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TELOMERASE ACTIVATING COMPOUNDS AND METHODS OF USE THEREQOF

FIELD OF THE INVENTION
[001} The present invention is directed to use of a series of compounds and compositions
comprising the same for enhancing expression and/or activating telomerase and for treating

diseases, disorders and/or conditions related thereto.

BACKGROUND OF THE INVENTION
[002] Telomerase is a ribonucleoprotein that catalyzes the addition of telomeric repeats to

the ends of telomeres. Telomeres are long swretches of repeated sequences that cap the ends of

chromosomes. In humans, telomeres are typically 7-10 kb in length and comprise maltiple

repeats. Telomerase is not expressed in most adult cells, and telomere length decreases with
successive rounds of replication

[003] Telomerase acts as reverse transcripiase in the elongation of telomeres, which prevent
the loss of telomeres due to the end replication probiems. Without telomerase the telomeres
are shortened at each cell division which leads to senescence, apoptosis and cell death caused
by chromosome instability. Telomerase is inactive in somatic cells but active in 90% of cancer
cells, where telomerase is reactivated. Although telomerase activation may be dangerous,
because it can mimic the cancer development process, telomerase enhancing agents may be
theoretically applicable as anti-aging agents and clinically useful in certain medical
conditions. In contrast, telomerase inhibitors may be useful to fight cancer. Cancer and aging
are closely inter-related: Interventions that protect against cancer can lead to premature aging
while immortalization of cells is required in the formation of malignant cancer cells, Despite
the theoretical risk of activation of carcinogenesis, activation of telomerase may lead to
reduced rate of aging.

[004] The assessment-of the telomere length is important in the understanding of biological
and clinical significance of the telomere. The telomere length serves as a useful indicator in
the study of the chromosomal stability, telomerase activity andfor expression, proliferative
capacity and aging process of the cells. The climeal value of telomeres can be demonstrated in
its importance in cancey, prematie aging syndrome or segmental progeria; eenetic anomalies,
diseases resulting from chromosomal instability, such as Bloom syndrome {a rare inherited
disorder characterized by a high frequency of breaks and rearrangements in an affected
person’s chromosomes), and age-related diseases, such as Warner's Syndrome (a rare illness
that manifests rapid aging in younger people). The dynamics of telomere length have distinct

patterns of expression in specific disease progressions. Therefore it has a great value in the
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prognosis of the diseases.

(005] Telomere Jength can be measured by southern blot, hybridization protection assay,
fluorescence in situ hybridization, flow cytometry, primed in situ, quantitative-polymerase
chain reaction and single telomere length analysis.

[006) Lack of telomerase activity andfor expression and short telomeres may cause
dyskeratosis congenita, aplastic anemia, increase of death due to cardiovascular diseases,
strokes or infections, hypertension or chronic stress,

{0071 It was shown that transduction of telomerase in telomerase knockount mice prevented
damage in the liver,

{008] In addition to the role of telomerase in telomere length maintenance, accumulating

‘data suggest that the telomerase reverse transcriptase (TERT) protein has additional

physiological functions, i.e. protecting cells and mice from various damages in a mechanism
(yet unclear) that does not involve telomer elongation.
{009] Compounds which activate telomerase will thus find application in multiple clinically

relevant scenarios.

SUMMARY OF THE INVENTION
[010] In one embodiment, this invention provides a method of stimulating or increasing
telomerase activity and/or expression in a cell or tissue, comprising contacting said cell or tissne

with a compound represented by the structure of formula I;

Rz Ry
R, Rs
I‘{m
Ry Z Rg
Ry Ry
Ry

wherein

L carbon, nitrogen, phosphor, areeme, silicon or germaninm;

Ry to Re are the same or different, H, D, OH, halogen, nitro, CN, mitrileamido,
amidosu]ﬁdé, amino, aldehyde, substituted ketone, -COOH, ester, trifluoromerhyl,
amide, substituted or unsubstituted alkyl, alkenyl, alkynyi, aryl, arylalkyl, alkylaryl,
arylsulfonyl, arylalkylenesulfonyl, alkoxy, alkylalkoxy, haloatkyl, alkyihaloalkyl,

haloaryl, aryloxy, amino, monoalkylamino, dialkylamino, alkylamido, arylamino,
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arylamido. alkylthio, arylthio, - heterocycloalkyl, alkytheterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, hetroarylalkyl, alkylheteroaryl; or Rz Ry or Ry forms
a fused cycloalkyl, heterocycloalkyl, aromatic or heteroaromatic ring with the main
aromatic ring; and

Ryp is nothing, H, D, OH, halogen, oxo, nitro, CN, nitrileamido, amidosulfide, amino,
aldehyde, substituted ketone, -COOH, ester, trifluoromethyl, amide, substituted or
unsubstituted  alkyl, aikenyl, alkynyl, aryl, arylalkyl alkylaryl, arylsulfonyl,
arylalkylenesulfonyl, alkoxy, haloalkyl, haloaryl, cycloalkyl, alkyicycloatkyl, aryloxy,
monoatkylamino, dialkylamino, alkylamido, arylamino, arylamido, atkyithio, arylthio,
heterocycloalkyl, alkylheterocycloalkyl, heterocycioalkylalkyl, heteroaryl, hetroarylalkyl,
alkylheteroaryl; or its isomer, pharmacentically acceptable salt, pharmaceutical product,

hydrate, N-oxide, crystal or any combination thereof,

[011] In one embodiment, this invention provides 2 method of treating a condition capable
of being affected by telomerase activation andfor expression in a subject, comprising

administering to said subject a compound represented by the structure of formula I:

Ry R,
Ro Rs
1}10
Ry e Rg
Ry” Ry
Ry =

wherein

Z.is carbon, nitrogen, phosphor, arsenic, silicon or germanium;

R; to Re are the same or different, H, D, OH, halogen, nitro, CN, nitrileamido,
amidosulfide, amino, aldehyde, substituted ketone, -COOH, ester, miftvoromethyi,
amide, substitoted or vasubstinged aliyl, alkenyl, alkynyl, aryl, arylalicyl, alkylaryl,
arylsulfonyl, arvialkylenesulfonyl, alkoxy, aikylalloxy, bhaloalkvi, abirvthalealiov),
halparyl, arviowy, amino, monoalkylaming, diaflviaming, atbvlamido, arviaming,
arylamido, alkylthic, arylthic, heterocycloalkyl, aikylheterocycloalkyi,
heterocycioatkylalicyl, heteroaryl, hetroarylalkyl, alkylheteroaryl; or Ry Ry or Ry, forms
a fused cycloalkyl, heterocycloaltkyl, aromatic or heteroaromatic ring with the main
aromatic ring; and

Ry is nothing, H, D, OH, halogen, oxo, nitro, CN, nitrileamido, amidosulfide, amino,

3
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aldehyde, substituted ketone, -COOH, ester, wiftuoromethyl, armnide, substituted or
unsubstituted  alkyl, alkenyl, ajkynyl, aryl, arylalkyl, alkylaryl, arylsulfonyl,
arylatkylenesulfonyl, alkoxy, haloaltkyl, haloaryl, cycloalkyl, alkylcycloalkyl, arylox).f,
monoalkylamino, dialkylamino, alkylamido, arylamino, arylamido, alkylthio, arylthio,
heterocycloalkyl, alkylheterocycloalkyl, heterocycloalkylalkyl, heteroaryl,
hetroarylalkyl, alkytheteroaryl, or its isomer, pharmaceutically acceptable salt,
pharmacéutical product, hydrate, N-oxide, crystal or any combination thereof; whereby
said compound stimnlates or enhances telomerase activity andfor expression.
[012] "in another embodiment, said condition is HIV infection or a degenerative disease. In
another embodiment, said degenerative disease is neurodegenerative disease, a degenerative
_disease of the bones or joints, macular degeneration, atherosclerosis, or anemia. In one
embodiment, said condition is an inflammatory disease. In another embodiment, said
condition is dyskeratosis congenita. In another embodiment, the condifion is aplastic anemia.
In another embodiment, said condition is cancer.
[013] In one embodiment, this invention provides a method of treating an acute or chronic
condition of the skin, comprising contacting skin with a compound represented by the

structure of formula I

Rj Ry
Ry - Rs
P‘(m
Ry Z Rg
Ry R,
Rg

wherein

Z is carbon, nifrogen, phosphor, arsenic, sificon or germanium;

R; to By are the same or different, H, D, OH, halogen, mitro, CN, nitrileamido,
amidosulfide, aminc, aldehyde, substituted ketone, -COOM, ester. trifluoromethy],
anide, subetitused or unsubstitted atkvl, alkenyl, allkynvl, arvl, arvialkyl, alkviaryl,
arylsulfonyl, arylalkylenesulfonyl, alkoxy, alkylalkoxy, haloalkyl, alkylhaloalkyl,
haloaryl, acyloxy, amino, monoalkylamino, dialkylamineo, alkylamido, arylamino,
aryiamidd. alkylthio, arylthio, heserocycloalkyl, alkylheterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, hetroarylalkyl, alkylhetercaryl; or R3 R4, or Ry forms

a fused cycloalkyl, heterocycloalkyl, aromatic or hetercaromatic ring with the main
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aromaftic ring; and
Rjq is nothing, H, D, O, halogen, oxo, nitro, CN, nitrileamido, amidosulfide, amino,
aldehyde, substituted ketone, -COOH, ester, trifluoromethyl, amide, substituted or
unsubstituted  alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkylaryl, arylsulfonyl,
arylalkylenesulfonyt, alkoxy, haloatkyl, haloaryl, cycloalkyl, alkylcycloalkyl, aryloxy,
monoa]kylamind, dialkylamino, alkylamido, arylamino, arylamido, alkyithio, arylthio,
heterocyeloalkyl, alkylheterocycloalkyl, heterocycloalkylalkyl, heteroaryl, hetroarylalkyl,
alkytheteroaryl; or its isomer, pharmaceutically acceptable salt, pharmaceutical product,
hydrate, N-oxide, crystal or any combination thereof. ’
[014] In another embodiment, said acute or chronic condition is a wound, a bum, an
abrasion, an incision, a graft site, a vascular lesion, a Jesion caused by an iﬂfecﬁous agent, a
chronic venous ulcer, a diabetic ulcer, a compression ulcer, a pressure sore, a mucosal soré or
ulcer, and keloid formation.
{015} In one embodiment, this invention provides a method of inhibiting, abrogating or
delaying cellular senescence in a subject, comprising administering to said subject, a

compound represented by the structure of formula I':

R3 Ry
Ry Rs
1;‘110
R, z Rg
Rg R7
Rg

wherein

Z. is carbon, nitrogen, phosphor, arsenic, silicon or germaninm;

Ry 10 Ry are the same or different, H, D, OH, balogen, nitro, CN, nitrileamido,
mmidasplﬁd&, amino, aldehyde, substituted -ketone, -COOH, ester, triflucromethyl,
amide, subsiituted or unsubsiituted alloyl, alicenyl, alkynyl, aryl, arvialkyl, aikylaryl,
arylsulfonyl, arylatkyienesulfonyl, alkoxy, alkvialkoxy, haloalkyl, alkythaloalkyl,
haloaryt, aryloxy, amino, monoalkylamino, dialkylamino, alkylamido, arylamino,
arylamido, atkylthio, arylehio, heterocycloalioyl, alkylheterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, hetroarylalkyl, alkylheteroaryl; or Rs R, or Ry, forms
a fused cycloalkyl, heterocycloalkyl, aromatic or heteroaromatic ring with the main

aromatic ring; and
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[016]

Ry is nothing, H, D, OH, ha}ogcn, oxo, nitro, CN, nitrileamido, amidosulfide, amino,
aldehyde, substituted ketone, -COOH, ester, uifluvoromethyl, amide, substituted or
unsubstituted  alkyl, alkenyl, alkynyl, aryl, arylatkyl, alkylaryl,
arylalkylenesulfonyl, alkoxy, haloalkyl, haloaryl, cycloalkyl, alkyloycloalkyl, aryloxy,

arylsulfonyl,

monoatkylamino, dialkylamino, alkylamido, arylamino, arylamido, alkylthio, arylthio,
heterocycloalkyl, alkylheterocycloalkyi, hetﬁrocycloalkylalkyi, heteroaryl, hetroarylalkyl,
alkylheteroaryl; or its isomer, pharmaceutically acceptable salt, pharmaceutical product,
hydrate, N-oxide; crystal or any combination thereof.

In another embodiment, the methad of inhibiting, abrogating or delaying cellular

senescence in said subject extends a lifespan in said subject.

7]

In one embodiment, this invention provides a method of diminishing or abrogating the

effects of aging in a subject, comprising administering to said subject a compound represented

by the structure of formula I;

R R4
Ro Rs
I‘{w
Ry Z Rg
Ry Ry
Rg I

wherein

Z is carbon, nitrogen, phosphor, arsenic, silicon or germanium;

R, to Ry are the same or different, H, D, OH, halogen, nito, CN, nitrileamido,
amidosulfide, amino, aldehyde, substituted ketone, -COOH, ester, trifluoromethyl,
amide, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, arylalkyl, atkylaryl,
arylsulfonyl, - arylalkvlenesulfonyl, alkoxy, alkylalkoxy, haloalkyl, alkylhaloalkyi,
haloaryl, arvioxy, amino, monoalkylamino, dialk},"iamin(}, alkylamido, arylamino,
arylamido. alloylihio, aryithio, hegerocycioalioyl, alkyiheteroeycioaliov,
heterocycloalloylalkyl, heteroaryl, hetroarylalioyl, alkyiheteroaryl, or i3 Bq or Ky forms
a fused cycloalkyl, heterocycloalkyl, aromatic or heteroaromatic ring with the main
aromatic ring; and

Ryp is nothing, H, D, OH, halogen, oxo, nitro, CN, nitrilearnido, amidosulfide, amino,
aldehyde, substituted ketone, -COOH, ester, tifluoromethyl, amide, substituled or
alkenyl, atkynyl, aryl, arvlalkyl, alkylaryl, arylsulfonyl,

unsubstinnted  alkyi,

G
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arylatkylenesulforryl, alkoxy, haloalkyl, haloaryl, eycloalkyl, alkyleycloalkyl, aryloxy,
monoalkylamino, dialkylamino, alkylamido, arylanﬂno, arylamido, alkylthio, arylthio,
heterocycloalkyl, alkylheterocycloalkyl, heterocycloatkylalkyl, heteroaryl, hetroarylalkyl,
alkylhetﬁroaryl; or its isomer, pharmaceutically acceptable salt, pharmaceutical product,
3 _hydrate, N-oxide, crystal or any combination thereof,
{018] In another embodiment, the effects of aging comprise effects of the skin, eyes,
musculature, or bones of the subject.
(0197 In another embodiment the structure of formula ! is represented by the structure of
formula IV:

10

OH

wherein Ry, Rs, Ry, Re, Ry, Re and Ryg are as described above.

[020] In another embodiment the structure of formula I is represented by the structure of

1 formula VI

Re' OH Ry

YT
wherein By", Ra', Rs', R¢” Ry, and Ry are the same or different comprising halogen,
aryl, alkyl, cycloalkyl, heterocycloalkyl, alkexy, monoatkylamine, dialkylamino or
20 arylamino; and

Ryg is as described above.
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{021] In another embodiment the structure of formula [ is represented by the structure of

formula VI

5 [022] Inanother embodiment the structure of formula I is represented by the structure of
formula VO

£t {El
N-Et

Et...

HO 0H
e T e
N N
B Et

Et—N  OH N
! - El
BoH Vil

[0231 TIn another embodiment the structure of formula I is represented by the structure of

100 formula IX:

(0241 In apother enybodiment the structare of formuls 1 ls represenied by the strociure of
formula 3

15
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{0257 1n another embodiment the structure of formula 1 is represented by the structure of

Q.
GNHO - O OHNO
(.

QN OH D .

[026] In another embodiment the structure of formula I is represented by the structure of

formula XII:
O\L fs)

HO,

(0277 In another embodbment the strecture of formuls 1 is represented by the structure of

0
formuls XN

formula XI:

XIF
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[028] In another embodiment the structure of formula I is represented by the structure of

formuta XIV:
Br Br
DS ’
Br Br
Ar I Br

CH XIV

[029] Tn another embodiment the struciure of formula I is represented by the structure of

formula XV:.
HO I l

o

OH

XV -

{030] In another embodiment the stucture of formula I is represented by the structure of

formula XVI:
CH30\©\ OCH3

OCH;3 V1

0311 In another embodiment, the iwvention makes use of pharmacentical compositions

comprising compounds as described berein for any method as described herein.
RRTEE DRSCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The invention, however, both as to
organization and method of operation, together with objects, features, and advanfages thereof,

may best be understood by reference to the following detailed description when read with the
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accompanying drawings in-which:

[032] Fig. 1: Treatment of U-251 cell with compounds of the present mvention and
measurement of telomerase activity by TRAP assay. A. Telomerase activity in cells treated
with Compéund 68. B. Quantiﬁcati'on of results and % telomerase activation.

[033] Fig. 2: Time-dependent increase of telomerase protein level by compounds of the
present invention. A. Western blot analysis with anti-human telomerase antibody. B.
Quantification of telomerase protein level. ‘

[034] Fig 3: Compound 68 increases the expression of telomerase RNA. A. Northem blot

analysis using hTERT-specific cDNA probe. AD is actinomycin D. B. Quantification of RNA

level.

[035] Fig 4: The effect of treatment with compounds of the present invention on survival
and proliferation of hMSC.

{036] Fig 5: Activation of telomerase expression in hMSC by compounds of the present
iavention. A.- hMSC were treated with 250 nM of Compounds 79, 77 and 68 for 6 hours.
Immunofiuorescence was performed with anti-hTERT antibody (red) and the nucleus was
stained with DAPI (blue). B. hMSC treated with compound 79 for 6 and 24 h. Telomerase
activity was measured by real time PCR using a quantitative telomerase detection kit (Allied
Biotech Inc., USA).

[0371 Fig 6: The effect of compounds of the presemt invention on senescent human
keratinocytes in vitro.

[038] Fig 7: A. The effect of compounds of the present invention on human retinal

pigmented epithelial cells under oxidative stess. B. The effect of compounds on telomerase

- activity in RPE cells (measured by a guantitative telomerase detection kit-real time PCR).

[039] Fig 8: Lifespan extension of C. elegans by telomerase-activating Compounds 68 and
1.

[040] Fig 9: Activation of telomerase expression by compounds of the present invention in
ral endometrial cells. A B. Histological analysis, C-F. Immunohistochemical analysis with
specific anti-hTERT aotibody, O, Telomerase activity in nuclear extracts derived  from
endometrinm of rais injecied with compoinds of the present invention. G(B) Telomerase
activity in nuclear exsracts derived from endometriam of rats injected with compounds of the
present invention measured by real time PCR using a quantitative telomerase detection kit
(Allied Biotech Inc., USA).

(041) Fig 10: Telomerase activation of rat brain coriex cells by compounds of the present

inveation.
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[042] Fig 11: Telomerase activation of mouse CNS by compounds of the present inventiort.
{043} Fig 12: Telomerase protein is increased in rats treated with compounds of the present
invention.

[044] TFig 13: Prevention of ghuamate-induced apoptosis in mouse cerebellum by
Compound 75, '

[045] Fig. 14: Telomerase expression is activated in mouse heart by Compound 79,

[046] Fig. 15; Compound 68 prevents the effect of damaging drugs on embryo development

in rats.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[047) In the following detailed description, numerous specific details are set forth in order to

provide a thorongh understanding of the invention. However, it will be understood by those
skilled in the art that the present invention may be practiced without these specific details. In
other instances, well-known methods, procedures, and components have not been described in
detai! so as not to obseure the present invention,

[048] The present invention relates, in some embodiments, to the use of a novel class of tri-
phenyl compounds and compositions comprising the same for the treatment of, inter alia,
diseases or conditions capable of being affected by enhanced telomerase expression and/or
telomerase activation.

{049] The invention makes use of such compounds which stimulate and/or increase
telomerase expression andfor activity in the cells and tissues of a subject, where the activity is
decreased, missing, altered or normal. Such disorders inclode, inter alia, ay Alzheimer’s
disease; b) Parkinson's disease; ¢) Huntington’s disease; d) nerve damage, motor neuron
disease, multiple sclerosis (MS), peripheral and central nervous system injury incleding spinal
injury and cerebral vascular incidents; e) stroke; f) diseases or conditions associated with
aging, such as for example, aging of the skin such as dermal atropiry and thinning, elastolysis
and skin wrinkling, sebaceous gland hyperplasia or hypoplasia, senile lentigo, pigmentation
abnormalities, graying of hair and hair joss or thinning (baldness, alopecia), or chronic skin
nlcers; g) degenerative joint disease; b} ostcoporoesis, osteoarthritis and other degenerative
conditions of the skeletal systeny; i) sarcopenia and other degenerative conditions of the
muscnlature; j) age- and stress-related diseases of the vascular system including
atherosclerosis, calcification, thrombosis, and ancurysni;, k) age-related macular degeneration;
[} AIDS; m) age- and stress-related imumune system impairment, incloding impanment of
tissue turnover, which occur with natural aging, cancer, cancer therapy, acute or chronic
infections, degenerative inflammatory diseases or with genetic disorders cansing accelerated

12
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cell turnover, and related anemias and other degenerative conditions; n) healiﬁg of wounds,
burns, abrasions or other acute or chronic conditions of epidermis; o) dyskeratosis congenita;
p) luteal phase defect; q) premature ovarian failure (primary ovarian insufficiency or
hypergonadotropic hypogonadism);. and/or 1) increasing telomerase expression and/or activity
in memory T cells, thereby strengthening immune memory response and response o vaccines;
s) increasing telomerase expression andfor activity in healthy tssue, thus elongating the
lifespan of a subject while sustaining said subject in good health.

Compounds of the Invention:

[050}' In one embodiment, the methods of this invention comprise the use of tri-phenyl

compounds represented by the stracture of formula L

Ry Ry
Ry - _Rs
]i’qo
Ry Zz . Rg
Rg Ry
Rg

wherein
Z ts carbon, nitrogen, phosphor, arsenic, silicon or germaniu;
R, to Ry are the same or different, H, D, OH, halogen, nitro, CN, nitrileamido,
amidosulfide, amino, aldehyde, substituted ketone, -COOH, ester, triflnoromethyl,
amide, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkylaryl,
arylsulfonyl, arylalkylenesulfonyl, alkoxy, alkylalkoxy, haloalkyl, alkylhaloalkyl,
naloaryl, aryloxy, amino, monoalkylamino, diatkylamino, alkylamido, arylamino,
- arylamido. alkylthio, arylthio, heterocycloalkyl, alkylbeterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, hetroaryialkyl, alkythetercaryl; or Ra Ry, or By forms
a fused cycloalkyl, beterocycloalkyl, aromatic or heteroaromatic ring with the main
aromatic ying; and
fG511 240 is nothing, H, 13, OH, halogen, oxo, nitro, TN, mitrifearmido, anddosulide, amine,
aldehyde, substituted ketone, -COOH, ester, trifluoromethyl, amide, substituted or unsubstituted
alkyl, alkenyl, alkyoyl, aryl, arylalkyl, alkylaryl, aryisulfonyl, arylalkylenesuifonyl, alkaxy,
haloatkyl, haloaryl, cycloalkyl, alkyleycloalkyl, aryloxy, monoalkylamino, dialkylamino,
alkylamido, arylamino, arylamido, alkylthio, arylthio, heterocycloalkyl, alkylheterocycioalkyl,
heterocycloalkylalkyl, heteroary, hetroarylaikyl, alkylheteroaryl; or its isomer, pharmaceutically

i3
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acceptable salt, pharmaceutical product, hydrate, N-oxide, crystal or any cormbination thereof,
and compositions comprising the same.
[052] In one embodiment, the methods of this invention comprise the use of ti-phenyl

compounds represented by the structure of formula II:

Rg Ry

wherein
7. is carbon, nitrogen, phosphor, arsenic, silicon or germantum; .
Ry, R3, R, Rg, Ry and Ry are the same or different, H, D, OH, halogen, nitro, CN,
pittileamido, amidosulfide, amino, aldehyde, substituted ketone, -COOH, ester,
triflooromethyl, amide, substituied or unsubstituted alkyl, atkenyl, alkynyl, aryl,
arylalkyl, alkylaryl, arylsulfonyt, arylalkylenesulfonyl, alkoxy, alkylalkoxy, haloalkyi,
alkylhaloalkyl, haloaryl, aryloxy, amino, monoalkytamino, dialkylamino, alkylamido,
arylamino, arylamido. alkylthio, arylthio, heterocycloalkyl, alkylheterocycloalkyl,
tieterocycloalkylalkyl, heteroaryl, hetroarylalkyl, alkylheteroaryl; or Rs Ry, or Ry, forms
a fused cycloalkyl, heterocycloatkyl, aromatic or heteroaromatic ring with the main
aromatic ring; and |
[053] Ry is nothing, H, D, OH, halogen, oxo, nitro, CN, nitrileamido, amidosulfide, amino,
aldehyde, substituted ketone, -COOH, ester, triflnoromethyl, amide, substituted or
unsubstimted  alkyl,  atkenyl, alkynyl, aryl, arylalkyl, alkylaryl,  arylsulfonyl,
arylalkylenesnifonyl, alkoxy, haloalkyl, haloaryl, cycloalkyl, alkyleycloalkyl, aryloxy,
monoalkylamino, dialkylamine, alkylamido, arylamino, arylamido, alkylthio, arylthio,
heterocycloalkyl, alkylheterocycloalkyi, heterocycloalkylalkyl, heteroaryl, hetroarytalkyl,
allylheteroaryl, or Hs isomer, pharmscentically acceptable gal, pharmaceutical praduct,
hydrate, Nonxide, erystal or any combimation i‘hc:reoi:; , and compositions comprising the same,
[054] In one embodiment Z is carbon. In another embodiment Ko 15 a methyl group. in
another embodiment R, Rs, R4, Ry, Ry, and Ry are - (CHy)y-heterocycloalkyl group, wherein n
ic batween 1-6. Int another embodiment Ry, Ry, Ra, Re, Ry, and Ro are - (CHa)y-aminoalkyl
group, wherein n is between 1-6. In anothér embodiment Ry, R, R4, Rs, Ry, and Rg are -

(CHa)u-dialkylamino group, wherein n is between 1-6 In another embodiment Ry, Rs, Ry, R,

PCT/AL2008/000756
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Ry, and Ry are ~(CH;)n-N(CH,), group, wherein n is between 1-6. In another embodiment R,
R3, Ry, Rg. Ry, and Rg are -(CH,),-N(Et)2 group, wherein n is between 1-6. In another
embodiment Ry, R3, R4, Rs, Ry, and Ry are ~(CHa)y-ary! group, wherein n is between 1-6. In
another embodiment Ry, Ra, R4, Rg, Ry, and Ro are -(CHa)y-heteroaryl group, wherein o is
betweén 1-6. In another embodiment R, Ry, Ry, Rg, Ry, and Ry are -(CH,),-haloalkyl group,
wherein 1 is between 1-6. In another embodiment R, Rs, Ra, Rg, Ry, and Ry are -(CHa),-
alkoxy group, wherein n is between 1-6. In another embodiment Ry, R3, Ry, Rs, Ry, and Rg are
~{CHzx)p-¢thoxy group, wherein n is between 1-6. In another embodiment R;, Rs, Rs, Rg, Ry,
and Ry are -{CHa)n-cycloalkyl group, whetein n is between 1-6.

[035) In one embodiment, the methods of this invention comprise the use of tri-phenyl

compounds represented by the structure of formula 1T

wherein

Z. is carbon, nitrogen, phosphor, arsenie, silicon or germaniom;

R, R™ and R™" are independently the same or different comprising hydrogen, atkyl,
haloalkyl, alkylamine, phenyl, benzyl, alkanyloyl, acety! or benzoyl;

Ry, Rs, R, R, R and Ro are the same or different, H, D, OH, halogen, nitro, CN,
nitrileamnido, amidosulfide, amino, aldehyde, substitnted ketone, -COOH, ester,
wifluoromethyl, amide, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryi,
arylalkyl, alkylaryl, arylsulfonyl, arylalkylenesuifonyl, alkoxy, alkylalkoxy, haloalkyl,
alkyihaloalkyl, haloaryl, aryloxy, amine, moncalkylamino, diatkylamino, alkytamido,
arylamino, arylamido. alkylthio, arylthio, heferocyc[oalk‘yl, alkylhetemcycloalkyi',
heterocycloalkylaikyl, heteroaryl, hetroarylalkyl, atkylheteroaryl; or Ra, Ry, or Ry, forms
a fused cycloalkyl, heterocycloallyl, aromatic or heterparomatic ring with the main
aromatic ring; and

Ko 18 nothang, H, 1, O, Balogen, oxo, muwo, CN, airiieamido, amidosuliide, anuno,
aldehyde, substimied ketone, -COOH, ester, tiflnoromethyl, amide, substituted or
unsubstituted  alkyl, alkenyl, 'alkynyl, aryl, arylalicyl, alkylaryl, arylsulfonyl,
arylalkylenesulfonyl, alkoxy, haloalkyl, haloaryl, cycloalkyl, alkyicycloalkyl, aryioxy,

monoalkylamine, dialkylamino, alkylamido, arylamino, arylamido, alkylthio, aryithio,
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heterocycloalkyl, alkylheterocycloalkyl, heterocycloatkylalkyl, heteroaryl, hetroarylatkyl,
alkylheteroaryl; or its isomer, pharmaceutically acceptable salt, pharmaceutical product,
hydrate, N-oxide, crystal or any combination thereof, and compositions comprising the

same.

(056} In one embodiment, the methods of this invention comprise the use of tri-phenyl

compounds represented by the structure of formula IV:

R Ry
HO OH
Dl
R, Rg

wherein R, R4, Rq, Rg, Ry , Ro and Ryg are as defined above; or its isomer,
pharmacentically acceptable salt, pharmaceutical product, hydrate, N-oxide, crystal or

any combination thereof, and compositions comprising the same,

[057] In one embodiment, the methods of this invention comprise the use of tri-phenyl

compounds represented by the structure of formula V:

[058]

Ry OR" Ry v
wherein
R’, R”, R' are independently the same or different comprising
hydrogen, alkyl, haloalkyl, phenyl, benzyl, alkanyloyl, acetyl or benzoyl;

Ry, Ry, Ry, Re™ Ry, and Ry" are the same or differént comprising haiog{:ny aryl,
alkyl, eyeloalkyl, hetercoycloalkyl, alkoxy, amino, monoalkylamino, dialkylamino or
arylamioo group, and Ry s as deseribed above; or its isomer, pharmaceutcally
seceptuble salt, pharmacentical product, hydrate, Mogmide, crystal oo any combination
thereof, and compositions comprising the same.

In one embodiment, Ry, Ry', Ry, Rg' Ry, and Ry are dialkylamino group. In another

embodiment, R,’, Ry, Ry, Ry Ry, and Ry’ are dimethylamine group. In another

embodiment, R;", Rs', Ry, Re” B7', and Ry’ are diethylamino group, In another embodiment,

Ry, Ry, Ry, Re” Ry, and Ry are N-piperiding  group. In another embodiment, Ry’, Ry,
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Ry, Re' Ry, and Ro’ are N-pyrolidine group. In another embodiment, R’ Ry’, Ry’ Rs” Ry,
and Ry’ are N-piperazine group. In another embodiment, Ry, Ry’, Ry’, R¢' Ry’, and Ry are N-
piperazine-4-methyl group. In another embodiment, Ry, Ry’, Ry’, Re' Ry, and Ry* are N.
morpholine group. In another embodiment, Ry’, Ry’, Rs’, R¢" Ry, and Ry’ are ethoxy group.

5 [059] Inone e_mbodiment, the methods of this.invcntién comprise the use of tri-phenyl

compounds represented by the structure of formula VI

Ry OH R VI
wherein R)’, Ra’, Rs’, Rg’ Ry', and Ro’ are the same or different comprising halogen,
aryl, alkyl, cycloalkyl, heterocycloalkyl, alkoxy, amino, monocatkylamino, dialkylamino
10 or arylamino group; and Ryg is as described above; or its isomer, pharmacentically
acceptable salt, pharmaceutical product, hydrate, N-oxide, crystal or any combination
thereof, and compositions comprising the same.
[060] In one embodiment, the methods of this invention comprise the use of tri-phenyl

compounds represented by the structure of formula VII:

15
or its isomer, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-
oxide, crystal or any combination thereof, and compositions comprising the same.
{0611 In one embodiment, the methods of this invention comprise the vse of ti-phenyl
compounds represented by the structure of formeda VI
20
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P
Ei—N N~ Et
HO OH
Et, Et
N N
= Et

E—-N  OH N
ét et Et
vir

or its isomer, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-
oxide, crystal or any combination thereof, and compositions comprising the same.
[062] In one embodiment, the roetiods of this invention comprise the use of mi-pheny!

5  compounds represented by the structure of formula IX:

N

,ww/j%f@x
!

N

§
/——-N OH N
/N——J

or its isomer, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-

= IX

oxide, crystal or any combination thereof, and compositions comprising the same.
[063] In one embodiment, the methods of this invention comprise the use of tri-phenyl

10 compounds represented by the structure of formuta X:

or is isomer, pharmacewticaily acceplable salt, pharmaceutical product, bydiaie, N-
oxide, crystal or any combination thereof , and cornpositions comptising Lthe same,
{064] In one embodiment, the methods of this invention comprise the use of tri-phenyl

15 compounds represented by the structure of formula XE

18
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Q. @
C/NHO Q O OHNO
()

or s isomer, .phamaceuticajly' acceptable salt, pharmaceutical product, hydrate, N-
oxide, crystal or any combination thereof, and compositions comprising the same,
[065] In one embodiment, the methods of this invention comprise the use of ti-pheayl

5 compounds represented by the structure of formunla XII:

T
T8
.

or its isomer, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-
oxide, crystal or any combination thereof, and compositions comprising the same.
[066] In one embodiment, the methods of this invention comprise the use of tri-phenyl

10 compounds represented by the structure of formula X1II:
B0 OEt

OFt OH OF el
or g isomer, pharmacenticaliy accepiable saly, pharmacentical product, hydese, N-
Uxide, crysial of any commbinaton thereot, aud compusitions comprsing the samne.
[067] In another embodiment the structure of formula 1 is represented by the structure of

15 formula XIV:
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Br Br
HO_- OH

B: I I Br
Br l Br

OH Xy
or its isomer, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-
oxide, crystal or any combination thereof, and compositions comprising the same.

{068] In another embodiment the structure of formula I is represented by the strmcture of
5  formula XV:

OH

XV
or its isomer, pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-

oxide, crystal or any combination thereof, and compositions comprising the same,

10 [069] In another embodiment the structure of formula I is represented by the structure of
formula XVT;

CH50 OCH;

OCH, -

or ite isomer, pharmacentcally acceprable salt, pharmacentical product, bydrate, N-

oxide, crystal or any combination thereof, and compositions comprising the same.
15 [070] The term “alkyl” refers, ip one embodiment, 1o a saturated aliphatic hydrocarbon,
including straighi-chain, branched-chain and cyclic alkyl groups. In one embodiment, the alkyl
group has 1-12 carbons. In another embodiment, the alkyl group has 1-7 carbons. In another

embodiment, the alkyl group has 1-6 carbons. In another embodiment, the alkyl group has 1.7

20
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carbons. In another embodiment, the alkyl group has 2-6 carbons. In another embodiment, the
alkyl gronp has 1-7 carbons. In another embodiment, the alkyl group has 2-8 carbons. In
another embodiment, the alkyl group has 3-6 carbons. In another embodiment, the atky} group
has 3-7 carbons. In another embodiment, the alkyl group has 1-4 carbons. In another

embodiment, the branched alkyl is an alkyl substituted by alkyl side chains of 1 to 3 carbons.

' In another embodiment, the branched alkyl is an alky! substituted by haloatky! side chains of 1

0 § carbons. The alkyl group may be unsubstituted or substituted by a halogen, haloalkyl,
hydroxyl, alkoxy, carbonyl, amido, alkylamido, dialkylamido, nitro, cyano, amino,
monoaikylﬁmino, dialkylamino, carboxyl, thio and/or thicatkyl. -

f071] An “alkenyl” group refers, in one embodiment, to an unsaturated hydrocarbon,
including straight chain, branched chain and cyclic gronps having one or more doﬁb]e bonds.
The alkenyl group may have one double bond, two double bonds, three double bonds, etc. In
another embodiment, the alkenyl group has 2-12 carbons. In another embodiment, the alkenyl
group has 2-6 carbons, In another cﬁabodimcnt. the alkeny! group has 2-4 carbons. In another
cmbodiment the alkeny! group is ethenyl (CH=CIlL). Examples of alkenyl groups are ethenyl,
propenyl, butenyl, cyclohexenyl, etc. The alkenyl group may be unsubstituted or substituted
by a halogen, hydroxy, alkoxy, carbonyl, amido, alkylamido, dialkylamido, nitre, cyano,
amino, monoalkylamino, dialkylamino, carboxyl, thio and/or thioalkyl.

[072] An alkynyl” group refers, in one embodiment, to an unsaturated hydrocarbon,
including straight chain, branched chain and cyclic groups having one or more triple bonds.
The alkynyl group may have one triple bond, two triple bonds, triple double bonds, ete. In
another embodiment, the alkynyl group has 2-12 carbons. In another embodiment, the atkynyl
group has 2-6 carbons. In another embodiment, the alkenyl group has 2-4 carbons. In another
embodiment the alkynyl group is ethynyl (-CH=CH,). Examples of alkynyl groups are
ethynyl, propynyl, butynyl, cyclohexynyl, etc. The alkynyl group may be unsubstituted or

- sunbstituted by a halogen, hydroxy, alkoxy, carbonyl, amido, alkylamido, dialkylamide, nitro,

cyano, amino, monoalkylamino, dialkylamino, carboxyl, thio and/or thioalkyl.

[073]  An “alkoxy™ group refers, in another embodiment o an alkyl group as defined above,
which 1s linked {0 oxyeen. Bxamples of alkoxy grouns are cthoxy, propoxy, tert-butoxy efc.
[074] A “haloalkyl” aroun vefers, in one embodiment, to an alky! gronp as defined above,
which 1s substituted by one or more halogen atoms, e.p. by ¥, Cl, Bror L.

[(G75] An “aryl” group refers, in another embodiment, to an aromatic group having at least
one carbocychic aromatic group or heterocyclic aromatic group, which may be unsubstituted or
substituted by one or more groups selected from halogen, haloalkyl, hydroxy, alkoxy,
carbonyl, amido, alkylamido, dizlkylamido, nitro, cyano, amino, monoalkylamino,
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dialkylamino, carboxy or thio or thioatkyl, In another embodiment, the aryl zroup is between
4-12--membered ring(s). In another embodiment, the aryl group is between 6-18-membered
ring(s). In another embodiment, the aryl group is between 4-B-membered ring(s). fa another
embodiment, the aryl group 15 a 6-membered ring. In another embodiment, the aryl group is a
fused ring system comprising of berween 2-3 rings. Nonlimiting examples of aryl rings are
phenyl, naphthyl, pyranyl, pyrrolyl, pyrazinyl, pyrimidinyi, pyrazolyl, pyridinyl, furanyl,
thiophenyl, thiazolyl, imidazolyl, isoxazolyl, and the like.

[076] A "beteroaryl” group refers, in another embodiment, 1o an aromatic group having at
least one heterocyclic aromatic group, which may be unsubstituted or substituted by one or
more groups selected from halogen, haloalkyl, hydroxy, alkoxy, carbonyl, amido, alkylamido,
dialkylamido, nitro, cyano, amino, monoalkylamino, dialkylamino, carboxy or thio or
thivatkyl. In another embodiment, the heteroaryl group is between 4-12-membered ring(s). In
another embodiment, the heteroaryl éroup i1s between 6-18-membered ring(s). In anot.hcr
embodiment, the heteroary] group is berween 4-8-membered ring(s). In another embediment,
the heteroary} group is a 6-membered ring. In another embodiment, the heteroaryl group is a
fused ring system comprising of between 2-3 rings. Nonlimiting examples of heteroaryl rings
are pyrrolyl, thienyl, thiazolyl, benzothienyl, naphthothienyl, purinyl, isothiazolyl, furyl,
furazanyl, isobenznzofuranyl, pyranyl, chromeny!, xanthenyl, phenoxyxanthiinyl, indolyl,
isoindolyl, indolizinyl, isoindolyzinyl, benzothienyl, oxazolyl, isoxazolyl, pyrazolyl, pyridyl,
pyrazinyl, pyrimidinyt, pyridazinyt, and the like.

(0771 A “hydroxyl” group refers, in one embodiment, to an OH group. Iu some
embodiments, when Ry, Ra or Rs of the compounds of the present invention is OR, then R is
not OH. ‘ .

{078] In one embodiment, the term “halo” refers to a halogen, such as F, Cl, Bror L

[079] In another embodiment, the phrase “phenol” refers to an alcohol {OH) derivative of
benzene.

[080] An “amino” group refers to, in one embodiment, 1o a nitrogen atom attached by single
bonds io hydrogen atorns, alkyl groups, alkenyl groups or aryl groups as described above, ag
descnbed above, or a cornbination thereof, Nonlimiting examples of amino groups are MNH,,
N(Medy, N(ED,, N{Ph)s and the iike.

[081] A “cycloalkyl” group refers, in one embodiment, 1¢ a non-aromatic, monocyclic or
polycyclic ting comprising carbon and hydrogen atoms. A cycloalkyl group can have one or
more carbon-carbon double bonds in the ring so long as the ring is not rendered aromatic by
their presence. Examples of cycloalkyl groups inchide, but are not limited 10, (Cy
Cheycloalkyl  groups, such as cyclopropyl, cycloburyl, cyclopenyl, cyclohexyl, and
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cycloheptyl, and saturated cyclic and bicyclic terpenes and (Cy-Coleycloalkenyl groups, such
as cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, and cycloheptenyl, and
unsaturated cyelic and bicyclic terpenes. Preferably, the cycloalkyl group is a monocyclic ring
or bicyclic to a ring structure comprising in addition to carbon atoms, sulfur, oxygen, nitrogen
or any combination thereof, as part of the ring. In another embodiment the cycloalkyl is a 3-
iZ-membered ring. In another embodiment the cycloalky! is a 6-membered ring. In another
embodiment the cycloalkyl is a 5-7-membered ring. In another embodiment the cycloalkyl is a
4-8-membered ring. In another embodiment, the cycloalkyl group may be unsubstituted or
substituted by a halogen, haloalkyl, hydroxyl, aikoxy, c_:arbonyl. amido, alkylamido,
dialkylamido, cyano, nitro, CO»H, amino, monoatkylamino, dialkylamino, carboxyl, thio
and/or thioalkyl. _

[082] A “beterocycloalkyl” group refers, in one embodiment, to 2 non-aromatic, menocyclic
or polycyclic ring comprising carbon and in addition to carbon, sulfur, phosphor, oxygen or
nitrogen, as part of the ﬁng. A heterocycloalkyl group can have one or more double bonds in
the ring so long as the ring is not rendered aromatic by their presence. Examples of
heterocycloalkyl groups include, but are not limited to, piperidine, piperazine, pyrane,
morpholine. Preferably, the heterocycloalkyl group is a monocyclic ring or bicyclic to a ring
structure comprising in addition to carbon atoms, sulfur, oxygen, nitrogen or any combination
thereof, as part of the ring. In another embodiment the heterocycloatky! is a 3-12-membered
ring. In another embodiment the heterocyclomlkyl is a 6-membered ring. In another
embodiment the heterocycloalkyl is a 5.7-membered ring. In another embodiment the
heterocycloalkyl is a 4-8-membered ring. In another embodiment, the beterocycloalkyl eroup
may be unsubstititted or substituted by a halogen, haloalkyl, hydroxyl, alkoxy, carbonyl,
amido, alkylamido, dialkylamido, cyano, nitro, CO-H, amine, monoatkylamino, dialkylamino,
carboxyl, thio and/or thicalkyl. In another embodiment the heterocycloalkyl is a cyelic urea,
imidazolinyl, imidazolidinyl, pyrrolinyl, pyrrolidinyl, oxazotinyl, isoxazolinyl, oxazolidinyl,
oxazolidonyl, isoxazolidonyl, pyrazolinyl, pyrazotidinyl, piperidyl, piperazine, morpholinyl.
(083} The terms “alkylalkoxy”, “alkylhaloalkyl”, “alkylaryl”, “alkyleycloalkyl”,
“atkyiheterocyeloalioyl”, “aikyiheteroaryt™ and “alkylamino” refer, in one embodimnent, 1© an
alkyl group, as defined above, linked 10 alkoxy, haloalkyl, arvl, cycloaliyl, hewsocycioalkyl,
heteroary! or amino group, respectively. The alkoxy, haloalkyl, aryl, cycloalkeyl,
heterocycloalkyl, heteroaryl or amino groups are as defined hereinabove, Examples include,
but are: not limited to, CHa-OF:, CszN~pipeﬁdine, CH»-N-piperazine, CHy-N(Me),, etc,
(084} In another embodiment, the fused heterocycloalkyl of formula I-TV with the main

aromatic ring forms a phenylpyorolidone group. In another embodiment, the fused aryl of
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formula [-1V, with the main aromatic ring forms a naphthalene group. In another embodiment,
the fused heteroaryl of formula [V, with the main aromatic ring forms a quinoline or
1soquinoline group.

[085] In one embodiment, this invention provides for the use of a compound as herein
described and/or, its analog, derivative, isomer, wetabolite, pharmaceutically acceptable salt,
pharmaceutical product, hydrate, N-oxide, prodrug, polymorph, impurity or crystal or
combinations thereof.

(086) In one embodiment, the term “isomer” includes, but is not limited 10, optical isomers
and anatogs, structural isomers and analogs, conformational isomers and analogs, and the like.
{0871 In one embodiment, the term “isomer” is meant 1o encompass optical isomers of the
tri-phenyl compound. It is to be undersiood that the present invention encompasses any
racemie, optically-active, polymorphic, or stereoisomeric form, or mixtures thereof, which
form possesses properties useful in the weatment of telomerase expression andfor activity
conditions described herein. In one embodiment, the tri-phenyl compounds are the pure (R)-
isomers. In another embodiment, the tri-phenyl. compounds are the pure {S)-isomers. In
another embodiment, the tri-phenyl compounds are a mixture of the (R) and the () isomers.
In another embodiment, the tri-phenyl compounds are a racemic mixture comprising an equal
amount of the (R) and the (S) isomers. It is well known in the art how to prepare optically-
active forms (for example, by resolution of the racemic form by recrystallization techniques,
by synthesis from optically-active starting materials, by chiral synthesis, or by
chromatographic separation vsing a chiral stationary phase).

fOB8] The invention includes “pharmaceutically acceptable salts” of the compounds of this
invention, which may be produced, in one embodiment, to form alkali metal salts and to form
addition salts of free acids or free bages. Suitable pharmaceutically-acceprable acid addition
salts of compounds of this invention may be prepared from an inorganic acid or from an
organic acid. In one embodiment, examples of inorganic acids are hydrochioric, hydrobromie,
hydroledic, nitric, carbonic, sulfuric and phosphoric acid. In one embodiment, organic acids
may be selecied from aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyelic, carboxylic
and sulfonic classes of orpanic acids, examples of which are formic, acetie, propionic,
suceinic, glycolic, gluconic, lactic, mabe, rartarie, citrie, ascorbic, gincoronic, maleic, fumarie,
pyruvie, aspartic, glotamie, benzoic, anthranilic, oxalic, p-toluencsalphonic, mesylic, salicylic,
p-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic, ethylsutfonic,
benzenesulfonic, sulfanilic, stearic, cyclobexylaminosulfonic, algenic, galacturonic acid. in
one embodiment, suvitable pharmaceutically-acceptable base addition salts of compounds of

this invention include metallic salts made from aluminom, calcium, Hthium, magnesium,
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potassium, sodium and zinc or organic salts made from N,N'-dibenzylethyleneldiamine,
choline, chloroprocaine, diethanolamine, sthylenediamine, meglumine (N-methylglucamine)
and procain. All of these salts may be prepared by conventional means from the corresponding
compounds,

{089] Pharmaceutically acceptable salts can be prepared, from the phenolic compounds, in
other embodiments, by treatment with inorganic bases, for exampie, sodium hydroxide. In
another embodiment, esters of the phenolic compounds can be made with aliphatic and
aromatic carboxylic acids, for example, acetic acid and benzoic acid esters.

[090] The invention also includes use of N-oxides of the amino substituents of “the
compountds described herein.

{0911 This invention provides for the use of derivatives of the compounds as herein
described. In one embodiment, “derivatives” includes but is not limited to ether derivatives,
acid derivatives, amide derivatives, ester derivatives and the like, In another embodiment, this
invention further includes use of hydrz{tes of the compounds as described herein. In {mé
embadiment, “hydrate” includes but is not limited to hemihydrate, monchydrate, dihydrate,
trihydrate and the like.

{092} This invention provides, in other embodiments, use of metabolites of the compounds
as herein described. In one embodiment, “metabolite” means any substance produced from
another substance by metabolism or a metabolic process.

f093] This invention provides, in other embodiments, use of pharmaceutical products of the
compounds as herein described. The term “pharmaceutical product™ refers, in other
embodiments, to a composition suitable for pharmaceutical use (pharmmaceutical composition),
for example, as described herein.

[094] In some embodiments, the invention provides compositions comprising the compound
of this invention or use of the compound of this invention, for increasing telomerase activity
and/or expression in a cell or tissue; and/or treating a condition by increasing telomerase
activity aad/or expression in cells or tissue of a subject; and/or ireating an acwte or chronic
comdition of the epidermis; and/or clongation of a lifespan, and/or treating age- and stress-
refated diseases of the vascular systern Including atherosclerosis, caicification, thrombosis,
hypertension or aneurys, and/or reaiing age-related macular degeneration and/or age-reiaied
diseases of the skin; and/or treating age- and stress-related immune systemn impairment; and/or
steengthening the immune response against infection-resistant organisms.

[095] In some embodiments, the invention provides compositions comprising the compound
of this invention and/or treating female infertility-related conditions including iuteal phase
defect or premature ovarian failure (primary ovadan insufficiency or hypergonadotropic
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hypogonadism); and/or diminished granulosa cell telomerase activity; and/or treating male
infertility-related conditions including impaired sperm production or impaired sperm delivery;
andfor as an adjunct to in vitro fertilization (IVF) techniques; and/or to enhance sperm quality
andfor egg quality. For example, and in some embodiments, the compounds of this invention
prélong blastocyst viability in ex vive culture, which in turn enhances implantation efficiency.
In some embodiments, the treatment of the population with the compounds as herein
described renders them more receptive to other [VF therapeutics, or in some embodiments,
allows for the evaluation of combination therapies, or new compounds.

[056] In one embodiment, this invention provides methods of treatment using a compound
of this invention, or composition comprising the same, as herein described. In some
embodiments, the invention provides methods of use of a compound of this invention for the
treatment of the indicated diseases, disorders or conditions, and includes use of compositions
comprising the same.

[097] In one embodimeat, this invention provides methods of treating, suppressing,
inhibiting, reducing the severity of, reducing the incidence of, reducing pathogenesis of or
delaying onset of, inter alia, (a) Alzheimer's disease; (b} Parkinson's disease; ( c)
Huntington’s disease; (d) stroke; e) nerve damage, motor neuron disease, multiple scierosis
{MS), peripheral and central nervous system injury including spinal injury and cerebral
vascular incidents; (f) age-related diseases of the skin snch as dermal atrdphy and thinning,
elastolysis and skin wrinkling, sebaceous aland hyperplasia or hypoplasia, senile lentigo,
pigmentation abnormalities, graying of hair and hair loss or thinning (baldness, alopecia), or
chronic skin ulcers; (g) degenerative joint disease; (h) osteoporosis, osteoarthritis and other
degenerative conditions of the skeletal system; (i) age-and stress related diseases of the
vascular systern, including atherosclerosis, calcification, thrombosis, hypertension and
anewrysm; {j) age-related macnlar degeneration; (k) AIDS; (1) age- and siress-related immune
system impairment, including impairment of tissue turnover, which occurs with natural aging,
cancer, cancer therapy, acate or chronic infections, degenerative inflammatory diseases or
with genetic disorders causing accelerated cell twmover, and related anemias and other
degencrative cdndit&ens; (1) healing of wounds, burns, abrasions or other ascute or chronic
concitions of epidermis; (n) dyvskerstosis eongeniial; o) luieal phase defect; p) premature
ovarian failure {primary ovarian insufficiency or hypergonadotropic hypogonadism); q)
impaired sperm production or impaired sperm delivery; r) infection with infection-resistant
organisms, via the administration of any compound as herein described and optionally other
therapeutic agents, or compositions comprising the same.

{098} In one embodiment, the terms “treating” or “rrearment” includes preventive as well as
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disorder remittive treatment. The terms “reducing”, “suppressing” and “inhibiting” have their
conunonly understood meaning of lessening or decreasing, in apother embodiment, or

delaying, in another embodiment, or reducing, in another embodiment the incidence, severity

- or pathogenesis of a disease, disorder or condition. In embodiment, the term treatment refers

to delayed progression of, prolonged remission of, reduced incidence of, or amelioration of
symptoms associated with the disease, disorder or condition. In one embodiment, the terms
“treating” “reducing”, “suppressing” or “inhibiting” refer to a reduction in morbidity,
mortality, or a combination thereof, in association with the indicated disease, disorder or
condition. In one embodiment, the term “progression” refers to an increasing in scope ot
severity, advancing, growing or becoming worse. The term “recurrence” means, in another
embodiment, the return of a disease after a remission. In one. embodiment, the methods of
treatment of the invention reduce the severity of the disease, or in another embodiment,
symptoms associated with the disease, or in another embodiment, reduces the number of
biomarkers expressed during disease.

{0991 In one embodiment, the term “ireating” and its included aspects, refers to the
administration to a subject with the indicated disease, disorder or condition, or in some
embodiments, to a subject predisposed to the indicated disease, disorder or condition. The
term “predisposed to” is to be considered 10 refer, inter alia, to a genetic profile or familial
refationship which is associated with a &Bﬂd or statistical increase in incidence, severity, ete.
of the indicated disease. In some embodiments, the term “predisposed fo” is to be considered
to refer, inter alia, to a lifestyle which is associaté:d with increased risk of the indicated
disease. In some embodiments, the term “predisposed 1™ is to be considered to refer, inter
alia, to the presence of biomarkers which are associated with the indicated disease, for
example, in cancer, the term “predisposed to” the cancer may comprise the presence of
precancerous precursors for the indicated cancer.

{01001 In some embodiments, the term -“reducing the pathogenests™ is to be undersivod to
encompass reducing tissue damage, or organ damage associated with a particular disease,
disorder or condition. In another embodiment, the term “reducing the pathogenesis” is to be
understeod to encompass reducing the incidence or severity of an associated disease, disorder
or condition, with that i goestion. fn another embodiment, | the rerm “reduecing the
pathogenesis™ is to be understood 1o encompass reducing the number of associated diseases,
disorders or conditions with the indicated, or symptoms associated thereto.

[0101] The ferm “administering”, in another embodiment, refers to bringing a subject in
contact with a compound of the present invention. Administration can be accomplished in
vifro, i.e. in a test tube, or in vive, Le. in cells or tissues of Hving organisms, for example
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humans. In one embodiment, the present invention encompasses administering the compounds
of the present invention 10 a subject.

{0102] In one embodiment, the methods of this invention make use of the described
compound of this invention contacting or binding a telomerase enzyme in an amount effective
to increase telomerase activity andfor expression and thereby mediating the described effects.
In some embodiments, the methods of this invention may include the preliminary step of
identifying a cell or tissue in which an increase telomerase activity and/or expression is
desired. The cell may be in culwre, ie. in vitro or ex vivo, or within a subject or patient in
vivo. In one embodiment, an increase in telomerase expression and/or activity in a cell or
tissue includes, for example, enhancement of the replicative capacity and/or lifespan of the
contacted cells.

Pharmacentical Compositions

{0103] In some embodiments, this invention provides methods of use which comprise
administering a composition comprising the described compounds. As used herein,
"pharmaceutical composition® means a “therapeustically effective amount” of the active
ingredient, i.e. the compounds of this invention, together with a pharmaceutically acceptable
carrier or diluent. A "therapeutically effective amount” as used herein refers to that amount
which provides a therapeutic effect for a given condition and administration regimen.

{01041 In some embodiments, this invention provides compositions which may comprise at
least one compound of this ihvention, in any form or embodiment as described herein. In
some embodiments, the term “a” is to be understood to encompass a single or multiple of the
indicated material. In some embodiments, the term “a” or “an” refers to at least one.

[0105]) In some embodiments, any of the compositions of this invention will consist of a
compound of this invention, in any form or embodiment as described herein. In some
embodiments, of the compositions of this invention will consist essentially of a compound of
this invention, in any form or embodiment as described herein.

{0106} In some embodiments, the term “comprise” refers 1o the inclusion of the indicated
aclive agent, such as the compounds of this invention, as well as inclusion of other active
agents, and pharmacentically acceplable camriers, excipients, emollients, stabilizers, etc., as are
known in the pharmaceutical industry, In some embodiments, any of the compositions of this
invention will comprise a compound of formula [ - XVI in any form or emboediment ag
described herein. In some embodiments, any of the compositions of this invention will consist
of 4 compound of formula [ - XVL, in any form or embodiment as described herein. In some
embodiments, of the compositions of this invention will consist essentially of a compound of

this invention, in any form or embodiment as described herein. In some embodiments, the
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term “comprise” refers to the inchusion of the indicated active agent, such as the compound of
this invention, as well as inclusion of other active agents, and pharmacentically acceptable
carriers, excipients, emollients, stabilizers, etc., as are known in the pharmaceutical industry.
In some embodiments, the term “consisting essentially of” refers to a composition, whose only
active ingredient is the indicated active ingredient, however, other compounds may be
included which are for stabilizing, preserving, etc. the formulation, but are not involved
directty in the therapeutic effect of the indicated active ingredient. In some embodiments, the
term “consisting essentially of” refers to a composition, whose only active ingredient with a
comparable mode of action, or comparable molecular target is the indicated active ingredient,
however, other active ingredients may be incorporated, with such secondary active ingredients
acting on different targets, or in a palliative capacity. In some embodiments, the term
“consisting essentially of” may refer to components which facilitate the release of the active
ingredient. In -some embodiments, the term “consisting” refers to a composition, which
contains a compound as herein described as the only active ingredient and a pharmaceutically
acceptable carrier or excipient.

[0107] In another embodiment, the invention provides a composition comprising a compound
of this invention, as herein described, or its prodrug, analog, isomer, metabolite, derivative,
pharmaceutically acceptable salt, pharmaceutical product, polymorph, crystal, impurity, N-
oxide, ester, hydrate or any combination thereof and a suitable carrier or diluent.

[O108} An active éomponcnt can be formulated into the composition as neutralized
pharmacenticalty acceptable salt forms. Pharmaceutically acceptable sailts include the acid
addition salts, which are formed with inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and the like. Salts
formed from the free carboxyl groups can also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic
bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the
like,

[0109] The pharmacentical compositions containing the compound of this ivention can be
sdrainistered 0 a subject by any method known io a person skilled in the art, such as orally,
parenterally, mtravascularly, paracancerally, transmucosaily, iransdermally, intramupsenlarly
intranasally, intravenously, intradermally, subcutaneously, sublingually, intraperitoneally,
intraventricularly, intracranially, intravaginally, by inhalagion, rectally, intratimorally, or by
any means in which the recombinant virus/composition can be delivered to tissue {e.g., needle
or catheter), Allernatively, topical administration may be desired for application to mucosa)
cells, for skin or ocular application. Another method of administration is via aspiration or
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aerosol formulation.
[0110] The compositions of the present invention are formulated in one embodiment for oral
delivery, wherein the active compounds may be incorporated with excipients and used in the
form of ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, syrups, wafers,
5 and the like. The tablets, troches, pills, capsules and the like may also contain the following: a
binder, as gum tragacanth, acacia, cornstarch, or gelatin; excipients, such as dicalcium
phosphate; a disintegrating agent, such as corn starch, potato starch, alginic acid and the like;
a lubricant, such as magnesium stearate; and a sweetening agent, such as sucrose, lactose or
saccharin may be added or a flavoring agent, such as peppermint, oil of wintergreen, or cherry

10 flavoring, When the dosage unit form is a capsule, it may contain, in addition to materials of

. the above type, a liquid cartier. Various other materials may be present as coatings or to
otherwise modify the physical form of the dosage unit. For instance, tablets, pills, or capsules
may be coated with shellac, sugar, or both. Syrup of elixir may contain the active compound,
sucrose as a sweetening agent methyl, and propylparabens as preservatives, a dye and

15 flavoring, such as cherry or orange flavor. In addition, the active compounds may be
incorporated into sustained-release, pulsed release, controlled release or postponed release
preparations and formulations.

[0111] In another embodiment, the compositions of this invention comprise one or more,
pharmaceutically acceptable carrier materials.

20 [0112] In one embodiment, the carders for use within such compositions are biocompatible,
and in another embodiment, biodegradable. In other embodiments, the formulation may
provide a relatively constant level of release of one active component, In other embodiments,
however, a more rapid rate of release immediately upon administration may be desired. In
other embodiments, release of active compounds may be event-triggered. The events

25 triggering the release of the active compounds may be the same in one embodiment, or
different in another embodiment. Events triggering the release of the active components may
be exposure to moisture in one embodiment, lower pH in another embodiment, or temperature
threshold o another embodiment. The formulation of such compositions is well within the
level of ordinary skill in the art using known technigues. ilustrative carters asefu) in this

30 regard include micropaticles of poly (lactde-co-glyeolide), nolvacrylare, latex, starch,
cellnlose, dextran and the like. Other illustrative postponed-release carriers include
supramolecular biovectors, which comprise a non-iguid hydrophilic core {e.g., a cross-tinked
polysaccharide or oligosaccharide) and, optionally, an extemal Jayer comprising an
amphiphilic compound, such as phospholipids. The amount of active compound contained in

35 one embodiment, within a sustained rejease formulation depends upon the site of
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administration, the rate and expected duration of release and the nature of the condiﬁon to be
treated suppressed or inhibited.

[0113] In one embodiment it will be desirable to deliver the compositions disclosed herein
parenterally, intravenously, intramuscularly, or even intraperitoneally. Such approaches are
well known to the skilled artisan, some of which are further described, for example, in U.S.
Pat, No. 5,543,158; 3.S. Pat. No. 5,641,515 and 1J.S. Pat. No, 5,399,363, all of which are

fully incorporated by reference. In certain embodiments, solutions of the active compounds as

free base or pharmacologically acceptable salts may be prepared in water suitably mixed with
a surfactant, such as hydroxypropylcellulose. Dispersions may aiso be prepared in glycerol,

liquid polyethylene glycols, and mixtures thereof and in oils. It must be stable under the

. conditions of manufacture and storage and must be preserved against the contaminating action

of microorganisms, such as bacteria and fungi,

[0114] In another embodiment, it will be preferable to include isotonic agents, for example,
sugars or sodium chioride. In other embodiments, prolonged absorption of the injectable
compositions will be desirable. Prolonged absorption of the injectable compositions can be
brought about by the use of agents delaying absorption, for example, aluminum monostearate
and gelatin, in the compositions.

[0115] Parenteral vehicles include in certain embodiments sodium chloride solution, Ringer's
dextrose, dextrose and sodinm chloride, lactated Ringer's and fixed oils. Intravenous vehicles
include fluid and nutrient replenishers, electrolyte replenishers such as those based on Ringer's
dextrose, and the like. Preservatives and other additives may also be present, such as, for
example, antimicrobials, antioxidants, collating agents, inert gases and the like

{0116} In some embodiments, the compounds of this invention may be administered at
various dosages to a subject, which in one embodiment, is a human subject. In one
embodiment, the compounds of this invention are administersd at a dosage of 0.1 - 200 mg
per day. In one embodiment, the compound of this invention is administered at a dose of 0.1 —
10 g, or in another embodiment, 0.1 —25 mg, or in another embodiment, 0.1~ 50 mp, or in
another embodiment, (.3 — 15 mg, or in another embodiment, 0.3 - 30 mg, or in another
embodiment, (.5 ~ 25 mg, or in another embodiment, (.5 - 30 mg, or in snother embodiment,
(.75 — 15 mg, or in another embodiment, (.75 — 60 mg, or in another embodiment, 1 ~ 5 mg,
or in another embodiment, 1 - 20 mg, or in another embodiment, 3 - 15 mg, or in another
embodiment, 1 — 30 mg, or in another embodiment, 30 5 50 mg, or in another embodiment, 30
- 75 mg, or in another embodiment, 100 - 2000 mg. In some ernbodiments, the compounds of
this invention may be administered ar differemt dosages, as a function of tme, or
disease/symptom/condition severity, or age, or other factors, as will be appreciated by one

3t
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skilled in the art.

{0117] The compounds of this invention may be administered at various dosages. In one
embodiment, the compounds of this invention are administered at a dosage of 1 mg. In
another embodiment the compounds of this invention are administered at a dosage of 5 mg, or
in another embodiment, 3 mg, or in another embodiment 10 mg, or in another embodiment 15
mg, or in another embodiment 20 mg, or in another embodiment 25 mg, or in another
embodiment 30 mg, or in anothey embodiment 35 mg, or in another embodiment 40 mg, or in
another embodirent 45 mg, or in another embodiment 5¢ mg, or in another embodiment 55
mg, or in another embodiment 60 mg, or in another embodiment 65 myg, or in another
enmbodiment 70 mg, or in another embodiment 75 mg, or in another embodiment 80 mg, or in
another embodiment 85 mg, or in another embodiment 90 mg, or in another embodiment 93
mg or in another embodiment 100 mg,

[0118] While the compounds of the invention can be administered as the sole active
pharmaceutical agent, they can also be used in combination with one or more other
compound, and/or in combination with other agents used in the treatment and/or prevention of
the diseases, disorders and/for conditiong, as will be understood by one skilled in the art. In
another cmbddiment, the compounds of the present invention can be administered
sequentially with one or more such agents to provide sustained therapeutic and prophylactic
effects. In another embodiment, the compounds may be administered via different rontes, at
different times, or a combination thereof.

[0119] In addition, the compounds of the present invention can be used, either singly or in
combination, in combination with other modalities for preventing or treating conditions,
diseases or disorders. In some embodiments, such other treatment modatities may include
without limitation, surgery, radiation, hormone supplementation, diet regulation, wound
debridement, etc., as will be appropriate for the condition being weated. These can be
performed sequentially (e.g., treatment with a compound of the invention following surgery or
radiation} or in combination {e.g., in addition 1o a diet regimen),

(01207 The additional active apents may generally be employed in therapeutic amounts as
mdicated tn the PHYSICIANS' DESK REPERENCE (PDR)Y 33rd Edition (1999), or such
therapentically nsefad amounts 25 would be known o one of ordinary skili in the art. The
compounds of the invention and the other therapeutically active agents can be administered at
the recommended maximum clinical dosage or at lower doses, Dosage levels of the active
compounds in the compositions of the invendon may be varied to obtain a desired therapeutic
response depending on the route of administration, severity of the disease and the response of
the patient. The combination can be administered as separaie composiiions or as a single
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dosage form containing both agents. When administered as a combination, the therapeutic
agents can be formulated as separate compositions that are given at the same time or different
times, or the therapeutic agents can be givén as a single composition.

[0121] The pharmaceutical comﬁosin'on can comprise the compounds of this invention alone
or can farther include a phméceutically acceptable carner and can be in solid or liquid form
such as tablets, powders, capsules, pellets, solutions, suspensions, elixirs, emulsions, gels,
creams, or suppositories, including rectal and urethral suppositorics.. Pharmaceutically
acceptable carriers include gums, starches, sugars, celiulose materials, and mixtures thereof.
The pharmacentical preparation containing the compounds of this invention .can be
administered to a subject by, for example, subcutaneous implantation of a peliet; in a further
embodiment, the pellet provides for controlled release of the compounds of this invention
over a period of time. The preparation can also be administered by intravenous, intraarterial,
or intrammuscular injection of a liquid preparation, oral administration of a liguid or solid
preparation, or by topical application. Administration can also be accomplished by use of a
rectal suppository or a urethral suppository. The pharmaceutical composition can also be a
parenteral formulation; in one embodiment, the formulation comprises a liposome that
includes a complex of a compound of this invention. -

[0122] The pharmacentical composition of the invention can be prepared by known
dissolving, mixing, granulating, or séblet—forming processes. For oral administration, the
compounds of this invention or their physiologicaily tolerated derivatives such as salts, esters,
N-oxides, and the like are mixed with additives customary for this purpose, such as vehicles,
stabilizers, or inert diluents, and converted by customary methods into a suitable form for
acdministration, such as tablets, coated tablets, hard or soft gelatin capsules, aqueous, alcoholic
or oily solutions. Examples of suitable inert vehicles are conventional tablet bases such as
lactose, sucrose, or cornstarch in combination with binders hike acacia, cornstarch, gelatin, or
with disintegrating agents such as cornstarch, potato starch, alginic acid, or with a lubricant
such as stearic acid or magnesium stearate. BExamples of suitable otly vehicles or solvents are
vegetabie or animal oils such as sunflower oil or fish-liver oil. Freparations can be effected
both ag dry and as wel granules, For parenteral administration (Snbeutaneows, intravencas,
intraarierial, or intramuscelar  injection), the compounds of this invention or their
physiclogically tolerated derivatives such as salts, esters, N-oxides, and the like are converted
into a solution, suspension, or emulsion, if desired with the substances customary and suitable
for this purpose, for example, solubilizers or other auxiliaries. Examples are: stertle liquids
such as water and oils, with or without the addition of a surfactant and other pharmaceutically
acceptable adjuvants. Diustrative otls are those of petroleum, animal, vegetable, or synthetic
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origin, for example, peanut oil, soybean oil, or mineral oil. In general, water, saline, aqi;enuls

_ dextrose and related sugar solutions, and glycols such as propylene glycols or polyethylene

glycol are preferred liguid carriers, particularly for injectable solutions.
{0123} The preparation of pharmaceutical compositions which contain an active component is
well understood in the art. Typically, such compositions are prepared as an aerosol of the

polypeptide delivered to the nasopharynx or as injectables, either as liquid solutions or

.suspensions, however, solid forms switable for solution in, or suspension in, liquid prior to

injection can also be prepared. The preparation can also be emulsified, The active therapeutic
Ingredient is often mixed with excipients which are pharmaceutically acceprable and
compatible with the active ingredient. Suitable excipients are, for example, water, saline,
dextrose, glycerol, ethanol, or the like and combinations thereof. In addition, if desired, the
composition can contain minor amounts of aoxiliary substances such as wetting or
emulsifying agents, or pH buffering agents which enhance the effectiveness of the active
ingredient,

{0124] For topical administration to body surfaces using, for example, creams, gels, drops,
and the like, the compounds of this invention or their physiologically tolerated derivatives
such as salts, esters, N-oxides, and the like are prepared and applied as solutions, suspensions,
or emulsions in a physiologically acceptable diluent with or without a pharmaceutical carrier,
{0125] In another embodiment, the active compounnd can be delivered in a vesicle, in
particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes
in the Therapy of Infectious Disease and Cancer, Lopez-Berestein apd Fidler (eds.), Liss,
New York, pp. 353-365 (1989); Lopez-Berestein, ibid., pp. 317-327; see generally ibid).
{0126] In one embodiment, the present invention provides combined preparations. In one
embodiment, the term "a combined preparation” defines especially a "kit of parts” in the sense
that the combination pasinaers as defined above can be dosed independently or by use of
different fixed combinations with distinguished amounts of the combination parmers ie,,
simultancousty, concurrently, separately or sequentiaily. In some embodiments, the parts of
the kit of parts can then, e.g., be administered simultaneously or chronologically staggerad,
that g at different fire points and with equal or different thine intervalg for any part of the kis
of parte. The rario of the total amounts of the combination partners, in some embodiments, can
be admindstered in the combined preparation, In one embodiment, the combined preparation
can be varied, e.g., in order o cope with the needs of a patient subpopulation to be treated or
the needs of the single patient which different needs can be due to a particular disease,
severity of a disease, age, sex, or body weight as can be readily made by a person skilled in the
art.
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{01271 It is to be understood that this invention is directed to compositions and combined
therapies as described herein, for any disease, disorder or condition, as appropriate, as will be
appreciated by one skilled in the art. Certain applications of such compositions and combined
therapies have been descrbed hereinabove, for specific diseases, disorders and conditions,
representing embodiments of this invention, and methods of treating such diseases, disorders
and conditions in a subject by administering a compound as herein described; alone or as part
of the combinhed therapy or using the compositions of this invention represent additional

embodiments of this invention.

Treatment of Conditions or Diseases Capable of Being Affected by Telomerase Activation

and/or Expression

(0128} In some embodiments, .this.invcntion provides corﬁpounds, and pharmaceutical
compositions comprising the same for the treatment of conditions and/or diseases capable of
being affected by enhanced telomerase expression and/or activity. These compounds interact
with the telomerase enzyme and stimulate and/or increase telomerase expression and/for
activity in the tissues and cells of a subject. In some embodiment, such activity is decreased or
abgent, resulting in development of, or enhanced pathogenesis or sympioms associated with a
disease, disorder or condition in the subject. Such disease, disorder or condition may
comprise, inter alia, a) Alzheimer’s disease; b) Parkinson’s disease; ¢) Huntington’s disease:
d) stroke; e} nerve damage, motor neuron disease, multiple sclerosis (MS), peripheral and
central nervous sysiem injury including spinal injury and cerebral vascular incidents; {) age-
refated diseases of the skin such as dermal atrophy and thinning, elastolysis and skin
wrinkling, sebaceous giand hyperplasia or hypoplasia, senile lentigo, pigmentation
abnormalities, graying of hair and hair loss or thinning (baldness, alopecia), or chronic skin
ulcers; g) degenerative joint disease; h) osteoporosis, osteoarihritis and other degenerative
conditions of the skeletal sysiem; i) age- and swess-related diseases of the vascular system
mchuding atheroselerosis, caleification, thrombosis, hyperiension and aneurysim, j) age-reiated
macular degeneration; k) AIDS; 1) age- and stress-related immune system impairment, |
melnding lmpairment of dssue twnover, which ccour with nateral aging, cancer, cancer
therapy, acute of chionit infections, degeneraiive inflammatory disesses or with genctic
disorders causing accelerated cell turnover, and refated anemias and other degenerative
coriditions; m) healing of wounds, burns, abrasions or other acute or chronic conditions of
epidermis; n) dyskeratosis congenita; o) sarcopenia and/or other muscular disease or
condition; p) hteal phase defect; q) premature ovarian failure (primary ovarian insufficiency

or hypergonadotropic hypogonadism} 1} impaired sperm production; s) impaired sperm
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delivery; and/or t} increasing telomerase expression and/or activity in memory T cells, thereby
strengthening immune memory response and response to vaccines; and/or u) increasing
telomerase expression andfor activity in healthy tissne, thus elongating the lifespan of a
sibject while sustaining said subject in good health and/or other clinical therapeutic and/or
diagnostic areas, including any embodiment of what is encompassed by the term “wreating” as

described herein.

{0129] In some embodimenis, the invention provides a method of increasing telomerase

expression and/or activity in a cell or tissue, by contacting the cell or tissne with a
composition comprising a2 compound of this invention. In one embodiment, the methods may
include the step of identifying a cell or tissue in which an increase in telomerase expreséion
and/or activity is desired.

[0130] Telomerase is typically detected at low levels in normal somatic cells. In skin,
tymphocytic tissues, endometrial tissue, hair follicles and intestinal crypts, active mitotic cells
and stem cells, telomerase expression and/or activity is expressed at low levels. Telomerase
expression and/or activity is regulated at different molecular levels, including transcription,
mRNA splicing, and via the maturation and modification of telomere reverse transcriptase
(TERT) and téiomere RNA component (TERC).

[013]] In one embodiment, the compounds and compositions of this invention activate
telomerase, and methods as described herein are useful thereby.

[0132] The ability of a compound to increase telomerase expression andfor activity in a cell
can be determined using the TRAP (Telomeric Repeat Amplification Protocol) assay, which is
known in the art (e.g., Kim er al., U. 5. Patent No. 5,629, 154; Harley et al., U. S. Patent No.
5.891,639). The activity is typically compared to the activity similarly measured in a control
assay of such cells (e g., a relomerase activity 50% greater than observed in a solvent control).
Cell lines suitable for use in the assay, may comprise normal human fibroblasts (Now) or
normal human keratinocytes (NHK).

{0133} In some embodiments, the selomere length may serve as useful indicator for the
telomerase expression andfor activity. In one embodiment, telomerase expression and/or
activalion is important in resting cancer, prematue aging syndrome or segmental progeris,
genetic anomalies and age-refated diseagses. The telomere length bag distingr patterny of
expression in specific disease progression, and is a function of its activation, thus mEasuring
such length as a function of treaument has value, in some embodiments, in terms of the

prognosis of different diseases,

© [0134] In one embodiment, telomere length can be measured by Southern blot, hybridization

protection assay, fluorescence in sine hybridizarion, flow cytometry, primed in sine,
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quantitative-polymerase chain reaction and single telomere lengih analysis, which are all
techniques known in the art (Kah-Wai Lin and Ju Yan, J. Cell, Mol, Med., 2805, Vol 9, No 4,
977-989). '

{0135] In some embodiments, this invention provides methods. of treating a condition capable
of -being affected by telomerase expression andfor activation in a subject, the method
comprising administering to a subject an effective amount of a compound of this invention,
wherein the compound stimulates or enhances telomerase expression and/or activity in the
cells or tissue of the subject.

{01361 In one embodiment, such conditions may comprise, for example, conditions associated
with cellular senescence or with an increased rate of proliferation of a cell in the absence of
telomerase, which leads to accelerated telomere repeat loss. The term “increased rate of
proliferation” refers to higher rate of cell division compared to normal cells of that cell type,
or compared to normal cells within other individuals of that cell type. The senescence of those
groups of cells at an abnormally early age can eventually lead to disease.

[0137] In some embodiments, conditions which may be treated by increasing telomerase
expression and/or activity may comprise use of the compounds as described herein in ex vivo
cell therapy, as described further below, employing the appropriate associated cell types. In -
one embodiment, the condition is Alzheimer's disease, Parkinson's disease, Huntington's
disease, stroke, nerve damage, motor neuron disease, multiple sclerosis (MS), or peripheral
and central nervous system injury including spinal injury and cerebral vascular incidents:
wherein the cells that may be employed are cells of the central nervous system, including
newrons and/or glial cells, e.g., astrocytes, endothelial cells and/or fibroblasts. In another
embodiment, the condition is glutamate-induced apoptosis in the cerebellum.

[0138] In another embodiment, the condition is an age-related disease of the skin, such as
dermal atrophy and thinning, lastolysis and skin wrinkding, sebaceous gland hyperplasia or
hypoplasia, senile lentigo and/or other pigmentation abnormalities, graying of hair and hair
loss or thinning (baldness, alopecia), or chronic skin ulcers; wherein the cells that may be
employed are fibroblasts, sebaceous gland cells, melanocytes, keratinocyies, Langerhan's celfs,
microvascilar endothelial cells and/or hair follicle celis.

[0139] In another embodiment, the condition is a degenerative joint disease: wherein the celis
that may be employed are cells of the articular cartilage, such as chondrocytes and lacunal
and/or synovial fibroblasts,

{0140} In another embodiment, the condition is osteoporosis, ostecarthritis and/or other
degenerative conditions of the skeletal system; wherein the cells that may be employed are

cells of the skeleral system, such as osteoblasts, bone marrow stromal or mesenchymal cells
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and/or osteoprogenitor celis,

[0141] In another embodiment, the condition is sarcopenia and/or other degenerative
conditions of the musculature; wherein the cells that may be employed are cells are muscle
cells, or progenitor cells thereof or mesenchymal cells.

{0142] In another embodiment, the condition is an age- and/or stress-related disease of the
vascular system including atherosclerosis, calcification, thrombosis, hypertension and
aneurysms; wherein the cells that may be employed are cells of the heart and vascular system,
including endothelial cells, smooth muscle cells, and/or adventitial fibroblasts.

{0143] In another embodiment, the condition is age-related macular degeneration; wherein the
cells that may be employed are cells of the eye, such as pigmented epithelinm and/or vascular
endothelial cells. _ o

[0144] In another embodiment, the condition is acquired immune deficiency or AIDS;
wherein the cells that may be employed are-T lymphocytes, such as CD4+ or CD8+ T cells. In
another embodiment, the condition is congenital immune deficiency.

{0145] In another embodiment, the condition is graft-versus-host disease (GVHD). In another
embodiment, the condition is graft-versus lenkemia disease (GVL).

[0146] In another embodiment, the condition is age- and/or stress-related immune system
impairment, including impairment of tissue turnover, whichk occurs with natural aging, cancer,
cancer therapy, acute or chronic infections, degenerative inflammatory diseases or with
genetic disorders causing accelerated cell tumover, and related anemias and other
degenerative conditions, wherein the cells that may be employed are other cells of the irmmune
system, including cells in the lymphoid, myeloid, and erythroid lineages, such as B and T
lymphocytes, monocytes, circulating and specialized tissne macrophages, neutrophils,
eosinophils, basophils, NK cells, and their respective progenitors.

(3147 In some embodiments, the methods and/or compositions of this invention find
application in improving immune function in disease or in health, In some embodiments, the
methods andfor compositions of this invention find application in enhancing T cell activity,
for example cyiotoxic T lymphocyte aciivity or responsiveness, or rescue from anergy, which
may find application in weating multiple diseases, for example in infeciion or neoplasia. Iy
some embodiments, such methods andfor corpositions are particularty useful in ety
pathogens highly resistant to conventional therapy, particularly virulent organisms, or
organisms for which no other therapies are available, for example, mutti-drag-resistant
organisms,

[0148] In another embodiment, the condition is female fertility-related, including luteal phase

defect, wherein there is a disruption in the normal female menstrual eyele and the body does
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not produce enough progesterone, resulting in a delay in the development of the lining of
uterus (endometrium), or premature ovarian failure (primary ovarian insufficiency or
hypergonadotropic hypogonadism), wherein there is a loss of normal functioning of the
ovaries in a wornan younger than age 40.

[0149) In another embodiment, the condition is male fcr{ilityvrciatcd, including impaired
sperm production or impaired sperm delivery.

{0150] In another embodiment, cell types in which an increase in telomerase expression
and/or activity can be therapeutically beneficial include, but are not limited to, cells of the
liver, endocrine and exocrine ghands, smooth musculature, or skeletal musculatore.

[0151] In one embodiment, AIDS disease is believed to be caused by the carly senescence of
CD8+ cells. The aging of such cells is attributed not simply to an abnormat amount of loss of
telomere sequences per cell doubling, but, in addition, to the increased replicative rate of the
cells, such that telomere attrition is greater than normal for that group of cells. The invention
thus provides methods of treating aa HIV infected subject, and more particularly of reducing
early senescence of HIV-restricted CD8+ cells in an HIV infected subject, comprising
administering to said subject a compound of this invention or a composition comprising the
same.

{0152} In one embodiment an increase in telomerase expression and/or activity can benefit
non-dividing cells as well as proliferating cells, e.g. in conditions associated with increased
susceptibility to cell death due to stress, such as ischemia in heart failure or in stroke
(Schueider, J. Mol. Cell. Cardiol 34(7):717-24; Mattson, Exp Gerontol. 35(4):489-502). This
invention provides methods of reducing stress- or DNA damage-induced cell death in a
subject, such as a subject experiencing ischemic conditions in tissue due 1 heart failure or
stroke, by increasing telomerase expression and/or activity in cells of the subject, comprising
administering to said subject 2 composition comprising a compound of this invention.

[0153] In one embodiment, this invention provides methods for extending the lifespan of a
subject and whose life can be extended by extending the ability of those cells to continne
replication or resist stress-induced cell death. One exampie of such a group of cells is
tymphocyies present i Down's Syndrome paiients. The nvention thns provides a method of
enhancing replicative capacity andfor lifespan of fymphocoytes present in 2 Down's Syndrome
patient, by incréasing telomerase expression and/or activity in said cells of the parjent,
comprising administering to said subject a composition comprising a compound of this
invention. The compositions may also be used to improve resistance to stress-induced cell
death occurring during normal aging,

{0154] In one embodiment, this invention provides ‘methods of increasing iclomerase
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expression andfor activity and thereby promote healing of wounds, burns, abrasions or other
acute or chronic conditions of the skin, and in some embodiment, in particular in the
epidermis. The invention thus provides a method of treating an acute or chronic condition of
the skin, by administering to said subject a compound as herein described and/or a
composition comprising the same. In one embodiment, the composition is topically
administered to the affected area,

[0155] In another embodiment, acute or chr_onic skin conditions treated via the methods of
this invention may comprise lesions suffered in trauma, buns, abrasions, surgical incisions,
donor graft sites, and/or lesions caused by infectious agents.

[0156] In another embodiment, the acute or chronic conditions of the skin may comprise
chronic venous ulcer, diabetic ulcer, compression ulcer, pressure sores, and nleers or sores of
a mucosal surface.

{0157) In another cmbodimen{, the acute or chronic condition of the skin may comprise
surface lesions caused by a persistent inflammatory condition or infection, or by a genetic
defect {such as Haloid formation and coagulation abnormalities).

[C158] In one embodiment, the methods of healing of WOuﬁds, burns, abrasions or other acute
or chronic conditions of the skin comprises adminisiering a composition comprising a
compound as herein described to stimulate or enhance cell proliferation or migration at the
ireatment site, increase in density of epithelial cells at the site as a result of the applied therapy
and thereby closure of a wound if present, or restoration of normal physiological function.
{0159} In one embodiment, this invention contemplates manipulation of the skin and repair of
any imperfection of the skin surface for other purposes, such as cosmetic enhancement.

[0160] In another embodiment, compounds and compositions as herein described may be
utilized for protecting skin from UV radiation, or palliative treatment of damage thereby,
[0161] In another embodiment, the methods and compositions of the invention can be used in
treating hair conditions, in preserving hair color, hair shine or guality. In some embodiments,
methods and compositions of the invention can be used in treating hair loss, or as adjunciive
therapy with hair replacement and hair loss treatment protocols.

(01621 In another embodiment, the methods and compositions of the invention can be used in
agncultural applications. In one embodiment, compounds and compositions as herain
described may be wtilized to increase plant crop yields, wherein, in one embodiment, fruit
yiekd s increased and in another embodiment, fruit size is increased. In another embodiment,
the compounds and compositions as herein described may be utilized to increase milk
production in dairy cattle, whije in anotber embodiment, egg size may be increased. In another

embodiment, meat production may be increased in domestic animals raised for meat,
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including chickens, cows and pigs. In yet another embodimen:, the compounds and
compositions as herein described may be utilized in the horse racing industry, to increase
reproductive ability of both Stalllious and mares, and to increase muscle strength and stamina
for greater racing speeds. -

[0163] In one embodiment, the methods and compositions of the invention can be used to
enhance replicative capacity and/or extend lifespan of cells in culture, e.g., in ex vivo cell
therapy or in monoclonal antibody production, by increasing telomerase expression andfor
activity in the cells. Increasing telomerase expression and/or activity increases the replicative
capacity of such cells by slowing telomere repeat loss and/or improving resistance to stress-
induced cell death during ceil proliferation.

{0164] In one embodiment, the methods and compositions of the invention may be useful in
allogeneic cell therapy, which may include, in one embodiment, stera cell transplantation,
donor cell transplantation or cancer immunotherapy. In another embodiment, the methods and
compositions of the invention may be useful in the activation and/or mobilization of stem
cells. For example, and in some embodiments, the methods and compositions of the invention
may be useful in enhancing survival of stem cells in ex vive culture. In some embodiments,
the methods and compositions of the invention may prolong culture time, thereby supporting
expansion of the cell population, which in turn enhances transplantation efficiency, while in
other embodiments, the methods and compositions of the invention may increase cell viability
andfor may increase lifespan of the cells at the stem cell stage, prior to cell differentiation. In
some embodiments, the treatment of the population with the compounds as herein described
renders them more receptive to other stem cell manipulations, for example transformation or
transduction. '

[0165] In one embodiment, the stem cells may be embryonic stem cells, while in another
embodiment; the stem cells may be adult stem cells. In one embodiment, the methods and
compositions of the invention may be useful for culturing stem cells in vitro. In another
embodiment, the methods and compositions of the invention may be useful in culturing non-
stem cells in vitro, In one embodiment, the methods and compositions of the invention may be
uselul for culturing, inter alia, pancreatic beta cells in vitro. In another embodimens, tha
ethods and compositions of the invention may be useful for tissue engineering. In anather
embodiment, the stem cells may be cancer stem cells. In one enthodiment, the methods and
compositions of the invention may be useful in treating aplastic anemia,

[0166] In some embodiments, the wethods and compositions of this invention are useful as an
adjunctive therapy in 1treating cancer, in combination with surgical, radiation,
chemotherapeutic  and  immunotherapeutic methods/compounds,  and  in  ephancing
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responsiveness to other cancer therapeutics. In some embodiments, the compounds or s
invention suppress cancer latency, ie. maintain neoplastic cells in an active state whereby
additional compounds which are toxic to cancer cells are more effective. In some
embodiments, the methods and compositions of this invention when comprising adjunctive
therapy for cancer increase the likelihood of survival of a subject with cancer. In some
embodiments, the methods and compositions of this invention may prevent damage to
developing embryos caused by drug treatment, which may, in one embodiment, may be anti-
cancer drug treatment. In some embodiments, the methods and compositions of this invention
are useful in the development of cancer diagnostics. For example, and in some embodiments,
the compounds of this invention expand populations of hard to detect cancer cells, aiding in
their detection, thereby being a means/method of cancer diagnostics. In some embodiments,
staging of the cancer may be a reflection of the responsiveness to the compounds as herein
described, '

[0167] In some embodiments, the methods and compositions of this invention are useful in
the development of novel treatment regimens. For example, and in some embodiments, the
compounds of this invention expand populations of difficult to detect or difficult to trear

cancer cell populations, which in tum allows for the design of anticancer compounds more

suitable for the treatment of the particular cancerous cell population. In some embodiments,

the treatment of the popnlation with the compounds as herein described renders them more
suscepiible io other anticancer therapeutics, or in some embodiments, allows for the
evaluation of combination therapies, or new compounds.

[0168) In some embodiments, the methods and compositions of this invention are useful in
cancer stem cell expansion, which in tumn is wseful in the development of therapies and
treatments for cancers comprising such celis. In some embodiments, the methods and

compositions of this invention useful in cancer stem cell expansion, disease staging and

diagnosis of the cancer.

10169] In one embodiment, the methods and compositions of the mvention may be vseful in
facilitating transdifferentiation of cells, while in another embodiment, they may be useful in
cell cloning and/or in transduction or ransformartion. In another embodiment, e methods and
compositions of the invention yoay be useful i enhancing plasmid or naked DNA uptake,
liposome uptake, ete., in cells, resulting in some embodiments, in enhanced nuclele acid
transformation efficiency.

[0170} In one embodiment, this invention provides methods for ncreasing the replicative
capacity and/or lifespan of the cells by ex wivo applications, wherein a compound of this
invention is added to explant cells obtained from a subject, thereby increasing the replicative
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capacity and/or lifespan of the cells.
{0171] The explant cells may include, for example, stem cells, such as bone marrow stem
cells (11.8. Patent No. 6,007,989), bone marrow stromal cells (Simonsen et al., Nat Biotechnol
20(6):592-6, 2002), of adrenocortical cells (Thomas er al., Nat Biotechnot 18(1):39-42, 2000).
5 Disease conditions- of this invention may also be subject to ex vivo cell-based therapy,
Examples include the use of muscle sateliite cells for treatment of muscular dystrophy,
osieoblasts to treat osteoporosis, retinal pigmented epithelial cells for age-related macular-
degeneration, chondrocytes for osteoarthritis, etc.
{0172} In one embodiment, this invention provides methods for treating dyskeratosis
10 congenita, comprising administering a compound a composition comprising 4 compound of
this invention. _ _
[0173) Dyskeratosis congenita (DKC), also known as Zinsser-Engman-Cole syndrome, is a
rare, progressive bone marrow failure syndrome characterized by the triad of reticulated skin
hyperpigmentation, nail dystrophy, and oral ieukopiaki& The gene mutated in X-linked DKC
15 {DKC1) encodes a highly conserved nucleolar protein cailed dyskerin. Evidence exists for
telomerase dysfunction, ribosome deficiency, and protein synthesis dysfunction in this
disorder. Early mortality is often associated with bone marrow failure, infections, fatal
pulmenary complications, or malignancy.
[0174} Patients with DKC have reduced telomerase expression andfor activation and
20 abnormally short tracis of telomeric DNA compared with normal controls. Because telomeres
function te maintain chromosomal stability, telomerase has a critical role in preventing
celhiar senescence and cancer progression. Both DKC and a subset of aplastic anermia are due
to a defect in telomerase.

[0175] In one embodiment, the mvention provides a method of stem cell proliferadon,

1~
(=1

wherein a stem cell population is treated with a compound of this invention and thereby
enhances the replicative capacity and/or lifespan of the cell population.
[0F76] In some embodiments, the invention provides for the use of compounds and/or
compositions as herein deseribed as therapeutic agents o forestall and reverse cellular
sencscence, moluding but not Hmited o couditons associaied with cellolar senescence, In
30 some embodiments, the compounds and/or compositions as herein described may be used in
cell or organ culre media, to expand primary cell cultures for purposes of, inter alia,
diagnosis, analysis or vaceine production, or to maintain the viability of an organ/cells prior 1o
transplantation (during ischemic time, the time between the mterruption and reestablishment
of blood supply). In some embodiments, the invention provides for the use of compounds
35  and/or compositdons as herein described are useful wn prolonging survival of cells or tissue foy
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transplantation, and/or in some embodiments, promote greater incorporation of suen grars, i
some embodiments, such properties find utility in particular in applications such as islet or
masrow cell transplantation, stem cell transplantation or tissue engineering.
[0177) In some cmbodiments, the invention provides for the use of compounds and/or
5 compositions as herein described as stimulants of (a) cells with replicative capacity in the
central nervous system, including astrocytes, endothelial cells, and fibroblasts which play a
sole in such age-related diseases as Alzheimer's disease, Parkinson's disease, Huntington's
disease, and stroke, or in repairing nerve damage, motor neuron disease, peripheral and central
nervous system injury inchiding spinal injury and cerebrai vascular incidents (CVI) such as
10 stroke, or in diseases such as maltiple sclerosis (MS); (b) cells with finite replicative capacity
in the integnment, including fibroblasts, sebaceous gland cells, melanocytes, keratinocytes,
Langerhans cells, and hair follicle cells which may play a role in age-related diseases of the
integument such as dermal atrophy, elastolysis and skin wrinkling, sebaceous glahd
hyperplasia, senile lentigo, graying of hair and hair loss (baldness, alopecia), chronic skin
15 ulcers, keratosis and age-related impairment of wound healing; (c) celis with finite replicative
capacity in the articular cartilage, such as chondrocytes and lacunal and synovial fibroblasts
which play a role in degenerative joint disease; (d} cells with finite replicative capacity in the
bone, such as osteoblasts and osteoprogenitor cells which play a role in osteoporosis; (¢) cells
with finite replicative capacity in the immune system such as B and T lymphocyies,
20  monocyies, neutrophils, eosinophils, basophils, NK cells and their respective progenitors,
which may play a role in age-relaied immune system impairment, (f) cells with finite
replicative capacity ip the vascular system including endothelial celts, smooth muscle cells,
and adventitial fibroblasts which may play a role in age-related diseases of the vascular system
including atherosclerosis, calcification, thrombosis, hypertension and aneurysms: (g} cells
25 with finite replicative capacity in body organs including, but not limied 1o liver, lung and
pancreas (isier cells), which may play a role in lver disease (chrhosis), lung disease or
diabetes; (h} cells with finite replicative capacity in the reproductive system, inclnding ovarian
follicte cells and corpus lotenm cells; (@) cells with fintte replicative capacity in the ear,
including inver and outer ciffated audiiory cells of the organ of Corid; and (1) cells with a finie
306 replicative capacily W the cye such as pigmenied epithelinm and vascubar endothetial cells
which may play an important role in age-related macular degeneration,
(0178} The following examples are presented in order to more fully illustrate the preferred
embodiments of the invention. They should in no way be construed, however, as limiting the
broad scope of the invention.
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EXAMPLES

EXAMPLE1
Synthesis of Compound 77
{0179] 1,1,1-tris(4-hydroxyphenyl)ethane (4 g, 13 mM), formaldehyde (3.6 g,120 mM) and a

40% sohution of dimethylamine in water {15 ml} were added to a solution of 50 ml water and
60 ml FtOH. The solution was refluxed for 2.5 hours. Partial evaporation of the solvent

precipitated a white solid, which was fillered, washed with water and dred to give 7.85 g

_ white solid of compound 77, 93% yield, mp. =169,

[0180] NMR CDCl, § 6.64(6H, s, ArH), 3.40(12H, s, CH,), 2.22(36H, s,N- CH3), 2.06(3H, s,
C-CHa). '

EXAMPLE 2

Synthests of Compound 84

[0181] Compound 84.was synthesized by a process comparable to that described in Example
1.

[0182] NMR CDCls & 6.71(6H,s, ArH), 3.58(12H.s,CH,), 2.54(24H.qJ=70 Hz),
1.04(24H,1,J=7.0 Hz).

EXAMPLE 3
Synthesis of Compound 78

[0183] 1,1,1-tris(4-hydroxyphenyhethane (1.53 gr,5 mM), formaldehyde (1.35 gr, 45 M)
and 1-methy} piperazine (2.5 ml,50 mM) in 20 mi water and 25 ml EtOH were refluxed for 3
hours. Evaporation provided a solid that by TLC and NMR contained 2 products, which was
not the starting material. Formaldehyde (0.75 gr,25 mM) and 1-methyl piperazine (1.5 ml, 30
mM) were added 1o 5 sl water and 10 ml FtOT and the reaction was refluxed for 4 hours.
Evaporation and workup gave 3.3 gr light yellow- white solid, 67% yield, mp. 63°, Soluble in
eihanol, and very good solubility m waier,

(0184} NMR CDCly & 6.67(6&{3,51}{), 3.53(12H, 5, CHi), 2.44(48Wbramring
piperazine),2.26(18H,s,N- CHy ), 2.00(3H,5,C-CHs).

EXAMPLE 4

Svnthesis of Compound 83
45
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- [0185] Compound 83 was synthesized by a process comparable to that described in Example

1. A white solid was obtained. mp. =178°.
[0186] NMR  CDCl; & 6.68(5H,s, ArH)3.55(12H,5,CH2),2.5124H,br.t,N-  CH,
ring},2.03(3H,5,C-CHs), 1.55(24H,br.t,N- CHa ring), 1 A2(12H,br.s).

EXAMPLE 5

Synthesis of Compound 81
[0187) Compound 81 was synthesized by a process comparable to that described in Example

1. A white solid was obtained. m.p. =133°,
(01881 NMR CDCl; 8 6.68(6H,s, ArH), 3.61(12H,5,CHa), 2.51(24Hbr.tN- CH:z ring),
2.03(3H,5,C-CH3), 1.76(24H,br.t,N- CHaring).

EXAMPLE 6

Svnthesis of Compound 82

{G189} Compoﬁnd 82 was synthesized by a process cdmparable to that described in Example
1. A white solid was obtained. mp. =212°. ‘

(0190} NMR CDXCly & 6.68(6Hs, ArH), 3.69 (24HtJ=4.5 Hz N- CH: ring), 3.52
{12H,5,CHa), 2.45(24H,br.1,0- CHaring), 2.03(3H,5,C-CHa).

EXAMPLE 7

Svnthesis of Compound 79

[0191] Step 1: Compound 77 {2.98 g, 4.6 mM), prepared by a process as described in
Example 1, was added 10 20 ml acetic anhydride, and heated to 100° for 4 hours. The mixture
was cooled and water was added. The mixture was stirred overnight at room temperature, and
then extracted with CH.Cly. The solvent was evaporated to give a nona-acetate derivative as
yeHow oil and was further purified by chromatography (silica gel; 1%MeOH/CHLCh) to give
3.2 ¢ of viscous vellow oil, R0% yield.

[0197) Step 2 A KOH (4 o) solurion in water was added 1o a solution of the nona-acetate of
step 1 (2.5 ) in 20 ml BtOH. The mixture was silrred for 20 hours at room temperature. The
mixture was acidified with HCI, and extracted with CHaCly The solvent was evaporated and
gave 2.2 g of a vellow oil that and was further purified by column chromatography (silica gel;
2% MeOH/CHLCla) and recrystallyzed from toluene-hexane to give 1 gr of compound 79,

53% yield, white solid, mp 78°. TLC - Rf=0.35 in 5%MeCH/CH:Cl,,
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[CI93) NMR CDCl; &  7.93(3H,s,0H), 6.79(6H.5,Ar-H),  4.54(12H,5,Ar-CH,),
3.55(12H,4,7=7.0 Hz,CHy), 2.05(3H,5,C-CHa), 1.22(18H,t,J=7.0 Hz,CHs).

EXAMPLE 8
Synthesis of 1,1,1-tris(4-hydroxy-3, 5 --dibromo-phenyl)-ethane {Compound 68)

[0194] Step 1: A solution of NaOH (1 g, 25 mM) in 10 ml water and dimethy! sulphate (5.1
gr, 40 mM )(1:8 molar ratio) was added during 1 hour and simultaneously in portions to a
solution of 1,1,1-tris(4-hydroxyphenyl)-ethane (1.53 g, 5 mM) in 20 ml ethanol and 10 ml
water. The solution was then refluxed for 1 hour, and stirred 70 hours at RT. The white
precipitate was filtered, washed with water and dried to give 1.74 g of 1, 1, l-uis (4.
rhemoxyphenyl)—emane. Recry.stalizatioﬁ. twice from 50 mi .etha:.lol | gave LI5 gr white
crystals, 66% yield, and m.p. 160 °. TLC RF=0.85 in CHaCl. '

[0195} NMR CDCl; 8 6.99, 6.79(12H, ABq, Jax=8.8 Hz), 3.78(9H,s,0CH,), 2.11(34, 5,CHy).
[0196] Step 2: To a solution of 1, l,AI-tris {(4-methoxyphenyl)-ethane (0.49 gr, 1.4 mM,),
from step 1, in 22 ml 1, 2-dichloroethane, a solution of bromine (1.65 gr, 10.2) (7.3:1 ratio) in
5 ml 1,2-dichloroethane was added in portions. The solution was stirred at RT overnight and
heated for 3 hours to 70°, and worked up (sodinm.thiosulphate) to give 1.0 gr crude product.
TLC shows no starting matexial, but NMR showed mixtures, indicating that the bromination
was not complete (m at 6.90 ppm, and 4 methoxy). The solid was brominated again with 1 ar
bromine and refluxed 18 hours. The mixture was worked up as above and triturated with hot
ethanol to give 0.27 gr white solid, 23% yield, mp= 160°, TLC Rf=0.95 in CH-Cl,.

[0197) NMR CDCly & 7.16(6H,s,ArH), 3.92,3.91(6:4 ratio)(9H,2s,0CH,), 2.04,2.03 (4:6
ratio}(3H,s5,CHa,).

EXAMPLE® _
Svathesis of 1.1, 1-tris(d-biydrexy-3. 5 ~diiodo-phenvil-ethane

{01981 To 1,1.3vtris{li—hydroxyphenyl)~et§1ané (1.53 g, 5 mM)} in 40 mi ethanol and 40 ml
water cooled in jce, KOH (2.2 ¢1,39.2 mMM) followed by XT (5.8 &, 34.8 mM) and indine R
g, 347 mM) were added. The color finme from violet 1o brown. The reaction was stirred ar
room temperaturé for 3 hours. The mixture was added to crushed ice. Coneentrated HC) was
added to obtain acidic pH and was treated with thiosulphate solution and worked up.
Evaporation gave 5.1 g light brown solid, hexa iodo product followed by trituration in ethano]
gave 3 g white solid, 61% yield, mp=230°. RF=0.8 (in 5%MeOH-~ CH.CL).

[0199] NMR CDCl; & 7.3(6H,s), 5.77br.s,OH}, 1.97(3H,5,CHy ).
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EXAMPLE 10
Repair of DNA Double-Stranded Fragments Using Teiomerpse

{0200] In order to assess telomerase activation andfor expression, a DNA repair agsay was
conducted. DNA fragments were generated by ionic radiation. Al the compounds increased
repair. These results indicate that telomerase activity and/or expression provided stability in

stress conditions.

EXAMPLE 11
Effects of Tri-Phenvi Telome}ase Activating Compounds on Lifespan Extension
With Nematodes

[0201} Nematodes (C. elegans) were administered tri-phenyl telomerase-activating

compounds presented in the following tables, and telomerase activity and/or expression was
measured in terms of nematode lifespan extension. Nematodes were grown with the activators
at 50 micromolar concentration, and the mean, maximum and half-life for Compound 68 and
Compound 77, two representative molecules, was measured versus that of the control {Fig. 8).

Values represent mean lifespan.

LR,
U7
R, o S ﬂz
Table 1
Compound Ry R Rs R4 Lifespan
T ext. %

1 OH OH 8)51 CH, 30
2 OAc OAc Ohc CH,
3 1 H 1 <
i B B TH CH
5 ~ QU OCH, OOCH, {1, 12
6 QCH;, QCH; H CH,
7 OCH; i i OH
8 Cl
9 CH,
10 CHsy IH H CH; -1
11 OCH> CH;, CHs OH
12 Cl
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13 CHj
14 OCH; OCH; CH; OH
15 Cl
16 CH,
17 QOCH, OCH; F od
18 Cl
19 CH;
20 CH,y CH;, CHs, OH
21 Cl
22 CH; 21
23 1-naphtyl QCH; ‘OEt OH
24 Cl
25 CH,
26 I-naphtyl I-naphryl 1-naphtyl OH
27 Ci
29 YS-fluorene OCH; OH
30 9-fluorene OCH; Cl
31 CHa 23
31 9.-xanthene H Cl
33 CH, - 26
34 Satn.7 ring OCH; OH
35 Cl
3 CH,
37 Unsatu.7 ring QCH; OH
38 Cl
39 CH;
40
41 Tol Bz Tol Bz Tol Bz, CHj;
42 OCH,COOEt | OCH-COOFE: | OCH.COQFEt CH; -7
43 OCH,COOH ; OCH,COOH | OCH,COOH CH,
44 H H H Cl
45 H H H CH,
46 H H H Ot
47 H H H QO-iso

propyl
48 H H H O-n

byl
49 H H H CH; 16
50 3-INDOL. 3-INDOL OCH, H 4
311 3-INDOL. J-ENDOL OCH, OHs o
52 Ties tetra 25

dimethiy
QDO

53 4-Py OH OH CH, 13
54 3-PY OH OH CHy 15
55 4-Py H H CH;
56 4-Py CH; CH; CH,
57 4-Py OCH; OCH, CH,
58 4-Py OCH, OH CH;,
59
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R
DR
R/h ~A L Phg
Compound # R Lifespan %
X
60 OH P -2
. 61 OH P=0 30
62 OCH; P 29
63 OCH; Pz 0
64 H. .. P 19
65 CH; P 42
66 Br N 19
i
TN %
|
O
Y e,
R1 Ha
Compound R, Ra Rj Lifespan %
#
67 Ct OH Cl
68 Br OH Br 13
69 Br OH H -5
70 Br OCH3 Br 41
71 NO, OH H 8
72 NGO, OCH, H 4
73 I OCH, I -7
74 I OH H
73 OH OH CH
76 NHy OH H
77 CH, - O CHo - 43
Dimethyl Dimethyl
aming ARG
78 CHy -Methyl O CHa -Methyi 36
o piperazing piperazine
79 CH,OE!t OH CH,OE: 16
80 CH.0Ac DAc CHaOAc
81 CH: - OH CH, -
pyrrolidine pyrrolidine
82 CHy - O CHy -
morpholine morpholine
83 CH, - CH, -
piperidine N piperidine
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r 84 CH, -diethyl CHj -diethyl l I
amine amine
EXAMPLE 12
Effects of Tri-Phenyl Telomerase Activating Compounds on Human Glioblastoma
Cells

[0202] Componnds 1, 62, 68, 77 and 79 (referred to in the tables zbove) were examined for
telomerase activation and/or expression in glioblastoma cells. Compound 79 and 68 were
synthesized as described hereinabove, Compounds 1 and 62 are commercially available. One
pM of nuclear cell proteins {(as the source of telomerase) were added to a specific reaction
mixture of telomerase and a telomerase repeat amplification (TRAP) assay was performed in
the absence or presence of telomerase activators (Compounds 79, 68, 1 and 62). The reaction
products were analyzed on PAGE followed by autoradiography. The % of telomerase
activityfexpression was calenlated.

[0203] U-251 gliobastoma cells were treated with different concentrations of compounds of
the present invention for 1 or 3 hours. The culture medium was removed and the cells were
washed several times with PBS. Chaps puclear extract was performed by standard
methodology and telomerase activity was detcnnine'd by TRAP using radioactive nucleotides.
A representative picture of several experiments demonstrating the products of telomerase
activity observed by the TRAP assay is shown in Fig. 1A. Cells were treated with Compound
68 at I (lanes 2 and 4}, or (.25 uM (lanes 3 and 5) for 1 (lanes 2-3) or 3 (fanes 4-5) hours,
respectively. Lane 1 shows vehicle reatment only, Quantification of telomerase activity from
multiple experimenis was performed using a {3-scintillation counter by measuring the total
radioactive labeling of telomerase products, and telomerase activity in each sample was
calculated relative 1o the internal standard. The percent telomerase activation (from the control
cells treated with the vehicle only) was determined for the compounds of the present invention
(Fig. 1B). Compounds of the present invention significantly increased the activity of
ielomerase in freated celis and the level of activation was dependent on the natire of the
compounnd, the copcentration and the time of exposure of the celis to the compounds of the
present mveniion.

[0204] The effect of compounds of the present invention on the level of telomerase protein
and of long-term treatment of a single dose of Compound 68 on telomerase was tested by
exposing cells for various intervals (3-24 hy e 1 pM of the compound and detecting

telomerase protein level by western blot analysis with anti-telomerase antibody. Compound 68
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increased telomerase protein level in treated cells (Fig. 2A). A time-dependent increase in
telomerase was observed, with activation peaking at 1-3 h of treatment, and then gradually
decreasing. The level of telomerase activity was only slightly higher compared to that found in
vehicle-treated cells after 24 h (Fig. 2B). No changes in the level of B-actin protein {lower
panel) or other nuclear enzymes such as topoisomerase I were observed, suggesting that a
single dose canses a fast, specific activation of telomerase, although this activation is transient
and the level of telomerase returned to its basal value 24 h afier treatment, indicating an
ability of compounds of the present invention to control telomerase activation.

{0205] Experiments were also performed to determine the effect of compounds of the present
invention on the telomerase mRMA level (including the foll and spliced variant telo-mRNAs).
Cells were treated with a single dose of I mM Compound 68 for various intervals (1-24 h).
Total RNA extracts were prepared, and equal RNA concentrations were anatyzed by northern
blotting with a specific hTERT probe. Fig. 3A shows the elomerase full-length and splice
variant mRNAS in the control untreated cells (lanes 1,2). The level of the full length mRNA as
well as the splice vadant RNAs significantly increased with time in cells treated with
compounds of the present invention (up to 4.5-fold of control) (Fig. 38, lapes 3-7). The
increased expression of telomerase was specific since no effect on GAPDH mRNA was
observed (lower panel). Addition of actinomycin D (an RNA transcription inhibitor) during
treatment with compounds of the present invengion (for 3 h) abolished the a.lctivation of
telomerase expression (Fig. 3A and B, compare lane 8 to 4), suggesting that compounds of the

present invention activate the expression of the telomerase gene.

EXAMPLE 13

Effects of Compounds of the Present Invention on Human Mesenchymal Stem Cells
{02067 Human mesenchymal.stem cells were isolated by iliac crest aspiration and grown in
cell ciilture for 6 months (passage 19) prior to observing a significant decrease in cell growth.
Compounds of the present invention were added directly to the culture medivm daily for 3
days. Significant survival and proliferation of the WMSC was observed upon treaiment with
varipns compounds of the present invention (Fig. 4).

(207 The possihibity that compounds of the present invention enhance hMSC survival and
proliferation by activation of TERT was examined by culturing EMSC (p 3) In a tissue culture
chamber shide ar 17x10° celisfwell for 60 h. Compounds of the present inventon were added
for & h with fresh medinm. Immunofluorescence with anti-hTERT antibody (first antibody)
and cy?3 fluorescent secondary antibody was carried out. The nucleus was stained with DAPL
Compounds of the present invention activated telomerase expression in hMSC (Fig. 5).
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Expression of telomerase protein waé seen in both cytoplasm and nucleus. Degree of
activation of telomerase expression was Compound 68>79>77. Quantification of telomerase
activity in hMSC was performed by Real time PCR (Quantification telomerase detection kit)
in nuclear extracts derived from hMSC treated with compound 79 (250 nM) for 6 or 24 h.
Compound 79 enhanced telomerase activity in hMSC by 12- or 6-fold in a time-dependent

manner (Fig. 5B).

EXAMPLE 14

Effects of Compounds of the Present Invention on Human Keratinocytes

[0208] Human keratinocytes which had lost their ability to proliferate (in their fifth passage)
were obtained from a local skin bank and treated with Compound 68 for 24 h. Cell viability,
cell number and morphology was examined. Cells treated with compounds of the present
invention exhibited significant (2-4-fold) cell proliferation and viable cells were observed
(Fig. 6). Compound 79 exhibited a better cell survival effect than Compound 68. These results
support a role for the compounds of the present invention in skin transplantation, wound

healing, chronic skin ulcers and other skin conditions.

EXAMPLE 15
Effects of Compounds of the Present Invention on Human Retinal

Pipmented Epithelial Cells

[0209] Chronic exposure of human retinal pigmented epithelial (RPE) cells to oxidative stress
predisposes them to the development of age-related macular degeneration (AMD). Human
RPE cells were exposed to oxidative stress by treatment with H0: (1 mM) for 24 hours, and
H,04 (0.5 mM) for another 24 hours, The cells were then treated dai!jr for two days with the
indicated compounds in the absence of H;O Increased cell growth was observed as a
consequence of treatment with the compounds (Fig. 7A). Telomerase activity was exthanced in
RPE cells treated with compounds 68 and 79 by 30- and 50-fold, respectively (Fig 7B). These
resulte suggest a sole for the compounds of the present invention in freating macnlar

degeneration and other reting! diseases.

EXAMPLE 16

Extension of Survival in C. elegans

[0210] Survival of the €. elegans, a nematode that normally swrvives for 12-14 days,
represéuts an acceptable model for studying fife extension. Nematodes were administered tri-

phenyl telomerase-activating compounds and their effect on the nematode lifespan extension
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was determined. Nematodes were grown with the activators at a conceniration of 50
micromolar, and mean, maxirmn and half-life were measured in comparison with untreated
controls. Lifespan increased by 13-43% (Table 2), and the median lifespan .increased

approximately 2-fold (from 12 days to 22 days, as shown in Figure 8).

Table 2: Extension of survival of C. elegans by telomerase compounds

Compound Lifespan  extension
10. (%)

61 30

62 29

68 13

77 43

78 36

79 16

EXAMPLE 17

Activation of Telomerase Expression by Compounds of the

Present Invention in Rat Endometrial Cells

f0211} Female rats in diestrus (the stage at which the epithelial layer in the rat endometrium
undergoes degradation) were injected subcutaneously with 6 mg/kg of Compound 68, or with
a vehicle. The rats were sacrificed 24 h later and endometrial sections were prepared from the
uterine horns of treated and untreated rats and analyzed by. histological procedures and by
immunohistochemicél staining. Endometrial slices were stained by hematoxylin-eosin,
Treatment with comy.)ounds of the present invention prevented the degradation of the
endametrial epithelial layer. In addition, morphologically, the cndometria!‘tissue resembled
the structure of the proliferating stages (proestrus and estrus) (Fig. 9AB). Activation of
telomerase expression in the endometrial cells of weated rats was examined by
imimunohistochemistry with anti-telomerase antibody (Fig. 9C-F). There was a significant
increage in the staining of telomerase in the endometrial tissue of rat injected with compounds
of the present invention, especiaily in the epithelial layers of the endometrial lumen and the
epithelial layer of the secreving plands (compare Fig. 9C and D, B and F) In addition,
telomerase aetivity was measured in nuclear extracts derived from the endometdum of the
vagious treafmaent groups, A sigﬁiﬁcam 4-8-fold increased in the activity of elomerase was
observed in the rats i.njectcd with compounds of the present invention (Fig. 9G), indicating
that compounds of the present inveniion injected subcutaneously i the neck reached the
endometrial rissue, activated telomerase and caused tissue proliferation, These dara support a

role for the compounds of this invention activating telomerase in animals and affecting the
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proliferation of a tissue in vivo, In some embodiments of the invention, the data support a role

for'the treatment of endometriosis with the compounds of this invention.

EXAMPLE 18

Telomerase Activation of Rat Brain Cortex Cells by Compounds of the Present

Invention

[0212] The effect of compounds of the present invention injected subcutansously into female
rats and adult male mice on telomerase expression in various regions of the brain was
examined. Co-localization of telomerase and DAPI (DAPI or 4',6-diamidino-2-phenylindole),
a DNA-binding fluorescent stain demonstrated activation and/or expression in these cellsas a
consequence of treatment. A very Jow expression of relomerase was observed in specific cells
in varicus areas of the CNS (Figs. 10 and 11). Injections of Compourds 7% and 77 into rat
significantly activated the expression of ielomerase in the brain cortex, but Compound 68 did
not, indicating that Compounds 79 and 77, but not Compound 68, may cross the blood-brain
barrier (BBB) (Fig. 10).

(0213 Compound 79 was injected subcutaneously into three-monthi-old maie mice. The mice

were sacrificed 24 h later and the cortex, cerebelinm, hippocampus, hypothatamus, brain stem

~and olfactory bulb isolated and subjected to immunoficorescence. A low epxression of

telomerase was observed in most of the brain regions examined except for Purkinje cells in
the cerebellum (Fig. 11). Injection of compounds of the present invention_significantly and
dramatically increased telomerase expression in the various brain regions, This activation
appeared to be specific for certain neuronal cells, Compound 79, for example, increased
ielomerase expression in the motor-neuronal cells present in the brain stem,

0214]) Confirmation of immunofinorescence results was obtained by examining the level of
TERT protein enzyme in nuclear protein extracts derived from brains removed from rats
treated or untreated with compounds of thé present invention. Western blot analysis using
specific anti-hTERT antihody was performed and telomerase activation (%) was determined
and calcutated refative 1o the resulis obfained with the vehicle, A significant increase (9-13-
fold) m relomerase protein was observed in ral brain coriex cells veated with compounds of
the present invention (Fig. 12), supporiing a role for the use of componnds of the present

invention in freating brain-related diseases.

EXAMPLE 19

Prevention of plutamate-induced apoptosis in monse cerebellum

[0215] The ability of compounds of the present invention to prevent glutamate-induced
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apoptosis in mouse cerebellum was examined. Mice were injecied with 6 mg/kg of Compound
79 or with vehicle only. Mice were sacrificed 24 h after treatment and their brains were
removed. Cerebellum slices were prepared and subjected to glutamate treatment at various
concentrations for 30 min. Sections were stained with propidivm iedide and the number of
apopiotic cells was counted and calculated using specific.software (Jimage). Prevention of
apoptosis in mice treated with compounds of the present invention was calculated as a
percentage relative to control mice (Fig. 13). This supports a vole for compounds of the
present invention in treating seizures, stroke, Alrheimer’s disease, epilepsy, schizophrenia,

and alcohol and opiate addition.

 EXAMPLE 20

Telomerase Activation of Mouse Heart Cells by Compounds of the Present Invention

[0216] The activation of telomerase by componnds of the present invention in heart protein
extracts derived from one mouse was measured (Fig. 14). There was a significant increase in
the heart telomerase expression following injection of Compound 79. This supports a role for

compounds of the present invention in treating infarct, ischemia, myocarditis, etc.

EXAMPLE 21
Prevention of Drug Damage to Embryos by Compounds of the Present Invention

fO217} The ability of compounds of the present invention to prevent the damaging effects of
drugs on embryonic development was examined in rats. Female rats were treated with
camptothectn (CPTY (5 mg/kg), an anti-cancer drug, and then injected with Compound 68 (6
mgfke) or vehicle {0.19%). Embryos were removed at days 14-13 of pregnancy and examined
for damage. Embryos treated with both CPT and Compound 68 developed normally, while

embryos weated with CPT only showed evidence of abnormal development (Fig. 15).

Fffect of Compounds of the Present Invention on BCL1 Tomorivenicity

[218] (BALB/c » CETBLOFL mice were inoculated with 10° murine Becell ievkemia
tymphoma (BCLIY cells. Splenoinegaly and lymphocyiosis (Jeukemia) developed in all

controls and in mice treated with telomerase-aetivating compounds (40 or 80 mg/ks).
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Table 3
Experimental Group " Survival Median (range)
BCL1 only 29 (21-35)
BCLY + Compound 77 10 mM 26 (21-41)

[0219] Telomerase-activating compounds did not enhance the development of leukemia and
did not shorten the survival of mice which were moculated with levkemia. The telomerase-
activating compounds of the present invention did not facilitate progression of existing cancer,

nor did long-term administration of the compounds resuit in development of cancer.

EXAMPLE 23
Effect of Compounds of the Present Invention on Graft-Versus-Host Disease
(GVHD) as a Represeniative T Cell Functon
[0220] (BALB/c x C57TBL/G)F] mice were inoculated with 30x10% C57BL6 spleen cells for

induction of GVHD. Mice treated with Compound 77 exhibited more severe signs of acute
GVHD, as demonstrated by weight loss as compared with untreated controls, These results

suggest that compounds of the present invention may be used as a powerful adjuvant.

EXAMPLE 4

Effect of Compounds of the Present Invention on Graft-Versus-Tenkemia Disease

{GVL) as a Representative Example of Immunotherapv by T Cells
{02211 (BALB/c x CSTBL/GF] mice were inoculated with 10° BCL) following total body

irradiation 400cGy to allow engraftment of allogeneic lymphocytes for indnction of graft-
versus-leukemia (GVL) effects medicated by 30x10° C57BL/6 spleen cells. Survival of
untreated controls ranged from 21-35 days (median 29} Survival of mice treated with
allogeneic stem cells ranged from 13-22 days since the leukemia activated a severe GVHD. In
coanfrast, survival of mice weated with allogeneic stem cells and compounds of the present
invention ranged from 37-74 days, with cne mouse surviving 125 days. This supports a role
for the compounds of the preseat invention in ireating levkenis,

{GE22] While certain feawras of the invendon have been illustraded and described hevedn,
many modifications, substitutions, changes, and equivalents will now éccur to those of
ordinary skill in the art. It is, therefore, to be undersiood that the appended claims are intended

to cover all such modifications and changes as fall within the wue spirit of the invention.
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CLAIMS:

1. A compound represented by the structure of formula I:
Rj3 R4
Rz RS
I'{i 0
R, Z R
Ry Ry
R
8 1
wherein

Z. is carbon, nitrogen, phosphor, arsenic, silicon or germanium;

R, to Ry are the same or different, H, D, OH, halogen, nitro, CN, nitrileamido,
amidosulfide, amino, aldehyde, substituted ketone, -COOH, ester, trifluoromethyl,
amide, substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkylaryl,
arylsulfonyl, arylalkylenesulfonyl, alkoxy, alkylalkoxy, haloalkyl, alkylhaloalkyl,
haloaryl, aryloxy, amino, monoalkylamino, dialkylamino, alkylamido, arylamino,
arylamido.  alkylthio, arylthio, heterocycloalkyl,  alkylheterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, hetroarylalkyl, alkylheteroaryl; or Rz R4 or Ry
forms a fused cycloalkyl, heterocycloalkyl, aromatic or heteroaromatic ring with

the main aromatic ring; and

Ko i nothing, H, D, OH, halogen, oxo, nitre, CN, nilrileamido, amidosulfide,
amino, aldehyde, substituted ketone, -COOH, ester, trifluoromethyl, amide,
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkylaryl,
arylsulfonyl, arylalkylenesulfonyl, alkoxy, haloalkyl, haloaryl, cycloalkyl,
alkyleycloalkyl, aryloxy, monoalkylamino, dialkylamino, alkylamido, arylamino,
arylamido,  alkylthio, arylthio,  heterocycloalkyl,  alkylheterocycloalkyl,
heterocycloalkylalkyl, heteroaryl, heteroarylalkyl, alkylheteroaryl; or its isomer,
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pharmaceutically acceptable salt, pharmaceutical product, hydrate, N-oxide,

polymorph, crystal or any combination thereof;
for use in therapy.

2. The compound of claim 1, wherein the therapy is for treating a disease capable

of being affected by telomerase expression, activity or a combination thereof in a subject.

3. The compound of claim 2 wherein said disease is a neurodegenerative disease,
nervous system injury, vascular disease, a disease or condition associated with aging,
graying of hair or hair loss, a degenerative joint disease, a degenerative disease of the
skeletal system, a degenerative disease of the musculature, macular degeneration,
d.iabetes,. infection, immune system impairmeﬁt, cancer, dégenerétive i.nﬂammétory
disease, a genetic disorder causing accelerated cell turnover, anemia or male or female

infertility.

4. The compound of claim 1, wherein the therapy is for treating an acute or chronic

condition of the skin by contact of affected skin with the compound.

5. The compound of claim 4 wherein said acute or chronic condition is a wound, a
burn, an abrasion, an incision, a graft site, a lesion caused by an infectious agent, a
chronic venous ulcer, a diabetic ulcer, a compression ulcer, a pressure sore, a mucosal

sore or ulcer, melanoma or keloid formation.
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6. The compound of claim 1, wherein the therapy is for inhibiting, abrogating or

delaying cellular senescence in a cell or tissue of a subject.

7. The compound of claim 6 wherein said cell or tissue comprises a cell or tissue for

transplant in said subject.

8. The compound of claim 6 wherein said cell or tissue is isolated from or within a
subject having a neurodegenerative disease, a disease or condition associated with aging,
graying of hair or hair loss, a degenerative joint disease, a degenerative disease of the
skeletal system, a degenerative disease of the musculature, macular degeneration, a

degenerative inflammatory disease or a genetic disorder causing accelerated cell turnover.,

9. The compound of claim 1, wherein the therapy is for diminishing or abrogating

the effects of aging in a subject.

10. The compound of claim 9 wherein said effects of aging comprise effects of the

skin, hair, eyes, musculature, or bones of the subject.

11. The compound of any of claims | to 10, wherein said compound is represented

by the structure of formula IV:
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wherein Ry, Rz, R4, Rs, Ry, and Re are as defined above for formula 1.

12, The compound of any of claims 1 to 10, wherein said compound is

represented by the structure of formula VI

Ry OH Ry

VI

wherein R;’, R3’, Ry’, R¢’ Ry’, and Ry’ are the same or different comprising
halogen, aryl, alkyl, cycloalkyl, heterocycloalkyl, alkoxy, monoalkylamino,

dialkylamino or arylamino; and
Rjo 1s as described above for formula 1.

13. The compound of claim 12, wherein said compound is represented by the

structure of formula VIi;

VI1

or by the structure of formula VI
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or by the structure of formula X:

or by the structure of formula XI:
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or by the structure of formula XIII:

EtO OEt
HO, OH
EtO O i O OEt

Ottt O OFt X1T0L

14 The compound of any of clatms 1o 10, wherein said compound is

represented by the structure of formula XIV:
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HO I I OH
Br Br
0)¢| XV

or by the structure of formula XV:

HO

or by the structure of formula XVI:

CH;0 OCH;
P
OCH
’ X VI
150 Use of the compound of claim 1 in the manufacture of a medicament for

ireating 2 nenrodegenerative disease, nervons system injury, vasceuiar disease, o
disease or condition associated with aging, graying of hair or hair loss, a
degenerative joint disease, a degenerative disease of the skeletal system, a
degenerative disease of the musculature, macular degeneration, diabetes, infection,
immune system impairment, cancer, degenerative inflammatory disease, a genetic

disorder causing accelerated cell turnover, anemia or male or female infertility.
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16, Use of the compound of claim 1 in the manufacture of a medicament for
treating a wound, a burn, an abrasion, an incision, a grafl site, a lesion caused by an
infectious agent, a chronic venous ulcer, a diabetic ulcer, a compression ulcer, a

pressure sore, a mucosal sore or ulcer, melanoma or keloid formation.

17.  The use of claim 15, wherein the disease or condition associated with aging
is selected from the group consisting of aging of the skin such as dermal atrophy
and thinning, elastolysis and skin wrinkling, sebaceous gland hyperplasia or
hypoplasia, senile lentigo, pigmentation abnormalities, graying of hair and hair loss

or thinning (baldness, alopecia), and chronic skin ulcers.
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