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SIRTUIN MODULATING COMPOUNDS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
60/936,636, filed June 20, 2007, the contents of which are incorporated by reference
in their entirety.
BACKGROUND

The Silent Information Regulator (SIR) family of genes represents a highly
conserved group of genes present in the genomes of organisms ranging from
archaebacteria to a variety of eukaryotes (Frye, 2000). The encoded SIR proteins are
involved in diverse processes from regulation of gene silencing to DNA repair. The
proteins encoded by members of the SIR gene family show high sequence
conservation in a 250 amino acid core domain. A well-characterized gene in this
family is S. cerevisiae SIR2, which is involved in silencing HM loci that contain
information specifying yeast mating type, telomerc position effects and cell aging
(Guarente, 1999; Kaeberlein et al., 1999; Shore, 2000). The yeast Sir2 protein
belongs to a family of histone deacetylases (reviewed in Guarente, 2000; Shore,
2000). The Sir2 homolog, CobB, in Salmonella typhimurium, functions as an NAD
(nicotinémide adenine dinucleotide)-dependent ADP-ribosyl transferase (Tsang and
Escalante-Semerena, 1998).

The Sir2 protein is a class 11l deacetylase which uses NAD as a cosubstrate
(Imai et al., 2000; Moazed, 2001; Smith et al., 2000; Tanner et al., 2000; Tanny and
Moazed, 2001). Unlike other deacetylases, many of which are involved in gene
silencing, Sir2 is insensitive to class I and II histone deacetylase inhibitors like
trichostatin A (TSA) (Imai et al., 2000; Landry et al., 2000a; Smith et al., 2000).

Deacetylation of acetyl-lysine by Sir2 is tightly coupled to NAD hydrolysis,
producing nicotinamide and a novel acetyl-ADP ribose compound (Tanner et al.,
2000; Landry et al., 2000b; Tanny and Moazed, 2001). The NAD-dependent
deacetylase activity of Sir2 is essential for its functions which can connect its
biological role with cellular metabolism in yeast (Guarente, 2000; Imai et al., 2000;
Lin et al., 2000; Smith et al., 2000). Mammalian Sir2 homologs have NAD-
dependent histone deacetylase activity (Imai et al., 2000; Smith et al., 2000). Most
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information about Sir2 mediated functions comes from the studies in yeast
(Gartenberg, 2000; Gottschling, 2000).

Biochemical studies have shown that Sir2 can readily deacetylate the amino-
terminal tails of histones H3 and H4, resulting in the formation of 1-O-acetyl-ADP-
ribose and nicotinamide. Strains with additional copies of SIR2 display increased
rDNA silencing and a 30% longer life span. It has recently been shown that
additional copies of the C. elegans SIR2 homolog, sir-2.1, and the D. melanogaster
dSir2 gene greatly extend life span in those organisms. This implies that the SIR2-
dependent regulatory pathway for aging arose early in evolution and has been well
conserved. Today, Sir2 genes are believed to have evolved to enhance an
organism's health and stress resistance to increase its chance of surviving adversity.

SIRT3 is a homolog of SIRT1 that is conserved in prokaryotes and
eukaryotes (P. Onyango et al., Proc. Natl. Acad. Sci. USA 99: 13653-13658 (2002)).
The SIRT3 protein is targeted to the mitochondrial cristae by a unique domain
located at the N-terminus. SIRT3 has NAD+-dependent protein deacetylase activity
and is upbiquitously expressed, particularly in metabolically active tissues. Upon
transfer to the mitochondria, SIRT3 is believed to be cleaved into a smaller, active
form by a mitochondrial matrix processing peptidase (MPP) (B. Schwer et al., J.
Cell Biol. 158: 647-657 (2002)).

Caloric restriction has been known for over 70 years to improve the health
and extend the lifespan of mammals (Masoro, 2000). Yeast life span, like that of
metazoans, is also extended by interventions that resemble caloric restriction, such
as low glucose. The discovery that both yeast and flies lacking the SIR2 gene do not
live longer when calorically restricted provides evidence that SIR2 genes mediate
the beneficial health effects of this diet (Anderson et al., 2003; Helfand and Rogina,
2004). Moreover, mutations that reduce the activity of the yeast glucose-responsive
cAMP (adenosine 3',5'-monophosphate)-dependent (PKA) pathway extend life span
in wild type cells but not in mutant sir2 strains, demonstrating that SIR2 is likely to

be a key downstream component of the caloric restriction pathway (Lin et al., 2001).
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SUMMARY

Provided herein are novel sirtuin-modulating compounds and methods of use
thereof.

In one aspect, the invention provides sirtuin-modulating compounds of Structural
Formulas (I)-(VI) as are described in detail below.

In a further aspect, the invention provides a compound represented by Structural

Formula (II):

or a salt thereof, wherein:

X' to X* are -CR*-;

R*is -H;

R' is a solubilizing group; and

R? is phenyl.

In another aspect, the invention provides methods for using sirtuin-modulating
compounds, or compositions comprising sirtuin-modulating compounds. In certain
embodiments, sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be used for a variety of therapeutic applications including, for example,
increasing the lifespan of a cell, and treating and/or preventing a wide variety of diseases
and disorders including, for example, diseases or disorders related to aging or stress,
diabetes, obesity, neurodegenerative diseases, chemotherapeutic induced neuropathy,
neuropathy associated with an ischemic event, ocular diseases and/or disorders,
cardiovascular disease, blood clotting disorders, inflammation, and/or flushing, etc.
Sirtuin-modulating compounds that increase the level and/or activity of a sirtuin protein
may also be used for treating a disease or disorder in a subject that would benefit from

increased mitochondrial activity, for enhancing muscle performance, for increasing muscle




13 Feb 2012

2008266749

10

C:\NRPonb\DCOKXGM 147219_1.00C- 130212012

-3A -

ATP levels, or for treating or preventing muscle tissue damage associated with hypoxia or
ischemia. In other embodiments, sirtuin-modulating compounds that decrease the level
and/or activity of a sirtuin protein may be used for a variety of therapeutic applications
including, for example, increasing cellular sensitivity to stress, increasing apoptosis,
treatment of cancer, stimulation of appetite, and/or stimulation of weight gain, etc. As
described further below, the methods comprise administering to a subject in need thereof a
pharmaceutically effective amount of a sirtuin-modulating compound.

In certain aspects, the sirtuin-modulating compounds may be administered alone or
in combination with other compounds, including other sirtuin-modulating compounds, or

other therapeutic agents.
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DETAILED DESCRIPTION
1. Definitions

As used herein, the following terms and phrases shall have the meanings set
forth below. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art.

The singular forms “a,” “an,” and “the” include plural reference unless the
context clearly dictates otherwise.

The term “agent” is used herein to denote a chemical compound, a mixture
of chemical compounds, a biological macromolecule (such as a nucleic acid, an
antibody, a protein or portion thereof, e.g., a peptide), or an extract made from
biological materials such as bacteria, plants, fungi, or animal (particularly
mammalian) cells or tissues. The activity of such agents may render it suitable as a
“therapeutic agent” which is a biologically, physiologically, or pharmacologically
active substance (or substances) that acts locally or systemically in a subject.

The term “bioavailable” when referring to a compound is art-recognized and
refers to a form of a compound that allows for it, or a portion of the amount of
compound administered, to be absorbed by, incorporated to, or otherwise
physiologically available to a subject or patient to whom it is administered.

“Biologically active portion of a sirtuin” refers to a portion of a sirtuin
protein having a biological activity, such as the ability to deacetylate. Biologically
active portions of a sirtuin may comprise the core domain of sirtuins. Biologically
active portions of SIRT1 having GenBank Accession No. NP_036370 that
encompass the NAD+ binding domain and the substrate binding domain, for
example, may include without limitation, amino acids 62-293 of GenBank
Accession No. NP 036370, which are encoded by nucleotides 237 to 932 of
GenBank Accession No. NM_012238. Therefore, this region is sometimes referred
to as the core domain. Other biologically active portions of SIRT1, also sometimes
referred to as core domains, include about amino acids 261 to 447 of GenBank
Accession No. NP 036370, which are encoded by nucleotides 834 to 1394 of
GenBank Accession No. NM_012238; about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of

GenBank Accession No. NM_012238; or about amino acids 254 to 495 of
4
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GenBank Accession No. NP_036370, which are encoded by nucleotides 813 to
1538 of GenBank Accession No. NM_012238.

The term “companion animals” refers to cats and dogs. As used herein, the
term “dog(s)” denotes any member of the species Canis familiaris, of which there
are a large number of different breeds. The term “cat(s)” refers to a feline animal
including domestic cats and other members of the family Felidae, genus Felis.

The terms “comprise” and “comprising” are used in the inclusive, open
sense, meaning that additional elements may be included.

“Diabetes” refers to high blood sugar or ketoacidosis, as well as chronic,
general metabolic abnormalities arising from a prolonged high blood sugar status or
a decrease in glucose tolerance. ‘“Diabetes” encompasses both the type I and type I1
(Non Insulin Dependent Diabetes Mellitus or NIDDM) forms of the disease. The
risk factors for diabetes include the following factors: waistline of more than 40
inches for men or 35 inches for women, blood pressure of 130/85 mmHg or higher,
triglycerides above 150 mg/dl, fasting blood glucose greater than 100 mg/dl or high-
density lipoprotein of less than 40 mg/dl in men or SO mg/dl in women.

A “direct activator” of a sirtuin is a molecule that activates a sirtuin by
binding to it. A “direct inhibitor” of a sirtuin is a molecule inhibits a sirtuin by

binding to it.

The term “EDsy” is art-recognized. In certain embodiments, EDsy means the
dose of a drug which produces 50% of its maximum response or effect, or
alternatively, the dose which produces a pre-determined response in 50% of test
subjects or preparations. The term “LDsg” is art-recognized. In certain embodiments,
LDso means the dose of a drug which is lethal in 50% of test subjects. The term
“therapeutic index” is an art-recognized term which refers to the therapeutic index of
a drug, defined as LDsy/EDsy.

The term “hyperinsulinemia” refers to a state in an individual in which the
level of insulin in the blood is higher than normal.

The term “including” is used to mean “including but not limited to”.

“Including” and “including but not limited to” are used interchangeably.
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The term “insulin resistance” refers to a state in which a normal amount of
insulin produces a subnormal biologic response relative to the biological response in
a subject that does not have insulin resistance.

An “insulin resistance disorder,” as discussed herein, refers to any disease or
condition that is caused by or contributed to by insulin resistance. Examples
include: diabetes, obesity, metabolic syndrome, insulin-resistance syndromes,
syndrome X, insulin resistance, high blood pressure, hypertension, high blood
cholesterol, dyslipidemia, hyperlipidemia, dyslipidemia, atherosclerotic disease
including stroke, coronary artery disease or myocardial infarction, hyperglycemia,
hyperinsulinemia and/or hyperproinsulinemia, impaired glucose tolerance, delayed
insulin release, diabetic complications, including coronary heart disease, angina
pectoris, congestive heart failure, stroke, cognitive functions in dementia,
retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,
glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis some types of
cancer (such as endometrial, breast, prostate, and colon), complications of
pregnancy, poor female reproductive health (such as menstrual irregularities,
infertility, irregular ovulation, polycystic ovarian syndrome (PCOS)), lipodystrophy,
cholcsterol related disorders, such as gallstones, cholescystitis and cholelithiasis,
gout, obstructive sleep apnea and respiratory problems, osteoarthritis, and
prevention and treatment of bone loss, e.g. osteoporosis.

The term “livestock animals” refers to domesticated quadrupeds, which
includes those being raised for meat and various byproducts, €.g., a bovine animal
including cattle and other members of the genus Bos, a porcine animal including
domestic swine and other members of the genus Sus, an ovine animal including
sheep and other members of the genus Ovis, domestic goats and other members of
the genus Capra; domesticated quadrupeds being raised for specialized tasks such as
use as a beast of burden, e.g., an equine animal including domestic horses and other
members of the family Equidae, genus Equus.

The term “mammal” is known in the art, and exemplary mammals include
humans, primates, livestock animals (including bovinces, porcines, etc.), companion

animals (e.g., canines, felines, etc.) and rodents (e.g., mice and rats).
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“Obese” individuals or individuals suffering from obesity are generally
individuals having a body mass index (BMI) of at least 25 or greater. Obesity may
or may not be associated with insulin resistance.

The terms “parenteral administration” and “administered parenterally” are
art-recognized and refer to modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-
articulare, subcapsular, subarachnoid, intraspinal, and intrasternal injection and
infusion.

A “patient”, “subject”, “individual” or “host” refers to either a human or a
non-human animal.

The term “pharmaceutically acceptable carrier” is art-recognized and refers
to a pharmaceutically-acceptable material, composition or vchicle, such as a liquid
or solid filler, diluent, excipient, solvent or encapsulating material, involved in
carrying or transporting any subject composition or component thereof. Each carrier
must be “acceptable” in the sense of being compatible with the subject composition
and its components and not injurious to the patient. Some examples of materials
which may serve as pharmaceutically acceptable carriers include: (1) sugars, such as
lactose, glucose and sucrose; (2) starches, such as corn starch and potato starch; (3)
cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7)
talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean
oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol and polycthylene glycol; (12) esters, such as ethyl oleate and ethyl laurate;
(13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18)
Ringer’s solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and (21) other
non-toxic compatible substances employed in pharmaceutical formulations.

The term “prophylactic” or “therapeutic” treatment is art-recognized and

refers to administration of a drug to a host. If it is administered prior to clinical
7
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manifestation of the unwanted condition (e.g., disease or other unwanted state of the
host animal) then the treatment is prophylactic, i.e., it protects the host against
developing the unwanted condition, whereas if administered after manifestation of
the unwanted condition, the treatment is therapeutic (i.e., it is intended to diminish,

ameliorate or maintain the existing unwanted condition or side effects therefrom).

The term “pyrogen-free”, with reference to a composition, refers to a
composition that does not contain a pyrogen in an amount that would lead to an
adverse effect (e.g., irritation, fever, inflammation, diarrhea, respiratory distress,
endotoxic shock, etc.) in a subject to which the composition has been administered.
For example, the term is meant to encompass compositions that are free of, or

substantially free of, an endotoxin such as, for example, a lipopolysaccharide (LPS).

“Replicative lifespan” of a cell refers to the number of daughter cells
produced by an individual “mother cell.” “Chronological aging” or “chronological
lifespan,” on the other hand, refers to the length of time a population of non-
dividing cells remains viable when dcprived of nutrients. “Increasing the lifespan
of a cell” or “extending the lifespan of a cell,” as applied to cells or organisms,
refers to increasing the number of daughter cells produced by one cell; increasing
the ability of cells or organisms to cope with stresses and combat damage, e.g., to
DNA, proteins; and/or increasing the ability of cells or organisms to survive and
exist in a living state for longer under a particular condition, e.g., stress-(for
example, heatshock, osmotic stress, high energy radiation, chemically-induced
stress, DNA damage, inadequate salt level, inadequate nitrogen level, or inadequate
nutrient level). Lifespan can be increased by at least about 20%, 30%, 40%, 50%,
60% or between 20% and 70%, 30% and 60%, 40% and 60% or more using

methods described herein.

“Sirtuin-activating compound” refers to a compound that increases the level
of a sirtuin protein and/or increases at lcast one activity of a sirtuin protein. In an
exemplary embodiment, a sirtuin-activating compound may increase at least one
biological activity of a sirtuin protein by at least about 10%, 25%, 50%, 75%,
100%, or more. Exemplary biological activities of sirtuin proteins include

deacetylation, e.g., of histones and p53; extending lifespan; increasing genomic
8
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stability; silencing transcription; and controlling the segregation of oxidized

proteins between mother and daughter cells.

“Sirtuin-inhibiting compound” refers to a compound that decreases the level
of a sirtuin protein and/or decreases at least one activity of a sirtuin protein. In an
exemplary embodiment, a sirtuin-inhibiting compound may decrease at least one
biological activity of a sirtuin protein by at least about 10%, 25%, 50%, 75%,
100%, or more. Exemplary biological activities of sirtuin proteins include
deacetylation, e.g., of histones and p53; extending lifespan; increasing genomic
stability; silencing transcription; and controlling the segregation of oxidized

proteins between mother and daughter cells.

“Sirtuin-modulating compound” refers to a compound of Structural
Formulas (I)-(VI) as described herein. In exemplary embodiments, a sirtuin-
modulating compound may either up regulate (e.g., activate or stimulate), down
regulate (e.g., inhibit or suppress) or otherwise change a functional property or
biological activity of a sirtuin protein. Sirtuin-modulating compounds may act to
modulate a sirtuin protein either directly or indirectly. In certain embodiments, a
sirtuin-modulating compound may be a sirtuin-activating compound or a sirtuin-
inhibiting compound.

“Sirtuin protein” refers to a member of the sirtuin deacetylase protein family,
or preferably to the sir2 family, which include yeast Sir2 (GenBank Accession No.
P53685), C. elegans Sir-2.1 (GenBank Accession No. NP_501912), and human
SIRT1 (GenBank Accession No. NM 012238 and NP_036370 (or AF083106)) and
SIRT2 (GenBank Accession No. NM 012237, NM 030593, NP_036369,
NP_085096, and AF083107) proteins. Other family members include the four
additional yeast Sir2-like genes termed "HST genes" (homologues of Sir two) HST],
HST2, HST3 and HST4, and the five other human homologues hSIRT3, hSIRT4,
hSIRTS, hSIRT6 and hSIRT7 (Brachmann et al. (1995) Genes Dev. 9:2888 and Frye
et al. (1999) BBRC 260:273). Preferred sirtuins are those that share more
similanties with SIRT1, i.e., hSIRTI1, and/or Sir2 than with SIRT?2, such as those
members having at least part of the N-terminal sequence present in SIRT1 and

absent in SIRT?2 such as SIRT3 has.
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“SIRT1 protein” refers to a member of the sir2 family of sirtuin deacetylases.
In one embodiment, a SIRT1 protein includes yeast Sir2 (GenBank Accession No.
P53685), C. elegans Sir-2.1 (GenBank Accession No. NP_501912), human SIRT1
(GenBank Accession No. NM_012238 or NP_036370 (or AF083106)), and human
SIRT2 (GenBank Accession No. NM_ 012237, NM_030593, NP_036369,
NP_085096, or AF083107) proteins, and equivalents and fragments thereof. In
another embodiment, a SIRT1 protein includes a polypeptide compnsing a sequence
consisting of, or consisting essentially of, the amino acid sequence set forth in
GenBank Accession Nos. NP_036370, NP_501912, NP_085096, NP_036369, or
P53685. SIRT1 proteins include polypeptides comprising all or a portion of the
amino acid sequence set forth in GenBank Accession Nos. NP_036370, NP_501912,
NP_085096, NP_036369, or P53685; the amino acid sequence set forth in GenBank
Accession Nos. NP_036370, NP 501912, NP 085096, NP_036369, or P53685 with
1 to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that is at least 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, or 99% identical to GenBank Accession Nos. NP 036370,
NP_501912, NP_085096, NP_036369, or P53685, and functional fragments thereof.
Polypeptides of the invention also include homologs (e.g., orthologs and paralogs),
vanants, or fragments, of GenBank Accession Nos. NP_036370, NP_501912,

NP _ 085096, NP _036369, or P53685.

“SIRT3 protein” refers to a member of the sirtuin deacetylase protein family
and/or to a homolog of a SIRT1 protein. In one embodiment, a SIRT3 protein
includes human SIRT3 (GenBank Accession No. AAH01042, NP_036371, or
NP_001017524) and mouse SIRT3 (GenBank Accession No. NP_071878) proteins,
and equivalents and fragments thereof. In another embodiment, a SIRT3 protein
includes a polypeptide comprising a sequence consisting of, or consisting essentially
of, the amino acid sequence set forth in GenBank Accession Nos. AAH01042,

NP_ 036371, NP_001017524, or NP_071878. SIRT3 proteins include polypeptides
comprising all or a portion of the amino acid sequence set forth in GenBank
Accession AAH01042, NP 036371, NP_001017524, or NP_071878; the amino acid
sequence set forth in GenBank Accession Nos. AAH01042, NP_036371,

NP 001017524, or NP_071878 with 1 to about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or
10
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more conservative amino acid substitutions; an amino acid sequence that is at least
60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% identical to GenBank
Accession Nos. AAH01042, NP_036371, NP_001017524, or NP_071878, and
functional fragments thereof. Polypeptides of the invention also include homologs
(e.g., orthologs and paralogs), variants, or fragments, of GenBank Accession Nos.
AAHO01042, NP_036371, NP_001017524, or NP_071878. In one embodiment, a
SIRT3 protein includes a fragment of SIRT3 protein that is produced by cleavage
with a mitochondrial matrix processing peptidase (MPP) and/or a mitochondrial
intermediate peptidase (MIP).

2 ¢

The terms “systemic administration,” “administered systemically,”
“peripheral administration” and “administered peripherally” are art-recognized and
refer to the administration of a subject composition, therapeutic or other material
other than directly into the central nervous system, such that it enters the patient’s
system and, thus, is subject to metabolism and other like processes.

The term “therapeutic agent” is art-recognized and refers to any chemical
moiety that is a biologically, physiologically, or pharmacologically active substance
that acts locally or systemically in a subject. The term also means any substance
intended for use in the diagnosis, cure, mitigation, treatment or prevention of disease
or in the enhancement of desirable physical or mental development and/or
conditions in an animal or human.

The term “therapeutic effect” is art-recognized and refers to a local or
systemic effect in animals, particularly mammals, and more particularly humans
caused by a pharmacologically active substance. The phrase “therapeutically-
effective amount” means that amount of such a substance that produces some
desired local or systemic effect at a reasonable benefit/risk ratio applicable to any
treatment. The therapeutically effective amount of such substance will vary
depending upon the subject and disease condition being treated, the weight and age
of the subject, the severity of the disease condition, the manner of administration and
the like, which can readily be determined by one of ordinary skill in the art. For
example, certain compositions described herein may be administered in a sufficient
amount to produce a desired effect at a reasonable benefit/risk ratio applicable to

such treatment.
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“Treating” a condition or disease refers to curing as well as ameliorating at
least one symptom of the condition or disease.

The term “vision impairment” refers to diminished vision, which is often
only partially reversible or irreversible upon treatment (e.g., surgery). Particularly
severe vision impairment is termed “blindness” or “vision loss”, which refers to a
complete loss of vision, vision worse than 20/200 that cannot be improved with
corrective lenses, or a visual field of less than 20 degrees diameter (10 degrees

radius).

2. Sirtuin Modulators

In one aspect, the invention provides novel sirtuin-modulating compounds
for treating and/or preventing a wide variety of diseases and disorders including, for
example, diseases or disorders related to aging or stress, diabetes, obesity,
neurodegenerative diseases, ocular diseases and disorders, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. Sirtuin-
modulating compounds that increase the level and/or activity of a sirtuin protein
may also be used for treating a disease or disorder in a subject that would benefit
from increased mitochondrial activity, for enhancing muscle performance, for
increasing muscle ATP levels, or for treating or preventing muscle tissue damage
associated with hypoxia or ischemia. Other compounds disclosed herein may be
suitable for use in a pharmaceutical composition and/or one or more methods
disclosed herein.

In one embodiment, sirtuin-modulating compounds of the invention are
represented by Structural Formula (I):

X2=x3
2
R \<\ /X4
X! °

or a salt thereof, wherein:

12
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two of X' to X* are selected from —CR - and -N-;

the other two of X' to X* are —CR*-;

R! is a solubilizing group;

R? is a phenyl group optionally substituted with a lower alkyl, lower alkoxy,
halogen, nitrile or —CF3, or R?is a 5- to 6-membered heterocycle containing an N
heteroatom and, optionally, a second heteroatom selected from N, O or S, wherein
said heterocycle is optionally substituted with methyl or a halogen;

R* is independently selected at each occurance from —H, lower alkyl or
halogen;

R 1s —H or —CH3;

R is—CH;or a halogen; and

n is an integer from 0-4.

Typically, R is —H and n is 0, such that compounds of Structural Formula (I)
are represented by Structural Formula (II):

X2=x3
R2‘<\ /\x4
x1

0]
HN
N

LIS%>
)
1 Z N

Preferred values in compounds of Structural Formula (I) and (II) are as

R (1ID);

or a salt thereof.

follows:

two of X' to X* are selected from —CR*- and -N-;

the other two of X' to X* are -CR*-;

R* is independently selected at each occurance from —H, lower alkyl or
halogen;

R' is a solubilizing group; and

R’ is selected from phenyl optionally substituted with one or more
substituents independently selected from —CN, -F, -Cl and -CF3, and when each of
of X' to X*is -CR -, R? is additionally selected from a 5- to 6-membered

heterocycle containing an N heteroatom and, optionally, a second heteroatom
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selected from N, O or S, wherein said heterocycle is optionally substituted with
methyl.

In certain embodiments, each of X! to X* is ~CR*-. In other embodiments,
one of X' to X* is -N- and the remainder are -CR*-. In certain embodiments, two of
X' to X* are -N- and the remainder are ~-CR*-. In certain embodiments, wherein two
of X' to X* are -N-, X' and X? are —N-. In certain embodiments, wherein two of x!
to X* are —=N- , X' and X* are —N-. In certain embodiments, when one of X'to X*is
—N-, X' is =N-. In certain embodiments, R* is H.

In certain embodiments, such as when each of X' to X* is ~-CR*--, R?is
selected from phenyl, fluorophenyl, difluorophenyl, chlorophenyl, methylthiazolyl,
pyrimidinyl, pyridyl and pyrazolyl. In certain such embodiments, R? is selected
from phenyl, fluorophenyl, difluorophenyl, chlorophenyl, 2-methylthiazol-4-yl,
pyridyl and pyrazol-1-yl. Preferably, R? is phenyl or pyridyl.

In certain embodiments, R' is <CH,-R? and R? is a nitrogen-containing
heterocycle optionally substituted with one or more substituents selected from C;-C4
alkyl, amino, halogen, methoxy and methoxy-C,-Cs-alkyl. In these embodiments,
X' to X* and R? can have any of the values described above. In certain such
embodiments, R? is phenyl, pyridyl or 3-fluorophenyl; X? and X are -CR*- and X'
and X* are independently selected from —CR*- or —N-; or both.

In certain embodiments, R' is -CH,-R?; and R? is selected from piperazin-1-
yl, 4-(methoxyethyl-piperazin-1-yl, 3,5-dimethylpiperazin-1-yl, morpholin-4-yl,
piperidin-1-yl, 4-aminopiperidin-1-yl, pyrrolidin-1-yl, 3-fluoropyrrolidin-1-yl,
-NH-(pyrrolidin-3-yl), and 1,4-diaza-bicyclo[2.2.1]heptan-1-yl. In these
embodiments, X' to X* and R? can have any of the values described above, but
typically R? is phenyl, pyridyl or 3-fluorophenyl; X* and X3 are ~CH- and X' and X*
are independently selected from —CH- or —N-; or both.

In certain such embodiments, R is selected from 4-(methoxyethyl)-
piperazin-1-yl, morpholin-4-yl, piperidin-1-yl and 4-aminopiperidin-1-yl. When R’
has these values, R? is typically phenyl, 3-fluorophenyl or pynidyl. Also, typically
X* and X® are —CH- and X' and X* are independently selected from —CH- or —N-. In
particular embodiments, X' and X* are independently selected from ~CH- or —-N-; X*

and X’are -CH-; R? is phenyl, 3-fluorophenyl or pyridyl; and R'is —CH,-R* where
14
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R’ is selected from 4-(methoxyethyl)-piperazin-1-yl, morpholin-4-yl, piperidin-1-yl
and 4-aminopiperidin-1-yl.
[n certain embodiment, sirtuin-modulating compounds encompassed by
Structural Formula (I) are represented by Structural Formula (III):
X2=x3

R2\<\ ‘/Q
X1
0

RN

/ /
RN TN A gy, (1)

or a salt thereof, wherein:
one of X! to X is selected from -CH- and -N-;
the other two of X' to X> are -CH-;
10 R' is a solubilizing group;
R’isa phenyl group optionally substituted with a methyl, halogen or —CFj3,
or R? is a 5- to 6-membered heterocycle containing an N heteroatom and, optionally,
a second heteroatom selected from N, O or S, wherein said heterocycle is optionally
substituted with methyl or a halogen;
15 R is —=H or —CH3;
R'is —CHj; or a halogen; and
n is an integer from 0-4.
Typically, R 1s —H and n is 0, such that compounds of Structural Formula

(IIT) are represented by Structural Formula (IV):

20 R?
Preferred values in compounds of Structural Formula (III) and (IV) are as

follows:
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one of X' to X is selected from -CH- and -N-;

the other two of X' to X° are -CH-;

R'isa solubilizing group; and

R? is selected from phenyl and fluorophenyl, and, when each of X' to X? is
-CH-, R is additionally selected from a 5- to 6-membered heterocycle containing an
N heteroatom and, optionally, a second heteroatom selected from N, O or S, wherein
said heterocycle is optionally substituted with methyl.

In certain embodiments, each of X' to X® is —CH-. In other embodiments,
one of X' to X* is —~N- and the remainder are -CH-. Typically, when one of X' to x?
is -N-, X' is -N-.

In certain embodiments, such as when each of X'to X*is —CH-, R%isis
selected from phenyl, fluorophenyl, methylthiazolyl, pyrimidinyl, pyridyl and
pyrazolyl. In certain such embodiments, R’ is selected from phenyl, fluorophenyl,
2-methylthiazol-4-yl, pyridyl and pyrazol-1-yl. Preferably, R?is phenyl or pyridyl.

In certain embodiments, R'is fCHz-R3 andR’isa nitrogen-containing
heterocycle optionally substituted with one or more substituents selected from C;-Cq4
alkyl, amino, halogen, methoxy and methoxy-C;-Cs-alkyl. In these embodiments,
X' to X? and R? can have any of the values described above. In certain such
embodiments, R? is phenyl, pyridyl or 3-fluorophenyl; X? and X> are -CH- and X' is
—CH- or —N-; or both.

In certain embodiments, R' is -CH,-R?; and R is selected from piperazin-1-
yl, 4-(methoxyethy-piperazin-1-yl, 3,5-dimethylpiperazin-1-yl, morpholin-4-yl,
piperidin-1-yl, 4-aminopiperidin-1-yl, pyrrolidin-1-yl, 3-fluoropyrrolidin-1-yl,
-NH-(pyrrolidin-3-yl), and 1,4-diaza-bicyclo[2.2.1]heptan-1-yl. In these
embodiments, X' to X? and R? can have any of the values described above, but
typically R?is phenyl, pyridyl or 3-fluorophenyl; X? and X? are -CH- and X' is —
CH- or —N-; or both. '

In certain such embodiments, R is selected from 4-(methoxyethyl)-
piperazin-1-yl, morpholin-4-yl, piperidin-1-yl and 4-aminopiperidin-1-yl. When R’
has these values, R? is typically phenyl, 3-fluorophenyl or pyridyl. Also, typically
X? and X? are —CH- and X' is -CH- or =N-. In particular embodiments, X' is -CH-

or -N-; X? and X? are -CH-; R is phenyl, 3-fluorophenyl or pyridyl; and R'is—
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CH,-R® where R’ is selected from 4-(methoxyethyl)-piperazin-1-yl, morpholin-4-yl,
piperidin-1-yl and 4-aminopiperidin-1-yl.
In another embodiment, sirtuin-modulating compounds of the invention are

represented by Structural Formula (V):

z
R*Z |
NS

O
HN
/
Z
R' N V)

or a salt thereof, wherein:

ring A is selected from:

An Ain A & #
=N\ =V '\Ij\ - /N_CH
\O \NH N= O/ ~ 3
~Y Y Y ~ and P ;

R' is a solubilizing group; and
10 R"is a -H or ~O-CHj.
In yet another embodiment, sirtuin-modulating compounds of the invention

are represented by Structural Formula (VI):

X2
O
HN

N\ S
PDW
R’ N (VI
15  or asalt thereof, wherein:
ring B is selected from:
#‘\FN ,:f‘\rs
& or ~"- and

)

R' is a solubilizing group.
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Preferred solubilizing groups for Structural Formula (V)-(VI) are the same as
for Structural Formulas (I)-(IV) as described above.

Compounds of the invention, including novel compounds of the invention,
can also be used in the methods described herein.

Sirtuin-modulating compounds of the invention advantageously modulate the
level and/or activity of a sirtuin protein, particularly the deacetylase activity of the
sirtuin protein.

Separately or in addition to the above properties, certain sirtuin-modulating
compounds of the invention do not substantially have one or more of the following
activities: inhibition of PI3-kinase, inhibition of aldoreductase, inhibition of tyrosine
kinase, transactivation of EGFR tyrosine kinase, coronary dilation, or spasmolytic
activity, at concentrations of the compound that are effective for modulating the
deacetylation activity of a sirtuin protein (e.g., such as a SIRT1 and/or a SIRT3
protein).

An alkyl group is a straight chained, branched or cyclic non-aromatic
hydrocarbon which is completely saturated. Typically, a straight chained or
branched alkyl group has from 1 to about 20 carbon atoms, preferably from 1 to
about 10, and a cyclic alkyl group has from 3 to about 10 carbon atoms, preferably
from 3 to about 8. Examples of straight chained and branched alkyl groups include
methyl, ethyl, n-propyl, 1so-propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl,
pentyl and octyl. A C1-C4 straight chained or branched alkyl group is also referrcd
to as a "lower alkyl" group.

Aromatic (aryl) groups include carbocyclic aromatic groups such as phenyl,
naphthyl, and anthracyl, and heteroaryl groups such as imidazolyl, thienyl, furyl,
pyridyl, pyrimidyl, pyranyl, pyrazolyl, pyrroyl, pyrazinyl, thiazolyl, oxazolyl, and
tetrazolyl.

Aromatic groups also include fused polycyclic aromatic ring systems in
which a carbocyclic aromatic ring or heteroaryl ring is fused to one or more other
heteroaryl rings. Examples include benzothienyl, benzofuryl, indolyl, quinolinyl,
benzothiazole, benzoxazole, benzimidazole, quinolinyl, isoquinolinyl and isoindolyl.

Suitable substituents on an alkyl or aryl group (carbocyclic and heteroaryl)

are those which do not substantially interfere with the ability of the disclosed
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compounds to have one or more of the properties disclosed herein. A substituent
substantially interferes with the properties of a compound when the magnitude of the
property is reduced by more than about 50% in a compound with the substituent
compared with a compound without the substituent. Examples of suitable
substituents include -OH, halogen (-Br, -Cl, -I and -F), -OR? -O-COR?, -COR?,
-C(O)R?, -CN, -NO? -COOH, -COOR?, -OCO;R?, -C(O)NR’R", -OC(O)NR°R®, -
SO3H, -NH,, -NHR?, -N(R°R"), -COOR?, -CHO, -CONH,, -CONHR?, -CON(R*R?),
-NHCOR?, -NRCOR?, -NHCONH,, -NHCONR®H, -NHCON(RR"), -NR°CONHj, -
NR°CONR®H, -NR°CON(R?R®), -C(=NH)-NH,, -C(=NH)-NHR?, -C(=NH)-
N(R?R), -C(=NR°)-NH,, -C(=NR°)-NHR?, -C(=NR%)-N(R’R"), -NH-C(=NH)-NH,,
-NH-C(=NH)-NHR?, -NH-C(=NH)-N(R’R"), -NH-C(=NR®)-NH,, -NH-C(=NR")-
NHR?, -NH-C(=NR°)-N(R*R"), -NR*H-C(=NH)-NH,, -NR%-C(=NH)-NHR?,
-NRY-C(=NH)-N(R’R®), -NR%-C(=NR°)-NH,, -NR*-C(=NR®)-NHR?,
-NRY-C(=NR®)-N(R’R®), -NHNH,, -NHNHR?, -NHR?R®, -SO,NH,, -SO,NHR,,
-SO,NR’R®, -CH=CHR?, -CH=CR®R", -CR°*=CR°R®, CR°=CHR? -CR°=CRR", -
CCR?, -SH, -SOR? (k is 0, 1 or 2), -S(O)xOR? (k is 0, 1 or 2) and -NH-C(=NH)-
NH,. R*-R?are each independently an optionally substituted group selected from an
aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic or aryl group.
Optional substituents on R*-RY are selected from NH,, NH(C,saliphatic), N(C;.
saliphatic),, halogen, C, jaliphatic, OH, O(C, saliphatic), NO,, CN, CO,H, CO(C,;.
saliphatic), O(haloC,) .4 aliphatic), or haloC,.saliphatic, wherein each of the foregoing
C_aliphatic groups of is unsubstituted. In addition, -NR°R”, taken together, can
also form a substituted or unsubstituted non-aromatic heterocyclic group. A
substituted aliphatic or substituted aryl group can have more than one substituent.
Typical substituents on an aryl ring are selected from a solubilizing group,
halogen; -R°; -OR?; -SR°®; 1,2-methylenedioxy; 1,2-ethylenedioxy; phenyl (Ph)
optionally substituted with R°; -O(Ph) optionally substituted with R°; -(CH>),.2(Ph),
optionally substituted with R°; -CH=CH(Ph), optionally substituted with R°; -NO; -
CN; -N(R°),; -C(O)C(O)R?; -C(O)CH,C(O)R®; -CO,R?; -C(O)R®; -S(O)2R®;
-SO2N(R®),; -S(O)R?; -NR°SO2N(R)2; -NRSO,R?; -C(=S)N(R?),; or -C(=NH)-

N(R®)2; or wherein each independent occurrence of R° is selected from hydrogen,
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optionally substituted C,.¢ aliphatic, an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring, phenyl, -O(Ph), or -CH,(Ph), or, notwithstanding the definition
above, two independent occurrences of R°, on the same substituent or different
substituents, taken together with the atom(s) to which each R° group is bound, form
a 3-8-membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur. Optional
substituents on the aliphatic group of R® are selected from NH,, NH(C,saliphatic),
N(C,j4aliphatic),, halogen, C)4aliphatic, OH, O(C,.saliphatic), NO,, CN, CO,H,
CO,(C, 4aliphatic), O(haloC, 4 aliphatic), or haloC;4aliphatic, wherein each of the
foregoing C,4aliphatic groups of R® is unsubstituted

Combinations of substituents and variables envisioned by this invention are
only those that result in the formation of stable compounds. As used herein, the
term “stable” refers to compounds that possess stability sufficient to allow
manufacture and that maintain the integrity of the compound for a sufficient period
of time to be useful for the purposes detailed herein.

As used herein, a "solubilizing group” is a moiety that has hydrophilic
character sufficient to improve or increase the water-solubility of the compound in
which it is included, as compared to an analog compound that does not include the
group. The hydrophilic character can be achieved by any means, such as by the
inclusion of functional groups that ionize under the conditions of use to form
charged moieties (e.g., carboxylic acids, sulfonic acids, phosphoric acids, amines,
etc.); groups that include permanent charges (e.g., quaternary ammonium groups);
and/or heteroatoms or heteroatomic groups (e.g., O, S, N, NH, N-(CH>),-R?,
N-(CH»),-C(O)R?, N-(CH,),-C(O)OR?, N-(CH,),-S(0),R*- , N-(CH>),-S(0).0R?,
N-(CH;),-C(O)NRR?, etc., wherein R" is selected from hydrogen, lower alkyl,
lower cycloalkyl, (C6-C14) aryl, phenyl, naphthyl, (C7-C20) arylalkyl and benzyl,
wherein R? is optionally substituted; and y is an integer ranging from O to 6),
optionally substituted heterocyclic groups (e.g., -(CHz)n-Rb, -(CHz)n-C(O)-Rb,
-(CH2)n-O-(CH3)a-R®, wherein R" is selected from an optionally substituted saturated
monocyclic heterocycle, an optionally substituted saturated bicyclic fused

heterocycle, an optionally substituted saturated bicyclic spiro heterocycle, an
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optionally substituted heteroaryl and an optionally substituted partially substituted
non-aryl heterocycle; and n is an integer ranging from 0 to 2). It should be
understood that substituents present on R? or R® need not improve or increase water
solubility over their unsubstituted counterparts to be within the scope of this
definition. All that is required is that such substituents do not significantly reverse
the improvement in water-solubility afforded by the unsubstituted R* or R® moiety.
In one embodiment, the solubilizing group increases the water-solubility of
the corresponding compound lacking the solubilizing group at least 5-fold,
preferably at least 10-fold, more preferably at least 20-fold and most preferably at
least 50-fold.
In one preferred embodiment, the solubilizing group is a moiety of the
formula:
«(CH)p-R'"-NR'"")R'"), wherein:
n is selected from 0, 1 or 2;
R'% is selected from a bond, -C(O)-, or -O(CHa)n; and
each R'"" is independently selected from:
a. hydrogen;
b. C,-C, straight or branched alkyl, wherein said alkyl is optionally substituted
with halo, CN, OH, O-(C,-C; straight or branched alkyl), N(R,")(R;"), or =O;

Zos 228
C Z27 ;
Z
— <20
25y : %
Zyo_
d 2 :
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f. both R'"" moieties are taken together with the nitrogen atom to which they

Z34 Ls’v,

235/ \N/
Z3s___-Zas

are bound to form a ring of the structure Z37 R

2 S
— <30
Z3; \ N/
N
Zo/ Ry— N
33 , or , or

g. both R'! moieties are taken together with the nitrogen atom to which they
are bound to form a 5-membered heteroaryl ring containing 1 to 3 additional
N atoms, wherein said heteroaryl ring is optionally substituted with R;";
wherein:
each Z is independently selected from -O-, -S-, -NR -, or -C(R*)(R*)-,
wherein:
at least three of Zg, Z»,, Z;,, and Z,;3 are -C(RSO)(RSO)-;
at least three of Za4, Zas, Zae, Z27, and Zag are -C(R*°)(R>)-;
at least four of Z3q, Z3,, Z3;, and Zs; are -C(RSO)(RSO)-; and
at least four of Zs4, Z3s, Z3¢, Z37, and Z3g are -C(RSO)(RSO)-;
each R,' is independently selected from hydrogen or a C,-C;s straight or
branched alkyl optionally substituted with one or more substituent independently
selected from halo, -CN, -OH, -OCH3, -NH;, -NH(CH3), -N(CHj3),, or =0O;
each R* is independently selected from R, halo, CN, OH, O-(C,-Cj straight
or branched alkyl), N(R(")(R;"), =CR}', SR}', =NR', =NOR/’, or =0O;
any two suitable non-cyclic R* are optionally bound to one another directly
or via a C, to C; alkylene, alkenylene or alkanediylidene bridge to produce a

bicyclic fused or spiro ring; and
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ring structure is optionally benzofused or fused to a monocyclic heteroaryl to
produce a bicyclic ring.
For clarity, the term “C, to C, alkylene, alkenylene or alkanediylidene
5 bridge” means the multivalent structures -CH,-, -CH,-CH,-, -CH=, =CH-, -
CH=CH-, or =CH-CH=. The two R*’ moieties that are optionally bound to one
another can be either on the same carbon atom or different carbon atoms. The
former produces a spiro bicyclic ring, while the latter produces a fused bicyclic ring.
It will be obvious to those of skill in the art that when two R*® are bound to one
10 another to form a ring (whether directly or through one of the recited bridges), one
or more terminal hydrogen atoms on each R*® will be lost. Accordingly, a “suitable
non-cyclic R*® moiety available for forming a ring is a non-cyclic R that
comprises at least one terminal hydrogen atom.
In another embodiment, the solubilizing group is a moiety of the formula:
15 -(CHz)n-O-R'm, wherein n and R'?! are as defined above.
In yet another embodiment, the solubilizing group is a moiety of the formula:
-(CH2),-C(O)-R /', wherein n and R,' are as defined above.
In certain embodiments, a solubilizing group is selected from -(CHj),-R'%,
wherein nis 0, 1 or 2, preferably 2; and R'? is selected from
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wherein R)' groups are as defined above.

In certain particular embodiments, a solubilizing group is selected from 2-
dimethylaminoethylcarbamoyl, piperazin-1-ylcarbonyl, piperazinylmethyl,
dimethylaminomethyl, 4-methylpiperazin-1-ylmethyl, 4-aminopiperidin-1-yl-
methyl, 4-fluoropiperidin-1-yl-methyl, morpholinomethyl, pyrrolidin-1-ylmethyl, 2-
oxo-4-benzylpiperazin-1-ylmethyl, 4-benzylpiperazin-1-ylmethyl, 3-oxopiperazin-1- |
ylmethyl, piperidin-1-ylmethyl, piperazin-1-ylethyl, 2,3-dioxopropylaminomethyl,
thiazolidin-3-ylmethyl, 4-acetylpiperazin-1-ylmethyl, 4-acetylpiperazin-1-yl,
morpholino, 3,3-difluoroazetidin-1-ylmethyl, 2H-tetrazol-5-ylmethyl,
thiomorpholin-4-ylmethyl, 1-oxothiomorpholin-4-ylmethyl, 1,1-
dioxothiomorpholin-4-ylmethyl, 1 H-imidazol-1-ylmethyl, 3,5-dimethylpiperazin-
lylmethyl, 4-hydroxypiperidin-1-ylmethyl, N-methyl(1-acetylpiperidin-4-yl)-
aminomethyl, N-methylquinuclidin-3-ylaminomethyl, 1H-1,2,4-triazol-1-ylmethyl,
1-methylpiperidin-3-yl-oxymethyl, or 4-fluoropiperidin-1-yl.

To the extent not included within any of the definitions set forth above, the
term “solubilizing group” also includes moieties disclosed as being attached to the
7-position of 1-cyclopropyl-6-fluoro- 1,4-dihydro-4-oxoquinoline-3-carboxylic acid
(ciprofloxacin) and its derivatives, as disclosed in PCT publications WO
2005/026165, WO 2005/049602, and WO 2005/033108, and European Patent
publications EP 0343524, EP 0688772, EP 0153163, EP 0159174; as well as “water-
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solubilizing groups” described in United States patent publication 2006/0035891.
The disclosure of each of these patent publications is incorporated herein by
reference.

The compounds disclosed herein also include partially and fully deuterated
variants. In certain embodiments, one or more deuterium atoms are present for
kinetic studies. One of ordinary skill in the art can select the sites at which such
deuterium atoms are present.

Also included in the present invention are salts, particularly pharmaceutically
acceptable salts, of the sirtuin-modulating compounds described herein. The
compounds of the present invention that possess a sufficiently acidic, a sufficiently
basic, or both functional groups, can react with any of a number of inorganic bases,
and inorganic and organic acids, to form a salt. Alternatively, compounds that are
inherently charged, such as those with a quaternary nitrogen, can form a salt with an
appropriate counterion (e.g., a halide such as bromide, chloride, or fluoride,
particularly bromide).

The compounds and salts thereof described herein also include the hydrates
(e.g., hemihydrate, monohydrate, dihydrate, trihydrate, tetrahydrate) and solvates of
the compounds and salts thereof. Suitable solvents for preparation of solvates and
hydrates can generally be selected by a skilled artisan.

The compounds and salts thereof can be present in amorphous or crystalline
(including co-crystalline and polymorph) forms.

Acids commonly employed to form acid addition salts are inorganic acids
such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
phosphoric acid, and the like, and organic acids such as p-toluenesulfonic acid,
methanesulfonic acid, oxalic acid, p-bromophenyl-sulfonic acid, carbonic acid,
succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such
salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate,
suberate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-1,6-dioate,

benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
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methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycolate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate,
naphthalene-2-sulfonate, mandelate, and the like.

Base addition salts include those derived from inorganic bases, such as
ammonium or alkali or alkaline earth metal hydroxides, carbonates, bicarbonates,
and the like. Such bases useful in preparing the salts of this invention thus include
sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium
carbonate, and the like.

According to another embodiment, the present invention provides methods
of producing the above-defined sirtuin-modulating compounds. The compounds
may be synthesized using conventional techniques. Advantageously, these
compounds are conveniently synthesized from readily available starting materials.

One method of preparing compounds of the invention involves reacting the

following compound:

X

Z

wherein X is a leaving group (e.g., a halogen such as Cl), with a ring-closing agent

(e.g., agent) to form the following compound:

O,N
N\ s N
7\ A

This compound is typically chlorinated or brominated (e.g., with N-
bromosuccinimide) to form the following compound:
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O,N
T
AR

where Hal represents a halogen, although other leaving groups are acceptable. This
compound is then reacted with an optionally protected nitrogen-containing

heteroring (e.g., an optionally protected R’ group) to form the following compound:

O,N
-0
4
Q\/E/\[N/ \ /\(R')n

wherein the nitrogen-containing heteroring is optionally substituted and optionally
includes one or more additional heteroatoms. The compound is reduced with an

appropriate reducing agent (c.g., iron powder) to form the following compound:

T
Q\/E/\[N/ \ /{(Rvn_

This compound is subsequently reacted with a R’-substituted pyridine carboxylic
acid or a R%-substituted benzoic acid and, if needed, deprotccted, to form a
compound of the invention.

Synthetic chemistry transformations and methodologies useful in
synthesizing the sirtuin-modulating compounds described herein are known in the
art and include, for example, those described in R. Larock, Comprehensive Organic
Transformations (1989); T. W. Greene and P. G. M. Wuts, Protective Groups in
Organic Synthesis, 2d. Ed. (1991); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis (1994); and L. Paquette, cd., Encyclopedia of
Reagents for Organic Synthesis (1995).
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In an exemplary embodiment, a sirtuin-modulating compound may traverse
the cytoplasmic membrane of a cell. For example, a compound may have a cell-
permeability of at least about 20%, 50%, 75%, 80%, 90% or 95%.

Sirtuin-modulating compounds described herein may also have one or more
of the following characteristics: the compound may be essentially non-toxic to a
cell or subject; the sirtuin-modulating compound may be an organic molecule or a
small molecule of 2000 amu or less, 1000 amu or less; a compound may have a
half-life under normal atmospheric conditions of at least about 30 days, 60 days,
120 days, 6 months or 1 year; the compound may have a half-life in solution of at
least about 30 days, 60 days, 120 days, 6 months or 1 year; a sirtuin-modulating
compound may be more stable in solution than resveratrol by at least a factor of
about 50%, 2 fold, 5 fold, 10 fold, 30 fold, 50 fold or 100 fold; a sirtuin-modulating
compound may promote deacetylation of the DNA repair factor Ku70; a sirtuin-
modulating compound may promote deacetylation of RelA/p65; a compound may
increase general turnover rates and enhance the sensitivity of cells to TNF-induced
apoptosis.

In certain embodiments, a sirtuin-modulating compound does not have any
substantial ability to inhibit a histone deacetylase (HDACs) class I, a HDAC class
II, or HDACs I and 11, at concentrations (e.g., in vivo) effective for modulating the
deacetylase activity of the sirtuin. For instance, in preferred embodiments the
sirtuin-modulating compound is a sirtuin-activating compound and is chosen to
have an ECs for activating sirtuin deacetylase activity that is at least 5 fold less
than the ECs; for inhibition of an HDAC I and/or HDAC 11, and even more
preferably at least 10 fold, 100 fold or even 1000 fold less. Methods for assaying
HDAC I and/or HDAC II activity are well known in the art and kits to perform
such assays may be purchased commercially. See e.g., BioVision, Inc. (Mountain
View, CA; world wide web at biovision.com) and Thomas Scientific (Swedesboro,
NJ; world widc web at tomassci.com).

In certain embodiments, a sirtuin-modulating compound does not have any
substantial ability to modulate sirtuin homologs. In one embodiment, an activator
of a human sirtuin protein may not have any substantial ability to activate a sirtuin

protein from lower eukaryotes, particularly yeast or human pathogens, at
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concentrations (e.g., in vivo) effective for activating the deacetylase activity of
human sirtuin. For example, a sirtuin-activating compound may be chosen to have
an ECs for activating a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase
activity that is at least 5 fold less than the ECsg for activating a yeast sirtuin, such as
Sir2 (such as Candida, S. cerevisiae, etc.), and even more preferably at least 10
fold, 100 fold or even 1000 fold less. In another embodiment, an inhibitor of a
sirtuin protein from lower eukaryotes, particularly yeast or human pathogens, does
not have any substantial ability to inhibit a sirtuin protein from humans at
concentrations (e.g., in vivo) effective for inhibiting the deacetylase activity of a
sirtuin protein from a lower eukaryote. For example, a sirtuin-inhibiting compound
may be chosen to have an ICs; for inhibiting a human sirtuin, such as SIRT1 and/or
SIRT3, deacetylase activity that is at least 5 fold less than the ICs, for inhibiting a
yeast sirtuin, such as Sir2 (such as Candida, S. cerevisiae, etc.), and even more
preferably at least 10 fold, 100 fold or even 1000 fold less.

In certain embodiments, a sirtuin-modulating compound may have the
ability to modulate one or more sirtuin protein homologs, such as, for example, one
or more of human SIRT1, SIRT2, SIRT3, SIRT4, SIRTS, SIRT6, or SIRT7. In one
embodiment, a sirtuin-modulating compound has the ability to modulate both a
SIRT1 and a SIRT3 protein.

In other embodiments, a SIRT1 modulator doés not have any substantial
ability to modulate other sirtuin protein homologs, such as, for example, one or
more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRT6, or SIRT7, at concentrations
(e.g., in vivo) effective for modulating the deacetylase activity of human SIRT1.
For example, a sirtuin-modulating compound may be chosen to have an EDsq for
modulating human SIRT1 deacetylase activity that is at least 5 fold less than the
EDso for modulating one or more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRT6,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold
less. In one embodiment, a SIRT1 modulator does not have any substantial ability
to modulate a SIRT3 protein.

In other embodiments, a SIRT3 modulator does not have any substantial
ability to modulate other sirtuin protein homologs, such as, for example, one or

more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRT6, or SIRT7, at concentrations
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(e.g., in vivo) effective for modulating the deacetylase activity of human SIRT3.
For example, a sirtuin-modulating compound may be chosen to have an EDs, for
modulating human SIRT3 deacetylase activity that is at least 5 fold less than the
EDsq for modulating one or more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRTS,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold
less. In one embodiment, a SIRT3 modulator does not have any substantial ability
to modulate a SIRT1 protein.

In certain embodiments, a sirtuin-modulating compound may have a
binding affinity for a sirtuin protein of about 10°M, 10"'°M, 10"'M, 10"'”M or less.
A sirtuin-modulating compound may reduce (activator) or increase (inhibitor) the
apparent Km of a sirtuin protein for its substrate or NAD+ (or other cofactor) by a
factor of at least about 2, 3, 4, 5, 10, 20, 30, 50 or 100. In certain embodiments,
Km values are determined using the mass spectrometry assay described herein.
Preferred activating compounds reduce the Km of a sirtuin for its substrate or
cofactor to a greater extent than caused by resveratrol at a similar concentration or
reduce the Km of a sirtuin for its substrate or cofactor similar to that caused by
resveratrol at a lower concentration. A sirtuin-modulating compound may increase
the Vmax of a sirtuin protein by a factor of at least about 2, 3, 4, 5, 10, 20, 30, 50 or
100. A sirtuin-modulating compound may have an ED50 for modulating the
deacetylase activity of a SIRT1 and/or SIRT3 protein of less than about 1 nM, less
than about 10 nM, less than about 100 nM, less than about 1 pM, less than about 10
pM, less than about 100 uM, or from about 1-10 nM, from about 10-100 nM, from
about 0.1-1 uM, from about 1-10 uM or from about 10-100 uM. A sirtuin-
modulating compound may modulate the deacetylase activity of a SIRT1 and/or
SIRTS3 protein by a factor of at least about 5, 10, 20, 30, 50, or 100, as measured in
a cellular assay or in a cell based assay. A sirtuin-activating compound may cause
at least about 10%, 30%, 50%, 80%, 2 fold, 5 fold, 10 fold, 50 fold or 100 fold
greater induction of the deacetylase activity of a sirtuin protein relative to the same
concentration of resveratrol. A sirtuin-modulating compound may have an ED50
for modulating SIRTS that is at least about 10 fold, 20 fold, 30 fold, 50 fold greater
than that for modulating SIRT1 and/or SIRT3.
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3. Exemplary Uses

In certain aspects, the invention provides methods for modulating the level
and/or activity of a sirtuin protein and methods of use thereof.

In certain embodiments, the invention provides methods for using sirtuin-
modulating compounds wherein the sirtuin-modulating compounds activate a sirtuin
protein, e.g., increase the level and/or activity of a sirtuin protein. Sirtuin-
modulating compounds that increase the level and/or activity of a sirtuin protein
may be useful for a variety of therapeutic applications including, for example,
increasing the lifespan of a cell, and treating and/or preventing a wide variety of
diseases and disorders including, for example, diseases or disorders related to aging
or stress, diabetes, obesity, neurodegenerative diseases, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. The methods
comprise administering to a subject in need thereof a pharmaceutically effective
amount of a sirtuin-modulating compound, e.g., a sirtuin-activating compound.

While Applicants do not wish to be bound by theory, it is believed that
activators of the instant invention may interact with a sirtuin at the same location
within the sirtuin protein (e.g., active site or site affecting the Km or Vmax of the
active site). It is believed that this is the reason why certain classes of sirtuin
activators and inhibitors can have substantial structural similarity.

In certain embodiments, the sirtuin-modulating compounds described herein
may be taken alone or in combination with other compounds. In one embodiment, a
mixture of two or more sirtuin-modulating compounds may be administered to a
subject in need thereof. In another embodiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may be administered with one
or more of the following compounds: resveratrol, butein, fisetin, piceatannol, or
quercetin. In an exemplary embodiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein may be administered in
combination with nicotinic acid. In another embodiment, a sirtuin-modulating
compound that decreases the level and/or activity of a sirtuin protein may be
administered with one or more of the following compounds: nicotinamide (NAM),
suranim; NF023 (a G-protein antagonist); NF279 (a purinergic receptor antagonist);

Trolox (6-hydroxy-2,5,7,8 tetramethylchroman-2-carboxylic acid); (-)-
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epigallocatechin (hydroxy on sites 3,5,7,3',4", 5"); (-)-epigallocatechin gallate
(Hydroxy sites 5,7,3',4',5' and gallate ester on 3); cyanidin choloride (3,5,7,3',4'-
pentahydroxyflavylium chloride); delphinidin chloride (3,5,7,3',4',5'"-
hexahydroxyflavylium chloride); myricetin (cannabiscetin; 3,5,7,3'4',5'-
hexahydroxyflavone); 3,7,3',4',5-pentahydroxyflavone; gossypetin (3,5,7,8,3',4'-
hexahydroxyflavone), sirtinol; and splitomicin. In yet another embodiment, one or
more sirtuin-modulating compounds may be administered with one or more
therapeutic agents for the treatment or prevention of various diseases, including, for
example, cancer, diabetes, neurodegenerative diseases, cardiovascular disease, blood
clotting, inflammation, flushing, obesity, ageing, stress, etc. In various
embodiments, combination therapies comprising a sirtuin-modulating compound
may refer to (1) pharmaceutical compositions that comprise one or more sirtuin-
modulating compounds in combination with one or more therapeutic agents (e.g.,
one or more therapeutic agents described herein); and (2) co-administration of one
or more sirtuin-modulating compounds with one or more therapeutic agents wherein
the sirtuin-modulating compound and therapeutic agent have not becn formulated in
the same compositions (but may be present within the same kit or package, such as a
blister pack or other multi-chamber package; connected, separately sealed containers
(e.g., foil pouches) that can be separated by the user; or a kit where the sirtuin
modulating compound(s) and other therapeutic agent(s) are in separate vessels).
When using separate formulations, the sirtuin-modulating compound may be
administered at the same, intermittent, staggered, prior to, subsequent to, or
combinations thereof, with the administration of another therapeutic agent.

In certain embodiments, methods for reducing, preventing or treating
diseases or disorders using a sirtuin-modulating compound may also comprise
increasing the protein level of a sirtuin, such as human SIRT1, SIRT2 and/or SIRT3,
or homologs thereof. Increasing protein levels can be achieved by introducing into a
cell one or more copies of a nucleic acid that encodes a sirtuin. For example, the
level of a sirtuin can be increased in a mammalian cell by introducing into the
mammalian cell a nucleic acid encoding the sirtuin, e.g., increasing the level of
SIRTI by introducing a nucleic acid encoding the amino acid sequence set forth in

GenBank Accession No. NP_036370 and/or increasing the level of SIRT3 by
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introducing a nucleic acid encoding the amino acid sequence set forth in GenBank
Accession No. AAH01042.

A nucleic acid that is introduced into a cell to increase the protein level of a
sirtuin may encode a protein that is at least about 80%, 85%, 90%, 95%, 98%, or
99% identical to the sequence of a sirtuin, e.g., SIRT1 and/or SIRT3 protein. For
example, the nucleic acid encoding the protein may be at least about 80%, 85%,
90%, 95%, 98%, or 99% identical to a nucleic acid encoding a SIRT1 (e.g. GenBank
Accession No. NM_012238) and/or SIRT3 (e.g., GenBank Accession No.
BC001042) protein. The nucleic acid may also be a nucleic acid that hybridizes,
preferably under stringent hybridization conditions, to a nucleic acid encoding a
wild-type sirtuin, e.g., SIRT1 and/or SIRT3 protein. Stringent hybridization
conditions may include hybnidization and a wash in 0.2 x SSC at 65 °C. When using
a nucleic acid that encodes a protein that is different from a wild-type sirtuin protein,
such as a protein that is a fragment of a wild-type sirtuin, the protein is preferably
biologically active, e.g., is capable of deacetylation. It is only necessary to express in
a cell a portion of the sirtuin that is biologically active. For example, a protein that
differs from wild-type SIRT1 having GenBank Accession No. NP 036370,
preferably contains the core structure thereof. The core structure sometimes refers to
amino acids 62-293 of GenBank Accession No. NP_O36370, which are encoded by
nucleotides 237 to 932 of GenBank Accession No. NM_012238, which
encompasses the NAD binding as well as the substrate binding domains. T};e core
domain of SIRT1 may also refer to about amino acids 261 to 447 of GenBank
Accession No. NP 036370, which are encoded by nucleotides 834 to 1394 of
GenBank Accession No. NM_012238; to about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of
GenBank Accession No. NM_012238; or to about amino acids 254 to 495 of
GenBank Accession No. NP_036370, which are encoded by nucleotides 813 to 1538
of GenBank Accession No. NM_012238. Whether a protein retains a biological
function, e.g., deacetylation capabilities, can be determined according to methods
known in the art.

In certain embodiments, methods for reducing, preventing or treating

diseases or disorders using a sirtuin-modulating compound may also comprise
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decreasing the protein level of a sirtuin, such as human SIRT1, SIRT2 and/or
SIRT3, or homologs thereof. Decreasing a sirtuin protein level can be achieved
according to methods known in the art. For example, an siRNA, an antisense nucleic
acid, or a ribozyme targeted to the sirtuin can be expressed in the cell. A dominant
negative sirtuin mutant, e.g., a mutant that is not capable of deacetylating, may also
be used. For example, mutant H363Y of SIRT1, described, e.g., in Luo et al. (2001)
Cell 107:137 can be used. Alternatively, agents that inhibit transcription can be used.

Methods for modulating sirtuin protein levels also include methods for
modulating the transcription of genes encoding sirtuins, methods for
stabilizing/destabilizing the corresponding mRNAs, and other methods known in the
art.
Aging/Stress

In one embodiment, the invention provides a method extending the lifespan
of a cell, extending the proliferative capacity of a cell, slowing aging of a cell,
promoting the survival of a cell, delaying cellular senescence in a cell, mimicking
the effects of calorie restriction, increasing the resistance of a cell to stress, or
preventing apoptosis of a cell, by contacting the cell with a sirtuin-modulating
compound of the invention that increases the level and/or activity of a sirtuin
protein. In an exemplary embodiment, the methods comprise contacting the cell
with a sirtuin-activating compound.

The methods described herein may be used to increase the amount of time
that cells, particularly primary cells (i.e., cells obtained from an organism, e.g., a
human), may be kept alive in a cell culture. Embryonic stem (ES) cells and
pluripotent cells, and cells differentiated therefrom, may also be treated with a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein to keep the cells, or progeny thereof, in culture for longer periods of time.
Such cells can also be used for transplantation into a subject, e.g., after ex vivo
modification.

In one embodiment, cells that are intended to be preserved for long periods
of time may be treated with a sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein. The cells may be in suspension (e.g., blood cells,

serum, biological growth media, etc.) or in tissues or organs. For example, blood
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collected from an individual for purposes of transfusion may be treated with a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein to preserve the blood cells for longer periods of time. Additionally, blood to
be used for forensic purposes may also be preserved using a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein. Other cells
that may be treated to extend their lifespan or protect against apoptosis include cells
for consumption, e.g., cells from non-human mammals (such as meat) or plant cells
(such as vegetables).

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be applied during developmental and growth phases in
mammals, plants, insects or microorganisms, in order to, e.g., alter, retard or
accelerate the developmental and/or growth process.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to treat cells useful for
transplantation or cell therapy, including, for example, solid tissue grafts, organ
transplants, cell suspensions, stem cells, bone marrow cells, etc. The cells or tissue
may be an autograft, an allograft, a syngraft or a xenograft. The cells or tissue may
be treated with the sirtuin-modulating compound prior to
administration/implantation, concurrently with administration/implantation, and/or
post administration/implantation into a subject. The cells or tissue may be treated
prior to removal of the cells from the donor individual, ex vivo after removal of the
cells or tissue from the donor individual, or post implantation into the recipient. For
example, the donor or recipient individual may be treated systemically with a
sirtuin-modulating compound or may have a subset of cells/tissue treated locally
with a sirtuin-modulating compound that increases the level and/or activity of a
sirtuin protein. In certain embodiments, the cells or tissue (or donor/recipient
individuals) may additionally be treated with another therapeutic agent useful for
prolonging graft survival, such as, for example, an immunosuppressive agent, a
cytokine, an angiogenic factor, etc.

In yet other embodiments, cells may be treated with a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein in vivo, e.g., to

increase their lifespan or prevent apoptosis. For example, skin can be protected
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from aging (e.g., developing wrinkles, loss of elasticity, etc.) by treating skin or
epithelial cells with a sirtuin-modulating compound that increases the level and/or
activity of a sirtuin protein. In an exemplary embodiment, skin is contacted with a
pharmaceutical or cosmetic composition comprising a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein. Exemplary
skin afflictions or skin conditions that may be treated in accordance with the
methods described herein include disorders or diseases associated with or caused by
inflammation, sun damage or natural aging. For example, the compositions find
utility in the prevention or treatment of contact dermatitis (including irritant contact
dermatitis and allergic contact dermatitis), atopic dermatitis (also known as allergic
eczema), actinic keratosis, keratinization disorders (including eczema),
epidermolysis bullosa diseases (including penfigus), exfoliative dermatitis,
seborrheic dermatitis, erythemas (including erythema multiforme and erythema
nodosum), damage caused by the sun or other light sources, discoid lupus
erythematosus, dermatomyositis, psoriasis, skin cancer and the etfects of natural
aging. In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used for the treatment of wounds
and/or burns to promote healing, including, for example, first-, second- or third-
degree burns and/or a thermal, chemical or electrical burns. The formulations may
be administered topically, to the skin or mucosal tissue.

Topical formulations comprising one or more sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may also be
used as preventive, e.g., chemopreventive, compositions. When used in a
chemopreventive method, susceptible skin is treated prior to any visible condition
in a particular individual.

Sirtuin-modulating compounds may be delivered locally or systemically to a
subject. In one embodiment, a sirtuin-modufating compound is delivered locally to
a tissue or organ of a subject by injection, topical formulation, etc.

In another embodiment, a sirtuin-modulating compound that increases the
level and/or activity of a sirtuin protein may be used for treating or preventing a
disease or condition induced or exacerbated by cellular senescence in a subject;

methods for decreasing the rate of senescence of a subject, e.g., after onset of
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senescence; methods for extending the lifespan of a subject; methods for treating or
preventing a disease or condition relating to lifespan; methods for treating or
preventing a disease or condition relating to the proliferative capacity of cells; and
methods for treating or preventing a disease or condition resulting from cell
damage or death. In certain embodiments, the method does not act by decreasing
the rate of occurrence of diseases that shorten the lifespan of a subject. In certain
embodiments, a method does not act by reducing the lethality caused by a disease,
such as cancer.

In yet another embodiment, a sirtuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be administered to a subject in
order to generally increase the lifespan of its cells and to protect its cells against
stress and/or against apoptosis. It is believed that treating a subject with a
compound described herein is similar to subjecting the subject to hormesis, i.e.,
mild stress that is beneficial to organisms and may extend their lifespan.

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be administered to a subject to prevent aging and aging-related
consequences or diseases, such as stroke, heart disease, heart failure, arthritis, high
blood pressure, and Alzheimer's disease. Other conditions that can be treated
include ocular disorders, e.g., associated with the aging of the eye, such as
cataracts, glaucoma, and macular degeneration. Sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein can also be administered to
subjects for treatment of diseases, e.g., chronic diseases, associated with cell death,
in order to protect the cells from cell death. Exemplary discases include those
associated with neural cell death, neuronal dysfunction, or muscular cell death or
dysfunction, such as Parkinson’s disease, Alzheimer’s disease, multiple sclerosis,
amniotropic lateral sclerosis, and muscular dystrophy; AIDS; fulminant hepatitis;
diseases linked to degeneration of the brain, such as Creutzfeld-Jakob disease,
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