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NUCLEOSIDE COMPOUNDS AND METHODS
OF USE THEREOF

STATEMENT OF GOVERNMENT RIGHTS

[0001] This invention was made with governmental sup-
port from the United States Government, National Institutes
of Health, Grant CA91146 and the Illinois Department of
Public Health, Contract No. 66280112. The United States
Government and the Illinois Department of Public Health
may have certain rights in the invention.

FIELD OF THE INVENTION

[0002] The invention relates to nucleoside compounds use-
ful for inhibiting angiogenesis, inducing apoptosis in tumor
cells, downregulating expression of an anti-apoptotic protein
such as survivin, inhibiting p53 binding to DNA, inhibiting
phosphorylation of Akt and inhibiting HIV transcription in a
cell.

BACKGROUND

[0003] Cancer is recognized as the second leading cause of
death worldwide. When the balance between cell prolifera-
tion and cell death is disrupted, the ensuing aberrant prolif-
eration leads to tumor growth. Cancer treatment is still largely
achieved through the use of chemo and radiotherapy, both of
which cause various side-effects. Treatments which are tai-
lored for specific tumors with minimum side-effects are the
ultimate goal of cancer therapy. For certain types of tumors
which express labile anti-apoptotic proteins, repression of
cellular transcription could be useful. Compounds that are
global transcriptional inhibitors are an attractive therapeutic
option. A few examples of this class of compounds include
5,6-Dichloro-1-p-ribofuranosylbenzimidazole (DRB) and
Flavopiridol.

[0004] Ineukaryotes, mRNA synthesis is mediated by con-
certed action of a number of factors, chief among them being
the RNA polymerase II [1]. The process of RNA polymerase
IItranscription consists of the pre-initiation, initiation and the
elongation stages [2]. Several inhibitors of transcription are
known, which work by blocking one or more of these stages.
For example, actinomycin D, which is both a transcriptional
inhibitor and a DNA damage agent, intercalates within the
DNA and thus inhibits the initiation stage of transcription [3].
Flavopiridol and DRB target the elongation stage of tran-
scription, by inhibiting positive transcription elongation fac-
tor b (P-TEFb, a cyclin-dependent protein kinase (CDK) of
Cdk9/Cyclin T1) [4-6], whose phosphorylation of RNA poly-
merase 11 is essential for this stage. c.-Amanitin, on the other
hand, binds directly to RNA polymerase II, which leads to
inhibition of both initiation and elongation stages [7-10].
[0005] General transcriptional inhibitors may be useful in
cancer therapies and, in some instances, have been shown to
work as anti-viral agents [11, 12]. For example, flavopiridol is
a very efficient inducer of apoptosis in malignant cells and it
also potentiates lethal effects of other cytotoxic drugs [11,
13]. In addition, it inhibits cell migration and displays potent
anti-angiogenic activity [14, 15]. Specifically, this class of
drugs may be useful against tumors that express labile anti-
apoptotic proteins due to their ability to downregulate pro-
teins of short half-life [11]. Understandably, these drugs may
also act synergistically with certain factors such as tumor

May 7, 2009

necrosis factor-a. (TNF-at), which is known to transcription-
ally induce anti-apoptotic proteins [16].

SUMMARY OF THE INVENTION

[0006] The present invention provides nucleoside deriva-
tives having the chemical formula shown in Formula (I):

wherein R%, R?, R® and R” are each independently selected
from the group consisting of hydrogen, cyano, azido, halo-
gen, hydroxy, mercapto, amino, C, , alkoxy, C,_, alkenyl,
C,_, alkynyl, and C, , alkyl, wherein alkyl is unsubstituted or
substituted with hydroxy, amino, C,_, alkoxy, C, _, alkylthio,
or one to three fluorine atoms, or R” and R¢ together with the
carbon atom to which they are attached form a 3- to 6-mem-
bered saturated monocyclic ring system optionally contain-
ing a heteroatom selected from O, S and NC__, alkyl;

[0007] R“ is hydrogen, cyano, nitro, C,, alkyl,
NHCONH,, CONR'F/, CSNF'R/, COOR/, C(=NH)NH,,
hydroxy, C, _, alkoxy, amino, C,_, alkylamino, di(C, _, alkyl)
amino, halogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-yl) or (imi-
dazol-2-yl), wherein alkyl is unsubstituted or substituted with
one to three groups independently selected from halogen,
amino, hydroxy, carboxy and C, ; alkoxy;

[0008] R® and R/ are each independently hydrogen,
hydroxy, halogen, C, , alkoxy, amino, C, , alkylamino,
di(C, , alkyDamino, C;, cycloalkylamino, di(C;_¢
cycloalkyl)amino or C,_4 cycloheteroalkyl, unsubstituted or
substituted with one to two groups independently selected
from halogen, hydroxy, amino, C, , alkyl and C,_, alkoxy;
[0009] R’ is hydrogen, C,,, alkylcarbonyl, P;O,H,,
P,O4H; or P(O)R™R”;

[0010]
[0011] R*andR# are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

[0012] R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, , alkyl, OCH,O(C—0)OC, , alkyl,
NHCHMeCO,Me, OCH(C,, alkyD)O(C—O0)C,_, alkyl,
wherein alkyl is unsubstituted or substituted with one to three

each R’ is independently hydrogen or C, ¢ alkyl;

groups independently selected from halogen, amino,
hydroxy, carboxy and C, _, alkoxy.
[0013] A particularly preferred nucleoside derivative of the

invention is a compound having the chemical formula of
Formula (II):
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which has the chemical name: 4-amino-6-hydrazino-7-beta-
D-ribofuranosyl-7H-pyrrolo[2, 3-d]-pyrimidine-5-carboxa-
mide, and is referred to herein as ARC.

[0014] The nucleoside derivatives of the invention are use-
ful for inhibiting angiogenesis, inducing apoptosis in tumor
cells, downregulating expression of an anti-apoptotic protein
such as survivin, inhibiting p53 binding to DNA, inhibiting
phosphorylation of Akt, as well as for inhibiting transcription,
and inhibiting tumor growth.

[0015] ARC acts as a general inhibitor of transcription and
promotes apoptosis in several human cancer cell lines includ-
ing MCF-7 breast cancer, LIM1215 colon cancer, AGS gas-
tric cancer and HepG2 liver cancer cells. This compound
increases p53 levels, but represses the expression of key p53
targets p21 and hdm? in cancer cell lines. In addition, ARC
downregulates survivin, a target of repression by p53, and
inhibits the DNA-binding ability of p53. However, repres-
sions of various genes by ARC were found to be p53-inde-
pendent, and likely due to the combined effect of general
transcriptional repression by ARC and short half-life of these
proteins. In line with its ability to induce potent apoptosis in
cancer cells, ARC could be useful as a therapeutic agent in
treatment of certain types of cancer and also as a reagent for
studying gene transcription.

[0016] The nucleoside derivatives of Formula (I), such as
ARC, inhibit phosphorylation of RNA polymerase II by
P-TEFDb (positive transcription elongation factor b) leading to
a block in transcriptional elongation. In addition, the nucleo-
side derivatives inhibit phosphorylation of p53 by P-TEFb,
which is required for p53 DNA binding activity. Remarkably,
the nucleoside derivatives of Formula (I) such as ARC, induce
potent apoptosis in human tumor and transformed cells, but
not in normal cells, and exhibit strong anti-angiogenic activ-
ity in vitro. Cell death induced by ARC was strongly corre-
lated with downregulation of the anti-apoptotic gene sur-
vivin, which is overexpressed in majority of human tumors.
Accordingly, nucleoside derivatives of Formula (I) provide a
therapeutic agent for treatment of cancer and related diseases.

[0017] Accordingly, the present invention provides a
method of downregulating expression of an anti-apoptotic
protein, such as survivin in a cell. The method comprises
administering an anti-apoptotic protein expression down-
regulating amount of a nucleoside derivative of Formula (I)
(e.g. ARC) to a cell that expresses the anti-apoptotic protein.
[0018] The present invention also provides a method of
inducing apoptosis in a tumor cell involving administering an
apoptosis-inducing amount of a nucleoside derivative of For-
mula (I) to a tumor cell. Preferably, the nucleoside derivative
is ARC.
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[0019] In another aspect, the present invention provides a
method of inhibiting angiogenesis in a tissue. The method
comprises administering an anti-angiogenic amount of a
nucleoside derivative of Formula (I) to a tissue undergoing
angiogenesis. A preferred nucleoside derivative is ARC.
[0020] Inyetanother aspect, the present invention provides
a method of inhibiting p53 binding to DNA in a cell. This
method comprises contacting a cell with an amount of
nucleoside derivative of Formula (I), such as ARC, sufficient
to inhibit binding of p53 to DNA in the cell.

[0021] In a further aspect, the present invention provides a
method of inhibiting phosphorylation of Akt in a cell. The
method comprises contacting a cell with an amount of a
nucleoside derivative of Formula (I), such as ARC, sufficient
to inhibit phosphorylation of Akt in the cell.

[0022] Inaddition, the present invention provides a method
of inhibiting HIV transcription in a cell comprising contact-
ing a cell with an amount of a nucleoside derivative of For-
mula (I) sufficient to inhibit HIV transcription in the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1. Identification of ARC. (A) Screening of the
NCI diversity set of ~2000 compounds in LIM1215 cells
containing lacZ under the control of p21 promoter. Com-
pounds were used at a final concentration of 10 uM. Part of the
96-well plate containing ARC is shown. (B) Chemical struc-
ture of ARC (4-Amino-6-hydrazino-7-beta-D-Ribofurano-
syl-7H-Pyrrolo[2,3-d]-pyrimidine-5-Carboxamide). ©
Cancer cell lines of different origin were treated either with
DMSO (dimethyl sulfoxide) control or 10 uM of ARC for 24
hours and subjected to immunoblotting with the indicated
antibodies. (D) HCT-116 colon cancer cells were treated with
increasing amounts of ARC for 24 hours and cell lysates were
analyzed for the levels of indicated proteins. (E) Wild-type
HCT-116 and HCT-116-p53~"~ cells were treated with either
DMSO or ARC and the cell lysates were used for immunob-
lotting as indicated.

[0024] FIG. 2. ARC is a general transcription inhibitor
affecting RNA polymerase I transcription. (A) Nuclei were
isolated from HCT-116 colon cancer cells treated for 2 hours
with one of DMSO, 1 mM ARC, or 1 mM DRB. The nuclei
were assayed for rate of transcription (DMSO—<curve 1;
ARC—curve 2; DRB——curve 3) as described herein. The
same nuclei were also assayed for transcription rate in the
presence of 2 ng/ml of a-amanitin (DMSO—curve 4; ARC—
curve 5; DRB——curve 6). (B) Nuclei were isolated from
untreated HCT-116 cells. These nuclei were then treated with
one of DMSO (curve 1), 50 uM ARC (curve 2), 50 uM DRB
(curve 3), or 2 pug/ml c-amanitin (curve 4) and used in the
nuclear run-on assay. (C) Purified P-TEFb was used for
kinase assays with GST-CTD (GST-tagged C-terminal
domain of RNA polymerase 1I) as a substrate either in the
presence or absence of ARC as indicated. The extent of CTD
(C-terminal domain) phosphorylation was determined by
immunoblotting using anti-phospho-RNA polymerase 11
antibodies. (D) HCT-116 cells were treated with the indicated
concentrations of ARC for 3 hours and total cell lysates were
probed for the levels of phospho-RNA polymerase 11, total
RNA polymerase II and x-tubulin.

[0025] FIG. 3. ARC inhibits DNA binding ability of p53
and phosphorylation of p53 by P-TEFb. (A) Nuclear extracts
from HCT-116 and MCF-7 cells treated with indicated con-
centrations of Doxorubicin (Dox) and ARC were subjected to
gel shift assay with a radio-labeled p53 consensus probe. The
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anti-p53 antibody PAb421 was used for supershifting the
DNA -protein complexes. (B) MCF-7 cells were treated with
different combinations of doxonibicin (Dox), actinomycin D
(Act D), or ARC as indicated and nuclear extracts were used
in gel shift assay with p53 consensus probe. Only the super-
shifted bands with the anti-p53 antibody PAb421 are shown.
(C) Nuclear extracts from MCF-7 cells treated as indicated
were subjected immunoblotting with anti-p53 and anti-Spl
antibodies. (D) In vitro kinase assay was performed to assess
the ability of P-TEFb kinase to phosphorylate p53 and to
investigate if ARC can inhibit this phosphorylation. (E) Puri-
fied p53 protein was used in gel shift reactions with or without
phosphorylation by P-TEFb. Different concentrations of
ARC were added as indicated. Only the supershifted bands
with PAb421 are shown.

[0026] FIG. 4. ARC-mediated apoptosis is specific for
transformed cell type. (A) Wild type and SV40-transformed
MRC-5 human fetal lung fibroblasts were treated with indi-
cated concentrations of ARC for 24 hours. Photographs from
phase contrast microscopy (top panel) and fluorescent
microscopy after DAPI (4',6-diamidino-2-phenylindole)
staining (bottom panel) are shown. (B) Apoptotic nuclei from
SV40-transformed MRC-5 fibroblasts treated with indicated
concentrations of ARC for 24 hours were scored after DAPI
staining and percentage cell death (mean+sd; n=3) is shown.
(C) Wild type and SV40-transformed MRC-5 fibroblasts
were treated with ARC as indicated for 24 hours and the cell
lysates were used for immunoblotting and probed for levels of
survivin and cleaved caspase-3. (D) Wild type MRC-5 fibro-
blasts were treated either with DMSO or 20 uM of ARC for 48
hours and analyzed by flow cytometry after propidium iodide
staining.

[0027] FIG. 5. ARC causes p53-independent apoptosis in
various cancer cell lines. (A) Breast cancer cell line MCF-7
was treated with indicated concentrations of ARC for 24
hours. Photographs from phase contrast microscopy (top
panel) and fluorescent microscopy after DAPI staining (bot-
tom panel) are shown. (B) Apoptotic nuclei from MCF-7 cells
treated with indicated concentrations of ARC for 24 hours
were scored after DAPI staining and percentage cell death
(Mean=SD; n=3) is shown. (C) Cell lysates were prepared
from MCF-7 cells treated with ARC for 24 hours and ana-
lyzed for caspase-9 levels by immunoblotting. (D) MCF-7
cells expressing short hairpin RNA targeting p53 (MCF-7-
p53si) were compared with wild-type MCF-7 after ARC
treatment for 24 hours for the levels of cleaved caspase-9. (E)
Cancer cell lines of different origin were treated with 20 uM
of ARC for 48 hours and cell lysates were analyzed for the
levels of cleaved caspase-3. (F) LIM1215 cells were treated
with DMSO, 5 uM ARC and 50 uM DRB as indicated for 48
hours and subjected to flow cytometric analysis after PI stain-
ing.

[0028] FIG. 6. ARC acts as a potent anti-angiogenic agent
in vitro. (A) HUVECs (human umbilical vein endothelial
cells) were treated with different concentrations of ARC as
indicated for 24 hours and cord formation was assessed by
cord junctions and cord length. The right panel indicates the
same data in terms of percentage. (B) Motility assay was
performed with HUVECs pretreated with indicated concen-
trations of ARC and with Vascular Endothilial Growth Factor
(VEGF) as chemoattractant. The right panel represents the
same data in terms of percentage. (C) HUVECs were used in
the proliferation assay with different concentrations of ARC
as indicated for different time points (24, 48 and 72 hours).
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[0029] FIG. 7. ARC induces mitochondrial injury in leuke-
mia cells. Different leukemia cells were either treated with
DMSO (gray) or 5 uM ARC (white) for 24 hours, stained with
TMRE (tetramethyl rhodamine ethyl ester) and subjected to
flow cytometry. CEM cells are shown in panel (A), HL-60 in
panel (B), NB4 in panel (C) and U937 in panel (D). The shift
in the peak from right (DMSO; gray) to left (ARC-treated;
white) is due to the lower intake of the dye caused by the loss
in mitochondrial potential.

[0030] FIG. 8. ARC downregulates Mcl-1 levels in differ-
ent cancer cells. (A) U937 leukemia cells were treated with
different concentrations of ARC as indicated for 24 hours and
the cell lysates were probed for Mcl-1 levels. (B) Neuroblas-
toma cell lines were treated either with DMSO or 1 uyM ARC
for 24 hours and levels of Mcl-1 were assessed by immuno-
blotting.

[0031] FIG. 9. ARC interferes with the Akt pathway by
inhibiting phosphorylation of Akt. Ratla and MCF-7 cells
overexpressing myristoylated-Akt (mAkt) were treated with
the indicated concentration of ARC for 24 hours, after which
the cell lysates were used for immunoblotting with total and
phospho-Serd73 specific Akt antibodies.

[0032] FIG. 10. ARC has antiviral activity against HIV
(human immunodeficiency virus) in a cell culture model.
HeLa MAGI cells were infected with Adeno-Tat and treated
with different amounts of ARC for 18 hours after which, MTT
was added to measure cell viability and B-Gal expression was
measured by ONPG assay. B-Gal expression is indicative of
HIV Tat transactivation ability. Assays were done in quadru-
plicates.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] The present invention provides nucleoside deriva-
tives having the chemical formula shown in Formula (I):

R RY

wherein R%, R?, R¢ and R” are each independently selected
from the group consisting of hydrogen, cyano, azido, halo-
gen, hydroxy, mercapto, amino, C,_, alkoxy, C,_, alkenyl,
C,_, alkynyl and C,_, alkyl, wherein alkyl is unsubstituted or
substituted with hydroxy, amino, C, , alkoxy, C, alkylthio, or
one to three fluorine atoms, or R? and R* together with the
carbon atom to which they are attached form a 3- to 6-mem-
bered saturated monocyclic ring system optionally contain-
ing a heteroatom selected from O, S and NC__, alkyl;

[0034] R¥ishydrogen, cyano, nitro, C,_, allyl, NHCONH,,
CONR/F/, CSNR'R/, COOR/, C(=NH)NH,, hydroxy, C, s,
alkoxy, amino, C,_, alkylamino, di(C,_, alkyl)amino, halo-
gen, (1,3-oxazol-2-yl), (1,3-thiazol-2-yl) or (imidazol-2-yl)
wherein alkyl is unsubstituted or substituted with one to three
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groups independently selected from halogen, amino,
hydroxy, carboxy and C,_; alkoxy;

[0035] R® and R/ are each independently hydrogen,
hydroxy, halogen, C, , alkoxy, amino, C, , alkylamino,
di(C,, alkyDamino, C;4 cycloalkylamino, di(C;¢
cycloalkyl)amino, or C,_¢ cycloheteroalkyl, unsubstituted or
substituted with one to two groups independently selected
from halogen, hydroxy, amino, C, , alkyl and C,_, alkoxy;
[0036] R’ is hydrogen, C, ,, alkylcarbonyl, P,O/H,,
P,O4H; or P(O)R™R™;

[0037] each R’ is independently hydrogen or C, 4 alkyl;
[0038] R*and R are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

[0039] R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, , alkyl, OCH,O(C—0)OC, _, alkyl,
NHCHMeCO,Me, OCH(C,, alkyD)O(C—0)C,_, alkyl,
wherein alkyl is unsubstituted or substituted with one to three
groups independently selected from halogen, amino,
hydroxy, carboxy and C, ; alkoxy. Me is methyl.

[0040] The nucleoside derivatives of Formula (I) can be
prepared using established methods including the synthetic
methods described in “Chemistry of Nucleosides and Nucle-
otides,” L. B. Townsend, ed., Vols. 1-3, Plenum Press (1988),
which is incorporated by reference. Additional synthetic
methods are described in Carroll et al., U.S. Publication No.
US2004/0110717 published Jun. 10, 2004 and methods for
the formation of hydrazine-containing compounds are
described in J. March, “Advanced Organic Chemistry,”
Fourth Edition, John Wiley & Sons (1992), both of which are
incorporated by reference.

[0041] The nucleoside derivatives of the invention can be in
neutral form or in the form of a salt, preferably a physiologi-
cally acceptable salt (e.g., a mineral acid salt). In a preferred
embodiment, R? is CONH,. In another preferred embodi-
ment, R® is NH, and R”is H. In yet another preferred embodi-
ment, R* and R€ are each hydroxy, and R?, R& R”, and R’ are
each H. Most preferably, the nucleoside derivative is ARC
(4-amino-6-hydrazino-7-beta-D-ribofuranosyl-7H-pyrrolo
[2,3-d]-pyrimidine-5-carboxamide), Formula (II).

Formula (II)

[0042] The present invention provides a method of down-
regulating survivin (or anti-apoptotic protein) expression in a
cell. Survivin is an anti-apoptotic protein that protects cells
from apoptosis. One method comprises administering a sur-
vivin expression down-regulating amount of a nucleoside
derivative of Formula (I) (e.g. ARC) to a survivin expressing
cell. As used herein, the phrase “a survivin expression down-
regulating amount” or “survivin expression inhibiting
amount” means an amount of a nucleoside derivative of For-
mula (I) that will provide a desired level of survivin expres-

May 7, 2009

sion suppression in cells of a selected cell line. In a similar
manner, the phrase “an anti-apoptotic protein expression
downregulating amount” or “an anti-apoptotic protein
expression inhibiting amount” means an amount of a nucleo-
side derivative of Formula (I) that will provide a desired level
of anti-apoptotic protein expression suppression in cells of a
selected cell line. The amount of nucleoside analog to be
administered to achieve the desired level of suppression of
survivin (or anti-apoptotic protein) expression can be readily
determined by one of ordinary skill in the art utilizing any
assay suitable for evaluating survivin (or anti-apoptotic pro-
tein) expression, such as the assays described herein and in
the references cited herein. Preferably, the cell is a human
cell, more preferably a tumor cell, such as a human tumor cell.
[0043] The present invention also provides a method of
inducing apoptosis in a tumor cell involving administering an
apoptosis-inducing amount of a nucleoside derivative of For-
mula (I) to a tumor cell. Preferably, the nucleoside derivative
is ARC. As used herein, the phrase “an apoptosis-inducing
amount” means an amount of a nucleoside derivative of For-
mula (1) that will induce a desired level of apoptosis in cells of
a selected cell line. The amount of nucleoside analog to be
administered to achieve the desired level of apoptosis can be
readily determined by one of ordinary skill in the art utilizing
any apoptosis assay, such as the apoptosis assays described
herein and in the references cited herein. Preferably, the cell
is a human cell.

[0044] In another aspect, the present invention provides a
method of inhibiting angiogenesis in a tissue. The method
comprises administering an anti-angiogenic amount of a
nucleoside derivative of Formula (I) to a tissue undergoing
angiogenesis. A preferred nucleoside derivative is ARC. As
used herein, the phrase “an anti-angiogenic amount” means
an amount of a nucleoside derivative of Formula (I) that will
provide a desired level of angiogenesis suppression in cells of
a selected cell line. The amount of nucleoside analog to be
administered to achieve the desired level of angiogenesis
suppression can be readily determined by one of ordinary
skill in the art utilizing any angiogenesis assay, such as the
angiogenesis assays described herein and in the references
cited herein. Preferably, the tissue is a human tissue, more
preferably a tumor, such as a human tumor.

[0045] Inyet another aspect, the present invention provides
a method of inhibiting p53 binding to DNA in a cell. This
method comprises contacting a cell with an amount of
nucleoside derivative of Formula (I), such as ARC, sufficient
to inhibit binding of p53 to DNA in the cell. As used herein,
the phrase “an amount of nucleoside derivative of Formula
(D), such as ARC, sufficient to inhibit binding of p53 to DNA
in the cell” means an amount of a nucleoside derivative of
Formula (I) that will provide a desired level of p53-DNA-
binding suppression in cells of a selected cell line. The
amount of nucleoside analog to be administered to achieve
the desired level of binding inhibition can be readily deter-
mined by one of ordinary skill in the art utilizing any assay
suitable for evaluating p53 binding to DNA, such as the
assays described herein and in the references cited herein.
Preferably, the cell is a human cell, more preferably a tumor
cell, such as a human tumor cell.

[0046] In a further aspect, the present invention provides a
method of inhibiting phosphorylation of Akt in a cell. This
method comprises contacting a cell with an amount of a
nucleoside derivative of Formula (I), such as ARC, sufficient
to inhibit phosphorylation of Akt in the cell. As used herein,
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the phrase “an amount of nucleoside derivative of Formula
(D, such as ARC, sufficient to inhibit phosphorylation in the
cell” means an amount of a nucleoside derivative of Formula
(D that will provide a desired level of Akt phosphorylation
inhibition in cells of a selected cell line. The amount of
nucleoside analog to be administered to achieve the desired
level of phosphorylation inhibition can be readily determined
by one of ordinary skill in the art using any assay suitable for
evaluating phosphorylation, such as the assays described
herein and in the references cited herein. Preferably, the cell
is a human cell, more preferably a tumor cell, such as a human
tumor cell.

[0047] Inaddition, the present invention provides a method
of inhibiting HIV transcription in a cell comprising contact-
ing a cell with an amount of a nucleoside derivative of For-
mula (I) sufficient to inhibit HIV transcription in the cell. As
used herein, the phrase “an amount of nucleoside derivative of
Formula (I), such as ARC, sufficient to inhibit HIV transcrip-
tioninthe cell” means an amount of a nucleoside derivative of
Formula (I) that will provide a desired level of transcription
inhibition in cells of a selected cell line. The amount of
nucleoside analog to be administered to achieve the desired
level of transcription inhibition can be readily determined by
one of ordinary skill in the art using any assay suitable for
evaluating transcription, such as the assays described herein
and in the references cited herein. Preferably, the cell is a
human cell.

[0048] All references referred to or cited herein are incor-
porated herein by reference.

[0049] The following Examples are provided to further
illustrate preferred embodiments of the present invention and
are not to be construed as limiting the scope of the invention.

PROCEDURES AND EXAMPLES

[0050] Cell Lines and Media

[0051] Colon cancer LIM1215, breast cancer MCF-7, liver
cancer HepG2, gastric cancer AGS and prostate cancer
LNCaP cells were obtained from ATCC. Wild type and SV40-
transformed MRC-5 human fetal lung fibroblasts were
obtained from Coriell Institute. Isogenic colon cancer HCT-
116 wild-type and p53~'"~ cell lines were a kind gift from Dr.
Vogelstein (Johns Hopkins University). MCF-7 and HepG2
cells with stable knock-down of p53 (MCF-7-p53si and
HepG2-p53si, respectively) have been described previously
[26]. The cells were grown in different media as described
[47].

[0052] High Throughput Screening of Chemical Library
LIM1215 colon carcinoma cells harboring the lacZ reporter
gene under the control of a 2.3 kb p21 promoter (containing
two p53 binding sites) were grown in 96-well plates. Diver-
sity set, a chemical compound library containing approxi-
mately 2000 compounds (dissolved in DMSO), was obtained
from the National Cancer Institute (NCI) and was used at a
final concentration of 10 uM on the cells for 24 hours. lacZ
encoded $-Gal was detected by X-Gal staining as described
previously [48].

[0053] Immunoblot Analysis

[0054] Immunoblotting was performed as described [49]
with antibodies specific for p53 (sc-126 HRP; Santa Cruz),
hdm?2 (sc-965; Santa Cruz), p21 (556431; BD Pharmingen),
Spl (sc-59; Santa Cruz), survivin (sc-10811; Santa Cruz),
phospho RNA polymerase 11 (4735; Cell Signaling), total
RNA polymerase II (8WG16; a gift from Dr. Schlegel, Uni-
versity of Illinois at Chicago), a-tubulin (T9026; Sigma),
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cleaved caspase-3 (9664; Cell Signaling), caspase-9 (9502;
Cell Signaling) and -actin (A5441; Sigma) antibodies.
[0055] Nuclear Run-on Assay

[0056] Run-on assays with isolated nuclei were performed
as described [4]. Briefly, cells treated with the indicated
agents were lysed with hypotonic buffer (10 mM Tris-HCl pH
7.4,10 mM NaCl and 35 mM MgCl,) and nuclei collected by
centrifugation and resuspended in nuclear storage buffer (50
mM HEPES pH 8.0, 5 mM MgCl,, 0.5 mM DTT, 1 mg/ml
BSA and 25% (v/v) glycerol) at about 5x10° nuclei/ml and
stored at —80° C. Transcription reactions were performed in
200 ul volume consisting of 1x107 nuclei in the presence of
0.12 M KCI, 7 mM Mg(Ac),, 25 uCi of [**P]GTP, 500 uM
ATP, UTP and CTP at 30° C. Samples were collected at
various time points (18 pl/time point—O0, 5, 10, 20 and 30
min) and the reaction terminated by the addition of 57 ul of
Sarkosyl solution (1% Sarkosyl, 0.1 M Tris pH 8.0, 0.1 M
NaCl, 10 mM EDTA and 200 pg/ml tRNA). The stopped
reactions were transferred to Whatman DES1 paper, and
washed four times with wash bufter (5% K,HPO, and 0.3%
Na,P,O,) for 10 min, followed by a 5-min water wash. Then
the paper was briefly rinsed with 95% ethanol and allowed to
dry completely. Radiation was quantitated using a liquid scin-
tillation counter.

[0057] Kinase Assays

[0058] Purified P-TEFb (Cdk9/Cyclin T1) protein and
GST-CTD (GST-tagged C-terminal domain of RNA poly-
merase 1) expression plasmid were gifts from Dr. Nekhai
(Howard University). GST-CTD protein was expressed in
BL21 E. coli (Stratagene) and purified using a GST protein
purification kit (Amersham Biosciences). The kinase assay
was performed at 30° C. for 1 hour in the presence of P-TEFb
with or without the addition of ARC. The phosphorylation
levels of GST-CTD were detected with anti-phospho RNA
polymerase II antibody (4735; Cell Signaling).

[0059] For P-TEFD kinase assays with p53 as a substrate,
purified p53 protein (Protein One) was used. Twenty-five
nanograms of p53 protein along with [y>*P]ATP was used in
reactions either in the presence or absence of P-TEFb, with or
without the addition of ARC. The reaction was carried out at
30° C. for 30 min. The samples were resolved on an SDS-
PAGE and transferred on to a PVDF membrane and exposed
to X-ray film to detect phosphorylation of p53.

[0060] Gel Shift Assay

[0061] Either purified p53 protein or nuclear extracts were
used in the gel shift assays. For preparation of nuclear
extracts, cells treated either with DMSO or different agents
(doxorubicin, ARC and actinomycin D) were harvested 24
hours later and lysed in hypotonic buffer (10 mM HEPES pH
7.9, 1.5 mM MgCl,, 10 mM KCI, 0.2 mM PMSF, 0.5 mM
DTT, 1 mM Na,VO,, 1 mM NaF, 1 mM Aprotinin and 1 mM
Leupeptin), nuclei pelleted and treated with high-salt buffer
(20mM HEPES pH 7.9, 20% (v/v) glycerol, 1.5 mM MgCl,,
0.5 M K(l, 0.2 mM EDTA, 0.2 mM PMSF, 0.5 mM DTT, 1
mM Na;VO4, 1 mM NaF, 1 mM Aprotinin and 1 mM Leu-
peptin). Nuclear extracts (10 pg) or purified p53 protein (100
ng) were incubated with 0.5 ng of p53 consensus double-
stranded oligos (5'-TAC AGA ACA TGT CTA AGC ATG
CTG GGG ACT-3"; Santa Cruz Biotechnology) that were
labeled with [y**P]ATP. As a control, anti-p53 antibody
(PAb421, EMD Biosciences) was used to supershift the p53/
DNA complex. The reaction mixtures were resolved on a 4%
acrylamide DNA-retardation gel, dried and exposed to X-ray
film in the presence of intensifying screen.
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[0062] Apoptosis Assays

[0063] Apoptosis was detected either by DAPI (4',6-diami-
dino-2-phenylindole) staining or by Flow Cytometry after PI
(Propidium lodide) staining. For DAPI staining, all treat-
ments (DMSO or ARC) were done in triplicates in 6-well
plates and cells were stained with DAPI and visualized by
fluorescent microscopy. Four random fields for each sample
were photographed and at least 500 cells per field were
counted to estimate apoptosis. The data is represented as
meanzStandard deviation (sd).

[0064] For Flow Cytometry, cells were fixed in 70% etha-
nol and stored at —20° C. until further analysis. Equal num-
bers of fixed cells were then stained with PI solution (0.1%
Triton X-100, 0.2 mg/ml DNase free RNase, 0.02 mg/ml
propidium iodide) made in PBS for 15 min at 37° C. and
analyzed by a flow cytometer.

[0065] Angiogenesis Assays

[0066] Different angiogenesis assays such as cord forma-
tion assay, motility assay and proliferation inhibition assay
were performed at the developmental therapeutics program
(DTP) branch of NCI (NCI/DTP) as described [S0]. HUVECs
were used for all the assays. Taxol and TNP-470 were used as
positive control for the assays.

Example 1

A Novel Compound ARC Represses pS53 Targets but
Increases p53 Levels

[0067] Recent studies have demonstrated that blocking the
function of p21 enhances apoptosis of cancer cells [17-21],
which could be beneficial in cancer therapy. In order to find
small molecule transcriptional inhibitors of p21, we gener-
ated LIM1215 colon cancer cells, carrying lacZ under the
control of p21 promoter, as a screening system for testing
~2000 structurally diverse compounds (Diversity Set)
obtained from National Cancer Institute (NCI). Out of the five
compounds that were able to repress the p2l1 promoter
(judged on their ability to attenuate p21 promoter driven
[-Gal expression), the most potent one was selected for
detailed characterization. The ability of the compound, which
we named ARC (4-Amino-6-hydrazino-7-beta-D-Ribofura-
nosyl-7H-Pyrrolo[2,3-d]-pyrimidine-5-Carboxamide; NSC-
188491) to inhibit p21 promoter is illustrated in a sample of
the screen (FIG. 1A). ARC is a nucleoside analog (FIG. 1B),
and was able to repress p21 levels in a variety of cell lines
derived from cancers of different origin (FIG. 1C). In addi-
tion, ARC was able to downregulate hdm?2 (an induced target
of p53) and survivin (a repressed target of p53), although it
increased p53 levels (FIG. 1C). To determine if these effects
mediated by ARC were dose-dependent, we treated HCT-116
colon carcinoma cells with different concentrations of ARC.
We found that ARC increased p53 but simultaneously
repressed its target genes p21 and hdm?2 in a dose-dependent
manner, while no significant changes were observed in Spl
and p-actin levels (FIG. 1D).

[0068] In order to evaluate the extent to which the ARC-
mediated repression of p21, hdm2 and survivin are p53-de-
pendent, a pair of isogenic colon cancer cell lines was
employed differing only in their p53 status —HCT-116 wild-
type and HCT-116-p53~"~ cells (gift from Dr. Bert Vogel-
stein). Comparison of the p21, hdm2 and survivin levels in
HCT-116-p53** and HCT-116-p53~'~ before and after treat-
ment with ARC revealed that these genes are repressed irre-

May 7, 2009

spective of their p53 status (FIG. 1E) implying that ARC
operates through a p53-independent mechanism.

Example 2

ARC is a General Transcriptional Inhibitor that
Functions by Inhibiting RNA Polymerase II Phos-
phorylation

[0069] Some transcriptional inhibitors such as DRB and
flavopiridol repress p21 and hdm2 while increasing p53 levels
[4, 16]. ARC displays a similar pattern, indicating that it acts
as a global transcriptional inhibitor. To evaluate this activity,
HCT-116 cells were treated with one of DMSO (control),
ARC or DRB, and nuclei were isolated. These nuclei were
assayed for rate of transcription either in the presence or
absence of ai-amanitin using the nuclear run-on assay. It was
found that the rates of transcription were lower in nuclei
treated with ARC and DRB than the control nuclei (FIG. 2A),
clearly demonstrating that ARC can act as an inhibitor at the
level of transcription. It is known that a-amanitin inhibits
RNA polymerase I, but does not affect RNA polymerase |
and 111 based transcription. If ARC inhibits polymerase I and
11T transcription, the rate of transcription should be substan-
tially lower in the ARC+a-amanitin (FIG. 2A; curve 5) when
compared with DMSO+a-amanitin (FIG. 2A; curve 4). How-
ever both of these rates of transcription were similar, imply-
ing that ARC might preferentially affect only RNA poly-
merase II transcription.

[0070] Inorderto evaluate the ability of ARC to bind to and
inhibit RNA polymerase II directly (like a-amanitin) or indi-
rectly (like DRB), nuclei were isolated from normally grow-
ing untreated HCT-116 cells and treated with each of these
agents, and then assayed for rate of transcription by nuclear
run-on assay. The addition of DRB or ARC did not affect the
rate of transcription, while ci-amanitin addition dramatically
inhibited transcription (FIG. 2B), implying that ARC affects
polymerase II transcription in an indirect manner

[0071] It is known that DRB and flavopiridol inhibit tran-
scription by blocking the kinase activity of P-TEFb, which in
turn leads to decreased phosphorylation of RNA polymerase
II C-terminal domain (CTD) [4]. To determine if ARC oper-
ates by a similar mechanism, a kinase assay was performed
with purified P-TEFb using GST-CTD (GST tagged C-termi-
nal domain of RNA polymerase II) as the substrate. Addition
of ARC potently decreased the phosphorylation of GST-CTD
(FIG. 2C), suggesting that ARC can inhibit P-TEFb kinase
activity. To evaluate this effect in vivo, HCT-116 cells were
treated with ARC for 3 hours and analyzed levels of phospho-
RNA polymerase II by immunoblotting. While the total
amount of RNA polymerase II remained unchanged, phos-
phorylation of the RNA polymerase II CTD decreased upon
ARC treatment (FIG. 2D), consistent with the in vitro kinase
assay.

Example 3

ARC Inhibits DNA Binding Ability of p53 and Phos-
phorylation of p53 by P-TEFb

[0072] Although the effects of ARC were p53-independent,
ARC did affect some properties of p53. It was observed that
ARC inhibited the doxorubicin-induced DNA binding ability
of p53 to its consensus sequence, as determined from the
nuclear extracts derived from HCT-116 and MCF-7 cells
(FIGS. 3A and 3B). This is in contrast to actinomycin D,
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which is known to enhance the DNA binding ability of p53
[22]. ARC treatment alone did not influence the DNA binding
ability of p53, but treatment of cells with actinomycin D
increased the DNA binding ability of p53 as expected (FIG.
3B). To determine if ARC retains p53 in the cytoplasm, which
may lead to decreased binding in the gel shift assays, p53
levels in nuclear lysates were examined. Levels of p53 in the
nuclear extracts after treatment with doxorubicin+ARC did
not change significantly when compared with the levels from
sample treated with doxorubicin alone (FIG. 3C). Also, p53
was highly induced in nuclear extracts derived from cells
treated with ARC alone (FIG. 3C), clearly indicating that
ARC does not modulate p53 by nuclear exclusion.

[0073] Since post-translational modifications, especially
phosphorylation, play an important role in the DNA binding
ability of p53 after DNA damage [23, 24], this indicates that
p53 is a substrate for P-TEFD kinase and that ARC-mediated
inhibition of p53 phosphorylation by P-TEFb could explain
our observations. In order to evaluate this activity, an in vitro
kinase assay was performed with purified p53 protein and
P-TEFb in the presence of different concentrations of ARC. It
was found that P-TEFb could phosphorylate p53 (FIG. 3D),
indicating that p53 indeed is a substrate for P-TEFb. Also, this
phosphorylation decreased in a dose-dependent manner in the
presence of ARC (FIG. 3D), demonstrating that ARC inhibits
P-TEFb-mediated phosphorylation of p53. In addition, p53
phosphorylated by P-TEFb, but not unphospholylated p53,
bound to DNA in a gel shift assay (FIG. 3E), indicating that
P-TEFb is both necessary and sufficient to induce DNA bind-
ing ability of p53 in vitro. Addition of ARC inhibited this
process in a dose-dependent manner (FIG. 3E), implying that
this could partly be the mechanism by which the DNA bind-
ing ability of p53 is attenuated in vivo.

Example 4

ARC Induces Apoptosis in Transformed and Cancer
but not Normal Cells

[0074] Flavopiridol and DRB have been shown to cause
apoptosis of cancer cells [11, 25]. The ability of ARC to
induce apoptosis in wild type and SV40-transformed MRC-5
human fetal lung fibroblasts was evaluated. Twenty-four
hours after treatment with ARC, transformed fibroblasts
underwent robust apoptosis (around 50% and 70%, respec-
tively, with 5 and 10 uM of ARC) (FIGS. 4A and B). However,
the wild type fibroblasts were not susceptible to ARC-medi-
ated cell killing, even at 10 or 20 uM of ARC (FIG. 4A). The
appearance of cleaved caspase-3 was observed upon ARC
treatment in transformed but not in normal fibroblasts (FIG.
4C), clearly demonstrating that ARC promotes apoptosis spe-
cifically in transformed cell types. Interestingly, several-fold
higher levels of survivin were observed in transformed fibro-
blasts when compared to the wild type, and these levels were
further reduced after ARC treatment in both cell types (FIG.
4C). The transformed cell types may be more dependent on
the survivin levels for their survival than their wild type
counterparts and thus the reduction in these levels could be
lethal to these cells.

[0075] Moreover, the effect of 20 uM ARC treatment on
wild type fibroblasts was analyzed and little change was
found in the cell cycle profile after 24 hours (data not shown)
and the cells undergo G2-arrest after 48 hours (FIG. 4D).
These results indicate that while ARC induces efficient apo-
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ptosis in transformed cells, it causes a cell cycle block in the
normal cells, making it an ideal candidate for anti-cancer drug
development.

[0076] Inorderto further characterize ARC with respect to
its apoptotic potential, cell lines derived from cancers of
different origin were utilized. MCF-7 breast cancer cells
underwent apoptosis (around 45% and 55%, respectively,
with 10 and 20 uM of ARC) after 24 hours of treatment (FIGS.
5A and 5B). Moreover, cleavage of caspase-9 upon ARC
treatment was observed in these cells (FIG. 5C) suggesting
that these cells undergo caspase-mediated apoptosis. To
evaluate the extent to which ARC-mediated apoptosis is p53-
dependent, an MCF-7 cell line that stably expresses a short
hairpin RNA (shRNA) targeting p53 (MCF-7-p53si) was
used [26]. Cleavage of caspase-9 was detected, even in the
absence of p53 in MCF-7-p53si cells (FIG. 5D) indicating
that cell death mediated by ARC is p53-independent.

[0077] To determine the extent to which ARC induces apo-
ptosis of other cancer cells, different cell lines (LIM1215
colon cancer, AGS gastric cancer and HepG2 liver cancer
cells) were treated with ARC for 48 hours and apoptosis (data
not shown) and cleavage of caspase-3 were detected (FIG.
5E). Also HepG2 cell line with stable knock-down of p53
(HepG2-pS3si) [26] showed cleavage of caspase-3 confirm-
ing that ARC-mediated apoptosis is pS3-independent (FIG.
5E).

[0078] Inorderto evaluate the extent to which ARC induces
apoptosis relative to that of the other known nucleoside ana-
log DRB, LIM1215 colon cancer cells were treated with
either ARC or DRB for 48 hours. Using PI staining followed
by Flow Cytometry, it was found that 5 uM of ARC treatment
resulted in 37.8% apoptosis, while a 50 uM of DRB treatment
only showed 23.4% apoptosis (FI1G. 5F) suggesting that ARC
is more efficient in eliciting apoptosis than DRB at least in
these LIM1215 cells.

Example 5
ARC is a Potent Anti-Angiogenic Agent In Vitro

[0079] Next, the ability of ARC to inhibit angiogenesis (a
process of blood vessel formation that is necessary for tumors
in vivo) was evaluated. For this purpose, the compound ARC
was sent to NCI/DTP where three types of angiogenesis
assays (cord formation assay, motility assay and proliferation
inhibition assay) were performed. Human umbilical vein
endothelial cells (HUVECs) which are similar to the endot-
helial cells that line the blood vessels are used for these
assays. Normal endothelial cells in vivo divide very rarely
(once about every three years on the average), except during
tumor development when they divide actively contributing to
the growth of new network of blood vessels. Therefore, any
inhibition of their growth and motility by ARC in vitro indi-
cates that ARC is an anti-angiogenic agent.

[0080] For cord formation assay, HUVECs were plated on
athree dimensional layer of Matrigel, where the cells formed
cord-like structures. Later, the cells were treated with vehicle
(DMSO) or different concentrations of ARC for 24 hours,
after which cord formation was quantitated as a function of
cord junctions and cord length. A dose dependent decrease
was seen in response to ARC treatment in both junction and
length (FIG. 6 A) with respective IC,, values of about 345 and
about 382 nM (averages from three trials). These values are
about half of what was observed for TNP-470, an exclusive
anti-angiogenic agent in clinical trials [27], for which the IC,
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is about 700 nM [28], suggesting that ARC is a more potent
angiogenesis inhibitor in this assay.

[0081] For motility assay, HUVECs were pretreated for 24
hours with different concentrations ARC and used in the
assay with vascular endothelial growth factor (VEGF) as a
chemoattractant. ARC induced a dose dependent reduction in
cell motility (FIG. 6B) with an I1Cs,, value of about 830 nM
(average from two trials). This value is comparable to that of
TNP-470, which has an IC,, of about 600 nM [28].

[0082] For proliferation inhibition assay, HUVECs were
grown in the absence of growth factors for 24 hours and then
stimulated with 10 ng/ml VEGF and were treated with either
DMSO or different concentrations of ARC for 24 hours, 48
hours or 72 hours. ARC inhibited HUVEC growth in a time
and concentration dependent manner (FIG. 6C) with an IC,,
of'about 47 nM (average from two trials).

[0083] Taken together, these data indicate that ARC is a
potent anti-angiogenic agent.

Example 6

ARC May Cause Mitochondrial Injury and Eventual
Apoptosis

[0084] In order to further probe the mechanism of ARC-
induced apoptosis, whether or not ARC causes mitochondrial
injury was investigated. Permeabilization of mitochondria,
followed by cytochrome ¢ release has previously been
observed for transcriptional inhibitor flavopiridol [54]. For
this analysis, leukemia cell lines CEM, HL-60, NB4 and
U937 were treated with either DMSO or ARC. Staining of the
mitochondria in these cells by tetramethyl rhodamine ethyl
ester (IMRE) followed by flow cytometry revealed that ARC
is able to cause mitochondrial depolarization (FIG. 7). These
data suggest that ARC targets a step that is upstream of
mitochondria to induce apoptosis. It is well known that the
Bcl2 family members (eg., Bcl-2, Bel-XL, Mcl-1) protect the
mitochondrial integrity, thereby acting in an anti-apoptotic
manner [55]. Itis possible that ARC modulates the expression
of'one or more of these proteins to cause mitochondrial injury.
While no changes in the levels of Bcl-2 were detected after
ARC treatment (data not shown), Mcl-1 levels were drasti-
cally reduced in several different cell lines in response to ARC
(FIG. 8).

[0085] Another survival pathway that protects mitochon-
drial integrity is the Akt (AKTS8 virus oncogene cellular
homolog) pathway [56]. In order to see if this pathway is
affected, two different cell lines that overexpress myrisoty-
lated-Akt (Ratla-mAkt, and MCF7-mAkt) were used. Myris-
tolated-Akt is a membrane-targeted Akt, a kinase involved in
anti-apoptotic signaling. Treatment of ARC led to decrease in
Ser473 phosphorylation on Akt in both of these cell lines
(FIG. 9), indicating that ARC may also target the Akt signal-
ing pathway to inflict mitochondrial injury and eventual apo-
ptosis.

Example 7

ARC Exhibits Anti-Viral Activity Against HIV In
Vitro

[0086] Tat, a trans-activator protein produced by human
immunodeficiency virus (HIV) plays an important role in
HIV life cycle by positively regulating transcription from
viral LTR (HIV-1 long-terminal repeat) [S1]. It has been
shown that Tat specifically mediates transcriptional elonga-
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tion by recruiting P-TEFb [52, 53]. Therefore blocking
P-TEFD is an attractive strategy for inhibiting Tat-mediated
transcription that could result in decreased HIV replication.
In fact, it was shown that flavopiridol, a P-TEFb inhibitor can
efficiently inhibit HIV replication in cell culture [4, 57]. Since
ARC is a potent P-TEFb inhibitor, whether or not ARC could
antagonize HIV replication was evaluated.

[0087] It was found that ARC efficiently inhibited HIV
Tat-mediated transcription in a dose-dependent manner in
Hela MAGI cells (FIG. 10). The rate of transcription was
affected more than the viability of cells, demonstrating that
ARC specifically inhibits Tat-mediated transcription (FIG.
10). These results suggest that ARC could be useful as an
anti-viral agent against HIV and other related viruses.

Discussion and Results

[0088] According to the present invention, a novel nucleo-
side analog ARC was isolated in a screen for inhibitors of p21
transcription. Although ARC reproducibly repressed p21 in
several cell lines indicating that the screen was successful, it
also suppressed other genes such as hdm2 and survivin
(FIGS. 1C-E). Further investigation revealed that ARC is a
global transcriptional inhibitor (FIG. 2A). One common fea-
ture of the genes repressed by ARC is their short half-life at
both the mRNA and protein levels [5]. It has been suggested
that induction of p53, accompanied by downregulation of p21
and hdm?2, is a hallmark of repression of transcription [16, 25,
29]. This increase in p53 could be due to the downregulation
of'short-lived protein hdm?2, which is a well-established nega-
tive regulator of p53 [16, 30]. In agreement with this notion,
a similar effect was observed in several cancer cell lines upon
treatment with ARC (FIG. 1C).

[0089] According to the present invention, ARC and
another nucleoside analog DRB, repressed RNA polymerase
1I transcription to similar levels as measured by nuclear run-
on assays (FIG. 2A). One way to repress RNA polymerase 11
is by direct interaction as seen in the case of a-amanitin [ 10].
However, treatment of nuclei with ARC in vitro failed to
inhibit transcription (F1G. 2B), ruling out its direct interaction
with RNA polymerase I1. As described herein, ARC employs
an indirect mechanism to inhibit transcription, similar to
DRB and flavopiridol [4, 31]. Phosphorylation of the CTD of
RNA polymerase II by P-TEFb kinase is a requisite step for
transcriptional elongation [32, 33] and ARC blocks this pro-
cess as seen by its inhibition of P-TEFb leading to decreased
phosphorylation on RNA polymerase II (FIGS. 2C and 2D).
Being an adenosine analog, it seems conceivable that ARC
might compete for the ATP-binding site of the P-TEFb kinase
leading to its reduced kinase activity (FIG. 2C).

[0090] An important aspect of the present invention is that
p53 can act as a substrate of phosphorylation by P-TEFb
kinase (FIG. 3D). Being a potent P-TEFb inhibitor, ARC was
able to block this phosphorylation (FIG. 3D) and subsequent
binding of p53 to DNA in vitro (FIG. 3E) and in vivo (FIGS.
3 A and 3B). It has been controversial as to the exact require-
ment of p53 phosphorylation for its DNA binding and trans-
activation function. Using nutlin-3, a small molecule MDM2
antagonist (which induces p53 without phosphorylation on
key serine residues), it was demonstrated that unphosphory-
lated p53 was equally competent in DNA binding when com-
pared with phosphorylated p53 induced by doxorubicin or
etoposide [34]. However, it has also been suggested that phos-
phorylation of p53 by DNA-PK (DNA-dependent protein
kinase) and Chk2 (checkpoint kinase 2) kinases are required
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for its DNA binding ability after DNA damage induced by
ionizing radiation [23, 24]. While Ser-15 on p53 was the
target of phosphorylation by DNA-PK, it was not clear which
residues are targeted by Chk2 to induce its DNA binding
ability [24]. The present description clearly supports the
requirement for phosphorylation of p53 for DNA binding.
Furthermore, as described herein, it is clear that the phospho-
rylation of p53 by P-TEFb is necessary and sufficient for this
purpose, at least in vitro (FIG. 3E).

[0091] Another noteworthy property of ARC is its ability to
induce apoptosis in transformed and various cancer cells
(FIGS. 4 and 5). Apoptosis in mammalian cells is a multi-step
process that results in the activation of caspases, a subfamily
of cysteine proteases, followed by execution of cell death.
Due to the lack of functional caspase-3 expression, MCF-7
breast cancer cells do not undergo apoptosis easily [35]. How-
ever, the present data indicates that ARC is able to induce
efficient apoptosis in MCF-7 cells (FIGS. 5A and 5B), sug-
gesting that ARC invokes a caspase-3-independent cell death
pathway in these cells. The other cell lines that were evaluated
(SV40-transformed fibroblasts, LIM1215, AGS and HepG2)
have caspase-3 expression and thus showed caspase-3 cleav-
age as a result of ARC treatment (FIGS. 4C and 5E).

[0092] A striking feature of ARC-mediated apoptosis is
that it is p53-independent. As described herein, MCF-7 and
HepG2 cells along with their p53-knocked-down counter-
parts undergo apoptosis to the same extent (FIGS. 5D, 5E, and
data not shown). This is in agreement with the observation
that p53 is a marker but not a mediator of flavopiridol-induced
cytotoxicity [16]. However, other transcriptional inhibitors
DRB and a-amanitin, were suggested to induce p53-depen-
dent apoptosis [25, 29]. It was shown recently that a.-amanitin
induced apoptosis in the absence of p53-dependent transcrip-
tion by direct translocation of p53 to mitochondria, a phe-
nomenon which has also been observed by other investigators
in different situations [36-38]. As shown herein, however,
despite the accumulation of transcriptionally incompetent
p53 as seen by its inability to induce its target genes (FIGS.
1A and 1B) and to bind DNA (FIGS. 2A and 2B) in response
to ARC treatment, it did not lead to enhanced apoptosis. The
reason for this discrepancy is unclear. The differences in the
cell lines or approaches used herein could be the reason
behind the difference in outcome. Also, since c.-amanitin
represses transcription by a different mechanism than ARC,
its mode of inducing apoptosis could be different.

[0093] Although, as described herein, ARC causes p53-
independent, caspase-mediated, apoptosis, the precise step
that is targeted by ARC to elicit this response is presently
unknown. The downregulation of Mcl-1 (myeloid cell leuke-
mia 1), a short-lived anti-apoptotic protein, was suggested as
a possible mechanism of flavopiridol-induced apoptosis in
leukemia cells [39]. It is reasonable to conclude that the
ability of ARC to downregulate anti-apoptotic proteins
including, but not limited to survivin and p21 (FIGS. 1C and
4C), plays an important role mechanistically. Survivin, a
member of the mammalian IAP (Inhibitor of Apoptosis Pro-
teins) family is overexpressed in a variety of tumors and has
been proposed as an attractive target for cancer therapy [40,
41]. It was found that survivin expression increased gradually
in the transition from normal colorectal mucosas to adenomas
with low grade dysplasia to high grade dysplasia/carcinomas
[42]. In agreement with this fact, higher levels of survivin
expression were observed in the SV40-transformed fibro-
blasts when compared to the wild type fibroblasts (FIG. 4C).
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Apart from apoptosis inhibition, survivin also plays an impor-
tant role in mitosis [41]. Accordingly, it is possible that the
low levels of ARC in wild type fibroblasts, when further
downregulated by ARC, resulted in G2 block (FIG. 4D), due
to the inability of the cells to proceed to mitosis. However, in
the SV40-transformed fibroblasts, survivin may primarily be
anti-apoptotic, thus leading to cell death when these levels are
downregulated by ARC (FIGS. 4A-C).

[0094] Similarly, p21 may also act in an anti-apoptotic
fashion by inducing cell-cycle arrest or by inhibiting pro-
apoptotic molecules such as procaspase-3 and apoptosis sig-
nal-regulating kinasel (ASK1) [43, 44]. It has been suggested
that inhibition of p21 may be an effective strategy for enhanc-
ing apoptosis in cancer cells mediated by anti-cancer agents
[17-19,45, 46]. The fact that ARC represses both survivin and
p21 makes a strong case for consideration of ARC as a poten-
tial anti-tumor agent. This is further supported by the obser-
vation that ARC was >10-fold more efficient in inducing
apoptosis than the other nucleoside analog DRB (FIG. 5F).
This is especially intriguing because, as shown herein, ARC
and DRB repress global transcription to similar extent (FIG.
2A). The difference in apoptosis suggests that ARC, apart
from transcriptional repression, might employ additional
means of inducing cell death. The present results also suggest
that ARC is anti-angiogenic in nanomolar concentrations in
vitro, and its activity is comparable to TNP-470 [28]. Prelimi-
nary toxicity studies from NCI/DTP indicate that concentra-
tions as high as 200 mg/Kg were non-toxic to B6D2FI mice
during a 5-day period.

[0095] In summary, the ability of the nucleoside com-
pounds of the present invention to induce apoptosis in trans-
formed cells and cancer cells, but not normal cells, along with
their potent anti-angiogenic activity, make these nucleoside
compounds ideally suited for anti-cancer and/or anti-angio-
genic treatment and drug development.

[0096] Inaddition, nucleoside compounds according to the
present invention can be used as antiviral agents, as reagents
for inhibiting cyclin-dependent kinase (CDK) activity, as
inhibitors of general transcription, and as inhibitors of phos-
phorylation and DNA-binding activity of p53.

[0097] Numerous variations and modifications of the
embodiments described above may be effected without
departing from the spirit and scope of the novel features of the
invention. No limitations with respect to the specific embodi-
ments illustrated herein are intended or should be inferred.
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1-24. (canceled)

25. A method of downregulating survivin expression in a
cell comprising administering to the cell a survivin expres-
sion inhibiting amount of a nucleotide derivative having the
following chemical formula:

R® RY

NHNH,

or a salt thereof;
wherein R%, R?, R° and R” are each independently selected
from the group consisting of hydrogen cyano, azido,

halogen, hydroxy, mercapto, amino, C, , alkoxy, C, ,

alkenyl, C,_, alkynyl, and C,_, alkyl, wherein alkyl is

unsubstituted or substituted with hydroxy, amino, C, ,

alkoxy, C,_, alkylthio, or one to three fluorine atoms, or

R? and R* together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom
selected from O, S and NC, , alkyl;

R9 is hydrogen, cyano, nitro, C,_; alkyl, NHCONH,,
CONR'R/, CSNR'FR/, COOR/, C(=NH)NH,,
hydroxy, C,;, alkoxy, amino, C,, alkylamino,
di(C,_, alkyl)amino, halogen, (1,3-oxazol-2-y1), (1,3-
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thiazol-2-yl) or (imidazol-2-yl), wherein alkyl is
unsubstituted or substituted with one to three groups
independently selected from halogen, amino,
hydroxy, carboxy and C, ; alkoxy;

R¢ and R/ are each independently selected from hydro-
gen hydroxy, halogen, C, _, alkoxy, amino, C,_, alky-
lamino, di(C,_, alkyl)amino, C; 4 cycloalkylamino,
di(C5_¢ cycloalkyl)amino or C, ¢ cycloheteroalkyl,
unsubstituted or substituted with one to two groups
independently selected from halogen, hydroxy,
amino, C, , alkyl and C, _, alkoxy;

R/ishydrogen, C,_,, alkylcarbonyl, P,O,H,,, P,OH, or
P(O)R™R";

each R’ is independently hydrogen or C, ¢ alkyl;

R* and R are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, _, alkyl, OCH,0(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, _, alky)O(C—0)
C,_, alkyl, wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C,
alkoxy.

26. A method according to claim 25, wherein R¥is CONH,,,
R is NH,, R”is H, R* and R* are each hydroxyl, and R”, R,
R’ are each H.

27. A method according to claim 26, wherein the nucle-
otide derivative has the following chemical formula:

NH:  cong,

or salt thereof.

28. The method of claim 25, wherein the cell is a human
cell.

29. A method of inducing apoptosis in a tumor cell com-
prising administering to a tumor cell an apoptosis-inducing
amount of a nucleoside derivative having the following
chemical formula:

R® RC
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or a salt thereof;
wherein R%, R?. R¢ and R” are each independently selected

from the group consisting of hydrogen, cyano, azido,

halogen, hydroxy, mercapto, amino, C,_, alkoxy, C,_,

alkenyl, C,_, alkynyl, and C,_, alkyl, wherein alkyl is

unsubstituted or substituted with hydroxy, amino, C,

alkoxy, C,_, alkylthio, or one to three fluorine atoms, or

R? and R€ together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom
selected from O, S and NC,_, alkyl;

R is hydrogen, cyano, nitro, C,_, alkyl, NHCONH,,
CONR'R/, CSNR'FR/, COOR/, C(=NH)NH,,
hydroxy, C, 5, alkoxy, amino C,_, alkylamino, di(C,
alkyl)amino, halogen, (1,3-oxazol-2-yl), (1,3-thia-
701-2-yl) or (imidazol-2-yl), wherein alkyl is unsub-
stituted or substituted with one to three groups inde-
pendently selected from halogen, amino, hydroxy,
carboxy and C, 5 alkoxy;

R® and R are each independently hydrogen, hydroxy,
halogen, C, _, alkoxy, amino, C, _, alkylamino, di(C,
alkyl)amino, C; 4 cycloalkylamino, di(C, ¢
cycloalkyl)amino or C,_¢ cycloheteroalkyl, unsubsti-
tuted or substituted with one to two groups indepen-
dently selected from halogen, hydroxy, amino, C, ,
alkyl and C,_, alkoxy;

R’is hydrogen, C,_,, alkylcarbonyl, P;O,H,, P,O4H, or
P(O)R™R”;

each R/ is independently hydrogen or C,  alkyl;

R* and R# are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, _, alkyl, OCH,O(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, , alky)O(C—0)
C,_, alkyl, wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from the halogen, amino, hydroxy, carboxy and C,
alkoxy.

30. Amethod according to claim 29, wherein R?is CONH,,
R¢is NH,, R/is H, R* and R* are each hydroxyl, and R”, R,
R” and R’ are each H.

31. A method according to claim 30, wherein the nucleo-
side derivative has the following chemical formula:

NH:  CONH,

or a salt thereof.

32. The method of claim 29, wherein the tumor cell is a
human tumor cell.
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33. A method of inhibiting angiogenesis in a tissue com- 35. A method according to claim 34, wherein the nucleo-
prising administering a tissue undergoing angiogenesis an side derivative has the following chemical formula:
anti-angiogenic amount of a nucleoside derivative having the
following chemical formula:

R RY

NHNH,

R® RC

or a salt thereof;

wherein R%, R?, R® and R” are each independently selected

from the group consisting of hydrogen, cyano, azido,

halogen, hydroxy, mercapto, amino, C,_, alkoxy, C,_,

alkenyl, C,_, alkynyl, and C,_, alkyl, wherein alkyl is

unsubstituted or substituted with hydroxy, amino, C, ,

alkoxy, C,_, alkylthio, or one to three fluorine atoms, or

R? and R€ together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom
selected from O, S and NC,_,, alkyl;

R“ is hydrogen, cyano, nitro, C,_, alkyl, NHCONH,,
CONR'R/, CSNR'FR/, COOR/, C(=NH)NH,,
hydroxy, C,,, alkoxy, amino, C,, alkylamino,
di(C,_, alkyl)amino, halogen, (1,3-oxazol-2-y1), (1,3-
thiazol-2-yl) or (imidazol-2-yl), wherein alkyl is
unsubstituted or substituted with one to three groups
independently selected from halogen, amino,
hydroxy, carboxy and C, ; alkoxy;

R¢ and R” are each independently hydrogen, hydroxy,
halogen, C, _, alkoxy, amino, C, _, alkylamino, di(C,
alkyl)amino, C; cycloalkylamino, di(C; ¢
cycloalkyl)amino or C,_ cycloheteroalkyl, unsubsti-
tuted or substituted with one to two groups indepen-
dently selected from halogen, hydroxy, amino, C, ,
alkyl and C,_, alkoxy;

R’ishydrogen, C,_,, alkylcarbonyl, P,O,H,, P,OH, or
P(O)R™R";

each R’ is independently hydrogen or C, ¢ alkyl;

R* and R are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, , alkyl, OCH,0(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, _, alky)O(C—0)
C,_, alkyl, wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C,
alkoxy.

34. Amethod according to claim 33, wherein R¥is CONH,,,

R is NH,, R”is H, R* and R€ are each hydroxyl, and R?, R#,
R® and R are each H.

or a salt thereof.

36. The method of claim 33, wherein the tissue is a human
tissue.

37. A method of inhibiting p53 binding to DNA in a cell
comprising contacting with a cell in an amount sufficient to
inhibit p53 binding to the DNA therein a nucleoside deriva-
tive having the following formula:

R® RY

NHNH,

R? R¢

or a salt thereof;

wherein R%, R?, R° and R” are each independently selected
from the group consisting of hydrogen, cyano, azido,

halogen, hydroxy, mercapto, amino, C,_, alkoxy, C,_,

alkenyl, C, , alkynyl, and C, , alkyl, wherein alkyl is

unsubstituted or substituted with hydroxy, amino, C,

alkoxy, C,_, alkylthio, or one to three fluorine atoms, or

R? and R€ together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom
selected from O, S and NC,_, alkyl;

R is hydrogen, cyano, nitro, C,_, alkyl, NHCONH,,
CONR'R/, CSNR'FR/, COOR/, C(=NH)NH,,
hydroxy, C,;, alkoxy, amino, C,, alkylamino,
di(C,_, alkyl)amino, halogen, (1,3-oxazol-2-yl), (1,3-
thiazol-2-yl) or (imidazol-2-yl), wherein alkyl is
unsubstituted or substituted with one to three groups
independently selected from halogen, amino,
hydroxy, carboxy, and C,_; alkoxy;

R® and R are each independently hydrogen, hydroxy,
halogen, C, _, alkoxy, amino, C, _, alkylamino, di(C,
alkylamino, C; cycloalkylamino, di(C;_¢
cycloalkyl)amino or C,_¢ cycloheteroalkyl, unsubsti-
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tuted or substituted with one to two groups indepen-
dently selected from halogen, hydroxy, amino, C, ,
alkyl and C, _, alkoxy;

R’ishydrogen, C,_,, alkylcarbonyl, P,O,H,, P,OH, or
P(O)R™R";

each R’ is independently hydrogen or C, ¢ alkyl;

R* and R# are each independently hydrogen, methyl,
hydroxymethyl or fluromethyl; and

R™ and R” are each independently hydroxy,

OCH,CH,SC(—0)C, _, alkyl, OCH,0(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, _, alky)O(C—0)
C, , alkyl, wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C,
alkoxy.

38. A method according to claim 37, wherein R? is CONH,,,
R is NH,, R/is H, R* and R¢ are each hydroxyl, and R?, R#,
R* and R’ are each H.

39. A method according to claim 38, wherein the nucleo-
side derivative has the following chemical formula:

or a salt thereof.

40. The method of claim 37, wherein the cell is a human
cell.

41. A method of downregulating the expression of an anti-
apoptotic protein in a cell comprising contacting a cell withan
amount sufficient to downregulate expression of an anti-apo-
ptotic protein therein of a nucleoside derivative having the
following chemical formula:

R RY

NHNH,

R® RC

or a salt thereof;
wherein R%, R?, R® and R” are each independently selected
from the group consisting of hydrogen, cyano, azido,
halogen, hydroxy, mercapto, amino, C,_, alkoxy, C,_,
alkenyl, C,_, alkynyl, and C,_, alkyl, wherein alkyl is
unsubstituted or substituted with hydroxy, amino, C, _,
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alkoxy, C,_, alkylthio, or one to three fluorine atoms, or

R? and R€ together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom
selected from O, S and NC,_,, alkyl;

R9 is hydrogen, cyano, nitro, C,_; alkyl, NHCONH,,
CONR/F/, COOR/, C(=NH)NH,, hydroxy, C,_,,
alkoxy, amino, C, _, alkylamino, di(C, _, alkyl)amino,
halogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-y1) or (imi-
dazol-2-yl), wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C, ;
alkoxy;

R® and R are each independently hydrogen, hydroxy,
halogen, C, , alkoxy, amino, C,_, alkylamino, di(C, ,
alkyl)amino, C; 4 cycloalkylamino, di(C, ¢
cycloalkyl)amino or C,_¢ cycloheteroalkyl, unsubsti-
tuted or substituted with one to two groups indepen-
dently selected from halogen, hydroxy, amino, C, ,
alkyl and C,_, alkoxy;

R’is hydrogen, C,_,, alkylcarbonyl, P,O,H,, P,OH; or
P(O)R™R”;

each R’ is independently hydrogen or C,_ alkyl;

R* and R# are independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

R™ and R” are each independently hydroxy,

OCH,CH,SC(—0)C, _, alkyl, OCH,O(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, _, alky)O(C—0)
C, , alkyl, wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C, ;
alkoxy.

42. Amethod according to claim 41, wherein R?is CONH,,
R®is NH,, R”is H, R€ and R¢ are each hydroxyl, and R”, R
R” and K’ are each H.

43. A method accord to claim 42, wherein the nucleoside
derivative has the following chemical formula:

or salt thereof.

44. The method of claim 41, wherein the cell is a human

cell.
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45. A method of inhibiting phosphorylation of Aktin a cell
comprising contracting a cell with an amount sufficient to
inhibit phosphorylation of Akt therein of a nucleoside deriva-
tive having the following chemical formula:

47. A method according to claim 46, wherein the nucleo-
side derivative has the following chemical formula:

R RY

NHNH,

R® RC

or a salt thereof; or salt thereof.

wherein R%, R?, R® and R” are each independently selected 48. The method of claim 45, wherein the cell is a human

from the group consisting of hydrogen, cyano, azido, cell.

halogen, hydroxy, mercapto, amino, C,_, alkoxy, C,_, 49. A method of inhibiting viral transcription in a cell

alkenyl, C,_, alkynyl, and C,_, alkyl, wherein alkyl is comprising contacting a cell with an amount sufficient to

unsubstituted or substituted with hydroxy, amino, C, , inhibit viral transcription therein of a nucleoside derivative

alkoxy, C,_, alkylthio, or one to three fluorine atoms, or ~ having the following formula:

R? and R€ together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom

selected from O, S, and NC,_, alkyl; Re R4

R“ is hydrogen, cyano, nitro, C,_, alkyl, NHCONH,,
CONR’F/, COOR/, C(=NH)NH,, hydroxy, C,_,
alkoxy, amino, C, , alkylamino, di(C,_, alkyl)amino,
halogen, (1,3-oxazol-2-yl), (1,3-thiazol-2-y1) or (imi-
dazol-2-yl), wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C,
alkoxy;

NHNH,

R¢ and R” are each independently hydrogen, hydroxy,
halogen, C, _, alkoxy, amino, C, _, alkylamino, di(C,
alkyl)amino, C; cycloalkylamino, di(C; ¢
cycloalkyl)amino or C,_ cycloheteroalkyl, unsubsti-
tuted or substituted with one to two groups indepen-
dently selected from halogen, hydroxy, amino, C, ,
alkyl and C,_, alkoxy;

R® RC

or salt thereof;

wherein R%, R?, R¢ and R” are each independently selected
from the group consisting of hydrogen, cyano, azido,

R’ishydrogen, C,_,, alkylcarbonyl, P,O,H,, P,OH, or
P(O)R™R";

each R’ is independently hydrogen or C, ¢ alkyl;

R* and R are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, , alkyl, OCH,0(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, _, alky)O(C—0)
C,_, alkyl, wherein alkyl is unsubstituted or substi-
tuted with one or three groups independently selected
from halogen, amino, hydroxy, carboxy and C,
alkoxy.

46. A method according to claim 45, wherein R¥is CONH,,,

R is NH,, R”is H, R* and R€ are each hydroxyl, and R?, R#,
R” and R are each H.

halogen, hydroxy, mercapto, amino, C, , alkoxy, C, ,

alkenyl, C,_, alkynyl, and C,_, alkyl, wherein alkyl is

unsubstituted or substituted with hydroxy, amino, C,

alkoxy, C,_, alkylthio, or one to three fluorine atoms, or

R? and R€ together with the carbon atom to which they

are attached form a 3- to 6-membered saturated mono-

cyclic ring system optionally containing a heteroatom
selected from O, S and NC,_,, alkyl;

R9 is hydrogen, cyano, nitro, C,_; alkyl, NHCONH,,
CONR/F/, CSNR'F/, COOR/, C(=NH)NH,,
hydroxy, C,;, alkoxy, amino, C,, alkylamino,
di(C,_, alkyl)amino, halogen, (1,3-oxazol-2-yl), (1,3-
thiazol-2-yl) or (imidazol-2-yl), wherein alkyl is
unsubstituted or substituted with one to three group
independently selected from halogen, amino,
hydroxy, carboxy and C,_; alkoxy;
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R® and R/ are each independently hydrogen, hydroxy,
halogen, C, _, alkoxy, amino, C, _, alkylamino, di(C,
alkyl)amino, C; cycloalkylamino, di(C; ¢
cycloalkyl)amino or C,_ cycloheteroalkyl, unsubsti-
tuted or substituted with one to two groups indepen-
dently selected from halogen, hydroxy, amino, C, ,
alkyl and C,_, alkoxy;

R’ is hydrogen, C,_,, alkylcarbonyl, P;OgH,, P,OH,,
or P(O)R™R”;

each R’ is independently hydrogen or C, ¢ alkyl;

R* and R are each independently hydrogen, methyl,
hydroxymethyl or fluoromethyl; and

R™ and R” are each independently hydroxy,
OCH,CH,SC(—0)C, _, alkyl, OCH,0(C—0)OC,
alkyl, NHCHMeCO,Me, OCH(C, , alky)O(C—0)
C,_, alkyl, wherein alkyl is unsubstituted or substi-
tuted with one to three groups independently selected
from halogen, amino, hydroxy, carboxy and C,
alkoxy.

50. A method according to claim 49, wherein Rd is
CONH,, Re is NH,, R”is H, R and R¢ are each hydroxyl, and
R?, R®, R” and R’ are each H.
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51. A method according to claim 50, wherein the nucleo-
side derivative has the following chemical formula:

NH:  CONH,

or a salt thereof.

52. The method of claim 49 wherein the cell is a human
cell.

53. The method of claim 49, wherein the virus is HIV.

sk sk sk sk sk



