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RETOP.001VPC PATENT
THERAPEUTIC SUBSTANCES THAT MODULATE GENOME
METHYLATION

0001} This application claims prionity to provisional application number
61/036,882 filed March 14, 2008 (Atty. Docket: RETOP.001PR) which is incorporated
herein by reference.

BACKGROUND

{0002} The epigenomic modulation of gene function is well known. Cytosine
béses (C) in DNA may be found methylated in the 5 position, and this is used as a signal to
reduce expression of the genes in which those bases are located. Enzymes add methyl groups
to C de novo to maintain the pattern of methylation through DNA replication.

[0003] Epigenetic processes control cell differentiation (allowing cells to maintain
different characteristics despite containing identical genes); imprinting; gene silencing; X-
chromosome inactivation; reprogramming; the progress of carcinogenesis; etc. Embryonic
development, as well as success of cloning and embryonic stem cell (ESC) technologies,
depend on the epigenetics. =~ DNA methylation patterns are controlled by DNA
methyltransferases, of which DNMT1 is the most abundant. It transfers patterns of
methylation to a new strand after DNA replication and is essential for embryonic
development, imprinting and X-inactivation [Robertson KD. et al, Nat. Rev. Genet. 2000;
1:11]. Epigenetic patterns “reset” when organisms reproduce.

[0004] In mammals, most cells terminally differentiate, and only stem cells retain
the ability to differentiate into different cell types. Embryonic stem cells can differentiate
into any cell type, thus holding a tremendous potential for regenerative medicine. As
embryonic stem cells are difficult to obtain, methods of reprogramming other cells, such as
skin cells, to give induced pluripotent stem (iPS) cells are being developed. Current
approaches to trick cells into de-differentiation rely on genetic modification [Okita K. et al.
Nature 2007; 448:313]. De-differentiation is based on changes in DNA methylation patterns,
so novel methods of affecting the DNA methylation process and erasing the DNA
methylation pattern are required. Any method that provides a bias on methylation pattern or

its kanetics would be a valuable research tool.
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[0005] Preferably, such methods should not involve genetic manipulations or
immunogenic drugs, which currently represent a major disadvantage of the existing methods
- such as immunogenicity, irreversibility of action, toxicity, instability under physiological
conditions, etc. [Christman JK Oncogene 2002; 21:5483]. We propose a novel principle of
modulating DNA methylation that may be free of these drawbacks, broadening the arsenal of
epigenetics R&D tools.

[0006] Many diseases are related to changes in gene expression, and therapies,
which alter patterns of gene expression, are useful for treating those diseases. Hence,
treatments have been proposed which alter the pattern of DNA methylation through
inhibiting the methylation or demethylation of DNA by affecting the enzymes concerned, as
discussed for example by Yoo et al. (Biochem. Soc. Trans 32 (6): 910 — 912). The use of
methylation inhibitors have been suggested and tested for the treatment of a wide range of
diseases, including cancers such as bladder cancer (Zhang et al, Urologic Oncology —
seminars and original investigations 24(2): 1520160), haematopoietic cancers (Jost et al.,
Letters in drug design and discovery 3(4): 242-252).

{0007] Epigenetics affects genetic diseases through imprinting, i.e. different
epigenetic patterns contributed by the father and mother (Angelman, Prader-Willi syndromes,
etc.). Some teratogens exert damage to the fetus by epigenetic mechanisms.

{0008] Gene silencing by aberrant methylation of promoter regions of genes
critical for normal cellular functions i1s a hallmark of cancer [Jones PA. et al; Nat. Rev.
Genet. 2002; 3:415], although a small number of genes (about 10%) in cancerous cells are
actually hypomethylated compared to normal cells [Ehrich M. et al., PNAS 2008; 105:4844].
Epigenetic carcinogenes (hexachlorobenzene, arsenite), while not being mutagenic, still
result in an increased incidence of tumors. Drugs have been developed that affect DNA
methylation by inhibiting corresponding enzymes [Yoo CB. et al., Bioch. Soc. Trans. 2004;
32, 910; and refs therein]. This approach has been tested against a wide range of diseases,
including cancers such as bladder cancer, haematopoietic cancers, etc. [Jost E. et al., Letters
in Drug Design & Discovery 2006; 3:242].

[0009] Cytidine analogues unmethylatable at position 5, such as 5-fluoro-cytidine

or 5-azacytidine have been suggested as drugs for cancer therapy (for example
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WO02004050666) and specific analogues which might modulate DNA methylation are
disclosed in, W02006099132, US2006/0205687, and are reviewed by Jones and Taylor (Cell
20:85-93). A-azazytidine has been approved by the U.S. Food and Drug Administration and
is being used as a treatment for cancer under the name Decitabine and for the treatment of
Myelodysplastic syndrome under the name Vidaza. These analogues all have a different
chemical structure from the cytosine present in normal tissues. Other agents that are not
cytosine analogues have also been disclosed which alter methylation of DNA, such as those
disclosed in W02005/011661 and WO2005/085196.

[0010] A drawback of all such treatments is that they can act to completely block
or overwhelmingly enhance DNA methylation. They are therefore likely to have adverse
effects on genes other than the target gene whose activity is desired to be modulated, but not
necessarily eliminated (as reviewed by Haaf et al., Pharmac. Therap. 65:19-46). The harmful
effects can sometimes be avoided by careful adjustment of the dose of the inhibiting drug, but
this requires skill, cognizance of patient physiology and variability, and is not always
possible.

[0011] It 1s known that the rates of certain chemical reactions are affected by the
nature of the isotopes of the atoms in the reacting bonds. In general, bonds terminating in a
heavy isotope will be less liable to cleavage than a bond terminating in a lighter isotope. Of
particular note is that bonds between hydrogen atoms and other atoms are less liable to
breakage if the hydrogen is H rather than 'H. A similar effect is seen when comparing the
rate of cleavage of a bond between a carbon atom and another atom, where bonds with *C
are less liable to cleavage than bonds with '“C. This is known as the Kinetic Isotope Effect,
and 1s well described. Many isotopes are known to show this effect, as is described in
Isotope effects in chemical reactions. (C.J.Collins, N.S.Bowman (eds.) 1970). It is known
that these effects are also manifest in enzyme-calalysed reactions, as described in lsotope
effects on enzyme-catalysed reactions (Cleland, W.W., M.H. O’Leary, and D.B. Northrop
(eds.) 1976).

[0012] This invention arises from understanding that the inherent drawbacks of
methylation modulating drugs may be overcome by using an agent which modulates but

which 1) is naturally occurring and therefore not toxic or immunologic, and 2) can partially
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inhibit the methylation or demethylation of C in controlled ways. This invention describes
the use of the kinetic isotope effect to achieve this effect, and its potential use as both a
research tool and possible therapy.
SUMMARY

[0013] Embodiments of the invention provides compounds which are analogues
of cytosine with the 5 or 6 positions (or both positions) substituted with heavy isotopes, or in
which the 5 position is substituted with groups containing heavy isotopes, useful for the
treatment of diseases in which DNA methylation is a factor or in which activation or
repression of gene expression could be beneficial. . The invention also provides biochemical
precursors of C, which, when incorporated into C through biochemical pathways, give rise to
isotope-reinforced derivatives of C.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] A composition of compounds with the same chemical bonding structure as
cytosine or methylcytosine but with a different isotopic composition at key positions will
have significantly and usefully different chemical properties from the unsubstituted
compound. The compostion is not a naturally occurring compostion or compound such as
cytosine or methylcytosine. The key positions with respect to methylation and demethylation
are position 5 of the base ring, and groups attached to position 5 of the base ring, specifically
methyl groups so attached. Other key positions are position 6 of the ring, which is involved
in the enzymatic mechanism of methylation (as is described in JK Christman, Oncogene 2002

21:5483-5495.

[0015] Accordingly, for a composition of compounds comprises a compound
Formula (I):
NH,
Rz
-

/I‘\ Q;

o T/ \R3
Ry FORMULA (1)
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wherein R; 1s H, an alkyl, substituted alkyl group, an aryl, substituted aryl group, a sugar, or
substituted sugar moiety, a sugar analogue, or a group, which is replaced in vivo by any of
these groups, or R;, is a ribose or deoxyribose in a dinucleotide, oligonucleotide, or
polynucleotide;

wherein R, is *H or ZX3 where Z may be 2cor®Cand X may be ’H or ]H;

wherein R is 'H or 2H;

wherein Q; can be 2Cor 13C;

with the proviso that at least one atom in R,, R3, Q; or Q; is a heavy isotope of the element
concerned. The heavy isotopes in the composition are enriched in comparison the naturally
occurring compound, which contains a lower proportion of the heavy isotope.

[0016] It will be appreciated that the structural formulae above represents the
‘Kekule” structure for the molecules, which can also exist in a variety of resonance forms.
Thus for example Formula (1) can also be drawn as either of the structures in Formula (II), or

as other structures.

NH, NH,
/[\ - Ry /l\ - R,
N = I(|-71 N’ (131
)\ Q )\ =
.O \T*/ 2 O T+
R R FORMULA (11)

[0017] It will be appreciated by one skilled in the art that the terms “H, 'H, "*C
and °C refer to cases where the majority of molecules in a preparation have that isotope in
that position in the molecule. Thus the case where Z is '>C and all three X are *H is written
as CD; where D is understood to refer to “H, but there will be in the preparation a minority of
molecules where ZX;3 is CD,H.

[0018] In an embodiment of the invention, R, is *H (Deuterium).

[0019] In a further embodiment of the invention, R; is *C('H);

10020} In a further embodiment of the invention, R, is ' C(ZH)3,

[0021] In a further embodiment of the invention, Q is BC and R, is *H.

-5
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[0022] In a further embodiment of the invention, Q; is 3C and Ry is °H.

[0023]  In a further preferred embodiment of the invention, Q; is °C, Q, is °C,
R, is *C(*H)3, Ry is *H.

[0024] In a further embodiment, R; is H.

[0025] In a further embodiment, R; is ribose (where the ribose is linked to the
aromatic ring through the 1° position).

[0026] In a further embodiment, R, is 5° phosphoribose (where the ribose is
linked to the aromatic ring through the 1’ position).

[0027] In an embodiment of the invention, R; is deoxyribose, as in Formula (VII)
NH,
J\ Rz
Ry NF 01/

Rs FORMULA (VII)

[0028] Where R4 may be H, phosphate, diphosphate, or triphosphate, and Rs may
be H, or R4 or Rs or both may be further monomers in a DNA oligonucleotide or
polynucleotide.

[0029] It will be appreciated that the term ‘sugar analogue’ includes such
compounds as substituted methylcyclopentanes (which are a carbocyclic analogue of ribose),
fluorinated sugars and other compounds. It will be appreciated that groups which 1s replaced
in vivo include phosphate, amine, nitro, silyl and other groups which will be cleaved
enzymatically or otherwise under physiological conditions to yield a product which can be
incorporated into DNA.

10030} Without wishing to be limited by theory, it is expected that compounds of
the invention will be incorporated into the DNA of dividing cells in a manner not

substantially different from the incorporation of the natural analogues of the compounds of
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the invention, and once in the DNA they will be methylated (in the case where R, is “H

(Deuterium) or demethylated (in cases there R; is a heavy isotope containing analogue of the

methyl group) more slowly than the endogenous cytosine, and so modulate the overall

genome methylation without completely blocking methylation or demethylation.

[0031]

different properties that will make them useful for different applications of the invention.

It will be appreciated that these embodiments of the invention have subtly

Thus an embodiment where Q; is Bc , Qyis 12C, R, 1s ]2C(1H)3, R; is 'H will have a lesser

effect of reducing the rate of demethylation than an embodiment where Q, is 13 C,Qis 13 C,

R, is C(H)s, R is °H.

[0032]

molecule is not important for the practice of this invention. Thus, the N; Nitrogen position

It will be appreciated that the isotopic composition of other sites in the

may be "N or '*N for the practice of this invention, or a mixture of the two. Therefore, an

embodiment of the invention is a compound of the structure shown in Formula (111).

[0033]
shown in Formula (IV).
[0034]
shown in Formula (V).
[0035]

shown in Formula (VI).

15N‘l H2

Ry FORMULA (11I)

Ri FORMULA (1V)

A further embodiment of the invention is a compound of the structure

A further embodiment of the invention is a compound of the structure

A further embodiment of the invention is a compound of the structure
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15T1H2
13C 2H
15N/ \130/
'IBC ‘ISC
180/ 15N/ \2H
R FORMULA (V)
14T1H2
%c H
14N/ 13C/
130 13C
180/ \14N/ \2H
R FORMULA (VI)
[0036] A further embodiment of the invention is a compound according to

Formula (I) in which every carbon is "*C.

[0037] A further embodiment of the invention is a compound according to
Formula (I) in which every nitrogen is °N.

[0038] A further embodiment of the invention is a compound according to
Formula (I) in which every hydrogen atom is a deuterium atom.

[0039] A further embodiment of the invention is a compound according to
Formula (I) in which every hydrogen atom which does not readily exchange with hydrogen
atoms in water when the compound is in solution is a deuterium atom.

[0040] It will be appreciated by one skilled in the art that the composition
including Formulae (1) through (V1) is materially and significantly different from the cytosine
present in living organisms because of the distribution of *heavy’ isotopes within them.

[0041] As used herein, the term "sugar,” includes ribose or 2’-deoxyribose, which
may or may not be phosphorylated on the 5° or 3° end, including a triphosphate group at the
5 end.
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[0042] The sugar may be subsytitued with one or more "noninterfering
substituents.” This terminology is used because the substituents in these positions generally
speaking are not relevant to the essential activity of the molecule taken as a whole. A wide
variety of substituents can be employed in these positions, and it is well within ordinary skill
to determine whether any particular arbitrary substituent is or is not "noninterfering."”

[0043] Compositions of the invention are expected to be taken up by cells,
tissues and organisms under appropriate conditions, as is described by [J.D. Carver, Acta
Paediatr. Suppl. 1999; 430:83-88], and so will be useful for modulating the methylation of
those cells or tissues.

[0044] N A further aspect of the invention provides for non-direct ways of
incorporating heavy isotope into the right bond positions of cytosine to achieve isotopic
enrichment at the desired site by biologic or metabolic processes. For example, one such
alternative approach involves supplying biochemical precursors which, when incorporated
into 3’-deoxycytidine biosynthesis pathways, yield 3’-deoxy-5-deuterocytidine, 3’ -deoxy-6-
deuterocytidine, or 3’-deoxy-5,6-dideuterocytidine. Aspartic acid, a non-essential amino acid
precursor of the cytidine biosynthesis (through its reaction with carbamoyl phosphate), can be
delivered to cells in an appropriate deuterated form (beta-dideutero; alpha-deutero; alpha,
beta-trideutero) to provide cytidine derivatives with corresponding deuteration sites.
Accordingly, a further embodiment of the invention is the use of commercially available
deuterated derivatives of aspartic acid (VIII) to give rise to cytidine derivatives bearing
deuterium atoms at pos. 5 and/or 6. Compounds IX and X, when incorporated into cytidine
biosynthesis pathway, will result in cytidine incorporating D at pos. 5 (for X) and 6 (for IX),
whereas supplementation of compound XI will result in cytidine incorporating deuteriums at

pos. 5 and pos. 6.

o] 0 D O D_0O
D D DU D
© OH © OH o OH ° OH
OH NH, OH NH, OH NH, OH NHp
FORMULA VIII FORMULA IX FORMULA X FORMULA XI
[0045] A further embodiment of the invention is the use of compounds

deuterated as shown on formulae IX-XI, where each carbon atom of the compound 1s carbon-

13.
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[0046] It i1s even possible that non specific enrichment of diet with sub-toxic
(carbon-13 appears non-toxic in lower animals and deuterium toxicity only first occurs at
total heavy water content in the body of > 20% in mammals) levels of heavy isotope can
achieve significant modulation effects on methylation.

[0047] It 1s expected that partial or transient reduction of methylation can be
achieved, apart from the dosage, by combinations of isotopes used; the strength of the effect
1s expected to increase in the following order of the isotope substitutions: 12C,H, < BC,H,
<'*c,p,<"c,D.

[0048] It will be appreciated by one skilled in the art that the degree of
substitution of the “reinforced” cytosine (Formula I), or cytosine precursors (Formulae IX-XI)
for cytosine necessary to change the epigenetic pattern may be as low as 5-10% [Jones PA. et
al., Cell 1980; 20:85], due to the “walking™ mechanism of the DNA methylases [Drahovsky
D.etal., J Mol Biol. 1971; 57:475].

[06049] A further embodiment of the invention is the use of this approach in
combination with histone deacetylase inhibitors [Belinsky SA. et al., Cancer Res. 2003;
63:7089] for synergistic gene reactivation.

[0050] One aspect of this invention provides for compounds of Formulal or
Formulae IX-X1.

[0051] Another aspect of the invention provides for the use of compounds of
Formulae (I; IX-XI) as a treatment for a disease characterized by changes in or defects of
gene activity. Examples of such diseases are cancer, pre-cancerous states such as
myelodysplastic syndrome, juvenile polyposis or solar keratoses, epithelial dysphasia in a
variety of tissues, and inflammatory diseases such as rheumatoid arthritis, proriasis, asthma,
ectopic dermatisis (eczema), and atherosclerosis.

[0052] A further aspect of the invention provides for the use of a compound
according to Formulae (I; IX-XI) for the treatment of diseases with epigenetic etiology, such
as Fragile X syndrome, Angelman syndrome, Prader-Willi syndrome and Rett syndrome.

[0053] A further aspect of the invention provides for the use of a compound
according to Formulae (I; IX-XI) for the treatment of diseases which can be affected by

changes in gene activity. Examples of such diseases are thallasemia and sickle cell anemia.

-10-
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[0054] A further aspect of the invention provides for the methods and use of a
compound of the invention for the modulation of cell growth or differentiation. A preferred
embodiment of this aspect of the invention is the use of compositions for the modulation of
the growth, pluripotency or differentiation of stem cells. This transient reduction of
methylation can be used to obviate the need for one or more of the transcription factors
needed for reprogramming.

[0055] A further aspect of the invention provides for the use of a composition for
modulation of DNA methylation in tissue, organ or organisms cloning.

Methods include administering the composition to subjects. Subjects may include,
mammals such as humans, livestock and laboratory animals, such as mice rats, rabbits
monkeys or other lower order animals.

A further aspect of the invention provides for enhanced reprogramming efficiencies
when the transient reduction of methylation is used in combination with a standard stem cell
reprogramming cocktail ofcontaining transcription factors oct4, /sox2, /myc, and /klif4
viruses/plasmids..in appropriate delivery vehicles [Takahashi K et al, Cell 2006;126:663-676;
and Qi H et al, Cell Res 2007;17:578-580].

[0056] A further aspect of the invention provides a pharmaceutical composition
of the compound of the invention, as a typical medium for cell growth comprising a standard
medium, such as a Dulbecco/Vogt modified Eagle’s (Harry Eagle) minimal essential medium
(DMEM) or Roswell Park Memorial Institute medium (RPMI), without cytidine; and an
additive system that comprises a 3’-deoxycytidine nucleoside; or 3’-deoxycitidine 5°-
phosphate; or 3’-deoxycitidine 5’ -triphosphate of the stable isotope reinforced type described
by Formulal in amounts sufficient in combination to promote cell grows in the medium.

[0057] Preferably, the nucleoside or nucleotide will be added in the range of 0.5
to about 2000 milligrams per liter of the medium.

[0058] More preferably, the isotope reinforced cytosine derivative (Formula I)
will be added in the range of about 10 to 500 milligrams per liter of the medium.

[0059] In a different embodiment of the invention, a typical medium for cell
growth comprising a standard medium, such as a Dulbecco/Vogt modified Eagle’s (Harry

Eagle) minimal essential medium (DMEM) or Roswell Park Memorial Institute medium

11-
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(RPMI), without aspartic acid; and an additive system that comprises the stable isotope
reinforced type described by Formula IX-XI in amounts sufficient in combination to promote
cell grows in the medium.

[0060] Preferably, the aspartic acid derivative will be added in the range of 0.5 to
about 2000 milligrams per liter of the medium.

[0061] More preferably, the isotope reinforced aspartic acid derivative
(Formula IX-XI) will be added in the range of about 10 to 1000 milligrams per liter of the
medium.

10062] A pharmaceutical composition containing the active ingredient may be in
a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily
suspensions, oil-in-water emulsions, dispersible powders or granules, emulsions, hard or soft
capsules, or syrups or elixirs. Such compositions may contain excipients such as bulking
agents, solubilization agents, taste masking agents, stabilisers, colouring agents, preservatives
and other agents known to those ordinarily skilled in the art of pharmaceutical formulation.

[0063] A pharmaceutical composition containing the active ingredient may also
be administered in the form of suppositories for rectal administration of the drug. These
compositions can be prepared by mixing the drug with a suitable non-irritating excipient
which is solid at ordinary temperatures but liquid at the rectal temperature and will therefore
melt in the rectum to release the drug. Such matenials are cocoa butter and polyethylene
glycols.

[0064] A pharmaceutical composition may also be suitable for delivery by
inhalation to the nose, throat or lungs. Such compositions may be prepared by pre-forming
compounds of the invention into particles suitable for inhalation together with other
materials, or dissolving compounds of the invention in a material suitable for forming an
aerosol.

[0065] A pharmaceutical composition may also be suitable for delivery by topical
application, as a spray, cream, ointment, lotion, or as a component or additive to a patch,
bandage or wound dressing. In addition the compound can be delivered to the site of the
disease by mechanical means, or targeted to the site of the disease through the use of systemic

targeting technologies such as liposomes (with or without chemical modification that

-12-
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provides them with affinity for the diseased tissue), antibodies, aptamers, lectins, or chemical
ligands with affinity for aspects of the diseased tissue that are less abundant or not present on
normal tissue.

[0066] A pharmaceutical composition of the invention may also be in a form
suitable for administration by injection. Such compositions may be in the form of a solution,
a suspension or an emulsion. Such compositions may include stabilizing agents,
antimicrobial agents or other materials to improve the function of the medicament. This
invention also encompasses dry, dessicated or freeze-dried forms of compounds of the
invention which can readily be formed or reconstituted into a solution suspension or

emulsion suitable for administration by injection, or for oral or topical use.

EXAMPLES

[0067] There are literature examples for substitutions at any position for all major
nucleotide bases, with all major types of isotopes (ZHZ, 3H2, Be, M, ]5N, 80 etc.).
Described below are just two procedures, based on the previously published work, for
selective deuteration of nucleosides [Esaki et al., Heterocycles 2005; 66:361-369, and Chiriac
et al., Labelled Compd. Radiopharm. 1999; 42:377-385]. Numerous other protocols are
suitable as well. It is often possible to exchange hydrogens for deuteriums on an existing
nucleic acid base/nucleoside, while to incorporate '*C, the bases should be assembled (for

example, see [Folesi et al., Nucleosides Nucleotides Nucleic Acids 2000]).

Example 1 -- 5-D-Deoxveytidine from Deoxycevtidine

N NH;
<7 o ;
N D,O N-~"D

Ho O o Ho, O
then H,0 ©®

OH OH

[0068] Deoxycytidine (227 mg, 1 mmol, Aldrich) was dissolved in 4 ml of D,0.
10% Pd/C (27 mg, 10 wt% of the substrate, Aldrich) was added, and the mixture was stirred
at 160°C in a sealed tube under D, atmosphere for 24 h. After cooling to RT, the reaction

mixture was filtered using a membrane filter (Millipore Millex®-LG). The filtered catalyst

13-
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was washed with boiling water (150 ml), and the combined aqueous fractions were
evaporated in vacuo, and then again dissolved in H,O and evaporated (5 x 25 ml) to give 5-
D-deoxycytidine as a white solid (206 mg). The structure of the nucleoside was confirmed
by MALDI-TOF (Voyager Elite, PerSeptive Biosystems), with HPA as a matrix. Found:
228.225 (45%; MI); 229.229 (27%; Double-deuterated product; MI).

Example 2 -- 5-D-Deoxycevtidine from 5-Bromodeoxycytidine

N NH2 N NH2

o~ ~
N\;\Br D, N-# D
T S

OH OH

[0069] A suspension of 500 mg of 7% Pd/C catalyst (prepared from PdCl, as
described in [Chiriac et al., 1999; 42:377-385]) in 8 mL of acetic acid-d, (DOAc) was stirred
vigorously for 20 min. in a deuterium atmosphere with intermittent bubbling of deuterium gas
through the mixture. 5-Bromo-2’-deoxycytidine (307 mg, 1 mmol, Carbosynth, UK),
converted into its benzoyl derivative using 3 equivalents of benzoyl chloride as described in
[M.J. Gait, Oligonucleotide Synthesis. A Practical Approach, IRL Press, 1984], was added
and the mixture was stirred vigorously for 5 h at room temperature under 1 atm pressure of
D, and then filtered. 410mg (5 mmol) of NaOAc was added to the filtrate, and the solution
evaporated in vacuo. The residue was treated with 10 mL of CHCI;, and 5 mL of H,O and
the organic layer was separated. The aqueous phase was extracted with 2 x 10 mL of
chloroform. The combined organic phase was washed with 10 mL of water, dried over
NaySO;y, filtered, and evaporated. The resulting residue was suspended in 3 ml saturated
aqueous ammonia and was allowed to stand for 24 h at 1t and then was evaporated. The
residual pale yellow foam was dissolved in water and applied to a column of 10 mL of
Dowex 1-X2 (OH-) resin. The column was washed with 500 mL of water, 1000 mL of 3M
MeOH/water, and then was eluted with 500 mL of 0.5% HOAc/water. Appropriate fractions
were pooled and evaporated in vacuo. The residue was dissolved in a minimum volume of
MeOH, diluted with dry benzene, and lyophilized to give mg (83%) of the title compound as
a pale yellow powder. The structure of the nucleoside was confirmed by MALDI-TOF

-14-



PCT/US09/37173

WO 2009/114814 PCT/US2009/037173

(Voyager Elite, PerSeptive Biosystems), with HPA as a matrix. Found: 228.195 (53%; MI).

In this procedure, other reducing agents, such as NaBDy, can also be employed.
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WHAT IS CLAIMED IS:
1. A composition of compound comprising a compound of the formula:
NH,
R
d_ .

wherein R; is H, a sugar or substituted sugar moiety, a sugar analogue, or a
group which is replaced in vivo by the sugar or substituted sugar moiety or the sugar
analogue;

wherein R, 1s Mor ZX; where Z may be 2Cor®Cand X may be Hor lH;

wherein R; 1s 'Hor 2H;

wherein Q; can be 2Cor BC; and

with the proviso that at least one atom in Ry, R3, Q; or Q2 i1s a heavy isotope;

wherein the 13C, 2H or both are enriched at least 20% more individually or
collectively in comparison to naturally occurring 13C, 2H or both at the same position
in the compound, or a pharmaceutically acceptable salt thereof.

2. Use, in the manufacture of a medicament for the treatment or prevention of a

disease, of the composition according to Claim 1,

3. Use according to Claim 2 where the disease is cancer.

4. Use according to Claim 2 where the disease 1s a precancerous state.

5. Use according to Claim 2 where the disease is an inflammatory or immune
disease.

6. Use according to Claim 2 where the disease 1s an inherited disease.

7. Use of the composition according to Claim 1 for the modulation of the

growth, pluripotency or differentiation of cultured cells.
8. Use according to Claim 7 where the cells are stem cells.
0. Use of the composition according to Claim 1 in cloning of cells, tissues,

organs or organisms.
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10. A compound as defined in Claim 1 for therapeutic use.
11. A medium for incorporation during cell growth of a composition of

compounds containing a heavy isotope at a level greater than 20% higher than that of a
naturally occurring composition of compounds such that, as a result of incorporation of the
compounds during cell growth, a compound according to Claim 1 is biosynthesized by the
organism.

12. A method comprising modulating cell growth, pluripotency, or differentiation
of stem cells by combining the medium of Claim 11 with stem cells.

13. A nutrient for ingestion containing a composition of compounds containing a
heavy isotope at a level greater than 20% higher than that of a naturally occurring compounds
such that, as a result of incorporation of the compound during cell growth, a compound
according to Claim (1) is biosynthesized by the organism.

14. The nutrient for ingestion according to Claim 13 wherein such nutrient
incorporates heavy isotope into the 3’-deoxycytidine biosynthesis pathway.

15. A nutrient according to Claim 12 wherein the nutrient yields a compound
according to Claim 1.

16. A nutrient according to Claim 12 wherein the nutrient is a deuterated form of
aspartic acid selected from the group consisting of Compounds of Formula VIII, IX; X and X,
such that the deuterated form of aspartic acid contains heavy isotope at a level of greater than
20% higher than that of naturally occurring compounds.

17. A method of treating diseases involving gene expression changes mediated by
gene methylation patterns comprising

administering to a subject in need thereof, compounds according to Claim 1 or
the nutrient according to Claims 13 through 16. in an amount to mitigate harmful
disease effects.

18. A method of treating a disease of epigenetic etiology, comprising

administering to a subject in need thereof the composition or the nutrient
according to Claim 1 or the nutrients according to Claims 13 through 16 in an amount

effective to mitigate harmful disease effects.
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19. The method of treatment of Claim 17 or 18 wherein the diseases are cancers,
precancerous states, or inflammatory diseases.

20.  The method of Claim 18 when the disease is selected from the group
consisting of Fragile X syndrome, Angelman syndrome, Prader-Willi syndrome, and Rett
syndrome.

21.  The composition of Claim 1 wherein the heavy isotope is enriched greater
than 50% in comparison to a higher than naturally occurring amounts.

22.  The compound of Claim 1 wherein the heavy isotope is enriched greater than
2X in comparison to a naturally occurring amount.

23. The compound of Claim 1 wherein the heavy isotope is enriched greater than
5X in comparison to a naturally occurring amount.

24.  The compound of Claim 1 wherein the heavy isotope is enriched greater than
10X a naturally occurring amount.

25.  The compound of Claim 1 wherein the heavy isotope is enriched greater than

100X a naturally occurring amount.
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