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PHOSPHORAMIDATE DERIVATIVES OF GUANOSINE
NUCLEOSIDE COMPOUNDS FOR TREATMENT OF VIRAL INFECTIONS

[0001] CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] The present application claims the benefit of U.S. provisional application Ser. No.
61/185.,426, filed June 6, 2009, and U.S. provisional application Ser. No.
61/143,527 filed January 9, 2009, both of said applications incorporated herein by

reference.
[0003] FIELD OF THE INVENTION

[0004] This application relates to novel nucleoside phosphoramidates and their use as agents
for treating viral diseases. Such compounds are inhibitors of RNA-dependant
RNA viral replication and specifically, inhibitors of HCV NS5B polymerase. As
inhibitors of HCV replication, such compounds are useful for treatment of

hepatitis C infection in mammals.
[0005] BACKGROUND OF THE INVENTION

[0006] HCV is a member of the Flaviviridae family of RNA viruses that affect animals and
humans. The genome is a single 9.6-kilobase strand of RNA, and consists of one
open reading frame that encodes for a polyprotein of approximately 3000 amino
acids flanked by untranslated regions at both 5" and 3’ ends (5'- and 3'-UTR). The
polyprotein serves as the precursor to at least 10 separate viral proteins critical for

replication and assembly of progeny viral particles.

[0007] Hepatitis C Virus (HCV) infection is a major health problem that leads to chronic
liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial
number of infected individuals, estimated to be 2-15% of the world population.
There are an estimated 4.5 million infected people in the United States alone,
according to the U.S. Center for Disease control. According to the World Health
Organization, there are more than 200 million infected individuals worldwide,
with at least 3 to 4 million people being infected each year. Once infected, about
20% of people clear the virus, but the remainder can harbor HCV for the rest of

their lives.
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[0008] Ten to twenty percent of chronically infected individuals eventually develop liver-
destroying cirrhosis or cancer. The viral disease is transmitted parenterally by
contaminated blood and blood products, contaminated needles, or sexually and

vertically from infected mothers or carrier mothers to their offspring

[0009] At present, the standard treatment for chronic HCV is interferon alpha (IFN-alpha) in
combination with ribavirin, which requires at least six (6) months of treatment.
However, treatment of HCV with interferon has frequently been associated with
adverse side effects such as fatigue, fever, chills, headache, myalgias, arthralgias,
mild alopecia, psychiatric effects and associated disorders, autoimmune

phenomena and associated disorders and thyroid dysfunction.

[0010] Ribavirin, an inhibitor of inosine 5'-monophosphate dehydrogenase (IMPDH),
enhances the efficacy of IFN-alpha in the treatment of HCV. Despite the
introduction of ribavirin, more than 50% of the patients do not eliminate the virus
with the current standard therapy of interferon-alpha and ribavirin. By now,
standard therapy of chronic hepatitis C has been changed to the combination of
pegylated IFN-alpha plus ribavirin. However, a number of patients still have

significant side effects, primarily related to ribavirin.

[0011] Ribavirin causes significant hemolysis in 10-20% of patients treated at currently
recommended doses, and the drug is both teratogenic and embryotoxic. Even with
recent improvements, a substantial fraction of patients do not respond with a
sustained reduction in viral load and there is a clear need for more effective

antiviral therapy of HCV infection.

[0012] A number of other approaches are being pursued to combat the virus. They include,
for example, application of antisense oligonucleotides or ribozymes for inhibiting
HCYV replication. Furthermore, low-molecular weight compounds that directly
inhibit HCV proteins and interfere with viral replication are considered as
attractive strategies to control HCV infection. Among the viral targets, the
NS3/4A protease/helicase and the NS5B RNA-dependent RNA polymerase are

considered the most promising viral targets for new drugs.

[0013] A number of patents disclose and claim inventions relating to CV NS5B inhibitors.
For example, WO 2006/046039, WO 2006/046030 and WO 2006/029912,
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incorporated by reference herein, relate to tetracyclic indole compounds and
pharmaceutically acceptable salts thereof, for the treatment or prevention of
infection by hepatitis C virus. WO 2005/080399, incorporated by reference
herein, relates to fused heterotetracyclic compounds, pharmaceutically acceptable
salts thereof; and their use in aiding to remedy hepatitis C infection as potent
(HCV) polymerase inhibitors. WO 2003007945, incorporated by reference
herein, relates to HCV NS5B inhibitors. Further, WO 2003010140, incorporated
by reference herein, relates to specific inhibitors of RNA dependent RNA
polymerases, particularly viral polymerases within the Flaviviridae family, more
particularly to HCV polymerase. WO 200204425, incorporated by reference
herein, relates to specific inhibitors of RNA dependent RNA polymerases,
particularly viral polymerases within the Flaviviridae family, and more
particularly the NS5B polymerase of HCV. WO 200147883, incorporated by
reference herein, relates to specific fused-ring compounds or the like or
pharmaceutically acceptable salts thereof. Such compounds and salts exhibit an
anti-HCV (hepatitis C virus) activity by virtue of their inhibitory activity against
HCYV polymerase, thus being useful as therapeutic or preventive agents for

hepatitis C.

[0014] However, in view of the worldwide epidemic level of HCV and other members of the
Flaviviridae family of viruses, and further in view of the limited treatment options,
there is a strong need for new effective drugs for treating infections cause by these

viruses.
[0015] SUMMARY OF THE INVENTION

[0016] This invention is directed to novel compounds that are useful in the treatment of viral
infections in mammals mediated, at least in part, by a virus in the Flaviviridae
family of viruses. According to some embodiments, the present invention

provides for novel compounds of formula (I) having the structure:
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[0017] wherein Ar is selected from

phenyl,
naphthyl,
L AN
T |N/

N” any of which are optionally substituted with
C-Cealkyl,
C,-Cgalkoxy,
di(C,-C¢)alkylamino or
C,-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R' is selected from
C,-C alkyl,
benzyl,
substituted benzyl; and
aryl(Cy-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
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C,-Csalkoxy, and
C,-Cealkyl;
R’ is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cgalkoxy, and
C,-Cgalkyl;
R?is selected from H and OH;
R and R’ are independently selected from
hydrogen,
C,-Cqalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C-Cealkyl, or
C,-Csalkoxy,
phenyl optionally substituted with one or more
halo,
C,-Cgalkyl, or
C,-Cealkoxy;
R® is selected from
C-Cjpalkyl,
C;-Cscycloalkyl,
C;-Cgeycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
C-Cealkyl,
C,-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and pharmaceutically acceptable salts thereof.
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[0018] According to other embodiments, the present invention extends to a pharmaceutical
composition comprising one or more compounds of formula I and a
pharmaceutically acceptable carrier, excipient or diluent. The pharmaceutically
acceptable carrier, excipient or diluent may be pure sterile water, phosphate
buffered saline or an aqueous glucose, solution. In addition, the compounds as

reflected in formula I will include polymorphs thereof.

[0019] Also provided are methods for treating a viral infection in a mammal mediated at least
in part by a virus in the Flaviviridae family wherein an instant method comprises
administering to a mammal that has been diagnosed with said viral infection a

pharmaceutical composition comprising compounds of formula I.

[0020] Also provided are methods for treating a viral infection in a human or animal patient
that is mediated at least in part by a virus in the Flaviviridae family wherein an
instant method comprises administering to a human or animal patient in need
thereof an effective amount of a pharmaceutical composition comprising

compounds of formula I.

[0021] In one embodiment, the virus is hepatitis C virus (or HCV). The present methods
further extend to combination treatment comprising administration of a
therapeutically effective amount of one or more agents active against hepatitis C
virus. Such active agents against hepatitis C virus may include interferon-alpha or

pegylated interferon-alpha alone or in combination with ribavirin or levovirin.

[0022) Additional compounds in accordance with the invention are provided as set forth
below, and it is contemplated that these additional compounds will also be useful
in methods of treating a Flavivirus family infection, including infections caused
by HCV. Methods, pharmaceutical compositions and combinations such as those
referred to herein for formula I are also contemplated with regard to the additional

compounds as set forth herein.
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[0023] DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention relates to chemical compounds, their preparation and their use
in the treatment of viral infections particularly in mammals. Particularly, although
not exclusively, the present invention relates to chemical compounds useful as

anti-hepatitis C virus (HCV) agents.

[0025] Specifically, the present invention describes certain nucleoside aryl
phosphoramidates, their synthesis, and their use as precursors to inhibitors of
RNA-dependent RNA viral polymerase, particularly their use as precursors to
inhibitors of hepatitis C virus (HCV) NS5-B polymerase, as precursors to

inhibitors of HCV replication, and for the treatment of hepatitis C infection.

[0026] In one aspect the present invention to provides novel chemical compounds useful for
treatment of viral infections in mammals, specifically for treatment of hepatitis C infection in

mammals.

[0027] According to an embodiment of the present invention there is provided a compound

of formula (I):

Rl
X/
N B
Ar N
: AL
O\P/,O N N TIJH
HN O 0 R?
Oﬁ/kmgs CH3
R? R3 OH
O\RG
(D

[0028] wherein Ar is selected from
phenyl,

naphthyl,
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AN
LT
F l\
-:_\ ~-N
7 |Nj
1 \ p
N . and
 (~ | NN
'R

N . any of which are optionally substituted with
C,-Cealkyl,
C-Csalkoxy.
di(C;-Ce)alkylamino or
C,-Cealkylcarboxy(C-Cg)alkyl-;
X is selected from S, NH and O;
R' is selected from
C,-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Cs)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy, and
C-Cealkyl;
R’ is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cealkoxy, and
Ci-Cealkyl;
R’ is selected from H and OH:
R and R’ are independently selected from

hydrogen,
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C,-Cealkyl optionally substituted with alkylthio,

benzyl optionally substituted with one or more
halo,
C,-Csalkyl, or
C,-Cealkoxy.

phenyl optionally substituted with one or more
halo,
Ci-Csalkyl, or
C,-Cgalkoxy;

R is selected from

C-Cjpalkyl,

C3-Cscycloalkyl,

C;-Cscycloalkyl-alkyl-,

phenyl(C;-Cg)alkyl- optionally substituted with
C-Cealkyl,
C,-Csalkoxy, and
halo,

indanyl and

heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

PCT/US2010/020632

[0029] According to second embodiment of the present invention there is provided a

compound of formula (I) above

wherein Ar is selected from

naphthyl,
P | X
:_\ —

N and
 F | N
-:_\ 2N

any of which are optionally substituted with
C,-Cealkyl,
C,-Csalkoxy,
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di(C;-C¢)alkylamino or
C,-Cgalkylcarboxy(C,-Cg)alkyl-;
X is selected from S, NH and O;
R' is selected from
C-C alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Cs)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cgalkoxy, and
C,-Cealkyl;
R’ is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy, and
C;-Cealkyl;
R’ is selected from H and OH;
R and R’ are independently selected from
hydrogen,
C,-Cealkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C,-Cealkyl, or
Ci-Csalkoxy,
phenyl optionally substituted with one or more
halo,
C,-Cealkyl, or
C,-Cealkoxy;
R® is selected from
C,-Cjpalkyl,
C;-Cgeycloalkyl,
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C;-Cscycloalkyl-alkyl-,

phenyl(C;-Cg)alkyl- optionally substituted with
C-Cealkyl,
C,-Csalkoxy, and
halo,

indanyl and

heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0030] According to a third embodiment of the present invention there is provided a

compound of formula (I)
[0031] wherein Ar is selected from
phenyl,

naphthyl,

N" | any of which are optionally substituted with
C;-Cealkyl,
C,-Csalkoxy,
di(C,-Cg)alkylamino or
Ci-Csalkylcarboxy(C;-Cg)alkyl-;
Xis Oy
R' is selected from
C;-Cs alkyl,
benzyl,
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substituted benzyl; and
aryl(Cy-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy, and
C,-Coealkyl:
R? is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Co)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cealkoxy, and
C;-Cealkyl;
R? is selected from H and OH;
R* and R’ are independently selected from
hydrogen,
C,-Coalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C-Cealkyl, or
C,-Cgalkoxy,
phenyl optionally substituted with one or more
halo,
C-Cealkyl, or
C,-Cesalkoxy;
R is selected from
Ci-Cioalkyl,
C;-Cscycloalkyl,
C;-Cyeycloalkyl-alkyl-,
phenyl(C;-Cg)alkyl- optionally substituted with
C,-Coealkyl,
C-Csalkoxy, and
halo,
indanyl and
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heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0032] According to a fourth embodiment of the present invention there is provided a

compound of formula (I)

[0033] wherein Ar is selected from

phenyl,
naphthyl,
AT
H S
Pz | A
_:_\ N
T N\j
1 \ P
N™  and
v 7 SN
_:_\ | P
N" | any of which are optionally substituted with
Ci-Cealkyl,
C,-Cesalkoxy,

di(C;-Cg)alkylamino or
C,-Cealkylcarboxy(C;-Ce)alkyl-;
X is selected from S, NH and O;
R! is selected from C;-Cs alkyl,
R’ is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy, and
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C;-Cealkyl;
R? is selected from H and OH;
R* and R’ are independently selected from
hydrogen,
C;-Cgalkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
Ci-Csalkyl, or
C,-Csalkoxy,
phenyl optionally substituted with one or more
halo,
C,-Cealkyl, or
C,-Cesalkoxy;
R is selected from
Ci-Cioalkyl,
C;-Cscycloalkyl,
C;-Cgeycloalkyl-alkyl-,
phenyl(C;-Cs)alkyl- optionally substituted with
C,-Cealkyl,
C;-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts and polymorphs thereof.

[0034] According to a fifth embodiment of the present invention there is provided a

compound of formula (I)
[0035] wherein Ar is selected from
phenyl,

naphthyl,
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AN
LT
F | Y
-:_\ ~-N
7 |Nj
1 \ p
N . and
 (~ | NN
'R

N7 , any of which are optionally substituted with
C,-Cealkyl,
C-Csalkoxy.
di(C;-Ce)alkylamino or
C,-Cgalkylcarboxy(C-Cg)alkyl-;
X is selected from S, NH and O;
R' is selected from
C,-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Cs)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy, and
C-Cealkyl;
R’ is hydrogen,
R? is selected from H and OH;
R and R’ are independently selected from
hydrogen,
C,-Cealkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
Ci-Cesalkoxy,
phenyl optionally substituted with one or more

halo,
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C,-Cealkyl, or
C,-Cgalkoxy;
R® is selected from
C;-Cjpalkyl,
C;3-Cgeycloalkyl,
C;-Cgeycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
C,-Cealkyl,
C,-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0036] According to sixth embodiment of the present invention there is provided a compound

of formula (I)

[0037] wherein Ar is selected from

phenyl,
naphthyl,
AT
H S
7 | A
-:_\ N
" | N\j
] \ s
N and
(7 SN
_:_\ | P
N" any of which are optionally substituted with
C;-Cealkyl,
C,-Csalkoxy,

di(C,-C¢)alkylamino or
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C,-Csalkylcarboxy(C;-Cg)alkyl-;
X is selected from S, NH and O;
R' is selected from
C,-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy, and
C,-Cgalkyl:
R’ is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Csalkoxy. and
C,-Cealkyl:
R?is OH;
R* and R’ are independently selected from
hydrogen,
C,-Cealkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
C,-Cealkyl, or
C,-Cgalkoxy,
phenyl optionally substituted with one or more
halo,
C-Cgalkyl, or
C,-Cealkoxy;
R® is selected from
Ci-Cioalkyl,
C;-Cgeycloalkyl,
C;-Cgeycloalkyl-alkyl-,
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phenyl(C;-Ce)alkyl- optionally substituted with
C,-Cealkyl,
Ci-Csalkoxy, and
halo,

indanyl and

heterocycloalkyl;

and pharmaceutically acceptable salts thereof.

[0038] According to seventh embodiment of the present invention there is provided a

compound of formula (I)

[0039] wherein Ar is selected from
phenyl,

naphthyl,

1)
] \ s
N and

(7

N" | any of which are optionally substituted with
C,-Coalkyl,
Ci-Csalkoxy,
di(C,-C¢)alkylamino or
C,-Cgalkylcarboxy(C;-Cg)alkyl-;
X 1is selected from S, NH and O;
R' is selected from
C;-Cs alkyl,
benzyl,
substituted benzyl; and
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aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
Ci-Csalkoxy, and
C;-Cealkyl;
R’ is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cealkoxy, and
C;-Cealkyl;
R’ is selected from H and OH;
R” and R’ are independently selected from
hydrogen,
C,-Cealkyl optionally substituted with alkylthio, and
phenyl optionally substituted with one or more
halo,
C,-Cealkyl, or
C-Csalkoxy;
R’ is selected from
C-Cjpalkyl,
C;-Cscycloalkyl,
C;-Cscycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
C,-Cealkyl,
Ci-Csalkoxy, and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts.

[0040] According to eighth embodiment of the present invention there is provided a

compound of formula (I)
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[0041] wherein Ar is selected from

phenyl,
naphthyl,
AN
509
 F | N
_:_\ ~.N
T N\j
] \ P/
N and
W 7 | SN
AN
C,-Cealkyl,
C,-Csalkoxy,

di(C,-Cg)alkylamino or
C,-Csalkylcarboxy(C;-Cg)alkyl-;

X is selected from S, NH and O;
R' is selected from

C,-Cs alkyl,

benzyl,

substituted benzyl; and

PCT/US2010/020632

~Z
N" | any of which are optionally substituted with

aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by

halo,
C,-Cgalkoxy, and
Ci-Csalkyl;
R’ is selected from
hydrogen,
phenyl,
aryl, and

aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by

halo,
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C,-Csalkoxy, and
C,-Cealkyl;
R’ is selected from H and OH;
R” is selected from
C;-Cgalkyl optionally substituted with alkylthio, and
phenyl optionally substituted with one or more
halo,
Ci-Csalkyl, or
C,-Cgalkoxy;
R’ is hydrogen;
R% is selected from
C-Cjpalkyl,
C;-Cscycloalkyl,
C;-Cgcycloalkyl-alkyl-,
phenyl(C;-Ce)alkyl- optionally substituted with
C,-Cealkyl,
C,-Csalkoxy. and
halo,
indanyl and
heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0042] According to ninth embodiment of the present invention there is provided a

compound of formula (I)

[0043] wherein Ar is selected from
phenyl,

naphthyl,
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(7 | N\j
VR —
N . and
N SN
_:_\ | P
N" |, any of which are optionally substituted with
C;-Cealkyl,
C,-Cealkoxy,

di(C,-C¢)alkylamino or
C,-Csalkylcarboxy(C;-Cg)alkyl-;
X 1is selected from S, NH and O;
R' is selected from
C,-Cs alkyl,
benzyl,
substituted benzyl; and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cealkoxy. and
C-Cealkyl:
R? is selected from
hydrogen,
phenyl,
aryl, and
aryl(Co-Ce)alkyl- wherein the aryl is optionally substituted by
halo,
C,-Cealkoxy, and
Ci-Csalkyl:
R? is selected from H and OH;
R’ and R’ are independently selected from
hydrogen,
C;-Cealkyl optionally substituted with alkylthio,
benzyl optionally substituted with one or more
halo,
Ci-Cealkyl, or
C,-Csalkoxy,
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phenyl optionally substituted with one or more
halo,
Ci-Csalkyl, or
C,-Csalkoxy;
R® is selected from

Cl—Cloalkyl,

PCT/US2010/020632

phenyl(C;-Ce)alkyl- optionally substituted with halo, and

heterocycloalkyl;

and the pharmaceutically acceptable salts thereof.

[0044] In each case, the above compounds are provided along with their polymorphs and

phosphorus diastereomers.

[0045] In accordance with the present invention there are provided the following specific

embodiments of the above compounds:
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[0046] In accordance with the present invention there are provided the following specific

embodiments of the above compounds:

Benzyl 2(5)-((((2R.3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)phosphorylamino)propanoate;

1(S)-Phenylethyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene- 1-
yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2($)-((((2R.3R.4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-
3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

(295)-Tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-Methyl 2-(6-((((2R,-3R 4R)-5-(2-amino-6-methox y-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)((5)- 1-(neopentyloxy)-1-oxopropan-2-
ylamino)phosphoryloxy)naphthalen-2-yl)propanoate;

2,4-Difluorobenzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy) phosphorylamino)-
3-methylbutanoate;

(295)-2,4-Difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-4-
(methylthio)butanoate;

(25)-Benzyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-2-
phenylacetate;

(28)-Neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-2-
phenylacetate;

2,2-Dimethylpropyl 2($)-((((2R.3R,4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-
yloxy)phosphorylamino)propanoate;



WO 2010/081082 PCT/US2010/020632
27

1(S)-Phenylethyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene- 1-
yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2(5)-(((2R.3R.4R,5R)-5-(2-amino-6-methoxy-9 H-purin-9-yl)-
3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

Benzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)phosphorylamino)propanoate;

(25)-2,4-Difluorobenzyl 2-((((2R,3R ,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3 4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

1(S)-Phenylethyl 2(S)-((((2R.3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-
yloxy)phosphorylamino)propanoate;

(25)-2,3-Dihydro-1H-inden-2-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9 H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-
yloxy)phosphorylamino)propanoate;

(25)-Propyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydrox y-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- I-yloxy)phosphorylamino)propanoate;

(25)-3,3-Dimethylbutyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-
yloxy)phosphorylamino)propanoate;

(29)-Isobutyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-dihydrox y-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-
3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

(5)-P 2,2-Dimethylpropyl 2(5)-((((2R,3R.4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-
yD)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

(R)-P 2,2-Dimethylpropyl 2(S)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propanoate;

(2S5)-Isopropyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)propanoate;
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(28)-Cyclopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-Cyclohexyl 2-((((2R,3R.4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-Tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-
yloxy)phosphorylamino)propanoate;

(25)-2,4-difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(6-((S)- 1-methoxy- 1-oxopropan-2-
yDnaphthalen-2-yloxy)phosphorylamino)propanoate;

(285)-methyl 2-(6-((((2R,-3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)((S)-1-(neopentyloxy)-1-oxopropan-2-
ylamino)phosphoryloxy)naphthalen-2-yl)propanoate;

(25)-methyl 2-(6-((((2R,-3R,4K)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)((S)- 1-oxo-1-(tetrahydro-2 H-pyran-4-
yloxy)propan-2-ylamino)phosphoryloxy)naphthalen-2-yl)propanoate;

(25)-2 4-difluorobenzyl 2-((((2R,-3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-
yloxy)phosphorylamino)propanoate;

(28)-neopentyl 2-((((2R,3R ,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-
yloxy)phosphorylamino)propanoate;

(29)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-
yloxy)phosphorylamino)propanoate;

(28)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methox y-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

(2S5)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-
yl)-3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

(2S)-neopentyl 2-((((2R,3R ,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(phenoxy)phosphorylamino) propanoate;

(25)-Neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(6-((S)- 1-methoxy-1-oxopropan-2-
yDnaphthalen-2-yloxy)phosphorylamino)-3-methylbutanoate;
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(28)-2,4-Difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Neopentyl 2-((((2R,3R,4K)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-5-yloxy)phosphorylamino)-3-
methylbutanoate;

(28)-2,4-Difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Neopentyl 2-((((2R,3R,4K)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Neopentyl 2-((((2R,3R,4K)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-8-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Neopentyl 2-((((2R,3R,4R))-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(2-methylnaphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate;

(25)-Neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(3-fert-butylnaphthalen- 1 -
yloxy)phosphorylamino)-3-methylbutanoate;

(25)-Neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(3,7-di-fert-butylnaphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate;

Benzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy) phosphorylamino)-3-
methylbutanoate;

2,4-Difluorobenzyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene- 1-yloxy) phosphorylamino)-
3-methylbutanoate;

(29)-((5)-1-Phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- I-yloxy)phosphorylamino)-3-
methylbutanoate;

(29)-((5)-1-(4-Bromophenyl)ethyl) 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-
9-y1)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate;

(29)-((5)-1-(2-Bromophenyl)ethyl) 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-
9-y1)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate;

(25)-Methyl 2-((((2R,3R.4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydrox y-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate;
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(28)-Neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate;

(25)-Cyclopropylmethyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate;

(28)-Cyclobutyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate;

Cyclopentyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl1)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy) phosphorylamino)-
3-methylbutanoate;

Cyclohexyl 2(5)-((((2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene- 1-yloxy) phosphorylamino)-
3-methylbutanoate;

(25)-Tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9 H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)-3-methylbutanoate;

(25)-benzyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydrox y-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate;

(25)-methyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate;

(28)-propyl 2-(((((2R.3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-2-
phenylacetate;

(25)-neopentyl 2-(((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- | -yloxy)phosphorylamino)-2-
phenylacetate;

(25)-cyclohexyl 2-((((2R,3R,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- | -yloxy)phosphorylamino)-2-
phenylacetate;

(25)-benzyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)propanoate;

(25)-2,4-difluorobenzyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- I -
yloxy)phosphorylamino)propanoate;

(25)-((5)-1-phenylethyl) 2-((((2R,-3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen- I -
yloxy)phosphorylamino)propanoate;

2,2-dimethylpropyl 2(S)-((((2R,3R.4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-
yloxy)phosphorylamino)propanoate;



WO 2010/081082 PCT/US2010/020632
31

(28)-1sopropyl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-dihydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

(28)-tetrahydro-2H-pyran-4-yl 2-((((2R,3R,4R)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-
3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((2R, 3R ,4KR)-5-(2-amino-6-ethoxy-9H-purin-9-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)-3-
methylbutanoate;

(28)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(28)-((5)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylamino)-9H- purin-9-
yl)-3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(28)-neopentyl 2-((((2R,3R,4R.5R)-5-(2-amino-6-(methylamino)-9 H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

2,2-Dimethylpropyl 2(S)-((((2R.3R.4R,5R)-5-(2-amino-6-benzylamino-9H-purin-9-
yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy(naphthalene-1-yloxy)
phosphorylamino)propionate;

(28)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-6-(phenethylamino)-9H-purin-9-yl)-3,4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(28)-((5)-1-phenylethyl) 2-((((2R,3R,4R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-
3.4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((2R,3R,4R)-5-(2-amino-06-(methylthio)-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(28)-neopentyl 2-((((2R,3R,4R.5R)-5-(2-amino-6-(methylthio)-9H-purin-9-yl)-3.4-
dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(quinolin-6-
yloxy)phosphorylamino)propanoate;

(25)-benzyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)propanoate;

(25)-((5)-1-phenylethyl) 2-((((25.4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-
hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-
yloxy)phosphorylamino)propanoate;

(25)-neopentyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

(25)-cyclohexyl 2-((((25,4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen-1-yloxy)phosphorylamino)propanoate;

benzyl (25)-benzyl 2-((((25.4R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-hydroxy-4-
methyltetrahydrofuran-2-yl)methoxy)(naphthalen- 1-yloxy)phosphorylamino)-3-
methylbutanoate; and
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(28)-neopentyl 2-((((2R,3R,4R,5R)-5-(2-(4-fluorobenzylamino)-6-methox y-9H-purin-
9-yl)-3,4-dihydroxy-4-methyltetrahydrofuran-2-yl)methoxy) (naphthalen-1-
yloxy)phosphorylamino)propanoate;

[0047] Once again, in each case with regard to the foregoing specific compounds, it is
contemplated that the invention will include polymorphs and phosphorus

diastereomers thereof.

[0048] In yet another embodiment of the present invention, there are provided the following
additional compounds that are contemplated as being useful in the methods of

treatment in accordance with the invention as set forth herein:



WO 2010/081082 PCT/US2010/020632
33

OH
(VD

and pharmaceutically acceptable salts thereof.

[0049] The compounds of formulae II-VI above, are also considered novel compounds with

antiviral activity in accordance with the invention, and thus are useful in the

antiviral methods of the invention, and are also useful as intermediates in the

preparation of compounds of formula (I) as described above. These compounds

also include polymorphs and diastereomers thereof, and can be made into

pharmaceutical compositions in the same manner set forth herein.

[0050] In further embodiments of the present invention, additional compounds are provided

as follows:

[0051] A compound of formula (XL) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
90 L
N \N
o1
N N//I\NH
do

HN" O 0
O -'qu CHS

o CHy R® OH
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[0052] In another embodiment, the compound of formula (XL) is provided wherein:

and

X, Rl, Rz, and R? are as described for Formula (D).

R® is selected from

benzyl,
(.5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl,
(S)-1-(2-bromophenyl)ethyl,
2,3-dihydro-1H-inden-2-yl,
methyl,

n-propyl,

3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,

cyclopentyl,

cyclohexyl, and

tetrahydropyran-4-yl;
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[0053] A compound of formula (XLI) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
x/
N B
N
r ST
N N/)\NH
|2
0 R

A
o, 0
HN™ O
OYKIHH CHS
o CHy RS OH
\RG
(XLI)

wherein Ar, X, Rl, Rz, R? ,and R® are as described above for Formula (D.

[0054] In another embodiment, the compound of formula (XLI) is provided wherein:

Ar is selected from
(8)-2-(3-methoxybut-3-ox0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
l-naphthyl,
2-naphthyl,
quinolin-5-yl,
quinolin-6-yl,
quinolin-8-yl, and
phenyl;

and

X, Rl, Rz, R? and R° are as described above for Formula (D).

[0055] In addition, another compound of formula (XLI) is provided wherein
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Ar is selected from
(S)-2-(3-methoxybut-3-o0xo0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
1-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R® is selected from
benzyl,
(8)-1-(2-bromo)-benzyl,
2,4-difluorobenzyl,
(8)-1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(8)-1-(2-bromophenyl)ethyl,
2,3-dihydro- 1 H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,

cyclopentyl,
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cyclohexyl, and
tetrahydropyran-4-yl;
and

X, Rl, RZ, and R’ are as described above for Formula D).

[0056] A compound of formula (XLII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
X/
N B
N
Ar ¢
|
0.0 N N//kll\lH
P
HN™ O o) R?
O |||H CH3
0 CHy R® OH
R®” H,C

(XLI)

wherein Ar, X, Rl, Rz, R’ , and R® are as described above for Formula (D.

[0057] In another embodiment, the compound of formula (XLII) is provided wherein:

Ar is selected from
(8)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
1-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-§8-yl, and
phenyl;

R® is selected from



WO 2010/081082 PCT/US2010/020632
38

benzyl,
(8)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(S)-1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
-isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and

X, R', R? and R* are as described above for Formula (I).
[0058] In addition, another compound of formula (XLII) is provided wherein:
Ar is 1-naphthyl; and
X, R', R% R* and R®are as described above for Formula (I).

[0059] In addition, another compound of formula (XLIT) is provided wherein:

Ar is 1-naphthyl;

Ris selected from
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benzyl,
(8)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and

X, Rl, Rz, and R are as described above for Formula (D).

[0060] A compound of formula (XLIII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:
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R
x/
N S
N
¢ ]
\ N/)\'T'H
0 R?
CHj
R3 OH
(XLIII)

wherein Ar, X, Rl, R2, R3, and R® are as described above for Formula (D).

[0061] In another embodiment, the compound of formula (XLIII) is provided wherein:

Ar 1s selected from
(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
l-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R® is selected from
benzyl,

(8)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,

(5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
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methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
-isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

X, Rl, RZ, and R’ are as described above for Formula (D).

[0062] In addition, another compound of formula (XLIII) is provided wherein:

Ar is |-naphthyl; and
X, Rl, R2, R® and R®are as described above for Formula (D).

[0063] In addition, another compound of formula (XLIII) is provided wherein:

Ar is 1-naphthyl;
RCis selected from

benzyl,
(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(8)-1-phenylethyl,
(§5)-1-(4-bromophenyl)ethyl,

(.5)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
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methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
-isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

X, Rl, R?, and R® are as described above for Formula (D.

[0064] A compound of formula (XLIV) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
O/
N A
Ar y N
l N f
0 N N//I\NH
|2
0 R

\P/,O
HN O
OYK’”RS CH3
o R4 RS OH
\RG
(XLIV)

wherein Ar, and R!-R are as described above for Formula (D).

[0065] In another embodiment, the compound of formula (XLIV) is provided wherein:

R* and R” are independently selected from

hydrogen,
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methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;

and

Ar, Rl, R*R? ,and R are as described above for Formula (D).

[0066] In addition, another compound of formula (XLIV) is provided wherein:

R!is ethyl;

and

Ar, R2-R®are as described above for Formula M.

[0067] In addition, another compound of formula (XLIV) is provided wherein:

R'is ethyl;

Ar is selected from
(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
l-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R and R are independently selected from

hydrogen,
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methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
1-methylpropyl, and
phenyl,;
R’ is selected from
benzyl,
(5)-1-(2-bromo)benzyl,
2 4-difluorobenzyl,
(8)-1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(8)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

R? and R are as described above for Formula (I).



WO 2010/081082 PCT/US2010/020632

[0068] A compound of formula (XLV) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
HN”
N BN
Ar 7 N
| ¢ |
0, 0 N N/)\NH
rP\ |2
HN™ O 0 R
O%MRS CHS
o R R® OH
\Re
(XLV)

wherein Ar, and R'-R® are as described above for Formula (D).

[0069] In another embodiment, the compound of formula (XLV) is provided wherein:

Ar is selected from
(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-teri-butylnaphthalen-1-yl,
l-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,

2-thiomethylethyl,
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2-methylpropyl,

1-methylpropyl, and

phenyl;

R® is selected from
benzyl,
(85)-1-(2bromo benzyl,
2,4-difluorobenzyl,
(8)-1-phenylethyl,
(5)-1-(4-bromophenyl)ethyl,
(8)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

Rl, R? and R¥ are as described above for Formula (D).

[0070] A compound of formula (XLVI) below is also provided as an antiviral compound in

accordance with the invention which has the structure:
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HN™ O 0 R?
O%llle CH3
o R R® OH
\RG
(XLVI)

wherein Ar, and R'-R® are as described above for Formula (D).

[0071] In another embodiment, the compound of formula (XLVI) is provided wherein:

Ar is selected from
(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
1-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
1-methylpropyl, and

phenyl;
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R® is selected from
benzyl,
(8)-1-(2-bromo)benzyl,
2.4-difluorobenzyl,
(S)-1-phenylethyl,
(S)-1-(4-bromophenyl)ethyl,
(S)-1-(2-bromophenyl)ethyl, 2.3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;

and

R!, R?and R’ are as described above for Formula (D.

[0072] A compound of formula (XLVII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:
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R1
x/
N BN
Ar Y N
| ¢ ]
o, 0 N N/J\ITIH
P
HN" O 0 R?
OYKHIRS CH3
R4 OH
O
\RG
(XLVIID)

wherein Ar, X, and Rl, RZ, R“‘, R and R® are as described above for Formula .

[0073] In another embodiment, the compound of formula (XLVII) is provided wherein:

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropy],
I-methylpropyl, and
phenyl;

and

Ar, Rl, R*R? ,and RS are as described above for Formula .

[0074] In addition, another compound of formula (XLVI1l) is provided wherein

Xis O,
and

Ar, Rl, Rz, R“, R and R® are as described above for Formula (D).

[0075] In addition, another compound of formula (XLVII) is provided wherein

Ar is selected from
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(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen- 1-yl,

1-naphthyl, 2-naphthyl,

quinolin-5-yl, quinolin-6-yl,

quinolin-8-yl, and

phenyl;

R'is methyl;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
1-methylpropyl, and
phenyl;
R is selected from
benzyl,

(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(8)-1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(8)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,

n-propyl,
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3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

X and R? are as described above for formula (D.

[0076] In addition, another compound of formula (XLVII) is provided wherein

Ar is selected from
(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
1-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

Xis O;

R* and R’ are independently selected from
hydrogen,

methyl,
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isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl,;
R’ is selected from
benzyl,
(5)-1-(2-bromo) benzyl,
2,4-difluorobenzyl,
(8)- 1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(8)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

R'and R? are as described above for formula ().
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[0077] In addition, another compound of formula (XLVII) is provided wherein
Ar is selected from

(S)-2-(3-methoxybut-3-oxo0-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
l-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

Xis O;

R'is methyl;

R' and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
I-methylpropyl, and
phenyl;
R is selected from
benzyl,
(8)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,

(8)-1-(4-bromophenyl)ethyl,
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(8)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,
methyl,
n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and
R’ is as described above for formula (D.

[0078] A compound of formula (XLVIII) below is also provided as an antiviral compound in

accordance with the invention which has the structure:

R1
O/
Ar y SN
| ¢ |
o0 N//I\ITIH
P
HN™ O 0 R?
OYK’”RS CH3
5 R R3 OH
\RG
(XLVIID)

wherein R? is other than H;
and

Ar, R], R? R4, R’ and R® are as described above for Formula (D).

[0079] In addition, the compound of formula (XLVIII) may also be provided wherein:
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N
N

Ar is selected from
(S)-2-(3-methoxybut-3-oxo-2-yl)naphthalen-6-yl,
2-methylnaphthalen-1-yl,
3-tert-butylnaphthalen-1-yl,
3,7-di-tert-butylnaphthalen-1-yl,
l-naphthyl, 2-naphthyl,
quinolin-5-yl, quinolin-6-yl,
quinolin-8-yl, and
phenyl;

R'is methyl;
R? is other than H;

R* and R’ are independently selected from
hydrogen,
methyl,
isopropyl,
2-thiomethylethyl,
2-methylpropyl,
1-methylpropyl, and
phenyl;
RS is selected from
benzyl,

(5)-1-(2-bromo)benzyl,
2,4-difluorobenzyl,
(5)-1-phenylethyl,
(8)-1-(4-bromophenyl)ethyl,
(8)-1-(2-bromophenyl)ethyl, 2,3-dihydro-1H-inden-2-yl,

methyl,
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n-propyl,
3,3-dimethyl butyl,
2-methylpropyl,
2,2-dimethylpropyl,
isopropyl,
cyclopropylmethyl,
cyclobutyl,
cyclopentyl,
cyclohexyl, and
tetrahydropyran-4-yl;
and

Ris as described above for formula (.

[0080] Once again, in each case with regard to the foregoing compounds, it is contemplated
that the invention will include polymorphs and phosphorus diastereomers thereof.
In addition, the above compounds will be useful in pharmaceutical compositions
as set forth above, and these compounds and compositions will be useful in the

antiviral methods of treatment as discussed herein.

[0081] In yet another embodiment in accordance with the invention, the above compounds
according to formula (I) above can include different diastereomers around

phosphorous, as set forth in the following example:

XR' XR'

Ar N Ar N

| N | ~N

O 0 ¢ | O, 0 ¢

S q N N)\NHR2 s NSNS NHR?

HN O o HN 'O’\@

) 1R ) Oﬁ)\"”RS A

Ry R on Ry R OH
Re/o Relo

($)-P (R)-P
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[0082] In yet another embodiment in accordance with the invention, compounds can also be
obtained which include a mixture of the two phosphorous diastereomers set forth
above in any proportion from 1:99 to 99:1, e.g. 10:90, 25:75, 40:60, 50:50, 60:40.
75:25,90:10, etc. In the above example, the mixtures will include a desired

percentage of the ($)-P form and the remaining percentage of the (R)-P form.

[0083] According to other embodiments of the present invention there is provided a
compound of formulas (I-VI) above for use in a method of treatment of a viral
infection of the family Flaviviridae, for example in the treatment of hepatitis C
virus. According to other embodiments of the present invention there is provided
a pharmaceutical composition comprising a compound of formulas I-VIin

combination with a pharmaceutically acceptable carrier, diluent or excipient.

[0084] Compounds according to the present invention have surprisingly been found to have
enhanced anti-viral activity. In particular, compounds according to the present
invention have been found to have enhanced potency with respect to hepatitis C
virus. Further, compounds according to the present invention have surprisingly
been found to have enhanced stability in rodent plasma. In particular, compounds
according to the present invention have been found to have stabilities of greater

than 4 hours in mouse plasma.
[0085] Definirions

[0086] As used herein, the term "alkyl" refers to a straight or branched saturated monovalent
cyclic or acyclic hydrocarbon radical, having the number of carbon atoms as
indicated (or where not indicated, an acyclic alkyl group preferably has 1-20,
more preferably 1-6, more preferably 1-4 carbon atoms and a cyclic alkyl group
preferably has 3-20, preferably 3-10, more preferably 3-7 carbon atoms),
optionally substituted with one, two, three or more substituents independently
selected from the group set out above. By way of non- limiting examples, suitable
alkyl groups include methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
isopropyl, 2-butyl, cyclopropyl, cyclohexyl, cyclopentyl and dodecyl. The term
"C3-Cgeycloalkyl” refers to cyclic alkyl group comprising from about 3 to about 8
C atoms. The term “C;-Cgcycloalkyl-alkyl” refers to an acyclic alkyl group

substituted by a cyclic alkyl group comprising from about 3 to about 8 C atoms.
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[0087] As used herein, the term "alkenyl" refers to a straight or branched unsaturated
monovalent acyclic or cyclic hydrocarbon radical having one or more C=C double
bonds and having the number of carbon atoms as indicated (or where not
indicated, an acyclic alkenyl group preferably has 2-20, more preferably 2-6. more
preferably 2-4 carbon atoms and a cyclic alkenyl group preferably has 4-20, more
preferably 4-6 carbon atoms), optionally substituted with one, two, three or more
substituents independently selected from the group set out above. By way of non-
limiting examples, suitable alkenyl groups include vinyl, propenyl, butenyl,

pentenyl and hexenyl.

[0088] As used herein, the term "alkynyl" refers to a straight or branched unsaturated
monovalent acyclic or cyclic hydrocarbon radical having one or more triple C/C
bonds and having the number of carbon atoms as indicated (or where not
indicated, an acyclic alkynyl group preferably has 2-20, more preferably 2-6, more
preferably 2-4 carbon atoms and a cyclic alkynyl group preferably has 7-20, more
preferably 8-20 carbon atoms), optionally substituted with one, two, three or more

substituents independently selected from the group set out above.

[0089] As use herein, the term "alkoxy" or the term "alkyloxy" refers to the group alkyl-O-,
where alkyl is as defined above and where the alkyl moiety may optionally be
substituted by one, two, three or more substituents as set out above for alkyl. By
way of non-limiting examples, suitable alkoxy groups include methoxy, ethoxy, n-
propoxy, iso-propoxy, n- butoxy, tert-butoxy, sec-butoxy, n-pentoxy. n-hexoxy
and 1,2-dimethylbutoxy. The term "cycloalkyloxy" refers to the group cyclicalkyl-
O-, where cyclicalkyl is as defined above and where the cyclicalkyl moiety may
be optionally substituted by one, two, three or more substituents as set out above

for alkyl.

[0090] As used herein, the term "alkylthio" refers the group alkyl-S-, where alkyl is as
defined above and where the alkyl moiety may optionally be substituted by one,
two, three or more substituents as set out above for alkyl. By way of non-limiting
examples, suitable alkylthio groups include methylthio, ethylthio, n- propylthio,
iso-propylthio, n-butylthio, terr-butylthio, sec-butylthio, n-pentylthio, n-hexoxy
and 1,2-dimethylbutylthio.



WO 2010/081082 PCT/US2010/020632
59

[0091] As used herein, the term "aryloxy" refers to the group aryl-O-, where aryl is as
defined below and where the aryl moiety may optionally be substituted by one,

two, three or more substituents as set out above with respect to the group Ar.

[0092] As used herein, the term "alkoxyalkyl" refers to an alkyl group having an alkoxy
substituent. Binding is through the alkyl group. The alkyl moiety and the alkoxy
moiety are as defined herein with respect to the definitions of alkyl and alkoxy,
respectively. The alkoxy and alkyl moieties may each be substituted by one, two,

three or more substituents as set out above with regard to the definition of alkyl.

[0093] As used herein, the term "alkylthioalkyl" refers to an alkyl group having an alkylthio
substituent. Binding is through the alkyl group. The alkyl moiety and the alkylthio
moiety are as defined herein with respect to the definitions of alkyl and alkylthio,
respectively. The alkylthio and alkyl moieties may each be substituted by one,
two, three or more substituents as set out above with regard to the definition of

alkyl.

[0094] As used herein, the term "alkoxyaryl" refers to an aryl group having an alkoxy
substituent. Binding is through the aryl group. The alkoxy moiety and the aryl
moiety are as defined herein with respect to the definitions of alkoxy and aryl,
respectively. The alkoxy and aryl moieties may each be substituted by one, two,
three or more substituents, as defined herein with regard to the definitions of

alkoxy and aryl, respectively.

[0095] As used herein, the term "cycloalkylaryl" refers to an aryl group having a cyclic alkyl
substituent. Binding is through the aryl group. The cycloalkyl moiety and the aryl
moiety are as defined herein with respect to the definitions of cycloalkyl and aryl,

respectively.

[0096] As used herein, the term "aryl(C;-C¢)alkyl-" refers to a C,-Cq alkyl group substituted
at any carbon by an aryl group. Binding is through the alkyl group. The aryl
moiety and the alkyl moiety are as defined herein with respect to the definitions of
aryl and alkyl. The aryl group may be substituted. By way of non-limiting
examples, suitable aryl(C;-Ce¢)alkyl- groups include benzyl, 1-phenylethyl, 3-
phenylpropyl, 4-chlorobenzyl, 4-fluorobenzyl, 2.4-difluorobenzyl, and the like.



WO 2010/081082 PCT/US2010/020632

60

[0097] As used herein, the term “alkylcarboxy(C;-Ce)alkyl-" refers to a C;-Cs¢ alkyl group

substituted at any carbon by an alkylcarboxy [alkyl-C(=0)O-] group. The alkyl
moiety is as defined hereinabove. By way of non-limiting examples, suitable
alkylcarboxy(C;-Cs)alkyl- groups include acetoxymethyl [CH;C(=0)O-CH,-],
propanoyloxyethyl [CH5CH,C(=0)O-CH,CH>-], neo-pentoyloxypropyl
[(CH3);CCH,C(=0)O-CH, CH; CH,-] and the like.

[0098] A cycloalkyl moiety and the aryl moiety may each be optionally substituted by one,

[0099] A

[00100]

two, three or more substituents as set out herein with regard to the definitions of

alkyl and aryl, respectively.

s used herein the term "aryl" refers to a monovalent unsaturated aromatic

carbocyclic radical having one, two, three, four, five or six rings, preferably one,
two or three rings, which may be fused or bicyclic. An aryl group may optionally
be substituted by one, two, three or more substituents as set out above with respect
to optional substituents that may be present on the group Ar. Preferred aryl
groups are: an aromatic monocyclic ring containing 6 carbon atoms; an aromatic
bicyclic or fused ring system containing 7, 8, 9 or 10 carbon atoms; or an aromatic
tricyclic ring system containing 10, 11, 12, 13 or 14 carbon atoms. Non-limiting
examples of aryl include phenyl and naphthyl. These compounds may include
substituent groups, preferably those substituent groups independently selected
from hydroxy (-OH), acyl (R'- C(=0)), acyloxy (R'-C(O)-O-), nitro (-NO; ),
amino (-NH3), carboxyl (-COOH), cyano (-CN), C;-Csmonoalkylamino, C;-C
edialkylamino, thiol, chloro, bromo, fluoro, iodo, SO;H, -SH, -SR', wherein R' is
independently selected from halo, C;-Cgalkoxy,and C;-Cealkyl.

As used herein, the term "heterocycloalkyl " refers to a saturated or partially
unsaturated heterocyclic ring system having one, two, three, four, five or six rings,
preferably one, two or three rings, which may be fused or bicyclic, and having
contained within the ring or rings at least one member selected from the group
consisting of N, O and S. The prefix "Cs-Cao" or "Cs-C 10" used before
heterocycloalkyl means, respectively, a five to twenty or a five to ten-membered
ring system at least one of which members is selected from the group consisting of
N, O and S. Preferred heterocycloalkyl systems are: a monocyclic ring system

having five members of which at least one member is a N, O or S atom and which
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optionally contains one additional O atom or one, two or three additional N atoms;
a monocyclic ring having six members of which one, two or three members are a
N or O atom; a bicyclic ring system having nine members of which at least one
member is a N, O or S atom and which optionally contains one, two or three
additional N atoms; or a bicyclic ring system having ten members of which one,
two or three members are a N atom. By way of non-limiting examples, suitable
heterocycloalkyl groups include tetrahydrofuranyl, tetrahydropyranyl,

pyrrolidinyl, morpholinyl, tetrahydrothiopyranyl, thiomorpholinyl, and piperidinyl

When a radical is drawn as a structure, e.g., N

As used herein, the term “indanyl” refers to the fused bicyclic radical of structure,

[ I \: o
, wherein the point of attachment of the radical to the rest of the

molecule is on any available non-aromatic carbon atom.

Available carbon atoms and/or heteroatoms of the " heterocycloalkyl " ring
systems described above may be substituted on the ring with one or more
heteroatoms. Where the ring(s) is substituted with one or more heteroatoms,
heteroatom substituents are selected from oxygen, nitrogen, sulphur and halogen
(F, C], Br and I). Where the ring(s) is substituted with one or more heteroatoms,
preferably there are 1, 2, 3 or 4 heteroatom substituents selected from the group
consisting of oxygen, nitrogen and/or halogen. Preferred substituent groups are
independently selected from hydroxy, acyl, acyloxy, nitro, amino, SOz:H, SH, SR',
wherein R'is independently selected from the same groups as R; carboxyl, cyano,

(C,-Ce¢)alkylamino, (C;-C g)dialkylamino, thiol, chloro, bromo, fluoro and iodo.

Furthermore, the compounds of this invention contain one or more chiral centers.
Accordingly, if desired, such compounds can be prepared or isolated as pure
stereoisomers, 1.e., as individual enantiomers or diastereomers, or as stereoisomer-
enriched mixtures. All such stereoisomers (and enriched mixtures) are included
within the scope of this invention. Pure stereoisomers (or enriched mixtures) may
be prepared using, for example, optically active starting materials or

stereoselective reagents well-known in the art. Alternatively, racemic mixtures of
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such compounds can be separated using, for example, chiral column

chromatography, chiral resolving agents and the like.

The compounds of this invention may contain one or more asymmetric centers,
depending upon the location and nature of the various substituents desired.
Asymmetric carbon atoms or phosphorous atoms may be present in the (R) or ()
configuration or (R,S) configuration. In certain instances, asymmetry may also be
present due to restricted rotation about a given bond, for example, the central bond
adjoining two substituted aromatic rings of the specified compounds. Substituents
on a ring may also be present in either cis or trans form, and a substituent on a
double bond may be present in either Z or E form. It is intended that all such
configurations (including enantiomers and diastereomers) are included within the
scope of the present invention. Preferred compounds are those with the absolute
configuration of the compound of this invention which produces the more
desirable biological activity. Separated, pure or partially purified isomers or
racemic mixtures of the compounds of this invention are also included within the
scope of the present invention. Such compounds can be prepared or isolated as
pure stereoisomers, i.e., as individual enantiomers or diastereomers, or as
stereoisomer-enriched mixtures. All such stereoisomers (and enriched mixtures)
are included within the scope of this invention. Pure stereoisomers (or enriched
mixtures) may be prepared using, for example, optically active starting materials
or stereoselective reagents well-known in the art. Alternatively, racemic mixtures
of such compounds can be separated using, for example, chiral column
chromatography, chiral resolving agents and the like, also well-known in the art

and exemplified the experimental examples below.

The term “pharmaceutically acceptable salt” refers to pharmaceutically acceptable
salts of a compound, which salts are derived from a variety of organic and
inorganic counter ions well known in the art and include, by way of example only,
sodium, potassium, calcium, magnesium, ammonium, tetraalkylammonium, and
the like; and when the molecule contains a basic functionality, salts of organic or
inorganic acids, such as hydrochloride, hydrobromide, tartrate, mesylate, acetate,

maleate, oxalate and the like.
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The term “pharmaceutically acceptable partial salts” in included in the term
“pharmaceutically acceptable salts” and refers to compounds having a substituent
capable of having more than one group form a salt but less than the maximum
amount of such groups actually form a salt. For example, a diphospho group can
form a plurality of salts and, if only partially ionized, the resulting group is
sometimes referred to herein as a partial salt. It is understood that in all
substituted groups defined above, polymers arrived at by defining substituents
with further substituents to themselves (e.g., substituted aryl having a substituted
aryl group as a substituent which is itself substituted with a substituted aryl group,
etc.) are not intended for inclusion herein. In such cases, the maximum number of
such substituents is three. That is to say that each of the above definitions is
constrained by a limitation that, for example, substituted aryl groups are limited to
-substituted aryl- (substituted aryl)-substituted aryl. Similarly, it is understood
that the above definitions are not intended to include impermissible substitution
patterns (e.g., methyl substituted with 5 fluoro groups or a hydroxyl group
pendent to a carbon atom of an ethenylic or acetylenic unsaturation). Such

impermissible substitution patterns are well known to the skilled artisan.

The term “polymorphs’ refers to any polymorphic forms that can exist in the
compounds of formula (I), as recognized by one of ordinary skill in the art. As
known in the art, polymorphism is an ability of a compound to crystallize as more
than one distinct crystalline or "polymorphic” species. A “polymorph” is a solid
crystalline phase of a compound with at least two different arrangements or
polymorphic forms of that compound molecule in the solid state. Polymorphic
forms of any given compound are defined by the same chemical formula or
composition and are as distinct in chemical structure as crystalline structures of

two different chemical compounds.

General Synthetic Methods

[00109]

The compounds of this invention can be prepared from readily available starting
materials using the following general methods and procedures. It will be
appreciated that where typical or preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given,

other process conditions can also be used unless otherwise stated. Optimum
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reaction conditions may vary with the particular reactants or solvent used, but
such conditions can be determined by one skilled in the art by routine

optimization procedures.

Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. Suitable protecting groups for various functional
groups as well as suitable conditions for protecting and deprotecting particular
functional groups are well known in the art. For example, numerous protecting
groups are described in T. W. Greene and G. M. Wuts, Protecting Groups in
Organic Synthesis, Third Edition, Wiley, New York, 1999, and references cited

therein.

The starting materials for the following reactions are generally known compounds
or can be prepared by known procedures or obvious modifications thereof. For
example, many of the starting materials are available from commercial suppliers
such as Aldrich Chemical Co. (Milwaukee, Wis., USA), Bachem (Torrance,
Calif., USA), Emka-Chemce or Sigma (St. Louis, Mo., USA). Others may be
prepared by procedures, or obvious modifications thereof, described in standard
reference texts such as Fieser and Fieser's Reagents for Organic Synthesis,
Volumes 1-15 (John Wiley and Sons, 1991), Rodd's Chemistry of Carbon
Compounds, Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989),
Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March's
Advanced Organic Chemistry, (John Wiley and Sons, 4t Edition), and Larock's
Comprehensive Organic Transformations (VCH Publishers Inc., 1989).
Specifically, the compounds of this invention may be prepared by various
methods known in the art of organic chemistry in general and nucleoside and
nucleotide analogue synthesis in particular. General reviews of the preparation of
nucleoside and nucleotide analogues include 1) Michelson A. M., “The Chemistry
of Nucleosides and Nucleotides,” Academic Press, New York, 1963; 2) Goodman
L., “Basic Principles in Nucleic Acid Chemistry,” Academic Press, New York,
1974, vol. 1, Ch. 2; and 3) “Synthetic Procedures in Nucleic Acid Chemistry,”
Eds. Zorbach W. & Tipson R., Wiley, New York, 1973, vol. 1 & 2.
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[00112]  Strategies available for synthesis of compounds of this invention are illustrated in
the synthetic schemes below. For example, Reaction Scheme 1 illustrates a
general method of preparation of the compounds of formula (Ia) [(formula (I)

where R” is OH.]
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Reaction Scheme 1 (R’ = OH)
Step 1:
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where R' is aryl



WO 2010/081082 PCT/US2010/020632

67
Step 3:
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(1a)

[00113] In this scheme, a protected amino acid of general formula (X) is esterified with an
alcohol of formula R°0H, facilitated by addition of such reagents as EDCI<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>