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Novel sulfonimidoylpurinone compounds and derivatives for the treatment and

prophylaxis of virus infection

The present invention relates to novel sulfonimidoylpurinones and their derivatives that
have Toll-like receptor agonism activity and their prodrugs thereof, as well as their

manufacture, pharmaceutical compositions containing them and their potential use as

medicaments.
5
FIELD OF THE INVENTION
The present invention relates to compounds of formula (I),
NH,
N
3 =
Ry N >
N o)
VWA | N
0=Ss N \
? 2
R (D,
10 and their prodrugs, formula (Ia),
7
R
SNH g8
/
8 — N
Rwy N >
N o
VWA | N
0o=Ss N \
L4 R
R (Ia),

wherein R' to R® are described below, or pharmaceutically acceptable salt, enantiomer or
diastereomer thereof.
Toll-like receptors (TLRs) detect a wide range of conserved pathogen-associated molecular
15 patterns (PAMPs). They play an important role of sensing invading pathogens and subsequent
initiation of innate immune responses. There are 10 known members of the TLR family in

human, which are type I transmembrane proteins featuring an extracellular leucine-rich domain
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and a cytoplasmic tail that contains a conserved Toll/ interleukin (IL)-1 receptor (TIR) domain.
Within this family, TLR3, TLR7 TLRS, and TLRY are located within endosomes. TLR7 can be
activated by binding to a specific small molecule ligand (i.e., TLR7 agonist) or its native ligand
(i.e., single-stranded RNA, ssRNA). Following binding of ssRNA to TLR7, the receptor in its
dimerized form is believed to undergo a structural change leading to the subsequent recruitment
of adapter proteins at its cytoplasmic domain, including the myeloid differentiation primary
response gene 88 (MyD88). Following the initiation of the receptor signalling cascade via the
MyD88 pathway, cytoplasmic transcription factors such as interferon regulatory factor 7 (IRF-7)
and nuclear factor kappa B (NF-«xB) are activated. These transcription factors then translocate to
the nucleus and initiate the transcription of various genes, e.g., IFN-o and other antiviral
cytokine genes. TLR7 is predominately expressed on plasmacytoid cells, and also on B-cells.
Altered responsiveness of immune cells might contribute to the reduced innate immune
responses during chronic viral infections. Agonist-induced activation of TLR7 might therefore
represent a novel approach for the treatment of chronic viral infections. (D. J Connolly and L. AJ
O’Neill, Current Opinion in Pharmacology 2012, 12:510-518, P. A. Roethle et al, J. Med. Chem.
2013, 56, 7324-7333).

The current therapy of chronic HBV infection is based on two different types of drugs: the
traditional antiviral nucleos(t)ide analogues and the more recent Pegylated IFN-a (PEG-IFN-a).
The oral nucleos(t)ide analogues act by suppressing the HBV replication. This is a life-long
course of treatment during which drug resistance often occurs. As an alternative option,
Pegylated IFN-o (PEG-IFN-0) has been used to treat some chronic infected HBV patients within
finite therapy duration. Although it has achieved seroconversion in HBeAg at least in a small
percentage of HBV patients, the adverse effect makes it poorly tolerable. Notably, functional
cure defined as HBsAg seroconversion is very rare with both current therapies. A new generation
therapeutic option to treat HBV patients for a functional cure is therefore of urgent need.
Treatment with an oral TLR7 agonist represents a promising solution to provide greater efficacy
with better tolerability. Pegylated IFN-o (PEG-IFN-a) is currently used to treat chronic HBV and
is an alternative to potentially life-long treatment with antiviral nucleos(t)ide analogues. In a
subset of chronic HBV patients, PEG-IFN-a therapy can induce sustained immunologic control
of the virus following a finite duration of therapy. However, the percentage of HBV patients that
achieve seroconversion with interferon therapy is low (up to 27% for HBeAg-positive patients)
and the treatment is typically poorly tolerated. Furthermore, functional cure (defined as HBsAg

loss and seroconversion) is also very infrequent with both PEG-IFN-a and nucleos(t)ide
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treatment. Given these limitations, there is an urgent need for improved therapeutic options to
treat and induce a functional cure for chronic HBV. Treatment with an oral, small-molecule
TLR7 agonist is a promising approach that has the potential to provide greater efficacy and

tolerability (T. Asselah et al, Clin Liver Dis 2007, 11, 8§39-849).

In fact, several identified TLR7 agonists have been considered for therapeutic purposes. So
far Imiquimod (ALDARA™) is a U.S. FDA approved TLR7 agonist drug for topical use to treat
skin lesions by human papillomavirus. The TLR7/8 dual agonist resiquimod (R-848) and the
TLR7 agonist 852A have been evaluated for treating human genital herpes and chemotherapy-
refractory metastatic melanoma, respectively. ANA773 is an oral pro-drug TLR7 agonist,
developed for the treatment of patients with chronic hepatitis C virus (HCV) infection and
chronic hepatitis B infection. GS-9620 is an orally available TLR7 agonist. A phase Ib study
demonstrated that treatment with GS-9620 was safe, well tolerated and resulted in dose-
dependent ISG15 mRNA induction in patients with chronic hepatitis B (E. J. Gane et al, Annu
Meet Am Assoc Study Liver Dis (November 1-5, Washington, D.C.) 2013, Abst 946). Therefore
there is high unmet clinical need for developing potent and safe TLR7 agonists as new HBV

treatment to offer more therapeutic solutions or replace existing partly effective treatment.

SUMMARY OF THE INVENTION

The present invention provides a series of novel 6-amino-2-sulfonimidoyl-9-substituted-
7H-purin-8-one compounds that have Toll-like receptor agonism activity and their prodrugs. The
invention also provides the bio-activity of such compounds to induce SEAP level increase by
activating Toll-like receptors, such as TLR7 receptor, the metabolic conversion of prodrugs to
parent compounds in the presence of human hepatocytes, and the therapeutic or prophylactic use
of such compounds and their pharmaceutical compositions comprising these compounds and
their prodrugs to treat or prevent infectious disease like HBV or HCV. The present invention
also provides compounds with superior activity. In addition, the compounds of formula (I) and/or
(Ia) also show good solubility, selectivity over TLRS, in vitro and in vivo clearance, Ames,
hERG, GSH, PK and safety profiles.

The present invention relates to novel compounds of formula (I),
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wherein
R'is Ciealkyl, haloC, salkyl, CsscylcoalkylC, ealkyl, C;¢alkoxyC;.salkyl or pyrrolidinylC;.
calkyl;

R? is Calkyl, phenylCi_galkyl, pyridinylC_salkyl or pyrimidinylC;_ealkyl, said phenylC; salkyl,
pyridinylC; salkyl and pyrimidinylC, ealkyl are unsubstituted or substituted by one, two or
three substituents independently selected from halogen, C.salkyl, C;.salkoxy, cyano,
carboxy, carbamoyl, haloC, salkyl, C;alkylsulfonyl, C,salkoxycarbonyl, C; salkoxyC;.
salkylaminocarbonyl, pyrrolidinylcarbonyl and piperidinylcarbonyl;

R?is H;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

The present invention also relates to the prodrugs of formula (Ia),

7
R\
NH ﬁs
8 NZ N
R\N | >:O
\! ~ N
0=S N
| 1%
4 R
R (Ta),
wherein
R*is Ciealkyl, haloC, salkyl, CsscylcoalkylC, ealkyl, C;¢alkoxyC;salkyl or pyrrolidinylC;.
calkyl;

R’ is Calkyl, phenylCi_galkyl, pyridinylC_salkyl or pyrimidinylC;_ealkyl, said phenylC; salkyl,
pyridinylC;_ salkyl and pyrimidinylC, ealkyl are unsubstituted or substituted by one, two or
three substituents independently selected from halogen, C.salkyl, C;.salkoxy, cyano,
carboxy, carbamoyl, haloC, salkyl, C;alkylsulfonyl, C,salkoxycarbonyl, C; salkoxyC;.
salkylaminocarbonyl, pyrrolidinylcarbonyl and piperidinylcarbonyl;

R’ is H or C6alkyl-C(0)O-Cygalkyl-;

R’ is H, Cisalkyl, Csscycloalkyl or Cjpalkylcarbonyl;
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R® is H, Cgalkylcarbonyl, carboxyC)_salkylcarbonyl, CalkyoxycarbonylC salkylcarbonyl or
benzoyl;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

The invention also relates to their manufacture, medicaments based on a compound in
accordance with the invention and their production as well as the use of compounds of formula (I)
or their prodrugs, formula (Ia), thereof as TLR7 agonist. Accordingly, the compounds of formula
(I) or their prodrugs, formula (Ia), are useful for the treatment or prophylaxis of HBV and/or

HCYV infection with Toll-like receptors agonism.

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Furthermore, the following definitions are set forth to illustrate and define the meaning

and scope of the various terms used to describe the invention.

DEFINITIONS

The term “C,alkyl” denotes a saturated, linear or branched chain alkyl group containing 1
to 6, particularly 1 to 4 carbon atoms, for example methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, fert-butyl and the like. Particular “C;.salkyl” groups are methyl, ethyl and n-propyl.

The term “Cy.jpalkyl” denotes a saturated, linear or branched chain alkyl group containing

1 to 10, particularly 1 to 7 carbon atoms, Particular “C;_jpalkyl” group is propylbutyl.

The term “Cs_;cycloalkyl” denotes to a saturated carbon ring containing from 3 to 7 carbon
atoms, particularly from 3 to 6 carbon atoms, for example, cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, cycloheptyl and the like. Particular “Cs.;cycloalkyl” group is cyclopropyl.

The term “C,salkoxy” denotes a group of the formula C;salkyl-O-. Examples of C;.
salkoxy group include, but not limited to, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy and tert-butoxy. Particular “Cj.salkoxy” groups are methoxy, ethoxy and isopropoxy.

A more particular C;_¢alkoxy group is ethoxy.

The term “halogen” and “halo” are used interchangeably herein and denote fluoro, chloro,

bromo, or iodo.
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The term “haloC;.salkyl” denotes an alkyl group wherein at least one of the hydrogen
atoms of the alkyl group has been replaced by same or different halogen atoms, particularly
fluoro atoms. Examples of haloC; salkyl include monofluoro-, difluoro-or trifluoro-methyl, -
ethyl or -propyl, for example 3,3,3-trifluoropropyl, 2-fluoroethyl, 2,2,2-trifluoroethyl,
fluoromethyl, difluoromethyl, trifluoromethyl and trifluoroethyl.

The term “amino” denotes a group of the formula -NR’R” wherein R” and R” are
independently hydrogen, C;.salkyl, C;.salkoxy, Cs.scycloalkyl, heteroCs scycloalkyl, aryl or
heteroaryl. Alternatively, R’ and R”, together with the nitrogen to which they are attached, can
form a heteroCs_scycloalkyl. The term “primary amino” denotes a group wherein both R’ and R”
are hydrogen. The term “secondary amino” denotes a group wherein R’ is hydrogen and R” is
not. The term “tertiary amino” denotes a group wherein both R’ and R” are not hydrogen.
Particular secondary and tertiary amino are methylamino, ethylamino, propylamino,
isopropylamino, phenylamino, benzylamino dimethylamino, diethylamino, dipropylamino,
diisopropylamino, methoxyethylamino, methylethylamino, chlorobutylmethylamino,

dibutylamino and methylbutylamino.
The term “carbonyl” alone or in combination refers to the group -C(O)-.

The term “C,salkylcarbonyl” refers to a group C;alkyl-C(O)-, wherein the “C¢alkyl” is

as defined above. Particular “C;_salkylcarbonyl” group is acetyl.

The term “enantiomer” denotes two stereoisomers of a compound which are non-

superimposable mirror images of one another.

The term “diastereomer” denotes a stereoisomer with two or more centers of chirality and
whose molecules are not mirror images of one another. Diastereomers have different physical

properties, e.g. melting points, boiling points, spectral properties, and reactivities.

The term “pharmaceutically acceptable salts” denotes salts which are not biologically or
otherwise undesirable. Pharmaceutically acceptable salts include both acid and base addition

salts.

The term “pharmaceutically acceptable acid addition salt” denotes those pharmaceutically
acceptable salts formed with inorganic acids such as hydrochloric acid, hydrobromic acid,

sulfuric acid, nitric acid, carbonic acid, phosphoric acid, and organic acids selected from
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aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic, and sulfonic classes of
organic acids such as formic acid, acetic acid, propionic acid, glycolic acid, gluconic acid, lactic
acid, pyruvic acid, oxalic acid, malic acid, maleic acid, maloneic acid, succinic acid, fumaric
acid, tartaric acid, citric acid, aspartic acid, ascorbic acid, glutamic acid, anthranilic acid, benzoic
acid, cinnamic acid, mandelic acid, embonic acid, phenylacetic acid, methanesulfonic acid,

ethanesulfonic acid, p-toluenesulfonic acid, and salicyclic acid.

The term “pharmaceutically acceptable base addition salt” denotes those pharmaceutically
acceptable salts formed with an organic or inorganic base. Examples of acceptable inorganic
bases include sodium, potassium, ammonium, calcium, magnesium, iron, zinc, copper,
manganese, and aluminum salts. Salts derived from pharmaceutically acceptable organic
nontoxic bases includes salts of primary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines and basic ion exchange resins,
such as isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
ethanolamine, 2-diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine,
methylglucamine, theobromine, purines, piperizine, piperidine, N-ethylpiperidine, and polyamine

resins.

Compounds of the general formula (I) and their prodrugs which contain one or several
chiral centers can either be present as racemates, diastereomeric mixtures, or optically active
single isomers. The racemates can be separated according to known methods into the
enantiomers. Particularly, diastereomeric salts which can be separated by crystallization are
formed from the racemic mixtures by reaction with an optically active acid such as e.g. D- or L-

tartaric acid, mandelic acid, malic acid, lactic acid or camphorsulfonic acid.

The term “prodrug” denotes a form or derivative of a compound which is metabolized in
vivo, e.g., by biological fluids or enzymes by a subject after administration, into a
pharmacologically active form of the compound in order to produce the desired pharmacological
effect. Prodrugs are described e.g. in “The Organic Chemistry of Drug Design and Drug Action”,
by Richard B. Silverman, Academic Press, San Diego, 2004, Chapter 8 Prodrugs and Drug
Delivery Systems, pp. 497-558.

“A pharmaceutically active metabolite” is intended to mean a pharmacologically active

product produced through metabolism in the body of a specified compound or salt thereof. After
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entry into the body, most drugs are substrates for chemical reactions that may change their
physical properties and biologic effects. These metabolic conversions, which usually affect the
polarity of the compounds of the invention, alter the way in which drugs are distributed in and
excreted from the body. However, in some cases, metabolism of a drug is required for

therapeutic effect.

The term “therapeutically effective amount” denotes an amount of a compound or
molecule of the present invention that, when administered to a subject, (i) treats or prevents the
particular disease, condition or disorder, (ii) attenuates, ameliorates or eliminates one or more
symptoms of the particular disease, condition, or disorder, or (iii) prevents or delays the onset of
one or more symptoms of the particular disease, condition or disorder described herein. The
therapeutically effective amount will vary depending on the compound, the disease state being
treated, the severity of the disease treated, the age and relative health of the subject, the route and
form of administration, the judgement of the attending medical or veterinary practitioner, and

other factors.

The term “pharmaceutical composition” denotes a mixture or solution comprising a
therapeutically effective amount of an active pharmaceutical ingredient together with
pharmaceutically acceptable excipients to be administered to a mammal, e.g., a human in need

thereof.

TLR7 AGONIST AND PRODRUG

The present invention relates to a compound of formula (I),

NH,
N
3 N>
R\N | >:O
[\ " N
0=S N
4 k2
R (D,
wherein
R'is Ciealkyl, haloC, salkyl, CsscylcoalkylC, ealkyl, C;¢alkoxyC;.salkyl or pyrrolidinylC;.
calkyl;

R? is Calkyl, phenylCi_galkyl, pyridinylC_salkyl or pyrimidinylC;ealkyl, said phenylC; salkyl,
pyridinylC;_ salkyl and pyrimidinylC, ealkyl are unsubstituted or substituted by one, two or
three substituents independently selected from halogen, C.salkyl, C;.salkoxy, cyano,
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carboxy, carbamoyl, haloC, salkyl, C;alkylsulfonyl, C,salkoxycarbonyl, C; salkoxyC;.
salkylaminocarbonyl, pyrrolidinylcarbonyl and piperidinylcarbonyl;
R?is H;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (ii) a compound of formula (I), wherein

R' is methyl, ethyl, propyl, butyl, chloropropyl, cyclohexylmethyl, methoxyethyl,
methoxypropyl, pyrrolidinylpropyl or trifluoroethyl;

R” is isobutyl, benzyl, chlorobenzyl, fluorobenzyl, bromobenzyl, chlorofluorobenzyl,
chloromethylbenzyl, dichlorobenzyl, difluorobenzyl, methylbenzyl, methoxybenzyl,
cyanobenzyl, carbamoylbenzyl, trifluoromethylbenzyl, methylsulfonylbenzyl,
methoxycarbonylbenzyl, carboxybenzyl, methoxyethylaminocarbonylbenzyl,
piperidinylcarbonylbenzyl, pyrrolidinylcarbonylbenzyl, pyridinylmethyl,
chloropyridinylmethyl, methylpyridinylmethyl, pyrimidinylmethyl or
methylpyrimidinylmethyl;

R?is H;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (iii) a compound of formula (I), wherein R'
is Cyealkyl, haloC; salkyl or C;_¢alkoxyC;.salkyl; or pharmaceutically acceptable salt,

enantiomer or diastereomer thereof.

A further embodiment of present invention is a compound of formula (I), wherein R' is
methyl, propyl, chloropropyl, methoxyethyl or trifluoroethyl; or pharmaceutically acceptable salt,

enantiomer or diastereomer thereof.

A further embodiment of present invention is (iv) a compound of formula (I), wherein R' is
methyl, ethyl, propyl, butyl, chloropropyl, trifluoroethyl, methoxyethyl or methoxypropyl; or

pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (v) a compound of formula (I), wherein R' is

Ci.salkyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (vi) a compound of formula (I), wherein R' is

methyl, ethyl or propyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.
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A further embodiment of present invention is (vii) a compound of formula (I), wherein R'

is ethyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is a compound of formula (I), wherein R* is
phenylC; ¢alkyl, said phenylC;¢alkyl is unsubstituted or substituted by one to three substituents
independently selected from halogen, C;alkyl, carboxy and C;.salkoxycarbonyl; or

pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (viii) a compound of formula (I), wherein R
is phenylC; ¢alkyl, said phenylC, salkyl is unsubstituted or substituted by halogen, carbamoyl,
Ciealkyl, carboxy, cyano, C;salkoxy, Cisalkylsulfonyl and C,_salkoxyC; salkylaminocarbonyl;
pyridinylC;_salkyl, said pyridinylC,.salkyl is unsubstituted or substituted by C;salkyl; or
pyrimidinylC, ealkyl, said pyrimidinylC;.alkyl is unsubstituted or substituted by C;alkyl; or

pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (ix) a compound of formula (I), wherein R? is
benzyl, methylbenzyl, chlorobenzyl, fluorobenzyl, difluorobenzyl, cyanobenzyl, carboxybenzyl,
methoxybenzyl, methylsulfonylbenzyl, methoxyethylaminocarbonylbenzyl, pyridinylmethyl,
methylpyridinylmethyl, pyrimidinylmethyl or methylpyrimidinylmethyl; or pharmaceutically

acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is a compound of formula (I), wherein R* is
benzyl, methylbenzyl, chlorobenzyl, fluorobenzyl, bromobenzyl, chlorofluorobenzyl,
chloromethylbenzyl, dichlorobenzyl, difluorobenzyl, carboxybenzyl or methoxycarbonylbenzyl;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (x) a compound of formula (I), wherein R* is
benzyl, methylbenzyl, chlorobenzyl, fluorobenzyl, difluorobenzyl, carboxybenzyl or

methylpyridinylmethyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xi) a compound of formula (I), wherein R? is
methylbenzyl or chlorobenzyl; or pharmaceutically acceptable salt, enantiomer or diastereomer

thereof.

Another embodiment of present invention is (xii) a compound of formula (I), wherein

R' is Cpalkyl or CygalkoxyCigalkyl;
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R? is phenylC_salkyl, said phenylC)_salkyl is unsubstituted or substituted by halogen, carbamoyl,
Ciealkyl, carboxy, cyano and C;¢alkoxyC; salkylaminocarbonyl; or
pyrimidinylC; ealkyl, said pyrimidinylC;_salkyl is unsubstituted or substituted by C,.salkyl;
R?is H;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xiii) a compound of formula (I), wherein
R' is methyl, ethyl, propyl, butyl or methoxyethyl;
R? is benzyl, methylbenzyl, chlorobenzyl, fluorobenzyl, cyanobenzyl, carboxybenzyl,
methoxyethylaminocarbonylbenzyl, pyrimidinylmethyl or methylpyrimidinylmethyl;
R?is H;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

Another embodiment of present invention is (xiv) a compound of formula (I), wherein
R'is Cpealkyl;
R? is phenylC salkyl, said phenylC_galkyl is unsubstituted or substituted by halogen or C,_salkyl;
R?is H;
or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.
A further embodiment of present invention is (xv) a compound of formula (I), wherein
R' is ethyl or propyl;
R? is benzyl, chlorobenzyl or methylbenzyl;
R?is H;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

Another embodiment of present invention is that (xvi) particular compounds of formula (I)
are the following:
6-Amino-9-benzyl-2-(methylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-benzyl-2-(ethylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-benzyl-2-(2-methoxyethylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-benzyl-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-benzyl-2-(butylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-benzyl-2-(3-methoxypropylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-benzyl-2-(2,2,2-trifluoroethylsulfonimidoyl)-7H-purin-8-one;
6- Amino-9-benzyl-2-(cyclohexylmethylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(4-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
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6- Amino-9-[(4-methoxyphenyl)methyl]-2-(methylsulfonimidoyl)-7H-purin-8-one;

6- Amino-2-(3-chloropropylsulfonimidoyl)-9-[(4-methoxyphenyl)methyl]-7H-purin-8-one;
6-Amino-9-[(4-methoxyphenyl)methyl]-2-(3-pyrrolidin- 1-ylpropylsulfonimidoyl)-7H-purin-8§8-
one;

6- Amino-9-[(4-chlorophenyl)methyl]-2-(methylsulfonimidoyl)-7H-purin-8-one;

6- Amino-9-[(6-chloro-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(2-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;

6- Amino-2-(methylsulfonimidoyl)-9-(3-pyridylmethyl)-7H-purin-§-one;

3-[[6- Amino-8-oxo0-2-(propylsulfonimidoyl)-7H-purin-9-yl]methyl]benzonitrile;
3-[[6-amino-§-oxo-2-(propylsulfonimidoyl)-7H-purin-9-yl]methyl]benzamide;

6- Amino-2-(methylsulfonimidoyl)-9-(2-pyridylmethyl)-7H-purin-8§-one;

6- Amino-2-(methylsulfonimidoyl)-9-(4-pyridylmethyl)-7H-purin-8-one;

6- Amino-9-isobutyl-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(3-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;

6- Amino-2-(propylsulfonimidoyl)-9-[[4-(trifluoromethyl)phenyl]methyl]-7H-purin-8-one;
6- Amino-9-[(4-fluorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(4-bromophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(3,4-dichlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-(3,4-difluorophenylmethyl)-2-(propylsulfonimidoyl)-7H-purin-8-one;

6- Amino-9-[(4-chloro-3-methyl-phenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6- Amino-2-(propylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one;

6- Amino-9-[(4-chloro-3-fluorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(2,4-difluorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
4-[[6-Amino-8-oxo0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzonitrile;
4-[[6-Amino-8-oxo0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzamide;
6-Amino-9-[(6-methyl-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(2-methyl-4-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(3-chloro-4-methyl-phenyl)methyl]-2- (propylsulfonimidoyl)-7H-purin-8-one;
6- Amino-9-[(4-methylsulfonylphenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
Methyl 4-[[6-amino-8-oxo0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzoate;
4-[[6-Amino-8-ox0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzoic acid;
4-[[6-Amino-8-ox0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]-N-(2-

methoxyethyl)benzamide;
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6-Amino-9-[[4-(piperidine- 1-carbonyl)phenyl]methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6- Amino-2-(S-propylsulfonimidoyl)-9-[[4-(pyrrolidine- 1-carbonyl)phenyl]methyl]-7H-purin-8-
one;

6-Methyl-2-(propylsulfonimidoyl)-9-(pyrimidin-5-ylmethyl)-7H-purin-8-one;
6-Methyl-9-[(2-methylpyrimidin-5-yl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(4-chlorophenyl)methyl]-2-(ethylsulfonimidoyl)-7H-purin-8-one;

6- Amino-2-(ethylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one; and

6- Amino-2-(ethylsulfonimidoyl)-9-[(4-fluorophenyl)methyl]-7H-purin-8-one;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

Another embodiment of present invention is that (xvii) more particular compounds of
formula (I) are the following:
6-Amino-9-benzyl-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(4-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;

6- Amino-9-[(6-chloro-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;

6- Amino-9-[(4-fluorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-Amino-9-[(4-bromophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;

6- Amino-2-(propylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one;
6-Amino-9-[(6-methyl-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
Methyl 4-[[6-amino-8-oxo-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzoate;
4-[[6-Amino-8-ox0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzoic acid;
6-Methyl-9-[(2-methylpyrimidin-5-yl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one;
6- Amino-9-[(4-chlorophenyl)methyl]-2-(ethylsulfonimidoyl)-7H-purin-8-one; and

6- Amino-2-(ethylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

Another embodiment of present invention is that (xviii) the most particular compounds of
formula (I) are the following:
6- Amino-9-[(4-chlorophenyl)methyl]-2-(ethylsulfonimidoyl)-7H-purin-8-one; and
6- Amino-2-(ethylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

Another embodiment of present invention is (xix) a compound of formula (Ia),



10

15

20

25

WO 2016/180695 PCT/EP2016/059961

-14-
7
R\
NH 56
8 NZ N
R\N | >=O
\! ~ N
0=S N
4 1%
R (Ta),
wherein
R*is Ciealkyl, haloC, salkyl, CsscylcoalkylC, ealkyl, C;¢alkoxyC;.salkyl or pyrrolidinylC;.
calkyl;

R’ is Cyalkyl, phenylCi_galkyl, pyridinylC_salkyl or pyrimidinylC;_ealkyl, said phenylC; salkyl,
pyridinylC;_ salkyl and pyrimidinylC, ealkyl are unsubstituted or substituted by one, two or
three substituents independently selected from halogen, C.salkyl, C;.salkoxy, cyano,
carboxy, carbamoyl, haloC, salkyl, C;alkylsulfonyl, C;salkoxycarbonyl, C; salkoxyC;.
salkylaminocarbonyl, pyrrolidinylcarbonyl and piperidinylcarbonyl;

R’ is H or C6alkyl-C(0)O-Cygalkyl-;

R’ is H, Cisalkyl, Csscycloalkyl or Cjpalkylcarbonyl;

R® is H, Cgalkylcarbonyl, carboxyC)_salkylcarbonyl, CalkyoxycarbonylC salkylcarbonyl or
benzoyl;

provided that R®, R’ and R® are not H simultaneously;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xx) a compound of formula (Ia), wherein

R* is methyl, ethyl, propyl, butyl, chloropropyl, cyclohexylmethyl, methoxyethyl,
methoxypropyl, pyrrolidinylpropyl or trifluoroethyl;

R’ is isobutyl, benzyl, chlorobenzyl, fluorobenzyl, bromobenzyl, chlorofluorobenzyl,
chloromethylbenzyl, dichlorobenzyl, difluorobenzyl, methylbenzyl, methoxybenzyl,
cyanobenzyl, carbamoylbenzyl, trifluoromethylbenzyl, methylsulfonylbenzyl,
methoxycarbonylbenzyl, carboxybenzyl, methoxyethylaminocarbonylbenzyl,
piperidinylcarbonylbenzyl, pyrrolidinylcarbonylbenzyl, pyridinylmethyl,
chloropyridinylmethyl, methylpyridinylmethyl, pyrimidinylmethyl or
methylpyrimidinylmethyl;

R®is H, acetoxymethyl, acetoxyethyl or dimethylpropanoyloxymethyl;

R’ is H, ethyl, propyl, isopropyl, cyclopropyl, acetyl, pentanoyl, methylpentanoyl,
propylpentanoyl, ethylbutanoyl, methylbutanoyl or dimethylpropanoyl;
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R® is H, acetyl, pentanoyl, carboxypropanoyl, ethoxycarbonylpropanoyl or benzoyl;
provided that R®, R’ and R® are not H simultaneously;

or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xxi) a compound of formula (Ia), wherein

R* is Calkyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xxii) a compound of formula (Ia), wherein

R* is methyl or propyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xxiii) a compound of formula (Ia), wherein
R’ is phenylC salkyl or pyridinylC,_salkyl, said phenylC_salkyl and pyridinylC;_alkyl are
unsubstituted or substituted by one to three substituents independently selected from halogen or

Ci.salkyl; or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is a compound of formula (Ia), wherein R’ is
benzyl, methylbenzyl, chlorobenzyl or methylpyridinylmethyl; or pharmaceutically acceptable

salt, enantiomer or diastereomer thereof.

A further embodiment of present invention is (xxiv) a compound of formula (Ia), wherein
R’ is benzyl, chlorobenzyl or methylpyridinylmethyl; or pharmaceutically acceptable salt,

enantiomer or diastereomer thereof.

A further embodiment of present invention is (xxv) a compound of formula (Ia), wherein
R’ is H, Cyalkyl or C;_jalkylcarbonyl; or pharmaceutically acceptable salt, enantiomer or

diastereomer thereof.

A further embodiment of present invention is (xxvi) a compound of formula (Ia), wherein
R’ is H, ethyl, propyl, methylpentanoyl or propylpentanoyl; or pharmaceutically acceptable salt,

enantiomer or diastereomer thereof.

A further embodiment of present invention is (xxvii) a compound of formula (Ia), wherein
R® is H, Cgalkylcarbonyl or carboxyC_salkylcarbonyl; or pharmaceutically acceptable salt,

enantiomer or diastereomer thereof.
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A further embodiment of present invention is (xxviii) a compound of formula (Ia), wherein
R® is H, pentanoyl or carboxypropanoyl; or pharmaceutically acceptable salt, enantiomer or

diastereomer thereof.

Another embodiment of present invention is that (xix) particular compounds of formula (Ia)
are the following:
N-[(6-Amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]pentanamide;
N-[[6-Amino-9-[(4-chlorophenyl)methyl]-8-oxo-7H-purin-2-yl]-oxo-propyl-A*-
sulfanylidene]acetamide;
N-[(6-Amino-9-benzyl-8-oxo-7H-purin-2-yl)-methyl-oxo-A*-sulfanylidene]acetamide;
4-[[(6-Amino-9-benzyl-8-oxo0-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]Jamino]-4-oxo-
butanoic acid;
4-[[(6-Amino-9-benzyl-8-oxo0-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]Jamino]-4-oxo-
butanoic acid;
4-[[(6-Amino-9-benzyl-8-oxo0-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]Jamino]-4-oxo-
butanoic acid;

Ethyl 4-[[(6-amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]Jamino]-3-oxo-
butanoate;

Ethyl 4-[[(6-amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]Jamino]-4-oxo-
butanoate;

Ethyl 4-[[(6-amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]Jamino]-4-oxo-
butanoate;
N-[(6-amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene] benzamide;
N-[(6-Amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]benzamide;
N-[(6-Amino-9-benzyl-8-oxo-7H-purin-2-yl)-oxo-propyl-A*-sulfanylidene]benzamide;
9-Benzyl-6-(ethylamino)-2-(propylsulfonimidoyl)-7H-purin-8-one;
6-(Ethylamino)-9-[(6-methyl-3-pyridyl)methyl]-2-(S-propylsulfonimidoyl)-7H-purin-8-one;
9-[(4-Chlorophenyl)methyl]-6-(ethylamino)-2-(propylsulfonimidoyl)-7H-purin-8-one;
9-Benzyl-6-(propylamino)-2-(propylsulfonimidoyl)-7H-purin-8-one;
9-Benzyl-6-(isopropylamino)-2-(propylsulfonimidoyl)-7H-purin-8-one;
9-Benzyl-6-(cyclopropylamino)-2-(propylsulfonimidoyl)-7H-purin-8-one;
N-[9-[(4-Chlorophenyl)methyl]-8-oxo-2-(propylsulfonimidoyl)-7H-purin-6-yl]-2-propyl-
pentanamide;

N-[9-[(4-Chlorophenyl)methyl]-8-oxo-2-(propylsulfonimidoyl)-7H-purin-6-yl]acetamide;
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N-[9-Benzyl-8-ox0-2-(propylsulfonimidoyl)-7H-purin-6-yl]pentanamide;
N-[9-[(4-Chlorophenyl)methyl]-8-oxo-2-(propylsulfonimidoyl)-7H-purin-6-yl]-2-ethyl-
butanamide;
N-[9-[(4-Chlorophenyl)methyl]-8-oxo-2-(propylsulfonimidoyl)-7H-purin-6-yl]-3-methyl-
butanamide;
N-[9-[(4-Chlorophenyl)methyl]-8-oxo-2-(propylsulfonimidoyl)-7H-purin-6-yl]-2-methyl-
pentanamide;
N-[9-[(4-chlorophenyl)methyl]-8-o0x0-2-(propylsulfonimidoyl)-7H-purin-6-yl]-2,2-dimethyl-
propanamide;
N-[9-Benzyl-8-ox0-2-(propylsulfonimidoyl)-7H-purin-6-yl]-2-propyl-pentanamide;
[6-Amino-9-benzyl-2-(methylsulfonimidoyl)-8-oxo-purin-7-ylJmethyl acetate;
[6-Amino-9-benzyl-§-oxo-2-(propylsulfonimidoyl)purin-7-yl]Jmethyl acetate;
[6-Amino-9-benzyl-§-oxo-2-(propylsulfonimidoyl)purin-7-ylJmethyl 2,2-dimethylpropanoate;
and
1-[6-Amino-9-benzyl-8§-oxo-2-(propylsulfonimidoyl)purin-7-yl]ethyl acetate;
or pharmaceutically acceptable salt, enantiomer or diastereomer thereof.

In some embodiments, compounds of present invention were tested and compared with the

following reference compounds:

NH, . NH,
NZ H
(o]
Oﬁ)\\ = N —
N N o]
0] ~ |
H NI N N
(I) H N\
(P-2), (P-5),

NH, H N~

XY e
0

(GS-9620), (S-1).
Compound P-2 and P-5 were disclosed in WO2006117670 as example 2 and 5 respectively,
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compound GS-9620 was disclosed in US20100143301 as example 49, compound S-1 was
disclosed in JP1999193282.

SYNTHESIS

The compounds of the present invention can be prepared by any conventional means.
Suitable processes for synthesizing these compounds as well as their starting materials are
provided in the schemes below and in the examples. All substituents, in particular, R' to R' are
as defined above unless otherwise indicated. Furthermore, and unless explicitly otherwise stated,
all reactions, reaction conditions, abbreviations and symbols have the meanings well known to a

person of ordinary skill in organic chemistry.

Scheme 1

s
N//C// NH, H
N~
S AL
HS” N N

N
AN
N N H
2 (o] N =
R c” N Z — N — N
NH, HN-"\ (/0 2

|2 v R
R
viI Vi
RL_X
\'}
NH, NH,
-— N=
ﬁ[ e = o L] LI
Y
\, 2
1 R R1 R
le lla lla

A compound of formula VI is prepared by cyclization of isocyanate VII with
aminomalononitrile p-toluenesulfonate. Then bicycle 1V is synthesized by reaction of compound
of formula VI with benzoyl isothiocyanate with inorganic base, such as sodium hydroxide or
potassium hydroxide. Alkylation of bicycle IV with alkylhalide V in the presence of base such as
K>COs, NaH or CsyCOs, gives compound of formula IIIa. Then compound of formula Ila is
prepared by oxidation of compound of formula IIIa with an oxidant, such as meta-

chloroperoxybenzoic acid, urea-hydrogen peroxide adduct or HIO4. Compound of formula Ie is
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obtained by imination of compound of formula IIa with imination reagent, such as sodium azide

in acid, said acid is for example Eaton’s reagent or PPA.

Scheme 2
b Cl
R I
cl 0o Hy,N” ¢ ﬁ NH,
1 NI NZ
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R*is R! or R4, R®is R? or RS, R’ is Cialkyl, Csscycloalkyl or PMB, R is Ci.i0alkyl.
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A compound of formula X is prepared by reaction of compound of formula XI with R°NH,.
Reduction of compound X gives the compound of formula IX. Cyclization of compound of
formula IX with cyclization reagents, such as phosgene, carbonyl diimidazole, diethyl carbonate
or triphosgene affords compound of formula VIII. A compound of formula IIlb is prepared by
treating the compound of formula VIII with R"NH, upon heating. A compound of formula Te is
prepared by deprotection of compound of formula IITb while R’ is PMB with acid, such as
CF;COOH, followed by oxidation with an oxidant, such as meta-chloroperoxybenzoic acid,
urea-hydrogen peroxide adduct or HIO,, and imination with imination reagent, such as sodium
azide in acid, said acid is for example Eaton’s reagent or PPA. A compound of formula Ic is
obtained by direct oxidation of compound of formula IIIb to give compound IIb while R” is
alkyl or cycloalkyl, followed by imination with imination reagent, such as sodium azide in acid,
said acid is for example Eaton’s reagent or PPA. A compound of formula Id is obtained by
acylation of compound of formula IIIa to give compound Illc¢, followed by oxidation with an
oxidant, such as meta-chloroperoxybenzoic acid, urea-hydrogen peroxide adduct or HIO,4, and

imination with imination reagent, such as sodium azide in acid, said acid is for example Eaton’s

reagent or PPA.
Scheme 3
NH,
H
NZ N NH, R6
/
P ek - AN
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R*isR',R* or R”; R"is R*, R’ or R".
Prodrugs of formula XIII or XIV can be prepared according Scheme 3.

Compound of formula XIII is synthesized by alkylation of active parent compounds of
formula Ie with haloester, such as chloromethyl acetate. Compound of formula XIV is
5 synthesized by reaction of active parent compound of formula Ie with carboxylic anhydride,

such as acetic anhydride, or acylchloride, such as 4-chloro-4-oxo-butanoate.

This invention also relates to a process for the preparation of a compound of formula (I) or
(Ia) comprising the reaction of:

(a) the reaction of a compound of formula (Ila),

NH,

H
" N>:
o
O\\ /k\ N
S N
| ¥
1 R
10 R (ITa),
with an imination reagent;

(b) the reaction of a compound of formula (IIb),

7

R
“NNH
H
N~ N
" | >:O
~Ns \N N
I oo
o R

(Ilb),
with an imination reagent; wherein R* is R!or R4, R" is R? or RS, R’ is Ciealkyl or Cs.
15 scycloalkyl;
(c) the reaction of a compound of formula (IIlc),

o

12)]\

R NH
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with an oxidant followed by an imination reagent, wherein R* is R' or R4, R"is R? or RS, RYis
Ci-10alkyl;
(d) the reaction of a compound of formula (Illa),
NH,
H
N N
R | > ©
Ny N
N\ b
R (IIIa),
with an oxidant followed by an imination reagent, wherein R* is R' or R4, R®is R? or RS;
(e) the reaction of a compound of formula (Ie),

NH,

H
N~ N

NH | >:o

otls! Y N\

’ R’

R (Ie),
with haloester;

(f) the reaction of a compound of formula (Ie),

NH,
H
N N
NH | >:o
OQL! Y N\
§ R’
R (Ie),

with carboxylic anhydride or acylchloride;
or wherein R?, Rb, Rl, Rz, R* , R’ , R’ and R'? are defined above.
In step (a), (b), (c) and (d), the imination reagent can be for example sodium azide in acid,

said acid can be for example Eaton’s reagent or PPA.

In step (c) and (d), the oxidant can be for example meta-chloroperoxybenzoic acid, urea-

hydrogen peroxide adduct or HIO,.
In step (e), the haloester can be for example chloromethyl acetate.

In step (f), the carboxylic anhydride can be for example acetic anhydride; the acylchloride

can be 4-chloro-4-oxo-butanoate.
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A compound of formula (I) and (Ia) when manufactured according to the above process is

also an object of the invention.

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

Another embodiment provides pharmaceutical compositions or medicaments containing
the compounds of the invention and a therapeutically inert carrier, diluent or excipient, as well as
methods of using the compounds of the invention to prepare such compositions and medicaments.
In one example, compounds of formula (I) or their prodrugs may be formulated by mixing at
ambient temperature at the appropriate pH, and at the desired degree of purity, with
physiologically acceptable carriers, i.e., carriers that are non-toxic to recipients at the dosages
and concentrations employed into a galenical administration form. The pH of the formulation
depends mainly on the particular use and the concentration of compound, but preferably ranges
anywhere from about 3 to about 8. In one example, a compound of formula (I) or their prodrugs
are formulated in an acetate buffer, at pH 5. In another embodiment, the compounds of formula
(I) or their prodrugs are sterile. The compound may be stored, for example, as a solid or

amorphous composition, as a lyophilized formulation or as an aqueous solution.

Compositions are formulated, dosed, and administered in a fashion consistent with good
medical practice. Factors for consideration in this context include the particular disorder being
treated, the particular mammal being treated, the clinical condition of the individual patient, the
cause of the disorder, the site of delivery of the agent, the method of administration, the
scheduling of administration, and other factors known to medical practitioners. The “effective
amount” of the compound to be administered will be governed by such considerations, and is the
minimum amount necessary to activate TLR7 receptor and lead to produce INF-a and other
cytokines, which can be used, but not limited, for the treatment or prevention of hepatitis B

and/or C viral infected patients.

In one example, the pharmaceutically effective amount of the compound of the invention
administered parenterally per dose will be in the range of about 0.1 to 50 mg/kg, alternatively
about 0.1 to 30 mg/kg of patient body weight per day, with the typical initial range of compound
used being 0.3 to 15 mg/kg/day. In another embodiment, oral unit dosage forms, such as tablets
and capsules, preferably contain from about 20 to about 1000 mg of the compound of the

invention.
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The compounds of the invention may be administered by any suitable means, including
oral, topical (including buccal and sublingual), rectal, vaginal, transdermal, parenteral,
subcutaneous, intraperitoneal, intrapulmonary, intradermal, intrathecal and epidural and
intranasal, and, if desired for local treatment, intralesional administration. Parenteral infusions

include intramuscular, intravenous, intraarterial, intraperitoneal, or subcutaneous administration.

The compounds of the present invention may be administered in any convenient
administrative form, e.g., tablets, powders, capsules, solutions, dispersions, suspensions, syrups,
sprays, suppositories, gels, emulsions, patches, etc. Such compositions may contain components
conventional in pharmaceutical preparations, e.g., diluents, carriers, pH modifiers, sweeteners,

bulking agents, and further active agents.

A typical formulation is prepared by mixing a compound of the present invention and a

carrier or excipient. Suitable carriers and excipients are well known to those skilled in the art and

are described in detail in, e.g., Ansel, Howard C., et al., Ansel’s Pharmaceutical Dosage Forms

and Drug Delivery Systems. Philadelphia: Lippincott, Williams & Wilkins, 2004; Gennaro,

Alfonso R., et al. Remington: The Science and Practice of Pharmacy. Philadelphia: Lippincott,
Williams & Wilkins, 2000; and Rowe, Raymond C. Handbook of Pharmaceutical Excipients.

Chicago, Pharmaceutical Press, 2005. The formulations may also include one or more buffers,
stabilizing agents, surfactants, wetting agents, lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids, colorants, sweeteners,
perfuming agents, flavoring agents, diluents and other known additives to provide an elegant
presentation of the drug (i.e., a compound of the present invention or pharmaceutical
composition thereof) or aid in the manufacturing of the pharmaceutical product (i.e.,

medicament),

An example of a suitable oral dosage form is a tablet containing about 20 to 1000 mg of
the compound of the invention compounded with about 30 to 90 mg anhydrous lactose, about 5
to 40 mg sodium croscarmellose, about 5 to 30 mg polyvinylpyrrolidone (PVP) K30, and about 1
to 10 mg magnesium stearate. The powdered ingredients are first mixed together and then mixed
with a solution of the PVP. The resulting composition can be dried, granulated, mixed with the
magnesium stearate and compressed to tablet form using conventional equipment. An example
of an aerosol formulation can be prepared by dissolving the compound, for example 20 to 1000

mg, of the invention in a suitable buffer solution, e.g. a phosphate buffer, adding a tonicifier, e.g.
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a salt such sodium chloride, if desired. The solution may be filtered, e.g., using a 0.2 micron

filter, to remove impurities and contaminants.

An embodiment, therefore, includes a pharmaceutical composition comprising a compound
of formula (I) or its prodrugs, formula (Ia), or pharmaceutically acceptable salts or enantiomers

or diastereomers thereof.

In a further embodiment includes a pharmaceutical composition comprising a compound of
formula (I) or its prodrugs, formula (Ia), or pharmaceutically acceptable salts or enantiomers or

diastereomers thereof, together with a pharmaceutically acceptable carrier or excipient.

Another embodiment includes a pharmaceutical composition comprising a compound of
formula (I) or its prodrugs, formula (Ia), or pharmaceutically acceptable salts or enantiomers or

diastereomers thereof for use in the treatment of hepatitis B virus infection.

INDICATIONS AND METHODS OF TREATMENT

The present invention provides methods for treating or preventing a hepatitis B viral

infection and/or hepatitis C viral infection in a patient in need thereof.

The present invention further provides methods for introducing a therapeutically effective
amount of a compound of formula (I) or its prodrugs, or other compounds of the invention into
the blood stream of a patient for the treatment and/or prevention of hepatitis B and/or C viral

infection.

The methods of the present invention are particularly well suited for human patients. In
particular, the methods and doses of the present invention can be useful for, but not limited to,
HBYV and/or HCV infected patients. The methods and doses of the present invention are also
useful for patients undergoing other antiviral treatments. The prevention methods of the present
invention are particularly useful for patients at risk of viral infection. These patients include, but
are not limited to health care workers, e.g., doctors, nurses, hospice care givers; military
personnel; teachers; childcare workers; patients traveling to, or living in, foreign locales, in
particular third world locales including social aid workers, missionaries, and foreign diplomats.
Finally, the methods and compositions include the treatment of refractory patients or patients

resistant to treatment such as resistance to reverse transcriptase inhibitors, protease inhibitors, etc.
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Another embodiment includes a method of treating or preventing hepatitis B viral infection
and/or hepatitis C viral infection in a mammal in need of such treatment, wherein the method
comprises administering to said mammal a therapeutically effective amount of a compound of

formula (I), or enantiomers, diastereomers, prodrugs or pharmaceutically acceptable salts thereof.

EXAMPLES
The invention will be more fully understood by reference to the following examples. They

should not, however, be construed as limiting the scope of the invention.

ABBREVIATIONS

aq. aqueous

BSA: N, O-bis(trimethylsilyl)acetamide

CDCls: deuterated chloroform

CD;0OD: deuterated methanol

CDI: N,N’-carbonyl diimidazole

DIEPA: N, N-diethylpropylamine

DMEF: dimethyl formamide

DMSO: dimethyl sulfoxide

DBU: 1,8-Diazabicycloundec-7-ene

DPPA: diphenylphosphoryl azide

ECso: the molar concentration of an agonist, which produces 50% of the
maximum possible response for that agonist.

EDC: N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine

EtOAc or EA: ethyl acetate

HATU: (1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxid hexafluorophosphate)

hr(s): hour(s)

HPLC: high performance liquid chromatography

HOBt: N-hydroxybenzotriazole

MS (ESI): mass spectroscopy (electron spray ionization)

m-CPBA: 3-chloroperbenzoic acid

min{s) minute(s)

MTEB: methyl rert-butyl ether
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NMR: nuclear magnetic resonance

NMP: N-methylpyrrolidone

obsd. observed

PE: petroleum ether

PMB: p-methoxybenzyl

PPA: polyphosphoric acid

RT or rt: room temperature

sat. saturated

TFA: trifluoroacetic acid

THE: tetrahydrofuran

TEA: triethylamine

VIV volume ratio

GENERAL EXPERIMENTAL CONDITIONS

Intermediates and final compounds were purified by flash chromatography using one of the
following instruments: i) Biotage SP1 system and the Quad 12/25 Cartridge module. ii) ISCO
combi-flash chromatography instrument. Silica gel Brand and pore size: i) KP-SIL 60 A, particle
size: 40-60 pum; i1) CAS registry NO: Silica Gel: 63231-67-4, particle size: 47-60 micron silica
gel; ii1) ZCX from Qingdao Haiyang Chemical Co., Ltd, pore: 200-300 or 300-400.

Intermediates and final compounds were purified by preparative HPLC on reversed phase
column using X Bridge™ Perp Cjs (5 um, OBD™ 30 x 100 mm) column or SunFire ™ Perp Cjg
(5 um, OBD™ 30 x 100 mm) column.

LC/MS spectra were obtained using a Waters UPLC-SQD Mass. Standard LC/MS

conditions were as follows (running time 3 minutes):

Acidic condition: A: 0.1% formic acid and 1% acetonitrile in H>O; B: 0.1% formic acid in
acetonitrile;

Basic condition: A: 0.05% NH;-H>O in H,O; B: acetonitrile.

Mass spectra (MS): generally only ions which indicate the parent mass are reported, and

unless otherwise stated the mass ion quoted is the positive mass ion (M+H)".

NMR Spectra were obtained using Bruker Avance 400MHz.
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All reactions involving air-sensitive reagents were performed under an argon atmosphere.

Reagents were used as received from commercial suppliers without further purification unless

otherwise noted.

5 PREPARATIVE EXAMPLES

Example 1
6-Amino-9-benzyl-2-(methylsulfonimidoyl)-7 H-purin-8-one

NH,
H
N~
HN | o
oz\\T)\\ N N>=

O

1

10  Step 1: Preparation of 4-amino-3-benzyl-2-oxo-1H-imidazole-5-carbonitrile

15

20

N

S
[ o

H,N~ N

1a

To a solution of aminomalononitrile p-toluenesulfonate (25 g, 98.5 mmol, TCI, Catalog
number: A1119-25G) in dry THF (100 mL) was added benzyl isocyanate (13.2 g, 98.5 mmol)
and TEA (10.2 g, 79.0 mmol) at RT. After stirred at rt for 24 hrs, the reaction was concentrated
in vacuo and the residue partitioned between EtOAc (500 mL) and water (250 mL.). The
separated organic layer was washed with brine (50 mL) two times, and extracted with sodium
hydroxide solution (50 mL, 1N) two times. The combined sodium hydroxide solution layer was
neutralized with 10 wt.% sodium hydrogen sulfate solution and extracted with EtOAc. The
separated organic layer was washed with brine, dried over anhydrous Na,SOy, filtered and
concentrated in vacuo. The residue was triturated in 2-isopropoxypropane and then the
suspension was filtered to give 4-amino-3-benzyl-2-oxo-1H-imidazole-5-carbonitrile (compound
1a) as a yellow solid (15 g), the product was used in the next step without further purification.

MS obsd. (ESI") [(M+H)"]: 215.
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Step 2: Preparation of 6-amino-9-benzyl-2-sulfanyl-7H-purin-8-one

NH,
H
N

N7
)\\ | N>=0
HS N

O

1b
To a solution of 4-amino-3-benzyl-2-oxo-1H-imidazole-5-carbonitrile (15.0 g, 70.0 mmol,
compound 1a) in THF (700 mL) was added benzoylisothiocyanate (28.6 g, 175.1 mmol, TCI,
Catalog number: A11596-100G) dropwise. After stirred at RT for 12 hrs, the reaction mixture
was concentrated in vacuo. The residue was triturated in diethyl ether (100 mL) and the resulting

precipitate was collected by filtration.

To a solution of the obtained precipitate in THF (700 mL) was added sodium hydroxide
(70 mL, 2 N). The mixture was refluxed for 50 hrs, and then acidified to pH3 with 10% wt.
aqueous sodium hydrogen sulfate solution. The resulting precipitate was collected by filtration to
give a crude product 6-amino-9-benzyl-2-sulfanyl-7H-purin-8-one (8.1g, compound 1b) as a
yellow solid. The product was used in the next step without further purification. MS obsd. (ESI")
[(M+H)™]: 274.

Step 3: Preparation of 6-amino-9-benzyl-2-methylsulfanyl-7H-purin-8-one

NH,
H

N~
A =
o

O

To a solution of 6-amino-9-benzyl-2-sulfanyl-7H-purin-8-one (5.46 g, 20.0 mmol,

1c

compound 1b) in DMF was added potassium carbonate (2.76 g, 20.0 mmol). And then methyl
iodide (2.84 g, 20.0 mmol) in DMF (5.0 mL) was slowly added to previous solution. After stirred
at RT for 12 hrs, the reaction mixture was poured into water (200 mL), then acidified with 10
wt.% aqueous sodium hydrogen sulfate solution and extracted with EtOAc (100 mL) two times.

The organic layer was washed with brine, dried and concentrated in vacuo to give the crude
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product, which was purified by flash chromatography on silica gel to give 6-amino-9-benzyl-2-

methylsulfanyl-7H-purin-8-one (4.9 g, compound 1¢) as a white solid. MS obsd. (ESI")
[((M+H)™]: 288.

Step 4: Preparation of 6-amino-9-benzyl-2-methylsulfinyl-7H-purin-8-one
NH,
s
N7
| o}
Oy N>=
| \\Q

To a suspension of compound 6-amino-9-benzyl-2-methylsulfanyl-7H-purin-8-one (2.5 g,
8.7 mmol, compound 1¢) in DCM/MeOH (500 mL., V/V = 1:1) was added 3-chloroperbenzoic
acid (2.15 g, 8.7 mmol, 70% purity, Aldrich, Catalog number: 273031-100G). After reaction was

1d

stirred for 2 hrs, the volume of reaction mixture was reduced in vacuo to about 50 mL. The
resulting precipitate was collected by filtration, washed with methanol and dried to give 6-
amino-9-benzyl-2-methylsulfinyl-7H-purin-8-one (1.0 g, compound 1d) as a white solid. The
product was used in the next step without further purification. MS obsd. (ESI*) [((M+H)"]: 304.

Step 5: Preparation of 6-amino-9-benzyl-2-(methylsulfonimidoyl)-7H-purin-8-one

To a solution of 6-amino-9-benzyl-2-methylsulfinyl-7H-purin-§-one (1.4 g, 4.6 mmol,
compound 1d) in Eaton’s reagent (40 mL, phosphorus pentoxide, 7.5 wt. % in methanesulphonic
acid, Aldrich, Catalog number: 380814-100ML) was added sodium azide (360 mg, 5.5 mmol) at
50 °C. After being stirred at this temperature for 30 minutes, the reaction mixture was cooled to
RT and poured into sat. aqueous sodium bicarbonate solution. The reaction mixture was
extracted with n-BuOH (100 mL) two times, and the organic phase was concentrated in vacuo.
The residue was submitted for purification by HPLC to give 6-amino-9-benzyl-2-
(methylsulfonimidoyl)-7H-purin-8-one (900 mg, compound 1) as a white solid. "H NMR (400
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MHz, DMSO-ds) ¢ ppm: 10.6 (br. s, 1H), 7.26-7.34 (m, SH), 7.07 (br. s., 2H), 4.96 (s, 2H), 4.04
(s, 1H), 3.18 (s, 3H). MS obsd. (ESI") [(MH)™]: 319.

Separation of compound of Example 1 by chiral HPLC afforded Example 1-A (faster
eluting, 7.1 mg) and Example 1-B (slower eluting, 9.1 mg) as white solid. (Separation condition:

5 methanol 5%-40% (0.05%DEA)/CO, on ChiralPak OJ-3 column.)

Example 1-A: '"H NMR (400 MHz, DMSO-ds) J ppm: 10.06 (br. s., 1H), 7.27-7.36 (m,
5H), 6.98 (br. s., 2H), 4.97 (s, 2H), 4.06 (br. s., 1H), 3.18 (s, 3H). MS obsd. (ESI") [(M+H)]:
319.

Example 1-B: "H NMR (400 MHz, DMSO-ds) 6 ppm: 10.06 (br. s., 1H), 7.26-7.36 (m,
10  5H), 6.98 (br. s., 2H), 4.96 (s, 2H), 4.07 (br. s., 1H), 3.18 (s, 3H). MS obsd. (ESI") [(M+H)"]:
319.
Example 2
6-Amino-9-benzyl-2-(ethylsulfonimidoyl)-7H-purin-8-one

NH,

15 Step 1: Preparation of 6-amino-9-benzyl-2-ethylsulfanyl-7H-purin-8-one

NH,

I =
P

2a

Compound 2a was prepared in analogy to Example 1, Step 3 by using ethyl bromide
instead of methyl iodide. 6-Amino-9-benzyl-2-ethylsulfanyl-7H-purin-8-one (500 mg, compound
2a) was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 302.
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Step 2: Preparation of 6-amino-9-benzyl-2-methylsulfinyl-7H-purin-8-one

NH
N/
O o | =0
j o
2b

Compound 2b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-
benzyl-2-ethylsulfanyl-7H-purin-8-one (compound 2a) instead of 6-amino-9-benzyl-2-
methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-benzyl-2-ethylsulfinyl-7H-purin-8-
one (300 mg, compound 2b) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 318.

Step 3: Preparation of 6-amino-9-benzyl-2-(ethylsulfonimidoyl)-7H-purin-8-one

NH,
N
NZ
o Jo | >=0
HN=S N N
2

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-ethylsulfinyl-7H-purin-8-one (compound 2b) instead of 6-amino-9-benzyl-2-
methylsulfinyl-7H-purin-8-one (compound 1d). 6-Amino-9-benzyl-2-(ethylsulfonimidoyl)-7H-
purin-8-one (12 mg, compound 2) was obtained as a white solid. "H NMR (400 MHz, CD;0D) §
ppm: 7.43 (d, J=7.03 Hz, 2H), 7.27-7.36 (m, 3H), 5.11 (s, 2H), 3.44-3.62 (m, 2H), 1.30 (t, J =
7.40 Hz, 3H). MS obsd. (ESI") [((M+H)"]: 333.

Example 3
6-Amino-9-benzyl-2-(2-methoxyethylsulfonimidoyl)-7H-purin-8-one
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NH,
N
N7
(0]
HNC o | N>.=
O;S N \
/O
3

Step 1: Preparation of 6-amino-9-benzyl-2-(2-methoxyethylsulfanyl)-7H-purin-8-one

NH,
H

7
LI
s” >N~ N

O

3a
Compound 3a was prepared in analogy to Example 1, Step 3 by using 2-bromoethyl

5 methyl ether (TCI, Catalog number: B1242-250G) instead of methyl iodide. 6- Amino-9-benzyl-

2-(2-methoxyethylsulfanyl)-7H-purin-8-one (600 mg, compound 3a) was obtained as a white
solid. MS obsd. (ESI") [(M+H)"]: 332.

Step 2: Preparation of 6-amino-9-benzyl-2-(2-methoxyethylsulfinyl)-7H-purin-8-one

NH,
H

N/
O\ )\\ | >:O
s N N

O

3b

10 Compound 3b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-benzyl-

2-(2-methoxyethylsulfanyl)-7H-purin-8-one (compound 3a) instead of 6-amino-9-benzyl-2-

methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-benzyl-2-(2-methoxyethylsulfinyl)-

7H-purin-8-one (350 mg, compound 3b) was obtained as a white solid. MS obsd. (ESI")
[(M+H)™]: 348.

15 Step 3: Preparation of 6-amino-9-benzyl-2-(2-methoxyethylsulfonimidoyl)-7H-purin-8-one



10

15

WO 2016/180695 PCT/EP2016/059961

-34-
NH,
N
NZ
(0]
HNC o | N>.=
o;S N \
/O
3

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-methoxyethylsulfinyl-7H-purin-8-one (compound 3b) instead of 6-amino-9-benzyl-2-
methylsulfinyl-7H-purin-8-one (compound 1d). 6-amino-9-benzyl-2-(2-
methoxyethylsulfonimidoyl)-7H-purin-8-one (21 mg, Example 3) was obtained as a white solid.
'H NMR (400 MHz, CD;OD) 6 ppm: 7.44 (d, J = 7.15 Hz, 2H), 7.25-7.36 (m, 3H), 5.12 (s, 2H),
3.75-3.82 (m, 4H), 3.17 (s, 3H). MS obsd. (ESI") [(M+H)"]: 363.

Separation of compound of Example 3 by chiral HPLC afforded Example 3-A (faster
eluting, 7.0 mg) and Example 3-B (slower eluting, 5.0 mg) as white solid. (Separation condition:
methanol 5%-40% (0.05%DEA)/CO, on ChiralPak AS-3 column.)

Example 3-A: '"H NMR (400 MHz, CDs0D) ¢ ppm: 7.43 (d, J = 7.15 Hz, 2H), 7.25-7.36
(m, 3H), 5.12 (s, 2H), 3.75-3.82 (m, 4H), 3.17 (s, 3H). MS obsd. (ESI") [((M+H)"]: 363.

Example 3-B: 'H NMR (400 MHz, CD;0D) J ppm: 7.44 (d, J = 7.15 Hz, 2H), 7.24-7.35
(m, 3H), 5.12 (s, 2H), 3.75-3.82 (m, 4H), 3.17 (s, 3H). MS obsd. (ESI") [((M+H)"]: 363.

Example 4
6-Amino-9-benzyl-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,
N
N=
o I I )=°
HN=S" >N~ N
4

Step 1: Preparation of 6-amino-9-benzyl-2-(2-propylsulfanyl)-7H-purin-8-one
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Compound 4a was prepared in analogy to Example 1, Step 3 by using 1-bromopropane
(TCI, Catalog number: B0638-500G) instead of methyl iodide. 6-Amino-9-benzyl-2-
propylsulfanyl-7H-purin-8-one (240 mg, compound 4a) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 316.

Step 2: Preparation of 6-amino-9-benzyl-2-propylsulfinyl-7H-purin-8-one

NH,
H
N
o
q\)\\ | N>:

NS N \ i::

ab

Compound 4b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-
benzyl-2-propylsulfanyl-7H-purin-8-one (compound 4a) instead of 6-amino-9-benzyl-2-
methylsulfanyl-7H-purin-8-one (compound 1c¢). 6-Amino-9-benzyl-2-(2-propylsulfinyl)-7H-
purin-8-one (210 mg, compound 4b) was obtained as a white solid. MS obsd. (ESI*) [(M+H)"]:
332.

Step 3: Preparation of 6-amino-9-benzyl-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,
N
N~
o | Il =0
HN=S N N

O

4
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The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-(2-propylsulfinyl)-7H-purin-8-one (compound 4b) instead of 6-amino-9-benzyl-2-(2-
methylsulfinyl)-7H-purin-8-one (compound 1d). 6-Amino-9-benzyl-2-(propylsulfonimidoyl)-
7H-purin-8-one (80 mg, Example 4) was obtained as a white solid. 'H NMR (400 MHz, DMSO-
ds) 6 ppm: 10.65 (br. s., 1H), 7.26-7.37 (m, 5H), 6.98 (br. s., 2H), 4.97 (s, 2H), 4.02 (s, 1H), 3.33
(t, J=7.53 Hz, 2H), 1.55-1.74 (m, 2H), 0.92 (t, J =7.53 Hz, 3H) MS obsd. (ESI") [(M"H)"]: 347.

Separation of compound of Example 4 by chiral HPLC afforded Example 4-A (slower
eluting, 500 mg) and Example 4-B (faster eluting, 490 mg) as white solid. (Separation condition:
methanol 5%-40% (0.05%DEA)/CO, on ChiralPak AS-3 column.)

Example 4-A: 'H NMR (400 MHz, DMSO-dy) & ppm: 10.52 (br. s., 1H), 7.25-7.41 (m,
5H), 6.96 (br. s., 2H), 4.96 (s, 2H), 4.03 (s, 1H), 3.24-3.42 (m, 2H), 1.52-1.75 (m, 2H), 0.92 (t, J
=7.53 Hz, 3H).

Example 4-B: "H NMR (400 MHz, DMSO-ds) § ppn: 10.01 (br. s., 1H), 7.26-7.36 (m,
5H), 6.97 (br. s., 2H), 4.96 (s, 2H), 4.03 (s, 1H), 3.26-3.41 (m, 2H), 1.56-1.73 (m, 2H), 0.92 (t, J
=7.53 Hz, 3H).

Example 5
6-Amino-9-benzyl-2-(butylsulfonimidoyl)-7H-purin-8-one

N~

o | >:°

A\

HN=S N

-

Step 1: Preparation of 6-amino-9-benzyl-2-butylsulfanyl-7H-purin-8-one
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NH,
H
NZ
S)\\N | N,>:O
5a

Compound Sa was prepared in analogy to Example 1, Step 3 by using 1-bromobutane
(TCI, Catalog number: B560-500G) instead of methyl iodide. 6-Amino-9-benzyl-2-
butylsulfanyl-7H-purin-8-one (600 mg, compound Sa) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 330.

Step 2: Preparation of 6-amino-9-benzyl-2-butylsulfinyl-7H-purin-8-one

NH,
N
NZ
-
A\ .
NN N N\\Q
5b

Compound Sb was prepared in analogy to Example 1, Step 4 by using 6-amino-9-
benzyl-2-butylsulfanyl-7H-purin-8-one (compound Sa) instead of 6-amino-9-benzyl-2-
methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-benzyl-2-(2-butylsulfinyl)-7H-
purin-8-one (400mg, compound 5b) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]:
346.

Step 3: Preparation of 6-amino-9-benzyl-2-(butylsulfonimidoyl)-7H-purin-8-one
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The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-(2-butylsulfinyl)-7H-purin-8-one (compound 5b) instead of 6-amino-9-benzyl-2-(2-
methylsulfinyl)-7H-purin-8-one (compound 1d). 6-Amino-9-benzyl-2-(butylsulfonimidoyl)-7H-

5  purin-8-one (40 mg, Example 5) was obtained as a white solid. 'H NMR (400 MHz, DMSO-dj)
o ppm: 10.59 (s, 1H), 7.24-7.39 (m, 5H), 6.97 (br. s., 2H), 4.96 (s, 2H), 4.03 (s, 1H), 3.35-3.46
(m, 2H),1.51-1.61 (m, 2H), 1.27-1.39 (m, 2H), 0.84 (t, J = 7.34 Hz, 3H). MS obsd. (ESI")
[(M+H)™]: 361.

10 Example 6
6-Amino-9-benzyl-2-(3-methoxypropylsulfonimidoyl)-7H-purin-8-one

NH,
N
N~
0] O
VA | N>:
HN=S N \
?J)
6

15 Step 1: Preparation of 6-amino-9-benzyl-2-(3-methoxypropylsulfanyl)-7H-purin-8-one
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NH,

z
\
ZT

6a

Compound 6a was prepared in analogy to Example 1, Step 3 by using 1-bromo-3-
methoxylpropane (TCI, Catalog number: B3499-25G) instead of methyl iodide. 6-Amino-9-
benzyl-2-methoxypropylsulfanyl-7H-purin-8-one (220 mg, compound 6a) was obtained as a
white solid. MS obsd. (ESI") [((M+H)"]: 346.

Step 2: Preparation of 6-amino-9-benzyl-2-(3-methoxypropylsulfinyl)-7H-purin-8-one
NH,
N~

\omﬁ*\
O

H

N
>:o

N

6b

Compound 6b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-
benzyl-2-propylsulfanyl-7H-purin-8-one (compound 6a) instead of 6-amino-9-benzyl-2-

methylsulfanyl-7H-purin-8-one (compound 1¢). 6-amino-9-benzyl-2-(2-methoxypropylsulfinyl)-

7H-purin-8-one (110 mg, compound 6b) was obtained as a white solid. MS obsd. (ESI")
[(M+H)™]: 362.

Step 3: Preparation of 6-amino-9-benzyl-2-(butylsulfonimidoyl)-7H-purin8-one
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NH,
N
NZ
=0
o\\ X | N
HN=S" NT :
T
6

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-(2-methoxypropylsulfinyl)-7H-purin-8-one (compound 6b) instead of 6-amino-9-
benzyl-2-(2-methylsulfinyl)-7H-purin-8-one (compound 1d). 6-Amino-9-benzyl-2-
(methoxypropylsulfonimidoyl)-7H-purin-8-one (20 mg, Example 6) was obtained as a white
solid. "H NMR (400 MHz, DMSO-dy) 6 ppm: 10.59 (s, 1H), 7.29-7.34 (m, 5H), 7.00 (br. s., 2H),
4.96 (s, 2H), 4.13 (s, 1H), 4.10 (m, 4H), 3.20 (s, 3H), 1.86 (m, 2H). MS obsd. (ESI") [(M+H)"]:
377.

Example 7
6-Amino-9-benzyl-2-(2,2,2-trifluoroethylsulfonimidoyl)-7H-purin-8-one

NH,
N
N=
(@) | >:O
\\} ~
HN=S N N
P \\Q
F e
7

Step 1: Preparation of 6-amino-9-benzyl-2-(2,2,2-trifluoroethylsulfanyl)-7H-purin-8-one
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NH,
N
N~
)\\ | ©
S N N
F>‘)
FF
7a

Compound 7a was prepared in analogy to Example 1, Step 3 by using 2,2,2-
trifluoroethyl iodide (TCI, Catalog number: T1148-25G) instead of methyl iodide. 6-Amino-9-

benzyl-2-(2,2,2-trifluoroethyl)sulfanyl-7 H-purin-8-one (compound 7a) was obtained as a white
5 solid. MS obsd. (ESI") [(M+H)"]: 356.

Step 2: Preparation of 6-amino-9-benzyl-2-(2,2,2-trifluoroethylsulfinyl)-7 H-purin-8-one

NH,
N
NZ
A\ NS
S~ N N
F% \\Q
"F
7b

Compound 7b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-
benzyl-2-2,2,2-trifluoroethylsulfanyl sulfanyl-7H-purin-8-one (compound 7a) instead of 6-
10 amino-9-benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1c¢). 6-Amino-9-benzyl-2-(2-
2,2,2-trifluoroethylsulfinyl)-7H-purin-8-one (compound 7b) was obtained as a white solid. MS
obsd. (ESI") [(M+H)"]: 372.

Step 3: Preparation of 6-amino-9-benzyl-2-(2,2,2-trifluoroethylsulfonimidoyl)-7H-purin-8-

one
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The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-(2-2,2,2-trifluoroethylsulfinyl)-7H-purin-8-one (compound 7b) instead of 6-amino-9-
benzyl-2-(2-methylsulfinyl)-7H-purin-8-one (compound 1d). 6-Amino-9-benzyl-2-(2,2,2-

5 trifluoroethylsulfonimidoyl)-7H-purin-8-one (20 mg, Example 7) was obtained as a white solid.
'H NMR (400 MHz, DMSO-ds) d ppm: 10.59 (br. s., 1H), 7.25-7.37 (m, 5H), 7.06 (br. s., 2H),
4.95-5.01 (m, 3H), 4.85 (qd, J =10.02, 15.37 Hz, 1H), 4.63 (qd, J =9.92, 15.40 Hz, 1H). MS
obsd. (ESI") [(M+H)"]: 387.

Example 8
10 6-Amino-9-benzyl-2-(cyclohexylmethylsulfonimidoyl)-7H-purin-8-one

NH,

N~
O

HN= S ,
Step 1: Preparation of 6-amlno-9-benzyl-2-(cyclohexylmethylsulfanyl)-7H-purin-8-0ne

NH,
H

SJ;N I >=o
O ~
8a
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Compound 8a was prepared in analogy to Example 1, Step 3 by using cyclohexylmethyl
bromide (TCI, Catalog number: B1708-25G) instead of methyl iodide. 6-Amino-9-benzyl-2-

cyclohexylmethylsulfanyl-7H-purin-8-one (260 mg. compound 8a) was obtained as a white solid.

MS obsd. (ESI") [(M+H)"]: 370.

Step 2: Preparation of 6-amino-9-benzyl-2-(cyclohexylmethylsulfinyl)-7H-purin-8-one

NH2
N
N/
xﬁﬂ
1
o )
8b

Compound 8b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-
benzyl-2-cyclohexylmethylsulfanyl-7H-purin-8-one (compound 8a) instead of 6-amino-9-
benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-benzyl-2-(2-
cyclohexylmethylsulfinyl)-7H-purin-8-one (120 mg, compound 8b) was obtained as a white
solid. MS obsd. (ESI") [(M+H)"]: 386.

Step 3: Preparation of 6-amino-9-benzyl-2-(cyclohexylmethylsulfonimidoyl)-7H-purin-8-

one
NH,
N
N~
o J I =0
HN=S N N
8

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
benzyl-2-(2-cyclohexylmethylsulfinyl)-7H-purin-8-one (compound 8b) instead of 6-amino-9-
benzyl-2-methylsulfinyl-7H-purin-8-one (compound 1d). 6-Amino-9-benzyl-2-
(cyclohexylmethylsulfonimidoyl)-7H-purin-8-one (40 mg, Example 8) was obtained as a white
solid. "H NMR (400 MHz, DMSO-dg) 0 ppm: 10.59 (br. s., 1H), 7.27-7.33 (m, 5H), 6.97 (br. s.,
2H), 4.97 (s, 2H), 4.03 (s, 1H), 3.26-3.29 (m, 2H), 1.54-1.86 (m, 5H), 0.89-1.12 (m, 6H). MS
obsd. (ESI") [(M+H)"]: 401.
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Example 9
6-Amino-9-[(4-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,
N
N~
0] —O0
\\ NS |
HN=S" >N~ N
- Va
9
Step 1: Preparation of 4-amino-3-[(4-chlorophenyl)methyl]-2-ox0-1H-imidazole-5-
carbonitrile
N
\\ H
| =o0
H,N~ ~N
Cl
9a

To a solution of triphosgene (5.9 g, 20 mmol) in dry THF (40 mL) was added (4-
chlorophenyl)methylamine (8.5 g, 60 mmol, Accela ChemBio Inc, Catalog number: SY004062-
25g) and DIPEA (12.4 g, 96 mmol) in dry THF (80 mL) at -80 °C. The solution was stirred at -
80 °C for 15 min. A solution of aminomalononitrile p-toluenesulfonate (15.2 g, 60 mmol, TCI,
Catalog number: A1119-25G) and DIPEA (6.2 g, 48 mmol) in dry THF (40 mL) was added at -
80 °C. After stirred at RT for 24 hrs, the reaction was concentrated in vacuo and the residue was
partitioned between EtOAc (300 mL) and water (150 mL). The separated organic layer was
washed with brine (50 mL) two times, and extracted with sodium hydroxide solution (50 mL, 1
N) two times. The combined sodium hydroxide solution layer was neutralized with 10% wt.
sodium hydrogen sulfate solution and extracted with EtOAc. Then the separated organic layer
was washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo.
The residue was triturated with diethyl ether and then the mixture was filtered to give 4-amino-3-
[(4-chlorophenyl)methyl]-2-oxo-1H-imidazole-5-carbonitrile (8.0 g, compound 9a) as a yellow
solid. MS obsd. (ESI") [(M+H)"]: 249.

Step 2: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-sulfanyl-7H-purin-8-one
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NH,
N
NZ
L=
HS N N

Cl
9b
To a solution of 4-amino-3-[(4-chlorophenyl)methyl]-2-oxo- 1 H-imidazole-5-carbonitrile
(8.0 g, 32.0 mmol, compound 9a) in THF (100 mL) was added benzoylisothiocyanate (11.5 g,
5 70.4 mmol, TCI, Catalog number: A11596-100G) dropwise. After stirred at RT for 12 hrs, the
reaction mixture was concentrated in vacuo. The residue was triturated in diethyl ether (100 mL)

and the resulting precipitate was collected by filtration.

To a solution of the obtained precipitate in THF (300 mL) was added sodium hydroxide
(30 mL, 2 N). The mixture was refluxed for 50 hrs, and then acidified to pH 3 with 10 wt.%

10 aqueous sodium hydrogen sulfate solution. The resulting precipitate was collected by filtration to
give a crude product 6-amino-9-[(4-chlorophenyl)methyl]-2-sulfanyl-7H-purin-8-one (compound
9b) as a yellow solid (6.4 g). The product was used in the next step without further purification.
MS obsd. (ESI") [((M+H)"]: 308.

Step 3: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-
15 one

NH,

N~

H
N
\/\3)\\[\] | N>:o

Cl
9c

Compound 9¢ was prepared in analogy to Example 1, Step 3 by using n-propyl bromide
and 6-amino-9-[(4-chlorophenyl)methyl]-2-sulfanyl-7H-purin-8-one (compound 9b) instead of
methyl iodide and 6-amino-9-phenylmethyl-2-sulfanyl-7H-purin-8-one (compound 1b). 6-
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Amino-9-[(4-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (800 mg, compound 9c)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 350.

Step 4: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-

one
NH,
N
NZ
| o)
\/\S)\\N N>:
g
Cl
5 9d

Compound 9d was prepared in analogy to Example 1, Step 4 by using 6-amino-9-[(4-
chlorophenyl)methyl]-2-propylsulfanyl-7 H-purin-8-one (compound 9c¢) instead of 6-amino-9-
benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-[(4-chlorophenyl)methyl]-
2-propylsulfinyl-7H-purin-8-one (150 mg, compound 9d) was obtained as a white solid. MS

10 obsd. (ESI") [(M+H)"]: 366.

Step 5: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-

purin-8-one

NH,
N
NZ
0
o I L=
HN=S N N
cl
9

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
15  [(4-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 9d) instead of 6-amino-
9-benzyl-2-(2-methylsulfinyl)-7H-purin-8-one (compound 1d). 6-Amino-9-[(4-
chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one (25 mg, Example 9) was

obtained as a white solid.
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'H NMR (400 MHz, DMSO-ds) o ppm: 10.60 (br. s, 1H), 7.32-7.42 (m, 4H), 6.98 (br. s,
2H), 4.96 (s, 2H), 4.03 (s, 1H), 3.25-3.41 (m, 2H), 1.56-1.68 (m, 2H), 0.91 (t, / = 8 Hz, 3H). MS
obsd. (ESI") [(M"H)"]: 381.

Separation of compound of Example 9 by chiral HPLC afforded Example 9-A (faster
5 eluting, 21 mg) and Example 9-B (slower eluting, 10 mg) as white solid. (Separation condition:
methanol 5%-40% (0.05%DEA)/CO, on ChiralPak OJ-3 column.)

Example 9-A: 'H NMR (400 MHz, DMSO-de) 8 ppm: 10.63 (br. s, 1H), 7.34-7.41 (m, 4H),
6.99 (br. s, 2H), 4.96 (s, 2H), 4.05 (br. s, 1H), 3.29-3.38 (m, 2H), 1.58-1.66 (m, 2H), 0.91 (t, J =
8 Hz, 3H). MS obsd. (EST*) [(M+H)]: 381.

10 Example 9-B: '"H NMR (400 MHz, DMSO-ds)  ppm: 10.63 (br. s, 1H), 7.34-7.41 (m, 4H),
6.99 (br. s, 2H), 4.96 (s, 2H), 4.05 (br. s, 1H), 3.29-3.38 (m, 2H), 1.58-1.66 (m, 2H), 0.91 (t, J =
8 Hz, 3H). MS obsd. (ESI") [((M+H)"]: 381.

Example 10
15 6-Amino-9-[(4-methoxyphenyl)methyl]-2-(methylsulfonimidoyl)-7H-purin-8-one

NH,
H
NZ N
o | >:o
W \ N
H N:? N
@)
\
10
Step 1: Preparation of 4-amino-3-[(4-methoxyphenyl)methyl]-2-0x0-1H-imidazole-5-
carbonitrile
N
XK

| o)
H,N N>:

O

10a
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Compound 10a was prepared in analogy to Example 9, Step 1 by using (4-
methoxyphenyl)methylamine instead of 4-chloropenylmethylamine. 4-Amino-3-[(4-

methoxyphenyl)methyl]-2-oxo-1H-imidazole-5-carbonitrile (7.5g, compound 10a) was prepared
as a yellow solid. MS obsd. (ESI") [((M+H)"]: 245.

5 Step 2: Preparation of 6-amino-9-[(4-methoxyphenyl)methyl]-2-sulfanyl-7H-purin-8-one
NH,

N~

H
N
LI
Hs” N~ N

10b

Compound 10b was prepared in analogy to Example 9, Step 2 by using 4-amino-3-[(4-
methoxyphenyl)methyl]-2-oxo-1H-imidazole-5-carbonitrile (compound 10a) instead of 4-amino-
3-[(4-chlorophenyl)methyl]-2-oxo-1H-imidazole-5-carbonitrile (compound 9a). 6-Amino-9-[(4-

10 methoxyphenyl)methyl]-2-sulfanyl-7H-purin-8-one (11.4 g, compound 10b) was prepared as a
yellow solid. MS obsd. (ESI") [((M+H)]: 304.

Step 3: Preparation of 6-amino-9-[(4-methoxyphenyl)methyl]-2-methylsulfanyl-7H-purin-

8-one
NH,
H
NZ >N
)\\ | >: ©
SsSN TN
/
0]
10c
15 Compound 10c¢ was prepared in analogy to Example 1, Step 3 by using 6-amino-9-[(4-

methoxyphenyl)methyl]-2-sulfanyl-7H-purin-8-one (compound 10b) instead of 6-amino-9-
benzyl-2-sulfanyl-7H-purin-§-one (compound 1b). 6-Amino-9-[(4-methoxyphenyl)methyl]-2-
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methylsulfanyl-7H-purin-8-one (2.3 g, compound 10¢) was prepared as a yellow solid. MS obsd.
(EST") [(M+H)"]: 318.

Step 4: Preparation of 6-amino-9-[(4-methoxyphenyl)methyl]-2-methylsulfinyl-7H-purin-8-
one

NH,

N
NZ
LI
\ﬁ N N
0]

10d

Compound 10d was prepared in analogy to Example 1, Step 4 by using 6-amino-9-[(4-
methoxyphenyl)methyl]-2-methylsulfanyl-7H-purin-8-one (compound 10c) instead of 6-amino-
9-benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-[(4-
methoxyphenyl)methyl]-2-methylsulfinyl-7H-purin-8-one (130 mg, compound 10d) was
prepared as a yellow solid. MS obsd. (EST") [(M+H)"]: 334.

Step 5: Preparation of 6-amino-9-[(4-methoxyphenyl)methyl]-2-(methylsulfonimidoyl)-7H-

purin-8-one

NH,
N
N~
o)
o J | =
HN=? N N
\\QO
\
10

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
[(4-methoxyphenyl)methyl]-2-methylsulfinyl-7H-purin-8-one (compound 10d) instead of 6-
amino-9-benzyl-2-methylsulfinyl-7H-purin-8-one (compound 1d). 6-Amino-9-[(4-
methoxyphenyl)methyl]-2-(methylsulfonimidoyl)-7H-purin-8-one (10 mg, Example 10) was
prepared as a yellow solid. 'H NMR (400 MHz, DMSO-dy) 0 ppm: 10.53 (br. s, 1H), 7.32 (t, J =
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6.41 Hz, 2H), 6.95 (br. s, 2H), 6.89 (t, J = 6.38 Hz, 2H), 4.89 (s, 2H), 4.07 (s, 1H), 3.72 (s, 3H),
3.21 (s, 3H). MS obsd. (EST*) [(M*H)"]: 349.

Example 11
6-Amino-2-(3-chloropropylsulfonimidoyl)-9-[(4-methoxyphenyl)methyl]-7H-purin-8-one

NH,
N
NZ
o)
o I =
HN=S"" >N N
\\Q\o
cl \
5 11

Step 1: Preparation of 6-amino-2-(3-chloropropylsulfanyl)-9-[(4-methoxyphenyl)methyl]-

7H-purin-8-one
NH,
N~

|
CI/\/\S)\\N

H

N
>:o

N

11a

Compound 11a was prepared in analogy to Example 1, Step 3 by using 1-bromo-3-

10 chloro-propane and 6-amino-9-[(4-methoxyphenyl)methyl]-2-sulfanyl-7H-purin-8-one
(compound 10b) instead of methyl iodide and 6-amino-9-benzyl-2-sulfanyl-7H-purin-8-one
(compound 1b). 6-Amino-2-(3-chloropropylsulfanyl)-9-[(4-methoxyphenyl)methyl]-7H-purin-8-
one (3.2 g, compound 11a) was obtained as a white solid. MS obsd. (ESI") [((M+H)"]: 380.

Step 2: Preparation of 6-amino-2-(3-chloropropylsulfinyl)-9-[(4-methoxyphenyl)methyl]-
15 7H-purin-8-one
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11b

Compound 11b was prepared in analogy to Example 1, Step 4 by using 6-amino-2-(3-
chloropropylsulfanyl)-9-[(4-methoxyphenyl)methyl]-7H-purin-8-one (compound 11a) instead of
6-amino-9-benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1c¢). 6-Amino-2-(3-
chloropropylsulfinyl)-9-[(4-methoxyphenyl)methyl]-7H-purin-8-one (1.3 g, compound 11b) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 396.

Step 3: Preparation of 6-amino-2-(3-chloropropylsulfonimidoyl)-9-[ (4-
methoxyphenyl)methyl]-7H-purin-8-one

NH,

N
N~
o | I )=o

HN=S N N

/H \\Qo

Cl \
11

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-2-
(3-chloropropylsulfinyl)-9-[(4-methoxyphenyl)methyl]-7H-purin-8-one (compound 11b) instead
of 6-amino-9-benzyl-2-(2-methylsulfanyl)-7H-purin-8-one (compound 1d). 6-Amino-2-(3-
chloropropylsulfonimidoyl)-9-[(4-methoxyphenyl)methyl]-7 H-purin-8-one (40 mg, Example 11)
was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) 6 ppm: 10.53 (br. s, 1H), 7.32 (t,
J=6.41Hz, 2H), 6.95 (br. s, 2H), 6.89 (t, J = 6.38 Hz, 2H), 4.89 (s, 2H), 4.07 (s, 1H), 3.89 (m,
2H), 3.72 (s, 3H), 3.52 (m, 2H), 2.13 (m, 2H). MS obsd. (ESI") [(M+H)"]: 411.

Example 12
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6-Amino-9-[(4-methoxyphenyl)methyl]-2-(3-pyrrolidin-1-ylpropylsulfonimidoyl)-7H-purin-

8-one
NH,
N
NZ
O —0O
W\ ~ |
HN=S N N

g Ok
G\j \
12
To a solution of 6-amino-2-(3-chloropropylsulfonimidoyl)-9-[(4-methoxyphenyl)methyl]-
5 7H-purin-8-one (150 mg, compound 11) in DMSO (5 mL) was added pyrrolidine (0.9 mL, 11.0
mmol) drop wise. The mixture was stirred at 80 °C for 2 hrs. The resulting mixture was diluted
with brine (60 mL), extracted with EtOAc (60 mL) three times. The organic layer was combined,
washed with brine, dried over sodium sulfate and concentrated in vacuo. The residue was
purified by prep-HPLC to give 6-amino-9-[(4-methoxyphenyl)methyl]-2-(3-pyrrolidin-1-

10  ylpropylsulfonimidoyl)-7H-purin-8-one (26 mg, Example 12) as a light brown solid. "H NMR
(400 MHz, DMSO-ds) 0 ppm: 10.88 (br. s, 1H), 7.29 (t, J = 6.41 Hz, 2H), 7.05 (br. s, 2H), 6.88 (t,
J=6.38 Hz, 2H), 4.88 (s, 2H), 3.72 (m, 4H), 2.52 (m, 4H), 2.45 (m, 4H), 1.84 (m, 2H), 1.67 (m,
4H). MS obsd. (EST") [(M"H)']: 446.

15 Example 13
6-Amino-9-[(4-chlorophenyl)methyl]-2-(methylsulfonimidoyl)-7H-purin-8-one

NH,
N
NZ
0 | >=o
A\Y NS N
HN¢T N
13

Cl

Step 1: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-methylsulfanyl-7H-purin-8-

20 one
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NH,
AN N
\S)\\N| N>:O
e
13a

Compound 13a was prepared in analogy to Example 1, Step 3 by using 6-amino-9-[(4-
chlorophenyl)methyl]-2-sulfanyl-7H-purin-8-one (compound 9b) instead of 6-amino-9-benzyl-2-
sulfanyl-7H-purin-8-one (compound 1b). 6-Amino-9-[(4-chlorophenyl)methyl]-2-
methylsulfanyl-7H-purin-8-one (1.2 g, compound 13a) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 322.

Step 2: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-methylsulfinyl-7 H-purin-8-
one

NH2
H
N/
| o
\ﬁx\N s
(0]
Cl

13b

Compound 13b was prepared in analogy to Example 1, Step 4 by using 6-amino-9-[(4-
chlorophenyl)methyl]-2-methylsulfanyl-7H-purin-8-one (compound 13a) instead of 6-amino-9-
benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1¢). 6-Amino-9-[(4-chlorophenyl)methyl]-
2-methylsulfanyl-7H-purin-8-one (148 mg, compound 13b) was obtained as a white solid. MS
obsd. (ESI") [(M+H)"]: 338.

Step 3: Preparation of 6-amino-9-[(4-chlorophenyl)methyl]-2-(methylsulfonimidoyl)-7H-

purin-8-one
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H
N
N/
0 ﬁI =0
HN§? N“N
e

13

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
[(4-chlorophenyl)methyl]-2-methylsulfanyl-7H-purin-8-one (compound 13b) instead of using 6-
amino-9-benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1d). 6-Amino-9-[(4-

5 chlorophenyl)methyl]-2-methylsulfinyl-7H-purin-8-one (7 mg, Example 13) was obtained as a
white solid. "H NMR (400 MHz, DMSO-ds)  ppm: 10.53 (br. s, 1H), 7.36-7.51 (m, 4H), 6.98
(br. s, 2H), 4.96 (s, 2H), 4.07 (s, 1H), 3.18 (s, 3H). MS obsd. (ESI") [(M"H)"]: 353.

Example 14
6-Amino-9-[(6-chloro-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7 H-purin-8-one
10
NH,
N
N~
0] —O
W\ A | N
HN=S N
7\
—_ Cl
N
14
Step 1: Preparation of 4-amino-3-[(6-chloro-3-pyridyl)methyl]-2-oxo-1H-imidazole-5-
carbonitrile
N
NN

| o)
H,N N>:

~
=N Cl

14a
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Compound 14a was prepared in analogy to Example 9, Step 1 by using (6-chloro-3-
pyridyl)methanamine (Alfa Aesar (China) Co., Ltd., Catalog number: 1.19283-25 g) instead of
(4-chlorophenyl)methylamine. 4- Amino-3-[(6-chloro-3-pyridyl)methyl]-2-oxo-1H-imidazole-5-
carbonitrile (7.8 g, compound 14a) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]:
250.

Step 2: Preparation of 6-amino-9-[(6-chloro-3-pyridyl)methyl]-2-sulfanyl-7H-purin-8-one

NH,
N
NZ
| o)
HS)\\N N>:

\\@\
~ Cl
N

14b

Compound 14b was prepared in analogy to Example 9, Step 2 by using 4-amino-3-[(6-
chloro-3-pyridyl)methyl]-2-oxo- 1 H-imidazole-5-carbonitrile (compound 14a) instead of 4-
amino-3-[(4-chlorophenyl)methyl]-2-oxo-1H-imidazole-5-carbonitrile (compound 9a). 6-Amino-
9-[(6-chloro-3-pyridyl)methyl]-2-sulfanyl-7H-purin-8-one (1.1 g, compound 14b) was obtained
as a white solid. MS obsd. (ESI") [(M+H)*]: 309.

Step 3: Preparation of 6-amino-9-[(6-chloro-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-
8-one
NH,

H
NZ N

\/\3)\\[\1 | N>:O

)
\N Cl

Compound 14¢ was prepared in analogy to Example 1, Step 3 by using 6-amino-9-[(6-

14c

chloro-3-pyridyl)methyl]-2-sulfanyl-7H-purin-8-one (compound 14b) instead of 6-amino-9-
benzyl-2-sulfanyl-7H-purin-8-one (compound 1b). 6-Amino-9-[(6-chloro-3-pyridyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (750 mg, compound 14¢) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 351.
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Step 4: Preparation of 6-amino-9-[(6-chloro-3-pyridyl)methyl]-2-propylsulfinyl-7H-purin-
8-one

NH,

H
*IL#
O
\/\S)QN N
6

7\

Compound 14d was prepared in analogy to Example 1, Step 4 by using 6-amino-9-[(6-

14d

5 chloro-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 14c¢) instead of 6-amino-
9-benzyl-2-methylsulfanyl-7H-purin-8-one (compound 1c¢). 6-Amino-9-[(6-chloro-3-
pyridyl)methyl]-2-propylsulfinyl-7H-purin-8-one (750 mg, compound 14d). MS obsd. (ESI")
[(M+H)™]: 367.

Step 5: Preparation of 6-amino-9-[(6-chloro-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-

10  purin-8-one

NH,
N
NZ
O
Y Vs
HN=S N
74
N
14

The title compound was prepared in analogy to Example 1, Step 5 by using 6-amino-9-
[(6-chloro-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 14d) instead of 6-
amino-9-benzyl-2-methylsulfinyl-7H-purin-8-one (compound 1d). 6-Amino-9-[(6-chloro-3-

15 pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one (4 mg, Example 14) was obtained as a
white solid. '"H NMR (400 MHz, DMSO-ds) § ppm: 10.80 (br. s, 1H), 8.45 (d, J = 2.4 Hz, 1H),
7.81 (dd, J=2.4,8.0 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.04 (br. s, 2H), 5.01 (s, 2H), 4.06 (s,
1H), 3.24-3.43 (m, 2H), 1.53-1.73 (m, 2H), 0.92 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M H)"]:
382.

20
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Example 15

6-Amino-9-[(2-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,

N

N~
o) =0
\\ N |
HN=S N N
Cl
15

Step 1: Preparation of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-
pyrimidin-4-amine
Cl

NG,

|
\/\S)\\N NH

JO

To a solution of 4, 6-dichloro-5-nitro-2-propylsulfanyl-pyrimidine (10 g, 37.0 mmol, J] & K
scientific, Catalog number: J92_090911_25G) and DIPEA (5.8 g, 45 mmol) in THF (200 mL)
was added a solution of (2-chlorophenyl)methylamine (5.5 g, 39 mmol) in THF (50 mL) at -78

N7

15a

°C. After the addition, the mixture was stirred at this temperature for 2 hrs. The resulting mixture
was concentrated, extracted with EtOAc. The organic phase was washed with water, dried over
anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was purified by
column chromatography eluted with PE/ EtOAc from 20/1 to 5/1 (V/V) to give 6-chloro-N-[(2-
chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (11 g, compound 15a) as a
yellow solid. MS obsd. (ESI") [((M+H)]: 373.
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Step 2: Preparation of 6-chloro-~N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-
4,5-diamine
Cl

NH,

N7 |
\/\S)%N NH

Cl
15b

To a solution of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-
4-amine (11 g, 29.5 mmol, compound 15a) and HOAc (17.7 g, 295 mmol) in THF (400 mL) at O
°C was added Zn dust (9.5 g, 147 mmol) in small portions. After the addition, the mixture was
stirred at this temperature for 12 hrs and filtered. The filtrate was basified with NaHCOs,
extracted with DCM, dried over anhydrous sodium sulfate and concentrated in vacuo to give 6-
chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (9.0 g, compound
15b). MS obsd. (EST") [(M+H)']: 343.

Step 3: Preparation of 6-chloro-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-

Cl H
N/
ﬂ >=0
\/\S N N

=)

Cl

one

15¢

To a solution of 6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-
diamine (9.0 g, 26.2 mmol, compound 15b) in THF (800 mg) was added CDI (21 g, 131 mmol).
The reaction was kept at 80 °C for 12 hrs. The reaction mixture was cooled to RT, and then
concentrated in vacuo. The residue was diluted with water (100 mL), extracted with EtOAc (125
mL) two times, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was
purified by column eluted with PE / EtOAc from 10/1 to 1:1 (V/V) to give 6-chloro-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (9.5 g, compound 15¢) as a gray solid.
MS obsd. (ESI") [(M+H)"]: 369.
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Step 4: Preparation of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one

NHPMB

H

N
=0

N

=

154 ©

N~

\/\S)\\N |

To a solution of 6-chloro-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one
(9.0 g, 26.2 mmol, compound 15c¢) in n-BuOH (200 mL) was added PMBNH, (36 g, 262 mmol).
The reaction was stirred at 130 °C for 12 hrs. The reaction mixture was cooled to 20 °C, poured
into PE. The formed precipitate was collected by filtration to give 9-[(2-chlorophenyl)methyl]-6-
[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one as a white solid (10.2 g,
compound 15d). MS obsd. (ESI") [(M+H)"]: 470.

Step 5: Preparation of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-
purin-8-one

NH,

N
N/
J:I =0

e

Cl

15e

9-[(2-Chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-
purin-8-one (2.0 g, 4.2 mmol, compound 15d) was dissolved in TFA (10 mL) and stirred at 60
°C for 12 hrs. The reaction mixture was concentrated in vacuo, and basified with NaHCOs
solution. The resulting precipitate was collected by filtration and purified to give 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (600 mg, compound 15e). MS obsd.
(EST") [(M+H)"]: 350.
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Step 6: Preparation of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-
one
NH; 4
N
NZ
[ =0
NN S)\\N N

2T

Cl
15f

To a solution of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one
5 (300 mg, 0.86 mmol, compound 15e) in THF (7 mL) was added m-CPBA (221 mg,1.29 mmol)
at 0 °C and the reaction mixture was stirred at 25 °C for 15 min. The mixture was filtered, and
washed with THF (1 mL) three times. The obtained solid was co-evaporated with toluene two
times to give 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (150 mg,
compound 15f) as a white solid. It was used in the next step without further purification. MS

10 obsd. (ESI") [(M+H)"]: 366.

Step 7: Preparation of 6-amino-9-[(2-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-

purin-8-one

NH,
N
N~
0 —0
! N |
HNPS N N
Cl
15

To a solution of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one
15 (100 mg, 0.27 mmol, compound 15f) in Eaton’s reagent (1 mL) was added NaNs (53 mg, 0.81
mmol) and the mixture was stirred at 60 °C for 0.5 hr. The reaction mixture was added to ice
water and basified with 0.88 N ammonium hydroxide solution, extracted with n-BuOH (10 mL)
four times and concentrated in vacuo. The residue was purified by prep-HPLC to give 6-amino-
9-[(2-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one (35 mg, Example 15) as a
20  white solid. "H NMR (400 MHz DMSO-ds) 0 ppm: 10.78 (br. s., 1H), 7.51-7.49 (m, 1H), 7.33-
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7.28 (m, 2H), 7.14-7.12 (m, 1H), 7.04 (br. s., 2H), 5.05 (s, 2H), 3.98 (s, 1H), 3.35-3.24 (m, 2H),
1.62-1.55 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 381.

Example 16
5 6-Amino-2-(methylsulfonimidoyl)-9-(3-pyridylmethyl)-7H-purin-8-one
NH,
N
NZ
D Wa
HN=S" °N~ N
7\

-

N

16
Step 1: Preparation of 6-chloro-2-methylsulfanyl-5-nitro-~N-(3-pyridylmethyl)pyrimidin-4-

Cl
\s)*N NH

16a

amine

\S

10 Compound 16a was prepared in analogy to Example 15, Step 1 by using 4-
pyridylmethylamine and 4,6-dichloro-2-methylsulfanyl-5-nitro-pyrimidine (J & K scientific,
Catalog number: J92-058972-5G) instead of (2-chlorophenyl)methylamine and 4,6-dichloro-2-
propylsulfanyl-5-nitro-pyrimidine. 6-Chloro-2-methylsulfanyl-5-nitro-N-(3-
pyridylmethyl)pyrimidin-4-amine (compound 16a), which was used in the next step without

15 further purification. MS obsd. (ESI") [(M+H)"]: 312.
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Step 2: Preparation of 6-chloro-2-methylsulfanyl-~N4-(3-pyridylmethyl)pyrimidine-4,5-

diamine

Cl
NZ NH,

|
\SAN NH

\

16b

Compound 16b was prepared in analogy to Example 15, Step 2 by using 6-chloro-2-
5 methylsulfanyl-5-nitro-N-(3-pyridylmethyl)pyrimidin-4-amine (compound 16a) instead of 6-

chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a).

6-Chloro-2-methylsulfanyl-N4-(3-pyridylmethyl)pyrimidine-4,5-diamine (700 mg, compound
16b) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 282.

Step 3: Preparation of 6-chloro-2-methylsulfanyl-9-(3-pyridylmethyl)-7H-purin-8-one

N/
o
I
=)
=N
10 16¢

Compound 16¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-2-
methylsulfanyl-N4-(3-pyridylmethyl)pyrimidine-4,5-diamine (compound 16b) instead of 6-

chloro-N-4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b).

6-Chloro-2-methylsulfanyl-9-(3-pyridylmethyl)-7 H-purin-8-one (600 mg, compound 16¢) was
15 obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 308.
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Step 4: Preparation of 6-[(4-methoxyphenyl)methylamino]-2-methylsulfanyl-9-(3-
pyridylmethyl)-7H-purin-8-one

NHPMB
N
NZ
(@)
\S)\\Nl N>=
7\
16d =N

Compound 16d was prepared in analogy to Example 15, Step 4 by using 6-chloro-2-
methylsulfanyl-9-(3-pyridylmethyl)-7H-purin-8-one (compound 16¢) instead of 6-chloro-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15c). 6-[(4-
Methoxyphenyl)methylamino]-2-methylsulfanyl-9-(3-pyridylmethyl)-7H-purin-8-one (620 mg,
compound 16d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 409.

Step 5: Preparation of 6-amino-2-methylsulfanyl-9-(3-pyridylmethyl)-7H-purin-8-one

NH,

N
NZI
| O
\s)*N N>=
)
=N
16e

Compound 16e was prepared in analogy to Example 15, Step 5 by using 6-[(4-
methoxyphenyl)methylamino]-2-methylsulfanyl-9-(3-pyridylmethyl)-7H-purin-8-one
(compound 16d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-2-methylsulfanyl-9-(3-
pyridylmethyl)-7H-purin-8-one (380 mg, compound 16e) was obtained as a white solid. MS
obsd. (ESI") [(M+H)"]: 289.
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Step 6: Preparation of 6-amino-2-methylsulfinyl-9-(3-pyridylmethyl)-7H-purin-8-one

NH; 1

\§)§N N
O K@
=N

Compound 16f was prepared in analogy to Example 15, Step 6 by 6-amino-2-

16f

methylsulfanyl-9-(3-pyridylmethyl)-7H-purin-8-one (compound 16e) instead of 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
methylsulfinyl-9-(3-pyridylmethyl)-7H-purin-8-one (105 mg, compound 16f) was obtained as a
white solid. MS obsd. (ESI") [(M+H)"]: 305.

Step 7: Preparation of 6-amino-2-(methylsulfonimidoyl)-9-(3-pyridylmethyl)-7 H-purin-8-

one

16

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-2-
methylsulfinyl-9-(3-pyridylmethyl)-7H-purin-8-one (200 mg, compound 16f) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-
2-(methylsulfonimidoyl)-9-(3-pyridylmethyl)-7H-purin-8-one (38.2 mg, Example 16) was
obtained as a white solid. 'H NMR (400 MHz, DMSO-ds) 6 ppm: 8.63 (s, 1H), 8.50 (d, J=4.52
Hz, 1H), 7.77 (d, /= 8.03 Hz, 1H), 7.38 (dd, J=7.78, 5.02 Hz, 1H), 7.00 (br. s., 2H), 5.01 (s,
2H), 4.11 (br. s, 1H), 3.19 (s, 3H). MS obsd. (ESIT") [(M+H)"]: 320.
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Separation of compound of Example 16 by chiral HPLC afforded Example 16-A (faster
eluting, 5.0 mg) and Example 16-B (slower eluting, 7.1 mg) as white solid. (Separation
condition: methanol 5%-40% (0.05%DEA)/CO, on ChiralPak OJ-3 column.)

Example 16-A: 'H NMR (400 MHz, DMSO-ds) 6 ppm: 8.63 (s, 1H), 8.50 (d, J=4.52 Hz,
5 1H), 7.77 (d, J=8.03 Hz, 1H), 7.38 (dd, J =7.78, 5.02 Hz, 1H), 7.00 (br. s., 2H), 5.01 (s, 2H),
4.11 (br. s, 1H), 3.19 (s, 3H). MS obsd. (ESI") [(M+H)*]: 320.

Example 16-B: 'H NMR (400 MHz, DMSO-ds) 6 ppm: 8.63 (s, 1H), 8.50 (d, J =4.52 Hz,
1H), 7.77 (d, J = 8.03 Hz, 1H), 7.38 (dd, J =7.78, 5.02 Hz, 1H), 7.00 (br. s., 2H), 5.01 (s, 2H),
4.11 (br. s, 1H), 3.19 (s, 3H). MS obsd. (ESI") [(M+H)"]: 320.

10
Example 17 and Example 18
3-[[6-Amino-8-0x0-2-(propylsulfonimidoyl)-7H-purin-9-yllmethyl]benzonitrile (compound
17) and 3-[[6-amino-8-ox0-2-(propylsulfonimidoyl)-7H-purin-9-yljmethyl]benzamide
(compound 18)
NH,
NN

:-';lé/k\N | N/EO //N

NH,
N
NZ
| >:O N
0es” XN /e Example 17
= _—
+
NH,
H
17 N
=
N | o o
HN\ NS
0=~ N N NH,

15 Example 18
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Step 1: Preparation of 3-[[(6-chloro-5-nitro-2-propylsulfanyl-pyrimidin-4-

yl)amino]methyl]benzonitrile

Cl
N7 S0~

|
\/\S)\\N NH

17a

Compound 17a was prepared in analogy to Example 15, Step 1 by using 3-
5 (aminomethyl)benzonitrile instead of (2-chlorophenyl)methylamine. 3-[[(6-Chloro-5-nitro-2-
propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (2.75g, compound 17a) was obtained
as a yellow solid. MS obsd. (ESI") [(M+H)"]: 364.

Step 2: Preparation of 3-[[(5-amino-6-chloro-2-propylsulfanyl-pyrimidin-4-

yl)amino]methyl]benzonitrile

Cl
NH
NF 2

|
\/\SJ\\N NH

N
Z

10 17b

Compound 17b was prepared in analogy to Example 15, Step 2 by using 3-[[(6-chloro-
5-nitro-2-propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (compound 17a) instead of
6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound
15a). 3-[[(5-Amino-6-chloro-2-propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (1.1 g,

15 compound 17b) was obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 334.
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Step 3: Preparation of 3-[(6-chloro-2-propylsulfanyl-8-oxo-7H-purin-9-

N#Z
O N
\/\S)QN | N>= ///

17¢

yDmethyl]benzonitrile

Compound 17¢ was prepared in analogy to Example 15, Step 3 by using 3-[[(5-amino-6-
5 chloro-2-methylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (compound 17b) instead of
6-chloro-N-4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound
15b). 3-[(6-Chloro-2-methylsulfanyl-8-oxo-7H-purin-9-yl)methyl]benzonitrile (700 mg,
compound 17¢) was obtained as a white solid. MS obsd. (ESI*) [(M+H)*]: 360.

Step 4: Preparation of 3-[[6-[ (4-methoxyphenyl)methylamino]-2-propylsulfanyl-8-oxo-7H-
10  purin-9-yllmethyl]benzonitrile

NHPMB

H
N

N7
\/\S)%N | N>=O //N

17d

Compound 17d was prepared in analogy to Example 15, Step 4 by using 3-[(6-chloro-2-
methylsulfanyl-8-oxo-7H-purin-9-yl)methyl]benzonitrile (compound 17¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 3-[[6-[(4-

15 Methoxyphenyl)methylamino]-8-oxo-2-propylsulfanyl-7H-purin-9-ylJmethyl]benzonitrile (900
mg, compound 17d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 461.
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Step 5: Preparation of 3-[(6-amino-8-oxo-2-propylsulfanyl-7 H-purin-9-
yDmethyl]benzonitrile

NH,

N
N/
):I =0 N
NN NN 7

17e

Compound 17e was prepared in analogy to Example 15, Step 5 by using 3-[[6-[(4-

5 methoxyphenyl)methylamino]-2-propylsulfanyl-8-oxo-7H-purin-9-ylJmethyl]benzonitrile
(compound 17d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 3-[(6-Amino-8-oxo-2-propylsulfanyl-7H-purin-
9-ylymethyl]benzonitrile (600 mg, compound 17e) was obtained as a white solid. MS obsd. (ESI")
[(M+H)™]: 341.

10  Step 6: Preparation of 3-[(6-amino-8-oxo-2-propylsulfinyl-7H-purin-9-
yDmethyl]benzonitrile

NH;

Néﬁ:NﬁO N
5

171

Compound 17f was prepared in analogy to Example 15, Step 6 by using 6-amino-2-
propylsulfanyl-9-(2-pyridylmethyl)-7 H-purin-8-one (compound 17e) instead of 6-amino-9-[(2-
15  chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 3-[(6-Amino-8-oxo0-2-
propylsulfinyl-7H-purin-9-yl)methyl]benzonitrile (610 mg, compound 17f) was obtained as a
white solid. MS obsd. (ESI") [((M+H)"]: 357.
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Step 7: Preparation of 3-[[6-amino-8-oxo-2-(propylsulfonimidoyl)-7H-purin-9-

yllmethyl]benzonitrile (compound 17) and 3-[[6-amino-8-oxo-2-(propylsulfonimidoyl)-7H-
purin-9-yllmethyl]benzamide (compound 18)

NH, NH,
H H
N NZ N
HN >—O0 N >: 0O
\\ X~ | N // HN\ ~ | O
o;s N =S~ >N N NH,
17 18

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-2-
methylsulfinyl-9-(2-pyridylmethyl)-7H-purin-8-one (270 mg, compound 17f) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 3-[[6-
Amino-8-oxo-2-(propylsulfonimidoyl)-7 H-purin-9-ylJmethyl]benzonitrile (5 mg, Example 17)

10 and 3-[[6-amino-8-0xo-2-(propylsulfonimidoyl)-7 H-purin-9-ylJmethyl]benzamide (41 mg,

Example 18) was obtained as white solid.

Compound 17: '"H NMR (400 MHz, DMSO-ds) 6 ppm: 10.62 (br. s, 1H), 7.76-7.80 (m,
2H), 7.66 (d, J = 8 Hz, 1H), 7.53-7.57 (m, 1H), 6.99 (br. s, 2H), 5.02 (s, 2H), 4.05 (s, 1H), 3.28-
3.31 (m, 2H), 1.57-1.65 (m, 2H), 0.89 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [M"H)"]: 372.

15 Compound 18: '"H NMR (400 MHz, DMSO-ds) 6 ppm: 10.85 (br. s, 1H), 7.97 (s, 1H), 7.84
(s, 1H), 7.77 (d, J = 8 Hz, 1H), 7.47 (d, J =8 Hz, 1H), 7.37-7.42 (m, 2H), 7.06 (br. s, 2H), 5.00
(s, 2H), 4.01 (s, 1H), 3.28-3.30 (m, 2H), 1.55-1.67 (m, 2H), 0.88 (t, J = 8.0 Hz, 3H). MS obsd.
(EST") [(M™H)"]: 390.
Example 19
20  6-Amino-2-(methylsulfonimidoyl)-9-(2-pyridylmethyl)-7H-purin-8-one
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Step 1: Preparation of 6-chloro-2-methylsulfanyl-5-nitro- N-(2-pyridylmethyl)pyrimidin-4-

Cl
o
\s)\‘N NH

I\
N~

amine

19a

5 Compound 19a was prepared in analogy to Example 15, Step 1 by using 2-
pyridylmethylamine and 4,6-dichloro-2-methylsulfanyl-5-nitro-pyrimidine instead of (2-
chlorophenyl)methylamine and 2-chlorophenylmethylamine and 4,6-dichloro-2-propylsulfanyl-
5-nitro-pyrimidine. 6-Chloro-2-methylsulfanyl-5-nitro-N-(2-pyridylmethyl)pyrimidin-4-amine
(4.64 g, compound 19a) was obtained as a white solid. MS obsd. (ESI") [((M+H)"]: 312.

10  Step 2: Preparation of 6-chloro-2-methylsulfanyl-N4-(2-pyridylmethyl)pyrimidine-4,5-

Cl
N)j[NH2
\s)*N NH

I\
N~

diamine

19b

Compound 19b was prepared in analogy to Example 15, Step 2 by using 6-chloro-2-
methylsulfanyl-5-nitro-N-(2-pyridylmethyl)pyrimidin-4-amine (compound 19a) instead of 6-
15  chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a).
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6-Chloro-2-methylsulfanyl-N4-(2-pyridylmethyl)pyrimidine-4,5-diamine (2.3 g, compound 19b)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 282.

Step 3: Preparation of 6-chloro-2-methylsulfanyl-9-(2-pyridylmethyl)-7H-purin-8-one

N/
| 0]
\s)*N N>=
)
N\
19¢

Compound 19¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-2-
methylsulfanyl-N4-(2-pyridylmethyl)pyrimidine-4,5-diamine (compound 19b) instead of 6-
chloro-N-4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b).
6-Chloro-2-methylsulfanyl-9-(2-pyridylmethyl)-7 H-purin-8-one (2.0 g, compound 19¢) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 308.

Step 4: Preparation of 6-[(4-methoxyphenyl)methylamino]-2-methylsulfanyl-9-(2-
pyridylmethyl)-7H-purin-8-one

NHPMB
N
NZ
| o)
\S)\\N N>=
7\
N\
19d

Compound 19d was prepared in analogy to Example 15, Step 4 by using 6-chloro-2-
methylsulfanyl-9-(2-pyridylmethyl)-7H-purin-8-one (compound 19¢) instead of 6-chloro-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15c). 6-[(4-
Methoxyphenyl)methylamino]-2-methylsulfanyl-9-(2-pyridylmethyl)-7H-purin-8-one (2.0 g,
compound 19d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 409.
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Step 5: Preparation of 6-amino-2-methylsulfanyl-9-(2-pyridylmethyl)-7H-purin-8-one

NH,

N
| 0
A
\\@
N\
19e

Compound 19e was prepared in analogy to Example 15, Step 5 by using 6-[(4-
methoxyphenyl)methylamino]-2-methylsulfanyl-9-(2-pyridylmethyl)-7H-purin-8-one
(compound 19d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-2-methylsulfanyl-9-(2-
pyridylmethyl)-7H-purin-8-one (1.14 g, compound 19e) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 289.

Step 6: Preparation of 6-amino-2-methylsulfinyl-9-(2-pyridylmethyl)-7H-purin-8-one

NH,
N
N/
N Na
7NN
o 7\
N\
19f

Compound 19f was prepared in analogy to Example 15, Step 6 by using 6-amino-2-
methylsulfanyl-9-(2-pyridylmethyl)-7H-purin-8-one (compound 19e) instead of 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
methylsulfinyl-9-(2-pyridylmethyl)-7H-purin-8-one (280 mg, compound 19f) was obtained as a
white solid. MS obsd. (ESI") [(M+H)"]: 305.
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Step 7: Preparation of 6-amino-2-(methylsulfonimidoyl)-9-(2-pyridylmethyl)-7 H-purin-8-

one

NH,
N
NZ
O
Y Na
HN=S N
| 74 \
N—
19

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-2-
5 methylsulfinyl-9-(2-pyridylmethyl)-7 H-purin-8-one (compound 19f) instead 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6- Amino-2-
(methylsulfonimidoyl)-9-(2-pyridylmethyl)-7H-purin-8-one (50 mg, Example 19) was obtained
as a white solid. "H NMR (400 MHz, DMSO-ds) 6 ppm: 8.47 (d, J=4.27 Hz, 1H), 7.77 (td, J =
7.65, 1.51 Hz, 1H), 7.24-7.33 (m, 2H), 7.19 (br. s., 2H), 5.09 (s, 2H), 4.00 (br. s., 1H), 3.11 (s,
10 3H). MS obsd. (EST") [((M+H)"]: 320.

Example 20
6-Amino-2-(methylsulfonimidoyl)-9-(4-pyridylmethyl)-7 H-purin-8-one

NH,
N
NZ
o I =0
HN=S N N
| 7\
N
—

15 20
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Step 1: Preparation of 6-chloro-2-methylsulfanyl-5-nitro- NV-(4-pyridylmethyl)pyrimidin-4-

amine

20a

Compound 20a was prepared in analogy to Example 15, Step 1 by using 4-

5 pyridylmethylamine and 4,6-dichloro-2-methylsulfanyl-5-nitro-pyrimidine instead of (2-
chlorophenyl)methylamine and 4,6-dichloro-2-propylsulfanyl-5-nitro-pyrimidine. 6-Chloro-2-
methylsulfanyl-5-nitro-N-(4-pyridylmethyl)pyrimidin-4-amine (1.0 g, compound 20a) was
obtained as a yellow solid. MS obsd. (ESI") [(M+H)"]: 312.

Step 2: Preparation of 6-chloro-2-methylsulfanyl-~N4-(4-pyridylmethyl)pyrimidine-4,5-

10 diamine

Cl
NH,

NF |
\S)%N NH
| SN
_N
20b

Compound 20b was prepared in analogy to Example 15, Step 2 by using 6-chloro-2-
methylsulfanyl-5-nitro-N-(4-pyridylmethyl)pyrimidin-4-amine (compound 20a) instead of 6-
chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a).

15  6-Chloro-2-methylsulfanyl-N4-(4-pyridylmethyl)pyrimidine-4,5-diamine (900 mg, compound
20b) was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 282.
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Step 3: Preparation of 6-chloro-2-methylsulfanyl-9-(4-pyridylmethyl)-7H-purin-8-one

N/
| 0
\s)*N N>=

Compound 20c¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-2-

20c

methylsulfanyl-N4-(4-pyridylmethyl)pyrimidine-4,5-diamine (compound 20b) instead of 6-
chloro-N-4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b).
6-Chloro-2-methylsulfanyl-9-(4-pyridylmethyl)-7 H-purin-8-one (620 mg, compound 20c) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 308.

Step 4: Preparation of 6-[(4-methoxyphenyl)methylamino]-2-methylsulfanyl-9-(4-
pyridylmethyl)-7H-purin-8-one

NHPMB
N
NZ
I
s SN TN

()
N
20d —

Compound 20d was prepared in analogy to Example 15, Step 4 by using 6-Chloro-2-
methylsulfanyl-9-(4-pyridylmethyl)-7H-purin-8-one (compound 20c) instead of 6-chloro-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15c). 6-[(4-
Methoxyphenyl)methylamino]-2-methylsulfanyl-9-(4-pyridylmethyl)-7H-purin-8-one (700 mg,
compound 20d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 409.
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Step 5: Preparation of 6-amino-2-methylsulfanyl-9-(4-pyridylmethyl)-7 H-purin-8-one

NH,
H
N)IN>=O
PN
72
N
20e

Compound 20e was prepared in analogy to Example 15, Step 5 by using 6-[(4-
methoxyphenyl)methylamino]-2-methylsulfanyl-9-(4-pyridylmethyl)-7H-purin-8-one
(compound 20d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-2-methylsulfanyl-9-(4-
pyridylmethyl)-7H-purin-8-one (450 mg, compound 20e) was obtained as a white solid. MS
obsd. (ESI") [(M+H)"]: 289.

Step 6: Preparation of 6-amino-2-methylsulfinyl-9-(4-pyridylmethyl)-7H-purin-8-one

NH, |
N
N/
[ =0
72K
O N
20f

Compound 20f was prepared in analogy to Example 15, Step 6 by using 6-amino-2-
methylsulfanyl-9-(4-pyridylmethyl)-7H-purin-8-one (compound 20e) instead of 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
methylsulfinyl-9-(4-pyridylmethyl)-7H-purin-8-one (160 mg, compound 20f) was obtained as a
white solid. MS obsd. (ESI") [(M+H)"]: 305.
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Step 7: Preparation of 6-amino-2-(methylsulfonimidoyl)-9-(4-pyridylmethyl)-7 H-purin-8-

one

NH,
N
N
o I I )=o
HN=S N N
| 7\
N
S
20

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-2-

5 methylsulfinyl-9-(4-pyridylmethyl)-7H-purin-8-one (200 mg, compound 20f) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-
2-(methylsulfonimidoyl)-9-(4-pyridylmethyl)-7H-purin-8-one (27 mg, Example 20) was
obtained as a white solid. 'H NMR (400 MHz, DMSO-ds) 6 ppm: 8.52 (d, J =5.77 Hz, 2H), 7.29
(d, J=5.52 Hz, 2H), 7.05 (br. s., 2H), 5.01 (s, 2H), 4.06 (s, 1H), 3.16 (s, 3H). MS obsd. (ESI")

10 [(M+H)"]: 320.

Example 21
6-Amino-9-isobutyl-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,
t
NZ
o I L )=°
N N

HN=S \\(

21
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Step 1: Preparation of 6-chloro-N-isobutyl-5-nitro-2-propylsulfanyl-pyrimidin-4-amine

Cl
N NC2

|
\/\S)\\N NH

21a

Compound 21a was prepared in analogy to Example 15, Step 1 by using 2-
methylpropan-1-amine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-isobutyl-5-nitro-2-
propylsulfanyl-pyrimidin-4-amine (compound 21a) was obtained as a light yellow solid. MS
obsd. (ESI") [(M+H)"]: 305.

Step 2: Preparation of 6-chloro-~N4-isobutyl-2-propylsulfanyl-pyrimidine-4,5-diamine

Cl
NH
NF 2

|
\/\S)%N NH

21b

Compound 21b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-
isobutyl-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 21a) instead of 6-chloro-N-[(2-
chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a). 6-Chloro-
N4-isobutyl-2-propylsulfanyl-pyrimidine-4,5-diamine (4.5 g, compound 21b) was obtained as a
white solid. MS obsd. (ESI") [(M+H)*]: 275.

Step 3: Preparation of 6-chloro-9-isobutyl-2-propylsulfanyl-7H-purin-8-one

Cl H
on
\/\S)QN | Ni;

21¢c
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Compound 21¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N4-
isobutyl-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 21b) instead of 6-chloro-N-4-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b). 6-Chloro-9-
isobutyl-2-propylsulfanyl-7H-purin-8-one (850 mg, compound 21¢) was obtained as a white

5 solid. MS obsd. (ESI") [(M+H)"]: 301.

Step 4: Preparation of 9-isobutyl-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-

purin-8-one

NHPMB
H
N

21d

Compound 21d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-

10 isobutyl-2-propylsulfanyl-7H-purin-8-one (compound 21c¢) instead of 6-chloro-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-Isobutyl-6-[(4-
methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one (570 mg, compound 21d) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 402.

Step 5: Preparation of 6-amino-9-isobutyl-2-propylsulfanyl-7H-purin-8-one

NH,

N)IN>=O

\/\SJ\\N | N

\\<

15 21e
Compound 21e was prepared in analogy to Example 15, Step 5 by using 9-isobutyl-6-[(4-
methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one (compound 21d) instead of 9-
[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 15d). 6-Amino-9-isobutyl-2-propylsulfanyl-7H-purin-8-one (300 mg, compound 21e)
20 was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 282.
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Step 6: Preparation of 6-amino-9-isobutyl-2-propylsulfinyl-7H-purin-8-one

NH,
H
N | N>:O
\/\S)\\N N
! ~
21f

Compound 21f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-
isobutyl-2-propylsulfanyl-7H-purin-8-one (compound 21e) instead of 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-9-isobutyl-2-
propylsulfinyl-7H-purin-8-one (125 mg, compound 21f) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 298.

Step 7: Preparation of 6-amino-2-(methylsulfonimidoyl)-9-(4-pyridylmethyl)-7 H-purin-8-

one

NH,
N
N~
o)
o ] Il )=
HN=S N N\\(
21

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
isobutyl-2-propylsulfinyl-7H-purin-8-one (compound 21f) instead of 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-9-isobutyl-2-
(propylsulfonimidoyl)-7H-purin-8-one (65.8 mg, Example 21) was obtained as a white solid. 'H
NMR (400 MHz, DMSO-ds) ¢ ppm: 10.46 (s, 1H), 6.92 (br. s., 2H), 4.00 (s, 1H), 3.59 (d, J=1.6
Hz, 2H), 3.32-3.38 (m, 2H), 2.15 (m, 1H), 1.65-1.73 (m, 2H), 0.97 (t, /= 73 Hz, 3H), 0.86 (m,
6H). MS obsd. (EST") [((M+H)"]: 313.
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Example 22
6-Amino-9-[(3-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,
N
N~
o) | >=o
DN N Cl
HN=S N
22

5 Step 1: Preparation of 6-chloro-N-[(3-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-

pyrimidin-4-amine
Cl

|
\/\S)\\N NH

N
N7 ©2

Cl

22a

Compound 22a was prepared in analogy to Example 15, Step 1 by using (3-
chlorophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(3-
10 chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (13.9 g, compound 22a) was
obtained as a yellow solid. MS obsd. (ESI") [(M+H)"]: 373.

Step 2: Preparation of 6-chloro-N4-[(3-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-

4,5-diamine

Cl

NH
NF 2

|
\/\s)%n NH

K©/C|

22b
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Compound 22b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(3-
chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 22a) instead of 6-
chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a).
6-Chloro-N4-[(3-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (13.0 g,
compound 22b) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 343,

Step 3: Preparation of 6-chloro-9-[(3-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-

one

Cl
N
N7
I L =°
~N"Ng N N Cl
22c¢

Compound 22¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-[(3-
chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 22b) instead of 6-
chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b).
6-Chloro-9-[(3-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (13.0 g, compound 22c)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 3609.

Step 4: Preparation of 9-[(3-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one

NHPMB
N
N7
A =
NNg N N Cl

22d \\Q

Compound 22d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(3-
chlorophenyl)methyl]-2-propylsulfanyl-7 H-purin-8-one (compound 22¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(3-
Chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(6.0 g, compound 22d) was obtained as a white solid. MS obsd. (ESI") [((M+H)"]: 470.
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Step 5: Preparation of 6-amino-9-[(3-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-

one

NH
2 H

N7

N
| o]
NN S)\\N N>= Cl
22e
Compound 22e was prepared in analogy to Example 15, Step 5 by using 9-[(3-
chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one

(compound 22d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(3-chlorophenyl)methyl]-2-

propylsulfanyl-7H-purin-8-one (300 mg, compound 22e) was obtained as a white solid. MS obsd.

(EST") [(M+H)"]: 350.

Step 6: Preparation of 6-amino-9-[(3-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-

one

22f
Compound 22f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(3-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 22e) instead of 6-amino-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-9-[(3-
chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (150 mg, compound 22f) was obtained
as a yellow solid. MS obsd. (ESI") [(M+H)"]: 366.
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Step 7: Preparation of 6-amino-9-[(3-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-

purin-8-one

NH,

W
HN=S

H
NZ N
] )\\N | N>:O Cl

22

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-

5  [(3-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (100 mg, compound 22f) instead of
6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-
Amino-9-[(3-chlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one (43 mg, Example
22) was obtained as a white solid. "H NMR (400 MHz DMSO-d;) & ppm: 7.41-7.36 (m, 3H),
7.030-7.28 (m, 1H), 7.01 (br. s., 2H), 4.96 (s, 2H), 4.03 (s, 1H), 3.34-3.27 (m, 2H), 1.67-1.59 (m,

10 2H), 0.91 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 381.

Example 23
6-Amino-2-(propylsulfonimidoyl)-9-[[4-(trifluoromethyl)phenyl|methyl]-7 H-purin-8-one
NH,

N~

H
N

D W
N N

23 F
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Step 1: Preparation of 6-chloro-N-[(4-trifluoromethylphenyl)methyl]-5-nitro-2-

propylsulfanyl-pyrimidin-4-amine

Cl
N7 N2

|
\/\S)\\N NH

F
23a F

Compound 23a was prepared in analogy to Example 15, Step 1 by using (4-
trifluoromethylphenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(4-
trifluoromethylphenylmethyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (7.0 g, compound 23a)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 407.

Step 2: Preparation of 6-chloro-2-propylsulfanyl-N4-[[4-(trifluoromethyl)phenyl]methyl]

pyrimidine-4,5-diamine

Cl
NH,

NN
\/\SkN NH

F
23b £

Compound 23b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(4-
trifluoromethylphenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 23a)
instead of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine
(compound 15a). 6-Chloro-N4-[(4-trifluoromethylphenyl)methyl]-2-propylsulfanyl-pyrimidine-
4,5-diamine (3.1 g, compound 23b) was obtained as a white solid. MS obsd. (ESI") [(M+H)"T:
377.
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Step 3: Preparation of 6-chloro-9-[(4-trifluoromethylphenyl)methyl]-2-propylsulfanyl-7H-

purin-8-one
cl

R

\/\S N N

Compound 23c¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-[(4-
5 trifluoromethylphenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 23b)
instead of 6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine
(compound 15b). 6-Chloro-9-[(4-trifluoromethylphenyl)methyl]-2-propylsulfanyl-7H-purin-8-
one (1.8 g, compound 23c¢) was obtained as a white solid. MS obsd. (ESI*) [((M+H)*]: 403.

Step 4: Preparation of 6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-9-[[4-
10 (trifluoromethyl)phenyl]methyl]-7H-purin-8-one

23d
Compound 23d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(4-
trifluoromethylphenyl)methyl]-2-propylsulfanyl-7 H-purin-8-one (compound 23c) instead of 6-
chloro-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(4-
15  Trifluoromethylphenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-
8-one (1.2 g, compound 23d) was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 504.
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Step 5: Preparation of 6-amino-9-[(4-trifluoromethylphenyl)methyl]-2-propylsulfanyl-7H-

purin-8-one

NH2 H
N/
):\/'E =0

\/\S N N
\\Q\ﬁF
F

F
23e

Compound 23e was prepared in analogy to Example 15, Step 5 by using 9-[(4-

5 trifluoromethylphenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-
8-one (compound 23d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-
methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one (compound 15d). 6- Amino-9-
[(4-trifluoromethylphenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (900 mg, compound 23e)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 384.

10  Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[[4-(trifluoromethyl)phenyllmethyl]-7H-

purin-8-one

NH, |,
N
N=
[ =0
9 \\Q\(\F
F
F

23f
Compound 23f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(4-
trifluoromethylphenyl)methyl]-2-propylsulfanyl-7 H-purin-8-one (compound 23e) instead of 6-
15 amino-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-
2-propylsulfinyl-9-[[4-(trifluoromethyl)phenyl]methyl]-7H-purin-8-one (200 mg, compound 23f)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 400.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-[[4-
(trifluoromethyl)phenyl]methyl]-7H-purin-8-one

NH,
N
N~
o
o I L=
HN=S N N
F
F
23 F

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
[(4-trifluoromethylphenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (200 mg, compound 23f)
instead of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound
15f). 6-Amino-2-(propylsulfonimidoyl)-9-[[4-(trifluoromethyl)phenyl]methyl]-7 H-purin-8-one
(57 mg, Example 23) was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) J ppm:
7.70 (d, J=8.0 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.01 (br. s., 2H), 5.07 (s, 2H), 4.06 (s, 1H),
3.41-3.27 (m, 2H), 1.6-1.57 (m, 2H), 0.86 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 415.

Example 24
6-Amino-9-[(4-fluorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,

H
N
NZ
c\)\)\\| >:O
N N

HN=S

24



10

15

WO 2016/180695 PCT/EP2016/059961

-80-

Step 1: Preparation of 6-chloro-N-[(4-fluorophenyl)methyl]-5-nitro-2-propylsulfanyl-

pyrimidin-4-amine

24a

Compound 24a was prepared in analogy to Example 15, Step 1 by using (4-
fluorophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(4-
fluorophenylmethyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (6.4 g, compound 24a) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 357.

Step 2: Preparation of 6-chloro-~N4-[(4-fluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-

4,5-diamine

Cl
NH,

|
\/\S)\\N NH

N7

24b
Compound 24b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(4-
fluorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 24a) instead of 6-
chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a).
6-Chloro-N4-[(4-fluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (6.0 g,
compound 24b) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 327.
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Step 3: Preparation of 6-chloro-9-[(4-fluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-

one

24c

Compound 24c¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-[(4-
fluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 24b) instead of 6-
chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b).
6-Chloro-9-[(4-fluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (5.0 g, compound 24c)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 353.

Step 4: Preparation of 9-[(4-fluorophenyl)methyl]-6-[ (4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one

NHPMB
H

24d
Compound 24d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(4-
fluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 24c¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(4-
Fluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(5.5 g, compound 24d) was obtained as a white solid. MS obsd. (ESI") [((M+H)"]: 454.



10

15

WO 2016/180695 PCT/EP2016/059961

91-
Step 5: Preparation of 6-amino-9-[(4-fluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-
one

NH
> H

U =0

N"Ng N N
O

24e

Compound 24e was prepared in analogy to Example 15, Step 5 by using 9-[(4-
fluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 24d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(4-fluorophenyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (600 mg, compound 24e) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 334.

Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[4-fluorophenylmethyl]-7H-purin-8-one

NH,
N
N N0

241

Compound 24f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(4-
fluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 24e) instead of 6-amino-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
propylsulfinyl-9-[[4-fluorophenyl]methyl]-7H-purin-8-one (530 mg, compound 24f) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 350.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-[[4-
(trifluoromethyl)phenyllmethyl]-7H-purin-8-one

NH,
N

NZ

O

o I M )=
HN=S N

F

24

The title compound was prepared in analogy to Example 15, Step 5 by using 6-amino-9-
5 [(4-fluorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (250 mg, compound 24f) instead of
6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-
Amino-2-(propylsulfonimidoyl)-9-[[4-fluorophenyl]methyl]-7H-purin-8-one (41.6 mg, Example
24) was obtained as a gray solid. '"H NMR (400 MHz, DMSO-dj) 0 ppm: 10.62 (br. s., 1H), 7.40-
7.38 (m, 2H), 7.18-7.16 (m, 2H), 7.00 (br. s., 2H), 4.95 (s, 2H), 4.05 (s, 1H), 3.33-3.30 (m, 2H),
10 1.74-1.55 (m, 2H), 0.92 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 365.

Example 25
6-Amino-9-[(4-bromophenyl)methyl]-2-(propylsulfonimidoyl)-7 H-purin-8-one

NH,
N
NZ
o 1 I )=o
HN=S N N

Br
25
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Step 1: Preparation of 6-chloro-N-[(4-bromophenyl)methyl]-5-nitro-2-propylsulfanyl-

pyrimidin-4-amine

Cl
NO,

|
\/\S)\\N NH

N7

Br

25a

Compound 25a was prepared in analogy to Example 15, Step 1 by using (4-
5 bromophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(4-
bromophenylmethyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (7.0 g, compound 25a) was
obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 417.

Step 2: Preparation of 6-chloro-~N4-[(4-bromophenyl)methyl]-2-propylsulfanyl-pyrimidine-

4,5-diamine

Cl
N2 | NH,
NG N -
',
10 25b

Compound 25b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(4-
bromophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 25a) instead of 6-
chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a).
6-Chloro-N4-[(4-bromophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (3.2 g,

15 compound 25b) was obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 387.
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Step 3: Preparation of 6-chloro-9-[(4-bromophenyl)methyl]-2-propylsulfanyl-7H-purin-8-

one

25¢

Compound 25¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-[(4-
bromophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 25b) instead of 6-
chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b).
6-Chloro-9-[(4-bromophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (2.5 g, compound 25¢)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 413.

Step 4: Preparation of 9-[(4-bromophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one

NHPMB
H
NF N

\\/\S/J"§ | J%=O

N
\\Q\Br

25d
Compound 25d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(4-
bromophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 25¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(4-
Bromophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(3.1 g, compound 25d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 514.
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Step 5: Preparation of 6-amino-9-[(4-bromophenyl)methyl]-2-propylsulfanyl-7H-purin-8-

one

25e

Compound 25e was prepared in analogy to Example 15, Step 5 by using 9-[(4-

5 bromophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 25d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(4-bromophenyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (1.1 g, compound 25e) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 394.

10  Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[4-bromophenylmethyl]-7H-purin-8-one

25f
Compound 25f was prepared in analogy to Example 15, Step 5 by using 6-amino-9-[(4-
bromophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 25e) instead of 6-amino-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
15 propylsulfinyl-9-[[4-bromophenyl]methyl]-7H-purin-8-one (250 mg, compound 25f) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 410.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-[[4-bromophenyl|methyl]-7H-

purin-8-one

NH,

H
N
NZ
D W
N N

HN=S

Br

25

The title compound was prepared in analogy to Example 15, Step 5 by using 6-amino-9-
5 [(4-bromophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (260 mg, compound 25f) instead of
6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-
Amino-2-(propylsulfonimidoyl)-9-[[4-bromophenyl]methyl]-7H-purin-8-one (70 mg, Example
25) was obtained as a white solid. '"H NMR (400 MHz, DMSO-dy) 6 ppm: 10.62 (br. s., 1H),
7.53 (d, J=8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 6.99 (br. s., 2H), 4.94 (s, 2H), 4.04 (s, 1H),
10 3.35-3.25 (m, 2H), 1.67-1.56 (m, 2H), 0.90 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 425.

Example 26
6-Amino-9-[(3,4-dichlorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,
N
N~
o}
o ] L=
HN=S N N Cl
Cl

26
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Step 1: Preparation of 6-chloro-N-[(3,4-dichlorophenyl)methyl]-5-nitro-2-propylsulfanyl-

Cl
\/\s)*N NH
C

Cl

pyrimidin-4-amine

26a

Compound 26a was prepared in analogy to Example 15, Step 1 by using (3,4-
dichlorophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(4-
bromophenylmethyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (3.6 g, compound 26a) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 425.

Step 2: Preparation of 6-chloro-~N4-[(3,4-dichlorophenyl)methyl]-2-propylsulfanyl-

pyrimidine-4,5-diamine

Cl
NZ NH,
\/\S)*N | NH
Cl
L
26b
Compound 26b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-
[(3,4-dichlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 26a)
instead of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine
(compound 15a). 6-Chloro-N4-[(3,4-dichlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-
diamine (3.1 g, compound 26b) was obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 377.
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Step 3: Preparation of 6-chloro-9-[(3,4-dichlorophenyl)methyl]-2-propylsulfanyl-7H-purin-

N/
| (0]
\/\S)*N N>=

e

Cl

8-one

26¢

Compound 26¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-
[(3,4-dichlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 26b) instead
of 6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound
15b). 6-Chloro-9-[(3,4-dichlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (1.8 g,
compound 26¢) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 403.

Step 4: Preparation of 9-[(3,4-dichlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-
2-propylsulfanyl-7H-purin-8-one

NHPMB
N
N7
| o
oA
Cl
26d Cl

Compound 26d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(3,4-
dichlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 26c¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15c¢). 9-[(3,4-
Dichlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(1.6 g, compound 26d) was obtained as a white solid. MS obsd. (ESI") [((M+H)"]: 504.
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Step 5: Preparation of 6-amino-9-[(3,4-dichlorophenyl)methyl]-2-propylsulfanyl-7H-purin-

8-one

NH, n
NZ
)C'E =0
NN SN TN Cl

Cl
26e

Compound 26e was prepared in analogy to Example 15, Step 5 by using 9-[(3,4-

5 dichlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 26d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(3,4-dichlorophenyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (900 mg, compound 26e) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 384.

10  Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[3,4-dichlorophenyl]-7H-purin-8-one
NH, 4
N
[ =0
5
Cl

26f
Compound 26f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(3,4-
dichlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 26e) instead of 6-amino-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
15 propylsulfinyl-9-[[3,4-dichlorophenyl]methyl]-7 H-purin-8-one (210 mg, compound 26f) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 401.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-(3,4-dichlorophenylmethyl)-7H-

purin-8-one

NH,
N
N~

0

o 1 I >=
HN=S N N Cl
cl

26

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
5 [(3,4-dichlorophenylmethyl]-2-propylsulfinyl-7H-purin-8-one (compound 26f) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-
2-(propylsulfonimidoyl)-9-(3,4-dichlorophenylmethyl)-7H-purin-8-one (47 mg, Example 26)
was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) 6 ppm: 10.67 (br. s., 1H), 7.63 -
7.59 (m, 2H), 7.32 - 7.29 (m, 1H), 7.01 (br. s., 2H), 4.98 (s, 2H), 4.05 (s, 1H), 3.35 - 3.30 (m,
10 2H), 1.67-1.56 (m, 2H), 0.90 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 415.

Example 27
6-Amino-9-(3,4-difluorophenylmethyl)-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,

H
NZ NN
;O W

HN=S

15 27



10

15

WO 2016/180695 PCT/EP2016/059961

-101-

Step 1: Preparation of 6-chloro-N-[(3,4-difluorophenyl)methyl]-5-nitro-2-propylsulfanyl-

pyrimidin-4-amine

Cl

"

|
\/\S)\\N NH

27a

Compound 27a was prepared in analogy to Example 15, Step 1 by using (3,4-
difluorophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(3,4-
difluorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (3.1 g, compound 27a) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 375.

Step 2: Preparation of 6-chloro-N4-[(3,4-difluorophenyl)methyl]-2-propylsulfanyl-

cl
N)j:NH2
F

F

pyrimidine-4,5-diamine

27b
Compound 27b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-
[(3,4-difluorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 27a)
instead of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine
(compound 15a). 6-Chloro-N-4-[(3,4-difluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-
diamine (2.2 g, compound 27b) was obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 345.
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Step 3: Preparation of 6-chloro-9-[(3,4-difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-

Cl H
N#
@E =0
NN YN N F
(-

27¢c

8-one

Compound 27¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N4-

5 [(3,4-difluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 27b) instead
of 6-chloro-N-4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound
15b). 6-Chloro-9-[(3,4-difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (1.6 g,
compound 27¢) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 371.

Step 4: Preparation of 9-[(3,4-difluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-
10  2-propylsulfanyl-7H-purin-8-one

NHPMB
H

N7
\/\S)%N | N>=O F

e
27d

Compound 27d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(3,4-
difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 27¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15c¢). 9-[(3,4-

15 Difluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(1.5 g, compound 27d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 472.
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Step 5: Preparation of 6-amino-9-[(3,4-difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-

8-one
NHZH
N)j:
| >=o0
AN E
(S
27e

Compound 27e was prepared in analogy to Example 15, Step 5 by using 9-[(3,4-

5 difluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 27d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(3,4-difluorophenyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (600 mg, compound 27e) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 352.

10  Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[3,4-difluorophenyl)methyl]-7 H-purin-8-

one

NH,
N)IN
=0
\/\S)%N N F
n
O

-

Compound 27f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(3,4-

271

difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 27e) instead of 6-amino-9-

15 [(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-2-
propylsulfinyl-9-[[3,4-difluorophenyl)methyl]-7H-purin-8-one (150 mg, compound 27f) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 368.
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Step 7: Preparation of 6-amino-9-[(3,4-difluorophenyl)methyl]-2-(propylsulfonimidoyl)-

7H-purin-8-one

NH,

NH
NZ
9 )\\ | >:O
N N

HN=S

27

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
5 [(3,4-difluorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 27f) instead 6-amino-
9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-2-
(propylsulfonimidoyl)-9-[[3,4-difluorophenyl)methyl]-7H-purin-8-one (60 mg, Example 27)
was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) 6 ppm: 10.65 (br. s.,1H), 7.46 -
7.36 (m, 2H), 7.19 - 7.18 (m, 1H), 6.98 (br. s., 2H), 4.96 (s, 2H), 4.04 (s, 1H), 3.35 - 3.26 (m,
10 2H), 1.67-1.57 (m, 2H), 0.91 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 383.

Example 28
6-Amino-9-[(4-chloro-3-methyl-phenyl)methyl]-2-(propylsulfonimidoyl)-7 H-purin-8-one

NH,

. :

28
15 Step 1: Preparation of 4-chloro-3-methylbenzamide
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Cl

28a

To an ice cooled solution of 4-chloro-3-methylbenzoic acid (20.0 g, 117.2 mmol), HOBt
(15.8 g, 117.2 mmol) and NH4C1 (18.8 g, 351.7 mmol) in anhydrous DMF (200 mL) was added
DIPEA (45.5 g, 351.7 mmol) followed by EDC-HCI (27.4 g, 152.4 mmol), then the mixture was
warmed to 25 °C and stirred for 20 hrs. The reaction mixture was diluted with water (1.2 L) and
extracted with EtOAC (200 mL) three times. The combined organic layer was washed with 1N
HCl aq., sat. Na,COs aq., brine, dried over anhydrous sodium sulfate, filtered and concentrated
in vacuo. The residue was triturated with MTBE to give 4-chloro-3-methylbenzamide (15 g,
compound 28a) as a light yellow solid. '"H NMR (400 MHz, DMSO-d) 6 ppm: 8.00 (s, 1H),
7.86 (s, 1H), 7.71 (dd, J = 8.3 Hz, 1.5 Hz, 1H), 7.49 (d, J = 8.3 Hz, 1H), 7.42 (s, 1H), 2.37 (s,
3H). MS obsd. (EST") [((M+H)"]: 170.

Step 2: Preparation of (4-chloro-3-methylphenyl)methylamine

NH,

Cl

28b

To a suspension of LiAIH4 (11.2 g, 294.8 mmol) in anhydrous THF (100 mL) was added 3-
chloro-4-methyl-benzamide (10 g, 58.96 mmol) in THF (100 mL) drop-wise. After the addition,
the mixture was stirred at 28 °C for 2 hrs and then heated to 60 °C for 12 hrs. After the reaction
mixture was cooled to 0 °C, then 11.2 mL of water, 11.2 mL of 15% NaOH aq. and 33.6 mL of
water was added sequentially. Anhydrous sodium sulfate (20 g) was added, and the resulting
suspension was stirred for 30 min, and filtered. The filtrate was concentrated in vacuo to obtain
(4-chloro-3-methyl-phenyl)methylamine as a colorless oil (8g, compound 28b). MS obsd. (ESI")
[(M+H)™]: 156.
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Step 3: Preparation of 6-chloro-N-[(4-chloro-3-methyl-phenyl)methyl]-5-nitro-2-

propylsulfanyl-pyrimidin-4-amine

Cl
NO,

|
\/\S)\\N NH

N7

Cl
28¢

Compound 28¢ was prepared in analogy to Example 15, Step 1 by using (4-chloro-3-

5 methyl-phenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(4-chloro-3-

10

15

methylphenylmethyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (8.0 g, compound 28c¢) was
obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 387.

Step 4: Preparation of 6-chloro-~N4-[(4-chloro-3-methyl-phenyl)methyl]-2-propylsulfanyl-

pyrimidine-4,5-diamine

Cl
NH,

|
\/\SAN NH

NZ

Cl
28d
Compound 28d was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(4-
chloro-3-methylphenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 28c)
instead of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine
(compound 15a). 6-Chloro-N-4-[(4-chloro-3-methylphenyl)methyl]-2-propylsulfanyl-
pyrimidine-4,5-diamine (4.4 g, compound 28d) was obtained as a white solid. MS obsd. (ESI™)
[(M+H)™]: 357.
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Step 5: Preparation of 6-chloro-9-[(4-chloro-3-methyl-phenyl)methyl]-2-propylsulfanyl-7H-

purin-8-one

Cl

Cl H
Aogl
\/\S)QN N

28e

Compound 28e was prepared in analogy to Example 15, Step 3 by using 6-chloro-N4-[(4-
5 chloro-3-methylphenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 28d)
instead of 6-chloro-N-4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine
(compound 15b). 6-Chloro-9-[(4-chloro-3-methyl-phenyl)methyl]-2-propylsulfanyl-7H-purin-8§-
one (4.6 g, compound 28e) was obtained as a white solid. MS obsd. (ESI*) [(M+H)*]: 383.

Step 6: Preparation of 9-[(4-chloro-3-methyl-phenyl)methyl]-6-[(4-
10 methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one

NHPMB
H

N7 I N>=O
\/\S)%N N

has
28f

Compound 28f was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(4-
chloro-3-methylphenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 28e) instead of 6-
chloro-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(3-

15 Chloro-4-methyl-phenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-
purin-8-one (9 g, compound 28f) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 484.
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Step 7: Preparation of 6-amino-9-[(4-chloro-3-methyl-phenyl)methyl]-2-propylsulfanyl-7H-

purin-8-one

NH,

N
N/
):I =0
NN SN

L

289

Compound 28g was prepared in analogy to Example 15, Step 5 by using 9-[(4-chloro-3-

5 methyl-phenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 28f) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(4-chloro-3-methyl-
phenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (4.5 g, compound 28¢g) was obtained as a white
solid. MS obsd. (ESI") [(M+H)"]: 364.

10  Step 8: Preparation of 6-amino-2-propylsulfinyl-9-[4-chloro-3-methyl-phenyl methyl]-7H-

purin-8-one

NH,
N
N7
| =0
\/\S)\\N N
5
cl

28h
Compound 28h was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(3-
chloro-4-methyl-phenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 28g) instead of 6-
15 amino-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-
2-propylsulfinyl-9-[[4-chloro-3-methyl-phenyl]methyl]-7 H-purin-8-one (340 mg, compound 28h)
was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 380.
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Step 9: Preparation of 6-amino-9-[(4-chloro-3-methyl-phenyl)methyl]-2-
(propylsulfonimidoyl)-7H-purin-8-one

NH,
N
NZ
o)
o 1 I =
HN=S N N
H Cl
28

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
5  [(4-chloro-3-methyl-phenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 28h) instead
of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one. 6- Amino-2-
(propylsulfonimidoyl)-9-[[4-chloro-3-methyl-phenyl]methyl]-7H-purin-8-one (80 mg, Example
28) was obtained as a white solid. '"H NMR (400 MHz, DMSO-de) 6 ppm: 7.37-7.33 (m, 2H),
7.18-7.16 (m, 2H), 6.97 (br. s., 2H), 4.92 (s, 2H), 4.04 (s, 1H), 3.33-3.31 (m, 2H), 2.29 (s,
10 3H),1.65-1.61 (m, 2H), 0.90 (t, J = 7.6 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 395.

Example 29
6-Amino-2-(propylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one

NHy
N
NZ
o | L )=o
HN=S N N

.

29
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Step 1: Preparation of 6-chloro-N-[(p-tolylmethyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-

amine

Cl
N7 NO:

|
\/\S)\\N NH

29a

Compound 29a was prepared in analogy to Example 15, Step 1 by using p-
5 tolylmethylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(p-tolylmethyl]-5-nitro-
2-propylsulfanyl-pyrimidin-4-amine (3.9 g, compound 29a) was obtained as a white solid. MS
obsd. (ESI") [(M+H)"]: 353.

Step 2: Preparation of 6-chloro-N4-[(p-tolylmethyl]-2-propylsulfanyl-pyrimidine-4,5-

diamine
Cl
NZ | NH,
NG NG
10 29b

Compound 29b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(p-
tolylmethyl-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 29a) instead of 6-chloro-N-
[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 15a). 6-
Chloro-N4-(p-tolylmethyl)-2-propylsulfanyl-pyrimidine-4,5-diamine (2.2 g, compound 29b) was

15 obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 323.
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Step 3: Preparation of 6-chloro-9-[(p-tolylmethyl]-2-propylsulfanyl-7H-purin-8-one

Cl
H

A

\/\SJ\\N N

O~

Compound 29c¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N4-[(p-

29c

tolylmethyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 29b) instead of 6-chloro-N4-

5  [(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 15b). 6-Chloro-
9-[(p-tolylmethyl]-2-propylsulfanyl-7H-purin-8-one (2.2 g, compound 29¢) was obtained as a
white solid. MS obsd. (ESI") [(M+H)"]: 349.

Step 4: Preparation of 9-[(p-tolylmethyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one:

NHPMB
H
N NN

O L =0

\/\S \N N

10 29d

Compound 29d was prepared in analogy to Example 15, Step 4, by using 6-chloro-9-[(p-
tolylmethyl]-2-propylsulfanyl-7H-purin-8-one (compound 29c) instead of 6-chloro-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(p-Tolylmethyl]-6-
[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one (2.0 g, compound 29d) was

15 obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 450.
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Step 5: Preparation of 6-amino-2-propylsulfanyl-9-(p-tolylmethyl)-7H-purin-8-one

NH,
N

=0
o

29e

N7 I
\/\S)\\N

Compound 29e was prepared in analogy to Example 15, Step 5 by using 9-[(p-
tolylmethyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one (compound
29d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(p-tolylmethyl]-2-propylsulfanyl-
7H-purin-8-one (1.0 g, compound 29¢) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]:
330.

Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[p-tolylmethyl]-7H-purin-8-one

29f
Compound 29f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(p-
tolylmethyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 29e) instead of 6-amino-9-[(2-
chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6- Amino-2-
propylsulfinyl-9-[p-tolylmethyl]-7H-purin-8-one (220 mg, compound 29f) was obtained as a
white solid MS obsd. (ESI") [(M+H)™]: 345.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-(p-tolylmethyl)-7H-purin-8-one

29

The title compound was prepared in analogy to Examplel5, Step 7 by using 6-amino-9-
[(p-tolylmethyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 29f) instead 6-amino-9-
[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one. 6-Amino-2-(propylsulfonimidoyl)-
9-[[p-tolylmethyl]-7H-purin-8-one (127 mg, Example 29) was obtained as a white solid. 'H
NMR (400 MHz, DMSO-ds) ¢ ppm: 10.67 (br. s., 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.13 (d, /= 8.0
Hz, 2H), 6.98 (br. s., 2H), 4.91 (s, 2H), 4.05 (s, 1H), 3.34-3.27 (m, 2H), 2.26 (s, 3H), 1.67-1.62
(m, 2H), 0.92 (t, J = 8.0 Hz, 3H). MS obsd. (EST") [(M+H)"]: 361.

Separation of compound of Example 29 by chiral HPLC afforded Example 29-A (faster
eluting, 50 mg) and Example 29-B (slower eluting, 49 mg) as white solid. (Separation
condition: 30% isopropanol (0.05%DEA)/CO, on ChiralPak AD-3 column.)

Example 29-A: 'H NMR: (400 MHz, DMSO-ds) § ppm: 10.51 (s, 1 H), 7.22 (d, J = 8.0 Hz, 2 H),
7.12 (d, J = 8.0 Hz, 2 H), 7.00 (s, 2 H), 4.91 (s, 2 H), 4.03 (s, 1 H), 3.35 - 3.31 (m, 2 H), 2.26 (s,
3 H), 1.70 - 1.58 (m, 2 H), 0.93 (t, J = 7.40 Hz, 3H). MS obsd. (ESI*) [(M+H)"]: 361.

Example 29-B: 'H NMR: (400 MHz, DMSO-ds) § ppm: 10.54 (s, 1 H), 7.23 (d, J = 8.0 Hz, 2 H),
7.13(d, J=8.0 Hz, 2 H), 6.97 (s, 2 H), 4.91 (s, 2H), 4.04 (s, 1 H), 3.34 - 3.30 (m, 2 H), 2.26 (s,
3 H), 1.72 - 1.57 (m, 2 H), 0.93 (t, J = 7.40 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 361.

Example 30
6-Amino-9-[(4-chloro-3-fluorophenyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one
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NH,
N
N~
o
o I L=
HN=S N N F
cl
30

Step 1: Preparation of 6-chloro-N-[(4-chloro-3-fluoro-phenyl)methyl]-5-nitro-2-

propylsulfanyl-pyrimidin-4-amine

Cl

5 30a

Compound 30a was prepared in analogy to Example 15, Step 1 by using 4-chloro-3-

fluorophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(4-chloro-3-

fluoro-phenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (6.2 g, compound 30a) was

obtained. MS obsd. (ESI") [(M+H)"]: 391.

10  Step 2: Preparation of 6-chloro-N4-[(4-chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-

pyrimidine-4,5-diamine
Cl
\ )\/lENH2
\/\s)*N NH
F

Cl
30b
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Compound 30b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(4-
chloro-3-fluoro-phenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 30a)
instead of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine
(compound 15a). 6-Chloro-N4-[4-chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-pyrimidine-

5 4,5-diamine (4.7 g, compound 30b) was obtained as a brown solid. MS obsd. (ESI") [(M+H)"]:
361.

Step 3: Preparation of 6-chloro-9-[(4-chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-7H-

NZ
0
\/\S)QN | N>I= F

Cl

purin-8-one

30c

10 Compound 30c¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-[(4-
chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 30b)
instead of 6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine
(compound 15b). 6-Chloro-9-[(4-chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-7H-purin-8-
one (3.8 g, compound 30c) was obtained as a gray solid. MS obsd. (ESI") [(M+H)"]: 387.

15 Step 4: Preparation of 9-[(4-chloro-3-fluorophenyl)methyl]-6-[(4-
methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one

NHPME
NN
O
\/\S)\\N | N>= F

e

30d
Compound 30d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(4-
chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 30c) instead of 6-
20  chloro-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(4-
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Chloro-3-fluoro-phenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-
purin-8-one (2.3 g, compound 30d) was obtained as a light yellow solid. MS obsd. (ESI™)
[(M+H)™]: 488.

Step 5: Preparation of 6-amino-9-[(4-chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-7H-

purin-8-one

NH,
N
N/
s S =°
\/\S N N F
Cl

30e

Compound 30e was prepared in analogy to Example 15, Step 5 by using 9-[(4-chloro-3-
fluoro-phenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 30d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(4-chloro-3-fluoro-
phenyl)methyl)methyl]-2-propylsulfanyl-7H-purin-8-one (1.4 g, compound 30e) was obtained as
a white solid. MS obsd. (ESI") [(M+H)"]: 368.

Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[4-chloro-3-fluoro-phenyl)methyl]-7H-

purin-8-one

NH,

N NN
):I o

O
Cl

30f
Compound 30f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(4-
chloro-3-fluoro-phenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 30e) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-
2-propylsulfinyl-9-[[4-chloro-3-fluoro-phenyl)methyl]-7H-purin-8-one (300 mg, compound 30f)
was obtained as a white solid MS obsd. (ESI") [(M+H)"]: 384.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-[[4-chloro-3-fluoro-
phenyl)methyl]methyl]-7H-purin-8-one

NH,

NZ

H
N
?\ )\\N | N>:O

HN=S

Cl

30

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
5  [(4-chloro-3-fluoro-phenyl)methyl 2-propylsulfinyl-7H-purin-8-one (compound 30f) instead of
6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (Example 30). 6- Amino-
2-(propylsulfonimidoyl)-9-[[4-chloro-3-fluoro-phenyl)methyl]-7H-purin-8-one (63 mg,
Example 30) was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) J ppm: 10.67 (br. s.,
1H), 7.45-7. 34 (m, 1H)), 7.31-7.22 (m, 1H), 7.09-7.03 (m, 1H), 7.00 (br. s., 2H), 4.99 (s, 2H),
10 3.98 (s, 1H), 3.31-3.26 (m, 2H), 1.72-1.50 (m, 2H), 0.91 (t, J = 8.0 Hz, 3H). MS obsd. (ESI")

[(M+H)™]: 399.

Example 31
6-Amino-9-[(2,4-difluorophenyl)methyl]-2-(propylsulfonimidoyl)-7 H-purin-8-one

NH,
N
N~
o I I )=o
HN=S"" >N N

15 31
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Step 1: Preparation of 6-chloro-N-[(2,4-difluorophenyl)methyl]-5-nitro-2-propylsulfanyl-

pyrimidin-4-amine

Cl
NZ NC2

|
\/\S)\\N NH

F F
31a

Compound 31a was prepared in analogy to Example 15, Step 1 by using (2,4-
difluorophenyl)methylamine instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(2,4-
difluorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (5.0 g, compound 31a) was
obtained as a yellow solid. MS obsd. (ESI") [(M+H)"]: 375.

Step 2: Preparation of 6-chloro-N4-[(2,4-difluorophenyl)methyl]-2-propylsulfanyl-

pyrimidine-4,5-diamine

Cl
NH,

N |
\/\S)§N NH
bol
31b

Compound 31b was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-
[(2,4-difluorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 31a)
instead of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine
(compound 15a). 6-Chloro-N4-[(2,4-difluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-
diamine (4.0 g, compound 31b) was obtained as a white solid. MS obsd. (ESI*) [(M+H)"]: 345.
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Step 3: Preparation of 6-chloro-9-[(2,4-difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-

N/
| (o)
P

~ )

31c F

8-one

Compound 31c¢ was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-
[(2,4-difluorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 31b) instead
of 6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound
15b). 6-Chloro-9-[(2,4-difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (4.0 g,
compound 31¢) was obtained as a white solid. MS obsd. (ESI*) [(M+H)]: 371.

Step 4: Preparation of 9-[(2,4-difluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-
2-propylsulfanyl-7H-purin-8-one

NHPMB
H
N7 N

3,

NN S)%N N

31d .

Compound 31d was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(2,4-
difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 31¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 9-[(2,4-
Difluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(2.9 g, compound 31d) was obtained as a white solid. MS obsd. (ESI") [((M+H)"]: 472.
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Step 5: Preparation of 6-amino-9-[(2,4-difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-

8-one

NH,

N
N/
)@E =0
NN NN

e

F
31e

Compound 31e was prepared in analogy to Example 15, Step S by using 9-[(2,4-

5 difluorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-propylsulfanyl-7H-purin-8-one
(compound 31d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(2,4-difluorophenyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (1.4 g, compound 31e) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 352.

10  Step 6: Preparation of 6-amino-2-propylsulfinyl-9-[(2,4-difluorophenyl)methyl]-7H-purin-

8-one

NH, |,
[ =0

11

0]

~

F
31f

Compound 31f was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(2,4-
difluorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 31e) instead of 6-amino-9-
15 [(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-2-
propylsulfinyl-9-[[(2,4-difluorophenyl)methyl]-7 H-purin-8-one (290 mg, compound 31f) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 368.
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Step 7: Preparation of 6-amino-2-(propylsulfonimidoyl)-9-[[(2,4-difluorophenyl)methyl]-

7H-purin-8-one

31

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-
5 [(2,4-difluorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 31f) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-
2-(propylsulfonimidoyl)-9-[[(2,4-difluorophenyl)methyl]-7H-purin-8-one (33 mg, compound 31)
was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) 6 ppm: 10.68 (br. s., 1H), 7.56 (t,
J=8.0Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.24-7.14 (m, 1H), 7.01 (br. s., 2H), 4.98 (s, 2H), 4.05
10 (s, 1H), 3.32-3.24 (m, 2H), 1.71-1.52 (m, 2H), 0.90 (t, J = 8.0 Hz, 3H). MS obsd. (ESI")

[(M+H)™]: 383.

Example 32 & Example 33
4-[[6-Amino-8-0xo0-2-(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzonitrile (compound
15 32) and 4-[[6-amino-8-0x0-2-(propylsulfonimidoyl)-7H-purin-9-yllmethyl]benzamide

(compound 33)
NH,
H
NH, . NZ N
NZ 0, | > °
[ )=o HN=s” >N N
W N
HN=S”" >N N

\\Q\ H 0
=N NH,

32 33
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Step 1: Preparation of 4-[[(6-chloro-5-nitro-2-propylsulfanyl-pyrimidin-4-

yl)amino]methyl]benzonitrile

cl
\/\S)\\N NH

/A

32a

Compound 32a was prepared in analogy to Example 15, Step 1 by using 4-
(aminomethyl)benzonitrile instead of (2-chlorophenyl)methylamine. 4-[[(6-chloro-5-nitro-2-
propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (5.5 g, compound 32a) was obtained
as a yellow solid. MS obsd. (ESI") [(M+H)"]: 364.

Step 2: Preparation of 4-[[(5-amino-6-chloro-2-propylsulfanyl-pyrimidin-4-

yl)amino]methyl]benzonitrile

32b
Compound 32b was prepared in analogy to Example 15, Step 2 by using 4-[[(6-chloro-
5-nitro-2-propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (compound 32a) instead of
6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound
15a). 4-[[(5-Amino-6-chloro-2-propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (2.7 g,
compound 32b) was obtained as a brown oil. MS obsd. (ESI") [(M+H)"]: 334.
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Step 3: Preparation of 4-[(6-chloro-8-oxo-2-propylsulfanyl-7H-purin-9-

N/
| (0]
\\/”\S)*N §>=

\\Q\:N

yDmethyl]benzonitrile

32¢c

Compound 32¢ was prepared in analogy to Example 15, Step 3 by using 4-[[(5-amino-6-
chloro-2-propylsulfanyl-pyrimidin-4-yl)amino]methyl]benzonitrile (2.7 g, compound 32b)
instead of 6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine
(compound 15b). 4-[(6-Chloro-8-oxo-2-propylsulfanyl-7H-purin-9-yl)methyl]benzonitrile (2.5 g,
compound 32c¢) was obtained as a light yellow solid. "H NMR (400 MHz, DMSO-ds) J ppm:
10.14 (br. s., 1H), 7.82 (d, /= 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2 H), 5.06 (s, 2H), 3.01 (t, /= 8.0
Hz, 2H), 1.68-1.53 (m, 2H), 0.91 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [((M+H)"]: 360.

Step 4: Preparation of 4-[[6-[(4-methoxyphenyl)methylamino]-8-oxo-2-propylsulfanyl-7H-

purin-9-yllmethyl]benzonitrile

NHPMB
H
NA NN

32d
Compound 32d was prepared in analogy to Example 15, Step 4 by using 4-[(6-chloro-8-
oxo-2-propylsulfanyl-7H-purin-9-yl)methyl]benzonitrile (compound 32¢) instead of 6-chloro-9-
[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15¢). 4-[[6-[(4-
Methoxyphenyl)methylamino]-8-oxo-2-propylsulfanyl-7H-purin-9-ylJmethyl]benzonitrile (3.0 g,
compound 32d) was obtained as a light red solid. MS obsd. (ESI") [((M+H)"]: 461.
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Step 5: Preparation of 4-[(6-amino-8-oxo-2-propylsulfanyl-7 H-purin-9-
yl)methyl]benzonitrile (compound 32e¢)and 4-[(6-amino-8-oxo-2-propylsulfanyl-7H-purin-
9-yDmethyl]benzamide (compound 33a)

NHZH NH,
NZ N
):\/'[ =0 fI =0
NS SN TN NN YN N
\‘KC:ZX\QQN \~<i:>;\W/NH2

O
32e 33a

5 Compound 32e, 33a were prepared in analogy to Example 15, Step 5 by using 4-[[6-[(4-
methoxyphenyl)methylamino]-8-oxo-2-propylsulfanyl-7H-purin-9-ylJmethyl]benzonitrile
(compound 32d) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 4-[(6-Amino-8-oxo-2-propylsulfanyl-7H-purin-
9-yl)methyl]benzonitrile (compound 32e) and 4-[(6-amino-8-oxo-2-propylsulfanyl-7H-purin-9-

10 yl)methyl]benzamide (compound 33a) was obtained as a mixture (1.5g).

Step 6: Preparation of 4-[(6-amino-8-oxo-2-propylsulfinyl-7H-purin-9-
yl)methyl]benzonitrile (compound 32f) and 4-[(6-amino-8-oxo-2-propylsulfinyl-7H-purin-9-
yDmethyl]benzamide (compound 33b)

NH, H NH, H
N/E[N NZ N
I )=o0 /Jiﬂi 0
\/\SJQN N \/\S)QN N>=
0 o

\\Q\ \\Q\(NHZ
=N

o)

32f 33b

15 Compound 32f, 33b were prepared in analogy to Example 15, Step 6 by using the mixture
of 4-[(6-amino-8-oxo-2-propylsulfanyl-7H-purin-9-yl)methyl]benzonitrile (compound 32e) and
4-[(6-amino-8-oxo-2-propylsulfanyl-7H-purin-9-yl)methyl]benzamide (compound 33a) instead
of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 4-
[(6-Amino-8-oxo-2-propylsulfinyl-7H-purin-9-yl)methyl]benzonitrile (compound 32f) and 4-[(6-
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amino-8-oxo-2-propylsulfinyl-7H-purin-9-yl)methyl]benzamide (250 mg, compound 33b) was

obtained as a mixture of white solid.

Step 7: Preparation of 4-[[6-amino-8-oxo-2-(propylsulfonimidoyl)-7H-purin-9-
yllmethyl]benzonitrile (compound 32) and 4-[[6-amino-8-oxo-2-(propylsulfonimidoyl)-7H-
purin-9-yllmethyl]benzamide (compound 33)

I
ZI

HN_ HN S

The title compound was prepared in analogy to Example 15, Step 7 by using the mixture
of 4-[(6-amino-8-oxo-2-propylsulfinyl-7 H-purin-9-yl)methyl]benzonitrile (compound 32f) and
4-[(6-amino-8-oxo-2-propylsulfinyl-7H-purin-9-yl)methyl]benzamide (compound 33b) instead
of 6-amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). The
residue was purified by prep-HPLC to give 4-[[6-amino-8-0xo-2-(propylsulfonimidoyl)-7H-
purin-9-ylJmethyl]benzonitrile (24.7 mg, Example 32) and 4-[[6-amino-8-oxo-2-
(propylsulfonimidoyl)-7H-purin-9-ylJmethyl]benzamide (18.8 mg, Example 33).

Example 32: 'H NMR (400 MHz, DMSO-ds) § ppm: 7.82 (d, J = 8.0 Hz, 2H), 7.50 (d, J =
8.0 Hz, 2H), 7.04 (br. s., 2H), 5.06 (s, 2H), 4.02 (s, 1H), 3.29-3.26 (m, 2H), 1.66-1.54 (m, 2H),
0.89 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [(M+H)"]: 372.

Example 33: '"H NMR(400 MHz DMSO-ds) ¢ ppm: 10.73 (br. s., 1H), 7.94 (s, 1H), 7.82
(d, J=8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.34 (s, 1H), 7.02 (br. s., 2H), 5.01 (s, 2H), 4.03 (s,
1H), 3.31-3.27 (m, 2H), 1.68-1.56 (m, 2H), 0.90 (t, J = 8.0 Hz, 3H). MS obsd. (ESI") [((M+H)]:
390.

Example 34
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6-Amino-9-[(6-methyl-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one

NH,

N~

H
N
| o}
H NS\S)\\N N>:

e

34
Step 1: Preparation of 6-methylpyridine-3-carbonitrile

N
I
z

N

5 34a

To a suspension of 6-methylpyridine-3-carboxylic acid (17.0 g, 125 mmol) in toluene (200
mL) was added phosphoryl trichloride (84.24 g, 708 mmol) drop-wise. After the addition, the
reaction mixture was stirred at 100 °C for 12 hrs. The mixture was cooled to RT and the solvent
was removed in vacuo. The residue was suspended in EtOAc (400 mL), basified with sat.

10 NaHCOs (400 mL), and extracted with EtOAc (300 mL) two times. The combined organic layer
was dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue was
purified by column chromatography on silica gel eluted with (PE / EtOAc from 10/1 to 5/1) to
give 6-methylpyridine-3-carbonitrile (10.5 g, compound 34a) as a light yellow solid. MS obsd.
(EST") [(M+H)"]: 119.

15 Step 2: Preparation of (6-methyl-3-pyridyl)methylamine
H,N
N

|
N~

34b
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To a solution of 6-methylpyridine-3-carbonitrile (10.5 g, 25.7 mmol) in MeOH (80 mL)
and NH3/MeOH (20 mL, 7 M) was added Raney-Ni (2.0 g) under N, atmosphere. The suspension
was degassed in vacuo and refilled with H,. The mixture was stirred for 12 hrs at 40 °C under H,
(50 psi) atmosphere. The reaction mixture was filtered and the filtrate was concentrated in vacuo

5 to give (6-methyl-3-pyridyl)methylamine (9.5 g, compound 34b) as a light oil. "H NMR (400
MHz, DMSO-ds) ¢ ppm: 8.36 (s, 1H), 7.62 (d, J =8.0 Hz, 1H), 7.18 (d, /= 8.0 Hz, 1H), 3.69 (s,
2H), 2.42 (s, 3H). MS obsd. (ESI") [(M+H)™]: 123.

Step 3: Preparation of 6-chloro-N-[(6-methyl-3-pyridyl)methyl]-5-nitro-2-propylsulfanyl-

Cl
\/\S)\\N NH

pyrimidin-4-amine

| X
N/
34c
10
Compound 34c¢ was prepared in analogy to Example 15, Step 1 by using (6-methyl-3-

pyridyl)methylamine (compound 34b) instead of (2-chlorophenyl)methylamine. 6-Chloro-N-[(6-

methyl-3-pyridyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (15.5 mg, compound 34c)

was obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 354.
15

Step 4: Preparation of 6-chloro-N-4-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-

cl
oy
AN

34d

pyrimidine-4,5-diamine

\

Compound 34d was prepared in analogy to Example 15, Step 2 by using 6-chloro-N-[(6-
20  methyl-3-pyridyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound 34c) instead
of 6-chloro-N-[(2-chlorophenyl)methyl]-5-nitro-2-propylsulfanyl-pyrimidin-4-amine (compound
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15a). 6-Chloro-N-4-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine
(10.9 g, compound 34d) was obtained as a white solid. MS obsd. (ESI") [(M+H)"]: 324.
Step 5: Preparation of 6-chloro-9-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-

8-one

Cl
N
NF
(0]
\/\S)\\N | N>=

)
=N

34e

Compound 34e was prepared in analogy to Example 15, Step 3 by using 6-chloro-N-4-[(6-
methyl-3-pyridyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound 34d) instead of
6-chloro-N4-[(2-chlorophenyl)methyl]-2-propylsulfanyl-pyrimidine-4,5-diamine (compound
15b). 6-Chloro-9-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one (12.0 g,
compound 34e) was obtained as a white solid. MS obsd. (ESI*) [(M+H)*]: 350.

Step 6: Preparation of 6-[(4-methoxyphenyl)methylamino]-9-[(6-methyl-3-pyridyl)methyl]-
2-propylsulfanyl-7H-purin-8-one

NHPMB
H
N NN

[ =0

\/\S)%N N
)
=N
34f

Compound 34f was prepared in analogy to Example 15, Step 4 by using 6-chloro-9-[(6-
methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 34e) instead of 6-chloro-
9-[(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15c). 6-[(4-
Methoxyphenyl)methylamino]-9-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one
(15.0 g, compound 34f) was obtained as a white solid. MS obsd. (ESI*) [(M+H)]: 451.
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Step 7: Preparation of 6-amino-9-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-

8-one

Compound 34g was prepared in analogy to Example 15, Step 5 by using 6-[(4-

5 methoxyphenyl)methylamino]-9-[(6-methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one
(compound 34f) instead of 9-[(2-chlorophenyl)methyl]-6-[(4-methoxyphenyl)methylamino]-2-
propylsulfanyl-7H-purin-8-one (compound 15d). 6-Amino-9-[(6-methyl-3-pyridyl)methyl]-2-
propylsulfanyl-7H-purin-8-one (7.9 g, compound 34¢g) was obtained as a white solid. MS obsd.
(EST") [(M+H)"]: 331.

10  Step 8: Preparation of 6-amino-9-[(6-methyl-3-pyridyl)methyl]-2-propylsulfinyl-7H-purin-

8-one

NH; 4

N
N7
M =0
NN NN

s
=N
34h
Compound 34h was prepared in analogy to Example 15, Step 6 by using 6-amino-9-[(6-
methyl-3-pyridyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 34g) instead 6-amino-9-
15  [(2-chlorophenyl)methyl]-2-propylsulfanyl-7H-purin-8-one (compound 15e). 6-Amino-9-[(6-

methyl-3-pyridyl)methyl]-2-propylsulfinyl-7H-purin-8-one (300 mg, compound 34h) was
obtained as a white solid. MS obsd. (ESI") [(M+H)*]: 347.
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Step 9: Preparation of 6-amino-9-[(6-methyl-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-
7H-purin-8-one
NH,

N~

H
N
| o)
H NS‘S)\\N N>:
\\O\
=N

The title compound was prepared in analogy to Example 15, Step 7 by using 6-amino-9-

34

5 [(6-methyl-3-pyridyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 34h) instead of 6-
amino-9-[(2-chlorophenyl)methyl]-2-propylsulfinyl-7H-purin-8-one (compound 15f). 6-Amino-
9-[(6-methyl-3-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one (13 mg, Example 34)
was obtained as a white solid. '"H NMR (400 MHz, DMSO-ds) 6 ppm: 8.47 (s, 1H), 7.63 (dd, J
= 8.0 Hz, 2.0 Hz, 1H), 7.21 (d, /= 8.0 Hz, 1H), 7.07 (s, 2H), 4.95 (s, 2H), 4.06 (s, 1H), 3.32-3.29

10 (m, 2H), 2.42 (s, 3H), 1.71-1.57 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H) MS obsd. (EST") [(M+H)"]:
363.

Example 35
6-Amino-9-[(2-methyl-4-pyridyl)methyl]-2-(propylsulfonimidoyl)-7H-purin-8-one
15
NH,
N
N7~
O
o I L=

HN=S N
g &
— N

Step 1: Preparation of 2-methylpyridine-4-carbonitrile
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35a

A mixture of 2-chloropyridine-4-carbonitrile (30.0 g, 216.0 mol), AlMes (11 mL, 220
mmol, 2 M in toluene) and Pd(PPhs)4 (2.3 g, 2.0 mmol) in dioxane (400 mL) was heated to 130
°C for 10 hrs under N, atmosphere. The mixture was cooled to RT, then poured into ice water
(1000 mL), extracted with EtOAc. The combined organic layer was dried over anhydrous
sodium sulfate and concentrated in vacuo. T