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SYNTHESIS OF 5-AZACYTIDINE

[0001] This application claims priority to U.S. provisional patent application no.
61/470,392, filed March 31, 2011, the content of which is hereby incorporated by

reference in its entirety.

L FIELD

[0602] Provided herein are processes for the preparation of 5-azacytidine (also known
as azacitidine). S-Azacytidine is useful for treating, preventing, and/or managing diseases
or conditions, including cancer, disorders related to abnormal cell proliferation,

hematologic disorders, and myelodysplastic syndromes (MDS), among others.

1L BACKGROUND

{0003] Cancer is a2 major public health problem worldwide. In the United States alone,
approximately 560,000 people died of cancer in 2006. See, e.g., U.S. Mortality Data 2006,
National Center for Health Statistics, Centers for Disease Control and Prevention (2009).
Many types of cancer have been described in the medical literature. Examples include
cancer of the blood, bone, skin, lung, colon, breast, prostate, ovary, brain, kidney, bladder,
pancreas, and liver. The incidence of cancer continues to climb as the general population
ages and as new forms of cancer develop. A continuing need exists for effective therapies
to treat subjects with cancer.

[0604] Myelodysplastic syndromes (MDS) are a diverse group of hematopoietic cell
disorders. MDS affect approximately 40,000-50,000 people in the U.S. and 75,000-
85,000 people in Europe. MDS may be characterized by a cellular marrow with impaired
morphology and maturation (dysmyelopotesis), peripheral blood cytopenias, and a
variable risk of progression to acute leukemia, resulting from ineffective blood cell
production. See, e.g., The Merck Manual 953 (17th ed. 1999); List et al., J. Clin. Oncol.
8:1424 (1990).

[0005] MDS are grouped together because of the presence of dysplastic changes in
one or more of the hematopoietic lineages including dysplastic changes m the myeloid,
erythroid, and megakaryocytic series. These changes result in cytopenias in one or more
of the three lincages. Patients afflicted with MDS may develop complications related to
anemia, neutropenia (infections), and/or thrombocytopenia (bleeding). From about 10% to

about 70% of patients with MDS may develop acute leukemia. In the early stages of
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MDS, the main cause of cytopenias is increased programmed cell death (apoptosis). As
the disease progresses and converts into leukemia, a proliferation of leukemic cells
overwhelms the healthy marrow. The disease course differs, with some cases behaving as
an indolent disease and others behaving aggressively with a very short clinical course that
converts into an acute form of leukemia. The majority of people with higher risk MDS
eventually experience bone marrow failure. Up to 50% of MDS patients succumb to
complications, such as infection or bleeding, before progressing to AML.

10006} Primary and secondary MDS are defined by taking into account patients’ prior
history: previous treatments with chemotherapy, radiotherapy or professional exposure to
toxic substances are factors delineating secondary MDS (sMDS) from primary MDS.
Cytogenetically, one difference between the two groups is the complexity of abnormal
karyotypes; single chromosome aberrations are typical for primary MDS, while multiple
changes are more frequently seen in secondary disorders. Some drugs may have specific
targets such as hydroxyurea for 17p and topoisomerases inhibitors for 1123 and 21922,
The genetic changes in the malignant cells of MDS result mainly in the loss of genetic
material, including probable tumor suppressor genes.

[6007] An international group of hematologists, the French—~American-British (FAB)
Cooperative Group, classified MDS into five subgroups, differentiating them from acute
myeloid leukemia. See, e.g., The Merck Manuail 954 (17th ed. 1999); Bennett ]. M., er al.,
Ann. Intern. Med., 103(4): 620-25 (1985); and Besa E. C., Med. Clin. North Am. 76(3):
599-617 (1992). An underlying trilineage dysplastic change in the bone marrow cells of
the patients is found in all subtypes. Information is available regarding the pathomology
of MDS, certain MDS classification systems, and particular methods of treating and
managing MDS. See, e.g., U.S. Patent No. 7,189,740 (issued March 13, 2007), which is
incorporated by reference herein in its entirety.

[0008] Nucleoside analogs have been used clinically for the treatment of viral
infections and cancer. Most nucleoside analogs are classified as anti-metabolites. After
they enter the cell, nucleoside analogs are successively phosphorylated to nucleoside 5'-
mono-phosphates, di-phosphates, and tri-phosphates.

10069} 5-Azacytidine (National Service Center designation NSC-102816; CAS
Registry Number 320-67-2), also known as azacitidine, AZA, 4-amino-1-(3,4-dihydroxy-
5-hydroxymcthyl-tetrahydrofuran-2-y1)-1H-[1,3,5}iriazin-2-one, 4-amino-1-p-D3-
ribofuranosyl-1,3,5-triazin-2(1 H)-one, or 4-amino-1-p-D-ribofuranosyl-S-triazin-2(17)-

one, is currently marketed as the drug product VIDAZA®. 5-Azacytidine is a nucleoside
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analog, more specifically a cytidine analog. 5-Azacytidine is an antagonist of its related
natural nucleoside, cytidine. S-Azaéytidine is also an antagomist of deoxycytidine, A
structural difference between S-azacytidine and cytidine is the presence of a nitrogen at
position 5 of the cytosine ring in place of a carbon. 3-Azacytidine may be defined as
having the molecular formula CsH5N4Os, a molecular weight of about 244.2 grams per

mole, and the following structure:

HO.

CH  OH

5-Azacytidine.

[0610] After its incorporation into replicating DNA, 5-azacytidine forms a covalent
complex with DNA methyltransferases. DNA methyltransferases are responsible for de
novo DNA methylation and for reproducing established methylation patterns in daughter
DNA strands of replicating DNA. Inhibition of DNA methyltransferases by 5-azacytidine
leads to DNA hypomethylation, thereby restoring normal functions to morphologically
dysplastic, immature hematopoietic cells and cancer cells by re-expression of genes
involved in normal cell cycle regulation, differentiation and death. The cytotoxic effects
of 5-azacytidine cause the death of rapidly dividing cells, including cancer cells, that are
no longer responsive to normal cell growth control mechanisms. 5-Azacytidine also
incorporates into RNA. The cytotoxic effects of 5-azacytidine may result from multiple
mechanisms, including inhibition of DNA, RNA and protein synthesis, incorporation into
RNA and DNA, and activation of DNA damage pathways.

[0011] 5-Azacytidine has been tested in clinical trials and showed significant anti-
tumor activity, such as, for example, in the treatment of myelodysplastic syndromes
(MDS). See, e.g., Aparicio et al., Curr. Opin. Invest. Drugs 3(4): 627-33 (2002).
5-Azacytidine has undergone NCI-sponsored trials for the treatment of MDS and has been
approved for treating all FAB subtypes of MDS. See, e.g., Kornblith er al., J. Clin. Oncol.
20(10): 2441-52 (2002); Silverman ef al., J. Clin. Oncol. 20(10): 2429-40 (2002).
5-Azacytidine may alter the natural course of MDS by diminishing the transformation to
AML through its cytotoxic activity and its inhibition of DNA methyltransferase. In a

Phase III study, 5-azacytidine administered subcutaneously significantly prolonged



W 2012/1354405 PCT/US2012/031059

survival and time to AML transformation or death in subjects with higher-risk MDS. See,
e.g., P. Fenaux ef al., Lancet Oncol., 2009, 10(3):223-32; Silverman et al., Blood 106(11):
Abstract 2526 (2005).

[0012] 5-Azacytidine has been difficult to synthesize, particularly for manufacturing at
large commercial scales, in part because of its instability in water. For example, the s-
triazine ring of 5-azacytidine is prone to degradation in water. In aqueous solutions at
neutral pH, hydration of the 5,6-imine double bond occurs rapidly, followed by bond
cleavage to yield the formyl derivative, N-(formylamidino)-N"-B-D-ribofuranosylurea,
which deformylates to give 1-p-D-ribofuranosyl-3-guanylurea irreversibly. See, e.g, J. A,
Beisler, J. Med. Chem., 1978, 21(2):204-08; K. K. Chan et al., J. Pharm. Sci. 1979,
68(7):807-12. In addition, the hydrolytic degradation of 5-azacytidine was studied asa
function of pH, temperature, and buffer concentration. See, e.g., R. E. Notari ez al.,
Pharm. Sci. 1975, 64(7):1148-57. At pH 1, the main degradation products were 5-
azacytosine and 5-azauracil from the hydrolysis of 5-azacytidine. The instability of 5-
azacytidine in water presents a challenge for the isolation and purification of 5-azacytidine
from a solvent system that contains water, such as solvent systems used during the work-
up stage of a reaction.

[6013] 5-Azacytidine was [irst prepared via a multi-step synthesis starting from
peracetylated 1-giycosylisocyanate. See Piskala et al., Collect. Czech. Chem. Commun.,
1964, 29:2060~76, This method involves a reactive starting material (isocyanate) with a
controlled stereochemistry (1-B configuration), which is not suitable for the production of
large scale batches of 5-azacytidine. Many other existing methods for preparmg 5-
azacytidine involve steps that are difficult to scale-up, or involve the use of expensive
reagents. Other methods do not describe purification steps necessary to produce Active
Pharmaceutical Ingredient (APT) that meets the purity standards for human use, or give
poor overall yields of the purified 5-azacytidine product,

[6G14] UJ.5. Patent No. 7,038,038, issued May 2, 2006, which is incorporated herein
by reference in its entirety, describes a process for preparing 5-azacytidine, comprising,
inter alia, the steps of coupling a silylated 5-azacytosine with a protected p-D-
ribofuranose in the presence of a non-metallic Lewis acid, such as trimethylsilyl
trifluoromethancsulfonate (TMS-triflate), and deprotecting the product to give 5-
azacytidine.

[0015] Metallic Lewis acids, such as stannic chloride, are generally less expensive and

more readily available than non-metallic Lewis acids, such as TMS-triflate. However, the
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use of metal-based reagents in the synthesis of API intended for human use generally
requires appropriate purification steps to remove metal-based impurities in order to
consistently control the levels of residual metals in the final API. For the production of a
drug substance intended for use in humans, current Good Manufacturing Practices
(cGMP) are applicable. Procedures need to be in place that can control the levels of
impuritics and ensure that API batches are produced which consistently meet their
predetermined specifications. For example, in a GMP environment, it is not acceptable to
have one batch having a heavy metal content that is within a desired specification, and
then have a batch run under similar circumstances having heavy metal impurities well over
the desired specification.

[0016] A great need remains for a process to prepare pure S-azacytidine suitable for
human use, particularly on a commercial scale, that is, inter alia, safe, scalable, efficient,
economically viable, and/or having other potential advantages.

[0017] Citation of any references in this Section of the application is not to be

construed as an admission that such reference is prior art to the present application.

HI.  SUMMARY

[0018] Provided herein are, inter alia, safe, efficient, cost effective, and/or readily
scaleable processes useful for the production of 5-azacytidine, or a salt, solvate, hydrate,
ot polymorph thereof. In one embodiment, provided herein are processes useful for the
production of 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, that is
substantially pure. In one embodiment, provided herein are processes useful for the
production of 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, that is
substantially chemically pure. In one embodiment, provided herein are processes useful
for the production of 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, that is
substantially physically pure. In one embodiment, provided herein are processes useful
for the production of 5-azacyiidine, or a salt, solvate, hydrate, or polymorph thereof,
suitable for use in humans.

[0619] In one embodiment, provided herein are proéesses for preparing 5-azacytidine,
or a salt, solvate, hydrate, or polymorph thereof, comprising the steps of reacting a
silylated 5-azacytosine with a protected B-D-ribofuranose in the presence of a metallic
Lewis acid to yield a protected 5-azacytidine, deprotecting the protected S-azacytidine to
vield 5-azacytidine, and purifying the 5-azacytidine to yield 5-azacytidine, or a salt,

solvate, hydrate, or polymorph thereof, that is substantially free of one or more mmpurities,



including but not limited to, a metal-based mpurity.

[0019a] In one aspect, there is provided a process for preparing 5-azacytidine, or a
solvate, hydrate, or polymorph thereof, comprising the steps of reacting a silylated 5-
azacytosine with a protected B-D-ribofuranose in the presence of a metallic Lewis acid to
yield a protected 5-azacytidine, deprotecting the protected 5S-azacytidine to yield 5-
azacytidine, contacting the 3-azacytidine with an acid to yield a salt of 5-azacytidine,
contacting the salt of 5-azacytidine with a base to yicld 5-azacytidine, and re-crystallizing
the 5-azacytidine to yield 5-azacytidine, or a solvate, hydrate, or polymorph thereof, that is
free of metal-based impurities. ‘

[0020] In one embodiment, provided herein is a salt of 5-azacytidine, including, but
not limited to, hydrochloric acid salt, sulfuric acid salt, hydrobromic acid salt, and
methanesulfonic acid salt. In one embodiment, provided herein is 5-azacytidine
hydrochloric acid salt. In one embodiment, provided herein is a salt of 5-azacytidine that
is substantially free of one or more impurities, such as for example, a metal-based
impurity. In one embodiment, provided herein is a pharmaceutically acceptable salt of 5-
azacytidine, including, but not limited to hydrochloric acid salt, sulfuric acid salt,
hydrobromic acid salt, and methanesulfonic acid salt. In one embodiment, provided herein
is a pharmaceutically acceptable salt of 5-azacytidine that is substantially free of one or
more impurities, such as for example, a metal-based impurity.

[0021] In specific embodiments, provided herein are processes for preparing 5-
azacytidine, or a salt, solvate, hydrate, or polymorph thereof, comprising any one, two,
three, four, five, or six of the steps of:

(a) reacting 5-azacytosine with a silylating reagent to yield a silylated 5-azacytosine;

(b) reacting the silylated 5-azacytosine with an acyl protected p-D-ribofuranose in the
presence of a metallic Lewis acid; and quenching the reaction with water and at least one
neutralizing reagent to yield a protecied 5-azacytidine;

(c) reacting the protected S-azacytidine with a base, selected from the group consisting of
alkoxide, ammonia, and tetra-substituted ammonium hydroxide, in an alcohol to yield 5-
azacytidine;

(d) contacting the 5-azacytidine from step (c) with an acid in an organic solvent to yield a
salt of 5-azacytidine;

(&) contacting the salt of 5-azacytidine from step (d) with a base in an organic solvent to
yield 5-azacytidine as a free base; and

(f) re-crystallizing the 5-azacytidine from step (e).

-6-



[0022] In one embodiment, the silylated 5-azacytosine is a compound of formula (A):
NHSI(R),
N” OSiR ),
(A),
wherein each R; is independently optionally substituted C;~Cyy alkyl, optionally
substituted C3—Cyg cycloalkyl, or optionally substituted C¢—Cyg aryl. In some

embodiments, R, is straight chain alkyl, branched alkyl, cycloalkyl, or aryl, including but
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not limited to, methyl, ethyl, i-propyl, -butyl, phenyl, xylyl, and benzyl. Insome
embodiments, R; is methyl.
[0023] In one embodiment, the silylating reagent used in step (a) is a trimethylsilyl
(TMS) reagent, including but not limited to, hexamethyldisilazane (HMDS) and
chlorotrimethylsilane (TMSCI).
[0024] In one embodiment, the silylation reaction of step (2} is carried out in the
presence of ammonium sulfate. In one embodiment, the silylation reaction of step (a) is
carried out at elevated temperature, In one embodiment, the silylation reaction of step (a)
is carried out under an inert atmosphere. In some embodiments, the silylated 5-
azacytosine is isolated as a solid. In other embodiments, the silylated 5-azacytosine is
used directly in step (b) without isolation.
[0025] In one embodiment, the acyl protected B-D-ribofuranose is a compound of
formula (B):
Ryw_ 20 o

T A
Rae O O Rq

T Y

(B),
wherein each R, is independently hydrogen, optionally substituted C;~Cg alkyl,
optionally substituted C3~Cyq cycloalkyl, or optionaily substituted Cg~Cyo aryl. In some
embodiments, Ro is optionally substituted methyl or optionally substituted phenyl. In
some embodiments, R» is methyl. In some embodiments, R; 18 phenyl. In some
embodiments, the acyl protected B-D-ribofuranose is:
0 o Ph__C o
R S G §

o \ :o: l
o © Ph. O  O._Ph
T T 7 7

[10026] In one embodiment, the metallic Lewis acid is stannic chloride or ferric

T

chloride. In one embodiment, the metallic Lewis acid is stanmic chloride, In one
embodiment, the metallic Lewis acid is ferric chloride.

[6027] In one embodiment, the protected 5-azacytidine 1s a compound of formula (C):
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(C),
wherein each R; is independently hydrogen, optionally substituted C,—Cyg alkyl,
optionally substituted C3~Cip cycloalkyl, or optionally substituted Cs—Cjg aryl. In some
embodiments, R, is optionally substituted methyl or optionally substituted phenyl. In
some embodiments, R, is methyl. In some embodiments, R; is phenyl. In some

embodiments, the protected 5-azacytidige is:

7 ¥
C i Ph. Q
T NN hd krxa o
C. O
O O
\\/O e Ph\/O Q Ph
I I I h
o} o} . Or O O

[06628] In one embodiment, the reaction of step (b) is carried out in a solvent with low
water solubility. In some embodiments, the reaction of step (b) is carried out in
dichloromethane. In one embodiment, the reaction of step (b) is carried out at a
temperature of less than about 10°C. In one embodiment, the reaction of step (b} 1s camed
out at a temperature of less than about 5°C. In one embodiment, the reaction of step (b) is
carried out at a temperature of greater than about ~20°C. In one embodiment, the reaction
of step (b) is carried out at a temperature of greater than about —10°C. In one embodiment,
the reaction of step (b) is carried out at a temperature of greater than about 0°C. Inone
embodiment, the reaction of step (b) is carried out at a temperature of between about 0°C
and about 5°C,

[0029] In one embodiment, the neutralizing reagent in step (b) is an inorganic reagent.
In one embodiment, the neutralizing reagent in step (b) is an inorganic basc. In one
embodiment, the neutralizing reagent in step (b} is an inorganic salt. In one embodiment,
the neutralizing reagent in step (b) is a carbonate or bicarbonate salt, or a mixture theyeof.

In one embodiment, the neutralizing reagent in step (b) is sodium bicarbonate. in one
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embodiment, the neutralizing reagent in step (b) is sodium carbonate.

[6030] In one embodiment, the reaction of step (b) is quenched with water and one or
more neuiralizing reagents(s) to yield a quenched composition. In one embodiment, the
reaction of step (b) is quenched at a temperature of less than about 10°C. In one
embodiment, the quenched composition of the reaction of step (b) 1s filtered. In one
embodiment, the quenching composition of the reaction of step (b) 1s filtered at a
temperature of less than about 10°C. In one embodiment, the filtrate of the quenched
compoasition of the reaction of step (b) is washed with an aqueous EDTA
(cthylencdiaminetetraacetic acid) salt solution. In one embodiment, the filtrate of the
quenched composition of the reaction of step (b) is washed with an aqueous EDTA
disodium salt solution.

10031] In one embodiment, the base in step (c) is an alkoxide. In one embodiment, the
base in step (¢} is a sodium alkoxide. In one embodiment, the base in step (c) is sodium
methoxide. In one embodiment, the alcohol in step {¢) is methanol. In one embodiment,
the 5-azacytidine from step (c) is collected by filtration. In one embodiment, the 3-
azacytidine from step (¢) is washed with a non-aqueous solvent, including but not limited
to, an alcohol, such as methanol.

1066G32] In one embodiment, the acid in step (d) is an organic or an inorganic acid,
including, but not limited to, hydrochloric acid, hydrobromic acid, sulfuric acid, and
methanesulfonic acid, In some embodiments, the acid used in step (d) is hydrochloric
acid. In one embodiment, the organic solvent in step (d) is an alcohol. In some
embodiments, the organic solvent in step {d) is methanol, In some embodiments, the
organic solvent in step (d) is 1sopropanol.

[0033] In one embodiment, the salt of 5-azacytidine from step (d) 1s collected by
filtration. In one embodiment, the salt of 5-azacytidine from step (d) is washed with an
organic solvent, including but not limited to, an aicohel, such as methanol.

[6034] In one embodiment, the base in step (e) is an organic base, including but not
limited 1o, triethylamine, diisopropylethyl amine, pyridine, diisopropylamine, 2,6-iutidine,
N-methylmorpholine, and N, N-dicyclohexyimethyl amine. In some embodiments, the
base in step (e) is tricthylamine. In one embodiment, the organic solvent in step () is an
alcohol. In some cmbodiments, the organic solvent in step {(e) is methanol. In one
embodiment, the free base of 5-azacytidine from step (¢) is collected by filtration. In one
embodiment, the free base of 5-azacytidine from step (e) is washed with an organic

solvent, including but not limited to, an alcohol, such as methanol. In one embodiment,
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the free base of 5-azacytidine from step (e) is substantially free of one or more impurities,
including but not limited to, & metal-based impurity and an acidic salt counter ion, such as
for example, chioride.

[6035] In one embodiment, step () comprises the steps of:

(1) dissolving 5-azacytidine free base from step (¢) in dimethylsulfoxide (DMSO) at a
temperature sufficient to allow the 5-azacytidine to dissolve; and optionally filtering the
solution to remove insoluble particles;

(2) adding an anti-solvent to the solution of step (1); and

(3) cooling the mixture of step (2) wherein 5-azacytidine re-crystallizes.

[0036] In one embodiment, the optional filtration in step (f)(1) 1s carried out at an
clevated temperature, such as for example, a temperature greater than about 85°C. In one
embodiment, the anti-solvent of step (£}(2) is an alcohol. In one embodiment, the anti-
solvent of step (f)(2) is methanol.

[6037} In one embodiment, step (f) further comprises the steps of:

(4) collecting the re-crystallized 5-azacytidine from step (3) by f{iltration; and

(5) drying the 5-azacytidine from step (4) under vacuurm.

[6038] In one embodiment, provided herein are processes for preparing 5-azacytidine,
or a pharmaceutically acceptable salt, solvate, hydrate, or polymorph thereof, for treating,
preventing, and/or managing diseases or conditions inciuding cancer, disorders related to
abnormatl cell proliferation, hematologic disorders, and myelodysplastic syndromes

(MDS), among others.

IV.  BRIEF DESCRIPTION OF THE FIGURES

{6639} FIG. 1 represents an Infrared (IR) spectrum of 5-azacytidine.

[6640] FlIG. 2 represents a Differential Scanning Calorimetry (DSC) plot of 5-
azacytidine.

[0041] FIG. 3 represents an X-Ray Powder Diffraction (XRPD) pattern of 5-
azacytidine.

[6042] FIG. 4 represents an IR spectrum of 5-azacytidine.

[0043] FIG. 5 represents a DSC plot of 5-azacytidine.

[6044] FIG. 6 represents an XRPD pattern of S-azacytidine.

[0045] FIG. 7 represents an IR spectrum of a 5-azacytidine mono-hydrochloride salt.
[0046] FIG. 8 represents a DSC plot of the a 5-azacytidine mono-hydrochloride salt.

-10-
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[0047) FIG. 9 represents an XRPD pattern of a S-azacytidine mono-hydrochloride
salt,

[0048] FIG. 10 represents an XRPD pattern of a 5-azacytidine mono-hydrochloride
salt,

[0049] FIG. 11 represents an IR spectrum of a methanol solvate of 5-azacytidine
hemisulfate salt.

[0650} F1G. 12 represents a DSC plot of a methanol solvate of 5-azacytidine
hemisulfate salt.

{6651} F1G. 13 represents an XRPD pattern of a methanol solvate of 5-azacytidine
hemisulfate salt.

[0052] FIG. 14 represents an IR spectrum of a methano! solvate of 5-azacytidine
mesylate salt.

[0053] FIG. 15 represents a DSC plot of a methanol solvate of 5-azacytidine mesylate
salt,

[0054] FIG. 16 represents an XRPD pattern of a methanol solvate of 5-azacytidine
mesylate salt.

[0055] FIG. 17 represents an IR spectrum of a 5-azacytidine hydrobromide salt.
[0056] FIG. 18 reprosents a DSC plot of a 5-azacytidine hydrobromide salt.

[0057] FIG. 19 represents an XRPD pattern of a S~azacytidine hydrobromide salt.
[G038] FIG. 20 represents an IR spectrum of 2°,3°,5 -triacetyl-5-azacytidine.

V. DETAILED DESCRIPTION

[0G59] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as those commonly understood by one of ordinary skill in the art. All
publications and patents referred to herein are incorporated by reference herein in their
entireties.

A. Definitions
{0060] As used herein, and unless otherwise specified, the term “alkyl” refers to a
linear or branched saturated monovalent hydrocarbon radical, wherein the alkyl may
optionally be substituted with one or more substituents. The term “alkyl” also
- encompasses both linear and branched alkyl, unless otherwise specified. In certain
embodiments, the alkyl is a linear saturated monovalent hydrocarbon radical that has 1 to
20 (Crao), 110 15 (Cras), 1 to 12 (Ciugy), 1o 10 (Ciag), or 1 to 6 (Cy.6) carbon atoms, or

=11~
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branched saturated monovalent hydrocarbon radical of 3 to 20 (Cs.ap), 310 15 (Csa5), 3 to
12 (Cs.12), 310 10 (Csqp), or 3 10 6 (Cs.4) carbon atoms. As used herein, linear Ci¢ and
branched Cs. alkyl groups are also referred as “lower alkyl.” Examples of alkyl groups
include, but are not limited to, methyl, ethyl, propyl (including all isomeric forms),
n-propyl, i-propyl, butyl (including all isomeric forms), n-butyl, i-butyl, z-butyl, pentyl
(including all isomeric forms), and hexyl (including all isomeric forms). For example,
C1 alkyl refers to a linear saturated monovalent hydrocarbon radical of 1 1o 6 carbon
atoms or a branched saturated monovalent hydrocarbon radical of 3 to 6 carbon atoms.
[0061] As used herein, and unless otherwise specified, the term “cycloalkyl” refers to
a cyclic saturated bridged and/or non-bridged monovalent hydrocarbon radical, which may
be optionally substituted one or more substituents as described herein. In certain
embodiments, the cycloalkyl has from 3 to 20 {Cs.ag), from 3 10 15 (Cs.15), from 3 to 12
(Cs12), from 3 to 10 (Cs.p), or from 3 to 7 (Cs.7) carbon atoms. Examples of cycloalkyl
groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, decalinyl, and adamantyl,

10062] As used heren, and unless otherwise specified, the term “aryl” refers to a
monocyclic aromatic group and/or multicyclic monovalent aromatic group that contain at
least one aromatic hydrocarbon ring. In certain embodiments, the aryl has from 6 to 20
{Ceo20), from 6 to 15 (Cy.15), or from 6 10 10 (Ce.1p) ring atoms. Examples of aryl groups
include, but are not limited to, phenyl, naphthyl, fluorenyl, azulenyl, anthryl, phenanthryl,
pyrenyl, biphenyl, and terphenyl. Aryl also refers to bicyclic or tricyclic carbon rings,
where one of the rings is aromatic and the others of which may be saturated, partially
unsaturated, or aromatic, for example, dihydronaphthyl, indenyl, indanyl, or
tetrahydronaphthyl (tetralinyl). In certain embodiments, aryl may also be optionaily
substituted with one or more substituents,

16063] As used herein, and unless otherwise specified, the term “halo,” “halogen,” or
“halide” refers to fluorine, chlorine, bromine, and/or iodine.

[6064] As used herein, and unless otherwise specified, the term “hydrogen”
encompasses proton (‘H), deuterium (*H), tritium (*H), and/or mixtures thereof,

[0065] Asg used herein, and unless otherwise specified, the term “optionall
substituted” is intended to mean that a group, such as an allyl, alkenyl, alkynyl,
cycloalkyl, aryl, aralkyl, heteroaryl, or heterocyclyl, may be substituted with one or more
substituents independently selected from, e.g., (a) Ci alkyl, Cog alkenyl, Cog alkynyl, Cs.
7 eycloalkyl, Ce.14 aryl, C7.15 aralkyl, heteroaryl, and heterocyclyl, each optionally
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substituted with one or more (in specific embodiments, one, two, three, or four)
substituents Q'; and (b) halo, cyano (~CN), nitro (-NO,), ~C(O)R?, —-C(O)OR?,
~C(O)NRR®, -C(NR*INR"R®, ~OR?, —~OC(O)R?, ~OC(OYOR?, -OC(OINRRE,
—OCENRYHNRRE, ~OS(O)R?, ~OS(ORR?, —~OS(OINRPRY, ~OS(0)LNR"R’, -NRR,
“NR*C(OIRE, -NR'C(OYOR?, ~NR*C(O)NRRY, -NR*C(=NRYNRR’, -NR*S(O)R",
~NR®S(O}RY, -NR*S(O)NR RS, -NR*S(0)1NRR?, —-SR?, -S(O)R?, -S(O)R?,
—S(ONRR®, and ~S(O)NRPR, wherein each R?, RY, R®, and R® is independently (i)
hydrogen; (ii) Cy. alkyl, Ca. alkenyl, Co.q alkynyl, Cs7 cycloalkyl, Ce.4 aryl, Cras
aralkyl, heteroaryl, or heterocyclyl, each optionally substituted with one or more (in
specific embodiments, one, two, three, or four) substituents Q'; or (iii} R® and R® together
with the N atom to which they are attached form heteroaryl or heterocyclyl, optionally
substituted with one or more (in specific embodiments, one, two, three, or four)
substituents Q1. As used herein, all groups that can be substituted are “optionally
substituted,” unless otherwise specified.

|6066] In specific embodiments, each Q' is independently selected from the group
consisting of (a) cyano, halo, and nitro; and (b) Ci.s alkyl, Cy alkenyl, Co¢ alkynyl, Cay
cycloalkyl, Ce.14 aryl, Co.y5 aralkyl, heteroaryl, and heterocyclyl; and (¢) ~C{O)R",
~C(OYORS, —C(OINRRE, —C(NRYNR'RE, —OR®, —OC(O)RE, ~OC(O)OR’,
~OC(OYNR'RE, ~OC(=NR )NR'RE, ~O8(O)R?, ~OS(0O}R°, ~OS(O)NR'RE,
~OS(O)NRRE, ~NR'RE, -~NR*C(O)R", -=NR°C(O)OR®, -NR°C(O)NRR,
~NRC(=NRHNR'RE, -NR°S(O)R”, -NR°S(O),R", -NR*S(O)NRRE, -NR°S(O),NR'R?,
~SR®, —S(O)R%, —S(O}R®, ~S(OINR'RE, and —S(O),NR'RE wherein each R®, R, R?, and
R” is independently (i) hydrogen; (i) C1. alkyl, Ca alkenyl, Cag alkynyl, C.7 cycloalkyl,
Ce-14 aryl, C7.15 aralkyl, heteroaryl, or heterocyelyl; or (iit) Rfand R® together with the N
atom to which they are attached form heteroaryl or heterocyclyl.

100671 As used herein, and unless otherwise specified, the term “alkenyl” refers to a
linear or branched monovalent hydrocarbon radical, which contains one or more (in
specific embodiments, one to five) carbon-carbon double bonds. The alkenyl may be
optionally substituted with one or more substituents. The term “alkenyl” also
encompasses radicals having “cis” and “frans™ configurations, or alternatively, “£” and
“Z” configurations, as appreciated by those of ordinary skill in the art. As used herein, the
term “alkenyl” encompasses both linear and branched alkenyl, unless otherwise specified.
For example, Cy.¢ alkenyl refers to a linear unsaturated monovalent hydrocarbon radical of

2 to 6 carbon atoms or a branched unsaturated monovalent hydrocarbon radical of 3 to 6
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carbon atoms. In certain embodiments, the alkenyl is a linear monovalent hydrocarbon
radical of 2 to 20 {Caap), 2 10 15 (Cauis), 2 t0 12 (Coa2), 2 10 10 (Coye), or 2 t0 6 (Cog)
carbon atoms, or a branched monovalent hydrocarbon radical of 3 to 20 (Cs.p), 3 10 15
(Csas), 310 12 (Cso10), 3 to 10 (Cs.10), 0r 3 10 6 (Cy.6) carbon atoms. Examples of alkenyl
groups include, but are not limited to, ethenyl, propen-1-yl, propen-2-yl, allyl, butenyl, and
4-methylbutenyl.

[0068] As used herein, and unless otherwise specified, the term “alkynyl” refersto a
linear or branched monovalent hydrocarbon radical, which contains one or more (in
specific embodiments, one to five) carbon-carbon triple bonds. The alkynyl may be
optionally substituted one or more substituents. The term “alkynyl” also encompasses
both linear and branched alkynyl, unless otherwise specified. In certain embodiments, the
alkynyl is a linear monovalent hydrocarbon radical of 2 to 20 (Cz.20), 2 to 15 (Caas), 2 10
12 (Ca12), 2 t0 10 (Capp), 01 2 10 6 (Cy6) carbon atoms, or a branched monovalent
hydrocarbon radical of 3 10 20 (Caap), 3 to 15 (Csas), 3 t0 12 (Csn), 310 10 (Csupg), or 3 t0
6 (Cs.6) carbon atoms. Examples of alkynyl groups include, but are not limited to, ethynyl
(—C=CH) and propargy! (-CH,C=CH). For example, Cy¢ alkynyl refers to a linear
unsaturated monovalent hydrocarbon radical of 2 to 6 carbon atoms or a branched
unsaturated monovalent hydrocarbon radical of 3 to 6 carbon atoms.

[0069] As used herein, and unless otherwise specified, the term “arylalkyl” or
“arallyl” refers to a monovalent alkyl group substituted with aryl. In certain
embodiments, both alkyl and aryl may be optionally substituted with one or more
substituents.

[00670] As used herein, and unless otherwise specified, the term “heteroaryl” refersto a
monocyclic aromatic group and/or multicyclic aromatic group that contain at least one
aromatic ring, wherein at least one aromatic ring contains one or more heteroatoms
independently selected from O, S, and N. Fach ring of a heteroaryl group can contain one
or two O atoms, one or two § atoms, and/or one to four N atoms, provided that the total
number of heteroatoms in each ring is four or less and each ring contains at Jeast one
carbon atom. In certain embodiments, the heteroaryl has from 5 to 20, from 5 to 15, or
from 5 to 10 ring atoms. Examples of monocyclic heteroaryl groups include, but are not
limited to, furanyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl,
pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, thiadiaiolyl, thiazolyl, thienyl,
tetrazolyl, triazinyl, and triazolyl. Examples of bicyclic heteroaryl groups include, but are

not limited to, benzofuranyl, benzimidazolyl, benzoisoxazolyl, benzopyranyl,
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benzothiadiazolyl, benzothiazolyl, benzothiophenyl, benzotriazolyl, benzoxazolyl,
furopyridyl, imidazopyridinyl, imidazothiazolyl, indolizinyl, indolyl, indazolyl,
isobenzofuranyl, isobenzothienyl, isoindolyl, isoquinolinyl, isothiazolyl, naphthyridinyl,
oxazolopyridinyl, phthalazinyl, pteridinyl, purinyl, pyridopyridyl, pyrrolopyridyl,
quinolinyl, quinoxalinyl, quinazolinyl, thiadiazolopyrimidyl, and thienopyridyl. Examples
of tricyclic heteroaryl groups include, but are not limited to, acridinyl, benzindolyl,
carbazolyl, dibenzofuranyl, perimidinyl, phenanthrolinyl, phenanthridinyl, phenarsazinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, and xanthenyl. In certain embodiments,
heteroaryl groups may be optionally substituted with one or more substituents.

[0071] As used herein, and unless otherwise specified, the term “heterocycloalkyl,”
“heterocyclyl,” or “heterocyclic” refers to a monocyclic non-aromatic ring system and/or
multicyclic ring system that contains at least one non-aromatic ring, wherein one or more
of the non-aromatic ring atoms are heteroatoms independently selected from O, S, or N;
and the remaining ring atoms are carbon atoms. In certain embodiments, the heterocyclyl
or heterocyclic group has from 3 to 20, from 3 to 15, from 3 to 10, from 3 to 8, from 4 to
7, or from 5 to 6 ring atoms. In certain embodiments, the heterocyclyl is a monocyclic,
bicyclic, tricyclic, or tetracyclic ring system, which may include a fused or bridged ring
gystem, and in which the nitrogen or sulfur atoms may be optionally oxidized, the nifrogen
atoms may be optionally quaternized, and some rings may be partially or fully saturated,
or aromatic. The heterocycliyl may be attached to the main structure at any heteroatom or
carbon atom which results in the creation of a stable compound. Examples of such
heterocyclic radicals include, but are not limited to, azepinyl, benzodioxanyl,
benzodioxolyi, benzofuranonyl, benzopyranonyl, benzopyranyl, benzotetrahydrofuranyl,
benzotetrahydrothienyl, benzothiopyranyl, benzoxazinyl, B-carbolinyl, chromanyl,
chromonyl, cinnolinyl, coumarinyl, decahydroisoquinolinyl, dihydrobenzisothiazinyl,
dihydrobenzisoxazinyl, dihydrofuryl, dihydroisoindolyl, dihydropyranyl,
dihydropyrazolyl, dihydropyrazinyl, dihydropyridinyl, dihydropyrimidinyl,
dihydropyrrolyl, dioxolanyl, 1,4-dithianyl, furanonyl, imidazolidinyl, imidazolinyl,
indolinyl, isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl, isochromanyl,
isocoumarinyl, isomdolinyl, 1sothiazolidinyl, isoxazolidinyl, morpholinyl,
octahydroindolyl, octahydroisoindolyl, oxazolidinonyl, oxazolidinyl, oxiranyl, piperazinyl,
piperidinyl, 4-piperidonyl, pyrazolidinyl, pyrazolinyl, pyrrolidinyl, pyrrolinyl,
quinuclidinyl, tetrahydrofuryl, tetrahydroisoquinolinyl, tetrahydropyranyl,
tetrahydrothienyl, thiamorpholinyl, thiazolidinyl, tetrahydroquinolinyl, and 1,3,5-
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trithianyl. In certain embodiments, heterocyclic may be optionally substituted with one or
more substituents.

[0G72] As used herein, and unless otherwise specified, the term “methylene” refers to
a divalent ~-CHy— group.

(0073} As used herein, and unless otherwise specified, the term “carbonyl” refers to a
divaient —~C(=0)- group.

[0074] As used herein, and unless otherwise specified, the term “heteroalkyl” or
“heteroalkyl group” refers to a univalent group derived from an alkyl group, where at least
one methylene group is replaced by a heteroatom or a hetero-group such as O, S, or NR,
where R is H or an organic group.

[6075] As used herein, and unless otherwise specified, the term “organic group” refers
to a group containing at least one carbon atom. Examples of the organic group include,
but are not limited to, alkyl, alkenyl, alkynyl, carboxyl, acyl, cycloalkyl, aryl, heteroaryl,
heteroalkyl, and heterocycloaikyl.

[6076] As used herein, and unless otherwise specified, the term “alkoxy” or “alkoxy
group” refers to an alkyl group that is linked to another group via an oxygen atom (i.e.,
~O-alkyl). An alkoxy group can be unsubstituted or substituted with one or more suitable
substituents. Examples of alkoxy groups include, but are not limited to, (C1—Ce)alkoxy
groups, such as ~O-methyl, ~O-ethyl, ~O-propyl, ~O-isopropyl, —O-2-methyl-1-propyl,
~0--2-methyl-2—propyl, ~0-2-methyl-1-butyl, ~O-3-methyl-1-butyl, -O-2-methyl-3-
butyl, —0-2,2~dimethyl-1-propyl, ~-O-2-methyl-1-pentyl, ~O-3-methyl-1--pentyl, —O-
4-methyl-1-pentyl, —-O-2-methyl-2-pentyl, ~O-3-methyl-2-pentyl, -O—4-methyl-2-
pentyl, -0-2,2~dimethyl-1-butyl, -0-3,3—dimethyl-1-butyl, -O-2—ethyl-1-butyl, ~O-
butyl, ~O-isobutyl, —-O-ibutyl, -O-pentyl, ~O-isopentyl, -C-neopentyl, and ~O-hexyl.
An alkoxy group can be unsubstituted or substituted with one or two suitable substituents.
In some embodiments, the alkyl chain of an alkyloxy group is straight or branched, and
has from ] to 8 carbon atoms, referred to herein as “(C)-Cglalkoxy”.

10077] As used herein, and unless otherwise specified, the term “aryloxy” or “aryloxy
group” refers to an O-aryl group, wherein aryl is as defined herein elsewhere. An aryloxy
group can be unsubstituted or substituted with one or two suitable substituents. In some
embodiments, the aryl ring of an aryloxy group is a monocyclic ring, wherein the ring
comprises 6 carbon atoms, referred to herein as “(Celaryloxy.”

16678] As used herein, and unless otherwise specified, the term “alkoxycarbonyl” or

“alkoxycarbonyl group” refers to a monovalent group of the formula ~C(=0)-alkoxy. In
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some embodiments, the hydrocarbon chain of an alkoxycarbonyl group is straight or
branched, and has from 1 to 8 carbon atoms, referred to herein as a “lower
alkoxycarbonyl!” group.

[6679] As used herein, and unless otherwise specified, the term “alkylsulfanyl” or
“alkylsulfanyl group” refers to a monovalent group of the formula —S—alkyl. In some
embodiments, the hydrocarbon chain of an alkylsulfanyl group is straight or branched, and
has from | to 8 carbon atoms, referred to herein as a “lower alkylsulfanyl” group.

[0080] As used herein, and unless otherwise specified, the term “acyloxy™ or “acyloxy
group” refers to a monovalent group of the formula ~O-C(=0)-alkyl or -O-C{=0}-aryl,
wherein alkyl and aryl are as defined herein elsewhere.

[0081] As used herein, and unless otherwise specified, the term “acyl” or “acyi group”
refers to 2 monovalent group of the formela ~C(=0)H, ~C(=0}-alkyl, or -C(=0O)-aryl,
wherein alkyl and ary! are as defined herein elsewhere.

10082] When a compound provided herein contains one or more acidic or basic
moieties, the compound may exist as a salt. As used herein, and unless otherwise
specified, the term “salt” or “salts™ of a compound refers to salt(s) of a compound having
basic or acidic groups, and the salts are prepared {rom the compound and one or more
acids, including inorganic acids and organic acids; or one or more bases, including
inorganic bases and organic bases. In certain embodiments, the compounds provided
herein are basic in nature and are capable of forming a wide variety of salts with various
inorganic or organic acids. The acids that may be used to prepare salts of such basic
compounds are described herein elsewhere. In certain embodiments, the compounds
provided herein are acidic in nature and are capable of forming a wide variety of salts with
various inorganic or organic bases. Non-limiting examples of such salts with inorganic
bases include alkali metal or alkaline earth metal salts. In certain embodiments, the salt of
a compound provided herein comprises one or more acidic or basic counter-ions,
including, but not limited to: acetate, ascorbate, benzenesulfonate, benzoate, bicarbonate,
bitartrate, bromide, calcium edetate, camsylate, carbonate, chloride, iodide, citrate,
dihydrochloride, cdetate, edisylate, cstolate, esylate, fumarate, gluceptate, gluconate,
glutamate, gtycollylarsanilate, hexylresorcinate, hydrabamine, hydroxynaphthoate,
isethionate, lactate, lactobionate, malate, maleate, malonate, mandelate, mesylate,
methanesulfonate, muscate, napsylate, nitrate, oxalate, panthothenate, phosphate,
diphosphate, polygalacturonate, salicylate, stearate, succinate, sulfate, bisulfate,

hemisulfate, sulfite, tannate, tartrate, teoclate, triethiodide, and/or pamoate, and the like; or
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lithium, sodium, potassium, magnesium, calcium, zine, iron, and/or ammonium ions, and
the like; or N,N-dicyclohexylmethyl amine, diisopropylamine, diisopropylethyl amine,
ethanolamine, 2,6-lutidine, N-methylmorpholine, pyridine, and/or triethylamine, and the
like; or amino acids, and/or protected amino acids, and the like.

[6083] When a compound provided herein contains an acidic or basic moiety, it may
also be provided as a pharmaceutically acceptable salt (See, e.g., “Handbook of
Pharmaceutical Salts, Properties, and Use,” Stah! and Wermuth, Ed.; Wiley-VCH and
VHCA, Zurich, 2002). As used herein, and uniess otherwise specified, the term
“pharmaccutically acceptable salts” refers to salts prepared from pharmaceutically
acceptable non-toxic acids, including morganic acids and organic acids, or
pharmaceutically acceptabie non-toxic bases, including inorganic bases and organic bases.
[0084] Suitable acids for use in the preparation of “salts” or “pharmaceutically
acceptable salts” include, but are not limited to, acetic, 2,2-dichloroacetic, acylated amino,
adipic, alginic, anthranilic, ascorbic, aspartic, L-aspartic, D-aspartic, benzenesulfonic,
benzoic, 4-acetamidobenzoic, boric, camphoric, (+)-camphoric, (-)}-camphoric,
camphorsulfonic, (1R)-(-)-10-camphorsulfonic, (18)-(+)-10-camphorsulfonic, capric,
caproic, caprylic, cinnamic, citric, cyclamic, cyclohexanesulfamic, dodecylsulfuric,
ethane-1,2-disulfonic, ethenesulfonic, 2-hydroxy-cthanesulfonic, formic, fumaric, furoic,
galactaric, galacturonic, gentistic, glucarenic, glucoheptonic, gliconic, D-gluconic, L~
gluconic, glucuronic, D-glucuronic, L-glucuronic, glutamic, D-glutamic, L-glutamic,
glutaric, oxoglutaric, a-oxoglutaric, B-oxoglutaric, glycolic, glycidic, hippuric,
hydrobromic, hydrochloric, hydroiodic, isethionic, lactic, D-lactic, L-lactic, lactobionic,
lauric, maleic, malic, D-malic, L-malic, malonic, mandelic, (+)}-mandelic, {-}-mandelic,
methanesuifonic, mucic, naphthalene-2-sulfonic, naphthalene-1,5-disulfonic, 1-hydroxy-2-
naphthoic, nicotinic, nitric, oleic, orotic, oxalic, palmitic, pamoic, pantothenic, perchioric,
phenylacetic, phosphoric, propionic, pyroglutamic, L-pyroglutamic, D-pyroglutamic,
saccharic, salicylic, 4-amino-salicylic, sebacic, stearie, succinic, sulfanilic, sulfuric, tannic,
tartaric, D-tartaric, L-tartaric, thiocyanic, p-toluenesulfonic, trifluoroacetic,
trifluoromethanssulfonic, undecylenic, and valeric acid. In onc embodiment, the salt or
pharmaceutically acceptable salt is formed from hydrochloric acid. In one embodiment,
the salt or pharmaccutically acceptable salt is formed from sulfuric acid. In one
embodiment, the salt or pharmaceutically acceptable sait is formed from methanesulfonic

acid. In one embodiment, the salt or pharmaceutically acceptable salt is formed from
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hydrobromic acid. In one embodiment, the salt or pharmaceutically acceptable salt is
formed from acetic acid.

{6085} Suitable bases for use in the preparation of “salts™ or “pharmaceutically
acceptable salts”, including, but not limited to, inorganic bases, such as magnesium
hydroxide, calcium hydroxide, potassium hydroxide, zinc hydroxide, lithium hydroxide, or
sodium hydroxide; and organic bases, such as primary, secondary, tertiary, and quaternary,
aliphatic and aromatic amines, including L-arginine, benethamine, benzathine, choline,
deanol, N,N-dicyclohexylmethyl amine, diethanolamine, diethylamine, dimethylamine,
dipropylamine, diisopropylamine, diisopropylethyl amine, 2-(dicthylamino)-ethanol,
ethanolamine, ethylamine, ethylenediamine, isopropylamine, N-methyl-glucamine,
hydrabamine, 1 H-imidazole, L-lysine, 2,6-lutidine, morpholine, N-methyl-morpholine, 4-
(2-hydroxyethyl)-morpholine, methylamine, piperidine, piperazine, propylamine,
pyrrolidine, 1-(2-hydroxyethyl)-pyrrolidine, pyridine, quinuclidine, quinoline,
isoguinoline, tricthanolamine, trimethylamine, triethylamine, N-methyl-D-glucamine, 2-
amino-2-{hydroxymethyl)-1,3-propanediol, and tromethamine.

11

{0086] In one embodiment, “salt,” “salts” or “pharmaceutically acceptable sall” of 5-
azacytidine refers to acid addition sali(s) of 5-azacytidine, derived from inorganic acids
and/or organic acids, as described herein elsewhere. In some embodiments, the sali is
formed from hydrochloric, hydrobromic, boric, phosphoric, or sulfuric acid. In one
embodiment, the salt is formed from hydrochloric acid. In one embodiment, the salt is
formed from sulfuric acid. In one embodiment, the salt is formed from methanesulfonic
acid. In some embodiments, the salt is formed from acetic, citric, fumaric, maleic, malic,
malonic, oxalic, succinic, tartaric, p~toluenesulfonic, trifluoromethanesulfonic, or
trifluoroacetic acid.

[0087] As used herein, and unless otherwise specified, the term “solvate” refers to a
compound provided herein or a salt thereof, which further includes a stoichiometric or
non-stoichiometric amount of solvent bound by non-covalent intermolecular forces.
Where the solvent is water, the solvate is a hydrate (e.g., mono-hydrate, dihydrate,
trihydrate, tetrahydrate, and the like).

[6088] As used herein, and unless otherwise indicated, the term “polymorph” refers to
a solid crystalline form of a compound provided herein or a salt or complex thereof.
Different polymorphs of the same compound can exhibit different physical, chemical,

biological, and/or spectroscopic properties, among others.
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[0089] Ag used herein, and unless otherwise specified, the term “stereoisomer”
encompasscs all enantiomerically/stereomerically pure and enantiomerically/
stereomerically enriched compounds provided herein.

[0090] As used herein and unless otherwise specified, the term “stercomerically pure”
means a composition that comprises one stercoisomer of a compound and is substantially
free of other stersoisomers of that compound. For example, a stereomerically pure
composition of a compound having one chiral center will be substantially free of the
opposite enantiomer of the compound. A stereomerically pure composition of a
compound having two chiral centers will be substantially free of other diastereomers of the
compound. A typical stereomerically pure compound comprises greater than about 30%
by weight of one stereoisomer of the conypound and less than about 20% by weight of
other stereoisomers of the compound, greater than about 90% by weight of one
stereoisomer of the compound and less than about 10% by weight of the other
stereoisomers of the compound, greater than about 95% by weight of one stereoisomer of
the compound and less than about 5% by weight of the other stereoisomers of the
compound, greater than about 97% by weight of one stereoisomer of the compound and
less than about 3% by weight of the other stereoisomers of the compound, or greater than
about 99% by weight of one stereoisomer of the compound and less than about 1% by
weight of the other stereoisomers of the compound.

10091] As used herein and unless otherwise indicated, the term “stereomerically
enriched” means a composition that comprises greater than about 55% by weight of one
stereoisomer of a compound, greater than about 60% by weight of one stereoisomer of a
compound, greater than about 70% by weight, or greater than about 80% by weight of one
stereoisomer of a compound.

14092] As used herein, and unless otherwise indicated, the term “enantiomerically
pure” means a stereomerically pure composition of a compound having one chiral center,
Similarly, the term “enantiomerically enriched” means a stercomerically enriched
composition of a compound having one chiral center.

10093] In certain embodiments, as used herein, and unless otherwise specified,
“optically active” and “enantiomerically active” refer to a collection of molecules, which
has an enantiomeric excess of no less than about 50%, no less than about 70%, no less
than about §0%, no less than about 90%, no less than about 91%, no less than about 92%,
no less than about 93%, no less than about 94%, no less than about 95%, no less than

about 96%, no less than about 97%, no less than about 98%, no less than about 99%, no
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less than about 99.5%, or no less than about 99.8%. In certain embodiments, the
compound comprises about 95% or more of the desired enantiomer and about 5% or less
of the less preferred enantiomer based on the {otal weight of the racemate in question.
[0094] As used herein, and unless otherwise specified, the term “racemic™ or
“racemate” refers to about 50% of one enantiomer and about 50% of the corresponding
enantiomer relative to all chiral centers in the molecule.

[06095] In describing an optically active compound, the prefixes R and 5 are used to
denote the absolute configuration of the molecule about its chiral center(s). The (+) and
() are uscd to denote the optical rotation of the compound, that is, the direction in which a
plane of polarized light is rotated by the optically active compound. The (~) prefix
indicates that the compound is levorotatory, that is, the compound rotates the plane of
polarized light to the left or counterclockwise. The (+) prefix indicates that the compound
is dextrorotatory, that is, the compound rotates the plane of polarized light to the right or
clockwise. However, the sign of optical rotation, {(+) and (-), is not related to the absolute
configuration of the molecule, R and S.

6096} Unless otherwise specified, the compounds provided herein may be
enantiomerically pure, such as a single enantiomer or a single diastereomer, or be
stereoisomeric mixtures, such as a mixture of enantiomers, e.g., a racemic mixture of two
enantiomers; or a mixture of two or more diastercomers. Conventional techniques for the
preparation/isolation of individual enantiomers include synthesis from a suitable optically
pure precursor, asytmetric synthesis from achiral starting materials, or resolution of an
enantiomeric mixture, for example, chiral chromatography, recrystaliization, resolution,
diastereomeric salt formation, or derivatization into diastereomeric adducts followed by
separation.

{6097} It should be noted that where structural isomers are inter-convertible, the
compound provided herein may exist as a single tautomer or a mixture of tautomers. This
can take the form of proton tautomerism in the compound that contains, for example, an
imino, keto, or oxime group; or so-called valence tautomerism in the compound that
contain an aromatic moiety. It follows that a single compound may exhibit more than one
type of isomerism.

[0098] As used herein, and unless otherwise indicated, the term “about” or
“gpproximately’” means an acceptable error for a particular value as determined by one of
ordinary skill in the art, which depends in part on how the value is measured or

determined. In certain embodiments, the term “about” or “approximately” means within
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1,2, 3, or 4 standard deviations. In certain embodiments, the term “about” or
“approximately” means within 50%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1%, 0.5%, or 0.05% of a given value or range.

10059} As used herein, and unless otherwise specified, a composition that is
“substantially free” of a compound means that the composition contains less than about
20% by weight, less than about 10% by weight, iess than about 5% by weight, less than
about 3% by weight, less than about 1% by weight, less than about 0.1% by weight, less
than about 0.01% by weight, less than about 0.001% by weight, or less than about
.0001% by weight of the compound.

[00160]  Asused herein, and unless otherwise specified, a composition that is
“substantially pure” means that the composition has a purity level of greater than about
80% by weight, greater than about 90% by weight, greater than about 95% by weight,
greater than about 97% by weight, greater than about 99% by weight, greater than about
99.5% by weight, greater than about 99.9% by weight, greater than about 99,.95% by
weight, greater than about 99.99% by weight, greater than about 99.995% by weight,
greater than about 99.999% by weight, greater than about 99.9993% by weight, or greater
than about 99.9999% by weight.

{00101]  As used herein, and unless otherwise specified, the term “pharmaceutically

kLR el

acceptable carmier,” “pharmaceutically acceptable excipient,” “physiologically acceptable
carrier,” or “physiologically acceptable excipient” refers to a pharmaceutically acceptable
material, composition, or vehicle, such as a liquid or solid filler, diluent, solvent, or
encapsulating material. In one embodiment, each component is “pharmaceuticalty
acceptable” in the sense of being compatible with the other ingredients of a
pharmaceutical formulation, and suitable for use in contact with the tissue or organ of
humans and animals without excessive toxicity, irritation, allergic response,
immunogenicity, or other problems or complications, commensurate with a reasonable
benefit/risk ratio. See, Remington: The Science and Practice of Pharmacy, 21st Edition,
Lippincott Williams & Wilkins (2005); Handbook of Pharmaceutical Excipients, 5th
Edition, Rowe et al., eds., The Pharmaceutical Press and the American Pharmaceutical
Assoctation (2005); and Handbook of Pharmaceutical Additives, 3rd Edition, Ash & Ash
eds., Gower Publishing Company (2007); Pharmaceutical Preformudation and
Formulation, 2nd Edition, Gibson ed., CRC Press (2009).

[00102]  As used herein, and unless otherwise specified, the terms “active ingredient,”

“active substance,” or “active pharmaceutical ingredient” refers to a compound or a
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substance, which is administered, alone or in combination with other pharmaceutically
active compound(s), and/or one or more pharmaceutically acceptable excipients, to a
subject for treating, preventing, and/or ameliorating one or more symptoms of a condition,

kBN

disorder, or discase. As used herein, “active ingredient,” “active substance,” and “active
pharmaceutical ingredient” may be a pharmaceutically acceptable salt, solvate, hydrate,
polymorph, or optically active isomer of a compound described herein.

[0010G3]  As used herein, and unless otherwise specified, the terms “drug”™ and
“therapeutic agent” refer to a compound, or a pharmaceutical composition thereof, which
is administered to a subject for treating, preventing, managing, and/or ameliorating one or
more symptoms of a condition, disorder, or disease.

7?40

[00104] As used herein, and uniess otherwise indicated, the terms “treat,” “treating™
and “treatment” refer o the eradication or amelioration of a disease or disorder, or of one
or more symptoms associated with the disease or disorder. In certain embodiments, the
terms refer to minimizing the spread or worsening of the disease or disorder resulting from
the administration of one or more prophylactic or therapeutic agents to a subject with such
a disease or disorder. In some embodiments, the terms refer to the administration of a
compound provided herein, with or without other additional active agent, afier the onset of
symptoms of the particular disease.

[00165] As used herein, and unless otherwise indicated, the terms “prevent,”
“preventing” and “prevention” refer to the prevention of the onset, recurrence or spread of
a disease or disorder, or of one or more symptoms thereof. In certain embodiments, the
terms refer to the treatment with or administration of 2 compound provided herein, with or
without other additional active compound, prior to the onset of symptoms, particularly to
patients at risk of disease or disorders provided herein. The terms encompass the
inhibition: or reduction of a symptom of the particular disease. Patients with familial
history of a disease in particular are candidates for preventive regimens in certain
embodiments. In addition, patients who have a history of recurring symptoms are also
potential candidates for the prevention. In this regard, the term “prevention” may be
interchangeably used with the term “prophylactic treatment.”

[60106]  As used herein, and unless otherwise specified, the terms “manage,”
“managing,” and “management” refer to preventing or slowing the progression, spread or
worsening of a discase or disorder, or of one or more symptoms thereof. Often, the
beneficial effects that a subject derives from a prophylactic and/or therapeutic agent do not

result in a cure of the disease or disorder. In this regard, the term “managing”
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encompasses ireating a patient who had suffered from the particular disease in an attempt
to prevent or minimize the recurrence of the disease.

[00107]  As used herein, and unless otherwise specified, the term “subject” is defined
herein to include animals such as mammals, including, but not limited to, primates (e.g.,
humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice, and the like. In
specific emtbodiments, the subject is a human.

[06108] Unless otherwise specified, the compound provided herein may be provided as
a prodrug, which is a functional derivative of the compound, for example, 5-azacytidine,
and is readily convertible into the parent compound in vivo. Prodrugs are ofien useful
because, in some situations, they may be easier to administer than the parent compound.
They may, for instance, be bioavailable by oral administration whereas the parent
compound is not. The prodrug may also have enhanced solubility in pharmaceutical
compositions over the parent compound. A prodrug may be converted into the parent drug
by various mechanisms, including enzymatic processes and metabolic hydrolysis. See
Prodrugs: Challenges and Rewards, Valentino J. Stella ef al., eds., Springer Press, 2007;
Harper, Progress in Drug Research, 1962, 4, 221-294; Morozowich ef al. in “Design of
Biopharmaceutical Properties through Prodrugs and Analogs,” Roche ed., APHA Acad.
Pharm. Sci., 1977; “Bioreversible Carriers in Drug in Drug Design, Theory and
Application,” Roche ed., APHA Acad. Pharm. Sci., 1987; “Design of Prodrugs,”
Bundgaard, Elsevier, 1985; Wang et al., Curr. Pharm. Design, 1999, 5, 265-287; Pauletti
et al., Adv. Drug. Delivery Rev., 1997, 27, 235-256; Mizen et al., Pharm. Biotech., 1998,
11, 345-365; Gaignault et al., Pract. Med. Chem., 1996, 671-696; Asgharmejad in
“Transport Processes in Pharmaceutical Systems,” Amidon et al., ed., Marcell Dekker,
185-218, 2000; Balant et al., Eur. J. Drug Metab. Pharmacokinet., 1990, 15, 143-53;
Balimane and Sinko, Adv. Drug Delivery Rev., 1999, 39, 183-20%; Browne, Clin.
Newropharmacol., 1997, 20, 1-12; Bundgaard, Arch. Pharm. Chem., 1979, 86, 1-39;
Bundgaard, Controlled Drug Delivery, 1987, 17, 179-96; Bundgaard, Adv. Drug Delivery
Rev., 1992, 8, 1-38; Fleisher er al., Adv. Drug Delivery Rev., 1996, 19, 115-130; Fleisher
et al., Methods Enzymol., 1985, 112, 360-381; Farquhar ef al., J. Pharm. Sci., 1983, 72,
324-325; Freeman et al., J. Chem. Soc., Chem. Commun., 1991, 875-877; Friis and
Bundgaard, Eur. J. Pharm. Sci., 1996, 4, 49-59; Gangwar ef al., Des. Biopharm. Prop.
Prodrugs Analogs, 1977, 409-421; Nathwani and Wood, Drugs, 1993, 45, 866-94;
Sinhababu and Thakker, Adv. Drug Delivery Rev., 1996, 19, 241-273; Stella et al., Drugs,
1985, 29, 455-73; Tan et al., Adv. Drug Delivery Rev., 1999, 39, 117-151; Taylor, Adv.

4.



WO 2012/135405 PCT/US20612/631059

Drug Delivery Rev., 1996, 19, 131-148; Valentino and Borchardt, Drug Discovery Today,
1997, 2, 148-155; Wiebe and Knaus, Adv. Drug Delivery Rev., 1999, 39, 63-80; and
Waller er al., Br. J. Clin. Pharmac., 1989, 28, 497-507,

[00109]  Unless otherwise specified, the compounds described herein, including
intermediates useful for the preparation of the compounds, which contain reactive
functional groups (such as, without limitation, carboxy, lrydroxy, and amino moieties),
also encompass suitable protected derivatives thereof. “Protected derivatives” are those
compounds in which a reactive site or sites are blocked with one or more protecting
groups (also known as blocking groups). Suitable protecting groups for carboxy moieties
include benzyl, -butyl, and the like. Suitable protecting groups for amino and amido
groups inciude acetyl, r-butyloxycarbonyl, benzyloxycarbonyl, silyl, and the like. Suitabie
protecting groups for hydroxy include benzyl, acetyl, silyl, and the like. Other suitable
protecting groups are well known to those of ordinary skill in the art. The choice and use
of protecting groups and the reaction conditions to install and remove profecting groups
are described, for example, in T. W. Greene & P. G, M, Wuts, “Protective Groups in
Organic Synthesis”, Third Ed., John Wiley & Sons, Inc. 1999,

[06118]  As used herein, and unless otherwise indicated, the term “process” refers to the
methods disclosed herein which are useful for preparing a compound provided herein.
Modifications to the methods disclosed herein (e.g., starting materials, reagents, protecting
groups, solvents, temperatures, reaction times, purification) that are well known to those
of ordinary skill in the art are also encompassed by the present disclosure.

2% e,

[60111]  As used herein, and unless otherwise indicated, the term “adding,” “reacting,”
“mixing,” or the like means contacting one reactant, reagent, solvent, catalyst, reactive
group, or the like with another reactant, reagent, solvent, catalyst, reactive group, or the
like. Unless otherwise specified, reactants, reagents, solvents, catalysts, reactive group, or
the like can be added individually, simultaneously, or separately, or can be added in any
order. They can be added in the presence or absence of heat, and can optionally be added
under an inert atmosphere. “Reacting” can refer to in sity formation or intra~-molecular
reaction where the reactive groups are in the same molecule.

861121  Asused herein, and unless otherwise indicated, a reaction that is “substantially
complete” or is driven to “substantial completion” means that the reaction contains more
than about 50% by percent yield, more than about 60% by percent yield, more than about
70% by percent yield, more than about 80% by percent yield, more than about 50% by

percent yield, more than about 95% by percent yield, or more than about 97% by percent
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yield of the desired product. Alternatively, the terms “substantially complete™ or
“substantial completion” means that the reaction contains less than about 50% of a starting
material relative to its starting amount, less than about 40%, less than about 30%, less than
about 20%, less than about 10%, iess than about 3%, less than about 3%, less than about
1%, less than about 0.5%, less than about 0.1%, less than about 0.05%, or less than about
0.01% of a starting material relative to its starting amount.

[00113] Ifthere is a discrepancy between a depicted structure and a name given that
structure, the depicted structure is to be accorded more weight. Furthermore, if the
stercochemistry of a structure or a portion thereof is not indicated, e.g., with bold or
dashed lines, the structure or portion thereof is to be interpreted as encompassing all

stereoisomers of 1t

B. Processes

[00114] Provided herein are processes for the preparation of 5-azacytidine, or a salt,
solvate, hydrate, or polymorph thereof. In general, the processes provided herein
encompass safe, cfficient, cost effective, and/or readily scaleable processes useful for the
large scale or commercial production of 5-azacytidine, or a salt, solvate, hydrate, or
polymorph thereof.

e

NN

o

HO |
o

OH OH

5-Azacytidine.
[00115] In one embodiment, provided herein are processes for the production of 5-
azacytidine, or a salt, solvate, hydrate, or polymorph thereof, that is substantially pure. In
one embodiment, provided herein are processes for the production of 5-azacytidine, or a
salt, solvate, hydrate, or polymorph thereof, that is substantially chemically pure. In one
embodiment, provided herein are processes for the production of 5-azacytidine, or a salt,
solvate, hydrate, or polymorph thereof, that is substantially physically pure. In one
embodiment, provided herein are processes for the production of S-azacytidine, or a salt,
solvate, hydrate, or polymorph thercof, suitable for use in humans, such as for treating,

preventing, and/or managing diseases or conditions including cancer, disorders related to
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abnormal cell proliferation, hematologic disorders, and myelodysplastic syndromes
(MDS), among others.
[60116] In one embodiment, the processes provided herein encompass safe, cost-
effective, and/or efficient means for the large scale or commercial production of 5-
azacytidine, or a salt, solvate, hydrate, or polymorph thereof. In one embodiment, the
processes provided herein produce 5-azacytidine, or a salt, solvate, hydrate, or polymorph
thereof, on a scale of greater than | gram, greater than 10 gram, greater than 25 gram,
greater than 50 gram, greater than 100 gram, greater than 250 gram, greater than 500
gram, greater than 1,000 gram, greater than 5,000 gram, greater than 10,000 gram, greater
than 50,000 gram, or greater than 100,000 gram.
[00117]  In one embodiment, the processes provided herein produce 5-azacytidine, or a
salt, solvate, hydrate, or polymorph thereof, in an overall yield of greater than about 10%,
greater than about 15%, greater than about 20%, greater than about 25%, greater than
_about 30%, greater than about 35%, greater than about 40%, greater than about 45%,
greater than about 50%, greater than about 55%, greater than about 60%, greater than
about 65%, greater than about 70%, greater than about 75%, greater than about 80%,
greater than about 85%, greater than about 90%, or greater than about 95%, wherein the
yield is calculated based on starting material, such as, e.g., 5-azacytosine or a protected p-
D-ribofuranose (e.g., a compound of formula B).
J00118] In one embodiment, the processes provided herein produce 5-azacytidine, or a
salt, solvate, hydrate, or polymorph thereof, that is substantially pure. In one embodiment,
the purity of the 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, is greater
than about 95% w/w, greater than about 96% w/w, greater than about 97% w/w, greater
than about 98% w/w, greater than about 99% w/w, greater than about 99.5% w/w, greater
than about 99.8% w/w, greater than about 99.9% w/w, greater than about 99.95% w/w,
greater than about 99.98% w/w, or greater than about 99.99% w/w relative to the total
batch. In one embodiment, the fotal impurities in the 5-azacytidine, or a salt, solvate,
hydrate, or polymorph thereof, is less than about 5% w/w, less than about 4% w/w, less
than about 3% w/w, less than about 2% w/w, less than about 1% w/w, less than about
0.5% w/w, less than about 0.2% w/w, less than about 0.1% w/w, less than about 0.05%
w/w, less than about 0.02% w/w, less than about 0.01% w/w, less than about 0.005% w/w,
or less than about 0.001% w/w relative to the total batch. In one embodiment, an
individual impurity component in the 5-azacytidine, or a salt, solvate, hydrate, or

polymorph thereof, is less than about 3% w/w, less than about 2% w/w, less than about 1%
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w/w, less than about 0.9% w/w, less than about 0.8% w/w, less than about 8.7% w/w, less
than about 0.6% w/w, less than about 0.5% w/w, less than about 0.4% w/w, less than
about 0.3% w/w, less than about 0,.2% w/w, less than about 0.1% w/w, less than about
0.05% w/w, less than about 0.01% w/w, less than about 0.005% w/w, less than about
0.001% w/w, less than about 0.0005% w/w, or less than about 0.0001% w/w relative to the
total batch. In one embodiment, the processes provided herein produce 5-azacytidine, or a
salt, solvate, hydrate, or polymorph thereof, that is substantially physically and/or
chemically pure.

[66119] In one embodiment, the processes provided herein produce 3-azacytidine, ora
salt, solvate, hydrate, or polymorph thereof, that 1s substantially physically pure. In one
embodiment, the processes provided herein produce a polymorph or a crystalline form of
5-gzacytidine that is substantially physically pure. In one embodiment, the physical purity
of the 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, is greater than about
95% w/w, greater than about 96% w/w, greater than about 97% w/w, greater than about
8% wiw, greater than about 99% w/w, greater than about 99.5% w/w, greater than about
99.8% w/w, greater than about 99.9% w/w, greater than about 99.95% w/w, greater than
about 99.98% w/w, or greater than about 99.99% w/w relative to the total batch. In one
embodiment, the total impurities in the S-azacytidine, or a salt, solvate, hydrate, or
polymorph thereof, is less than about 5% w/w, less than about 4% w/w, less than aboutl 3%
w/w, less than about 2% w/w, less than about 1% w/w, less than about 0.5% w/w, less
than about 0.2% w/w, less than about 0.1% w/w, less than about 0.05% w/w, less than
about 0.02% w/w, less than about 0.01% w/w, less than about 0.005% w/w, or less than
about 0,001% w/w relative to the total batch. In one embodiment, an individual impurity
component in the 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, is less
than about 3% w/w, less than about 2% w/w, less than about 1% w/w, less than about
0.9% wiw, less than about 0.8% w/w, less than about 0.7% w/w, less than about 0.6%
w/w, less than about 0.5% w/w, less than about 0.4% w/w, less than about (.3% w/w, less
than about 0.2% w/w, less than about 0.1% w/w, less than about 0.05% w/w, less than
about ¢.01% w/w, less than about 0.005% w/w, less than about 0.001% w/w, less than
about 0.0005% w/w, or less than about 0.0001% w/w relative to the {otal batch.

[00120] In one embodiment, the processes provided herein produce 5-azacytidine, or a
salt, solvate, hydrate, or polymorph thereof, that is substantially chemically pure. In one
embodiment, the processes provided herein produce a polymorph or a crystalline form of

5-azacytidine that is substantially chemically pure. In one embodiment, the chemical
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purity of the 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, is greater than
about 95% w/w, greater than about 96% w/w, greater than about 97% w/w, greater than
about 98% w/w, greater than about 99% w/w, greater than about 99.5% w/w, greater than
about 99.8% w/w, greater than about 99.9% w/w, greater than about 99.95% w/w, greater
than about 99.98% w/w, or greater than about 99.99% w/w relative to the total batch. In
one embodiment, the total impurities in the 5-azacytidine, or a salt, solvate, hydrate, or
polymorph thereof, is less than about 5% w/w, less than about 4% w/w, less than about 3%
w/w, less than about 2% w/w, less than about 1% w/w, less than about 0.5% w/w, less
than about 0.2% w/w, less than about 0.1% w/w, less than about (.03% w/w, less than
about 4.02% w/w, less than about 0.01% w/w, less than about 0.005% w/w, or less than
about 0.001% w/w relative to the total batch. In one embodiment, an individual impurity
component in the 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, is less
than about 5% w/w, less than about 2% w/w, less than about 1% w/w, less than about
0.9% w/w, less than about 0.8% w/w, less than about 0.7% w/w, less than about 0.6%
wiw, less than about 0.5% w/w, less than about 0.4% w/w, less than about 0.3% w/w, less
than about 0.2% w/w, less than about 0.1% w/w, less than about 0.05% w/w, less than
about 0.01% w/w, less than about 0.005% w/w, less than about 0.001% w/w, less than
about 0.0005% w/w, or less than about 0.0001% w/w relative to the total batch.

[00121] In one embodiment, the impurity is detectable by HPLC (high performance
liquid chromatography). In one embodiment, the impurity includes, but is not limited to,
6-amino-3-azacvtosine, 2,4,6-triaminotriazine, 2,4-diaminotriazine, 6-methyl-5-
azacytosing, 6-amino-5-azacytidine, 6-methyl-3-azacytidine, and 1-B-D-ribofuranosyl-3-
guanylurea, among others, In one embodiment, the impurity is a metal based impurity,
such as for example, impurities comprising tin or iron. In one embodiment, the impurity is
a volatile organic compound, such as for example, methanol, dichloromethane, toluene, or
triethylamine. In one embodiment, the impurity is an organic solvent, such as for
example, methanol, dichloromethane, toluene or dimethylsulfoxide. In one embodiment,
the weight loss on drying (LOD) of the 5-azacytidine, or a salt, solvate, hydrate, or
polymorph thereof, is less than about 5% w/w, less than about 2% w/w, less than about 1%
w/w, less than about 0.9% w/w, less than about 0.8% w/w, less than about 0.7% w/w, less
than about 0.6% w/w, less than about 0.5% w/w, less than about 0.4% w/w, less than
about (.3% w/w, less than about 0.2% w/w, less than about 0.1% w/w, less than about

0.05% w/w, or less than about 0.01% w/w relative to the total batch.
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[06122] In one embodiment, provided herein are processes for preparing S-azacytidine,
or a salt, solvate, hydrate, or polymorph thereof, comprising the steps of reacting a
silylated 5-azacytosine with a protected B-D-ribofuranose in the presence of a metallic
Lewis acid to yield a protected 5-azacytidine, deprotecting the protected S-azacytidine to
yield 5-azacytidine, and purifying the 5-azacytidine to yield 5-azacytidine, or a salt,
solvate, hydrate, or polymorph thereof, that is substantiaily free of one or more impurities,
including but not limited to, a metal-based impurity.

[60123] In one embodiment, the contemplated metal-based impurity comprises of the
same metal element as that in the metallic Lewis acid, including but not limited to, tin,
iron, zingc, titanium, aluminum, or boron, derived from metallic Lewis acid such as, stannic
chloride, ferric chloride, zinc chloride, titanium tetrachloride, aluminum chloride,
aluminum alkyl chloride, aluminum dialkyl chloride, aluminum trifluoride, or boron
trifluoride, used in the preceding coupling reaction. In one embodiment, the total metal-
based impurities in the 5-azacytidine, or a salt, solvate, hiydrate, or polymorph thereof, 13
less than about 500 ppm (parts per million) w/w, less than about 200 ppm w/w, less than
about 100 ppm w/w, less than about 50 ppm w/w, less than about 20 ppm w/w, less than
about 10 ppm w/w, less than about 5 ppm w/w, less than about 2 ppm w/w, less than about
1 ppm w/w, less than about 0.5 ppm w/w, less than about 0.2 ppm w/w, or less than about
0.1 ppm w/w relative to the total batch. In one embodiment, an individual metal based
impurity, such as for example, tin or iron content, in the 5-azacytidine, or a salt, solvate,
hydrate, or polymorph thereof, is less than about 500 ppm w/w, less than about 200 ppm
w/w, ess than about 100 ppm w/w, less than about 50 ppm w/w, less than about 20 ppm
wiw, less than about 10 ppm w/w, less than about 5 ppm w/w, less than about 2 ppm w/w,
less than about 1 ppm w/w, less than about 0.5 ppm w/w, less than about 6.2 ppm w/w,
less than about 0.1 ppm w/w, less than about 0.05 ppm w/w, less than about 0.02 ppm
w/w, or less than about 0.0] ppm w/w relative o the total baich.

[06124] In specific embodiments, provided herein are processes for preparing 5-
azacytidine, or a salt, solvate, hydrate, or polymorph thereof, comprising any one, two,
three, four, five, or six of the steps of:

(a) reacting 5-azacytosine with a silylating reagent to yield a silylated 5-azacytosine;

(b} reacting the silylated 5-azacytosine with an acyl protected B-D-ribofuranose in the
presence of a metallic Lewis acid; and quenching the reaction with water and at icast one

neuiralizing reagent to yield a protected 5-azacytidine;
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(¢) reacting the protected 5-azacytidine with a base, selected from the group consisting of
alkoxide, ammonia, and tetra-substituted ammonium hydroxide, in an alcohol to yield 5-
azacytidine;
{d} contacting the 5-azacytidine from step (¢) with an acid in an organic solvent to yield a
salt of 5-azacytidine;
(e} contacting the salt of 5-azacytidine from step (d) with a base in an organic solvent to
yield 5-azacytidine as a free base; and
(f) re-crystallizing the S-azacytidine from step (e).
[60125] In one embodiment, the silylated 5-azacytosine is a compound of formula (A):
NHSI(R )y
A
N
(A),
wherein each R, is independently optionally substituted C,—C)y alkyl, optionally

OSi(Rq)s

substituted C3—Cig cycloalkyl, or optionally substituted Cs—Cig aryl. In some
embodiments, R, is straight chain alkyl, branched alkyl, cycloalkyl, or aryl, including but
not imited to, methyl, ethyl, i-propyl, +-butyl, phenyl, xylyl, and benzyl. In some
embodiments, R, is methyl. In some embodiments, R; is ethyl. In some embodiments, R,

is isopropyl. In some embodiments, the silylated 5-azacytosine is:

NHSI(GH3 )

A

N™= N

N

N” OSi(CHgls

[00126] A variety of suitable protecting groups may be used to protect the hydroxyl
groups in & i-D-ribofuranose to form a protected B-D-ribofuranose, which may be coupled
with a silylated 5-azacytosine (e.g., a compound of formula (A)). The protecting groups
may be removed under suitable conditions at a later stage of the reaction sequence {e.g.,
after the protected 5-azacytidine is formed). One skilled in the art will recognize and
select suitable protecting groups for the hydroxyl moieties of B-D-ribofuranose, and will
select appropriate conditions for installing such protecting groups. See, e.g., T. W,
Greene, & P, G. M, Wuts, “Protective Groups in Organic Synthesis”, Third Ed., John
Wiley & Sons, Inc., 1999, In one embodiment, the protected B-D-ribofuranose is
purchased from a commercial source or prepared following a literature procedure. In one

embodiment, the protected B-D-ribofuranose has one or more acyl, alkyl, silyl, acetal, or
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ketal protecting groups, or a combination thercof. In one embodiment, the protected B-D-
ribofuranose has one, two, three, or four of the hydroxyi groups protected by suitable
protecting group(s). In one embodiment, all four hydroxyl groups are protected in the
protected B-D-ribofuranose. In one embodiment, the protected B-D-ribofuranese is acyl
protected [-D-ribofuranose. In one embodiment, the protected B-D-ribofuranose is tetra-
acyl protected p-D-ribofuranose.

[00127] In one embodiment, the protected B-D-ribofuranose is a compound of formula

(B):
RZYO o
o o)kR2
7
o OYRZ
o
(B3,
wherein each R; is independently hydrogen, optionally substituted C—-Cyg alkyl,

Rz

optionally substituted C3~Cyy cycloalkyl, or optionally substituted Ce~Cip aryl. In some
embodiments, R, is optionally substituted methyl or optionally substituted phenyl. In
some embodiments, R, 1s methyl. In some embodiments, R, 1s phenyl. In some

embodiments, the protected B-D-ribofuranose is:
G Ph Q
Y o]
S G
O

)

Ph O O
T 0
Q o

i}

\“/O OY Ph
0 Q 0O

, OT

[60128] In one embodiment, the metallic Lewis acid is a Lewis acid that contains a
metal atom, including, but not limited to, tin, iron, zinc, titanium, aluminum, and boron.
In one embodiment, the metallic Lewis acid is selected from the group consisting of
stannic chioride, ferric chloride, zine chlonde, titanium tetrachloride, aluminum chloride,
aluminum alkyl chloride (e.g., EtAICL,), aluminum dialkyl chloride (e.g., Etz AlICI),
aluminum fluoride, boron triftuoride, and the like. In one embodiment, the metallic Lewis
acid 1s stannic chloride or ferric chioride. in one embodiment, the metallic Lewis acid is
stannic chloride. In one embodiment, the metallic Lewis acid is ferric chloride.

{06129]  In one embodiment, the protected 5-azacytidine is a compound of formula (C)
or (D)
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(©), o),

wherein each R; 1s independently optionally substituted C,~Cyp alkyl, optionally
substituted C3—Cyy cycloalkyl, or optionally substituted C¢—Cig aryl; and each R, is
independently hydrogen, optionally substituted C,~Cy alkyl, optionally substituted C3—Cq
cycloalkyl, or optionally substituted C¢—Cig aryl. In some embodiments, R; is straight
chain alkyl, branched alkyl, cycloalkyl, or aryl, including but not limited to, methyl, ethyl,
i-propyl, -butyl, phenyl, xylyl, and benzyl. In some embodiments, R, is methyl. In some
embodiments, R; is optionally substituted methyl or optionally substituted phenyl. In
some embodiments, R, is methyl. In some embodiments, R; is phenyl.

[00130] In one embodiment, the protected 5-azacytidine is a compound of formula (C).
[00131] In one embodiment, a compound of formula (D) is formed from the coupling
reaction between a silylated 5-azacytosine and a protected p-D-ribofuranose, and then
converted to a compound of formula (C) during the aqueous work-up of the reaction. In
one embodiment, a compound of formula (C) is isolated after the aqueous work-up of the
reaction.

[00132] In specific embodiments, the protected 5-azacytidine is:

NHSI(CH3) NHSI{CH2) NH NH,
N7 N " NN " N)\\‘; N)\\N
| | o) | Pho O |
\(0 N/I\O Ph\fo kw/l\o Y NS he l\N/J\O

Y Y T LT

O © O O C

» o -3

{00133] In specific embodiments, the protected 5-azacytidine is:
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{60134] In onc embodiment, the protected 5-azacytidine is:

N,

A

N

[60135] In one embodiment, provided herein are processes for preparing 5-azacytidine,

or a salt, solvate, hydrate, or polymorph thereof, as described in Scheme 1 below:

/K ‘ NH, NH,
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or a salt, solvate, hydrate
or polymorph thereaf.

O

wherein R, and R; are defined herein elsewhere.

[60136] In one embodiment, purification of S-azacytidine encompasses the formation of
a salt of 5-azacytidine to substantially reduce the impurity content, such as, e.g., a metal-
based mpurity, in a given batch of 5-azacytidine. In one embodiment, an acid addition
salt of 5-azacytidine is formed to substantially reduce the impurity content, such as, e.g., a
metal-based impurity, in a given batch of S-azacytidine. For example, in specific
embodiments, 5-azacytidine is stirred with an acid, such as hydrochloric acid, in a solvent,
such as an alcohol, for example, methanol. The acid addition salt of 5-azacytidine 1s
produced. The salt of 5-azacytidine is then isolated, such as for example, collected by
{iltration, and washed with a solvent, such as an alcohol, for example, methanol.
Optionally, the salt of 5-azacytidine is dried under vacuum at ambient temperature or at

elevated temperature, such as 50-60°C. The salt of 5-azacytidine may be 1solated as a
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crystalline solid, which has a substantially reduced impurity content, such as metal
content, for example, tin or iron content. In one embodiment, the salt of 5-azacytidine is
substantially physically pure. In one embodiment, the salt of 5-azacytidine is substantially
chemically pure.

[00137] In one embodiment, the sait of 5-azacytidine is treated with a base to break the
acid addition salt of 5-azacytidine and to form the free base of 5-azacytidine. In some
embodiments, about 1.0, about 1.1, about 1.2, about 1.3, about 1.4, about 1.5, about 1.6,
about 1.7, about 1.8, about 1.9, about 2.0, about 2.5, or about 3.0 equivalent of the base is
used to generate the free base of 5-azacytidine from the acid addition salt. In other
embodiments, greater than about 3.0 equivalent of the base is used to generate the free
base of 5-azacytidine from the acid addition salt. In specific embodiments, for example,
the salt of 5-azacytidine is stirred with a base, such as, an organic base, for example,
tricthylamine, in a solvent, such as an alcohol, for example, methanol. The free base of 5-
azacytidine is formed. The free base of 5-azacytidine is then isolated, such as for
example, collected by filtration, and washed with a solvent, such as an alcohol, for
example, methanol. Washing may be continued until the filtrate is substantially free of the
acidic salt counter ion, such as chloride. Optionally, the isolated free base of S-azacytidine
is dried under vacuum at ambient temperature or at elevated temperature, such as
50-60°C. The free base of 5-azacytidine may be isolated as a crystalline solid, which has
a substantially reduced impurity content, such as metal content, for example, tin or iron
content. In one embodiment, the free base of 5-azacytidine is substantially physically
pure. In one embodiment, the free base of S-azacytidine is substantially chemically pure.
[06138] In one embodiment, S-azacytidine is purified by re-crystallization. For
example, in specific embodiments, 5-azacytidine or a salt thereof is dissolved in a solvent,
such as dimethylsulfoxide (DMSO), at a temperature sufficient 1o allow the S-azacytidine
to dissolve, such as a temperature of greater than about 85°C. Optionally, the solution of
S-azacytidine is filtered, for example, through filter paper. The filtration may be
performed at an elevated temperature, such as a temperature of greater than about 85°C.
Optionally, hot DMSQO may be used to wash the particles retained by filtration. To the
solution of 5-azacytidine is added an anti-solvent, such as, e.g., an alcohol, for example,
methano!. The mixture is cooled, and 5-azacytidine re-crystallizes. In other
cmbodiments, the anti-solvent may be added during the cooling step of the DMSO
solution of S-azacytidine. For example, the hot DMSO solution of 5-azacytidine may be

first cooled to a certain temperature, the anti-solvent is then added, followed by further
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cooling of the resulting mixture, The crystalline 5-azacytidine may be collected by
filtration. The crystalline 5-azacytidine may be washed with a solvent, such as, e.g., an
alcohol, for example, methanol. In some embodiments, the re-crystallized 5-azacytidine is
dried under vacuum at ambient temperature or at elevated temperature, such as about
40°C, about 50°C, about 60°C, about 70°C, about 80°C, or about 90°C. The re-crystallized
5-azacytidine may be isolated as a crystalline solid, which is substantially free of impurity
content, such as metal content, for example, tin or iron content. In one embodiment, the
re-crystallized 5-azacytidine is substantially physically pure. In one embodiment, the re-
crystallized 5-azacytidine is substantially chemically pure.

[00139] In one embodiment, purification of 3-azacytidine comprises a combination of
the salt formation step, the free base formation step, and/or the re-crystallization step. In
one embodiment, purification of 5-azacytidine comprises the steps of (1) salt formation,
(2) free base formation, and (3) re-crystallization. In another embodiment, purification of
5-azacytidine comprises the steps of (1) salt formation, (2) re-crystallization, and (3) free
base formation. In another embodiment, purification of 5-azacytidine comprises the steps
of (1) re-crystallization, (2) salt formation, and (3) free base formation. In another
embodiment, purification of 5-azacytidine comprises the steps of (1) salt formation, and
(2) free basc formation. In another embodiment, purification of 5-azacylidine comprises
the steps of (1) salt formation, and (2) re-crystallization. In another embodiment,
purification of 5-azacytidine comprises the steps of (1) re-crystallization, and (2) salt
formation,

[060140] In one embodiment, provided herein are processes for preparing 5-azacytidine,

or a salt, solvate, hydrate, or polymorph thereof, as described in Scheme 2 below:
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wherein Ry and R, are defined herein clsewhere, X is one or more salt counter ion(s), as

defined herein elsewhere.

j00141] In one embodiment, provided herein are processes for preparing S-azacytidine,

or a salt, solvate, hydrate, or polymorph thereof, as described in Scheme 3 below:
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wherein Ry and R, are defined herein elsewhere, X is one or more salt counter ion(s}, as

defined herein elsewhere.

[00142] In one embodiment, provided herein are processes for preparing 5-azacytidine,

or a salt, solvate, hydrate, or polymorph thereof, as described in Scheme 4 below:

NHSI(R1)g :
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wherein R, and R, are defined herein elsewhere, X is one or more salt counter ion(s), as

defined herein elsewhere,
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[06143]  In one embodiment, provided herein are processes for preparing 5-azacytidine,
or a salt, solvate, hydrate, or polymorph thercof, comprising any one, two, three, four, five,
or six of the steps of:

{a) reacting 5-azacytosine with a silylating reagent to yield a silylated 5-azacytosine;

(b) reacting the silylated 5-azacytosine with an acyl protected B-D-ribofuranose in the
presence of a metallic Lewis acid; and quenching the reaction with water and at least one
neutralizing reagent to yield a protected S-azacytidine;

(¢) reacting the protected S-azacytidine with a base, selected from the group consisting of
alkoxide, ammonia, and tetra-substituted ammonium hydroxide, in an alcohol to yicld 5-
azacytidine;

(d) contacting the 5-azacytidine from step (¢} with an acid in an organic solvent to yield a
salt of 5-azacytidine;

(e) contacting the salt of 5-azacytidine from step {d) with a base in an organic solvent to
yield S-azacytidine as a free base; and

(f) re-crystallizing the 5-azacytidine from step (¢).

1. Step (a) — Silylation of 5-Azacytosine

100144] In one embodiment, the silylating reagent used in step (a) 1s a trimethylsilyl
(TMS) reagent {i.e. R; is methyl). In one embodiment, the silylating reagent used in step
(a) is a mixture of two or more TMS reagents. In one embodiment, the silylation reagent
used in step (a) is selected from the group consisting of hexamethyldisilazane (HMDS)
and chlorotrimethylsilane (TMSCI). In some embodiments, the silylating reagent
comprises of a mixture of HMDS and TMSCL. In some embodiments, the silylating
reagent comprises HMDS, In some embodiments, the silylating reagent is HMDS.
[60145]  In one embodiment, the silylating reagent used in step (a} 1s in molar excess
relative to 5-azacytosine. In one embodiment, the silylation reaction of step (a) uses
excess HMDS. In one embodiment, the silylation reaction of step (a) uses an excess of
about 7-volume of HMDS (e.g., 700 mL of HMDS relative to 100 g of 5-azacytosine). In
one embodiment, the silylation reaction of step (a) uses an excess of about 4-volume,
about 3-volume, about 7-volume, about 10-volume, about 12-volume, or about 14-volume,
of HMDS, relative {0 5-azacytosine.

[60146] In one embodiment, the silylation reaction of step (a) is carried out in the

presence of a catalyst. In one embodiment, the catalyst is ammonium sulfate,
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[00147] Inonc embodiment, the silylation reaction is carried out at room temperature.
In one embodiment, the silylation reaction is carried out at elevated temperature. In one
embodiment, the silylation reaction is carried out at a temperature of greater than about
30°C, greater than about 60°C, greater than about 70°C, greater than about 80°C, greater
than about 90°C, greater than about 100°C, greater than about 116°C, greater than about
120°C, greater than about 130°C, greater than about 140°C, greater than about 150°C,
greater than about 160°C, greater than about 170°C. In one embodiment, the silylation
reaction is carried out at a temperature of between about 50°C and about 170°C, between
about 60°C and about 165°C, between about 70°C and about 160°C, between about 80°C
and about 155°C, between about 90°C and about 150°C, between about 100°C and about
145°C, between about 110°C and about 140°C, between about 120°C and about 140°C. In
one embodiment, the reaction is carried out at a temperature of about 125°C. In one
embodiment, the reaction is carried out at a temperature of about 130°C.

[00148] In one embodiment, the silylation reaction is carried out under an inert
atmosphere. In one embodiment, the silylation reaction 1s carried out under nitrogen. In
one embodiment, the silylation reaction is carried out under argon,

[00149]  The reaction time of the silylation reaction can vary from about 0.5 hr to about
24 hr, depending on the reaction temperature, the silylating reagent used, and the
concentration of reagents in the reaction mixture. In general, the higher the reaction
temperature, the shorter the reaction time. In one embodiment, the reaction time is about
0.5 hr, about 1 hr, about 2 hr, about 3 hr, about 4 hr, about 5 hr, about 6 hr, about 7 hr,
about & hr, about 9 hr, about 10 hr, about 12 hr, about 14 hr, about 16 hr, about 18 hr,
about 20 hr, about 22 hr, or about 24 hr. In one embodiment, the reaction time 1s about 2
fir, about 3 hr, about 4 hr, about 5 hr, or about 6 hr, at a reaction temperature of about
125°C, in the presence of a catalyst, such as ammonium sulfate, when the silylating
reagent comprises HMDS, In some embodiments, the reaction mixture becomes a clear
solution when the reaction is substantially complete.

[00150] In one embodiment, the silylation reaction is carried out in the absence of a
solvent using a molar excess of silylating reagent, and optionally in the presence of a
catalyst. In one embodiment, the silylation reaction is carried out in the presence of a
solvent. In one embodiment, the silylation reaction is carried out in the presence of a polar
organic solvent, such as for example, acetonitrile. In one embodiment, the solvent 1s
removed under vacuum (e.g., 10-15 mmHg) after the completion of the reaction.

[00151]  In one embodiment, the silylated 5-azacytosine is a compound of formula (A):
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N7 TOSIR ),
(A},
wherein R; is defined herein elsewhere. In one embodiment, the silylated 5-azacytosine
s
NHSI(CHg)s

A

NTN

LA

N” OSi(CHs)s

[00152] In one embodiment, the silylated S-azacytosine is isolated as a solid. In other
embodiments, the silylated 5-azacytosine is used directly in step (b) without 1solation. In
some embodiments, the silylated 5-azacytosine is isolated under an inert atmosphere, such
as nitrogen and/or argon. In one embodiment, the silylated 5-azacytosing is isolated by
removing the silylating reagents using vacuum distillation. In one embodiment, the
silylated 5-azacytosine is isolated by filtration.

[00153] In one embodiment, the silylated 5-azacytidine is prepared by heating a
suspension of 5-azacytosine, one or more TMS reagents (present in an cxcess molar ratio
over the 5-azacytosine) and a catalyst, such as for example, ammonium sulfate, at reflux
without a solvent until a clear solution results, wherein trimethylsilylated 5-azacytidine
(i.e. a compound of formula (A) wherein R, is methyl) is formed. In some embodiments,
the TMS reagent is HMDS.

[60154] In one embodiment, the silylated 5-azacytosine is isolated by techniques known
in the art. In one embodiment, the isolated sitylated 5-azacytosine is used with or without
drying in the subsequent coupling reaction with the protected f-D-ribofuranose. In one
embodiment, the silylation reaction mixture is cooled to ambient temperature, where the
silylated 5-azacytosine crystallizes from the reaction mixture. In one embodiment, the
crystallization of silylated 5-azacytosine is facilitated by a suitable anti-solvent, such as for
example, heptane. In one embodiment, the sitylated 5-azacytosine is isolated by filtration
under inert atmosphere, In one embodiment, the silylated 5-azacytosine is washed with a
suitable washing solvent, such as for example, heptane. In another embodiment, the
silylated 5-azacytosine is isolated as a solid residue by removing excess TMS reagent and
any solvent (if present) by vacuum distillation. In one embodiment, a suitable solvent,

such as for example, toluene, is added to the solid residue of silylaied 5-azacytosine, and

-40-



WO 2012/135465 PCT/US20612/631059

the solvent is removed by vacuum distillation, wherein any residual TMS reagent, such as
HMDS, is removed together with the solvent. In one embodiment, the excess HMDS is
recovered by vacuum distiliation and may be reused as a silylating reagent. In one
embodiment, the isolated silylated 5-azacytosine is dissolved in a suitable solvent, such as
for example, dichloromethane, acetonitrile, or 1,2-dichloroethane, for use 1n the
subscquent coupling step.

[00155] In one embodiment, the silylated 5-azacytosine is prepared “in situ” from 5-
azacytosine and an equivalent molar amount of silylating reagent(s) (such as a mixture of
HMDS and TMSCI) in a suitable solvent in the presence or absence of a catalyst at reflux.
In one embodiment, the solvent is a dry organic solvent. In one embodiment, the solvent
is a dry non-polar orgamic solvent, including but not limited to, a halogenated solvent. In
one embodiment, the solvent is a dry polar organic solvent, including but not limited to,
acetonitrile. The resulting silylated S-azacytosine can be used directly in the subsequent

coupling step without isolation.

2. Step (b) — Coupling

[66156] In onc embodiment, the acyl protected B-D-ribofurancse used in step (b} is a

compound of fornmia (B):
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[66157] In one embodiment, the acyl protected B-D-ribofuranose used in step (b) may

, OF

be purchased from a commercial supplier (e.g., Suven Life Sciences Limited). In one
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embodiment, the acyl protected B-D-ribofuranose used in step (b) may be prepared from -
D-ribofuranose following literature procedures.

[00158] In one embodiment, the metallic Lewis acid used in step (b) is a Lewis acid
that contains a metal atom, such as, e.g., lin, iron, zinc, titanium, aluminum, and boron. In
one embodiment, the metallic Lewis acid is selected from the group consisting of stannic
chloride, ferric chloride, zinc chloride, titanium tetrachloride, aluminum chloride,
atuminum alkyl chloride (e.g., EtAICL), aluminum dialky! chloride (e.g., ELAICT),
aluminum fluoride, boron trifluoride, and the like. In onec embodiment, the metallic Lewis
acid is stannic chloride or ferric chloride. In one embodiment, the metallic Lewis acid is
stannic chloride. In one embodiment, the metallic Lewis acid is ferric chloride.

[0015%] In one embodiment, the reaction of step (b) is carried out in a dry organic
solvent. In one embodiment, the reaction of step (b) is carried out in a solvent with fow
water solybility. In one embodiment, the reaction of step (b) is carried out in a dry organic
non-polar solvent with low water solubility. In one embodiment, the reaction of step (b} is
carried out in a halogenated solvent, including but not limited to, dichloromethane, carbon
tetrachloride, chloroform, and dichloroethane. In one embodiment, the reaction of step (b)
is carried out in dichloromethane. In one embodiment, the reaction of step (b) 1s carried
oul in a dry polar organic solvent. In one embodiment, the reaction of step (b) is carried
out m acetonitrile.

[00160] in one embodiment, the reaction of step (b) is carried out at a temperature of
less than about 30°C. In one embodiment, the reaction of step (b) is carmied out at a
temperature of less than about 25°C. In one embodiment, the reaction of step (b) 1s carried
out at a temperature of less than about 20°C. In one embodiment, the reaction of step (b)
is carried out at a temperature of less than about 15°C. In one embodiment, the reaction of
step (b} is carried out at a temperature of less than about 10°C. In one embodiment, the
reaction of step (b) is carried out at a temperature of less than about 5°C. In one
embodiment, the reaction of step (b) is carried out at a temperature of less than about 0°C.,
In one embodiment, the reaction of step (b) is carried out at a temperature of greater than
about —20°C. In one embodiment, the reaction of step (b) is carried out at a temperature of
greater than about ~10°C. In one embodiment, the reaction of step (b) 18 carried out at a
temperature of greater than about 0°C. In one embodiment, the reaction of step (b) is
carried out at a temperature of between about 0°C and about 5°C. In one embodiment, the

reaction of step (b) is carried out at a temperature of between about ~5°C and about ~10°C.
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In one embodiment, the reaction of step (b) is carried out at a temperature of between
about ~15°C and about -20°C.

{00161} In one embodiment, the coupling reaction of step (b) is carried out under an
inert atmosphere. In one embodiment, the coupling reaction is carried out under nitrogen.
In one embodiment, the coupling reaction 1s carried out under argon.

f06162] The reaction time of the coupling reaction of step (b) can vary from about 1 hr
to about 24 hr, depending on the reaction temperature, the reagents used, and the
concentration of reagents in the reaction mixture. In general, the higher the reaction
temperature, the shorter the reaction time, however, higher reaction temperature may give
rise to side reactions or decomposition of the product. In specific embodiments, the
reaction time of step (b) is about 1 hr, about 2 hr, about 3 hr, about 4 hr, about 5 hr, about
6 hr, about 7 hr, about 8 hr, about 9 hr, about 10 hr, about 12 hr, about 14 hr, about 16 hr,
about 18 hr, about 20 hr, about 22 hr, or about 24 hr. In certain embodiments, the reaction
time is about 2 hr, about 3 hr, about 4 hr, about 5 hr, about 6 hr, about 7 hr, about 8 hr,
about 9 hr, or about 10 hr, at a reaction temperature of between about 0°C and about 5°C,
when the Lewis acid 1s stanmic chlonde. In certain embodiments, the reaction time s
about 2 hr, about 4 hir, about 6 hr, about 8 i, about 10 hr, about 12 hr, about 14 hr, about
16 hr, about 18 hr, about 20 hr, about 22 hr, or about 24 hr, at a reaction temperature of
between about 0°C and about 3°C, when the Lewis acid is ferric chloride. In some
embodiments, the progress of the reaction is menitored, such as by taking an aliguot of the
reaction mixture, quenching it with an agueous solution, and passing it through HPLC, In
one embodiment, the reaction is quenched when the reaction 1s determined to be
substantially complete, e.g., via reaction progress monitoring.

[00163] In onc embodiment, the reaction of step (b) is performed by stirring the
silylated 5-azacytosine with the acyl protected B-D-ribofuranose in a solvent maintained at
a temperature of between about 0°C and about 5°C; adding the metallic Lewis acid, such
as stannic chloride or ferric chloride, while maintaining the temperature of the reaction
mixture; and stitring the reaction mixture at a temperature of between about 0°C and about
5°C until the reaction is substantially complete. In one embodiment, the reaction of step
(b} is performed by stirring the acyl protected §-D-ribofuranose and the metallic Lewis
acid, such as stannic chloride or ferric chloride, in a solvent maintained at a temperature of
between about °C and about 5°C; adding the silylated 5-azacytosine while maintaining
the temperature of the reactions mixture; and stirring the reaction mixture at a temperature

of between about 0°C and about 5°C until the reaction is substantially complete.
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[00164] In one embodiment, the molar ratio of the acyl protected B-D-ribofuranose used
in the reaction of step (b) relative to S-azacytosine used in step (a) ts about 0.5 {i.e., [acyl
protected p-D-ribofuranose] / [S-azacytosine] = 0.5), about 0.6, about 0.7, about 0.8, about
0.9, about 1.0, about 1.1, about 1.2, about 1.3, about 1.4, about 1.5, about 1.6, about 1.7,
about 1.8, about 1.9, or about 2.0. In one embodiment, the molar ratic of the acyl
protected B-D-ribofuranose used in the reaction of step (b} relative to 5-azacytosine used
in step (a) is about 0.9. In one embodiment, the molar ratio of the acyl protected B-D-
ribofuranose used in the reaction of step (b) relative to 5-azacytosine used in step (a) is
about 1.0. In one embodiment, the molar ratio of the acyl protected B-D-ribofuranose used
in the reaction of step (b) relative to 5-azacytosine used in step (a) is about [.1.

[66165] In one embodiment, the molar ratio of the metallic Lewis acid used in the
reaction of step (b) relative to S-azacytosine used in step (a) is about 0.5 (i.e., [Lewis acid]
/ [5-azacytosine] = 0.5), about 0.6, about 0.7, about 0.8, about 0.9, about 1.0, about 1.1,
about 1.2, about 1.3, about 1.4, about 1.5, about 1.6, about 1.7, about 1.8, about 1.9, about
2.0, about 2.5, about 3.0, or greater than about 3.0. In one embodiment, the molar ratio of
the metallic Lewis acid used in the reaction of step (b) relative to 5-azacytosine used in
step (a) ts about 0.9. In one embodiment, the molar ratio of the metallic Lewis actd used
in the reaction of step (b) relative to S-azacytosine used in step (a) is about 1.0. In one
embodiment, the molar ratio of the metallic Lewis acid used m the reaction of step (b)
relative to 5-azacytosine used in step (a) is about 1.1, In one embodiment, the molar ratio
of the metallic Lewis acid used in the reaction of step (b) relative to 5-azacytosine used in
step {2} is about 1.5,

[60166] In one embodiment, the reaction of step (b) is quenched with water and one or
more neutralizing reagents(s) to yield a quenched composition. In one embodiment, the
reaction of step (b) is quenched at a temperature of about 15°C, about 10°C, about 5°C, or
about 0°C. In one embodiment, the reaction of step (b) is quenched at a temperature of
less than about 10°C. The quenching step may be exothermic. In one embodiment, the
reaction mixture is cooled in a cooling bath. In one embodiment, water and one or more
neutralizing reagent(s) are added slowly to the reaction mixture of step (b) to maintain the
temperature of the reaction mixture, In one embodiment, water and the neutralizing
reagent(s) are added together as a solution to the reaction mixture of step (b). In one
embodiment, water and the neutralizing reagent(s) are added separately and sequentially.
In one embodiment, water is chilled before addition to the reaction mixture of step (b). In

one embodiment, an organic solvent is added to the reaction mixture of step (b) when the
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reaction is quenched, such organic solvent may be the same solvent used in the reaction,
such as, for example, dichloromethane.

[80167] In one embodiment, the neutralizing reagent in step (b) is an inorganic reagent.
In one embodiment, the neutralizing reagent in step (b) is an inorganic base, such as, for
example, lithium hydroxide, sodium hydroxide, and potassium hydroxide. In one
embodiment, the neutralizing reagent in step (b) is an inorganic salt, such as, for example,
sodium carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate,
fithium carbonate, lithium bicarbonate, sodium phosphate, sodium hydrogenphosphate,
sodium dihydrogenphosphate, potassium phosphate, potassium hydrogenphosphate,
potassium dihydrogenphosphate, lithium phosphate, lithium hydrogenphosphate, lithium
dihydrogenphosphate, sodium citrate, potassium citrate, and lithium citrate. Inone
embodiment, the neutralizing reagent in step {b) is a carbonate or bicarbonate salt, or a
mixture thereof. In one embodiment, the neutralizing reagent in step (b} is sodium
carbonate or sodium bicarbonate, or a mixture thereof, In one embodiment, the
neutralizing reagent in step (b) is a mixture of sodium carbonate and sodium bicarbonate
in 1:1 molar ratio. In one embodiment, the neutralizing reagent in step (b) is a mixture of
sodium carbonate and sodium bicarbonate in 1:1 weight ratio. In one embodiment, the
neutralizing reagent in step (b) is sodium carbonate. In one embodiment, the neutralizing
reagent in step (b) is sodium bicarbonate. In one embodiment, the neutralizing reagent is
first dissolved in water and the solution is added to the reaction mixture of step (b). In one
embodiment, the neutralizing reagent is added to the reaction mixture of step (b) as a solid.
In one embodiment, the neutralizing reagent is added first to the reaction mixture of step
(b}, and then water is added to the reaction mixture. In one embodiment, water is added
first to the reaction mixture of step (b), and then the neutralizing reagent 1s added as a
solid or a solution to the reaction mixture.

[00168] In one embodiment, the quenched composition is stirred for about 15 minutes,
about 30 minutes, about 45 minutes, about I hour, about 1.5 hour, about 2 hour, or more
than about 2 hour. In one embodiment the quenched composition is stirred at the
temperature of about 15°C, about 10°C, about 5°C, or about 0°C. In one embodiment, the
quenched composition is stirred at the temperature of less than about 10°C. Inone
embodiment, metallic oxide, such as, for example, stannic oxide or ferric oxide, settles to
the bottom of the reaction vessel.

[00169] In one embodiment, the quenched composition of the reaction of step (b} is

filtered. In one embodiment, the quenched compaosition of the reaction of step (b) is
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filtered through Hyflo Super Gel®. In one embodiment, the quenched composition of the
reaction of step (b} is filtered through Celite®. In one embodiment, the filter cake is
washed with an organic solvent, such as an organic non-polar solvent with low water
solubility, In one embodiment, the quenching composition of the reaction of step (b} is
filtered at a temperature of about 15°C, about 10°C, about 5°C, or about 0°C. In one
embodiment, the quenching composition of the reaction of step (b) is filtered at a
temperature of less than about 10°C.

100170] In one embodiment, the filtrate of the quenched composition of the reaction of
step (b) contains an organic phase and an agueous phase. In one embodiment, the organic
phase of the filtrate is separated from its aqueous phase, and the desired product generally
presents in the organic phase. In one embodiment, the organic phase is further washed
with water. In one embodiment, the filtrate (e.g., the organic phase of the filtrate} is
washed with an agqueous EDTA (ethylenediaminetetraacetic acid) salt solution. In one
embodiment, the filtrate is washed with an aqueous EDTA disodium salt solution, such as
a 10% EDTA disodium salt solution. In one embodiment, the washing, extracting, and/or
phase separation of the filtrate is carried out at a temperature of about 15°C, about 10°C,
about 5°C, or about 0°C. In one embodiment, the washing, extracting, and/or phase
separation of the filtrate is carried out at a temperature of less than about 10°C. In one
embodiment, the filtrate (e.g., the organic phase of the filtrate) is dried over an anhydrous
salt, such as, for example, anhydrous sodium sulfate or anhydrous magnesium sulfate. In
one embodiment, the solvent of the filtrate is distilled off to afford the protected 5-
azacytidine as a solid residue. In one embodiment, methanol is added to the solid residue
of the protected 5-azacytidine to re-suspend the product, and the solvent of this mixture ts
then distilled off to form a solid residue of the protected 5-azacytidine. In certain
embodiments, the solid residue of the protected 5-azacytidine is a crystalline solid. In one
embodiment, the sofvent of the filtrate used in extraction {e.g., dichloromethane} is
partially distilled off to afford a concentrated solution of protected 5-azacytidine, followed
by the addition of an alcohol, such as methanol, to the mixture, and followed by vacuum
distillation to substantialty remove the solvent (e.g., dichloromethane) and form a shurry of
the protected S-azacytidine in alcohol, such as methanol.

[00171]  As described herein, the exposure of protected 5-azacytidine to water can be
minimized by using a non-polar dry organic solvent for the coupling step. Alternatively, if
a dry organic polar solvent is used in the coupling step, the solvent can be removed and

replaced with a dry non-polar organic solvent prior to quenching. The quenching
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composition may be kept at a low temperature, such as less than about 10°C, to reduce the
possibility of emulsion during aqueous extraction and the decomposition of the product
during the work-up steps (e.g., quenching, filtration, and extraction).

[00172] In one embodiment, the protected 5-azacytidine of step (b) is a compound of
formuia (C):

<,

wherein R; and Ry are defined herein elsewhere. In one embodiment, the protected 5-

azacytidine 1s:

NH
s
O
LA
Q
O
\[(O O\H/
o 8}

[66173] In one embodiment, the protected 5-azacytidine is obtained following steps (a)
and (b}, in about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about
35%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 4%,
about 95%, or about 99% yield. In é)ne embodiment, the yvield is calculated based on 5-

azacytosine used in step (a).

3. Step (¢} — Deprotection

[00174] In one embodiment, the base used in step (¢} is alkoxide, ammonia, or tetra-
substituted ammonium hydroxide. In one embodiment, the base used in step (¢} is
alkoxide. In one embodiment, the base used in step (¢} is ammonia. In one embodiment,
the base used in step (c} is tetra-substituted ammonium hydroxide, such as for example,
benzy! trimethyl ammonium hydroxide. In one embodiment, the base used in step (¢} is

sodium alkoxide. In one embodiment, the base used in step (¢) is sodium methoxide.
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[00175] In one embodiment, the alcohol used in step (¢) is methanol. In one
embodiment, the alcohol used in step (c) is ethanol. In one embodiment, the alcohol used
in step (c) is 1sopropanol.

[00176] In one embodiment, the reaction of step (¢) is carried out at room temperature.
In one embodiment, the reaction of step (¢} 1s carried out at a temperature of about 20°C.
In one embodiment, the reaction of step (c) is carriced out at a temperature of about 25°C.
In one embodiment, the reaction of step (c) is carried out at a temperature of about 30°C.
160177}  The reaction time of the deprotection reaction of step (c¢) can vary from about
1 hr to about 24 hr, depending on the reaction temperature, the base used, and the
concentration of the reagents in the reaction mixture. In general, the higher the reaction
temperature, the shorter the reaction time, however, higher reaction temperature may give
rise to side reactions or decomyposition of the product. In specific embodiments, the
reaction time of step (¢} 1s about 1 hr, about 2 hr, about 2 hr, about 4 hr, about 5 hr, about
6 hr, about 7 hr, about 8§ hr, about 9 hr, about 10 hr, about 12 hr, about 14 hr, about 16 hr,
about 18 hr, about 20 hr, about 22 hr, or about 24 hr. In cert&in embodiments, the reaction
fime is about 6 hr, about 8 hr, about 10 hr, about 12 hr, about 14 hr, about 16 hr, about

18 hr, about 20 hr, about 22 hr, or about 24 hr at a reaction temperature of between about
25°C and about 30°C. In some embodiments, the progress of the reaction is monitored,
such as by taking an aliquot of the reaction mixture and passing it through HPLC. In one
embodiment, the reaction is quenched when the reaction is determined to be substantially
complete, e.g., via reaction progress monitoring.

[00178] In one embodiment, the reaction of step (¢} is carried out under an inert
atmosphere. In one embodiment, the reaction of step (c) is carried out under nitrogen. In
one embodiment, the reaction of step (¢) 1s carried out under argon.

[66179]  In one embodiment, the reaction of step {c) is performed by stirring the
protected S-azacytidine in an alcohol, adding the base, and stiring the mixture at ambient
temperature until the reaction is substantially complete. In one embodiment, the pH value
of the reaction mixture is above about pH 10 after the base is added. In one embodiment,
additional base is added until the pH value of the reaction mixture 1s above about pH 10.
[00180] In one cmbodiment, the S-azacytidine of step (c) is collected by filtration. In
one embodiment, the S-azacytidine of step (c¢) is washed with a non-aqueous solvent,
inciuding but not limited to, an alcohol, such as methano!l, In one embodiment, the 5-

azacytidine of step (c) is dried under vacuum (e.g., 10-15 mmHg). In one embodiment,
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the 5-azacytidine of step (¢) is dried at elevated temperature (e.g., about 60°C) under
vacuum (e.g., 10-15 mmHg).

[00181] In one embodiment, the 5-azacytidine is obtained following steps (a)-(c), in
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, or about 99% vield. In one embodiment, the yield is calculated based on 5-

azacytosine used in step (a).

4, Step (d) — Salt Formation

[00182] In one embodiment, the acid used for salt formation in step (d} is an organic
acid or an inorganic acid, including, but not limited to, acid capable of forming a
pharmaceutically acceptable salt. In specific embodiments, the acid includes, but is not
limited to, hydrochloric acid, hydrobromic acid, sulfuric acid, and methanesulfonic acid.
In some embodiments, the acid used in step (d} 1s hydrochloric acid.

[00183] In one embodiment, the organic solvent used in step {d) is methanol, ethanol,
isopropanol, ethyl acetate, tetrahydrofuran, acetone, methyl ethyl ketone, diethyl ether,
methyl -butyl ether, acetonitrile, N-methyl pyrrolidinone, dimethylformamide, dimethyl
sulfoxide, dichioromethane, or chloroform, or the like, or mixtures thereof. In one
embodiment, the organic solvent in step (d) is an alcohol or a mixture thereof. In some
embodiments, the organic sofvent in step (d) is methanol. In some embodiments, the
organic solvent in step (d) is ethanol. In some embodiments, the organic solvent in step
(d} is isopropanol.

[00184] In one embodiment, the salt formation reaction of step (d) is performed by
stirring 5-azacytidine in an organic solvent, adding an acid, and stirring the mixture at
ambient temperature.

[60185] In one embodiment, a molar excess of acid (relative to 5-azacytidine) is used.
In one embodiment, the molar ratio between the acid and 5-azacytidine is about 1:1.
[60186] In one embodiment, the reaction of step (d) is carried out at room femperature.
In one embodiment, the reaction of step (d) is carried out at a temperature of about 20°C.
In one embodiment, the reaction of step (d) is carried out at a temperature of about 25°C.
In one embodiment, the reaction of step (d} is carried out at a temperature of about 30°C.
In one embodiment, the reaction of step (d) is carried out at a tlemperature of less than
about 25°C. In one embodiment, the reaction of step (d) is carried out at a temperature of
between about 25°C and about 30°C.
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[00187] In one embodiment, the reaction of step (d) is carried out under an inert
atmosphere. In one embodiment, the reaction of step (d) is carried out under nitrogen, In
one embodiment, the reaction of step (d) is carried out under argon.

[0G188] In one embodiment, the reaction time of the reaction of step (d) can vary from
about 0.5 hr to about 24 hr. In one embodiment, the reaction time is about 0.5 hr, about

1 hr, about 2 hr, about 3 hr, about 4 hr, about 5 hr, about 6 hr, about 7 hr, about 8§ hr, about
9 hr, about 10 hr, about 12 hr, about 14 hr, about 16 hr, about 18 hr, about 20 hr, about

22 hr, or about 24 hr. In one embodiment, the reaction time 1s about 1 hr. In one
embodiment, the reaction time is about 2 hr, In one embodiment, the reaction time is
about 3 hr. In one embodiment, the reaction time is about 4 hr, In some embodiments, the
reaction mass first becomes a clear solution and then becomes a suspension, wherein the
salt is crystallized from the reaction mass. In one embodiment, the reaction mixture of
step {d) is cooled to a temperature of less than about 20°C, less than about 15°C, less than
about 10°C, or less than about 5°C, to facilitate the crystallization of the salt.

[00189] In one embodiment, the salt of 5-azacytidine of step (d) is collected by
filtration. In one embodiment, the salt of 5-azacytidine of step (d) is washed with an
organic solvent, including but not linmited to, an alcohol, such as methanol,

[06190] In one embodiment, the salt of 5-azacytidine of step (d} is isolated by
concentrating the reaction mixture of step (d), followed by filtration. In one embodiment,
the salt of 5-azacytidine of step (d) is isolated by concentrating the reaction mixture of step
{d) under vacuum (e.g., 10-15 mmHg) to remove volatile solvent.

[60191] In one embodiment, the salt of S-azacytidine of step (d)} 1s dried under vacuum
(e.g., 10-15 mmHg). In one embodiment, the salt of 5-azacytidine of step (d) is dried
under vacuum (e.g., 10-15 mmkHg) at an elevated temperature (e.g., about 50°C, or about
60°C).

[00192] In one embodiment, a salt of 5-azacytidine is obtained following step (d), in
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 83%, about 90%,
about 95%, about 99%, or about 99.9% vicld. In one ecmbodiment, the yield is calculated
based on S-azacytidine uscd in the salt formation reaction.

[00193] In one embodiment, the salt of 5-azacytidine obtained from step (d) is
substantially pure. In one embodiment, the salt of 5-azacytidine obtained from step (d) is
substantially physically pure. In one embodiment, the sailt of 5-azacytidine obtained from

step (d) is substantially chemically pure. In one embodiment, the salt of 5-azacytidine
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obtained from step (d) is substantially free of impurities, such as, e.g., a metal-based
impurity. In one embodiment, the salt of S-azacytidine from step (d) is obtained as a
crystalline material that is substantially chemically and/or physically pure.

{06194]  In one embodiment, the chemical purity of the salt of 5-azacytidine obtained
from step (d) is greater than about 90% w/w, greater than about 95% w/w, greater than
about 96% w/w, greater than about 97% w/w, greater than about 98% w/w, greater than
about 99% w/w, greater than about 99.5% w/w, greater than about 99.8% w/w, greater
than about 99.9% w/w, greater than about 99.95% w/w, greater than about 99.98% w/w, or
greater than about 99.99% w/w relative to the total batch.

[66195] In one embodiment, the physical purity of the salt of 5-azacytidine obtained
from step (d) 1s greater than about 90% w/w, greater than about 95% w/w, greater than
about 96% w/w, greater than about 97% w/w, greater than about 98% w/w, greater than
about 99% w/w, greater than about 99.5% w/w, gréater than about 99.8% w/w, greater
than about 99.9% w/w, greater than about 99.95% w/w, greater than about 99.98% w/w, or
greater than about 99.99% w/w relative to the tolal batch.

[06196] In one embodiment, the total metal-based impurities in the salt of 5-azacytidine
obtained from step (d) is less than about 500 ppm w/w, less than about 200 ppm w/w, less
than about 100 ppm w/w, less than about 50 ppm w/w, less than about 20 ppm w/w, less
than about 10 ppm w/w, less than about 5 ppm w/w, less than about 2 ppm w/w, less than
about 1 ppm w/w, less than about 0.5 ppm w/w, less than about 0.2 ppm w/w, or less than
about 0.1 ppm w/w relative to the total batch. In one embodiment, an mdividual metal
based impurity, such as for example, tin or iron content, in the salt of S-azacytidine
obtained from step (d) is less than about 500 ppm w/w, less than about 200 ppm w/w, less
than about 100 ppm w/w, less than about 56 ppm w/w, less than about 20 ppm w/w, less
than about 10 ppm w/w, less than about 5 ppm w/w, less than about 2 ppm w/w, less than
about 1 ppm w/w, less than about 0.5 ppm w/w, less than about 0.2 ppm w/w, less than
about 0.1 ppm w/w, less than about 0.05 ppm w/w, less than about 0.02 ppm w/w, or less

than about 0.01 ppm w/w relative to the total batch.

5. Step (e) ~ Free Base Formation

[06197] In one embodiment, the base used to form the 5-azacytidine free base in step
{e) is an organic base or an inorganic base. In one embodiment, the base used in step (e) is

an organic base, including but not limited to, triethylamine, diisopropylethyl amine,
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pyridine, diisopropylamine, 2,6-lutidine, N-methylmorpholine, N, N-dicyclohexylmethyl
amine, and the like. In some embodiments, the base in step (e) is triethylamine.

{00198] In one embodiment, the organic solvent used in step (e) is methanol, ethanol,
isopropanol, ethyl acetate, tetrahydrofuran, acetone, methyl ethyl ketone, diethyl ether,
methyl r-butyl ether, acetonitrile, N-methyl pyrrolidinone, dimethylformamide, dimethyl
sulfoxide, dichloromethane, or chloroform, or the like, or mixtures thereof. In one
embodiment, the organic solvent in step (e} is alcohol or a mixture thereof. In some
embodiments, the organic solvent in step (¢) is methanol. In some embodiments, the
organic solvent in step (¢} is ethanol. In some embodiments, the organic solvent in step
(e} is isopropanol.

[00199] In one embodiment, the free base formation reaction of step (e) 1s performed by
stirring a salt of 5-azacytidine in an organic solvent, adding a base, and stirring the mixture
at ambient temperature.

[00200] Inone embodiment, 2 molar excess of base (relative to 5-azacytidme) is used.
In one embodiment, the molar ratio between the base and 5-azacytidine is about 1:1.
[662061] In one embodiment, the reaction of step (e) is carried out at room temperature.
In one embodiment, the reaction of step (e) is carried out at a temperature of about 20°C.
In one embodiment, the reaction of step () is carried out at a temperature of about 25°C.
In one embodiment, the reaction of step (e) is carried out at a temperature of about 30°C.
In one embodiment, the reaction of step (¢) is carried out at a temperature of less than
about 30°C. In one embodiment, the reaction of step (e} is carried out at a temperature of
between about 25°C and about 30°C.

[00202] In one embodiment, the reaction of step (e) is carried out under an inert
atmosphere, In one embodiment, the reaction of step {e) 1s carried out under nitrogen. In
one embodiment, the reaction of step (e} is carried out under argon.

[60263] In one embodiment, the reaction time of the reaction of step () can vary from
gabout 0.5 hr to about 24 hr. In one embodiment, the reaction time is about 0.5 hr, about

1 hr, about 2 hr, about 3 hir, about 4 hr, about 5 hr, about 6 hr, about 7 hr, about 8 kr, about
9 hr, about 10 hr, about 12 hr, about 14 hr, about 16 hr, about 18 hr, about 20 hr, about

22 hr, or about 24 hr, In one embodiment, the reaction time is about 1 hr. In onc
embodiment, the reaction time is about 2 hr. In one embodiment, the reaction time is
about 3 hr. In one cnibodiment, the reaction time is about 4 hr. In some embodiments, the
reaction mass is stirred as a sturry upon formation of the free base of 5-azacyiidine. In one

embodiment, the reaction mixture of step (e} 1s cooled t a temperature of less than about
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20°C, less than about 15°C, less than about 10°C, or less than about 5°C, before it is
filtered.

[06204] In one embodiment, the free base of 5-azacytidine of step (e} is collected by
filiration. In one embodiment, the free base of 5-azacytidine of step (e} is washed with an
organic solvent, such as for example, an alcohol, such as methanol. In one embodiment,
the washing is continued until the free base of 5-azacytidine of step (¢) is substantially free
of impurities, such as for example, the acid addition salt counter ion (such as, e.g.,
chloride). In one embodiment, the free base of S-azacytidine of step (e) is substantially
free of impurities, including but not limited fo, metal-based impurity and acid addition salt
counter ion.

[60205] in one embodiment, the free base of 5-azacytidine of step (e) is dried under
vacuum (e.g. 10-15 mmHg). In one embodiment, the free base of S-azacytidine of step (e)
is dried under vacuum (e.g. 10-15 mmHg} at an elevated temperature (e.g. about 50°C, or
about 60°C). |
[00206] In one embodiment, a free base of 5-azacytidine is obtained following step (e},
in about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about
90%, about 95%, about 99%, or about 99.9% vyield. In one embodiment, the yield is
calculated based on the salt of S-azacytidine used.

[00297] In one embodiment, the free base of 5-azacytidine obtained from step (e) is
substantially pure. In one embodiment, the free base of 5-azacytidine obtained from step
(e) is substantially physically pure. In one embodiment, the free base of 5-azacytidine
obtained from step (e} is substantially chemically pure. In one embodiment, the free base
of 5-azacytidine obtained from step {e) is substantially free of impurities, such as, e.g., a
metal-based impurity and/or acid addition salt counter ion. In one embodiment, the free
base of S-azacytidine from step () is obtained as a crystalline material that is substantially
chemically and/or physically pure.

[00208] In one embodiment, the chemical purity of the free base of 5-azacytidine
obtained from step (¢) is greater than about 90% w/w, greater than about 95% w/w, greater
than about 96% w/w, greater than about 7% w/w, greater than about 98% w/w, greater
than about 99% w/w, greater than about 99.5% w/w, greater than about 99.8% wiw,
greater than about 99.9% w/w, greater than about 99.95% w/w, greater than about 99.98%

w/w, or greater than about 99.99% w/w relative to the total batch.
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[00209] In one embodiment, the physical purity of the free base of 5-azacytidine
obtained from step (¢} is greater than about 90% w/w, greater than about 95% w/w, greater
than about 96% w/w, greater than about 97% w/w, greater than about 98% w/w, greater
than gbout 99% w/w, greater than about 99.5% w/w, greater than about 99.8% w/w,
greater than about 99.9% wi/w, greater than about 99.95% w/w, greater than about 99.98%
wiw, or greater than about 99.95% w/w relative to the total batch.

{06210] In one embodiment, the total metal-based impurities in the free base of 5-
azacytidine obtained {rom step (g) is less than about 500 ppm w/w, less than about 200
ppm w/w, less than about 100 ppm w/w, less than about 50 ppm w/w, less than about 20
ppm wiw, less than about 10 ppm w/w, less than about 5 ppm w/w, less than about 2 ppm
w/w, less than about 1 ppm wi/w, less than about 0.5 ppm w/w, less than about 0.2 ppm
wiw, or less than about 0.1 ppm w/w relative to the total batch. In one embodiment, an
individual metal based inmpurity, such as for example, tin or iron content, in the free base
of 5-azacytidine obtained from step (e) is less than about 500 ppm w/w, less than about
200 ppm w/w, less than about 100 ppm w/w, less than about 50 ppm w/w, less than about
20 ppm w/w, less than about 10 ppm w/w, less than about 5 ppm w/w, less than about 2
ppm w/w, less than about 1 ppm w/w, less than about 0.5 ppm w/w, less than about (0.2
ppm w/w, less than about 0.1 ppm w/w, less than about 0.05 ppm w/w, less than about

'0.02 ppm w/w, or less than about 0.01 ppm w/w relative fo the total batch.

6. Step (f) — Re-crystallization

[06211] In one embodiment, step (f} comprises the steps of:

(1) dissolving 5-azacytidine free base from step (¢) in dimethylsulfoxide at a temperature
sufficient to allow the 5-azacytidine to dissolve; and optionally filtering the solution to
remove insoluble particles;

(2} adding an anti-solvent to the solution of step (1); and

(3) cooling the mixture of step (2) wherein 5-azacytidine re-crystallizes.

[60212] In one embodiment, S-azacytidine s dissolved in dimethylsulfoxide (DMSO)
in step (f}(1) at an elevated temperature, such as for example, at a temperature of about
40°C, about 45°C, about 50°C, about 55°C, about 66°C, about 65°C, about 70°C, about
75°C, about 80°C, about 85°C, about 90°C, about 95°C, or about 100°C. In one
embodiment, the optional filtration in step (f)(1) is carried out at an elevated temperature,
such as for example, at a temperature of about 40°C, about 45°C, about 50°C, about 55°C,
about 60°C, about 65°C, about 70°C, about 75°C, about 80°C, about 85°C, about 90°C,
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about 95°C, or about 100°C. In one embodiment, optionally, the insoluble particles are
washed with hot DMSO.

[60213] In one embodiment, the anti-solvent of step (f)(2) is an alcohol. In one
embodiment, the anti-solvent of step (£)(2) is methano!. In one embodiment, the anti-
solvent is added slowly to the 5-azacytidine DMSQ solution, at a temperature of about
40°C, about 45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, about
75°C, about 80°C, or about 85°C. In one embodiment, the anti-solvent is methanol, which
is added slowed to the 5-azacytidine DMSO solution at a temperature of between about
70°C and about 80°C, between about 60°C and about 70°C, between about 50°C and about
60°C, between about 40°C and about 50°C, or between about 30°C and about 40°C.
[60214] In one embodiment, the mixture of step (N(3) is cooled to a temperature of
about 35°C, about 30°C, about 25°C, about 20°C, about 15°C, about 10°C, about 5°C or
about 0°C. In one embodiment, the mixture of step (£)(3) is cooled to a temperature of
between about 25°C and about 30°C. In one embodiment, the mixture of step (H)(3) is
cooled slowly over a period of about 1 hr, about 2 hr, about 3 hr, about 4 hr, about 5 hr,
about 6 hr, about 7 hr, about 8 hr, about 9 hr, about 10 hr, about 11 hr, or about 12 hr. In
one embodiment, afier cooling, the mixture of step (£)(3) is stirred for a period of about 1
hr, about 2 hr, about 3 hr, about 4 hr, about 5 hr, about 6 hr, about 7 hr, about 8 hr, about 9
hr, about 10 hr, about 11 hr, about 12 hr, about 13 hr, about 14 hr, about 15 hr, about 16
hr, about 17 hr, about 18 hr, about 19 hr, about 20 hr, about 21 hr, about 22 hr, about 23
hr, or about 24 hr. In one embodiment, after cooling the mixture to a temperature of
between about 25°C and about 30°C, the mixture is stirred for about 15 hr at a temperature
of between about 25°C and about 30°C.

[00215] In specific embodiments, precipitation of the 5-azacytidine is induced upon
anti-solvent addition. In specific embodiments, precipitation is induced upon cooling. In
specific embodiments, precipitation is induced by both anti-solvent addition and cooling.
[06216] In one embodiment, step (£)(1) is carried out under an inert aimosphere. In one
embodiment, step (f)(2) is carried out under an inert atmosphere. In one embodiment, step
(£)(3) is carried out under an inert atmosphere.

100217]  In one embodiment, step (f) further comprises the steps of:

(4) collecting the re-crystallized 5-azacytidine from step (3) by filtration; and

(5) drying the 5-azacytidine from step (4) under vacuum.

[00218] In one embodiment, the filtration of step (£)(4) 1s carried under an inert

atmosphere. In one embodiment, the solid product is washed with a solvent, such as,
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methanol. In one embodiment, the solid product is washed with a solvent, which is the
same solvent used at the anti-solvent in step (£)(2).

[00219] In one embodiment, the solid product is dried under vacuum (e.g. 10-15
mmHg). In one embodiment, the drying is carried out at room temperature. In one
embodiment, the drying the carried out at an elevated temperature, for example, about
40°C, about 45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, about
75°C, about 80°C, about 85°C, about 90°C, about 95°C, or about 100°C. In one
embodiment, the drying the carried out at a temperature of between about 85°C and about
90°C. In one embodiment, the drying is continued until the weight loss on drying falls
below about 0.4% w/w. In one embodiment, the drying is carried out over a period of
about 1 hr, about 2 hr, about 3 hr, about 4 hr, about 5 hr, about 6 hr, about 8 hr, about

10 hr, about 12 hr, about 14 hr, about 16 hr, about 18 hr, about 20 hr, about 22 hr, about
24 hr, about 36 hr, about 48 hr, about 60 hr, or about 72 hr.

180228]  In one embodiment, the re-crystallized 5-azacytidine is obtained following step
(), in about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about
95%, about 99%, or about 99.9% vield. In one embodiment, the yield s calculated based

on the 5-azacytidine used for re-crystallization.

7. Additional Embodiments

[06221]  In one embodiment, 5-azacytosine is first reacted with HMDS in the presence
of ammonium sulfate to afford a silylated 5-azacytosine, which is coupled with 1,2,3,5-
tetra-O-acetyl-B-D-ribofuranose in the presence of stannic chloride (SnCls) to afford the
tri-acetyl protected 5-azacytidine. In some embodiments, the chemical and/or physical
purity of the tri-acety] protected coupling product is greater than about 50% w/w, greater
than about 60% w/w, greater than about 70% w/w, greater than about 80% w/w, greater
than about 90% w/w, or greater than about 95% w/w. In one embodiment, the chemical
and/or physical purity of the tri-acetyl protected coupling product is greater than about
75% w/w. In some embodiments, the yield of the coupling reaction is between about 50%
and about 99%, between about 60% and about 90%, between about 60% and about 80%,
or between about 65% and about 75% (vield is based on chemical purity of the crude
product). In one embodiment, the yield of the coupling reaction is about 70% (yield is

based on chemical purity of the crude product).
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[06222] In another embodiment, 5-azacytosine is first reacted with HMDS in the
presence of ammonium sulfate to afford a silylated 5-azacytosine, which is coupled with
1,2,3,5-tetra-O-acetyl-B-D-ribofuranose in the presence of ferric chloride (FeCls) to afford
the tri-acetyl protected 5-azacytidine. In some embodiments, the chemical and/or physical
purity of the tri-acetyl protected coupling product is greater than about 40% w/w, greater
than about 50% w/w, greater than about 60% w/w, greater than about 70% w/w, greater
than about 80% w/w, or greater than about 90% w/w. In one embodiment, the chemical
and/or physical purity of the tri-acetyl protected coupling product is greater than about
60% w/w. In some embodiments, the yield of the coupling reaction is betwsen about 30%
and about 99%, between about 40% and about 90%, between about 40% and about 80%,
between aboul 40% and about 70%, between about 40% and about 60%, or between about
45% and about 55% (yield is based on chemical purity of the crude product}). In one
embodiment, the vield of the coupling reaction is about 50% (yield is based on chemical
purity of the crude product).

[00223] In one embodiment, the acetyl protected 5-azacytidine is deacetylated with
sodium methoxide solution in methanol to afford a crude product of 5-azacytidine. In
some embodiments, the chemical and/or physical purity of the crude 5-azacytidine is
greater than about 80% w/w, greater than about 90% w/w, greater than about 95% w/w, or
greater than about 99% w/w, when SnCl. is used as the Lewis acid in the preceding
coupling step. In one embodiment, the chemical and/or physical purity of the crude 5-
azacytidine is greater than about 95% w/w, when SnCl. is used as the Lewis acid in the
preceding coupling step. In other embodiments, the chemical and/or physical purity of the
crude 5-azacytidine is greater than about 80% w/w, greater than about 90% w/w, greater
than about 95% w/w, or greater than about 99% w/w, when FeCl; is used as the Lewis
acid in the preceding céupling step. In one embodiment, the chemical and/or physical
purity of the crude 5-azacytidine is greater than about 90% w/w, when FeCl; is used as the
Lewis acid in the preceding coupling step. In some embodiments, the combined yield of
the coupling step and the deprotection step is between about 40% and about 90%, between
about 50% and about 75%, or between about 55% and about 65%, when SnCly 1s used as
the Lewis acid (yield is based on 5-azacytosine). in one embodiment, the combined yield
of the coupling step and the deprotection step is about 60%, when SnCly is used as the
Lewis acid (yield is based on 3-azacytosine)}. In other embodiments, the combined yield

of the coupling step and the deprotection step is between about 20% and about 80%,
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between about 30% and about 65%, or between about 353% and about 45%, when FeCl; is
used as the Lewis acid (yield 1s based on 5-azacytosine). In one embodiment, the
combined yield of the coupling step and the deprotection step is about 40%, when FeCls is
used as the Lewis acid (yield is baged on 5-azacytosine),

[00224] In one embodiment, the crude S-azacytidine is treated with isopropanol-HCI
(IPA-HCI) in methanol to form S-azacytidine HCI salt. In some embodiments, the
chemical and/or physical purity of the 5-azacytidine HCI salt is greater than about 90%
w/w, greater than about 92% w/w, greater than about 94% w/w, greater than about 96%
w/w, greater than about 98% w/w, greater than about 99% w/w, or greater than about
99.5% w/w. In one embodiment, the chemical and/or physical purity of the 5-azacytidine
HCl salt 1s greater than about 98% w/w. In some embodiments, the yield of the salt
formation step is about 60%, about 70%, about 80%, about 90%, about 95%, or about
99%, when SnCly is used as the Lewis acid in the preceding coupling step. In one
embodiment, the yield of the salt formation step 1s about 80%, when SnCly is used as the
Lewis acid in the preceding coupling step. In other embodiments, the yicld of the salt
formation step is about 50%, about 60%, about 70%, about 80%, about 90%, or about
95%, when FeCls is used as the Lewis acid in the preceding coupling step. In one
embodiment, the yield of the salt formation step is about 72%, when FeCls is used as the
Lewis acid in the preceding coupling step.

[006225]  In one embodiment, the S-azacytidine HCI salt is treated with triethylamine in
the presence of methanol to afford the free base of 5-azacytidine. In some embodiments,
the chemical and/or physical purity of the 5-azacytidine free base is greater than about
90% w/w, greater than about 95% w/w, greater than about 98% w/w, greater than about
99% wiw, greater than about 99.5% w/w, or greater than about 99.9% w/w. In one
embodiment, the chemical and/or physical purity of the 5-azacytidine free base 1s greater
than about 99% w/w. In some embodiments, the yield of the free base formation step is
about 70%, about 80%, about 90%, about 95%, about 98%, or about 99%, when SnCl, is
used as the Lewis acid in the preceding coupling step. In one embodiment, the yield of the
free base formation step is about 95%, when SnCly is used as the Lewis acid in the
preceding coupling step. In other embodiments, the yield of the salt formation step is
about 70%, about 80%, about 90%, about 95%, about 98%, or about 99%, when FeCls is

used as the Lewis acid in the preceding coupling step. In one embodiment, the yield of the

-58-



WO 2612/135405 PCT/US2012/631059

salt formation step is about 99%, when FeCls is used as the Lewis acid in the preceding
coupling step.

[60226] In one embodiment, the 5-azacytidine free base is re-crystallized in DMSO and
methanol to afford 5-azacytidine as the final product. In some embodiments, the chemical
and/or physical purity of the 5-azacytidine final product is greater than about 90% w/w,
greater than about 95% w/w, greater than about 98% w/w, greater than about 99% w/w,
greater than about 99.5% w/w, greater than about 99.8% w/w, or greater than about 99.9%
w/w. In one embodiment, the chemical and/or physical purity of the 5-azacytidine final
product is greater than about 99% w/w. In some embodiments, the yield of the re-
crystallization step is about 70%, about 80%, about §5%, about 90%, about 35%, or about
99%, when SnCl, is used as the Lewis acid in the preceding coupling step. In one
embodiment, the yield of the re-crystallization step is about 94%, when SnCls is used as
the Lewis acid in the preceding coupling step. In other embodiments, the yield of the re-
crystallization step 1s about 70%, about 80%, about 85%, about 90%, about 95%, or about
99%, when FeCls is used as the Lewis acid in the preceding coupling step. In one
embodiment, the yield of the re-crystallization step is about 85%, when FeCls is used as
the Lewis acid in the preceding coupling step.

[00227] In one embodiment, provided herein is a process of preparing isotopically
labeled 5-azacytidine, wherein the process uses one or more isctopically labeled starting
material. In certain embodiments, a deutertum labeled starting material 1s used. In certain
embodiments, a fritium labeled starting material is used. In certain embodiments, a B
labeled starting material is used. In certain embodiments, a '*N labeled starting material is
used. In certain embodiments, a "0 labeled starting material is used. In certain
embodiments, the isotopically labeled starting material has two or more isotopic labsls,
including, but not limited to, deuterium, tritium, B, N, and/or Y0 labels. In certain
embodiments, provided herein is a process 1o prepare 5-azacytidine with one or more
isotopic label(s), including, but not limited to, deuterium, tritium, ~°C, N, and/or "0
labels. In one embodiment, the isotopically labeled 5-azacytidine is subsiantially
chemically and/or physically pure. In certain embodiments, at least onc isotopically
labeled starting material is used in step (a). In certain embodiments, at least one

isotopically labeled starting material is used in step (b).

C. Salts of 5-Azacytidine
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166228]  In one embodiment, provided herein are acid addition salts of 5-azacytidine,
wherein the acid used in the preparation of the S-azacytidine salt is an organic acid or an
inorganic acid, including, but not limited to, hydrochloric acid, hydrobromic acid, sulfuric
acid, and methanesulfonic acid. In one embodiment, provided herein is a salt of 3-
azacytidine, including, but not limited to hydrochloride sait, hydrobromide salt, sulfate salt
{(including, e.g., bisulfate salt and hemisuifate salt), and methanesulfonate salt (i.e.,
mesylate salt). In one embodiment, provided herein is 5-azacytidine hemisulfate salt. In
one embodiment, provided herein is 3-azacytidine mono-hydrochloride salt. In one
embodiment, provided herein is 5-azacytidine mono-hydrobromide salt. In one
embodiment, provided herein is S-azacytidine hemisulfate salt, which is solvated with
methanol. In one embodiment, the 5-azacytidine hemisuifate salt is solvated with
methano! and the molar ratio of 5-azacytidine and methanol is about 1:1. In one
embodiment, provided herein is 5-azacytidine mesylate salt, which is solvated with
methanol. In one embodiment, the 5-azacytidine mesylate salt is solvated with methanol
and the molar ratio of 5-azacytidine and methano! is about 1:1. In one embodiment,
provided herein is a salt or solvate of 5-azacytidine that is substantially chemically and/or
physically pure. In one embodiment, provided herein is a salt or solvate of 5-azacytidine
that is substantially free of one or more impurities, such as for example, a metal-based
impurity.

[00229] In one embodiment, provided herein is a pharmaceutically acceptable salt of 5-
azacytidine, including, but not limited to hydrochioric acid sait, hydrobromic acid sait,
sulfuric acid salt, and methanesulfonic acid salt. In one embodiment, provided herein 15 a
pharmaceutically acceptable salt of 5-azacytidine that is substantially chemically and/or
physically pure. In one embodiment, provided herein is a pharmaceutically acceptable salt
of 5-azacytidine that is substantially free of one or more impurities.

160230] In one embodiment, provided herein is a mono-hydrochloride salt of 5-
azacytidine that is substantially chemically and/or physically pure. In one embodiment,
provided herein is a 5-azacytidine mono-hydrochloride salt that is substantially free of one
or more impurities. In specific embodiments, the 5-azacytidine mono-hydrochloride salt is
substantially pure. In one embodiment, the 5-azacytidine moneo-hydrochloride salf is
substantially physically pure. In one embodiment, the 5-azacytidine mono-hydrochloride
salt is substantially chemically pure.

[00231] In one embodiment, the chemical and/or physical purity of the 5-azacytidine

mono-hydrochioride salt is greater than about 95% w/w, greater than about 56% w/w,
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greater than about 97% w/w, greater than about 98% w/w, greater than about 99% W/W,
greater than about 99.5% w/w, greater than about 99.8% w/w, greater than about 99.9%
wiw, greater than about 99.95% w/w, greater than about 99.98% w/w, or greater than
about 99.99% w/w. In one embodiment, the total impurities in the 5-azacytidine mono-
hydrochloride salt is less than about 5% w/w, less than about 4% w/w, less than about 3%
w/w, less than about 2% wiw, less than about 1% w/w, less than about 0.5% w/w, less
than about 0.2% w/w, less than about 0.1% w/w, less than about 0.05% w/w, less than
about 0.02% w/w, less than about 0.01% w/w, less than about 0.005% w/w, or less than
about 0.001% w/w. In one embodiment, an individual impurity component in the 5-
azacytidine mono-hydrochloride salt is less than about 5% w/w, less than about 2% wiw,
less than about 1% w/w, less than about 0.9% w/w, less than about 0.8% w/w, less than
about 0.7% w/w, less than about 0.6% w/w, less than about 0.5% w/w, less than about
0.4% wiw, less than about 0.3% w/w, less than about 0.2% w/w, less than about 0.1%
wiw, less than about 0.05% w/w, less than about 0.01% w/w, less than about 0.005% w/w,
less than about 0.001% w/w, less than about 0.0005% w/w, or less than about 0.0001%
w/w. In one embodiment, the total metal-based impurities in the 5-azacytidine mono-
hydrochloride salt is less than about 500 ppm w/w, less than about 200 ppm w/w, less than
about 100 ppm w/w, less than about 50 ppm w/w, less than about 20 ppm w/w, less than
about 10 ppm w/w, less than about 5 ppm w/w, less than about 2 ppm w/w, less than about
1 ppm w/w, less than about 0.5 ppm w/w, less than about 0.2 ppm w/w, or iess than about
0.1 ppm w/w. In one embodiment, an individual metal based impurity, such as for
example, tin or iron content, in the 5-azacytidine mono-hydrochloride salt is less than
about 300 ppm w/w, less than about 200 ppm w/w, less than about 100 ppm w/w, less than
about 50 ppm w/w, less than about 20 ppm w/w, less than about 10 ppm w/w, less than
about 5 ppm w/w, less than about 2 ppm w/w, less than about 1 ppm w/w, less than about
0.5 ppm w/w, less than about 0.2 ppm w/w, less than about 0.1 ppm w/w, less than about
0.05 ppm w/w, less than about 0.02 ppm w/w, or less than about 0.01 ppm w/w.

[06232] In one embodiment, provided herein is a free base of S-azacytidine having any
three, four, five, six, seven, eight, nine, ten, eleven, twelye, thirteen, fourteen, or fifteen of
the peaks as listed in Table 18 or Table 20 below.

[00233] In one embodiment, provided hereir is a mono-hydrochloride salt of 5-
azacytidine having any three, four, five, six, seven, eight, nine, ten, eleven, twelve,

thirteen, fourteen, or fifteen of the peaks as listed in Table 24 or Table 26 below.
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[060234]  Inone embodiment, provided herein is a sulfate salt of 5-azacytidine (e.g.,
hemisulfate salt) having any three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, or fifteen of the peaks as listed in Table 28 below.

100235]  In one embodiment, provided herein is a mesylate salt of S-azacytidine having
any three, four, five, six, seven, eight, nine, fen, eleven, twelve, thirteen, fourteen, or
fifteen of the peaks as listed in Table 30 below.

[00236] In one embodiment, provided herein is a hydrobromide salt of 5-azacytidine
having any three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
or fifteen of the peaks as listed in Table 32 below.

[00237}  Also provided herein is a method for preparing an acid addition sait of 5-
azacytidine, comprising mixing 3-azacytidine with an acid in an organic solvent, and
isolating the salt of 5-azacytidine.

[00238] In one embodiment, the 5-azacytidine frec base used for salt formation is
prepared using the processes described herein. In other embodiments, the 5-azacytidine
used for sali formation 1s obtained from a commercial source. In other embodiments, the
S-azacytidine used for salt formation is prepared following a literature procedure.

[606239]  In one embodiment, 5-azacytidine is mixed with an acid in a molar ratio of
about 1:1. In other embodiments, excess acid is used o form the 5-azacytidine salt.
[002406] In one embodiment, the acid used for salt formation is an organic acid or an
inorganic acid, wherein examples of organic acids and inorganic acids are provided herein
¢clsewhere. Non-limiting examples of suitable acids include methanesulfonic acid,
trifluoroacetic acid, p-toluenesulfonic acid, hydrochoric acid, hydrobromic acid, nitric
acid, sulfuric acid, and phosphoric acid.

[90241] In one embodiment, the organic solvent used in making a salt of S5-azacytidine
is methanol, ethanol, isopropanol, ethy! acetate, tetrahydrofuran, acetone, methy! ethyl
ketone, diethyl ether, methyl -butyl ether, acetonitrile, N-methyl pyrrolidinone, dimethyl
sulfoxide, dimethylformamide, dichloromethane, or chloroform, or & combination of one
or more thereof. In one embodiment, the organic solvent used for salt formation is an
alcohol, such as for example, methanol, ethanol, and isopropanol, or a mixture of one or
more thereof, In one embodiment, the organic solvent used for salt formation is methanol.
[00242]  In onec embodiment, the salt of 5-azacytidine 1s formed by stirring 5-
azacytidine in an organic solvent system, adding an acid, and stirring the mixture at
ambient femperature. In one embodiment, the salt formation reaction is carried out under

an inert atmosphere. In one embodiment, the sait of 5-azacytidine is collected by
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filtration. In one embodiment, the salt of S-azacytidine is washed with an organic solvent,
such as methanol. In one embodiment, the salt of 5-azacytidine is isolated by
concentrating the mixture containing the 5-azacytidine salt (obtained as described above)
under vacuum (e.g. 10-15 mmHg) to remove volatile solvent, and isolating the salt by
filtration.

[00243]  In one embodiment, the salt of 5-azacytidine is dried under vacuum (e.g. 10-15
mmHg). In one embodiment, the salt of S-azacytidine of step (d) is dried under vacuum

(e.g. 10-15 mmHg) at an elevated temperature {e.g. about 30°C, or about 60°C).

VI. EXAMPLES

[00244] Certain embodiments are illustrated by the following non-limiting examples.
[00245]  In the examples below, unless otherwise indicated, all temperatures are set
forth in degrees Celsius and all parts and percentages are by weight. Reagents may be
purchased from commercial suppliers, such as, e.g., Sigma—Aldrich® Chemical Co., and
may be used without further purification unless otherwise indicated. Reagents may also
be prepared following standard literature procedures known to these skilled in the art.
Solvents may be purchased, for example, from Sigma-Aldrich®, and may be used as
received or may be purified using standard methods known to those skilled in the art,
unless otherwise indicated.

[00246] Unless otherwise specified, the reactions set forth below were done generally at
ambient temperature. Reactions were assayed by HPLC, and terminated as judged by the
consumption of starting material.

[00247] The compound structures and purities in the examples below were confirmed
by one or more of the following methods: proton nuclear magnetic resonance ("H NMR)
spectroscopy, C NMR spectroscopy, mass spectroscopy, infrared spectroscopy, melting
point, X-ray crystallography, and/or HPLC. "H NMR spectra were determined using a
NMR spectrometer operating at a certain field strength. Chemical shifts are reported in
parts per million {ppm, &) downfield from an internal standard, such as TMS.
Alternatively, '"H NMR spectra were referenced to signals from residual protons in
deuterated solvents as follows: CDCls = 7.25 ppm; DMSC-dg = 2.49 ppm; Cels = 7.16
ppm;, CD50D = 3.30 ppm. Peak multiplicities are designated as follows: s, singlet; d,
doublet; dd, doublet of doublets; t, triplet; dt, doublet of triplets; q, quartet; br, broadened;
and m, multiplet. Coupling constants are given in Hertz (Hz), Mass spectra (MS) dafa

were obtained using a mass spectrometer with APCI or EST ionization.
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A, The Stapnic Chloride Route

1. Preparation of Silylated 5-Azacytosine
Nz 4
NS HMDS “7UNH
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[00248] 5-Azacytosine (100.0 g, 0.8921 mol, purity > 98%) and hexamethyldisilazane
(HMDS) (700.0 mL, 541.8 g, 3.3568 mol, purity > 98%) were charged into a 3-L 4-neck
round bottom flask at 25-30°C under nitrogen atmosphere. Ammonium sulfate (5.0 g,
0.0378 mol) was added. The mixture was graduzlly heated to reflux at 125-130°C. The
reflux was maintained for 6 hours. Typically, the reaction mass became a clear solution
after 2-4 hours (e.g., about 3 hours), and the reaction was complete as soon as a clear
solution was formed.

[66249] The reaction mass was gradually cooled to 40--50°C. HMDS was distilled off
at 40--50°C under vacuum (10-15 mmHg) to give a white solid. Nitrogen was used to
break the vacuum over the solid. Toluene (200.0 mL) was added to the residue at
25-30°C, and the solvent was distilled off at 40-50 °C under vacuum (1015 mmHg) to
vield a solid. Nitrogen was used to break the vacuum over the solid. The solid was
gradually cooled to 25-30°C, and carried through to the next step. HMDS was recovered
in 75-80 % yield with a purity of 90-95%.

{06258)  The silylation reaction was also performed using 4, 5, 7, 10, and 14 volumes of
HMDS {e.g., 400, 500, 700, 1000, or 1400 mL HMDS to 100 g 5-azacytosine).

2, Preparation of Acetyl-Protected 5-Azacytidine (Coupling)
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[00251] To silylated 5-azacytosine (Example A-1) was added dichloromethane (1.5 L),
The mixture was stirred for 10 minutes under nitrogen atmosphere at 25-30°C to obtain a
clear solution. The solution was gradually cooled to 0-5°C. 1,2.3,5-Tetra-O-acetyl-B-D-
ribofuranose (255.5 g, 0.8029 mol) was added m one lot at 0-3°C under nitrogen

atmosphere. The muxture was stirred for 10 minutes at 0-5°C to obtam a clear solution.
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Stannic chloride (255.6 g, 0.9813 mol) was added drop-wise (addition was slightly
exothermic) at < 10°C over a period of 1 hour, The reaction mass was stirred for 5 hours
at 0-5°C under nitrogen atmosphere.

[08252] The progress of the reaction was checked by HPLC. 5 g of reaction mass was
withdrawn and neutralized with saturated aqueous NaHCOs solution at 10°C. The
dichloromethane layer was separated and submitted for IPC-HPLC (In-Process-Control-
HPLC). Once IPC had been met (5-azacytosine no more than 0.5% by HPLC), the
reaction mass was transferred o a 5-L round bottom flask for work up.

[66253]  To the reaction mass was added dichloromethane (1.0 L) and sodium
bicarbonate (800.0 g} at < 10°C. Chilled water (1.0 L} was added drop-wise (exothermic)
at < 10°C over 30 minutes. The mixture was stirred for 30 minutes at < 10°C. Afier
15-30 minutes, a white solid (tin oxide) settled at the bottom of the flask, The mixture
was filtered through Hyflo®, and washed with dichloromethane (0.5 L). The organic
layer was separated at < 10°C, and washed with water (0.75 L) at < 10°C. The organic
layer was washed with 10% EDTA disodium salt solution twice (150.0 g salt, 2 x 750 mL)
and water once (1.0 L) at < 10°C. The organic layer was dried over anhydrous sodium
sulfate, and the solvent was distilled off at 40-45°C under atmospheric conditions, and
further dried at 40-45°C under vacuum (10-15 mmHg) to give a sticky [oaming solid. To
the residue was added methanol (200.0 mL) at 30-35°C. The solvent was then distilled off
at 40-45°C under vacuum {10-15 mmHg), and degassed under vacuum for 30 minutes to
afford 27,375 -triacetyl-5-azacytidime as a solid (315.0 g, white to off-white crystalline
solid), The average output of 27,375 -triacetyl-5-azacytidine over multiple runs was about
305.2 g, with an average purity of about §3.7%, and an average yield of about 77.2% (%
yield takes into account the HPLC purity of the product). Over five runs, the maximum
yield of 27,375 -triacetyl-5-azacytidine was about 81.5% (% yield takes into account the
HPLC purity of the product). Over five runs, the maximum HPLC purity of the product
was about 87.8%.
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3. Preparation of 5-Azacytidine (Deprotection)
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[60254] To 2,3’ .5 -triacetyl-5-azacytidine (315.0 g, Example A-2) was added methanol
(2.0 L) at 25-30°C. The slurry was stirred for 10 minutes at 25-30°C, and 23% sodium
methoxide in methanol (40.0 mL) was added slowly at 25-30°C under nitrogen
atmosphere. Afler addition, the reaction mass became a clear solution and the product
immediately formed. The pH value of the reaction mass was above 10. The reaction mass
was stirred for 18 hours at 25-30°C.

[00255]  The progress of the reaction was checked by HPLC. A sample of the reaction
mass was withdrawn and submitied for IPC-HPLC. Once IPC had been met (IPC-HPLC:
27,3’ 5 triacetylazacitidine < 0.5%}), the product was filtered under nitrogen, and washed
with methanol (300.0 mL) at 25-30°C. The product was dried at 60-65°C under vacuum
(10~15 mmHg) to give a while to off-white crystalline solid (144.8 g). The average oulput
of 5-azacytidine over multiple runs was about 141.3 g, with an average purity of about
96.8%, and an average yield of about 6‘4.8%'(yield based on 5-azacylosine). Over five
runs, the maximum yield of 5-azacytidine was about 73.2% (yield based on 5-
azacytosine), Over five runs, the maximum HPLC purity of the product was about

98.83%.

4, Reaction Development (Coupling and Deprotection Steps)

[60256] The reaction conditions for the coupling and the deprotection steps were
optimized by varying a number of parameters. The resuits arc summarized in Table I
below. Inexpensive and commercially readily available metallic Lewis acids, such as

stannic chloride and ferric chloride, gave desirable yields for the coupling step.
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Tahle 1: Reaction Developient for 5‘-&&9‘ ling and Degrotegtﬁi‘ﬁ;w

: Lewm Acids for Couplmg

_____ Lewis Acid (%)

TMS-triflate 220
i Stannic chloride + Zinc chioride (0.6+0.6 |  22.9

5 : annic chioride + Titanium tetrachloride 1835 | +20.1 89,19
(0.55+0.55 eq) ' ' :

777 Stannic chioride - Zine chloride (25475) |- #306 ¢ 856 B
R i chloride T TRRA 60 9730 T
S Ferric chloride Ms A8 938

§‘"§?£Eii¥'éﬁi}i¥i§?ﬁoie Ratio (Couplinu)

...........................................

.................................................

................

Reactmz} not |
Llgompleted

i 1,2,3,5-Tetra-O-acetyl-B-D-ribefuranese Mole Ratio (Couphng)

iExamp!e " Ratio (Relative to 5~Azacytosme) Yield "SOR . HPLC hRemarks“

Solvente (Couphng)

TExample | Solvent - Yild | SOR | HPLC | Remarks

."ii'é:';iéﬁon not |
 completed

15 Toluene . B )

. Acetonitrile

éExample gTemp (“’C) | Yield SOR | HPLC iRemarks

.............. complﬂted
. P22 +32.5 93.00
664 | +260 {9730 . .
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' Examole | Base " Yield | SOR | HPLC
T P RO ()
21 ¢ Benzyl trimethyl ammoniwm hydroxide | 4039 | +27.8 {9899

Remarks

5. Preparation of S-Azacytidine HC! Salt (Salt Formation)

082577  To remove impurities, such as metal-based impurities, in S-azacytidine
obtained from the deacetylation reaction, a hydrochloride salt of S-azacytidine was
formed. The resulting salt was broken in the next step to give the free base, and the free
base was re-crystallized from DMSO by using methanol as anti-solvent to yield the
purified 5-azacytidine as the final product.
[00258] To a 3-L 4-ncck round bottom flask was added S-azacytidine (140.0 g, 0.5732
mol, Example A-3) and methanol (1.4 L) at 25-30°C under nitrogen atmosphere. The
suspension was stirred for 10 minutes at 25-30°C and then cooled to 20-25°C.
Isopropanol-HC!1 (280.0 mL, ~14% solution) was added slowly at <25°C over 5 minutes.
After addition, the reaction mass became a clear solution, and after 1560 minutes, the
product was formed. The reaction mass was stirred for a total of 4 hours at 25-30°C. The
product was filtered under nitrogen and washed with methanol (280.0 mL) at 25-30 °C.
The product was dried at 5060 °C under vacuum (10-15 mmHg) to give the 5-
azacytidine mono-hydrochloride salt as white crystalline solid (138.0 g). The average
output of 5-azacytidine mono-hydrochloride salt over multiple runs was about 135.5 g,
with an average purity of about 99.3%, and an average yield of about 86.4%. Over five
runs, the maximum yield of 5-azacytidine mono-hydrochloride salt was about 93.29%.
Over five runs, the maximum HPLC purity of the product was about 99.64%.
[00259] In one embodiment, the HCI contents were determined for mono-hydrochloride
salts obtained using the above procedure to be the following:

Theoretical: 13.0%

Batch 1A: 12.99%

Batch 1B: 13.95%

Batch 1C: 12.82%

Batch 1D 12.66%

Batch 1E: 12.79%.
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6. Reaction Development (Sait Formation Step)

(a) Preparation of 5-azacytidine hemisulfate

Nz NHy
N)\N N IN 0.5 4,50,
o} N Sulfuric acid le] N
HO e HO
Q MeOH 0O
OH OH OH OH

100268] A mixture of 5-azacytidine (140.0 g, 0.5732 mol) in methanol (1.4 L) was
stirred at 25-30°C under nitrogen atmosphere for 10 minutes and cooled to 20-25°C to
give a white slurry. To this mixture was added slowly sulfuric acid (56.16 g, 0.5732 mol}
at below 25°C over a period of 30 minutes. The resulting mixture was stirred for 2 hours
at 25-30°C. Then the mixture was filtered at 25-30°C under nitrogen and washed with
methanol (280 mL). The solid was dried at 50-60°C under vacuum to give a methanol
solvate of 5-azacytidine hemisulfate salt as a white solid (163.5 g, MW 325.2; 87.7%
vield; melting range: 141.2-144.2°C; SOR: -4.0° (C = ] in Water at 25°C).

[00261] In one embodiment, the sulfuric acid contents were determined for hemisulfate
salt methanol solvates obtained using the above procedure to be the following:
Theoretical: 15.0%
Batch 2A; 15.69%
Batch 2B: 15.67%
Batch 2C: 14.93%.

(b Preparation of 5-azacytidine mesylate

NHz NH3

NJ\EN N N CHySO4H
O)\N) WMethanesulfonic acid O)\N CHOH
HO e HO
0 MeOH O
OH OH OH OH

[00262] A mixture of 5-azacytidine (3.0 g, 12.28 mmol) in methanol (30 mL) was
stirred at 25-30°C under nitrogen atmosphere for 5 minutes to give a white shury. To this
mixture was added slowly methanesulfonic acid (1.18 g, 12.28 mmol) at below 30°C over

a period of 5 minutes to give a clear solution. The resulting mixture was stirred for
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2 hours at 25-30°C (afier about 13 to 30 minutes, a white solid precipitated). Then the
mixture was filtered at 25-30°C under nitrogen and washed with methanol (9 mL). The
solid was dried at 50-60°C under vacuum to give a methanol solvate of 5-azacytidine
mesylate salt as a white crystalline solid (2.4 g, MW 372.35; 52.7% yield; melting range:
133.5-136.8°C; SOR: -2.3° (C = 1 in Water at 25°C).

(c) Preparation of 5-azacytidine hydrobromide

NH2 NHy

N‘//%N N)\lN HBr
OJ\N) HBr in Acetic Acid O)\N)
O.

MelH

HO

OH OH OH CH

[00263] A mixture of 5-azacytidine (3.0 g, 12.28 mmol} in methanol (30 mL) was
stirred at 25-30°C under nitrogen atmosphere for 5 minutes and cooled to 20-25°C to give
a white slurry. To this mixture was added slowly HBr in acetic acid (33% w/w, 3.01 g,
12.28 mmol) at below 25°C over a period of 30 minutes to give a clear soiution. The
resulting mixture was stirred for 12 hours at 25-30°C (afier about 4 to 5 hours, a white
solid precipitated). Then the mixture was filtered at 25-30°C under nitrogen and washed
with methanol (9 mL). The solid was dried at 50-60°C under vacuum to give 3-
azacytidine hydrobromide salt as a white crystaliine solid (2.68 g, MW 325.12; 67.0%
vield; melting range: 162.4-164.9°C; SOR: -3.9° (C = 1 in Waler at 25°C).

100264] In one embodiment, the HBr contents were determined for hydrobromide salt
obtained using the above procedure to be the following:

Theoretical: 24,88%

Batch 3A: 25.15%

Batch 3B: 25.27%.

(d) 5-Azacytidine salts and metal contents

[00265] A number of inorganic and organic acids were evaluated for 5-azacytidine salt
formation and the residual metal contents in the 5-azacytidine salts were determined. The

results are summarized in Table 2 below.
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[00266] Hydrochloric acid (HCI) formed a stable salt with 5-azacytidine, which had a
low content of tin (8 ppm). The formation of 5-azacytidine hydrochloride salt afforded

products that were substantially free from residual metal impurities.

?h;fz‘igfe 2: Reaetion. E)evelopmea‘fﬁ;“Sait Formation

T Example Acid " Yield | SOR | MR(C) | HPLC | | Remarks
' SR N (O T U .0 N S
8268 |  Tsolated the 5- ;
- azacytidine HCl salt |

2 i Hydrobromic acid :
! in acetic acid :

3 Sulfuric acid 88.1 ‘
i azacytidine
- : e e e, DETTSUMR SRIE
4 i Methanesuifonic | 52.7 . 98.00 - i Isolated the 5- i
| acid 5 " | azacytidine mesylate |
7. Preparation of Free Base of 5-Azacytidine (Free Base Formation)

[00267] To a 3-L 4-neck round bottom flask was added 5-azacytidine HCl salt (120.0 g,
1.4274 mol, Example A-35) and methanol (1.2 L) at 25-30°C under nitrogen atmosphere.
The suspension was stirred for 10 minutes at 25-30°C. Triethylamine (64.8 g, 0.64 mol}
was added slowly at < 30°C, The shurry was stirred for 2 hours at 25-30°C. The product
was filtered under nitrogen and washed with methanol (300 mL) at 25-30°C. The
presence of chloride in the filtrate was monttored by adding 10% silver nitrate solution to
a fraction of the filtrate. The test showed the presence of chloride at this stage (white
turbidity observed), The wet product was suspended in methanol (1.0 1.) and stirred for
10 minutes at 25-30°C. The product was filtered under nitrogen and washed with
methanol (200.0 mL) at 25--30°C. No chloride was detected in the filtrate affer the
methanol wash. The product was then dried at 50-60°C under vacuum (10-15 mmHg) to
give the 5-azacytidine free base as a white crystailine solid (103.5 g). The average output
of 5-azacytidine free base over multiple runs was about 103.4 g, with an average purity of
about 99.5%, and an average yield of about 97.5%. Over five runs, the maximum yisld of
5-azacytidine free base was about 99.13%. Over five runs, the maximum HPLC purity of

the product was about 99.77%.
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8. Reaction Development (Free Base Formation Step)

[00268] A number of bases were evaluated for the salt breaking and 5-azacytidine free

base formation step. The results are summarized i Table 3 below.

...................................................................................................................................................................

. Example | Base P Yield (%) | SOR(®) | MR (°C) . HPLC
SR S U S S— S SO
17 Disopropylethyl | 977 1 #3711 21972216 ¢ 99.30

‘ amine " } 5

U S St O U SO SR SO UP PP USRI

2 ¢ Pyrdine | 9L9 4230 | 16531686 | 99.54
ST Diisopropyl L 9421 #3535 217221949946
4 i 26-Lutidgne | 965 1 4233 16741709 [ 9947 |

5T N-Methyl 100 i 360 . 2172-2194  © 99.23
: i morpholine ’ \
6 NN- U965 L 4366 21952219 1 99.22
¢ Dicyclohexyl |

methy!l amine

9. Re-Crystallization of 5-Azacytidine

100269] Toa 500-mL 4-neck round bottom flask was added 5-azacytidine free base
(80.0 g, 0.3275 mol, Example A-7) and DMSO (200.0 mL) at 25-30°C under nitrogen
atmosphere, The suspension was stirred for 10 minutes at 25-30°C, and gradually heated
to 85-90°C. The mass was stirred for 10 minutes at 85-90°C to get a clear solution, The
clear solution was filtered through a filter paper to remove msoluble particles at 85-90°C,
and washed with hot DMSO (80.0 mL). Methanol (1.2 L) was slowly charged to the
filtered DMSO solution containing the product at 70-80°C over a period of 3—4 hours.
The mixture was stirred for 15 minutes at 70-80°C, and gradually cooled to 25-30°C over
2-3 hours. The mass was stirred for 15 hours at 25--30°C, and filtered under nitrogen.
The solid product was washed with methanol (246.0 ml.) at 25-30°C. The solid product
was dried at 85-90°C under vacuum (10-15 mmHg) until the loss on drying (LOD}) fell
below 0.4% to provide S-azacytidine as a white crystalline solid (75.6 g). The average
output of 5-azacytidine after the re-crystallization step over multiple runs was about

75.8 g, with an average purity of about 99.6%, and an average yield of about 95.1%. Over
three runs, the maximum yield of 5-azacytidine was about 95.80%. Over three runs, the

maximum HPLC purity of the product was about 99.71%.
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8. Ferric Chloride Route

1. Preparation of Siltylated 5-Azacytosine
NH, \Si!
Z7NH
Nl N l HMDS by
NTEN
(NH4),80;4 |
N oo e L A8l

[00270]  5-Azacytosine (200.0 g, 1.7842 mol, purity = 98%) and hexamethyidisilazane
(HMDS) (1.4 L., 6,72 mol, purity > 98%) were charged into a 3-L 4-neck round bottom
flask at 25-30°C under nitrogen atmosphere. Ammonium sulfate {10.0 g, 0.0756 mol) was
added. The mixture was gradually heated to reflux at 125-130°C. The reflux was
maintained for 6 hours. Typically, the reaction mass became a clear solution after 2—4
hours, and the reaction was substantially complete as soon as the clear solution was
formed.

[00271] The reaction mass was gradually cooled to 40-50°C. HMDS was distilled off
at 40-50"C under vacuum {10~15 mmHg) to give a white solid. Nitrogen was used to
break the vacuum over the solid. Toluene (400.0 mL) was added to the solid residue at
25-30°C, and the solvent was distilled off at 40-50°C under vacuum (10-15 mmHg) to
yield a solid. Nitrogen was used to break the vacuum over the solid. The solid was
gradually cooled to 25-30°C, and carried through to the next step. HMDS was recovered
in 75-80% yield with a purity of about 90-95%.

2. Preparation of Acetyl-Protected 5-Azacytidine (Coupling)

1
| @)
~ 1, OAc (8740}
S © ;%:éa O;\N
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KN/AO'Sii Oac OAe
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0 Q

[06272] To silylated 5-azacytosine (Example B-1) was added dichioromethane (2.0 L}
at 25-30°C under nitrogen atmosphere. The mixture was stirred for 10 minutes at 25—
30°C to obtain a clear solution.

[06273] Ina separate 5-L 4-neck round bottom flask under nitrogen was added 1,2,3,5-
tetra~O-acetyl-B-D-ribofuranose (511.1 g, 1.6058 mol) and dichioromethane (1.0 L} at
25-30°C. The mixture was stirred for 10 minutes at 25-30°C to obtain a clear solution.
Anhydrous ferric chloride (361.7 g, 1.9627 mol) was added in one lot at 25-30°C. The
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mixture was stirred for 10 minutes at 25-30°C 1o obtain a dark red mass. The reaction
mass was gradualtly cooled to 0-5°C. Silylated 5-azacytosine (Example B-1) in
dichioromethane was added drop-wise at < 10°C over 90 minutes (addition slightly
exothermic), and a clear dark brown mass was formed. The reaction mass was stirred for
15 hours at 6-5°C under nitrogen atmosphere.
[06274] The progress of the reaction was checked by HPLC. 5 g of reaction mass was
withdrawn and neutralized with saturated aqueous NaHCQO;3 solution at 16°C. The
dichloromethane layer was separated and submitted for IPC-HPLC. Once IPC had been
et (S-azacytosine no more than 0.5%), the reaction mass was transferred to a 10-L round
bottom ftask for work up.
j00275]  To the reaction mass was added dichloromethane (3.0 L) and sodium _
bicarbonate (2.0 kg) at < 10°C. Chilled water (1.6 L) was added drop-wise at < 10°C over
60 minutes (addition exothermic). The reaction mass was dark brown and had a final pH
of ~6. The mixture was stirred for 30 minutes at < 10°C. After 15-30 minutes, brown
solid of ferric oxide settled to the bottom of the flask, Hyflo® (200 g) was added to the
mixture, and the mass was stirred for 10 minutes at < 10°C. The mixture was [tltered
through Hyflo®, and washed with dichloromethane (1.0 L). The organic layer was
separated at < 10°C, and washed with water (1.0 L) at < 10°C. The organic layer was then
washed with 10% EDTA disodium salt soiution twice (300 g salt, 2 x 1.5 L} and water
once (1.0 L} at < 10°C. The organic layer was dried over anhydrous sodium sulfate, and
the solvent was distilled off at 40-45°C under atmospheric conditions, and further dried at
40-45°C under vacuum (10-15 mmHg) to give a sticky foaming solid. To the residue was
added methanol (200 mL) at 30-35°C. The solvent was then distilled off at 40-45°C
under vacuum (10-15 mmHg), and degassed under vacuum for 30 minutes to afford
27,37, 5 -triacetyl-5-azacytidine as a sticky foaming white solid, The average output of
27,3’ 5°-iriacetyl-5-azacytidine over multiple runs was about 524 g, with an average purity
of about 63.3%, and an average yield of about 50.2% (% yield takes into account the
HPLC purity of the product}. Over three runs, the maximum yield of 2°,3°,5’-triacetyl-5-
azacytidine was about 64,9% (% yield takes into account the HPLC purity of the product).
Over three runs, the maximum HPLC purity of the product was about 82.45%.
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3. Preparation of 5-Azacytidine (Deprotection)
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[00276] To 2’,3’,5 -triacetyl-S-azacytidine (Example B-2) was added methanol (2.0 L)
at 25-30°C. The slurry was stirred for 10 minutes at 25-30°C, and 25% sodium
methoxide in methanol (80.0 mL) was added slowly at 25-30°C under nitrogen
atmosphere. After addition, the reaction mass became a clear solution and the product
immediately formed. The pH value of the reaction mass was above 10. The reaction mass
was stirred for 18 hours at 25-30°C.

[06277] The progress of the reaction was checked by HPLC. A sample of the reaction
mass was withdrawn and submitted for IPC-HPLC. Once IPC had been met (IPC-HPLC:
2°,3’,5 -triacetylazacitidine < 0.5%), the product was filtered under nitrogen, and washed
with methanol (600.0 mL) at 25-30°C. The product was dried at 60-65°C under vacuum
(10--15 mmHg) to give an off-white solid (195.5 g). The average oulput of 5-azacytidine
over multiple runs was about 193.7 g, with an average purity of about 91.8%, and an
average yield of about 44.4% (based on S-azacytosine). Over three runs, the maximum
yield of 5-azacytidine was about 44,86% (based on 3-azacytosine). Over three runs, the

maximum HPLC purity of the product was about 93.28%.

4, Reaction Development (Coupling and Deprotection Steps)

100278]  The reaction conditions for the coupling step were optimized by varying

parameters such as the molar ratio of the reagents. The results are summarized in the

Table 4 below.

4 | io Azacytosine) | Yield(%) | SOR() . HPLC (%) Remarks

1T Seq 0330 i +3l4 0546 1
YT T e AR 10T 9328
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5. Preparation of 5-Azacytidine HCI Salt (Salt Formation)

[06279]  To a 3-L 4-neck round bottom flask was added 5-azacytidine (175.0 g, 0.7166
mol, Example B-3) and methanol (1.75 1) at 25-30°C under nitrogen atmosphere. The
suspension was stirred for 10 minutes at 25-30°C and then cooled to 20-25°C.
Isopropanol-HCI (350.0 mL, ~14% solution} was added slowly at < 25°C over 5 nunutes,
After addition, the reaction mass became a clear solution, and after 15-60 minutes, the
product was formed. The reaction mass was stirred for a total of 4 hours at 25-30°C. The
product was filtered under nitrogen and washed with methanol (350.0 mL) at 25-30°C.
The product was dried at 50-60°C under vacuum (10-15 mmHg) to give the 5-azacytidine
mono-hydrochloride salt as off-white crystalline solid (151.0 g). The average output of 5-
gzacytidine mono-hydrochioride salt over multiple runs was about 148.8 g, with an
average purity of about 99.0%, and an average yield of about 74.0%. Over three runs, the
maximum yield of S-azacytidine mono-hydrochloride salt was about 75.09%. Over three

runs, the maximum HPLC purity of the product was about 99.12%.

6. Preparation of Free Base of 5-Azacytidine (Free Base Formation)

[66280] To a 3-L 4-neck round bottom flask was added 5-azacvtidine hydrochloride salt
(130.0 g, 6.4631 mol, Example B-5) and methanol (1.3 L) at 25-30°C under nitrogen
atmosphere. The suspension was stirred for 10 minutes at 25-30°C. Tricthylamine (70.3
g, 0.6946 mol) was added slowly at <30°C. The slurry was stirred for 2 hours at 25-30°C.
The product was filtered under nitrogen and washed with methanol (300.0 mL) at 25—
30°C. The presence of chloride in the filtrate was checked by adding 10% silver nitrate
solution to a fraction of the filirate. The test showed the presence of chloride at this stage
{white turbidity observed). The wet product was suspended in methano! (1.0 L) and
stirred for 10 minutes at 25-30°C. The product was filtered under nitrogen and washed
with methano! (200.0 mL) at 25-30°C. No chloride was detected in the filtrate after the
methanol wash. The product was then dried at 50-60°C under vacuum (10~15 mmHg) to
give the 5-azacytidine free base as an off-white solid (113.0 g). The average output of 5-
azacytidine free base over multiple runs was about 112.5 g, with an average purity of
about 99.2%, and an average vield of about 99.5%. Over three runs, the maximum yield
of 5-azacytidine {ree base was about 99.99%. Over three runs, the maximum HPLC purity

of the product was about 99.38%.
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7. Re-Crystallization of 5-Azacytidime

{00281 To a 500-mL 4-neck round bottom flask was added 5-azacytidine free base
(100.0 g, 0.4095 mol, Example B-6) and DMSO (250.0 mL) at 25-30°C under nitrogen
atmosphere. The suspension was stirred for 10 minutes at 25-30°C, and gradually heated
to 85-90°C. The mass was stirred for 10 minutes at 85-90°C to obtain a clear solution.
The clear solution was filtered through a filter paper to remove insoluble particles at 85—
90°C, and washed with hot DMSO (100.0 mL). Methanol (1.5 L} was slowly charged to
the filtered DMSO solution containing the product at 70-80°C over a period of 3-4 hours.
The mixture was stirred for 15 minutes at 70-80°C, and gradually cooled to 25-30°C over
2-3 hours. The mass was stirred for 15 hours at 25-30°C, and filtered under nitrogen.
The solid product was washed with methanol (240.0 mL) at 25-30°C. The solid product
was dried at 85-90°C under vacuum (10-15 mmHg) until the LOD feli below 0.4% to
provide 5-azacytidine as a white solid (86.0 g). The average output of 5-azacytidine after
the re-crystallization step over multiple runs was about 86.0 g, with an average purity of
about 99.4%, and an average vield of about 86.0%. Over three runs, the maximum yield
of 5-azacytidine was about 87.5%. Over three runs, the maximum HPLC purity of the

product was about 99.54%,

C. Comparative Data

[00282] Reaction yields, purity profiles (by HPLC), water contents (by KF, % w/w},
specific optional rotation (SOR, [a¢]p), and metal impurity contents (e.g., Sn or Fe, when
applicable) were gathered {rom repeat batches of various steps along three different routes
used for preparing 5-azacytidine. The triflate route utilized TMS-triflate as the Lewis acid
in the coupling step. The stanmic chloride route utilized stannic chioride as the Lewis acid
m the coupling step (See Example A herein). The ferric chloride route utilized ferric
chioride as the Lewis acid in the coupling step (See Example B herein). The following
tables summarize the data for specific batches. Both stanmic chloride and fernie chloride
gave good overall yield for the synthesis of 5-azacytidine from 5-azacytosine and acetyl
protected sugar. Hydrochloride salt formation and the subsequent steps of breaking the
salt to form the free base and re-crystallization of the free base consistently provided 5-

azacylidine batches that were substantially free of metal impurities.
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i Preparation of Triacetyl S-Azacytidine

[00283] Table 5: Triflate Route

! Example | Iaput | Output | Yield |
o L@ @ e T TT06 V052071 08 T 0

1 100 | 258 L 37.34 1 2232 4 018 358 0 0.84 5 : 5
: gt R TS S RITR SR g

106284] Table 6: Stannic Chloride Route

Example | Input | Output | Yield |
R @ @ 0 TR
{100 2780 1 723 |
160 308.0 | 81.8 |
3700 R0 TR _
6 UTI00 35070 T80 |
=

TGRS0 TR

[00283] Table 7: Ferric Chloride Route

. Example © Input | Output : Yield | HPLC Purity (RRT, A%)

095 ¢ 0696 | 1.4l

£ @ @ T e oss
8 2000 5200 @ 649 . 8245 = 884 -1 014 | 220
£2000 | 5350 @ 506 | 6254 @ 0.5 16l & 064 | 584

357 402 1 329 1 387

Nreiariae et a e aea et es ar e e A T a4 ea L hu e ae a7 a A Tanea k ke aread b fmraandananranaeasts el sk tuitaatakanrs basanadnanhen sbans aaeanashn maneaasnansanann s Teanean snsnenansnans sadannsmansnnsannnannns bernanann sannnnnsanenat

* S-azacytosine
i Residue weight
! The % visld by theory is based on HPLC purity.

2. Preparation of 5-Azacytidine by Deacetylation

[00288] Table 8 Triflate Route

93.05
89.25

T 165

de Route

SR
{289

-
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{00288] Table 10: Ferric Chloride Route

.............................................................................................

. Example# | Tnput(g)*
s ‘\8“-‘ ““*“‘\E 200.0

VHPLC(%) | KF (%) | SOR(®) | Fe(ppm) :
TTo3ag T 200 771
{9048 1 214

bttaetsassss s pemseansnnnsassash snanmrnss rmananan iy S U SO

¥ S-azacytosiﬁe
¥ The % vield is based on S-azacytosine
3. Preparation of 5-Azacytidine Hydrochlonde Salt

[06289] Table 11: Stannic Chloride Route

KE (%)
I607TTTIRRGT T U8 9937 1 024

140673300 1 B268 L 99.48 TTTTOETTTUTTAETT

G50 TR T koA TR 040
TS0 V13400 0 9320 0 9964 1 049

Input (g) | Output (z) | Yield (%) | HPLC (%) |

[60290] Table 12: Ferric Chloride Route
Example # | Input(g) | 2} | Yield (%) | HPLC (%) | KF (%) | SOR

CTee T
©9R99

4. Preparation of 5-Azacytidine Free Base from HCI Salt

[00291] Tabie 13: Stannic Chloride Route

TExample # | Tnput(g) | Ouput(g) | Yield (%) | HPLC (%) KF(%) | SOR() | Sn(ppm) :

.......... e - Nemave s smenened vaamnae,

1 L1200
...... T
80.0
850 |

125.0

S U U ST RO P SRV PR TITR STES SEEEISTRN R P RSO SERL IS SECRR S SO LE

...............

{006282] Table 14: Ferric Chloride Route

Iput(g) | Outpui(g) = Yield(%) | HPLC (%)§ KF (%) | SOR(%) Fe (ppm)
1300

9999 ........ 9904 ....... . 061 .................................................
9947 © 9938 .63

............................................................................................................................

99,02 . 9921 i {50
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5. Re-Crystallization of 5-Azacytidine

[00293] Table 15: Stannic Chioride Route

.............................................................................................................................................................................................................................................................

(%) ()
----------- i ----‘-----g-‘-.éé.:é.(.j“E.--l-{zéi:j';i;?.--%u--éé-'-:j-in:-i:::(}
209500 +382 ¢ 99.61

e

[00294] Table 16: Ferric Chloride Route

..............................................................................................................................................................................................................................................................

. Exmp. | Yield | SOR | ; ¢
p ey (. HPCRH @20mERT AW
e : : P35 1 46 i 52 ! Total |

':':-“ 4 .-L:-ig.mé:*o ‘\ 4_3.-9.7 ‘ 99'54 “1“\‘0.04;3--i..(j‘..z.ig:::..(.}:i-l---?---...,.,“u.;\i}.:‘.{i:é ........................
© 5 i 875 1 +382 0 9937 i 0111 0.34 . 6.15 663

................................................................................................................................................................................

© 6 846 . 438D 99.47__‘1\0.{}3 P 028 0. . 053 | 9871 | 98.84 h<10“0

D. Analytical Data

[00295] The analytical data were obtained and provided below for repeat batches of 5-
azacytidine final products, salts of 3-azacytidine, and the triacetyl 5-azacytidine
intermediate.

1. 5-Azacytidine Final Product

[00296] 'H NMR (DMSO-dy) 8 8.57 (s, 1H), 7.52 (d, 2H, J = 10.6 Hz), 5.65 (d, IH, /=
3.7Hz), 5.42(d, 1H,J= 5.1 Hz), 5.10 (t, 1H,/=5.0Hz), 5.02(d, 1H, J=5.7 Hz), 4.07
(m, 1H), 4.00 (m, 1H), 3.84 (m, 1H), 3.67 (m, 1H), 3.55 (m, 1H).

[06297] CNMR (DMSO-d) 8 166.1, 156.7, 153.7, 89.6, 84.6, 74.2, 69.3, 60.5.
[00298] LC-MS ESL m/z 245.2 (M +H), 267.1 (M +Na").

[00299] For 5-azacytidine obtained from the stannic chloride route, the IR spectrum is
shown in Figure 1; the DSC plot is shown in Figare 2; the XRPD pattern is shown in
Figure 3. The XRPD data is further provided in the tables below:

Table 17: XRPD - Strongest 3 peaks

Peak ITheta d FWHM Intensity  Integrated Int
0e. 16, {deg) (A) i {deg) (Counts) {Counts)
1 12 22.9979 3.86406 100 0.26900 1955 32423
2 4 12,9834 6.81324 94 0.23960 1843 22060
3 13 238179 3.73285 87 {.28000 1708 26470

~30-



WO 2012/135405 PCT/US2812/031039

Table 18: XRPD - Peak Data List

Peak 2Theta d FWHM Intensity  Integrated Int
no. {deg) {A) /il (deg) {Counts) {(Counts)
1 11.8260 7.48110 i1 0.17140 210 2859
2 12.1412 7.28390 73 6.25280 1471 18936
3 12.6208 700860 35 (.29760 681 11254
4 12.9834 6.81324 94 0.23960 1843 22060
3 13.9400 6.34777 5 0.17340 102 2226
6 14.3503 6.16719 77 0.25620 1509 20932
7 16.4330 538996 69 0.23430 1349 18847
8 18.6020 4.76609 50 0.30420 982 15985
9 18.9777 4.67257 47 0.31320 927 14624
10 20.1354 4.40646 22 0.26230 432 6317
11 21.2857 4.17085 33 0.24720 679 FE220
12 22,9979 3.86406 100 (.26900 1955 32423
13 23.8179 3.73283 87 0,28000 1708 26470
14 24.4956 3.63109 4 0.29330 74 1696
i5 253727 3.50752 9] 0.27200 208 3112
16 26.1000 341141 10 0.32880 187 4032
17 26.8000 332387 32 0.24100 633 7938
18 27.0310 3.29599 74 (1.38780 1448 21079
19 27.6000 3.22932 6 $.22320 122 1731
20 29.2077 3.08312 54 0.40890 1639 21215
21 29.5800 3.01751 29 (1.28080 572 8109
22 30.0600 2.97041 12 .40400 233 4726
23 30.3400 2.94363 22 0.27600 439 5627
24 31.98%0 2.79555 26 0.33460 518 9593
25 32.8941 2.72067 24 0.48740 466 12216
26 33.5800 2.66665 13 0.29640 245 4483
27 3560631 2.51852 5 0.44630 100 2426
28 36.7600 2.44293 4 0.4222¢ 76 2237
29 37.1600 241755 4 0.00000 79 0
30 37.4800 2.39764 7 0.00008 142 0
31 37.7808 237929 9 0.3600¢ 167 3804
32 38.5538 2.33330 9 57560 178 5997
33 40.6547 221744 4 0.21940 71 1081
34 41.6215 2.16813 6 0.27300 114 2437
35 43.2476 2.09031 23 $.50800 459 13218
36 43.9000 2.06074 3 0.20000 61 953
37 4354727 1.99306 6 0.38550 113 2474
38 45.9450 1.97366 7 0.26140 130 1753
39 46.4544 1.95320 3 0.23880 59 823
40 48.5714 1.87290 3 0.21710 59 899

[00300] For 5-azacytidine obtained {rom the ferric chloride route, the IR spectrum 1s

shown in Figure 4; the DSC plot is shown in Figure 5; the XRPD pattern is shown in

Figure 6. The XRPD data is further provided in the tables below.

Table 19: XRPD - Strongest 3 peaks

Peak 2Theta d FWHM Intensity Tntegrated Int
Be. na. (deg) (A) im {deg) {Counts) (Counts}
1 12 22,9372 3.87415 100 0.28580 1875 33153
2 16 26.9754 3.30265 77 0.39756 1453 29735
3 13 23,7666 3.74079 75 8.28730 1411 22685
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Table 26: XRPD - Peak Data List
Peak 2Theta d FWHM Intensity  Integrated Int
no. (deg} (A) i1 {deg) (Counts} {Counts)
1 6.2567 14.11507 3 0.21750 64 900
2 12,1042 7.30608 30 (.29350 568 9641
3 12.5625 7.04055 43 0.26670 803 10544
4 12.9293 6.84163 40 0.25960 748 10118
5 14.2979 6.18967 39 0.27110 729 11530
6 16,0006 5.53483 4 0.13000 78 1032
7 16.3803 5.40718 44 0.24816 822 111653
8 18.580¢ 4.77168 37 0.37060 697 12661
9 18.9199 4.68672 49 0.31740 923 13819
10 20,0734 4.41993 20 0.28210 374 5876
11 21.2364 4.18042 29 0.26330 552 8712
12 229372 3.87415 106 0.28580 1875 33133
13 23.7666 3.7407% 75 0.28730 1411 22685
14 253226 3.51433 15 0.27870 276 4329
15 26.0600 341633 4 0.28880 69 1818
16 26.9754 330265 77 6.39750 1453 29733
17 27.5400 3.23622 6 0.26660 105 1838
18 29.2000 3.05590 3 0.46500 567 12422
19 29.5200 3.02350 24 0.3200¢ 454 8137
20 30.0000 2.97621 11 0.00000 208 0
21 30.2800 2.94932 24 0.29420 44] 8207
22 31.9369 2.79999 28 0.33290 529 10079
23 32,7835 272935 22 0.4090¢ 411 9358
24 33.5206 2.67128 10 0.30660 184 3603
23 356416 2.51698 [ 0.34330 106 2269
26 37.1600 2.41755 3 0.29000 39 1190
27 37.4200 240135 7 0.37000 123 1475
28 37.7200 2.38293 4 ¢.42400 80 1526
29 3R4710 2.33813 8 0.56870 151 4430
30 41.5706 2.17067 7 0.28990 134 2135
31 41.9600 2.15142 3 0.30000 62 1080
32 43.2083 2.09212 27 0.49400 497 13585
33 439525 2.65840 4 0.19640 79 920
34 453612 199770 7 0.43756 126 2877
i3 45.882¢ 1.97623 4 0.30800 78 1268
36 48.5080 1.87520 4 0.31200 71 1792

160301]

Additional analytical data for repeat batches of the 5-azacytidine final product

are provided i the tables below.

[00302] Table 21: Stannic Chloride Route
Residue | {olp HPLC HPLC
LOD at on {1.6% | Heavy Tin single total Assay by | Assay by
Exmp. | 105=5°C | ignition | water) | metal | content impurity | impurity | HPLC | chemical
i (Gowiwy | (Yew/w | (in®) | (ppm) | (ppm) DsC Yearea Yoarea Sowiw Yowiw
1 0.09 0.13 +37.7 <20 <1.0 2343° (.25 0639 100.33 98.51
2 0.29 6.13 +38.2 <29 <1.8 234.2° 0.30 0.37 99.34 99.85
3 0.:0 0.08 +37.3 <20 <1.0 238.9° 0.27 0.42 100.35 99.71
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[06303] Tabie 22: Ferric Chloride Route

Residue | [olp HPLC HPLC
LOD at on (1.0% : Heavy Iron single total Assay by | Agsay by
fxmp, | 105+3°C | ignition | water) | metal | countent impurity | impurity | HPLC | chemical
‘ (Wewlw) | (%w/w) | (in®) | (ppm) | (ppm) psC Yoarca Yparea Yow/w Yow/w
0.20 0.02 +39.7 <28 <1.0 238.3° 0.37 0.47 98.25 99.13
Nil 0.09 +38.2 <20 <1.0 235.2° 0.39 0.39 99.42 98.33
$5.20 0.09 +37.9 <20 <1.0 238.5° 0.30 0.40 98.71 98.84

[00304] The metal content of repeat batches of 5-azacytidine was determined. For 5-
azacytidine obtained from the stannic chloride route, the tin contents in three repeat
batches of 5-azacytidine final product were <0.1 ppm, <0.1 ppm, and 0.14 ppm,
respectively. For 5-azacytidine obtained [rom the ferric chloride route, the iron contents in
three repeat batches of 5-azacytidine final product were <0.1 ppm, <0.1 ppm, and <0.1

ppm, respectively.

2 5-Azacytidine Mono-Hydrochlonide Salt

[00305] 'FLNMR (DMSO-d;) 5 9.86 (s, 1H), 8.94 (s, 2H), 8.91 (s, 1H), 5.58 (d, 1H,J =
1.4 Hz), 4.12 (m, 1H), 4.05 (m, 1H), 3.90 (m, 1H), 3.76 (m, 1H), 3.59 (m, 1H).

[00306] °C NMR (DMSO-ds) § 160.3, 158.3, 146.6, 90.7, 84.5, 74.2, 68.0, 59.2.
[06307] LC-MS ESL: m/z 2452 (M + H).

[06308] The IR spectrum of 5-azacytidine mono-hydrochloride salt is shown in Figure
7; the DSC plot of 5-azacytidine mono-hydrochloride salt is shown in Figure 8. For 5-
azacytidine mono-hydrochloride salt obtained from the stannic chloride route, the XRPD
pattern is shown in Figure 9. For 5-azacytidine mono-hydrochloride salt obtained from
the ferric chloride route, the XRPD pattern is shown in Figare 10. The XRPD data are
further provided in the tables below:

Table 23: XRPD (Stannic Chloride Route) — Strongest 3 peaks

Peak 2ZTheta d FWHM Intensity  Integrated Int
ne. 1. {deg) (A) i (deg) {Counts) (Counts)
1 10 22,4151 3.96319 100 0.16700 2575 23714
2 19 29.6437 3.01117 70 0.17140 1806 16497
3 1 10.1820 B.68063 38 0.13390 967 9694
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Table 24: XRPD (Stannic Chloride Route) — Peak Data List

Peak 2Theta d FWHM Intensity  Integrated Imt

ne. (deg {A) 112 (deg) {Counts) (Counts)

1 10.1820 8.68063 38 0.1539¢ 967 9694
2 13.5600 6.52479 3 0.16000 81 1615
3 13.8880 6.37142 34 0.15420 886 7580
4 17.2906 5.12450 32 0.17580 836 8843
5 18.5819 4.77120 12 0.17910 208 3115
) 19.4600 4.55784 4 0.10820 102 912
7 16.6480 451465 i9 0.17090 495 4403
& 21.0139 4.22418 16 0.15630 406 3852
9 22.1200 4.01539 6 (.14120 163 2682
10 22.4151 3.96319 100 0.16700 2575 23714
11 23.3341 3.80914 32 0.17430 822 8661
12 24.9266 3.56927 18 0.18980 464 5140
13 25.9609 3.42937 i3 0.146950 342 2980
14 26.7005 3.33603 il 0.16860 290 2812
13 27.5877 3.23073 9 0.17970 230 2320
16 28,7607 3.10157 22 0.17130 356 5413
17 29.2000 3.05590 3 (.11360 80 557
18 29.3400 3.04164 10 0.15880 269 2565
19 29.6437 3.01117 70 0.17140 1806 16497
20 29.9278 2.98323 16 0.18500 416 4216
21 303686 2.94092 3 0.19730 83 862
22 31.0303 2.87970 3 0.18460 87 1019
23 32.2457 2.77388 22 0.16050 565 5201
24 34,1244 2.62334 21 0.23380 349 7173
25 35.0000 2.50164 3 0.18660 81 1120
26 35.1400 2.55175 5 0.23500 121 1271
27 38.9800 2.30878 4 0.11600 104 619
28 39,1250 2.30054 9 $.25000 239 2803
29 40.8414 2.20773 5 0.18940 138 1917
39 41.8511 2.15677 4 0.20630 102 1137
31 42.2800 2.13588 3 0.15140 80 1171
32 42.5000 2.12333 3 0.00000 83 0
33 42,7600 2,113 ) 0.19640 163 1745
34 42.9000 2.10643 5 8.16200 122 940
35 43.2009 2.09246 3 024180 77 949
36 44.0606 2.05363 4 0.21240 104 1331
37 44,1800 2.04833 5 0.06000 125 0
38 44.3800 2.03936 7 0.00000 180 0
39 44.6000 2.03601 4 0.00000 95 0
40 44.8044 2.02122 6 0.18660 153 1761
41 45.2044 2.00426 3 0.203520 86 927

Table 25: XRPD (Ferric Chloride Route) - Strengest 3 peaks

Peak ZTheta d FWHM Intensity  Enfegrated Int
ne. ne. {deg) {A) /I (deg) {Counts) {Counts)
1 g 22.4639 3.95469 106 0.16700 2537 23682
2 17 29.6016 3.00642 65 0.17360 1647 14121
3 3 13,9201 6.35272 36 $.16820 916 9501
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Tabie 26: XRPD (Ferric Chioride Route) - Peak Pata List

Peak 2Theta d FWHM Intensity  Integrated Int
ne. (deg) (A) I/E1 (degs) {Counts) (Counts)
1 9.8800 8.94528 3 0.18000 77 1671
2 10.2256 8.64371 34 0.16640 870 7850
3 13.9291 6.35272 36 0.16820 916 9501
4 17.3347 5.11156 34 0.18500 851 9333
3 18.6294 4.75914 13 0.17430 326 3241
o 19.6938 4.50426 23 0.17410 585 5889
7 21.0636 4.21433 18 0.15630 447 4150
8 22,1400 401181 4 0.13200 93 1691
9 22.4639 3.95469 160 0.16720 2537 23682
10 23,3813 3.80156 34 0.17920 874 9272
il 24.9741 3.56259 i8 0.17900 463 4759
12 26.0052 3.42363 13 0.16080 328 3022
13 26,7511 3.32984 13 0.14980 335 2995
14 27.6414 3.22457 11 0.1742¢ 272 2656
15 28.8062 3.09678 27 0.16880 688 6368
i6 29.4200 3.03355 12 0.18700 315 3812
17 29.6916 3.00642 65 0.17360 1647 14121
18 26.9843 2.97773 17 0.18330 439 4663
19 304169 2.93636 4 0.16390 93 917
20 31.0784 2.87535 3 $.15680 87 882
21 32.2948 2.76977 26 616090 651 6016
22 34.1649 2.62232 19 0.24330 491 6587
23 35.0400 2.55881 3 3.16660 84 1159
24 35.2000 2.54754 5 0.2314¢ 124 1328
25 36,2228 247792 3 0.22560 86 1220
26 37.8751 2.37353 4 022680 96 1184
27 39.1998 2.29632 8 0.24830 207 3189
28 40.8791 2.20578 5 0.16480 139 1711
29 41.8962 2.154535 4 0.21640 102 1131
30 42.3800 213107 4 0.17720 93 1161
31 42.8537 2.10860 8 0.27740 196 2950
32 43.2513 2.09014 3 0.22840 82 965
33 44.1000 2.05186 5 0.20280 117 2531
34 44.4000 2.03869 6 0.060000 152 0
35 44,6000 2.03601 5 0.00000 124 0
36 44,8398 2.01971 7 0.19340 179 2303
37 45,2368 2.00290 5 0.15160 116 967
3. 5-Azacytidine Hemisuifate Salt Methanol Solvate

[60309] 'H NMR (DMSO-d;) 8 8.76 (s, 1H), 8.69 (s, 1H), 8.25 (s, 1H), 5.61 (d, IH, J=
2.4 Hz), 4.09 (m, 1H), 4.02 (m, 1H), 3.87 (m, 1H), 3.72 (m, 1H), 3.57 (m, 1H), 3.14 (s,
3H) (CH;0H).

[00316] “C NMR (DMSO-ds) 8 162.8, 157.5, 150.2, 90.2, 84.5, 74.2, 68.5, 59.7, 48.9
(CH;OH).

[00311] LC-MS ESL m/z 245.2 (M + H).

{06312} The IR spectrum of 5-azacytidine hemisulfate salt methanol solvate is shown in

Figure 11; the DSC plot of 5-azacytidine hemisulfate salt methano! solvate is shown in
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Figure 12. The XRPD pattern of 5-azacytidine hemisulfate salt methanol solvate is

shown in Figure 13. The XRPD data is further provided in the table below:

Table 27: XRPD - Strongest 3 peaks

Peak 2Theta d FWHM Intensity  Infegrated Int
no. ne. (deg) {A) /il (deg) {Counts} (Counts)
i 13 20.7054 4.28642 106 0.24550 1073 14977
2 7 15.5303 5.70116 95 0.27540 1014 15758
3 17 22,4492 3.95725 87 0.25300 937 13242

Table 28: XRPD - Peak Drata List

Peak 2Theta d FWHM intensity  Integrated Int

a0. (deg) {A) Vi {deg) {Counts) {Counts)

1 7.7800 11.35446 3 0.18660 35 484
2 8.0200 11.01521 7 $¢.20000 76 752
3 9.2841 9.51805 10 632176 111 2488
4 10,2184 8.64979 7 0.27690 75 1498
5 13.8860 6.37234 6 0.33200 61 1289
6 14,7439 6.00342 28 0.30600 299 5182
7 15.5303 5.70116 93 (.27540 1614 15758
8 16.3058 543172 33 0.33420 i51 6494
9 16.8200 5.26680 10 0.26340 105 1672
10 17.5682 5.04415 9 0.22980 93 1144
11 18.6876 4.74445 17 0.31930 183 3260
12 19.3369 4.58658 17 0.24440 179 2462
13 19,9800 4.44038 33 0.30820 350 6176
14 20.2280 4.38821 19 0.00000 203 0
15 20,7054 4.28642 100 0.24550 1073 14977
16 21.0800 421109 9 0.426460 99 3355
17 22.4492 3.95725 &7 0.25300 937 13242
18 23.0860 3.85050 7 0.15000 75 834
19 23.3000 3.81404 12 0.26880 130 1613
20 24.0475 3.69773 9 027910 160 1609
21 24.4200 3.64216 7 0.16000 77 869
22 24.7239 3.59808 42 0.26150 448 5628
23 25,1600 3.53669 23 0.34900 250 4362
24 25.5017 3.49007 51 0.23860 542 6193
25 262202 3.39604 16 0.23670 176 2431
26 27.0600 3.29252 4 0.17080 45 730
27 27.4793 3.24323 26 0.35370 284 6993
28 28.0400 3.17963 14 0.00008 151 0
29 284200 3.13798 17 §.60000 186 ]
30 29.0313 3.07328 19 0.2987¢ 208 6146
31 29.7535 3.00030 3 6.40716 59 1675
iz 30.1250 2.96415 5 (.33000 57 1637
33 31.6000 2.82907 10 £.28000 107 2309
34 31.9600 2.79802 g 0.00000 82 0
3 32,1200 2.78445 8 6.47560 83 1624
36 32.9980 271234 7 031600 72 1298
37 34.1600 2.62268 6 0.35200 65 1547
3 34.4200 2.60347 6 0.06000 60 0
39 34,8400 2.57304 7 0.32000 70 1862
40 35,4883 2.52750 12 0.32790 126 2292
41 36.6527 2.44984 7 0.23680 78 886
42 37.0600 2.42384 5 037200 50 855
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Peak 2Theta d FWHM Intensity  Integrated Imt
na. (deg) {A) 111 (deg) {Counts) (Counts)
43 37.3600 2.40507 3 0.24500 37 481
44 382516 2.35103 7 0.29670 70 1353
45 39.6800 2.26963 4 0.16800 40 453
46 39.9326 2.25585 8 0.45730 83 1544
47 40.8125 2.20923 5 0.33500 33 867

4. 3-Azacytidine Mesylate Salt Methano! Solvate

[00313] 'H NMR (DMSO-ds) 89.74 (s, 1H), 9.07 (s, 1H), 8.94 (s, 1H), 5.58 (d, 1H, J=
0.9 Hz), 4.11 (m, 1H), 4.05 (m, 1H), 3.90(m, 1H}, 3.78 (m, 11, 3.59 (m, 1H)}, 3.15 (s, 3H)
(CHsOH), 2.49 (s, 3H) (CH3S0:H).

[00314] PCNMR (DMSO-d;) § 160.0, 158.3, 146.9, 90.7, 84.4, 74.2, 67.9, 59.2, 48.9
(CH30H), 40.0 (CH>SO3H).

[00315] LC-MS ESL: m/z 2452 (M + H).

[00316] The IR spectrum of 5-azacytidine mesylate salt methanol solvate is shown in
Figure 14; the DSC plot of 5-azacytidine mesylate salt methanol solvate is shown in
Figure 15, The XRPD pattern of 5-azacytidine mesylate salt methanol solvate 15 shown i

Figure 16. The XRPD data is further provided in the table below:

Table 29: XRPD - Strongest 3 peaks

Peak 2Theta d FWHM Intensity  Integrated Int
no. ne. (deg) (A) 153 {deg) (Counts) {Counts)
1 14 184114 4.81500 100 0.71380 796 217178
2 24 27.8449 3.20147 66 £.40900 527 11554
3 3 9.0287 §.78671 38 0.43740 299 7573

Table 38: XBPD — Peak Data List

Peak 2Theta d FWHM Intensity  Integrated Int
ne. {deg) {A) Hja) {deg) (Counts) {Counts)
1 5.1200 17.24595 3 0.36000 24 1341
2 5.8400 15.12125 4 0.06000 31 0
3 6.4800 13.62916 3 0.006000 36 0
4 7.3400 12.03410 16 0.74660 81 4813
5 9.0287 0.78671 38 0.43740 299 7573
6 9.7322 0.08079 19 0.50890 152 4481
7 11.6904 7.56374 11 0.39420 87 1951
8 13.1008 6.73245 11 0.37830 91 1818
9 13.8600 6.38423 6 0.32800 48 1041
19 14.7266 601044 17 0.62670 134 4254
11 15.5183 5.70554 16 0.46160 131 3257
12 16.6612 3.31664 20 049250 156 4279
13 17.5660 304649 14 0.76000 112 4315
14 184114 4.81500 100 0.71380 796 27178
15 19.5860 452880 20 0.50300 160 4059
16 20.2466 4.38230 24 0.50670 196 4721
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Peak 2Theta d FWHM Intensity  Imtegrated Int
e, (deg) (A} I/11 (deg) {Counts) {Counts)
17 21.3800 415267 15 1.12000 122 6951
18 22.0200 4.03340 19 0.00000 149 0
19 23.0149 3.86124 35 0.79870 280 12058
20 23.5000 3.78262 18 0.00000 143 0
21 24.5000 3.63045 15 0.42000 122 6939
22 25.8160 3.44829 5 0.51200 39 1204
23 26.3750 3.37646 5 0.45000 36 649
24 27.8449 3.20147 66 0.40900 327 11664
25 28.8800 3.08903 10 0.45000 80 3453
26 29,7000 3.603559 3 0.24000 26 377
27 30.1800 295887 5 0.46000 36 929
28 31.4515 2.84200 3 0.47300 4z 1193
29 32.4275 2.75874 10 0.57500 78 2146
30 33.4060 2.68060 4 0.56000 29 1319
31 37.2825 2.40989 7 (1.41500 55 1282
32 37.8893 2.37268 3 0.24530 27 410

5. 5-Azacytidine Mono-Hydrobromide Salt

[06317] 'H NMR (DMSO-ds) § 9.50 (s, 1H), 8.91 (s, 1H), 8.56 (s, 1H), 5.60 (4, 1H, J =
1.7 Hz), 4.12 {m, 1), 4.05 (m, 1H), 3.90(m, 1H), 3.77 (m, 1H), 3.59 (m, 1H).

[00318] “CNMR (DMSO-dy) § 160.0, 158.3, 147.0,90.7, 84.6, 74.2, 68.1, 593,
[00319] LC-MS ESI: m/z 245.0 (M + H").

[060320] The IR spectrum of S-azacytidine hydrobromide salt is shown in Figure 17; the
DSC plot of 5-azacytidine hydrobromide salt 1s shown in Figure 18. The XRPD patiern
of 5-azacytidine hydrobromide sall is shown in Figure 19. The XRPD data is further

provided in the table below:

TFable 31: XRPD ~ Strongest 3 peaks

Teak 2Theta d FWHM Intensity  Integrated Iumt
no. ne. (deg) {A) 181 {deg} {Counis) (Counts)
1 17 29.3754 3.03806 100 (.21090 3561 45176
2 7 22,3858 3.96836 99 0.23060 3520 53273
3 16 28.9891 3.07766 34 0.27900 1931 34036

Tabie 32: XRPD - Peak Data List

Peak 2Theta d FWHM Intensity  Integrated Imt
ne. (deg) (A) 7151 (deg) {Counts) (Counts)
1 13.7653 6.42794 5 0.36940 163 3736
2 16.9160 5.23713 38 0.30120 1369 24687
3 17.2377 5.14011 52 0.25120 1867 26905
4 18.6943 4.74276 17 0.25010 623 10585
5 20.0218 443120 37 0.26200 1322 22877
6 21.1485 4.19760 41 (.23630 1468 21781
7 22.3853 3.90836 99 0.23060 3520 53273
8 23.6281 3.76240 33 0.22880 1160 17423
9 24.2286 3.67050 6 0.20170 212 2901
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Peak 2Theta d FWHM Intensity  Integrated Inmt
no. (deg) {A) 1/11 (deg) {Counts) (Counts)
10 24.7G88 3.60024 20 0.22290 1040 14307
11 25.7251 3.46027 29 0.20130 1021 13071
12 26.1470 3.40338 3 0.17260 192 3293
13 264765 3.36374 26 0.21120 910 11758
14 273328 3.26028 23 0.22590 811 11753
15 27.7680 321016 10 0.20890 359 4594
16 28,9891 3.07766 54 0.27900 1931 34036
17 29.3754 303806 100 0.21090 3561 45176
i§ 29.7689 2.99879 22 021720 776 10904
19 30,3935 2.93857 12 0.21880 443 6695
20 31.8094 2.80577 3 $4.22910 1391 20671
21 33.2273 2.69414 20 0.20570 712 9758
22 33,7458 2.65392 31 0,20350 1096 14388
23 34.1908 2.62039 12 6.19560 412 5206
24 34,8996 2.56878 9 0.21060 305 4108
25 36.6147 2.45229 1 6.21930 408 6358
26 37.3233 2.40733 6 0.20880 218 3006
27 37.9283 2.37033 14 028880 498 8913
28 38.8907 2.31386 10 0.32320 370 6970
29 39.4410 2.28283 4 0.14740 130 1135
30 39.6960 2.26875 3 0.32120 119 2296
31 40.1470 2.24430 8 (118330 273 3009
32 40.69960 2.21512 7 041120 252 4839
33 40.9030 2.20455 4 0.00000 148 0
34 41.1653 219110 6 0.22630 208 3523
35 41.7244 2.16363 7 0.17980 258 2908
36 42.2041 2.13954 12 6.22730 444 6246
37 43,2388 2.09071 14 6.45860 516 13010
38 43.6740 207088 9 0.26780 322 5023
3% 44,1942 2.04770 iz 0.30470 412 T454
40 44,6363 2.02844 i5 0.22970 518 7908
41 459267 1.97441 4 0.15080 153 1806
42 47.6170 1.90819 4 021110 144 1915
43 47,9580 1.89341 3 0.24780 120 2775
44 48,2300 1.88336 4 000000 144 0
45 48.3830 1.87975 3 0.36980 112 2169
46 48.7606 1.86608 3 0.2453¢ 109 1694

6. 27,3’ 5 -Triacetyl-3-Azacytidine

[00321] 'HNMR (DMSO-ds)  8.32 (s, 1H), 7.72 (d, 2H, J= 9.1 Hz), 5.66 (d, 1H,J =
3.2 Hz), 5.53 (m, 1H), 5.41 (t, 1H, J= 6.6 Hz), 4.32 (dd, 1H, /7= 2.8, 11.6 Hz), 4.20 {m,
1H), 4.14 {(m, 1H), 2.04 (s, 1H), 2.02 (s, 1H), 2.00 (s, 1H).

[00322] CNMR (DMSO-ds) & 170.5, 169.9, 169.7, 166.2, 158.0, 152.9, 90.8, 79.3,
72,9,70.0, 63.2, 20.8, 20.6, 20.6.

[06323] LC-MS ESLm/z 371.2 (M +H"), 393.1 (M +Na").

[06324] The IR spectrum of 2°,3°,5 -tr1acetyl-5-azacytidine is shown in Figure 20,
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[00325] The embodiments described above are intended to be merely exemplary, and
those skilled in the art will recognize, or will be able to ascertain using no more than
routine experimentation, numerous equivalents of specific compounds, materials, and
procedures. All such equivalents are considered to be within the scope of the disclosure.
[66326]  All of the patents, patent applications and publications referred to herein are
incorporated herein in their entireties. Citation or identification of any reference in this
application is not an admission that such reference is available as prior art to thié
application. The full scope of the disclosure is better understood with reference to the

appended claims.
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WHAT IS CLAIMED:

I. A process for preparing S-azacytidine, or a solvate, hydrate, or
polymorph thereof, comprising the steps of reacting a silylated 5-azacytosine with a
protected B-D-ribofuranose in the presence of a metallic Lewis acid to yield a protected
S-azacytidine, deprotecting the protected S-azacytidine to yield 3-azacytidine, contacting
the 5-azacytidine with an acid to yield a salt of 5-azacytidine, contacting the salt of 5-
azacytidine with a base to yield 5-azacytidine, and re-crystallizing the 5-azacytidine to
yield 5-azacytidine, or a solvate, hydrate, or polymorph thereof, that is free of metal-
based impurities.

2, The process of claim 1, wherein the total metal-based impurities in the
purified 5-azacytidine, or solvate, hydrate, or polymorph thereof, are less than 20 ppm
W/W.

3. The process of claim 1, comprising the steps of:

{a) reacting 5-azacytosine with a silylating reagent to yield a silylated 5-azacytosine;

(b) reacting the silylated 5-azacytosine with an acyl protected B-D-ribofuranose in the
presence of a metallic Lewis acid; and quenching the reaction with water and at least one
neutralizing reagent to vield a protected 5-azacytidine;

(c) reacting the protected 5-azacytidine with a base, selected from the group consisting
of alkoxide, ammonia, and tetra-substituted ammonium hydroxide, in an alcohol to vield
S-azacytidine;

(d) contacting the 5-azacytidine from step (¢) with an acid in an organic solvent
to yield a salt of 5-azacytidine

(e) contacting the salt of 5-azacytidine from step (d) with a base in an organic
solvent to yield 5-azacytidine free base
(f) re-crystallizing the 5-azacytidine from step (e).

4. The process of claim 3, wherein the silylated 5-azacytosine is a

compound of formula (A}
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NHSI(R,),
AL
N~ OSIRy);
(A),
wherein each R| is independently optionally substituted C;-Cyg alkyl, optionally
substituted C3-Cyq cycloalkyl, or optionally substituted Cy¢-C g aryl.

5. The process of claim 4, wherein R; is methyl.

6. The process of any one of claims 3 to 5, wherein the silylating reagent
used in step (a) is a trimethylsilyl reagent.

7. The process of any one of claims 3 to 6, wherein the silylating reagent
used in step (a) is hexamethyldisilazane.

8. The process of any one of claims 3 to 7, wherein the silylation reaction of
step (a) is carried out in the presence of ammonium sulfate.

9. The process of any one of claims 3 to 8, wherein the protected 3-D-

ribofuranose is a compound of formula (B):

Rz\/ o
o,

Rgw O :
T

wherein each R; is independently hydrogen, optionally substituted C,-Cy alkyl,
optionally substituted Cs-C)q cycloalkyl, or optionally substituted C4-Cyg aryl.
10.  The process of any one of claims 3 to §, wherein the protected p-D-

ribofuranose is:
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11. The process of any one of claims 3 to 10, wherein the metallic Lewis acid

ig stannic chloride or ferric chloride.

12. The process of any one of claims 3 to 10, wherein the metallic Lewis acid

is stannic chloride.

13.  The process of any one of claims 3 to 10, wherein the metallic Lewts acid

18 ferric chloride.

14, The process of any one of claims 3 to 9 and 11 to 13, wherein the

protected 5-azacytidine is a compound of formula (C):

NTSN

SER S

\f NT S0
:o:

Rp. O O R,

(€,
wherein each R» is independently hydrogen, optionally substitated C;-C)q alkyl,
optionally substituted C;-Cyg cycloalkyl, or optionally substituted Cs-Cyp aryl.
15.  The process of any one of claims 3 to 13, wherein the protected 5-

azacytidine is:

16.  The process of any one of claims 3 to 15, wherein the coupling reaction

of step (b) is carried out in a solvent with low water solubility.
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17.  The process of claim 16, wherein the solvent with low water solubility is

dichloromethane.

18.  The process of any one of claims 3 to 17, wherein the coupling reaction

of step (b) is carried out at a temperature of between 0°C and 5°C.

19.  The process of any one of claims 3 to 18, wherein the neutralizing

reagent in step {b) is a carbonate or bicarbonate salt.

20. The process of any one of claims 3 to 18, wherein the neuntralizing

reagent in step (b) 1s sodium bicarbonate.

21.  The process of any one of claims 3 to 20, wherein the reaction of step (b)

is quenched at a temperature of less than 10°C.

22.  The process of any one of claims 3 to 21, wherein the base in step (c) 1s

an alkoxide.
23.  The process of claim 22, wherein the alkoxide is sodium methoxide.

24, The process of any one of claims 3 to 23, wherein the alcohol in step (c)

is methanol.

25.  The process of any one of claims 3 to 24, wherein the acid used in step

(d) is hydrochloric acid, hydrobromic acid, sulfuric acid, or methanesulfonic acid.

26.  The process of any one of claims 3 to 24, wherein the acid used in step
{(d) is hydrochloric acid.
27.  The process of any one of claims 3 to 26, wherein the organic solvent

used in step (d) is an alcohol.

2&  The process of any one of claims 3 to 27, wherein the organic solvent

used in step (d} is methanol.
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29.  The process of any one of claims 3 to 28, wherein the salt of 5-

azacytidine formed in step (d) is 5-azacytidine mono-hydrochloride salt.

30.  The process of any one of claims 3 to 29, wherein the base used in step

(e} is an organic base.
31.  The process of claim 30, wherein the organic base is triethylamine.

32.  The process of any one of claims 3 to 31, wherein the organic solvent

used in step (e) 1s an alcohol.

33.  The process of any one of claims 3 to 32, wherein the organic solvent

used in step (e) is methanol.

34.  The process of any one of claims 3 to 33, wherein step (f) comprises the

steps of:

(1} dissolving S-azacytidine from step (e) in dimethylsulfoxide at a temperature
sufficient to allow the 5-azacytidine to dissolve; and optionally filtering the solution to
remove insoluble particles;

(2) adding an anti-solvent to the solution of step (1); and

(3) cooling the mixture of step (2) wherein 5-azacytidine re-crystallizes.

35. The process of claim 34, wherein the anti-solvent of step (£)(2) is an

alcohol.

36. The process of claim 34 or 35, wherein the anti-solvent of step (f}(2) 1s

methanol.

37.  The process of any one of claims 34 to 36, wherein step (f) further
comprises the steps of:

(4) collecting the re-crystallized 5~azacytidine from step (3) by filtration; and
(5) drying the 5-azacytidine from step (4) under vacuum.

38. The process of any one of claims 3 to 39, wherein the salt of 5-
azacytidine formed in step (d), is selected from the group consisting of hydrochloride

salt, hydrobromide salt, a mesylate salt and sulfate salt.
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39.  The process of claim 38, wherein the salt is a mono-hydrochloride salt of

S-azacytidine.

40.  The process of claim 38, wherein the salt is a mono-hydrobromide salt of

S-azacytidine.

41.  The process of claim 38, wherein the salt is a hemisulfate salt of 5-

azacytidine, which is a methanol solvate.

42, The process of claim 38, wherein the salt is a mesylate salt of 5-

azacytidine.

43.  The process of any one of claims 38 to 42, wherein the salt is free of
impurities.

44.  The process of any one of claims 38 to 42, wherein the salt is crystalline.
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