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SIETUIN MODULATING IMIDAZITHIAIZOLE COMPOIMIDS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No.
60/936,633, filed June 20, 2007, the contents of which are incorporated by reference
in their entirety.
BACKGROUND

The Silent Information Regulator (SIR) family of genes represéents a highly
congserved 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, telomere pasition effects and cell aging
(Guarente, 1999; Kaeberlein et al., 1999; Share, 2000). The yeast Sir2 protein
belongs to a family of histone deacetylases (reviewed in Guarente, 2000; Shore,
2000). The Sir2 homolog, CobB, in Salmianella typhimurium, functions as an NAD
(nicotinamide adenine dinucleotide)-dependent ADP-ribosyl transferase (Tsang and
Escalante-Semerena, 199%).

The Sir2 protein is a claas 111 deacetylase which uses NAD ags a cogubstrate
(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 i3 inzensitive to class 1 and I 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 nicotinarnide 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 itz
binlogical role with cellular metabolism in yeast (Guarente, 2000; Imai et al., 2000;
Lin et al., 2000; Smith et al., 2000). Marmmalian Sir2 homologs have MAD-

dependent histone deacetylase activity (Imai et al., 2000; Smith et al., 2000). Mast

1
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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-Q-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 SIRZ-
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 comserved in prokaryotes and
eukaryofes (P. Onyango et al., Proc. Natl. Acad. Sci. USA 99: 13653-13058 (2002)).
The SIRT3 protein is targeted to the mitochoandrial cristae by a unique domain
lacated at the N-terminuz. SIRT3 has NAD+-dependent protein deacetylase activity
and is upbiquitously expreszed, particularly in metabolically active tissues. Upon
transfer to the mitochandiia, SIRT3 is believed to he cleaved inta a smaller, active
form by a mitochondrial matrix processing peptidase (MPP) (B. Schwer et al,,
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), Yeazt life span, like that of
metazoans, i3 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 STR2 genes mediate
the beneficial health effects of this diet (Anderson et al,, 2003; Helfand and Rogina,
2004). Moreover, mutaiions that reduce the activity of the yeast glucose-responsive
cANMP (adenosine 3',5'-monophosphate)-dependeni (PKA) pathway extend life span
in wild type cells but not in mutant gir2 strainz, 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 compaunds of
5  Fommulae I through VI as are described in detail below.
In another aspect, the invention provides methods for vsing sirtuin-
modulating compaounds, or compostions comprising sirtuin-modulating compounds.
In certain embodiments, sirtuin-maodulating compounds that increaze the level and/or
activity of a sirtuin protein may be used for a variety of therapeutic applications
10 including, for example, increasing the lifespan of a cell, and treating and/or
preventing a wide variety of diseases and dizorders including, for example, diseases
or disorders related to aging or stress, diabetes, obesity, neurodegenerative diseases,
chemotherapeutic induced neuropaihy, neuropathy associated with an ischemic
event, ocular diseases and/or disorders, cardiovascular disease, blood clotting
15 disorders, inflammation, and/or flushing, ete. Sirtuin-madulating compounds that
increase ihe level and/or activity of a sirtuin prolein may also be used for treating a
disease or disorder in a subject that would benefit from increased mitochondrial
activity, for enhancing muacle performance, for increasing muscle ATP levels, or for
{reating or preventing muscle tissue damage associated with hypoxia or ischemia. In
20 other emhodiments, sirtuin-madulating 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 zain, ete.

As described further below, the methads comprise administering to a subject in need

25 (hereaf 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-maodulating
compounds, or other therapeutic agents.

30  BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the chloride salt form of Compound 1 characterized by

3



WO 2008/156866 _ PCT/US2008/007771

10

15

25

30

Figure 2 shows the firee base form of Compound 1 characterized by
Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC).
Figure 3 shows the week 2 fed blood glucose in a DIO mouse model
adminstered the free base of Compound 1.

Figure 4 shows the week 3 fasted blood glucose in a DIO mouse model
adminstered the free base of Compound 1.

Figure 5 shows the week 4 fed blood glucose in a DIO mouse madel
adminstered the free base of Compound 1.

Figure 6 shows the week 1 fed blood glucose in an Qb/ob mouse model
adminstered the free base of Compound 1.

Figure 7 shows the week 2 fasted blood glucose in an Ob/ab mouse model
adminstered the free base of Compound 1.

Figure S shows the week 3 fed blood glucose in an Ob/ob mouse model
adminstered the free base of Compound 1.

Figure 9 shows the week 1 fasted blood glucose in an Ob/ob mouse model
adminstered the free base or the chloride salt form of Compound 1.

Figure 10 shows the week 2 Fazied bload glucose in an Qb/ob mouse model

adminstered the free base ar the chloride salt form of Compound 1.

DETAILED DESCRIPTION
1. Definitions

As uged 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 understoad 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” i3 used herein to denote a chemical compound, a mixture
of chemical compounds, a binlogical macromolecule (such as a nucleic acid, an
antibody, a protein or partion thereof, ¢.g., a peptide), or an extract made from
biolagical materials such as bactena, plams, fungi, or animal (particularly

mammalian) cells or tissues. The activity of such agentz may render it suitable as a
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“therapeutic agent” which iz 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 abaorbed 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 SIRTI having GenBank Accession No. NP_036370 that
encompass the NAD+ binding domain and the substrate binding domain, for
example, may include without limitation, amine 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
tor as the core domain. Other binlogically active portions of SIRT1, also sometimes
referred to as core domains, include about amino acids 261 to 447 of GenBanl:
Accession No. NP_036370, which are encoded by nucleotides 834 to 1394 of
GenBank Accession No. NM_012233; about amine acids 242 (0 493 of GenBank
Accession No. NP_036370, which are encaded by nucleotides 777 to 1532 of
GenBank Accession No. NM_01223S; ar about amino acids 254 o 495 of
GenBank Accession No. NP_036370, which are encoded by nucleotides S13 to
1538 of GenBank Accession No. NM_012235.

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, apen
sense, meaning that additional elements may be included.

“Diabetes” refers to high blood sugar or ketoacidosis, as well as chronic,
general metabolic abnommalities arising from a prolonged high blood sugar status or
a decrease in glucose tolerance. “Diabetes” encompasses both the type 1 and type 11

(Non Insulin Dependeni Diabetes Mellitus or WIDDM) forms of the disease. The
5
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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/SS mmHg or higher,
triglycerides above 150 mg/dl, fasting blood glucose greater than 100 mg/di or high-
density lipoprotein of less than 40 mg/dl in men or 50 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 “ED-” is art-recognized. In certain embodiments, ED;y means the
dose of a drug which produces 5025 of its maximum response or effect, or
alternatively, the dose which produces a pre-determined response in 5076 of test
subjects or preparations. The term “LDsg” is art-recognized. In certain embodiments,

LD;y means the doze 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 LD:o/ED>sp.

The term “hyperinsulinemia” refers to a state in an individuval 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 vsed interchangeably.

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, melabalic syndrome, insulin-resistance syndromes,
syndrome X, insulin resistance, high blood preszure, hypertension, high bload
cholesterol, dyslipidemia, hyperlipidemia, dyslipidemia, atherosclerotic disease
including stroke, coronary artery disease or myscardial infarction, hyperglycemia,
hyperinsulinemia and/or hyperproinzulinemia, 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,

glomerulasclerosis, nephrotic syndrome, hypertensive nephrosclerosiz gome types of
6
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cancer (such as endometrial, breast, prostate, and colon), complications of
pregnancy, poor female reproductive health (such as menstrual irregularities,
infertility, irregular ovulation, pelyeystic ovarian syndrome (PCOS)), lipodystrophy,
cholesterol related disorders, such as gallstones, cholescystitis and cholelithiasis,
gout, obstructive sleep apnea and respiratory problems, ostecarthritis, and
prevention and treatment of bone lass, e.g. osteoparosis. '

The term “livestock animals” refers to domeaticated quadrupeds, which
includes those being raised for meat and varous b)q)mducts, e.g., a bovine animal
including cattle and other members of the genus Bos, a porcine animal including
domestic swine and other membera 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 bovines, porcines, ete.), companion

animals (e.g., canines, felines, etc.) and rodents (e.g., mice and rats).

“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 (0 modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intracapzular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-
articulare, subcapaular, subarachnoid, intraspinal, and intrasternal injection and
infusion.

LI

subject”; “individual” or “host” refers to either a human or a

k2 1Y

A “patient”,
non-human animal.

The term “pharmaceutically acceptable carrier” is arl-recognized and refers
to a pharmaceutically-acceptable material, composition or vehicle, such as a liquid
or solid filler, diluent, excipient, solvent or encapsulating material, involved in

7
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carrying or transporting any subject compasition 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 materialz
which may serve as pharmaceutically acceptable carriers include: (1) sugars, such as
lactose, glucose and sucrose; (2) starches, such as corn starch and potate starch; (3)
cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7)
tale; (3) excipients, such as cocoa butter and suppository waxes; (9) oils, such a

peanut oil, cottonseed oil, safflower oil, sesame oil, olive ¢il, com oil and soybean
oil; (10) glyeols, such as propylene glycal; (11) polyols, such as glycerin, sorbitol,
mannitol and polyethylene glyeol; (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 soluticn; (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
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 againzt
developing the unwanted condition, whereas if administered after manifestation of
the unwanted condition, the treatment is therapeutic (i.e., it i3 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
adverze effect (e.g irmitation, fever, inflammation, diarrhea, respiratory distres
endotoxic shock, ele.) in a subject to which the composition has been administerad.
For example, the term is meant (o encompasa compoasitions that are free of, or
substantially free of, an endotoxin such ag, 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 “chronalingical

lifespan,” on the other hand, refers to the length of time a population of non-
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dividing cells remains viable when deprived 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 cellz produced by one cell; increasing

the ability of cells or organisms to cope with stresses and combat damage, e.g., to

DN4, proteins; and/or increasing the ability of cells or organisms to survive and

~ exist in a living state for longer under a particular condition, €.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 2075, 3095, 4075, 507,
60 & or between 20°% 6 and 70%6, 30%6 and 00%, 4075 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 least one activity of a sirtuin protein. In an
exemplary embodiment, a sirtuin-activating compound may increase at least one
hiological activity of a sirtuin protein by at least about 10%%, 259, 50%%, 75%,
10094, or more. Exemplary biological activities of sirtuin proteins include
deacetylation, e.g., of histomes and p53; extending lifespan; increazing genomic

stability; silencing tranzcription; 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%%, 074, 75%,
10095, or more. Exemplary biological activities of sirtuin proteins include
deacetylation, e.g., of histones and p53; extending lifesparn; increa sing genomic
stability; silencing transcription; and controlling the segregation of oxidized
proteins between mother and daughter cells.

“Sirtuin-modulating compound” refers to a compound of Formulae (I1)-(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 otherwize change a functional property or biolagical activity of a

9
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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.
P336a33), C. elegans Sir-2.1 (GenBank Accession No. NP_301912), and human

SIRT1 (GenBank Accession No. NM_012233 and NP_036370 (or AF0S31006)) and
SIRT2 (GenBank Accession No. NM_012237, NM_030593, NP_036309,
NP_03830%6, and AF033107) proteins. Other family members include the four
additional yeast Siv2-like genes termed "HST genes" (homologues of Sir two) HSTI,
HST2, HST3 and HSTY, and the five other human homologues hSIRT3, hSIRTHS,
hSIRTS, hSIRTA 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
similarities with SIRT]1, i.e., hSIRT1, and/or Sir2 than with SIRT2, such as those
members having at least part of the N-terminal sequence present in SIRT1 and
absent in SIRT2 such as SIRT3 has.

“SIRTI protein” refers to a member of the sir2? family of sirtuin deacetylases
In one embodiment, a SIRT1 protein includes yeast Sir2 (GenBanlk: Accession Na.
P53¢
(GenBank Accession Mo, MM_012238 or NP_036370 (or AF0S3106)), and human
SIRT2 (GenBank Accession Mo, NM_012237, NM_030593, NP_036309,

g

a33), C. elegans Sir-2.1 (GenBank Accession Ho. NP_501912), huinan SIRT1

49

NP_0233095, or AF053107) proteins, and equivalents and fragments thereof. In
another embaodiment, a SIRT1 protein includes a polypeptide comprising a sequenc
cansisting of, or consisting essentially of, the amino acid sequence set forth in
GenBank Acceszion Mos. NP_036370, NP_501912, NP_035096, WP_036369, or
P53685. SIRTI proteins include polypepiides comprising all or a portion of the
amino acid sequence set forth in GenBank Accesston Mos. NP_036370, NP_501912,
NP_035096, NP_036369, or P33635; the amino acid sequence set forth in GenBank
Accession Nos, MP_036370, MP_301912, P_083006, NP_036369, or P334633 with
1 toabout 2,3, 5,7, 10, 15, 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that 13 at least 60%%, 70% 6, 5074, 9074, 95%,,
D685, 97%%, 9874, or 997, identical o GenBank Accession Nos. NP_036370,

10



\&

WO 2008/156866 PCT/US2008/007771

10

20

30

NP_301912, NP_083096, NP_036369, or P336S3, and functional fragments thereof.
Polypeptides of the invention also include homologs (e.g., orthologs and paralogs),
variants, or fragments, of GenBank Accession Nos. NP_036370, NP_501912,
NP_085096, NP_036369, or P53685.

“SIRT3 protein” refers to a member of (he sirtuin deacetylase protein family
and/or to a hemolog of a SIRT1 protein. In one embadiment, a SIRT3 protein
includes human SIRT3 (GenBank Accession No. AAHO1042, NP_03A371, or
NP_001017524) and mouse SIRT3 (GenBank Accession No. NP_071873) 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. AAHO1042,
NP_036371, NP_001017324, or NP_071373. SIRT3 proteins include polypeptides
compn’sing all or a portion of the amino acid sequence set forth in GenBank
Accession AAHO1042, NP_036271, NP_001017324, or NP_07187S; the amino acid
sequence set forth in GenBank Accession Nos. AAHO1042, NP_036371,

NF_ 001017324, or NP_071878% with | to about 2, 3, 5,7, 10, 15, 20, 30, 50, 75 or
more conservative aming acid substitutions; an amino acid sequence that is at least
(0% g, T0%5, SO0, 90%, 95%;, 9675, 97, 9395, or 999 identical to GenBank:
Accession Nos. AAHO1042, NP_036371, NP_001017324, or NP_071875, and
functional fragments thereof. Polypeptides of the invention also include homologs
(e.g., ortholozs and paralogs), variants, or fragments, of GenBank Acceasion Nos.
AAHOI042, NP_030371, NP_001017524, or NP_071S78. 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).

3 66

The terms “systemic administration,” “administered systemically,”

“peripheral administration” and “administered peripherally” are art-recognized and

" refer to the administration of a subject compasition, therapeutic or other material

other than directly inio the central nervous system, such that it enters the patient’s
system and, thus, is subject (o metabolism and other like processes.

The term “therapeutic agent” i3 art-recognized and refers to any chemical
moiety that is a biologically, physiolagically, or pharmacologically active substance

Il



(4

WO 2008/156866 PCT/US2008/007771

10

20

25

30

that acts locally or systemically in a subject. The term alse means any substance
intended for use in the diagnosis, cure, mitigation, treatment or prevention of disease
or in the enhancement of desirable physica] 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 mamnals, 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 ar systemic effect at a reasonable benefit/risk ratio applicable to any
treatment. The therapeutically effective amount of such substance will vary
depending upon (he 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 (o produce a desired effect at a reasonable benefit/risk ratio applicable to
such treatment.

“Treating” a condition or disease refers (o curing as well as ameliorating at
least one symptom of the condition or disease.

The term “vision impairment” refers to diminizhed vision, which iz often
nnly partially reversible or irreversible upon treatnient (e.g., surgery). Particularly
severe vision impairment is termed “blindness” or “vision 123s”, which refers to a
complete loss of vision, vision worse than 20/200 that cannat be improved with
corrective lenses, or a visual field of less than 20 degrees diameter (10 degrees

radius).

2. Sirtuin Modulators

In ane aspect, the invention provides novel sirtuin-madulating compounds
for treating and/or preventing a wide variety of diseaszes and disorders including, for
example, diseases or disorders related to aging or stress, diabetes, obesity,
neurodegenerative diseases, ocular diseases and dizorders, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. Sirtuin-
modulating compaounds (hat increase the level and/or activity of a sirtuin protein

12
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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. Qther 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

N
~Y
RN
R 2

represented by Structural Formula (I):

/ST —

W\, / \ Y]

P /4 X

R g 4 TR (D),

or a salt thereof, where:
XisNorS;
YisSwhenXisNorYis N when Xis §;
R is =H or a substituted or unsubstituted alkyl group;
R! is a solubilizing group;
R? is —H ar a substituted or unsubstituted alkyl group;
R? is a substituted or unsubstituted monocyclic aryl group;
R*is-H, a halogen or a substituted or unsubstituted alkyl group.
In certain embodiments, R is —H or —CHs.
In certain embodiments, R? is —H or —CHa.
In certain embodiments, R* is-H, a halogen or —CHas.
In certain embodiments, the compound of Structural Formula () 1s

represented by Structural Formula (IT):

13
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In certain embodiments, R and R? are cach independently =H or ~CHa.

In certain embodiments, R? is a substituted or unsubstituted heteroaryl group,
such as a substituted or unsubstituted nitrogen-containing heteroaryl group,
particularly a substituted or unsubstituted pyridyl group (e.g., unsubstituted pyridyl).

In certain embadiments, R® is a substituted or unsubstituted phenyl group,
such as a methylphenyl, a halophenyl or an unsubstituted phenyl group.

In certain embodiments, R' is a substituted or unsubstituted heteracyclylalkyl
group, typically where the heterocyelyl moiety is attached to the alkyl maiety by a
hetersatom. In certain such embodiments, R' is a substituted or unsubstituted
heterocyclylmethyl group zuch as a a substituied or unsubstituted nitrogen-
containing heterocyclylmethyl group, which, for example, includes a
heterocyelylmethyl group containing a nitrogen atom and optionally a second
heteroatom selected from nitrogen and oxygen. Particular heterocyclylalkyl groups
include morpholinemethyl and 1,2,4-triazolylmethyl groups. Exemplary
substituents for the heterocyclic maicties in R' include one or more hydroxyl, halo
or methyl groups.

In certain embodiments, compounds of Structural Formula (I) are

represented by Structural Formula (I1) or (IV):

14
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R’ av).
Suitable values of R and R'-R? are as described above.
Examples of compounds represented by Structural Formula (1) include thosze

represented by Structural Formulae (V) and (VI):

15
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\\-—N (VD).
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 siriuin protein, particularly the deacetylase activity of the

sirtuin protein.
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Separately or in addition {o 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 tyrasine
kinase, transactivation of EGFR tyrasine kinase, coronary dilation, or spasmalytic
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 S. Examples of straight chained and branched atkyl groups include
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl,
pentyl and octyl. A C1-C4 straight chained or branched alkyl group is also referred
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, pyiroyl, pyrazinyl, thiazolyl, oxazolyl, and
tetrazolyl.

Aromatic groups algo 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, indalyl, quinolinyl,
benzathiazole, benzoxazole, benzimidazole, quinalinyl, isoquiru:-li'nyl and izoindolyl.

Non-aromatic heterocyclic rings are non-aromatic carbocyclic rings which
include one or more hetercatoms such as nitrogen, oxygen or sulfur in the ring. The
ring can be five, six, seven or eight-membered. Examples include tetrahydrofuryl,
tetrahyrothiophenyl, morpholino, thiomorpholine, pyrrolidinyl, piperazinyl,
piperidinyl, and thiazolidinyl, along with the cyclic form of sugars.

A ring fused to a second ring shares at least one common bond.

Suitable substituents on an alkyl, non-aromatic heterocyclic or aryl group
(carbocyclic and heteroaryl) are those which da not substantially interfere with the
ability of the disclosed compaunds 0 have one or more of the properties dizclosed

17
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herein. A substituent substantially interferes with the properties of a compound
when the magnitude of the property is reduced by more than about S0% in a
compound with the substituent eompared 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{ONRR®, -
OCOINR’R®, -801H, -NHz, -NHR?, -N(R'R"), -COOR?, -CHO, -CONHa, -
CONHR?, -CON(R’R®), -NHCOR?, -NRCOR®, -NHCONH:, -NHCONR™H, -
NHCON(R?R®), -NR°CONHa, -NR*CONR®H, -NR*CON(R*R?), -C(=NH)-NH.,, -
C(=NH)-NHR?, -C(=NH)-N(R’R"), -C(=NR®)-NHz, -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({=NE°)-N(R’R"), -NR*H-C{=NH)-NH-,
-NR-C(=NH)-NHR", -NR*C(=NH)-N(R°R?), -NR%:-C(=NR")-NH;, -MR*-C(=NR")-
NHE?, -NRI-C(=NR")-N(R"R?), -NHNH:, -NHNHR?, -NHR*R®, -S0:NHa, -
SO,NHR,, -SO;MRR®, -CH=CHR?, -CH=CRR®, -CR*=CR*R", CR°=CHR?, -
CR*=CR’R®, -CCR?, -SH, -SOR® (k is 0, 1 or 2), -S(0),OR? (k is 0, 1 or 2) and -
NH-C(=NH)-NH;. R®-R? are each independently an aptionally substituted group
selected from an aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic
or aryl group. Optional substituents on R2-RY are selected from MNH2, NH(C).
qaliphatic), N(C)_;aliphatic)-, halogen, C)saliphatic, OH, O(Cj.4aliphatic), NO,, CN,
COuH, CO4(Cy.qaliphatic), O(haloC, 4 aliphatic), or haloC).saliphatic, wherein each
of the foregoing Caliphatic groups of 13 unsubstituted. In addition, -NR°R®, taken
together, can also form a substituted or unsubstituted non-aromatic heterocyclic
group. A nen-aromatic heterocyclic group, benzylic group or aryl group can also
have an aliphatic or substituted aliphatic group as a substituent. A subatituted
aliphatic gfoup can also have a non-aromatic heterocyclic ring, a substituted a non-
aromatic heterocyclic ring, benzyl, substituted benzyl, aryl or substituted aryl group
a3 a substituent. A substituted aliphatic, non-aromatic heterocyclic group,
substiiuted aryl, or substituted benzyl group ¢an have more than one substituent.
Typical substituents on an aryl ring are selected from a solubilizing group,
halogen; -R7; -OR®; -SR®; 1,2-methylenedioxy; 1,2-ethylenedioxy; phenyl (Fh)
optionally substituted with R®; -0(Ph) optionally substituted with R°; -(CH;),.2(Ph),
optionally substituted with R®; -CH=CH(Ph), optionally substituted with R°; N -
18
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CN; -N(R*1; -CLOICIOIR?; -CCONCHACOR?; -COAR; -C(O)R"; -S(O1RT;
-SOMNR)2; -SIOR; -NRSOLN(R*): -NR*SOLR"; -C(=SIN(R")2; or -C(=NH)-
N(R™),; or wherein each independent occurrence of R? is selected from hydrogen,
opticnally substituted C).; aliphatic, an unsubstituted 5-6 membered heteroaryl or
heteracyclic ring, phenyl, -O(Ph), or -CHa(Ph), or, notwithstanding the definition
ahove, two independent accurrences 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-S-membered cycloalkyl, heterocyelyl, aryl, or heteroaryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur. Optional
substituents on the aliphatic group of R™ are zelected from NHz, NH(C,aliphatic),
N(C.jaliphatic)s, halogen, Cyyaliphatic, OH, O(Caliphatic), NO-, CN, CO-H,
CO,(Cyaaliphatic), OchaloC.y aliphatic), or haloC)_aliphatic, wherein each of the
foregoing Cj4aliphatic groups of R® i3 unsubstituted

Combinations of substituents and variables envisioned by this invention are
only those that result in the formation of stable compounds. Az uzed herein, the
term “stable” refers to compounds that possess ztability 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 "zolubilizing group” iz a moiety that has hydrophilic
character sufficient to improve or increase the water-solubility of the compound in
which 1t 13 included, as compared to an analog c«:nﬁpound 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 (2.3., catboxylic acids, sulfonic acids, phosphoric acids, amines,
elc.); groups that include permanent charges (e.2., quatérnary ammanium groups);
and/ar heteroatamsa or hetersatomic groupa (e.g., O, S, N, NH, N-(CHz),-R
N-{CHa)y-C(OR?, M-(CH2),~C(COR?, N-(CHa),-S(C):R - | N-(CH2)-S(0),0R%,
N-(CHz),-C(D)MR’R?, ete., wherein R? is selected from hydrogen, lower alkyl,
lower cycloalkyl, (C6-C14) aryl, phenyl, naphthyl, (C7-C20) arylalkyl and benzyl,
wherein R? iz optionally substituted; and y is an integer ranging from 0t 6),

optionally subatituted heterocyclic groupz (e.g., -(CHg')n-Rb, -(CI—Ig)n-C‘(O)-Rb,

-(CHa)-0-(CH; )r,-f\ wherein R? is selected from an optionally substituted saturated

19
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monocyclic heterocycle, an optionally substituted saturated bicyclic fused
heterocycle, an aptionally substituted saturated bicyclic spiro heterocycle, an
optionally substituted heteroaryl and an optionally suBstiluted partially substituted
non-aryl heterocycle; and n is an integer ranging from 0 to 2). It should be
understoad that substitueniz present on R? or R® nead not improve or increase water
solubility over their unsubstituted counterparts (o 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 S-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 moeiety of the
formula:
-(CH2)p-R"-NR "W R '), wherein:
nis selected from 0, 1 or 2;
R'% s selected from a bond, -C(C)-, ar -O(CHz),; and
cach R'" is independently selected from:
hydrogen;
b. C,-Cy straight or branched alkyl, wherein said alkyl is optionally substituted

with hale, CN, OH, O-(C,-C, straight or branched alkyl), N(R'i(R,"), or =0

Z
£

Zze_ Zsg
c 227 ;
4
— &20
Z|21 %
2y
d. T2 ;
//\ /H"'
N
rRy— N /\
e. N\ or
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f. both R"™ moieties are taken together with the nitrogen atom to which they
24

are bound to form a ring of the structure Zs7 ,

Z/Zso y
31 \ /\N
N

Z3z~ Ry

33 , Or N ; or

both R'' moieties are taken together with the nitrogen atom to which they

el

are bound to form a S-membered heteroaryl ring containing 1 to 3 additional
N atoms, wherein said heteroaryl ring is optionally substituted with Ry
wherein:
- each Z i3 independently selected from -0-; -S-, -NR,'-, or -C(Rso)(RSO)-,
wherein:
at least three of Zag, Zi1, Zas, and Za; are -C{RZYRY)-;
at least three of Zaa, Zo:, Zsg, Za7, and Zag are -C(RSO)CRSO)-;
at least four of Zsg, Z:)1, 233, and Z3; are -C(RSO)(RSO)-; and
at Yeast four of Zsy, Z25, Zag, 257, and Zag are -C(RSO)(RSO)-;
each Ry is independently selected from hydrogen ar a Cy-C; straight or
branched alkyl optionally substituted with one or more substituent independently
selected from halo, -CN, -OH, -OCH-, -NHa, -NH{CH-), -N(CHa1)., or =0,
each R¥ is independently selected from R, halo, CM, OH, O-(C-Cy straight
or branched alkyl), M(R,"(R", =CR', SR\, =NR ', =NOR,’, or =0,
any two suitable non-cyclic R* are optionally bound to ane another directly
or via a Cy 1o C; alkylene, alkenylene or alkanediylidene bridge to produce a
bicyclic fused or spiro ring; and

Zn, X, | oZay ‘Hk

P UL - . o -
23z 1 o Z: ™ - =3
= — R
Igu I . 221 " |-)‘. I L31 \‘
! | —i | I N—

Lu Loim s ’ Ze,  oZm 2 U

. - -_‘4\7" .~ 7;\, e -
any ZZ? , =23 , =37 , Or 233

ring structure is optionally benzofused or fuzed to a monocyclic heteroaryl to

praduce a bicyclic ring.
21
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For clarity, the term “C,y to C; alkylene, alkenylene or alkanediylidene
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

another to form a ring (whether directly or through one of the recited bridges), one

or more terminal hydrogen atoms an each R will be lost. Accordingly, a “suitable

non-cyclic R®® moiety available for forming a ring is a non-cyelic R that
comprises at least one terminal hydrogen atom.

In another preferred embodiment, the solubilizing group is a moiety of the
formula: -(CH,),-0-R'®, wherein n and R'” are as defined above.

In another preferred embodiment, the solubilizing group is a moiety of the
formula: -(CHz),-C(0)-R ', wherein n and R, are as defined above.

In a more preferred embodiment, a solubilizing group is selected from

e e N
1 |
A O
OO

~T 3 . . A 2.
«(CH2)»-R'%, whereinn iz 0, 1 or 2; and R'? is selected from O, § |

carvany
consiw | b
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In an even more preferred embodiment, a solubilizing group is selected from
2-dimethylaminoethylcarbamoyl, piperazin-1-ylcarbonyl, piperazinylmethyl,
dimethylaminomethyl, 4-methylpiperazin-1-ylmethyl, 4-aminopiperidin-1-yl-
methyl, 4-flucropiperidin-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-dioxapropylaminomethyl, ©
thiazolidin-3-ylmethyl, 4-acetylpiperazin-1-ylmethyl, 4-acetylpiperazin-1-yl,
morpholino, 3,3-difluoroazetidin-1-ylmethyl, 2H-teirazol-5-ylmethyl, |
thiomorpholin-4-ylmethyl, 1-oxothiomorpholin-4-ylmethyl, 1,1-
dioxothiomarpholin-4-ylmethyl, 1H-imidazol-1-ylmethyl, 3,5-dimethylpiperazin-
lylmethyl, 4-hydroxypiperidin-1-ylmethyl, N-methyl(1-acetylpiperidin-4-yl)-
aminomethyl, N-methylquinuclidin-3-ylaminomethyl, 1FH-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 Jdefinitions set forth above, the
term “solubilizing group” also includes moieties dizclosed as being attached to the
7-position of 1-cyclopropyl-6-fluaro-1,4-dihydro-4-oxequinoline-3-carboxylic acid
(ciprofloxacin) and its derivatives, as disclosed in PCT publications WO
2005020105, WO 2003049602, and WO 2005033105, and European Patent
publicationz EP 0343324, EP 0683772, EP 01331603, EP 0139174; as well as “water-
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
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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, compeounds 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 zolvates and
hydrates can generally be selected by a skilled artisan.

The compounds and zalts thereof can be prezent in amorphous or crystalline
(including co-crystalline and polymeorph) forms.

Acids commonly employed to forn acid addition salts are inorganic acids
such as hydrachloric 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, citrie acid, benzoic acid, acetic acid, and the like, Examples of such
salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphasphate, dihydrogenphosphate, metaphasphate, pyrophosphate,
chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyrate, caproate, heptanaate, propiolate, oxalate, malonate, succinate,
suberate, sebacate, fumarate, maleate, butyne-1,4-dicate, hexyne-1,6-divate,
benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, sulfonate, xylenesulfonaie, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycolate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-3ulfonate,

naphthalene-2-aulfonate, mandelate, and the like.
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Baze 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, aminanium hydroxide, potassium
carbonate, and the like.

According (o 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.

In one embodiment, certain compounds of the invention are prepared
according to the following method. First, a compound of the following formula:

S

\ /

N

NH»

R100

b

where R'% s a group that can be iransformed into an alkyl (e.2., methyl) group

substituted with a leaving group, such as an alkoxycarbonxyl (&.2., ethoxycarbonyl),

is reacted with a 2-leaving group, 2'-nitroacetophenone (e.g., 2-halo, 2'-
nitroacetophenone where halo i3 typically bromo or chloro) to form the following

compound:

This compound i3 then reacted o convert ~R'"%into ~R'. In embodiments where —
R'% s an alkoxycarbonxyl, then group is typically first converted into a carboxylic
acid (e.g., using base such as an alkali metal hydroxide like NaOH or FL.OH) and
then reduced to hydroxymethyl uzing an appropriate reducing agent (e.g., NaBH,).
The group is then transformed inta R by reacting the hydroxymethyl group with R}

and, if needed, through an intermediate step Lo increase the reactivity of the
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hydroxymethyl group (e.g., by transforming hydroxymethyl into chloromethyl using

SOCI; or methane sulfonyl chloride) prior to reaction with R®. Exemplary values of

R? include morpholine and 1H-1,2,4-triazole. The compound following these steps

is represented by the following structure:
S

\ ——N

"

O,N

5 R?
The nitro group iz reduced through reaction with a suitable reducing agent, such as

Pd/H; or sodium hydrosulfide, to form the following compound:

This compound is reacted with the desired Ry,R;-substituted thiazole carboxylic acid
10 (e.g., 4-methyl-2-pyridyl-3-yl thiazole carboxylic acid), typically in the presence of
a catalyzing agent (e.g., SOCI;) to form the product compound.

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, Comprehénsive Organic

15 Trangjormaiions (1939); T. W. Greene and P. G. M. Wuts, Frotective Groups in
Organic Synthesis, 24, Ed. (1991); L. Fieser and M. Fieser, Ficser and Fieser's
Reagents for Organic Synthesis (1994); and L. Paquette, ed., Encyclopedia o
Reagents for Ovgzaniz Synthesiz (1995),

In an exemplary embodiment, a sirtuin-modulating compound may traverse

20 the cytoplasmic membrane of a cell. For example, a compound may have a cell-

B .

permeability of at leas( about 209, 3024, 75%45, SO%s, 9075 ar 953%,,
Sirtuin-modulating compaounds described herein may also have one or more

of the following characteristica: the compound may be essentially non-taxic to a
27



33

WO 2008/156866 PCT/US2008/007771

*h

10

20

cell ar 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 told; a sirtuin-modulating
compound may promote deacetylation of the DNA repair factor Fu70; a sirtuin-
madulating compound may promote deacetylation of RelA/pAS; a compound may
increase general turnover rates and enhance the sensitivity of cells to TNF-induced
apoptosis.

In certain embadiments, a sirtuin-modulating compound does not have any
substantial ability to inhibit a histone deacetylase (HDACs) class [, a HDAC class
I1, or HDACs I and I, at concentrations (€.2., in vivo) effective for modulating the
deacetylase activity of the sirtuin. Fér instance, in preferred embodiments the
sirtuin-modulating compound is a sirtuin-activating compound and is chosen to
have an ECy; for activating sirtuin deacetylase activity that is at least 5 fold less
than the EC:y 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. Methads for assaying
HDAC T and/or HDAC 1T activity are well known in the art and kits to perform
such assays may be purchased commercially. See e.g., BinVision, Inc. (Mountain
View, CA; world wide web at biovision.com) and Thomas Scientific (Swedesboro,
NJ; world wide web at tomassci.com).

In certain embodiments, a sirtuin-modulating compound does not have any
substantial ability to modulate sirtuin homologs. In one embadiment, 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
concentrations (€.g., in vivo) effective for activating the deacetylase activity of
human sirtuin. For example, a sirtuin-activating compound may be chosen to have
an EC; for activating a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase
activity that is at least 5 fold less than the EC;; for activating a yeast sirtuin, such a3z
Sir2 (such as Candida, S. cerevisiag, etc.), and even more preferably at least 10
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fold, 100 fold or even 1000 fold less. In another embodiment, an inhibitor of a
sirtuin protein from lower eukaryates, 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 prodein from a lower eukaryote. For example, a sirtuin-inhibiting compound
may be chosen to have an IC; for inhibiting a human sirtuin, such as SIRT1 and/or
SIRT3, deacetylase activity that is at least 5 fold less than the IC;; 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 homelogs, such as, for example, one
or more of human SIRT1, SIRT2, SIRT3, SIRTH, 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 does not have any substantial
ability to modulate other sirtuin protein homaelogs, such as, for example, one or
more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRTA, or SIRT7, at concentrations
(e.g., in vivo) effective for madulating the deacetylase activity of human SIRTI.
For example, a sirtuin-modulating compound may be chozen to have an EDsg for
modulating human SIRT1 deacetylaze activity that i3 at least 5 fold lesa than the
ED; for modulating one or more of human SIRT2, SIRT3, SIRT4, SIRTS, SIRTS,
or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold
less. In one embodiment, a SIRTT modulator does not have any substantial ability
to madulate a SIRT3 protein.

In other embadiments, a SIRT2 madulator does not have any zubstantial
ability to modulate other sirtuin protein homologs, such as, for example, one or
more of human SIRT1, SIRT2, SIRTH, SIRTS, SIRT6, or SIRT7, at concentrations
(e.z., in vivo) effective for modulating the deacetylase activity of hurnan SIRT3.
For example, a sirtuin-modulating compaound may be chosen to have an EDjg for
maodulating human SIRT3 deacetylase activity that is at least 5 fold less than the
ED; 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
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less. In one embodiment, a SIRT3 madulator does not have any substantial ability
to modulate a SIRT1 protein.

In certain embadiments, a sirtuin-modulating compound may have a
binding affinity for a sirtuin protein of about 10°M, 107'M, 1 0N, 107N 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 eofactor similar to that caused by
resveratral 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, §, 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 oM, from about 10-100 nM, from
about 0.1-1 pM, from about 1-10 pM or from about 10-100 uM. A sirtuin-
maodulating compound may modulate the deacetylaze activity of a SIRT1 and/or
SIRT3 pratein 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 aszay. A sirtuin-activating compound may cause
at least about 10%, 302, 5025, S0%;, 2 fold, 5 fold, 10 fold, 30 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 ED5S0O
for modulating SIRTS that i3 at least about 10 fold, 20 fold, 30 fold, 50 fold greater

than that for modulating SIRT1 and/or SIRT3.

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.
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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-
medulating 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 streas, diabetes, obesity, neurodegenerative diseases, cardiovascular disease,
blood clotting disorders, inflamimation, 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 instanl invention may interact with a sirtuin at the same location
within the sirtuin protein (e.2., 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 sirtmin-modulating compounds described herein
may be taken alone or in combination with other compounds. In one embodiment, a
mixture of two or more sirtuin-maodulating compounds may be administered to a
subject in need thereof. In anather embadiment, a sirtuin-madulating 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 embadiment, a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin proteéin may be administered in
combination with nicotinic acid. In another embadiment, a sirtuin-modulating
compound that decreases the level and/or activity of a sirtuin protein may be
administered with ane or more of the following compounds: nicotinamide (NAM),
suranim; NF023 (a G-protein antagonist); NF279 (a purinergic receplor antagonist);
Trolax (6-hydroxy-2,5,7,8 tetramethylchroman-2-carboxylic acid); (-)-
¢pigallocatechin (hydroxy on sites 3,5,7,3',4°, §7; (-)-epigallocatechin gallate
(Hydroxy sites 3,7,3',4',53" and gallate ester on 3); cyanidin choloride (3,5,7,3',4-

pentahydroxyflavylium chloride); delphinidin chloride (3,5,7,3',4,5
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hexahydroxyflavylium chloride); myricetin (cannabiscetin; 3,5,7,3',4,5'-
hexahydroxyflavone); 3,7,3',4',5"-pentahydroxyflavone; gossypetin (3,5,7,3,3',4'-
hexahydroxyflavone), sirtinol; and splitomicin. In yet another embadirment, 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, ete. In various
embodiments, combination therapies comprising a sirtuin-modulating compound
may refer to (1) pharmaceutical compositions that comprise one or more sirtuin-
maodulating 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 been 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 vsing 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 oar disorders uzing a sirtuin-modulating compound may also comprise
increasing the protein level of a sirtuin, such as human SIRTI, SIRT2 and/or SIRTS3,
or homologs thereof. Increasing protein levels can be achieved by introducing into a
cell one or more copies of a nucleic acid that encades 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
SIRT! by introducing a nucleic acid encoding the aming acid sequence set forth in
GenBank Accession No. NP_036370 and/or increasing the level of SIRT3 by
intraducing a nucleic acid encoding the amino acid sequence set forth in GenBank

Accession No. AAH01042.
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A nueleic acid that is introduced into a cell to increase the protein level of a
sirtuin may encode a protein that is at least about $0°6, 8575, 909, 95%;, O8%,, or
0074 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%%,
ane;, 9595 985 or 9925 identical & a nueleic acid encoding a SIRTI (e.g. GenBank
Accession No. NM_012235) and/or SIRT? (e.g., GenBank Accession No.
BCO01042) proiein. The nucleic acid may also be a nucleic acid that hybridizes,
preferably under stringent hybndlzauun conditions, to a nucleic acid encoding a
wild-lype sirtuin, e.2., SIRT1 and/or SIRT3 protein. Stringent hybridization
conditions may include hybridization 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
binlogically 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 Mo, NP_034370,
preferably containg the core structure thereof. The core structure sometimes refers to
amino acids 62-293 of GenBank Accession No. NP_03A370, which are encoded hy
nucleotides 237 0 932 of GenBank Accession No, NM_01223%, which
encompasses the NAD binding as well a3 the substrate binding damains. The core
domain of SIRT1 may also refer to about amino acids 261 to 447 of GenBank
Accezsion No. NP_036370, which are encaded by nucleotides S34 to 1394 of
GenBank Accession No. NM_012238; (o about amino acids 242 to 493 of GenBank
Acceasion No. NP_033370, which are encoded by nucleatides 777 to 1532 of
GenBank Accession No. NM_012235; ar to about amino acids 254 to 495 of
GenBank Accession No. NP_036370, which are encoded by nucleotides $13 to 1538
of GenBank Accession Mo, NM 012233, Whether a protein retains a biological
function, e.g., deacetylation capabilities, can be Jetermined according to methods
known in the art.

In certain embodiments, methods {or reducing, preventing or treating

Jiseases or disorders using a sirtuin-madulating compound may also comprize

(=N

ecreasing the protein level of a sirtuin, such as human SIRTI, SIRT2 and/or
SIRT3, or homologs thereof. Decreasing a sirtuin protein level can be achieved
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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 siruiins, methods  for
stabilizing/destabilizing the correaponding mRNA 3, and other methods known in the
art,

Aging/Stress

In one embadiment, 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 atress, 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-madulating compound that inereases 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 (o 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., bload cells,
serum, biological growth media, etc.) or in tissues or organs. For example, blood
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
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protein to preserve the blood cells for longer periods of time. Additionally, blood to
he used for forensic purposes may alse 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 sugpensions, stem cells, bone marrow cells, etc. The cells or tissue
may be an autografl, an allografi, a syngraft or a xenograft. The cells or tissue may
be treated with the sirtuin-modulating compound prior to
administration/implantation, concurrently with aclministraﬁon/implantali-:»n, and/or
post administration/implantation nto a subject. The cells or tissue may be treated
prior to remaoval of the cells from the donor individual, ex vive 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-medulating 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 angingenic factor, etc.

In yet other embodiments, cells may be treated with a sirtuin-maodulating

compound that increases the level and/or activity of a sirtuin protein in viva, e.g., to
increase their lifespan or prevent apoptosis. For example, skin can be protected

from aging (e.2., developing wrinkles, loss of elasticity, ete.) by treating skin or

epithelial cells with a sirtuin-modulating compound that increases the level and/or
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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 afflicticns or skin conditions that may be treated in accordance with the
methads 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 dermaltitis), atopic Jermatitis (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 effects 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- ar third-
degree burns and/or a thermal, chemical or electrical burns. The formulations may
be administered topically, to the skin or mucosal tizsue.

Topical formulations comprising one or more sirtnin-madulating
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 iz 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 sirfuin-modulating compound is deliverad 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

methods for decreasing the rate of senescence of a zubject, e.g., after onset of
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
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preventing a disease or condition relating to the proliferative capacity of cells; and
methods for treating or preventing a dise condition resulting from cell
damage or death. In cerlain émbodiments, the method does not act by decreasing
the rate of occurrence of dizeases 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 embadiment, 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 (o a subject to prevent aging and aging-related
consequences or diseases, such as stroke, heart disease, heart failure, arthritis, high
bload pressure, and Alzheimer's disease. Other conditions that can be treated
include ocular disorders, ¢.3., associated with the aging of the eye, such as
cataracts, glauvcoma, 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 arder to protect the cells from cell death. Exemplary discases include those
azsociated with neural cell death, neuronal dysfunction, or muscular cell death or
dysfunction, such as Parkinson’s disease, Alzheimer’s diseasze, multiple sclerosis,
amnictropic lateral sclerosis, and muscular dystrophy; AIDS; fulminant hepatitis;
diseases linked to degeneration of the brain, such as Creutzfeld-Jakob disease
retinitis pigmentosa and cerebellar degeneration; myelodysplasis such as apl:utu
anemia; ischemic Jdiseaszes such as myocardial infarction and stroke; hepatic
diseases such as alcoholic hepatitis, hepatitis B and hepatitis C; joint-diseases such
a3 ostenarthritis; atherosclerosis; alopecia; damage to the skin due to UV light;
lichen planus; atrophy of the skin; cataract; and graft rejections. Cell death can also

2u

be caused by surgery, drug therapy, chemical exposure or radiation exposu
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Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein can also be administered to a subject suffering from an acute diseas
€.g., damage tc an organ or tissue, €.2., a subject suffering from stroke or
myocardial infarction or a subject suffering from a spinal cord injury. Sirtuin-
modulating compounds that increase the level and/or activity of a sirtuin praotein
may alsc be used to repair an alcoholic’s liver.

Cardiovascular Disease

In another embodiment, the invention provides a method for treating and/or
preventing a cardiovascular disease by administering to a subject in need thereof a
sirtuin-modulating compound that increases the level and/or activity of a sirtuin
protein.

Cardiovascular diseases that can be treated or prevented using the sirtuin-
madulating compounds that increase the level and/or activity of a sirtuin protein
include cardiomyopathy or myacarditis; such as idiopathic cardiomyapathy,
metabalic cardiomyopathy, aleoholic cardiomyopathy, drug-induced
cardiomyopathy, ischemic cardiomyopathy, and hypertensive cardiomyopathy.
Also treatable or preventable using compounds and methods described herein are
atheromatous disorders of the major blood vessels (macrovascular disease) such as
the aorta, the coronary arteries, the caralid arteries, the cerebrovascular arteries, the
renal arteries, the iliac arteries, the femoral arteries, and the popliteal arteries. Other
vascular diseases that can be treated or prevented include those related to platelet
aggregation, the retinal arterioles, the glomerular arterioles, the vasa nervorum,
cardiac arterioles, and associated capillary beds of the eye, the kidney, the heart,
and the central and peripheral nervous systems. The sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin protein may also be uszed for
increasing HDL levels in plasma of an individual.

Yet other disorders that may be treatzd with sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin protein include restenosis, e.g.,
following coronary intervention, and dizorders relating to an abnormal level of high
density and low density cholesterol.

In one embodiment, a sirtuin-medulating compound that increases the level
and/or activity of a sirtuin protein may be administered as part of a combination
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therapeutic with another cardiovascular agent. In one enibodiment, a sirtuin-
modulating compound that increases the level and/or activity of a sirtuin protein
may be administered as part of a combination therapeutic with an anti-arthythmia
agent. In another embodiment, a sirtuin-modulating compound that increases the
level and/or activity of a sirtuin protein may be administered as part of a
combination therapeutic with another cardiovascular agent.

Cell Death/Cancer

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may'be administered to subjects who have recently received or are
likely to receive a dose of radiation or toxin, In one embodiment, the dose of
radiation or toxin is received as part of a work-related or medical procedure, e.g.,
administered as a prophylactic measure. In another embodiment, the radiation or
toxin exposure is received unintentionally. In such a case, the compound is
preferably administered as soon as possible after the exposure to inhibit apoptosis
and the subsequent development of acute radiation syndrome.

Sirtuin-modulating compounds may also be used for treating and/or
preventing cancer. In certain embodiments, sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may be used for treating and/or
preventing cancer. Calorie restriction has been linked to a reduction in the
incidence of age-related disorders including cancer. Accordingly, an increase in the
level and/or activity of a sirtuin protein may be useful for treating and/or preventing
the incidence of age-related disorders, such as, for example, cancer. Exemplary
cancers that may be treated using a sirtwin-rmaodulating compound are those of the
brain and kidney; hormone-dependent cancers including breast, prostate, testicular,
and ovarian cancers; lymphomas, and leukemias. In cancers associated with solid
tumors, a maedulating compound may be administered directly into the tumor.
Cancer of blood cells, e.g., leukemia, can be treated by administering a madulating
compound into the blood stream or into the bone mattow. Benign cell growth, e.g.,
waris, can also be treated. Other diseases that can be ireated include autoimmune
diseases, e.g., systemic lupus erythematosus, scleroderma, and arthritiz, in which
autoimmune cells should be removed. Viral infections such a3 herpes, HIV,

adenovirus, and HTLV-1 associated malignant and benign disorders can also be
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treated by administration of sirtuin-modulating compound. Alternatively, cells can
be obtained from a subject, treated ex vivo (o remove certain undesirable cells, e.g.,
cancer cells, and administered back to the same or a different subject.

Chemotherapeutic agents may be co-administered with modulating
compounds described herein as having anti-cancer activity, e.g., compounds that
induce apoptosis, compounds that reduce lifespan or compounds that render cells
sensitive to stress, Chemotherapeutic agents may be used by themselves with a
sirtuin-modulating compound described herein as inducing cell death or reducing
lifespan or increasing sensitivity to stress and/or in combination with other
chemotherapeutics agents.  In addition to conventional chemotherapeutics, the
sirtuin-modulating compounds described herein may also be used with antisense
RNA, RNAI or other polynuecleotides (o inhibit the expression of the cellular
components that contribute to unwanted cellular proliferation.

Combination therapies comprising sirtuin-madulating compounds and a
conventional chemotherapeutic agent may be advantageous over combination
therapies known in the art because the combination allows the conventional
chematherapeutic agent to exert greater effect at lower dosage. In a preferred
embodiment, the effective dose (EDsg) for a chemotherapeutic agent, or
combination of conventional chemotherapeutic agents, when used in combination
with a sirtuin-maedulating compound is at least 2 fiold less than the EDsg for the
chematherapeutic agent alone, and even more preferably at S fald, 10 fold or even
25 fold less. Conversely, the therapeutic index (TI) for such chematherapeutic
agent or combination of such chemotherapeutic agent when used in combination
with a sirtuin-modulating compound described herein can be at least 2 fold greater
than the T1 for conventional chemotherapeutic regimen alone, and even more
preferably at 5 fold, 10 fold or even 25 fold greater.

Neuronal Disecases/Disorders

In certain aspects, sirtwin-modulating compounds that increase the level
and/or activity of a sirtuin protein can be used to (reat patients suffering from
neurodegenerative diseases, and traumatic or mechanical injury to the central
nervous system (CNS), spinal cord or peripheral nervous system (PNS).

Neurodegenerative disease typically involves reductions in the mass and volume of
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the human brain, which may be due to the atrophy and/or death of brain cells, which
are far more profound than those in a healthy person that are attributable to aging.
Neurodegenerative diseases can evolve gradually, after a long period of normal
brain function, due to progressive degeneration (e.g., nerve cell dysfunction and
death) of specific brain regions. Alternatively, neuwdugenemllvb diseases can have
a quick onset, such as those associated with trauma or toxins. The actual onset of
brain degeneration may precede clinical expression by many years. Examples of
neurodegenerative diseases include, but are not limited to, Alzheimer's disease
(AD), Parkinson's disease (PD), Huntington’s disease (HD), amyotrophic lateral

sclerosis (ALS; Lou Gehrig's disease), diffuse Lewy body disease, chorea-
acanthocytosis, primary lateral sclerosis, ocular diseases (ocular neuritis),
chemotherapy-induced neuropathies (e.2., from vineristine, paclitaxel, bortezomib),
diabetes-induced neuropathies and Friedreich's ataxia. Sirtuin-maodulating
compounds that increase the level and/or activity of a sirtuin protein can be used to
treat these disorderz and others as described below.

AD is a CNS disorder that results in memory loz3, unusual behavior,
personality changes, and a decline in thinking abilities. These losses are related to
the death of specific Lypes of brain cells and the breakdawn of connections and their
supporting network (e.g. glial cells) between them. The earliest symptoms include
loss of recent memory, faulty judgment, and changes in personality. PD 1s a CNS
disorder that results in uncontrolled body movements, rigidity, tremu:»r, and
dyskinezia, and i3 aszociated with the death of brain cells in an area of the brain that
produces dopamine. ALS (motor neuron disease) i3 a CMS disorder that attacks the
motor neurons, components of the CNS that connect the brain to the skeletal
muscles.

HD iz another neurodegenerative disease that causes uncontrolled
movements, loss of intellectual faculties, and emotional disturbance. Tay-Sachs
disease and SandhofT disease are glycolipid storage diseases where GM?2 ganglioside
and related glycolipidssubstrates for f-hexosaminidase accumulate in the nervous

system and trigger acute neurodegeneration.
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It is well-known that apoptosis plays a role in AIDS pathogenesis in the
immune system. However, HIV-1 also induces neurological disease, which can be
treated with sirtuin-modulating compounds of the invention.

Neuronal loss is also a salient feature of prion diseases, such as Creutzfeldt-
Takob disease in human, BSE in cattle (mad cow disease), Scrapie Disease in sheep
and goats, and feline spongiform encephalopathy (FSE) in cats. Sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein may be useful
for treating or preventing neuronal loss due to these prior diseases.

In another embodiment, a sirtuin-modulating compound that increases the
level and/or activity of a sirtuin protein may be used to treat or prevent any disease
or disorder involving axonopathy. Distal axonopathy is a type of peripheral
neuropathy that results from zome metabolic or toxic derangement of peripheral
nervous system (PNS) neurons. It is the most common response of nerves to
metabolic or toxic disturbances, and az such may be cauzed by metabolic diseases
such as diabetes, renal failure, deficiency syndromes such as malnutrition and
aleoholism, or the effects of toxins or dmg‘ Those with distal axonopathies usually
present with symmetrical glove-stocking aensori-motor disturbances. Deep tendon

reflexes and autonomic nervous sysiem (AMS) functions are alzo lost or diminished

“in affected areas.

Diabetic neurapathies are neuropathic dizorders that are assaciated with
diabetes mellitus. Relatively commeon conditions which may be associated with
diabetic neuropathy include third nerve palsy; mononeuropathy; mononeuritis
multiplex; diabetic amyotrophy; a painful polyneurapathy; autonomic neuropathy;
and thoracoabdominal neuropathy.

Peripheral neuropathy is the medical term for damage to nerves of the
peripheral nervous system, which may be caused either by diseases of the nerve or
from the side-effects of systemic illness. Major causes of peripheral neuropathy
include seizures, nutritional deficiencies, and HIV, though diabetes is the most likely
cause.

In an exemplary embodiment, a sirtuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be used to treat or prevent multiple

sclerosis (MS), including relapsing MS and monozymptomatic MS, and other
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demyelinating conditions, such as, for example, chromic inflammatory
demyelinating polyneurapathy (CIDP), or symptoms associated therewith.

In yet another embodiment, a sirfuin-modulating compound that increases
the level and/or activity of a sirtuin protein may be vsed to treat trauma to the
nerves, including. trauma due to disease, injury (including surgical intervention), or
environmental trauma (e.g., neurotoxins, alcoholism, etc.).

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may also be useful to prevent, treat, and alleviate symptoms of
various PNS disorders. The term “peripheral neuropathy” encompasses a wide range
of disorders in which the nerves outside of the brain and spinal cord—peripheral
nerves—have been damaged. Peripheral neuropathy may also be referred to as
peripheral neuritis, or if many nerves are involved, the terms polyneuropathy or
palyneuritis may be used.

PNS diseases treatable with sirtuin-modulating compaounds that increase the
level and/or activity of a sirtuin protein include: diabetes, leprosy, Charcot-Marie-

Taoth discase, Guillain-Barré syndrome and Brachial Plexus Neurapathies (dise ases

of the cervical and first thoracic roots, nerve trunks, cords, and peripheral nerve

components of the brachial plexus.
In another embodiment, a sirtuin activating compound may be uged to treat

or prevent a polyglutamine disease. Exerplary palyglutamine diseases include

’J

Spinobulbar muscular atrophy (Kennedy disease), Huntington’s Disease (HD),
Dentatorubral-pallidoluysian atrophy (Haw River syndrome), Spinocerehellar ataxia
type 1, Spinacerebellar ataxia type 2, Spinocercbellar ataxia type 3 (Machado-
Jozeph disease), Spinocerebellar ataxia type 6, Spinocerehellar ataxia type 7, and
Spinocerebellar ataxia type 17.

In certain embodiments, the invention provides a method (o treat a central
nervous system cell to prevent damage in response to a decrease in blood flow to the
cell. Typically the severity of damage that may be prevented will depend in large
part on the degree of reduction in blood flow to the cell and the duration of the
reduction. In one embodiment, apoptotic or necrotic cell death may be prevented. In

still a further embodiment, ischemic-mediated damage, such as cytoxic edema or
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central nervous system tissue anoxemia, may be prevented. In each embodiment, the
central nervous system cell may be a spinal cell or a brain cell.

Another aspect encompasses administrating a sirluin activating compound to
a subject to treat a central nervous system ischemic condition. A number of central
nervous system ischemic conditions may be treated by the sirtuin activating
compounds deéc:ribed herein. In one embodiment, the ischemic condition is a stroke
that results in any type of ischemic central nervous system damage, such as
apoptotic or necrotic cell death, eytoxic edema or central nervous system tissue
anoxia. The stroke may impact any area of the brain or be caused by any etiology
commonly known to result in the occurrence of a stroke. In one alternative of this
embadiment, the stroke is a brain stem stroke. In another alternative of this
embodiment, the stroke is a cerebellar stroke. In still another embadiment, the stroke
iz an embolic stroke. In yet another alternative, the stroke may be a hemorrhagic
stroke. In a furlh-er embodiment, the stroke is a thrombolic stroke.

In yet another aspect, a sirtuin z#ctivating compound may be administered to
-educe infarct size of the ischemic core following a central nervous system ischemic
condition. Moreover, a sirtuin activating compaund may also be beneficially
administered to reduce the size of the ischemic penumbra or transitional zone
following a central nervous system ischemic condition.

In one embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of neurodegenerative disorders or
secondary conditions associated with these conditions. Thus, a combination drug
regimen may include one ar more sirtuin activators and one or more anti-
neurodegeneration agents.

Blood Coagulation Disorders

In other aspects, sirhmin-modulating compounds that increase the level and/or
activity of a sirtuin protein can be used to treat or prevent blood coagulation
disorders (or hemaostatic disorders). As used interchangeably herein, the terms
“hemostasiz”, “blood coagulation,” and “blood clotting” refer to the control of
bleeding, including the physiological properties of vasaconstriction and coagulation.
Blood coagulation assists in maintaining the integrity of mammalian circulation after
injury, inflammation, disease, congenital defect, dysfunction or other disruption.
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Further, the formation of blood clots does not only limit bleeding in case of an injury
(hemostasis), but may lead to serious organ damage and death in the context of
atherosclerotic diseases by occlusion of an important artery or vein. Thrombaosis is
thus blood clot formation at the wrong time and place. \

Accordingly, the present invention provides anticoagulation and
antithrombotic treatments aiming at inhibiting the formation of blood clots in order
to prevent or treat blood coagulation disorders, such as myocardial infarction, stroke,
loss of a limb by peripheral artery disease or pulmonary embaolism.

As used interchangeably herein, “modulating or modulation of hemostasis”
and “regulating or regulation of hemostasis” includes the induction (e.g., stimulation
or increase) of hemostasiz, as well as the inhibition (e.g., reduction or decrease) of
hemostasis.

In ane aspect, the invention provides a method for reducing or inhibiting
hemaostasis in a subject by administering a sirtuin-modulating compound that
increases the level and/or activity of a sirtuin protein. The compositions and methods
disclosed herein are useful for the treatment or prevention of thrombotic disorders.
As used herein, the term “thrombotic disorder” includes any disorder or condition
characterized by excessive or unwanted coagulation or hemostatic activity, or a
hypercoagulable state. Thrombotic disorders include diseases or disorders involving
platelet adhezion and thrombus formation, and ﬁmy manifest as an increased
propensity to form thrombaoses, ¢.2., an inereazed number of thromboses, thrombosis
at an early age, a familial tendency towards thrombosis, and thrombosis at unusual
sites.

In another embodiment, a combination drug regimen may include drugs or
compounds for the treatment or prevention of blood coagulation disorders or
secondary conditions associated with these conditions. Thus, a combination drug
regimen may include one or more zirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein and one or more anti-coagulation or anti-
thrombosis agents.

Weight Control

In another aspect, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein may be used for treating or preventing weight gain
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or obesity in a subject. For example, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be uzed, for example, to treat or prevent
hereditary obesity, dietary obesity, hormone related 'obe-sity, obesity related to the
administration of medication, 1o reduce the weight of a subject, or to reduce or
prevent weight gain in a subject. A subject in need of such a treatment may be a
subject who is obese, likely to become obese, averweight, or likely to become
overweight. Subjects who are likely to become obese or overweight can be
identified, for example, based on family history, genetics, diet, activity level,
medication intake, or various combinations thereof.

In yet other embodiments, sirtwin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be administered to subjects suffering
from a variety of other diseases and conditions that may be treated or prevented by
promoting weight loss in the subject. Such diseases include, for example, high blood
preasure, hypertension, high blood cholesterol, dyslipidemia, type 2 diabetes, insulin
resistance, glucose intolerance, hyperinsulinemia, coronary heart disease, angina
pectoris, congestive heart failure, stroke, gallstones, cholescystitis and cholelithiasis,
gout, osteoarthritis, obstructive sleep apnea and respiratory problems, some types of
cancer (such as endometrial, breaat, prostate, and colon), complications of
pregnancy, poor female reproductive health (such as menstrual irregularities,
infertility, irregular ovulation), bladder control prablems (such as stress

incontinence); uric acid nephrolithiasis; psychological disorders (such as depression,
eating disorders, distorted body imaze, and low self esteem). Finally, patients with
AIDS can develap lipodystrophy or ingulin resistance in résponse (o combination

therapies for AIDS.

o

In another embodiment, sirtuin-modulating compounds that increase th
level and/or activity of a slﬁum protein may be used for inhibiting adipogenesis or
fat cell differentiation, whether in vitro or in viva. Such methods may be used for
treating or preventing obesity.

In other embadiments, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used for reducing appetite and/or
increasing satiety, thereby causing weight loss or avoidance of weight gain. A
subject in need of such a freatment may be a subject who is overweight, abese or a
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subject likely to become overweight or obese. The method may comprise
administering daily or, every other day, or once a week, a dose, e.g., in the form of a
pill, to a subject, The dose may be an “appetite reducing dose.”

In an exemplary embadiment, sirtuin-modulating compounds that increase
the level and/ar activity of a sirtuin protein may be administered as a combination
therapy for treating or preventing weight gziin or obesity. For example, one or more
sirtwin-modulating compounds that increase the level and/or activity of a sirtuin
protein may be administered in combination with one or more anti-abesity agents.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be administered to reduce drug-induced
weight gain. For example, a sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein may be administered as a combination therapy
with medications that may stimulate appetite or cause weight gain, in particular,
weight gain due to factors other than water retention.

Metabolic Disorders/Diabetes

In another aspect, sirtuin-madulating compounds that increase the level
and/or activity of a sirtuin protein may be used for treating or preventing a metabolic
dizorder, such as insulin-resistance, a pre-diabetic state, type 1 diabetes, and/or
complications thereof. Administration of a sirtuin-madulating compounds that
increases the level and/or activity of a sirtuin protein may increase insulin sensitivity
and/or decrease insulin levels in a subject. A subject in need of such a treatment may
be a subject who has insulin resistance or other precursor symptom of type I1
diabetes, who has type II diabetes, or who is likely to develop any of these
conditions. For example, the subject may be a subject having insulin resistance, e.g.,
having high circulating levels of inzulin and/or associated conditions, such as
hyperlipidemia, dyslipogenesis, hypercholesterolemia, impaired glucose tolerance,
high blood glucose sugar level, other manifestations of syndrome X, hypertension,
atherosclerosis and lipodystrophy.

In an exemplary embodiment, sirtuin-madulating compounds that increase
the level and/or activity of a sirtuin protein may be administered as a combination

therapy for treating or preventing a metabolic disorder. For example, one or more

47



4

WO 2008/156866 PCT/US2008/007771

Lh

10

20

25

30

sirtuin-modulating compounds that increase the level and/or activity of a sirtuin
protein may be administered in combination with one or more anti-diabetic agents.
Inflammmatory Diseases ‘

In other aspects, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein can be used (o treat or prevent a disease or
disorder asseciated with inflammation. Sirtuin-odulating compounds that increase
the level and/or activity of a sirtuin protein may be administered prior to the onset
of, at, or after the initiation of inflammation. When used prophylactically, the
compounds are preferably provided in advance of any inflammatory response or
symptom. Administration of the compounds may prevent or attenuate inflammatory
responses or symptoms.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein may be used to treat or prevent allergies and
respiratory conditions, including asthma, bronchitis, pulmaonary fibroais, allergic
rhinitis, oxygen toxicity, emphysema, chronic bronchitis, acute respiratory distress
syndrome, and any chronic obstructive pulmonary disease (COPD). The
compounds may be used to treat chronic hepatitis infection, including hepatitis B
and hepatitis C.

' Additionally, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may be used to treat autoimmune diseases and/or
inflammation associated with autoimmune diseazes such as organ-tizsue
autoimmune diseases (e.2., Raynaud's syndrome), scleroderma, myasthenia gravis,
transplant rejection, endotoxin shock, sepasis, psoriasiz, eczema, dermatitis, multiple

sclerosis, antoimmune thyroiditis, uveitis, systemic lupua erythematosis, Addison's
dizeaze, autoimmune polyglandular disease (also known as autoimmuné
polyglandular syndrome), and Grave's dizease

In certain embodiments, one or more sirtuin-modulating compaounds that
increase the level and/or activity of a sirtuin protein may be taken alone or in
combination with other compounds useful for treating or preventing inflammation.
Flushing

In another aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirluin protein may be used for reducing the incidence or severity
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of flushing and/or hot flashes which are symptoms of a disorder. For instance, the
subject method includes the use of sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein, alone or in combination with other agents,
for reducing incidence or severity of flushing and/or hot flashes in cancer patients.
In other embodiments, the method provides for the use of sirtuin-modulating
compounds that increase the level and/or activity of a sivtuin protein to reduce the
incidence or severity of flushing and/or hot flashes in menopausal and post-
menopausal woman.

In anather aspect, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used as a therapy for reducing the
incidence or severity of flushing and/or hot flashes which are side-effects of another
drug therapy, e.g., drug-induced flushing. In certain embadiments, a method for.
treating and/or preventing diug-induced flushing comprises administering to a
patient in need thereof a formulation comprising at least one flushing inducing
compound and at least one sirtuin-modulating compound that increases the level
and/or activity of a sirtuin protein. In other embodiments, a method for treating drug
induced flushing comprises separately administering one or more compounds that
induce flushing and one or more sirtuin-modulating compounds, e.3., wherein the
sirtuin-modulating compound and fluzhing inducing agent have not been formulated
in the same compositions. When using separate formulations, the sirtuin-modulating
compound may be administered (1) at the same a3 administration of the flushing
inducing agent, (2) intermittently with the flushing inducing agent, (3) staggered
relative to administration of the flushing inducing agent, (4) prior to administration
of the flushing inducing agent, (5) subsequent to administration of the flushing
inducing agent, and (6) various combination thereof. Exemplary flushing inducing
agents include, for example, niacin, faloxifene, antidepressants, anti-psychotics,
chemotherapeutics, calcium channel blockers, and antibiotics.

In one embodiment, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be uzed 1o reduce flushing side effects of a
vazodilator or an antilipemic agent (including anticholesteremic agents and

lipotropic agents). In an exemplary embodiment, a sirtuin-modulating compaound
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that increases the level and/or activity of a sirtuin protein may be used to reduce
flushing associated with the adminiztration of niacin.

In another embodiment, the invention provides a method for treating and/or
preventing hyperlipidemia with reduced flushing side effects. In another
representative embodiment, the method involves the vse of sirtuin-modulating
compounds that increase the level and/or activity of a sirtuin protein to reduce
flushing side effects of raloxifene. In another representative embodiment, the
method involves the use of sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein to reduce fluzhing side effects of antidepressants
or anti-psychotic agent. For instance, sirtuin-modulating compounds that increase
the level and/or activity of a sirtuin protein can be vsed in conjunction (administered
separately or together) with a serotonin reuptake inhibitor, or a SHTZ receptor
antagonist.

In certain embadiments, sirtuin-modulating‘compounds that increase the
level and/or activity of a sirtuin protein may be uzed as part of a treatinent with a

serotonin reuptake inhibitor (SRI) to reduce flushing. In still another representative
embodiment, sirtuin-madulating compounds that increase the level and/or activity of
a sirtuin protein may be uzed to reduce flushing side effects of chemotherapeutic
agents, such as cyclophosphamide and tamoxifen.

In another embaodiment, sirtuin-modulating compounds that increase the

7]

level and/or activity of a sirtuin protein may be used to reduce flushing side effect
of caleium channel blockers, such as amledipine.

In another embodiment, sirtuin-modulating compounds that increase the
level and/or activity of a sirtwin protein may be used to reduce flushing side effects
of antibiotics. For example, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein can be used in combination with levafloxacin,
Ocular Disorders

One aspect of the present invention i3 a method for inhibiting, reducing or
otherwise treating vision impairment by administering to a patient a therapeutic
dosage of sirtuin modulator selected from a compound disclosed herein, or a

pharmaceutically acceplable salt, prodrug or a metabalic derivative thereof.
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In certain aspects of the invention, the vision impairment is caused by
damage to the optic nerve or central nervous system. In particular embodiments,
optic nerve damage is caused by high intraocular pressure, such as that created by
glancoma. In other particular embodiments, optic nerve damage is caused by
swelling of the nerve, which is often associated with an infection or an immune
(e.g., autoimmune) response such as in optic neuritis.

In certain aspects of the invention, the vision impairment is caused by retinal
damage. In particular embodiments, retinal damage is caused by disturbances in
blood flow to the eye (e.g., arteriosclerosis, vaseulitis). In particular embodiments,
retinal damage is caused by disrupton of the macula (e.g., exudative or non-
exudative macular degeneration).

Exemplary retinal diseazes include Exudative Age Related Macular
Degeneration, Nonexudative Age Related Macular Degeneration, Retinal Electronic
Prosthesis and RPE Transplantation Age Related Macular Degeneration, Acute
Multifocal Placoid Pigment Epitheliopathy, Acute Retinal Necrosis, Best Disease,
Branch Retinal Artery Occlusian, Branch Retinal Vein Occlusion, Cancer
Associated and Related Autoimmune Retinopathies, Central Retinal Artery
Oicelusion, Central Retinal Vein Occlusion, Central Serous Chorioretinopathy, Fales
Disease, Epimacular Membrane, Lattice Degeneration, Macroaneurysm, Diabetic
Macular Edema, Irvine-Gass Macular Edema, Macular Hole, Subretinal Neavascular
Membranes, Diffuse Unilateral Subacute Meuroretinitis, Nonpseudaphakic Cystoid
Macular Edema, Presumed Qcular Histoplasmosis Syndrome, Exudative Retinal
Detachment, Pastoperative Retinal Detachment, Proliferative Retinal Detachment,
Rhegmatogenous Retinal Detachment, Tractional Retinal Detachment, Retinitis
Pigmentosa, CMV Retinitis, Retinoblastoma, Retinopathy of Prematurity, Birdshot
Retinopathy, Background Diabetic Retinopathy, Proliferative Diabetic Retinopathy,
Hemoglobinopathies Retinopathy, Purtacher Retinopathy, Valzalva Retinopathy,
Juvenile Retinoschisis, Senile Retinoschisis, Terson Syndrome and White Dot
Syndromes.

Qther exemplary diseases include ocular bacterial infections (e.g.
conjunctivitis, keratitiz, tuberculosis, syphilis, gonorrhea), viral infections (e.g.
Ocular Hempes Simplex Virus, Varicella Zoster Virus, Cytomegalovirus retinitis,
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Human Innnunuduﬁuum) Virus (HIV)) as well a3 progressive outer retinal necrosis

secondary to HIV or other HIV-associated and other immunodeficiency-associated

ocular diseases. In addition, ocular diseases include fungal infections (e.g. Candida
choroiditis, histoplasmosis), protozeal infections (e.g. toxoplasmaosiz) and others
such as ocular toxocanasis and sarcotdosis

One aspect of the invention is a methoed for inhibiting, reducing or treating
vision impairment in a subject undergoing treatment with & chemotherapeutic drug
(e.g., 2 neurotoxic drug, a drug that raises intraocular pressure such as a stercid), by
administering to the subject in need of such treatment a therapeutic dosage of a
sirtuin modulator disclosed herein.

Anather aspect of the invention i3 a method for inhibiting, reducing or
treating vision impairment in a subject undergoing surgery, including ocular or other
zurgeries performed in the prone position such as spinal cord surgery, by
administering to the subject in need of such treatment a therapeutic dosage of a
sirtuin modulator disclosed herein. Ocular surgeries include cataract, iridotomy and
lens replacements.

Another aspect of the invention is the treatment, including inhibition and
prophylactic treatment, of age related ocular diseases include cataracts, dry eye, age-
related macular degeneration (AMD), retinal damage and the like, by administering
to the subject in need of such treatment a therapeutic dosage of a sirtuin modulator
disclosed herein.

Another aspect of the invention i3 the prevention or treatment of damage to
the eye cauvzed by stress, chemical insult or radiation, by administering to the subject
in need of such treatment a therapeutic dosage of a sirtuin modulator disclosed
herein. Radiation or electromagnetic damage to the eye can include that cauzed by
CRT’s or exposure to sunlight or UV,

In one embaodiment, a combination drug regimen may include drugs or
secondary

regimen may

compounds for the treatment or prevention of acular disorders or

conditions associaled with these conditions. Thus, a combination drug
include one or more sirtuin activators and one or more therapeutic agents for the

treatment of an ocular disorder.
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In one embadiment, a sirtuin modulator can be administered in conjunction
with a therapy for reducing intraocular pressure. In another embodiment, a sirtuin
modulator can be administered in conjunction with a therapy for treating and/or
preventing glaucoma. In yet another embodiment, a sirtuin modulator can be
administered in conjunction with a therapy for treating and/or preventing optic
neuritiz. In one embodiment, a sirtuin modulator can be administered in conjunction
with a therapy for treating and/or preventing CMV Retinopathy. In another
embodiment, a sirtuin modulator can be administered in conjunction with a therapy
for treating and/or preventing multiple sclerosis.

Mitochondrial-Associated Diseases and Disorders

In certain embodiments, the invention provides methods for treating diseases
or disorders that would benefit from increased mitochondrial activity. The methods
invalve administering to a subject in need thereof a therapeutically effective amount
of a sirtuin activating compound. Increased mitochondrial activity refers to
increasing activity of the mitochondria while maintaining the overall numbers of
mitachondria (e.g., mitochondrial mass), increasing the numbers of mitochondria
thereby increasing mitochondrial activity (e.2., by stimulating mitochandrial
hiagenesis), or combinations thereof. In certain embodiments, dizeases and disorders
that would benefit from inereased mitochondrial activity include dizeaszes or
disorders associated with mitochondrial dysfunction.

In certain embodiments, methods for treating diseases or dizorders
that would benefit from increased mitochondrial activity may comprise identifying a
subject suffering from a mitochandrial dysfunction. Methods for diagnosing a
mitochondrial dysfunction may involve molecular genetic, pathologic and/or
binchemical analyses. Diseases and disorders associated with mitochondrial
dysfunction include diseases and disaorders in which deficits in mitochondrial
respiratory chain activity contribute to the development of pathophysiology of such
diseases or disorders in a mammal. Diseases or disorders that would benefit from
increased mitochondrial activity generally include for example, diseases in which
free radical mediated oxidative injury leads to tissue degeneration, diseases in which
cells inappropriately undergo apoptosis, and diseases in which cells fail to undergo
apoptosis.
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In certain embodiments, the invention provides methods for treating a
disease or disorder that would benefit from increased mitochondrial activity that
involves administering to a subject in need thereof one or more sirtuin activating
compounds in combination with another therapeutic agent such as, for example, an
agent useful for treating mitochondrial dysfunction or an agent useful for reducing a
symptom associated with a disease or disorder invalving mitochondrial dysfunction.

In exemplary embodiments, the invention provides methods for treating
diseages or disorders that would benefit from increased mitochondrial activity by
administering to a subject a therapeutically effective amount of a sirtain activating
compound. Exemplary diseases or disorders include, for example, neuromuscular
dizorders (e.z., Friedreich’s Ataxia, muscular dystrophy, multiple sclerosis, ete.),
disorders of neuronal instability (e.3., seizure disorders, migrane, etc.),
developmental delay, neurodegenerative disorders (e.3., Alzheimer’s Disease,
Parkinson’s Disease, amyotrophic lateral sclerosis, etc.), ischemia, renal tubular
acidosis, age-related neurodegeneration and C.‘:»gnitive decline, chemotherapy
fatigue, age-related or chemotherapy-induced menopause or irregularities of
menstrual cycling or ovulation, mitochondrial myopathies, mitochondrial damage
(e.g., caleium accumulation, excitotoxicity, nitric oxide exposure, hypoxia, ete.), and
mitochondrial deregulation.

Muscular dystrophy refers to a family of diseases involving deterioration of
neuromuscular structure and function, often resulting in atrophy of skeletal muscle
and myccardial dysfunction, such as Duchenne muscular dystrophy., In certain
embodiments, sirtuin activating compounds may be uzed for reducing the rate of
decline in muscular functional capacities and for improving muscular functional
status in patients with muscular dystrophy.

In certain embadiments, sirtwin modulating compounds may he useful for
{reatment mitochondrial myopathies. Mitochondrial myopathies range from mild,

slowly progressive weakness of the extraccular muscles to severe, fatal infantile
myopathies and multisystem encephalomyopathies. Some syndromes have been
defined, with some overlap between them. Established syndromes affecting muscle
include progressive external ophthalmoplegia, the Kearns-Sayre syndrome (with
ophthalmoplegia, pigmentary retinopathy, cardiac conduction defects, cerebellar
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ataxia, and sensocineural deafess), the MELAS syndrome (mitechondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes), the MERFF
syndrome (myaclonic epilepsy and ragged red fibers), limb-girdle distribution
weakness, and infantile myopathy (benign or severe and fatal).

In certain embodiments, sirtuin activating compounds may be useful for
treating patients suffering from toxic damage to mitochondria, such as, toxic damage
due to calcium accumulation, excitotoxicity, nitric oxide exposure, drug induced
toxic damage, or hypoxia.

In certain embodiments, sirtuin activating compounds may be useful for
treating diseases or disorders associated with mitochondrial deregulation.

Muscle Performance

In other embaodiments, the invention provides methods for enhancing muscle
performance by administering a therapeutically effective amount of a sirtuin |
activating compound. For example, sirtuin activating compounds may be useful for
improving physical endurance (e.g., ability to perform a physical task such as
exercise, physical labar, sports activities, etc.), inhibiting or retarding physical
fatizues, enhancing blood oxygen levelg, enhancing energy in healthy individuals,
enhance working capacity and endurance, reducing muscle fatigue, reducing stress,
enhancing cardiac and cardiavascular function, improving sexual ability, increasing
muscle ATP levels, and/or reducing lactic acid in blood. In certain embodiments, the
methods involve adminisiering an amount of a sirtuin activating compound that
increase mitochondrial activity, increase mitochondrial biogenesis, and/or increase
mitochondrial mass.

Sports performance refers (o the ability of the athlete's muscles to perform
when participating in sports activities, Enhanced sportz performance, strength, speed
and endurance are measured by an increase in muscular contraction strength,
increase in amplitude of muscle contraction, shortening of muscle reaction time
between stimulation and contraction. Athlete refers to an individual who participates
in sports at any level and who seeks to achieve an improved level of strength, speed
and endurance in their performance, such as, for example, body builders, bicyclists,

long distance runners, short distance rumners, étc. Enhanced sports performance in
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manifested by the ability to avercome muscle fatigue, ability to maintain activity for
longer periods of time, and have a more effective workout.

In the arena of athlete muscle performance, it is desirable to create conditions
that permit competition or training at higher levels of resistance for a prolonged
period of time.

It is contemplated that the methods of the present invention will also be
effective in the treatment of muscle related pathological conditions, including acute
sarcopenia, for example, muscle atrophy and/or cachexia associated with burns, bed
rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery.

In certain embodiments, the invention provides novel dietary compositions
comprising sirtuin modulators, a methad for their preparation, and a method of using
the compositions for improvement of sports performance. Accordingly, provided are
therapeutic compositions, foods and beverages that have actions of improving
physical endurance and/or inhibiting physical fatigues for thaoze people involved in
broadly-defined exercises including sports requiring endurance and labors requiring
repeated muscle exertions. Such dietary compaositions may additional comprise
electrolytes, caffeine, vitamins, carbohydrates, etc.

Other Uses

Sirtuin-modulating compounds that increase the level and/or activity of a
sirtuin protein may be used for treating or preventing viral infections (such as
infections by influenza, herpes or papilloma virus) or as antifungal agente. In
certain embodiments, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin prolein may be administered as part of a combination drug
therapy with another therapeutic agent for the treatment of viral diseases. In another
embodiment, sirtuin-modulating compounds that increase the level and/or activity
of a sirtuin protein may be administered as pari of a combination drug therapy with
another anti-fungal agent.

Subyjects that may be treated as described hercin include eukaryotes, such as
mammals, e.g., humans, ovines, bovines, equines, parcines, canines, felines, non-
human primate, mice, and rats. Cells that may be treated include eukaryotic cells,

e.g., from a subject described above, or plant cells, yeast cells and prokaryotic cells,
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e.g., bacterial cells. For example, modulating compounds may be administered to
farm animals to improve their ability to withstand farming conditions longer.

Sirtuin-modulating compounds that increaze the level and/or activity of a
sirtuin protein may also be used to increase lifespan, stress resistance, and
resistance to apoptosis in plants. In one embodiment, a compound is applied to
plants, e.g., on a periodic basis, or to fungi. In another embodiment, plants are
genetically modified to produce a compound. In another embodiment, plants and
fruits are treated with a compound prior to picking and shipping to increase
resistance to damage during shipping. Plant seeds may also be contacted with
compounds described herein, €.g., to preserve them.

In other embodiments, sirtuin-modulating compounsds that increaze the level
and/ar activity of a sirtuin protein may be uzed for madulating lifespan in yeast
cells. Situations in which it may be desirable to extend the lifespan of yeast cells
include any process in which yeast i3 used, e.g., the making of beer, yogurt, and
bakery items, e.g., bread. Use of yeast having an extended lifespan can result in
using less yeast or in having the yeast be active for longer periods of time. Yeast o‘r
other mammalian cells used for recombinantly producing proteins may also be
treated as described herein.

Sirtuin-modulating compounds that increase the level and/or activity of a
sirluin protein may also be uzed to inereaze lifespan, siress resistance and resistance
to apoptosis in insects. In this embw ndlmenl compounds would be applied to useful
insects, e.g., bees and other insects that are involved in pollination of plants. In a
gpecific embadiment, a compound waould be applied 2 bees involved in the
production of honey. Generally, the methods described herein may be applied to
any organism, e.g., eukaryote, that may have commercial importance. For example,
they can be applied to fish (aquaculture) and birds (e.g., chicken and fowl).

Higher doses of sirtuin-modulating compoundz that increase the level and/or
activity of a sirtuin protein may also be used as a pesticide by interfering with the
regulation of silenced genes and the regulation of apoptosis during development. In
this embadiment, a compound may be applied to plants using a method known in

the art that ensures the compound is bio-available to insect larvae, and not to plants.
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At least in view of the link between reproduction and longevity, sirtuin-
modulating compounds that increase the level and/or activity of a sirtuin protein
can be applied to affect the reproduction of organisms such as insects, animals and

microorganisms.

4, Assays

Various types of assays to delermine sirfuin activity have been described.
For example, sirtuin activity may be determined using a fluorescence based assay
such as the assay commercially available from Biomel, e.g., the SIRT1 Fluorimetric
Drug Discovery Kit (AK-333), SIRT2 Fluorimetric Drug Discovery Kit (AK-557),
or SIRT3 Fluorimetric Drug Discovery Kit (AK-557) (Biomol International,
Plymouth Meeting, PA). Other suitable sirtuin assays include a nicotinamide releas
assay (Kaeberlein et al., J. Biol. Chem. 230¢17): 17038 (2003)), a FRET assay
(Marcotte et al., Anal. Biochem. 332: 90 (2004)), and a C!* NAD boren resin
binding assay (McDonagh et al., Methods 36: 346 (2003)). Yet other suitable sirtuin
assays include radioimmunoassays (FIA), scintillation proximity assays, HPLC
based assays, and reporter gene assays (e.2., for transcription factor targets).

An exemplary aszay for determining sirtuin activity i3 a fluorescence
polarization assay. Fluarescence polarication assays are described herein and are
also described in PCT Publication Mo, WO 2006/004230. In other embodiments,
girtuin activity may be determined using a mass spectrometry based assays.
Examples of mass spectrometry based assays are described herein and are also
described in PCT Publication Mo, WO 2007/064002, Cell based assays may also be
used to determine sirtuin activity. Examples of cell based aszays for determining
sirtuin activity are described in PCT Publication Mos. WO 2007/064002 and WO
2008/060400.

Y ¢t other methods contemplated herein include screening methods for
identifying compounds or agents that modulate sirtuins. An agent may be a nucleic
acid, such a3 an aptamer. Aszays may be conducted in a cell based or cell free
format. For example, an assay may comprise incubating (or contacting) a sirtuin
with a test agent under conditions in which a sirtuin can be modulated by an agent
known to modulate the sirtuin, and monitoring or determining the level of
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modulation of the sirtuin in the presence of the test agent relative to the absence of
the test agent. The level of madulation of a sirtuin can be determined by determining
its ability to deacetylate a substrate. Exemplary substrates are acetylated peptides
which can be obtained from BIOMOL (Plymouth Meeting, PA). Preferred substrates

include peptides of p33, such as those comprising an acetylated K3S2. A particularly

preferred substrate is the Fluor de Lys-SIRT1 (BIOMOL), i.e., the acetylated peptide

Arg-His-Lys-Lys. Other subastrates are peptides from human histones H3 and H4 or
an acetylated amino acid. Subatrates may be fluorogenic. The sirtuin may be SIRT1,
Sir2, SIRT3, ar a portion thereof. For example, recombinant SIRT1 can be obtained
from BIOMOL. The reaction may be conducted for about 30 minutes and stopped,
e.g., with nicotinamide. The HDAC fluorescent activity aszay/drug discovery kit
(AK-500, BIOMOL Research Laboratories) may be used to determine the level of

acetylation. Similar assays are described in Bitterman et al. (2002) J. Biol. Chem.
277:45000, The level of modulation of the sirtwin in an assay may be compared to
the level of modulation of the sirtuin in the presence of one or more (separately or
simultaneously) compounds described herein, which may serve as positive or
negative controls. Sirtuins for use in the assays may be full length sirtuin proteins or
portions thereof. Since it has been shown herein that activating compounds appear to
interact with the N-terminus of SIRT1, proteins for uze in the aszays include N-
terminal portions of sirtuins, e.g., about amine acids 1-176 or 1-255 of SIRT1; about
amino acids 1-174 or 1-252 of Sir2.

In one embadiment, a screening assay comprises (i) contacting a sirtuin with

a test agent and an acetylated subztrate under conditions appropriate for the sirtuin to
deacetylate the substrate in the absence of the test agent ; and (ii) determining the
level of acetylation of the substrate, wherein a tower level of acetylation of the
substrate in the prezence of the test agent relative to the absence of the test agent

indicates that the test agent stimulates deacetylation by the sirtuin, whereas a higher

level of acetylation of the substrate in the presence of the test agent relative to the
absence of the ent indicates that the test agent inhibits deacetylation by the
sirtuin.

Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in

viva may comprise (i) contacting a cell with a test agent and a substrate that is
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capable of entering a cell in the presence of an inhibitor of class I and class I1
HDACs under conditions appropriate for the sirtuin to deacetylate the substrate in
the absence of the test agent , and (ii) determining the level of acetylation of the
substrate, wherein a lower level of acetylation of the substrate in the presence of the
test agent relative to the absence of the test agent indicates that the test agent

stimulates deacetylation by the sirtuin, whereas a higher level of acetylation of the

~substrate in the presence of the test agent relative to the absence of the test agent

indicates that the test agent inhibits deacetylation by the sirtuin. A preferred
substrate is an acetylated peptide, which is alzo preferably fluorogenic, as further
described herein. The method may further comprise lysing the cells to determine the
level of acetylation of the subastrate. Substrates may be added to cells at a
concentration ranging from about 1uM to about 10mM, preferably from about 10pM
to 1mM, even more preferably from about 100pM to ImM, such as about 200pM. A
preferred substrate i3 an acetylated lysine, e.g., e-acetyl lysine (Fluor de Lys, FdL) or
Fluor de Lys -SIRT1. A preferred inhibitor of class T and class II HDACs is
trichoatatin A (TSA), which may be used at concentrations ranging from about 0.01
to 100uM, preferably from about 0.1 (o 10pM, such as 1pM. Incubation of cells with
the test compound and the substrate may be conducted for about 10 minutes to S
hours, preferably for about 1-3 hours. Since TSA inhibits all class 1 and class 11
HDACSs, and that certain substrates, e.g., Fluor de Lys, is a poor substrate for SIRT2
and even less a substrate for SIRT3-7, such an assay may be used (o identify

modulators of SIRT1 in vive.

S. Pharmaceutical Compositions

The sirtuin-modulating compounds described herein may be formulated in a
conventional manner using one or more physiclogically acceptable carriers or
excipients. For example, sirtuin-modulating compounds and their physiologically
acceptable salts and solvates may be formulated for administration by, for example,
injection (e.g. Sub), IM; IP), inhalation or insufflation (either through the mouth or
the nose) or oral, buccal, sublingual, transdermal, nasal, parenteral or rectal

administration. In one embodiment, a sirtuin-modulating compound may be
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administered locally, at the site where the target cells are present, i.e., in a specific
tissue, organ, or fluid (e.g., blood, cerebrospinal fluid, ete.).

Sirtuin-modulating compounds can be formulated for a variety of modes of
administration, including systemic and topical or localized administration.
Techniques and formulations generally may be found in Remington’s
Pharmaceutical Sciences, Meade Publishing Co., Easton, PA. For parenteral
administration, injection is preferred, including intramuscular, intravenous,
intraperitoneal, and subcutaneous. For injection, the compounds can be formulated
in liquid solutions, preferably in physiclogically compatible buffers such as Hank’s
solution or Ringer’s solution. In addition, the compounds may be formulated in solid
form and redissolved or suspended immediately prior to vse. Lyophilized forms are
also included.

For oral administration, the pharmaceutical compositions may take the form
of, for example, tablets, lozenges, or capsules prepared by conventional means with
phannaceutically accepiable excipients such as binding agents (¢.g., pregelatinised
maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.z.,
lactose, microcrysialling cellulose or calcium hydrogen phasphate); lubricants (e.g.,
magnesium stearate, tale or silica); disintegrants (e.g., potato starch ar sodium starch
slycolate); or wetting agents (e.g., sodium lauryl sulphate). The tablets may be
coated by methods well known in the art. Liquid preparations for oral administration
may take the form of, for example, solutions, syrups or suspensions, or they may be
presented a3 a dry product for constitution with water or other suitable vehicle
before use. Such liquid preparations may be prepared by conventional means with
pharmaceutically acceptable additives such as suspending agents (e. g., sorbitol
syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.z2.,
lecithin or acacia); non-aqueous vehicles (e.3., ationd oil, oily esters, ethyl alecohol or
fractionated vegetable oil3); and preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sarbic acid). The preparations may alzo contain buffer salts,
favoring, coloring and sweetening agents as appropriate. Freparations for oral
administration may be suitably formulated to give controlled release of the active

compound.
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For administration by inhalation (e.g., pulmonary delivery), sirtuin-
modulating compounds may be conveniently delivered in the form of an aerosol
spray presentation from pressurized packs or a nebuliser, with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a
pressurized aerosol the dozage unit may be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of e.g., gelatin, for use in an
inhaler or insufflator may be formulated containing a powder mix of the compound
and a suitable powder base such as lactose or starch.

Sirtuin-modulating compounds may be formulated for parenteral
édministrati-:»n by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, e.g., in ampoules
or in multi-dose containers, with an added bl'e.se.wative.. The compositions may take
such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and
may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents. Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free walter, before use

Sirtuin-modulating compounds may also be formulated in rectal
compaositions such as suppasitories or retention enemas, e.g., containing
conventional suppository bases such as cocoa butter or other glycerides.

In addition to the formulations described previously, sirtuin-modulating
compounds may also be formulated as a depot preparation. Such long acting
formulations may be administered by implantation (for example subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, sirtuin-
modulating compounds may be formulated with suitable polymerntc or hydrophobic
materials (for example az an emulsion in an acceptable oil) or ion exchange resins,
or as sparingly soluble derivatives, for example, az a sparingly soluble salt.
Controlled release formula also includes patches.

In certain embodiments, the compoundas dcscnbud herein can be formulated

for delivery to the central nervous system (CNS) (reviewed in Begley,

~

f'o

Pharmacology & Therapeutics 104 29-45 (2004)). Conventional approaches

drug delivery to the CNS include: neurasurgical strategies (e.g., intracerebral
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injection or intracerebroventricular infusion); molecular manipulation of the agent
(e.g., production of a chimeric fusion protein that comprises a transport peptide that
has an affinity for an endothelial cell surface molecule in combination with an agent
that is itself incapable of crossing the BBB) in an attempt to exploit one of the
endogencus transpart pathways of the BBB; pharmacological strategies designed to
increase the lipid solubility of an agent (e.g., conjugation of water-soluble agents to
lipid or cholesterol carriers); and the iransitory disruption of the integrity of the BBB
by hyperosmotic distuption (resulting from the infusion of a mannitol solution into
the carotid artery or the use of a biologically active agent such as an angiotensin
peptide).

Liposomes are a further drug delivery system which is easily injectable.
Accordingly, in the method of invention the active compounds can alsa be
administered in the form of a liposome delivery system. Liposomes are well-known
by a person skilled in the art. Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine of phosphatidylcholines. Lipasomes
being nsable for the method of invention encompass all types of liposomes
including, but not limited to, small unilamellar vesicles, large unilamellar vesicles
and multilamellar vesicles.

Another way to produce a formulation, particularly a solution, of a sirtuin
madulator such as resveratrol or a derivative thereof, is through the use of
cycladextrin, By eyclodextrin is meant -, f-, or y-cycladextrin. Cyclodextrins are
described in detail in Pitha et al., 11.S. Pat. No. 4,727,064, which i3 incorporated
herein hy reference. Cyclodextring are cyclic oligomers of glucose; these compaunds
form inclusion complexes with any drug whose molecule can fit into the lipophile-
seeking cavities of the cyclodextrin molecule.

Rapidly disintegrating or dizsolving dozage forms are useful for the rapid
absorption, pariicularly buccal and sublingual absorption, of pharmaceutically active
agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as
caplets and tablets. Additionally, fast melt dosage forms circumvent drawbacks
associated with, for example, chewable dosage forms, wherein the length of time an
active agent remains in a patient's mouth plays an important role in determining the
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amount of taste masking and the extent to which a patient may object to throat
grittiness of the active agent.

Pharmaceutical compositions (including cosmetic preparations) may
5% by weight of one or more sirtvin-modulating compounds described herein.

In one embadiment, a sirtuin-modulating compound described herein, is
incorporated into a topical formulation containing a topical carrier that iz generally
suited to topical drug administration and comprising any such material known in
the art. The topical carrier may be selected so as to provide the composition in the
desired form, e.g., as an ointment, lotion, cream, microemulsion, gel, oil, solution,
or the like, and may be comprised of a material of either naturally cccurring or
synthetic origin, It is preferable that the selected carrier not adversely affect the
active agent or other components of the topical formulation. Examples of suitable
topical carriers for use herein include water, aleohols and other nontoxic organic
solvents, glycerin, mineral oil, silicone, petroleum jelly, lanolin, fatty acids,
vegetable oils, parabens, waxes, and the like.

Formulations may be colorless, ndorless ointments, lotions, creams,
microemulsions and gels.

Sirtuin-modulating compounds may be incorporated into ointments, which
generally are semisolid preparations which are typically based on petrolatum or
other petroleum derivatives. The specific ointment base to be used, as will be
appreciated by those skilled in the art, iz one that will provide for optimum drug
delivery, and, preferably, will provide for other desired characteristics as well, e.z.,
emolliency or the like. As with other carriers or vehicles, an ointment base should
he inert, stable, nonirritating and nonsensitizing.

Sirtuin-modulating compounds may be incorporated into lotions, which
generally are preparations to be applied to the skin zurface without friction, and are
typically liquid or semiliquid preparations in which solid particles, including the
active agent, are present in a water or aleohol base. Lotions are usually suzpensions
of solids, and may comprise a liquid oily emulsion of the oil-in-water type.

Sirtuin-modulating compounds may bé incorporated into creams, which
generally are viscous liquid or sernisolid emulsions, either oil-in-water or water-in-
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oil. Cream bases are water-washable, and contain an oil phase, an emulsifier and an
aqueous phase. The oil phase is generally comprised of petrolatum and a fatty
alcohol such as cetyl or stearyl aleohol; the aqueous phase usually, although not
necessarily, exceeds the oil phase in volume, and generally contains a humectant.
The emulsifier in a cream farmulation, as explained in Remington 's, supra, is
generally a nonionic, anionic, cationic or amphaoteric surfactant.

Sirtuin-modulating compounds may be incorporated into microemulsions,
which generally are thermodynamically stable, isotropically clear dispersions of
two immiscible liquids, such as oil and water, stabilized by an interfacial film of
surfactant molecules (Encyclopedia of Pharmaceutical Technalogy (New York:
Marcel Dekker, 1992), valume 9).

Sirtuin-modulating compounds may be incorporated into gel formulations,
which generally are semisolid systems consisting of either suspensions made up of
small inorganic particles (two-phase systems) or large organic molecules
distributed substantially uniformly throughout a carrier liquid (single phase gels).
Although gelz commonly employ aquecus carrier liquid, alcohols and oils can be
used as the carrier liquid as well.

Other active agent3 may also be included in formulations, e.g., other anti-
inflammatory agents, analgesics, antimicrobial agents, antifungal agents, -
antibiotics, vitamins, antioxidants, and sunblock agents commonly found in
sunscreen formulations including, but not limited to, anthranilates, benzophenones
(particularly benzophenone-3), camphor derivatives, cinnamates (e.g., octyl
methox ycinnamate), dibenzoyl methanes (e.g., butyl methoxydibenzoyl methane),
p-aminabenzaoic acid (PABA) and derivatives thereof, and salicylates (e.g., octyl
salicylate).

In certain topical formulations, the active agent is present in an amount in
the range of approximately 0.25 wit. %5 to 75 wt. %5 of the formulation, preferably in
the range of approximaiely 0.25 wt. ©5 to 30 wi. %% of the formulation, more
preferably in the range of approximately 0.5 wi. %6 to 15 wt. 2§ of the formulation,
and most preferably in the range of approximately 1.0 wt. 4 to 10 wt. s of the

formulation.
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Conditions of the eye can be treated or prevented by, e.g., systemic, topical,
intraocular injection of a sirtuin-modulating compound, or by insertion of a
sustained release device that releases a sirtuin-modulating compound. A sirtuin-
modulating compound that increases the level and/or activity of a sirtuin protein
may be delivered in a pharmaceutically acceptable ophihalmic vehicle, such that
the compound is maintained in contact with the acular surface for a sufficient time
period to allow the compound to penetrate the corneal and internal regions of the
eye, as for example the anterior chamber, posterior chamber, vitreous body,
aquecus humor, vitreous humor, comea, iris/ciliary, lens, choroid/retina and sclera.
The pharmaceutically-acceptable ophthalmic vehicle may, for example, be an
ointmenlt, vegetable oil or an encapsulating material. Altematively, the compounds
of the invention may be injected directly into the vitreous and aquesus humour. In a
further alternative, the compounds inay be administered systemically, such as by
intravenous infusion or injection, for treatment of the eye.

Sirtuin-modulating compounds described herein may be stored in oxygen
free environment. For example, resveratrol or analog thereof can be prepared in an
airtight capsule for oral administration, such as Capsugel from Pfizer, Inc.

Cells, e.g., treated ex vivo with a sirtuin-modulating compound, can be
administered according to methods for administering a graft to a subject, which
may be accompanied, €.g., by administration of an immunosuppressant drug, €.2.,
cyclosporin A. For general principles in medicinal formulation, the reader is
referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy, and Cellular
Immunaotherapy, by G. Morstyn & W. Sheridan eds, Cambridge University Press,
1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law,
Churchill Livingstone, 2000,

Toxicity and therapeutic efficacy of sirtuin-modulating compounds can be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals. The LD:o is the dose lethal to 50°% of the population. The EDso is the dose
therapeutically effective in 50%% of the papulation. The dose ratio between toxic and
therapeutic effects (LD:o/EDso) is the therapeutic index. Sirtuin-modulating
compounds that exhibit large therapeutic indexes are preferred. While sirtuin-
modulating compounds that exhibit toxic side effects may be used, care should be
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taken to design a delivery system that targets such compounds to the site of affected
tissue in order to minimize potential damage to uninfected cells and, thereby,
reduce side effects.

The data obtained from the cell culture assays and animal studies can be used
in formulating a range of dosage for use in humans. The desage of such compounds
may lie within a range of circulating concentrations that include the EDso with little
or no toxicity. The dosage may vary within this range depending upon the dosage
form employed and the route of administration utilized. For any compound, the
therapeutically effective dose can be estimated initially from cell culture assays. A
dose may be formulated in animal madels ta achieve a circulating plasma
concentration range that includes the ICso (i.e., the concentration of the test
compound that achieves a half~-maximal inhibition of symptoms) as determined in
cell culture. Such information can be uzed to more accurately determine wseful doses
in humans. Levels in plazma may be measured, for example, by high performance

liquid chromatography.

6. Kits

Also provided herein are kits, e.g., kitz for therapeutic purpases or kits for
modulating the lifespan of cells or modulating apoptosis. A kit may comprise one
or more sirtuin-modulating compounds, e.g., in premeasured doses. A kit may
optionally comprise devices for contacting cells with the compounds and
instructiona for use, Devices include syringes, stents and other devices for
intreducing a sirtuin-modulating compound into a subject (e.2., the blood vessel of
a subject) or applying it to the skin of a subject.

In yet another embadiment, the invention provides a composition of matter
comprising a sirtruin modulator of this invention and another therapeutic agent (the
same ones used in combination therapies and combination compositions) in
separate dosage forms, but associated with one another. The term “associated with
one another” as used herein meana that the aeparate dosage forms are packaged
together or otherwise attached (o one another such that it is readily apparent that the
separate dosage forms are intended to be sold and administered as part of the same
regimen. The agent and the sirtruin modulator are preferably packaged together in a
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blister pack or other mulii-chamber package, or as connected, separately sealed
containers (such as foil pouches or the like) that can be separated by the user (e.2.,
by tearing on score lines between the two containers).

In still another embodiment, the invention provides a kit comprising in
separate vessels, a) a sirtruin modulator of this invention; and b) another another
therapeutic agent such as those described elsewhere in the specification.

The practice of the prezent methods will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
biology, microbiology, recombinant DNA, and immunology, which are within the
skill of the art. Such techniques are explained fully in the literature. See, for
example, Molecular Cloning A Laboratory Manual, 2™ Ed., ed. by Sambroak,
Fritsch and Maniatis {Cold Spring Harbor Labaratory Press: 1989); DNA Cloning,
Volumes 1 and IT (D. N. Glover ed., 1933); Oligonucleatide Synthesis (M. 1. Gait

ed., 1954); Mullis et al. U.S. Patent No: 4,A483,193; Nuclzic Acid Hybridization (B.

D. Hames & S. J. Higgins eds. 1984); Transcription And Translation (B. D. Hames

& S. 1. Higgins eds. 1984); Culture Of Animal Cells (R. I. Freshney, Alan R. Liss,
Inc., 1987); Immaobilized Cells And Enzymes (IRL Press, 1936); B. Perbal, A
Practical Guide To Molecular Cloning (1934); the treatize, Methods In Enzymology
(Académic Press, Inc., N.Y'.); Gene Transfer Vectors For Mammalian Cells (J. H.
Miller and M. P. Calos eds., 1937, Cald Spring Harbor Laboratory); Methods In
Enzymology, Vols. 154 and 155 (Wu et al. eds.), Immunochemical Methods In Cell
And Molecular Biolagy (Mayer and Walker, eds., Academic Press, London, 1937);
Handbook Of Experimental Imimunclogy, Volumes I-IV (D. M. Weirand C. C.
Blackwell, eds., 1986); Manipulating the Mouze Embryo, (Cold Spring Harbor

Laboratory Press, Cold Spring Harbor, TLY ., 1986).

EXEMPLIFICATION

The invention now being generally described, it will be more readily
understood by reference to the following examples which are included merely for
purposes of illustration of certain aspects and embodiments of the present invention,

and are not intended to limit the invention in any way.
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EXAMPLE 1: Preparation of 4-methyl-N-(2-(3-(morpheolinomethyl)imidazo[2,1-
bjthiazol-6-yl)phenyl)-2-(pyridin-3-ylthiazole-5-carboxamide (Compound 1)
Preparation of 6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid

ethyl ester

In a typical run, 2.1 g of ethyl 2-amincothiazole-4-carboxylate (Combi-
Blocks, 0.0123 mol) waz mixed with 25 mL of methyl ethy] ketone along with 2-
bromo-2'-nitroacetophenone (3.0 g, 0.0123 mol). The reaction mixture was stirred
under reflux for lS' hours, It was then cooled to room temperature and filtered to
remove some of the solids. The filtrate was concentrated to afford 3.10 g of 6-(2-
nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester (MS, M* - H=
318).

Preparation of [6-(2-nitro-phenyl)-imidazo[2,1-b]thiazel-3-yl]-methanol:
O,N

S N —
S\’//rd E\ -{ \|4 \._.. . R

AT — . M ,
“‘ fq "‘ “\ I" I
i — ™ HO
o)

6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester
(14.50 g, 0.0458 mol) was mixed with 100 mL of THF and 100 mL of water
containing 7.3 g of NaOH (4 ¢q). The reaction mixture was stirred at room
temperature for 18 hours. It was then concentrated. The aquecus layer was washed
once with CH,Cl; and then acidified with 6 N HCL The solids were collected by
filtration and dried to afford 7.4 g of the acid intermediate. This material (7.4 g,
0.0256 mol) was mixed with 200 mL of anhydroas THF along with N-
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methylmorpholine (NMM) (2.8 mL, 0.0236 mol) and cooled to 0 °C. Isobutyl
chloroformate (3.35 mL, 0.0256 mol) was added and the reaction mixture was
stirred in the ice bath for 3 howrs, NaBH; (0.97 g, 0.0256 mol) was added as a
solution in 30 mL of water. The reaction mixture was stirred at 0 °C for 45 min. It
was then warmed to room temperature and concentrated. The aqueous layer was
extracted with CH;Cla. The combined organic layers were dried with Na,SO, and
concentrated to afford the crude product. Puwification by chromatography (Isco,
using a mixture of pentane/ethyl acetate) afforded 5.20 g of [6-(2-nitro-phenyl)-

imidazo[2,1-b]thiazol-3-yl]-methanol (74% yield).

Preparation of 2-(3-morpholin-4-ylmethyl-imidazof[2,1-b]thiazol-6-yl)-
phenylamine:

ON H,N
d S\VN‘:_->:\ g i S g S

N . IN\ —
J Jd N
HO N

[6-(2-Nitro-phenyl)-imidazo[ 2, 1-b]thiazol-3-yl]-methanol (435 mg, 1.58
mmeol) was dissolved in 25 mL of CH;Cl; along.with | eq of triethylamine (0.330
mL). Methanesulfonyl chloride (1 eq, 0.12 mL) waz added and the reaction mixture
was warmed to room temperature and stisred for 15 min. It was then quenched with
brine and extracted with CH2Cly. The combined organic layers were dried with
MayS0, and concentrated to afford the mesylate intermediate. This material was
mixed with 6 mL of CH3CN along with 0.33 mL of triethylamine and 0.14 mL of
morpholine, The reaction mixture was stirred at room temperature for 18 hours.
The next day, it was concentrated and the resulting residue was partitioned between
CHaCly and water. The mganic layer was dried (MNapSQy) and concentrated to afford
essentially quantitative yield of the product. This material was mixed with 6 mL of
methanol and | mL of water along with 200 mg of sadium hydrosulfide hydrate.
The resulting reaction mixture was stirred under reflux for 6 hours. It was then
cooled to room temperatuce, diluted with 100 mL of absolute ethanol and

concentrated. The resulting residue was mixed with 20 mL of 9:1 CH;Cly/methanol
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and filtered. The filtrate was concentrated to afford 2-(3-morpholin-4-ylmethyl-

imidazo[2,1-b]thiazol-6-yl)-phenylamine.

Preparation of Compound 1:

J N
|
HN HI SN
SN >=\ S<=N = N,JN
M e e B
N\ ~

\J ' o\/J

2-(3-Pyridyl)-4-methylthiazole-3-carboxylic acid (0.61 g, 2.8 mmol) was
dissolved in thionyl chloride (2 mL) and the mixture was stirred with heating (82 °C
3 hours). Upon cooling, the solvent was removed and the residue wag dried under
high vac. The acid chloride was then suspended in 5 mL of pyridine and added to a
microwave vial charged with 2-(3-morpholinomethyl)imidazo[2,1-b]thiazol-6-
yhaniline (0.87 g, 2.8 mmaol). The reaction was subjected (o microwave inadiation
(160 °C, 15 min). The sohstion was triturated with methanol, and the resulting solid
was filtered and washed with additional methanol. The solid was dried to afford
0,97 g (63%) of 4-methyl-N-(.'!-(3-morpholinomelhyl)imidaz‘:»[;'l,l-b]thiazol-é-
yhphenyl)-2-(pyridin-3-yl)thiazole-5-carboxamide.

The HCI zalt form of 4-methyl-N-(2-(3-morpholinomethyl)imidazo[2,1-
b]thiazol-6-yl)phenyl)-2-(pyridin-3-yl)thiazole-5-carboxamide was prepared by
dissolving the product (0.16 g) in 10°6 HCI/CH;CN (4 mL). The solulion was then
freeze-dried to afford the salt (0.17 3) as a yellow-orange solid. Other salis (zulfuric
acid, methanesulfonic acid, maleic acid, phosphoric acid, L-tartaric acid, citric acid,

and malic acid) were prepared in an analogous manner.

Example 2: Synthesis of N-(2-(3-(piperazin-1-plmethyDimidazo2,1-b]thiazol-6-
yYhphenylquinoxaline-2-carboxamide (Compound 2)
Preparation of 6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid
ethyl ester:
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In a typical run, ethyl 2- aminothiazole-4-carboxylate (2.1g, 0.0123 mol) was
taken up in methyl ethyl ketone (25 mL) along with 2-bromo-2’-nitroacetophenone
(3.0 g, 0.0123 molj. The reaction mixture was stirred under reflux for 18 hours. It
was then cooled to room temperature and filtered to remove some of the solids. The
filtrate was concentrated to afford 3.10 g of 6-(2-nitro-phenyl)-imidazo[2,1-
blthiazole-3-carboxylic acid ethyl ester (Cale'd for CyHaN3 O, S: 318.3 , [M+H]+
found: 319).

Preparation of [6-(2-nitro-phenyl)-imidazo|2,1-b]thiazol-3-yl]-methanol:

) S—__N —
- N\/ N Il j\ —
o:z/ ~  HO

)

\

(14.50 g, 0.0458 mal) wasz taken up in THF (100 mL) and water (100 mL)

6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester

containing NaOH (7.3 g, 4 eq). The reaction mixture was stirred al room
temperature for 18 hours. It was then concentrated. The aqueous layer was washed
once with CH;Cl; and then acidified with 6 N HCI. The solids were collected by
filtration and dried to afford 7.4 g of the acid intermediate. This material (7.4 g,
(1.0256 mol) was taken up in anhydrous THF (200 mL) along with N-
methylmorpholine (2.8 mL, 0.0256 mol) and cooled o 0°C. Isobutyl chloroformate
(3.35 mL, 0.0256 mol) was added and the reaction mixture was stirred in the ice
hath for 3 hours. NaBH, (0.97 g, 0.0256 mol) was added as a solution in water (30
mL). The reaction mixture was stirred at 0°C for 45 min. It was then warmed to

room temperature and concentrated. The aqueaus layer was extracted with CH;Cl,.
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The combined organic layers were dried with Na;S0Q, and concentrated to afford the
crude product. Purification by chromatography (Isco, using a mixture of
pentane/ethyl acetate) afforded 5.20 g of [6-(2-nitro-phenyl)-imidazo[2,1-b]thiazol-

3-yl}-methanol (74%, yield) (Cale'd for CoH  N3OS: 2453.3, [M+H]J+ found: 244).

Preparation of 4-[6-(2-amino-phenyl)-imidazo[2,1-b]thiazol-3-ylmethyl]-

piperazine-1-carboxylic acid tert-butyl ester:

S = A L)‘\

YN
—r

[6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl]-methanol (1.0 g, 3.64 mmol)

o}

was dissolved in CH,Cly (100 mL) along with wiethylamine (0.51 mL, 3.64 mmol).
Methanesulfonyl chloride (1 eq, 0.2S mL) was added and the reaction mixture was
warmed to room temperature and stirred for 15 min. It was then quenched with
brine and extracted with CH;,Cl;. The combined organic layers were dried with

Na; SO, and concentrated to afford the mesylate intermediate. This material was
taken up with CH2CN (4 mL) along with triethylamine (0.31 mL, 3.64 mmol) and
Boc-piperazine (680 mg, 3.64 mmol) and stirred at room temperature for 1 day. The
reaction mixture was concentrated and the resulting rezidue was partitioned between
CH:Cly and water. The organic layer was dried with Na; SOy and concentrated to
afford essentially quantitative yield of the product. This material was taken up in
methanol (6 mL) and water (1 mL) along with sodium hydrosulfide hydrate (200
mg). The resulling reaction mixture was stirred under reflux for 24 hours. It was
then cooled to romm temperature and concentrated. The resulting residue was diluted
with water (2 mL) and extracted with CHaCls. The combined organic layers were

dried with NazSQy and concentrated to afford 0.90 g of 4-[6-(2-amino-phenyl)-
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imidazo[2,1-b]thiazol-3-ylmethyl]-piperazine-1-carboxylic acid tert-butyl ester

(Calc'd for CaHagNsO.S: 413.5 , [M+H]+ found: 414).

Preparation of Compound 2:

4

N\ /N
0]
H,N HN
S /N\__)z\ S N _
TN PN T
J/N\ — IN\/ .y
o] [N - N

(?"/N\J N

-

4-[6-(2-Amino-phenyl)-imidazo[2,1-b]thiazal-3-ylmethyl]-piperazine-1-
carboxylic acid teri-butyl ester (0.25 mmol) was taken up in 1 mL of pyridine along
10 with 1 eq (50 mg) of 2-quinoxaloyl chloride, The reaction mixture was heated in a
Biotage microwave reactor (160 °C for 10 min). It was then cooled to room
temperature and concentrated. The resulting crude product was purified by
chromatography (Isco, gradient elution, CH2Cly to 9525 CH:Cls, 4% methanol and
0% triecthylamine). The purified product was then treated with a solution containing
15 25% irifluoroacetic acid (TFA) in CH;Cly (2 mL) for 2 hours. Tt was then
concentrated and the resuliing residue was triturated with ethyl ether to afford the
desired product as the TFA salt (Cale'd for Co;HzsM708: 469.5 ) [M+H]+ found:
470). "HNMR (300 MHz, DMSO-dg) &: 13.9 (brs, 1 H), 9.5 (brs, 1 H), 9.6 (brs, 1
H) S.9—72(m, 11 H), 4.3 (br 3, 2 H). The analytical HPLC was performed on an
20 Agilent 1100 Series HPLC equipped with a 3.5 um Eclipse XDB-C18 (4.6 mm x
100 mm) column with the following conditions: CH;CN/H2O, modified with 0.1 %%
Formic acid mobile phase. Gradient elution: 5% hold (2 min), 5% to 953 gradient
(11 min), 95% to 3% gradient (0.3 min), 5% hold (2.7 min), 13 min. total run time.
Flow rate: 0.8 ml/min. Retention time = 3.04 min.
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Example 3: Preparation of 4-Methyl-2-pyridin-3-yl-thiazole-S-carboxylic acid [2-
(3[1,2,4]triazol-1-ylmethyl-imidazof2,1-bjthiazol-6-yl)-phenyl]-amide

Preparation of 3-Chloromethyl-6-(2-nitro-phenyl)-imidazo[2,1-b]thiazole:
O,N

O,N
S— =N >—\— S— =N, >_\
4 \]/ R— o - ‘. \[/ e—s
///N\ — ///N\ ‘-
. Cl

HO

To a solution of [6-(2-nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl]-methanol
(165 g, 0.6 mal) in dichloromethane (1.65 L) was added SOCI (400 mL, 5.5 mol) at
room temperature. DMF (0.3 mL) was added and the reaction mixture was stirred'at
30°C (2 h). The reaction mixture waz cooled to 0°C, and the precipitate was
collected by filtration and dried in vacuo to give 3-chloromethyl-6-(2-nitra-phenyl)-

imidazo[2,1-b]thiazole as a white solid (174 g, 99%5 yield).

Preparation of 6-(2-Nitro-phenyl)-3-[1,2,4] triazol-1-ylmethyl-imidazo(2,1-
b]thiazole:
ON

o,N
D —— T
. 3 -~ s R
i J

3-Chloromethyl-6-(2-nitro-phenyl)-imidazo[2,1-b]thiazole (64.0 g, 0.22 mal)

N%N
/
\:N

was dissolved in DMF (600 mL), followed by the addition of 1H-[1,2,4]triazole
(30,4 g, 0,44 mol), K:CO; (91.0 g, 0.66 mol) and Mal (20 mg). The reaction mixture
was stirred at room temperature overnight, and then at 35°C (S h). The mixture was
passed through a silica gel pad, and the filirate was concentrated in vacuo to give a
yellow solid. The solid was washed with ethyl acetate to give 6-(2-nitro-phenyl)-3-
[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazole as a yellow solid (54 g, 75°%% vield).
'H-NMR (DMSO-d6, 400 MHz): 3 3.75 (3, 2H), 7.40 (s, 1H), 7.52 (m,1H), 7.68 (m,
1H), 7.79 (m, 2H), 8.05 (5, 1H), 8.19 (5, 1H), 8.53 (5, 1H).
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Preparation of 2-(3-[1,2,4] Triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-

phenylamine:
O,N H,N
SN )=\ SN )=\
ST . STl
///N\‘ i M —
N o~
N” N N™ N :
_ !
N N

6-(2-Nitro-phenyl)-3-[1,2,4}triazol-1-ylmeihyl-imidaza[2,1-b]thiazole (54 g,
5 165 mmol) was disselved in ethanol (2.0 L). PJd/C (1074, 20 g) was added, and the
flask was evacuated and backfilled with H,. The reaction mixture was stirred under
H; at room temperature (2 days). The reaction mixture was then passed through a
silica gel pad, and the filtrate was concentrated in vacuo to give a yellow solid. The
solid waz washed with ethanol (o give 2-(3-[1,2,4]triazol-1-ylmethyl-imidazo[2,1-

10 b]thiazol-6-yl)-phenylamine as a yellow solid (46 g, 94% yield).

Preparation of 4-Methyl-2-pyridin-3-yl-thiazole-S-carboxylic acid [2-

(3[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-phenyl]-amide:

- \\;'
57
O
H,N N
S /N__)z\ S—_N )=\
4 \r‘: N . AS _ - e \‘/ —’, A
o N FE M -_
NN _/ N I
N U N
N =N
15 A mixture of 2-(3-[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-

phenylamine (60 g, 202 mmol), 4-methyl-2-pyridin-3-yl-thiazole-S-carboxylic acid
(54 g, 245 mmol), HATU (134 g, 405 mmol), and DIEA (132 mL, S00 mol) in DMF
(850 mL) was stirred at room temperature overnight. TLC indicated that the reaction
was complete. The precipitate was collected by filiration, washed with a large

20 quantity of water, acetone, methanol and DCM (o give a white solid (79 g, 79 %%
yield). The zolid was recrystallized from acetic acid, waéhed with a sat. Na;COs

solution (1.0 L x 2), water (2 L) and ethanol (1.0 L), and dried in‘a vacuum oven at
76 |
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45°C ovemight to give 4-methyl-2-pyridin-3-yl-thiazole-5-carboxylic acid [2-
(3[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-phenyl]-amide as a white
solid (A2 g, 62% yield). IHNMR (DMSQ-d6, 400 MHz): 0 2.79 (s, 3H), 5.7S (s,
2H), 7.22 (m, 1H), 7.36 (m, 11, 7.51 (s, IH), 7.00 (m, 1H), 7.79 (d, J=6.4Hz, 1H),
S.04 (s, 1H), 8.38 (m, 1H), 5.41 (s, 1H), $.54(d, /=S.0Hz, 1H), §.75 (m, 1H), 8.50

(s, 1H), .19 (s, 1H), 12.78 (8, 1H). ESI-MS: 499.3(M+1), 321.4M+23(Na)).

The HCI zalt of 4-methyl-2-pyridin-3-yl-thiazale-S-carboxylic acid [2-
(3[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-G-y1)-phenyl]-amide was prepared
by suspending 5.20 g of the free base in methanol (350 mL). To this was added 4N
HCI (35 mL), and the mixture was heated until dissclution. The solution was coaled
to =78 °C and dried via lyopholization to afford 4-methyl-2-pyridin-3-yl-thiazole-5-
carboxylic acid [2-(3[1 ,’2,4]triazol- 1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-phenyl]-

amide- HCI salt (7.49 g) as a yellow solid.

Example 4: Salt Formation, Screening and Characterization

Eight acceptable (Regulatory and pKa) salts were made of Compound 1,
namely with hydrochloric acid, sulfuric acid, methanesulfonic acid, maleic acid,
phosphoric acid, L-tartaric acid, citric acid, and malic acid. The resulting salts or the
free base were then screened on:
1) Processing, morphology, polymorphs;
2) Crystal shape, single stable polymorph;
3) Physical stability;
4) Open dish accelerated stability (40 °C/73%; RH); and

5) Biorelevant dissolution.

Figure 1 displays the Differential Scanning Calorimetry (DSC) results on the
HCI zalt form of Compound 1, which show small endothermic transitions around
111°C and 192°C. The Thermagravimetric Analysis (TGA) results indicate a
general loss of weight on heating, patentially aszociated with loss of solvents (most
likely due to water laas based on the hygroscapic nature of the this HCI salt), but no
weight loss events correspand to the identified DSC transition temperatures at
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111°C and 192°C. Therefore, these two DSC thermal events appear (o be associated
with molecular level phase changes, and would suggest transitions between
polymorphic forms of the Compound 1 zalt on heating. Above 200°C, the DSC
results indicate the decompaosition of Compound 1 salt.

Figure 2 demonstrates that the free base form of Campound 1 has a single

endothermic event at 236°C which is associated with a single, crystalline melting

point. Since no other thermal transitions are observed in the DSC or TGA results, it
appears Compound 1 exists only as a single phase (i.e. no polymorphs) over the
thermal range evaluated.

Potential polymorphic phase changes over the thermal range of 0 - 125°C, a3
seen in Figure 1 above for the HCI salt, could lead to changes to the drug substance
under common storage and processing conditions. Since the polymorphic
transitions, can have significant effects on dissolution and bicavailability of the drug
substance, it is practical to select forms of the drug substance that minimize ar
¢liminate the potential for phase transitions. Therefore, the results from Figures 1
and 2 taken together indicate the the free base form of the drug is superior as a drug

substance based on its apparent single crystalline form of Compound 1.

Example 5: In Vivo Testing

The purpose of this example was to compare the ¢fficacy of Compound 1 in
salt and free base formulations in two different mouse models of diabetes, a diet
induced obesity model (DIO) and the Ob/ob mouse. Blood glucose was the main
determinant through the experiment of efficacy.

For the diet induced obesity model, six week old CS7BL/6 male mice
Diets) for approximately 6 weeks until their body weight reached approximately 40
8. Test compounds were administered daily via oral gavage at the indicated doses.
The vehicle used was 2% HPMC and 0.29%6 DOSS! Individual mouse body weights
were measured twice weekly. Every 2 weeks throughout the study, mice from each’
group were bled via the tail vein for determination of blood glucosze. Statistical

analysis was completed using the IMP program (Version 6). Data were analyzed by

78



WO 2008/156866 PCT/US2008/007771

10

20

59
v’

a one way ANOVA with comparison to control using a Dunnett’s Test. A p value <
0.05 indicated a significant difference between groups.

Ob/ob mice are genetically manipulated knockout mice that lack leptin, an
important satiety protein that neurologically signals the end of hunger. The leptin
mutation is homozygous and a heterozygous strain iz included as a control (Ob/+);
this group should not show increased weight or blood glucose, aside from the
normal effects of being on a high fat diet.

Compound 1 in the free base form was then (ested in the DIO model. The
results of the bload glucose test for the free base of Compound 1 at 100 mg/kg/day
was similar to that of resveratrol at 1000 mg/kg/day, metformin at 400 mg/kg/day
and Compound 2 at 100 mg/kg/day, which all exhibited significant reductions in
bload glucose from week 2 onwards (Figures 3-5). The results of the blood glucos
test for Compound 1 was similar (o that of resveratrol, metformin and Compound 2,
which all exhibited significant reductions in blood glucose from week 2 onwards
(Figures 3-5). For the Cumpuund 1 group at weeks 2 and 3, the p value was less than
.01, a significant decrease ﬁum the vehicle group. While the blood glucose remained
lower than the vehicle for the week 4 fed glucose test, the significance wag lost for
Compound 2 and resveratrol.

Compound 1 dosed at 100 mz/kg as the free base showed improved potency
in the ob/ob model, as evidenced by Figures 6-8. During week 1, there is already a
decrease in blood glucose of almost 60 mg/dL from the vehicle group. This trend
continued for the fasted glucose at week 2 (Figure 7) as the Compound 1 group had
158.3 mg/dL glucose compared to 285.3 mg/dL glicose in the vehicle group.
According to ANOVA tests, the p value wagz less than .0001, which demonstrated a
highly significant reduction from the vehicle group. Although the bload glucose
values increased in week 3, there is a significant (p<.01) decrease relative to the
vehicle groups.

A second ob/ob experiment directly comparing Compound 1 as the free base
va. HCI as well az Compound 2 all at 100 mg/kg was performed. The one week and

two week fasted blood glucase data is shown in Figures 9 and 10 respectively.

EQUIVALENTS
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The present invention provides among other things sirtuin-activating
compounds and methods of use thereof. While specific embadiments of the subject
invention have been discussed, the above specification is illustrative and not
restrictive. Many variations of the invention will become apparent to those skilled
in the art upon review of this specification. The full scope of the invention should
be determined by reference to the claims, along with their full scope of equivalents,

and the specification, along with such variations.

INCORPORATION BY REFERENCE

All publications and patents mentioned herein, including those items listed
below, are hereby incorporated by reference in their entirety as if each individual
publication or patent was apecifically and individually indicated to be incorporated
by reference. In case of conflict, the present application, including any definitions

herein, will control.

Also incorporated by reference in their entirety are any polynucleatide and
polypeptide cequences which reference an accezsion number correlating to an entry
in a public databasze, such a3z thoze maintained by The Institute for Genomic
Rezearch (TIGR) (www.tigr.org) and/or the National Center for Biotechnology
Infokrmation (NCBI) (www.ncbi.nlm.nih.gov).

Also incorporated by reference are the following: PCT Publications WO
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CLAIMS:

1. A compound represented by Structural Formula (1II):

R3
Q S
N
RN
RZ

10

15

20

25

{1,
or a salt thereof, wherein:

R is —H or or -CH3;

R'is a substituted or unsubstituted nitrogen-containing heterocyclylmethyl
group;

R?is —H or —-CH;; and

R? is an unsubstituted pyridyl group.

2. The compaund of claim 1, wherein R' is a heterocyclylmethyl group
containing a nitrogen atom and optionally a second heteroatom selected from

nitrogen and oxygen.

3. The compound of claim 2, wherein R' is a (substituted or unsubstituted non-

aromatic heterocyclic)methyl group.

4. The compound of claim 3, wherein R' is a morphalinemethyl group.
5. The compound of claim 1, wherein R' iz a 1,2,4-triazalylmethyl group.
6. The compound of claim 1, wherein the compound is represented by

Structural Formula (IV):
81
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7. The compound of claim 6, wherein R' is a heterocyclylmethyl group

containing a nitrogen atom and optionally a second heteroatom selected from

nitrogen and oxygen.

3. The compound of claim 7, wherein R' is a (substituted or unsubstituted non-

aromatic heterocyclic)methyl group.

0. The compound of claim 6, wherein the compound is represented by

Structural Formula (VI):
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10. A compound represented by Structural Formula (V):

N
—_
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i A\ //
% AN 4
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<
)

5  or asalt thereof,

V),

11, The compound of claim 10, wherein the compound is a free base.
12, The compound of claim 10, wherein the compound is a salt.
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13. A pharmaceutical composition comprising a compound or a
pharmaceutically acceptable aalt of any one of the preceding claims and a

pharmaceutically acceptable carrier.

14.  The compasition of claim 13, wherein the pharmaceutical compaosition is

pyrogen-free.
15.  The composition of claim 13, further comprising an additional active agent.

16. A method for treating or preventing insulin resistance, a metabolic
syndrome, diabetes, or complications thereaf, or for increasing insulin sensitivity in
a subject, comiprising administering to a subject in need thereof a therapeutically

effective amount of at least one pharmaceutical composition of claim 13.

17.  The method of any one of claims 16, wherein said compound increases at

least one of the level or activity of a sirtuin protein.

18.  The method of claim 17, wherein the compound increazes deacetylase

activity of the sirtuin protein.

19. The method of claim 17, wherein the sirtuin protein is a mammalian protein.

20, The method of claim 17, wherein the sirtuin protein is human SIRTI.

21, The methaed of claim 17, wherein the compound does 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 spasmaelytic activity, at concentrations of the compound

that are effective for increasing the deacetylation activity of a SIRT1 and/or SIRT3

protein.
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COMPUESTOS MODULADORES DE SIRTUINA

ANTECEDENTES

La familia de genes Silent Information Regulator (SIR) reprasenta un grups de
genes altaments conservade presents 2n los genomas de orjanismos &n rangos
Auz van  desde arquechactzrias  hasta una variedad de cucariotas  (Frye,

2000).Las proteinas SIR codificadas estan involucradas en diversos procssos,

desde la regulacidn de silenciamiento de genss hasta reparacion de DNA, Las

protzinas codificadas por miembros de la familia e genass SIF musstran una
alta conservacion de secusncia en un dominio de nacles de 250 amino Acidos.
Un gen de esta familia bien caracterizado es el S, ceraviziaz SIRZ, &l cual esta
nvolucrads en =l silenciamiento del HM loci que  contiene  informacién
eapecificanda el tipo de aparsamicnto de la levadura, los efectos dz la posician
del teldmern y el envejecimiento celular (Guarente, 1999, Kackerlzin <t al,
1999, Shore, 2000). La protzina Sir 2 de levadura pertenesce a una familia de
histona - des-acetilasas (resefadas por (Guarents, 2000, Shore, 2000).La
homéloga de S, CobE, an Salmonalla tifimurio, funciona coms una MAD
(nicotinamida  adenina dinucledtido)-depandiznte ADP — ribosil transferasa |
(Tzang y Escalant=-Semerena, 1993).

La proteina Sir es una des — acetilasa clase [l que usa NAD coma ur oo
— sustrato (Imai &t al., Z000; Moazed, 2001, Smith et al.,, 2000; Tannar =l al.,
2000; Tanny y Moazed, 2001). A diferencia de otras des-acatilazas, muchas da
las cuales estan involucradas en el silenciamisnto de genss, Sirl =s insensible a
los inhilxidores de des-acetilasas clase |y clase Hl, como la ticostatina A (T34)

Imai =t al., 2000; Landry et al., 2000a; Smith =t al., 2000).
Y

La des-acetilacion de la acetil-lisina por Sir2 esta estrechaments acoplada

a la hidrddizis de NAD, produciendo nicotinamida y un nueva compuesto acetil-
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la cual puede conectar su rol hioldgico con el metabolismo celular en levadura.
(Guarznte, 2000; Imai <t al, 2000; Lin et al, 2000, Smith =t al, Z000).
Homélogos en mamiferos de Sirl tienen actividad histona des-acetilasa NAD-
dependiente(Imai et al., 2000; Smith =t al., 2000). Mas informacidn sobre 1as
funciones mediadas por Sir2 proviensn de los  estudios en  levaduras

(Gartenberg, 2000; Gottschling, 2000).

Estudios hiogquimicos han mostrado que Sir2 pusdes rapidamente des-
acetilar las colas amino-terminales de las histonas H2 y H4, dando como
resultado la formacion — de 1-Q-acetil = ADP - ribosa y nicotinamida. Cepas con
copias adicionales de Sir2  despliegan un incrementado silenciamiento fDNA y
un periodo de vida 30% mas largo.  Recientements se ha demostrado que

copias  adicionales de €. eleganz SIRZ homélogo, sir-2.1, y el gen D,

melanagastzr dSir2  extienden en una gran extension &l periods de vida 2n
estos organismos.  Esto implica que la ruta regulatoria Sir2-dependients para el

envejecimiento & inicid en forma temprana =n la zvolucién y ha sido bien

conservada, Hoy, los genes Sir2 se cree que han evolucionads  para realzar la

sobrevivir a la adversidad.

SIRT?2 &s un homdlago de SIRT1 que esta conservado en procariotas y
eucariotas (P. Onyanga =t al, Pros. Natl. Acad. Sai. USA 99 13653-13658
(2002)). La pratzina SIRTS es destinada al cristas mitocondrial por un dominia
tnico lacalizado en la N-tzrminacion. SIRTS tiene NAD + praleing — dependisnte

actividad des-acetilasa y es expresada ubicuaments, particularmente en los

tejidos activos metabdlicaments. Luego de= la transferencia a la mitocondria, se
cree que SIRT2 es dividida en una forma activa mas pequeia por una peptidasa
de procesamiento matricial mitocondrial. (MPP) (B. Schwer =t al., J. Cell Bial.

158 G47-RE7 (2002)).
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Se ha conocido desde hace mas de 70 afios que la restriccian calbrica
mejora la salud y prolonga el periodo de vida de los mamiferos (Masoro, 2000).
El periodo de vida de levaduras, como el de los metazoarios, es también
prolengado por intervenciones que semejan restriccidn calbrica, tales como baja
glucosa, El descubrimiento de que tanto las moscas como las levaduras que
carecen del gen SIRZ2 no viven mas tiempo cuando estan restringidas en
calorias, evidencia que los genes SIRD son mediadores de los efectos benéficos
sobre la salud de esta dieta (Anderson et al., 2003; Helfand y Raogina, 2004).
Al mas, las mutaciones que reducen la actividad de la ruta PEA glucosa-
sensible ¢cAMP  (adenosina 3 5-manofosfato)-  dependientz de  levaduras
prolongan el periodo de vida de células tipe-salvaje, pero no de cepas SIRZ
mutantes, demostrando que SIR2 es probablement: un componente clave

cormente debajo de la ruta de restriccion caldrica (Lin et al., 2001),
SUMARIO

San anqui proporcionados novedosos compuestos sirtuina-moduladaores y

métodos para su uso.

En un aspecto, la invencién  proporciona compuestos  sirtuina-

maoduladorss de Férmula | hasta VI como es descrita en detalle mas adelante.

En otro aspecto, la invencién proporciona métodos para usar laos
compuestos sirtuina-moduladeres o composiciones comprendiendo compuestos
sitvina-moduladores.  En  cietas  incorporacionses |, compuestos  sirtuina-
moduladorss que aumentan el nivel v /o actividad de una proteina sirtuina
pueden ser usados en una variedad de aplicacionas terapduticas, incluyenda,
por ejempld, aumaentar &l periodo de vida de una célulay tratar y/o prevenir una
amplia variedad de enfermedades y desédrdenss, incluyenda, jpor ejemiplo,
enfermedades o desdidenzs relacionados  al envegjecimients o al estrés,
diabatzs, obesidad, enfermedades neuro - degenerativas, neuropatias inducidas

por gquimicterapia, neuropatias asociadas a un evento isquémico, enfermedades
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oculares  y /o desdrdenes, enfermedad cardio — vascular, desérdenas de |3

coagulacion de la sangre, inflamaciones y /o rubicundez, ete.

Los compuestos  sirtuina-maduladores  que  incrementan el nivel  y/ao
actividad  de una proteina sirtuina pusden también ser usados para tratar una
enfermadad o desorden en un sujeto que pudiera beneficiarse de una actividad
mitocondrial - incrementada, para realzar 2l performance muscular,  para
incrementar los niveles de ATP en los masculos o para tratar o pravenir dafos al
tzjicdlo muscular asociados a hipoxia o isquemia. En otras incorporaciones, las
compuestos sirtuina-moduladorzs que disminuyen 2l nivel y/o actividad ds una
proteina sirtuina pueden ser usados para una varizdad de aplicacionss
terapiuticas  incluyenda, por ejemplo, aumentar la sensibilidad czlular al estrés,
incrementar la apoptosis, tratamiento del cancer, estimulacian del apetitc,  y/o
estimulaczidon de la ganancia de peso, ete. Como se describird mas adelants, 103
metodos comprenden la administracidn a un sujeto en necesidad de ello, de una

cantidad farmacéuticamente =fectiva de un compuesto sirtuina-moduladaor.

En ciertos aspectos, los compuestos sirtuina-moduladores puedsn ser
administrados solos o en combinacion con otros compuestos, incluyzndo otros

compuestos sirtuina-moduladores u otros agentes terapeuticos.

BREVE DESCRIPCION DE LOS DIBUJOS

La Figura 1 musstra la forma de sal coruro del Compussto 1
caracterizada por Analisis termo — gravimétrico (TGA) y Calcrimetria de Escanaeo
Diferencial (DSC) .

La Figura 2 muestra la forma de base libre del Compuesto 1
caracterizada por Analisis terma — graviméatrico (TGA) y Calorimetria de Escanen
Diferencial (DSC).
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La Figura 3 muestra la glucosa sanguinea de la segunda semana de
alimentacidn - en un modelo de ratén DIQ administrando la base libre del

Compuesto 1.

o)

La Figura 4 musstra la glucosa sanguinea de la semana 3 de
alimentacion . en un Mmodelo de ratén DIQ administrando la base libre de=l

Compuesto 1.

La Figura 5 muestra la glucosa sanguinea de @ semana 4 de
alimentacion - en un maodelo de ratdon DIO administrands la base libre del

Compuesto 1.

La Figura 6 muestra la glucosa sanguinea de a0 semana 1 de
alimentacidén  en un modelo de ratdn Qb/ok administrando la base libre del

Compuesto 1.

La Figura 7 muestra la gluzosa sanguinega de la semana 2 de ayunc en

un modelo de ratén Ob/oh administrando la base libre del Compuesto 1.

La Figura & muestra la glucosa sanguinea de la semana 2 de
alim=ntacion =n un modslo de ratdn Ob/ob administrando 1la base libre del

Compuesto 1.

La Figura 9 muestra la glucosa sanguinea de la semana 1 de ayuno en

un modelo de ratén Ok/ob administrando 1a base libre del Compuesta 1.

La Figura 10 muestra la glucosa sanguinea de la semana 2 de ayuno 2n

urn madelo de ratén Ob/ob administrando la base libre del Compuesto 1.

DESCRIPCION DETALLADA

1. Definiciones
Comao es aqui usado, los siguientes Erminos y frases deben tzner los

significacdos establzcidos mas adelantz. A manos que se defina de
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otra forma, todos los t2rminos téonicos y cientificos aqui usados tisnen
el misma significado que el que &s conocido comanmeants por alguien
de calificaciones ordinarias en el arte.
Las formas singulares “un” y  “el” incluyen referencias plurales a
menos que el contexto indique claraments otra cosa.
El termino “agent=” es aqui usado para denctar un compuesto
quimico, una mezcla de compuestos quimicos, una macromalécula
bioldgica (tal coma un acido nuclzico, un anticusrpo, una proteina o
una por2idn de ella, =.g., un péptido) o un extracts hecho de
materiales bioldgicos tales como  células o tgjidos de bactzrias,
plantas, hongos o animales (particularmente mamiferas).
La actividad de tales agentes pusds  convertirlos en adescuados
‘agentes terapéuticos”, que significa una sustancia (o0 sustancias)
activa bioldgica, fisioldgica o farmacoldgicaments que actia en forma
local o sistémica en un sujeto.
El término “hbiodisponible” cuando se refiere a un compussts es
reczonocido en el arte, y se refizre a una forma de un compussts que
permitz . que &l o una porcidon de la cantidad de  compuesto
administrado, sea absorbida por, incorporada a, o sea de olra forma
fisiolégicamente disponible para un sujsta o pacients al cual le es
administrada.
‘Porcién biakdgicamente activa de una sirtuina” se refiere a una
porcién de una proteina sirtuina que tiens actividad bicldgica, tal camo
la habilidad para des — acetilar.
Porciones bioldgicamentz activas de una sirtuina puaden comprender
el dominio nuclear de sirtuinaes.
Porciones bioldgicaments activas de SIRTT teniendo <l N® de Acceso
GenBank NP_036370 que comprends =l NAD + dominio de enlace y
el dominio de enlace de sustrato, por ejemplo, pusden inclair, sin
limitaciones, amino acidos 62-293 de N° de Acoeso GenBank

NP_036370 que son codificados por nucledtidos 227 a 937 de N7 de
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coeso GenBank NM_D12235. Por lo tanto, esta regidn s a veces
referida como el dominio nacleo. Otras porcionss  bicldgicaments
activas de SIRT1, también refaridas a veces como dominios niclzo,
incluysn los amino - acidos alrededaor de 261 a 447 de N° de Accezo
GenBank
NP_G36370 que son codificados por los nucledtidos 324 a 1294 de N°

_— e

nucledtidos 777 a 1532 de N° de Acceso GenBank: NM_OT2235; o

o—_—

Acoeso GenBank  NP_038Z70 que son codificados por los

P}

g

amino acidos alrededor de 254 a 495 de N® de Acceso GenBank.
NF_036370 que son codificados por los nucledtidos 5135 a 16533 de
N® de Acceso GenBank: NM_012225,

El t&rmino “animales de compaiia” se refizre a perros y gatos. Comao
aqui se usa, el término “perro (3)” denota a cualquier miembroe de la
espacie canis familiaris, de la cual existen un gran ndmero de razas
diferentes. El término “gato (s)” se refiere a2 un animal felino
incluyzndo gatos doméstices y otros miembros de 1a familia Felidae,
genus Felis.

Los términos “comprende” y “comprendiende” son usados en el
sentida inclusivo, abierto, significando que elementos adicionales
pueden ser incluidos.

‘Diabetes” se refiere a una elevada glucosa sanguinea o cetoacidosis,
asi como también ancrmalidades resultantes de un estado prolongado
de elevada glucosa sanguinza o una tolzrancia a la glucosa
disminuida. “Diabetes” comprends ambos tipos, Tipo 1y Tipo I
(Diabetes  Mellitus no insuline  dependiente o NIDDM), de 1a
enfermadad. Los factores de riesgo para la diabetes incluyen los
siguizntes: medidas de cintura de mas de 40 pulgadas para los
hombres o 35 pulgadas para las mujerzs, presién arterial de 130/25
mmHg o mayor; triglicéridos por encima de 150 mg/dl, glizemia en
ayunas mayor de 100 mg/dl o lipo - proteinas de alta densidad

menores de 40 mg/dl en hombres o 50 mg/dl en mujeres.
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Un “activador directo” de una sirtuina es una molécula que activa una
sirfuina enlazandose a lla. Un “inhibidor directo” de una sirtuina es
una molzcula que inhibe una sirtuina enlazandose a zlla.

El t2rmino “EDsp” &3 reconocido en el arte. En ciertas incorporacionss,
“EDso” significa 1a dosis de una droga que produce 50% de su maxima

respussta o efecto. o alternativaments, la dosis que produce una

l‘[

preparaciones.

El término “LDsg” es reconocido en el arte. En ciertas incorporaciones
“LDso” significa la dosis de una doga que es letal en =l 50% de los
sujetos de prusha. El término * indice terapéutico” es reconocido en el
arte refiriéndose al indice terapsuticn de una droga, definido como
“LDSO”/ “ED50"

El t€érmino “hiperinsulinemia” se refizrs a un estado de un individuo en
el cual el nivel de insulina en sangre =s mayor que &l normal.

El términe "incluyzndo” es usado para significar “incluyendo pero no
limitado a” . "Incluyendo” & “incluyendo pero no limitads a7 son
usados en forma intercamhbiable.

El término “resistencia a la insulind” se refiere a un estado en &l cual
una cantidad normal de insulina produce una respussta bioldgica
subnormal en un sujeto que la padecs, en relacidén a la respussta
bioldgica de un sujete que no tiene resistencia a la insulina.

Un “desorden insulino — resistent=” | como aqui se discute, se refiere a
cualquier enfermedad o condicidn que es causada o coadyuvada por
la resistencia a la insulina.  Ejemplos incluyen: diabetes, obasidad,
sindrome metabdlico, sindromeas insuling — resistent=s, sindrome X,
resistzncia a la insulina, alta presidn sanguinea, hipertensian, alto
colesterol  en sangre, dislipidemia, hiperlipidemia, enfermedades
ateroesclerdtizas, incluyendo  ataque  stbito, enfermadad de las

arterias  coronarias o infarto  al miocardio,  hiperglizemia,  hiper

respuesta predeterminada en &l 50% de los sujstos de prueha o



10

15

20

25

30

insulinemia y / o hiper pro insulinemia, tolerancia a la glucosa
deteriorada, liberacién  de  insulina  demorada,  complicaciones
diabéticas, incluyendo enfermedad cardiaca coronaria, angina de
becho, falla cardiaca congestiva, infarto, funcionses  cognitivas en
demencia, retinopatia, neurcpatia periférica, nefropatia, glomerulo
nefritis, glomérulo esclerosis, sindrome  nefriticn, nefro esclerasis
hipzrtensiva, algunos  tipos de cancer (tales coma cancer  de
endometrio, senos, prastata y colon), complicacionas del embarazo,
pobire salud reproductiva femenina (tales como iregularidadss de la
menstruacion, infertilidad, ovulacidn irregular, sindrome de avario poli
quistico (PCOS)), lipodistrofia,  desdrdenss  relacionados  con el
colesteral,  tales como piedras en la vesicula kiliar, colecistitis y
colelitiasis, gota, apnea del suefio  obstructiva vy problemas
respiratonios, osteoartritis, y prevencidn y tratamients de pardidas
Gseas, &.4., osteoporosis.
El tdrmino “animal ganado” se refiere a cuadripedos domesticados
incluy=ndo aquellos criados por su care y varios subproductos, e.g.,
un animal kovina inchiyzndo reses y otros miembros del génara Bos,
un animal porcing incluyendo cerdos domésticos y otros miembros del
género Sus, un animal ovino incluyendo ovejas y otros miembros del
género OQvis, cabras domésticas y otros miembros del género Capra,
cuadrapedos domesticados criados para tareas espacializada, tales
cOMo para ser usados como bestias de carga, .9., animales  equinos
incluyendo caballos domésticos y otros miembros de la familia
Equidae, género Equus.
El t&rmino “mamifera” es conocido en &l arte, y mamiferas ejemplares
inzluyen  humanos, primates, animal ganado  (incluyendo bavinos,
porcinos, =tc), animales de compania (e.g., caninos, felinos, ete) y
rozdores (e.4g., ratones y ratas) .
Individuos  “obesos” o individuos que sufren de obesidad son

generalmente individuos teniendo un indice de masa corporal (BMI)
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de al menos 25 o mayor. La obesidad pueds o no estar asociada con
la resistencia a la insulina.
Los  términos  “administracidn - parent=ral” y - "administrado
parenteralmente” son reconocidos en @l arte y se refizren a modas de
administracidn  diferentes a la administracidn tépica o entérica,
usualmente por inyeccion, incluyendo, sin limitarse a, intrav ENo 084,
intramuscular, intra — arterial, intratecal, intra- capsular, intra — orbital,
intra — cardiaca, intra — démica, intra-peritoneal,  transtragqueal,
subcutanea, sub-cuticular, intra — articular, sulb — capsular, aub- IR
aracnoidea, intra — espinal, o inyeocian intra-estamal & infusion.
Un “paciente”, “sujeta”, “individuo” o *huésped” se refiere a un animal
bien sea o no humano.
El término “portador farmaceuticamente aceptable” es reconorida en
el arts y se refiere a una material farmacéuticamente  aceptable,
compasicion o vehiculo, tal come un rellzne liquido o sélido, diluernte,
excipizntz, solvente o material de encapsulado, involuzrado en levar o
transportar cualgquier  composicion  sujeto o components de ésta.
Cada portador debe ser “aceptable” en el sentido de sar compatible
con la composicion sujeto y sus componentes y no perjudicial para el
paciente.  Algunos gjemplos de materiales que poeden ervir comao
portadores farmacéuticaments aceptables incluyen: (1) azdcares, tales
comao lactosa, glucosa y sucresa, (2) almidones, tales como almiddén
de maiz y almidan de papa, (3) celulosa y sus derivados, tales como
carboxi metil eslulosa, =til celulosa y celulosa acetato; (4)tragacanta
en polve; (5) malta; (6) gelatina; (7) talco; (3) excipientzs, tales comao

eites, tales como

‘-J
a

Mmanteca de cacao y céras de supositonos; (9) a
acsite de mani, aceite de semilla de algodén, aceite de girazol, aceit2
dz sésamo, aceite de cliva, aceite de maiz y aceite de soya, (10)
glicoles, tales como propilén glicol, (11) polioles, tales coma glicerina,
sorbital, manitol, y poli etilén glicol; (12) ésteres, tales coma etil aleata

y elil laureato, (12) agar; (14) agentes amortiguadores tales comao
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hidré=ido de magnesio e hidrd=ido de aluminio; (15) acido alginico
(18) agua libre de pirdgenos; (17) solucidén salina isoténica; (13)
solucion  de  Ringer;  (19)  alwohol  stilico;,  (20)  soluciones
amortiguadoras de fosfatos y (21) otras sustancias compatibles no-
téwicas usadas en las formulaciones farmacéuticas.

El t2rmino tratamiento “profilactico” o “terapéutico” es reconocido «n el
arte y se refiers a la administracion de una droga a un huésped. 5i se
administra antes de la manifestacion clinica de la condicidn no

deseada (e.9., =nfermedad u otro estado no deseado del huéspen
animal) entonces el tratamiento es profilactico, i.e., proteges al huéspe:
contra el desarrollo de una condicién no deseada, mientras que 3i es
administrada  después de manifestarse  la condicidn no deseada, el
tratamiento es terapéutico (e, esta entendido a disminuir, aminorar o

xistente o sus  efectos

0'[1

manten=r la condicién no deseada
secundarios). |

El término “libre de pirdgenos®, en referencia a una composicidn, se
refiere a una composicidn que no contiene un pirdgens n una
cantidad que pueda conducir a un efecto adverso (2.9, iritacién,
fichre, inflamacidn, diarrea, distrés respiratorio, shock endotéico, etc.)
en un sujeto al cual se le ha administradso 1a solucién, Paor ejemplo, el
término &s entendido a comprander composiciones que estan libres, o
sustancialments libres de, una endatoxina, tal comao, por ejempla, un
lipo polisacaridao(LPS).

“‘Duraciéin de vida replicativa” de una célula se refiere al ndmero de
celulas  hijas  producidas por una individual  “célula madre”
‘Envejecimiznte cronolégico” o “duracidn de vida cronoligica”, por
otra parte, se refizre al tiempo que una poblacidn de celulas no-
dividiendose permanece viable cuando esti desprovista de nutrientzs,
‘Incrementando la duraciédn de vida de una célula” o “extendiends la
duracidn de vida de una c2luld”, como se aplica a células u

organismos, 3= refiere a incrementar 2l nimero de células hijas
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producidas por una célula, incrementando la hahilidad de las células w

organismaos para sehbravivir y existiv en estado vivients por mas tizmpo

hajo una condicidn particular, 2.g., estrés (por gjemplo, shack térmico,
estrés osmdatico, radiacién de alta energia, estrés  quimicamente

inducido, dafo al DNA, inadecuado nivel saling, inadecuado nivel de
nitrégeno, o inadecuads nivel de nutrientes). La duracidn de vida
pusde ser aumentada en al menos alrededor de 20%, 20%, 40%,

0%, B0% o entre 20% y T0%, 0% y 80%, 40% y 60%

o entre 20% y 0%, 30% y G0%, 40% y 0% o mas usando los
métados aqui descritos.

‘Compuesto  sirtuina-activante” se refiere a un compuesto que
aumenta el nivel de una proteina situina y/o aumenta al menaos una
actividad de una prot=ina sirtuina. En una incorporaciéon sjemplar,  un
compuesta  sirtuina-activants puade  incrementar al menos una
actividad bioldgica de una proteina situina en alrededor del 10%, 25%,
0%, 75%, 100%

o omas. Actividadzs kicligicas gjemplares de proteinas

£n.

sirtuina incluysn des-acetitacién, 2.9, de histonas y 53, extensién dz la

duracian de vida; incremenito de la actividad gendémica, silenciamients ds (2
transcripcién, y control de la segregacién de proteinaz ocidadaz entre la

célula madre y las células hijas.

‘Compuesta sirtuina-inhikidor se refizra a un compussto qua disminuye 2l
nivel de una protzina sirtuina y/o disminuy:s al mencs una actividad ds una
proteina sirtuina. En una incorporacién sjemplar, un Compussto sirtuina-
inhibidor pueds disminuir al manos una actividad biolégica de una |v|--t(~nn
situina en al menoz alrededor de 10%, 25%, 0%, 75%, 100%, o m4s.
Actividades  bicldgicas sjemplarzs de  proteinas  situina  incluyean  des-
acetilaciin, =.3., d& histonas y pE2; edvtenziin de la duracién de vida,
increments dz la actividad gendmica, silenciamisnto de la transcripcién, y
control de la segregaciin de protzinas oridacdas entre la célula madre y 1as

celulas hijas.
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‘Compuesto  sirtuina-modulador’ se refiere a un compuesto de
Férmula (1) — (V) como aqui se describe. En incorporaciones
ejemplares, un compuesto sirtuina-modulador pusden bisn sea regular
hacia arriba (e.g., activar o estimular) o regular hacia abajo (=.49.,
inhibir o suprimir) o cambiar de cualquier otra forma una propiedacd
funcional o una actividad biolégica e una  proteina sirtuina
Compuestos sirtuina-moduladores puaden actuar modulandc una
proteina sirtuina bien sea directamentz o indirectaments. En ciertas
incarporacionss, un compuesto sirtuina- modulador  pueds ser un
compLuesto situina-activants o un compuesto sirtuina-inhibicdor,
‘Proteina sirtuind” se refiere a un miembro de la familia protzina des-
acetilasa, o preferiblemante a la familia SirZ2 que incluys levadura Sirl
(N® de Acceso GenBank PEIGEEER), ¢ elegans Sir-2.1 (N de Azcasao
GenBank NP_501912) y SIRT1 humano (N° de Accesa GenBank
PIM_O12Z228  y  protsinas HIP_026370 (o AFOS3102)) y SIPTZ (SenBank:
Acczan Hoo HM_012237, HM_QZ0593, HNF_03G369, HP_GRE0HE, y
AFOE3107). Otros miembros de la familia incluyen los coatro genes
adicionales  de levaduras Sir2-similes  denominadas “genes HST?
(homdlogos de Sir dos) HST1, HSTZ, HST2 y HSTY, y los otros cinco
homalogos humanos  hSIRTS, hSIET4, hSIRTE, hSIRTG y - hSIRTY
(Brachmann &t al. (1995) Genes Dev. 9:2555 y Frys <t al. (1929)
BERC 260:27%). Situinas preferenciales son aquellas que
Conmanen‘mas similitudes con SIRT1, i.2., hSIRT1, y/o Sir2 que con
SIRT2, tales como aquelios miembros teniendo al menos parte de 1a
secuencia  N-tzrminal  presente en SIRTT y ausents en SIFTZ tal

como tiene SIRT3

“Protzina SIRT1” se refiere a un miembro de las situina desacetilasaz. En una
incorporacion, una proteina SIRT1 incluye levadura Sir2 (N® de Accesa
GenBank P5H2G355), . elegans Sir-2Z.1 (N° de Acceso GenBank NP_S01912),
SIRT1T humano (N° de Acceso GenBank NM_0O12232 0 o NP_ 038370 (o
AFQSE106

y SIRTZ  humano (N® de Acceso GenBank NM_012227,
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NM_0:05%95, NP_036208, NP_02502a, o AFQ3E107) proteinas, y squivalentes o
fragmentos de éstos. En otra incorporacién, una proteina SIRTT incluyz  un
polipéplido  comprendiendo una secusncia  consistents de, o consistienda
esencialmente de, la secuencia de aming acidos establecida en s Nos. de
Acasa GenBank NP_0ZG370, NP_S01912, NP_02509G6, NF_ (055509, o PESEEA,
Proteinas SIRT1 incluyen polipeptidos comprendiends  toda o una porcién de
una sscuencia de amincacidos establecida en los Nos. de Accesao GenBank
NP_022370, NP_501912, NP_D25096, NP_02Gae9, o PEIASS, 1A sacuencia de
amino acidos establecida en los Nos. de Acceso . NP_036270, NP_501912,
NP_03650ma) NP_03836%9, o PE2385L con | hasta alrededor de 2, 3, 5,7, 10, 15,
20,20, 50, 75 o sustituciones conservadoras de aming — acidos; una secusncia
de amino- acidos que es al menos G0%, T0%, 50%, 90%, 95%, 95%, 97%,
02%, 0 99% idéntica a loa Nos. de Azzeso GenBank . NP_Q26370, NF_501912,
NP_02509%, NP_036369, o P53455, y  fragmenlos funcionales de estos.
Polipeptidos de la invencién  tambisn incluysn homdélogos  (2.9., ontalogos y
paralogos) variantes o fragmentos de Nos. de Acceso GenBank NP_036570,
NP_501212, NF_035096, NP_036569, o PRG35,

“‘Protzina SIRTZ" se refiere a un miembro de la familia de proteinas
sirtuina desacetilasas y/o  a un homdlogo de una protzina SIRT1. En una
incorporacion, una proteina SIRTS incluy:s protzinas SIRTS bumana ( No. de
Acceso GenBank  AAHOTO042, NP_03a37 1, o NP_0O1017524) y  SIRTS =
ratin (Mo, de Acceso GenBank . NP_071373) v equivalentes y equivalentes o
fragmentos de estos, En otra incorporacién, una proteina SIRTS incluys un
polipeptida comprendiendo una  secuencia consistznte en, o consistiznda
sgencialments en, la secuencia de amino Acidos establecida en los Moz, de
Acceso Gen Bank o AAHOTO4Z, NP_0Z6371, NP_001017524, o NF_071375.
Proteinas SIRTS incluyen polipéptidos comprendiendo toda o una porzidn de la
secencia de amino  acidos establecida en el Noo de Acceso GenBank
AAHCTOAZ, NF_028371, NP_001017524, o NP_07 1273, la secuencia de aming
acidos  establecida en el No. de Acceso GenBank . AAHOT04Z, NP_D36s 1,

NP_00T017524, o NP_OT1E7E con 1 hasta alrededor de 2, 2,05, 7, 10, 15, 20,
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30, 80, 75 o mas sustituciones conasrvadoras de amino acidas; una secusndia
de amino — acidos que es al menos  G0%, 70%, 0%, 90%, 95%, 96%, 97%,
O3%, o 99% idéntica a los Nos. de Acceso GenBank AAHOTO4Z2, MP_0265E7 1,
NP_ 001017524, o NP_071378, y fragmentos funcionales de estos, Polipéptidos
de 12 invencidn también incluyen  homdlogas (e.q., artologos v paralogos),
variantzs, o fragmentos, de Nos, dz Acceso GenBank: AAHO104Z NP_0Z6.571,
NP 001017524, o NP_OT1ETS. En una incorporacidon,  una proteina SIRTS
incluye un  fragmento de  proteina SIRT3 que es producida por
desdoblamiento con una  peptidasa de procesamiento matricial mitocondrial

(MPP) y /o una peptidasa intzrmedia mitocondrial (MIP).

Los términos “administracidn sistémica” | “administrados sistémicamente”,

“administracion periférica” y “administrados perifericamente” son reconccidos en
el arte y se refieren a la administracién de una composicion sujsto, terapéutica u

otro matenial distinto a directamentz en 2l sistema nervioso central, de tal forma

que entre al sistema del pacients y sz sujzte al metabaolisma y a otros procesos
similares.

El término “agente terapéutico” es reconacido en el arte y se refizre a
cualquier mitad quimica que es bioldgica, fisiolégica o farmacoldgicamsante
sustancia activa que actia lecal o sistémicamentz en un sujeto. El tédrmino
también significa cualguier sustancia entendida para su uso en el diagndstioo,
curacian, mitigacién, tratamienta o prevencion de enfermedades o en 2l realse
de un deseable  desarrolle  fisico o mental y/o condiciones en un animal o

humarno.

El t2rmino “efecto terapéutico” es reconocido en el arte y s refisre a un
afecte local o sistémico en animales, particularments en mamifercs, y mas
particularmente en humanos, causado  por una sustancia farmacaldgicaments
activa. La frase “cantidad terapéuticaments =fectiva” significa que la cantidad de
tal sustancia que produce algin efecto deseado local o sistémico a una relacidn
razonable riesgo / beneficio aplicable a cualquier tratamiento. La cantidad

terapéuticaments efectiva de tal sustancia variara dependiendo del sujeto y de |2
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enfermedad o condicidn  siendo tratada, &l peso y la adad del supeto, la
saveridad de la enfermedad o condicidn, la manera de administraciin y
similares, que puaden ser rapidamente determinados por alguien de habilidades
ordinarias &n el arte. Por gjemplo, ciertas composicionas aqui desaritas puaden
ser administradas en una cantidad suficizntz para producir un efecto dessado a

una relacion aceptabls riesgo / beneficio aplicables a tal tratami=nto.

“Tratamienta” de una condizidén o enfermedad se refiere a curar asi comao

también a mejorar al menos un sintoma de la condicién o enfermedad.

El término “detzrioro de la vision” se refizre a visidn disminuida, Aque a
menuda es solo reversible parcialmente o ireversible con el tratamiento (s.9.,
cirugia). Parti-::uIarmente, el deterioro severa de la visidon &3 denominado
‘ceqguera” o ‘pérdida de la visidn”, la cual se refiere a una pérdida complata de la
visidn, una visién peor que 20/ 2000 que no pueda ser mejorada con lentss
correctives, o un campo visual de menos de 20 grados de diametro (radio de 10

grados).
2. MODULADORES DE SIRTUINA

En un aspecto, la invencidn proparciona compuestos novedosos
sirtuina-moduladores para <l tratamiento y/o prevencidén de una amplia
variedad de enfermeadades y desdrdenes, incluyendo, por epemplo,
enfm‘meclades o dezdrlenas relacionados al envejecimiente o al
estrés, diabetes, obesidad, enfermedadess newro — degenerativas,
enfermedades oculares y desérdenss, enfermedad cardio — vazcular,
desdrden=g de la coagulacidn de la sangre, inflamacién, cancer y/o

rubicundez, eto.

Compuestos sirtuina-moduladores que aumentan el nivel y/o actividad
de una proteina sirtuina  pueden también ser usados para el
tratamients de una enfermedad o desorden en un sujete que se
beneficiaria de una actividad mitocondrial incrementacla, para realzar

el performance muscular, para aumentar los niveles de ATP muscular
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para tratar o prevenir dafne muscular  ascociads con hipoxia o
isquemia. Otros compuestos aqui presentados pusden ser adecuados
para ser usados en una compaosicién farmacéutica y/o uno o0 mas de

los metodos aqui presentados.

5 En una incorporacién, los compuasstos sirtuina-moduladores de |a
invencion son representados por la Farmula Estructural (1)
Q x\|
®
—Y
RN
R2
S N —_—
/ \‘%
o AN
R1 N~ - . Rt (l),
10 ¢ una sal de éste, donde:

YesSouando XesNoY esNocuando X es §;

R es —H oun grupo substituide o no substituido alquilo

R' es un grupo solubilizants: ; o un  grups  substituida o no
15 substituido alquilo;

R%es —H o un grupo substituide o no substituidea alquilo;
R® o un grupe substituide o no substituido aril monociclico;

R* &s —H, un halégeno o un grupo substituido o no substituida
alquilo;
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En ciertas incorporaciones, R es —H o —CHa.
En ciertas incorporacionas, | R? &s —H 0 —CH.
En ciertas incorporaciones, R*=s —H, un halbdgeno o —CHa. L

En ciertas incorporaciones, <l compuesto de Formula Estructural

5 (I) &s representado porla Formula Estructural ().

R3

N
RN
2
S N R
-
W V4 W\ /
- (&4 AR 1/
S~ o
R I ().
En ciertas incorporaciones, R vy R? son cada uno

independientements —H o —CHs.

En ciertas incorporaciones, | R® es un grupa substituido o no

10 substituido  hetero aril, tal como un substituido o no sabstituide grupo
hetero aril | tal como un sustituide o no sustituide grupo helero aril

conteniendo nitrdgeno, particularments un grupo piridil sustituido o na

sustituiclo. (e.g., piridil no sustituido).

En ciertas incorporaciones, R es un grupa fenil sustituide o no

[¥Z]

15 sustituidao  tal como un metil fenil, un halo fenil o un sustituida o no

sustituido grupo fenil,

En ciertas incorporacionss, R'  es un grupo heters ciclo alguil
sustituido o no sustituids,  tipicaments donds la mitad hetero ciclica
estd unida a la mitad alquilo por un  hstero atoma. En ciertas

20 incorporaciones, R es  un sustituido o no sustituido grupo hetero

cicla metil tal como un sustituida o no sustituido grupo hetero ciclo
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metil conteniendo nitrdgeno, el cual por sjemple incluye un grupo
hetero ciclo metil contenienda un atomo de nitrégeno  y opcionalmente
un sequndo hetero atomo, seleccionado de nitrdgeno y  axigena.
Particulares  grupos heterociclo  alqguilo irvzluy=n Jrupos
marfolinometil y - 1,2 d-triazolilmetil. Sustitutos ejemplares para 1as
mitades hetero ciclicas en R’ incluyen uno o mas grupos  hidroxilo,

halo o metilo. .

En ciertas incorporaciones, o compuestos de la Férmula
Estructural (1) son representados por [@ Formula  Estructural (1) o
(IV):

0] S R®
Ol
RN
2
/S\KN —_— R
\\\:>/ H \///; \\\\ ////
R ()
N

HN

(V).
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Valares adecuados de Ry R'-R® san como las dzsaritos arriba.
Ejemplos de compuestos reprasentados por la Formula Estructural
(1) incluy=n aquellos representados por las Formulaz Estructuralzs (V)
y (VI):
/ "
O S\l/' X
N
HN
S N —_—
/ \‘%
\\3‘\ M "i’// \\ //
//\N
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QO
HN
S /N —_—
)

./ ;

Compuestos de la invencién, incluyendo los novedosos compuestos
de la invencidn, pueden también ser usados en los métodos aqui

descrit

Los  compuestos  Situina-moduladores de  la invendcidn
ventajosamente maodulan el nivel y/o actividad de una proteina

sirtuina, en particular la actividad des-acetilasa de la protzina sirtuina

Separadaments, o en adicidn a las propiedades de arriba,  ciertos
compuestos sirtuina-moduladaores de  la  invencidn no  tienen
sustancialments  una o mas de las siguientes actividades:  inhibicién
de la Pla-quinasa, inhibician de la aldo - reductasa | inhibicién de 1a
tirosino - quinasa, transactivacion de  la EGFR tirasine - quinAasa
dilatacidn coronaria o actividad espasmolitica, a concentracioness del
compuests efectivas para modular la actividad de des- acetilaciin de
una proteina sirtuina (=.9., tal como una proteina SIRT1 y/o una
proteina SIRTS3).
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Un grupc alquil es un hidrocarburs no arematico de cadena recta,
ramificada o ciclica que esta completamente saturada. Tipicamenta,
un grupo alquil de cadena recta de cadena recta o ramificada tiena
d= 1 hasta alrededor de 20 Atomos de carbona, preferiblemants de 1
hasta alrededar de 19y un grupo alquil ciclizo tiens desds 2 hasta
alrededor de 19 atomos de carkbono, prefariblements desde 3 hasta
alrededor de 2, Ejemplos de grupos alquil de cadena recta vy
ramificada incluyen metil, =lil, n-propil, iso-propil, n-bulil, sec-butil, =t-
butil, pentil, hexil, pentil vy octil. Un grupo alquil C1-C4 - de cadena

recta o ramificada es tambign referida como un grupe “alquil infericr”

Grupos aromaticos (aril) incluyen  grupos aromaticos carbo ciclicos
talzs como fenil, naftil, y antracil, y grupos helero aril - tales coma
imidazolil, tienil, furil, piridil, pirimidil, piranil, pirazolil, pirraoil, pirazini,

tiazolil, oxazolil, y tetrazolil.

Loz grupos aromaticos  también  incluyen  sistzmas de anillos
aromaticos policiclicos fusionados en los cuales un anillo carbociclioo
aromatico o anillo  heteroaril es fusionado con una o mas  anillos
heteroaril. Ejemplos incluyzn  benzotienil, benzofurl, indalil, quinalinig,
benzotiazol, benzowazol,  benzimidazol,  quinclinil, isoquinolinl e

isoindolil.

Anillos  heterociclicos  no-aromaticos son anilos carbociclicos no-
aromaticos  que incluyen une o mas hetzro atomos tales comao
nitrdgeno, cxigeno o sulfure en el anillo. E anillo puede tener cinco,
seis, siete u ocho miemirros. Ejemplos incluyen  tetrahidrofuril, tetra
hidro tiofenil, morfolino,  tio - maorfoling,  pirrolidingl, - piperazinil,

pipzridinil, y tiazolidinil, junto a la forma ciclica de los azicares.

Un anilio fusicnada a un segundo anillo comparte al menos un enlace

comun..
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Sustitutes  adecuados  de un alguil,  grupos na-aromaticos
heterociclicos o grupo anl (carbociclico y heteroaril) son aquellos que

no interfieren sustancialmente  con la habilidad de los compuastos
presentados  para tener una o mas de las propiedades  aqui
presentadas. Un sustituto  sustancialments  interfiere con las
propiedades de un compusste cuando  la magnitud  de las
propiedades de un compuesto es reducida por mas de alrededor de
un 50% en un compussto con sustituto comparada a un compuesto
sin sustituto.  Ejemplos de sustitutas adecuados incluysn -OH,
haldgeno (-Br, -CI, -l y -F), -OR? -0O-COR?® -COR? -C(0R® -CN, -
NO?, -COOH, -COORE, -OCOLR?, -C(O)NRARP, -OC(0)NRARP, -S0;H,
‘NHz, -NHR?, -N(R®R®), -COOR2 -CHO, -CONH: -TONHF®, -
CONRR®), -NHCOR®, -NRCOR? -NHZONHz, -NHCONRH, -
NHCON(R?R®), -NRCONH., -NRSCONRH, -NRSCON(RRP), -
C(=ENH)-NHz,  -C(=NH)-NHR?,  -C(=NH)-N(RPR®),  -C(=NR)-NH,,
-C(=NR®-NHR?, -C(=NP-N(R?R"), -NH-C(=NH)-NH., -NH-2(=NH)-
NHR?, -NH-C(=NH)-N(R®R"), -NH-C(=NF°)-NH, -NH-C(=HRS)-HHP?,
-NH-C(=NRS)-N(R?R"),  -NRH-C(=NH)-NH;,  -NR™C(=NH)-NHRP?,
NR-C(=NH)-N(R?RP),  -NRL-C(=NR®)-NH;, -NR-C(=NR°)-MHF?,
-NR*-C(=NR%)-N(R?R"), -MHNH., -NHNHR? -NHFPR® -S0:NH., -
SO:NHR,, -SO:NRR®,  -CH=CHR®?, -CH=CR°R’, -CR°=CPR?R®
C;R°=CHF{E'., -CR°=CR%R", -CCR? -SH, -SOR? (k es 0, 1 o ), -
SOWOR? (K es 0,1 02)y -NH-C(=NH)-NH.. R®-R? zon cada uno
independientemeante sustituidos y un grupo opcionalmants sustituido
seleccionado de un grupo alifatico bencil o un grupo aromatico |
prefariblemente un grupo  alqguil. bencilico o aramatico
preferiblements un grupo alquil, bencil o aril. . Opcionales sustitutos
en RARY  son seleccionados de NHp, NH(Galifatico), N(Ci.
aalifatico)a, halogeno, Cqy alifaticn, OH, O(Cqalifaticn), Nido N,
COaH, CO-(Califatico), @ (haloCy alifatico), o haloCalifatico,

donde cada uno de los anteriores grupos  Coalifaticos @3 no
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sustituicdo. En adicién, -NR?R®, tomados juntos, pusden  también
formar un grupo hetero ciclico no aromatico sustituido o no sustituido.
Un grupo hetero ciclico no aromatico |, grupo bencilico o grupa aril
pusden tambicn tener un grupo alifatico o un grupo alifatico sustituido
como sustituto. Un grupo alifatico sustituido  pueds también tener un
anillo hetero ciclico no-aromaticn, un anillo hetero ciclico na aromatico
sustituido, benzil, benzil sustituido, grupa aril o aril sustituido, como
sustituto. Un grupo hetero ciclico no-aromatico alifatico sustituido |, un
grupo aril sustituicdo o un grupo bencil sustituicda pusden tzner mas de

un sustituto. .

Tipicos sustitutos de un anille aril son seleccionados de un grupo
solubilizante,  haldégeno; -R°; -OR°; -SR°; 1,2-metilenodiosi; 1,2-
etilznadicxi; fenil (Ph) opcionalmente  substituido con R®, -Q(Ph)
opcionalments  substituido con R®% -«(CH2)42(Ph), opcionalmente
substituido con R® -CH=CH(Ph), opicnalments substituide con R
-NOgz; -CN; -N(R®)z; ~CONZ(OR?; (Y HC(O)R?®; -COaRe; - (DR,
-S(0):R%; -SO:N(R?)z; -S(O)R®;  -NRZOQN(R®)z;  -NROSO:Fe;

CESNER), o -C(ENH)-N(R®),; o donde cada oourrencia

[k

independients  de Re° &8 seleccionada  de  hidrégena, un

L

opciconalments  substituido Cy alifatico, un anillo no sustituids  de A-
G- miembros heterociclico o hetero aril, fenil, -O(Ph), o -CH2(Ph), o, no
obstante I3 definicidon de arriba, dos ocurrencias independientes de
Re, en &l mismo sustituto o en diferentes  sustitutos, tomados

conjuntamente con el atomo(s) al cual estd unido cada  grupa R°
para formar un anille de  3-2-miembros  cicloalquil, heteraciclil, aril, o
heteroaril  teniendo 0-3  hetero atomas  independientamaents
seleccionados  de  nitrégena,  oxigeno |, o sulfuro. Sustitutos
cpoionales del grupo alifatico de R° son seleccionados de NHo,
NH(C .4 alifatico), N(C .. alifaticn)., haldgena, Co alifatico, OH, O(C,..

alifatico), NO», CN, COzH, CO(Cyy alifatico), Q(haleCy alifatico), o
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haloCyy ,  alifatico donde  cada uno de los anteriores grupos Coy

allfath s de R° es na sustituido.

&

3

Combinaciones de sustitutes y  variables contempladas por esta
invencién son agquellas que resultan en la formacidn de compuestos

i

establas. Coma es aqui usado, &l tdrmino “ se refiere a compiesto
que posaen la estabilidad suficientz para penmitir la manufactura y que
manti=nen la integridad del compuesto por un perioda d= tiempo

suficients para ser Otil a los propésitos aqui detallados

Coma aqui se usa, un “grupo solubilizants” es una mitad  que tiene
caracter hidréfilo suficients para mejorar o incrementar la solulilidad
en agua del compuesto en el cual estd incluida, en comparacian a un
compuesto analego que no incluye el grupo.  El caracter hidréfilo
pusds ser logrado por cualguier medio, tal como por la inclugion de

grupos funcionales que ionizan bajo [as condicionss de uso  para
formar mitades  cargadas (2.9., acidos carbodilicos,  acidos
sulfonicos,  acidos, fosfaricos, aminasg, etc)., grupos  que incluysn
cargas permanentes (2.9, grupos amonio cuatemaria); y/o hetero
atomos o grupos  hetero atémicos  (e.g., O, S, N, NH, N-(CHz),-R?,
N-(CH2),-C(D)R?, N-(CH-)y-C(D)OR?, N-(CH-)y-S(0)aR3- :
N-(CH.)-S(0)z0R?,  N-(CHz),-C(O)NR*R?,  etc, donde RY es
seleccionado  de hidrégeno, alquil inferior, ciclo alquil inferior, (C6-

C14) aril, fenil naftil | (C7-C20) arilalquil  y bencl, donde F® es
opcionalments  substituido 2y es un ent=ro en 2l rango de 0 a 6),
grupos hetero ciclicos opcionalments sustituidos  (2.9., ~(CH2)n-R®,
A(CTH2)n=C(D)-R®, -(GH)p=0-(CH2),-RP, donde RP

un opcionalmente sustituido  heterociclo monociclico saturado,  un

=s selzccionado de

Ll'

opcionalments sustituido saturado biciclico fusionado  heteracicla, un
opcionalmente sustituido saturado  biciclico  espiral  heterociclo | un
opcionalments sustituido hetero aril y un opcionalmente sustituida

parcialmente  sustituido  no-aril heterociclo; y n o es un entero en el
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rango de 0 a Z). Debe entenderse que los sustitutos presentss en P2
o RP no necesitan mejorar o aumentar 13 solubilidad en agua zobre
sus contrapartzs no sustituidas para estar dentro del ambits de @3ta
definicion. Todo lo que s requerido es que dichos sustituto: no
ravizrtan  significativaments  la mejora en salubilidad en agua
proporcionada por la mitad no sustituida R o RP.

En una incorporacion, &l grupo solubilizante aumenta la salubilidad en
agua dal  compussto correspondients careciends  de grupos
solubilizantzs  en al menos 5 veoses, preferiblzmaentz al mancs 10-
vaces,  mas prefariblzmente al menos 20- veces  y oadn mas

preferiblemente al menos 50- veces..

En una incarporacién preferzncial, &l grupo sclubilizants &g una mitad

de la férmula:
«(CH2)n-R'-NR"")/R™™), donde:
n es seleccionada de 0,10 2;

R ex selecscionada de un enlace -C(0)-, o -O(TH-),, vy cacda R101

&3 independientements selectionada de

a) hidrogeno;

by C4-Cy rectn o ramificads alquil | donde dicho alguil &3 o soionalmente

c)

sustituido con hala, CN, OH, O-(C-Cy alquil recto o ramificada),
N(R1')(R1), 0 =0O;

/7/*%

- P

Zyy
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ambas mitades R son tomadas conjuntaments con @l atamao de

nitrégens al que estan unidas  para formar un anillo de estructura

ambaz mitades R son tomadas conjuntamente con sl atomo de

I']Illug\.nu al que =atan unidas para 3 forrnar un anillo hetero aril de 5-
miembros  contzniendo de 1 a 2 atomos adicionales N, donde dicho

anillo hetero aril es opcionalments sustituido con Ry
donde

cada Z es independizntzments selzccionada de -0-, -3- -MFy- 0
C(R5O)(Rso)—, donde:

al menos tres de Zag, Zoy, Zoa, ¥ Zag son -C(R)(R*)-;

al menos tres de Zo, Zosg, Zog, o7, Y Zog 0N _(‘(P50)(P50) :

al menos cuatro de Zso, Zs, Zza, and Zsg son -C(R)(R™)-; y
al menas cuatro de sy, Zas, Zae, Za7, ¥ Zag son -C(R)(R)-;

cada Ry &3 independisntements seleccionada de hidrégenc o un
Cq-Cs recto o ramificado alquils opcionalmente sustituida oon uno o

mas sustitutos independientamente seleccionades con una omAas
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sustitutas indepandizntements seleccionados de hala, -CN, -OH,
~C’CH37 'NHZ, 'NH(C-'HS), —N((;H:i):, 0 :(j),

cada R¥ as independientements selaccionado de Ry, hals, CN, OH,
0-(Cy-Cy alyuil racto o ramificadal), N(RYWRY), =CRY, SRY, =MNP,
=NOR/', n =0;

w

cualquiera de  los  dos  adecuados  no-ciclicos P50 =stan
opcionalments unidos uno a otro dirzctaments o por via de un puente
Cq to Co alquilzno, alcanilena o alcano dilidens para producr un

anillo biciclico o espiral; y

z — 220 z N
B D S
Z" Z’I'\ - Z’V‘ Z'.’C‘
. LG\ Z / LA 11_22\ Z,l \J\J\Z/ v
cualquier 27 , 23 , 37 0

53 estructura de anillo es opcionalmeante benzofundida o

fundida a un hetero aril mono ciclico para producir unanilla biciclico..

Para claridad, &l término “puents Cy a Co alquileno, alquenilens o
alcanadiilideno”  significa las  estructuras multivalzntes -CHo-,
-CHp-CHy-, -CH=, =CH-, -CH=CH-, o =CH-CH=. Las dos mitades R
que estan opcionalments unidas una a otra pusden astar bien &n
misme carbono o en diferentes atomos de carbona, o antenior
produce un anillo espiral biciclico |, misntras que el postanior produce
urt anille biziclico fundido. Sera obvio para aquellos calificadns en el
arte que cuando dos R astan unidos una a otro para formar un
anille bien sea dirzctaments o a través de uno de log puentes
descritos), une 0 Mas atomas de hidrdgena tzrminales @n cada R0

sz perdera. De acuerds con esto, una “adecuada” mitad no-ciclica
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disponikle para formar un anillo es un no-cichico PO que comprends
al manos un atomo de hidrédgena terminal.  En otra incorparacian
perferencial, &l grupo solubilizante s una parlicidn de la féarmula:

(CH)-0-R™" donde ny R son como se definid antericrmante. |
En otra incorporacién preferencial, &l grups sclubilizants &z una mitad
dz la formula © -(CH:2)o-C(Q)-Ry', donde oy Ry son coma fueran

definidos arriba..

En una incorporacion mas preferencial, un grupo zolubilizants s
1 2 3 . 2 .
seleccicnado de «(CH2)-R'2 donds nes 0, 1 0 2y R es

X OR ij, QTO\;’! &CN QNR,-W,

T NOOR e
Cl Q o Q N
| o
I A b [
Ry HRR N, o
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N
N
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FL,', oM ORy R ;/ ORyTTD o RYT O

donde Ry es como se definid anteriormente..

s seleccionado de 2-dimetil aming sl -::arlin:an'n:'il, piperazin-1-

ilcarbonil, piperazinit metil, dimetil amino metil, 4-metil piperazin-1-

ilmetil,  4-amino  piperidin-1-i-metil,  d-fluore piperidin-1-il-metil,
morfolino metil, pirrolidin-t-ilmetil, 2-0x0-4-benzil piperazin-1-ilmatil, 4-
benzil  piperazina-1-imeatil,  2-owo piperacina-1-imetil,  pipenidina-1-
imetil, piperazin-1-iletl, 2,3-dioxo propel amino metil,  tiazolidin-3-

imetil, d-acetit piperazina-1-imstil, d-acetil piperazina-1-il, mofaling,
o 3-difluore acetidina-1-ilmetil,  2H-tetrazol-S-ilmetil,  Uomorfolina-4-

iimetil, 1-0x0 tio morfalin-d-lmetil, 1, 1-dioxs tio morfolin-4-ilmestl, 1H-

imidazol-1-itmetil, 2,5-dimetil pipsrazina-1ilnstil, 4-hidroe piperidina-1-
imetil, N-metil(1-acetil piperidin-d-i)-amino metil, N-nietil quinuclidin-3-
ilamino metil, 1H-1,2 d-triazol-1-imetil, 1-metil piperidin-2-il-oximetil,

A-flucropiperidin-1-il.

En la @<tension no incluida en ninguna de las dafinicionss antericores

el término “grupo solubilizants 7 tambign incluye mitades  presentadas
como estando unidas en la posicién-7 de 1-ciclapropil-6-flucrs-1,4-
dihidro-4-oxoquinclina-3-  acido  carbovilico  (ciprofloxacing) y  sus
darivados como se prasanta en las publicaciones PCT - WO
2005025165, WO 2005049602, y - WO 2005032103, v publicacionss
da Patentes Eurcpeas EP 0243824, EP 0622772, EP 0153163, EF

&

0159174, asi como también grupos  solubilizantzs  de  aguas”
descritos en la publicacion de Patentes de los Estados Unidos
2006/0035591.  La declaracion de cada una de estas publicacionzs

esta aqui incorporada a modo de referencia.
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Los compuestos aqui presentados ambién incluyen variantes total y

3

parcialmente  deuteradas. En cierfas incorporacionas urs o ma:

Ly

Atomos de deuterio estan presentzs para estudios cindticos. Alguisn
de hakilidades ardinarias en &l arte pusds selzccionar los sitios en los

cuales estan presentes dichos atomos de deuterio. .

También =& incluyen  en la presente  invencion  las  salss,
particularmente las  sales  farmacéuticaments  aceptables, de los
compuestos sirtuina-maduladoras aqui desaritos. Los compuestos de
la presente invencion que posesn suficientes acidos,  suficientes
basicos, o ambos grupos  funcionales, pusden  reaccionar con
cualgquier nomaro de hases inorgdnicas y  Acidos inorganicos y
organicos, para formar una sal. Altzrmativaments, 1os compuestos que
estan cargados inherantemente, tales como aquellas con un nitrdgena
cuaternario, puaden formar una sal con un apropiads contra-idn (2.9,
una halida tal como bromurd, clorura, o flooruro, particularmente

bromurao).

Los compuestos y salss de éstos aqui descritos tambicn incluyen 1oz
hidratos (e.g., semi hidratos, mono hidratos, Bikidratos, inhidratos,
tetrahidratos) y solvatos de los compuestos y sus sales. Solventes
adecuados  para la preparacidn des solvatos @ hidratos  pusden

genaralmante ser seleccionadas por un artesano calificado.

Los compuestos vy suz sales pusden sstar presentzs en formas

amorfas o cristalinas (incluyendo co-cristalinas y palimaorfas)

Los Acidos cominmente emplzados para formar sales de adicion
acida  son acidos inorganicos tabzs come  acido clorhidrico, acida
bromhidrics, acido yodhidrico, acido sulfirico, acido fosférico, y
similares, y acidos organizos  tales como acido ptoluzno sulfinico,
acido metano sulfinico,  acido owalico,  Acido - bromofenil —

sulfanico,  Aacido  carbénico, acido  succinico,  Acido citrico,  acido
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benmoico, acido acético, y similares. Ejemploz  de dichas sales
incluysn  sulfato,  pirosulfato,  bisulfato,  sulfite,  bisulfito,  fosfato,
monohidrogenfosfato,  dihidrogenfosfato,  metafosfato,  pirofosfato,
cloruro, bromure, yoduro, acetato, propionato, decanoats, caprilata,
acrilato, formata, isobutirato, caproato, heptanoats, propiolato, axalato,
malonato, succinato, suberato, sehacato, fumarato, maleato, buti-1-4-
dicate, hesin-1-A- dinato, benzoats, clorobenzoats, metil benzoato,
dinitro  benzoats, hidrexi bhenzoato, metoxi benzoato,  ptalato,
sulfonato, wilsno sulfenato, fenil acetats, fenil propionata, fenil butirato,
citrato, lactato, gamma — hidrovi — butirato, glicolato, tartrato, metana
sulfonato, propano 'sl.llfull'll-,', naftalzno- 1- sulfonato, naftalens — 2-

sulfonato, mandslato y similares.

Sales de adicién  basica incluyen  aquellas derivadas de hases
inorganicas, tales como amonio o alzalis o hidrdxides maetalicos de
tierras alcalinas, carbonatos, bicarbonatos, y similares. Tales bases
Gtiles en la preparacion de las sales de &sta invencidn incluyen
hidré=ide  de sodio, hidréside de potasio,  hidrd«ide de armaonio,

carbonato de potasio y similares.

De acuerdo con otra incorporacidn, la presents invencidn proporsiona
métodos de producir las arriba definidos compuastes sirtuina —
moduladaoras.  Ios compusstos pusden ser sintstizados a partir de

materiales facilmente disponiblzs en @l mercado.
En una incorporacién, ciertos compuestos Jde la invencidn son
preparados  de  acuerda con el siguients método,  Primero, el

compuesto de la siguients foérmula:
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N
100 donde P ex un grupe que pusde  zer
transformado en un grupo alguilo (s.9., metil ) sustituido Son un goagso
salientz, tal como un aloo<d carbonil  (2.9., etoxi carbonil) @5 hacho
rsaceionar con un grupo 2-salients, 27-nitro acetd fenona (e.9. 2-halo,

o7 opitro aceta fenona donde halo es tipicamants broma o clors) para

formar =l siguients compussto:

\ ——N
; N adh

Este compussto 28 reaccionado para convertir - R en R' . En

incorporacionss donds R0 g5 un alcovicarbonil, entonces &l grupo

usando una base tal comao un hidrévido de metal alzaling coma MaOH
o FOH) v luego reduciends a hidroximetil usandas un agents reductor
apropiado (2.9., NaBH;). El grupo es entonces transformado a =4
haciendo reaccionar el grupo hidroxi metil con R? vy, sies necezaris, a
través de un paso intermadio para aumentar la reactividad dal grupn
hichrosd metil (=.9., transformanda hidros metil en cloro metil usandao
SOCL o metano sulfanil clorure) antes de la reaccidn on P Valores
ejemplares de PR3 incluyen marfolina y 1H-1.2 d-triazal. El compuesto

siguiendo estos pasos @3 representado por la siguiente estructura:
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El grupo nitro &= reducida a través de la reaccidén con un agente
reductor adecuado, tal come Pd/H- o hidro sulfuro de scdio, para

formar el siguiente compuesto:

}?‘i Ju
S
3 \ /

R

Este compussty es reaccionado  con &l deseads F- Ra-substituido
tiazol acido  carboxilizo (g9, A-metil-2-piidil-2-i0 tiazol  Acida
carboxilico), tipicaments en presencia de una agents catalizador (2.9,

SOCL) para formar &l producto SOMpLEStD.

Las transformaciones quimicas sintéticas y las metodologias atiles =n

la sintesis de los compuestos siftuina- moduladares anui desaritos zon

conocidas en el arte @ incluyen, por ejempls, 13 descritas en R
Larock, Comprehensive  Organic Tranzformations  (1959); T W,
Greene and P. S, M. Wuts, FProtective Groups in Organic Synthasis,
oo Ed. (1991); L. Fieser and M. Fisser, Fizger and Fiesers Feagents
or Organic Synthesis (1994); and L. Paquetts, ed., Encycslopedia of

Reagents for Organic Synthesic (1995).
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En una incorparacion ejamplar, un compuasto sirtuina-moduladar - pusde
atravesar la membrana citoplasmatica de la célula. Por jemplz, un compuesta
pueds tenar una permeabilidad celular de al menas alredsdor de 20%, 50%,

75%, 0%, 90% o 95%.

Los compusstos sirtuina- moduladores aqui descritos pusden fambién
tensr una o mas de las siguientes caracteristicas: el compuests debe ser
ssencialments no téxico para una célula o un sujsto, &l compuesto sifuina-
maodulador pusde ser una moléoula organica o una pequafia makioula de 2000

amu o Menos, un compuests debe tensr una vida madia bajo condiciones

atmosféricas nomales de al menas alrededor de 20 dias, 60 dias, 120 diaz, 6
Meses o un afic; un compuasto sirtuina — modulador debe ser m 1as estable en
solucion  quz &l resvaratrol  por al menas un factor de alredador de 50%, 2

verss, & veoss, 10 veces, 30 veces o 100 vecss; un compussts siruina —
modulador debe promover la des-acetilacian del factor de reparacién DMA Ku70,
un compussto situina-modulador debe promover la des - acetilaciin de
FelA/pes; un compuesto sirtuina-mocdualactor debe incremeantar las rataz de
rotacién general y realzar la sensibilidad de las células a la apoptosis TNF-

inducida.

En ciertas incorporacionss, un compussts siduina-moduladar - nao tisne
habilidad sustancial alguna para inhikir una histina des-acstilaza (HDACz) clase
|, una HDAC clase I, o HDACs |y I, a concentraciones (2.9., in vivo) efectivas
para modular  la actividad des-acetilaza de la sirtuina. Por gjempla, &n
incorporacionss. preferenciales, &l compuasts  sirtuina-medulador @z un
compuesto sirtuina-activador y s @secogido para tener un EC5y para activar |a
actividad sirtuina — des- acatilasa que =5 al menos & vaces menos que la ECso
para la inhibicion de una HDAC | y/o HDAC 1y adin mas preferiblements al
menos 10 veces, 100 veces, o hasta 1000 veces menos. Métodos para ensayar
la actividad HDAC | y/o HDAC 1l son bizn conocidos en el arts y Fils para

realizar dichos ensayos puaden sar adquiridos comercialments en el marcads.
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Ver, =.g., BioVision, Ine. (Mountain View, CA; www. biovision.zom) and Thomas

Scientific (Sweadashora, NJ; www. tomasaci.com).

Er ciertas incorporacionss, un compussto situina-maduladar - no tisne
ninguna habilidad sustancial para modular homdlogos situina. En una
incorporacion, un activador de una proteina sirluina humana pusds no tener
ninguna habilidad sustancial para activar una protzina sirtuina e eucariotas
inferiores, particularments levaduras o patégenos humanos, a concentracionss
(e.g., in vivo) afectivas para activar la activicad dez-acetilasa  de 3 sirtuing
humana. Por gempla, un compuesto sirtuina - activador pusds zer escogido
para tzner un ECsq para activar una sirtuina humana, tal coma SIRT! y/a SIFTS,
actividad des-acetilasa que es al menos 5§ veces menor que la ECg para activar
una sirtuina de levadura tal come una Sirl (tal como Candida, S. ceravisiae, &lo)
y aun mas praferiblaments al menos 10 veces, 100 veces o hasta 1000 vedes

Menos.

En otra incorporacion, un inhibidor de una protzina sirtuina de aucariotas
inferiores, particularmesnte de levadura o de patdgenos humanos, no tiene
habilictad sustancial alguna  para inhibir una protsina sirtuina  de humancs a
concentracionss (e.g., in vivo) afactivas para inhikir 1a actividad des-acetilaza
dez una proteina sirtuina  de un sucariota inferior. Por gjempls, un compussto
sirtuina- inhibidor puede ser escagido para tener un 1G5 para inhibir una sirtuina
humana, , tal come SIRT! y/o SIRTE, actividad  des- acelilasa qus @3 al menos
Eoveces menons qus la 1Cs, para 1a inhikicidn de una sirtuina de levadura | tal
coma Sir” (tal coma Candida, 8. cerevisiag, &tc) y adn mas prefariblements al

menos 10 veces, 100 veces o hasta 1000 veaces menos.

En diertas incorporaciones, un compuesta sirtuina-modulador
puade tzner la habilidad de modular unc o mas homalogos dz proteinas sirtuing,
tales como, par gjemplo, una o mas ds humana SIRTH, SIRTZ, SIFTE, SIRT4,
SIRTE, SIRTA, o SIPRTT. En una incarporacion, un compuesto sirtuina-rmodulador

lizre 12 habilidad para modular ambas, una proteina SIRT1y una SIRT3.
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En otras incorporacionzs, un modulador SIRT1T no tiens habilidad
sustancial alguna para modular otros homdélogos de proteinas zituing, tales
como por gjEmplo, uno o mas de SIRTZ, 3IRTS, SIPTY ZIRTE, SIRTE, o SIFT7

humanos

SIRTT a concentracionss (2.49., in vivo), efectivas para modular la actividad des-

acelilasa de SIPTT humana. Por ejampls, un compuesta modulador de zifuina
puede ser alagido para que tenga un ED 5 para modular la actividad - des —
acetilaza de SIRTT humano de al menos 5 vesss menos que ¢l ED g para
modular uno o mas SIRTY, SIRTE, SIRTH, SIRTE, SIRTEG o SIRT? humanas,
de forma ann mas preferible de al menos 10 veses, 100 vecss, o inclusa 100
veses menos. En una incorporacién, un moduladaor SIRT1 no tiene ninguna

hahilidad sustancial para modular una protsina SIRT2.

En obras incorporaciones, un modulador SIRT2 no tiene ninguna habilidad
sustancial para modular otroz homélogos de proteing sirtuina, Coma, por &jempl,
unc o mas SIRT1, SIRT2, SIRT4, SIRTS, SIRTE, o SIRTY humanos a
concentraciones (2.9., in viva), efectivas para modular la actividad das - acetilaza

de SIRTE humnana. Por gjempla, un compuesto madulador de siriina pueds ser
slegida para tenar un ED g para madular una actividad des - acstilaza de = SIRTA

humano  que sea al manos 5 veces menos que el ED g para modular una o
mas SIRT1, SIRT?, SIRTE, SIRTY, SIRTE, o SIRTT humana, y adn mas
prefarible al menos 10 veoes, 100 veces o indluso 1000 vedes menas. En una
incorporacian, un modulador SIRTE na tiens ninguna hakilidad sustancial para

madular una proteina SIRTT.

En ciertas incorporacionss, un compussto modulador de sirfuina pusds tener una
afiriclad de unidn a una proteina situina de unos 10°M, 107°M, 107'M, 10" M o
menas. Un compuesto modulador de zifuinag  puede  resducir (activador) o

incrementar (inhibidor) el Km aparents de una proleina siruina para su sustrato o
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NAD + (u otro cofactar), @l km aparents de una probzina sirtuina para su sustrato
o NAD + (u otro cofactor) por un factor de al menos 2, 3,04, 6,10, 20, 20, 50, 4
100, En ciertas incorporacionss, 10s valoras Km son daterminados usando el
ensayo de espactometiia de masa descrito en este dosumeanto. Los compuzstos
preferidos de activacién reducen &l Km de un situina por su sustrato o cofactor a
un grado superior que @l causado por &l resveratrol a una concentracion
comparativamente  inferior. Un compueslo modulador de siduina pueds
A a

)
s =ty

s

o

incrementar el Vmay de una protzina sirtuina por un factor de al menos A,

10, 20,

, 20, B0 o 100, Un compussts madulador dz sifuina pusds tener un EDAO
para madular la actividad das — acstilasa de un SIRT1 y / o proteina SIFTS de
menos de unos M, menos de unos 10 nM, menos de unos 100 nM, menos da
unos 1 M, mencs de unos 10 pM, menos de unos 100 pM, o a partir de unos 1-
10 nM, a partir de unos 10 - 100 nM, a partir de unos 0,1 -1 PM, a partir de unos
1-10 uM 0 a partir de unas 10 - 100 pM. Un compuasto maoduladar de sirtuina
pueds modular la actividad des — acstilasa de una protzina SIRT1 y / o SIRT:
por un factor de al menos & 10, 20, 30, 50, 0 100, como se mide &n un enzayo
pusds causar al manas una induccidn superior de la actividad des — acetilaza de
una proteina situina por un factor del 10 %, 20 %, 50 %, u 20 %, asi aomo un
factor dos veces suparior, cinco veces superion, 10 vecss superior, S0 veces
suparior o 100 veces superior de A actividad des - acetilasa de una proteina
gituina relativa a la misma concentracién  de resveratrol. Uno compuzsto
modulador de sirtuina pusde tznar un EDSO para modular SIRTS dus sea
supsrior al menos 10 veces, 20 veces, 30 veces, 50 veoss que aquel para

modular SIRT1y /o SIRTS.

Usos Ejemplares

En ciertos aspectos, la invencién proves métodos para maodular &l nivel y /o

activiclad de una proteina sifuina y matodaos de usa de los mismas.



w

10

(%]
LA

20

40

En ciertas incorporacionas, 1a invencidn proves métodes para usar compuestos
moduladares de ziruina donde los compuastos moduladores de sifuina activan
una proteina sirtuina, 2.9., incrementan ¢l nivel y / o actividad dz una proteina
siftuina. Los compuestns moduladores de sifuina fque incrementan &l nivel y /o
actividad de una proteina sifuina pusds ser Otiles para una varizdad de
aplicaciones terapéuticas incluyendn, por gjemplo, incrementar la longevidad de
una célula, y tratar y / o prevenir una amplia gama de enfermedadess o
desdrdenes, incluyendo, por gemplo, enfermedades o desdrdenss relativos al
cnvejecimiento, estrés, diabetes, ohesidad, enfermedades neuraclegenarativas,
anfermedad cardiovascular, desordenas del flujo sanguinezo, inflamacian, cancer,
ale. Los métoados comprenden la administracidn a un sujets an necesidad da
clln, una cantidad farmacéuticamente sficients de un compuests moduladar de

sifluina, =.g., un compussta activador de sirtuina.

Aundque los Aplicantes no desean ser restringidos por bzoria, se oree bos
activadorss de la  invencidn instantansaments  pusden intzractuar Sanouna
zirtuina =n 1a misma locacién dentro de 1a proteina siduina (2.9, sitio activo o sitio
afectandn el Km o Vmax del sitio activa). Se cree que =sta es la razdn por la que
ciertas clases de activadores sirtuina @ inhibidores pusdan tener una similitud

estructural sustancial.

En ciertas incorporacionzs, los compuestos maduladores de ziruina descritos

aqui pusdan ser tomados solos o en combinacién de otros compuestos. En una

puzsde ser administrada a un sujebe en necssidad de la migma. En otra
incorporacian, un compuesto madulador de situina que increamenta el nivel y /o
actividad de una proteina siftuina puede ser administrado con uno o mas de los
siguizntes compuastos: resveratral, buteina, fissting piceatanal o querzetina. En
una incarporacian ejemplar, un compussto moduladar de sirtuina Que incramenta
el nivel y / o actividad de una prolzina sirtuina puede ser administrads en
combinacién con  Acido  nicotinico. En alra incorporaciin,  un compuesto

moduladaor de situina que reduce 2l nivel y / o actividad de una proteina situina
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pusde s&r administrade con uno o mas de los siguisntss ComMpuEstos:

nicotinamida (NAM), suramina; NFOZ3 (un antagonista de proteina 5), NF2Z79

(un antagonista de receptor purnérgica); Trolew (B — hidroxi - 2, 3 7.9,
tetrametiloroman = 2 carbosilico acido); (-) epigalocatsquina (hidrosi &n los sitios
8,7 A EY): (4) - galato epigalotequing (sitios Hidrosi 5, 7, 2, 45 5"y ester

galato =n E-); clarure cianuwing (3,5,7,2° 4 clorura pentahidrosiflavilio);  clorr

1=t

dalfinicing  (5,5,7,3 4 & -hexahidroviflavilio clorura), miricetina (cannabisceting;

10 ) 1

OOk}

35 7 3 4 Bhexahidroxiflavona); 37,24 S-pentahidroziflavona gosipesting
(3,5,7,5,3" H-hexahidroxiflavona), sirtinol; y esplitornicina. En alra incaorporacian
mas, uno o Mas compuestos moduladores de sifuina pusden 3er administrados
Son Une o Mas agantes lerapéuticos para =l tratamiento o pravencién de varias
enfermedadas, incluyendo,  por ejempls,  cancear,  diabetes, enfernmedadss
neurc»-:legenera{ivas, anfermedad cardiovascular, blogqueo del flujn sanguinad

inflamacion, chesidad, estrés, envejecimiants, ete. En varias incorporacionss, 1as
terapias de combinacién comprandiends un compuesta modulador de siruing

pusdan referirse a (1) composicionss farmacéutizas que somprendan una o mas

3

compuestos moduladores de sifuina en combinacidn con uno o mas agentss
terapéutiocos (2.g., una o mas agentss terapéuticos desoritos aqui); y (2) o -

administracion de uno 0 mas compuastos moduladores dhe sifuina Con unG o IMAs
agentes terapéuticos donde el compuesto madulador de situina y &l agente
terapéution no han sido formulados &n las mismas compaosiciones (pera pusden

estar presentes en 2l mismo conjunte o paguets, como una pagquete Son

camaras, contenadores conectados sellados de farma separada) que pusdan

ser separadas por el usuario, o un Fit donde el (los) compuestos sirtuina y otro (3)

agenta (8) lerapéutico (s) estén en vasija (s) separada (3). Cuands e uzen
formulacionas  separadas, & compuesto modulador de sirtuina pusde ser

administrade  simulanzamente, luzgo, antes de, o en combinacién con Ia

administracidn de otro agente terapéutico.

En ciertas incorporacionss, los métodos para reducir, prevenir o tratar las
anfermadacdas o desdrdenss usando un compuesto moduladar de zirtuina

puadezn también comprender incremantar el nivel ds proteina de un sifuing, tal
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como los SIRT1, SIRTZ y / o SiRTE humanaos, u homdlagos de loz misnmos. El
incremento de los niveles de proteinas pueds ser lograda introduciends una
célula @n una o mas copias de un acido nucléico que codifique una sifuina, Por
gjempls, el nivel de una sirtuina puzds ser incrementados =nouna cahila de
mamifere introduciends en la célula de mamifero un acido nucléco que codifique
la sirtuina, €.g., incrementando &l nivel de SIRTH introcuciends un acido nuck&ico
codificando 1a secuesncia de aming acides mencionada en GenBank: Accesa Ma.
NP 0368370 y / o incrementands el nivel de SIRTS introducienda un acido
nucléico codificando 13 secusncia de amino acidos mencionada en GenBank

Acoesa No. AAHO1042.

Un acido nuzléico que sea introducido a una célula para incrementar &l nivel de
proteina de una situina puade codificar una proteina que 3ea al menos 50 Y, 25
%, 90 %, 95 % 95 %, o 99 % idéntica a la secusncia de una sirtuing, &g,
proteina SIRTT y / o SIRTI Por gjemplo, el Acids nucléico codificands la

proteina puede tener al menos un 50 %, 55 %, 90 %, 8% %, 98 %, o

99 % idéntico a un Acido nucléico codificands una prateina . SIRT1 (2.4.
GenBank Accezo Noo NM_012233) y / o SIRTE (2.9., SenBank Acoesa Mo
BCO01042). El Acido nualéico tambign pueds ser un dcido nucléion que hidridics,
preferiblemente, condizionss de hibridacion estringentes, a un acido nusl&ico
codificando un tipo comodin de zituina, ¢.g., protsina SIRT1 y /o SIPTZ. Las
condicionss de hibridizacién estringsntes pueden incluir 1a hibridizacién y una
limpie=a en 0.2 = SSC a A8 ° C. Cuando se usa un Acido nucléica que codifique
una proteina que sea diferante a una probzina sirvina de tipo comaoding, tal coma
una proteina que sea un fragmanto de un tipo comaodin de siruing, 1a proteina es,
de forma preferible, bioldgicamente activa, e.g, &3 capaz de des — acatilacién.
No &3 necesario edpresar n una célula una pocién dz la sirduina que s23
biclagicamante activa. Por gjempls, una protsina que difizra del tipo comedin
SIRT1 teniende GenBank Acceso Noo NP_OZE370, preferiblements contizne la

astructura nacleo del mismo. La estructura ndclzo a veces se refiens a los aming



[ €21

10

-~ \
15
20
el

25

43

e

— Acidns G200 de GenBank Acceso Noo NP_OZE270, fos cualas son
codificades por los nucledtidos 237 al 932 of GenBank Acoaso Mo, NM_012255,
que comprande la atadura NAD asi coma los dominios de aladura de sustratos.
El dominio naclzo de SIRT1 pusds tamibién referirse a los aming acidos 261 3
447 de GenBank Acceso No. NP_0ZE370, los cualss son codificados par 103
nucledtidos 534 a 1394 de GenBank Acceso Noo NM_0M2235: hasta los amino
acidos 247 a 493 de GenBank Acceso No, NF_0ZEE70, que son codificados por
oz nucledtidos 777 a 1537 de GenBank Acaesa Noo NM_OT2228; o hasta los
amine acidos 754 a 495 de GenBank Acoeso Moo NP_0LE370, que =00
cadificados  por los nucledtidos 313 a 1528 de GenBank Acoeso Mo
NM_012233. Si una proleina retiene una funcidn bicldgica, 9., capacidaddes de

das — acetilasion, pusde ser delerminado de acusrda a métodos conacidas en el

arte.

En ciertas incomporaciones, los métodos para reducir, prevenir, o tratar las
anfermadades o desdrdenes usando un compussto moduladar de o zifuina
pusden también comprender reducir el nvizl de proleina de una zifuina,  como
la SIFT1, o SIRTZ humana y / o SIRT3, u homalagos de las mismas, Pedudin un
nivel de proteina situina puade ser logrado de acuerdo a métodos conacidos en
gl are. Por ejemplo, an giRNA, un acido nueléion antisentido, o un riboscma
apuntado a la s:irtuiné puade ser expresado =n la célula. Una ziruina negativa
mutants, €.g., una mutants que o es capac de des — acetifar, puzde tarmbien
ser producida Par ejemplo la mutacién HEE de SIRTH, desarita, eq., en Lua
atoal (2001) Cell 107137 pusde ser usada. De forma allemativa, agentes que

inhiban la transcripcion pueden ser usanos.

Los métodos para modular los niveles de proteina sirtuina pusden tambidn incluir
métodos para madular 1a transeripcion de genes codificanda sirtuinas, métadoas
para estabilizar / desestabilizar los mRNAS corespondientas, v otros metodiss

conacidos en el arte.
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Envejecimiento / Estrés

En una incorporacién, la invencion provee un métado para extendsr el tiempo de
vida de una célula, etendiendo la capacidad proliferativa de una célula,
haciendo mas lento el envejecimiento de una oélula,  promoviends 2
supervivancia de una célula, postergando la sanilitud de una célula, imitanda 1oz
cfectos de la restriceidn caldrica, incrementands la resistencia de la odula al

.

satrés, o previniends la apoptosis de una célula, contactands la c&lula 2onoun
compuests modulador de zirtuina de la invencion que incremsents el nively /o la
actividad de una pratzina sirtuina. En una incorporacidn sjemplar, 1oz miEtoc s

comprendan contactar la célula son un compuasto activador de ziruina,

Los métodos desaritos aqui pueden ser usados para aumentar la cantidad de
tiempo que las células, de forma particular, las células primarias (ie., o&lulas
obtenidas a parti de= un organisms, por esmplo, un humano), pusdan ser
mantenidas con vida en un cultivo de células. Las células madre ambrionanas
(ES) y las células pluri patenciales, y las células diferenciadas de las miamas,

tamhién pusden ser tratadas con un compuesto maodulador de girtuina que

incremente el nivel y / o adividad de una protsina sinuina para mantener las

células, o la progenie de las mismas, en cultiva por periodos mas largos a2
tizmpo. Dichas cilulas también pueden ser usadas para ser trasplantadas a un

sujeto, &.q., posterior modificacian e vivo.

En una incorporacion, las células que se pratends praservar por periodss largas
de tiempo pueden ser tratadas con un compuastos madulador de situina que

inaremants <l nivel y / o actividad de una proteina sirtuina. Las células pusden

At

star en suspension (2.9, c&lulas sanguinsas, susro, medio ds orscimiento
hiclégico, eto) o en tejidos u drgancs. Por ejemplo, la sangre recolaciada de un
individua para propasitos de transfusién pueds ser ratada con un compuesto
modulador de situina que incremente &l nivel y / @ 1a actividad de una proteina

sifuina para praservar las células sanguingas por pariodos mas largos de

£
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tiempo. De forma adicional, la sangre a ser usada para propasitos forenses
también pusde ser preservada usando un compuesta modulador de siduina que
increments el nivel y / o actividad de una prateina situina. Otraz céhulas que
pueden ser tratadas para extender su pariodo de vida o para ger protegidas
contra la apoptosis incluyen a las células para consuma, &, célulaz de
mamiferas no humanos (tal como came) o células de plantas (talzs como

vegetales).

Los compuestos maduladares de situina que incremantan &l nivel y / o actividad
de una proteina sifuina puedean también ser aplizados durante el desarrallo y 1as
fases de credmients en mamifaros, plantas, insectos o micrs — Grganismos, en
arden ds, c.g. altzrar, retardar o acelerar los procesos de desarrsllo y /oo

crecimiento.

En ctra incarporacian, los compuestos maduladores de sirtuina que incrementan
el nivel y / o la adtividad ds una proteina zituina pueden ser usados para tratar
sélulas Otiles para el tragplants o la terapia celular, incluysnds, por sjemplo,
injertos de tejidos sdlidos, trazplantes de drganas, suspensionss de células,
células de médula dsea, sto. Las células o tejido pueden z2r un auto - injerto, un
alo - injerto, un injerta sintético o un wEno — injerto. Las células o teido puedsn
ser tratadas con &l compuesto moduladar de sittuina antss de la administracin /
implantacidn de forma concurrentz con la adminiztracién / implantacién, y / 0
wast — administracian /implantacién en un sujeto. Las células o tefido pusden ser
tratadaz ant=s de la remaosion de las célulaz del individus donante, e vivi, liego
de la remocion de las sélulas o tajidos a partir del individus donants, o post
implantacion al recipients. Por ejemplo, el donante o individuo recipients puede
sar tratade de forma sistematica con un compuesty maodulador de sirtuing o
pusde tenar un subconjunta de células / tejidos tratados de forma local con un
compuesto moduladar de situina qus incremants el nivel y / o actividad de una
sroteina sirliina, En ciertas incorporacionss, las células o tzjido (o individoos

donantss / recipientes) pueden, de forma adicional, ser tratados aon otro agenta
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terap&utico Otil para prolongar la supervivencia dzl injerto, tal coma, por jemplo,

un agante iNMuNosupresor, una citoquina, un agents angiogénico, et

En otras incorporacionss mas, las células pusden ser tratadas conoun
compuesto modulador de sifuina que insrementz @l nivel y 7 o actividad de una
proteina siruina in vivo, e.g., para incrementar su periodos de vida o prevenir 1a
apaptosis. Por gjemplo, 1a piel pueds ser protegida del envejecimients (2.9., a2
pusds avitar el desarrolle de arrugas, prevenir [a pérdida de clasticidad, =),
tratando la piel o las células epitzliales con un compuests madulador de zifuina
que increments @l nivel y / o la actividad de una protzina zituina. En ouna
incorparacion jemplar, la pisl es contactada con una composicion farmacéutica
n cosmética comprendienda un compuasto modulador de sifuina que incremerts
el nivel y / o actividad de una proteina siruina. Las afliceiones de pizl sjemplaras
o las condiciones de piel que pusdan ser tratadas en concordancia con 103
métodas descritos aqui incluyen desérdznes o enfermaedades azociadas con o
causadas por inflamacian, dafa causads por &l sol o envejasimisnto natural. Par
gjemple, las composiciones encugntran utilidad en la prevencion o tratamisnto
de fa dermatitis por contacto (incluyendo 1a dermatitis de contacto iritante v la
dermatitis de contacts alérgico), la dermatitis atépica (también conocida coma
aczema  alérgico), la queratosis  actinica, desdrdenes  de queratizacion
(incluyando eczema), enfermedadss de epidermolisis bulosa (incluyends el
sritema multiforme y el eritzma nadoso), dafo causada por el sol u olras fuentes
de uz, pus discoide aritematoso, psoriasis, dermatomicszitis, cancer de piel y
los efectos del snvejecimiznty natural. En ofra incorporacién, [0 compusstos
moduladores de sirtuina que incremantzn =l nivel y / o actividad de una proteina
zirtuina pusden ser usados para 2l tratamiento de heridazs y / o quamnaduras para

promover la sanacién, incluyande, por ejempls, quemaduras ds primer , seguindo

o tercer grado y / o quemaduras termales, quimicas o eldcliicaz. Las
formulaciones pueden ser administradas de forma topica, a la piel o tejido

muceso. Las formulaciones thpicas comprendienda uno o mas compuestos
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moduladores de sifuina que incramenten &l nivel y / o actividad de una proteina
sifluina pueden también ser usados como composiciones praventivas, ..
quama — praventivas. Cuands son usadas an un método quema — preventiva, 13

piel susceptible @3 tratada antes para cualquisr condicidn visible en un individuo

particular.

Los compuastos moduladorss de sifuina pusden ser administrados de foma
local o de forma sistematica a un sujeto. En una incorporacian, un compussta
maduladar de sirluina e3 administrado de forma local a un tejido u drgana de un

sujeto por medio de iny=ccian, formulacidn thpica, et

En ctra incorporacion, un compuesto modulador de sitvina que incremeants 2|
nivel vy / o la actividad de una proteina sifuina pueds ser usado para tratar o
pravenir una enfermedad o condicidn indusida o exacerbada por 12 zenilidad
celular en un sujeto; los método para reducir 1a tasa de senilidad de un sujsto,
&.g., luzgn de ocurrir la senilidad; métodos para extender @l perioda de vida de
un sujsto; métodos para tratar o prevenir una enfermadad o condicicn
relacicnada con @l perindo de vida, métodos para tratar o pravenic una
enfermedad o condicién relacionada con la capacidad proliferativa de las células;
y métados para tratar o prevenir una enfermadad o condicidn resultante a partic
de dafio o muerte celular. En ciertas incorporaciones, 2l método no actia
reduciende la rata de acurrencia qua disminuya el periodo de vida de un sujeto.
En cizrtas incorporacionas, un métada no actia reduciznds la lztalidad causada

por una enfermadad, tal comao el cancer,

En ctia incorporacién mas, un compussto modulador de zsirtuina que auments
nivel v / @ actividad de una protina situina pusde ser administrado a un sujeto

para incrementar, Jde forma gensral, &l periodo de vidda de sus células y para
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proteger sus células contra el estrés y /o contra la api nptu~|s Se aree que tratar
a un sujeto compuesto deserilo aqui es similar a exponer al sujsto a hames Sis,
L&, un estrés lave que benaficioso para 1os organismas y que puads extendsr su

periodo de vida.

Los cormpusstos moduladorzs de sirtuina que im:renwentan al nivel y / o actividad
de una proteina sifuina pusden ser administrades a un sujelo para prevenir 12
zenilidad y consecuencias relacionadas a la vejez o enfermadades, tal como
infarto, enfarmedad cardiaca, falla cardiaca, artritis, alta presidn sanguinea, v 12
enfarmadad de Alzheimer. Otras condiciones que pusthen ser tratadas incluysn a
lns desdrdenes oculares, 2., asociados con la senilidad del ojo, tal coma las

cataratas, glaucoma y degeneraciin macular.

Loz compuastos moduladores de situina que incrementan el nivel y /o la
actividlad de una protzina situina también puedsn ser administradcs a sujetos
para &l tratamiznto de enfermedades, &.g., enfermadades crénicas, asociadas
con la muerte celular, en arden de protagsr a las células de la muerts Selular.
Enfermedades sjemplares incluyen aquallas asociadas con la muarte de celulas
neurcnales, disfuncion neuranal, o muerte o Jdisfuncidn de células muascularss,
tal como la enfermedad de Parkinson, la enfermedad de Alzheimer, [a esclerosis
moltipls, 1a esclerosis lateral amniotrdpica, y la distrafia muscular; SIDA, hepatitis
fulminantz, enfermedades relacionadas con 1a degeneraciin del cerzbro, tal
coma la enfermedad de Creulzfeld — Jakoh, retinitis pigmentosa, y degenaracian
cerchelar;  mielodisplasias tal como 1@ anemia  aplasica,  enfermedadss
isquémicas tal como &l infarto al miocardio; enfarmedades hapaticas tal coma ia
hepatitis alcchélica, hepatitis B y hepatits C; enfermadades en las articulacionss
coma la osteoartritis, arterosclerosis, alopecia; dafo a la piel debido a la luz

ultravioleta; liquen plano, atrofia IIL la pizl; catarata; y rechazos de injartos. La
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musrtz celular también pusds ser causada por cirugia, terapia ds drogas,

Expasician quimica @ exposicidn a la radiacian,

Los compuastos moduladores de sirtuina que incrementan el nivel y /o actividad
de una proteina situina también pusdan ser administradeos a un sujsts sufrisnda
de un enfermedad aguda, eg., dafo a un tejido u drgano, &g, un sujeto
sufriends un infarts al miccardio o un sujeto sufriends una lesiin a la médula
G322, Los compuestos moduladores de sirtuina que incrementan &l nivel vy /o
actividad de una protsina sirtuina también pusden ser usados para reparar @l

higado de un alzohdlico.

Enfermedad Cardiovascular

En atra incorporacion, 1a invencién provee un método para tratar y / o pravenir
una enfermedad cardiovascular administrando a un sujsto en necesidad dsl

misnio un compuasto moduladar de siruina que incrementz 2l nivel y /o

actividlad de una proteina sirtuina.

Las enfermedadss cardiovasculares que pusdsn ser tratadas o prevanidas
uzando las compuastos moduladores de zituina que incremantan &l nivel y /o

actividad de una proteina sirtuina incluyen la cardiomicpatia o miocarditis; tal
come la cardiomiopatia  iliopatica,  la cardiomiopatia o matakalica,  1a
cardiomiopatia  alcohdlica,  la  cardiomiopatia  inducida  por drogas, 13

cardicmiopatia isquémica, y la cardiomicpatia hipertensiva. También fratables o

srevenibles usando compuestos y métodos deseritos aqui son los desdrdenss
aleromatosos de las principales vias sanguineas (snfermedad macrovascular)

como la acora, las arteriaz coronarias, las arterias cardidas, las arterias
cerehrovasculares, las arterias renales, las artarias iliacas, las arteriaz femoralas
y las arlerias politeales. Otras enfermedadas vazculares qus puedsn ser

tratadas o prevenidas incluyen aqusllas relacionadaz con la agregacién de
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plaguatas, las arteriolas retinianas, las arlericlaz  glomerulares, 103 Vazos
nervorum, las arteriolas cardiacas, y los lechos capilares asociados del oo, 2l
iRGn, &l coracén, y o los sistemas nerviosos periféricos y o centrales. Los
compuastos moduladorzs de situina que incremantsn &l nivel y / @ actividad de
una proteina sitiina pusden tamkbién sar usados para incrsmentar al nivel de

HOL en el plasma sanguineo de un individuo,

Otros desdrdenss mas que puedan ser tratados con compuestos moduladores
de siruina que incrementsn &l nivel y / o la actividad de una protzina ziduina

incluyen la estenesis, 2.9, siguisndo una intervenciin coronaria, y o 1os

dzsérdenes relativos a un nivel anarmal de colastzrol de alta y baja densidad.

En una incarporacion, un complaste moduladar de sifuina que aumsnts el nivel
y / o actividad dz una proteina situina puede ser administrado coma parts de una
combinacion terapéutica con otro agente cardiovascular. En obra incorporacian,
un compuesto modulader de zirtuina que incrementz 2l nivsl y /o actividad de
una proteina sirluina puede ser administrade como partz de una combinaciin
terapéutica con un agentz anti — anitmia. En otra incorporasian, un compuesta
maodulador de zirtuina que incremente &l nivel y / o aclividad de una profsina
sirtuina puede ser administrado como parte de una combinaciin erapéutiza con

olro agente cardiovascular.

Muerte Celular / Cancer

Los compuestns moduladorzs de sirtuina que aumantzn <l nivel y /o actividad de
una proteina siruina pusden sar administrados a sujetos que hayan recibido, de
forma reciente, o tzngan alta probabilidad de recibic una dozis de radiacion o
tovina. En una incorporacian, la dosis de radiacion o toxina es recibida como

parte de un procedimisnts médico o relacionado al trabajo, =.0., administrada
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como una medida profilactica. En otra incorporacian, la expasicién a towina o
radiacidn ez recikida de forma no intencional. En dicho caso, el compuesto &3
administrado, de forma preferible, tan pronto como sea posible lusgo de la
exposician para inhibir la apoptosis y &l desarmollo subsecusnte del sindrome de

radiacian aguda.

Los compusstos moduladores ds situina también pueden ser usadas para tratar
y / o prevenir el cancer. En ciertas  incorporacionss, s Gompuestos
moduladares de sirtuina que incremantzn & nivel y / o actividad de una proteina
sirtuina pueden aer usados para tratar y / o prevenir el cancer. La restric:c:i-f»h de
caloriaz ha sido relacionada a la reduccién =n la incidencia de dasdrdenss

relativos a la edad, incluyendo el cancer.

Dz acuardo con esta, un incremento en el nivel y / o actividad de una proteina

relacionados con la edad, tal como, por sjemplo, &l cancer. Canceras ejamplares
gque pueden ser tratados usando un compussto maodulador de zituing 300
aquellas del cerabro y rifidn; canceres dependientes de hormanas inchuysnda Gl
cancer de mamas, cancer de prastata, cancer testicular y cancer ovarico,
linfomas y leucemias. En los canceres ascciados con tumorss sdlidos, un

compueste modulader pueds ser administrado de forma directa al tumor @l
cancer de sélulas sanguineas, &.9. 1a leucemia, puede ser tratada administranda
un compussto modulador al fluje sanguines o a la médula dsea. Bl crecimiento
benigno de células, eg., las verrugas, también pusds ser tratads. Otras
enfermadades  que  pusden  ser tratadas  incluyen a las  enfermedades
autainmunss, =.g. el lupus sistémico sritematoss, la escleradzrma y la artritis, &n
laz cuales las células autoinmunes deben ser remavidas. Las infecciones viralss
como el harpes, HIV, los adenovirus, y los desdrdenss malignos asociados oon
gl HTLY -1 y los desdrdenss benignos también pueden ser tratacdos por
administracién de un compuests maduladar de zirtuina. De forma altemativa, 1az

células puedan ser obtenidas a parlir de un sujeto, tratads & vivo para remaovar
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ciertas células no desgables, .., células ranceresas, v administradas de nuevo

al mismo o a un sujeto diferente.

er oo — administrados  con 163

]

Los agentz  quimictzrapéuticoz pusdsn
compuestos maduladores  descritos aqui como tznisnda actividad  anti —

cancerigena, @.g., compuastos qus inducen apoptosis, compusstos que reducen

n

al estrés. Lios

[N}

&l perindo de vida o compusstos ques hacen a las células sensibles
agentes quemo — lerapduticos pusden ser usados por si nMisMos Gonoun
compuesto modulador de siduina desarito agqui como inductor de la musrte
celular o reductor del pericds de vida o capaz de incrementar la sensibilidad al

y

eatrés v / o &n combinacion con otros agentes terapéuticos. De forma adicional 2
los quimicterapéuticos convencionales, 108 compuestos moduladanes de sirtuina

descritos aqui también pusden ser usados con RNA antisenticdo, RMAI u otros

polinucleotidos para inhibir la espresion de los componentss celulares qua

contribuyen con la proliferacion celular no deseada.

Las terapias de combinacidn comprendiends compuestos moduladorss de

n

= ventajosas zolbre

sirtuina y un agente convencional de quimiotzrapia puedan
las tzrapias de combinacién conacidas en el arte porque la combinaciin permite
al agente quimio - terapéutico convencional ejercer un mayor efzcle a una dosis
menar. En una incorporacian preferida, 1a dosis efectiva (EDsg) para un agente
quimicterapéutico, o una combinacién de agéntzs quiminterapéuticos, cuands &3
usada en combinacidn con un compuaste moduladaor de zitving 23 al manos 2
vaoes menos que &l EDg para el agents quimictzrapéution sdlo, & inclusa mas
preferible a & veces, 10 vecas, o incluso 26 veces. De forma inverza, el indice
tzrapéuticn (T1) para dichs agents quimio — terapéutico o combinacion de dicho
agents quimio — terapéutico cuanda &5 usado en combinacidn con un compuests
moduladior de sirtuina descrito aqui puede ser al menos 2 vecss mayor que el Ti
para el régimen quimicterapéutico sonvenacional sélo, & incluso mas preferible a

Fvenes, 10 veoes o 25 vacas mas.
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Enfermedades / Desordenes Neuronales

En ciertos aspectos, los compusstos moduladores de sirtuing que aumeantan el
nivel y / o adtividad de una proteina sirvina pueden ser usadoss pars tratar
pacientzs sufriends enfermedades neurcdegensrativas, y fesidn traumatica o
mecanica al sistema nervioso central (CNS), a la médula espinal o ¢l siztema
nervioso periférico (PNS). La enfermedadl neurodeganarativa invalucra, de farma
tipica, reducciones en la masa y volumen dal cerebro humana, Jue pusde ser
debida a la atrofia y / o muerte dz células cerebrales, que s2an mucha mas
profunclas que las qua pusden ser atribuidas a una persona saludable que haya
suffide envejecimiento. Las  enfermadadss neurcdegensrativas pusden

evolucionar de forma rapida, luzgo de un perioda normal de funcion cerebral

normal, debide a degeneracian prograsiva (2.9, disfuncion y muets de las
célulaz nerviosas) ds regionas especificas del cerebro. De forma altzmativa, las
snfermedades neurodegenzrativas pusden tener un efects inmediats, como

aquellos atribuiblzs a los traumas y las toxinas. Bl efecto de la degensracian

cerebral puads preceder [a expresidn clinica por muwshos anes.

Ejemplos de  enfermedades nzuradegensrativas incluy=n, perc no Sstan
limitadas a, Mal de Alzheimear (AD), Mal de Parkinson (FD), enfarmedad de
Huntington  (HD), esclerosis anictrépica lateral (ALS, enfermedad de Lou
Gehrig), enfermedad de Lewy difusa en &l cusrpo. Corea — acantoaitosis,
esclerosis primaria lateral, enfermedades oculares (neuritis ocular), neurcpatias
inducidas por quimioterapia (2.9 a partir de vincristina, paclitasel, bortezomib),
las neurapatias inducidas por diabetes y la atasia de Frisdrzich. Los compuestos
moduladares de sirtuina qua aumentan &l nivel y / o actividad de una proteina
sifuina pueden ser usados para tratar estos desérdenss y otros, como 3@

describe abajo.

El mal de Alzheimer s un desarden dal sisksma nerviosae central gqus resulta en

la pérdida de la memoria, compartamiento errdtico, cambios des personalidad y
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una reduccisn de las habilidades cognitivas. Estas pérdidas estan relacionadas
con la muerte de un tipo especifico de células nerviosas y 1A ruptura de
conexionss y su red conectora (2.9, células gliales) entre ellas. Los primeros
sintomas incluyen la pérdida de 1la memoria a corto plazao, fallas de juicio y
nervinso cantral que resulta en movimientos del cuerpo descontroladoes, rigic'lez,
temblores, y disquinzsia, y s asociadd con la muerte de célulaz cerebrales 2n
un arza del cerebro que produce dopamina. La esclerosis aniotripica (una
erfermedad de las neuronas motoras) es un desorden del sistema nervioso
central que ataca las células neuronales motoras, componsntss del sistemia

nervioso central gque conectan el cerehbro a los muscules.

El mal de Huntington es otra enfermedad neurodegensraliva gue  Causs
movimientos. 1o controlades,  pérdida de facultades intelectualss, y
perturbaciones amocionales. La enfermedad de Tay — Sachs y 1a anfermedad de
Sandhoff son enfermadades de almacenamisnts de glicolipidos donde la GM2
ganglidsida y 1os glico — lipilsustratos para la Thexosaminidasa s acumulan an

&l sistema nervinso y causan una neuro — degenaracion aguda.

 Lien sabido que la apoptosis juega un rol en la patogénesis del SIDA en 2l

B
0

sistema inmunz. Sin embarge, & HIV — 1 también induce la enfermadad

neurclégica, que puede 2er tratada con los compuestos moduladores de zirtuina

de la invencidn.

La pérdida neuronal también @3 una  caracteristica dominantz 20 lag
enfermadades de prion, como la enfearmedad de Creutzfeldl — Jacok en 105 seres
humanos, la enfermedad de las vacas locas en &l ganada, |a enfermedad de
Scrapie en las cabraz y chivos, y la encefalopatia fzlina espongiforms (FSE) @n
gatos. Los compuestos maduladores de siuina que incrementan &l nivel y /o
actividad de una proteina sifuina pueden ser Gtiles para tratar o pravenir la

pérdida neuronal debido a estas enfermedadzs previas.
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En aotra incorparacisn, un compuesto madulador de sirbiina que incrameanta el
nivel y / o actividad de una l:-réteina situina pusds ser usado para tratar o
aravenic cualgquier enfermedad o desarden que involucre la avonopatia. La
awonopatia distal &s un tipo de newropatia periférica que resulta en algin
desorden metabdlica o téico de las nauronas del sistema nerviceo perifarico. Es
la respuesta comuan de lns n2rvios a la ecurrencia d= perturbacionss metabilicas
o téicas, y como tal pueds ser causada por anfermedacles matabdlicas tales
como la diahetes, la falla renal, sindromes de deficierzia como malnutriciin y
alcohclisma, @ los efectos de tosinas o drogas. Aquellzs con asonopatias
distales a menudo presentan perturbacianes de 108 sensores motores simétricos
en forma de guante. Los reflajos en los tendones profundos v las funcionas
autonémicas del sistema nerviosa son también perdidas o disminuidas en las

regiones afectadas.

Las neuropatias diabéticas son desdérdenss neuropaticos  asociados con a
diabetes mellituz. Condicionzs que son comunes, de forma relativa, que pusdan
sel ascciadas con la neuropatia diabitica incluyen la paralizis del tercer Mervio,
maonsheurcpatia, monoanauritis maltipls, amictropia diabatiza, una polineuropatia

dolorosa, neuropatia autondmica, y neuropatia toracoakdominal.

La neuropatia periférica as &l término médizn para @l dafo a los nervios del
siztema nerviosa periférice, que puede ser causado por enfermadades del nervio
O por efestos secundarios de enfermedades sistémicas. Las mayores causas de
neurcpatia |:--ariféri-::a' incluyen los espasmos, las deficiencias nutricionalzs, v el

HIV, aunque la diabetes es 1@ causa mas comnun.

En una incorporacion sjemplar, un compuests modulador de o situinag que
incrementa sl nivel y / @ actividad de una proteina situina pueds ser usada para
o

tratar o prevenir la esclerosis multipls (MS), incluyendo la esclerasis maltiple

regrasiva, y la esclerosis maltipls monosintomatica, v o olraz condiciones

—
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desmizlinisantss, como  por ejempls,  1a polinsuropatia - desmislinizante

inflamataria crénica (CIDP), o sintomas asociades a la misma.

En otra incorporacian mas, un compussto moduladar de siruina que aumenta 2l
nivel y / @ adtividad de una proteina zirtuina puade ser usado para tratar traumas

a o3 narvios, incluyendo trauma debido a enfermedad, lesion (incluyenda

intervencion quirdrgica), o lesidn ambiental (2.9, neurotcrinas, alcoholisma, eto).

Los compusstas moduladores da sirtuina que incrementan el nively /o actividad
de una proteina situina pueds también ser Otiles para prevenir, tratar y aliviar
sintomas de varos desérdenes del sisteama nervioso  periférico. BN tErming
“‘neuropatia periférica” abarca una amplia gama de desdrdenes en los cuales 1os
nervios fuera dzl cerebro y la médula espinal — nervios periféricoes — han sido
dafados. La neuropatia periférica tambign puscds ser referida comao neuritis
herifériza, o si muchos nervios estan involucrados, los terminos polineuropatia o

polineuritis pueden ser usados.

Las enfermedades del sistema narvioso periférico ratables con compusstas
moduladiores ds sirtuina que incrementzn &l nivel y / o actividad de una protsina

sirtuina incluyen a: la diabetes, 1a lepra, Ia enfermedad de Charoot — Marie —

i)

Tooth, &l sindrome de Guillain — Barré y las Neuropatias del Ple-o Braguial
(enfermedades de la carvical y primeras raizes tordzicas, troncos de nervics, y

componentes des nervios periféricas del ple<o braguial.

En otra incorparacion, un compuesto activadar de sirtuina pusds ser usads para
tratar o prevenir una enfermedad poli — glutamina. Enfermedadas poliglutaminaz
sjamplares incluyen la atrofia muscular Espinobullar (enfermedad die Kennady),
enfermedad da Huntington (HD), atrafia Dentatorubral — palidoluizana (Sindrame
d= Haw River), ataria Espinocerebelar del lipo 1, ataxia Espinocersbalar de tipo
2 ataxia Espinocerebelar de lpo 2 (enfermedad de Joseph - Machado), atavia

Espinacerehelar de tipo 7y atavia Espinocerebelar de tipo 17,
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En ciertas incorporacionss, 1a invencién proves un método para tratar una célula
dzl sisterna nervioso central para prevenir daio en respussta a una reduccién de
flujs sanguinzo a la célula. D= forma tipica, &l mads de severidadl del dafno que
pusde ser pravenido dependsra en gran parts del grado de reduccién en flujo
sanguined a la célula y la duracién de la reduccidn. En una INCOracion, 1a
muerts  celular por apoptosis o necrosis puede ser pravanida. Enoouna
incorporacion mas, el dafio isquémico, tal como &l presents en un edema
citotéeicn o en la anoxemia de 1os tejicdos del sistzma nerviosa, pusde ser

calula nerviosa o una célula cerebral.

Otro aspects involucra la administracién de un compussto activador dz sirtuing a
un sujeto para tratar una condicién isquémica del sistzma nervioso central. IIn
namers de condiciones isquémicas del sistzma narviosa central pueden ser
tratadas por los compusstos activados por sifuina desaritas agqui. Enouna
incorporacion, la condicion isquémiza es un derrame que resulta en cualjuier
tipo de dafo igquémico al sistema nervieso central, tal como muerts celular
apoptotica o necrdtica, edema citdeico o anovia a tgjido del sistema nervioso

central. El derrame pusde impactar cualquier area del cerebro o ser causadky por

1

cualgquier etinlogia comanmante conccida a resultar en la acurrencia de un
derrame. Enouna alternativa a esta incorporacién, el derrame s un derrama da|
tallx cerebral. En otra alternativa a esta incorporacian, &l derrams e un darrams
rerehelar. En otra incorporacian mas, 2l darrame &s un derrame embdlics. En
otra altzrnativa mas, =l derrame puade ser un derrama hemorragico. En una

incorporacion mas, &l derrams es un derrame tromisético.

En otro aspacta mas, un compuesto activacor de sifuvina pusds sar activada para
reducir &l tamano de infarto del ndalen isgquémica siguiends una condicidan
isquémica del sistema nervioso central. Adn mas, un compussts activador de
siftuina puede también resultar beneficioso al ser administrado con la intencian
de reducir &l tamafo de la penumbra isquémica o la zona tranzicional siguiend?

una condicién isquémica del sistama nervinao central.
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En una incorporacion, un régimen de combinacién de drogas pueds incluir
drogas o compuastos para &l tratamientc o prevencién des desdrdenzs
neurodegenarativos o condicionss secundarias asociadas a estas condicionss,
Asi, un régimen de combinacian puede incuir uno o mas activadaras de sirtuina

y uno o mas agentes anti — n.:urr-rlwgwruzra- iGN,
Desordenes de Coagulacion Sanguinea

En otros aspectos, los compuestos maoduladorss de siruina gque incrementan 2|
nivel y / o actividad de una proteina sirtuina puedan ser usados para tratar o
prevenir dezdrdenas de coagulacion sanguinza (o desdrdznes hemaostations).
Como s= uzan de forma int=rcambiable en este documents, oz t&minos
“hemostasis”, “coagulacion sanguinga”, y “coagulacién de la sangre” e refierzn
al contral el sangramientn, incluyendo las propiedades fisioldgicas de [a
vasoconstricoian y coagulacidn,  La coagulacién sanguinea asiste en mantensr
la integridad de la circulacién de los mamiferos luego de ser lastimanas, sufric
inflamacion, enfermedad, defectos congénitas, disfuncidn u otres problemas.
Ad=mas, la formacion de codgulos sanguineos na salo imita 2l sangrada en al
caso de una lesion (hemaostasis), sino que también pusds llegar a dafio seria de
los drganos y muerte @n &l contexto de las enfermedades aterossaleriticas por
acluaion de una vena o arteria importantz. La trombosis es puss 1a farmacian de

codgulos sanguineos en el momeanto y lugar aquiviacado.

D& acuerdo con esto, la presante invencién proves tratamientas anticoagulacion
y antitrombdticos dirigidas a inhikir 1a formacién de coagulss sanguineos para
pravenir o tratar los desérdenas de coagulacién sanguinea, come &l infarte al

mioc::ardiu:., derrame, o pérdida de una extremidacd por enfenmed ad arterial

Como e usa adqui, de forma intercambiabbs, “modular o maodulacién de
hemostasis” v “regular o regulacian de hemastasis” incluye la induccion (2.9,
estimulacion o aumento) de hemostasis, asi comao la inhibicién (2.9., reducciin o

decremento) de hemaostasis.
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En un aspecto, la invencidn provee un método para recluzir o inhibir 1a
hemastasis =n un sujeto administrands un compuasto maduladar d= sirtuina que
incremanta <l nivel y / o actividad de una proteina sirtuina. Las COMPnSicione: y
métodoa discutidas agqui son Gtiles para el tratamiento o pravencidn de 153

.

dasérdenes trombdticos. Goma se usa aqui, &l tEmino “desorden trombitios”

incluye cualquisr desorden o condicién caracterizada por coagulacian exoeziva o

z

no deseada o actividad hemostatica, o un estado hiparcoagulable.

Log  desdrdenes  trombdticos  incluyen  enfermedades o desdrdsnes  qua
involucren la adhesién de plaquetas y formacién de trombos, v pusden
manifestarse comao un propension aumentada a formar frombosis, Q. un
numerec incrementado de tromhbosis, trombosis a una edad tamprana, tzndancia

familiar a la trombosis, y trombosis =n locacionas inusuales.

En olra incorporacion, un régimen de combinacion de drogas pueds incluir
drogas o compuestos para &l tratamients o prevencion e desdrdenss de
coagulacién - sanguinza @ condiciones  secundarias  asociadas con ==tas
condicionzss. Asi, un régimen de combinacién de drogas pusde incluir una o mas
compuestos moduladores de sirtuina que auments &l nivel y / o actividad de una

proteina sirtuina y una o mas agentas anti — coagulacion o anfi — trombiosis.
Control de Peso

En olro aspects, compuastos maduladores de sirtuina que incrementen el nivel y
/ o actividad de una protzina sirtuina puaden sar usados para tratar o prevenir el
aumento de peso o la ohesidad en un sujeto. Par gjemplo, compuszstos
moduladores de sirtuina que incrementzn 2l nivel y / o actividad de una proteina
gituina pusden ser usados, por gjempls, para tratar o prevenir ia abesidad
hereditaria, la obesidad producto de la dista, la obesidad relacionada con
hormonas, la obasidand relacionada con la administracion de medicacién, para
reducir &l peso de un sujeto, o para reducir o prevenir @l auments de peso @nun
sujsto. Un sujeto en necesidad de dicho tratamiento puede ser un sujeto que se

encuentre obeso, tenga probabilidad de volverse obesa, con sobrepazs, & Gon
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probahilidad de tener sobrepesa. Los sujetos que tiznen po sibilidad de volverse
ahazos o tener sobrepeso pusden ser identificados, por ejampls, basandose &n

historia familiar, gen&tica, dieta, nivel de actividad, toma de medicamantos, o

varias combinaciones de aestos factores

En otras incarporaciones mas, los compuestas moduladorss de siruina que
incrementen &l nivel y /o actividad de una protzina sirtuina puedsn 3@
administradns a sujetos sufriendo de una varizdad ds otras enfermedadss y
condicionss que puaden ser tratadas o prevenidas promoviendo la perdicda de
peso en el sujeto. Dichas enfermedades incluyan, por ejempls, 1a alta preziin
sanguinea, 1a hipartensioin, nivel alto de colesteral en 13 sangre, dislipidemia,
diabetes de tipo 2, resistencia a la insuling, intolerancia a la glucoza,

hiperinsulinemia, enfarmedad coronaria del corazén, angina  pectors, falia
congastiva del corazdn, derrame, pisdras en s ridcnes, oo sacistitiz y
colelistiasis, gota, ostecartritis, apnea obstructiva del sueic y problemas
respiratorios, algunes tipos de cancer (comao &l endomatrial, de mama, pristatay
colon), complicaciones de embarazo, pobre salud reproductiva femenina (tal
como iregularidad de ciclo, infertilidad, ovalasian irrequilar), problemas de
contral de la vejiga (como incontinencia por estrés); nefrolitiasis de acido Grico
desdrdenes psicoldginns (como deprasion, desdrdenss de alimentacion, imagen

corporal distorsionada, y baja auto - estima). Finalmente, los pacientss 2on SIDA

W

]

pusden desarrollar lipodistrofia o resistencia a la insulina en respussta s la

terapias de combinacién para &l SIDA.

En otra incorporacion, compuestos moduladores de situina que incrementan 2l
nivel y / o actividad de una proteina sirtuina pueden ser usados para inhibir 12
adipogénesis o diferenciacion de células grasasz, sea in vitro o in viva, Dichos

métodas puaden ser usados para tratar o prevenir la cbesidad.

En otras incorporacionzs,  los  compuestos moduladerzs de situina que
incrementan el nivel y / o actividad de una proteina situina pusden ser usadss
para raduair 2l apatito y / o incrementar la saciedad, contribuysnd asi a svitar

una ganancia de pesce o causando pérdida de peso. Un sujeto sn necesidad de
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dicho tratamisnto puede ser un sujett que sufre de sobrepesa, s obesa o @S un
sujeto con alta probabilidad dz volverse abasa o presentar sobrepass. Bl métada
puads comprender la administracian diaria o interdiaria, semanal, de una dosis,
e.g., en forma de una pastilla, a un sujeto. La dosis puade s2rouna “dosis

reducicra del apetito”.

En una incorporacion ajemplar, compuestos  moduladores de siduina qua
incrementsn el nivel o actividad e una proteing siruina pueden ser
administrados como una terapia de combinacidn para tratar o prevenic a
ganancia de peso o la obesidad. Por gjemplo, una o mas CompUEstos

moduladores de sifuina que incrementen el nivel y / o la actividad ds una

]

proteina sirluina puedsn ser administracdos en combinacidon con uno o mas

o

agentes anti — obesidad.

En olra incorporacian, los compuestos maduladoras de sifuina gque incrementan
el nivel y / o actividad de una proteina situina pusden ser administracos para
reducir una ganancia de peso inducida por drogas. Por gjemplo, un compauesto
maduladar de zirtuina gue increments &l nivel y / o actividad de una proteina
gifuina pusde zer administrade como una tzrapia de combinacidn con
medicacioness que pusdan estimular &l apetito o causar ganancia de peso, an

particular, ganancia de peso debido a factores distintos a ta retenciin dz agua.
Desordenes Metabdlicos / Diabetes

En ctro aspects, los compuastos moduladonzs de zifuina que aumeantan el nivel
y / o la actividad de una proteina siruina pueden ser usados para tratar o
prevenir un desorden metabdlico, como la resistancia a la insulina, un astacdo pre
— diabétion, la diabetes de tipo 1, y / o complicacionss de los mismas. La
administracicn de un compuesto maduladar de zituina que incremante 2l nival v /
o la actividad de una proteina zirtuina puade incrementar la sensibilidad a la

insulina y / o raduair os niveles de insulina en un sujsto.

Un sujeto en necesidad de dicho tratamiento pusde ser un sujeto que tznga

resistencia 2 la insulina u otro sintoma precursor de la diabetes de tipo 1, que
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lizha diabetes de tipo |, o que presanta la probabilidad de desarrollar cualguizra
dz astas condiciones. Por ajemplo, el sujeto pusds ser un sujste tenienda
resistancia a la insuling, e.g., teniendo altas nivelzs de insulina circulants y /
condiciones asociadas,  tales  como  hiperdipidemia,  diglipogénesis,
hiperaclzsterolemia, tolerancia a la glucosa disminuida, altos niveles de azucar
en sangre, otras manifestaciones del sindrome X, hipertensiin, atsrosclerseis y

lipodistrofia.

En una incorporacidn ejemplar, las compuestos moduladares de situina que
incrementen el nivel y / o actividad e una proteina sirfuina pusden zer
administrados coma una terapia de combinacidn para tratar o prevenir un
desardan metabslicn. Por sjemplo, uno o mas compuestoz micduladores de
siftuina Aque incrementen el nivel y / o actividad de una proteina insulina puede

ser administrados en combinacién con uno 9 mas agentes anti — diabaticos.

Enfermedades Inflamatorias

En otros aspectds, los compuestos moduladores de situina que incremantan el
nivel y / o actividad de una proteina sirtuina puedan ser usados para tratar o
pravenir una  enfermedacd o desorden  asodiada con 13 inflamacidan. Los
compuestos moduladaores de sirtuina que incrementan &l nivel v / o la actividad
de una proteina sirtuing pusden ser administrados antes de la courencia, al
momento, o luego de la iniciacion de la inflamacion. Cuando se usan de forma
profilactica, log compuestos son provistos, de forma preferiblz, - antes de

cualquier respuesta o sintoma inflamatario.
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La administracién Jde los compuestos pueds prevenir o atznuar las re:

inflamatorias o sus sintomas.

En otra incorporacion, los compuestos maoduladores de sirtuina fue incramentan

el nivel y / o la actividad de una proteina siruina pusdsn ser usados para

prevenir alergias y condicionss respiratorias, incluyends asma, Hronduitis,
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fibrosis pulmenar, rinitis alérgica, toxicidad al ovigzno, enfizema, bronduitis
crénica. sindrome  de  estrés respiratorio agudo, vy cualquier  enfermedad
pulmanar créniza abstructiva (COPD). Los compuestos puzdan ser usadas para

tratar la infeccidn arénica por hepatitis, incduyendo la hepatitis By a hepatitis C.

D= forma adicional, los compuestes moduladores de sirtuina que incremstan el
nivel y /o actividad de una protsina situina pueden ser usados para tratar
enfermedades auta — inmunes y / o inflamacién asociada con enfermedades
auto — inmunes tales como las enfermedades de bejido — drgana autoinmune
(z.g9. sindrome de Raynaud), esclerodema, miastenia grave, rechazo de
transplantes, shock endotisico, sepsis, psariasis, &cIema, dermatitis, =sclzrosia
multiple, tiroiditis autoinmune, uveinitis, lapus 2ritematoso sistémica, enfermadad
de Addison, enfermedad poli — glandular auto - inmune (tambign conocida como

sindrome auto — inmune poli — glandular ), y 1a enfermedad de Grava.

En ciertas incorporacionss, una 0 mas compuestos moduladares de sirtuing que
incrementan el nivel y / o actividad de una protsina sirtuina pusden ser tomados
solne o 2n combinacién con otros compuestos Gtiles para tratar o prevenir 1a

inflamacian.
Rubicundez

En otro aspecto, compuestos moduladores de sirtuina que incremeantan el nivel y
/ o adtividad de una proteina zirtuina pusden ser usados para reducir |a
incidencia o severidad de la rubicundas y /o los calentanes que zon gintomas de
un desorden. Por gjempla, 2l método sujets incluys &l uso de compusstos
modulacdores de zirduina que incrementan @l nivel y / o actividad de una proteina
gituina, sAla o en combinacion con atros agentes, para reducir la incidencia o
severidad de la rubicundes y / o calentones en pacientss de cancer. En otras
incorporaciones, & método proves el uso de compusstos moduladares o2
sifuina que incrementan el nivel y / o actividad de una proteina zirtuina para
reducir la incidencia o severidad de la rabicundsz y / o los calentonas an mujeres

MENGPRAUSIZAS ¥ post — Menapausicas.
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En otra aspects, os compusstos maduladares de sirtuina que incremantan el
nivel y / o actividad de una protzing siruina pusdsn ser usadas coma una terapia
para reducir la incidencia o severidad de la rubicundez y /o los calentones que
son efectos secundarios de obra terapia de drogas, €.q. rubicundez inducida por
drogas. En ciertas incorporacionss, un métado para tratar y [ o prevenir
rubicundez inducida por drogas incluye la administracion a un pacients que la
necesitz, de una formulacién comprendienda al menos un compuesto qua
indu=ca la rubicundez y al menos un compuesto modulador e situina que
incremente &l nivel y / o la actividad dz una protzina situina. En otras
incorporacioness, un método para tratar la rubicundez inducida por drogas
comprands 1a administracion separada de uno o mas compuestos que induzcan
la rubicundesz y uno o mas compuestos de maodulacion de la rubicundsz, 9.,
donde el compuesto de modulaciin de ~nlum:1 y &l agents induccidn de
rubicundes no han zido formulados en las mismas composicionss. Cuando
uzanios formulaciones separadas, 2 compuesto modulador de sitvina pueds ser
administradi (1) al misma moments que s administra ¢l agents Jue induce la
rubicundes, (2) de forma intermitents con el agente de induccidn de rubicundes,
(%) de forma distante relativa a la administracién del agentz de induccion de
rubicundez, (4) de forma previa a la administracion al agente de inducciin de
rubicundez, (5) de forma subsecuente a la administracién del agente e
induccién de rubicundsz, y (B) varias combinaciones de 1o misma. Loz agentes
de inductores de rubicundss ejemplares  incluyen, por sjempls, 12 niacina,
faloxifens, antidepresivas, anti — psicdticos, quimiotzrapias, blogqueadores dea

canales de calcio, y antibidticos

En una incorporacién, los compuestos maduladores de sirtuina que incrementan
el nival y / o la actividad o= una proteina siruina pusden ser usadas para reducir
s efectos secundarios de rubicundez de oun vasadilatador o un agente
antilipémizo (incluyendo agentz anticolsstzrémicos y agentss lips trépicas). En
una incorparacian gemplar, un compussto modulador deé siruina que incremanta
&l nivel y / o actividad de una proteina sirtuina puede ser usado para reducir 1a

rukicundes asociada con la administracién de niacina.
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En otra incorporacion, la invencion proves un métods para tratar y / o prevanir |2
hiperlipidemia con &fectos de rubicundes reducidos. En otra INCOroracion
repreaantativa, 2l método involucra 2l uso de compuestos maoduladores de
sifuina que incramanten =l nivel y / o actividad de una protsina siduina para
reducir los efectos secundarios de rubicundez de los anti — depresivos o un
agentzs anti — psicético. Por gjempla, compuastos moduladorzs de ziduina que
incremanten el nivel y / o actividad de una proteina sirtuina pusden ser usados &n
conjuncién (@dministrados de forma separada o junta) <on uninhikidor de

reabscrcian de serotonina, o un antagonista de receptor SHTZ.

En ciertas incorporacionss, los compuestos moduladorzs de zituina que
incrementen <l nivel y / o adtividad de una protsina sirtuina puaden ser usados
come parte de un tratamiento conun inhibidar de reabsorcién de szrotoning
(SRI) para reducir la rubicundez. En otra incorporacidn reprasentativa mas, (3
compuastos moduladores de situina qus incrementzn el nivel y / o actividad da
una proteina zifvina puaden ser usades para reducir 1oz sfectos de rubicundsz
secundarios de los agentes de quimiotzrapia, coma la ciclo — fosfamida y el

tamoxifen.

En otra incorporacian, los compuestos madulacdares dz sirtuina que incrementsn
el nivel y / o actividad de una proteina sifvina pusdan ser usados para reducir 103

afactos secundarios de rubicundez de blogqueadores de canales de calcio , como

la amlodipina.

En otra incorporacién, los compuestos moduladares dz siduina que incremanten
&l nivel y / o actividad de una proteina sirtuina pusden serusadas para reducir 1os
afecins  secundarios de rubicundss de los antibidticos. Por gjemplo, 103
compusstos moduladores de siruina ques incremeanten &l nival y / o actividad de

una proteina sirtuina pueden ser usados en combinacién con levoflo-acina.
Desordenes Oculares

Un aspecto de |a presents invencian es un métado para inhikir, reducir o tratar |2

reduccidn de vision administrando a un paciente una dosiz terapéutica de un
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maodulader de zirtuina seleccionads a partir de un compuesto mencicnads aqui, o
una sal farmacéuticaments aceptable, prodroga, o metabolito darivado de a

misma.

o

En ciertos aspectos de la invensidn, & desmejoramients dz la visidn ez cansado
por dafio al nervio éptico o al sistema nervieso central. En INCOTporacionas
particulares, &l dafo al nervio Aptico s causada por una presidn intrascular alta,
tal como 1a creada por glaucoma. En otras incorporacionss particulares, =l dafio
al nervio aptico es causado por 12 inflamacién del nervio, quz ez a mEnuado
asociada con una infeccién o una respuesta inmune (2.9., auts - inmune) tal

como la neuritis dptica.

En ciartos aspectos de la invencion, 2l desmejoramiento ds la visién ez causad:
por dafio retiniana. En incorporaciones particulares, =l dano retiniana ez causadn
por perturkaciones en el flujo sanguinzo al ojo (2.9., artsriosclerssiz, vasaculitis).
En incorporacionas particulares, el dafc ratiniana és causada por dizrupcian de

la macula (2.9., degenaracisn macular exudativa o no exudativa).

Enformedades  retinianass  gjemplares  incluyen  la Degeneracidn Macular
Palacionada a la Edad, E:udativa, Degeneracién Macular Relacionada con a
Edad No E-udativa, Protesis Retiniana Electrénica y Degzneraciin Macular
Relacionada a Edad de Transplantz RPE, Epitzliopatia Aguda Multifocal de
Pigmento Placoidz, Mearosis Reliniana Aguda, Enferniadad des Bast, Qclusziin de
la Rama de la Arlzria Retiniana, Goluzidn de la Fama de la Vana Fetiniana,
Cancer Asociado y Retinopatias Auto — inmunes Relacionadas,  Ocluzidn de la
Arteria  Petiniana  Central,  Qclusion  de la Vena  Retiniana Central,
Coriorstinopatia Serosa Central, Enfermedad de Eales, Membrana Epimacular,
Degeneracién de Capilares, Macro — aneurisma, Edema Maczular Diakbstion,
Edema Macular lrving — Gass, Husco Macular, Membranas Meovasculares
Subratinianas, Neuro — retinitis Difusa Unilateral Subaguda, Edema Macular
Cizloide No — pseudofaguico, Sindrome de Histoplasmasis Ocular Presumida,
Dizepegue Retiniana Exudativo, Despegus Retinians Post — aperativa, Despeque

.

Ratiniane  Proliferativo,  Despegue  Retiniano  Regmaligeno,  Despegue
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PetinianoTraccional, Retinitis  Pigmentoza, Retinitis CMV, Petinabiastoma,
Retinopatia de Premaclu_lrez, Petinapatia causada por Antecedentes Diabaticos,
Retinopatia Diabética Prolifzrativa, Retinopatia Hemaglobinopatiza, Retinopatia
de Purstheer, Retinopatia de Valsalva, Retinosquisis Juvenil, Fetinosauisis Senil,

Sindrome de Terson y Sindromes de Punto Blanao.

Otras enfermedades sjemplares incluyen las infecciones de bacterias ooularss
(&.9., conjuntivitis, queratitis, tuberculosis, sifilis, gonarrea), infecsionss virales
(e.g. Virus del Herpes Ocular Simplze, Virus Variczlla Zoater,  Retinitiz
Citomegalovirus, Virus de Inmuno — deficiencia Humana (VIH)) asi como
necrosis retiniana extema progresiva secundaria al VIH u otrag enfermedadas
asaciadas al VIH u otras enfermedades asaciadas a la inmunodeficiencia acular.
De forma adicional, 1as enfermedadas oculares incluyen a las infesciones e
hangos (z.9. Candida coroiditis, histoplasmosis), infecsiones protozoarias (2.0.

teeon plasmosis) y olras tales coma la toocariasis y la sarcoidosis.

Un aspecta de la invencién &s un método para inhikir, redusir o tratar B
reduccian de la visién en un sujeto que estd en medio de tratamients con una
droga quimiaterapéutica (2.9., una draga neurotécica, una droga que auments 1a
presion intra — ocular, tal como un estercide), administrandala al sujeto en
necesidad de dicho tratamiento una dosis terapéutica de un mcdulador de

sirtuina mostrado adqui.

Otre aspecto de |2 invencidn s un métado para inhibir, reducir o tratar el
desmejoralﬁiento de la vision en un sujEc que esté sisndo sometido a tarapia,
incluyendo cirugia coular u otras relacionadas en la posicién recostada con Ia
cabera hacia abajo como la cirugia de médula espinal, adminiztrandc al 2ujeto
zn necesidad de dicho tratamiento una dosis terapéutica de un moduladar de
sifuina mastraco agui. Las cirugias coulares incluyen la catarata, la indotomiay

el reemplazo de lentes,

Otro aspecta de la invencidn ea ¢l tratamisnto, incluyendo la inhibicién y 2l

Y]
oy

tratamiento  profilacticn, Jde enfermedades relacionadas al ojo incluye a |
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cataratas, la sequedad de ojos, degeneracién macular relacionada con 1 &d ad
(AMD), dafic retiniane y los similares, por administracidn del sujsto an nace siclad
de dicho tratamiznto, de= una dosis terapiutica de un moduladar de situina

maostrado aqui.

Otra aspects de la invencién &s 1a pravencién o tratamiento de dafo al oo
causado por estrés, efecto quimico o radiacion, administranda al sujeto en
nacesidad de diche tratamienta una dosis terapéutica de un madulador de
sirtuina descritn aqui. La radiacion o el daio elsctromagnética al ajs pusds incluir

aqual causado por CRT o par la exposicidn a la luz del sol o a uz ultraviolzta.

En una incorporacién, un régimen de combinacidn de drogas pusds incluir
drogas o compusstos para el tratamiento o pravancidn de desdrdenss ooulares o
condiciones secundarias asociadas con estas condicionzs. Asi, un régimen de
combinacian de drogas puade incluir uno o mas activadores sifuina y una o mas

agentes terapéuticos para <l tratamients de un desorden ocular

En una incorporacién, un moduladar situina pusde  ser administrado e=n

conjuncidn con una terapia para reducir la presién intra — ocular. En otra

incorporacion, un modulacdor situina pusds ser administrado en conjuncidn son
una terapia para & tratamiento y / o la pravencién dal glancoma. Enootra

incorporacion mas, un modulador de zituina pueds zer administrado en
SoNjUNCIAn con una terapia para 2 tratamisnto y /o la pravancion de la neuritis
gptica. En una incorporacian, un modulador siruina puedz ser administracs en
conjuncién con una terapia para tratar y / o prevenir la Ratinopatia CMV. En otra
incorporacidn mas, un modulador de o siruina puede ser aclministrads  en
conjuncién con una terapia para &l tratamiento y /o la prevencian de la

esclerasis multiple.

Enfermedades y Desérdenes Asociados a las Mitocondrias

2\
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En ciertas  incorporacionss, la  invencién  proves  métedos  para tratar
enfermadades o desdrdenss que se beneficiarian de una actividad mitocondrial
aumentada. Los métodos involucran la administracian a un sujeto en nesesidad
del mismo de una cantidad efectiva, de forma terapsutica, Jde un SompuEsts
activacor de situina. Una actividad mitecondrial aumentada se refizre a una
actividad incrermentada de 13 mitocondria mientras se mantienan s nomerss
generalas de mitocondria (£.9., masa mitacondrial), aumentando &l namara de
mitocondrias por tanto aumentarsds 1a actividad mitocondrial (2.9. aatimulando |a
biogénesis  milocondrial), © combinaciones  de  los mismos. En ciertas

incorporaciones, las enfermedadas y desdrdenss que se beneficiarian de una

z

actividad mitocondrial elevada incluy= a las enfermedadess o desordenas

asociados con la disfuncién mitocondnial.

En ciertas incorporaciones, los métodos para tratar enfermedades o desdrdenas
que se  henaficiarian de upa actividad  mitocondnial aumentada pusden
comprendar 1a identificacidn de un sujzto sufriendo de clisfuncién mitocondrial.
Los métods para diagnosticar una disfuncidn mitocondrial pueden involucrar
analizis gendticos, pataldgicos y /o bicquimicos. Las  enferms: ades v
desardenes asociadas con la digfuncion mitocondrial inzluysn a enfermadadss y
desérdenes en los que déficits en la actividad de la cadena respiratona
mitocondrial - contribuyen  al desarrolle de la patofisiologia - de dichas
snfermadadas o desdrdenzs en un mamifaro. Las enfermedades o desdrdenss
que s& beneficiarian de la actividad mitocaondrial aumentada en general incluysn,
por gjempls, enfarmadades en las que las lesiones mediadas por radicales libres
llevan a la degeneracion de tejidos, enfermedadss en las qus las células sntran
en apoptosis de forma inapropiada, y enfarmedades en las que las qus las

células fallan =i entrar =n apoptosis.

En ciertas incorporacionss, la invensidén proves métodos para tratar una
enfermedad o desorden que se bensficiaria de una actividad  mitocondrial
slevada que involucrs la administracién a un sujeta en nacasidad del misma una

o mas compusstos activadores de sifuina en combinacién con otro agent2
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terapéuticn tal como, por gjemplo, un agente atil para tratar la disfuncién
mitccondrial o un agente Ol para reducir un sintoma asociado conouna

enfermadad o desordan involucrando la disfuncidn mitooondrial.

En incorporacionss  sjemplares, la invencidn  proves métodos  para tratar
cnfermedades o desdrdenss que se baneficiarian de un incremeants de activida
mitocondrial administrando al sujeto una cantidad que results terapéuticamente
efectiva de un compuesto activador e sittuina. Enfermedadss o desdrdeznes
gjzmplares incluyen, por gjemplo, desdrdznes neuromusculares (=.9., Ataxia de
Friedreich’s, Distrofia Muscular, Esclerosis Miltipls,  etc),  desdrdenss de
inzzlabilidad neuronal (2.9., desérdenes de espasmos, migranas, eto), retrasos
dal desarrallo, desdrdenss neuradegenaratives (2.0., Mal de Alzhzimer, Mal de
Parkinson, Esclerosis Amiatrépica Lateral, =t), isquemia, acidosis tubular renal,
neuro — degeneracion relacionada con la edad y reduccidn de la capacidad
cognitiva, fatiga producto de 1a quimicterapia, menopausia causada por la edad
o inducida por la quimictzrapia o iregularidades de ciclo menstrual u aovulacién,
mispatias mitecondriales, dafo mitocondrial (2.9., acumulacion de calzio, excito
— tovicidad, exposicion al évido nitrico, hipoxia, etc), v desregulacion

mitocondrial.

La distrofia muscular se refiers a una familia de anfermedades gque involucran el
deteriorn de 1a estructura neura — muscular y la funcidn de la misma, a menuda
resultanda en la atrofia del misculo esqualétion y 13 disfuncidn del miocardic, tal
como la distrofia muscular de Duchenne. En ciertas incorporacionss, o8
sompusstos activadores de situina pueden ser usados para radusir 12 rata =
reduccicn  de  capacidades musculares y  para mejorar @l estatus  de

funcionami=nto muscular en pacientes con distrofia muscular.

En ciertas incorporacionas, los compusstos moduladorss de ziuina puedsn zer
dtiles para el tratamients  de  miopatiaz  mitocondriales. Las miopatias

mitacondriales puzden estar en @l rango de debilidad moderada, lentamanta
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srogresiva de los misculos extra — oculares a miopatias severas, o fatales
infantiles y encefalomiopatiazs - multisistzma. - Alquncs - sindromes han  zido
definidos, con algo de solapamienta entre ellos. Loz sindromes establacidos
afectando al mGsculs incluyen 1a oftalnoplegia extema progresiva, el sindrome
Keamns — Sayre (con oftalmoplegia, retinopatia pigmentaria,  defectos de
ronduceion cardiaca, atavia cerehelar, y sordera sensorinzural), @l sindrome
MELAS (=ncefalomicpatia mitocondrial, acidosis lactica | y episadios similaras al

derrame), & sindrame MERFF (=pilepsia mioclénica y fibras rojas dezgastadas),

En ciertas incorporacionas, los compuestos activadores de sirtuinz pusden ser
atiles para tratar pacientes sufriendo de daio tdwizo a las mitecondriag, tal zomao,
dafio loico debida a la acumulacion de calcio, excito tovicidad | sxpozicién a

Greicho nitrico, dafa tedco inducida por drogas, o hipadia.

En ciettas incorporaciones, los compuestos activadores de ziruina pusden sar
atiles para tratar enfarmedades o desdrdenas asociados con la des-requlaciin

mitocondrial.

Performance muscular

En otras incorporacionss, |2 invencién proporciona métodos para realzar 2l
performance muscular administrando una cantidad terapéutizaments efectiva de
un compuesto situing “activador. Por gjemplo, 108 canpuestos situina

activadores pusden ser Gtiles para mejorar la resistencia fisica (2.9, habilidad
para realizar una tarea fisica tal como ejercicia, labor fisica, actividades
departivas, etc.), inhibiendo o retardands la fatiga fisica, mejoranda Iz nivelas
de oxigeno @n la sangre, aumentandc la enargia en indivicluos sanos, mejorando
la capacidad de trabajo y resistencia, reduciando la faliga muscular, recucizndo
el estrés, mejorando la funcidén cardiaca y cardiovascular, aurmerdands 1a
hakilidad sevual, aumentando las nivelas de ATP @n miscula, y /o reducienda el
acido lactico en la sangre. En diertas incorporacionss, los métados involucran la

administracion de un compussto activacdor de sifuina que aumente 1a actividad
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mitocondrial, anmeantz 1A biogénasis mitocondrial y /o aumentz la maza

mitocondrial.

El perfarmance en los deportes se refizre a la habilidad de 1oz rmnsculos del
atlzta para desempefarse cuandoa particips en actividades deportivas. Una
mejora en la habilidad deportiva, fuerza, velocidad y resistencia son medidas por
un incremento en la fusza de contraccion muscular, un increments enla
amplitud de contraccién muscular, una disminucian del tizmpo de reaccion
muscular entre la estimulacian y la contraccién. Eltérming atlata se refizre a un
individua que participa en deportes a cualquisr nivel y que busaa lograr un nivel
mejorado de fuzrza, velocidad y resistencia en su performance, coma par
gjempla, fisiculturistas, ciclistas, corredorss de larga distancia, corredorss de
corta distancia, ete. Bl performance mejorado en los deportes es manifestado
por la habilidad para superar la fatiga muscular, la habilidad para manteneraa &n
actividad par periodos prolongados de tiempo y tener un entrenamients maz

efactivo.

En la arena del performance muscular del atleta, se desea crear condiciones qua
permitan la compaticion o entrenamisnto a nivales mas altos de resistencia por

un perioda prolongado de tiempo.

Se contempla que los métadas de la presents invencidn también seran efsctivos
an el tratamiento de condicionss patoldgicas relacionadas con los misculos,
incluyendo la sarcopenia aguda, por gemplo, la atrofia muzcular y /I oola
caquaria ascociada con quamaduras, descanso &nocama, inmavilizacian de

evtremidades, o cirugia toracica, abdominal y / u artopédica.

En ciertas incorparaciones, la invencién provee  composiciones  distéticas
novedasas  comprandiends moduladores de o situing, un mEodo para su
preparacion  y un método de usar las  composicionss  para mejorar - el
paformance  deportivo. De acuerdoe con eslo, se provesn COMPOAICIoNGS
terapéuticas, comidas y hehbidas que tengan la accidn de mejorar &l desempeio

fizico y / o inhikir las fatigas fisicas para aquzllas personas involucradas &n



10

73

sjerzicios ampliaments definidos incluysnda deportes que requieran resistencia y
labores ue requieran actividad muscular repetida. Dichas COMPISICIONEs
distélicas  pusden  ademas  comprendsr  slectrolitos,  cafeina, vitaniinaz,

carbohidratos, ete.

Otros Usos

Los compuestos maduladores de sirtuina que incramsantan el nivel y /o actividad
de una protzina siriina pusden ser usados para tratar o pravenir las infeccionas
virales (tales como 1as infecciones por influsnza, herpes o virus papiloma) o
coma agentes anti hongos. En cieras  incorporacianes, los  compuestos
moduladeras de sirtuina que incrementzn &l nivel y / o actividad de una praotzina
sifuina pusden ser administrados coma parte de una combinacian die terapia de
drogas con olro agents terapéutico para @l tratamiznto de enfermedabr_les virales.
En otra incorparacion, 1os compuastos moduladarss de zirtuina due incrementan
el nivel y / o actividad de una prioteina siruina puadsn ser administradas coma

parle Je una terapia de combinacian de drogas con olid agent: antimicdtico.

Los sujstos puaden ser tratadios cono s& describes agqui usands sucariotas, tales
como mamiferos, .., humanos, ovinos, bovinos, equinas, porcings, Caninos,
falinos, primatzs no humancs, ratones y ratas. Las células que pusden 2er
tratadas incluyen a las oflulas eucariotas, e.g., a partir de un sujsto descrito
arriba, o células de plantas, eélulas de levadura y células procandticas, 2.9,
células  hacterianas. Por o ejemplo, compuestos maduladores pueden sar
administrados a animalss de granja para mejorar su habilidad dz soportar

condiciones de agricultura por mas tiempo.

Compuestos moduladores de sirtuina que incremsantan &l nival y /o actividad de
una proteina sifuina tambign pusden sér uzades para aumentar el pericdas de
vida, resistencia al estrés, y resistzncia a la apoptosiz an plantaz. En una
incorporacian, las plantas son madificadas de forma genstica para procucir un

compuesta. En otra incorporacién, las plantaz y frutas zon tratadas oonoun
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compussto antes de la cosecha y &l transporta para incremsntar la resistencia a
dano durantz el transporte. Las semillas de plantas tambien pusden ser

contactadas con los compusstos desaritos aqui, e.q., para prassrvarlos.

En otras incorporaciones, los compuestos  moduladores  de situina . que
incrementan <l nivel y / o actividad d2 una proteina zirtuina pueden ser u2ados
para modular &l periodo d= vida en las células de la levadura. Siuacionzs an las
cuales pueca ser deseable exdendsr &l periodo de vida de las cElulas de
levadura incluysn cualquier procesa en &l cual la lavadura sea uzada, &.9., Ia
creacién de cerveza, yogurt & items de panadsria, e.g., pan. El usa de levadura
que presente un ciclo de vida expandido pusde resultar en un uso menor de
levadura o en la obtencidn de levadura que pusda permanscer activa por
periodos mas largos de tiempo. La levadura u otras células e mamiferos
usadas para producir proteinas que se re-combinen tambizn puedan sartratadas

coma se describe aqui.

Lo compuestos maoduladorzs de sirtuina que aumentan &l nivel y / o actividladl de

.

una proteina siriuina tambicn puaden ser usados para aumentar &l periodo de
vida, la resistencia al estrés y resiztencia a la apoptosis en insectas. En esta
incorporacian, los compuastos podrian ser aplicades a insectos dtilas, .0,
abzjas y otros ingectos que estén involucrados en la polinizacion de plantas. En
una incorporacian especifica, un compuesto podria zer aplicads a abejas

involucradas en la produccion de miel. De forma genaral, los métodos descritos

aqui pusden ser aplicadas a cualjuisr organisme, &.4., eucaricda, Jue pueda

ul

tener importancia comercial. Por gjemplo, pueden ser aplicados 3 pece

(acuicultura) y aves (2.9., pollos y avas).

Dogis mas altas de compuestos moduladores de sirluina que incremantan &l nival
y / o actividad de una proteina sirtuina ambién pusden ser usados coma un
sesticida interfiriznda con la regulacion de genes silenciados y la regulacién de
apoptosis durante @l desarrollo. En esta incorporacion, un compusstas prueds ser

aplicado a las plantas usando un métado conocido en sl arte que asegura que 21
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compuesto =nga digponibilidad biclégica para las larvas de insectos, y no para

las plantas.

Al menos, =n vista de la conevion entre reproduccian y longevidad,  1os
compuestos maduladores de zirtuina qus aumentsn &l nivel v / o actividad de una
proteina sirtuina  pusdsn ser aplicados  para afectar 1a reproduccién de

organismos coma insectss, animales y micrs — arganismaos.

4. Ensayos

Varias formas de ensayos para determinar la actividad  ziduvina han sido
desarnitos. Par gjemplo, la actividad zirtuina pueds ser determinaca usando un
enzayo basado en fluorsscencia tal como el ensayo disponiblz de forma
comercial a partir de Biomal, .., el SIRT1T Kit de Deascubrimiznta e Droga
Flucrimétrico (AK-558), SIRT Kit d= Descubrimienta de Droga Fluoriméatnicd
(AF-EER), o SIRTE  Kit de Descubrimiento de Droga Fluarirmétricn (AK-557)
(Biomol Intzrmaticnal, Plymouth Meeting, PA). Dtras ensayes siruina apropiacdas
incluyen un ensayo de liberacion de nicotinamida (Kasherlzin et al., ). Bial.
Chem. 230(17): 17032 (2005)), un ensaye FRET  (Marcotts <t al, Anal.
Binchermn. 3370 90 (2004)), y un ensayo de atadura d= 2 MAD boro resing
(MeDonagh et al., Mathods 260 346 (2005)). /—\Llnque otros ensayos de girtuina
apropiados incluyan ensayos radio — inmunas (RIA), ensayos ds prosimidad de

chisps yos hasados an HLPC, y enzayos de gen de reports (5.0, para

W
1)
=
o
)

transcripeion de blancos factores).

)

Un enszayc ejemplar para detzrminar la actividad sifuina s un ensayo de

polarizacién fluorescents. Los ensayos de polanzacion flusrsscent2 son

descritos aqui v también son provistos en la Publicacién PCT No. WO

TO0R/004255. En  otras  incorporacionss, la actividad  zirtuina pusde ser

determinada usando snsayos basades en espectrometria de masa. Ejsmploz da
ensayos basados en espectromeatria de masa son deseritos agquiy tambi&n zon

deacrites en la Publicacion PCT No, WO 2007/064902. Los ensayos basadas en
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células tambien puaden sar usados para determinar actividadd sirtuina. Ejemplos
de ensayos basados en células para determinar la actividad siruina son dezontos

en las publicaciones PCT Nos. WO 2007/064202 y WO Z002/060400.

Otros métodas adicionales contzmplades aqui incluyen métodos de detecciin
para identificar compuestos o agentzs que madulen siruinas. Un agents pusde
sar un acido nualéico, como un aptamers. Ensayos pusden sar realizados en un
formato bazado en célula o libre de células, Por ejemplo, un enzayo pusds
comprender incubar (o contactar) una sirtuina con un agente de prusha bajo
condicionzs en que una sirtuina pusda ser maodulada por un agente conocidn
para modular  zirtuina, y monitorear o determinar el nivel de modulacién de
zirfuina en presenacia del agente de pruskba relativo a la ausenacia dz un agents de
srueka. El nivel de modulacidn de una siduina pusds ser determinado
detzrminando su habilidad de des — acstilar un sustrata, Sustrabos sjemplares
son los péptidos acetilados que pusdan ser oblenidos a partir de BIOMOL
(Plyrouth Maeting, PA). Los sustratos preferidos incluyen péptidos de e, talas
como aquellss comprendiendo un K352 acetilado. Un sustratc preferido de
forma particular es &l Fluor de Lys — SIRTT (BIOMOL), i.e., &l péptido acetilado
Arg — His — Lys — Lys. Otros sustratos son péptido a partir de histonas humanas
HZ y H4 o un amino acido acetilado. Los suslratos pueden ser fluorogénicos. La
situinag pusde ser SIRTI, SirZ, SIRTE, o una porcidn de los mismos. Por
gjemplos, un SIRTT recombinants pusds ser oblenido a partir de BIOMOL. La
reaccion puede ser conducida por unos 20 minutos v detenida, =g, con
nicotinamida, Bl kit de descubrimiento de drogas / ensayo de actividad
fluorsscents HDAC (AR - 500, BEIOMOL Research Laboratories) pueds ser
usades para determinar @l nivel de acetilacion. Ensayos similares han sido
descritos en Bitteman &t al. (2002) J. Biol. Chem. IZT7HE099.El nivel de
modulacién de sirtuing in un &nsayo pueds ser comparado al nivel de madulacian
de situina &n la presencia de uno o mas (de forma separada o simultansa) de
compusstos descritos aqui, que pusdan sarvir como controlss positivos o
negativos. Sirtuinas para ser usados en 1oz ensavos puedsn ssr proteinas

sifuinas de longitud completa o porzionss de las mismas. Dekido que 32 ha



10

25

77

mostracko aqui, que la activacidén de compusstos parace intaracluar con &l
t&rmine N de SIRTI, las proteinas para ser usadas incluyesn las porcionas N-

terminales de zituinas, =.g., alredador de los aminoasidos 1176 o 1-255 de

T

SIFT1: alrededor de los aminoacidos 1-174 ¢ 1-252 de Sir’.

En una incorporacian, un ensayo de identificacion comprende (i) contactar una
sifuina con un agente de prusba y oun sustrato acetilado baja condiciones
apropiadas para que la situina desacetile el sustrato en la ausencia del agente
de prusha; y (i) detsrminar el nivel de acetilacion del sustralo, donde un nivel
inferior de acetilacion del sustraty en presencia del agents de prusha ralative 2
la ausenaia del agents de prusha indica que &l agente de proeha estimula la das
actilacién por 1a sirtuina, donde un nivel mas alto de acetilacidn del zuztrats en
la presencia del agente de prusba relative a la ausendia del agznts de prusha

indiza que el agente de prueha inhibe la des- acetilacién por 1a situina.

Los métados para identificar un agente que moadulz, &.q., estimuls ziruinas in
vivo, pusden comprender (i) contactar una célula con un agents de prusha y un
sustrato que sea capas de entrar en una cilula @n prasencia de un inhibidaor de
clase |y HDAGs de clase Il bajo condiciones apropiadas para la siruing para

das — acatilar el sustrato en la ausencia del agente de pruska; y (i) determinar 2l

&n la presenaia del agants de prusha relativo a la ausencia d=l agents de prusha
indica que &l agentz de prusba estimula la des — acetilacion por la zifuing, donde
un nivel mas alte de acetilacion del sustrato en la presencia del agents de
prusha relativo a la ausencia del agente de pruehba indica que el agente de
prugha inhibe la des —acetilacion por la zirtiina. Un sustrato preferido &8 oun
séplido acetilade, que también es, de forma preferible, fluoragénica, como s
describe a continuacién. El método puedes ademas comprender lisar 1as células
para daterminar el nivel de acetilacion del sustrato. Los sustratos pueden ser
afadidos a las cé&lulas a una concantracion en el rango entre 1uM hasta unos
10mM, de forma preferible a partir de unos 10uM a 1mM, adn mas preferble a

.

partir de unos  100uM hasta TmM, asi coma unes 200pM. Un sustrato preferido

ey
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&3 una lisina acetilada, e.9., s-acetil lisina (Fluor de Lys, FdL) o Fluor de Lys-
SIPT1. Un inhibicor preferide dz clase |y clase I HDAG 2s ticostatina A (TSA),
que pusde ser ueada a una concentracidn en =l rango entrs 0,01 hasta 100uM,
de forma preferible a partic de 0,1 hasta 10pM, tal conw 1M, Laz cElulaz de
incubaacion, el compuests de prugha y el sustrato pusden conducidas por unos
10 minutss hasta & horas, de forma preferible por unas 1 — 3 horas. Debido que
T3A inhibez todos log HDAG de clase 1y clase |, que clertos sustratos, =.49., Fluor
dz Lys, s un pokre sustrato para SIRT2 y aun inferior para SIRT2 - 7, dicho

ensays pusde sar usado para identificar a los moduladores de SIRT1 in vivo,

5. Composiciones Farmacéuticas

Los compuestos moduladores de situina descritos agqui puaden ser formuladas
&n una forma convencional usands uno o mas portadores aceptablas, desde un
punta de vista fisioldgico, o excipientes. Por ejemplo, los compuestos
moduladorss de sifuina y sus sales figioldgicaments aceptablzs vy salvatos
pusden ser formulades para ser administrados, por sjemplo, por iny=scciin (2.9,
Sub, IM, IP), inhalacién o insuflazion (sea a través de la Loca o la nanz) o
administracian oral, bucal, sublingual, transdermal, nagal, parenteral o rectal. En
una incorporacian, un compuasto maodulador de siruina pueds ser administrada
de forma local, =n =l sitic doncds las células objstivo estén presentes, e, 2noun

tejido especificn, drgano o fluids (2.g., sangre, fluido erebrs — aspinal, ete.)

Los compuestos moduladares de siruina pueden ser formulados para una
variedad de modos de administracion, incluy=ndo la administracidn sistémica y
la administracién tapica o ecalizada, Las técnicas y formulacionss pueden 26r
encontradas, de forma general, =n laz Ciencias Farmacéuticas de Femington,
Meade Publishing Co., Easton, PA. Para administracion parsnteral, la inysccidn
es preferida, incluyendo 1as inyecciones intramusculares, intravenozas, intra —
peritoneal y aubcutaneaz. Para la inyeccion, 108 compuestos pusden 2er

formulados en soluciones liquidas, de forma preferible en amortiguadares
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compatibles, de forma fisioldgica, como la solucion de Hank o la solucién de
Ringer. De forma adicional, los compuestos pueden ser formuladios en forma

solida y re-disuahtos o suspendidos de forma inmeadiata previa al uso. Las formas

liofilisadas también son incluidas.

Para la administracion oral, las composicionss farmacéutizaz pusden tomar la
fonna de, por gjemplo, tablstas, pastillas o capsulas praparadas por meadios
convencionales con excipientas famacéuticaments aceptables como agentss de
atadura (2.g., almidén pregelatinizado, pali = vinilpiralidina o hidrosi — jropil
metil celulosa); rellencs (2.9, lactosa, celulosa microcristalina, o fosfats de
hidrégena de caleio); lubricantes (s.9., estzarato de magnesio, taloo o =ilicio),
desintegrantzs (2.g., almidén de papa o sodio glisolata de almidén ); o agentas
humectantes (2.9, sulfato lauril de sodio). Las tablas pusden ser cubisrtas a
través de métodas bien conocidos en &l arte. Las preparaciones liquidas para |a
administracién oral pueden tomar 1a forma de, por gjempls, solucionss, siropes o
suspensiones, o puaden estar presentes comc un producto seda para la re-

conglilucién 2on agua u ol vehiculo apropiado antes del uzs. Dichas

-t

preparaciones liguidas pueden ser preparadas por medics convencionales col

¥
3

aditivos aceptables, desdes un punto de vista farmacéutico, tales coma agsnte:
de suspensian (e.g., sirope sarkitol, derivadas de celulosa o grasas comestibles
hidrogenadas); agentas emulsificantes (2.9, lecilina o acacia), vzhiculaz no
acunsos (2.g., aneit: ationdo, esteres aceitosas, alcohal elil, o aceites vegetales
fraccicnadas); y preservantes (2.9, metil o propil = - hidrosibanzoatos o aciclo
sérbico). Las preparaciones también pusden contener salas amaorliguadoras,
sabwerizadores, colorantes v agentes endulzantes segin sea apropiado. Las

preparaciones para 1a administracidn oral pusden ser formuladas de forma

apropiada para dar una liberaciin controlada del compuesto arctivo,

Para la administracidn por inhalacidn (2.9, entrega pulmaonar), compusstos
moduladores de siruina que puadan ser entregades de forma convenients &n la
forma de una presentacidn  asrosal para paquetss  presurizados o oun

nebulizador, con el usa de un propelente apropiado, e.q. diclars difluara metano,
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triclorofluorometano, dicloratetrafluorastana,  didzido dez carbono aotro gas
apropiada. En el faso del asrasol presurizads, 1a unidad de dosis pusde ser
detarminada proveyends una valvula para entregar una cantidad medida. Las
capsulas y cartuchos de e.g., gelatina, para ser usada &noun inhalador o
insuflador pueden ser formuladas conteniends una mezcla en polve del

compuests y una hase de polvo apropiada tal como la lactosa o =] almiddan.

Los  compuestos moduladores dz siduina . pugdan ser formuladoz  para
administracién parentsral por inyeccidn, .., por inysccidn de bala o infusién
continua. Las formulacionss para la inyecaidn puedsn ser presantadas en forma
de dosis unitaria, &.g., en ampallas o contenedores de maltiples dasis, con un
pressrvants anadido. Las composicionzs pueden tomar dichas formas como
sUSpEnsionss, soluciones o emulsionzs an vehiculos acuoscs o aceitoznz, v
pusden contener agentes de formulacidn, como agentss de suspensian,
estabilizacion y / o dispersion. De forma alternativa, el ingredisnts activo puede
eztar en forma de polve para la constitucion con un vehiculo apropiacls, €.9.

agua estéril libre de pirdgenos, antes del uso.

Los compuestos moduladores de sirtuing también pueden ser formulados en

4

composicionas rectales talss como supositorios o enemas de retencian, =.49.,

L,

cantzniends bases estandar para supositorios comao manteca de cacac o otras

glicéridos.

D= forma adicional a las formulaciones desaritas previaments, 03 compuestos
moduladores de sifuina puesden también ser formulados como una preparacian
de  depdsito. Dichas  formulacionss  de accidn prolongada pueden  ser
administradas por implante (por ejemplo, de forma suboutansa o intra -
muscularments) o por inyaccién intramuscular, Asi, por gjempls, s compuestos
moduladares de situina pusden sar formuladas con materiales poliménicos o
hidréfobos  apropiados  (por  sjempls, come una emulsién con un aceite
aceptable) o resinas de intercambio de iones, o como derivados parcialments
solublzs, por ejemply, como una sal parciaiments solublz. La férmula de

fiberacian controlada también incluys parches.
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En ciertas incorporacionzs, los  compusstos  descritos adgui pueden  sar
formulados para entrega del sistzma nervioso central (CNS) (resenada &n
Beglay, Pharmacology & Therapeutios 1040 29-13 (2004)). Las formas
convencionalzs para entraga de drogas al sistema nervioso central incluyen:

=strategiaz neuro — quirdrgicas (e.9. iny&ccian intra — cereberal o infuzidn intra —

L

carebroventricular); manipulacian malscular del agente (2.9, produccién des una
proteina de fusidn quimérica que comprends un peptida de transportz que tisne
afinidad por una superficie de molécula de célula endolelial @n combinaciin con
un agents que &3 por 8 mismo capaz de cruzar la barrera de sangre al cershro)
=n un intento de explotar 1as vias de fransports @ndégenas de la barrera de
sangre al cerebro; 1as estrategias farmacoldgicas dissfiadas para incrementar la
solubilidad @n lipidos de un agents (2.0., la conjugacidn de aganies solubles en agua a
porladarea lipidos o de calestzrol); v 1a intsrrupcidn transitoria de la integridad dz 1a
harrera de zangre al cersbro por alteracién hiper — camética (resultands en l1ainfuzion
de una solucian de manitol a la arteria cardtida o &l uso de un agenis bioldgicaments
activo como un péptida angiotensive Los liposamas 2on un sislema posterion de enfrega
de drogas qus e3 facilments inysctabls. De acuerdo con esta, an 2l métado de la
invencion 1oz compuastas adtives tambidn pusden sar administrados en la forma oz un
siztena de entrega de liposomas. Los liposomas son bien conocidos por una persona
que posea destreza @n el arle. Los lipozomas pueden a0 formados a parir de una

variedad de fosfolipidos, como 2l colesterol, 1a estsaril amina o 1as fozfatidil colinaz. Los
liposomas que on usalles con 2l métoda de invendaidn comprandan  todo Lipo de
liposomas incluyenda, pera sin limitarse a, vesiculas pedguaias unilamelarss, vesiculas

grandes unilamalarzs y veziculas multilamelarss.

Otra forma de producir una formuolacidn, de forma paricular una solucidn, de un

X}

vz del

Vi)

miodulader de sirtuina tal como un reseratrol o un derivado del mismo, 23 2t
usn de ciclodevtrinaz.. Las ciclodertrinas san descritas en delalls en Pitha &t al, Fat
de EE.UU.. Mo, 4.727,064 a cual ss incorporada aqui por referencia. Laz cicladextinas
gon oligémeres ciclices de glicoza; estos compuastos forman complsjos de incluzidn
con cualguier droga cuya molécula pueda caker @n las cavidadss que buacan lipdfilos

de la molécula de ciclode<trina,
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Laz formaz de dozis que 2a dezintzgran o disuslven rapidaments 2on atiles para la
absorcién rapida, particularmentz 1z absorcién bucal y o sublingual, & log agentas
farmacéuticamente  aclives. Las formas de dosilicaciin de rapida abszorcion zon
benaficiosas para los pacientes, coma 08 pacisnies ancianos y ps diatricos qus tiensn
dificuliad en tragar las forrmas sdlidas tipicas, tales como lag pastillas y tabletaz. De
forma adicicenal, las Farmulas de rapida absorcidn avitan lazs desvantajas agociacdaz con,
por &jemplo, las formas de dosificacién masticables, donds 1a cantidad de tiempo que
un agentz active permanscs =n la boca dal pacisnts juaga un papel importante
determinandds la cantidad de 2abar que e pierde vy la edension en la cual un pacisnte

aede objetar debido a la s=nzacidn en la garganta dsl agente activo.

Las composicionas farmacsduticas  (incluyendo las preparaciones cosmEticas) pusden
cornprandar antre un 0,00001 % hazta 100 % womo a pariir de 0,001 % hazta 10 % o 2
partir de 0,1 % hasta £ % por ps30 48 uno o mas compussto: de rmodulacidn de girtuina

como se desaribe aqui.

En una incorparacian, un compussto medulador de situina Gomo g4 dzzaribe aqui, es

incorporada =n una formulacion  tépica conteniznds un portador tépica que &8

apropiada, de forma genaral, para la administracidn tipica y comp renchs cualguiera da
dichos matsiales conocidos en el arte. El cargadar tépico puads ser seleccionado de
forma que provea a la composicién ia forma deseada, g, como un unglents, una

locion, crema, micre — emulsian, gel, acsits, solucidn, o similares, y pueds &ztar
comprendido de un matzrial de arigen natural o sintético. Es praferible que =l portadaor

celecoionado no afecte de forma adverza el agante activo u otros componentas de la
formulacion activa. Ejsmplos de portadares thpicns apropiados para s&r uzadoz acui
incluyen & agua, alochales, y otroz solventes no — téxizos organicos, glicsring, acaite
riineral, silicén, jalea de petrdlec, lanclina, dcidos grasos, aceites vegstales, caraz, y

similares.

Las formulacionss pusden carzcer da olor, carzcer de colar, y presentarss an forma de

locionas, cramas, micre — emulsionss y gales.

Las compusstos moduladares de situina pusden sar incorporados @n unglantas, que,

de Torma general, zon preparacionss semi — sdlidaz que estan bagadaz, i forma tipica
en pelrolata u otros derivados del petrilen. La base de unglznto a ser uzada, y que

sera apraciada por aquellos con destreza enoel ars, &3 una que provesra una entrzga
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dptima de 1a droga, y, de forma prefernbls, proveera oiras caracleristicaz deseables
tambicn, 2.g., amoliencia o similar. Asi como con otroz portadores o vehiculos, na

baze ds ungiznto pusds serinerts, estable, no —irritants y no - sensibilizante.

Log compuesios moduladores de sirtuina pusdsn ser incorporacdas &n lociones, 19s
cuales, de forma general son preparacionss para ser aplicadas enla zuperficie de la pi2l
sin friccion, y son preparacionss tipicaments liquidaz o semi - liguidas en laz cuales
parliculaz sélidas, incluyenda el agente activo, estan presentas s una baze de agua o
aleohol. Las locionss aon usualmente suzpensionss de sélidos, y pusdzn comprendear

una emulsién acsitosa liquida del tipo de agua — an — aceits.

Log compuestos moduladorss de sifuina pusden ser incorporados en cremas, 1as

cuales, generalmente zaon liquids viscosos o emulzionss semisdlicas, sea acEite — en —

agua o agua — an — aceite. Las bases de crama son ramovibiles con agua, y cantiznen
una faze acussa, un emulsificador y una fase acuosa. La fase acuosa estd
comprandida, de forma general de un petrolata y un alzahol grasa tal como alcohaol cetil
o azlearil 1a faze acunsa, de forma usual, aungue na necesariamsnts, evceds ala fase
aceitesa &n volumen, y, de forma ganeral contizng un humectantz. BN emulsificador @n

una formulacian de crema, coma e soplica @n sl z2upra ds Remington, @z gensralmeant2

un surfactants No-idnico, anidnico, catidnico o anfoténico.

Loz compuestos moduladores de sirtuina pueden ser incorporado: en microsmulzionss,
las cuales, de forma general, son termodinamicaments  estables, digparsionss
izotrapicameants disparzas de dos ligquidas inmizciblas, talss coma aceibs y agua,
eztabilizado: por una pelicula interfacial de moldoulaz sufactants: (Enciclopedia de

z .y

Tecnologia Farmacéutica (Haw vork: Marcel Dekker, 1992) volumen 9).

Los compuestes moduladores de sirtuina puedan ser incorporacdas en formulaciones d=
gel, laz cuales son, de forma gensral, sistemas zemizdlions  conzistentzs de
suzpensionez hachas de pariculas inorganicas (sistemaz cde dos fazez) o moléculas
crganicaz grandes distibuidas de forma sustancialments uniforms a través deoun
liguice portader (geles de anica fase). Aundque ks gzles emplzan de forma comun un
portador liguide acuasc, 103 alcoholes y los acaitss pusden tambisn 2er uzados comao el

liuido portador.
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Otras ingredientes aclivos pusdan también ser usados en laz formulaciones, &.q., otros

agentes anti — inflamatorios, analgésicos, agentss anti — microbianos, agentes anti —

micélicns,  antibiéticss,  vitaminas, anticridantes  y  agentsz  de blaquad zalar
comunments encontrades an formulacionss de protectores zolares incluyando, pero sin
limitarze a, antralinatos, benzofenonas (de foma particotar 13 renzofenona -2),
derivades canfor, cinamatas (e.g., ocdil matcicinamato), metanos dibenzoil (=.9., butil
metovidibenzil metana), acide p — aminobenzoics (FABA) v derivadas de los Mismos, ¥

salicilatos (g.9., octil salicilato).

En ciertas formulacionss tépicas, @l agente active esla presents an una cantidad en el
rango aprosimadeo entre 0,25 % del pesa total a 75 % sl pesa total de 1 formulacion,
de forma prefarible en 2l rangs de aprovimadaments 0,25 % del pezo total a 20 % dal
peso de la farmulacicén, mas prafariblements an =l ranga de aprosimadaments 0.5 % del
peso total a 15 % del peso wtal ds 1a formulacion y mas praferiblements @n el rango de

apradimadamants 1,0 % del peso total 2 10 % del pezo tolal de la frrmnlacién.

Laz condicionss del oo pusden ser tratadaz o pravenidas por, &4, InySCaion
intraccular, sistémica, thpica de un compuesto maodulador de ziruina, o por inysccidon de
un compussts de libaracién sostenida que libare un compussto moadulador de girtuina.
Un compussty moduladar de sirtuina gqus aumente el nivel y /o actividad de una
proleina siduina puads zer administrada en un vehiculo oftalmico viable, desde un
punto de vista farmacéulicn, de forma tal que &l compussto sea mantenido en contacto
con la superficie acular por un periods de tiempo zuficients para permiti al compuesto
peneirar la cémea y las regionss internas del ojo, como por empla, la camara
anterior, la camara pastzrior, &l cusrpa vitreo, &l humar acuoso, &l humor vitrea, la
cormnea, &l iris / cliar, &l lente, la ratina / coroids y la esclerdtica. El vahicula oftalmico
Farmacéuticamente aceptabls pusds, por gemplo, 2arun ungiiento, un acsite vagetal o
un material encapsulants. De forma allemativa, los compuesios de 1a invencian pusden
ser inyectados cde forma dirzcta e el humor vitreos y en &l humar acuozo. En una
altzrnaliva posterior, los compuestos pusdsn zar administrados de forma siztémica, tal

coma por infusisn infravenasa o inysacion, para o tralamiznto del ajo.

Loz compuestos moduladores de situina desaritos aqui puedsn ser guardados an un

ambientz libre ds oxigens. Faor gjempla, @ resveratrol o un andlogo dsl mizma pusde
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sar preparado en una capsula sellada al aire para 12 admiiniztracién oral, tal como

Capsugel de Pfizer, Inc.

Las células, &.g., tratadas & viva, con un compuesto modulador de ziruina, pusden ser
adminiztradas de acuerds a métados para administrar ur injerto enoun sujsto, oz cuales
puaden ser acompafiados, e.g., de la administracién de una droga inmunosupresora,
.., ciclogporina A, Para propdsitos genarales =n la formulacion médica, &l lector 2s

—~

referido 2 Qell Therapy: Stem Cell Transplantation, Gens Therapy, & Cellular
Immunetherapy, por G, Morstyn 5 W, Sheridan edz, Cambridge Lniversity Prezz, 1996,
y Hamatopoistic Stem Cell Therapy, E. D Ball, J. Lister 5 F. Law, Thurchill Livingstons,

2000

La tovicidad y la sfectividad terapéutica de compuestos moduladores de zirtuina pueds
ser determinada por procadimientos: farmacéuticoz estandar en cultivos de células o en
animales e-perimentalez. El LDso &5 la dosis latal al 50 por cienta e la poblacidén EDso
es la dosiz efecliva, dezds un punta de vista terapéutics, en &l 50 por ciento de 1a
poblacian. La relacién de dogis antre los efectos tdicos v terapéuticns (LDso/EDso) es

.

el indice terapéutico. Loz compusstos moduladores de sirtuina qus zohiben grandss

indices terapéuticos zon prefaridoz. Aungue los compussios maodulacores de siftuina
que axhiben efectos recundarios Wi-icos puedan zar usados, 3& dabe tensr cuicado de
diz=far un zistema de entrega qus apunts a dichos compuestoz al zilio del tejido
afectads con &l fin de minimizar 2 dafo potencial 2 laz edulas o infectadas y, por

tanto, reducir log efectas secundarios no dezeadss,

La data cbienida dz los ensayos de cultiva de células y Ins astudios animales pusde ser
usada para formular un rango de dosis para ser usadas en humanas. Las dosis de
dichos compussto: pusdsn @star dentro de un rango de concentracionas circulantes
que incluyan al ED g con poca o ninguna toxicidad. La doszis puacle variar dentro de
este rango dependiendo de la forma de dozificacion empleada y la ruta de
administracién usada. Para cualguier componente, la dozis efectiva terapéuticaments
pusdes ser estimada inicialmente a partir de enzayos de cultivos celularzs. Una dosis
pusds ser formulada en maodslas animales para lograr un rango de concantracidn an
plastma circulante que incluya &l 1C 5 (2, 1a concentracian del compusslo de prueha
que lagra una inhibizidn madia — masima de loz sintomaz) como 33 detemaing an el

cultive de células. Dicha informaciin puads zer uzada para determinar de forma mas
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certera las dosie Gtilez en zeres humanos. Los nivelzs en plasma pueden ser medidos,

6. Kits

También s2 proporcionan aqui conjuntos o kits, .., Fits para propasitos
tarapéuticos o Fits para modular 1a duracién de vida de células o« modular 13
apoptosiz. Un Kt puede comprendsr una o mas compusstos  situina-
moduladores, &g, en  dosis pre-medidas. Un o kit pueds opcionalmants
comprencer dispositivos  para contactar células con los compuestos Te
instrucciones para el uso. Los dispositivos incluyen inysctadoras, stents y otros
dispogitivos para introducir - un compussto sirtuina-maodulador  en un sujeto

(e.9., 105 vazos sanguineos de un sujsto) o aplicarlos ala pigl de un supto.

En olra incorporacién mas, la invencidn proporciona una compasizian de matzria
comprendiends un sirtuina- moduladar de exta invencidn y otro agenta
terapéutico (Ios mismos usados en terapias de combinacién y composiciones de
sombinacién) en formas de dosificacion separadas, pero asociadas una con otra.
La tzrminclogia “asociada una aon ofra”, como as aqui usada, significa que las
formas de dosificacidn separadas  son empacadas conjuntamente o de
cualguier otra forma unidas una a otra de forma que sea facilmente aparents que
las formas separadas de dosificacion son entendidas a ser vendidaz y
administracas coma parts del mismo régimen. Bl agente v el moduladar sirtuina
son preferiblemante empacados juntas en un ampadque burbuja uolre smpagqus
multi — camara, o coma contenedarss consctados sellados por separado (tales
comao sobres de papel de aluminio o similares) que puadan sar separados por el
usuario (2.g., rompizndo por las linsas punteadas enfre 103 dos contenedares).

En olra incarporacidn mas, la invencién proporciona un it comprendisncd zn
vasos separados, a) un maduladar sirtuina de zsta invendian; v by otro agenta

terapéutico tal como aquellos desaritos en otra part: de |a ezpecifizacidn,

La practiza de los presentes métados amplzaran, a menos que s indique

de otra forma, t&cnicas convencionales de biologia cellular, cultivio de células,
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kiologia molecular, biologia transgénica, microbiologia, rzcombinants DMA, &
inmunclogia | que estan dentro de las habilidades del arte. Talzs {écnicas estan
explanadas  completamente en la literatura. Ver, por gjempla,, Molecular
C\:I-:-ningA Lakoratory Manual, o B e por Sambroak, Fritsch y Maniatis
(Cold Spring Harhor Lakoratory Press: 1933); DNA Cloning, Volumies Ty (D,
N. Glover ad., 19358); Oligonucleatide Synthesis (M. J. Gait ed., 1924); Mullis =t
al Patente de EE.UU. Mo 4,632 195 Nuchzic Acid Hybridization (B. D. Hamas
& S J. Higgins eds. 1934); Transcription And Translation (E. D. Hames &5
Higgins eds. 1834); Culture Of Animal Cells (R. | Freshnay, Alan F. Lizs, Inz.,
1957); Immabilized Gells And Enzymes (IRL Press, 1526); B. Perbal, A Practical
Guide To Malecular Cloning (1954); el tratads | Methads In Enzymolagy

(Azademic Press, Inc., NYL); Geng Transfier Vestaors For Mammalian Cellz (J. H.

Miller and M. P. Calos ads., 1857, Cald Spring Harber Laboratory); Methads In
Enzymology, Vaols. 154 and 155 (Wu et al. 2ds), Immunochemical Meathods In

Cell And Malzcular Biclogy (Mayer and Walker, eds., Acadzmic Press, London,
1927); Handbook OF Experimental Immunclogy, Volumes -V (D. M. Weir and .
C. Blackwall, eds., 1938); Manipulating the Mause Embryo, (Cold Spring Harbor

Laboratory Press, CGold Spring Harbor, NY., 1986).

EJEMPLIFICACION

La invancicn siendn desarita en forma general s2ra mas facilments comprendida
an referancia a los siguientes sjemplos que se incluyan zolo para propdsitas
ilustrativos de ciertos aspectos y de incorparaciones de la presents invencian, y

no estan entendidos a limitar 1a invencién &l forma alguna.

EJEMPLO 1: Preparacion de 4-metil-N-(2-(3-(morfolinometil)imidazo[2,1-
bJtiazol-6-il)fenil)-2-(piridin-3-il)tiazol-5-carboxamida (Compuesto 1)

Preparaciéon de 6-(2-Nitro-fenil)-imidazo[2,1-b]tiazol-3- acido carboxilico

etil éster
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En una cormida tipica, 2.1 g de efil Z-aminotiazal-d-carboeilats (Combi-
Blogues, 0.0122 mal) fuzron mezclados aon 25 mb de metil &til celona junto
mon Cobromo-T-nitracetofencona (3.0 g, 0.0123 mol). La mezala de reacciin fue
batida a reflujo por 15 haras. Luego fue enfriada a temperatura amhiente vy
filtrada para remover algunos de los sélidos - El filtrads fus concentrads para
praducir 310 g de &-(2-nitro-fenil)-imidazo[2, 1-b]tiazal-2- acida carkeilics =til

éstar (MS, M + H = 218),

Preparacion de [6-(2-nitro-fenil)-imidazo[2,1-b]tiazol-3-il]-metanol:

| O,N
O,N S\K\N)
S N —
= \ /
o 0
0

o !

\

B-(2-Nitra-fenil)-imidazo[2, 1-h]tiazol-3- Acido carbovilics etil Sster (14.50
g, 0.0453 mal)  fueron mezclados con 100 mbL de TF y 1 00 mL de agua
contenienda 7.3 g de NaOH (4 &q). La mezla de reaccion fue batida por 15
horas a temperatura ambicnte y concentrada La capa acuosa fus lavada una
ves con CHaCl oy acidificada con t @ N HCL Los sdlidos fusran recolectados
sar filrado y secados para producir 7.4 g del dcido intermedio.. Este raterial

fue mezclads (T4 g, G256 mol) con t 200 mL - de TF anhidro junt con N-
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matilmarfolina (NMM) (2.8 mL, 0256 mol) vy enfriada a0 °C.  lsabutil

clorcformato (3.35 mL, 0.0256 mal) fuz afadids y la mezdla de reaccidn fue

" hatida en bafa de hislo por 3 horas. NaBH, (0.97 @, 0.025¢ mal) fus afadido

como una solucian en 30 mL de agua. La mezcla de reacciin fue batida a 0 °C
por 45 min. Luego fue calentada a temperatura ambiente .y concentrada. La
capa acuosa fue edtraida con CH-Cl.. Las capas arganicas combinacdas fusran
secadas con Na:SO, vy aoncentradas para producir el producta cruda.
Purificacion  por  cromatografia (1sco, usands una mezcla de pentanc/sti
acetato)  produjo 520 g de  [B-(C-nitro-fenil)-imidazol2 1-bltiazaol-2-il]-metanol

(74% praoducido)

Preparacion de 2-(3-morfolin-4-ilmetil-imidazo[2,1-b]tiazol-6-il)-fenilamina:

*f@ U@

[6-(2-Nitro-fenil)-imidazc[2, 1-bltiazol-2-il-metanal (425 mg, 1.58 mmaol)
fueron disueltos en 28 mL de CHaCla o junto con 1 e de tristilamina (0,230 mL).
Metanasulforil clorurs (1&g, 0012 mL) fue afadids v la mezcla Je reacciin fue
calentada a temperatura ambiznte y batida por 15 min. Fue luego extinguida
con salmuera y evtraida con CH-Cle. Las capas orgénicas cumbinadas fusnon

secadas con NaxSQy y concentradas para obtensr &l mesilata intermedio.

Este matetial fue mesalado con 6 mbL de CH2CH junto con 0.22 mL de
trictilamina y 0,14 mbL de marfalina. La mezcla de reaccidn fus batida par 15
horas  a temperatura ambiente. Al dia siguients fue concentrada y el residun
resultante fue repartido entre CTH-Cl v agua. La capa organica fue secada

(NazSOy)  y concentrada para producir esenciaimsnts una procducciin
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cuantitativa del procducto. Este material fus mezclado con & mL de metanal y 1
mbL de agua junts con 200 myg de hidro sulfura de sodio hidrate, La resultante
me=cla de reaccion fue batida a reflujo por & haras, lusga enfriada a lemperatura
ambizntal diluida con 100 mbL de etanol absoluto y concentrada. El resicuo
resultants fus mezclado con 20 mL de 91 CHaCl/metanol v filtrada. B filtracdo
fue corcentrado para producir To(G-maorfolin-d-ilmatil-imiclazal 2, 1-k]tiazol-6-il)-

fenilalanina..

Preparacion del Compuesto 1:

[a)

2-(2-Piridil)-d-metiltiazal-5- Acido carbosilics (614, 2.8 mmal) fueron disueltos
en tionil clorure (2 mL) y la mezcla fus batida en caliente (22 °Z, 2 horas). Al
secarze, <l solvente fue removido y &l residud secada hajo alto vacin. El cloruro
acido fue suspendida @n & L de pirdina y afadido a un vial de micro —andas
cargada con 2-CG-marfalinameil)imidazalZ, 1-bltiazol-G-ianilina (057 4, 2.0
mmal). La reaccion fue iradiada con micro — ondas (160 °C, 15 min). La
salucian fue titurada con metanal v @l salido resultants fue filkado y lavads con
adicional metanol.  El sélida fus secado para producir 0.97 ¢ (85%) Az d-mstil-
N-(Z-(Z-marfolinometil)imidazol 2,1 Ltiazol-G-iNfznil)-2-(piridin-2-itiazal-5-

carbhoxamida..
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La forma en =zal HCl  de  d-metibN-2-(R-morfalinometil)imidazof2, 1-
bltiazol-G-ilfenil)-2-(piridin-3-itiazal-S-carboramida. fus preparada disalviendo 2
producta (0018 g) en 10% HCUCH;CON (4 mb).  La solucién fue entonces
congelada-sacada para producir la sal (017 g) aomoun zalida amarillo-naranja.
Otras sales ( acido sulfurico |, acido metano sulfbnicd, acida malzico,  acido
fosfarion, Acido, L-tartaris:, acido citrico, y acida malico) fusron preparados de

manera analoga..

Ejemplo 2: Sintesis de N-(2-(3-(piperazin-1-ilmetil)imidazo[2,1-b]tiazol-6-

il)fenil)quinoxalina-2-carboxamida (Compuesto 2)

Preparacion de 6-(2-Nitro-fenil)-imidazo[2,1-b]tiazol-3- acido carboxilico etil

ester:
O,N
S S N
NH, =
e — SO
0= o)
<) <)
En una corrida tipica, etil 2- aminotiazol-d-carbasilate (219, 0.01235 mal)

fus matido en metil 2til cstona (25 mL) junto con 2-bromo-2"-nitrcacetofenona
(3.0 g, 0.0123 mal). La mezdla de reaccidn fus batida a refluje durants 13
horas. Fue entonces enfriada  a temperatura ambiental y filtrada para remaver
algunos de los sélides. El filtrads fue concentrada para oblener 210 g de 6-(C-
ni’tr-:»-fenil)-imida:':n[i,‘I-Ib]lia:c:'l—.”::- Acide carboxilicn el éster (Calculads para

CoH NS DS 3185 ) [M+H]r encontrado: 219).

Preparacion de [6-(2-nitro-fenil)-imidazo[2,1-b]tiazol-3-il]-metanol:



=
[}

92

ON L H,N
S— N \@_@
O SR
0 — 7 HO
0
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. E-(2-Nitro-fenil)-imidaza]2, 1-bliazol-2- acido carboxilico &bl dster (14.50
g, 0.045% mal) fueran intreducidos en THF (100 mb) v agua (100 mL)
contzriznds NaOH (7.3 g, 4 &q).  La mezcla de rzaccién fus batida a
temperatura ambientz por 15 horas.Luzgo fue concentrada. La capa acunsa fue
lavada una vez con CHaCly v lueyo acidificada con @ N HCL Los sdlides fueron
colectados por filtrado v secados para producir 7.4 g del acido intermedic. est2
material | (7.4 g, 00256 mad) fue sumergido en THF anhidre (200 mL) - junto 2
N-metilmarfolina (2.5 mlL, 0.0256 mal) y enfriados a 0° 0. Isobutil claroformato
(325 mL, 00256 mol) fue anadido y la mezala de reacciin fus batida en bana
de hicls por 2 horas. . NaBH, (0.97 3, 0.0255 mol)  fue afadido coma una
aolucidn en agua (30 mL). La mezcla de reaccidn fus batida a 0° C por 45 min.
Fue luggo entibiada a temperatura ambiznte y concentrada. La capa acuoza
fue @xtraida con CHaCl. Las capas organicas combinadas fusron secadas con
NaS0y vy concentradas para producir el products crude. Purificacian por
cromatagrafia (Iseo, usando una mezola de pentanc/etil acstato) produjo 5.20
q de [E-(2-nitro-fenil)-imidazo[2, 1-bjtiazol-2-il-metancl - (74% procducicdo)

(Calculado para CizHpNzOS: 2455 ) [M+HHF @ncontrado: 246).

Preparacion de 4-[6-(2-amino-fenil)-imidazo[2,1-b]tiazol-3-ilmetil]-

piperazina-1- acido carboxilico tert-butil éster:
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O,N

SN —
S/N - \|4
)\ ) — S Vaw

HO E/N\J

[6-(2-Nitre-fenil)-imidazalZ, 1-bjiazcl-3-lf-metanal (1009, 2.64 mmol) fue disuello
en  CHuClL (100 mL)  junts con bietilamina (0.51 mL, 2.64 mmal).
Metanaosulfonil clorura (1 eq, 0.25 mL) fue anadida y la mezcla fus calentada a
tempsratura ambients y batida por 15 minutos. Fus entonces atinguida can
salmuera y extraida con CH-Cle Las capas organicas combinadas fueron
secadas con Na:SQ.  y coneentracdas para produscir =l mesilato intermedio.
Este material fue surnergido @n CHZON (4 mlb) junts con tristilamina (0.51 mL,
264 mmol) y  Boc-piperazina (850 mg, .64 mmal) v batida a Emiperatura
ambients durante 1 dia. La mezcla de reaccidn fue concentrada y el reziduo
reaultants fus reparticla entre CH=Cla y agua. La capa crganica fus secacda con
NazS0y y concentrada para produsir ezencialments una produccisn cuantitativa
del products. Este material fue sumsargida en metansl (6 mL) vy agua (1 mL)
junto con hidrosulfure de sodio hidrato. (200 mg) La mezcla de reaccién
resultants fus batida a reflujo por 24 horas. luego fus enfriada a temperatura
ambiente  y concentrada. Bl residuc resultante fue diluids con agua (2 mL) v
etraido con CH-Cl.. Las capas organicas combinadas fusron azcadas oon
Na-50, y concentradas para producir 0.90 9 de -[E-(Z-amino-fenil)-imidazo[2,1-
bltiazol-Z-ilmetil]-piperazina-1- - acido carboxilico tert-butil &ster (Calz'd para

CorHaNgTS: H2E | [M+H]+ encontrado: 414).

i
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Preparacion del Compuesto 2:

\ 7/

N\ /N
=0

HN
S N
g SN )=
N\ \U‘“\ )

- [N
HN\//

4-[6-(2-Amino-fenil)-imidazal2, 1-bltiazol-Z-ilmstil]-piperazina-1- Acido carbaxilicn
tert-butil &ster (0.25 mmol) fus introducids @n 1 mbL de piridina juntc con 1 &4
(50 myg) de  Z-gquinoxalail clorure - La meazcla de reacaisn fue calzntada enoun
reacts Bictage de micro- ondas (180 ol por 10 min). Luego fue enfriada a
temperatura ambiznte  y concentrada. Bl products srada resultante fue
purificade por cromatografia  (Isco, gradients de alucion, CH2CIZ a 95%
CH2CE 4% matanol y 1% trigtilamina). Bl products purifizada fus entonces
tratads con una solucion  conteniends 28%  de Acids bifluoroacético (TFA) &n
CH2CIZ (2 mL) per 2 horas. Fue entonces concentrado y el residun resultante
fuz trituracdo con =til éter para producir @l praducts deseado comao la sal da TFA
(Cal'd para C2EHZINTOS: 469.5 , [M+H]+ zncontrada: 470). 1HNME. (200
MHz, DMSO-d6) & 13,8 (brs, TH), 9.2 (brs, T H), 9.8 (br s, 1 H) 2.9 =72 (m,
11 H), 4.8 (br s, 2 H). E! HPLC analitico fue realizads  anoun Agilent 1100
Saries HPLC equipado con un 3.5 um Eclipse XDBE-C135 (4.6 mm = 100 )
columna oon las siguizntes condiciones @ CHEICN/HIO, modificada con 0.1 %
acicda féarmicofase mavil . Gradiente de  elucédn: 5% sostenida (2 min), 5% a

OR% gradients (11 min), 95% a 5% gradiente (0.2 min), 5% sosbanida (2.7 miny),
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15 min. total de tiempo de corida. Rata de flupa 0 0.3 mlfmin. Tiempo de

retencidin= 3.04 min.

Ejemplo 3: Preparacion de 4-Metil-2-piridin-3-il-tiazol-5- acido carboxilico
[2-(3[1,2,4]triazol-1-ilmetil-imidazo[2,1 -bJtiazol-6-il)-fenil]-amida

Preparacion de 3-Clorometil-6-(2-nitro-fenil)-imidazo[2,1-b]tiazol:
O,N O,N
S— =N S— N =
Cl

A una sclucicn de  [B-(C-nitro-fenil)-imidazo[2, 1-b]tiazol-2-il]-metancl (165

HO

g, 0.6 mal) en dicloreometans (1.65 L) |z fusron afadidos SOCH (400 mL, 5.5
mol) a temperatura ambientz. DMF (0.3 mL)  fue afiadids y la mezcla de
reaccién fus batida a 20°C (2 h). La mazcla de reaccian fue enfriada a N°C, yel
srecipitado fue recolectado por filtrado y secada in vacus para dar 2-clorometil-
B-(2-nitro-fenil)-imidazo[2,1-b]tiazol coma un sdlids blanca (1749, 99%

ArodLccion).

Preparaciéon de 6-(2-Nitro-fenil)-3-[1,2,4]triazol-1-ilmetil-imidazo[2,1-
b]tiazol:
ON O;N
S~ N S— N =
}TfQ — Sy
Ci N4\/N

I
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-Claromeil-A-(2-nitro-fenil)-imidazal2, d-biazol (4.0 9, 0.22 mal) fueron
dizueitos en DMF (R00 mL), seguida por la adicién de TH-[1 2 Atriazal (204 g,
044 mol), FCO0;5 (21.0 g, 085 mal) y Nal (20 mg). La mezcla de reaccidn fue
Latida a temperatura ambients  durantz la noche y luzgo a 25°C (2 h). La
mezala fue pasada a tavés de un cajincilly de gel ds silice y o=l filtrade fue
concentrads i vacuo para dar un sélide amarillz, El sdlido fus lavads son =til
acetato para dar 6-(2-|'|itrcn-feniI)-:E‘-—['I,2,4]lria:s:»l-'l-ilmelil-imicla:c;[’_‘,1-l:-]'ti;a:-:rl
coma un adlido amarillo (54, 75% producaién). TH-NMP. (DMSQ-dé, 400 MHz):
5 ETE (s, 2H), 740 (s, TH), 7.52 (m, TH), 7.62 (m, 1H), 7.79 (m, ZH), 2.0% (g, TH),
8.19 (s, 1H), 8.83 (s, TH).

Preparacion de 2~(3-[1,2,4]Triazo|-1-ilmetil-imidazo[2,1-b]tiazoI-G—iI)—

fenilamina:

O,N H,N
S—_N S—_N
-0 — -0
N/\N Né\N

ey ey

B-(2-Nitro-fenil)-3-[1,2 Jtriazcl- 1-ilmeti-imidazal2, 1-bliazol - (34 Q, 165 mmaol)
fueron diswsitos en etanol (2.0 L), PAAZ (10%, 20 @) fus afadiday el frasco fus
vaciads y vueltc a llenar con Ha. La mezala de reaccidn fus batida bajo H- 2
temperatura ambientz (2 dias).  La mezcla fue pasada a través o e cojincilla
de gel de silice y &l fitrado  fus concentradc in vacuo para dar un 3&hido
amarille.  El sdlido fue lavada con etancl para dar 2-(3-[1,2,Htriazol- T-iimetil-
imidazo[Z, I-bltiazol-G-il)-fenilamina - coma une sdlic amarille (46 a, 94%

produccion.)
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Preparacién de 4-Metil-2-piridin-3-il-tilazol-5- acido carboxilico [2-
(3[1,2,4]triazol-1-ilmetil-imidazo[2,1 -b]tiazol-6-il)-fenil]-amida:

S
o)
H,N N
SN )= S—__N =
N N

NZ
\::N/N \::N/N

Una mezcla de 2-(3-[1,2, Htriazol-1-iimatil-imid azo[2, 1-bjtiazal-6-il)-
fenilamina (50 g, 202 mmol), +-metil-2-piridin-3-il-tiazol-5-acido carkosilico (54 1a,
“45 mmol), HATU (154 g, 405 mmal), y DIEA (152 mL, 200 mal) en DMF (350
mL) fuz batida a temperatura ambisntal durants 12 noche . TLC indicd que la
reaccion  fus completa. El precipitada fus recolzclacds por filtrads lavads con
mucha agua, acstona matanol y DCM para dar un sdlido blancs (79 4, 79 %
produacian).  El sélido fue recristalizado de acido acéetion, lavado con una
solucion zaturada de Na:COs (1.0 L «2), agua (2 L) v =tanal (1.0 1), y secado
e un harno al vacin a 45°C durants la noche para dar d-metil-2-piridin-3-il-
liamol-B- acido carbovilice  [2-(G[1,2,4riazol-T-ilmetil-imidazol 2, 1-bltiazol-6-il)-
fenill-amida coma un sélido blanco (B2 g, 62% producciin. | HEIMP. (DMEZO-d6,
00 MHz): 5 279 (8, SH), 5.75 (s, ZH), 7.22 (m, TH), 7.28 (m, TH), 7.51 (s, TH),
7.60 (M, TH), 7.79 (d, J=6 4Hz, TH), 8.04 (s, TH), 233 (m, TH), .41 (s, TH), 5.54
(d, J=2.0Hz, tH), 375 (m, 1H), .86 (5, TH), 9.19 (s, TH), 1275 (s, TH). E2I-MS:
499 3(M+1), 521 4(M+23(Na)).

La sal  HCI de  d-metil-2-piridin-2-il-tiazol-5- aside carboxilico [2-
(1,2 Atriazal-1-iimetil-imidazo[2, 1-btiazol-G-i)-fenil]-ami-la fueg  preparada
suspendisndo  5.20 g de la base libre en metanal (330 mL). A esto se

afiadieron AN HCI (35 mL), y la mazala se calentd hasta disolverse. La solucidn
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fue enfriada a -75 °C y secada via linfolizacion para producir 4-metil-2-piridin-2-
il-tiazcl-5- acido carbaxilico  [2-(G[1,2,4]tris zol-1-ilmetil-imidazoa[2,1-b]tiazol-6-1)-

fenill-amida- HCIsal (7.49 g) coma un sélido amarillo.

T
3

Ejemplo 4: Formacion de Sal, Clasificacian y Caraclenizacian

Ooho sales aceplables  (Regulatorias y - pka)  fueron hechas del
Compuesto 1, nombradas con acido clarhicrics,  acido salfarico, acido metano
sulfanico,  acids malsico,  acida fosforico,  acido L-tartarico,  acids citrico, y

Acide malicn. Las sales resultantes ¢ la base libre fueron clasificadas en:
1) Procesamianto, morfologia, polimorfiama;

2) Forma cristalina, polimorfa estable (nica;

3) Estabilidad fisica;

4) Estabilidad acelerada de plato abierto (40 °C/75% PH);y

5) Disolucién bioralevantsa.

Figura 1 despliega los resultadas de Calarimatria de Escanzo Diferzncial
(DSC) sobra la forma de sal HCL del Compussta 1, que muesira peduenas
transiciones andotérmicas alrededor  de 11100 y 19220, Loz resultados del
Analisis Termc:grévin‘lé rico (TGA) indican una pérdida general de pesa al
calentar, potzncialments ascciada con pérdida de solventes (1o mag rabakle
=3 que s&a debido a la pérdida de agua con baze en la naturaleza higroscépica
de eata sal HCI), pero ningan avents de pérdida de pesa comesponds a 1as
idzntificadas DSC temperaturaz de tranzicion a 111°C y 12290, Par ko tanta,
eatos dos eventos temicos DSC parecsn estar ascciados a cambios de la faze

de nivel malzcular, y sugeririan transiciones entre formas polimorfaz de la zal
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del Compuesto 1 al calentarse. Por encima de 20000, los resultacdos DG

indicant la descomposicion de 1a sal del Compuesta 1.

Figura 2 demusstra que la forma de base likez dsl Compusasto 1 tiene un
salo evento endotérmicn a 238°C &l cual esta asociado con un sclo, cristalind
purito de fusicn, Debido a que no se obsarvan alras transiciones térmicas en 103
resultados DSC o TGA |, pareciera que e Compuesto 1 existz 3ol coma una

fase sencilla (.. no polimorfisamas) sobire =l rango tarmico evaluado.

Potenciales cambios de fase polimarfa zobre el rango termal ds 0 -
12547 como s ve en la Figura 1 por encima para la sal HCIL pueds conclucr
cambios de 1a sustancia de fa droga en condicionss normales da procesamisnto
y almacanaje. Debido a qua las  transiciones polimorfas  puedan tenar
significativos efectos sobre la disolucidn y la bio - disponibilidad ds 1a sustancia
de la droga resulta practico seleccionar formas de la sustancia de la droga que
minimicen o eliminen &l potencial de transiciones de fass Por 1o tanta, los
resultades de las Figuras 1y 2 tomades an conjunts indican que la forma de
bass libre de la droga es suparior coma sustancia de droga, con base @n ia

aparente forma cristalina tinica del Compuesto 1.

Ejempla &: Fruzhas In Viva

El propésito de este gjemply fus el de camparar 1a eficacia del Compuzsta
1 enformulaciones de sal y base libre en dos modzlos de ratén diferentes de
diabatea, un modela de obesidad inducida por la dista (DI0) y el Db/ok ratén.
La glucosa sanguine fue e principal determinants a través del evperimeanto de

eficacia.

Para ol modelo de ohesidad inducida por dizta, ratones machos de zeis
semanaz o= edad CETEL/G (Charles River Labs) fueron alimentadas Gon una
dizta alta en grasa  (A0% de calorias de grasa; Distas de Investigaci i)

durantz aproximacdaments 6 samanas  hasta que su peso corporal alcanzd
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aproximadamente 40 ¢. Compusstos de prueba fusron administr acdos par via

aral en alimentacion forzada en las dosis indicadas. El vehiculo usado fue 2%

HPMC y  0.2% DOSS. Los pesos corporalss de cada ratén individualments
fuaron tomados dns veres a la semana. Cada dos semanas  durants todo 2|

estudio a los ratones de cada grupo s& las tomd muestras de sangre por via de
la vena de la cola para determinacion de la glucosa sanguinza.  El analisis
estadistion s& completd usando ef programa JMP - (Versidn €). La Data fue
analizada por una ANOVA d= una sola via en comparacidn al control uzanda

un Test Dunnett . Un valor < 0.05 indicd una diferencia significativa entre 1os

grupos.

Ob/ob  ratones son manipulados genéticamants para qus carezcan de
leptina, una protzina importante para la saciedad que sen Aala neurclbgicamenta
el finn del hambre. La mutacién leptina ez hamicigots y una cepa hetsrocigote es
incluida come control  (Db/+); este grapo no debe mostrar aumants de peso o
glucosa sanguinsa, aparte de los efectos normales de estar eén una dizta alta en
grasas. El compuasts 1 en au forma de base libre fue entonces testeadd @n 2l
madalo DI, Loz resultados de los test de glucosa sanguinea para la base libre
del Compussto 1 a 100 mg/y/dia fue similar a la del resveratrol 2 1000
mg/kgldia , metfarmina a 400 mg/kglidia y Compuasta 2 a 100 mg/kg/dia, las
cuales exhibieron  reduccionas significativas en glucosa sanguinea desds las
dos semanas =n adelante. (Figuras 2-5).  los resultados de las pruebas de
gluzosa sanguinea para el Compuesto 1 fueron similares a las dl resveratral,
matformina  y  Compuestd 2, siendo que todos exhibieron significativas
redusciones en glucosa sanguinea a partir J= 1a semana 2 (Figuras 3-%). Para
grupa del Compuesta 1 en las semanas 2y 3, &l valor fue de menos de .01,
una reduccion significativa  del grupa vehiculo, Aunque la glucosa zanguinea
permanacid mas kaja que el vehiculo para la semana 4 de la prusha de glucosa

con alimentacion | &l significade se perdid para e Compuests 2y el resveratral,

El compuesto 1 dosificade a 100 mg/kg  como base libre mosird

potencia mejorada en @l modela ob/ab, como 3 avidenciado en las Fliguras -
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&, Durante la samana 1, hay ya una disminucian &n la glucose sanguing de casi
G0 my/dl del grupo vehiculo, Esta tendanacia sontinud para |a Alucoza &n ayuno

n la semana = (Figura 7) mizntras que &l grupo del Compuesto 1 tenia 165.3

t

- _
.

mg/dl de glucosa en comparacion con 2852 mghdl de glucosa en &l grupao
vehiculo, De acuerdo a los test ANOVA, el valor p fue menar de 0001, 1o cual
demostrd una muy significativa reduccién del grupo vehioulo, - Aunguz los
valores de glucosa sanguinza aumentaron =n la semana S, hay una

significativa reduccidn (p<.01) en relacion a los grapes vehiculo.

S realizé un Segundo experiments olvob comparands directaments al
Compuesto 1 como base libre Vs, HCL asi como tamiién el Compuesto 2,
todos a 100 mg/hkg. La data de una y dos s=manas de glucasa sanguing en

ayunc s musEstra en las Figuras 9 y 10 respectivamente.
EQUIVALENTES

La presents invencion proporsiona entre otras cosas compuestos sirtuina-
activadares y métodos  para su uso. Aungues  han sido discutidas
incorporacionss especificas de la invencion, la especificaciin precedents 23
ilustrativa y no restrictiva.  Muchas  variantes  de la invenciin  ss haran
aparentzs para aquellos  calificados en el arke luego de revisar esta
espesificacicn. El lotal alcanzs de la invencidn sera determinaclo &n raferencia a
las reivindicacionss, junto a su complete Ambite de equivalentss, v la

aspecificacion junto a dichas variantes. .

INCORPORACION POR REFERENCIA

Todas las publicaciones y patzntes aqui mencionadas, incluyznds agqullos
it=ms listados abajo,  estan agqui incorporados por referencia sn su totalidadl,
como s cada publicacian  individual o patente estuviera especifica e

individualments indicada para ser incorporada a mado referencial . En casa de



L

102

conflicts, la prezentz  aplicacidn ,  incluyendo  cualquier definicién agui
establecida, controlara. .

También estan incorporadas =n su totalidad a modo  referencial cualguier
secusncia de polinuclzdtidos y polipéptidos  con referencia a un ndmers de
acceso correlasionado a una entrada en una hase de dates pablica | tal coma
las mantenidas por  The Institule for Genomic Rezearzh (TIGR) (www.tiqr.org)
ylo el National — Center for Biotechnology Information (NCBI)
(www.ncbi.nlm.nih.gov).

- -

También incorporadas a modo referencial estan las siguientss - Publicaciones

FCT WO Z008/002G72 2005/002555; y Z004/0167 2.
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Lo reivindicado es:

1. Un compussto representado por la Férmula Estructural (1.

R3

J | S\‘%N
N\ i/
7\/ ~
R’ (1), |

" ouna sal de ésta, donde:

‘ Res—Hao —CHs;

|
R'es un grupa heterociclimetil sustituido o ne sustituide contenienda

' nitrdgena;
e 20 R?es —H o —CHs; y

R® es un grupo pirdil no sustituido,

2. El compusste de la reivindicaciin 1, e R 25 UN S JQrapo
heterocicliimetil conteniends un atomo de nitrégeno vy opcicnalments un segund

|
15 hetero atomo zeleccionado de nilrdgends y oxigeno.

!
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3. El compussto de la reivindicacisn . 2, donde R &3

substituido no-aromatico heteraciclics) grupo metil.

un (zubstituida o no

4, El compuesto de la reivindicaciin 3, donds R es un grupa morfolinomestil
o El compuasto de la reivindicacion 1, doncle R' ez un  grupa 1,24

triazolilmetil.

a. El compussto de la reivindicacién 1, donde

representado por la Férmula Estructural (1V):

HN

T~

R (V).

—

el compuestt esta

7. El compuasty de la reivindicacion, donde P! es un grupo heterociciimetil

conteniends un atomo de nitrdgena y opcionalimants un segunds heters atoma

seleccionado de nitrdgena y axigend.
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& El compuesto de la reivindicacion 7, donds R" s un (subslituids o no

substituicky no-aromatico heterociclico) grupo metil.

9. El compussto de la reivindicacidn € doncs el compuesto esta

s

representado porla Férmula Estructural (VI):

HN

(VI).

10, Un compuesto representado por la Farmula Estructural (V).
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HN

o una sal de ésta.

1. El compuests de la reivindicacion 10, donde &l compuesto e una baze

libre.

12, El compuesta de la reivindicacian 10, donde &l compuasta es una sal.

13, Una composicion famacéutica comprendiends un compuests o una zal

farmacéuticamente aceptable de cualquizra de las reivindicacionas precedentss

y un portador farmacéuticamente aceptable.

14, La composicion  de la o reivindicacidn 12, dondz 13 COMESician

farmacéutica esta libre de pirégenos.
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16, La composicién dz la reivindicacién 12, ademas comprendiends un

agente activo adicional. .

16, Un método para tratar o prevenir 1a resistzncia a la insulina, un sindrome
matabélicn,  diabetes, o las  complicaciones de ésta, o para aumentar Ia
sensibilidad a la insulina =n un sujeto, comprendi=nds  administrar 2 un zujeto
en necesidad de ello upa cantidad terapéuticamente sfectiva de al manos una

composicién farmacéutica de la reivindicacian 13,

17. El método de la reivindicacian 16, donde dicho compuesta  aumenta al

menas una de; el nivel o la actividad de una proteina sirtuina..

18. El métoda de la reivindicacian 17, donde el compussto aumanta |a

actividad des-acatilasa de 1a proteina sirtuina.

19. El mé&todo de la reivindicanion 17, dondz 12 proteina sirluina e una

proteina de mamifero.

20.  El mé&todo de la reivindicacian 17, donds la proteina sirluina SIRT1 de

humano.

21 El métods de la reivindicacién 17, donde el compuesta no tiene
sustancialments una o mas de las siguientzs actividades: inhibicién de la
Flz-gquinasa, inhibicién de la aldoreductasa, inhibicicn de la  tirosina

quinasa, transactivacion de EGFR tirosina quinasa, dilatacién  coronaria,



108

o adtividad  espasmolitica, a concentraciones  del compuasto qus 3on
efectivas para aumentar la actividad de des-acstilacion da una protzina

SIRT1 y/o SIRT3.
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RESUMEN

AqQui 2e proporcionan novedosss compuestas sirtuina-moduladores vy
los métodos para usarlos. Los compuastos  situina-moduladores puedsn ser
usados para incremsntar la duracién de la vida de una céula , v tratar y/o

z

prevenir una amplia variedad de enfermedades y desdrdanss incluyendo | paor
gjemplo, enfermedadss o desérdenss relacionados al envejacimiznto o al

esltrés, diabetes, obesidad, enfermedades neuroc agenerativas , enfarmadad

cardiovascular, desérdenss de la coagulacion sanguinea, inflamacian, CANCET,

ylo rubicundez, asi como también enfermedades o desdrdenss que puedan
bencficiarse Je una  incrementada  aclividad  mitocondrial. También - se
proporcionan composicionss comprendiznda un compuesta sirtuina-madulador

en comhinacidn con otro agente.
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Glucosa Sanguinea en Ayuno {mgfdL)
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GLUCOSA SANGUINEA CON COMIDA (mg/dL)
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NOTES TO FORM PCT/ISA/220

Thase Holas are iniendzd 1o givé ihe basic instructions cancarning the diling of amendmients under articls 19. The
Motes arz based on the requiremants of e Patent Cooparaiion Traaiy, ihe Regulaiions and the Administrative Instructions
under iai Treaty. In caze of discrapancy batwaen these Fotes and those requireraznis, the laiter are applicable. For more
detailzd iniormation, zee aleo the PCT Applican’s Guids, a publication of WIRD.

In these Hotes, "Ariicle”, "Rule”, and "Ssction” refer o the provisions of the FCT, e PCT Regulaiions and the PCT
Administrative Instructions, respeciively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, aflar having received ihe inernaiional scaich report and ihe writien opinion of tha iniernaiional
Searching Avihority, ond opporiunily w amend the daims of iha intsraional application. 1t should howaver be emphasized
that, sinca all p f tha international appliceiion (clzims,chsscription and drawingz) may be amended during the
infernaiional preliminary g-amination procedure, here is usually no need o file amandmaerds of the claims under Article 19
except whare, a.g. the applicani wants ihe latier 0 be published for the purposss of provisional protection or has another

“reason for amending tha claims beiore international publicaion. Furihermore, ii shoultl be enphasizad thai provisional
protection is available in.come States anly (see FCT Applicant’s Guide, Voluine VA, Anne:.es B1 and B2).

The aiienion of the applicani is drawn {0 the fact that amandmenis o ihe claims under Ariicle 19 are not allowed where
the Internationzl Ssarching Authwority has declared, under Article 17(2), that no inwzrational szarch report would be
established (see PCT Applicant’s Guid2, Volume I/A, paragraph 298). -

What parts of the international application may be amended?
Under Articls 19, only the claims may be amended.

Duringt the international phase, the claims may also be amended (or iuither amended) under Ariicle 24 bifore the

Iniarnational Praliminary Examining Auihority. The description and drawings may only be emended under
Adicle 84 before the Intsmaltional Exarrining ,«uu.uuty

Upon eniry ml-) ihe national phase, all pariz of the international apphu;uon may be amended under Article 23 or,

"~ wherg 'xpplu,ablL Article 41.

Wihien? Within 2 micniths froni ihs dals of ranzmitial of ihe inlernaticnal zearch repori or 16 monihz from the priority dae,
! the amendments will be congidersd ag having
been recaived on lime if they are received by the International Bursau afier the expiration of e applicable iime

whichaver fimne Bmit expirse latar, i should be noied, howaver, i

limit but bafors the complation of ihe lechnical preparalions for inlernaional publicaiion (Rulz 46.1).

.Where not to file the amendments?

Tha amandmeants may only bz filad with the International Buraau and not with the receiving Olfice or the
Inten nztional Searching Authority (Rule 46.2).

Whara 2 dsmand for iniernational praliminary examination has oeanfs filed, see below.

How? Eithar by cancelling one or mors cnlire claims, by udd"lg ons of MG new claims or by amanding the =t of one

or more of the claims as fited.

A replaczmant shaat must be submitied for zach shaet of the claims which, on account oi an amendment or

amendmants, difiers from the shezt originally filed.

All tha claime appsaring on a rsplacamant shest must be numberad in Arabic numerals. Where a claim is

cancelled, no rsmrabering of the other claims iz required. In all casss where daims are renumbered, thay mazt be

renumberad consecutively (Section 205(b)).

The amendments must be made in the language in which the international application is 1o be published.

What documents must/may accempany the amendinents?
Letter (Section 205(b)):
The amendnients must be submitled with a leiter.

The letier will not be publishad with the international applicaion and the armandsd daims. 1t should not be
confused with the "Staiemant under Anicle 19(1)" (222 below, undar "Satement under Article 19(1)").

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international application

is French, the letter must be in French

Hoigs to Form PCTASAIZZ0 (lirst zhest) (Ociobar 2005) -
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate ths dilierences beiwesn the claims 25 filed and the claims a5 amanded. It must, in o
pariicular, indicate, in connaclion with each claim appearing in the inlernational applicztion (it being underziood
that iderdical indications concerning several claims may ke groupad),whether

(i) - the claim is unchanged;

(i) the claim is cancelled;

(i) the claim is new;

(iv) the claim replacss one or more claims aa filed;

(v) the dlaimis e result of the 'JIVI::,I\.\I'I of a claim as filad,

The following examples illusirate the manner in which amendments must be explained in the
accompanying letter:

t
[N
i

1. [Whers originally thare wera 48 claim and after amandmant of somie clzims there are 51]:
"Claims 1w 29, 31, 52,54, 35,27 0 1D H“Pldbed by amended clzims bearing the same numbers;
claimg 30, &5 and 36 unchanged; new claims <9 1o 51 added.”

2. [Wln,re originally ihere were 1€ claims and 2'ter amandinerd of all claims tharz are 11]:
"Claims 1 to 15 replaced by amendad claims 1 o 11."

3. [Wiere originally ihere wara 14 claims and ihe amendments congist in cancelling zomea clairms and in adding |
new claims]: : o ]
"Claims 1 10 6 and 11 unchangad; clairms 7 iv 12 cancelled; new dlaimz 15, 16 and 17 added.” or :
"Claima 7 {0 12 cancellzd; naw slaims 15, 16 and 17 added; all other dlaims unchanged.” i

4. [Wheare various Linds of amendments are made): ' :
"Claima 1-10 unchangsd; dlalms 11 to 13, 12 and 19 cancelled; claima 14, 15 and 16 replaced by amended :
clairi 14; claim 17 subdivided inio amended claims 15 , 16 and 17; naw clairms 20 and 21 added.”

"Statement under article 19(1)" (Rule 46.4)

The amandmant: may be accompanied by a statzmant “"plmmrpg the amendmants and indicating any impact
that such amandmants might liave on ihe destiplion and the drawingz (which cannat be armended under Article 19(1)).

e

The statemant will be publishad with the iniemational application and the amendsd claims.
It must be in the language in which the international application is to be published.
It rust be brizl, not excesding 500 words if in English or if ranzlatzd inte Englizh,

It zhoutd noi bé confused with and dodg not replace the latier indicating the differences between tha claims as filed
and as aimended. It mast be filed on a separate zhaat and must be idzntified a3 such by 2 heading, preferably by ;
using the words "Staternant under Article 19(1)." ’

It may not conlain any disparaging comments o the inteing uunal saarch report or the relevance of citations . !
cortained in that repori. Raference to citations, relevani 1o & given claim, contained in the international search !
raport may b made only in connection with an amendmant of that claim, . b

Consequence if a demand for international preliminary examination has "already been filed

If, at the time of filing any amsndments and &ay accompznying stalernant, under Articl2 19, a dernand for
international preliminary sxamination has alrezdy been subniitied, the applicant must praierably, at the time of
fiting tha amendmanis (and any staizment ) with the Inigrmational Burgau, also file with the international ;
Praliminary Exarining Auihority a copy of zuch amendments (2nd of any sixiement) and, where 2 quir\,d a i
h‘ans.lati« n of such amendmenis for tha procadurs baiore that Authority (263 Rulss 55.5(2) and 62.2, hr
ganience). For iurihar informaion, £2¢ the Fdes o ths demand form (PCTAPEAMLDT). ) i

i a dermand or intzrmational preliminary exarnination is mads, the writien opinion of the Intermational Searching ) i
Authority will, axcept in cerain cases where ths Inernational Frefiminary Examining Authority did not act a3 !
Intarnationsl Searching Authority and whers it has nddified the International Bureeu under Rule 66.180s(), be
congidersd 0 be 2 writtan opinion of the Inlemational Preliminary Examining Authority. If & demand is made, the
applicant may submit t2 the intsrnational Praliminary Eamining Authority & reply o the writien opinion togainer,
whare appropriatz, with amendmenis before ihg expiration of 2 rmanihs from the Jdate of mailing of Form
PCTNSA/Z20 or befare the a-pirsiion of 22 monihs from the pricrity date, whichever evpirss latar (Rule 130is.1(c)).

Consequence with regard to translation of the international application for entry into the national phase

ase, a transiation of the claims as
3@3, instead oi, or in addition to,

The applicant’s atiention is drawn o the fact that, upon enity inio the nationzl p
amended under Article 19 may have 1o ba furnhhcd W ihe designatedielaciad O
the translation of the ciaims as filed.

For furiher details on & equirements of each dasignated/sledisd Oifice, 2e8 the PCT . Applizant's Guide,
Volume 1f. !

z 1o Form POTASA/ZZ0 (second ahe 21) (Dciober 2008)



" PATENT COOPERATION TREATY'
INTERNATIONAL SEARCH REPORT

(PCT Artichs 12 and Pules 42 and 44)

Applicant’s or agent's file reference( . FOR FURTHER see Form PCT/ISA220
SIRT-032-WO1 ] ACTION as well as, where applicable, itern 5 below.
international application o, International filing data (Jay/monityzar) (Earlizzt) Priority Dale (day/monib/year)
BCT/US2008/007771 , - Z0/06/2008 20/06/2007
Applicant

SIKTRIS PHARMACEUTICALS, INC.

This intarnational search report has been prepared by this Intamaiional Searching Authority and is vansmitied o the  applicant
according to Article 15. A capy 15 Dzing renzmided 1o the tnisrmatdional Burzau.

This intarristional saarch raport cunsisis of a toial of 3 ___shesis. - ,
Itic also accompaniad by a copy of each prior art documeard citad in thiz raport,

1. Basis of the report
a. With regard b the language, e Iniernailonal saarch was carried out on the basis of;
the international application in the language in which it was filed

D " a translation of the Intermational applicaiion into , which is the language
of 2 translation furnished for the purpozes ofintemational s2arch (Rules 12.5(a) and 25.1(b))

b, []  Thizinternational search report has basn ezizblizhed taking into account ihe rectificalisn of an sbyions mistake
authorized by or notified to this Authavity under Fule M (Fule 18.66iz(a)).
. I:] With regend 0 ainy nucleolide and/or amino acid sequence disclozzd in tha Intarnational application, aee Box No. \.
2. E] Certain claims were found unsearchable (Sze Box No. 1)
. D Unity of invention is lacking (scc Box Mo 1Y)

4. With regard to the title,
tha taxt is approved as submittad by the applicant

(<0

[¥]  the text has bean establizhad by this Authority t read as follows:
SIRTUIN MODULATING IMIDAZOTHIAZOLE COMEFOUNDS

5. With regard 1o the abstract,
the tart is approved as zubniitted by the applicart

D tha te1 has baen establizhed, according o Rulz 32.2(b), by thiz Authority ag it appaars in Box Mo, IV. The applicant
may, within one month from the datz of mailing of thiz inizmational zarch report, submil comments o this Authority

6. Wit regard to the drawings, _ .
a. the figuré. of th& drawings in ba published with ithe absiract is Figure No. _______
' [] assuggested by the applicant
[:] as selected by this Authorily, bacauze die applicani falled i0 suggxss a figure
D as selectad by this Authorily, becauzs ihis figurs batlar characierizes the invention
b none of the figurez is to be publishad with e abstract A

Form PCTASA/210 (first shei) (April 2007)




INTE.;'ff‘:,.‘ATlONAL SEARCH REPORT

o "tnational application No

PCT/US200&/007771

A. CLASSIFICATICHN OF SUBJEST MATTER

INV.  CO7DEL%/04 - Aclk31/479 AG1IFZ/10

According to Interrational Patent Classificaiion (IPC) or to both national classiiication and iPC

‘B. FIELDS SEARCHED

Minirmuri docurmentation searched (classification sysiem followad by claszification symibols)

CO7D0  A61K AB1P

Documentation ssarched other than rinimum documentation to the exient that such docurents are included in the fickds searched

Electronic data bass consulted during the intarnational search (hame of data bass and, where praciical, search tamms usad)

EFO-Internal, WFI Data, BEILSTEIN Data, CHEM AEZ Data

C. DOTUMENTS CONSIDERED TO BE RELEVANT

Category* | Ciaiion oi document, with indicaiion, whiare appropriaie, of thi 12lavenl pagseges

Frelevant © clairir Mo,

INC [US]; NUNES JOSEFH J [US]; MILNE JILL
[U3]) 15 February 2007 (2007-02-1%)
claimsz 1-125; table 4; compound 735

X UO"007/019744 A (SIRTRIS PHARMA‘EUII'ALu ' 1-21

D Further documents are licted in the continuation of Box C.

Eee patent family annex.

Special categories of cited documents :

"A' docurgnt defining the general siaie oi the an which is noi
considered 1o be of particular relevance

*E" earlier document but pubilished on or afler lhe internalional
filing date

*L* document which may throw doubts on priority clzim(s) or
which is citzd to cstablish the publication date of ancther
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exilbition oF
other means

“F* docurient published prior to the international filing date but
leter than the priorty dute claimed

“T" later document published after the international filing date
or priority date and not in conflict with the application but
clied to understand th(-\ principle or theory underlying ihe
invention
*X" document of patticular relevance; ihe claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the docurnent is taken alone
document of pariicular relevance; the claimed invention
cannot be considered to involve an invenlive step when the
document is combined with vne o foie oller such docu-
ments, such combination being ubkus to a person Skl"bd
in the art.

docurneni member of the zame patont family

<

A

Date of the actual completion of the intzrnational scarch

Octaber 2008

Date oi ITIn('InQ of the intzmaiional zaich repod

05.11/2003

Mame and mailing addraes of ihe 1sn/
European Patznt Officz, F.B. 5313 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Auihorized oiiicer

Stroeter, Thaomas

Form PCTASA/210 (sacond shest) (April 2005)




INIE | 'AIIUNAL SEAKCH REPORT

L [ - national applisation Neo
Infarmation on patent family members

PCT/US2008/007771

Paient document

Publication

Patent family

Publication

cited in search report date membar(s) date
WO 2007019344 A 15-02-2007 AU Al 15~02-2007
. : AU 397 Al 15-02-2007
AU 200627350% Al 15-02-2007
A 2006275504 Al 15-02-2007
A 2006272505 Al 15-02-2007
CA 2R1I7RIE AL 15-02-2007
- CA 2617557 Al 15-02-2007
CA 2615260 Al 15-02-2007
CA 26152638 Al 15-02-2007
CA 2615570 Al 15-02-2007
EF 1910384 Al 16-04-2003

1910362 Al

16-04-2003

EP 19103585 Al 16-04-2008
EP 1909910 Al 16-04-2008
EF 1910380 Al 16-04-20038
us 2007037265 Al 15-02-2007
WO 2007019345 Al 15-02-2007
WO 2007019346 Al 15-02-2007
WO 2007019416 Al 15-02-2007
WO 2007019417 Al 15-02-2007

Foim PCT/ISA/210 (patont family annex) (April 2005)




" AATENT COOPERATION TRATY

From the

HMTERHATIONAL SEARCHING AUTHORITY.

| - PCT

Mp form PrTASARRN WRITTEN QOPINION OF THE

' i INTERMATIONAL SEARGHIES AUTHORIT

(PCT Rule 43bis.1)

Date of mailing’
1 (daymmontivyear) 33 form PCTASAZ10 (second shezt)

/-\ﬁpli-:am's or agant's fils raferencs FOR FURTHER ACTION

56 form PCTASALZO 1S3 paragraph 2 below

Intzrnaiional applizotion o, niernaiional filing Jats (daydrsitivizar) Pricrity daiz (dawmonthiear) )
PCTAIS2003007771 _ 20.06.2003 20.06.2007

Internationzl Palent Classiiication (IPC) or both naiional class fisation and 1IPG

TRV, COTDEI204 AGTEISIAED AGTREAQ

Applicant
SIRTRIS PHARMACGEUTICALS, INC.

1. This opinion containg indications retating to 1hs following itzms:

Box Mo. | Rasis of thz opinion

Box No. ii Priority )

Box Flo. 1l Fon-esiablishment of opinion with régarci 1o novelly, invenlive step and industrial applicability
Box Mo. IV Lack of unity of invantion ’

siement undsr Rule 13kiz. 1 (a)(i) with ragard ta novally, inventive step or industrial
citadions and sxplanations supporting such statzment

Box Mo,V Feasonsd s
applicabilily;

Box Mo, VI Certain documents citad

oEo0 0OOOO0OR

Eoxilo. VII  Ceriain dafzcls in the international applicztion
Cs

Box Ho. VI Cariain obzzrvations on the internaticnal zpplicaticn

2.  FURTHER ACTION

If & demand fot intzrnational preliminary sxaminalion is rmzdz, this opinion will usually b considarzd to be a
writien cpinion of the [nternational Preliminary Examining Auiharity ("TPEA") except thal this does not apply whare
the applicant shoosss an Authority othar than ihiz ons io ba the IPEA and the chozen IPEA has notifed the
International Buraaw under Ruls 67, 16is(b) that writizn opinions of ihiz Iniemational Searching Authority

will not be so considerad.

1t thiz opinion is, 28 provided above, considersd to bz a wiitten opinion of the IPEA, the zpplicant iz invitad to
submiit io the IPEA & wrillan reply togathar, where approprizie, with amendin znts, befora the zipiration of 2 months
from the dais 57 mailing of Form POTAZALZZ0 or before the sxpiralion of 22 months from the pricrity date,
whichever expires latsr.

Fer further opticns, ses Form PCTASA/Z220.

For further details, 322 ﬁoles to Form PCT/ISAD:‘O.

2
Ay
flame and mailing address of lhe [S4: Daie of complsiion o Authoriz 2d Ofiicer

this opinion

European Patent Office - : ce o ' .e
.@)) D-£0293 Munich é'fT',l“g’,;‘mo Stroeter, Thomas 0)»
—> T4 %

L4630 2390 - 0 T 522656 spmu o

Fax: +19 28 2399 - 1165 Telephang [, 49 £9 2399-8088 RV

Cmvmm DOTAS AINT? (T Avar Qhaat) (Drrl 2NNERY




WRITTEN OPINION OF THE | Intzrnational application No.
INTERNATIONAL SEARCHING AUTHORITY C RPOTAISZO0S0T7 771

Box No.l Basis of the opinion

1. Wiili regard (o the language, this opinion has been establishad on the bagiz of:
) the intemational application in e languags in whicsh it wag filed

O & translation of lhs~ internationst application ingo ,whn I- i the | anguage of a translation furnishad for tha
purpozes of intzrmational szarch (Rulzs 12.5(a) and 22.1 ().

2. O This opinion has been establichsed taling inlo account the rectification of an obvious mistake authorized
by or notified Lo this Authority under F}ule 91 (FRuls 43bis.1(a)) ‘

With regard o any nucleotide and/or amino acid sequence dizclozad in the international application and

nacesaary o the claimed invantion, thiz opinion has bean established on the basis of:

[

a. typs of material:
CI a sequence listing
O table(s) related to the sequence listing
b. format of material:
0 on paper
O inelectronic form
.c. time of filingAurnishing:
‘00 contained in the intermational application as filed.
O filzd ogether with the international application in electronic form.,
1 furnished subsequent& 1o this Authority for the purposas of ssarch.
4. O In addition, in the case thal more than one vargion or copy of & sequence listing and/or table :flq!ing thereto
has basn filzd or furnishad, the required slatements that the infarmation in the subzequent or additional

copies is idantical (o that in the application as filzd or does not go beyond the application as filad, as
appropriate, were furnished.

A. Additional comments:

Earm PCTARAI 237 {Anril O007)




WRITTEN OPINION OF THE Intemational applization No.
INTERNATIONAL SEARCHING AUTHORITY PCTSIN0E00777

Bo: No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or

“industrial applicability; citations and explanations supporting such statement -

1. Statement

Naovelty (N)  Yes: Claims 1-21
" No: Claims
~ Inventiva step (19) _ Yes: Claims
No: Claims 1-21
Industrial applicatdity (A4)  Yes: Claims  1-21

No:  Claims

2. Citations and explanations

see separate sheet

Box No. Vil Certain defects in the international application

The follawing defacts in the form or contantz of the intemational application have been noted:

see separate sheet

Box No. VIl Certain observations on the international application

The follawing observations on the clarity of tha claims, description, and drawings or on the question whathisr the
claims are fully support=d by the description, are made:

see separate sheet

Enermm DETAQAISET7 {Anril S007)




WRITTEN OPINION 'O‘F THE : ‘ International application No.

INTERNATIONAL SEARCHING : ,

AUTHORITY (SEPARATE SHEET) ‘ ' PCT/US2008/007771
| Re Item V

Reasoned statement with regard to novelty, mventlve step or industrial
‘applicability; citations and explanations supporting such statement

1 The pregent application is directad to imidazof2, 1- -blthiazole derivatives as siriuin -
maculating compounds for the treatment of a varisty of dizorders including
diabetes, insulin resistance or metabolic syndrome.

Fa

Claimz 16-21 relate to subject-matter considerad by this Autharity 10 be covered
by the provisione of Rule 39.1(iv)/67.1(iv) PCT. The patentability can be
dependent upon the formulation of the claima. The EPO, for example, doas not
racognize as patzntable claims to tha uge of a compound in medical Iw.-ltn*nent,

but may allow claima to a product, in pariiculzr subgiances ar compositions for use

in a first or further medical treatiment.

2 Referense is made o the fallowing document:
D1: WGC "ﬁDT/MLi 24 A (HII’.TPIU FHARMACEUTICALS IMNC) 15 biumy 2007

4 Arl 33(2) F‘(JT All L;timc appear o be noval. In particular formulz (1) of the
broadest compound claim 1 appears to be a novel selection of the compounds
disclozed in the compound claima of D1 ainge D1 does nol discloze speaific
compounds having a thiazole ring attached 1o the amide carbonyl group.

(&)

Art. 35(3) PCT: In view of closest prior art document D1, the problem o be solved
appears to reaide in the provision of further Qirtuin-n‘uodulating imidazo[2,1-b]-
thiazole compounds for the treatment of e.9. diabeles, insulin rezistance or
metabolic syndrome.

Since the prezently claimed compounds are completely encompassed by the

scope of the compounds of D1, they mpl ese 1t a zelection of the ¢ nmpuunds
disclosed in the compound lenns ol D1,

Form PCT/ISA/257 (Separate Sheat) (Sheat 1) (EPO-April 2005)
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WRITTEN OPINION OF THE

International application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) _ PCT/IS2008/007771

<€D

=
-

1z, the zolution proposed by the Applicant being the spedific biaryl group
attaci'ue-:l i the amide carbonyl group iz already disclozed in D1 (zee delinition of

R*) although no compounds are e«plicitly dasaribed. The mere choice of specific
compounds within 2 Jroup of compounds known for the zame pharmacaladgical
aclivity cannot be considerad inventive per a@ since if it iz an arbitrary choice. If
the Applicant conzsiders the praecent s.elecuon o be & purposive one, hais
recquastied to submit further infarmation and arguimentation in order to demanztrate
an unexpected effect, e.g. a better inhibition activity over the cloasst prior art. Mo
comparative ests which would support the invalvement of an inventive slep have
yel been provided in the prezent description. Thus, the present claims are not
inventive.

Furthermare it is noted that, the Applicant may be entitled to claim all obvious
modifications of what was dezcribed (Guidelines C-HIl, £.2). But an open-endad
term like "substituted” as used lhrougl‘nbut the claims of the present application,
without apecification of the paszible substituenis, iz, howeavear, speolative in the
senze of Article 23(8) PCT: ILincludes a greal variely of structural pozzibilities not
yet explorad by the applicant, the effect of which cannot be foresesn having
regard to the problem underlying the present invention. Such a non-limiting term
as cited above includes ' :

- chemical groups which are structurally o remote from those of the eramples

that the aclivity of molacules comprizing them cannot be predicted wuthm the limits

of qualitalive struclure-activity-relaiionship considerations
- mutagenic and/ar loxic groups

- known pharmacophoric groups with the same or a complsizly different aclivity

which leads o hybrid molecules or bio- LUH]UUJU:)C lhe actual biological activitises of
which are unpredictable,

i.e. it cannot be foreseen, whether those molecules have to be conzidered obviousz
modifications of prepared and tezied examples or pu wide a solution to the
problem at all. o

The subjzct-matter of the presei‘nt claims 1-21 iz industrizlly applicable and thus

Form PSTASA/ZS7 (Separala Sheet) (Sheel 2) (EPCS-April 2005)
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WRITTEN OPINION OF THE = ' Iteriational application No.
INTERNATIONAL SEARCHING .
AUTHORITY (SEPARATE SHEET) ‘ POT/IS2008/007771

fulfils the reguirementa of Arlicie 23(4) PCT.

Re ltem-VIi '
Certain defects 'in the international application ‘ _ ;

The requirements of Rule 5.1(a)(ii) PCT ars not meat since the most relevant .
background art D1 has nol been identified in the deacription,

Re Item Vil L
Certain observations on the international application

1 The term "substantially” used in claim 21 iz vague and unclaar and leaves the
readsr in doubt as to the meaning of the technical Features to which it refers,
thereby rendering the definition of the aubject-malter of said claim unclsar (At 6
PCT). o ‘

Claim 10 iz encompaazad by the acope of present claim 1 and must therelors ba
considersd o be a dependent claim. Any dependent claim mustinclude a
reference to the claim upon which it is depandent in order to fulfill the
requirements of Rule 6.4 (a) PCT. '

A%

Form PCTASA/ZE7 (S :paraiz Sheei) (Shezi 3) (EPC-April 2005)
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Possibile steps after receipt of the international search report (15R) and
written opinion of the International Searching Authority (WO-I SA)

Genaral
information

Amending claims
under
Art. 19 FCT

Filing a dermand
for international
areliminary
examination

Filing informal
commients

End of the
i nternal innal
phase

Felevant PCT
Fules and more
information .

For all international applications filed an or after 01/01/2004 thee compestent
ISA will establish an 1SR 1 ig accompanizd by the WO-ISA Unlike the
formar written opinion of the IFEA (Fule &8.2 PCT), the WO-ISA iz not
meant to be responded to, but e be taken into considaration for further
procedural staps. This document e«plaing about the possibilitiss, '

Within 2 months after the date of mailing of the 1SR and the WO-1ZA tha
applicant may file amendad claims under Art. 19 PCT directly with the
International Bureau of WIPO. The RIT reform of 2004 did nat changz
this procedure. For furthar information pleass see Fube 46 FCT as well as
form PCT/ISA/220 and the uuna«pundmg Motes 1o form FCT/ 1 J/V_'Qn

In principla, the WC-1SA will be considared as the written opinion of the
IPEA. This should, in many casss, maks it unnecesszary 1o’ file a demand for
international pratiminary e-amination. 1f tha applicant navarthelses wishes
to file a demand this must be done before aopiry of 3 months afier the
dzte of mailing of the ISR/ W3-18A or 22 manths after priority
date, whichaver expires later (Fule S4bhis RCT). Amendments under Art.
54 PCT can be filed with the IPEA as befors, normelly at the sama tims a3
filing the demand (Rule 66.1 (k) PCT).

If a demand for international preliminary  =-amination is filsd and no
comments/amendments have baan recaived the WO-ISA will be transformed
by the IPEA into an IPRP (Intzrmationzal Preliminary Report an Patentability)
which would meraly reflect the content of the WQ-ISA. The demand can still
be withdrawn (Art. 37 PCT). '

After recsipt of the ISFYWCHIEA the applicant may file informal Somiments
on tha WO-1SA directly with the [nternational Bursau of WIPO, Thasa
will b2 communicated 1o the designated Officss togethar with the IFEP
(International Pratiminary Report on Patantability) @t 20 months from the
pricrity date. Please also rafer to the nest box.

At the end of the international phase the International Bursau of WIPO will
transform the WO-15A or, if a demand wag filksd, the writter apinian of the
IPEA into the IPRP, which will then be transmitted together with pozsible
informal carnments to the designated Officss. The 1PRP replaces the formear
IPER (international preliminary «-amination I"-pt.'l't).

Rulz 43 FCT, Fule 43bis T, Ruls -H FCT, Fule ddbis BCT, BCT Hew: ‘Il-'t[l-'l’
12/2003, OJ 11/2003, OJ 12/200:2




" AATENT COOPERATION TRUATY

From the

[ITERNATIONAL SEARCHINIG AUTHORITY

To:

PCT

Pp farm POTASAZRO WRITTEN OPINION OF THE

(PCT Rule 43bis.1)

INTERMATIOMNAL SEARCHITIG ALTHORITY

Date of mailing’
| (dayinontivyear) sce form PCTASAR10 (second shest)

A;ﬁ;plicani's or agent's file rsfarence

FOR FURTHER ACTION

see form PCTASALZO | Ses paragraph 2 halow
imtamnational application Flo. tnternational filing dais (Jayinonihjear) Pricrity date (dawmonthirzar)
PCTAISZ005007771 . 200062002 20.06.2007

Intzmationzl Paient Classifizziion (IPC) or bath natinnzl clzssification and 1PC

MV, COTD51E04 Aot SIAZD AGTPEAD

Applicant

SIRTRIS PHARMACEUTICALS, ING.

Thiz opinion containg indications rstating o the fGllowing items:

1.
Box Mo. | Basis of tha opinion
O Box No. li Priority ‘
[0 Boxio. Il Hon-eslablishment of opinion with regard 1o novelly, inventive step and industrial applicability
[ BoxNo. IV Lack of unity of invention '
O Boxllo.V  Feazonzd statsment under Rule 42bis.1(z)(i) with regard to novelly, inventive step or indistrial

applicability; citztions and explanations supporting such statemant

O Box Mo. VI Certain documents cited
Eox Ho. VIl Gerizin defzsts in the international application
B1 Box tao. VI Ceriain cbzervations on the international application

2. FURTHER ACTION '
[f 2 demand for iniernational praliminary sxamination is riade, this obinion will usually be considered to be a
written opinion of the Intarnational Freliminary Examining Authority ("IPEA") excepl ihal this does not apply where
tha applisznt choogss an Authority ather than this one (o be the IPEA and ihe chosen IPEA his notifed the
Intsrnaiional Buisau undzr Rule 66.16ix(b) that writtzn opinions of this International Searching Authority
will not be so considerad.
If his opinion is, 25 provided abovs, considersd o ba o written opinion of the IPEA, the applicant is invitzd to
submit = the IPEA 2 wriilzn reply tagsther, whers appropriate, with amendments, bafore the expiration of 2 months
fram the dzle of mailing of Form POTASALZ0 or bafore the expiration of 22 months from ihe pricrity date,
whichevar sxpires latar. ‘ :
For lusther opticns, ses Form PCTASAR20.

3. Forfurther details, ses notes to Form POTASARZ20.

{lame and mailing addrzss of thz [SA: Date of coraplstion ol Authoriz sd Officer

this opinion av‘\.:w P"«w.,",.}
European Patent Office . see o ‘ ” 2%,
.0))) D-20293 Muriich PeTISAB10 Stroeter, Thomas )
Tel. +49 52 2399 - 0 T 522656 zpmu d %, 9§
Fa: 48 59 2399 - 4468 Telephane Mo, -.49 89 2399-8088 Dot g
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WRITTEN OPINION OF THE ' International application No.
INTERNATIONAL SEARCHING AUTHORITY CRPCTAISZ00S007771

Box No.1 Basis of the opinion
1. Wiih ragard bo the language, thiz opinion has been establizhed on the baziz of:
the intemational spplication in the language in whic h it was filad

O atranslation of th«— intzynational application inlo | w|uL his ihe language of a translation furnishad for tha
purposas of international search (Fulzs 12.5(@) an-J 1 (b)).

2. O This opinion has been @stablishzd taling inlo au“oum ih= rectificalion of an obvious mistake authorized
by or notified 1o this Authority under I"‘ulw 91 (Ruls 43his.1(a))

€

With rzgard to any nucleotide and/or amino acid sequence disclozad in the international appdication dnd
necessary to e claimed invantion, this apinion has bezn astabdished on the bazis of:

a. type of material;
0 sequence listing
O  tabila(s) related o the sequence listing
b. format of n;uaterialz
{1 on paper
O  inelectronic form
'c. time of filing/furnisl'uing:‘
‘0 containzd in the international application as filed.
O filed ogether with the international application in electronic form,
[0 furnishad sl vb»—qu-mtl.y 1o this Authority for the purposas of 3aarch.

4. O In addition, in the case thal miore than one vergion or copy of a sequence listing and/or table mldtnng thereto
has been filed or furnishad, thes reauired stataments that tha information in e subssoguent or additional
copizs is identical o that in bé application as filzd or doss not go baeyond the application as filed, as
appropriate, were furnished.

Addifional comments:

_Lﬂ

Earm ROETASAI 237 (Anril S007)




WRITTEN OPINION OF THE internatinnal application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAISZO0EN0TT71

Box Ho.V  Reasoned stalement under Rule 13bis.1(a)(i) with regard to novelty, inventive step or

“industrial applicability; citations and explanations supporiing such statement -

1. Statement

Novelly (N) ' Yes: Claims 1-21
" No: Claims
~ Invertive step (1S) _ Yes: Claims

No: . Claims 1-21

Industrial applicatility (14)  Was: Claims 1-21
No: Claims

2. Citations and ==planationa

see separate sheet

Box No. VIl Certain defects in the international application

The following dafects in the form or contanis of the intsmational application have baen noted:

see separate sheet

Box No. VIl  Certain observations on the international application

The following obsarvations on the clarity of the claime, deserigtion, and drawingz or on the guastion whather the
claims are fully suppaoriad by the description, are made:

see separate sheet

Cmren BTAGAI3T7 [dmeil 2007
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WRITTEN OPINION OF THE : ’ International application No.
~ INTERNATIONAL SEARCHING : ,

AUTHORITY (SEPARATE SHEET) ‘ ' ECT/US2008/007771
| Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
‘applicability; citations and explanations supporting such statement

1 The prezent application i2 direcled b inidazo[2,1-bithiazale derivatives as sirtuin -
modulating compounds for the treatment of a varisty of dizorders including
diabetes, insulin resistance or metabolic syndrome.

Z Claims 16-21 relate to subject-maiter conziderad by thiz Auihority U be coverad
by the provigions of Rule 39.1(iv)/67.1(iv) PCT. The patentability can ba
dependent upon the formulation of the claims. The EPO, for example, dacs not
racognize as patentable claims to the use of a zompound in medical irzatment,
but may allow claims w a product, in pariicular subsiances or compositions for use
in a first or further medical treatment.

2 Reference is made o the fallowing sdocument: .
D1: WO 2007/01a344 A (SIRTRIS FHARMAGCEUTICALS IFIC) 18 February 2007

4 Al 23(C) PCT: All claima appear ta be novel. In particular farmulz (1) of the
broadest compound claim 1 appears to be & novel selection of the compounds
disclosed in the compound claims of D1 since D1 does not disclose apecific
compounde having a thiazols ring attached to the amide carbonyl group.

B AL BE(3) PCT: In view of closest prior art document D1, the problem o be solved
appears to reside in the provizion of further sirtuin-madulating imidazo[2,1-b]-
thiazale compoundsa for the treatrment of 2.9, diabetes, insulin resistance or
metabolic syndrome.

Since the presently claimad compaounds are completzly @ncompassed by the
scope of the compaounds of D1, they represent a zelection of the compounds
disclosed in the compound claims of D1.

Form PCT/SAZ37 (Separsis Shesi) (Shs st 1) (EPC-Apdl 2005)

e o




WRITTEN OPINION OF THE ' International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) ' PCT/US2008/007771

Thusz, the solution proposed by the Applicant being the apecific biaryl group
atiached o the amide carbonyl group iz already dizclozed in D1 (2ee definition of
R*) although no compounds are a-plicitly dese uhe . The mere choice of spacific
compaounds within a group of compounds Faown for the zame pharmacolagical
aclivily cannol be considered inventive per se zince if il is an arbitrary choice. If
the Applicant considers thz present zelection i be 5 PUposive one, he iz
requaated to submit further information and argumentation in order o damonszirate
an unexpacted effect, @.g. a better inhibition activity over the alosest prior art. Mo
comparative testz which would zupporl the invalvernani of an inventive step have
yet been provided in the presant description. Thus, the present claims ans not
inventive.

flJ

Furthermore il is noted that, the Applicant may be antitled to claim all obvious
modifications of what waz Jdescribed (Guidelines C-1Il, 6.2). But an apen-endad
term like "substituted” as uzed throughaout the claims of the present application,
without spesification of the poszsiblz substituents, iz, howaver, spaculative in the
senze of Articls 32(2) FCT: It includes a great variely of structural pozzibililies not
yet splored by the applicant, the affect of which cannot be foregeesn having
régard to the problem underlying the |ne$e:ntmvwmun Such a non-linmiting term
as cited above includes

- chemical groups which are atructurally 20 remote from those of the e-amples

that the activity of malacules comprizing them cannot be predicled within the limits

of qualitative struclure-activity-relationship congiderations
- mutajgenic and/or toxic groups _
- knawn pharmacopharic groups with the same or a completely differant aclivity

which leads (o hybrid molecules or bio-conjugaies the actual biological aclivilies of
which are unpredictable,

i.e. it cannct be foraseen, whather those molecules have to be eonsidared obvious
modificationz of prepared and tested eramples or provide a solutian to the
problem at all. - '

6 The subject-matter of the present claims 1-21 is industiially applicable and thus

Form PSTASA _L7(.J\_ra1ale Shzzi) (Sheel Z) (EP2-April 2005)




WRITTEN OPINION OF THE - | ' Interinational application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) ‘ FOT/USZ2008/007771

fulfils the requirementa of Article 3(4) FOT.

Re ltem Vil
Certain defects in the international application

The requirementzs of Rule 5.1(a)(ii) PCT ar2 nol mel since the most relevant .
bactground zrt D1 has not been identified in the desaription.

Re Item VHI
Certain observations on the international application

1 - The term "cubstantially" used in claim 21 iz vague and unclear and leaves the
reader in doubt &3 to the meaning of the tgchinical feature: o which it refers,
thersby rendering the definition of the subject-matler of said claim unclear (Ari. 6
PCT). | |

Claim 10 iz encompassed by thas seope of prezent claim 1 and musi therefors be
considerad to be a dependaent claim. Any dependent claim mustincludz a
reference to the claim upon which it is dependent in order to fulfill the
requirements of Rule 6.4 (&) FCT. '

o

Form PCTNSA/27 (Szparalz Sheei) (Sheei &) (EPO-April 2003)
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INTERNATIONAL SEARCH REPORT

Internationol application No

PCT/US2008/007771

. CLASSIFICATION OF SUBJECT MATTER

A .
INV." CO7D513/04"  A61K31/429 - A61P3/10.

According v Intemaic nal Patent Slacsificatizn (P2) ortz {=:th natianal classifization and IFG

8. FIELDS SEARCHED

Mintmum occumentatian searchad (Aac.:mc:llr-n systam follcwvad Dy classificatian symbols)

C07D A61K A61P

Documentation szarched olher than miniium documentation 19 the estent that such dacurmante ars includsd in the flakd: searched

.!"laclrunlb data base conauliad -Jurlr-g the intermational s=arch (names of dala base and, wiers peactical, cean,r. terms uscd)

EFO Internal WP1 Data, BEILSTEIN Data CHEM ABS Data

C. DOCUMENTS CONS!DERED TO BE RELEVANT

Categery’ | Cliation o documant, wWith indication, wilers appropriats, of ih3 selovant pazsages ’ " Rztavant tn ctaim No.

X. WO 2007/019344 A (SIRTRIS PHARMACEUTICALS 1-21

: “INC [US]; NUNES JOSEPH J [US]; MILNE JILL
[US]) 15 February 2007 (2007-02-15) - :
claims 1- 145 table 4, compound 735

D Furlh‘.rd)gurrwnts ave listed in the 'Cv:-nlinualiénorBor:G

: B] By patent family anncy.

¢ Spesal cate gories of citcd documents

‘A gocumant defining the -,Jener.ﬁl ctate of the ad which ie not
eansidared to be of particular rstovancs

*E* carlior Jocumaht but puldishad on or aftor thi mlumallonal
filing date

L0 documsant which may theav doubte on priority leln](a) ar

) eltalicn or other spacial reasan (35 aps~ificd)
O documsnt retarming to an aral disdosurs, uge, exhibilon of
cthol moans

*P* documerd published presr 2 the internaticnal filing -Jalu but
later than the pricrity date claimed

©which is Sitzd 1 oMaklich the publication dale of ancther -

T lmter douneant publishad after the intémational filing data

or priarly date and not In caaflict with the application but
citod to undorstand the principle or thzory underking the -
Invention

“ gocument of panicular retavarics; the claimad Invantioh
zannat be congldzre 2 svol o cannal ba sonsidarad 1o
Invalve ai Invantive ctep whan the dicamant i taken alena

Y® decument of particular ralevancs, the calmsd Ivention
cannol te considered 1o involve au invantive step vhan the

ACCUnsi B ombingd with Gne o muole sther such docu-

ments, 3uch cembinaticn baing cbviouz 10 a parson skiled
in the art. :

*S* documant member of the same patent famity

-1\ Dats of the actual completion of the Internationsl esarch

13 October 2008

Dats of maling of tha IMemational szarch @pon

05/11/2008

tama and mailing addrass of the ISA

HL - 2260 HV Rijsvifk
Tel (+31-70) 340-2040,
Fax: (+31-70) 390-3016

Edrapean Patent Cifics, P.B. 613 Patentlaan 2

Authorized officer

"Stroeter, Thomas

Fomm' PITASA/210 (52 3cnd zheat) (April 2606)



INTERNATIONAL SEARCH REPORT

International application No

) Inform?tlon ‘on patent family .rncmbevs ] PCT/U32008/007771
Patznt documant Publication Patent famity =~ Putlication
cited in zearch report  date member(s) date

WO 2007019344 A 15-02-2007 AU 2006278396 Al 15-02-2007

' "AU 2006278397 Al 15-02-2007°

AU 2006278503 Al 15-02-2007

AU 2006278504 Al 15-02-2007

AU - 2006278505 Al 15-02-2007

CA 2617532 Al 15-02-2007

CA . 2617557 Al 15-02-2007

CA 2618360 Al 15-02-2007 .

CA 2618368 Al 15-02-2007

CA 2618370 Al 15-02-2007
EP 1910384 Al 16-04-2008 -

EP 1910362 Al 16-04-2008
.EP 1910385 Al 16-04-2008 -

EP 1909910 AT 16-04-2008

EP 1910380 Al 16-04-2008

US 2007037865 Al 15-02-2007

WO 2007019345 Al 15-02-2007

WO 2007019346 Al 15-02-2007

WO 2007019416 Al 15-02-2007

Al 15-02-2007

. 2007019417

Form FGTASA210 (petcit lomily enner) (Apil Z005)
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