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CELASTROL AND DERIVATIVES FOR THE TREATMENT OF OBESITY

CROSS-REFERENCE TO RELATED APPLICATIONS
5 This application claims priority to U.S.S.N. 61/970,839, filed on
March 26, 2014, and is a continuation in part of PCT/US2013/061911, filed
on September 26, 2013, which claims priority to and benefit of U.S.
Provisional Patent Application No. 61/706,153, all of which are incorporated

herein in their entirety.

10
FIELD OF THE INVENTION
This invention is in the field of compounds to regulate obesity, and
methods of making and using thereof.
BACKGROUND OF THE INVENTION
15 Obesity is a medical condition in which excess body fat has

accumulated to the extent that it may have an adverse effect on health,
leading to reduced life expectancy and/or increased health problems. Body
mass index (BMI), a measurement which compares weight and height,
defines people as overweight (pre-obese or overweight) if their BMI is

20  between 25 and 30 kg/m?, and obese when it is greater than 30 kg/m>.
Obesity is a leading preventable cause of death worldwide, with increasing
prevalence in adults and children, and authorities view it as one of the most
serious public health problems of the 21st century.

Obesity increases the risk of many physical and mental conditions.

25  Excessive body weight is associated with various diseases, particularly
cardiovascular diseases, diabetes mellitus type 2, obstructive sleep apnea,
certain types of cancer, and osteoarthritis. As a result, obesity has been
found to reduce life expectancy. These diseases are either directly caused by
obesity or indirectly related through mechanisms sharing a common cause

30 suchasa poor diet or a sedentary lifestyle. One of the strongest links is-with

type 2 diabetes. Excess body fat underlies 64% of cases of diabetes in men
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and 77% of cases in women. Increases in body fat alter the body’s response
to insulin, potentially leading to insulin resistance.
Obesity is one of the leading preventable causes of death worldwide.
Obesity is most commonly caused by a combination of excessive energy
5 intake, lack of physical activity, and genetic susceptibility, although a few
cases are caused primarily by genes, endocrine disorders, medications or
psychiatric illness. Increasing rates of obesity at a societal level are felt to be
due to an easily accessible and palatable diet, increased reliance on cars, and
mechanized manufacturing. Since the discovery of leptin in 1994, many
10 other hormonal mechanisms have been elucidated that participate in the
regulation of appetite and food intake, storage patterns of adipose tissue, and
development of insulin resistance, including ghrelin, insulin, orexin,‘PYY 3-
36, cholecystokinin, and adiponectin.
Adipdkiues are mediators produced by adipose tissue; their action is
15  thought to modify many obesity-related diseases. Leptin and ghrelin are
considered to be complementary in their influence on appetite, with ghrelin
produced by the stomach modulating short-term appetitive control (i.e., to
eat when the stomach is empty and to stop when the stomach is stretched).
Leptin is produced by adipose tissue to signal fat storage reserves in the
20  body, and mediates long-term appetitive controls (i.e., to eat more when fat
storages are low and less when fat storages are high). Although
administration of leptin may be effective in a small subset of obese
individuals who are leptin deficient, most obese individuals are thought to be
leptin resistant and have been found to have high levels of leptin. This
25  resistance is thought to explain in part why administration of leptin has not
been shown to be effective in suppressing appetite in most obese people.
While leptin and ghrelin are produced peripherally, they control
appetite through their actions on the central nervous system. In particular,
they and other appetite-related hormones act on the hypothalamus, a region
30  of the brain central to the regulation of food intake and energy expenditure.
There are several circuits within the hypothalamus that contribute to its role

in integrating appetite, the melanocortin pathway being the most well

2
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understood. The circuit begins with the arcuate nucleus, an area of the
hypothalamus that has outputs to the lateral hypothalamus and ventromedial
hypothalamus, the brain’s feeding and satiety centers, respectively.

The arcuate nucleus contains two distinct groups of neurons. The

5  first group co-expresses neuropeptide Y (NPY) and agouti-related peptide
(AgRP) and has stimulatory inputs to the LH and inhibitory inputs to the
VMH. The second group co-expresses pro-opiomelanocortin (POMC) and
cocaine- and amphetamine-regulated transcript (CART) and has stimulatory
inputs to the VMH and inhibitory inputs to the LH.  Consequently,

10 NPY/AgRP neurons stimulate feeding and inhibit satiety, while
POMC/CART neurons stimulate satiety and inhibit feeding. Both groups of
arcuate nucleus neurons are regulated in part by leptin. Leptin inhibits the
NPY/AgRP group while stimulating the POMC/CART group. Thus a
deficiency in leptin signaling, either via leptin deficiency or leptin resistance,

15  leads to overfeeding. This may account for some genetic and acquired forms
of obesity.

Dieting and physical exercise are the mainstays of treatment for
obesity. To supplement this, or in case of failure, anti-obesity drugs may be

. takeﬁ to reduce appetite or inhibit fat absorption. In severe cases, surgery is

20  performed or an intragastric balloon is placed to reduce stomach volume
and/or bowel length, leading to earlier satiation and reduced ability to absorb
nutrients from food. Maintaining this weight loss is frequently difficult and
often requires making exercise and a lower food energy diet a permanent part
of a person’s lifestyle. Success rates of long-term weight loss maintenance

25  with lifestyle changes are low, ranging from 2-20%.

A limited number of medications are available for the treatment of
obesity. Concems about side effects have diminished enthusiasm for
appetite- suppressant drugs, particularly fenfluramine, sibutramine, and
phentermine, which carry serious risks and have been withdrawn from the

30 market. Phentermine is approved only for short-term use. Orlistat
(Xenical®) is a medication that blocks the absorption of dietary fat and is

also approved for longer-term use. However, it causes unpleasant side

3
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effects (greasy stool), and requires supplementation with fat-soluble
vitamins.
Although surgery (such as gastric bypass) is the last resort for the
treatment of obesity, it can be extremely effective. However, it should be
5  performed at an experienced surgical center, because such operations can
carry significant risks, especially in the post-operative period. Consensus
recommendations are to limit surgical therapies to patients with morbid
obesity (BMI > 40, BMI > 35 plus co-morbidities, or BMI > 30 with
uncontrollable diabetes).

10 A number of weight-loss pills are available at local drugstores,
supermarkets or health food stores. Even more options are available online.
Most have not been proved effective, and some may be downright
dangerous. Table 1 (below) shows common weight-loss pills and what the
research shows about their effectiveness and safety.

15 Herbal extracts are often impure and contain so many different
substances, that it is difficult to assess if the mixture as a whole is
efficacious, much less what constitutes an effective dosage. With hundreds
or more different compounds in the mixture, it could be more than one
compound required for activity, or one compound inhibiting activity. of

20  another compound, so the source and processing of the original source

material may result in an inactive or even dangerous product.

Table 1: Anecdotal Products for Weight Loss. Sources: U.S. Food and
Drug Administration, 2010; Natural Medicines Comprehensive Database,

25 2010

Product Claim Effectiveness Safety
Alli® — OTC Decreases Effective; weight- FDA
version of absorption of loss amounts investigating
prescription drug  dietary fat typically less for  reports of liver
orlistat OTC versus injury
(Xenical®) prescription.
Bitter orange . Increases Insufficient Possibly unsafe

calories burned  reliable evidence
to rate

4
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Chitosan Blocks Insufficient Possibly safe
absorption of reliable evidence
dietary fat to rate
Chromium Increases Insufficient Likely safe
calories burned, reliable evidence
decreases to rate
appetite and
builds muscle
Conjugated Reduces body Possibly effective  Possibly safe
linoleic acid fat and builds :
(CLA) muscle
Country mallow  Decreases Insufficient Likely unsafe
(heartleaf) appetite and reliable evidence  and banned by
increases to rate FDA
calories burned
Ephedra Decreases Possibly effective  Likely unsafe
appetite and banned by
FDA
Green tea extract Increases calorie Insufficient Possibly safe
and fat reliable evidence
metabolism and  to rate
decreases
appetite
Guar gum Blocks Possibly Likely safe
absorption of ineffective
dietary fat and
increases feeling
of fullness
Hoodia Decreases Insufficient Insufficient
appetite reliable evidence  information

to rate

It is therefore an object of the present invention to provide safe, well

characterized and efficacious compounds for effecting weight loss, and

methods of use thereof.

It is a further object of the present invention to provide an oral dosage

form for the promotion of weight loss, and methods of use thereof.
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SUMMARY OF THE INVENTION
Active agents for the promotion of weight loss, as well as
formulations containing these active agents and methods of use thereof, are
described herein.
5 Exemplary compounds include compounds defined by Formula I
Ry

R4/A%‘f2{pl\‘:f7 g‘fg\R
NP N
Ry
Formula I
wherein

the dotted lines between A and C2, C! and C?, C! and C7, C’ and C°,

10  C®and C% and C® and C° indicate that a single or double bond may be
present, as valence permits;

R; is a carboxylic acid (-COOH), primary amide (e.g., -CONH,),
secondary amide (e.g., -CONHRj), tertiary amide (e.g., -CONR7R7),
secondary carbamate (e.g., -OCONHR7; -NHCOORj), tertiary carbamate

15  (e.g.,-OCONR;R;; -NR;COORy), urea (e.g., -NHCONHR; -NR;CONHRy;
-NHCONR7R7; -NR;CONR7Ry), carbinol (e.g., -CH,OH; -CHR;OH, -
CR7R;0H), ether (e.g., -OR3), ester (e.g., -COOR7), alcohol (-OH), thiol (-
SH), primary amine (-NH,), secondary amine (e.g., -NHR3), tertiary
amine(e.g., -NR7R7), thioether (e.g., -SR7), sulfinyl group (e.g., -SOR7),

20  sulfonyl group (e.g., -SOOR7), sulfino group, halogen, nitrite, cyano, nitro or
CF3; or an alkyl, cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl,
aryl, or heteroaryl (e.g., tetrazole) group optionally substituted with between
one and five substituents individually selected from alkyl, cyclopropyl,
cyclobutyl ether, amine, halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3,

25  ester, amide, urea, carbamate, thioether, carboxylic acid, or aryl;
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R; is hydrogen; hydroxy (-OH), thiol (-SH), ether (e.g., -OR3),
thioether (e.g., -SR7), primary amine (-NH>), secondary amine (e.g., -NHR),
tertiary amine (e.g., -NR7R7), primary amide (e.g., -CONH,), secondary
amide (e.g., -NHCORj), tertiary amide (e.g., -NR7COR;), secondary

©5  carbamate (e.g., -OCNHR;7; -NHCOOR5), tertiary carbamate
(e.g., -OCONR;R7; -NR7COORy), urea (e.g., -NHCONHR7; -NR;CONHRy7;
-NHCONR/R7; -NR7CONR7R?), sulfinyl group (e.g., -SOR7), sulfonyl group
(e.g., -SOOR;) sulfino group, halogen, nitrite, cyano, nitro, or CF3; or an
alkyl, cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or

10 heteroaryl group optionally substituted with between one and five
substituents individually selected from alkyl, cyclopropyl, cyclobutyl ether,
amine, halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
carbamate, thioether, carboxylic acid, or aryl;

A is nitrogen or oxygen when a double bond is present between A

15  and C2 or oxygen when a single bond is present between A and c?

Rj is hydrogen, a carbonyl group (e.g., -COR3), or an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl
group optionally substituted with between one and five substituents
individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,

20  halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
carbamate, thioether, carboxylic acid, or aryl;

R, is absent when A is oxygen and a double bond is present between
A and C?, a hydroxy (-OH) group when A is nitrogen and a double bond is
present between A and C?, or is hydrogen, a carbonyl group (e.g., -COR3), or

25 an alkyl, cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or
heteroaryl group optionally substituted with between one and five
substituents individually selected from alkyl, cyclopropyl, cyclobutyl ether,
amine, halogen, hydroxyl, ether, nitrite, cyano, nitro, CFs, ester, amide, urea,
carbamate, thioether, carboxylic acid, and aryl when A is oxygen and a

30 single bond is present between A and C% or

A is oxygen, a single bond is present between A and C2, and R; and
Ry, taken together with A, C?, 3 and O', form a 5- to 7-membered ring

7
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optionally substituted with between one and four substituents individually
selected from alkyl, ¢yclopropyl, cyclobutyl ether, amine, halogen, hydroxyl,
ether, nitrite, cyano, nitro, CFs, ester, amide, urea, carbamate, thioether, or
carboxylic acid;

5 Rs is hydrogen; hydroxy (-OH), thiol (-SH), ether (e.g., -OR7),
thioether (e.g., -SR7), primary amine (-NH;), secondary amine (e.g., -NHRy),
tertiary amine (e.g., -NR7R7), primary amide (e.g., -CONH}), secondary
amide (e.g., -NHCORy), tertiary amide (e.g., -NR7COR7), secondary
carbamate (e.g., -OCONHR7; -NHCOORy), tertiary carbamate (e.g., -

10 OCONR;R7; -NR;COORy), urea (e.g., -NHCONHR7; -NR;CONHRy; -
NHCONR;R7; -NR7CONR7R7), sulfinyl group (e.g., -SORj), sulfonyl group
(e.g., -SOORj) sulfino group, halogen, nitrite, cyano or CF3; or an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl
group optionally substituted with between one and five substituents

15  individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,
halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
carbamate, thioether, carboxylic acid, or aryl;

R is absent when a double bond is present between C®and C, is
hydrogen; hydroxy (-OH), thiol (-SH), ether (e.g., -OR5), thioether (e.g., -

20  SRy), primary amine (-NH,), secondary amine (e.g., -NHRy), tertiary amine
(e.g., -NR7R7), primary amide (e.g., -CONH,), secondary amide (e.g., -
NHCORy), tertiary amide (e.g., -NR7COR7), secondary carbamate (e.g., -
OCONHR7; -NHCOORy), tertiary carbamate (e.g., -OCONR7R7; -
NR;COORj), urea (e.g., -NHCONHR7; -NR;CONHR7; -NHCONRR7; -

25  NR;CONR7Rj), sulfinyl group (e.g., -SORy), sulfonyl group (e.g., -SOOR7)
sulfino group, halogen, nitrite, or CF3; or an alkyl, cycloalkyl,
héterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl group
optionally substituted with between one and five substituents individually
selected from alkyl, cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl,

30 ether, nitrite, cyano, nitro, CF3, ester, amide, urea, carbamate, thioether,
carboxylic acid, and aryl when a single bond is present between C¥and C%

or
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a single bond is present between C® and C’, and Rs and Ry, taken
together with C® and C°, form a cyclopropyl or epoxide ring; and

R7, when present, is individually for each occurrence an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl

5  group, optionally substituted with between one and five substituents

individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,
halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
carbamate, thioether, carboxylic acid, and aryl or two Ry groups are taken
together to form a cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group

10  optionally substituted with between one and five substituents individually
selected from alkyl, cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl,
ether, nitrite, cyano, nitro, CFs, ester, amide, urea, carbamate, thioether,

‘carboxylic acid, aryl, or OsM wherein M is a counterion;
or a pharmaceutically acceptable salt or prodrug thereof,

15 wherein the compound is present in a therapeutically effective
amount to induce weight loss in a pre-obese, obese, or morbidly obese
patient; reduce body fat in a pre-obese, obese, or morbidly obese patient;
reduce food intake in a pre-obese, obese, or morbidly obese patient; improve
glucose homeostasis in a pre-obese, obese, or morbidly obese patient; or

20  combinations thereof, and wherein at least one of Ry, Rz, R3, R4, Rs, Rg and
R7 when present, comprises a nitro group.

In some embodiments of Formula I, a double bond is present between
Aand C%, Cland C7, C* and C%, and C® and C°, and a single bond is present
between C! and C2, and C” and C*. In other embodiments of Formula La

25  double bond is present between C'and C?,C" and C*, and C® and C®, and a
single bond is present between A and C?, C'and €7, and C* and C°.

In particular embodiments of Formula I, R; is a carboxylic acid, ester,
or amide; R, is hydrogen, an ether (-OR5) or thioether (-SR7); and Ry is a C;-
C\2, more preferably C,-Cg alkyl group optionally substituted with between

30 one and three substituents individually selected from alkyl, amine, halogen,

hydroxyl, ester, amide, and carboxylic acid (e.g., R, is tetrazole).
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Compounds of the invention may be administered to a patient in need
thereof, for example, by i.p. once a day at a dose of 10 pg/kg, 50 pg/kg or
100 pg/kg.

In certain embodiments, the compound of Formula I is one of the

5  following or a pharmaceutically acceptable salt or prodrug thereof

10
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In certain embodiments, the compound is a compound defined by

Formula II
(o]
R
X/ 1
A Joul
AN TN
R
Ra 1/C§ ‘/ci\\ G/CB\
(¢] T T Rs
R,
Formula II
wherein

the dotted lines between A and C%, C'and C% C'and C’, C" and C?,
C’® and CG, and C? and C° indicate that a single or double bond may be
present, as valence permits; ‘

X is -O-, -NR-, -S-, -SO-, or -SO»-;

R, is hydrogen, or an alkyl, cycloalkyl, heterocycloalkyl, alkylaryl,
alkenyl, alkynyl, aryl, or heteroaryl group, optionally substituted with
between one and five substituents individually selected from alkyl,

cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl, ether, nitrite, cyano,

"nitro, CF3, ester, amide, urea, carbamate, thioether, and aryl;

R; is hydrogen; hydroxy (-OH), thiol (-SH), ether (e.g., -ORy7),
thioether (e.g., -SR7), primary amine (-NH,), secondary amine (e.g., -NHR7),
tertiary amine (e.g., -NR7R7), primary amide (e.g., -CONH)), secondary
amide (e.g., -NHCORj), tertiary amide (e.g., -NR7CORy), secondary
carbamate (e.g., -OCNHR7; -NHCOORj), tertiary carbamate
(e.g., -OCONR;R7; -NR7COORj), urea (e.g., -NHCONHR7; -NR;CONHRy;
-NHCONR7R7; -NR7CONR7Rj7), sulfinyl group (e.g., -SORy), sulfonyl group
(e.g., -SOORy) sulfino group, halogen, nitrite, cyano, nitro, or CF3; or an
alkyl, cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or
heteroaryl group optionally substituted with between one and five

13
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substituents individually selected from alkyl, cyclopropyl, cyclobutyl ether,

amine, halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, ‘amide, urea,

carbamate, thioether, carboxylic acid, or aryl;

A is nitrogen or oxygen when a double bond is present between A and 2 or
5 oxygen when a single bond is present between A and c

R; is hydrogen, a carbonyl group (e.g., -COR7), or an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl
group optionally substituted with between one and five substituents
individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,

10  halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
carbamate, thioether, carboxylic acid, or aryl;

R, is absent when A is oxygen and a double bond is present between

" Aand C% a hydroxy (-OH) group when A is nitrogen and a double bond is
present between A and C2, or is hydrogen, a carbonyl group (e.g., -COR3), or
15  an alkyl, cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or
heteroaryl group optionally substituted with between one and five
substituents individually selected from alkyl, cyclopropyl, cyclobutyl ether,
amine, halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
carbamate, thioether, carboxylic acid, and aryl when A is oxygen and a
20 single bond is present between A and C% or

A is oxygen, a single bond is present between A and C?, and R; and
Ry, taken together with A, Cz, C3, and O', form a 5- to 7-membered ring
optionally substituted with between one and four substituents individually
selected from alkyl, cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl,

25  ether, nitrite, cyano, nitro, CF3, ester, amide, urea, carbamate, thioether, or
carboxylic acid;

Rs is hydrogen; hydroxy (-OH), thiol (-SH), ether (e.g., -OR7),
thioether (e.g., -SR7), primary amine (-NH,), secondary amine (e.g., -NHR7),
tertiary amine (e.g., -NR7R7), primary amide (e.g., -CONH,), secondary

30 amide (e.g., -NHCORy), tertiary amide (e.g., -NR7CORy), secondary
carbamate (e.g., -OCONHR7; -NHCOORy), tertiary carbamate (e.g., -
OCONR7R7; -NR;COORy), urea (e.g., -NHCONHR7; -NR7CONHR3; -

14
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NHCONR;R7; -NR7CONR4R3), sulfinyl group (e.g., -SOR7), sulfonyl group
(e.g., -SOORy) sulfino group, halogen, nitrite, cyano or CF3; or an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl
group optionally substituted with between one and five substituents
5  individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,
halogen, hydroxyl, ether, nitrite, cyano, nitro, CFs, ester, amide, urea,
carbamate, thioether, carboxylic acid, or aryl;
Rg is absent when a double bond is present between C® and Cg? is
hydrogen; hydroxy (-OH), thiol (-SH), ether (e.g., -ORy), thioether (e.g., -
10  SRy), primary amine (-NH), secondary amine (e.g., -NHR?), tertiary amine
(e.g., -NR7R7), primary amide (e.g., -CONH), secondary amide (e.g., -
NHCORj), tertiary amide (e.g., -NR7CORj), secondary carbamate (e.g., -
OCONHR7; -NHCOOR)), tertiary carbamate (e.g., -OCONR;Ry; -
NR;COORy), urea (e.g., -NHCONHRj; -NR;CONHR+; -NHCONRR7; -
15 NR;CONR;Rj), sulfinyl group (e.g., -SOR3), sulfonyl group (e.g., -SOOR7)
sulfino group, halogen, nitrite, or CF3; or an alkyl, cycloalkyl,
heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl group
optionally substituted with between one and five substituents individually
selected from alkyl, cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl,
20 ether, nitrite, cyano, nitro, CF3, ester, amide, urea, carbamate, thioether,
carboxylic acid, and aryl when a single bond is present between C®and C%
or
a single bond is present between C® and C’, and Rs and R, taken
together with C® and C* form a cyclopropyl or epoxide ring; and
25 R7, when present, is individually for each occurrence an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, or heteroaryl
group, optionally substituted with between one and five substituents
individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,
halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,
30 carbamate, thioether, carboxylic acid, and aryl or two R; groups are taken
together to form a cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group
optionally substituted with between one and five substituents individually

15
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selected from alkyl, cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl,
ether, nitrite, cyano, nitro, CF3, ester, amide, urea, carbamate, thioether,
carboxylic acid, aryl, or OsM wherein M is a counterion;

or a pharmaceutically acceptable salt or prodrug thereof.

5 In some embodiments of Formula II, a double bond is present
between A and C2, C' and C’, C° and C%, and C® and C?, and a single bond is
present between C' and C2, and C” and C°. In other embodiments of
Formula II, a double bond is present between C' and C2, C’ and C°, and C*
and C°, and a single bond is present between A and €%, C'and C7, and C*

10 and C%.

In some embodiments of Formula II, X is O or -NR7-; R, is hydrogen
or alkyl group optionally substituted with between one and three substituents
individually selected from alkyl, amine, halogen, hydroxyl, ester, amide, and
carboxylic acid; R; is hydrogen, an ether (-OR7) or thioether (-SR7); and Ry

15 s, individually for each occurrence, a C;-C)2, more preferably C;-Cs alkyl
group optionally substituted with between one and three substituents
individually selected from alkyl, amine, halogen, hydroxyl, ester, amide, and
carboxylic acid.

In certain embodiments, the compound is a compound defined by

20  Formula IIL

Formula 111

In some embodiments of Formula III, X is C, CH, O, N, or S. Rg,
when present, is individually for each occurrence hydrogen or an alkyl,
cycloalkyl, heterocycloalkyl, alkylaryl, alkenyl, alkynyl, aryl, nitro, ester,
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heteroaryl group, or X and two Rg groups are taken together to form cyano or
alkynyl, optionally substituted with between one and five substituents
individually selected from alkyl, cyclopropyl, cyclobutyl ether, amine,
halogen, hydroxyl, ether, nitrite, cyano, nitro, CF3, ester, amide, urea,

5  carbamate, thioether, carboxylic acid, aryl, or OsM wherein M is a
counterion, or two Rg groups are taken together to form a cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group optionally substituted with
between one and five substituents individually selected from alkyl,
cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl, ether, nitrite, cyano,

10  nitro, CFs, ester, amide, urea, carbamate, thioether, carboxylic acid, aryl, or
O3M wherein M is a counterion;
or a pharmaceutically acceptable salt or prodrug thereof.
In certain embodiments, the compound of Formula III is one of the
following or a pharmaceutically acceptable salt or prodrug thereof
15
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6 or
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In certain embodiments, the compound is a compound defined by

Formula IV.

o
Aon

Formula IV

Where, X is C(O) or CHy;
5 Ry is hydrogen or an alkyl, cycloalkyl, heterocycloalkyl, alkylaryl,

alkenyl, alkynyl, carboxylic acid, aryl, or heteroaryl group, optionally
substituted with between one and five substituents individually selected from
alkyl, cyclopropyl, cyclobutyl ether, amine, halogen, hydroxyl, ether, nitrite,
cyano, nitro, CF3, ester, amide, urea, carbamate, thioether, carboxylic acid,
10  and aryl;
or a pharmaceutically acceptable salt or prodrug thereof.
In particular embodiments, the compound of Formula IV is one of the

following or a pharmaceutically acceptable salt or prodrug thereof

15 ) 17 , 26
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5 The compounds described above can have one or more chiral centers

and therefore can exist as two or more unique stereoisomers.
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In some embodiments, the compounds described herein have the

following stereochemistry:
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OH or

Also provided are pharmaceutical formulations containing a
therapeutically effective amount of a compound, or a pharmaceutically
acceptable salt or prodrug thereof, in combination with one or more

5  pharmaceutically acceptable excipients. The pharmaceutical formulations
can be administered to induce weight loss in a pre-obese, obese, or morbidly
obese patient, reduce body fat in a pre-obese, obese, or morbidly obese
patient, reduce food intake in a pre-obese, obese, or morbidly obese patient,
improve glucose homeostasis in a pre-obese, obese, or morbidly obese

10  patient, or combinations thereof.

In particular embodiments, the compound is co-administered with
leptin or a leptin analog, such as r-metHuLeptin (A-100, METRELEPTIN®),
available from Amylin Pharmaceuticals (San Diego, Calif.).

In some cases, a pharmaceutical formulation containing one or more

15  of the compounds is administered to a pre-obese, obese, or morbidly obese
patient in a therapeutically effective amount to induce weight loss, preferably
in a therapeutically effective amount and time of administration to decrease
body mass or body fat by at least 10%, more preferably by at least 15%,
most preferably by at least 20%, or higher.

20 In some cases, a pharmaceutical formulation containing one or more
of the compounds is administered to a pre-obese, obese, or morbidly obese
patient in a therapeutically effective amount to reduce food intake, appetite,
or combinations thereof, preferably in a therapeutically effective amount to
reduce average daily food intake (in terms of calories) by at least 15%, more

25  preferably by at least 25%, most preferably by at least 35%, or higher.
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In some cases, a pharmaceutical formulation containing one or more
of the compounds is administered to a pre-obese, obese, or morbidly obese
‘patient in a therapeutically effective amount to improve glucose homeostasis,
preferably in a therapeutically effective amount to reduce average fasting

5  plasma blood glucose by at least 10%, more preferably by at least 15%, most
preferably by at least 20%, or higher. In cases where the pharmaceutical
formulations are administered to normalize blood sugar, the formulations are
preferably administered in an amount effective to lower blood glucose levels
to less than about 180 mg/dL. The formulations can be co-administered with

10  other anti-diabetic therapies, if necessary, to improve glucose homeostasis.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A-D illustrate the effect of celastrol, administered
intraperitoneally (i.p.), on the food intake, body weight, and blood glucose

15  levels of high fat diet-fed (HFD-fed) obese mice. Figure 1A is a graph
plotting the bodyweight of HFD-fed obese mice (in grams) as a function of
time (days) for treatment with celastrol at different doses (vehicle control
(diamond trace), 10 pg/kg celastrol by i.p. once a day (circle trace), 50 pg/kg
celastrol by i.p. once a day (triangle trace), and 100 ug/kg celastrol by i.p.

20  once a day (square trace)). Figure 1B is a graph plotting the percent decrease
in the bodyweight of HFD-fed obese mice (in grams) as a function of time
(days) for treatment with celastrol at different doses (vehicle control
(diamond trace), 10 pg/kg celastrol by i.p. once a day (circle trace), 50 ug/kg

_ celastrol by i.p. once a day (triangle trace), and 100 pg/kg celastrol by i.p.

25  once a day (square trace)). Figure 1C is a bar graph illustrating the food
intake (in grams/day) of HFD-fed obese mice during the course of treatment
with celastrol at different doses (from left to right, vehicle control, 10 pg/kg
celastrol by i.p. once a day, 50 pg/kg celastrol by i.p. once a day, and 100
ug/kg celastrol by i.p. once a day). Figure 1D is a bar graph illustrating the 6

30  hour fasting blood glucose level (in mg/dL) of HFD-fed obese mice at the

" end of two weeks of treatment with celastrol at different doses (from left to

right, vehicle control, 10 pg/kg celastrol by i.p. once a day, 50 pg/kg
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celastrol by i.p. once a day, and 100 pg/kg celastrol by i.p. once a day). In
all cases, n=5 mice per group. *, p<0.05; **, p<0.01; ***, p<0.001 by
Student’s t-test. The results are based on the daily food intake data taken
during the first three days.

5 Figures 2A-2C illustrate the effect of celastrol, administered
intraperitoneally (i.p.), on the food intake, body weight, and blood glucose
levels of lean mice. Figure 2A is a graph plotting the bodyweight of lean
mice (in grams) as a function of time (days) for treatment with celastrol at
different doses (vehicle control (diamond trace), 50 pg/kg celastrol by i.p.

10 once a day (circle trace), 100pg/kg celastrol by i.p. once a day (triangle
trace), and 500 pg/kg celastrol by i.p. once a day (square trace)). Figure 2B
is a bar graph illustrating the food intake (in grams/day) of lean mice during
the course of treatment with celastrol at different doses (from left to right,
vehicle control, 50 pg/kg celastrol by i.p. once a day, 100 pg/kg celastrol by

15  i.p. once a day, and 500 pg/kg celastrol by i.p. once a day). Figure 2Cisa
bar graph illustrating the 6 hour fasting blood glucose level (in mg/dL) of
lean mice at the end of two weeks of treatment with celastrol at different
doses (from left to right, vehicle control, 10 pg/kg celastrol by i.p. once a
day, 50 pg/kg celastrol by i.p. once a day, and 100 pg/kg celastrol by i.p.

20  once a day). In all cases, n=5 mice per group. *, p<0.05; ¥*, p<0.01; ***,
p<0.001 by Student’s t-test.

Figures 3A-3C illustrate the effect of celastrol, administered
intraperitoneally (i.p.), on the food intake, body weight, and blood glucose
levels of leptin deficient (0b/0b) mice. Figure 3A is a graph plotting the

25  bodyweight of 0b/0b mice (in grams) as a function of time (days) for
treatment with celastrol (vehicle control (diamond trace), 100 pg/kg celastrol
in 25 uL. DMSO by i.p. once a day (square trace)). Figure 3B is a bar graph
illustrating the food intake (in grams/day) of 0b/0b mice during the course of
treatment with celastrol (left bar, vehicle control; right bar, 100 pg/kg

30 celastrol by i.p. once a day). Figure 3C is a bar graph illustrating the 6 hour
fasting blood glucose level (in mg/dL) of 05/0b mice at the end of two weeks
of treatment with celastrol (left bar, vehicle control; right bar, 100 pg/kg
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celastrol by i.p. once a day). In all cases, n=5 mice per group. *, p<0.05; **,
p<0.01; *** p<0.001 by Student’s t-test. NS = non-significant.
Figures 4A-4C illustrate the effect of celastrol, administered

intraperitoneally (i.p.), on the food intake, body weight, and blood glucose

5 levels of leptin receptor deficient (db/db) mice. Figure 4A is a graph plotting
the bodyWeight of db/db mice (in grams) as a function of time (days) for
treatment with celastrol (vehicle control (diamond trace), 100 pg/kg celastrol
in 25 pL DMSO by i.p. once a day (square trace)). Figure 4B is a bar graph
illustrating the food intake (in grams/day) of db/db mice during the course of

10  treatment with celastrol (left bar, vehicle control; right bar, 100 pg/kg
celastrol by i.p. once a day). Figure 4C is a bar graph illustrating the 6 hour
fasting blood glucose level (in mg/dL) of db/db mice at the end of two weeks
of treatment with celastrol (left bar, vehicle control; right bar, 100 pg/kg
celastrol by i.p. once a day). In all cases, n=5 mice per group.

15 Figures 5A-5F illustrate the effect of celastrol, administered orally,
on the food intake, body weight, and blood glucose levels of HFD-fed obese
mice. Figure 5A is a graph plotting the bodyweight of HFD-fed obese mice
(in grams) as a function of time (days) for treatment with celastrol (vehicle
control (diamond trace), 10 mg/kg celastrol orally once a day (square trace)).

20  Figure 5B is a bar graph illustrating the food intake (in grams/day) of HFD-
fed obese mice during the course of treatment with celastrol (left bar, vehicle
control; right bar, 10 mg/kg celastrol orally once a day). Figure 5C is a bar
graph illustrating the 6 hour fasting blood glucose level (in mg/dL) of HFD-
fed obese mice at the end of two weeks of treatment with celastrol (left bar,

25  vehicle control; right bar, 10 mg/kg celastrol orally once a day). Figure SD
is a graph plotting the bodyweight of lean mice (in grams) as a function of
time (days) for treatment with celastrol (vehicle control (diamond trace), 10
mg/kg celastrol orally once a day (square trace)). Figure SE is a bar graph
illustrating the food intake (in grams/day) of lean mice during the course of

30 treatment with celastrol (left bar, vehicle control; right bar, 10 mg/kg
celastrol orally once a day). Figure SF is a bar graph illustrating the 6 hour
fasting blood glucose level (in mg/dL) of lean mice at the end of two weeks
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of treatment with celastrol (left bar, vehicle control; right bar, 10 mg/kg
celastrol orally once a day). In all cases, n=5 mice per group. *, p<0.05; **,
p<0.01; *** p<0.001 by Student’s t-test.

Figures 6A-6D illustrate the effect of celastrol, administered orally,

5  on the food intake, body weight, and blood glucose levels of 0b/ob and db/db
mice. Figure 6A is a graph plotting the bodyweight of 0b/0b mice (in grams)
as a function of time (days) for treatment with celastrol (vehicle control
(triangle trace), 10 mg/kg celastrol orally once a day (square trace)). Figure
6B is a graph plotting the bodyweight of db/db mice (in grams) as a function

10  of time (days) for treatment with celastrol (vehicle control (triangle trace), 10
mg/kg celastrol orally once a day (square trace)). Figure 6C is a bar graph
illustrating the food intake (in grams/day) of 0b/0b mice during the course of
treatment with celastrol (left bar, vehicle control; right bar, 10 mg/kg
celastrol orally once a day). Figure 6D is a bar graph illustrating the food

15  intake (in grams/day) of db/db mice at the end of two weeks of treatment
with celastrol (left bar, vehicle control; right bar, 10 mg/kg celastrol orally
once a day).

Figures 7A-7D illustrates the effect of co-administered leptin and
celastrol on the bodyweight and food intake of mice. Figure 7A is a graph

20  plotting the cumulative food intake of HFD-fed obese mice (in grams) as a
function of time (hours) upon treatment with celastrol alone, leptin alone,
and celastrol and leptin in combination (vehicle control (DMSO+saline,
diamond trace), leptin alone (square trace), celastrol alone (triangle trace),
and both celastrol and leptin (cross (-x-) trace)). Figure 7B is a bar graph

25  plotting the percent decrease in food intake in both lean and HFD-fed mice
6-hours post leptin injection (left to right, lean mice without celastrol, lean
mice with celastrol, HFD-fed obese mice without celastrol, and HFD-fed
mice with celastrol). Figure 7C is a graph plotting the cumulative food
intake of lean mice (in grams) as a function of time (hours) upon treatment

30  with celastrol alone, leptin alone, and celastrol and leptin in combination
(vehicle control (DMSO+saline, diamond trace), leptin alone (square trace),

celastrol alone (triangle trace), and both celastrol and leptin (cross (-x-)
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trace)). Figure 7D is a bar graph plotting the change in body weight (in
grams) over a 24 hour period in both lean and HFD-fed obese mice upon
treatment with celastrol alone, leptin alone, and celastrol and leptin in
combination (left to right, lean mice with vehicle control (DMSO+saline),

5  lean mice leptin alone, lean mice celastrol alone, lean mice treated with both
celastrol and leptin, HFD-fed obese mice with vehicle control
(DMSO+saline), HFD-fed obese mice leptin alone, HFD-fed obese mice
celastrol alone, HFD-fed obese mice treated with both celastrol and leptin).
In all cases, n=3 mice per group.

10 Figures 8A-8D illustrate the ability of celastrol to selectively
decrease the fat mass (i.e., body fat) of HFD-fed mice. Figure 8A is a bar
graph illustrating the lean mass (in grams) of HFD-fed obese mice as
measured using dual-emission x-ray absorptiometry (DEXA) following two
weeks of treatment with celastrol at different doses (from left to right,

15  vehicle control, 10 pg/kg celastrol by i.p. once a day, 50 ug/kg celastrol by
i.p. once a day, and 100 pg/kg celastrol by i.p. once a day). Figure 8Bisa
bar graph illustrating the fat mass (in grams) of HFD-fed obese mice as
measured using DEXA following two weeks of treatment with celastrol at
different doses (from left to right, vehicle control, 10 pg/kg celastrol by i.p.

20  once a day, 50 pg/kg celastrol by i.p. once a day, and 100 pg/kg celastrol by
i.p. once a day). Figure 8C is a bar graph illustrating the percent body fat of
HFD-fed obese mice as measured using DEXA following two weeks of
treatment with celastrol at different doses (from left to right, vehicle control,
10 pg/kg celastrol by i.p. once a day, 50 ug/kg celastrol by i.p. once a day,

25  and 100 pg/kg celastrol by i.p. once a day). Figure 8D is a graph plotting the
plasma leptin level (in ng/mL) measured using a leptin specific ELISA kit as
a function of time (days) of treatment with celastrol (vehicle control
(diamond trace), 100 pg/kg celastrol by i.p. once a day (square trace)).

Figures 9A-9D illustrate the effect of celastrol on glucose

30  homeostasis in HFD-fed obese mice. Figure 9A is a graph plotting the

plasma blood glucose levels in HFD fed mice undergoing a glucose tolerance

test (GTT) at day 7 as a function of time (minutes) following the injection of
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D-glucose (vehicle control (diamond trace), 100 pg/kg celastrol by i.p. once
a day (square trace)). Figure 9B is a bar graph plotting the area under the
curve (AUC, in min mg/dL) for the traces in Figure 9A for botﬁ the vehicle
control (left bar) and celastrol (100 pg/kg celastrol, right bar). Figure 9Cis a
5  graph plotting the plasma blood glucose levels in HFD fed mice undergoing
an insulin tolerance test (ITT) at day 7 as a function of time (minutes)
following the injection of insulin (vehicle control (diamond trace), 100 pg/kg
celastrol by i.p. once a day (square trace)). Figure 9D is a bar graph plotting
the area under the curve (AUC, in min mg/dL) for the traces in Figure 9C for
10  both the vehfcle control (ieﬁ bar) and celastrol (100 pg/kg celastrol, right
bar). In all cases, n=5 mice per group. *, p<0.05; **, p<0.01; ***, p<0.001
by Student’s t-test.
Figures 10A-10C illustrate the effect of celastrol administration on
the hepatic nRNA expression of gluconeogenic enzymes in HFD-fed obese
15  mice, as determined by quantitative PCR at the end of a 3-week i.p.
administration of celastrol (100 pg/kg celastrol by i.p. once a day). Figure
10A is a bar graph illustrating the level of hepatic mRNA expression of
glucose 6-phosphatase (G6pase, in arbitrary units) in HFD-fed obese mice
following treatment with celastrol for three weeks (left bar, vehicle control;
20  right bar, celastrol administration). Figure 10B is a bar graph illustrating the
level of hepatic mRNA expression of phosphoenolpyruvate carboxykinase
(PEPCK, in arbitrary units) in HFD-fed obese mice following treatment with
celastrol for three weeks (left bar, vehicle control; right bar, celastrol
administration). Figure 10C is a bar graph illustrating the level of hepatic
25 mRNA expression of peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGCI a, in arbitrary units) in HFD-fed obese mice
following treatment with celastrol for three weeks (left bar, vehicle control;
right bar, celastrol administration).
Figures 11A-11B illustrate the effect of celastrol administration on
30  the serum levels of alanine transaminase (ALT) and aspartate transaminase
(AST) in HFD-fed obese mice, as determined by ELISA, at the end of a 3-
week i.p. administration of celastrol (100 pg/kg celastrol by i.p. once a day).
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Figure 11A is a bar graph plotting the serum level of ALT (U/L) in HFD-fed
obese mice following treatment with celastrol for three weeks (left bar,
vehicle control; right bar, celastrol administration). Figure 11B is a bar
graph plotting the serum level of AST (U/L) in HFD-fed obese mice
5 following treatment with celastrol for three weeks (left bar, vehicle control;
right bar, celastrol administration). In all cases, n=5 mice per group. *,
p<0.05; **, p<0.01; *** p<0.001 by Student’s t-test.
Figures 12A-12B illustrate the effect of celastrol administration on
the serum levels of thyroid hormones triiodothyronine (T3) and thyroxine
10  (T4) in HFD-fed obese mice at the end of a 3-week i.p. administration of
celastrol (100 pg/kg celastrol by i.p. once a day). Figure 12A is a bar graph
plotting the serum level of T3 (ng/mL) in HFD-fed obese mice following
treatment with celastrol for three weeks (left bar, vehicle control; right bar,
celastrol administration). Figure 12B is a bar graph plotting the serum level
15 of T4 (ng/mL) in HFD-fed obese mice following treatment with celastrol for
three weeks (leﬁ‘ bar, vehicle control; right bar, celastrol administration). In
all cases, n=5 mice per group. *, p<0.05; **, p<0.01; ***, p<0.001 by
Student’s t-test.
Figure 13 is a graph plotting the bodyweight/initial bodyweight of
20  HFD- fed obese mice as a function of time (days) for treatment with four
different celastrol derivatives administered at a dose of 100 pg/kg by i.p.
once a day (mCS1 (diamond trace), mCS2 (square trace), mCS3 (triangle
trace), and mCS4 (cross trace)). ‘
Figure 14isa graph plotting the bodyweight/initial bodyweight of
25  HFD-fed obese mice as a function of time (days) for treatment with celastrol
(vehicle control (diamond trace), 100 pg/kg celastrol by i.p. once a day
(square trace)). Leptin was co-administered, starting at day 17 of the
celastrol treatment, at increasing doses (1 mg/kg, 2 mg/kg, and 4 mg/kg), as
illustrated by the bar included above the x-axis of the g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>