TITLE P-Toluene Sulfonic Acid Salt of
5-Amino-3-(2'-0-Acety1-3'-Deoxy-3-D-
Ribofuranosyl)-3H-Thiazole[4,5-d]pyrimidine-2-one and Methods for
Preparation FIELD OF THE DISCLOSURE [0001] The present
disclosure relates to p-toluene sulfonic acid salt of 5-amino-3(2'-0-acetyl-3
'-deoxy-beta-D-ribofuranosyl)-3H-thiazolo [4,5- d]pyrimidin-2- one and to
its use in treating conditions such as viral infections, tumors, and cancer.
Also disclosed is a method for premme p-toluene sulfonic acid salt of
5-aninboBréRe-CrifeiiylABcid Salt of 5-Amino-3-(2°-O-Acetyl-3’ -Deoxy-B -D-
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treatment of cancers and viral infections. After entry into a cell, nucleoside analogs are
frequently phosphorylated by nucleoside salvage pathways in which the analogs are
phosphorylated to the corresponding mono-, di-, and triphosphates. Among other
intracellular destinations, triphosphorylated nucleoside analogs often serve as substrates
for DNA or RNA polymerases and become incorporated into DNA and/or RNA. Where
triphosphorylated nucleoside analogs are strong polymerase inhibitors, they may induce
premature termination of a nascent nucleic acid molecule. Where triphosphorylated
nucleoside analogs are incorporated into nucleic acid replicates or transcripts, gene

expression or disruption of function may result.

[0003] Some nucleoside analogs may be efficacious because of their ability to
inhibit adenosine kinase. Adenosine kinase catalyzes the phosphorylation of adenosine to

adenosine 5'-monophosphate (AMP). Inhibition of adenosine kinase may effectively



increase the extracellular level of adenosine in humans and thereby serve
as a treatment of ischemic conditions such as stroke, inflammation,
arthritis, seizures, and epilepsy. [0004] The last few decades have
seen significant efforts expended in exploring therapeutic uses of
nucleoside analogs. For example, certain pyrimido[4,5-d]pyrimidine
nucleosides are disclosed in U.S. Pat. No. 5,041,542 to Robins et al. as
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0-acety1-3'-deoxy-beta-D-rihofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one
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naoengrisingethbasaltA &yu@K purification of the free base may be limited to the use
of certain solvents which are not acceptable for human consumption. In addition, the
amorphous form (free base) of this compound tends to be hydroscopic which may make
the compound susceptible to hydrolysis. Accordingly, a method for producing a

crystalline form of this compound with high purity and stability having low amounts of

non-toxic solvent is desirable for pharmaceutical applications.

SUMMARY OF THE DISCLOSURE

[0006] The disclosure is directed to p-toluene sulfonic acid salt of 5-amino-3-(2’-
O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-3H-thiazolo[4,5-d|pyrimidin-2-one, shown

below in Formula (1) and pharmaceutical compositions comprising the salt.
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[0007] The compound of Formula 1 is used in methods for treating or
preventing disease. For instance, a compound of Formula 1 is used in
methods of treating or preventing the onset and/or progression of tumors
or cancers. Also disclosed are methods of treating or preventing infection
by a pathogen such as, for example, viruses including Hepatitis B virus or
Hepatitis C virus. The compound of Formula 1 is also used in methods of
modulating immune cytokine actiyity. [0008] In another embodiment,
the present disclosure is €d t°a method for preparing p-toluene
sulfonic acid salt ofo
5-amino-3-(2'-0-ags

ty1-3% ;{«g\bq[,yranq? /)-3 Qlo[4,5-d]pyrim
idin-2-one @ e method comprises the’steps ?
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[0007] The compound of Formula 1 is used in methods for treating or preventing
disease. For instance, a compound of Formula 1 is used in methods of treating or
preventing the onset and/or progression of tumors or cancers. Also disclosed are methods
of treating or preventing infection by a pathogen such as, for example, viruses including
Hepatitis B virus or Hepatitis C virus. The compound of Formula 1 is also used in
methods of modulating immune cytokine activity.

[0008] In another embodiment, the present disclosure is directed to a method for
preparing p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1).
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The method comprises the steps of:
(1) coupling 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (2) with a

deoxyribofuranose (3) to form a compound of Formula (4)
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(11) selectively cleaving the 5’ acetate on the compound of Formula (4) to form
5-amino-3-(2’-O-acetyl-3’-deoxy- B -D-ribofuranosyl)-3H-thiazolo[4,5-
d]pyrimidin-2-one (5)



(i)coupling 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (2) with a
deoxyribofuranose (3) to form a compound of Formula (4) -<N NH2
AcOOAcC-KNe"......%%."* **LNH2 | 2Nr 4 HN Ac

reacting 5-amino-3-(2°-O-acetyl-3’-deoxy- B-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (5) with p-toluene sulfonic acid to
form p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-

B-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1)
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[0009] In another embodiment, step (i) comprises coupling 5-amino-3H-

thiazolo[4,5-d|pyrimidin-2-one (2) with a deoxyribofuranose of Formula (3B) to form a
compound of Formula (4)
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[0010] Another embodiment is drawn to methods for preparing a compound of

Formula (3), which is useful as an intermediate in the preparation of a compound of
Formula (1)

AcO

OAc

OAc
The method comprises:

(1) sulfonating a compound of Formula (6) with a sulfonating agent in the

presence of a base



Oselectively cleaving the 5' acetate on the compound of Formula (4) to
form 5-amino-3 -(2' -O-acetyl-3 ' -deoxy- | -D-ribofuranosyl)-3H-thiazolo
[4,5- d]pyrimidin-2-one (5) ; and Oreacting
5-amino-3-(2'-0-acetyl-3'-deoxy- 13-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (5) with p-toluene sulfonic acid to form
p-toluene sulfonic acid salt of 5-amino-3-(2'-0-acetyl1-3'-deoxy-
3-D-ribofuranosyl)-SH-thia%olo[4,5-d]pyrimidin-2-one 1o

A

HO

6

to form a sulfonyl substituted compound of Formula (7)
0

A

RO,SO

7

2

wherein R is an optionally substituted alkyl or aryl;
(i)  reducing the sulfonyl substituted compound of Formula (7) with a

reducing agent to form a compound of Formula (8)

O

A

8 6]

(iii)  hydrolyzing the compound of Formula (8) with an acid to form a

compound of Formula (9)
HO

HO



NH2NN.re5HO 1 [0009] In another embodiment, step (i)
comprises coupling 5-amino-3Hthiazolo[4,5-d]pyrimidin-2-one (2) with a
deoxyribofuranose of Formula (3B) to form a compound of Formula (4)

(iv)  oxidizing the compound of Formula (9) with an oxidizing agent
followed by reduction with a reducing agent to form a compound of

Formula (10)

HO

10 ; and

(v) acetylating the compound of Formula (10) with an acetylating agent in

the presence of an acid catalyst to form the compound of Formula (3)

(6)
AcO
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[0011] Another embodiment of the present disclosure is drawn to methods of
preparing a compound of Formula (3B), which is useful as an intermediate in the

preparation of a compound of Formula (1)

o
AcO
OAc
3B ,///OAC
The method comprises:
(1) sulfonating a compound of Formula (6B), Formula (6C), or mixtures

thereof, with a sulfonating agent in the presence of a base

l,//
HO 2
)
6B

to form a sulfonyl substituted compound of Formula (7B), Formula

(7C) or mixtures thereof,



[0010] Another embodiment is drawn to methods for preparing a
compound of Formula (3), which is useful as an intermediate in the
preparation of a compound of Formula (1) The method comprises:
()sulfonating a compound of Formula (6) with a sulfonating agent in the
presence of a base
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wherein R is an optionally substituted alkyl or aryl;
(11) reducing the sulfonyl substituted compound of Formula (7B), Formula
(7C), or mixtures thereof with a reducing agent to form a compound of

Formula 8B

(0]

AN

,,/,///O
8B .
(i11))  hydrolyzing the compound of Formula (8B) with an acid to form a
compound of Formula (9B)

HO
HO

3
2,
7,

0
9B

(iv)  oxidizing the compound of Formula (9B) with an oxidizing agent
followed by reduction with a reducing agent to form a compound of

Formula (10B)



to form a sulfonyl substituted compound of Formula (7) wherein R is an
optionally substituted alkyl or aryl; i)reducing the sulfonyl substituted
compound of Formula (7) with a reducing agent to form a compound of

Formula (8) 0 hydrolyzing the compound of Formula (8) with an acid to
form a compound of Formula (9) HO HO

HO

10B ,///0
;and
(v) acetylating the compound of Formula (10B) with an acetylating agent
in the presence of an acid catalyst to form the compound of Formula
(3B)

AcO
OAc

>
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OAc
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[0012] In another embodiment, the disclosure relates to a method of reducing a
sulfonyl substituted compound of Formula (7)

0]

A

RO,SO

b

with a reducing agent to form a compound of Formula (8)
0

A

wherein R is an optionally substituted alkyl or aryl. In other
embodiments, R is an optionally substituted C;-C¢ alkyl or phenyl. In
another embodiment, R is CF5, CH3, -CsH4CHs.



v)oxidizing the compound of Formula (9) with an oxidizing agent followed
by reduction with a reducing agent to form a compound of Formula (10)
HO ; and (v)acetylating the compound of Formula (10) with an acetylating
agent in the presence of an acid catalyst to form the compound of
Formula (3) [0011] Another embodiment of the present disclosure is
drawn to methods of preparing a compound of Formula (3B), which is
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sulfonyl substituted compound of Formula (7B), Formula (7C), or mixtures thereof,

R0O,SO 5
O

7B 7C

%,
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with a reducing agent to form a compound of Formula (8§B)

AN

3
/
7

8B o)
wherein R is an optionally substituted alkyl or aryl.

[0014] In other embodiments, R is an optionally substituted C;-C¢ alkyl or
phenyl. In another embodiment, R is CF3, CHj3, or -CcH4CHj.

[0015] The methods of the present disclosure are appropriate for the scalable
commercial production of compounds described herein. The methods are operationally
simple, robust and efficient. In particular, the methods are particularly useful for scaled-
up production of p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-

ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a FT-Raman spectrum of a compound of Formula (1).

Fig. 2 is a PXRD (x-ray diffraction) pattern of a compound of Formula (1).

DETAILED DESCRIPTION OF THE DISCLOSURE

[0016] The term “comprising” (and its grammatical variations) as used herein is

used in the inclusive sense of “having” or “including” and not in the exclusive sense of



The method comprises: (i)sulfonating a compound of Formula (6B),
Formula (6C), or mixtures thereof, with a sulfonating agent in the
presence of a base to form a sulfonyl substituted compound of Formula
(7B), Formula (7C) or mixtures thereof, wherein R is an optionally
substituted alkyl or aryl;

“consisting only of”. The terms “a” and “the” as used herein are understood to
encompass the plural as well as the singular.

[0017] As used herein, the term “halide” refers to fluoride, chloride, bromide and
iodide. The term halogen refers to fluorine, chlorine, bromine and iodine.

[0018] The term "alkyl", as used herein, unless otherwise indicated, includes
saturated monovalent hydrocarbon radicals having straight, branched, or cyclic moieties
(including fused and bridged bicyclic and spirocyclic moieties), or a combination of the
foregoing moieties. For an alkyl group to have cyclic moieties, the group must have at
least three carbon atoms.

[0019] The term "aryl", as used herein, unless otherwise indicated, includes an
organic radical derived from an aromatic hydrocarbon by removal of one hydrogen, such as
phenyl or naphthyl.

[0020] The ““alkyl” and “aryl” groups are optionally substituted by 1-5
substituents selected from —OH, halo, -CN, C,-Cg alkyl, arylalkyl, C;-C¢ alkoxy, C;-C¢
alkenyl, C;-C¢ hydroxyl, C;-Cs hydroxyalkyl, amino, C;-Cs alkylamine, C;-C¢
dialkylamine, wherein the alkyl groups can be further substituted with one or more
halogens.

[0021] The term “Ac’” means acetyl.

[0022] The compounds of the disclosure may exist as single stereoisomers,
racemates and/or variable mixtures of enantiomers and/or diastereomers. All such single
stereoisomers, racemates and/or variable mixtures of enantiomers and/or diastereomers
are intended to be within the scope of the present disclosure.

[0023] As used herein, the term “oxidizing agent” refers to a substance or species
that gains electrons in a chemical reaction and the term “reducing agent” refers to a
substance that loses electrons in a chemical reaction.

[0024] The term “immunomodulator” refers to natural or synthetic products
capable of modifying the normal or aberrant immune system through stimulation or
suppression.

[0025] The term "preventing" refers to the ability of a compound or composition
of the invention to prevent a disease identified herein in patients diagnosed as having the

disease or who are at risk of developing such disease. The term also encompasses
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i)reducing the sulfonyl substituted compound of Formula (7B), Formula
(7C), or mixtures thereof with a reducing agent to form a compound of
Formula 8B 8B 0 hydrolyzing the compound of Formula (8B) with an acid
to form a compound of Formula (9B) HO 9B v)oxidizing the compound of
Formula (9B) with an oxidizing agent followed by reduction with a reducing
agent to form a compound of Formula (10B)

preventing further progression of the disease in patients who are already suffering from
or have symptoms of such disease.

[0026] The term “patient” or “subject” means an animal (e.g., cow, horse, sheep,
pig, chicken, turkey, quail, cat, dog, mouse, rat, rabbit, guinea pig, etc.) or a mammal,
preferably a human, including chimeric and transgenic animals and mammals.

[0027] The term a “therapeutically effective amount” refers to an amount of the
compound of the invention sufficient to provide a benefit in the treatment or prevention
of disease, to delay or minimize symptoms associated with disease, or to cure or
ameliorate the disease or infection or causes thereof. In particular, a therapeutically
effective amount means an amount sufficient to provide a therapeutic benefit in vivo.
Used in connection with an amount of a compound of the invention, the term preferably
encompasses a non-toxic amount that improves overall therapy, reduces or avoids
symptoms or causes of disease, or enhances the therapeutic efficacy of or synergies with
another therapeutic agent.

[0028] The term a “prophylactically effective amount” refers to an amount of a
compound of the invention or other active ingredient sufficient to result in the prevention
of disease, recurrence or spread of a disease. A prophylactically effective amount may
refer to an amount sufficient to prevent initial viral infection or the recurrence or spread
of the infection or a disease associated with the infection. Used in connection with an
amount of a compound of the invention, the term preferably encompasses a non-toxic
amount that improves overall prophylaxis or enhances the prophylactic efficacy of or
synergies with another prophylactic or therapeutic agent.

[0029] The term “in combination” refers to the use of more than one prophylactic
and/or therapeutic agents simultaneously or sequentially and in a manner that their
respective effects are additive or synergistic.

[0030] The term "treating" refers to:

(i) preventing a disease, disorder, or condition from occurring in an animal
that may be predisposed to the disease, disorder and/or condition, but
has not yet been diagnosed as having it;

(i1) inhibiting the disease, disorder, or condition, i.e., arresting its

development; and
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HO ; and (v)acetylating the compound of Formula (10B) with an
acetylating agent in the presence of an acid catalyst to form the
compound of Formula (3B) OAc

(i11) relieving the disease, disorder, or condition, or relieving the symptoms
of the disease, disorder, or condition and/or causing regression of the
disease, disorder, or condition.

[0031] The terms “R” and “S” indicate the specific stereochemical configuration
of a substituent at an asymmetric carbon atom in a chemical structure as drawn.

[0032] The compounds of the invention may exhibit the phenomenon of
tautomerism. While the formulae set forth herein cannot expressly depict all possible
tautomeric forms, it is to be understood that the formulae set forth herein are intended to
represent any tautomeric form of the depicted compound and is not to be limited merely
to a specific compound form depicted by the formula drawings.

[0033] As generally understood by those skilled in the art, an optically pure
compound having one chiral center (i.e., one asymmetric carbon atom) is one that
consists essentially of one of the two possible enantiomers (i.e., is enantiomerically
pure), and an optically pure compound having more than one chiral center is one that is
both diastereomerically pure and enantiomerically pure. Preferably, the compounds of
the present invention are used in a form that is at least 90% free of other enantiomers or
diastereomers of the compounds, that is, a form that contains at least 90% of a single
isomer (80% enantiomeric excess (“e.e.”) or diastereomeric excess (“d.e.””)), more
preferably at least 95% (90% e.e. or d.e.), even more preferably at least 97.5% (95% e.e.
or d.e.), and most preferably at least 99% (98% e.e. or d.e.).

[0034] P-toluene sulfonic acid salt of 5-amino-3-(2°-O-acetyl-3’-deoxy-beta-D-

ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one is shown below in Formula (1)
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[0035] The free base of 5-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-
3H-thiazolo[4,5-d]pyrimidin-2-one (5) is an amorphous substance. Prior to the present
invention, 5-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-3H-thiazolo[4,5-
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3B [0012] In another embodiment, the disclosure relates to a method
of reducing a sulfonyl substituted compound of Formula (7) with a
reducing agent to form a compound of Formula (8) wherein R is an
optionally substituted alkyl or aryl. In other embodiments, R is an
optionally substituted C1-C6 alkyl or phenyl. In another embodiment, R is
CF3, CH3, -C6H4CHS. [0013] In another embodiment, the disclosure
relates to_a methad é)f reducing a sulfony| substituted compound of

dpxgi ]8‘%7%}? [SAE %e(?b]??g} resousred thsreplline form. "It has now been

surprisingly found in accordance with the present disclosure that under certain conditions
a crystalline form with very low residual solvent can be obtained from the p-toluene
sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (1). The crystalline form of the present invention has
advantageous properties over the amorphous form of 5-amino-3-(2’-O-acetyl-3’-deoxy-
beta-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (5). For example, less solvent
residue is present in the ultimate drug substance in any form, such as a dissolved state. In
addition, additional purification is effected by the crystallization process. This results in
higher stability of the drug substance and easier handling in the production plant.

[0036] The free base of 5-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-
3H-thiazolo[4,5-d]pyrimidin-2-one (5) is a hydroscopic substance. From the chemical
structure it is expected that 5S-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (5) may be very sensitive to hydrolysis. It has now been
surprisingly found in accordance with the present disclosure that the crystalline form of
the p-toluene sulfonic salt is only slightly hygroscopic thus having better storage
properties and being easier to process.

[0037] The free base of 5-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-ribofuranosyl)-
3H-thiazolo[4,5-d]pyrimidin-2-one (5) has been found to contain some related substances
(side reactions during synthesis) and shows residual solvents and water. The term
“essentially pure” in accordance with the present invention means that the sum of related
substances is less than 1%, preferably less than 0.75%, more preferably less than 0.5%
and that the residual solvents and water are less than 1%, preferably less than 0.75%,
more preferably less than 0.5% and still more preferably less than 0.25% by weight.

[0038] IR data - Fig. 1 shows a FT-Raman spectrum of the compound of Formula
(1). The compound of Formula (1) is characterized by the following major IR bands at
1356, 1130, 804, 498 and 435 cm™ with medium bands at 1637, 1602,1054, 1037, 609
and 530 cm™.

[0039] X-ray data - Fig. 2 shows a x-ray diffraction diagram of the compound of
Formula (1). In the x-ray diagram, the angle of diffraction 2theta is plotted on the x-axis

and the peak intensity is plotted on the y-axis. The strongest line in the x-ray diffraction
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with a reducing agent to form a compound of Formula (8B) wherein R is
an optionally substituted alky! or aryl. [0014] In other embodiments, R
is an optionally substituted Ci-C6 alkyl or phenyl. In another embodiment,
Ris CF3, CH3, or -C6H4CHS3. [0015] The methods of the present
disclosure are appropriate for the scalable commercial production of
compounds described herein. The methods are operationally simple,
robust and efficient. In particular, the methods are par.tic&JiIarIy useful for

diagrans i QBSHRELAHPBEYS-Bd e aifdHIB ehgrdniepyity linesat T1.87, 12.3°,
17%%mirmo; 39 27°02a0etyl133°, 21.9°, 23.8°, 24.1° and 25.9°+ 0.3°.

PR R E T SITIEE g T & F-Raman spectrum of a
compdagl ‘ol domstaland yoFigouihdsod RoXRDa(ktHhay wiftt ac oepapattern of a

compound,of Formula (1). DETAILED DESCRIPTION OF THE .
ph%agiu 1:%3[1J &Oénposﬁ‘iong c)omprlslng aI% I'-l)eas][E onglsharmaceu ically acceptable carrier

and the compound of Formula (1). Details for preparing pharmaceutical compositions
using a carrier are described in U.S. Patent Application Publication No. 2006/0160830
(U.S. Application No. 11/304,691), which is incorporated herein by reference in its
entirety.

[0041] Pharmaceutical compositions and single unit dosage forms comprising a
compound of Formula (1), or a pharmaceutically hydrate or solvate thereof, are also
encompassed by the disclosure. Individual dosage forms of the disclosure may be
suitable for oral, mucosal (including sublingual, buccal, rectal, nasal, or vaginal),
parenteral (including subcutaneous, intramuscular, bolus injection, intraarterial, or
intravenous), transdermal, or topical administration. Pharmaceutical compositions and
dosage forms of the disclosure typically also comprise one or more pharmaceutically
acceptable excipients. Sterile dosage forms are also contemplated. In an alternative
embodiment, pharmaceutical compositions encompassed by this embodiment include a
compound of Formula (1), or a pharmaceutically acceptable hydrate or solvate thereof,
and at least one additional therapeutic agent.

[0042] The composition, shape, and type of dosage forms of the disclosure will
typically vary depending on their use. For example, a dosage form used in the acute
treatment of a disease or a related disease may contain larger amounts of one or more of
the active ingredients it comprises than a dosage form used in the chronic treatment of the
same disease. Similarly, a parenteral dosage form may contain smaller amounts of one or
more of the active ingredients it comprises than an oral dosage form used to treat the
same disease or disorder. These and other ways in which specific dosage forms
encompassed by this disclosure will vary from one another will be readily apparent to
those skilled in the art. See, e.g., Remington’s Pharmaceutical Sciences, 18th ed., Mack
Publishing, Easton PA (1990). Examples of dosage forms include, but are not limited to:

tablets; caplets; capsules, such as soft elastic gelatin capsules; cachets; troches; lozenges;
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[0016] The term "comprising” (and its grammatical variations) as used
herein is used in the inclusive sense of "having" or "including" and not in
the exclusive sense of "consisting only of'. The terms "a" and "the" as
used herein are understood to encompass the plural as well as the
singular. [0017] As used herein, the term "halide" refers to fluoride,
chloride, bromide and iodide. The term halogen refers to fluorine, chlorine,
bromine and iodine. 0018] The term "alkyl", as used herein, unless

dlsBﬂ‘i@Rﬁ?sé%%‘?éﬁ?é’&Sw‘? LS ARIPRIBYTH GROVHTERY H?/%‘Fécﬁ?ﬂ’éir‘?rfagﬁéff&“gs
crdaawngestmg Ekﬁllbfalmlﬁﬁd:,heﬁ eyelicom giatiesadiclipaingoftiatal@syd grisldepid
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dos rms u1 ?ra Al a 1strat10n ient, 1n
For an a roup b Biavé c A m0|et|es Ae r’oup must have

Suﬂieisaﬂtﬁhd’%e equbars atoms-aqued0d hailfdmmlbasybxlas-w&m trepdsmns, or

a WIIESR SIS Inqlcate dséﬁ‘&t es & ‘%‘”' radigalderiy %‘cﬁlsf'é%rpagle for
aromatlc yﬂlrocamb removal of one 5?0&3 suc asp eny or

pargastithg{lminiJOg0] mmw@mw'@d@r@m's@rdmmrermﬂdmw amorphous

sol‘f‘ﬂ@%ﬂ&'ﬂ@q BY Rl RS RIES F(?lg(fr&’&'a OFbriR!Quie B fgllpg%@n@tl,ﬁlll
arylalkyl, Ci-C6 alkoxy, C1-C6 alkenyl, Ci-C6 ydroxyl Ci-C6

admRipGRAIKIR, BPAHL-C1-C6 alkylamine, C1-C6 dialkylamine, wherein the
alky 9698 :8a PeniHHeE AR UM With CNRI bR e RAOSE RS LA L or

The term "Ac” means acetyl. [0022] The compounds of the disclosure

MR BIGED SEUMGIE SEtiborsbim SrlaRIE SXTARES Wt Ubkim iikkare stated

in @RAMISMAESAAY/ Qindiasieraamey sx Al SUCHINglBISBIapisnR@Sprovided
racer{@ﬁ {fgand/or va{mble mixtures of enantiomers and/or diastereomers

hergig G IBEWIEHIFHR QP SR NG 'SrdBEPaTatfgk (e @ pharmaceutical

composition or dosage form depends on a variety of factors well known in the art
including, but not limited to, the way in which the dosage form will be administered to a
patient. For example, oral dosage forms such as tablets may contain excipients not suited
for use in parenteral dosage forms. The suitability of a particular excipient may also
depend on the specific active ingredients in the dosage form.

[0044] The disclosure encompasses anhydrous pharmaceutical compositions and
dosage forms comprising active ingredients, since water can facilitate the degradation of
some compounds. For example, the addition of water (e.g., 5%) is widely accepted in the
pharmaceutical arts as a means of simulating long-term storage in order to determine
characteristics such as shelf-life or the stability of formulations over time. See, e.g.,
Carstensen, Drug Stability: Principles & Practice, 2d. Ed., Marcel Dekker, NY, NY,
1995, pp. 379-80. In effect, water and heat accelerate the decomposition of some
compounds. Thus, the effect of water on a formulation can be of great significance since
moisture and/or humidity are commonly encountered during manufacture, handling,
packaging, storage, shipment, and use of formulations.

[0045] Anhydrous pharmaceutical compositions and dosage forms of the
disclosure can be prepared using anhydrous or low moisture containing ingredients and

low moisture or low humidity conditions.
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[0023] As used herein, the term "oxidizing agent” refers to a substance or
species that gains electrons in a chemical reaction and the term "reducing
agent" refers to a substance that loses electrons in a chemical reaction.
[0024] The term "immunomodulator” refers to natural or synthetic products
capable of modifying the normal or aberrant immune system through
stimulation or suppression. [0025] The term "preventing" refers to the
ability of a compound or composition of the invention to prevent a disease
denl 85 AT Bt PR HAHI CALF AT PR S UL B SE B R g s
sudisthafideartiohing sdahedispastahbe. tatoalsoety) canjdassesoppevRiviingre
fyrtlﬁr E:o resgion of th? diﬁe se in patients who are a%lrea(iié/ suf}e{f’lng th
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cati$gbjettdpdaansitablanimabi@gkicowxhorsdes sheebpipackagkeninieirdeybut
uail, cat mouse. rat, rabbjt. quinea pig. efc.) or a mammal, .
s R b 2 AT B it
bliptaarpankdsand sti@RFIkFhe term a "therapeutically effective amount" refers
to aRRRAUNOERRSHRAH Al eniRRSHIGIRD RRRYASR and
benefit in'the treatment or prevention of disease, to delay or minimize
dosage MK SOERIES AIhoTiBes0HP Ryt adueridhatdtthey dideesator

acﬂﬁ@ﬁ&?&%@%ﬁ%é@ﬁfﬁﬁé‘%ﬁ%%@B@dﬁ%ﬁ%{EQUYeﬁ@&%ﬁﬁ%mQémt
means an amount sufficient to provide a therapeutic benefit in vivo. Used

“stEbiishRectish il Uit RBLIREES ormyotaTts tHehAvantRshiche! deptl

buffeeiesabiy acRPMPasses a non-toxic amount that improves overall
ther ces or avoids symptoms or causes of disease, or enhances
the TSHHE DA ERPP AP RS STGH RoME P TS M By Dpes
of HeO28}nkhedienm ia dpteplylasically efiffetivepamioigih rtatesss tarenabaunbt
1§l ATRROUN f the puention,or ather,active ngredient suffident o,
resultin the prev%n lon of disease, recurrence or spread of a ise38e.
doprgpfoylas i dily dfidative eonquistsragonafenid ahfamaodat Eudfidigdriate thereof
Risyen inlilyrshinteerion Ar NS ISCHITARCs OF RISAA 6f e ffaeiap o
c0 aijjl}éease a s%c%btgg‘?\%/#h{tlﬁetinfé)cﬁoh Use%(lan cor?nectleon V?I'gﬁf ané Q 19 '
dagmount of a compound of the invention, the term preferably encompasses

Oﬁl@&kﬁ@éiﬁtﬁjﬂgum that improves overall prophylaxis or enhances the

prophylactic efficacy of or synergies with another prophylactic or

therdpftiticCagentceutiqeooirppidieapAf fhectipalsamte dhnt defetaigbinéon el
ad REMARI hanObe RERhviglig aneion SharaRHIC RYRALS TIMHIRABEAHSIYIb,

(S o able CapIets: Caplets: capsulcs, and quids (6. Havored syrups. Such
dosage forms contain predetermined amounts of active ingredients, and may be prepared
by methods of pharmacy well known to those skilled in the art. See generally,
Remington’s Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton PA (1990).
[0050] Typical oral dosage forms of the disclosure are prepared by combining the
active ingredient(s) in an intimate admixture with at least one excipient according to
conventional pharmaceutical compounding techniques. Excipients can take a wide
variety of forms depending on the form of preparation desired for administration. For
example, excipients suitable for use in oral liquid or aerosol dosage forms include, but are

not limited to, water, glycols, oils, alcohols, flavoring agents, preservatives, and coloring

agents. Examples of excipients suitable for use in solid oral dosage forms (e.g., powders,
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[0030] The term "treating" refers to: (i) preventing a disease, disorder, or
condition from occurring in an animal that may be predisposed to the
disease, disorder and/or condition, but has not yet been diagnosed as
having it; (ii) inhibiting the disease, disorder, or condition, i.e., arresting its
development; and (iii) relieving the disease, disorder, or condition, or
relieving the symptoms of the disease, disorder, or condition and/or
causing regression of the disease, disorder, or condition. [0031]. The
tab(]&ﬁngaﬂﬁ‘ﬁ%&“‘éﬁﬁﬂ EAtBHECS BRLTHE AL B LA I ST E o v aTo R ST Y
crystbBtitueituaisandaayningtiia taioncatelinricahe bigdb sl aedutBiat grating
drawn. [0032] The compounds of the invention may exhibit the
agfolhsénomenon of tautomerism. While the formulae set forth herein cannot
exprgssly] dépiatselbp desittlastanftadnenstiatins, tiitie toadnd capdelstoguodivat the

the orm Iag set f(?r h herein gre intended to represent an .tatutomeric
mofs al Va%l% cous oral gosage unit 81’1118 1n whiicn casc Soll 8XCI 1611 S arc ¢m 10?’ d
orm of the depicted compound and is not to be limited merely to a specific

If dsimpburictsrandupiontal by thenfordatacramingmaquedi0sgmigues. Such
doSenaraly UndBLsingd Py $90sS skiledinibg st AR RRIGNY PYi&al

compound having one chiral ¢enter (i.e., one asymmetric carbon atom) is
phyimaeaal¢dseiBROsESEA BATIBTER dBMha e PRISEi BleuaHartbhiarsiftaately

adﬂﬁiﬁﬂ@@ﬂ@ﬂ&ﬁﬂ@%uyraﬂéﬁis CI) ﬁﬂ&@@ﬁﬁﬂé&;@, W&EQ&E‘HQWS’OH@\@M&E?@ both,
than one chiral center is one that is both diastereomerically pure and

and therribaning S padecPrétehsulssitrd RISRBBLABLISERTESBe sent invention
are yseshinFa fexanipial isalieash 90 YrdparObpihaoandioBIens Aing.
diastere rs of tr%e%com%gﬁ ds, that is,.a form thatb ontains at least.90%

CoRRLese) L B DR D PP R RE AT B §blS PRt st

ingxdiess (daefrd); fluaiegpfeiarahly af poasicdbfg(Gleseoptiondle. lievérvith an

BRI R S 21 A ORI
pot<demeihoeByfRdaveiyttnsd detdxynbeta-Dyibdfditaergsyl)-3H-thiazolo[4,5-d]py

”m'({%%?%‘ia{ﬁqﬁﬂg"é{f‘eg%‘éf%’n@ 1'1:19{ gll‘ﬂ'%e(&ed in oral dosage forms of the
disclosure include, but are not limited to, binders, fillers, disintegrants, and lubricants.
Binders suitable for use in pharmaceutical compositions and dosage forms include, but
are not limited to, corn starch, potato starch, or other starches, gelatin, natural and
synthetic gums such as acacia, sodium alginate, alginic acid, other alginates, powdered
tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl cellulose, cellulose acetate,
carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl
pyrrolidone, methyl cellulose, pre-gelatinized starch, hydroxypropyl methyl cellulose,
(e.g., Nos. 2208, 2906, 2910), microcrystalline cellulose, and mixtures thereof.

[0054] Examples of fillers suitable for use in the pharmaceutical compositions
and dosage forms disclosed herein include, but are not limited to, talc, calcium carbonate
(e.g., granules or powder), microcrystalline cellulose, powdered cellulose, dextrates,
kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof.
The binder or filler in pharmaceutical compositions of the disclosure is typically present
in from about 50 to about 99 weight percent of the pharmaceutical composition or dosage

form.
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[0035] The free base of
5-amino-3-(2'-0-acety1-3'-deoxy-beta-D-ribofuranosyl)-
3H-thiazolo[4,5-d]pyrimidin-2-one (5) is an amorphous substance. Prior to
the present invention,
5-amino-3-(2'-0-acetyl-3'-deoxy-beta-D-ribofuranosyl)-3H-thiazolo[4,5-
d]pyrimidin-2-one (5) had never been recovered in crystalline form. It has
now been surprisingly found in accordance with the present disclosure.
that tHides CBHERIT BB IR RAPSAMS FSHY GRANGEIFIGN EGigaEYmited to,
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an@Qditiem sgditignal purification is effected by the crystallization process.
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3H-thiazaolo[4,5-d]pyrimidin-2-one (5) is a hydroscopic substance. From
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rimidin-2-one (5) may be very sensitive to hydrglysis. It has now been
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other glycols, stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, and soybean oil),
zinc stearate, ethyl oleate, ethyl laureate, agar, and mixtures thereof. Additional
lubricants include, for example, a syloid silica gel (AEROSIL 200, manufactured by
W.R. Grace Co. of Baltimore, MD), a coagulated aerosol of synthetic silica (marketed by
Degussa Co. of Plano, TX), CAB-O-SIL (a pyrogenic silicon dioxide product sold by
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diagram is observed at an angle of 5.5+ 0.3 with lesser intensity lines at
11.8,12.3,17.9, 18.2, 19.7, 20.2, 21.3, 21.9, 23.8, 24.1 and 25.9+ 0.3.
PHARMACEUTICAL COMPOSITIONS [0040] The crystalline
compound of Formula (1) is used to prepare pharmaceutical compositions
comprising at least one pharmaceutically acceptable carrier and the
compound of Formula (1). Details for preparing pharmaceutical
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compounds. For example, the addition of water (e.g., 5%) is widely

accepted in the pharmaceutical arts as a means of simulating long-term
<etorane in ordar to determine charactericetice cr1ich ac chelf-life aor the




[0046] An anhydrous pharmaceutical composition should be prepared and
stored such that its anhydrous nature is maintained. Accordingly,
anhydrous compositions are preferably packaged using materials known
to prevent exposure to water such that they can be included in suitable
formulary kits. Examples of suitable packaging include, but are not limited
to, hermetically sealed foils, plastics, unit dose containers (e.g., vials),
blister packs, and strip packs. [0047] The disclosure further o
R S BB AT AT CYPE B BUEHS AL e @5 e B ATdGhigymaintain
thicoongrise long of dRarénahipaly)ds thagredsce: thecrstd bymwitichlangctive at
in ient will decompose. Such compounds, which are referred.to herein
o B S B R B R R S S STy
Coasotidioadecise pfhbuatievs ingrsditioutieds: stim{0Q48plikerihe aonduntssand
: es of excipients, the unts and specific types of active ingredients in
i P iR 1 R A SRS YRR, SRR ARl
conddipogter byopeiehdit is to be administered to patients. However, typical

P_apmggﬁ%g&g{;g}%gisclosure comprises a compound of Formula (1) or

ydrate thereof comprise 0.1 mg to 1500 mg per unit to provide doses of

abouf®081 Rerowerphdneggsdpay corbs plshEastinatienfpby gprious routes
indiREFDI AL HUCRLGRARASIRNSALINE digalRsMiR Rl suiaRIefas Rl

._administration can be presented as discrete dosage forms, such as, but.
intraYisH ik Aed rianiell(Bgcadiethehri BBty i bRt baprirsss aatents
nafigidsfta@s ?fE&YﬁHﬁd)ﬁ%&ﬁﬁﬁht@,%%&ﬂ@ﬁ%%i@gmﬁ?ﬁ@érpwﬁ%ﬂ%fd sRiAgdor
amounts of active ingredients, and may be prepare methods of
o B A R4 A B RAER 1 A st dAuTal QRBAraLa
dosadefarmatelittalbscienaes]iiditl edl. sdhaciaPréalisHinngnfeasdtand?Aand/or
990). 050] Typical oral dosage forms of the disclosure ar
R s o e R B P R ey apeemtabie
vehiille &trleasttome exoipientddecortidgrin sompeesitonatqolydimageuticaland
ﬁ)ﬂyﬂgunding techniques. Excipients can take a wide variety of forms
epending on the form of preparation desired for administration. For
exariifie3 kXeipielatechidtebibatsande Hsastid hepndlopaisnieiol dosegddonnel
thé MHQ%E%@WGH%H@EQQ ttﬁ)os\é’gﬁﬁ'ie@ li)ﬁctﬂl:sm(?.i l%ﬁ'&g%'ﬁﬁf@e{& rﬂﬁg are not

_agents, preservatives, and coloring agents. Examples of excipients _
limg{qeeisre YR eis@iAmeMéPB e Plodaure orRIge S pbidRs netiawied to, Sodium

ChighsigR A0 FaRIRS) iU, Da@Na] dmbadiiex SHRECHRISS SHRI Shloride
micro-crystalline cellulose, diluents, granul]atin agents, lubricants,

Injgctiqarand da kB et 'alisHED: WatshanaqiBle dalidcsriibireRub st

linaebantoisatione sablgis1aat tanspliesorepe $enipide yirastaredha iag eous
oral do%agg unit forr%)s,tin which case solid.gxcigientscflr employed. If
YROUS GG AT DAL %%gé?aﬁ&‘éﬁa‘ qUEBUE B Hortsgligatls Sesame

oiliediyiigites., Buphoprsagsstatensndarete separed by any of the methods of

phar, . eneral, pharmaceutical ositions and dosage forms are

prer e by R B R e S SR SR &
ingigdichtadrietssdinehe i vided sobicivesriansitat inotthapad thembHepiggthes of
thiRdHGHIpto the desired presentation if necessary.

cm

Transdermal Dosage Forms

[0065] Transdermal dosage forms include “reservoir type” or “matrix type”
patches, which can be applied to the skin and worn for a specific period of time to permit

the penetration of a desired amount of active ingredients.
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[0052] For example, a tablet can be prepared by compression or molding.

Compressed tablets can be prepared by compressing in a suitable

machine the active ingredients in a free-flowing form such as powder or

granules, optionally mixed with an excipient. Molded tablets can be made

by molding in a suitable machine a mixture of the powdered compound

moistened with an inert liquid diluent. [0053] Examples of excipients

that can be used in oral dosage forms of the disclosure include, but are
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microcrystalline cellulose, and mixtures thereof [0054] Examples of
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carbonate (e.g., granules or powder), microcrystalline cellulose, powdered
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suchedePESRUTB AL oAl ded iR At TISISAL CHBRSTHEG SO dRSASS FosmRd?

adi@ptapeci Rantaaitis deogelithepidiyophardhestlaase mbibaasiévidgredients
ingredients shquld be used to form solid oral dosasge foims of

h
50 44 SR T AUt WY SRS PR IS HFOSHRS Bad @ﬁgghlﬁ%%geof
foriauatitatjan aarthidsiéadiagiacernibiadaihasd of oddinany skillaincthe art.
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P o e A s S S o i
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pre-gelatinized starch, other starches, clays, other algins, other celluloses,
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pharmaceutical compositions and dosage forms of the disclosure include,
but are not limited to, calcium stearate, magnesium stearate, mineral oil,
light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other
glycols, stearic acid, sodium lauryl sdffate, talc, hydrogenated vegetable
oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn
oil, and soybean oil), zinc stearate, ethyl oleate, ethyl laureate, agar, and
mixtures thereof Additional lubricants include, for example, a syloid silica
gel (AEROSIL 200, manufactured by W.R. Grace Co. of Baltimore, MD), a

coagulated aerosol of synthetic silica (marketed by Degussa Co. of Plano,
TYY CAR-O-<Il (a nvroaenic <ilicon diovide nrodiict eold by Cabhot Co of



[0059] Active ingredients of the disclosure can be administered by
controlled release means or by delivery devices that are well known to
those of ordinary skill in the art. Examples include, but are not limited to,
those described in U.S. Patent Nos.: 3,845,770; 3,916,899; 3,536,809;
3,598,123; and 4,008,719, 5,674,533, 5,059,595, 5,591,767, 5,120,548,
5,073,543, 5,639,476, 5,354,556, and 5,733,566, each of which is
incorporated herein %reference. Such dosage farms can be used to
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period of time. In order to maintain this constant level of drug in the body,
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but not limited to, Sodium Chloride Injection, Ringer's Injection, Dextrose

Injection, Dextrose and Sodium Chloride Injection, and Lactated Ringer's

Injection; water-miscible vehicles suéh as, but not limited to, ethyl alcohol,

polyethylene glycol, and polypropylene glycol; and non-aqueous vehicles

such as, but not limited to, corn olil, cottonseed oil, peanut oil, sesame oil,

ethyl oleate, isopropyl myristate, and benzyl benzoate. [0064]

Compounds that increase the solubility of one or more of the active

ingredients disclosed herein can also be incorporated into the parenteral
Aocecane forme nf the dieclaciire



Transdermal Dosage Forms [0065] Transdermal dosage forms

include "reservoir type" or "matrix type" patches, which can be applied to

the skin and worn for a specific period of time to permit the penetration of

a desired amount of active ingredients. [0066] Suitable excipients

(e.g., carriers and diluents) and other materials that can be used to

provide transdennal and topical dosage forms encompassed by this

. disclosure are well known to those skilled in the pharmaceutical arts, and
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Different salts, hydrates or solvates of the active ingredients can be used
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include, but are not limited to, creams, lotions, gintments, gels, solutions,

dryg foaplations it samihen destiestro ibe lRAHIM 1o ot skill in the art.
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excipierits include, but dare not limited to, water, acetone, ethanol, ethylene
vagNeidkipstepylahe G cBit RieaA@ 0 S thovas derdpyilenyaistatt) SsBpraNgl
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specific tissue to be treated, additional components may be used prior to,
ThifagsHifsction with, or subsequent to treatment with active ingredients of
the disclosure. For example, penetration enhancers can be used to assist
in delivering the active ingredients to the tissue. Suitable penetration
enhancers include, but are not limited to: acetone; various alcohols such
as ethanol, oleyl, and tetrahydrofurylkyl sulfoxides such as dimethyl
sulfoxide; dimethyl acetamide; dimethyl formamide; polyethylene glycol;
pyrrolidones such as polyvinylpyrrolidone; Kollidon grades (Povidone,
Polyvidone); urea; and various water-soluble or insoluble sugar esters
such as Tween 80 (polysorbate 80) and Span 60 (sorbitan monostearate).



Mucosal Dosage Forms [0072] Mucosal dosage forms of the
disclosure include, but are not limited to, ophthalmic solutions, sprays and
aerosols, or other forms known to one of skill in the art. See, e.g.,
Remington 's Pharmaceutical Sciences, 18th eds., Mack Publishing,
Easton PA (1990); and Introduction to Pharmaceutical Dosage Forms, 4th
ed., Lea & Febiger, Philadelphia (1985). Dosage forms suitable for
treatln%mucosal tls ues within the oral cavity can be formulated as
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Therapeultics. [0077] In one embodiment, an electrohydrodynamlc
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Coffee, U.S. Pat. No., 4,962,885; Coffee, PCT Application, WO 94/12285;
Coffee, PCT Application, WO 94/14543; Coffee, PCT Application, WO
95/26234, Coffee, PCT Application, WO 95/26235, Coffee, PCT
Application, WO 95/32807, which are herein incorporated by reference).
The electrochemical properties of a compound of Formula (1) formulation
may be important parameters to optimize when delivering this drug to the
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nerformed by one of ckill in the art FHD aerncenl devicee mav more



[0079] In addition to the formulations described previously, a compound of
Formula (1) can also be formulated as a depot preparation. Such long
acting formulations can be administered by implantation (for example
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for
example, the compounds can be formulated with suitable polymeric or
hydrophobic materials (for example, as an emulsion in an acceptable oil)
or ion exchange g{a%ns or as sparingly soluble derlvatlves for example,
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In another embodiment, polymeric materials can be used (see Medical
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surfactant, and as a delivery- en’hancmg or penetration- enhancing agent
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The disclosure provides a pharmaceutical pack or kit comprising one or
more containers comprising a compound of Formula (1) useful for the
treatment or prevention of disease. [&%ther embodiments, the disclosure
provides a pharmaceutical pack or kit comprising one or more containers
comprising a compound of Formula (1) useful for the treatment or
prevention of disease and one or more containers comprising an
additional therapeutic agent. [0084] The disclosure also provides a

pharmaceutical pack or kit comprising one or more containers comprising
none or more nf the inarediente of the nharmaceritical comnoc<itione Nnf the



TREATING DISEASE [0085] In one embodiment, a compound of
Formula (1) is used in methods of treating or preventing disease. For
instance, methods are provided for preventing or treating infections of a
warm-blooded animal, especially a human, by a pathogenic organism
comprising administering an effective amount of a crystalline form of a
compound of Formula (1). In a preferred embodiment the pathogenic
organism s a bacterial, fungal or viral infection disclosed in
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Machup virus, Guanarito virus, and Lassa Fever), the Bunyaviruses
ingadigpas\Ar fesuaerbt R AN ag b e PERE THiF WiF (R ECF £ HRBOMEBUrg
KiMrus), a range of viral encephalitides including West Nile virus, LaCrosse
~virus, California Encephalitis virus, Venezuelan Equine Encephalitis virus,
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ciglly a human, comprising agministering an effective amount of a. .
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mammal {(patient) a therapeutically effective amount of the compound of
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inhibiting the transformation of virus-infected cells to a neoplastic state,
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rostate, stomach, and pancreas carcinomas and lymphoblastic and .
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evention of an infection will vary, however, with the nature and severity
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vary according to the disease to be treated, the age, body weight, and
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[0089] The methods of the present disclosure are particularly well suited
for human patients. In particular, the methods and doses of the present
disclosure can be useful for immunoéémpromised patients including, but
not limited to cancer patients, HIV infected patients, and patients with an
immunodegenerative disease. Furthermore, the methods can be useful for
immunocompromised patients currently in a state of remission. The
methods and doses of the present disclosure are also useful for patients

undergoing other antiviral treatments. The prevention methods of the
Nnracant dicelociire are narticiilarlvy 1icefiil for natiente at rick of viral



[0090] Toxicity and efficacy of a compound of Formula (1) can be
determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to
50% of the population) and the ED50 (the dose therapeutically effective in
50% of the population). The dose ratio between toxic and therapeutic
effects is the therapeutic index and it can be expressed as the ratio

. LD50/ED50. . [0091‘1/The data obtained from the cell culture assays
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to its potency. Compounds for use in methods of the disclosure can be
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harmaceutically acceptable solvate or hydrate thereof in the acute or
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actors. In'one embodiment, the dose administered depends upon the
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vitro measurements and on the basis of animal studies. In general, the
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of humans infected by hepatitis C viruses, about 0.1 mg to about 15 g per
day is administered in about one to four divisions a day, preferably 100
mg to 12 g per day, more preferably3fom 100 mg to 8000 mg per day.



[0094] Additionally, the recommended daily dose ran can be administered
in cycles as single agents or in combination with other therapeutic agents.
In one embodiment, the daily dose is administered in a single dose or in
equally divided doses. In a related embodiment, the recommended daily
dose can be administered once time per week, two times per week, three
times per week, four times per week or five times per week. [0095] In
one embadiment, the compounds of the disclosure are administered to
The AR ReTe SR TG S 6T EREVEBRp A TR IR s et fheadisease to
be redaiat] einbadivoantyighcompadpossobthiedisdiingune pittcadsiiisteceiddmng
roduce a systemic effect.in the bo . [0096] In.another embodime
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HI tfoetse ipafichtin 38 AR rvdipieal aaHndeasisitive dirsatre r pehgrmore,
theSmRdinentythr qamepHRse R HiRQRVpa RIRAGMERISared svig el

administration. In a further specific embodiment, the compounds of the
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Dosegidepressants, and antifungal agents, anti-inflammatory agents, antiviral
agentRoaNticanGsy AdPNiScdBIHERMABIRIIY REBINE, (R IIB B @S mIned by
I3-interferons, ribavirin, alkylating agents, hormones, cytokines, or toll
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they can pe formulated with a macrolide (e.qg., topramycin (Tobig)), a
R EABGRFTY) TEeh A (REMAYR) RO IGRet) ox and
theeefanaxinttedS éfting)haafproxiliidefzitg) jcefablorx(Cestalg), thefixim& D so/EDso.
(Su cefadraxil.(Duricefq)), a glarithromycin (e.g., clarithrgmycin
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Noroxing)),aminoglycoside antibiotics (e.g., apramycin, arbekacin,
thephshrithyidine obnirezisitibEkadnsagr oty Natiydis, ranefedsnending
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amphenicol antibiotics {e.g., azidamfenicol, chloramphenicol, florfenicol,
compaupattfshieriicone halisriepretcbqdhgrapransally sHactrgRs)can be
estGRRRRCRINANN iRt e I AERAIDENa A RARRREMS (R-BrRIARSA&MARMA] models
imipenem), cephalosporins (e.g., cefaclor, cefadroxil, cefamandole,
cefatrizine, cefazedone, cefozopran, cefpimizole, cefpiramide, and
cefpirome), cephamycins (e.g., cefbderazone, cefmetazole, and
cefininox), monobactams (e.g., aztreonam, carumonam, and tigemonam),
oxacephems (e.g., flomoxef, and moxalactam), penicillins (e.g.,
amdinocillin, amdinocillin pivoxil, amoxicillin, bacampicillin,
benzylpenicillinic acid, benzylpenicillin sodium, epicillin, fenbenicillin,
floxacillin, penamccillin, penethamate hydriodide, penicillin
n-benethamine nenicillin O penicillin \/ nenicillin \/ henzathine nenicillin



[0100] A compound of Formula (1) can also be administered or formulated
in combination with an antiemetic agent. Suitable antiemetic agents
include, but are not limited to, metoclopromide, domperidone,
prochlorperazine, promethazine, chlorpromazine, trimethobenzamide,
ondansetron, granisetron, hydroxyzine, acethylleucine
monoethanolamine, alizapride, azasetron, benzquinamide, bietanautine,
bromopride, buclizine, clebopride, cyclizine, dimenhydrinate, diphenidol,
o Y IERSHC %%ﬂ%iﬂ@?‘???e?ﬂﬁﬂ%ﬁﬁﬁ“rﬂ‘éf&ﬁ%%H%‘él,ch‘gﬁﬁ%l,%&fbénml,
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phenelzine, cotinine, rolicyprine, rolipram, maprotiline, metralindcle,
PeHSIERBRGS itk SbEpNIE SdRzolam, amitriptyline, amitriptylinoxide,
a_mommemyyﬂ@mm@ ’aﬁ@&iﬁmﬂﬁs %%@ﬂ@@ﬁ@i&ﬁr@ﬁ_%iﬁf@faﬁlﬁy tested in
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_ itraconazole, ketoconazole, fluconazole, intrathecal, flucytosine,
in thecHmaoRIBloeliBshiRdte, clotrimazole, nystatin, terconazole,
tiocqagg]erid @ﬁ%ﬂﬁﬁd@@?@%@ﬁyﬁ%l%@%&@aﬂ&ﬁﬁ igsseterinafipBund of
unde(glenate, and griseofulvin. [0103] The compound of Formula (1)
FopghipE! Aahilinsheriay BF fiiimiiatea s dsmiBiactiairivfticrate or hydrate thereof
in Aiathdnflsaatoby aganiedd seireanitiviflamamatecy: agentsidaisdeyillutayeyith
not limited to, non-steroidal anti-inflammatory drugs such as salicylic.acid,
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antipyrine, aminopyrine, apazone and nimesulide; leukotriene antagonists

thgipReefisopironst [imbrbses; 2116 deervaahbtidenicasen gblbewdienh Suitable
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alclometasone diproprionate, amcinonide, beclomethasone dipropionate,
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0.deetamethasane seeiplPhapshhels 2hefamethaseneyaiBias slebatasol
proprionate, clocortolone pivalate, hydrocortisone, hydrocortisone
derivatives, desonide, desoximatasone, dexamethasone, flunisolide,
flucoxinolide, flurandrenolide, halcind€ide, medrysone,
methylprednisolone, methprednisolone acetate, methylprednisolone
sodium succinate, mometasone furoate, paramethasone acetate,
prednisolone, prednisolone acetate, prednisolone sodium phosphate,
prednisolone tebuatate, prednisone, triamcinolone, triamcinolone

acetonide, triamcinolone diacetate, and triamcinolone hexacetonide; and
nther anti-inflammatory anente inchiidina biit not limited to methotrevate



antibodies, anti-TNF-a antibodies, anti-IL-1 antibodies, anti-IL-6
antibodies, anti-IL-8 antibodies (e.g., ABX-IL-8 (Abgenix)), and anti-IL-12
antibodies). [0106] The compound of Formula (1) can be administered
or formulated in combination with an agent which inhibits viral enzymes,
including but not limited to inhibitors of HCV protease, such as BILN 2061,
SCH-503034, ITMN-191 or VX-950; and inhibitors of NS5B polymerase
such as NM107 (and its prodrug NM283), R1626, R7078, BILN1941,
MEEEK E 95T MEN POAUEB IHSPCrdy, NePAHinT M HES oY hb B to about
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interleukin 18 (IL-18), platelet derived growth factor (PDGF), erythropoietin
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effgcainulieeptelynacrophage stimulating factor (GM-CSF), granulocyte colony
stimylating.factor, (G-CSF), macrpphage colony stimulating factor , . .
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imited to, luteinizing hormone releasing hormone (LHRH), growt
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factors, insulin, Iucafljgon, enkephalins, vasopressin, calcitonin, heparin,
vaginginBiéetirip W BIgHE PRt pstan ety HETARUs it ebiel untrisetigraibisiaTésial,
or ingelBndRLI0ehaLIREIAING RYINPAGS A BIBHOIRRIFS ther Pbditk BA®odiment,

compound of Formula (1) can be administered or formulated in
theeamprits P iR dsitatie AshadiHRsHdudR OBl rdriHSF HinRedng, further
spdbifeferddidennteiéeseaipdands of the disclosure are not administered via oral

administration.

[0097] Different therapeutically effective amounts may be applicable for different
infections, as will be readily known by those of ordinary skill in the art. Similarly,
amounts sufficient to treat or prevent such infections, but insufficient to cause, or
sufficient to reduce, adverse effects associated with conventional therapies are also
encompassed by the above described dosage amounts and dose frequency schedules.

Combination Therapy

[0098] Specific methods of the disclosure further comprise the administration of

an additional therapeutic agent (i.e., a therapeutic agent other than a compound of the

30



[0112] The compound of Formula (1) can be administered or formulated in
combination with a-interferons which include, but are not limited to,
interferon a-1, interferon a-2a (roferon), interferon a-2b, intron, Peg-Intron,
Pegasys, consensus interferon (infergen) and albuferon. [0113] The
compound of Formula (1) can be administered or formulated in
combination with an absorption enhancer, particularly those which target
. the lymphatic system, including, but not limited to sodium glycocholate;
disg TR U e N T B A Bls P ER o, i < QB PRIKIR ThG
disthosed epotiedsinl Muranisha @it wRe\at Tdasr oby wehErahkdenpSytst. agedt-33,
which is hereby incarpprated by reference in.jts entirety. Other known
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compounds of the disclosure. | other embodiment, a compoun .
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e
oluene sulfonic acid salt 6f 5-amino -acetyl-

aziggueiiedlireiHosynpBeni¢nh Abtioknsal] pyd thidinpRaics | s Rosambeloantibiotics
(e. g?fﬁﬂﬂﬁd@nd rifampin), carbacephems (e.g., loracarbef), carbapenems (e.g.,

biapenem and imipenem), cephalosporins (e.g., cefaclor, cefadroxil, cefamandole,
cefatrizine, cefazedone, cefozopran, cefpimizole, cefpiramide, and cefpirome),
cephamycins (e.g., cefbuperazone, cefmetazole, and cefminox), monobactams (e.g.,
aztreonam, carumonam, and tigemonam), oxacephems (e.g., flomoxef, and moxalactam),
penicillins (e.g., amdinocillin, amdinocillin pivoxil, amoxicillin, bacampicillin,
benzylpenicillinic acid, benzylpenicillin sodium, epicillin, fenbenicillin, floxacillin,
penamccillin, penethamate hydriodide, penicillin o-benethamine, penicillin 0, penicillin
V, penicillin V benzathine, penicillin V hydrabamine, penimepicycline, and
phencihicillin potassium), lincosamides (e.g., clindamycin, and lincomycin),
amphomycin, bacitracin, capreomycin, colistin, enduracidin, enviomycin, tetracyclines
(e.g., apicycline, chlortetracycline, clomocycline, and demeclocycline), 2,4-
diaminopyrimidines (e.g., brodimoprim), nitrofurans (e.g., furaltadone, and furazolium

chloride), quinolones and analogs thereof (e.g., cinoxacin,, clinafloxacin, flumequine, and
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'0AC [0116] The method is operationally simple, robust and efficient,
and can be used for the scalable commercial production of this salt.
Furthermore, the method is cost-effective and demonstrates efficient
throughput and high overall yield. [0117] In one embodiment, the
method of synthesizing p-toluene sulfonic acid salt of
5-amino-3-(2'-0-acety1-3'-deoxy-3-D-ribofuranosyl)-3H-thiazolo[4,5-
d]pyrimidin-2-one (1) comprises the steps of: (i)coupling )
S 8 D RIBIES ity PRI NS} R 4 Mo By oA
nogayltalfanmida, pathpiglsnttnkhariilsu(@chrjseliatvealy ot@vingdhediones

(e. gc,: tlg‘[tﬁy?nrg)stlrllfafo%%fn Scuogglgnlggg 1l1Jl|r%, (ﬁt?dt(sjolasulfone), cycloserine, mupirocin
and tuberin.

[0100] A compound of Formula (1) can also be administered or formulated in
combination with an antiemetic agent. Suitable antiemetic agents include, but are not
limited to, metoclopromide, domperidone, prochlorperazine, promethazine,
chlorpromazine, trimethobenzamide, ondansetron, granisetron, hydroxyzine,
acethylleucine monoethanolamine, alizapride, azasetron, benzquinamide, bietanautine,
bromopride, buclizine, clebopride, cyclizine, dimenhydrinate, diphenidol, dolasetron,
meclizine, methallatal, metopimazine, nabilone, oxyperndyl, pipamazine, scopolamine,
sulpiride, tetrahydrocannabinols, thiethylperazine, thioproperazine, tropisetron, and
mixtures thereof.

[0101] The compound of Formula (1) can be administered or formulated in
combination with an antidepressant. Suitable antidepressants include, but are not limited
to, binedaline, caroxazone, citalopram, dimethazan, fencamine, indalpine, indeloxazine
hydrocholoride, nefopam, nomifensine, oxitriptan, oxypertine, paroxetine, sertraline,
thiazesim, trazodone, benmoxine, iproclozide, iproniazid, isocarboxazid, nialamide,
octamoxin, phenelzine, cotinine, rolicyprine, rolipram, maprotiline, metralindole,
mianserin, mirtazepine, adinazolam, amitriptyline, amitriptylinoxide, amoxapine,
butriptyline, clomipramine, demexiptiline, desipramine, dibenzepin, dimetacrine,
dothiepin, doxepin, fluacizine, imipramine, imipramine N-oxide, iprindole, lofepramine,
melitracen, metapramine, nortriptyline, noxiptilin, opipramol, pizotyline, propizepine,
protriptyline, quinupramine, tianeptine, trimipramine, adrafinil, benactyzine, bupropion,
butacetin, dioxadrol, duloxetine, etoperidone, febarbamate, femoxetine, fenpentadiol,
fluoxetine, fluvoxamine, hematoporphyrin, hypericin, levophacetoperane, medifoxamine,
milnacipran, minaprine, moclobemide, nefazodone, oxaflozane, piberaline, prolintane,
pyrisuccideanol, ritanserin, roxindole, rubidium chloride, sulpiride, tandospirone,
thozalinone, tofenacin, toloxatone, tranylcypromine, L-tryptophan, venlafaxine,

viloxazine, and zimeldine.
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form
5-amino-3-(2'-0-acety1-3'-deoxy-3-D-ribofuranosyl)-3Hthiazolo[4,5-d]pyrim
idin-2-one (5) SN 0 KNor?.NZ NH2 <N7C"L Aco/V ONH2 45 '0Ac'0Ac

[0102] The compound of Formula (1) can be administered or formulated in
combination with an antifungal agent. Suitable antifungal agents include but are not
limited to amphotericin B, itraconazole, ketoconazole, fluconazole, intrathecal,
flucytosine, miconazole, butoconazole, clotrimazole, nystatin, terconazole, tioconazole,
ciclopirox, econazole, haloprogrin, naftifine, terbinafine, undecylenate, and griseofulvin.

[0103] The compound of Formula (1) can be administered or formulated in
combination with an anti-inflammatory agent. Useful anti-inflammatory agents include,
but are not limited to, non-steroidal anti-inflammatory drugs such as salicylic acid,
acetylsalicylic acid, methyl salicylate, diflunisal, salsalate, olsalazine, sulfasalazine,
acetaminophen, indomethacin, sulindac, etodolac, mefenamic acid, meclofenamate
sodium, tolmetin, ketorolac, dichlofenac, ibuprofen, naproxen, naproxen sodium,
fenoprofen, ketoprofen, flurbinprofen, oxaprozin, piroxicam, meloxicam, ampiroxicam,
droxicam, pivoxicam, tenoxicam, nabumetome, phenylbutazone, oxyphenbutazone,
antipyrine, aminopyrine, apazone and nimesulide; leukotriene antagonists including, but
not limited to, zileuton, aurothioglucose, gold sodium thiomalate and auranofin; steroids
including, but not limited to, alclometasone diproprionate, amcinonide, beclomethasone
dipropionate, betametasone, betamethasone benzoate, betamethasone diproprionate,
betamethasone sodium phosphate, betamethasone valerate, clobetasol proprionate,
clocortolone pivalate, hydrocortisone, hydrocortisone derivatives, desonide,
desoximatasone, dexamethasone, flunisolide, flucoxinolide, flurandrenolide, halcinocide,
medrysone, methylprednisolone, methprednisolone acetate, methylprednisolone sodium
succinate, mometasone furoate, paramethasone acetate, prednisolone, prednisolone
acetate, prednisolone sodium phosphate, prednisolone tebuatate, prednisone,
triamcinolone, triamcinolone acetonide, triamcinolone diacetate, and triamcinolone
hexacetonide; and other anti-inflammatory agents including, but not limited to,
methotrexate, colchicine, allopurinol, probenecid, sulfinpyrazone and benzbromarone.

[0104] The compound of Formula (1) can be administered or formulated in
combination with another antiviral agent. Useful antiviral agents include, but are not
limited to, protease inhibitors, nucleoside reverse transcriptase inhibitors, non-nucleoside
reverse transcriptase inhibitors and nucleoside analogs. The antiviral agents include but

are not limited to zidovudine, acyclovir, gangcyclovir, vidarabine, idoxuridine,
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Oreacting 5-amino-3-(2'-0-acety1-3'-deoxy-3-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (5) with p-toluene sulfonic acid to form
p-toluene sulfonic acid salt of 5-amino-3-(2'-0-acetyl-3 -deoxy-3-D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1). [0118] In
another embodiment, step (i) comprises coupling
5-amino-3Hthiazolo[4,5-d]pyrimidin-2-one (2) with a deoxyribofuranose of

.Formula (3B).to form a compound of Formula (4) )
trifluridine, lévovirin, viramidine and ribavirin, as well as foscarnet, amantadine,

rimantadine, saquinavir, indinavir, amprenavir, lopinavir, ritonavir, the a-interferons; [3-
interferons; adefovir, clevadine, entecavir, pleconaril.

[0105] The compound of Formula (1) can be administered or formulated in
combination with an immunomodulatory agent. Immunomodulatory agents include, but
are not limited to, methothrexate, leflunomide, cyclophosphamide, cyclosporine A,
mycophenolate mofetil, rapamycin (sirolimus), mizoribine, deoxyspergualin, brequinar,
malononitriloamindes (e.g., leflunamide), T cell receptor modulators, and cytokine
receptor modulators, peptide mimetics, and antibodies (e.g., human, humanized,
chimeric, monoclonal, polyclonal, Fvs, ScFvs, Fab or F(ab)2 fragments or epitope
binding fragments), nucleic acid molecules (e.g., antisense nucleic acid molecules and
triple helices), small molecules, organic compounds, and inorganic compounds.
Examples of T cell receptor modulators include, but are not limited to, anti-T cell
receptor antibodies (e.g., anti-CD4 antibodies (e.g., cM-T412 (Boehringer), IDEC-
CE9.1® (IDEC and SKB), mAB 4162W94, Orthoclone and OKTcdr4a (Janssen-Cilag)),
anti-CD3 antibodies (e.g., Nuvion (Product Design Labs), OKT3 (Johnson & Johnson),
or Rituxan (IDEC)), anti-CD5 antibodies (e.g., an anti-CDS5 ricin-linked
immunoconjugate), anti-CD7 antibodies (e.g., CHH-380 (Novartis)), anti-CD8
antibodies, anti-CD40 ligand monoclonal antibodies (e.g., IDEC-131 (IDEC)), anti-CD52
antibodies (e.g., CAMPATH 1H (Ilex)), anti-CD2 antibodies, anti-CD11a antibodies
(e.g., Xanelim (Genentech)), anti-B7 antibodies (e.g., IDEC-114 (IDEC)), CTLA4-
immunoglobulin, and toll receptor-like (TLR) modulators. Examples of cytokine
receptor modulators include, but are not limited to, soluble cytokine receptors (e.g., the
extracellular domain of a TNF-a receptor or a fragment thereof, the extracellular domain
of'an IL-1f receptor or a fragment thereof, and the extracellular domain of an IL-6
receptor or a fragment thereof), cytokines or fragments thereof (e.g., interleukin (IL)-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-15, TNF-q, interferon
(IFN)-a, IFN-B, IFN-y, and GM-CSF), anti-cytokine receptor antibodies (e.g., anti-IFN
receptor antibodies, anti-IL-2 receptor antibodies (e.g., Zenapax (Protein Design Labs)),
anti-IL-4 receptor antibodies, anti-IL-6 receptor antibodies, anti-IL-10 receptor

antibodies, and anti-IL-12 receptor antibodies), anti-cytokine antibodies (e.g., anti-IFN
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[0119] The coupling reaction in step (i) can be performed with no solvent
in a 'melt’ reaction at high temperatures (greater than 130C), typically
using 1,3bis(4- nitrophenyl) phosphate as an acid catalyst and sometimes
under vacuum. Alternatively, the reaction is performed in a solvent such
as acetonitrile, toluene, dichloroethane, DMF, methylene chloride and
mixtures thereof The coupling reaction is typically performed in the
presence of an acid such as trimethylsilyl triflate ("TMSOTI"), A1C13, |
an'ghpeies, AR HETH AYRREFRTal ki iﬁ’@%ﬁ%ﬁeﬁnf‘%ﬂh‘&aﬂzlb"d‘esa anti-IL-8
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Antarctica is publicly available from Biocatalytics, Inc. Typically the =
Pagiprid houpagehYROS ANy splsARdRE Rsvaidntliisslitaeiih Spephalins,
enzyme provides for more efficient recycling and demonstrates shorter
reaction times. The solution of acetonitrile formed in step (i) containing the
compound of Formula (4) is added to a stirred suspension of the
supported enzyme and buffer at a pR>f about 7. It can also be added to a
suspension of supported enzyme in water containing a base, such as
sodium bicarbonate or sodium acetate. Alternatively, the solution can be
added to anhydrous ethanol and sodium bicarbonate and/or sodium
acetate to form a substantially water-free slurry of the supported enzyme.

Upon completion of the reaction, the supported enzyme is filtered, washed
and ctaored for later 1ice <nditim chloride mav be added to the filtrate and



[0125] The reaction in step (iii) is carried out in any concentration of the
reactants. For instance, the reactant concentration can vary from about 1
millimolar to about 1000 millimolar. In addition, the concentration ranges
from about 50 millimolar to about 500 millimolar or from about 100
millimolar to about 250 millimolar. [0126] A solution of
5-amino-3-(2'-0-acety1-3'-deoxy-3-D-ribofuranosyl)-3Hthiazolo[4,5-d]pyrim
idin-2-one (5) is reacted with a sojution of p-toluene sulfonic acid. The
VAR IS R D R BB B FT AT AT R S AT RE R A Trgifpetic
an®hicoral apidS inniiias o aboutd dieghdditianaly e pialuene
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intier%f;e%‘({%?ltﬁd herein by reference in its entirety. [0127] The reaction of
step (iif) is conducted at a temperature from about -20C to about 40C,
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isopropanol, n-butanol, isobutanol, ethyl acetate, acetonitrile, isopropyl
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intCAMPK B %13eR] ARyl AGatatm and acetonitrile, which is generated in step
(i), and the method further comprises adding ethanol to this mixture.
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3H-thiazolo[4,5-d]pyrimidin-2-one (1) is typically washed, and then dried at
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of Formula (6) is sulfonated with a sulfonating agent in the presence of a
ag@Hdse to form a sulfonyl substituted compound of Formula (7). The reaction
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Scheme 17 [0132] The sulfonating agent, base and solvent are not
limited provided they can effect the chemical reaction described in
Scheme 1. The R group in Scheme 1 can be an optionally substituted
alkyl or aryl group. [0133] Non-limiting sulfonating agents include alkyl
sulfonic anhydride, an alkyl sulfonic halide, an aromatic sulfonic
anhydride, an aromatic sulfonic halide and mixtures thereof Sulfonating
agents include triflic anhydride, tosylchloride, methane sulfonic anhydride,
methaht SUFERANTA T BERTEN iR Nl oS RiRYiggs @ method for
prdparingpstdfasiie shabde, dahzanstiFoncnartyziioe eustitdiecy- B-D-
ribangigss ﬂfgﬂﬁh‘?‘g‘%‘?{r&%‘?ﬂnd s HeIBl 1 0L St FLe € ‘3‘1‘?)“56‘0'
In Sche IS not linted can be an drganic or inorganic base,’such
as triethylamine, diisopropylethylamine, imidazole or pyridine.
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[0116] The method is operationally simple, robust and efficient, and can be used
for the scalable commercial production of this salt. Furthermore, the method is cost-
effective and demonstrates efficient throughput and high overall yield.

[0117] In one embodiment, the method of synthesizing p-toluene sulfonic acid
salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-B-D-ribofuranosyl)-3H-thiazolo[4,5-
d]pyrimidin-2-one (1) comprises the steps of:

(1) coupling 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (2) with a

deoxyribofuranose (3) to form a compound of Formula (4)

s Xy
g Z AcO ° 0:‘< ‘
O:< J\ + OAC ———— o =
! \N N N N NH,
2 ’ 3 OAc AcO

4

2
Z,
Z,
2
“Z

OAc

(11) selectively cleaving the 5° acetate on the compound of Formula (4) to
form 5-amino-3-(2°-O-acetyl-3’-deoxy-B-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (5)

OA .
c OAc ; and
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[0135] The solvent used in reaction Scheme 1 is not limited. A halogen
containing solvent such as dichloromethane, dichloroethane and mixtures
thereof can be used. In general, non-protic solvents such as

tetrahydrofuran or acetonitrile may be used. [0136] The reaction

sequence in Scheme 1 is conducted at a temperature of about -40C to

about 25C. Additionally, the reaction may be conducted at a temperature

of about -20C to about OC., [0137] In a next sequence. (Scheme 2), the
sulfonylUtbstifERENEatrNBIne SEFORTR7) Asrived TR TR BN S Nathk

1 is reduced witiin2otefiUSidp aoaitito2fors @ oo mpeusidedt sorsiteat®).to form p-
The reaction sequence (Scheme 2) is as follows: ., 0 | The

retucing ager LLEH 1 BB SAHeIhe STHor A ser i -
reducing agentibafueffectnrdgardd|dethdgpiomreici?tooncl(1¢. reducing

agent may be a borohydride compound. The borohydride compound can ¢y,

be a tetraalkyla im rohydride, tetrabutyl iun orohydr
cyanobmnhydrio“e?ﬁzgum‘bom/h dride,
[ ' ' oro

sodium bor&hydi

potassiu r ride;nmagnesium bagohydfide drid
sodium triac oxybosrohydride and mixture$§ thereof ; Hous

Z,
2,
2,
~Z
3

OAc OAc

[0118] In another embodiment, step (i) comprises coupling 5-amino-3H-
thiazolo[4,5-d]pyrimidin-2-one (2) with a deoxyribofuranose of Formula (3B) to form a

compound of Formula (4)

S X N
S / N AcO ° o:< ‘
O% J\ + OAC — 3 o /
N X , /v
H N NHe 3B % AcO
2

OAc
7
2,
“Z
7,
7z

OAc

[0119] The coupling reaction in step (i) can be performed with no solvent in a
‘melt’ reaction at high temperatures (greater than 130°C), typically using 1,3bis(4-
nitrophenyl) phosphate as an acid catalyst and sometimes under vacuum. Alternatively,
the reaction is performed in a solvent such as acetonitrile, toluene, dichloroethane, DMF,
methylene chloride and mixtures thereof. The coupling reaction is typically performed in
the presence of an acid such as trimethylsilyl triflate (“TMSOT{”), AICls, SnCls and
TiCly together with a silating reagent such as N,O-bis(trimethylsilyl)acetamide (“BSA”)
or trimethylsilyl chlroide. Termination of the coupling reaction is then achieved by the
addition of water, which acts to quench the excess acid and silating reagent. When
TMSOTTf and BSA are used, the quenching with water results in the formation of aqueous
triflic acid and hexamethyldisiloxane (CAS # 107-46-0). The aqueous acid solution
serves to hydrolytically remove residual silyl groups from the heterocyclic portion of the

compound of Formula (4).
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[0139] The solvent used in reaction Scheme 2 is not limited. Aromatic
solvents or mixtures of aromatic solvents may be used. Solvents such as
toluene, benzene, xylene, other substituted benzene compounds and
mixtures thereof may be used. In addition, non-protic solvents such as
dioxane, dichloroethane, tetrahydrofuran and mixtures thereof may be
used. [0140] The reaction sequence of Scheme 2 is conducted at a
temperature of about 25C to about 100C, In addition, the temperature may

be cOHdUEMFRPRGE HOFBtoMSISSHP BRETSAC4BB of 58 () UseH 3 £X s of
thmuhrﬁaacalemﬁeaﬁeme—@@hmmﬁrﬁl ﬂne @)mﬂhue@aftmtmma)@ﬁwme@lose

oS ARl e R Ve R s,
d];amfnitbw@.omd@l)—t@l be in excess from about 5% to about 50%, from about 5% to
about 25%, and from about 5% to about 15%. Additionally, the 5-amino-3H-
thiazolo[4,5-d]pyrimidin-2-one (2) can be from about 10% in excess of the
deoxyribofuranose (3) based on the reaction stoichiometry. The excess 5-amino-3H-
thiazolo[4,5-d|pyrimidin-2-one (2) is removed by raising the pH of the completed
coupling reaction of step (i) in the presence of an inert solid, which can be coated and
removed by filtration. Upon further neutralization (with a base such as sodium
bicarbonate), sodium chloride is added to yield a three layer liquid system capable of
being phase separated.

[0121] The separation of excess S-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (2)
can be difficult. It has been found, however, that raising the pH of the completed
reaction mixture in the presence of an inert solid eases the separation method. The pH is
raised with a base, such as sodium hydroxide and/or sodium carbonate, in the presence of
an inert solid, such as Celite filter aid, to precipitate the excess S-amino-3H-thiazolo[4,5-
d]pyrimidin-2-one (2). The inert solid is coated and then removed by filtration. Upon
further neutralization with a base, additional sodium chloride is added to the remaining
filtrate to yield the three layer liquid system capable of being phase separated. The least
dense (top) layer is clear hexamethyldisiloxane, which may be removed by separating the
phases and negating the need for a distillation (a conventional way of removal). The
middle phase contains the desired nucleoside (4) and acetonitrile. The most dense
(bottom) phase is aqueous based and may be extracted with acetonitrile for additional
retrieval of (4) from the reaction mixture. The compound of Formula (4) is now in a state
of purity and in a solvent mixture that is adequate for step (ii) without any need of further
handling.

[0122] In step (i1), the 5 acetate on the compound of Formula (4) is selectively
cleaved. This can be accomplished using an enzyme such as Candida Antarctica.
Candida Antarctica is publicly available from Biocatalytics, Inc. Typically the enzyme is

covalently solid-supported. A covalently solid-supported enzyme provides for more
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1120 Scheme 39 [0142] The acid used in reaction Scheme 3 is not
limited and either inorganic or organic acids can be used. The reaction
may be conducted in an aqueous solvent. The reaction may also be
conducted with a 50% aqueous acetic solution or an aqueous HC1
solution. [0143] The reaction sequence of Scheme 3 is conducted at a
temperature of about OC to about 50C. The reaction sequence of Scheme

3 may alsq.be co (gucted ata tﬁ erature of about 20C to about 30C.
R e S e RS e{é‘é‘i’%‘r%%?eﬁq eTBSG?ﬁ'&%O&aﬁ‘?}ﬂl?ﬂlﬁe
forfA}dannsed (i) teactinmSthaemapdisdxitised it an adddiziog agesad then

SR SIS M I SIS Eomu 431 T
to astsping@geftupported enzyme in water contammg a base, such as sodium
bicarbonate or sodium acetate. Alternatively, the solution can be added to anhydrous
ethanol and sodium bicarbonate and/or sodium acetate to form a substantially water-free
slurry of the supported enzyme. Upon completion of the reaction, the supported enzyme
is filtered, washed and stored for later use. Sodium chloride may be added to the filtrate
and extracted with isopropyl acetate.

[0123] Compounds such 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-ribofuranosyl)-
3H-thiazolo[4,5-d]pyrimidin-2-one (5) are difficult to handle and are often intractable
materials. Evaporation of the solvent or precipitation at this stage is an erratic method
affording a product state that is suboptimal. The method according to the present
disclosure, however, eliminates the need for handing compound (5) and does not require
evaporation of solvent or precipitation of product. The 5-amino-3-(2’-O-acetyl-3’-deoxy-
B-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (5) is already in a state of purity
and in a solvent mixture that is adequate for performing step (ii1).

[0124] Step (iii) comprises reacting S-amino-3-(2’-O-acetyl-3’-deoxy-p-D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (5) with p-toluene sulfonic acid in a
solvent to form p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-B-D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1). The reaction is typically
conducted at a temperature from about -20°C to about 40°C, from about 0°C to about
30°C, and from about 15°C to about 30°C. Solvents suitable for the reaction include, for
example, ethanol, methanol, n-propanol, isopropanol, n-butanol, isobutanol, ethyl acetate,
acetonitrile, isopropyl acetate, THF and mixtures thereof. For example, the solvent may
comprise a mixture of isopropyl acetate and acetonitrile. In one embodiment, the mixture
of isopropyl acetate and acetonitrile is generated in step (ii) and the method further
comprises adding ethanol. Typically, the amount of sulfonic acid used in step (iii) is
about an equimolar amount to about a 10% molar excess amount based on the reaction

stoichiometry.
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HO Scheme 410 [0145] The oxidizing agent used in reaction Scheme
4 is not limited provided the oxidizing agent can effect the require
oxidizing reaction. Oxidizing agents include sodium periodate, lead
acetate and mixtures thereof [0146] The reducing agent used in
reaction Scheme 4 is not limited and includes the reducing agents listed
above used in reaction Scheme 2. [0147] The solvent used in reaction
Scheme 4 is not limited. Solvents include methanol, methylene chloride, a

comBINATbASTRASHRNAR SIS SATHSH MBI G F DEERABIMOH S
reddietitanedanstanaéethe reaf@dft8phbentiadctiearseqyanas sfoachemigisitr to

te tate re of .about OC ta about 50 ddlt
b B e e e S otar o
abalpA20Mitockibaut{BHTabout [U]ill@ﬂllllmfanad) rbactidnlsadglienda (Scheme

5), t@ 158 ogﬂl%of Ffo §mH11n(§J3Q£nt Sugcﬁetla/s ?ad:etfl)%n r?-fﬁ- érpofuranos 1)-3H-

acetylated with an acetylatlng ag acetic ide or acetic
thl@mbriéé1¢h]ﬂyalprégehw®65énsacmtcéralﬂsat@f@mnnth%pc@&npnmﬁdfomc acid.

ThEQBTﬂH&&%M%&Q%%%H%ﬁ (PSRSMG RS &5 B?J{Q\Q’%ours or from

about 5 minutes to about 1 hour. Additionally, the p-toluene sulfonic acid solution may
be added to the reaction mixture from which the compound of Formula (1) is synthesized
as described in U.S. Application Publication No. 2006/0160830 (Serial No. 11/304,691),
which is incorporated herein by reference in its entirety.

[0127] The reaction of step (iii) is conducted at a temperature from about -20°C to
about 40°C, from about 0°C to about 30°C, and from about 15°C to about 30°C. Solvents
suitable for the reaction include ethanol, methanol, n-propanol, isopropanol, n-butanol,
isobutanol, ethyl acetate, acetonitrile, isopropyl acetate, THF and mixtures thereof. In
one embodiment, the mixture comprises isopropyl acetate and acetonitrile, which is
generated in step (i1), and the method further comprises adding ethanol to this mixture.
Typically, the amount of sulfonic acid used in step (iii) is about an equimolar amount to
about a 25% molar excess amount or about an equimolar amount to about a 10% molar
excess amount based on the reaction stoichiometry.

[0128] Upon mixing the solutions of 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (5) with a solution of p-toluene
sulfonic acid, the p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy--D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1) precipitates or crystallizes. The
reaction product can then be isolated by filtration, washing and drying. The reaction
product may also be isolated by evaporating the solvent from the reaction mixture,
precipitating or crystallizing the product from an alternate solvent system, or isolated by
cooling the reaction mixture to precipitate or crystallize the product. The isolated product
of p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-ribofuranosyl)-
3H-thiazolo[4,5-d]pyrimidin-2-one (1) is typically washed, and then dried at a
temperature from about 40 °C to about 70 °C or from about 50 °C to about 60 °C. The

41



Scheme 530Ac [0150] The acid catalyst used in the reaction

sequence of Scheme 5 is not limited and includes an inorganic acid, an

organic acid or both an inorganic acid and an organic acid. Acids include

nitric acid, hydrochloric acid, sulfuric acid, sulfurous acid, trifloroacetic

acid, alkyl sulfonic acid, arylsulfonic acid and immobilized forms and

mixtures thereof [0151] The reaction sequence of Scheme 5 is

typically conducted in an organic solvent which contains the acid catalysts
dr}ﬁ%@%%@é‘.lai’h@ SBUEN PUhA 21T B YL RECSMEF, O UngE5{4958 PEREHBh
(vaRaquendhofdobanpecssisconguaied b oparatuw ateuabotubdestor
mezrag)l?rut 50C. In addition, the reaction sequence of Scheme 5 may be

conducted at a temperature of about 20C to about 30C. [0153] In a

furthiéxl 290 Biddi methibdfdisel adist logane cihdigthre ainnpaetidre seiparfisolating the

disclosed.abgve. (Schemes 1-5 b ducted with-a-glucofuran
P S o LS e RaSst o

thisgd et dedloysylichorarmose Comiseundhoiotnelsh3B) aisGhmbn dhleast 95%,
9685aFHRNRENGNE ©ESIOIUNE:, 99 769158k I NG reagEeNTS,ANd reaction

conditions described above for' Schemes 1-5 may be used in reaction
Schétié®. The poepss disd ritpalse pisstle arttbpdHerqiEma ngecompounds of

FolRRRE)RREIORREREINS. distlosesabove (Sahemasshal 8RRdGethods.

conducted with an allofuranose compound starting reactant of Formula
(6C) 8 YA B &L ADGARTASH ik dSrAOTHY YIRSy 4s
sulFbEued WifeacioR Rehemet astfRllwnce of a base to form a sulfonyl

substituted compound of Formula (7). The reaction sequence (Scheme 1) is as follows:
0

>< .
O
(0]
HO O)T sulfonating agent

4>

6 0
solvent, base
o)
o)
RO,SO O)T

Scheme 1 7

[0132] The sulfonating agent, base and solvent are not limited provided they can
effect the chemical reaction described in Scheme 1. The R group in Scheme 1 can be an
optionally substituted alkyl or aryl group.

[0133] Non-limiting sulfonating agents include alkyl sulfonic anhydride, an alkyl
sulfonic halide, an aromatic sulfonic anhydride, an aromatic sulfonic halide and mixtures
thereof. Sulfonating agents include triflic anhydride, tosylchloride, methane sulfonic

anhydride, methane sulfonic halide, benzensulfonic halide, substituted benzensulfonic
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[0156] The reagents and reaction conditions described above for
Schemes 1-5 may be used in reaction Scheme 7. [0157] The
disclosure also includes an embodiment where a mixture of compounds of
Formula (6B) and (6C) are used as starting materials to form the final
product of Formula (3B) using the general overall reaction scheme
outlined in Schemes 1-5. [0158] The acetyl-deoxy-xylofluranose

ound, 1.2,5-tri-O-acety1-3-deoxy-Dxylofuranose (3B), is prepared

ha e T e S L e S el A R s,

theedd2C12, CH3O0H ......... \oee _

[0134] The base used in Scheme 1 is not limited and can be an organic or
inorganic base, such as triethylamine, diisopropylethylamine, imidazole or pyridine.

[0135] The solvent used in reaction Scheme 1 is not limited. A halogen
containing solvent such as dichloromethane, dichloroethane and mixtures thereof can be
used. In general, non-protic solvents such as tetrahydrofuran or acetonitrile may be used.

[0136] The reaction sequence in Scheme 1 is conducted at a temperature of about
-40°C to about 25°C. Additionally, the reaction may be conducted at a temperature of
about -20°C to about 0°C.

[0137] In a next sequence (Scheme 2), the sulfonyl substituted compound of

Formula (7) formed in reaction Scheme 1 is reduced with a reducing agent to form a

compound of Formula (8). The reaction sequence (Scheme 2) is as follows:

O

>< o
@)
(0]

RO,SO
’ O)Treducing agent o
—>
, >< )
o)

solvent
o]

Scheme 2 8 °)T

[0138] The reducing agent used in reaction Scheme 2 is not limited provided the
reducing agent can effect the required reduction reaction. The reducing agent may be a
borohydride compound. The borohydride compound can be a tetraalkylammonium
borohydride, tetrabutyl ammonium borohydride, sodium borohydride, sodium
cyanoborohydride, lithium borohydride, potassium borohydride, magnesium borohydride,
calcium borohydride, sodium triacetoxyborohydride and mixtures thereof.

[0139] The solvent used in reaction Scheme 2 is not limited. Aromatic solvents
or mixtures of aromatic solvents may be used. Solvents such as toluene, benzene, xylene,

other substituted benzene compounds and mixtures thereof may be used. In addition,
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OAc Scheme 8 [0159] The reagents and reaction conditions
described above for Schemes 1-5 may be used in reaction Scheme 8.
[0160] An additional embodiment of the disclosure includes a method of
reducing a sulfonyl substituted compound of Formula (7) with a reducing
agent to form a compound of Formula (8)

non-protic solvents such as dioxane, dichloroethane, tetrahydrofuran and mixtures thereof
may be used.

[0140] The reaction sequence of Scheme 2 is conducted at a temperature of about
25°C to about 100°C. In addition, the temperature may be conducted at a temperature of
about 60°C to about 80°C.

[0141] In a next reaction sequence (Scheme 3), the compound of Formula (8)
formed in reaction Scheme 2 is hydrolyzed with water in the presence of an acid to form

a compound of Formula (9). The reaction sequence (Scheme 3) is as follows:

O

SN
et

acid HO
—
H20 o,
HO

o

O)T
Scheme 3 9

[0142] The acid used in reaction Scheme 3 is not limited and either inorganic or
organic acids can be used. The reaction may be conducted in an aqueous solvent. The
reaction may also be conducted with a 50% aqueous acetic solution or an aqueous HCI
solution.

[0143] The reaction sequence of Scheme 3 is conducted at a temperature of about
0°C to about 50°C. The reaction sequence of Scheme 3 may also be conducted at a
temperature of about 20°C to about 30°C.

[0144] In a next reaction sequence (Scheme 4), the compound of Formula (9)
formed in reaction Scheme 3 is oxidized with an oxidizing agent then reduced with a
reducing agent to form a compound of Formula (10). The reaction sequence (Scheme 4)

1s as follows:
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wherein R represents an optionally substituted alkyl or aryl group.
[0161] In one particular embodiment of the disclosure, R is CF3, CH3, or -
C6H4CH3. The compound of Formula (7) may be the glucofuranose
isomer of Formula (7B) or the allofuranose isomer of Formula (7C) given
above or a mixture of compounds of Formula (7B) and (7C) or a mixture
of both. [0162] The reducing agent may be a borohydride compound.
Tt’,% borohydride compound can be a tetraalkylammonium borohydride,
tetrabutyl ammonium borohydride, sodium borohydride, sodium
cyanobgrohydrige, lithium borohydride, potassium borohydride,
magpresiumbiorokydride, calcium borohydride, sodium
triacetoxyborohydride &nd mixtures thereof EXAMPLES [0163] The
following exa s are\farHlustrative purposes only and are not intended
to limit the scope obttie\claims.
9 1) oxidizing agent
S . o]
HO
2) reducing agent 0

Scheme 4 10 O)T

[0145] The oxidizing agent used in reaction Scheme 4 is not limited provided the

oxidizing agent can effect the require oxidizing reaction. Oxidizing agents include
sodium periodate, lead acetate and mixtures thereof.

[0146] The reducing agent used in reaction Scheme 4 is not limited and includes
the reducing agents listed above used in reaction Scheme 2.

[0147] The solvent used in reaction Scheme 4 is not limited. Solvents include
methanol, methylene chloride, a combination of methylene chloride and methanol or a
combination of methanol and water.

[0148] The reaction sequence of Scheme 4 is conducted at a temperature of about
0°C to about 50°C. In addition, the reaction sequence of Scheme 4 may be conducted at a
temperature at about 20°C to about 30°C.

[0149] In a final reaction sequence (Scheme 5), the compound of Formula (10)
formed in reaction Scheme 4 is acetylated with an acetylating agent such as acetic
ahydride or acetic chloride in the presence of an acid catalyst to form the compound of

Formula (3). The reaction sequence (Scheme 5) is as follows:
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[0164] In the synthetic schemes described below, unless otherwise
indicated all temperatures are set forth in degrees Celsius and all parts
and percentages are by weight. [0165] Reagents were purchased from
commercial suppliers such as Aldrich Chemical Company or Lancaster
Synthesis Ltd. and were used without further purification unless otherwise
indicated. All solvents were purchased from commercial suppliers such as
Aldrich, EMD C%emlcals or Fisher and used as received. [0166] The
reagtions S rtt\below were done generally under a positive pressure of
nitrogen or aygon mbient temperature (unless otherwise stated) in
reaction flasks were fitted with rubber septa
for the introduction Ubstrates and reagents via syringe. Glassware was
oven dried Hhd/or heat dned. [0167] The reactions were assayed by
TLC and/or analyzed by LCSISHrstekHiga&8tas judged by the
consumption of starting matefial- Anatytica™in layershromatography
(TLC) was performed on glass-ptatésapiegoatedAfith silicagel 6Q_F254
0.25 mm plates (EMD Chemicals), and visualized with UV \light (254 )
and/or iodine on silica gel and/or heating with TLC stains suc
ethanolic phosphomolybdic acid, Ripfygidg solution, potasgium  OAc
permanganate solution or ceric sulfate solution. Preparative thin layer
chrolfhioy Eptacip replisClssd smpbefmanachonqikss-pldidsepretoated hvitted
an& %%%894 ng 1 &%ﬁn@c%mnaglg}%vggfdz& §0tn fe{ﬁ) molj S?sf]é'?lc_l: QI?I%;I Hgﬁgamc

Company) and Visualized with light (254 nm).

amsipe%@résan@immmF@Wé?édfeém@fé‘da@hiawaﬁmmr@dfywaedd

trlm&{é‘ai‘dﬁc@@%ﬂﬁw&%ﬂg%\{ﬂ" Er%M%ﬁ@%%ﬁ@aﬂ@fﬁﬁQ@!%@' Rl 3
solutions (reported in ppm), using chloroform as the reference standard

mixfuses Bi5k59br the proton and 77.00 ppm for carbon), CD30D (3.4 and 4.8
ppm msnnerameﬁmof&&@em&e&er@%@ﬂ%&&@@eé& PR §SFanic

proto , or mternal tetramethylsilane (0.00 ppm) when appropriate. Other
Wé}%t%b“r Biagy SUHNELHEE MO peHie N SRpa s ge acetic
ac1tEported the following abbreviations are used: s (singlet), d (doublet), t
(tripl artet mult let), br. (bro ened bs broad sin
(dou@ﬁe?%f u%efie%tl ndf %ou‘f:ﬁé)tf rlg}ets oup ng 36ﬁ§ Qi ga?“t)ﬁe Ogabout
0°@itneabmltéﬁéﬁorleddmﬂrtertmél-ﬂza)ctlon §6d6AL gt iR} spechkacmehected at
a tgrenc%gg ed or (?6 %}S&%gemeter as neat oils or solids, and when
given are reporte in wave numbers (cm-1). Mass spectra reported are
(+)-ES1 o JAP e fgEthercmedorduefdabclsistiestisatirti gahShlkrerstign scheme
¢isDERAIPEN A AGACYS Bharmaceiicelsa Nn G SMEHR ANRNYSRS WRtstarting

conducted by the Atlantic Microlab, Inc. in Norcross, GA. Melting points
reaGispy Wdrergetaeinda gjﬁedheo@f@%dmryﬁgﬁﬁaamg cafgperad of Formula
(GBNEOHRBREh reactBhUnThe 8855eH synthetic pathways and
experimental procedures may utilize many common chemical
abbreviations, 2,2-DMP (2,2-dimethoxypropane), Ac (acetyl), ACN
(acetonitrile), Bn (benzyl), BOC (tert-butoxycarbonyl), Bz (benzoyl), DBU
(1,8-diazabicyclo[5,4,0]Jundec-7-ene, DCC
(N,N'-dicyclohexylcarbodiimide), DCE (1,2-dichloroethane), DCM
(dichloromethane), DEAD (diethylazodicarboxylate), DIEA
(diisopropylethylamine), DMA (N,N-dimethylacetamide), DMAP (4-(N,N-
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dimethylamino)pyridine), DMF (N,N-dimethylformamide), DMSO (dimethyl
sulfoxide), EDC (1-(3-dimethylaminopropy1)-3-ethylcarbodiimide
hydrochloride), Et (ethyl), EtOAc (ethyl acetate), EtOH (ethanol), HATU
(0-(7-azabenzotriazol-1-y1)-1,1,3,3- tetramethyluronium
hexafluorophosphate), HBTU (0-benzotriazol-1-yl-N,N,N",N'-
tetramethyluronium hexafluorophosphate), HF (hydrogen fluoride), HOBT
(1- hydroxybenzotriazole hydrate), HPLC (high pressure liquid

chromatography), IPA (isopropyl alco%(( ‘Bu (potassium

tagt-butaxide), LDA (lithium diisopropylamdide), MCPBA _
(3-chjoropsroxybenzoid a8l &R (me iy cRtonitrile), METE e e
(methano)), NafH (sodiug, hydride), NaOAc (sodiu ONaOEt gopvent

( um etyoxide),; Phe (phenylalanine), PPTS (Ryfidinilym
p-toluenesuffonate), PS (polymer supported), P§ (pyridirf@%%)P
(benzcﬁ]?iazol-1-yloxy)tripyrrolidinophosphonium hex&fluorophosphate),
JEA (triethylamine), TFA (trifluoroagetic acid), TFAA (trifluoroacetic

\val (valine), and the like. Exa Synthesis of p-toluene
| It of 5- i = 2'-0H8C6tyl- -13-D- 1) oxidizing agent

7,

BBaction “ 71] A three necked flask equippegd witra tempeiatdirens agent
probe, condenser and nitrogen inlet is char$fgd with
5-amino-3H-thiazolo[4,5-d]pyrimidine-2-one (2) [prepared according to the
resod-sf Wolfe et al. .1. Org. Chem. 1997, 62,2794 1759

mmol stonitrile (F&8'MEY *$Ahid &irring under

nitrogen-BSA (79.86 mL, 327&8 mlmt 1) is added via a funn ] and this

mix{gg is VegenT&d to 40 C for 80" Minutes under an atrggspfiere of
nitrogen. The dark, homogeneous solution is cooled to 5 C using an ice
bath and 1,2,5-tri-O-acety113-Dypihgfignose (3) (35.42 g, 111.32 mmol)
in 66 mL of acetontrile is added. While stirring under nitrogen TMSOTf (23
54 mL, 130.9 mmol) is added via a pipette, causing an exothermic

reacntd T ceappids ighipectiotherndibpiiete i S baie MaprBSHEY AtS

maPIS IEBP R AHERJRKIgRMOYrS and then cooled, first to ambient
temperature, and then to 15 C usirﬁ%@ cool water bath. Water is added to

the rdAcibiniA BRETHERAHERLAISHAHEte wiothe ATIETRE AL S Peale
disbﬁié/&@%cﬁ@thﬁtx@ﬂiﬁ@ﬂ-ﬂﬁﬁ{ Bﬁ%@ﬂ&ﬁﬂ%&ﬁ?ﬁ @dﬁi’ﬂ@ﬁﬁrﬁo%a @ﬂ@?@ﬂ@'slﬁl@@ng
mL portjon is pot exothermic, then 38 mL of water is added via nne
reaﬁﬁ&ﬁﬂfs‘%@ﬁﬁe@?&ﬁr@ﬁ ﬁ%?{ﬁﬁg?é’é%ﬁ‘&w%féﬁ?%ﬁ%’é%ﬂ?fg? difgula
(34 4sghissaddedatai theSsherirg/ reattinmwiollowed by sodium hydroxide
(15.7g 50% NaOH, 196.35 mmol) in 22 mL of water over about 30
seconds. Stir at ambient temperature for 90 minutes and filter the reaction.
To the stirring filtrate is added sodium bicarbonate (16.5 g, 196.35 mmol)
dissolved in 200 mL of water. When the bubbling stops 50 g of sodium
chloride is added as a solid and the mixture is stirred until all of the solid is
dissolved. This mixture is transferred to a separatory funnel and the
resulting three liquid phase system is split. The densest phase is extracted
once with 50 mL of acetonitrile and this is combined with the middle phase
of the original split. To this is added 11 g of Celite while stirring, after 5
minutes the mixture is filtered. The filtrate contains the desired coupled
product (4); its identity and purity is determined by HPLC using the known
material. Step (ii)- Enzymatic Hydrolysis [0172] To a solution of
sodium bicarbonate (9.34 g, 111.32 mmol, equivalent to sugar (3) in step
(1)), dissolved in 278 mL of water is added the damp, pre-washed
covalently supported lipase [Washing Procedure: A 23.21 g sample of dry,
covalently bound Candida antarctica? type B (Biocatalytics catalog number
IMB-111) was suspended in a 1:1 solution of acetonitrile and water, stirred
for 4 hours, filtered and washed with 60 mL of acetonitrile-water (1:1)]. To
this stirring solution is added the acetonitrile solution of (4) generated in
step (1). This suspension is stirred for 36 hours, the catalyst is filtered,

washed with acetonitrile-water (1:1) and stored at O C for later reuse. The
filtrata ic evtracted with 222 ml of iconronv] acetate the adrieniic nhace
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Step (iii)- Salt formation with p-toluene sulfonic acid [0173] The filtrate
from step (ii) that contains (5) dissolved in isopropyl acetate and
acetontrile is diluted with 100 mL of 200 proof ethanol. While stirring,
p-toluene sulfonic acid hydrate (15.89 g, 83.49 mmol) in 50 mL of 200
proof ethanol is added dropwise over 30 minutes. An off white solid
crystallizes from the reaction mixture. After stirring 16 hours the solid is
collected by filtration, washed twice with 100 mL portions of isopropy!
cetate, and once with 50 mL of 20Q pr hanol. The solid is dried in a
oven to yields3l%5t51 a031:l p-tol e s Ifonic gcid sa_lt of reducing agent

- 0-acet 13 deoky-p-Dlribbfara -8H-thiazolo »
[4,5] ; E 2 Systhesis
Qicﬁ-tolué'm% onic acid salt of 5-amino-3-(2Tf'c-)\Gface 3;//13 xy-13-D-
ribofuranosy1)-8H-thiazolo[4,51pyrimidine-2-one) with&ut adding water to
the enzymatic hydrolysis of step (ji) Step (i) - Coufffing Reaction
0174] A three necked flask equipped\with a temperature probe,
C fiser and nitroggn inlgt is chargegd witho

i =thiazol - imidin

Zog, 130.91mrihaiaeht

Tt L). While stirring under purge of ni .

é 9.86 ml%32Y.8 mmol) is added via a funnel'wg)dj&gf/mixtu%ﬁi‘%‘%{)éi‘%ﬁéd

0 40 C for 90 minutes under an atmosph&®e of nitrogen. The dark,

homogeneous solution is cooled to 5 C using anjjce bath and

Ho” 1, 23§tFI-Q-acetyl13-D-rihofiiranese (3h(35 42 g, -32xmol) in 66 mL of
acetontrilg is ddded. While stirringglinder nitrgg/enn}?@g‘\(ﬁ?M mL,
130.9 mmgl) i ed via aipipefte, causing an exofherrajc reaction to 15
C. THi®Bmix&ure\is then warmed to 75 C and maintained at’this
temperature for ten hours and é}g n cggled, first to ambient temperature,
and then to 15 C using a cool water bath. Water is added to the reaction in
one mL portions, allowing the exothermic reaction to peak between each
addifivirp.6Afthe seagiditiod s dineianl diticitioha deadubitdnabeaéonficionien 45

manogec_—:a%% ?lr;gg%,ﬁ%heg Cﬁgngngof v_vater is added via a fl_JnneI and_ this mixture
i5 stirred for 15 minutes af ambient temperature. Celite (44 g) is added to

the dfildrid) Thactismofoitowed ibglsdelivmenyjrhdiridet (1Bcryas300dNaoiH,
corhBBuas BRRN B 4BY HiraEs 0 REARRU AN REFARIS S Bt ATARIGRL]

temperature for 90 minutes and filter the reaction. To the stirring filtrate is
prosygbef Ssummr bRk vonad ¢ ees1gl aoBadeAcHeN) HBYER/ eSO Ahgnes
1-gvater. When the bubbling stops 50 g of sodium chloride is added as a
solid and the mixture is stirred until all of the solid is dissolved. This

mixtl PR A<t 9 sy Se{arABRy Tt RREPANR e rddtintrg v gty -

xyRIf@asa&ySEm), is RIfart@@ccording to reaction Scheme 8 as follows:
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densest phase is extracted once with 50 mL of acetonitrile and this is
combined with the middle phase of the original split. To this is added 11 g
of Celite while stirring, after 5 minutes the mixture is filtered. The filtrate
contains the desired coupled product (4); its identity and purity is
determined by HPLC using the known material. Step (ii), enzymatic
hydrolysis without adding any water [0175] To a 500 mL round bottom
flask is added 15.0 g of immobilized Candlda antarctica (Novozyme 435,
igcatalytics catalog number IMB-10 Sliowed by dry ethanol (60 mL).
\%)g{h ad d the acetonitrile solution af enesated in step (i) and

ient Bu4NBH4

dd

10 mintites and’ the Smh@sm@ﬁe filteredtas®d wasied With OtPhIEn*Of
ol. Th@AnItrate contains the desifgd alcohol \(Ié? its identity and purity
aterial as a standard. Step (iii)-
/6] The filtrate from step
§d|ssol\ﬁedﬂmzethanol and acetontrile is diluted with 100

mL of 200 prog et | ‘white'stiing, p-toluene/sulfopi &d’lﬁy‘ drate CH;OH
(15.89 g, 8349 m [) in 50 mL of 200 proof etﬂgn(ﬁ is\added dropwise
over 30 mlnutes An off white solid crystallizes from the reaction mixture.

After’s °46 hours the solid is collecte filtration, washed twice with
100 mL pprtions |sopr0|aybraeatate, aid oncg wit L of 200 proof
ethanol. The sli ried 1N a vacuum oven tolyi d 30.55 g of p-toluene

sulfonic aqq:}&aﬂt of\5-amino-3-(2'- 3B “onc
0-acety1-3'-deoxy-p-D-ribofuranosyl)-3H-thiazolo [4,5]pyrimidine-2-one
with >98% purity by HPLC. EXAMPLE 3 Scaled-up Synthesis of -toluene
sulfonic acid(2'-0-acet 1-3'-cleox Scheme 8

ol S S TR R SR T
may be used in reaction Scheme 8.
[0160] An additional embodiment of the disclosure includes a method of reducing

a sulfonyl substituted compound of Formula (7)
o

A

RO,SO

7

2

with a reducing agent to form a compound of Formula (8)
o

A

8 [6)

b

wherein R represents an optionally substituted alkyl or aryl group.
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[0177] A reactor equipped with a temperature probe, condenser and
nitrogen inlet is charged with 5-amino-3H-thiazolo[4,5-d]pyrimidine-2-one
(2) (1.45 kg, 8.6 mol) and acetonitrile (1.29 L). While stirring under a slow
purge of nitrogen BSA (5.23 L, 21.5 mol) is added via a funnel and this
mixture is warmed to 40 C for 90 minutes under an atmosphere of
nitrogen. The dark, homogeneous solution is cooled to 5 C and 1,2,5-tri-
0- acetil -heta-D-ribofuranose (3). (2. 33 7 32 mol) in 4.3 L of acetontrile

is addLAl M RBeRATiify AREEPR ((ﬁu‘§4lf158cé:ﬁ18§is°éﬁded
Céelmpwj s?élemaﬁimgm eXtEﬂaﬁmluqmmtydjb ﬂﬂh&@l@oﬂﬂd&(ﬁﬁﬂ%ﬁdﬁﬁdﬁdﬁ%mula

5 C and maintaiped a t ure for ten hours.and then
O A PR pETETRA, LG TR L” & M WATap s
of Eddedat(ﬂ]ﬂeamhd(bh in 100 mL portions, allowing the exothermic reaction
to peak between each addition. When a fing]_L00 mL portion of water no
longer causesyan exothermic reaction~ 9 K of water is added via a funnel
and %tur is stirred for 15 minutes & ambignt temperature. Celite
(2.47kQ) | irri [ ed dionn hydroxide
(516.8 g, 12.92 mol) in 14 water. Stir at ambient tem e for 90
minutes and filter t tion. To the stirring filtrate § X d sodjum
bicarbonate 1 8%g, 12. g2, m issolved in 1ded™ of Wateh, n the
bubbling stops 3.3 kgmf soalum hloride is added as agolid and the

mixture is stirred until all of the solid is dissolved. The resulting three liquid
phase system imisplitc #hleothost dense phase is extracted once with 3.3 L

bl o S R
coigqtitg eandoparieyis etemnmieritb peaeindrigsingtraukl cwmamreriapepdigdride,

soﬁ@ﬂ%@hﬁiﬁ@eog)cﬁﬂﬁ %‘Bé’r‘%@hftﬁshthluﬂg]o%%lm{i‘dﬁo Jalae
sodium bicarbonate (615 g, 7.32 mol, equwalent to sugar in step (1)),

bow@g@l'ﬁ@dfﬁf‘%ﬂ?%‘]@o‘?%&@@%&é&%ﬁ@%ﬂ}%@@é und Candida

triRRakGHe HydEedB {AdaRikan&iacatalytics catalog number IMB-111). To this
stirring solution is added the acetonitrile solution of (4) generated in step
(). This suspension is stirred for 36 hours, the catalyst is filtered, washed
with acetonitrile-water (1:1) andest(®PaiEg C for later reuse. The filtrate is

was ek A T S G oot Do S B,

intamtbdheniextrhetedpevofnhorddimes with 9 L portions of isopropyl acetate.

The rtlon were. omb| ith 504 tirred wit VA
of N!‘)br @qf 695(3/ mlnu es ancF ?Iﬁgsrgr 8rf[j))l‘jgh I? f?tgr A f%cptﬁ ?gt%ll
tergprrtaimestive s diratl mldobok(d)eltsuidantia)l andspudtpdsddternimetbyeight.

HPL{5 (43ing dheKRavde %@E&‘%&é@?ﬁ%@mﬁ %l%%ﬁ‘éﬁ%’{ RAHRR
with ptoluene sulfonlca [0180] The filtrate from step (i) that

Ch@amalr@(smgs@|L~e@cweo$)r@bywaééﬂa@éﬁ@r&c%mﬁ@w mrméﬂ with

purfr4i8h AR Rroekaanaliiate aliring-R{Qluans RUliRRiCHRHA BRI al
(1.04 kg, 5.49 mol) in 3.3 L of 200 {)roof ethanol is added dropwise over

supspipRirRdb SN Gt v Sl g ata i Bis hes andhus s diese ihdture. After

stirring 44 hoere4bgonglie:iforaliegtsd Wt dilitatiuenwasheddwiggwitvd .5 L
portions of isopropyl acetate, and once with 3.5 L %1; 200 proof ethanol

PrepRC Ol TR OV 8PD AL DA HEURSTa S S SR BT B S atadd
anlﬂﬁdd)ﬁak(ﬂ)f'ents and the reaction flasks were fitted with rubber septa for the
no 3 2' O -ae %?(93 deoxg[/) beta- Drlbof anos¥ 3H- thlaz lo[4 511%/

. 5-am
1nt¥%%1 %o% oS gwﬁ% rg%ﬁetn 1?_ﬁg£&ge asswa was oven rle an;
heat dried.
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EXAMPLE 4 Crystallizing p-toluene sulfonic acid salt of
5-amino-3-(2'-0-acetyl-3'-deoxy- 13 -D-
ribofuranosy1)-3H-thiazolo14,5-dlpyrimidin-2-one [0181] 5-amino-3-(2
'-O-acetyl-3 ' -deoxy- 13-D-ribofuranosyl)-3H-thiazolo [4,5-
d]pyrimidin-2-one [50.0 g, (43.85 g, 134 mmol effective based on CoA)] is
added to a 2-L, 3-neck flask. Absolute ethanol (840 mL) is added, and the
mixture is stirred at ambient temper_gture for -10 min to give aga ellow

solutioh? P-TRITEMYLRRABRTE Ay ed PeoHh (282 2a 8 7o %o a
terﬁﬁﬁﬁfﬂt&sﬂa&gﬂaﬂﬁ/ b disseliaptimalisaltiaetntancd|(22Qantipattaim biget

erat re. -TsOH/ethanol so utlo added to ddi tlonf
et et B o e S
0. ASenodpdﬁM@(EM[hChmbteﬂH);embesaMMﬂdW@GdZﬁérmm padationdhe

on Sb 2 &tgHr{ﬁ}or% gﬁgu“ r&jsEhlemsa sd C(i: I?l c%ca rln %d thlC acid,

et ano , Wit eac rlnse recte I actlon
nirdiysperssilon oThgotesastin mésTstiTEataimenig at earibiefate rmjehatu re

Pnf/\b‘/é ARIAR{} 8,0 M&IQ&W@%H‘@S%%Q%&%H%’?EJ&?B“r‘ésa”d

hatman #1 paper. The remaining solids in the flask were transferred to

praprafer With st 8 EthdhommpBeemEf, At ¢he fifrey Eapasendisiument
Conpaheranithi ahsolie atharo (forlsathm).). After briefly drying the filter

cake on the filter with suction, the damp white solid is dried in a vacuum

overl HOS0. ENMRrsesstgth ST B TesAESIND bIXadRMSICHTY-
V)M@@rlﬁaﬁlmen&%miﬁgtatermmmy revvvlepasieUMBie 68::3d 3.8 Yield)

of For is obtained as whit stals with 99.1% LC t
oSBT R S Do Ch A Gp L 0T & S B Bom for the
praupemmmwmsdmrmammmemd MC&ppiatﬁﬂ thegprbimnaendf49 70
OCbt 2829|n of vacuum
P Ed ok o R o, PR R B (o0
pptenweratppeopithtstifithgr MMRis@venits. “arcrystdlasmspéﬂhdﬁhsﬂwied
S SHERERPIRNJSSHARAH ATRICRLIETRRIFIUNE (0140 AN 1. o

tere using a Buc unnel an atman #1 paper. The Tilter

(tripddte i& (aeestrel withalbisbittdetbraadeiad). Gmbioasangletsoliti o whéat of
do%!@%}' MRS LY RRD S ARt ARAR, IRABR LY AR IR A0 hMrert,

bleed for 48 h. After cooling to amblent temperature under vacuum, 2.8 g
(H@l 2% yield) of Formula (1) is obtained as a second crop of Formula (1)

with [@@%/9118#5;6@% dpetYobile Rcorded on an ATR FT-IR Spectrometer as

1,2:5,6-Di-O- |sopro%ylldene -3-O-trifluoromethansulfonyl-a-D-glucofuranos
negf E)?]é)or solids, and when given are reported in wave numbers (cm ). Mass spectra

reported are (+)-ES or APCI (+) LC/MS conducted by the Analytical Chemistry
Department of Anadys Pharmaceuticals, Inc. Elemental analyses were conducted by the
Atlantic Microlab, Inc. in Norcross, GA. Melting points (mp) were determined on an
open capillary apparatus, and are uncorrected.

[0170] The described synthetic pathways and experimental procedures may
utilize many common chemical abbreviations, 2,2-DMP (2,2-dimethoxypropane), Ac
(acetyl), ACN (acetonitrile), Bn (benzyl), BOC (tert-butoxycarbonyl), Bz (benzoyl),
DBU (1,8-diazabicyclo[5,4,0Jundec-7-ene, DCC (N,N’-dicyclohexylcarbodiimide), DCE
(1,2-dichloroethane), DCM (dichloromethane), DEAD (diethylazodicarboxylate), DIEA
(diisopropylethylamine), DMA (N,N-dimethylacetamide), DMAP (4-(N,N-
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[0183] Triflic anhydride (10.9 mL, 649 mmol) was added dropwise to a -20

to - 10 C stirring solution of

1,2:5,6-Di-O-isopropylidene-a-D-glucofuranose (13.0 g, 50.0 mmoe,

pyridine (10.0 mL, 124 mmol), and CH2C12 (300 mL) while keeping the

internal temperature below -10 C. The resulting solution was stirred

between -10 and 0 C while monitoring by TLC for disappearance of

. starting material (-1 h re uireldg). The reaction solution was washed with

ity EBHIY tolduat By Satinstey amaBudch A4S B oy il ioxide),
EDE g an’-ginaskyluasdijesh oM ed-MaASEbanichidas yiheoHittedey . FElielijtiaieOAc

TS ARG 5. TR PO AT RRLBARSIRION G fagve 2049

tetcin@tisdyropylideneB: et usplosteat REBEU{chybae@rgludofuyaNISN(78)-as

. id. Thi " iad ol
R e R e T S T
hyéroeybdnaeyazoikehidiratie)), AP14- chizh pries k) 118196 -Grdgdieigraphly)1 B3 (s,
(is%_]ll_%g’ojil %‘fb&ﬁo%b&(ﬁl‘fﬁ? (g)%yt'c’r)ﬁlgﬁn& Tgﬂi-ﬁltg’ﬂéleﬁi%pdﬁtﬁiﬁﬁlt&)i?&&%pylamide) ,

A mixture o

M@PB4 S3cibtierssrspbraetie sid)iivie trsihethaystRbiagrienigiseoilehbse

menAD R pHARMGR-ARY RBRYANBEAKAAQ Gicd SRIDMQBo fRlvansi
( (500 mQL) was?%?élgssgd &I/é%ubbling §/ith N2 for Zt?);’min. Thcfe mixture wasd %

Phe, eherykiatine) JRRIED (YR mBriRbisRES BYerEE i8S dRA A HRBE SH), Py

(p}ﬁidféjél)g ;ipstepi%én@dtrr@ﬂﬂuneyi))xweiﬁ?a@ﬂ@mimumr?@"ﬁlcooled toh
ambient temperatyre and H20 (200 was then carefully The

S e R N ke i

(triévoidade tiden hydridle n SES I ereabepartiiad), aid thiangsaicipbassogiaghy), Tol
hen s ntjally washed.with H20 (2 x 200 mL) and saturated aqueous

(toh\gg% %gvr#trjescan%stlﬂe ?1kte

oncentration of the organic phase on a rotary
evaporator (40 - 50 C) gave 9.5 gx@sfaedf

3odamt 219 Sl R SR RYIIG§ 81 Br3:

i 5-4;016) 4.08-4.19 (m!

st 3¢ani an2.17-2.21 (dd, H), .73-1.80 (m, 1H), 1.51 (s,
H), 1.43 ?s ), 1.36 (s, 3H), 1.32 (s, 3H). Example 7
3-DdBXy11 2-tuirppeeksdiderecaumrid cothratisarerayye prolipggpenser and

nitdEAAKKtlis?cRaBollr QHRGPARRNG INEehiR Bl PISORANARENE R P8 GprdBaled
mmol) was dissolved in acetic acid (60 mL). H20 gio mﬂlj was added and
acqretings(nihg BERROATTAL Ktitral At AibidiitteMPértare Stdrmightwigid 302

mifRO e g yitllE fog disapprairRneeresiating matgfiahe ldTaSRILIOBS A

was con ated on a rotary. evapor toré-%ogcg. to give 7.9 (%100003 f
By 2 DR IB T Ah DO UREHOARBSE W o KehEkb i ey for o0
mioilte$ hisinnatestial wplsettsefinrtigern ekiicstepkwhtioog duthe splurifiadtionoléd 1o 5
o~NMR (400 a}%Pﬁg) 6572 (d Zé_l-[g_ %6 t, 1H) 4@ (E% 1H), 3{%8

ORI 925 il I (e

in 467L DBAqerontiy, 18 atii¢d, IWild sBibriisg Biter nitrogen TMSOTT (23.54 mL,
130.9 mmol) is added via a pipette, causing an exothermic reaction to 15 °C. This
mixture is then warmed to 75 °C and maintained at this temperature for ten hours and
then cooled, first to ambient temperature, and then to 15 °C using a cool water bath.
Water is added to the reaction in one mL portions, allowing the exothermic reaction to

peak between each addition. After six additions the addition of an additional one mL
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Example 8 3-Deoxy-1,2-0-isopropylidene-a-D-xylofuranose (10a)

[0186] 3-Deoxy-1,2-0-isopropylidene-a-D-glucofuranose (9a) was
dissolved in CH30H (50.0 mL), and CH2C12 (50.0 mL) was then added
Nal04 (10.0 g, 46.7 mmol) was added in one portion to this solution at
ambient temperature. The resulting suspension was stirred at ambient
temperature overnight, while monitoring by TLC for disappearance of
starting materjal. The suspension was filtered, and the salts were then

POIRBHSHAK FFOEIEFS: 3 - - phyaiRrAtadsd Yadckupps G’ dhiyripsuke is
stnh@ﬁle @{ﬂ@té@ﬁ b el wassiaie addéc: I(ﬂ&@@faﬂﬁéﬂuoﬂ&tﬁlﬂﬁﬁg

SR SN uats, Afes o susperaion uE MR LAR ) 1t o

|en empe Yature, ete conversion fr
waluatermeallmw Myddst&ﬁ@@mmm-@ﬁmmmylfde%mnmwmdMSme

el TUR S AT AR TONRL OO AR AUARRIRIE A0 o B

resi ewast en artltlone etween aqueous

disgabad (500M ML Phevarws. piase shwbrdbligareashdthixetsainentivdtoride is added
as §%Bﬂ&%@th€qﬁ1§ﬁyg8%99@ﬁﬁtw a8 o?ﬁreaﬁﬁﬁi 1‘5"5@5}}9&9 @ﬁ% i%ﬂﬂré is

The combined organic extracts were washed with saturated aqueous

transAeed 30 hiepaciey SvEichasyaca A Sy el Nescfiprdeaniaplit. The

de&&@@ﬁﬁ%@%@ﬂ&&é@@{% NVAPSHAHAT §1H Lot BV A (Ri8 i Q¥abREd with the
3-deoxy-1,2-0- |sopr0[1‘)L ylidene-a-D-xylofuranose ﬁloa ) as a white solid, IH

mifgllprphasseoR e )l sTeshig 11 pAidel 74 g ot [glile avhilestirgingaqier 5

mlﬁugje-%'@@l rrgéd%}ré% :13?_' @;lﬁﬁreﬂH )Fﬁ'%%at@édlﬁfhllﬁﬁ)le]d@ﬁréd&%l(ﬂecﬂ-ﬁbdﬁcz B4fbits
S ample

ldegtﬁ‘ég@pilrétﬁ lﬁflﬁteé:gﬁﬂﬂg b%&%ﬁ%gbe {88y M3§1g7) Aqueous
StéﬂZﬁpEﬂthmhccﬂlﬁﬁcdl&siolutlon 0.1 mmol) was slowly added to a

soI deo -1,2-Q-is lid Iof e (10a) (0.2

B, T e R R R B e e

sugas(ﬂlmgsmpl th)mrdmm\@urmam laifn bfemtmmp@mm teealaanpigint-avadhads
coxtzQFe t%y?'&pg%cﬁjtgﬁl Rﬁiﬁn%‘?ﬁ %%ﬁ}ég /é‘%f?f‘# d? ﬁ@%‘ﬁ’ e'@o'{J%Qﬂﬂy

ase mixture was shaken wel n sepa ated T

bowqhQaaéﬁhae@ma%m&d@wm@omwgmmmﬁ@ddd&:Wpactuons

suspEf8edrind Ml NARR G iSRG ARE Q4ARCLAIR R.AMMESS 1RerayidR
crude 3- der%g; 1,2,5-tri-O-acetyl-a-D- xglofuranose (3B)as a ‘mixture of a

washfeel 1640t o RIRIRMTHS trden 61 ah e tisctimresahition 5) siderrle,

acekbhit@td Soldidd e €4§§eﬂe@§t&mn Jstkﬁ {: 2Pnid s@sﬁehﬁoﬂ BQteke8 186 hours,

4.07-4.12 (m, 1 H), 2.04-2.18 (m, 11 H). Example 10
the catalyst 1s filtered, washed with acefonitrile-water (1:1) and stored at 0 °C for later

reuse. The filtrate is extracted with 222 mL of isopropyl acetate, the aqueous phase was
stirred with 30 g of sodium chloride until all of the solid is dissolved, and then extracted
two more times with 111 mL portions of isopropyl acetate. The organic portions were
combined, dried with MgSQOy, stirred with 2.5 g of Norit 211 for 90 minutes and filtered
through Celite filter aid. The filtrate contains the desired alcohol (5); its identity and
purity is determined by HPLC using the known material as a standard.
Step (iii)- Salt formation with p-toluene sulfonic acid

[0173] The filtrate from step (ii) that contains (5) dissolved in isopropyl acetate
and acetontrile is diluted with 100 mL of 200 proof ethanol. While stirring, p-toluene
sulfonic acid hydrate (15.89 g, 83.49 mmol) in 50 mL of 200 proof ethanol is added
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3-Deoxv-1,2,5-tri-0-acetvl-a-D-xvlofuranose (3B) [0188] A solution of
3-deoxy-1,2-0-isopropylidene-a-D-xylofuranose (10a) (1.0 g, 5.7 mmol),
CH2C12 (5 mL), acetic anhydride (2 mL), and pyridine (0.3 mL) was
stirred at ambient temperature overnight. The solution was evaporated
under vacuum to remove CH2C12. To the remaining solution at 0 C was
added acetic acid (18 mL), acetic anhydride (1 mL), and concentrated
H2S04 (1.2 mL) at ). The resulting solution was warmed from 0 C to
droR¥ IR AY tor hRIAHIRE Ny LtiRad TSP YA Ry FHESSITOoh LR IR e e
Afandtitfe aqheotsisocilithiaceliatec(LIbP fintakivassadaientwie vesutdmL
olutiop.was extracted with methyl t-Qutyl et B 2 x 100 mL),.The
PO A R Bt e AP st ety ket i R b i
dribthid G @8 (2 d@:mio)yieidtdd, Engl dgitrdtedeaglfooicsaNd Gt (S5 matnind3e(2’-
MTBE,phase evaporated ess tg give. 0.9. ¢ of : o
o A RS RO Al ome i e
purhobdtELLH NMR analysis was the same as for that obtained from
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This mixture is then warmed to 75 °C and maintained at this temperature for ten hours

o YBEHYEHB

and then cooled, first to ambient temperature, and then to 15 °C using a cool water bath.
Water is added to the reaction in one mL portions, allowing the exothermic reaction to
peak between each addition. After six additions the addition of an additional one mL
portion is not exothermic, then 38 mL of water is added via a funnel and this mixture is
stirred for 15 minutes at ambient temperature. Celite (44 g) is added to the stirring
reaction followed by sodium hydroxide (15.7g 50% NaOH, 196.35 mmol) in 22 mL of
water over about 30 seconds. Stir at ambient temperature for 90 minutes and filter the
reaction. To the stirring filtrate is added sodium bicarbonate (16.5 g, 196.35 mmol)
dissolved in 200 mL of water. When the bubbling stops 50 g of sodium chloride is added
as a solid and the mixture is stirred until all of the solid is dissolved. This mixture is

transferred to a separatory funnel and the resulting three liquid phase system is split. The
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densest phase is extracted once with 50 mL of acetonitrile and this is combined with the
middle phase of the original split. To this is added 11 g of Celite while stirring, after 5
minutes the mixture is filtered. The filtrate contains the desired coupled product (4); its
identity and purity is determined by HPLC using the known material.
Step (ii), enzymatic hydrolysis without adding any water

[0175] To a 500 mL round bottom flask is added 15.0 g of immobilized Candida
antarctica (Novozyme 435, Biocatalytics catalog number IMB-102), followed by dry
ethanol (60 mL). To this is added the acetonitrile solution of (4) generated in step (i) and
the flask is sealed from the atmosphere and stirred at ambient temperature. After 72
hours 17.5 g of Celite545 was added and stirred for 10 minutes and then the solids were
filtered and washed with 80 mL of ethanol. The filtrate contains the desired alcohol (5);
its identity and purity is determined by HPLC using the known material as a standard.
Step (iii)- Salt formation with p-toluene sulfonic acid

[0176] The filtrate from step (ii) that contains (5) dissolved in ethanol and
acetontrile is diluted with 100 mL of 200 proof ethanol. While stirring, p-toluene
sulfonic acid hydrate (15.89 g, 83.49 mmol) in 50 mL of 200 proof ethanol is added
dropwise over 30 minutes. An off white solid crystallizes from the reaction mixture.
After stirring 16 hours the solid is collected by filtration, washed twice with 100 mL
portions of isopropyl acetate, and once with 50 mL of 200 proof ethanol. The solid is
dried in a vacuum oven to yield 30.55 g of p-toluene sulfonic acid salt of 5-amino-3-(2’-
O-acetyl-3’-deoxy-B-D-ribofuranosyl)-3H-thiazolo[4,5]pyrimidine-2-one with >98%
purity by HPLC.

EXAMPLE 3
Scaled-up Synthesis of p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-
B-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one

Step (i)- Coupling Reaction

[0177] A reactor equipped with a temperature probe, condenser and nitrogen inlet
is charged with 5-amino-3H-thiazolo[4,5-d]|pyrimidine-2-one (2) (1.45 kg, 8.6 mol) and
acetonitrile (1.29 L). While stirring under a slow purge of nitrogen BSA (5.23 L, 21.5
mol) is added via a funnel and this mixture is warmed to 40 °C for 90 minutes under an

atmosphere of nitrogen. The dark, homogeneous solution is cooled to 5 °C and 1,2,5-tri-

55



CH3

O-acetyl-beta-D-ribofuranose (3) (2.33 kg, 7.32 mol) in 4.3 L of acetontrile is added.
While stirring under nitrogen TMSOTT{ (1.54 L, 8.6 mol) is added dropwise causing an
exothermic reaction to 15 °C. This mixture is then warmed to 75 °C and maintained at
this temperature for ten hours and then cooled, first to ambient temperature, and then to
15 °C.

[0178] Water is added to the reaction in 100 mL portions, allowing the
exothermic reaction to peak between each addition. When a final 100 mL portion of
water no longer causes an exothermic reaction 1.9 L of water is added via a funnel and
this mixture is stirred for 15 minutes at ambient temperature. Celite (2.47 kg) is added to
the stirring reaction followed by sodium hydroxide (516.8 g, 12.92 mol) in 14.5 L of
water. Stir at ambient temperature for 90 minutes and filter the reaction. To the stirring
filtrate is added sodium bicarbonate 1.08 kg, 12.92 mol) dissolved in 14.5 L of water.
When the bubbling stops 3.3 kg of sodium chloride is added as a solid and the mixture is
stirred until all of the solid is dissolved. The resulting three liquid phase system is split.
The most dense phase is extracted once with 3.3 L of acetonitrile and this is combined
with the middle phase of the original split. These combined phases contain the desired
coupled product (4); its identity and purity is determined by HPLC using the known
material as a standard.

Step (ii)- Enzymatic Hydrolysis

[0179] To a solution of sodium bicarbonate (615 g, 7.32 mol, equivalent to sugar
(3) in step (i)), dissolved in 21.5 L of water is added the dry, covalently bound Candida
antarctica, type B (1.59 kg, Biocatalytics catalog number IMB-111). To this stirring
solution is added the acetonitrile solution of (4) generated in step (i). This suspension is
stirred for 36 hours, the catalyst is filtered, washed with acetonitrile-water (1:1) and
stored at 0 °C for later reuse. The filtrate is extracted with one 17.5 L portion of
isopropyl acetate, the aqueous phase was stirred with 3.3 kg of sodium chloride until all
of the solid is dissolved, and then extracted two more times with 9 L portions of
isopropyl acetate. The organic portions were combined, dried with MgSQOys, stirred with
117 g of Norit 211 for 90 minutes and filtered through Celite filter aid. The filtrate
contains the desired alcohol (5); its identity and purity is determined by HPLC using the

known material as a standard.
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Step (iii)- Salt formation with p-toluene sulfonic acid

[0180] The filtrate from step (ii) that contains (5) dissolved in isopropyl acetate
and acetonitrile is diluted with 5.5 L of 200 proof ethanol. While stirring, p-toluene
sulfonic acid hydrate (1.04 kg, 5.49 mol) in 3.3 L of 200 proof ethanol is added dropwise
over 30 minutes. An off white solid crystallizes from the reaction mixture. After stirring
16 hours the solid is collected by filtration, washed twice with 7.5 L portions of isopropyl
acetate, and once with 3.5 L of 200 proof ethanol. The solid is dried in a vacuum oven to
yield 2.38 kg of p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-beta-D-
ribofuranosyl)-3H-thiazolo[4,5 |pyrimidine-2-one with >98% purity by HPLC.

EXAMPLE 4

Crystallizing p-toluene sulfonic acid salt of 5-amino-3-(2’°-O-acetyl-3’-deoxy- B -D-

ribofuranosyl)-3H-thiazolo[4.5-d]pyrimidin-2-one
[0181] 5-amino-3-(2’-O-acetyl-3’-deoxy-B-D-ribofuranosyl)-3H-thiazolo[4,5-
d]pyrimidin-2-one [50.0 g, (43.85 g, 134 mmol effective based on CoA)] is added to a
2-L, 3-neck flask. Absolute ethanol (840 mL) is added, and the mixture is stirred at

ambient temperature for ~10 min to give a pale yellow solution. p-Toluene sulfonic acid
(pTsOH) (26.2 g, 138 mmol) is added to a separate flask and is dissolved in absolute
ethanol (220 mL) at ambient temperature. The p-TsOH/ethanol solution is added to an
addition funnel, and is then added dropwise to the stirring solution of Formula (5) over a
period of 40 min at ambient temperature. The flask used for preparation of the p-
TsOH/ethanol solution and the addition funnel are rinsed with absolute ethanol (3 x 20
mL), with each rinse directed into the reaction suspension. The reaction is stirred under
N, at ambient temperature overnight (18 h), and is then vacuum-filtered using a Buchner
funnel and Whatman #1 paper. The remaining solids in the flask were transferred to the
filter with absolute ethanol (2 x 50 mL), and the filter cake is then washed with absolute
ethanol (4 x 150 mL). After briefly drying the filter cake on the filter with suction, the
damp white solid is dried in a vacuum oven at 50-55°C with 28-29 inches of vacuum and
a Nj bleed for 54 h. After cooling to ambient temperature under vacuum, 62.9 g (93.8%
yield) of Formula (1) is obtained as white crystals with 99.1% HPLC purity.

[0182] Isolation of a second crop of Formula (1): The combined supernatant and

washes from above are concentrated to a volume of 470 mL on a rotary evaporator (45-
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in crystalline form, wherein the crystalline form has an X-ray diffraction
(2-theta) with the strongest line observed at an angle of 5.5+ 0.3 with
lesser intensity lines at 11.8, 12.3, 17.9, 18.2, 19.7, 20.2, 21.3, 21.9, 23.8,
24.1 and 25.9+ 0.3; and IR-characteristic absorption bands at 1356,
1130, 804, 498 and 435 cm-I with medium bands at 1637, 1602,1054,
1037, 609 and 530 cm-I. 2. The use of the compound of claim 1 for the
manufacture of a pharmaceutical composition for treating Hepatitis B virus
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50-55°C with 28-29 inches of vacuum and a N, bleed for 48 h. After cooling to ambient
temperature under vacuum, 2.8 g (4.2% yield) of Formula (1) is obtained as a second
crop of Formula (1) with 96% HPLC purity.
EXAMPLE 5
1,2:5.6-Di-O-isopropylidene-3-O-trifluoromethansulfonyl-a-D-glucofuranose (7a)

[0183] Triflic anhydride (10.9 mL, 64.9 mmol) was added dropwise to a -20 to -

10 °C stirring solution of 1,2:5,6-Di-O-isopropylidene-a-D-glucofuranose (13.0 g, 50.0
mmol), pyridine (10.0 mL, 124 mmol), and CH,CI, (300 mL) while keeping the internal
temperature below -10 °C. The resulting solution was stirred between -10 and 0 °C while
monitoring by TLC for disappearance of starting material (~1 h required). The reaction
solution was washed with H,O (2 x 100mL) followed by saturated aqueous NaCl (50
mL). The organic phase was dried over Na,SO, and was then filtered. The filtrate was
concentrated to dryness on a rotary evaporator (~30 °C) to give 20.4g (100%) of 1,2:5,6-
di-O-isopropylidene-3-O-trifluoromethansulfonyl-a-D-glucofuranose (7a) as a white
waxy solid. This material was carried on directly to the next step without further
purification. "H NMR (400 MHz, CDCls) § 5.99 (d, 1H), 5.26 (d, 1H), 4.76 (d, 1H), 4.14-
4.25 (m, 3H), 3.96-3.99 (dd, 1H), 1.53 (s, 3H), 1.44 (s, 3H), 1.35 (s, 3H), 1.34 (s, 3H).
Example 6
3-Deoxy-1,2:5.6-di-O-isopropylidene -a-D-glucofuranose (8B)

[0184] A mixture of 1,2:5,6-di-O-isopropylidene-3-O-trifluoromethansulfonyl-a-
D-glucofuranose (7a) (20.4 g, 52.0 mmol) and n-BusNBH4 (40.0 g, 155 mmol) in toluene
(500 mL) was degassed by bubbling with N, for 20 min. The mixture was heated at 80 °C
under N, while monitoring by TLC for disappearance of starting material (~6 h required).
The reaction solution was cooled to ambient temperature and H,O (200 mL) was then
carefully added. The resulting mixture was stirred at ambient temperature until no more

H, evolved. The two phases were separated, and the organic phase was then sequentially
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HNNI-12 2 (i) selectively cleaving the 5' acetate on the compound of

Formula (4) to form

5-amino-3-(2'-0-acety1-3'-deoxy-3-D-ribofuranosyl)-3H-thiazolo[4,5-

d]pyrimidin-2-one (5) OAc and (iii) reacting

5-amino-3-(2'-0-acety1-3'-deoxy-3-D-ribofuranosyl)-3Hthiazolo[4,5-d]pyri

midin-2-one (5) with p-toluene sulfonic acid to form p-toluene sulfonic acid

salt of ,5-amino-?%;1%2'-0-acetyl-3 0 of
wasb bt ARG S MR AR NS Bk (Sfomcentration o
the organic phase on a rotary evaporator (40 — 50 °C) gave 9.5 g (78%) of 3-deoxy-
1,2:5,6-di-O-isopropylidene -a-D-glucofuranose (8a) as a clear oil. This material was
used in the next step without further purification (note 5): 'H NMR (400 MHz, CDCl3)
0[15.8(d, 1H), 4.75 (t, 1H), 4.08-4.19 (m, 3H), 3.79-3.85 (m, 1H), 2.17-2.21 (dd, 1H),
1.73-1.80 (m, 1H), 1.51 (s, 3H), 1.43 (s, 3H), 1.36 (s, 3H), 1.32 (s, 3H).

Example 7
3-Deoxy-1,2-O-isopropylidene-a-D-glucofuranose (9a)
[0185] 3-Deoxy-1,2:5,6-di-O-isopropylidene -a-D-glucofuranose (8a) (9.50 g,

38.9 mmol) was dissolved in acetic acid (60 mL). H,O (60 mL) was added and the

resulting solution was stirred at ambient temperature overnight while monitoring by TLC
for disappearance of starting material. The solution was concentrated on a rotary
evaporator (~50 °C) to give 7.9 g (100%) of 3-deoxy-1,2-O-isopropylidene-a-D-
glucofuranose (9a) as a viscous clear oil. This material was used in the next step without
further purification: "H NMR (400 MHz, CDCl3) 6 5.72 (d, 1H), 4.67 (t, 1H), 4.11(m,
1H), 3.78 (m, 1H+20H), 3.75-3.79 (m, 1H), 3.44-3.49 (m, 1H), 1.97-2.02 (m, 1H), 1.74-
1.81(m, 1H), 1.44 (s, 3H), 1.25 (s, 3H).

Example 8

3-Deoxy-1.2-O-isopropylidene-o-D-xylofuranose (10a)

[0186] 3-Deoxy-1,2-O-isopropylidene-a-D-glucofuranose (9a) was dissolved in
CH30H (50.0 mL), and CH,Cl; (50.0 mL) was then added. NalOy4 (10.0 g, 46.7 mmol)
was added in one portion to this solution at ambient temperature. The resulting
suspension was stirred at ambient temperature overnight, while monitoring by TLC for
disappearance of starting material. The suspension was filtered, and the salts were then
washed with CH,Cl, (20 mL). The filtrate was transferred to a dry flask. NaBH,4 (4.0 g,
106 mmol) was slowly added in several portions to the combined stirring filtrate. After
the suspension was stirred for 2 h at ambient temperature, TLC showed complete
conversion from the intermediate aldehyde to 3-deoxy-1,2-O-isopropylidene-a-D-
xylofuranose (10a). The solvent was removed on a rotary evaporator (~40 °C), and the
residue was then partitioned between 10% aqueous NaCl (50 mL) and EtOAc (50 mL).

The two phases were vigorously mixed, and then separated. The aqueous phase was
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abAcOAc 4.The method of claim 3,-wherein step (i) comprises coupling
5-amino-3H- thiazolo[4,5-d]pyrimidin-2-one (2) with a deoxyribofuranose
(3B) to form a compound of Formula (4) 5.The method of claim 3,
wherein the coupling reaction of step (i) is performed in

extracted with EtOAc (3 x 50 mL). The combined organic extracts were washed with
saturated aqueous NaCl (30 mL), dried over Na,SO,, and then filtered. The filtrate was
concentrated on a rotary evaporator (~40 °C) to give 4.7 g (70%) of 3-deoxy-1,2-O-
isopropylidene-o-D-xylofuranose (10a) as a white solid. '"H NMR (400 MHz, CDCl5) &
5.82 (d, 1H), 4.76 (t, 1H), 4.34-4.37 (m, 1H), 3.90 (dd, 1H), 3.56 (q, 1H), 1.99-2.04 (m,
1H), 1.82-1.89 (m, 1H), 1.76 (br s, 1H), 1.53 (s, 3H), 1.34 (s, 3H).
Example 9
3-Deoxy-1.,2.5-tri-O-acetyl-a-D-xylofuranose (3B)
[0187] Aqueous H,SO4 (0.1 mL of a 1 M solution, 0.1 mmol) was slowly added

to a solution of 3-deoxy-1,2-O-isopropylidene-a-D-xylofuranose (10a) (0.26 g, 1.5
mmol), glacial acetic acid (3 mL), and acetic anhydride (0.6 mL). The resulting solution
was stirred at ambient temperature overnight and was then evaporated to dryness. The
residue was partitioned between H,O and EtOAc. The phase mixture was shaken well
and then separated. The aqueous phase was extracted with EtOAc. The combined organic
fractions were dried over Na,SOy, filtered, and evaporated to dryness to provide crude 3-
deoxy-1,2,5-tri-O-acetyl-a-D-xylofuranose (3B) as a mixture of a and § anomers.
"HNMR for the B anomer: (400 MHz, CDCl5) § 6.17 (s, 1H), 5.19 (d, 1H), 4.55-4.61 (m,
1 H), 4.22 (d, 0.5 H), 4.20 (d, 0.5 H), 4.07-4.12 (m, 1 H), 2.04-2.18 (m, 11 H).
Example 10
3-Deoxy-1,2,5-tri-O-acetyl-a-D-xylofuranose (3B)

[0188] A solution of 3-deoxy-1,2-O-isopropylidene-a-D-xylofuranose (10a) (1.0
g, 5.7 mmol), CH,Cl, (5 mL), acetic anhydride (2 mL), and pyridine (0.3 mL) was stirred
at ambient temperature overnight. The solution was evaporated under vacuum to remove
CH,Cl,. To the remaining solution at 0 °C was added acetic acid (18 mL), acetic
anhydride (1 mL), and concentrated H,SO4 (1.2 mL) at ). The resulting solution was
warmed from 0 °C to ambient temperature and stirred for 24 h. The solution was cooled
to 0 °C and 10% aqueous sodium acetate (150 mL) was added. The resulting solution
was extracted with methyl t-butyl ether (MTBE ) (2 x 100 mL). The combined MTBE
extracts were sequentially washed with 5% aqueous NaHCOs3 (2 x 40 mL), water, and

saturated aqueous NaCl (50 mL). The MTBE phase was evaporated to dryness to give
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the presence of silating reagent. 6. The method of claim 3, wherein the
coupling reaction of step (i) uses an excess of the
5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (2) with respect to the
deoxyribofuranose (3b) based on the reaction stoichiometry. 7. The
method of claim 3, wherein the 5' acetate on the compound of Formula (4)
in step (ii) is selectively cleaved by an enzyme. 8. The method of claim 7,
wherein the enzymatlc cleavage is ;i;rformed by the enzyme Candida
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recited in the claims. Accordingly, all such modifications are intended to be included

within the scope of the present disclosure as defined in the appended claims. The order
or sequence of any method or method steps may be varied or re-sequenced according to
alternative embodiments. Other substitution, modification, changes and omissions may
be made in the design, operating conditions and arrangement of the embodiments without
departing from the spirit of the present disclosure as expressed in the appended claims.
[0190] All publications, patents and patent applications cited in this specification
are herein incorporated by reference, and for any and all purposes, as if each individual
publication, patent or patent application were specifically and individually indicates to be
incorporated by reference. In this case of inconsistencies, the present disclosure will

prevail.
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CLAIMS

1. A compound of Formula (1)

S \ N
O:< | )\
o Z

N N NH, . HO3S CH3
Ho/v

Z
Z
Z
Z
Z
Z
Z

OAc

1

in crystalline form, wherein the crystalline form has an
X-ray diffraction (2-theta) with the strongest line observed at an angle of 5.5°+ 0.3° with
lesser intensity lines at 11.8°, 12.3°, 17.9°, 18.2°, 19.7°, 20.2°, 21.3°, 21.9°, 23.8°, 24.1°
and 25.9°+ 0.3°; and

IR-characteristic absorption bands at 1356, 1130, 804, 498 and 435 cm’ with
medium bands at 1637, 1602,1054, 1037, 609 and 530 cm™.

2. The use of the compound of claim 1 for the manufacture of a pharmaceutical

composition for treating Hepatitis B virus infection or Hepatitis C virus infection.

3. A method of synthesizing p-toluene sulfonic acid salt of 5-amino-3-(2’-O-acetyl-
3’-deoxy-B-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1) comprising the steps
of:

(1) coupling 5-amino-3H-thiazolo[4,5-d|pyrimidin-2-one (2) with a

deoxyribofuranose (3) to form a compound of Formula (4)

S \ N
S Z AcO ° o:< ‘
O:< J\ + OAc — 5 o /
N \N NH " " "
s 2 3 oA AcO

4

Z
Z
Z
Z,
2,
7

OAc

(i1) selectively cleaving the 5 acetate on the compound of Formula (4) to
form 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-ribofuranosyl)-3H-thiazolo[4,5-
d]pyrimidin-2-one (5)
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and
(i11) reacting 5-amino-3-(2’-O-acetyl-3’-deoxy-p-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (5) with p-toluene sulfonic acid to form p-toluene
sulfonic acid salt of 5-amino-3-(2’-O-acetyl-3’-deoxy-B-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (1)

A LA

5 1 HOgS

7 /

%, 2
2, 2
2, Z,
Z Z

OAc OAc

HO

4. The method of claim 3,-wherein step (i) comprises coupling 5-amino-3H-
thiazolo[4,5-d]|pyrimidin-2-one (2) with a deoxyribofuranose (3B) to form a compound of
Formula (4)

C

Z,
Z
Z,
%,
Z,
7
Z

OAc

5. The method of claim 3, wherein the coupling reaction of step (i) is performed in

the presence of silating reagent.
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6. The method of claim 3, wherein the coupling reaction of step (i) uses an excess of
the 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (2) with respect to the deoxyribofuranose

(3b) based on the reaction stoichiometry.

7. The method of claim 3, wherein the 5° acetate on the compound of Formula (4) in

step (ii) is selectively cleaved by an enzyme.

8. The method of claim 7, wherein the enzymatic cleavage is performed by the

enzyme Candida Antarctica.

9. The method of claim 3, wherein step (iii) comprises reacting 5-amino-3-(2’-O-
acetyl-3’-deoxy-p-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (5) with p-
toluene sulfonic acid in a solvent to form p-toluene sulfonic acid salt of 5-amino-3-(2’-O-

acetyl-3’-deoxy-p-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (1).
10. The method of claim 9, wherein the solvent is selected from the group consisting of

ethanol, methanol, n-propanol, isopropanol, n-butanol, isobutanol, ethyl acetate,

acetonitrile, isopropyl acetate, THF and mixtures thereof.
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