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Pyrido[2,3-D]pyrimidine and Pyrimido[4,5-D]pyrimidine Nucleosides

This application claims the benefit of U.S. provisional application number

60/216,418, filed July 6, 2000, which is incorporated herein by reference in its entirety.

Field Of The Invention

The field of the invention is nucleoside analogs.

Background Of The Invention

Nucleoside analogs have long been used as antimetabolites for treatment of cancers

and viral infections. After entry into the cell, many nucleoside analogs are phosphorylated

by nucleoside salvage pathways in a conversion to the corresponding monophosphate by

nucleoside kinases, and the monophosphates are subsequently phosphorylated by a kinase

to the di-, and triphosphates. Once a nucleoside analog is converted to its triphosphate

inside the cell, it can serve as a substrate of DNA or RNA polymerases and can be

incorporated into DNA or RNA. Incorporation of certain unnatural nucleoside analogs into

nucleic acid replicates or transcripts can interrupt gene expression by early chain

termination or loss of function of the modified nucleic acids. In addition, certain

nucleoside analogs are very potent inhibitors of DNA and RNA polymerases, which can

significantly reduce the rate at which the natural nucleoside can be incorporated.

Moreover, nucleoside analogs can also interfere with a cell in a way other then

DNA and/or RNA synthesis. For example, some nucleoside analogs may induce apoptosis

of cancer cells, or inhibit certain enzymes other than polymerases. In yet further alternative

biological effects, some nucleoside analogs are known to modulate the immune system.

Typical examples for biological effects of nucleoside analogs include thymidylate synthase

inhibition by 5-fluorouridine, or adenosine deaminase inhibition by 2-chloroadenosine.

Further examples include inhibition of S-adenosylhomocysteine hydrolasene by planocin

A.

Unfortunately, however, most of the known nucleoside analogs that inhibit tumor

growth or viral infections also imply a threat to the normal mammalian cells, primarily

because such analogs lack adequate selectivity between normal cells and viral or tumor

cells. Therefore, there is still a need to provide methods and compositions for nucleoside

analogs with improved specificity and reduced toxicity.
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Summary Of The Invention

The present invention provides novel nucleosides having modifications on the

nucleoside base and/or the sugar moiety, which may significantly increase selectivity in

cytotoxicity to neoplastic cells and/or reduce toxicity of the nucleoside analogs to normal

cells. Particularly contemplated nucleosides include a pyrido[2,3-d]pyrimidine, a

and derivatives thereof. The sugar moieties of contemplated

compounds may further include modifications on the C2 C3 C4 and/or C5 position.

More specifically, the present invention provides nucleosides having a structure

according to formula 

R5

R- A B

R3' R2

wherein A is O, S, CH 2 R2, R2 R3, and R3 are independently selected from H, F, OH,

NH2 CN, N3 CONH 2 and R, where R is lower alkyl, lower alkenyl, lower alkynyl, or

lower acyl, and optionally containing at least one of a heteroatom and a functional group;

or R2 and R2' together, or R3 and R3 together are selected from =CH2 =CHR", =CR"2

where R" is H, F, OH, CN, N3 CONH2 lower alkyl, lower alkenyl, lower alkynyl,

or lower acyl; R4 and R5 are independently selected from H, lower alkyl, lower alkenyl,

lower alkynyl, or aralkyl, and optionally containing at least one of a heteroatom and a

functional group; Rs is H, OH, OP(O)(OH)2 P(O)(OH)2 OP(O)(OR"') 2 or 2

where is a masking group; and B is selected from the group of heterocyclic radicals

consisting of formula (III), and (V)

X Z, X X Z, X

I X ZI
Y NI Y N Z3  Y N N Y N N Z3

(II) (III) (IV) (V)
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Swherein X is H, NH2 or OH; Y is H, NH 2 or halogen; Zi in formula (II) and and Z3
0 0  in formula (III) and is O, S, NR", CHM, or CM 2 Z1 in formula (III) and and Z3 in

formula (II) and (IV) is N, CH, or CM; Z2 is N, CH, or CM; where M is F, Cl, Br, OH, SH,

NH 2 CN, COOR", C(=NH)NH2, lower alkyl, lower alkenyl, lower alkynyl, aralkyl, or

O 5 aryl.

(N
In an especially preferred aspect, the nucleoside analog has a structure according to

Sformula (VI):

(N

H NH,

(VI)

HO OH

In further contemplated aspects of the inventive subject matter, the nucleoside

analogs may be modified to form the respective prodrugs, and particularly contemplated

modifications include phosphorylation or addition of a phosphonate group at the C

position of the sugar moiety, modifications on the hydroxyl groups on the sugar moiety,

and modifications on the amino group of the nucleobase. It is especially preferred that

such modifications can be cleaved from contemplated compounds in a target compartment,

target cell, or target organ.

In yet another aspect of the inventive subject matter, a method of inhibiting growth

of a neoplastic cell includes a step in which contemplated compounds according to

formula are administered to a system, preferably to a mammal, and more preferably to a

human. Especially contemplated neoplastic cells include colon cancer cells, breast cancer

cells, melanoma cells, glioma cells, and prostate cancer cells. It is further contemplated

that the growth inhibition comprises inhibition of RNA polymerase I, RNA polymerase II,
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S-3A-

Sand/or RNA polymerase III, and/or induction of apoptosis which may be triggered at least

00 in part by MEK-phosphorylation.

Thus, the invention provides a method of inhibiting growth of a neoplastic cell

IO 5 comprising:

providing a compound according to formula and

presenting the compound to the cell in a dosage effective to inhibit the growth of a

Scell.

In a further preferred embodiment, the invention provides a prodrug comprising the

nucleoside analog of formula (VI).

The invention further provides a method of treating a neoplastic disease comprising

administering a compound according to formula or a prodrug thereof, to a patient in

need thereof.

Yet another aspect of the invention provides use of a compound according to

formula or a prodrug thereof, in the manufacture of a medicament for treating a

neoplastic disease.
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Brief Description of the Drawing

Figure 1 is a graph depicting comparative cytotoxicity of an exemplary

contemplated compound towards various cancer cells.

Figure 2 is a graph depicting comparative inhibition of proliferation of various

cancer cells by exemplary contemplated compounds.

Figure 3 is a graph depicting comparative anti-clonogenic activity of exemplary

contemplated compounds in various cancer cells.

Figures 4A and 4B are graphs depicting induction of apoptosis in various cancer

cells by exemplary contemplated compounds.

Figure 5 is a graph depicting inhibition of RNA synthesis in K562 cells by

exemplary contemplated compounds.

Figure 6 is a graph depicting inhibition of RNA Polymerase I III by exemplary

contemplated compounds.

Figure 7 is a graph depicting inhibition of RNA Polymerase II by exemplary

contemplated compounds.

Figure 8 is an autoradiograph depicting MEK-ERK phosphorylation by exemplary

contemplated compounds.

Detailed Description Of The Invention

Contemplated Compounds

It is generally contemplated that compounds according to the inventive subject

matter have a structure according to formula 

R5 
RS--R 

A B

R3 R2 (I)R 3
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wherein A is O, S, CHZ; R2 R2', R3 and R3' are independently selected from H, F, OH,

NH2 CN, N3 CONH 2 and R, where R is lower alkyl, lower alkenyl, lower alkynyl, or

lower acyl, and optionally containing at least one of a heteroatom and a functional group;

or R2 and R2 together, or R3 and R3' together are selected from =CH2 =CHR", =CR"2

where R" is H, F, OH, CN, N3 CONH2 lower alkyl, lower alkenyl, lower alkynyl,

or lower acyl; R4 and Rs' are independently selected from H, lower alkyl, lower alkenyl,

lower alkynyl, or aralkyl, and optionally containing at least one of a heteroatom and a

functional group; R5 is H, OH, OP(O)(OH)2 P(O)(OH) 2 OP(O)(OR"') 2 or 2

where is a masking group; and B is selected from the group ofheterocyclic radicals

consisting of formula (III), and (V)

X Z, X X Z, X

Z I I IY 'N N' Y NI N" Z3  Y N N Y N N Z3

(II) (III) (IV) (v)

wherein X is H, NH2 or OH; Y is H, NH2 or halogen; Z1 in formula (II) and and Z3

in formula (111) and is O, S, NR", CHM, or CM2 Zi in formula (III) and and Z3 in

formula (II) and (IV) is N, CH, or CM; Z2 is N, CH, or CM; where M is F, Cl, Br, OH, SH,

NHz, CN, COOR", C(=NH)NH2 lower alkyl, lower alkenyl, lower alkynyl, aralkyl, or

aryl.

In a preferred aspect of the inventive subject matter, contemplated compounds have

a heterocyclic radical according to formula A is oxygen in the sugar moiety of the

nucleoside analog, and it is even more preferred that in such nucleoside analogs X is NH2

Z1 is 0, and Z2 and Z3 are CH. While not limiting the inventive subject matter, it is still

further preferred that R4 and R5 are hydrogen, and R5 is OH in the sugar moiety.

In further particularly preferred aspects of the inventive subject matter,

contemplated nucleoside analogs have a structure according to formula (VI):
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O NH2

HO_ 0 N (VI)

HO OH

With respect to the stereochemical configuration of contemplated compounds, it

should be appreciated that the sugar need not be restricted to the D-configuration, but may

also be in the L-configuration. Similarly, it is contemplated that suitable molecules may

include one or more chiral centers, which may be enantiomeric pure in or S-

configuration) or in a racemic mixture in R- and S-configuration). Likewise, where

substituents base or OH groups) may exhibit an orientation in the c- or P-position,

both positions are contemplated.

Furthermore, it should be appreciated that contemplated compounds may be

modified to their corresponding prodrug. The term "prodrug" as used herein refers to any

modification of contemplated compounds that changes the molecular weight of

contemplated compounds and/or alters the bioavailability of contemplated compounds

with respect to a target cell and a non-target cell. For example, a prodrug may be prepared

by esterification of a hydroxyl group of contemplated compounds with an organic acid

(thereby changing the molecular weight, but not necessarily changing the bioavailability to

a target cell). On the other hand, contemplated compounds may be converted to a prodrug

to include a cyclic phosphonate ester (thereby increasing bioavailability to hepatic cells).

Moreover, it should be especially appreciated that prodrug forms of contemplated

compounds may be entirely or partially re-converted to the contemplated compounds in a

target organ, target cell, or target compartment (or in any non-target environment).

Reconversion may include various mechanisms and especially contemplated mechanisms

are enzymatic conversion, oxidation and/or reduction.

Prodrugs may also be employed to increase the specificity of contemplated

compounds with respect to a target organ, target cell, or target compartment. For example,

contemplated compounds my be coupled to cholesterol (or a cholesterol derivative) to

increase the concentration of contemplated compounds within the hepato-biliary
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circulation. Alternatively, contemplated compounds may be coupled to a compound that

has a corresponding receptor on a target cell, thereby increasing the concentration of

contemplated compounds at or in the target cell. In a yet another example, contemplated

compounds may be coupled to a nuclear translocation signal to increase the concentration

of contemplated compounds within the nucleus of a cell.

Furthermore, prodrugs may be employed to reduce accumulation of contemplated

compounds in non-target organs, non-target cells, or non-target compartments. For

example, contemplated compounds may be modified such that a non-target cell will have a

significantly reduced rate of uptake of contemplated compounds when such compounds

are modified to a prodrug. Thus, and especially where contemplated compounds exhibit

cytotoxicity to a non-target cell, prodrugs may be employed to reduce cytotoxicity of

contemplated compounds in cells or organs other than the target cells or target organs.

In yet further contemplated aspects of the inventive subject matter, suitable

compounds may be covalently coupled to pharmacologically active or inactive moieties.

For example, pharmacologically active moieties include antineoplastic drugs such as

anti-metabolites PentostatinTM), DNA polymerase inhibitors GemzarTM), RNA

polymerase inhibitors ECydTM), platinum derivatives ParaplatinTM), anti-

estrogens NolvadexTM), Taxanes TaxotereTM), GnRH analogs LupronTM),

DNA polymerase inhibitors GemzarTM), topoisomerase inhibitors 

HycamptinM), biphosphonates ArediaTM), somatostatins SandostatinTM),

interferons IntronATM), nucleoside analogs RibavirinTM), and IMPDH-

inhibitors TiazofurinTM).

Pharmacologically inactive moieties include biological and non-biological

moieties. For example, where target specificity is particularly desirable, contemplated

compounds may be coupled to an antibody, an antibody fragment, or a synthetic antibody

scFv). In a further example, contemplated compounds may be coupled to a chelator

that binds a radionucleid). Alternatively, where prolongation of serum half-life or

reduced immunogenicity is particularly preferred, contemplated compounds may be

coupled to inert or biodegradable polymers dextran, polyethylene glycol, etc.).
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With respect to the mode of coupling contemplated compounds to other moieties,

all known methods of coupling are considered appropriate and especially include covalent

coupling (with or without a separate linker molecule), hydrogen bonding, and

hydrophobic/hydrophilic interactions.

In still further aspects of the inventive subject matter, contemplated compounds

may also be in the form of their respective salts, wherein the salt may be a salt of an

organic or inorganic acid or base actetate or morpholino salt, HCI salt). There are

numerous pharmacologically acceptable salts known in the art, and all of the known salts

are considered suitable for use in conjunction with the teachings presented herein.

Synthesis of Contemplated Compounds

Synthesis of modified ribofuranoses

The exemplary schemes below show the synthetic routes to some of the

contemplated compounds. Compound 1, prepared according to a published procedure

(Jones et al. Methods in Carbohydrate Chemistry (edited by Whistler and Moffat), vol. VI,

pp3 15-322, Academic Press, New York, (1972)), was treated with a variety of

nucleophiles such as Grignard reagents to give 2, which was benzoylated or acetylated and

subsequently treated with trifluoroacetic acid to give compound 4. Benzoylation and the

subsequent treatment with acetic anhydride/acetic acid in the presence of sulfuric acid gave

compound 6, which was used for condensation with pyrido[2,3-d]pyrimidine or

pyrimido[4,5-d]pyrimidine bases.

R R
OHC OMe OMe OMe

Bz O

1 2 3

R R R
OMe OMe

z O BzO Bz O
I OAc

Bz OBz BzO OBz H H

6 5 4

6aR=Me 6bR= ethynyl 6cR= vinyl 6dR=allyl
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Compound 2a (5(R)-C-methyl derivative) was converted to the sulfonate 7, which was

subjected to nucleophilic substitution to give the configurationally inverted compound 8.

Deprotection of the isopropylidene and the subsequent acetylation gave the tetraacetate 9.

Me H
H OMe

SMe

2a

Ac OAc

AcO OAc

9

Me H
MsO OMe

0 0

7

H Me
Ac OMe

8

Compound 1 was treated with formaldehyde in aqueous sodium hydroxide to give

4'-hydroxymethyl derivative 10, which was selectively protected to afford compound 11.

The subsequent protection with DMT and removal of TBS gave compound 13, which can

be converted to a variety of substituents. The 4-C-substituted derivatives subjected to the

similar transformations as 5-C-substituted ribofuranoses can be converted to compound

17, which is used for condensation with nucleoside bases.
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OHC OMeHO 7 OMe HO OMe

O OO

1 11

MTO]OMC DMTO 7 ~OMe DMjO- 7 O

RF H OJm -TBSO-T
0 0_ 0 0. 0 0O

14 13 12

IHO1,J OMeB2O 7 i<OOM Ac

HO OH 3z0 OBz B0 OBz

16 17

a R =methyl b R vinyl c R ethyl d R HOCH2

Compound 13 was converted to 18, which was subjected to Wittig reaction to give 19.

Hydrogenation of 19 over palladium afforded 20. Compound 13 was converted to the

4-C-phenoxythiocarbonyloxymethyl derivative 21, which was reacted with

tris(trimethylsilyl)silane (9.0 mL, 29 mmol) and then with 1,1'-

azobis(cyclohexanecarbonitrile) to give 22.

DMTO- OMe DMTO OMe DMTO ome

HO- OHC
0 'Y 0 0 0. 0 0.

13 18 19

DMTO KOMeDMTO1 0oMe HO W~~e
hOCO::) Me/I E 

Oe u 0 

s

21 22 

Where contemplated compounds include a sugar moiety that is not modified at the

C4 or C5 position L-ribofuranose, 2'-hydroxy-2'-ethynyl-L-ribofuranose),
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condensation of the corresponding protected sugar moiety (in D- or L-configuration) is

carried out following procedures well known in the art.

Synthesis of modifiedpyridopyrimidine nucleosides

The 5'-substituted nucleoside analogs are prepared from the condensation of the

silylated pyrido[2,3-d]pyrimidine bases and the properly protected, modified

ribofuranoses. The following scheme shows synthesis of 4-amino-5-oxo-pyrido[2,3-d]pyr-

imidine 25. Compound 23, prepared according to a reported procedure (Archive der

Pharmazie 1985, 318, 481-486), was refluxed with chlorotrimethylsilane and sodium

iodide in acetonitrile to give 24. Reaction of 24 with formamidine acetate under reflux

afforded compound 

OMe 0 0 NH2

I I I

H H

23 24 

The following schemes show the condensation of the pyrido[2,3-d]pyrimidine 

and the modified ribofuranoses 6 and 17. Compound 25 was treated with

(bis(trimethylsily)acetamide to give the silylated pyridopyrimidine, which was reacted with

6 or 17 to give 26 or 28. Removal of benzoyl afforded the pyrido[2,3-d]pyrimidine

nucleosides 27 and 29, respectively.

NH2 02 NH

2 5  NN N
R R R

BzO-f BzO- o HO-

OAc

BzO OBz BzO OBz HO OH

6 26 27
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NH 2 0

N INH2 0

N N N)
H K

BzO P) -A BzO 

R R
BZO OBz BzXJ OBz

17 28

NH2 0

KN N
HO

R
HO OH

29

R Me, ethyl, vinyl, propyl, allyl, hydroxymethyl

Other sugar-modified pyridopyrimidine or pyrimidopyrimidine nucleosides can be

prepared either through condensation of nucleoside bases and modified sugars or through

modifications of the nucleosides. For example, 4-amino-5-oxo-pyrido[2,3-djpyrimidine

riboside (27 or 29 R was converted to 2'.-deoxy derivative, 30 by a similar procedure

described for 2'-deoxyadenosine, and 4-amino-5-oxo-pyrido[2,3 -d]pyrimidine xyloside 34

was prepared by condensation.

N H2 0

HO-

HO

NH 2 0

31

N H2 0

KN N1

HO6

32

NH2 0

N N
HO-,

NH 2 0 4H2 0

NN N N
HO- 

HOV

HO OH

33 34

4-Amino-5-oxopyrido [2,3-d]pyrimidine was condensed with a variety of 1 -O-acetylated

pentose sugars via Vorbri~ggen reactions. Further derivatizations of the nucleosides

provided an additional group of pyrido[2,3-djjpyrimidine nucleosides.

12 
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Synthesis ofmodifiedpyrimidopyrimidine nucleosides

The 5'-substituted nucleoside analogs are prepared from the condensation of the

silylated pyrimido[4,5-d]pyrimidine bases and the properly protected, modified

ribofuranoses. The synthesis of pyrimido[4,5-d]pyrimidine nucleosides follows a protocol

substantially similar to the synthetic procedure as outlined above.

Depending on the reaction conditions of the condensation reactions employed to

couple the sugar moiety to the pyrido[2,3-d]pyrimidine or pyrimido[4,5-d]pyrimidine base,

the corresponding nucleoside analogs may be connected at the N1 or N8 atom of the base.

In any case, the glycoslyation site of the base was established by X-ray crystal structure.

Uses of Contemplated Compounds

It should generally be recognized that the contemplated compounds may be

employed in any treatment or therapy of a system that positively responds to

administration of contemplated compounds. However, it is particularly preferred that the

contemplated compounds may be employed in antineoplastic treatments and antiviral

treatments (as a direct antiviral compound and/or as an indirect antiviral compound), and

in treatments to modulate the immune system.

Antineoplastic treatments

It is generally contemplated that compounds according to the inventive subject

matter may be employed as antineoplastic agents that directly or indirectly inhibit growth,

invasiveness, and/or spread of a neoplastic cell or cell population. It is pafticularly

contemplated that a method of treating a neoplastic disease in a patient comprises a step in

which the contemplated compounds are administered to the patient at a dosage effective to

inhibit growth of a neoplastic cell, and an especially preferred compound is the compound

according to formula (VI, supra). Contemplated dosages are in the range between 0.01-100

mg/kg, and more preferably between 5-50 mg/kg. However, alternative dosages, routes,

schedules and formulations are also contemplated, and suitable alternative administrations

are described below. While the use of contemplated compounds is not restricted to a

particular neoplastic cell or neoplastic disease, especially contemplated neoplastic cells

include colon cancer cells, breast cancer cells, melanoma cells, glioma cells, and prostate

cancer cells.

-13-
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Antiviral treatments

It is generally contemplated that compounds according to the inventive subject

matter may be employed as a direct and/or indirect antiviral agent in a viral infection. It is

particularly contemplated that a method of treating a viral infection in a patient comprises

a step in which the contemplated compounds are administered to the patient at a dosage

effective to inhibit viral propagation a process involving a host cell in which one or

more than one virus causes the host cell to produce one or more copies of the virus,

wherein the term "to produce" refers to nucleotide synthesis, protein processing, and

protein assembly), and wherein the composition comprises at least one of the contemplated

compounds. Contemplated dosages are in the range of between 0.1-100 mg/kg, and more

preferably between 5-50 mg/kg. However, alternative dosages, routes, schedules and

formulations are also contemplated, and suitable alternative administrations are described

below. While the use of contemplated compounds is not restricted to a particular virus in a

particular viral infection, especially contemplated viral infections are an HIV infection, an

HCV infection, an HBV infection, an RSV infection, an influenza virus infection, and a

parainfluenza virus infection.

Immunomodulation

It is generally contemplated that compounds according to the inventive subject

matter may be employed as immunomodulatory compounds, and it is particularly

contemplated that such compounds may be employed to modulate the balance between a

Type 1 response and a Type 2 response of an immunocompetent cell T-cell) towards

a challenge. More specifically, it is contemplated that the compounds according to the

inventive subject matter may increase the Type 1 response relative to a Type 2 response

(either by increasing the Type 1 response or by decreasing the Type 2 response), however,

it is also contemplated that the compounds of the inventive subject matter may increase the

Type 2 response relative to a Type 1 response (either by increasing the Type 2 response or

by decreasing the Type 1 response). In still further contemplated uses of the compounds

according to the inventive subject matter, it should be appreciated that contemplated

compounds may also be employed as immunosuppressive agents at a concentration

effective to suppress both Type 1 and Type 2 responses.

-14-
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Administration of Contemplated Compounds

With respect to administration of contemplated compounds, it should be

appreciated that the compounds may be administered under any appropriate protocol in

any appropriate pharmaceutical formulation. It is generally preferred, however, that

contemplated compounds are orally administered. In further aspects of the inventive

subject matter, it should be appreciated that various alternative administrations are also

suitable, and it should still further be recognized that a particular administration will

generally depend on chemical stability, bioavailability, dosage, formulation, and/or desired

pharmacokinetic/phamnacodynamic properties of contemplated compounds. Thus,

appropriate administrations will include oral administration tablet, syrup, etc.),

topical delivery ointment, spray, cream, etc.), parenteral systemic delivery 

inhalation), and direct or indirect delivery to the blood stream i.v. or i.m. injection,

etc.).

Consequently, the formulation of contemplated compounds may vary considerably.

For example, where the drug or drug composition exhibits sufficient stability to pass

through the gastro-intestinal system without undesired chemical or enzymatic

modification, oral formulations may include syrup, tablets, gel caps, powder, etc. On the

other hand, where absorption or passage of contemplated compounds through the

gastrointestinal tract into the blood stream is problematic, suitable formulations especially

include injectable solutions or suspensions physiological saline solution buffered to a

pH of about 7.2 to 

With respect to the dosage of contemplated compounds, it should be appreciated

that various dosages are suitable, and contemplated dosages typically are in the range of

O.lmg/kg to several 100mg/kg, and even more. For example, where contemplated

compounds are excreted or metabolized at a relatively low rate, or where long-term

treatment is desired, dosages will typically be in the range between 0.5mg-10mg/kg. On

the other hand, where bioavailability of contemplated drugs is relatively low, or where

metabolic conversion is relatively fast, dosages will typically be in the range between

10mg/kg-100mg/kg.
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With respect to the dosage of contemplated compounds, it should further be

appreciated that at least some of the compounds according to the inventive subject matter

may be phosphorylated in vivo. Consequently, and especially where immediate

bioavailability is desired, dosages may be reduced where contemplated compounds are

administered in a phosphorylated form.

The schedule of admihistration may vary considerably, and contemplated schedules

include a single dose over the entire course of treatment, multiple single daily doses over

the entire course of treatment, multiple daily doses, and permanent dosing permanent

infusion, implanted osmotic pump, etc.) for at least part of the course of treatment. While

it is generally preferred that suitable schedules sustain constant delivery of contemplated

compounds, burst delivery at least one administration at a first dose followed by at

least one more administration at a dose lower than the first dose) is also appropriate. With

respect to the duration of treatment, it is contemplated that appropriate durations may vary

between a single administration and several days, several weeks, several years, and even

longer. For example, where contemplated compounds are employed in a cell culture, a

single administration, or relatively short administration may be sufficient. On the other

hand, where contemplated compounds are administered to treat an acute phase of a

disease, appropriate treatment duration may be in the range between several days and

several weeks. Similarly, where chronic diseases are treated by administration of

contemplated compounds, extended administration over one or more years may be

suitable.

In still further alternative aspects of the inventive subject matter, contemplated

compounds may be combined with additional pharmaceutically active substances to assist

in the treatment of various diseases, and particularly neoplastic diseases. Additional

pharmaceutically active substances may be administered separately or together, and when

administered separately, administration may occur simultaneously or separately in any

order. Especially contemplated additional pharmaceutically active substances include

drugs commonly used as chemotherapy for treatment of cancer and immune modulator

substances. For example, chemotherapeutic agents include anti-metabolites 

PentostatinTM), DNA polymerase inhibitors GemzarTM), RNA polymerase inhibitors

ECydTM), platinum derivatives ParaplatinTM), anti-estrogens 

NolvadexTM), Taxanes TaxotereTM), GnRH analogs LupronTM), DNA
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polymerase inhibitors Gemzar m topoisomerase inhibitors Hrycamiptinrm),

biphosphonates ArediaTm), somatostatins SandostatitiM), nucleoside analogs

RibavirinTm), and IMPDH-inhibitors TiazofurinM). Contemplated

immunomodulatory substances include cytokines interferon a and y, 1L2, 1L4, 1L6,
1L8, 1110, and 1L12), cytokinins kinetin), and chemokines MIP-l).

Examples

The following examples provide exemplary synthesis, in vifro/in vivo experiment,

and are intended to illustrate but not to limit the invention.

Synthesis

Preparation of 2, 3-O-isopropylidene-5(R, S)-C-ethynyl-l-O-methy-3-D-

ribofuranose

To a stirred solution of methyl 4-C,5-O-didehydro-2,3-O-isopropylidene-p3-D-

ribofuranoside (Jones et al. Methods in Carbohydrate Chemistry Vol 1, pp3 15-322 (1972),

4.00 g, 19.78 mmol) in anhydrous THF (20 mL) at -42 'C under argon was added dropwise

ethynylmagnesium bromide (0.5 M in THF, 80 mL, 40 mmol). Upon addition, the

resulting mixture was slowly warmed up to 0 'C (-90 min.). The reaction was quenched by

adding ice (50 g)/water (50 mnL) and the mixture was stirred for 30 min. After

neutralization with 10 aq. acetic acid, the mixture was extracted with ethyl acetate

twice. The combined organic layer was dried (Na2SO4 and concentrated. Chromatography

on silica (ethyl acetate-hexanes 1:4) gave 3.48 g of the titled compound (R/S ratio 1: 1) as a

white solid. Similarly, the following compounds were prepared: 1 -O,5(R)-C-Dimethyl-2,3-

O-isopropylidene-f3-D-ribofuranose from 4-C,5-O-didehydro-2,3 -O-isopropylidene-l -0-

methyl-j3-D-ribofuranose and methylmagnesium bromide; 2,3-0-Isopropylidene- 1 -0-

from 4-C,5-O-didehydro-2,3-O-isopropylidene- 1-

0-methyl-p3-D-ribofuiraniose and vinylmagnesium bromide; 5Q?)-C-Allyl-2,3-0-isopro-

pylidene- 1-0-methyl-p-D-ribofuranose from 4-C,5-O-didehydro-2,3-O-isopropylidene- 1-

0-methyl-f3-D-ribofiiranose and allylmagnesium bromide.
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Preparation of5-O-acetyl-l-O,5(S)-C-dimethyl-2,3-O-isopropylidene-P-D

ribofuranose

To a stirred solution of 1-O,5(R)-C-dimethyl-2,3-O-isopropylidene-P-D-

ribofuranose (7.24 g, 33.17 mmol) in anhydrous pyridine (50 mL) at 0 oC was added

methanesulfonyl chloride (3.1 mL, 39.92 mmol). The resulting mixture was stirred at room

temperature for 1 h, cooled to 0 quenched by adding water (1.0 mL), and stirred at

room temperature for 30 min. The solvent was evaporated and the residue was dissolved in

ethyl acetate, washed with brine three times, dried (Na2S04) and concentrated.

Chromatography on silica (30% EtOAc in hexanes) gave 8.62 g of the methylate as a

colorless syrup.

A stirred suspension of 1-O,5(R)-C-dimethyl-2,3-O-isopropylidene-5-O-

methanesulfonyl--D-ribofuranose (8.62 g, 29.1 mmol) and NaOAc (anhydrous, 3.5 g,

42.5 mmol) in anhydrous DMF (350 mL) was heated at 125 'C under argon for 4 days.

The solvent was evaporated and the residue chromatographed on silica (25% EtOAc in

hexanes) to give 4.0 g of the titled compound as a white solid.

Preparation of 5-deoxy-2,3-O-isopropylidene-1-O-methyl-/f-D-ribofuranose

To a stirred solution of2,3-O-isopropylidene-l-O-methyl-p-D-ribofuranose (14.2

g, 70.0 mmol) in anhydrous pyridine (250 mL) at 10 OC was added in portions (over 

min) p-toluenesulfonyl chloride (19.1 g, 100 mmol). The resulting mixture was stirred at

room temperature for 18 h, cooled to 0°C, quenched by adding water (5.0 mL), and stirred

at room temperature for 30 min. The solvent was evaporated. The residue was dissolved in

ethyl acetate, washed with brine three times, dried (Na2SO 4 and concentrated to dryness.

Chromatography on silica (ethyl acetate-hexanes 1:3) gave 24.1 g of the tosylate as a white

solid.

To a stirred suspension of LiAlH 4 (4.58 g, 120.5 mmol) in anhydrous diethyl ether

(120 mL) was added the tosylate (13.1 g, 36.55 mmol) in diethyl ether-toluene 140

mL). The resulting mixture was refluxed for 22 h, cooled to room temperature, diluted

with ethyl acetate (25 mL) quenched by adding water (5.0 mL). The solvent was

evaporated. The residue was dissolved in ethyl acetate, washed with brine three times,
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dried (Na2SO 4 and concentrated to dryness. Chromatography on silica (ethyl acetate-

hexanes 1:3) gave 3.58 g of the titled compound as a colorless liquid.

Preparation of5(R)-C-allyl-5-O-benzoyl-1-O-methyl--D-ribofuranose

To a stirred solution of 5(R)-C-allyl-2,3-O-isoproplidene-1-O-methyl-B-D-

ribofuranose (4.49 g, 18.38 mmol) in anhydrous pyridine (40 mL) at 0 OC was added

benzoyl chloride (2.7 mL, 23.0 mnol). The resulting mixture was stirred at room

temperature for 18 h, cooled with ice, quenched by adding water (1 mL), and stirred at

room temperature for 30 min. The solvent was evaporated and the residue was dissolved in

ethyl acetate, washed with brine three times, dried (Na2SO 4 and concentrated.

Chromatography on silica (12% ethyl acetate in hexanes) gave 6.26 g of 

benzoyl-2,3-O-isopropylidene-1-O-methyl--D-ribofuranose as a colorless syrup.

A solution of 5(R)-C-allyl-5-O-benzoyl-2,3-O-isopropylidene-1-O-methyl--D-

ribofuranose (6.2 g, 17.8 mmol) in TFA-H20 mixture was stirred at 0 oC for 90 min

and concentrated to dryness at 0 OC. The residue was dissolved in methanol-toluene

mixture (20 mL, 1:1) and concentrated to dryness. Chromatography on silica (ethyl acetate

-hexanes 1:1) gave 3.70 g of the titled compound as a white solid. Similarly, the following

compounds were prepared: 5-O-Benzoyl-5(R,S)-C-ethynyl-1-O-methyl-p-D-ribofuranose

(R/S ratio: 1:1) from 5-O-benzoyl-5(R,S)-C-ethynyl-2,3-O-isopropylidene-1-O-methyl-p-

D-ribofuranose; 5-O-Benzoyl-4-C-benzoyloxymethyl-1-O-methyl-p-D-ribofuranose from

5-O-benzoyl-4-C-benzoyloxymethyl-2,3-O-isopropylidenel -O-methyl-P-D-ribofuranose;

5-O-Benzoyl-1 -O-methyl-5(R)-C-vinyl-p-D-ribofuranose from 2,3-O-isopropylidene-1-0-

Preparation of l-O-acetyl-5(R)-C-allyl-2,3,5-tri-O-benzoyl-D-ribofuranose

To a stirred solution of 5(R)-C-allyl-5-O-benzoyl-1-O-methyl-f-D-ribofuranose

(3.60mg, 11.68 mmol) in anhydrous pyridine (80 mL) at 0 oC was added benzoyl chloride

mL, 25.84 mmol). The resulting mixture was stirred at room temperature for 18 h,

cooled with ice, quenched by adding water (1 mL), then stirred at room temperature for 

min. The mixture was concentrated, diluted with ethyl acetate, washed with brine three

19-
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times, dried (Na2SO 4 and concentrated to dryness. Chromatography on silica (15% ethyl

acetate in hexanes) gave 5.3 g of the titled compound as a colorless syrup.

To a stirred solution of 5(R,)-C-allyl-2,3 ,5-tri-O-benzolyl- 1 methyl-P-D-

ribofuranose (4.0 g, 7.74 n'irol) in acetic acid (14 mL) and acetic anhydride (1.75 m1L,

18.36 mmol) at 0 'C was added concentrated sulfuric acid (200 gL, 3.79 mmol in 4.0 mL

of acetic acid). The resulting mixture was stirred at room temperature for 20 h, cooled to

o diluted with cold ethyl acetate, washed with water, dilute NaHCO 3 and then brine,

dried (Na2SO 4 and concentrated. Chromatography on silica (ethyl acetate-hexanes 1:4)

gave 2.82 g of the titled compound (cd/3 ratio: 1:2) as a colorless foam. Similarly, the

following compounds were prepared: Il-O-Acetyl-5(R,,S)-C-ethynyl-2,3,5-tri-O-benzolyl-3-

D-ribofuranose (R/S ratio: 1: 1 and a/3 ratio: 1:2) from methyl S)-C-ethynyl-2,3,5-tri-

O-benzolyl-j3-D-ribofuranoside; 1 -O-Acetyl-4-C-benzoyloxymethyl-2,3 

D-ribofuranose (cdp ratio: 1:3) from methyl 4-C-benzoyloxymethyl-2,3,5-tri-O-benzoyl-p3-

D-ribofuranoside; 5(R)-C-Methyl- 1,2,3 ,5-tetra-O-acetyl-j3-D-ribofuranose from 1-0,5(R)-

C-dimethyl-2,3-0-isopropylidene-3-D-.ribofuranose; 5(AS)-C-Methyl- 1,2,3,5-tetra-O-acetyl-

P-D-ribofuranose from 5-O-acetyl- 1 -,5(R)-C-dimethyl-2,3 -O-isopropylidene-13-D-

ribofuranose; 5-Deoxy-1 ,2,3-tri-O-acetyl-p-D-ribofuranose from 5-O-acetyl-2,3-O-

isopropylidenel -O-methyl-p-D-ribofuranose; 1 -0-Acetyl-2,3,5-tri-O-benzoyl-5 

vinyl-p-D-ribofaranose from I -0-methyl-2,3,5-tri-O-benzoyl-5(R)-C-vinyfl3-D-

ribofuranose.

Preparation of J-0-rnethyl-5-O-benzoyl-4-C-benzoyloxymethyl-/3-D-ribofuranose

To a stirred solution of 4-C,5-O-didehydro-2,3 -0-isopropylidene- 1 methyl-j3-D-

ribofuranose 1 (20.22 g, 100 nunol) in dioxane (3 80 mL) at 0 'C was added dropwise

formaldehyde (3 7 solution, 76 mL) and then 2 M NaOH (188 mL). The resulting

reaction mixture was stirred at room temperature for 20 h, cooled to 0 neutralized

acetic acid), concentrated (-50 and extracted with methylene chloride twice. The

combined organic layer was dried over Na2S0 4 and concentrated to dryness.

Chromatography on silica (4 methanol in chloroform) gave 20.2 g of 1-0-methyl-5-0-

benzoyl-2,3-0-isopropylidene-4-C-benzoyloxymethyl-fp-D-ribotbanose as a white solid.
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A solution of 1-O-methyl-5-O-benzoyl-2,3-O-isopropylidene-4-C-benzoyloxy-

methyl-P-D-ribofuranose (2.0 g, 4.5 mmoles) in a 9:1 mixture oftrifluoroacetic acid

and water (11 mL) was stirred at 0 OC for 2 h and evaporated to dryness. The residue was

dissolved in methanol and evaporated (3 times), then dissolved in pyridine and evaporated.

The residue was subjected to silica gel chromatography [methanol in

dichloromethane] to give 1.7 g of the titled compound as an oil.

Preparation of 1-O-acetyl-2,3,5-tri-O-benzoyl-4-C-benzoyloxymethyl-f-D-

ribofuranose

To a solution of 1-O-methyl-5-O-benzoyl-4-C-benzoyloxymethyl-p-D-

ribofuranose (1.7 g, 4.2 mmoles) in pyridine (14 mL) was added benzoyl chloride (1.2 mL,

mmoles). The reaction mixture was stirred at 25 °C for 16 h and methanol (5 mL) was

added. The solvents were evaporated and the residue was dissolved with ethyl acetate 

mL) and water (10 mL). The organic layer was dried over sodium sulfate, filtered, and the

filtrate was evaporated to dryness. The residue was subjected to silica gel chromatography

[methanol in dichloromethane] to give 2.4 g of Preparation of 1-O-methyl-

2,3,5-tri-O-benzoyl-4-C-benzoyloxymethyl-p-D-ribofuranose as a white solid.

Sulfuric acid 75 mL) was added to a solution of 1-0-methyl-2,3,5-tri-0-

benzoyl-4-C-(benzoyloxymethyl)-p-D-ribofuranose (1.7 g, 2.8 mmoles) in a mixture of

acetic acid (6.7 mL) and acetic anhydride (0.67 mL) at 0 oC. The reaction mixture was

stirred at 25 °C for 15 h and diluted with ethyl acetate (50 mL) and water (10 mL). This

solution was washed with brine (3 times), with a saturated aqueous solution of sodium

bicarbonate, dried over sodium sulfate, filtered, and the filtrate was evaporated to dryness.

The residue was subjected to silica gel chromatography [ethanol in

dichloromethane] to give 1.4 g of the titled compound as a white solid.

Preparation of 4-C-(4,4 '-dimethoxytrityloxymethyl)-2,3-O-isopropylidene-l-O-

methyl-f-D-ribofuranose

A solution of 4,4'-dimethoxytrityl chloride (6.0 g, 18 mmol) in pyridine (18 mL)

was added to a solution of 4-C-hydroxymethyl-2,3-O-isopropylidene-l-O-methyl-p-D-

ribofuranose (3.5 g, 15 mmol) in pyridine (60 mL) stirred at 0 oC. The reaction mixture

-21 



WO 02/03997 PCT/US01/41242

was stirred at room temperature for 18 h, then cooled to 0 OC. Methanol (6 mL) was

added, and the solvents were evaporated under reduced pressure. Ethyl acetate and brine

were added, and the organic extract was washed with brine, dried over sodium sulfate,

filtered and evaporated to dryness. The residue was subjected to silica gel chromatography

[ethyl acetate (20-25%) in hexanes] to give 6.2 g of the titled compound as a white solid.

Preparation of 2,3,5-tri-O-benzoyl- -O-methyl-4-C-methyl-f-D-ribofuranose

A solution of benzoyl chloride (1.5 mL, 13 mmol) in pyridine (6 mL) was added to

a solution of 4-C-(4,4'-dimethoxytrityloxymethyl)-2,3-O-isopropylidene-1-O-methyl-p-D-

ribofuranose (6.2 g, 12 mmol) in pyridine (52 mL) stirred at 0 The reaction mixture

was stirred at room temperature for 15 h, then cooled to 0 OC. Methanol (5 mL) was

added, and the solvents were evaporated under reduced pressure. Ethyl acetate and brine

were added, and the organic extract was washed with brine, dried over sodium sulfate,

filtered and evaporated to dryness. The residue was co-evaporated with toluene and

dissolved in a solution of 80 of acetic acid in water (174 mL). The reaction mixture was

stirred at room temperature for 2 hours, then the solvent was evaporated under reduced

pressure. The residue was subjected to silica gel chromatography [methanol in

dichloromethane] to remove most of the impurities, and the white foam obtained was

dissolved in acetonitrile (174 mL). This solvent was stirred at 0 °C and then N.N-

dimethylaminopyridine (4.3 g, 35 mmol) and phenoxythiocarbonyl chloride (2.4 mL, 17

mmol) were added. The reaction mixture was stirred at room temperature for 2 h again and

the solvent was evaporated. The residue was dissolved with dichloromethane and water,

and the resulting organic extract was washed with a 0.5 N solution of hydrochloric acid,

then with water and finally with brine. It was dried over sodium sulfate, filtered, and the

filtrate was evaporated under reduced pressure. The residue was dissolved with toluene,

and tris(trimethylsilyl)silane (9.0 mL, 29 mmol) and 1,1'-azobis(cyclohexanecarbonitrile)

(0.71 g, 2.9 mmol) were added. The reaction mixture was stirred at 100 OC for 15 h, then

cooled to room temperature and the solvent was evaporated under reduced pressure. The

residue was subjected to silica gel chromatography [methanol in dichloromethane]

to remove most of the impurities, and the oil obtained was dissolved in a -15 oC solution of

trifluoroacetic acid in water (90% v/v, 21 mL). The reaction mixture was stirred at -10 °C

for 1 h, then the solvent was evaporated under high vacuum and low temperature. The

residue was coevaporated with methanol and subjected to silica gel chromatography
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[methanol in dichloromethane] to remove most of the impurities. The oil obtained

was dissolved with pyridine (18 mL) and the solution was stirred at 0 oC. Benzoyl

chloride (1.4 mL, 12 mmol) was added and the reaction mixture was stirred at room

temperature for 16 h, then cooled to 0 oC. Methanol was added and the solvents were

evaporated under reduced pressure. Ethyl acetate, hexanes and brine were added to the

residue, and the resulting organic extract was dried over sodium sulfate, filtered and the

filtrate was evaporated to dryness. The residue was subjected to silica gel chromatography

[ethyl acetate in hexanes] to give 1.8 g 6 steps) of the titled compound as a

syrup.

Preparation of I-O-acetyl-2,3, 5-tri-O-benzoyl-4-C-methyl-f/-D-ribofuranose

Concentrated sulfuric acid 99 mL) was added to a solution of 2,3,5-tri-O-

benzoyl-l-O-methyl-4-C-methyl--D-ribofuranose (1.8 g, 3.6 mmoles) in a mixture of

acetic acid (9.0 mL) and acetic anhydride (0.90 mL) at 0 OC. The reaction mixture was

stirred at 25 OC for 16 h and diluted with ethyl acetate (50 mL) and brine (10 mL). The

organic extract was washed with brine (3 times), with a saturated aqueous solution of

sodium bicarbonate, dried over sodium sulfate, filtered, and the filtrate was evaporated to

dryness. The residue was dissolved with a mixture of ethyl acetate and hexanes v/v)

and the b anomer of the title compound crystallized instantaneously. The white crystals

were filtered to give 1.1 g of the title compound in its pure b anomer form. The

filtrate was subjected to silica gel chromatography [ethyl acetate in hexanes] to give

0.6 g of the titled compound as an oil (3:1 mixture ofa/b anomers).

Preparation of 5-O-(4,4 '-dimethoxytrityl)-4-C-hydroxymethyl-2,3-0-

isopropylidene-1-O-methyl--D-ribofuranose

A solution of tert-butyldimethylsilyl chloride (3.4 g, 23 mmol) in pyridine (16 mL)

was added to a solution of 4-C-hydroxymethyl-2,3-O-isopropylidene-1-O-methyl-P-D-

ribofuranose (4.5 g, 19 mmol) in pyridine (80 mL), and stirred at 0 OC. The reaction

mixture was then stirred at room temperature for 24 h, then cooled to 0 oC. Water (5 mL)

was added, and the solvent was evaporated under reduced pressure. Ethyl acetate and

brine were added, and the organic extract was washed with brine, dried over sodium

sulfate, filtered and evaporated to dryness. The residue was dissolved in pyridine and the
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solution was stirred at 0 4,4'-Dimethoxytrityl chloride (8.4 g, 25 mmol) was added,

and the reaction mixture was stirred at room temperature for 16 hours, then cooled to 0 OC.

Methanol (10 mL) was added, and the solvents were evaporated under reduced pressure.

Ethyl acetate, hexanes and brine were added, and the organic extract was washed with a

0.5 N solution of hydrochloric acid, then with brine, dried over sodium sulfate, filtered and

evaporated to dryness. The residue was dissolved in tetrahydrofuran (57 mL), and a

solution oftetrabutylammonium fluoride (TBAF, 1 M in tetrahydrofuran, 23 mL) was

added. After 24 h at room temperature, 0.2 equivalent of TBAF was added, and the

mixture was stirred for an additional 36 h. The solvent was evaporated and the residue was

subjected to silica gel chromatography [ethyl acetate in hexanes] to give 6.6 g 

3 steps) of the titled compound as a white solid.

Preparation of 5-0-(4,4 '-dimethoxytrityl)-2,3-O-isopropylidene-l-O-methyl-4-C-

vinyl-f-D-ribofuranose

A solution oftrifluoroacetic acid (0.49 mL, 6.4 mmol) and pyridine (1.6 mL, 19

mmol) in dimethylsulfoxide (11 mL) was added to a solution of 5-O-(4,4'-dimethoxytrityl)

-4-C-hydroxymethyl-2,3-O-isopropylidene-1-O-methyl-p-D-ribofuranose (6.9 g, 13 mmol)

and NN'-dicyclohexylcarbodiimide (6.6 g, 32 mmol) in a mixture of toluene (26 mL) and

dimethylsulfoxide (66 mL) stirred at 5 OC. The reaction mixture was then stirred at room

temperature for 8 h, then cooled to 0 oC. Ethyl acetate (80 mL) and a solution of oxalic

acid (1.8 g, 19 mmol) in methanol (10 mL) were added, and the mixture was stirred at

room temperature for 15 h. The precipitate was filtered and washed with a 1:1 mixture of

hexanes and ethyl acetate. The filtrate was washed with brine, with a saturated aqueous

solution of sodium bicarbonate, washed with brine again, dried over sodium sulfate,

filtered, and the filtrate was evaporated to dryness. The residue was subjected to silica gel

chromatography [ethyl acetate in hexanes] to give 6.1 g of 

dimethoxytrityl)-4-C-formyl-2,3-O-isopropylidene-l-O-methyl-P-D-ribofuranose as a

white solid.

A solution of sodium pentoxide (2.5 g, 22 mmol) in benzene (34 mL) was added to

a suspension of methylphosphonium bromide (8.8 g, 25 mmol) in ether stirred at room

temperature. The mixture was stirred at room temperature for 6 h, and a solution of 

(4,4'-dimethoxytrityl)-4-C-formyl-2,3-O-isopropylidene-l -0-methyl-p-D-ribofuranose
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g, 11 mmol) in ether (30 mL) was added. The resulting mixture was stirred at room

temperature for 18 h, then cooled to 0 oC. Brine (100 mL) was added, followed by ethyl

acetate (300 mL). The organic extract was washed with brine, dried over sodium sulfate,

filtered and the filtrate was evaporated to dryness. The residue was subjected to silica gel

chromatography [ethyl acetate in hexanes] to give 5.9 g of the titled

compound as a white solid.

Preparation of5-O-benzoyl-4-C-ethyl-l-O-methyl-b-D-ribofuranose

Palladium on activated carbon (10% Pd, 50% water, 508 mg) was added to a

solution of 5-O-(4,4'-dimethoxytrityl)-2,3-O-isopropylidene-1-O-methyl-4-C-vinyl-3-D-

ribofuranose (5.0 g, 9.4 mmol) in methanol (254 mL). The flask was shaken under 5 psi of

hydrogen during 6 h and the catalyst was filtered and washed with methanol. The solvent

was evaporated, and the residue was coevaporated with pyridine. It was then dissolved in

pyridine (75 mL) and stirred at 0 Benzoyl chloride (1.2 mL, 10 mmol) was added, the

reaction mixture was stirred at room temperature for 15 h, then cooled to 0 OC. Methanol

(5 mL) was added, and the solvents were evaporated under reduced pressure. Ethyl

acetate, Hexane and brine were added, and the organic extract was washed with brine,

dried over sodium sulfate, filtered and evaporated to dryness. The residue was

coevaporated with toluene and dissolved in a -15 oC solution of trifluoroacetic acid in

water (90% v/v, 57 mL). The reaction mixture was stirred at -10 OC for 2 h, then the

solvent was evaporated under high vacuum and low temperature. The residue was

coevaporated with methanol, and a white precipitate was formed. It was removed by

filtration, and the filtrate containing the titled compound was evaporated to dryness, and

dissolved in ethyl acetate, hexane and brine. The organic extract was washed with a

saturated aqueous solution of sodium bicarbonate, washed with brine, dried over sodium

sulfate, filtered, and the filtrate was evaporated to dryness. The residue was subjected to

silica gel chromatography [ethyl acetate in hexanes] to give 1.8 g 3 steps) of

the titled compound as an oil.

Preparation of l-O-acetyl-2,3,5-tri-O-benzoyl-4-C-ethyl-pf-D-ribofuranose

Benzoyl chloride (1.5 mL, 13 mmol) was added to a solution of 5-O-benzoyl-4-C-

ethyl-1 -O-methyl-b-D-ribofuranose in pyridine (41 mL) stirred at 0 oC, and the reaction
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mixture was stirred at room temperature for 18 h, then cooled to 0 OC. Methanol (5 mL)

was added, and the solvents were evaporated under reduced pressure. Ethyl acetate,

Hexane and brine were added, and the organic extract was washed with a 0.5 N solution of

hydrochloric acid, then with brine, dried over sodium sulfate, filtered and evaporated to

dryness. The residue was coevaporated with toluene and dissolved in a mixture of acetic

acid (14 mL) and acetic anhydride (1.5 mL). Sulfuric acid 165 mL) diluted in acetic

acid (1 mL) was added at 5 The reaction mixture was stirred at 25 °C for 4 h and

diluted with ethyl acetate (50 mL) and brine (10 mL). The organic extract was washed

with brine (3 times), with a saturated aqueous solution of sodium bicarbonate, washed

with brine, dried over sodium sulfate, filtered, and the filtrate was evaporated to dryness.

The residue was subjected to silica gel chromatography [ethyl acetate (0 in,

dichloromethane] to give 2.9 g of the titled compound as an oil (2:1 mixture of b/a

anomers).

Preparation of4-amino-5-oxo-pyrido[2,3-d]pyrimidine

Trimethylsilyl chloride (7.6 mL, 60 mmoles) was added to a stirred suspension of

2-amino-3-cyano-4-methoxy-pyridine (Archiv der Pharmazie 1985, 318, 481-486; 7.5 g,

mmoles) and sodium iodide (7.50 g, 50 mmoles) in acetonitrile (225 mL). The

resulting mixture was heated at reflux temperature for 24 h. The precipitate was filtered

and washed with ethyl acetate to give 10.4 g of a brownish powder (2-amino-3-cyano-4-

oxo-pyridine). This powder was dried under reduced pressure, and suspended in

2-ethoxyethanol (300 mL). Formamidine acetate (31.2 g, 300 mmoles) was added, and the

suspension was heated at reflux temperature for 2 days, and then filtered. The grey residue

obtained was dissolved in a 2:1 boiling mixture of acetic acid and water, and charcoal was

added. The black suspension was filtered, and the filtrate was evaporated to dryness to

give a white solid, which was suspended in a hot saturated solution of sodium

hydrogencarbonate in water. The suspension was filtered to give 

pyrido[2,3-djpyrimidine (2.0 g) as a white solid.

Preparation of4-amino-5-oxo-8-(2,3,5-tri-O-benzoyl-4-C-methyl-P-D-

ribofuranosyl)pyrido[2,3-d]pyrimidine

4-Amino-5-oxo-pyrido[2,3-d]pyrimidine (0.23 g, 1.4 mmoles) was suspended in

1,2-dichloroethane (20 mL) and the mixture was stirred at 55 BSA (0.87 mL, 
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nunoles) was added, the reaction mixture was stirred at reflux temperature for 90 min, then

cooled to 40 1-O-acetyl-2,3,5-tri-O-benzoyl-4-C-methyl-b-D-ribofuranose (0.60 g, 1.2

mmoles) in 1 ,2-dichloroethane (3 mrL) and TMSOTf (0.42 mL, 2.3 mmoles) were added to

the clear solution, and the mixture was stirred at 100 'C for 48 h. The mixture was cooled

to room temperature and a saturated solution of sodium hydrogencarbonate in water was

added. The mixture was diluted with ethyl acetate (100 mE) and the organic extract was

washed with brine, dried over sodium sulfate, filtered, and the filtrate was evaporated to

dryness. The res idue was subjected to silica gel chromatographiy [acetone (15-25%) in

dichioromethane] to give 0.30 g (4 of the titled compound as a white solid, and 0.14 g

of 4-amino-5-oxo- 1-(2,3 ,5-tri-O-benzoyl-4-C-methyl-b-D-ribofuranosyl)pyrido[2,3-

dlpyrimidine as a white solid. Similarly, the following compounds were prepared:

4-Amino-5-oxo-8-(2,3,5-fti-O-benzoyl-4-C-benzoyloxymethyl-3-D-ribofuranosyl)pyrido-

[2,3-dlpyrimidine as a white solid from 4-amino-5-oxo-pyrido[2,3-djpyrimidine and 

acetyl-2,3 ,5-tri-O-benzoyl-4-C-benzoyloxymethyl-3-D-riboftiranosc; 4-Amino-5-oxo-8-

(2,3 ,5-tri-O-benzoyl-5(R,S)-C-ethynyl-p3-D-ribot'uranosyl)pyrido[2,3-djpyrimidine as a

white solid from 4-amino-5-oxo-pyrido[2,3-dlpyrimidine and I -0-acetyl-2,3,5-tri-O-

5)-C-ethynyl-f3-D-ribofuranose; 4-Amino-5-oxo-8-(2,3 ,5-tri-0-benzoyl-3-L-

riboftiranosyl)pyrido[2,3-d]pyrimnidine as a white solid from 4-amirio-5-oxo-pyrido[2,3-

djpyrimidine and 1 -0-acetyl-2,3,5-tri-0-benzoyl-3-L-ribofiiranose; 4-Amino-5-oxo-8-

(2,3.5-tri-0-benzoyl-13-D-ribofuranosyl)pyrido[2,3 -d]pyrimidine as a white solid from

4-amino-5-oxo-pyrido[2,3-d]pyrimidine and l-O-acetyl-2,3 

ribofuranose; 4-Amino-5-oxo-8-(2,3,5-tri-O-benzoyl-5(R)-C-allyl-3-D-

ribofuranosyl)pyrido[2,3 -dlpyrimidine as a white solid from 4-amino-5-oxo-pyrido [2,3 

d]pyrim-idine and 1 -O-acetyl-2,3,5-tri-0-benzoyl-5(R)-C-allyl-3-D-ribofuranose; 4-Amino-

5-oxo-8-(2,3,5-tri-0-benzoyl-5(R)-C-imethyl-3-D-ribofuranosyl)pyrido[2,3 -djpyrimidine

as a white solid from 4-amino-5-oxo-pyrido[2,3-dlpyrimidine and 1 -0-actyl-2,3,5-tri-0-

benzoyl-5(R)-C-methyl-45-D-ribofuranose; 4-Amino-5-oxo-8-(2,3 ,5-tri-0-benzoyl-4-C-

ethy1-(?-D-ribofuranosyl)pyrido[2,3-dlpyrimnidine as a white solid from 

pyrido[2,3-djpyrimidine and 1 -0-acetyl-2,3,5-tri-0-benzoyl-4-C-ethy1-p-D-ribofuranose;

4-Amino-5-oxo-8-(2,3,5-tri-O-benzoyl-5(RS)-C-viny1-p-D-ribofuranosyl)pyrido[2,3-

d~pyrimidine as a white solid from 4-amino-5-oxo-pyrido[2,3-dlpyrimidine and 1 -0-

acetyl-2,3 ,5-tri-0-benzoyl-5(R, S)-C-vinyl-o3-D-ribofuranose.

27 
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Preparation of 4-anzino-5-oxo-8-(4-C-hydroxyinethlyl-/3-D-ribofuranosyl)pyrido-

3dJpyrimidine

A solution of 4-amino-5-oxo-8-(2,3 ,5-tri-O-benzoyl-4-C-benzoyloxymethyl-3-D-

ribofuranosyl)pyrido[2,3-dlpyrirnidine (0.82 g, 1.1 minole) in methanolic ammonia

(saturated at 00C) was stirred in a sealed flask at 25 'C for 15 h. The solvents were

evaporated, and the residue was subjected to silica gel chromatography [methanol (3 0%)

in dichioromethanel to give 0. 36 g of the titled compound as a white solid. Similarly, the

following compounds were prepared: 4-Amino-5-oxo-8-(5(R)-C-methyl-p-D-

ribofur-anosyl)pyrido[2,3-d]pyriniidine from 4-amino-5-oxo-8-(2,3,5-tri-O-benzoyl-5(R)-

C-mnethyl-p-D-ribofuranosyl)pyrido [2,3-d]pyrimnidine; 4-Amino-5-oxo-8-(5(R)-C-allyl-p3-

D-ribofuranosyl)pyrido[2,3 -djpyrimidine from 4-amino-5-oxo-8-(2,3,5-tri-O-benzoyl-

5(R)-C-allyl-j3-D-ribofhranosyl)pyrido[2,3 -d]pyrimidine; 4-Amino-5-oxo-8-(5Q?,S)-C-

ethyniyl-f3-D-riboftiranosyl)pyrido[2,3-djpyrimidine from 4-amino-5-oxo-8-(2,3 

benzoyl-5(R,S)-C-ethyny1-p-D-ribofuranosyl)pyrido[2,3-dlpyrimidine; 4-Amino-5-oxo-8-

(5(1?,S)-C-vinyl-f3-D-ribofuranosyl)pyrido [2,3 -dpyrimidine from 4-amino-5-oxo-8-(2,3,5-

tri-O-benzoyl-5(R,S)-C-viny1-o-D-ribofuranosyl)pyrido[2,3-djpyrirnidine; 

oxo-8-(P-D-ribofuranosyl)pyrido[2,3-dlpyrimidine from 4-amino-5-oxo-8-(2,3,5-tri---

benzoyl-f3-D-ribofuranosyl)pyrido[2,3-djpyrimidine; 4-Amino-5-oxo-8-(f3-L-

ribofuraniosyl)pyrido[2,3 -djpyrimidine from 4-amino-5-oxo-8-(2,3,5-tri-O-benzoyl-3-L-

ribofuranosyl)pyrido[2,3 -djpyrimidine; 4-Amrino-5-oxo-8-(4-C-methyl-3-D-

ribofuranosyl)pyridof2,3 -djpyrimidine from 4-amino-5-oxo-8-(2,3,5-tri-O-benzoyl-4-C-

methyl-f3-D-ribofuranosyl)pyrido[2,3-djpyrimidine; 4-Amino-5-oxo-8-(4-C-ethyl-P-D-

ribofwianosyl)pyrido[2,3-djpyuimidine from 4-amino-5-oxo-8-(2,3,5-tri-O-benzoyl-4-C-

ethy1-o-D-ribofuranosyl)pyrido[2,3-djpyrimidine.

Preparation qf 4-amino-S-oxo-8-(5(RS)-C-ethyl-f-D-ribofuranosyl)pyrido-

3djpyrimidine

Palladium on activated carbon (10% Pd, 200 mng) was added to a solution of

4-amino-5-oxo-g-(5-C-ethynyl-b-D-ribofuranosyl)pyrido[2,3-d]pyrimidine (0.14 g, 0.45

nimole) in methanol (50 mL). The flask was shaken under 3 psi of hydrogen during 2 h

and the catalyst was filtered and washed with methanol. The solvents were evaporated,



WO 02/03997 PCT/US01/41242

and the residue was subjected to silica gel chromatography [methanol in

dichloromethane] to give 0.12 g of the titled compound as a white solid. Similarly, the

following compounds were prepared: 4-Amino-5-oxo-8-(5(R)-C-propyl--D-

ribofuranosyl)pyrido[2,3-d]pyrimidine from 4-amino-5-oxo-8-(5(R)-C-allyl-p-D-

ribofuranosyl)pyrido[2,3-d]pyrimidine.

Preparation of4-anino-5-oxo-8-(2-deoxy-f-D-ribofuranosyl)pyrido[2,3-

dpyrimidine

A reaction mixture of 4-amino-5-oxo-8-(P-D-ribofuiranosyl)pyrido[2,3-

djpyrimidine (1.8 g, 6.20 mmol) and 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane (2.15

mL, 6.73 mmol) in anhydrous pyridine (25 mL) was stirred at room temperature for 20 h

and cooled with ice. Water (0.5 mL) was added, and the mixture stirred at ambient

temperature for 30 min and concentrated. The residue was dissolved in ethyl acetate,

washed with diluted sodium bicarbonate, dried over Na2S04, and concentrated.

Chromatography on silica (EtOAc-hexanes 3:2) gave 2.0 g of 4-amino-5-oxo-8-[3,5-O-

(1,1,3,3-tetraisopropyldisiloxy)-o-D-ribofuranosyl)]pyrido[2,3-d]pyrimidine.

To a solution of 4-amino-5-oxo-8-[3,5-O-(1,1,3,3-tetraisopropyldisiloxy)-p-D-

ribofuranosyl)]pyrido[2,3-d]pyrimidine (650 mg, 1.21 mmol) and DMAP (295 mg, 2.42

mmol) in acetonitrile (10 mL) was added phenyl chlorothioformate (185 mL, 1.33 mnmol).

The mixture was stirred at room temperature for 2 h and concentrated to dryness. The

residue was dissolved in chloroform, washed with water, dried (Na2 SO 4 and

concentrated. The residue was dried under vacuum for 30 min and then dissolved in

toluene (10 ML). 1,1'-Azobis(cyclohexanecarbonitrile) (74 mg, 0.30 mmol) was added

and the resulting solution was bubbled with argon for 30 min. Tris(trimethylsilyl)silane

(0.56 mL, 1.82 mmol) was added and the resulting mixture stirred at 80 'C for 2 h and then

at 105 OC overnight. Solvent was evaporated and residue dissolved in THF (5 mL). TBAF

M in THF, 2.5 mL) was added and the resulting solution stood at room temperature

for 2 h and concentrated. Chromatography on silica (10% MeOH in CH2Cl 2 gave 240 mg

of the titled compound.
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In vitro/in vivo experiments

Unless indicated otherwise, the following experiments were conducted with

4-amino-5-oxo-84j3-D-ribofuranosyl)pyrido[2,3 -d]pyrimidine.

Determination of EC~o

Cancer cells were incubated with 4-amino-5-oxo-8-(P-D-ribofuranosy)pyrido[2,3-

d~pyrimidine at various concentrations for a period of at least 24 hours and EC5 o was

determined. Table 1 gives in vitro activity of 4-amino-5-oxo-8-(fP-D-ribofuranosyl)pyrido

[2,3-dlpyrimidine in riM concentrations.

TumorTp Cell lines E 5  M

Breast MCF 7, NCI/ADR-RES, MDA-MB-435, BT-549, T-47D 18

Prostate PC-3, DU-145 19

Kidney 786-0, A498, ACHN, CAKI-I, RXF 393, UO-31 44

Ovarian IGROVI, OVCAR-3, OVCAR-4, OVCAR-5, SK-OV-3 21

Melanoma LOX IM VI, MALME-3M, M14, SK-MEL-2, SK.-MEL-28, 
ACC-257, UACC-62

GNS SF-268, SF-295, SF-539, SNB-19, SNB-75, U251 125

Colon SW-620, KMv 12, HT29, F-ICT-1 5, CIICT-l 16, HCC-2998, 16
COLO-205

Lung NCI-H522, NCI-H460, NCI-H322M, NCI-H23, FLOP-92, 68
HOP-62, EKYX, A549

Leukemia SR, RPMI 8226, MOLT-4, K-562, HL-60, CCRF-CEM 34

Liver PLC/PRF5, Hep3B, Huh7 288

Pancreas PaCa-2, PANC-l1 188

The relatively high efficacy of contemplated compounds, and especially of

4-amino-5-oxo-8-(fP-D-ribofuranosyl)pyrido[2,3-d~pyrimidine is further reflected in a

series of experiments in which cytotoxicity and inhibition of proliferation of various

cancer cell lines were compared with commercially available cytostatic agents. The results

of the experiments are shown in Figures 1 and 2.
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Anti-clonogenic activity of contemplated compounds

To determine the anti-clonogenic activity of contemplated compounds in various

cancer cells experiments were conducted. The results of these experiments is shown in

Figure 3, clearly indicating that contemplated compounds exhibit significant anti-

clonogenic activity, especially in melanoma B 16 and 140 cells, Leukemia cells (K562, M),

and colon HT-29 cells. Here again, 4-amino-5-oxo-8-(P-D-ribofuranosyl)pyrido[2,3-d]pyr-

imidine was used as a representative compound of contemplated compounds and

compared against Ecyd and Gemzar.

Induction of Apoptosis

In order to determine how contemplated compounds interact with cancer cells,

NB4 cells (Leukemia) and Prostate 81 (prostate cancer cells) cells were incubated with

4-amino-5-oxo-8-(P-D-ribofuranosyl)pyrido[2,3-d]pyrimidine, Ecyd, and Gemzar, and

apoptosis was monitored by histone-DNA ELISA. The results are shown in Figures 4A

and 4B and suggest that contemplated compounds induce apoptosis in a dose dependent

manner.

Inhibition ofRNA synthesis

RNA synthesis was monitored in K562 cells using H3-Uridine incorporation

following a general protocol as outlined below. Figure 5 shows inhibition of RNA

synthesis by exemplary contemplated compounds (here represented by 4-amino-5-oxo-8-

(p-D-ribofuranosyl)pyrido[2,3-d]pyrimidine) over various time periods and

concentrations.

Inhibition of RNA Polymerase I, II, and III

To further investigate the influence of contemplated compounds (here again

represented by 4-amino-5-oxo-8-(3-D-ribofuranosyl)pyrido[2,3-d]pyrimidine) on RNA

synthesis dependent on RNA Polymerase I, II, and I, experiments were conducted. The

results of these experiments are shown in Figures 6 and 7 and suggest that contemplated

compounds may inhibit processing of 28S and 18S rRNA, however, fail to significantly

inhibit RNA Polymerase III. The experiments further indicate that contemplated
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compounds inhibit RNA-Polymerase II dependent RNA synthesis in a concentration

dependent manner.

MEK-ERKphosphorylation

It has recently been demonstrated [Wang, et al. JBC 275:39435-43 (2000);

Pavlovic et al., Eur. Cytokine Netw 2:267-74 (2000)] that apoptosis can be induced via the

MEK-ERK signal transduction pathway. To investigate the possibility of activation of the

MEK-ERK signal transduction pathway by contemplated compounds an experiment was

conducted. Figure 8 is an autoradiograph depicting phosphorylation of MEK and ERK,

but not Raf by contemplated compounds (represented by 4-amino-5-oxo-8-(p-D-

ribofuranosyl)pyrido[2,3-d]pyrimidine) in NB4 leukemic cells. This, and other

experiments suggest that the contemplated compounds enhance phosphorylation of MEK

(which is in contrast to Ecyd and Gemzar), however, they do not enhance phosphorylation

of Raf. Consequently, it is contemplated that the compounds according to the inventive

subject matter may induce apoptosis through activation of MEK (which can be abolished

by inhibitors of the MEK-ERK pathway).

Metabolites of contemplated compounds

Numerous experiments (data not shown) suggest that contemplated compounds are

phosphorylated within a (tumor) cell, and that the products include mono-, di-, and

triphosphorylated forms detectable by LC-MS). It is further contemplated that the

metabolites may have significant (or even increased) biological activity.

Thus, specific embodiments and applications ofpyrido[2,3-d]pyrimidine and

nucleosides have been disclosed. It should be apparent,

however, to those skilled in the art that many more modifications besides those already

described are possible without departing from the inventive concepts herein. The inventive

subject matter, therefore, is not to be restricted except in the spirit of the appended claims.

Moreover, in interpreting both the specification and the claims, all terms should be

interpreted in the broadest possible manner consistent with the context. In particular, the

terms "comprises" and "comprising" should be interpreted as referring to elements,

components, or steps in a non-exclusive manner, indicating that the referenced elements,

components, or steps may be present, or utilized, or combined with other elements,

components, or steps that are not expressly referenced.

-32-
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SThroughout this specification and the claims which follow, unless the context
0  requires otherwise, the word "comprise", and variations such as "comprises" and

"comprising", will be understood to imply the inclusion of a stated integer or step or group

of integers or steps but not the exclusion of any other integer or step or group of integers or

IsN 5 steps.

(N
The reference to any prior art in this specification is not, and should not be taken

O as, an acknowledgment or any form of suggestion that that prior art forms part of the

common general knowledge in Australia.



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

;Z1. A nucleoside analog according to the formula (I)
00

R5

R5  A B (1)

M 5 R3j RY

wherein

A is0, S, CH2

R3 and R3 are independently selected from H, F, OH, NH2 CN, N3

CONH2 and R, where R is lower alkyl, lower alkenyl, lower ailkynyl, or
lower acyl, and optionally. containing at least on e of a heteroatom and a

functional group;

or and R2 together, or R3 and R3 together are selected from =CHR't

where R" is H, F, OH, CN. N3 CONH1 lower alkyl, lower

alkenyl, lower alkcynyl, or lower acyl,:

R4 and R5 are independently selected fi-om H, lower alkyl, lower alkenyl, lower

alkynyl, or aralkyl, and optionally containing at least one of a heteroatorn

and a functional group;

R5 is H, OH, OP(O)(OH) 2 OP(O)(OR"')2 or 2 where is

a masking g-roup; and

B is selected from the group of heterocyclic radicals consisting of formula (II),
(111), and (V)

x z, x x z, x

y N N N yA N N y N NT Z3

-33a 
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wherein X is H, NH2 or OH;

Y is H, NH2 or halogen;

Z1 in formula (II) and and Z3 in formula (III) and is O, S, NR", CHM, or

CM2

Z in formula and and Z3 in formula (II) and (IV) is N, CH, or CM;

Z2 is N, CH, or CM;

where M is F, Cl, Br, OH, SH, NH2 CN, COOR", C(=NH)NH 2 lower alkyl, lower

alkenyl, lower alkynyl, aralkyl, or aryl.

2. The nucleoside analog of claim 1 wherein A is O, and B is a heterocyclic radical

according to formula (II).

3. The nucleoside analog of claim 2 wherein,X is NH2 Zi is O, and Z2 and Z3 are CH.

4. The nucleoside analog of claim 3 wherein R4 and R 5 are hydrogen, and Rs is OH.

The nucleoside analog of claim 1 having a structure according to formula (VI)

O NH2

HO O N N (VI)

HO OH

6. A prodrug comprising the nucleoside analog of claim 

7. The prodrug of claim 6 wherein the prodrug comprises a phosphate or phosphonate

covalently coupled to the C 5 atom of the ribose.

8. The prodrug of claim 6 wherein the prodrug comprises a moiety that is covalently

bound to at least one of the hydroxyl groups of the ribose, and that is cleaved from

the at least one hydroxyl groups within a target cell.
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9. The prodrug of claim 6 wherein the prodrug comprises a moiety that is covalently

bound to the amino group of the base, and that is cleaved from the amino group

within a target cell.

A method of inhibiting growth of a neoplastic cell comprising:

providing a compound according to claim 1; and

presenting the compound to the cell in a dosage effective to inhibit the growth of a

cell.

11. The method of claim 10 wherein A is 0, and B is a heterocyclic radical according

to formula (II).

12. The method of claim 11 wherein X is NH2 Z1 is 0, and Z2 and Z3 are CH.

13. The method of claim 12 wherein R4 and Rs' are hydrogen, and R5 is OH.

14. The method of claim 10 wherein the compound has a structure according to

formula (VI)

O NH 2

N

HOA N (VI)

HO OH

15. The method of claim 14 wherein the compound comprises a phosphate or

phosphonate covalently coupled to the Cs atom of the ribose.

16. The method of claim 14 wherein the compound comprises a moiety that is

covalently bound to at least one of the hydroxyl groups of the ribose, and that is

cleaved from the at least one hydroxyl groups within a target cell.

17. The method of claim 14 wherein the compound comprises a moiety that is

covalently bound to the amino group of the base, and that is cleaved from the

amino group within a target cell.
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S18. The method of claim 14 wherein the neoplastic cell is a cell selected from the group
00 consisting of a colon cancer cell, a breast cancer cell, a melanoma cell, a glioma

cell, and a prostate cancer cell.

IND 5 19. The method of claim 14 wherein the inhibition of the growth of the cell comprises

apoptosis.

The method of claim 19 wherein the apoptosis is triggered at least in part by MEK-

phosphorylation.

21. The method of claim 14 wherein the inhibition of the growth of the cell comprises

inhibition of at least one of RNA polymerase I, RNA polymerase II, and RNA

polymerase III.

22. A method of treating a neoplastic disease comprising administering a compound

according to claim 1, or a prodrug thereof, to a patient in need thereof.

23. Use of a compound according to claim 1, or a prodrug thereof, in the manufacture

of a medicament for treating a neoplastic disease.

24. A nucleoside analog substantially as hereinbefore described and/or exemplified.

A prodrug substantially as hereinbefore described and/or exemplified.

26. A method of inhibiting growth of a neoplastic cell substantially as hereinbefore

described and/or exemplified.

27. A method of treating a neoplastic disease substantially as hereinbefore described

and/or exemplified.

28. Use of a compound in the manufacture of a medicament for treating a neoplastic
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disease substantially as hereinbefore described and/or exemplified.

DATED this 28th day of June, 2005

Ribapharm Inc.

By DAVIES COLLISON CAVE

Patent Attorneys for the Applicant



In vitro Comparative studies I
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In vitro Comparative studies 11
Proliferation PG/DNA Assay
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In vitro Comparative Studies III

Anti-clonogenic activity of ICN- 14686
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In vitro Comparative Studies
Apoptosis in Leukemia NB4 cells

Histone-DNA ELISA

V

8 HRS 24 HRS

0 2 8 32 128 511 20440 2 8 32. 128 511 2044

[nM] [nM]

I CN-14686 APECyd GJemza

o ICN-14686 and Gemzar are more potent apoptosis inducers
than ECyd



In vitro Comparative Studies V
Apoptosis in Prostate 81 cells

HistonefDNA ELISA
8 HRS 24 HRS

0 2 8 32 128 511 20440 2 8 32 128 511 2044
[nM] [rim]

I4-* ICN-14686 -aP ECyd -67-zG,

ICN-14686 and Gemzar are more potent -apoptosis inducers
in comparison to ECyd



Inhibition of RNA synthesis in K562 cells

Method: Incorporation of H3 Uridine

ICN-14686 ECyd

60 120 240 30 60 120 240

time[min] time[min]

*ICN-14686 and ECyd are potent inhibitors of RNA synthesis
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Effect of contemplated compounds on RNA Pol I and III
As determined by 28S and 18S rRNA production
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Figure 6

Polymerase II (mRNA)
Level of mRNA in Prostate after treatment
with contemplated compounds for 6 hrs
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Figure 7



ICN-14686 enhances MEK-ERK
Phosphorylation

ICN-14686 enhances phosphorylation of MEK and ERK but not
Raf

(minutes after 2gM 14686 addition)
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