfortunately, the rapid decrease in body weight without adequate nutritional intake may
have a boomerang effect resulting in increased obesity, as well as physiologic
repercussions, such as acidosis or ketosis, that occasionally results in death or other
serious complications. Further, while a variety of appetite suppressants are espoused,
many of them do not work and some may be fatal. For example, phen-fen, a combination
of fenfluramine and phentermine, was found to cause fatal heart valve damage only after
it had become a widely used dietary supplement.

[0011] Methods of decreasing overweight or obesity that focus on rapidly
decreasing caloric intake may also be counter-productive. While decreased food intake is
an effective method of losing weight, the energy stored in fat cells is generally the last
energy store utilized by the body. Generally, the first energy stores liberated result in
glucose metabolism and the second result in protein metabolism. Because glucose stores
are relatively small, the result of a restricted diet without enough exercise to maintain
muscle mass is the mobilization of energy stored in the protein compartment. Because
lean body mass has a much higher metabolic rate than does adipose tissue, and because
adipose tissue is initially spared during times of fast, diets that restrict caloric intake often
result in a decrease in lean body mass before any energy derived from the fat
compartment is utilized. Thus, the abrupt decrease in caloric intake may have the ironic
effect of lowering lean body mass, lowering total metabolic rate and decreasing the
mobilization of fat stores. The result is that while a decrease in total body weight may be
achieved, the weight reduction comes at the expense of the lean body component rather

than the fat component, effectively increasing the individual’s percent body fat.
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SUMMARY OF THE INVENTION

[0012] While there are an abundance of methods that attempt to control weight
gain or decrease body fat, statistics show that a growing number of individuals are
becoming overweight and/or obese. Methods such as diet modification, appetite
suppression, diets and pharmacologic and/or surgical intervention are not adequate to
prevent the growing epidemic of overweight and obesity. In addition, overweight and its
attendant health risks, heart disease and high cholesterol, are recognized symptoms of
menopause affecting previously healthy-weight women at the same time that they
become at risk for osteoporosis. Significantly, even if women entering menopause were
previously successful with conventional methods of maintaining a healthy weight and
lean body mass, such women would still be at an increased risk for weight gain,
cardiovascular disease, osteoporosis and other health risks associated with menopause.

[0013] This invention provides a method for reducing total body fat in an animal.

[0014] This invention separately provides a method of reducing the body fat
component of an animal without reducing lean body mass.

[0015] This invention separately provides a method for reducing body fat
component of an animal without resorting to diets or surgical intervention.

[0016] This invention separately provides a method for reducing body fat
component of an animal while inducing an increase in bone mass or osteogenesis.

[0017] This invention separately provides a method for inhibiting an increase in
the body fat component of an animal.

[0018] This invention separately provides a method for inhibiting an increase in
the body fat component of an animal without reducing the lean body mass of the animal.

[0019] This invention separately provides a method of inhibiting an increase in
the total body fat of an animal while inducing an increase in bone mass or osteogenesis.

[0020] This invention separately provides a method of treating obesity in an
animal.

[0021] This invention separately provides a method of treating obesity in an

animal by decreasing the percent body fat of the animal.
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[0022] This invention separately provides methods of treating obesity in an
animal by decreasing the body fat component of the animal while maintaining lean body
mass.

[0023] This invention separately provides a method of treating obesity in an
animal by decreasing the body fat component of the animal while maintaining lean body
mass and encouraging bone mineralization and osteogenesis.

[0024] This invention separately provides a systems and methods for alleviating
symptoms of menopause by controlling weight gain and its accompanying cardio'vascular
risks while concomitantly having a beneficial effect on bone métabolism and
osteogenesis.

[0025] This invention provides a method of reducing the percent body fat of an
animal by administering an effective amount of a 2-alkylidene-vitamin D3 derivative to
an overweight and/or obese animal.

[0026] In various exemplary embodiments, methods for inhibiting an increase in
the fat component of an animal according to this invention include administering an
effective amount of a 2-alkylidenevitamin D; derivative. In various exemplary
embodiments, the 2-alkylidene vitamin Ds derivative is a 2-alkylidene-19-nor vitamin Ds
derivative. In various exemplary embodiments, the 2-alkylidene-19-nor-vitamin D3
derivatives include analogs in which the chiral center at carbon-20 has either an R or S
configuration or is a racemic mixture of the R and S configurations. In various exemplary
embodiments, the 2-alkylidene-19-nor vitamin D3 derivative is 2-methylene-19-nor
vitamin D3 In various exemplary embodiments, the 2-alkylidene-19-nor-vitamin D3
derivative is 2-methylene-19-nor-(20S)-1c,25 dihydroxyvitamin D3 (2MD).

[0027] In various exemplary embodiments, methods for reducing the fat
component of an animal include administering an effective amount of a 2-alkylidene
vitamin D3 derivative. In various exemplary embodiments, the 2-alkylidene vitamin D5
derivative is a 2-alkylidene-19-nor vitamin D3 derivative. In various exemplary
embodiments, the 2-alkylidene-19-nor-vitamin D3 derivatives include analogs in which
the chiral center at carbon-20 has either an R or S configuration or is a racemic mixture

of the R and S configurations. In various exemplary embodiments, the 2-alkylidene-19-
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nor vitamin Dj derivative is 2-methylene-19-nor vitamin D3, In various exemplary
embodiments, the 2-alkylidene-19-nor-vitamin D; derivative is 2-methylene-19-nor-
(20S)-10.,25 dihydroxyvitamin D3 (2MD).

[0028] In various exemplary embodiments, methods for reducing the percent
body fat of an animal according to this invention include administering an effective
amount of a 2-alkylidene vitamin Dj derivative. In various exemplary embodiments, the
2-alkylidene vitamin D3 derivative is a 2-alkylidene-19-nor vitamin Ds derivative. In
various exemplary embodiments, for the 2-alkylidene-19-nor-vitamin D5 derivatives
include analogs in which the chiral center at carbon-20 has either an R or S configuration
or is a racemic mixture of the R and S configurations. In various exemplary
embodiments, the 2-alkylidene-19-nor vitamin D5 derivative is 2-methylene-19-nor
vitamin D3 In various exemplary embodiments, the 2-alkylidene-19-nor-vitamin Ds
derivative is 2-methylene-19-nor-(20S)-1a,25 dihydroxyvitamin D3 (2MD).

[0029] In various exemplary embodiments, methods for reducing the percent
body fat of an animal while encouraging osteogenesis according to this invention include
administering an effective amount of a 2-alkylidenevitamin D; derivative. In various
exemplary embodiments, the 2-alkylidene vitamin D5 derivative is a 2-alkylidene-19-nor
vitamin D3 derivative. In various exemplary embodiments, the 2-alkylidene-19-nor-
vitamin Dj derivatives include analogs in which the chiral center at carbon-20 has either
an R or S configuration or is a racemic mixture of the R and S configurations. In various
exemplary embodiments, the 2-alkylidene-19-nor vitamin Dj derivative is 2-methylene-
19-nor vitamin D3, In various exemplary embodiments, the 2-alkylidene-19-nor-vitamin
Dj3 derivative is 2-methylene-19-nor-(20S)-1a,25 dihydroxyvitamin D3 (2MD).

[0030] In various exemplary embodiments, methods for prophylactically treating
individuals at risk of becoming overweight or obese according to this invention include
administering an effective amount of a 2-alkylidene vitamin D5 derivative. In various
exemplary embodiments, the 2-alkylidene vitamin Dj derivative is a 2-alkylidene-19-nor
vitamin D; derivative. In various exemplary embodiments, the 2-alkylidene-19-nor-
vitamin Dj derivatives include analogs in which the chiral center at carbon-20 has either

an R or S configuration or is a racemic mixture of the R and S configurations. In various
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exemplary embodiments, the 2-alkylidene-19-nor vitamin D5 derivative is 2-methylene-
19-nor vitamin D3 In various exemplary embodiments, the-2-alkylidene-19-nor-vitamin
D3 derivative is 2-methylene-19-nor-(20S)-1a,25 dihydroxyvitamin D3 (2MD).

[0031] In various exemplary embodiments, methods for alleviating the symptoms
of menopause in an animal according to this invention include administering an effective
amount of a 2-alkylidene vitamin D3 derivative. In various exemplary embodiments, the
2-alkylidene vitamin D5 derivative is a 2-alkylidene-19-nor vitamin D3 derivative. In
various exemplary embodiments, the 2-alkylidene-19-nor-vitamin D3 derivatives include
analogs in which the chiral center at carbon-20 has either an R or S configuration or is a
racemic mixture of the R and S configurations. In various exemplary embodiments, the
2-alkylidene-19-nor vitamin D; derivative is 2-methylene-19-nor vitamin D3 In various
exemplary embodiments, the 2-alkylidene-19-nor-vitamin D3 derivative is 2-methylene-
19-nor-(208)-1c,25 dihydroxyvitamin D3 (2MD).

[0032] The vitamin D5 derivatives according to this invention can be administered
in any effective dose. In various exemplary embodiments, the vitamin Ds derivatives are
administered in ranges of from about 0.001 pg per day to 100 mg per day. In various

_ other exemplary embodiments, the vitamin D3 derivatives are administered in ranges of
about 0.010 pg per day to 1,000 pg per day.

[0033] The vitamin D3 derivatives according to this invention can be administered
in any effective known or later developed manner. In various exemplary embodiments,
the vitamin D3 derivatives are administered rectally, topically, transdermally, or by
injection, inhalation, therapeutic implant or the like.

[0034] These and other features and advantages of various exemplary
embodiments of the methods according to this invention are described in, or are apparent
from, the following detailed description of various exemplary embodiments of the

methods according to this invention.

BRIEF DESCRIPTION OF THE FIGURES
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[0035] Various exemplary embodiments of the methods of this invention will be
described in detail, with reference to the following figures, wherein:

[0036] FIG. 1 is a flow-chart illustrating one exemplary study protocol and
showing the experimental groups, their surgical treatments and dosing regime with the
measurements taken during the investigation;

[0037] FIG. 2 is a table further delineating the treatment groups illustrated in Fig.

[0038] FIG. 3 is a histogram showing the effect on percent body fat of providing
a specific 2-alklyidene-19-nor-vitamin Ds derivative, 2MD, to a test animal, compared to
sham-vehicle and ovariectomized-vehicle controls as measured by DEXA; and

[0039] FIG. 4 is a histogram showing the results of providing 2MD on body

composition in ovariectomized rats as measured by DEXA.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0040] A natural hormone, as both 1a,25-dihydroxyvitamin D, (calcitriol) and its
analog in ergosterol series, i.e., 1a,25-dihydroxyvitamin D,, is known to be a highly
potent regulator of calcium homeostasis in animals, including humans. More recently,
Ostrem et al, Proc. Natl. Acad. Sci. USA, 84, 2610 (1987), established these compounds
are active in cellular differentiation. Many structural analogs of these metabolites have
been prepared and tested, including 1a-hydroxyvitamin D, 1a-hydroxyvitamin D, and
various side chain homologated vitamins and fluorinated analogs. Some of these
compounds exhibit an interesting separation of activities in cell differentiation and
calcium regulation. This difference in activity may be useful in the treatment of a variety
of diseases, such as, for example, renal osteodystrophy, vitamin D-resistant rickets,
osteoporosis, psoriasis, and certain malignancies.

[0041] Recently, a new class of vitamin D analogs has been discovered. This
class is the so called 19-nor-vitamin D compounds. The 19-nor-vitamin D compounds
are characterized by replacing the exocyclic A-ring methylene group (carbon 19), which

is typical of the vitamin D system, with two hydrogen atoms. Biological testing of such
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19-nor-analogs, such as, for example, 1a,,25-dihydroxy-19-nor-vitamin D, has revealed a

selective activity profile with high potency in inducing cellular differentiation, with very
low calcium mobilizing activity. Thus, these compounds are potentially useful as
therapeutic agents for treating malignancies or treating various skin disorders. Two
different methods of synthesizing such 19-nor-vitamin D analogs are described in
Perlman et al, Tetrahedron Letters 31, 1823 (1990); Perlman et al, Tetrahedron Letters
32,7663 (1991); and U.S. Patent 5,086,191, each incorporated herein by reference in its
entirety.

[0042] In a continuing effort to explore the 19-nor class of pharmacologically
important vitamin D compounds, the inventors have now synthesized and are testing
certain analogs which are characterized by transpositioning the A-ring exocyclic
methylene group from carbon 10 (C-10) to carbon 2 (C-2), creating the so-called 2-
alkylidene-19-nor-vitamin D compounds. Such vitamin D analogs are interesting targets
because the relatively small exomethylene unit at C-2 should not interfere with vitamin D
receptors. On the other hand, molecular mechanics studies performed on the 2-
methylene-19-nor-vitamin D compounds showed that a change in the A-ring
conformation can be expected to result in the "flattening” of the cyclohexanediol ring.
Moreover, introducing the 2-methylene group into the 19-nor-vitamin D carbon skeleton
changes the character of its (1a- and 3) A-ring hydroxyls, such that they are both
changed to the allylic position, which is crucial for the biologic activity in the 1o~
hydroxyl group of the natural 1,25-(OH),D; hormone molecule.

[0043] The inventors’ current investigations into the pharmacologic activity of
the 2-alkylidene-19-nor-vitamin Ds derivatives include their effect on classical vitamin D
targets, such as calcium metabolism and bone formation. Some of the 2-alkylidene-19-
nor-vitamin D3 derivatives being studied include: 10-hydroxy-2-methylene-19-nor-
pregnacalciferol (2-Mpregna), (20S)-1a-hydroxy-2-methylene-19-nor-
bishomopregnacalciferol (2-MbisP) and 1a-hydroxy-2-methylene-19-nor-
homopregnacalciferol (2MP), all described in U.S. Patent 6,566,352, which is

incorporated herein by reference in its entirety. During the course of these investigations,
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another 2-alkylidene-19-nor-vitamin D compound, 2-methylene-19-nor-(20S)-1c,25
dihydroxyvitamin D3 (2MD) was synthesized and studied. Investigations into the
calcium regulatory activity of 2MD in the classical vitamin D3 pathway showed that
2MD is a potent regulator of osteogenesis.

[0044] Unexpectedly, 2MD was also found to have a profound effect on adipose
tissue. Specifically, experimental animals given 2MD were found to have a significant
inhibition in weight gain and decrease in body fat composition. Various exemplary
embodiments of methods according to this invention include using a vitamin D analog to
reduce body fat and/or to inhibit the accumulation of body fat. In various exemplary
embodimel;lts, the vitamin D analog is a 2-alkylidene-19-nor-vitamin D3 derivative,
where, in various exemplary embodiments, the chiral center at carbon-20 is in either the
R or the S configuration. In various exemplary embodiments, the 2-alkylidene-19-nor-
vitamin Dj derivative is 2-methylene-19-nor-(20S)-1a,25 dihydroxyvitamin D3 (2MD).

[0045] The synthesis of 2-alkylidene-19-nor vitamin D5 derivatives in both their
R and S conformations has previously been described in U.S. Patents 5,086,191;
5,536,713, 5,585,369, 5,843,928; 6,537,981, 6,579,861, each incorporated herein by
reference in its entirety. The inventors are conducting an on-going investigation on the
19-nor analogs, in both R and S conformations, for their effect on calcium and bone
metabolism. However, during the course of the investigations, the inventors have
surprisingly found that ovariectomized rats administered 2MD experienced a significant
fat loss without any loss of muscle mass.

[0046] Generally, the 2-alkylidene-19-nor vitamin D3 derivatives can be

represented by the formula I:
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where Y, and Y, which may be the same or different, are each selected from the group
consisting of hydrogen and a hydroxy-protecting group; R and Rg, which may be the
same or different, are each selected from the group consisting of hydrogen, alkyl,
hydroxyalkyl and fluoroalkyl, or, when taken together represent the group --(CHp)y --
where X is an integer from 1 to 5; and where the group R represents any of the typical
side chains known for vitamin D-type compounds. It should be appreciated that R
encompasses any later-discovered side chain usable for vitamin D-type compounds,
except for particular later-discovered side chains that significantly interfere with the
functioning of the 2-alkylidene 19-nor vitamin D3 derivatives. A representative set of
such vitamin D-type compound is set forth below.

[0047] In various exemplary embodiments, R can represent a saturated or
unsaturated hydrocarbon radical of 1 to 35 carbons. This hydrocarbon radical may be
straight-chain, branched or cyclic and may contain one or more additional substituents.
These substituents include, for example, hydroxy- or protected-hydroxy groups, fluoro,
carbonyl, ester, epoxy, amino or other heteroatomic groups. Various exemplary side
chains of this type are represented by the structure below, where the stereochemical
center (corresponding to C-20 in steroid numbering) has the R or S configuration (i.e.
naturally or non-naturally occurring configuration about carbon 20). In various
exemplary embodiments, R is selected from the group of Y, --OY, --CH, OY, C/CY and
~CH=CHY, where the double bond may have the cis or trans geometry.
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[0048] In these compounds, Y is selected from the group of hydrogen, methyl, --
COR’ and a radical of the structure:

Re R? R3

-.—(CHQ)MECC(CHQ" —C—R?
| \

R4

where m and n independently represent the integers from 0 to 5, where R is selected
from hydrogen, deuterium, hydroxy, protected hydroxy, fluoro, trifluoromethyl, and C;_s
-alkyl, which may be straight chain or branched and, optionally, bear a hydroxy or
protected-hydroxy substituent, and where each of R% R3, and R*, independently, is
selected from deuterium, deuteroalkyl, hydrogen, fluoro, trifluoromethyl and C,.s alkyl,
which may be straight-chain or branched and, optionally, bear a hydroxy or protected-
hydroxy substituent, and where R! and R?, taken together, represent an oxo group, or an
alkylidene group, =CR? R®, or the group --(CHy), --, where p is an integer from 2 to 5,
and where R> and R*, taken together, represent an oxo group, or the group --(CHy), --,
where q is an integer from 2 to 5, and where R’ represents hydrogen, hydroxy, protected
hydroxy, or C;.s alkyl and wherein any of the CH-groups at positions 20, 22, or 23 in the
side chain may be replaced by a nitrogen atom, or where any of the groups --CH(CHjz)--,
--CH(R?)--, or --CH(RZ)-- at positions 20, 22, and 23, respectively, may be replaced by an
oxygen or sulfur atom.’

[0049] As used herein, the term "hydroxy-protecting group” encompasses and
signifies any group usable to at least temporarily protect hydroxy functions, and includes
for example, alkoxycarbonyl, acyl, alkylsilyl or alkylarylsilyl groups (hereinafter referred
to simply as "silyl" groups), and alkoxyalkyl groups. Alkoxycarbony! protecting groups
include alkyl-O--CO-- groupings, such as methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert-
butoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl. The term "acyl" signifies an
alkanoyl group of 1 to 6 carbons, in all of its isomeric forms, or a carboxyalkanoyl group
of 1 to 6 carbons, such as an oxalyl, malonyl, succinyl, glutaryl group, or an aromatic
acyl group such as benzoyl, or a halo, nitro or alkyl substituted benzoyl group. The term

"alkyl" as used herein, denotes a straight-chain or branched alkyl radical of 1 to 10
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carbons, in all its isomeric forms. Alkoxyalkyl protecting groups include groupings such
as methoxymethyl, ethoxymethyl, methoxyethoxymethyl, or tetrahydrofurany! and
tetrahydropyranyl. Various exemplary silyl-protecting groups include trimethylsilyl,
triethylsilyl, t-butyldimethylsilyl, dibutylmethylsilyl, diphenylmethylsilyl,
phenyldimethylsilyl, diphenyl-t-butylsilyl and analogous alkylated silyl radicals. The
term "aryl" specifies a phenyl-, or an alkyl-, nitro- or halo-substituted phenyl group.

[0050] A "protected hydroxy" group is a hydroxy group derivatised or protected
by any such groups usable to temporarily or permanently protect hydroxy functions, such
as, for example, the silyl, alkoxyalkyl, acyl or alkoxycarbonyl groups discussed above.
The terms "hydroxyalkyl", "deuteroalkyl" and "fluoroalkyl" encompasses an alkyl radical
substituted by one or more hydroxy, deuterium or fluoro groups, respectively.

[0051] Various exemplary embodiments of side chains that include R, occurring
with the 2-alkylidene-analogs, are structures having the R configuration at the chiral
center at carbon-20 and represented by formulas (a), (b), (c), (d) and (e) below, such as,
for example, the side chain as it occurs in 25-hydroxyvitamin D3 (a); vitamin D3 (b); 25-
hydroxyvitamin D, (c); vitamin D, (d); and the C-24 epimer of 25-hydroxyvitamin D,
(e). Formulas (f) - (j) represent the 20S isomers of formulas (a)-(e). In formulas (a) - (j),
the wavy line to the methyl group at C-20 represents that carbon 20 may be in either the

R or S configuration:
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[0052] One important characteristic of the 19-nor analogs of vitamin D is that
they have a potent effect on cell differentiation. As described in the incorporated 713, the
19-nor vitamin D analogs promote the differentiation of human leukemia cells to non-
malignant monocytes at concentrations similar to that of native vitamin D3. In addition,
the 19-nor-(20R) compounds described in the incorporated 713 patent have biological
activity in intestinal transport similar to that of 1,25-(OH),D3;. However, those particular
19-nor-(20R) compounds possess little or no bone calcium mobilizing activity.

I [0053] Recently, the inventors investigated the 19-nor-(20S) vitamin D3 analogs
for their effects on calcium regulation and bone mineralization. Previously, Kalu, D.N.
Bone Miner. 15, 175 (1991), showed that ovariectomized rats provide a suitable model
that mimics the effects of menopause in human women.. Shevde et al. Proc. Natl. Acad.
Sci. 99, 13487 (2002), incorporated herein by reference in its entirety, showed that the 2-
methylene-19-nor-(20S)-1a,25-dihydroxyvitamin D3 analog has particular promise in
inducing osteogenesis in ovariectomized rats. Inducing osteogenesis is usable as a
treatment of osteoporosis. . In the studies described in Shevde et al., the 2-alkylidene-
19-nor-(20S)-1 a,25-dihydroxyvitamin Dj derivative, 2MD, was found to have a low
intestinal calcium transport activity and a high bone calcium mobilization activity.
| Analysis of the bone mobilizing effects of 2MD indicates that 2MD causes both bone
resorption and bone formation. In various exemplary embodiments, this results in an

increase in bone mineral density. Because bone resorption is a necessary component of
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osteogenesis or bone synthesis and growth, this study indicates that 2MD increases new
bone growth and that the increase in bone formation outweighs the decrease in bone mass
due to bone resorption. These findings were confirmed and extended by Yamamoto et
al., J. Biol. Chem. 278, 31756 (2003), which shows that osteoclast formation increased
osteoblast activity and that 2MD was at least 100-fold more active than calcitriol in
inducing genes in the osteoblast cell line while concomitantly suppressing
osteoprotegerin, which acts to increase bone resorption.

[0054] The inventors designed investigations further exploring the pathways by
which 2MD exerts its osteogenic effects. Figs. 1 and 2 illustrate the experimental design
of these investigations into the calcium regulatory and osteogenic effects of 2MD,
calcitriol and parathyroid hormone (PTH). In these experiments, DEXA analysis was
used to monitor the change in body composition of the treatment groups.

[0055] Fig. 3 is a histogram representing the change in percent body fat of the
various treatment groups. The basal percent body fat of the sham-vehicle controls with
respect to the other treatment groups is represented by the solid line, the percent body fat
of the ovariectomized (OVX)-controls with respect to the other treatment groups is
shown by the dashed line, while percent body fat of the OVX-2MD 10 ng/kg/day group
with respect to the other treatment groups is represented by the chained line. Fig. 3
confirms a significant increase in percent body fat of ovariectomized rats, as expected.
Surprisingly, the ovariectomized animals given 2MD at the 5 and 10 ng/kg/day dose had
a significantly less increase in percent body fat than did the ovariectomized-vehicle
controls. In addition, there was a noticeable trend for a reduced increase in percent body
fat for animals administered 2MD at doses as low as 0.5 ng/kg/day. Further, the animals
given 2MD at doses of 10 ng/kg/day not only had significantly less percent body fat than
did the ovariectomized controls, but also had noticeably less percent body fat than did the
sham-operated controls. Thus, Fig. 3 illustrates that not only does 2MD protect rats
undergoing ovariectomy from gaining an increase in percent body fat, but that, when
compared to the basal level of the sham-operated controls, rats given 2MD actually had a
decrease in basal percent body fat. This result illustrates that 2MD not only inhibits an
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increase in body fat following ovariectomy but also decreases the body fat component
from the basal level represented by the sham-operated controls.

[0056] In various exemplary embodiments of methods according to this
invention, the 2-alkylidene-19-nor-1a,25-dihydroxyvitamin D3 analogs are particularly
useful in inhibiting an increase in the percent body fat in animals. Further, in various
other exemplary embodiments of methods according to the invention, administering an
effective amount of a 2-alkylidene-19-nor-10,25-dihydroxyvitamin D3 analog tends to
decrease the percent body fat of the animal administered the compound. In various
exemplary embodiments, the 2-methylene-19-nor-1a,25-dihydroxyvitamin D3 analog, in
either the R or S configuration, is used as the administered compound to reduce percent
body fat. In various exemplary embodiments, 2-methylene-19-nor-(20S)-1a,25-
dihydroxyvitamin D5 analog (2MD) is used as the administered compound to reduce
percent body fat. In still other exemplary embodiments, a racemic mixture of the 20S
and the 20R conformations is used as the administered compound to reduce percent body
fat.

[0057] Fig. 4 is a histogram of the weight contributions of the individual body
compartments as measured by DEXA. The solid lines represent the basal level of the
individual compartments with respect to the other treatment groups, while the dashed
lines represent the values of the body compartments for the ovariectomized-vehicle group
with respect to the other groups. Fig. 4 shows the results of the DEXA analysis when
used to investigate the individual contributions of the fat, lean and bone mineral
components of the total body weight. Fig. 4 confirms the results shown in Fig. 3. When
each body component is analyzed individually, the animals given 2 MD at 5 and 10
ng/kg/day had significantly less body fat than the ovariectomized controls. Further,
animals given 2MD, at doses of at least 2.5 ng/kg/day, had a noticeable increase in lean
body weight and bone mineral content (BMC) relative to the sham-operated or the
ovariectomized controls. Significantly, the animals given 10 ng/kg/day 2MD not only
had a higher lean body weight and bone mineral weight than either the sham-controls or
ovariectomized controls but also had lower body fat and total body weight than either the

ovariectomized or sham-operated controls. When the effect of 2MD is considered with
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respect to the body weight measurements in either set of controls, Fig. 4 shows that 2MD
not only inhibits the weight gain shown for the ovariectomized animals but increases lean
body weight and increases the bone mineral content when compared to the sham-operated
controls.

[0058] In contrast, while animals given 200 ng/kg/day calcitriol did have less
body fat than did the ovariectomized controls, the calcitriol treated animals still had a
noticeable increase in body fat compared to the sham-operated controls. Further, the
calcitriol group also showed an increase in overall body weight only when compared to
the sham-controls, with only a tendency for reduction in body weight compared to the
ovariectomized controls. Significantly, 2MD had a more positive effect on the increase
in both lean body component and bone mineral component than did calcitriol, a
recognized treatment for metabolic bone disease, when the calcitriol was given at 50
ng/kg/day. Calcitriol only exerted similar effects on the lean and bone mineral
components when administered at doses of 200 ng/kg/day. It should be noted that
animals given 2MD showed a trend for a decrease in the fat component, relative to the
OVX-controls, starting at the 1ng/kg/day dose such that the decrease in body fat relative
to the OVX-controls was significant at 10 ng/kg/day. Further, the 10 ng/kg/day 2MD
treated animals had less body fat than the basal body fat level of the sham-operated
controls. It should be appreciated that, when normalized for humans, the rat dosage of
200 ng/kg/day is over twice the maximum recommended dosage for calcitriol therapy of
0.25-0.50 meq recommended for humans. In humans, such dosages may lead to severe
hypercalcemia which results in calcification of the vasculature, kidneys and other soft
tissues and may be fatal. It should also be appreciated that, DEXA measurements
erroneously indicating an increase in bone mineral content would result from soft tissue
calcification. In contrast 2-alkyliden vitamin D compounds having a shortened side chain
have low intestinal calcium transport activity, as discussed above, and generally, do not
result in hypercalcemia.

[0059] When Figs. 3 and 4 are considered together, the effects pf 2MD are even
more striking. Specifically, Fig. 3 illustrates the effect on the percentage of the body

weight contributed by the fat component in response to various treatment regimes. With
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respect to the animals given 10 ng/kg/day 2MD, the resulting percent fat content of those
animals is less than that of both the ovariectomized-controls and the sham-operated
controls. When the individual body components are analyzed, the total body weight of
the sham-control and 10 ng/kg/day 2MD groups are virtually the same. However, the
decrease in body fat and increase in lean components of the 2MD group are enough to
change the percent contribution of the body fat component, resulting in a noticeable
difference between the sham-operated group, having a body fat content of 25%, and the
group given 10 ng/kg/day 2MD, having a body fat content of only 20%. These results are
even more impressive when considered next to that of calcitriol, which showed
significance with respect to the ovariectomized controls only when the ovariectomized
controls were given a potentially fatal dose of 200ng/kg/day of calcitriol.

[0060] During the investigations disclosed herein, 2MD not only acted to
decrease body fat but also acted to increased the lean body mass and bone mineral
content (BMC) of the animals. Even at much higher doses, the native hormone, 1a,25-
dihydroxyvitamin Dj (i.e., calcitriol) did not act to significantly reduce the total body
weight. In various exemplary embodiments, the 2-carbon modified analogs of 1a,25-
dihydroxyvitamin D according to this invention are especially active in decreasing body
fat and total body weight and in particular the 2-alkylidene-19-nor-(20S or R)-1a,25-
dihydroxyvitamin D3 derivatives

[0061] Various exemplary embodiments of methods according to this invention
include reducing body fat in an animal by administering an effective amount of a 2-
alkylidene-19-nor-1 a,25-dihydroxyvitamin D3 derivative. In various exemplary
embodiments of methods according to this invention, the vitamin D; derivative
administered is 2-methylene-19-nor-1-a,25-dihydroxyvitamin D3 derivative. In other
exemplary embodiments of methods according to this invention, the vitamin D3
derivative administered is 2-methylene-19-nor-1 a,25-dihydroxyvitamin D; derivative, in
either the 20(S) or 20(R) conformations or a racemic mixture of both.

[0062] Similarly, other exemplary embodiments of methods according to this
invention include the administration of a vitamin D3 derivative that inhibits an increase in

body fat in an animal that is prone to, or at risk of, an increased body fat composition by
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administering an effective amount of a 2-alkylidene-19-nor-1-a,25-dihydroxyvitamin D3
derivative. In various other exemplary embodiments of methods according to this
invention, the vitamin D3 derivative is 2-methylene-19-nor-1 a,25-dihydroxyvitamin Dj.
In various exemplary embodiments, the 2-methylene-19-nor-1 a,25-dihydroxyvitamin
Dsderivative is in either the 20 (S) or 20(R) conformation or a racemic mixture of both.

[0063] In other various exemplary embodiments, the methods according to this
invention include the administration of a vitamin D; derivative that ameliorates the
symptoms of menopause by administering an effective amount of a 2-alkylidene-19-nor-1
0,25-dihydroxyvitamin Dj derivative. In various other exemplary embodiments the
methods according to this invention include the use of a 2-methylene-19-nor-1 @,25-
dihydroxyvitamin D; derivative. In various exemplary embodiments the 2-methylene-19-
nor-1 a,25-dihydroxyvitamin Dsderivative is in either the 20 (S) or 20(R) conformation
or a racemic mixture of both.

[0064] In various exemplary embodiments of methods according to this
invention, the selected vitamin D compound can be administered daily. In various
exemplary embodiments, the dose range of the selected compound can be between 0.001
and 1,000 pg/day, depending on the specific activity of the particular vitamin D
compound selected. It should be appreciated that the vitamin D compound can be
administered in any effective way.

[0065] To treat an animal, the compounds according to this invention can be
formulated as solutions in innocuous solvents, or as emulsions, suspensions or
dispersions in suitable innocuous solvents or carriers, or as pills, tablets or capsules,
containing solid carriers, according to conventional methods known in the art. For
topical applications, the compounds according to this iﬁvention are advantageously
formulated as creams or ointments or similar vehicles suitable for topical applications.
Any such formulations may also contain other pharmaceutically acceptable and non-toxic
excipients, such as stabilizers, anti-oxidants, binders, coloring agents or emulsifying or
taste-modifying agents.

[0066] In various exemplary embodiments, the compounds used in the methods

described and claimed herein may be formulated with sustained release agents, such that



WO 2005/051396 PCT/US2004/039524
22

the drug is released over an extended period of time and may or may not be delayed
release. Generally, it should be appreciated that sustained release dosage forms are
formulated by dispersing a drug within a matrix of a gradually bioerodible (hydrolyzable)
material, such as an insoluble plastic, a hydrophilic polymer, a hydrogel or a fatty
compound, or by coating a solid, drug-containing dosage form with such a material.
Insoluble plastic matrices may include, for example, polyvinyl chloride or polyethylene.
[0067] Hydrophilic polymers useful for providing a sustained release coating or
matrix cellulosic polymers include, but are not limited to, cellulosic polymers, usable
acrylic acid polymers and copolymers, vinyl polymers and copolymers, zein; and shellac,
ammoniated shellac, shellac-acetyl alcohol, and shellac n-butyl stearate, such as
hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxypropyl methyl cellulose, methyl
cellulose, ethyl cellulose, cellulose acetate, cellulose acetate phthalate, cellulose acetate
trimellitate, hydroxypropylmethyl cellulose phthalate, hydroxypropylcellulose phthalate,
cellulose hexahydrophthalate, cellulose acetate hexahydrophthalate, and
carboxymethylcellulose sodium. Usable acrylic acid polymers and copolymers, which
can be formed from acrylic acid, include, for example, methacrylic acid, acrylic acid
alkyl esters, methacrylic acid alkyl esters, and the like, e.g. copolymers of acrylic acid,
methacrylic acid, methyl acrylate, ethyl acrylate, methyl methacrylate and/or ethyl
methacrylate, with a terpolymer of ethyl acrylate, methyl methacrylate and
trimethylammonioethyl methacrylate chloride (sold under the tradename Eudragit RS).
Usable vinyl polymers and copolymers include, for example, polyvinyl pyrrolidone,
polyvinyl acetate, polyvinylacetate phthalate, vinylacetate crotonic acid copolymer, and
ethylene-vinyl acetate copolymers. Usable cellulosic polymers include, for example zein;
and shellac, ammoniated shellac, shellac-acetyl alcohol, and shellac n-butyl stearate.
Fatty compounds usable as a sustained release matrix material include, but are not limited
to, waxes (e.g., carnauba wax) and glyccryl tristearate. However, it should be
appreciated that the sustained release formulations for use with the disclosed vitamin D

analogs are not limited to those described above and may include formulations currently

known or yet to be discovered.
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[0068] In variously exemplary embodiments of the methods according to this
invention, the vitamin D analogs can be advantageously administered by injection, or by
intravenous infusion of suitable sterile solutions, or in the form of oral doses via the
alimentary canal, by inhalation via nasal dispersions or topically in the form of ointments,
lotions, in suitable transdermal patches or in therapeutic implants.

[0069] In variously exemplary embodiments of the methods according to this
invention, the vitamin D formulations may comprise an active ingredient in association
with a pharmaceutically acceptable carrier for that active ingredient, and, optionally,
other therapeutic ingredients. The carrier must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the animal
receiving the formulation. Formulations of the vitamin D analogs usable with various
exemplary embodiments of the methods according to this invention that are suitable for
oral administration may be in the form of discrete units, such as capsules, sachets, tablets
or lozenges, each containing a predetermined amount of the active ingredient; in the form
of a powder or granules; in the form of a solution or a suspension in an aqueous or non-
aqueous liquid; or in the form of an oil-in-water emulsion or a water-in-oil emulsion.

[0070] In various exemplary embodiments, formulations usable to therapeutically
administer the vitamin D analogs usable with various exemplary embodiments of the
methods according to this invention may be administered in the form of a therapeutic
hydrogel implant. In such embodiments, the vitamin D analogs usable with various
exemplary embodiments of the methods according to this invention may be contained
within a biocompatible hydrogel, where the hydrogel may be in the form of an
implantable capsule or prosthesis. Such hydrogels are described in, for example, U.S.
Patents 6,310,105 and 6,228,393, each incorporated herein by reference in its entirety.

[0071] In various exemplary embodiments, formulations usable to rectally
administer the vitamin D analogs usable with various exemplary embodiments of the
methods according to this invention may be in the form of a suppository incorporating the
active ingredient and carrier such as, but not limited to, cocoa butter, a biocompatible
hydrogel or in the form of an enema. Formulations suitably usable to parenterally

administer the vitamin D analogs usable with various exemplary embodiments of the
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methods according to this invention conveniently comprise a sterile oily or aqueous
preparation of the active ingredient, which is preferably isotonic with the blood of the
recipient. Formulations suitably usable to topically administer the vitamin D analogs
usable with various exemplary embodiments of the methods according to this invention
include liquid or semi-liquid preparations, such as liniments, lotions, applicants, oil-in-
water or water-in-oil emulsions such as creams, ointments or pastes; or solutions or
suspensions such as drops; or as sprays.

[0072] The formulations may conveniently be presented in dosage unit form and
may be prepared by any of the methods well known in the art of pharmacy. The term
"dosage unit" means a unitary, i.e., single, dose, which is capable of being administered
to a patient as a physically and chemically stable unit dose comprising either the active
ingredient as such or a mixture of it with solid or liquid pharmaceutical diluents or
carriers.

[0073] Various exemplary embodiments of methods according to this invention
are described in the following illustrative examples: In these examples, specific products
identified by Arabic numerals (e.g., 1, 2, 3, etc.) refer to the specific structures so
identified in the following description and in SCHEME I and SCHEME II shown
immediately preceding the claims.

[0074] The preparation of 1a-hydroxy-2-methylene-19-nor-vitamin D
compounds having the basic structure I can be accomplished by a common general
method, i.e. the condensation of a bicyclic Windaus-Grundmann type ketone II with the

allylic phosphine oxide II:
OPPh,

N

Y,0 oY,

II IIX
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Tn the structures TE and YT, g:roﬁps Yl and Yz and R represent those groups defined -

above. In various exernplary erabodiments, Yl and Y?'. are hydroxy-protecting groups.
However, it should be understood that any ﬁmctionaliﬁcs m R that might be sensitive, or
tha’;: interfere with the condensation reacti o, can be suitably pfotected, as is well-known
in the art. The process shown above represents an application of the convergent sjnthesié
concept, which has been applied effectively when preparing of vitamin I compounds, as”’ |
diseunssed in, fo'r example, Lythgoé et al., J. Chem. Soc. Perkin Trans. T, 590 (1978);
Lyihgoe, Chem. Soc. Rev. 9, 449 (1980); Toh et al., J. Org. Chem. 48, 1414 (1983);
Baggiolini ot al., J. Org. Chern. 51, 3098 (1986); Sardina ctal,, J. Org. Chem. 51, 1264
(1986); Mascarenas et al,, I. Org. Chem. 51, 1269 (1986); each of which is incorporated
herein by reference in its entirety and the previously-incorporated 191 and 713 patents.
[0075] Hydrindanones of the general structure II ave known, or can be preparat'i'

" by known methods. Specific important examples of such imown bicyelic ketones are the
structures with the side chains (=), (), (e) and (8) described above, such as, for example,
25-hydrosy Grundmann's ketone (k), as disclosed in Baggiolii et al,, J. Org. Chem, 51,
3098 (1986), Gnndmann's ketone (1), as disclosed in Inﬁoffenet al., Chem; Ber. 9_@, 664
(1957), 25-hydroxy Windaus ketone (m), as disclosed in Baggiolini et al., J. Org. Chem.,,
51,3098 (1986), and Windaus ketone (n), as disclosed in Windaus et ai-, Ann,, 524,297
(1936): :

RECTIFIED SHEET (RULE 91) ISA/EP
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[0076] To prepare the required phosphine oxides of general structure ITI, a new
synthetic route has been developed starting from methyl quinicate derivative 1, easily
obtained from commercial (1R,3R,4S,5R)-(-)-quinic acid as described in Perlman et al,
Tetrahedron Lett. 32, 7663 (1991), incorporated herein by reference in its entirety, and
the previously incorporated 191 patent. The overall process of transforming of the
starting methyl ester 1 into the desired A-ring synthons is summarized in SCHEME I.
Thus, the secondary 4-hydroxyl group of 1 was oxidized with RuO,, which is a catalytic

method with RuCl, and NalO, as co-oxidants. Using such a strong oxidant is desirable to

effectively oxidize this very hindered hydroxyl. Other, more commonly used oxidants

can also be applied, such as, for example, pyridinium dichromate. However, although the
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reactions usﬁa]ly take much longer time to complete. The second step of the synthesis
comprises the Wittig reaction of the sterically hindered 4-keto compound 2 with ylide

. prepared from muethyltriphenylphosphorium bromide and #-butyllithium. Other bases
can be also nsed for fhe generation of the reactive methylenephosbhomne, like t-BuOI{
NaNHp, Naf, K/HMPT, NaNCTMS}Q, ete. .

[0877] For preparing of the 4-methylene compound 3, some deseribed

modifications of the Wittig process can b: used, e.g. reaction of 2 .Wiﬂl activated

4 mefhylenehipﬁenylphosphorane, as disclosed in Corey et al, Tetrahedron Lett. 26, 555 ‘
(1985). Alternatively, other methods widely used for methylenation of wureactive
ketones can be =a.1;>p1116:d1 &.g. Wittig-Homer reaction with the PO-ylid obtained from
methyldxphenylphosphme oxide upon protonation mth »-buiyllithivm, as disclosed in
Schosse etal, Chmna 30,197 (197 6), or reaction of ketone with sodium methylsulﬁnate;
as disclosed in Greenvvald et al J. Org. Chem. 28, 1128 (1963) and potassium .
ma'thylsulﬁnate, ag disclosed in Greene et al, Tetrahedron Lett., 17 3755 (1976).

[0078} Reducing of the ester 3 with lithium aluminum hydride or other suitable .
reduoing agent (¢.g. DIBALH) provided the diol 4, which was subsequently oxidized by
sodium periodate to the cyclohéxanone derivative 5. The next step of the process "
compnses the Peterson reaction of the ketone § with methyl(trimethylsilyl)acetate. The
resulting aﬁyhc ester 6 was treated with diisobutylaluminum hydride and the formed
allylic aleohol 7 WaS in tutts transformed to the desired A~nng phosphine oxide 8.
‘COnverswn of 7 to & involved 3 steps, namely, in situ tosylation with n-butylhthlm and
p-toluenesulfonyl chloride, followed by reaction with dlphenylphosphme lithium salt and
oxidation with hydrogen peroxide.

[0879] Beveral 2-methylens-] 9-nor-vitamin D compounds may b‘= syutheslzed
using the A-ring synthon 8 and the appropnate Windaus-Grundmann ketone having the
desited side chain structure, Thus, fo; cxample, Witﬁg—quer coupling of the lithium
phiosphinoxy carbanion generated from 8 and n-butyllithivm with the protected 25-
by droxy Grundmann;s ketone 9'prcpar4ed according to published procedure, as disclosed
in Sicinski et al, J. Med. Chem. 37, 3730 (1994), gave the expected protected vitamin

RECTIFIED SHEET (RULE 91) ISA/EP
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compound 10. This, after deprotection with AG 50W-X4 cation exchange resin afforded
(20R) 1a.,25-dihydroxy-2-methylene-19-nor-vitamin D3 (11).

[0080] One interesting modification in the vitamin D side chain is C-20
epimerization. The coupling of the phosphine oxide 8 with protected (20S5)-25-hydroxy
Grundmann's ketone 13 (SCHEME II) provided 19-nor-vitamin 14 which after hydrolysis
of the hydroxy-protecting groups gave (20S)-1a,25-dihydroxy-2-methylene-19-nor-
vitamin D3 (15).

[0081] As noted above, other 19-nor-vitamin D analogs may be synthesized by
the method disclosed herein. For example, 2-methylene-19-nor-1a-hydroxyvitamin D3
can be obtained by providing the Grundmann's ketone (1).

[0082] Various exemplary embodiments of compounds obtained as generally
described above and methods according to this invention, will be understood more
readily by reference to the following examples, which are provided by way of illustration

and are not intended to be limiting of the invention in any fashion.

EXAMPLES
[0083] Chemistry. Ultraviolet (UV) absorption spectra were recorded with a

Hitachi Model 60-100 UV-vis spectrometer in the solvent noted. 1Y nuclear magnetic
resonance (NMR) spectra were recorded at 500 MHz with a Bruker AM-500 FT
spectrometer in deuteriochloroform. Chemical shifts,(d) are reported downfield from

internal Me4Si (6 0.00). Mass spectra were recorded at 70 eV on a Kratos DS-50 TC

instrument equipped with a Kratos MS-55 data system. Samples were introduced into the

ion source maintained at 120-250 °C via a direct insertion probe. High-performance
liquid chromatography (HPLC) was performed on a Waters Associates liquid
chromatograph equipped with a Model 6000A solvent delivery system, a Model 6 UK
Universal injector, a Model 486 tunable absorbance detector, and a differential R 401
refractometer. Microanalyses of crystalline compounds were within £0.4% of the

theoretical values. THF was freshly distilled before use from sodium benzophenone ketyl

under argon.
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EXAMPLE 1: PREPARATION OF 1¢,25-DIHYDROXY-2-METHYLENE-19-NOR-
VITAMIN Ds

[0084] Referring first to SCHEME I the starting methyl quinicate derivative 1
was obtained from commercial (-)-quinic acid as described previously in Perlman et al.,
Tetrahedron Lett. 32, 7663 (1991) and the previously incorporated 191 patent. 1: mp.
82°-82.5 °C. (from hexane), "H NMR (CDCls) § 0.098, 0.110, 0.142, and 0.159 (each 3H,
each s, 4xSiCHj3), 0.896 and 0.911 (9H and 9H, each s, 2xSi-t-Bu), 1.820 (1H, dd,
J=13.1, 10.3 Hz), 2.02 (1H, ddd, J=14.3, 4.3, 2.4 Hz), 2.09 (1H, dd, J=14.3, 2.8 Hz), 2.19
(1H, ddd, J=13.1, 4.4, 2.4 Hz), 2.31 (1H, d, J=2.8 Hz, OH), 3.42 (1H, m; after D,O dd,
J=8.6, 2.6 Hz), 3.77 (3H, s), 4.12 (1H, m), 4.37 (1H, m), 4.53 (1H, br s, OH).

[0085] (a) Oxidation of 4-hydroxy group in methyl quinicate derivative 1
to(3R,5R)-3,5-Bis[(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-oxocyclohexanecarboxylic
Acid Methyl Ester (2).

[0086] To a stirred mixture of ruthenium(III) chloride hydrate (434 mg, 2.1
mmol) and sodium periodate (10.8 g, 50.6 mmol) in water (42 ml) was added a solution
of methyl quinicate 1 (6.09 g, 14 mmol) in CCl4 /CH3 CN (1:1, 64 ml). Vigorous stirring
was continued for 8 h. A few drops of 2-propanol were added, the mixture was poured
into water and extracted with chloroform. The organic extracts were combined, washed
with water, dried (MgSO4) and evaporated to give a dark oily residue (ca. 5 g), which
was purified by flash chromatography. Elution with hexane/ethyl acetate (8:2) gave pure,
oily 4-ketone 2 (3.4 g, 56%): "H NMR (CDCls) 5 0.054, 0.091, 0.127, and 0.132 (each
3H, each s, 4xSiCH3), 0.908 and 0.913 (9H and 9H, each s, 2xSi-t-Bu), 2.22 (1H, dd,
J=13.2, 11.7 Hz), 2.28 (1H, ~dt, J=14.9, 3.6 Hz), 2.37 (1H, dd, J=14.9, 3.2 Hz), 2.55 (1H,
ddd, J=13.2, 6.4, 3.4 Hz), 3.79 (3H, s), 4.41 (1H, t, J~3.5 Hz), 4.64 (1H, s, OH), 5.04
(1H, dd, J=11.7, 6.4 Hz); MS m/z (relative intensity) no M+, 375 (M+-t-Bu, 32), 357
(M+-t-Bu-H; O, 47), 243 (31), 225 (57), 73 (100).

[0087] (b) Wittig reaction of the 4-ketone 2 to (3R,5R)-3,5-Bis[(tert-
butyldimethylsilyl)oxy]-1-hydroxy-4-methylenecyclohex- anecarboxylic Acid Methyl
Ester (3).
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[0088] To the methyltriphenylphoshonium bromide (2.813 g, 7.88 mmol) in
anhydrous THF (32 ml) at 0° C. was added dropwise n-BuLi (2.5M in hexanes, 6.0 ml,
15 mmol) under argon with stirring. Another portion of MePh; P+Br- (2.813 g, 7.88
mmol) was then added and the solution was stirred at 0° C. for 10 min at room
temperature for 40 min. The orange-red mixture was again cooled to 0° C. and a solution
of 4-ketone 2 (1.558 g, 3.6 mmol) in anhydrous THF (16+2 ml) was siphoned to reaction
flask during 20 min. The reaction mixture was stirred at 0° C. for 1 h and at room
temperature for 3 h. The mixture was then carefully poured into brine containing 1%
HCI and extracted with ethyl acetate and benzene. The combined organic extracts were
washed with diluted NaHCOs and brine, dried (MgSO,) and evaporated to give an orange
oily residue (ca. 2.6 g), which was purified by flash chromatography. Elution with
hexane/ethyl acetate (9:1) gave pure 4-methylene compound 3 as a colorless oil (368 mg,
24%): '"H NMR (CDCl3) § 0.078, 0.083, 0.092, and 0.115 (each 3H, each s, 4xSiCHs),
0.889 and 0.920 (9H and 9H, each s, 2xSi-t-Bu), 1.811 (1H, dd, J=12.6, 11.2 Hz), 2.10
(2H, m), 2.31 (1H, dd, J=12.6, 5.1 Hz), 3.76 (3H, s), 4.69 (1H, t, J=3.1 Hz), 4.78 (1H, m),
4.96 (2H, m; after D,O 1H, brs), 5.17 (1H, t, J=1.9 Hz); MS m/z (relative intensity) no
M+, 373 (M+-t-Bu, 57), 355 (M+-t-Bu -H,0, 13), 341 (19), 313 (25), 241 (33), 223 (37),
209 (56), 73 (100).

[0089] (c) Reduction of ester group in the 4-methylene compound 3 to [(3R,5R)-
3,5-Bis][(tert-butyldimethylsilyl)oxy]-1-hydroxy-4-methylenecyclohexylJmethanol (4).

[0090] (i) To a stirred solution of the ester 3 (90 mg, 0.21 mmol) in anhydrous
THF (8 ml) lithium aluminum hydride (60 mg, 1.6 mmol) was added at 0° C. under
argon. The cooling bath was removed after 1 h and the stirring was continued at 6° C. for
12 h and at room temperature for 6 h. The excess of the reagent was decomposed with
saturated aqueous Na, SOy, and the mixture was extracted with ethyl acetate and ether,
dried (MgSO,) and evaporated. Flash chromatography of the residue with hexane/ethyl
acetate (9:1) afforded unreacted substrate (12 mg) and a pure, crystalline diol 4 (35 mg,
48% based on recovered ester 3: 'H NMR (CDCl3 +D,0) 8 0.079, 0.091, 0.100, and
0.121 (each 3H, each s, 4xSiCHj3), 0.895 and 0.927 (9H and 9H, each s, 2xSi-t-Bu), 1.339
(1H, t, J~12 Hz), 1.510 (1H, dd, J=14.3, 2.7 Hz), 2.10 (2H, m), 3.29 and 3.40 (1H and
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1H, each d, J=11.0 Hz), 4.66 (1H, t, J~2.8 Hz), 4.78 (1H, m), 4.92 (1H, t, J=1.7 Hz), 5.13
(1H, t, J=2.0 Hz); MS m/z (relative intensity) no M+, 345 (M+-t-Bu, 8), 327 (M+-t-Bu-
H, 0, 22), 213 (28), 195 (11), 73 (100).

[0091] (ii) Diisobutylaluminum hydride (1.5M in toluene, 2.0 ml, 3 mmol) was
added to a solution of the ester 3 (215 mg, 0.5 mmol) in anhydrous ether (3 ml) at -78° C.
under argon. The mixture was stirred at -78° C. for 3 h and at -24° C. for 1.5 b, diluted
with ether (10 ml) and quenched by the slow addition of 2N potassium sodium tartrate.
The solution was warmed to room temperature and stirred for 15 min, then poured into
brine and extracted with ethyl acetate and ether. The organic extracts were combined,
washed with diluted (ca. 1%) HCI, and brine, dried (MgSOy) and evaporated. The
crystalline residue was purified by flash chromatography. Elution with hexane/ethyl
acetate (9:1) gave crystalline diol 4 (43 mg, 24%).

[0092] (d) Cleavage of the vicinal diol 4 to (3R,5R)-3,5-Bis|[(tert-
butyldimethylsilyl)oxy]-4-methylenecyclohexanone (5).

[0093] Sodium periodate saturated water (2.2 ml) was added to a solution of the
diol 4 (146 mg, 0.36 mmol) in methanol (9 ml) at 0° C. The solution was stirred at 0° C.
for 1 h, poured into brine and extracted with ether and benzene. The organic extracts
were combined, washed with brine, dried (MgSO4) and evaporated. An oily residue was
dissolved in hexane (1 ml) and applied on a silica Sep-Pak cartridge. Pure 4-
methylenecyclohexanone derivative 5 (110 mg, 82%) was eluted with hexane/ethyl
acetate (95:5) as a colorless oil: "H NMR (CDCl;) & 0.050 and 0.069 (6H and 6H, each s,
4xSiCHj3), 0.881 (18H, s, 2xSi-t-Bu), 2.45 (2H, ddd, J=14.2, 6.9, 1.4 Hz), 2.64 (2H, ddd,
J=14.2, 4.6, 1.4 Hz), 4.69 (2H, dd, J=6.9, 4.6 Hz), 5.16 (2H, s); MS m/z (relative
intensity) no M+, 355 (M+-Me, 3), 313 (M+-t-Bu, 100), 73 (76).

[0094] (e) Preparation of the allylic ester 6 [(3'R,5'R)-3',5'-Bis[(tert-
butyldimethylsilyl)oxy]-4'-methylenecyclohexylidene]acetic Acid Methyl Ester from
ketone 5.

[0095] To a solution of diisopropylamine (37 pl, 0.28 mmol) in anhydrous THF
(200 pL) was added n-BuLi (2.5M in hexanes, 113 pL, 0.28 mmol) under argon at -78°
C. with stirring, and methyl(trimethylsilyl)acetate (46 pL, 0.28 mmol) was then added.
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After 15 min, the keto compound 5 (49 mg, 0.132 mmol) in anhydrous THF (200+80 pl)
was added dropwise. The solution was stirred at -78° C. for 2 h and the reaction mixture
was quenched with saturated NH,Cl, poured into brine and extracted with ether and
benzene. The combined organic extracts were washed with brine, dried (MgSOy) and
evaporated. The residue was dissolved in hexane (1 ml) and applied on a silica Sep-Pak
cartridge. Elution with hexane and hexane/ethyl acetate (98:2) gave a pure allylic ester 6
(50 mg, 89%) as a colorless oil: 'HNMR (CDCls) § 0.039, 0.064, and 0.076 (6H, 3H, and
3H, each s, 4xSiCH3), 0.864 and 0.884 (9H and 9H, each s, 2xSi-t-Bu), 2.26 (1H, dd,
J=12.8, 7.4 Hz), 2.47 (1H, dd, J=12.8, 4.2 Hz), 2.98 (1H, dd, J=13.3, 4.0 Hz), 3.06 (1H,
dd, J=13.3, 6.6 Hz), 3.69 (3H, s), 4.48 (2H, m), 4.99 (2H, s), 5.74 (1H, s); MS m/z
(relative intensity) 426 (M+, 2), 411 (M+-Me, 4), 369 (M+-t-Bu, 100), 263 (69).

[0096] () Reduction of the allylic ester 6 to 2-[(3'R,5'R)-3',5'-Bis](tert-
butyldimethylsilyl)oxy]-4'-methylenecyclohexylidene]ethanol (7).

[0097] Diisobutylaluminum hydride (1.5M in toluene, 1.6 ml, 2.4 mmol) was
slowly added to a stirred solution of the allylic ester 6 (143 mg, 0.33 mmol) in
toluene/methylene chloride (2:1, 5.7 ml) at -78° C. under argon. Stirring was continued
at -78° C. for 1 h and at -46° C (cyclohexanone/dry ice bath) for 25 min. The mixture
was quenched by the slow addition of potassium sodium tartrate (2N, 3 ml), aqueous HCI
(2N, 3 ml) and H,O (12 ml), and then diluted with methylene chloride (12 ml) and
extracted with ether and benzene. The organic extracts were combined, washed with
diluted (ca. 1%) HCI, and brine, dried (MgSO4) and evaporated. The residue was
purified by flash chromatography. Elution with hexane/ethyl acetate (9:1) gave
crystalline allylic alcohol 7 (130 mg, 97%): 'H NMR (CDCls) § 0.038, 0.050, and 0.075
(3H, 3H, and 6H, each s, 4xSiCHs), 0.876 and 0.904 (9H and 9H, each s, 2xSi-t-Bu), 2.12
(1H, dd, I=12.3, 8.8 Hz), 2.23 (1H, dd, J=13.3, 2.7 Hz), 2.45 (1H, dd, J=12.3, 4.8 Hz),
2.51 (1H, dd, J=13.3, 5.4 Hz), 4.04 (1H, m; after D,0 dd, J=12.0, 7.0 Hz), 4.17 (1H, m;
after D,0 dd, J=12.0, 7.4 Hz), 4.38 (1H, m), 4.49 (1H, m), 4.95 (1H, br s), 5.05 (1H, t,
J=1.7 Hz), 5.69 (1H, ~t, J=7.2 Hz); MS nv/z (relative intensity) 398 (M+, 2), 383 (M+-
Me, 2), 365 (M+-Me-H,0, 4), 341 (M+-t-Bu, 78), 323 (M+-t-Bu-H,0, 10), 73 (100).
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[0098] (g) Conversion of the allylic alcohol 7 to phosphine oxide 8 [2-[(3R,5'R)-
3',5'-Bis[(tert-butyldimethylsilyl)oxy]-4'-
methylenecyclohexylidene]ethyl]diphenylphosphine Oxide (8).

[0099] To the allylic alcohol (7) (105 mg, 0.263 mmol) in anhydrous THF (2.4
ml) was added n-BuLi (2.5M in hexanes, 105 pl, 0.263 mmol) under argon at 0° C.
Freshly recrystallized tosyl chloride (50.4 mg, 0.264 mmol) was dissolved in anhydrous
THEF (480 pl) and added to the allylic alcohol-BuLi solution. The mixture was stirred at
0° C. for 5 min and set aside at 0° C. In another dry flask with air replaced by argon, n-
BuLi (2.5M in hexanes, 210 pl, 0.525 mmol) was added to PhoPH (93 pl, 0.534 mmol) in
anhydrous THF (750 pl) at 0° C. with stirring. The red solution was siphoned under
argon pressure to the tosylate solution of until the orange color persisted (ca. 1/2 of the
solution was added). The resulting mixture was stirred an additional 30 min at 0° C., and
quenched by addition of H,O (30 pl). Solvents were evaporated under reduced pressure
and the residue was redissolved in methylene chloride (2.4 ml) and stirred with 10%
H,0, at 0° C. for 1 h. The organic layer was separated, washed with cold aqueous
sodium sulfite and H,0, dried (MgSOy4) and evaporated. The residue was subjected to
flash chromatography. Elution with benzene/ethyl acetate (6:4) gave semicrystalline
phosphine oxide (8) (134 mg, 87%): "H NMR (CDCl;) § 0.002, 0.011, and 0.019 (3H,
3H, and 6H, each s, 4xSiCH3), 0.855 and 0.860 (9H and 9H, each s, 2xSi-t-Bu), 2.0-2.1
(3H, br m), 2.34 (1H, m), 3.08 (1H, m), 3.19 (1H, m), 4.34 (2H, m), 4.90 and 4.94 (1H
and 1H, each s,), 5.35 (1H, ~q, J=7.4 Hz), 7.46 (4H, m), 7.52 (2H, m), 7.72 (4H, m); MS
m/z (relative intensity) no M+, 581 (M+-1, 1), 567 (M+-Me, 3), 525 (M+-t-Bu, 100), 450
(10), 393 (48).

[0100] (h) Wittig-Horner coupling of protected 25-hydroxy Grundmann's ketone
(9) with the phosphine oxide (8) to yield vitamin D derivative 10.

[0101] To a solution of phosphine oxide 8 (33.1 mg, 56.8 pmol) in anhydrous
THF (450 pl) at 0° C. was slowly added n-BuLi (2.5M in hexanes, 23 pl, 57.5 pmol)
under argon with stirring. The solution turned deep orange. The mixture was cooled to -
78° C. and a precooled (-78° C.) solution of protected hydroxy ketone 9 (9.0 mg, 22.8

umol), prepared according to published procedure, as disclosed in Sicinski et al., J. Med.
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Chem. 37, 3730 (1994), in anhydrous THF (200+100 pl) was slowly added. The mixture
was stirred under argon at -78° C. for 1 h and at 0° C. for 18 h. Ethyl acetate was added,
and the organic phase was washed with brine, dried (MgSO4) and evaporated. The
residue was dissolved in hexane and applied on a silica Sep-Pak cartridge, and washed
with hexane/ethyl acetate (99:1, 20 ml) to give 19-nor-vitamin derivative 10 (13.5 mg,
78%). The Sep-Pak was then washed with hexane/ethyl acetate (96:4, 10 ml) to recover
some unchanged C,D-ring ketone 9 (2 mg), and with ethyl acetate (10 ml) to recover
diphenylphosphine oxide (20 mg). For analytical purpose a sample of protected vitamin
10 was further purified by HPLC (6.2 mmx25 cm Zorbax-Sil column, 4 mI./min) using
hexane/ethyl acetate (99.9:0.1) solvent system. Pure compound 10 was eluted at Ry 26
ml as a colorless oil: UV (in hexane) Amax 244, 253, 263 nm; '"H NMR (CDCl3) 8 0.025,
0.049, 0.066, and 0.080 (each 3H, each s, 4xSiCH3), 0.546 (3H, s, 18-Hs), 0.565 (6H, q,
J=7.9 Hz, 3xSiCH,), 0.864 and 0.896 (9H and 9H, each s, 2xSi-t-Bu), 0.931 (3H, d, J=6.0
Hz, 21-H3), 0.947 (9H, t, J=7.9 Hz, 3xSiCH,CH3), 1.188 (6H, s, 26- and 27-H3), 2.00
(2H, m), 2.18 (1H, dd, J=12.5, 8.5 Hz, 43-H), 2.33 (1H, dd, J=13.1, 2.9 Hz, 103-H), 2.46
(1H, dd, J=12.5, 4.5 Hz, 40-H), 2.52 (1H, dd, J=13.1, 5.8 Hz, 100-H), 2.82 (1H, br d,
J=12 Hz, 9B-H), 4.43 (2H, m, 1B- and 30-H), 4.92 and 4.97 (1H and 1H, each s, =CH,),
5.84 and 6.22 (1H and 1H, each d, J=11.0 Hz, 7- and 6-H); MS m/z (relative intensity)
758 (M+, 17), 729 (M+-Et, 6), 701 (M+-t-Bu, 4), 626 (100), 494 (23), 366 (50), 73 (92

[0102] (i) Deprotection of vitamin derivative 10 to yield 1a,25-Dihydroxy-2-
methylene-19-nor-vitamin D3 (11).

[0103] Protected vitamin 10 (4.3 mg) was dissolved in benzene (150 pl) and the
resin (AG 50W-X4, 60 mg; prewashed with methanol) in methanol (800 pl) was added.
The mixture was stirred at room temperature under argon for 17 h, diluted with ethyl
acetate/ether (1:1, 4 ml) and decanted. The resin was washed with ether (8 ml) and the
combined organic phases washed with brine and saturated NaHCO3, dried (MgSO,) and
evaporated. The residue was purified by HPLC (6.2 mm.times.25 cm Zorbax-Sil column,
4 mL/min) using hexane/2-propanol (9:1) solvent system. Analytically pure 2-
methylene-19-nor-vitamin D3 (11) (2.3 mg, 97%) was collected at Ry 29 ml (1a,25-
dihydroxyvitamin D3 was eluted at Ry 52 ml in the same system) as a white solid: UV (in
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EtOH) Amax 243.5, 252, 262.5 nm; 'H NMR (CDCls) & 0.552 (3H, s, 18-H3), 0.941 (3H, d,
J=6.4 Hz, 21-H3), 1.222 (6H, s, 26- and 27-H3), 2.01 (2H, m), 2.27-2.36 (2H, m), 2.58
(1H, m), 2.80-2.88 (2H, m), 4.49 (2H, m, 1B- and 3a-H), 5.10 and 5.11 (1H and 1H, each
s, =CH,), 5.89 and 6.37 (1H and 1H, each d, J=11.3 Hz, 7- and 6-H); MS m/z (relative
intensity) 416 (M+, 83), 398 (25), 384 (31), 380 (14), 351 (20), 313 (100).

EXAMPLE 2: PREPARATION OF (20S)-1a,25-DIHYDROXY-2-METHYLENE-19-
NOR-VITAMIN D4

[0104] SCHEME I illustrates the preparation of protected (20S)-25-hydroxy
Grundmann's ketone 13, and its coupling with phosphine oxide 8 (obtained as described
in Example 1).

[0105] (a) Silylation of hydroxy ketone 12 to (208)-25-[(Triethylsilyl)oxy]-des-
A,B-cholestan-8-one (13).

[0106] A solution of ketone 12 (Tetrionics, Inc., Madison, WI); (56 mg, 0.2
mmol) and imidazole (65 mg, 0.95 mmol) in anhydrous DMF (1.2 ml) was treated with
triethylsilyl chloride (95 pl, 0.56 mmol), and the mixture was stirred at room temperature
under argon for 4 h. Ethyl acetate was added and water, and the organic layer was
separated. The ethyl acetate layer was washed with water and brine, dried (MgSO,) and
evaporated. The residue was passed through a silica Sep-Pak cartridge in hexane/ethyl
acetate (9:1), and after evaporation, purified by HPLC (9.4 mmx25 ¢cm Zorbax-Sil
column, 4 mL/min) using hexane/ethyl acetate (9:1) solvent system. Pure protected
hydroxy ketone 13 (55 mg, 70%) was eluted at Ry 35 ml as a colorless oil: 'H NMR
(CDCl) 6 0.566 (6H, q, J=7.9 Hz, 3xSiCH,), 0.638 (3H, s, 18-H3), 0.859 (3H, d, J=6.0
Hz, 21-H3), 0.947 (9H, t, J=7.9 Hz, 3xSiCH,CH3), 1.196 (6H, s, 26- and 27-H3), 2.45
(1H, dd, J=11.4, 7.5 Hz, 14.alpha.-H).

[0107] (b) Wittig-Horner coupling of protected (20S)-25-hydroxy Grundmann's
ketone 13 with the phosphine oxide 8 to yield protected vitamin D3 derivative 14.

[0108] To a solution of phosphine oxide 8 (15.8 mg, 27.1 pmol) in anhydrous
THEF (200 pl) at 0° C. was slowly added n-BuLi (2.5M in hexanes, 11 pl, 27.5 pmol)

under argon with stirring. The solution turned deep orange. The mixture was cooled to -
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78° C. and a precooled (-78° C.) solution of protected hydroxy ketone 13 (8.0 mg, 20.3
umol) in anhydrous THF (100 pl) was slowly added. The mixture was stirred under
argon at -78° C. for 1 h and at 0° C. for 18 h. Ethyl acetate was added, and the organic
phase was washed with brine, dried (MgSO,) and evaporated. The residue was dissolved
in hexane and applied on a silica Sep-Pak cartridge, and washed with hexane/ethyl
acetate (99.5:0.5, 20 ml) to give 19-nor-vitamin derivative 14 (7 mg, 45%) as a colorless
oil. The Sep-Pak was then washed with hexane/ethyl acetate (96:4, 10 ml) to recover
some unchanged C,D-ring ketone 13 (4 mg), and with ethyl acetate (10 ml) to recover
diphenylphosphine oxide (9 mg). For analytical purposes a sample of protected vitamin
14 was further purified by HPLC (6.2 mmx25 cm Zorbax-Sil column, 4 mI/min) using
hexane/ethyl acetate (99.9:0.1) solvent system. 14: UV (in hexane) Amax 244, 253.5, 263
nm; 'H NMR (CDCl3) 6 0.026, 0.049, 0.066, and 0.080 (each 3H, each s, 4xSiCHj3),
0.541 (3H, s, 18-Hs), 0.564 (6H, q, J=7.9 Hz, 3xSiCH,), 0.848 (3H, d, J=6.5 Hz, 21-H3),
0.864 and 0.896 (9H and 9H, each s, 2xSi-t-Bu), 0.945 (9H, t, J=7.9 Hz, 3xSiCH,CH3),
1.188 (6H, s, 26- and 27-H3), 2.15-2.35 (4H, br m), 2.43-2.53 (3H, br m), 2.82 (1H, br d,
J=12.9 Hz, 98-H), 4.42 (2H, m, 1B- and 3a-H), 4.92 and 4.97 (1H and 1H, each s, =CH,),
5.84 and 6.22 (1H and 1H, each d, J=11.1 Hz, 7- and 6-H); MS m/z (relative intensity)
758 (M+, 33), 729 (M+-Et, 7), 701 (M+-t-Bu, 5), 626 (100), 494 (25), 366 (52), 75 (82),
73 (69

[0109] Deprotection of vitamin D3 derivative 14 to yield (20S)-10,25-Dihydroxy-
2-methylene-19-nor-vitamin Ds (15)

[0110] Protected vitamin 14 (5.0 mg) was dissolved in benzene (160 pl) and the
resin (AG 50W-X4, 70 mg; prewashed with methanol) in methanol (900 pl) was added.
The mixture was stirred at room temperature under argon for 19 h, diluted with ethyl
acetate/ether (1:1, 4 ml) and decanted. The resin was washed with ether (8 ml) and the
combined organic phases washed with brine and saturated NaHCO3, dried (MgSO,) and
evaporated. The residue was purified by HPLC (6.2 mmx25 cm Zorbax-Sil column, 4
mL/min) using hexane/2-propanol (9:1) solvent system. Analytically pure (20S)-10,25-
Dihydroxy-2-methylene-19-nor-vitamin D3 (15) (2.6 mg, 95%) was collected at Ry 28 ml
[(20R)-analog was eluted at Ry 29 ml and 10,25-dihydroxyvitamin D3 at Ry 52 ml in the
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same system] as a white solid: UV (in EtOH) Amax 243.5, 252.5, 262.5 nmy; 'H NMR
(CDCl3) 6 0.551 (3H, s, 18-H3), 0.858 (3H, d, J=6.6 Hz, 21-H3), 1.215 (6H, s, 26- and 27-
Hs), 1.95-2.04 (2H, m), 2.27-2.35 (2H, m), 2.58 (1H, dd, J=13.3, 3.7 Hz), 2.80-2.87 (2H,
m), 4.49 (2H, m, 1B- and 3a-H), 5.09 and 5.11 (1H and 1H, each s, =CH,), 5.89 and 6.36
(1H and 1H, each d, J=11.3 Hz, 7- and 6-H); MS m/z (relative intensity) 416 (M+, 100),
398 (26), 380 (13), 366 (21), 313 (31).

EXAMPLE 3: EFFECT OF 2-METHYLENE-19-NOR-(20S)-10.,25-DIHYDROXY-
VITAMIN D; ON OVARIECTOMIZED RATS

[0111] Fig. 1 is a flow-chart illustrating the experimental design of the
investigations described herein. Female Sprague Dawley rats (Taconic, German Town,
New York) were placed on a purified diet of 0.5% calcium and 0.4% phosphorus (AIN-
76A Rodent Diet, prepared by Research Diet, Inc., New Brunswick, NJ). At 4 months of
age, a first subset (20) of the animals was sham-operated while a second subset (90) was
ovariectomized. The time of ovariectomy is designated as week 0. Eight weeks after this
surgery, the ovariectomized animals were divided into experimental groups receiving the
following dosing regimen: 2MD, at doses of 0.5, 1.0, 2.5, 5.0 and 10 ng/kg/day; calcitriol
(the active form of vitamin D), at doses of 50 ng/kg/day and 200 ng/kg/day; and human
parathyroid hormone hPTH, at doses of 20 pg/kg/day. The 2MD and the calcitriol were
administered orally in 100 pl of vegetable oil delivered to the back of the tongue by a
throat tube, while the hPTH was administered sub-cutaneously.

[0112] Serum calpium was measured by tail bleeding at week 14 (6 weeks post-
surgery), week 21 and week 24. At week 24, the animals were sacrificed and the
following endpoint measurements were taken: whole body DEXA; bone markers:
osteocalcin and deoxypyridinoline (DPD); peripheral quantitative computed tomography
(pQCT) of the distal femoral metaphysis (DFM) and femoral shaft (FS); micro-
computerized tomography (micro-CT) of the DFM; serum parathyroid hormone (PTH);
histomorphometry of the proximal tibial metaphysis (PTM), lumbar vertebra 3 (LV3) and
trabecular separation (TS); and bone strength of the DFM, FS and lumbar vertebra 5
(TVSHY
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[0113] Fig. 2 gives further details the experimental design shown in Fig. 1. At
week 0, the animals underwent surgical treatment as explained above. The animals were
allowed to recuperate for 8 weeks before the dosing regimen began (0 wk). At 24 weeks
post-surgery the animals were sacrificed and endpoint measurements were taken as
explained above.

[0114] Fig. 3 shows the change in percent body fat as a function of the dosing
regimen. Ovariectomized controls show a significantly increased percent body fat
compared with the sham-operated controls. Administering of 2MD had little to no effect
on the percent body fat of the ovariectomized animals at the 0.5 and 1 ng/kg/day levels
compared to the ovariectomized/vehicle control animals. However, there was a
significant decrease in percent body fat of the experimental groups given 2MD at both 5
and 10 ng/kg/day compared to the ovariectomized control animals. In contrast, there was
at most only a minor difference between the animals given 50 ng/kg/day of calcitriol or
20 bPTH pg/kg/day and the ovariectomized control animals. Animals given 200
ng/kg/day calcitriol did exhibit a significant decrease in percentage body fat similar to
those animals dosed at 5 ng/kg/day 2MD.

[0115] The results illustrated in Fig. 3 show that Sng/kg/day 2MD has as great an
effect on the reduction in body fat as calcitriol at 200 ng/kg/day. Those animals receiving
2MD at the 10 ng/kg day had a greater decrease in the fat component than did the group
receiving 200 ng/kg/day calcitriol. Moreover, those animals receiving 2MD at the 10
ng/kg/day level also had a decrease in body fat relative to the sham-operated controls.

[0116] Fig. 4 is a histogram showing the results of the dosage protocol on the
individual tissue components of the experimental groups described in Figs. 1 - 3. Fig. 4
shows the contribution to the total body weight from each of the fat component, lean
tissue component, and lean tissue plus bone mineral content component, as measured by
the DEXA technique. These results indicate that ovariectomy results in an increase in
total body weight for the experimental animals, with the majority of that increase
resulting from an increase in the fat component of the animals, relative to the

sham/vehicle control animals.
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[0117] The emeﬁinental group given 5 ng/kg/day of 2MD had significantly less
body fat than the ovariectomized-vehicle controls, while thr;ir total body weight was
significantly increased over the shara/vehicle controls, Further, this group showed #n
increase in the lean component and the bone mineral content (EMC) component when -
compared 10 the sham-operated control animals. This result indicates that the increase in
body weight, relative to the sham-control animals, increases the lean body weight
component and the BMC componeht of the animals. The experimental an.imais dossd

- with 10 ng/kg/day of 2MD had a body fat component similar to thf.‘ sham operated

. animals, a value that was significantly lower than the ovanectomized control ammals
Further, those arimals given 10 ng/kg/day of 2MD had an increased lean body weight
~ and lean body weight plus bone mineral content, relative to the sham operated animals,

. These results show that 2MD, at doses of 10 ng/kg/day, inhibited an increase in fat tha’c
was expeoted of the ovariectornized control animels and slso decreased the basal fat
content relative io the s]iam—operated conirol amimals. Further, the group of animals
given 10 ng/kg/day 2MD had significantly reduced body weight compared to the
ovariectomiéed control animals. The decreased body weight, résulting from deérease

. body fat, provided a sparing-or Testorative effect on the protein (lean body) and bone
mineral components of the animals; as illustrated by the maintenance of pre-surgery
weight resulting from decrea.sed fat but increased lean and lean BMC we1ght

[0118] The results described herein ilhustrate the effects of 2MD in reducing body
fat composition. Without being beld to any particular theory, the effect of 2MI> on fat
content is thdught to be a result from an effect of 2MD of the maturation, differentiation
and proliferation of adipocytes, see, for example, U.S. Patent Application No.:

10/997,698 titled, “Vltamm D Analogs for Obesity Prevcnhon and Treatment” filed
Movember 24, 2004, by Clagett-Dame et al. and incotporated herein by reference in its
entitety. Various exemplary embodiments of methods aceording to this invention, as

. described herein, can be used for animals that are at risk for overweight or are alréady
overweight.. Similarly, various exemplary embodiments of methods according fo.this .
invention can be used to reduee body fat percent in animals that are obese or are at risk of

becoming obese

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2005/051396 PCT/US2004/039524
40

[0119] In addition, due to their ability to decrease body fat while promoting bone
restoration and/or regeneration, various exemplary embodiments of methods according to
this invention, as described herein, can be used to treat animals that are concurrently at
risk for increased overweight or obesity and degenerative bone diseases, such as
osteoporosis. Various exemplary embodiments of methods according to this invention,
as described herein, include administering compounds in effective doses to ameliorate the
effects of menopause.

[0120] As described herein, various exemplary embodiments of methods
according to this invention can be used prophylactically to treat animals that are
overweight with a risk of becoming obese or animals that are at risk of becoming
overweight. In addition, various exemplary embodiments of methods according to this
invention can be used prophylactically to promote a healthy body composition and to
avoid the risks associated with overweight and/or obesity, such as cardiovascular disease
cancers, urinary incontinence, diabetes and the like.

[0121] While this invention has been described in conjunction with the various
exemplary embodiments outlined above, various alternatives, modifications, variations,
improvements, and/or substantial equivalents, whether known or that are or may be
presently unforeseen, may become apparent to those having at least ordinary skill in the
art. Accordingly, the exemplary embodiments according to this invention, as set forth
above, are intended to be illustrative, not limiting. Various changes may be made
without departing from the spirit and scope of the invention. Therefore, the invention is
intended to embrace all known or later-developed alternatives, modifications, variations,

improvements, and/or substantial equivalents of these exemplary embodiments.
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CLAIMS
What is claimed is:
1. A method for treating an animal, comprises using a vitamin D3 analog in

preparing a medicament usable to treat or prevent overweight in an animal subject,
wherein the vitamin Dj; analog is 20(S)-2-methylene-19-nor-1a,25-dihydroxyvitamin Ds.
2. The method of claim 1, wherein the vitamin D5 analog in the medicament
comprises providing the vitamin D3 analog at an amount equivalent to a dosage range of
from about 0.001 pg per day to about 100 mg per day.
3. The use of claim 2, wherein the vitamin D3 compound is administered in a

dosage range of from about 0.01 pg per day to about 1,000 pg per day.

4, The method of any one of claims 1-3, wherein the animal is a mammal.
5. The method of any one of claims 1-4 wherein the mammal is a human.
6. The method of any one of claims 1-5, wherein treating the overweight

animal comprises the vitamin D3 analog decreasing body fat and having a positive effect
on lean body component.

7. The use of a vitamin D3 analog in the preparation of a medicament for a
treatment to decrease the percent body fat of an animal subject, wherein the vitamin D3
analog is 20(S)-2-methylene-19-nor-1a,25-dihydroxyvitamin Ds.

8. The use of claim 7, wherein the vitamin D3 analog is administered to the
animal subject orally, parenterally, transdermally, nasally, topically, rectally, via a
therapeutic implant or via a timed release implant.

9. The use of claim 8, wherein the vitamin D3 analog is administered in a
dosage range of from about 0.001 pg per day to about 100 mg per day.

10.  The use of claim 9, wherein the vitamin D3 analog is administered in a
dosage range of from about 0.01 pg per day to about 1,000 pg per day.

11.  The use of any one of claims 7-10, wherein the animal is a mammal.

12.  The use of any one of claims 7-11, wherein the mammal is a human.

13.  The use of any one of claims 7-12, wherein the treatment for overweight

decreases body fat and has a positive effect on the lean body component.
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14.  The use of a vitamin D3 analog in preparing a medicament usable to treat
menopause in an animal subject, wherein the vitamin Dj; analog is 20(S)-2-methylene-19-
nor-1a,25-dihydroxyvitamin Ds.

15.  The use of claim 14, wherein the vitamin D3 analog is administered to the
animal subject orally, parenterally, transdermally, topically, rectally, nasally or via a
timed release implant.

16. The use of claim 15, wherein the vitamin D3 analog is administered in a
dosage range of from about 0.001 pg per day to about 100 mg per day.

17. The use of claim 16, wherein the vitamin D3 compound is administered in
a dosage range of from about 0.01 pg per day to about 1,000 pg per day.

18, The use of any one of claims 14-17, wherein the animal is a mammal.

19.  The use of any one of claims 14-18 wherein the mammal is a human.

20.  The use of any one of claims 14-19, wherein the treatment for menopause
decreases body fat, has a positive effect on the lean body component and increases
osteogenesis.

21.  The use of any one of claims 1-20, wherein the vitamin D3 compound has

the structure:




PCT/US2004/039524

WO 2005/051396

1/4

s 'PAYEN 0T (1) HIFT <
1230 "p/BY5 00T TORPED <—
FEIC "p/SHSE 05 JJOMINeD
1230 p/8/50 01 CONT €—

. TRIC PN/ S ING |

. IO PRAYSE ST IONT 4—
TEO P/3/30 1 XN «—

Te30 p/34/50 0 XANT <—

e E Susoq XAO
O (e, (o) .@ @
_FV “ | _ _
L oM Vﬁ_umhr R urr . Mw_um.hur
I sers
plo-uom—
(opoTA ToTIBIOISIY)

 PPOIA 1Y XAO U0 IAT JO 19933 [[090301J Apm)S

I S




WO 2005/051396 PCT/US2004/039524

2/4
Fig. 2
Animals: S-D female rats (TACONIC, German Town, NY) arrived on 09/19/02
Surgery: Sham (n = 20) or OVX (n = 90) at 4 months of age.
Diet: AIN-76A Rodent Diet (Research Diet Inc., New Brunswick, NJ; 0.5% Ca/0.4% P)

Dosing and Vehicles (total 16 weeks)

Beginning 8 weeks post-surgery for 16 weeks.

2MD: 10, 5, 2.5, 1, 0.5 ng/kg/day, in 100 ul of vegetable oil per rat, deliver to the back of the
tongue.

Calcitriol: 50 & 200 ng/kg/day, in 100 ul of vegetable oil per rat, deliver to the back of the
tongue.

Sham+Veh: 100 ul of vegetable oil per rat, deliver to the back of the tongue.

OVX+Veh: 100 ul of vegetable oil per rat, deliver to the back of the tongue.

Groups Dose -0 wks 8 wk 24 wks
SHAM+Veh Vehicle, p.o. SHAM 10 10
OVX+Veh Vehicle, p.o. OovVX 9 9
OVX +2MD 10 ng/kg/d, p.o. ovX 9
OVX +2MD 5 ng/kg/d, p.o. ovXx 9
OVX+2MD 2.5 ng/kg/d, p.o. ovXx 9
OVX +2MD 1 ng/kg/d, p.o. ovXxX 9
OVX +2MD 0.5 ng/kg/d, p.o. ovX 9
OVX + Calcitriol 50 ng/kg/d, p.o. OovX 9
OVX + Calettriol 200 ng/kg/d, p.o. ovX 9
OVX + hPTH 20 pg/kg/d, s.c. OVX 9

Endpoints:
Body weight at Baseline and autopsy;

Muscle weight; Levitor ani, Soleus, Gastrocemius

Serum bone markers: osteocalcin, PYD,

Serum PTH

Serum calcium, phosphorus: 2 hours and 24 hours after last dosing (tail bleeding)
Right Femur: pQCT, Micro-CT

Right Tibial: histomorphometry

LV1-3: save for histomorphometry

Left femur and LV4-6: bone strength

Whole body DEXA at 16 weeks



PCT/US2004/039524

WO 2005/051396

3/4

:Aep/3y/3u o]
'ANT-XAO
........... *SOYPA-X AO

S[PIy2A-wRYS

 910MeAXAO WOl (100°05d) 0siop Apueoiyibis 4
 SpeA-UeyS wioY (100°0 SAYIteIBID AUEOIUGE

KepyBybu
G QWEXAQ

Kepithyu
L QWR-RAO

BRUBAKAC

as
=
&80
Wm;
27
8-

3ed Apog o

€ "8I




PCT/US2004/039524
4/4

WO 2005/051396

......... *I[OMPA-XAO  BBA-XAD ol {100 05d) wasepip fpueoyuiBis # -
———  9[OIYaA-WIEYS : , ,

sjolyeA-weys woi (Logro >d) ueseyp Ajueoywbis | -

fenfigbongz fepfiybuge  fepfwBu  fenfwb:  fpSwby fembwSu femfna
HIRI-ENG ORI arnwﬁ.vnyc wmw»w.uw&ﬂ«. TSSO KAO )
% | 4 .
5 4 : - 001
. B4 # B
- . 84 : : .
Z .\ Z 5
b * 7 5
7 : % o - 008 &
% ; A P oo
, 7 £ Y >y
7 e '3 - 00 ;
F; I v
- % - - e et 2 2 SR ——
% * L
. ¥ % 005
uomisodwoyn Apog

v 310



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

