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IMIDAZOPYRAZINE COMPOUNDS

4 Field of the invention
[0Gi] The invention is directed to imidazopyrazine compounds and pharmaceutical
compositions containing such compounds that are useful in treating infections by hepatitis C

virus and other viruses.

Background to the invention

[062] The hepatitis C virus (HCV) is estimated to infect 170 miliion people worldwide and
in many countries is the leading cause of chronic liver disease. Infection freguently leads to
cirrhosis and hepatocellular carcinoma in long-term chronically infected patients.  In most
cases, clinical symptoms post-infection are mild or even subacute. Hence, many patients do
not realize that they are infected untif there is chronic fiver damage 10-30 years after the initial
infection. There are no vaccines or selective drugs currently avaitable to treat HCV and the
current standard therapies for HCV treatment are based on antiviral therapies that are not
effective for a large number of patients, and are also poorty tolerated, The current best
standard of care utilizes pegylated alpha-interferon and ribavirin.  In the most common
genotypes, this therapy is effective in less than 50% of cases and is associated with side effects
and relapse after treatment cessation. Thus, there is a clear unmet need for effective therapies
for the treatment of HCV infection.

[CG3] HCV is an enveloped, positive-sense single-stranded RNA virus belonging to the
Flaviviridae family. The 9.6 kb genome encodes for a single open reading frame, resulting in
the translation of a single polyprotein of approximately 3,010 amino acids. In infected cells,
this polyprotein is cleaved at muitiple sites by celiular and viral proteases to produce the
structural anc non-structural (NS) proteins, The flanking 5 and 3" untransiated regions of the
viral RNA genome contain important cis-acting signals for the initiation of viral RNA replication
and protein translation. The HCV life-cycle can be separated into the following phases: 1)
attachment to the celi membrane and entry into the cytoplasm; 2) cytoplasmic release -and
uncoating of the viral genome; 3) IRES-mediated translation; 4) polyprotein processing by
celiular and viral proteases; 5) RNA replication; 6) packaging and assembly; 7) reiease from the
host cell. As the HCV life cycie depends on the activity of numerous viral enzymes, engineering
of speci'féc. enzyme inhibitors is being pursued in a number of laboratories to block HCV
repiication. Current research is mainly directed towards inhibiting HCV by targeting the non-
structural proteins NS3 (protease and helicase) and NS5B (polymerase). Without wishing to be
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bound by any particular mechanism, it is believed that the compounds of the present invention
target a host cell mechanism.
[G04] Picornaviruses are responsible for a large number of human viral diseases. The
genus enterovirus, cardiovirus, rhinovirus, aphtovirus and hepatovirus especially the polioviruses
(Sb), coxsackieviruses (CV), human echoviruses, human enteroviruses, human rhinoviruses
(HRV) and hanks viruses all belong to the picornaviridae family. The disease syndromes range
from mild upper respiratory disease to fatal neurological or cardiac-based illﬁesses. Rhinoviruses
are estimated to cause approximately one-third of all upper respiratory tract viral infections.
Exampiles of diseases caused by picornaviridae viral infections include, but are not limited to e.g.
in humans aseptic meningitis, poliomyelitis, herpangina, pleurodynia (Bornholm disease),
myositis, rhabdginyolysis, diabetes type 1, summer fever, encephalitis, febrile illness and
myocarditis. In animals rhinoviruses and the foot and mouth disease viruses can be caused by
such infections.
[005] Picornaviruses are non-enveloped single-stranded positive-sense RNA viruses.
The viral RNA genome is packaged in a capsid consisting of 60 repeating protomeric units, each
one containing a copy of the four viral proteins VP1, VP2, VP3 and VP4. The structural
organization of the viral capsid of several picornaviruses e.g. buman rhinovirus 14 (HRV-14),
poliovirus and coxsackievirus B3 has been elucidated by crystallization and resolution of the
three-dimensional structure.
[006] Imidazopyrazines are known in the literature and have been reported to be
effective freatments for various disorders (e.g. WO 2008/059373 (acid pump antagonists), WO
2008/057512 (kinase inhibitors), WO 2004/074289 (gastric secretion inhibitors)). In particular,
there are several reports of imidazopyrazines having a use in oncology by inhibiting cyclin-
dependent kinases (e.g. WO 2007/058942, WO 2007/056468 and WO 2004/026877).
[007] Surprisingly, the imidazopyrazines disclosed here have little or no effect on
cyclin-dependent kinases and more surprisingly are effective as antiviral agents against a number

of different viruses that include but are not limited to HCV, HRV, Sb and CVB.

SUMMARY
[008] The present disclosure describes novel imidazopyrazine compounds,
pharmaceutically acceptable prodrugs, pharmaceutically active metabolites, pharmaceutically
acceptable salts, and pharmaceutically acceptable solvates therof, which are useful in treating or
preventing a viral infection, in particular a hepatitis C virus (HCV) infection, in a patient in need

therof,
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In a first aspect, there is provided a compound according to to any one of

Formulae (IIA)-(IIC) below:

wherein

Ny

l o

(R%

CR*RY
i CRRN:

R%, R* and R’ are independently selected from H, Me and Et;

each R* and RY may be the same or different and are each independently selected from H
and C;-Cq alkyl;

aislorz;

R%is SOR%

gach R’ may be the same or different and is selected from OH, halo, CN, NO,, C;-Cs
alkyl, substituted C;-Cs alkyl, C,-Cs alkoxy, substituted C,-Cs alkoxy, CF;, OCF;, C;-Cq
alkyl-OH, NHSO,R®, COR®, NHCOR®, and NR*R'¢;

R® is C,-C; alkyl or NR'R';

R’ and RY may be the same or different and are selected from H, C,-C; alkyl, and
substituted C,-Cs alkyl;

b is selected from 0, 1, 2 or 3; and

¢ is selected from 1, 2, or 3;

or a pharmaceutically acceptable salt thereof;

wherein said substitied C,-Cy alkyl refers to a Cy-Cq alkyl group substituted with halo,
cyano, nitro, trifluoromethyl, trifluoromethoxy, azido, -NR”’S0O,R”, -SO,NR”R™’,
-C(O)R”,

~C(OYOR”, -OC(O)R”, -NR™”’C(O)R”, -C(O)NR"R™, -NR"R™, or {CR”’R™),,OR™";
wherein each R” is independently selected from H, C;-Cq alkyl, (CH){(Ce-Cg aryl},
<(CH){5-10 membered heteroaryl), -(CH,){C5-Cyq cycloalkyl), and {CH;){(4-10
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membered cycloheteroalkyl), wherein t is an integer from 0 to 4 and any aryl, heteroaryl,
cycloalkyl or cycloheteroalkyl groups present, may themselves be substituted by
unsubstituted
C;-C, alkyl, halo, unsubstituted C;-C; alkoxy, unsubstituted C,-C, haloalkyl,
unsubstituted C;-C4 hydroxvalkyl, or unsubstituted C,-C, haloalkoxy or hydroxyl; each
of R”” and R™” independently represents H or C;-Cg alkyl;
wherein substituted C;-C, alkoxy refers to OCF,, OCH,CF;, OCH,Ph,
OCH,-cyclopropyi, OCH,CH,OH, OCH,CH,NMe,.

In a second aspect, there is provided a pharmaceutical composition comprising a

pharmaceutically acceptable carrier and a pharmaceutically effective amount of a compound as

defined above.

[06G8¢] In a third aspect, there is provided a compound as defined above for use in
medicine.
[008d] In a fourth aspect, there is provided the use of a compound according to to any

one of Formulae (HA)-{HC) below:

[ e
A" - [ o

wherein

R% R and R’ are independently selected from H, Me and Bt;

cach R* and R¥ may be the same or different and are each independently selected from H
and C,-Cy alkyl;

aislor2;

R®is SO,R;



2c
each R” may be the same or different and is selected from OH, halo, CN, NO,, C;-Cq
alkyl, substituted C,-Cs alkyl, C;-C; alkoxy, substituted C,-Cy alkoxy, CF;, OCF;, C-Cs
alkyl-OH, NHSO,R’, COR®, NHCOR?, and NR'R%;
R is C,-C; atkyl or NRng;
R’ and R' may be the same or different and are selected from H, C;-Cs alkyl, and
substituted C;-C; alkyl;
b is selected from 0, 1, 2 or 3; and
¢ is selected from 1, 2, or 3;
or a pharmaceutically acceptable salt thereof;
wherein said substituted C,-C4 alkyl refers to a C;-Cy alkyl group substituted with halo,
cyano, nitro, trifluoromethyl, trifluoromethoxy, azido, -NR™SO,R”, -SO;NR"R™, -
C(OR”,
C(OYOR”, -OC{OHR”, -NR™C(O)R™, -C{O)NR"R™, -NR"R™’, or -(CR™R"");OR™’;
wherein each R” is independently selected from H, C;-Cs alkyl, -(CH)(Cs-Cyp aryl), -
(CH,){(5-10 membered heteroaryl), -(CH 3(C;-C;p cycloalkyl), and -(CH,)}{(4-10
membered cycloheteroalkyl), wherein t is an integer from 0 to 4 and any aryl, heteroaryl,
cycloalkyl or cycloheteroalkyl groups present, may themselves be substituted by
unsubstituted
C,-Cs alkyl, halo, unsubstituted C,-C, alkoxy, unsubstituted C,-C; haloalkyl,
unsubstituted C;-C, hydroxyalkyl, or unsubstitited C,-C, haloalkoxy or hydroxyl; each
of R™ and R”" independently represents H or C,-Cs alkyl;
wherein substituted C;-Cg alkoxy refers to OCF;, OCH,;CF;, OCH,Ph, OCH;-
cyclopropyl, OCH,CH,OH, OCH,CH:NMe.;

for use in the prevention and / or treatment of a viral infection.
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[005] In a particular embodiment the present disclosure provides a method for treating
a viral infection, said method comprising administering to the patient a therapeutically or
prophylatically effective amount of an imidazopyrazine compound of the disclosure.
[GOE0] In one embodiment, the disclosure relates to compounds of Formula |
R1
eRR,

N

RSJ\\rN\/g‘R

R4 Rs

Wherein

R' is selected from alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted

heteroaryl, cycloheteroalkyl and substituted cycloheteroalkyl;

 R’and R* may be the same or different and are each independently selected from H, alkyl

and halo;

R® is selected from halo, aryl, substitated aryl, heteroaryl and substituted heteroaryi;

R’ is selected from H, halo, alkyl, aryl and substituted aryl;

Each R* and R¥ may be the same or different and are each independently selected from H

and alkyl;

a is selected from 0, 1 or 2,

or a pharmaceutically acceptable salt, solvate or prodrug thereof;

and sterecisomers, isotopic variants and tautomers thereof.
{6011 In a further embodiment, the present disclosure provides pharmaceutical
compositions comprising an imidazopyrazine compound of the disclosure, and a pharmaceutical
carrier, excipient or diluenf. In this embodiment of the disclosure, the pharmaceutical
composition can comprise one or more of the compounds described herein. Moreover, the
compounds of the present disclosure useful in the pharmaceutical compositions and treatment
methods disclosed herein, are all pharmaceutically acceptable as prepared and used.
[6012] In a further embodiment of the disclosure, this disclosure provides a method of
treating a mammal susceptible to or afflicted with a condition from among those listed herein,
and particularly, such condition as may be associated with a viral infection, particularly HCV
and/or a picornavirus, which method comprises administering an effective amount of one or

more of the pharmaceutical compositions just described.
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[0013] In yet another method of treatment embodiment, this disclosure provides a
method for treating a mammal susceptible to or afflicted with a viral infection, and comprises
~ administering an effective condition-treating or condition-preventing amount of one or more of
the pharmaceutical compositions just described.
[0014] In additional embodiments, this disclosure provides methods for synthesizing the
compounds of the disclosure, with representative synthetic protocols and pathways disclosed
later on herein.
[0015] Accordingly, it is a principal object of this disclosure to provide a novel series of
compounds, which can treat or prevent a viral infection. A stiil further object of this disclosure is
to provide pharmaceutical compositions that are effective in the treatment or prevention of & viral
infection.
[0016] Other objects and advantages will become apparent to those skilled in the art
from a consideration of the ensuing detailed description.

Detailed Description of the Invention
Definitions
j6027] The following terms are intended to have the meanings presented therewith
below and are useful in understanding the description and intended scope of the present
invention.
[0018] When describing the invention, which may include compounds, pharmaceutical
compositions containing such compounds and methods of using such compounds and
compositions, the following terms, if present, have the following meanings unless otherwise
indicated. It should also be understood that when described herein any of the moteties defined
forth below may be substituted with a variety of substituents, and that the respective definitions
are intended to include such substituted moieties within their scope as set out below. Unless
otherwise stated, the term “substituted” is to be defined as set out below. It should be further
understood that the terms “groups” and “radicals” can be considered interchangeable when used
herein.
[6019] The articles “a” and “an™ may be used herein to refer to one ot to more than one
(i.e. at least one) of the grammatical objects of the article. By way of example “an analogue”
means one analogue or more than one analogue.
[0620] ‘Acyl’ or ‘Alkanoyl’ refers to a radical -C{O)R™, where R™ is hydrogen, C;-Cq
alkyl, Cs-C;p cycloalkyl, Cs;-Cjp cycloalkylmethyl, 4-10 membered cycloheteroalkyl, aryl,
arylalkyl, 5-10 membered heteroaryl or heteroarylalkyl as defined herein. Representative
examples include, but are not limited to, formyl, acetyl, cyclohexylcarbonyl,
cyclohexylmethylearbonyl, benzoyl and benzylcarbonyl. Exemplary ‘acyl” groups are —-C(O)H,
—C(0)-C-C; alkyl, ~C{O)-(CH{(Co-
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Cso aryl}, ~C{O}-(CH2){5-10 membered heteroaryl), ~C(O)-(CH)(Cs-Cop cycloalkyt), and ~C(O)-
(CHy)(4-10 membered cycloheteroalkyt), wherein tis an integer from 0 to 4.
[0021] ‘Substituted Acyl’ or ‘Substituted Alkanoyl’ refers to a radical -C(O)R%, wherein R*
is independently
s (-Cg alkyl, substituted with halo or hydroxy; or
e (3-Cy cycloalkyi, 4-10 membered cycloheteroalkyl, Cs-Cyo aryl, arylalkyl, 5-10 memberad
heteroaryl or heteroarylalkyl, each of which is substituted with unsubstituted C,-C, alkyl,
halo, unsubstituted C;-C, atkoxy, unsubstituted C;-C, haloalky!, unsubstituted Ci-C,
hydroxyalkyi, or unsubstituted C;-C, haloalkoxy or hydroxy. _
[0022] ‘Acylaming’ refers to a radical -NR¥C(O)R*, where R* is hydrogen, C;-Cg alkyl, Cs~
Cie cycioatkyl, 4-10 membered cyclohetercalky!, Co-Cyo arvi, arylalkyl, 5-10 memberd heteroary!
or heteroarylalkyl and R® is hydrogen, C:-Cs alkyl, C:-Cio cycloalkyl, 4-10 membered
cycloheteroalkyl, Ce-Cyo aryl, arylalkyl, 5-10 membered hetercaryl or heteroarylalkyl, as defined
- herein.  Exemplary ‘acylaminc’ include, but are not iimited to, formylaming, acetylaming,
cyciohexylcarbonylaming, cyclohexylmethyl-carbonylamino, benzoylamino and
benzyicarbonylaming. Exemplary ‘acylamino’ groups are —NR?'C(0)-C;-Cg alkyl, —NR¥*C(0)-
(CH){Cs-Cro aryl),” -NR¥C(O)-(CH.)(5-10 membered hetercaryl), —NR*'C{O}-{CH2){Cs-Cao
cycloalkyl), and —NRZC(O)-(CH;)(4-10 membered cycloheteroalkyl), wherein t is an integer
from 0 to 4, each R?" independently represents H or C;-Cg alkyl.
[0023] ‘Substituted Acylaming’ refers to a radical -NR*C(O)R®, wherain:
R*! is independentty
¢ H, C;~Cq alicyl, substituted with haio or hydroxy; or
o (5-Cyp cycicalkyl, 4-10 membered cycloheteroalkyl, Ce-Cio arvl, arvialkyl, 5-10
membered hetercaryl or heteroarylalkyl, each of which is substituted with
unsubstituted C,-C. alkyl, halo, unsubstituted C;-C4 alkoxy, unsubstituted C;-Cs
haloalkyl, unsubstituted C;-C, hydroxyalky!, or unsubstituted C;-C, haioalkoxy or
hydroxy; and
R* is independently
¢ H, C:-Cq alkyl, substituted with halo or hydroxy; or
*  (5-Cy cycoalkyl, 4-10 membered cycloheteroalkyl, Ce-Cyo arvl, arvialkyi, 5-10
membered heteroaryl or heteroarylalkyl, each of which is substituted with
unsubstituted C;-Cy alkyl, haio, unsu_bétituted Ci-Cq alkoxy, unsubstituted . C;-Cy
haicalkyl, unsubstituted C:-C, hydroxyalkyl, or unsubstituted Ci-Cs haloalkoxy or
hydroxyl;
provided at least one of R* and R® is other than H.
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[0024] ‘Alkoxy’ refers to the group —~OR® where R*® is C;-Cy alkyl. Particular alkoxy groups
are methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-
hexoxy, and 1,2-dimethylbutoxy. Particular atkoxy groups are lower alkoxy, i.e. with between 1
ang 6 carbon atoms. Further part%cuia}" alkoxy groups have between 1 and 4 carbon atoms.
[0025] ‘Substituted alkoxy’ refers to an alkoxy group substituted with one or more of those
groups recited in the definition of “substituted” herein, and particutarly refers to an alkoxy
group having 1 or more substituents, for instance from 1 t© 5 substituents, and particuiarly
from 1 to 3 substituents, in particular 1 substituent, selected from the group consisting of
aming, substituted amine, Ci-Cie aryl, -O-aryl, carboxyi, cyano, Cs-Cyo cycloalkyl, 4-10
membered cyciohetercalkyl, halogen, 5-10 membered heteroaryl, hydroxyl, nitro, thioalkoxy,
thio-C-aryl, thiol, alkyl-5(0)-, aryl=-5(0)-, alkyi-S5(0).- and ary!-5{0),~. Exempiary ‘substituted
alkoxy’ groups are ~O~{CHy){Cs-Cio aryl), —O-(CH:)({5-10 membered heteroaryl), ~O-(CH)(Cs~
Cye cycloatkyl), and ~O-(CH:){4-10 membered cycioheteroalkyl}, wherein t is an integer from 0
to 4 and any aryl, heteroaryl, cycloalkyl or cycloheteroalky! groups present, may themselves be
substituted by unsubstituted.crcal alkyl, halo, unsubstituted C-C, alkoxy, unsubstituted C;-C,
halcalkyl, unsubstituted C;-Cs hydroxyalkyl, or unsubstituted C;-Cs haloatkoxy or hydroxy.
Particular exemplary ‘substituted aikoxy” groups are QCF;, OCH,CF3, OCH,Ph, OCH;-cyclopropy!,
OCH,CH,OH, OCH,CH,NMe,.

[00261 “Alkoxycarbonyl’ refers to a radical -C(0)-OR* where R¥ represents an C-Cg alkyl,
Cs-Cyo cycloalkyl, Cs-Cyo cycloalkvlalkyl, 4-10 membered cycioheteroalkyl, aralkyl, or 5-10
membered hetercarylalkyl as defined herein. Exemplary “alkoxycarbonyi” groups are C(0)0-C;-
Cs alkyl, —C(OYO-(CH ) Ce-Cie aryl), —C(O)O-(CH)(5-10 membered heteroaryl), -C(O)O-
{CHH{Cs-Cyp cycioalkyl), and ~C{O)0-{CH,)(4-10 membered cycicheteroalkyl), wherein t is an
integer from 1 to 4.

[0027] “Substituted Alkoxycarbonyl’ refers to a radical -C(O)-OR% whare R® represents:

o C-Cy alkyi, CsCis cycloalkyl, C3-Ciy¢ cycloalkylalkyl, or 4-10 membered
cyclohetercalkytalkyl, each of which is substituted with halo, substituted or
unsubstituted amino, or hydroxy; or

s (Cs-Cyo aralkyl, or 5-10 membered heteroarylalkyl, each of which is substituted with
unsubstituted C;-Cs alkyl, halo, unsubstituted Ci-C. alkoxy, unsubstituted C,-C4
haloalky!, unsubstituted C;-C. hydroxyalkyl, or unsubstituted C;-C. haloalkoxy or

- hydroxyl. | o | |
[0028] ‘-O-arylcarbonyl refers to a radical -C(0)-OR™ where R¥ represents an Co-Cig aryl,
as defined herein. Exemplary “-O-aryicarbony!” groups is ~C(0)0-(Ce-Cyo aryl).
[0029] ‘Substituted -O-aryicarbonyl’ refers to a radical -C(0)-OR™ where R* represents a
Ce-Cie aryl, substituted with unsubstituted C,-C; alkyl, halo, unsubstituted C;-C; alkoxy,



WO 2009/(24585 5 PCT/EP2008/060896

unsubstituted C;-C; haloalkyl, unsubstituted C;-Cs hydroxyalkyl, or unsubstituted C-C,
halocalkoxy or hydroxyl.

[0030] ‘“Hetero-C-arylcarbonyl’ refers to a radical -C{0)-OR* where R* represents a 5-10
membered hetercaryl, as defined hereain.

[0031] ‘Substituted Hetero-O-arylcarbonyl’ refers to a radical -C(O}-OR¥ where R¥
represents a 5-10 membered heteroaryl, substituted with unsubstituted C,-C. alkyl, halo,
unsubstituted C;-C,4 alkoxy, unsubstituted C;-C4 haloalkyl, unsubstituted C;-C4 hydroxyalkyl, or
unsubstituted C;-C4 haloalkoxy or hydroxyi.

[0032] CAlkyl’ means straight or branched aliphatic hydrocarbon having 1 to 20 carbon
atoms. Particular alkyl has 1 to 12 carbon atoms. A further particular group has 1 to 8 carbon
atoms. More particular is lower alkyl which has 1 to 6 carbon atoms. A further particular group
has 1 to 4 carbon atoms. Exemplary straight chained groups include methyi, ethy! n-propyl, and
n-butyl. Branched means that one or more lower alky! groups such as methyl, ethyl, propyl or
butyl is attached to a linear alkyl chain, exemplary branched chain groups inciude isopropyl, iso-
butyl, t-butyl and iscamyt.

[00331 ‘Substituted alkyl’ refers to an alkyl group as defined above substituted with-one or
more of those groups recited in the definition of “substituted” herein, and particutarly refers to
an alkyl group having 1 or more substituehts, for instance from 1 to 5 substituents, and
particularly from 1 to 3 substituents, in particuiar 1 substituent, selected from the group
consisting of acyl, acylamino, acyloxy (-O-acyl or ~OC(O)R™), alkoxy, alkoxycarbonyl,
alkoxycarbonylamino (-NR -alkoxycarbonyl or -NH-C(O)-OR¥), amino, substituted amino,
aminocarbonyl (carbamoy! or amido or —C(O)-NR';), aminocarbonylamino (-NR'-C(O}-NR',),
aminocarbonyloxy (-0-C{0)-NR'y, aminosulfonyl, sulfonylaming, aryl, -O-aryl, azido, carboxyl,
cyano, cycicalkyi, halogen, hydroxy, heteroaryl, nitro, thiol, -S-aikyl, —S-aryl, -5(O)-alkyl,~S(0}-
aryl, =5(0).-alkyl, and -5(0);-aryi. In a particuiar embodiment ‘substituted alkyl’ refers to a C;-
Cs alkyl group substituted with haio, cyano, nitro, triflucromethy!, trifluoromethoxy, azido, -
(CR'R")mOR"; wherein each R’ is independently selected from H, Ci-Cs alkyl, ~(CH{Ce-Cuo
aryl), -(CHyW{(5-10 membered hetercaryl}, -(CH){Cs-Cio cycloalkyl), and -(CH;){4-10
membered cycloheteroalky!), wherein t is an integer from 0 to 4 and any aryl, hetercary,
cycicalkyl or cycloheteroalkyl groups present, may themselves be substituted by unsubstituted
C:-C, alkyi, halo, unsubstituted C;~C, alkoxy, unsubstituted C;-C. hai_oaikyi, unsubstituted C;-Cs
hydroxyalkyl, or unsubstituted C;-C, haioalkoxy or hydroxy. Each of R” and R™ independentiy
represents H or C;-Cqg alkyl. '

10034] ‘Aminc’ refers w the radical -NH..
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f0035] ‘Substituted amino’ refers to an amino group substituted with one or more of those
groups recited in the definition of ‘substituted’ herein, and particularly refers to the group -
N(R™), where each R* is independentty selected from:
s hydrogen, Ci-Cs alkyi, Cs-Cio aryl, 5-10 membered heteroaryl, 4-10 membered
cycloheteroalkyl, or C5-Cyo cycivalkyi; or
e C;-Cy alkyl, substituted with halo or hydroxy; or
e ~(CHy)(Ce-Cyp aryl), {CHz1(5-10 membered heteroary!), -{(CH2){CTs-Cio cycioalky!)
or -(CH){4-10 membered cycloheteroalkyl) wherein t is an integer between 0
and 8, each of which is substituted by unsubstituted C,-C; alkyi, halo,
unsubstituted C,-C. alkoxy, unsubstituted C;~C, haloalkyl, unsubstituted C;-C.
hydroxyalkyl, or unsubstituted C;-C, haloalkoxy or hydroxy; or
» both R* groups are joined to form an alkylene group.
When both R*™ groups are hydrogen, -N(R*); is an amino group. Exemplary ‘substituted
amino’ groups are ~NR*-Cy-Cg alkyl, ~NR¥™-(CH))}{Cs-Cyp arvl), —NR*-(CH.)(5-10 membered
heteroaryl),  ~NR¥-(CH(Cs-Cio  cycloatkyl), and  =NR¥-(CH){4-10  membered
cyclohateroalkyl), wherein t is an integer from 0 to 4, each R* independently represents H or
C:-Cs alkyl; and any alky! groups present, may themselves be substituted by hale, substituted
or unsubstituted aminge, or hydroxy; and any aryl, heteroaryl, cycoalkyl or cycloheteroalkyl
groups present, may themseives be substituted by unsubstituted Ci-C. alkyl, halo,
unsubstituted C;-C4 alkoxy, unsubstituted C,-C; haloalkyl, unsubstituted C,-C, hydroxyalkyl, or
unsubstituted C,-Cs haloalkoxy or hydroxy. For the avoidance of doubt the term “substituted
amino” inciudes the groups alkylamino, substituted alkylamino, alkylaryiamino, substituted
alkylarylamino, aryiamine, substituted aryiamino, dialkylamino and substituted dialkylamino as
defined below.
[0036] ‘Alkylamino’ refers to the group ~NHR*, wherein R** is C;-Cs alkyi.
10037} ‘Substituted Alkylaming’ refers to the group —-NHR™, wherein R* is C,-Cy alkyl; and
the alkyl group is substituted with halo, substituted or unsubstituted amino, hydroxy, C-Cio |
cycloalkyl, 4-10 membered cycioheteroalkyl, Cs-Cio aryl, 5-10 membered heteroary!, aralky! or
hetercaralkyi; and any aryl, heteroaryl, cycioalkyl or cycloheteroalky! groups present, may
themselves be substituted by unsubstituted C,-C; alky!, halo, unsubstituted C;-Cs alkoxy,
unsubstituted Ci-Cq haloalky!, unsubstituted C.-Cs hydroxyalkyl, or unsubstituted C;-C,
haloalkoxy or hydroxy. ' ' .
[0038] ‘Alkyiarylamino’ refers to the group -NR®R¥, wherein R* is Cs-Cyo aryl and RY is Cy-
Cs alkyl,
[0039] “Substituted Alkylarylamino’ refers to the group -NR*™R*, wherein R® is C;-Cyo ary!
and R* is C;-Cg alky!; and the alky! group is substituted with halo, substituted or unsubstituted
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amine, hydroxy, G-Cie cycloalkyl, 410 membered cydloheteroalkyt, Ce-Cio aryl, 5-10 membered
hetercaryl, aralky! or hetercaralkyl; and any aryl, heteroaryl, cycloalkyl or cyclohetercalkyl
groups present, may themselves be substituted by unsubstituted C;-C, alkyl, halo, cyano,
unsubstituted <:-Cs atkoxy, unsubstituted C;-Cs haloalkyl, unsubstituted Ci-Cs hydroxyalkyl, or
unsubstituted C;-C4 haloalkoxy or hydroxy.
[00407 ‘Arylamino’ means a radical ~-NHR*™ where R* is selected from Cg-Cyp ary! and 5-10
membered hetercaryl as defined herein.
[0041]  ‘Substituted Arylamino’ refers to the group -NHRY, wherein R* is independently
selected from Cs-Cyo aryt and 5-10 membered hetercaryl; and any aryl or heteroaryl groups
present, may themselves be substituted by unsubstituted C;-Cs alkyl, halo, cyano, unsubstituted
Ci-C, alkoxy, uns_ubstituted Cy-C4 haloalkyl, unsubstituted C;-C. hydroxyalikyl, or unsubstituted
Ci-Cq haloalkoxy or hydroxy.
[0042] ‘Dialkylamino’ refers to the group ~NR™R®, wherein each of R* and R® are
independently selected from C-Cs alkyl.
[0043] ‘“Substituted Dialkylaminc’ refers o the group ~NR*R®, wherein each of R* and R¥
are independently selected from C;-Cy alky!; and the alky! group is independently substituted
with halo, hydroxy, C-Cio cycioalkyl, 4-10 membered cycloheteroalkyi, Ce-Cyo aryl, 3-10
memberad hetercaryl, aralkyl or hetercaralkyl; and any aryl, hetercary!, cycloalky! or
cycloheteroalkyl groups present, may themselves be substituted by unsubstituted C,-Cs alkyl,
halo, unsubstituted C;-C, alkoxy, unsubstituted Cy-, haloalkyl, unsubstituted C;-C. hydroxyalkyl,
or unsubstituted C,-C4 haicalkoxy or hydroxy.
[0044] ‘Diarylaming’ refers to the group —NR™RY, wherein each of R*™ and RY are
independently selected from Cg-Cye arvi.
00457 “Aminosuifony!” or “Sulfonamide” refers to the radical =S{G2)NH..
[0046]  “Substituted aminosulfonyl” or “substituted sulfonamide” refers to a radical such as
-S(0,)N(R*™}, wherein each R*® is independentiy selected from:
o H, C-Cs alkyl, Cs-Cso cycloalkyl, 4-10 membered cycioheteroalkyl, Ce-Cio arvi,
aralkyl, 5-10 membered hetercaryl, and heteroaralkyi; or
e (,-Cg alkyl substituted with halo or nydroxy; or
e (3-Cip cycloalkyl, 4-10 membered cyciohetercalkyl, C:-Cip aryl, aralkyl, 5-10
membered hetercaryl, or heteroaralkyl, substituted by unsubstituted C,-Cs alkyl,
halo, unsubstituted C-Cy alkoxy, unsubstituted C;-C. haloalkyl, unsubstituted Ci-Cs
hydroxyalkyi, or unsubstituted C,-C4 haloalkoxy or hydroxy; provided that at least
one R® is other than H.
[0047] Exemplary ‘substituted aminosuifony! or ‘substituted sulfonamide’ groups are -
S(O)N(R™)Y-Ci-Cq alkyl, —S(O2IN(R™}-(CH){Cs-Cyo arvl), —S(O)N(R™)-(CH,)«{5-10 membered
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hetercaryl), ~S(O2)N{R*¥)~(CH){Cs-Cyp cycloalkyl), and ~S(O)N(R™)-(CH,){4-10 membered
cycloheteroalkyl), wherein t is an integer from 0 to 4; each R*® independently represents H or
C-Ce atkyl; and any aryl, heteroaryl, cycloalkyl or cyclohetercalky! groups present, may
themselves be substituted by unsubstituted Ci-Cs alkyl, halo, unsubstituted C;-C. alkoxy,
unsubstituted C;-C4 haloalkyl, unsubstituted C-C; hydroxvalkyl, or unsubstituted Ci-C4
haloalkoxy or hydroxy.

[0048] Aralkyl’ or ‘aryialky!’ refers to an alkyl group, as defined above, substituted with one
or more aryl groups, as defined above. Particular aralkyl or arylalkyl groups are alkyl groups
substituted with one aryi group.

[0049] ‘Substituted Aralkyl” or ‘substituted arylalkyl’ refers to an alkyl group, as defined
above, substituted with one or more aryi groups; and at least one of any aryl group present,
may themselves be substituted by unsubstituted C;-C, alkyl, halo, cyanc, unsubstituted C;-Cs
alkoxy, unsubstituted C;-C4 haloalky!, unsubstituted C,-C4 hydroxyalkyl, or unsubstituted C;-Cs
halcalkoxy or hydroxy.

[00501 ‘Aryl’ refers to @ monovalent aromatic hydrocarbon group derived by the removal of
one hydrogen atom from & single carbon atom of 2 parent aromatic ring system. In particular
aryl refers to an aromatic ring structure, mono-cyciic or poly-cyclic that includes from 5 to 12
ring members, more usually 6 to 10. Where the aryl group is 2 monogyclic ring system it
preferentiaily contains 6 carbon atoms. Typical aryl groups include, but are not limited to,
groups derived from aceanthryieng, acenaphthylene, acephenanthryiene, anthracene, azulene,
benzene, chrysene, coronene, fluoranthene, fluorene, hexacene, hexaphene, hexalene,
as-indacene, s-indacene, indang, indene, naphthalene, octacene, octaphene, octaiene, ovaieng,
penta-2,4-diene, pentacene, pentalene, peniaphene, perylene, phenalene, phenanthrene,
picene, pleiadens, pyrene, pyranthrene, rubicene, triphenylene and trinaphthalene. Particularly
aryl groups include phenyl, naphthyl, indenyi, and tetrahydronaphthy!.

[0051] ‘Substituted Aryl’ refers to an aryl group substituted with one or more of those
groups recited in the definition of “substituted” herein, and particularly. refers to an aryl group
that may optionally be substituted with 1 or more substituents, for instance from 1 to 5
substituents, particularly 1 fo 3 substituents, in particular 1 substituent. Particularly,
‘Substituted. Aryl’ refers to an aryl group substituted with one or more of groups selected from
haio, C;-Cq alkyl, C,-Cq haloalkyi, Ci-Cs haioalkoxy, cyano, hydroxy, C;-Cs alkoxy, and amino.
[0052] Examples of representative substituted aryls include the following

R4
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In these formulae one of R* and R* may be hydrogen and at least one of R* and R*™ is each
independently selected from C,-Cg alkyl, 4-10 membered cycloheteroalkyl, alkanovi, Ci-Ce
alkoxy, hetero-O-aryl, alkylamino, arylamino, hetercarylamino, NR™COR®, NRSOR™
NR*'SO,R™, COOalkyi, COOaryl, CONR™R™, CONR¥™OR™, NR*R¥, SO,NR*'R*, S-alkyl, SOalkyl,
SO;alkyl, Saryl, SOaryl, SO.aryt; or R* and R™ may be joined to form a cyclic ring (saturated or
unsaturated) from 5 to 8 atoms, optionally containing one or more heteroatoms selected from
the group N, O or 5. R™, and R** are independently hydrogen, C-Cs alkyl, C,-C, haloalkyl, Cs-
Cso cycloalkyl, 4-10 membered cycloheteroalkyl, C;-Cio aryl, substituted aryi, 5-10 membered
heteroaryl.
[0053] ‘Aryiakyloxy’ refers to an -O-alkylary! radical where alkylaryt is as defined herein.
[0054] ‘Substituted Arylalkyloxy” refers to an -O-alkylaryl radical where alkylaryl is as
defined herein; and any aryl groups present, may themselves be substituted by unsubstituted
Cs-C4 alkyl, halo, cyano, unsubstituted C;-C. alkoxy, unsubstituted C;-, haloaikyl, unsubstituted
Ci-C4 hydroxyalkyt, or unsubstituted C,-C4 haloalkoxy or hydroxy.
[0055] ‘Azido refers to the radical -Nj.
[0056] ‘Carbamoyi or amido’ refers to the radical ~C(O)NH,.
[0057] ‘Substituted Carbamoyl or substituted amido’ refers to the radical -C{OIN(R*),
wherein each RS is independently
e H, C-Cg alkyl, C3~Cyp cycloalkyl, 4-10 membered cycloheteroalkyl, Ce-Cso arvt,
aralkyl, 5-10 membered heteroaryl, and hetercaralkyi; or
e (C;-Cg atkyl substituted with halo or hydroxy, or
o (C3-Cyp cycloalkyl, 4-10 membered cycioheteroalkyl, Ce-Cyo aryl, aralkyl, 5-10
membered hetercaryl, or heteroaralkyl, each of which Is substituted by
unsubstituted C;-Cs aikyl, haio, unsubstituted C.-Cs alkoxy, unsubstituted C-C4
haioalkyl, unsubstituted C;-Cs hydroxyalkyi, or unsubstituted C;-C. haloalkoxy or
hydroxy;
rovided that at least ane R* is other than H.
[0058] Exemplary 'Substituted Amido / Carbamoyl’ groups are —C(O) NR*-C,-Cq alkyl, -
C{OINR¥(CH)(Ce-Cro  aryt), =C{OIN*-(CH;)(5-10 membered heteroaryl), —C(O)NR*-
(CH{Ca-Cyo cycioalkyl), and —C{Q)NR™~(CH.,)(4-10 membered cycioheteroalkyl), wherein t is
an integer from 0 to 4, each R® independently represents H or C,-Cg alkyl and any aryl,
hetercaryl, cycioalkyl or cycioheteroalkyl groups present, may themselves be substituted by
unsubstituted C;-Cy alkyl, halo, unsubstituted C,-C,s alkoxy, unsubstituted C:-C; haloalkvl,
unsubstituted C,-C,4 hvdroxyalkyl, or unsubstituted C;-C, haloalkoxy or hydroxy.
[0059] ‘Carboxy’ refers to the radical -C{O)OH.
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F0060] Cycioalkyl’ refers to cyclic non-aromatic hydrocarbyl groups having from 3 to 10
carbon atoms. Such cycioalkyl groups include, by way of example, single ring structures such
as cyclopropyi, cyclobutyl, cyclopentyl, cyclohexy!, cycloheptyt, and cyclooctyl.

(00611 ‘Substituted cycioalkyl’ refers to a cycioalkyl group as defined above substituted
with one ar more of those groups recited in the definition of ‘substituted” herein, and
particularly refers to a cycioalkyl group having 1 or more substituents, for instance from 1 to 5
substituents, and particularly from 1 to 3 substituents, in particular 1 substituent.

FO062] ‘Cyano' refers to the radical -CN.

[0063] ‘Halo’ or ‘halogen’ refers to fiucrc (F), chioro (C1), bromeo (Br) and iodo (D).
Particuiar halo groups are either fluoro or chioro.

[06064] ‘Hetero” when used to describe a compound or a group present on a compound
means that one or more carbon atoms in the compound or group have been replaced by a
nitrogen, oxygen, or suifur heferoatom. Hetero may be applied to any of the hydrocarbyl
groups described above such as alkyl, e.g. hetercalkyl, cycioalkyl, e.g. cycloheteroalkyl, aryl,
e.g. heteroaryl, cycloalkenyl, e.g. cyclohetercalkenyl, and the iike having from 1 to 5, and
particularly from 1 to 3 heferoatoms.

[0065] ‘Hetercary!’ means an aromatic ring structure, mono-cyciic or polycyclic, that
includes one or more hetercatoms and 5 to 12 ring members, more usually 5 to 10 ring
members., The hetercaryl group can be, for example, a five membered or six membered
monocydiic ring or a bicydiic structure formed from fused five and six membered rings or two
fused six membered rings or, by way of a further example, two fused five membered rings.
Each ring may contain up to four hetercatoms typically selected from nitrcgen, sulphur and
oxygen. Typically the heteroaryl ring will contain up to 4 hetercatoms, more typically up to 3
heteroatoms, more usually up 1o 2, for example a single heteroatom. In one embodiment, the
heteroary! ring contains at least one ring nitrogen atom. The nitrogen atoms in the heteroaryl
rings can be basic, as in the case of an imidazole or pyridine, or essentially non-basic as in the
case of an indole or pyrrole nitrogen. In general the number of basic nitrogen atoms present in
the heteroary! group, including any amino group substituents of the ring, will be less than five.
Exampies of five membered monocyclic heteroaryl groups include but are not limited to pyrrole,
furan, thiophene, imidazole, furazan, oxazole, oxadiazole, oxatriazole, isoxazole, thiazole,
isathiazole, pyrazole, triazole and tetrazole groups. Examples of six membered monocyciic
hetercaryl groups inciude but are not fimited to pyridine, pyrazine, pyridazine, pyrimidine and
triazine. Particular examples of bicydlic heteroaryl groups containing & five membered ring
fused to anocther five membered ring inciude but are not limited to imidazothiazoie. and
imidazoimidazole. Particular examples of bicyclic heteroaryl groups containing a six membered

ring fused to a five membered ring include but are not iimited to benzfuran, benzthioohene,
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benzimidazole, benzoxazole, isobenzoxazole, benzisoxazoie, benzthiazole, benzisothiazole,
isobenzofuran, indole, isoindole, isoindolone, indolizing, indoiineg, isoindoline, putine (e.g.,
adenine, guanine), indazole, pyrazolopyrimiding, triazolopyrimidine, benzodioxole and
pyrazolopyridine groups. Particular exampies of bicyclic heteroaryl groups containing two fused
six membered rings include but are not limited 1o quinoling, isoquinoline, chroman,
thiochroman, chromene, isochromene, chroman, isochroman, benzodioxan, quinolizine,
benzoxazine, benzodiazine, pyridopyriding, guinoxaline, quinazoling, cinnoling, phthalazine,
naphthyridine and pteridine groups. Particular hetercaryl groups are those derived from
thiophene, pyrrole, benzothiophene, benzofuran, indole, pyridine, guinoline, imidazoie, oxazole
and pyrazine.

[0066] Examples of representative aryl having heterc atoms containing substitution include
the following:

€0 0 L0

wherain each W is selected from C(R**),, NR™, O and S; and each Y is selected from carbonyl,
NR*™ O and S; and R™ is independently hvdrogen, C.-Ce alkyl, CzCy cycloalkyl, 4-10
membered cyciohetercalkyi, Cs-Cyo ary!, and 5-10 membered hetercaryl.
[0067F Examples of representative heteroaryls inciude the following:

N —N = RN
@ Q lN/j I
N\ N\\ l\
G O O OO

wherein each Y is selected from carbonyl, N, NR®, O and S; and R* is independently hydrogen,
C;-Cg alkyt, C3-Cio cycloalkyl, 4-10 membered cycioheteroalky!, Cs-Cyp aryl, and 5-10 membered
heteroaryl.

[0068] As used herein, the term ‘cycioheteroalkyl’ refers to a 4-10 membered, stable
heterocyclic non-aromatic ring and/or including rings containing one or more heteroatoms
independently selected from N, O and S, fused thereto. A fused heterocydic ring system may
include carbocyclic rings and need only include one heterocyclic ring.  Examples of heterocyciic
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“rings include, but are not limited to, morpholine, piperidine (e.g. 1-piperidinyl, 2-piperidiny, 3-

piperidiny! and 4-piperidinyl}, pyrrolidine (e.g. 1-pyrrolidinyl, 2-pyrrolidinyl and 3-pyrrolidinyl),
pyrrolidone, pyran {2H-pyran or 4H-pyran), dinydrothiophene, dihydropyran, dihydrofuran,
dihydrothiazole, tetrahydrofuran, tetrahydrothiophene, dioxane, tetrahydropyran (e.g. 4-
tetrahydro pyranyl), imidazoline, imidazolidinone, oxazoline, thiazocline, Z-pyrazoline,
pyrazoiidine, piperazine, and N-alky! piperazines such as N-methyl piperazine. Further examples
include thiomorpholine and its S-oxide and S,5-dioxide (particularly thiomorpholine). Still further
examples inciude azetidine, piperidone, piperazone, ang N-alkyl piperidines such as N-methyi
piperidine.  Particular examples of cyclohetercalky! groups are shown in the foliowing
illustrative examples:

........ il - N
b 7 5 T b
) XD
G Y ¥ Y
W - W \\I \‘/ B N'e -
; 1 |
L ‘),l L. L !\‘:
Y el W N

wherein each W is selected from CR>®, C(R*),, NR*®, O and §; and each Y is selected from
NR>®, O and S; and R is independently hydrogen, C.-Cs aikyl, Ci-Cu cycloalkyl, 4-10
membered cycioheteroalkyl, Ce-Cio aryl, 5-10 membered hetercaryl, These cycioheteroalkyl
rings may be optionally substituted with one or mare groups selected from the group consisting
of acyl, acylaming, acyloxy (-O-acyl or -OC(O)R™), alkoxy, alkoxycarbonyl,
alkoxycarbonylamino {-NR™-alkoxycarbonyl or -NH-C(O)-OR™), aminc, substituted aming,
aminocarbonyl - (amido  or  ~C(O)-NR),  aminocarbonylamino  (-NR'-C(O)-NR'),
aminocarbonyloxy (-O-C(O)-NR', aminosulfonyl, sulfonylamino, aryl, -O-aryl, azido, carboxyl,
cyano, cycloalkyl, haloegen, hydroxy, nitro, thiol, -S-alkyi, ~S-aryi, -S(O)-alkyl,~S{0)-ary!, -5(0),-
alkyl, and -S(O},-aryl. Substituting groups include carbonyl or thiocarbonyl which provide, for
exampie, lactam and urea derivatives.
[0069] ‘Hydroxy' refers to the radical -OH.
[0070] ‘Nitro’ refers to the radical —NO,.
[0071] ‘Substituted’ refers to a group in which one or more hydrogen atoms are each
independently replaced with the same or different substituent(s). Typica! substituents may be
selected from the group consisting of:
halogen, -R*, -7, =0, -OR*, -SR¥, -§, =5, -NR>'R*®, =NR¥, -CCl;, -CF3, -CN, -OCN, -
SCN, -NO, -NOy, =Ny, -Ns, -S(0),0°, -5(0),0H, -S(O)R™, -0S(0)0", -OS(O)R¥, -
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P(O)O), -P(OYOR™)(07), -OP(O)OR)OR™), -C(ORY, -C(SIR”, -C(O)ORY, -
C(OINRYR™®,  -C(OYO', -C(S)OR*,  -NR™C(OINR*R™,  -NR™C(SINR*'R®,
NREC(NR*MINRYR™ and -C(NR*)NRYR®;

[0072]

wherein each R¥, R%, R*® and R* are independently:
¢« hydrogen, Ci-Cg alkyl, Ce-Cio aryl, arvialikyi, (5-Cy cvcloalkyl, 4-10
membered cycloheteroalkyl, 5-10 membered heteroaryl, heteroarylalkyl;
or
e (;-Cy alkyl substituted with halo or hydroxy,; or
e Ce-Ci aryl, 5-10 membered heteroaryl, Ce-Cio cycloalkyi or 4-10
membered cyclohaterpalkyl substituted by unsubstituted C.-C, alkyl, halo,
unsubstituted C;-C, alkoxy, unsubstituted C.-C. haloalkyl, unsubstituted
C:~C4 hydroxyaikyl, or unsubstituted C;-C, haloalkoxy or hydroxy.
In 8 particular embodiment, substituted groups are substituted with one or more

substituents, particularly with 1 to 3 substituents, in particular with one substituent group.

[0073]

In a further particular embodiment the substituent group or groups are selected

from: halo, cyano, nitrc, trifluoromethyi, trifluoromethoxy, azido, -NR'SO.R’, -SO.NRR", -
C(O)R’, -C(QYOR’, -OC(O)R’, -NR'C(O)R’, -C{OINR'R", -NR'R”, (CR'R")OR", wherein, each R’
is independently selected from H, Ci-Cs alkyl, ~(CH{Ce-Cio aryl}, -(CH{5-10 membered
heteroaryl), ~(CHx)J(Cs-Cio cycioalkyl), and ~(CHx){(4-10 membered cycloheteroalkyl), wherein t
is an integer from 0 to 4; and

[

[0074]
[0075]

any aikyl groups present, may themselves be substituted by halo or hydroxy; and
any aryl, heterocaryl, cycloalkyt or cycloheteroalkyi groups present, may themseives
be substituted by unsubstituted C;-Cs alkyi, halo, unsubstituted C;-C4 alkoxy,
unsubstituted C;-C4 haioalkyl, unsubstituted C;-Cy4 hydroxyalkyi, or unsubstituted C.-
C4 haloalkoxy or hydroxy. Each R independently represents H or C;-Csalkyl,
‘Substituted sulfanyl’ refars to the group =SR®, wherein R™ is selected from:

Ci-Ce alkyl, C3-Cyp cycloalkyl, 4-106 membered cycicheteroalkyl, Ce-Cig aryl, aralkyl,

5-10 membered heteroaryl, and heteroaralkyl; or

e

C-Cg alkyl substituted with halo, substituted or unsubstituted amino, or hydroxy; or
Cs-Cyo cycloalkyi, 4-10 membered cycioheteroalkyl, Cs-Cio aryl, aralkyl, 5-10
membered heteroary!, or heteroaralkyl, each of which is substituted by
unsubstituted crcg alkyl, haio, unsubstituted C.-C; alkoxy, unsubstituted C,-Cs
haloalky!, unsubstituted C;-C4 hydroxyalkyt, or unsubstituted'cl—& haioalkoxy or
hrydroxy.
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[0076] Exemplary ‘substituted sulfanyl’” groups are -S-(C:;-Cs alkyl) and -S-(Cx-Cyp
cycloalkyl), —S5-(CH){CeCyo aryl), -S-(CH)(5-10 membered heteroaryl), —S-{CH; W C-Cio
cycloalkyl), and =S-(CH3){4-10 membered cycloheteroalkyl), wherein t is an integer from 0 to 4
and any aryi, heteroaryi, cycloalkyl or cyclohetercalkyl groups present, may themselves be
substituted by unsubstituted C,-C4 aikyl, halo, unsubstituted C;-C. alkoxy, unsubstituted C;-C.
haloalkyl, uhsubstituted C:-C4 hydroxyalkyl, or unsubstituted C;-Cs haloalkoxy or hydroxy. The
term ‘substituted sulfanyl’ includes the groups ‘alkyisulfany!” or “alkylthic’, ‘substituted alkylthio’
or ‘substituted alkvisulfanyl’, ‘cycloalkyisulfanyl” or “cycloalkylthic’, ‘substituted cycloalkylsulfanyl”
or ‘substituted  cycloalkylthic’, ‘arylsulfanyl’ or ‘arylthio’ and ‘heteroaryisulfanyl’ or
*heteroarylthio” as defined beiow.
[0077] ‘Alkylthio’ or “Alkylsulfanyl’ refers to a radical -SR® where R% is a C~Cs alkyl or
group as defined herein. Representative examples include, but are not limited to, methyithio,
ethylthio, propylthio and butylthia,
f0078] ‘Substituted Alkylthio’or ‘substituted alkylsulfanyl’ refers to the group —SR® where
R™ is a C;-Cz alkyl, substituted with haio, substituted or unsubstituted aming, or hydroxy.
[0679] ‘Cycloalkylthio” or ‘Cycloalkyisulfanyl” refers to a radical -SR** where R™ is a C-Cyg
cycioalkyl or group as defined herein. Representative exampies include, but are not limited to,
cyclopropylthio, cyclohexyithic, and cyclopentylthio.
[0080] ‘Substituted cycioalkylthio” or ‘substituted cycloalkyisulfanyl” refers to the group —
SR® where R® is a C3-Cyo cycloalkyl, substituted with hale, substituted or unsubstituted aming,
or hydroxy. '
[0081]  ‘Aryithio’ or “Aryisulfanyl’ refers to a radical -SR* where R® is a C¢-Cyo aryl group as
defined herein,
[0082] ‘Heteroarylthio’ or "Hetercarylsulfanyl’ refers to a radical ~SR¥ where RY is a 5-10
membered heteroary! group as defined herein.
[0083] ‘Substituted sulfinyl’ refers to the group ~S(O)R™, wherein R*® is selected from:
[0084] C;-Cg alkyl, C5-Cyo cycloalkyl, 4-10 membered cycloheteroalkyl, Cs-Ciq aryl, aralkyl,
5-10 membered heteroaryl, and hetercaraliyl; or
e (;-Cq alky! substituted with halo, substituted or unsubstituted aming, or hydroxy; or
e (3-Cyo cycloalkyl, 4-10 membered cyciohetercalkyl, Ce-Cio arvl, aralkyi, 5-10
membered heteroaryl, or hetercaralkyl, substituted by unsubstituted C;-C. alkyl,
halc, unsubstituted C;-C, alkoxy, unsubstituted C,-C,4 haloalkyl, unsubstituted C;-C4
hydroxyalkyl, or unsubstituted C,-C4 haloalkoxy or hydroxy.
[0085] Exemplary ‘substituted sulfiny!’ groups are —S(O}-(C;-Cy alkyl) and =S{0O)-(Cs-Cyp
cycloalkyl}, =S(O)-(CH)(Ce-Cio aryl), —S(0)-{CH:)(5-10 membered hetercaryl), -S(0)-
(CH2{Cs-Cyp cycloalkyl), and ~5(0)-(CH;)y(4-10 membered cycioheteroalkyl}, wherein t is an
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integer from 0 to 4 and any aryl, heteroaryl, cycloalky! or cycioheteroalkyl groups present, may
themselves be substituted by unsubstituted C,-C, alkyl, halo, unsubstituted C,-C; alkoxy,
unsubstituted C,-C; haloalkyl, unsubstituted C;-C, hydroxyalkyl, or unsubstituted C;-Cs
haicalkoxy or hydroxy. The term substituted sulfinyl inciudes the groups ‘alkylsulfinyl,
‘substituted alkylsulfinyl’, ‘cycloalkyisulfiny, ‘substituted cycloalkylsulfinyl’, ‘arylsulfinyl” and
‘heterparylsulfinyl’ as defined herein,
[0086] ‘Alkylsulfinyl’ refers to a radical -S(O)R® where R® is a C,-Cq alky! group as defined
herein. Representative examples include, but are not limited to, methylsulfinyl, ethylsuifinyi,
propyisulfinyl and butylsulfinyl,
[0087] ‘Substituted Alkylsulfiny!’ refers to a radical -S(O)R™ where R is a C~C; alkyl group
as defined herein. substituted with halo, substituted or unsubstituted aming, or hydroxy.
[0088]  ‘Cycloalkylsulfiny! refers to a radical —S(O)R” where R is a C5-Cyy cycloalkyl or
group as defined herein.  Representative exampies include, but are not limited to,
cyclopropyisulfinyl, cyclohexylsulfinyl, and cyciopentylsulfinyt.
[0089] ‘Substituted cycloalkyisulfiny!’ refers to the group ~S(O)R™ where R is a Cs-Cyo
cycloalkyl, substituted with halo, substituted or unsubstituted aming, or hydroxy.,
[0090] ‘Aryisulfinyl’ refers to a radical -S(O)R™ where R” is a Cs-Cyo aryl group as defined
herein.
I0091] ‘Heteroarylsuifinyl’ refers to a radical -S(O)R” where R™ is a 5-10 memberad
heteroaryi group as defined herein.
[0092]  ‘Substituted sulfonyl’ refers to the group —S(0).R™, wherein R™ is selected from:
[0093] Ci-Ce alkyl, Ci-Cyo cycloalkyl, 4-10 membered cycioheteroalkyl, Cs-Cyo aryl, aralkyl,
5-10 membered heteroaryl, and hetercaralkyl; or
e (-G alkyl substituted with hale, substituted or unsubstituted amino, or hydroxy; or
o C3-Cyp cycloalkyl, 4-10 membered cycloheteroalkyl, Cs-Cyiq aryl, aralkyl, 5-16 membered
heteroaryl, or heteroaralkyl, each of which is substituted by unsubstituted Ci-Cq alkyl,
halo, unsubstituted C;-C4 alkoxy, unsubstituted C;-C, haloalkyl, unsubstituted C;-C4
hydroxyalky!, or unsubstituted C;-C, haloalkoxy or hydroxy.
[0094] Exemplary “substituted sulfony!’ groups are —-S{0),-(C;-Cg alkyl) and ~S(0),-(C3-Cyo
cycloalkyt), —=$(0)-(CH){Ce-Cio aryl), ~S(0)~(CH)(5-10 membered heteroaryl), -S5(0);-
(CH{Cs-Cho cycloalkyl}, and —5(0)-(CH2)(4-10 membered cyciohetercalkyl), wherein t is an
integer from 0 to 4 and any aryl, heteroaryl, cycloalkyl or cycioheteroalkyl groups present, may
themselves be substituted by unsubstituted C,-Cs alkyl, hale, unsubstituted C;-C, atkoxy,
unsubstituted C;-Cy haloalkyl, unsubstituted C;-C4 hydroxyalkyl, or unsubstituted C-Cs
haloalkoxy or hydroxy. The term substituted sulfonyl includes the groups alkyisulfonyl,
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substituted alkyisulfonyl, cycloalkyisulfonyl, substituted cycloalkylsulfony!, aryisulfonyl and
heteroarylsulfonyl.
[0095] “Alkylsulfonyl’ refers to a radical -5(0),R”® where R™ is an C;-Cs alkyl group as
defined herein. Representative examples include, but are not limited to, methylsulfonyl,
ethylsulfonyl, propyisulfonyl and butvisulfonyl.
[0096] ‘Substituted Alkylsulfony!’ refers to a radical -S(Q);R” where R” is an C;-Cs alkyl
group as defined herein, substituted with halo, substituted or unsubstituted amine, or hydroxy.
[0097]  ‘Cycloalkylsulfonyl’ refers to a radicai =S{O),R”® where R is a C3-Cyo cycloalkyl or
group as defined herein. Representative exampies include, but are not limited to,
cyclopropylsulfanyl, cyclohexylsulfonyl, and cyclopentylsulfonyi.
[0098] ‘'Substituted cycloalkylsulfonyl’ refers to the group —S(O),R” where R”™ is a C:-Cyo
cycioalkyl, substituted with halo, substituted or unsubstituted aming, or hydroxy.
[0099] ‘Aryisulfonyl refers to a radical -S{O);R®® where R¥ is an Cs-Cyo aryl group as
defined herein.
[006100] ‘Heteroaryisulfony!’ refers to a radical -S{0),R® where R* is an 5-10 membered
hetercary! group as defined herein.
[001i01] ‘Suifo” or ‘sulfonic acid’ refers to a radical such as ~SQzH.
[00102] ‘Substituted sulfo’ or 'sulfonic acic ester' refers to the. group —S(0),0R¥, wherein
R¥ is selected from:
[00103] Ci-Gs alkyl, C5-Cyy cycloalky!, 4-10 membered cycloheteroalkyl, Cs-Cio aryl, aralkyl,
5-10 membered hetercaryl, and heteroaralkyl; or
e (-Cs alkyl substituted with halo, substituted or unsubstituted amino, or hydroxy; or
¢ (3-Cy cycloaikyl, 4-10 membered cycloheteroalkyl, Ce-Cio aryl, aralkyl, 5-10 membered
heteroaryl, or heteroaratkyl, each of which is substituted by unsubstituted C;-C, alkyi,
hato, unsubstituted C:-C. alkoxy, unsubstituted C;-C. haloalkyl, unsubstituted C;-C,
hydroxyalkyt, or unsubstituted C;-C4 haloalkoxy or hydroxy.
[00104] Exemplary ‘Substituted sulfo” or ‘sulfonic acid ester' groups are —S(0)»-0-(Ci-Cg
alkyl) and -S(0),-0-(Cs-Cyp cycloalkyl), =S5(0)-O-(CH){(Ce-Cio aryl), =S(0):-0-(CH,){5-10
membered heteroaryl), —5(0),-0-(CH2)«(C5-Cyo cycloalkyl), and =5(0)-0-(CH, ){4-10 membered
cycioheteroalkyl), wherein t is an integer from 0 to 4 and any aryl, heteroaryl, cycioalkyl or
cycloheteroalkyl groups present, may themselves be substituted by unsubstituted C,-Cy alkyl,
hale, unsubstituted Ci-Cy alkoxy, unsubstituted C;-Cs haloalkyl, unsubstituted Ci-C4
hydroxyatkyl, or unsubstituted C;-C4 haloalkoxy or hydroxy.
f00105] ‘Thiol refers to the group -SH.
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[001068] One having ordinary skill in the art of organic synthesis will recognize that the
maximum numbper of heteroatoms in a stable, chemically feasible heterocydiic ring, whether it is
aromatic or non aromatic, is determined by the size of the ring, the degree of unsaturation and
the valence of the hetercatoms. In general, a heterocydic ring may have one to four
hetercatoms so long as the heteroaromatic ring is chemically feasible and stable.

[00107] ‘“Pharmaceuticaliy acceptable” means approved or approvable by z regulatory
agency of the rederal or a state government or the corresponding agency in countries other
than the United States, or that is listed in the U.S. Pharmacopoeia or other generaliy recognized
pharmacopoeia for use in animals, and more particularly, in humans.

- [00108] ‘Pharmaceutically acceptable salt’ refers to a salt of 2 compound of the invention
that is pharmaceutically acceptable and that possesses the desired pharmacological activity of
the parent compound. In particular, such salts are non-toxic may be inorganic or organic acid
addition salts and base addition salts. Specificaliy, such salts inciude: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid,'and the like; or formed with organic acids such as acetic acid, propionic
acid, haxanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, cifric acid, benzoic acid,
3-{4-hydroxybenzoyly benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesuifonic acid, 2-naphthalenesuifonic acid, 4-toluenesuifonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2~ene-1-carboxylic acid, glucoheptonic acid,
3-phenvipropionic acid, trimethyiacetic acid, tertiary butylacetic acid, laury! sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicytic acid, stearic acid, muconic acid,
and the like; or (2) salts formed when an acidic proton present in the parent compound either
is replaced by 2 metal ion, e.g., an alkail metal ion, an alkaline earth ion, or an atuminum ion;
or coordinates with an organic base such as ethanolamineg, diethanolaming, triethanclamineg, N-
methvigiucamine and the like. Saits further include, by way of example only, sodium,
potassium, calcium, magnesium, ammonium, tetraalkylammonium, and the like; and when the
compound contains a basic functionaiity, salts of non toxic organic or inorganic acids, such as
hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxaiate and the like. The
term “pharmaceuticaily acceptable cation” refers to an acceptable cationic counter-ion of an
acidic functional group. Such cations are exemplified by sodium, potassium, calcium,
magnesium, ammonium, tetraalkylammonium cations, and the like.

[00109] ‘Pharmaceutically acceptable vehicle’ refers to a diluent, adjuvant, excipient or

carrier with which a compound of the invention is administered.



WO 2009/024585 20 PCT/EP2008/0608%6

[001101 ‘Prodrugs’ refers to compounds, including derivatives of the compounds of the
inven’tion,which have cleavable groups and become by solvolysis or under physioiogical
conditions the compounds of the invention which are pharmaceutically active in vive. Such
examples include, but are not limited to, choline ester derivatives and the like, N-
alkyimorpholine esters and the like.

[00111] ‘Solvate’ refers to forms of the compound that are associated with a solvent, usually
by a solvolysis reaction. This physical association includes hydrogen bonding. Conventiona!
solvents include water, ethanol, acetic acid and the like. The compounds of the invention may
be prepared e.g. in crystatiine form and may be solvated or hydrated. Suitable solvates include
pharmaceutically acceptable solvates, such as hydrates, and further include both stoichiometric
solvates and non-stoichiometric solvates. 1n certain instances the solvate will be capable of
isolation, for example when one or more solvent molecuies are incorporated in the crystal
lattice of the crystalline solid. 'Solvate’ encompasses both solution-phase and isolable solvates.
Reprasentative soivates inciude hydrates, ethanolates and methanolates.

[00112] ‘Subject’ includes humans. The terms ‘human’, ‘patient” and ‘subject’ are used
interchangeably herein.

[06113] ‘Therapeutically effective amount’ means the amount of a compound that, when
administered to a subject for treating a disease, is sufficient to effect such treatment for the
disease. The “therapeutically effective amount” can vary depending on the compound, the
disease and its severity, and the age, weight, etc., of the subject to be treated,

[00114] ‘Preventing’ or ‘prevention’ refers to & reduction in risk of acquiring or deveioping a
disease or disorder (i.e., causing at ieast one of the clinical symptoms of the disease not to
develop in a subject that may be exposed to a disease-causing agent, or predisposed to the
disease in advance of disease onset. _
[00115] The term ‘prophylaxis’ is related to ‘prevention’, and refers to a measure or
procedure the purpose of which is to prevent, rather than to treat or cure a disease. Non-
fimiting examples of prophylactic measures may include the administration of vaccines; the
administration of low molecular weight heparin fo hospitat patients at risk for thrombesis due,
for example, to immobilization; and the administration of an anfi-malarial agent such as
chloroquine, in advance of a visit to a geographical region where malaria is endemic or the risk
of contracting malaria is high.

[00116] 'Treating’ or ‘treatment’ of any disease or disorder refers, in one embodiment, to
ameliorating the dissase or disorder (i.e., arresting the disease or reducing the manifestation,
extent or severity of at least one of the ciinical symptoms thereof). In another embodiment
‘treating” or ‘treatment’ refers to ameliorating at least one physical parameter, which may not
be discernible by the subject. In yet another embodiment, ‘treating’ or ‘treatment’ refers to
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modulating the disease or disorder, either physically, {e.g., stabilization of a discernible
symptom), physiologically, (e.q., stabilization of 2 physical parameter), or both, In a further
embodiment, “treating” or “treatment” relates to slowing the progression of the disease.
[00117] ‘Compounds of the present invention’, and egquivaient expressions, are meant ©
embrace compounds cf fhe Formula(e) as hereinbefore described, which expression includes
the prodrugs, the pharmaceutically acceptable salts, and the solvates, e.g., hydrates, where the
context so permits. Similarly, reference to intermediates, whether or not they themselves are
claimed, is meant to embrace their saits, and soivates, where the context so permits,

[00118] When ranges are refarred {o herein, for example but without {imitation, Ci-Cs alkyl,
the citation of a range should be considered a representation of each member of said range.
[00119] Other derivatives of the compounds of this invention have activity in both their acid
and acid derivative forms, but in the acid sensitive form often offers advantages of solubility,
tissue compatibility, or delayed release in the mammalian organism {see, Bundgard, H., Design
of Prodrugs, pp. 7-9, 21-24, Elsevier, Amsterdam 1985). Prodrugs include acid derivatives well
know to practitioners of the art, such as, for example, esters prepared by reaction of the parent
acid with a suitable alcohol, or amides prepared by reaction of the parent acid compound with a
substituted or unsubstituted amine, or acid anhydrides, or mixed anhydrides. Simple aliphatic
or aromatic esters,. amides and anhydrides derived from acidic groups pendant on the
compounds of this invention are particularly useful prodrugs. In some cases it is desirable to
prepare  double ester type prodrugs  such as  {acyioxy)alkyl  esters  or
({alkoxycarbonyl)oxyalkylesters. Particular such prodrugs are the C; to g alkyl, C:-Cy alkenyl,
aryl, G-Cyy substituted aryl, and C;-Cy; arvialkyi esters of the compounds of the invention.
[00120] As used herein, the term ‘isotopic variant’ refers to a compound that corntaing
unnatural proportions of isotopes at one or more of the atoms that constitute such compound.
For example, an ‘isctopic variant’ of a compound can contain one or more non-radicactive
isotopes, such as for example, deuterium (*H or D), carbon-13 (¥°C), nitroger-15 (°N), or the
itke. It will be understood that, in 2 compound where such isotopic substitution is made, the
following atoms, where present, may vary, so that for example, any hydrogen may be “H/D,
any carbon may be **C, or any nitrogen may be *°N, and that the presence and placement of
such atoms may be determined within the skill of the art. Likewise, the invention may inciude
the prepara'tion of isotopic variants with radicisotopes, in the instance for example, where the
resulting compounds may be used for drug and/or substrate tissue distribution studies. The
radicactive isctopes tritium, i.e. *H, and carbon-14, i.e. *C, are particuiarly useful for this
purpose in view of their sase of incorporation and ready means of detection. Further,
compounds may be prepared that are substituted with positron emitting isotopes, such as *'C,
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BF, 0 and N, and wouid be useful in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy.

[00121] Ali isotopic variants of the compounds provided herein, radicactive or not, are
intended to be encompassed within the scope of the invention.

[00122] It is also to be understood that compounds that have the same moiecular formula
but differ in the nature or seguence of bonding of their atoms or the arrangement of their
atoms in space are termed ‘isomers’. Isomers that differ in the arrangement of their atoms in
space are termed ‘stereoisomers’.

[00123] Stereoisomers that are not mirror images of one another are termed ‘diasterecmers’
and those that are non-superimposabie mirror images of each cother are termed ‘enantiomers’.
When a compound has an asymmetric center, for exampie, it is bonded to four different
groups, a palr of enantiomers is possibie. An enantiomer can be characterized by the absoiute
configuration of its asymmetric center and is described by the R- and S$-sequencing ruies of
Cahn and Prelog, or by the manner in which the molecule rotates the plane of polarized light
and designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers respectively). A
chiral compound can exist as either individual enantiomer or as a mixture thereof. A mixture
containing equal proportions of the enantiomers is cailed a ‘racemic mixiure’.

[00124] ‘Tautomers’ refer to compounds that are interchangeable forms of a particuiar
compound structure, and that vary in the displacement of hydrogen atoms and electrons.
Thus, two structures may be in equilibrium through the movement of n electrons and an atom
(usually H}. For example, encis and ketones are tautomers because they are rapidly
interconverted by treatment with either acid or base. Another example of tautomerism is the
aci- and nitro- forms of phenyinitromethane, that are likewise formed by treatment with acid or
base.

[00125] Tautomeric forms may be relevant to the attainment of the optimal chemical
reactivity and biclogical activity of a compound of interest.

[00126]1 The compounds of this invention may possess one or more asymmetric centers;
such compounds can therefore be produced as individual (R)- or (S)- stereciscmers or as
mixtures thereof.

[00127] Unless indicated otherwise, the description or naming of a particular compound in
the specification and claims is intended to include both individual enantiomers and mixtures,
racemic or otherwise, thereof. The methods for the determination of sterecchemistry and the
separation of sterecisomers are well-known in the art.

THE COMPOUNDS
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[001281 The present invention is based on the discovery that the imidazopyrazine
compounds of the invention are useful for the treatment of viral infection, in particular HCV,
HRV, Sb, and/or CVB. The present invention also provides methods for the production of these
compounds,  pharmaceutical compositions comprising these compounds and methods for
treating a viral infection by administering a compound of the invention.
[00129] In a general aspect, the invention relates to compounds of Formula (3)

R

l
CRXRY),

i

Wherein

R! is selected from alkyl, substituted atky!, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, cycioheteroalkyl and substituted cycioheteroalky!;

R* and R* may be the same or different and are each independently selectad from H,
alkyl and haio;

R’ Is selected from halo, aryl, substituted aryl, heteroaryl and substituted hetercaryl;

R’ is selected from H, halo, alkyl, aryl and substituted aryl;

Each R* and RY may be the same or different and are each independently selected from
H and alkyl; and

ais selected from G, 1 or 2;

or a pharmaceutically acceptabie salt, solvate or prodrug thereof;

or stereoisomers, isotopic variants and tautomers thereof.

[00130]1 In a particular embodiment, with respect to compounds according to Formula (I):

R! s selected from C;-Cg alkyl, substituted C:-Cs alkyl, Ce-Cio aryl, substituted Co-Cio arvl,
5-10 membered heteroaryl, substituted 5-10 membered heteroaryl, 4-10 membered
cycloheteroaikyl and substituted 4-10 membered cycloheteroaikyi;

R* and R* may be the same or different and are each independently selected from H, C;-
C; alkyl and halo; |
“R? is selected from halo, Ce-Cyp aryl, substituted Ce-Cyp aryl, 5-10 membered hetercaryi
and substituted 5-10 membered heteroaryl;

R’ is selected from M, halo, Ci-Cs alkyl, Cs-Cio aryl and substituted Ce-Cy aryl;
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Each R* and RY may be the same or different and are each independently selected from
H and C;-Cs alkyl; and

a is selected from ¢, 1 or 2;

ar @ pharmaceutically acceptabie salt thereof,

[00131] In a particular embodiment, the invention relates to compounds according to
Formulae (I1A)-(1IC) below:

= Y
LR, L IRy, Nay
= # 1GaY
XRY XRY
(CRARY) g CRR, S,

4
R 74 \_(R?}C R4 Y \_( R?)
(11B) (TIC)

Wherein

R*, RY, R%, R*, R® and & are as defined for Formula (I) above;

Each R® may be the same or different and is selected from halo, OH, C.-Ce alkyl,
substituted C;-C; alkyl, C;-Cs haloalky!, C;-Cs alkoxy, substituted C;-C¢ alkoxy, CN, C;-Cs
alkyl-OH, SO,Rs, CO;Rs, CORy, and NHSO;Rs;

Each R’ may be the same or different and is selected from OH, halo, CN, NO,, C;-Ce
alkyl, substituted C;-Cs alkyl, C;-Cs alkoxy, substituted C;-Cs alkoxy, CFs;, OCF;, Ci-Cs
alkyl-OH, NHSO;R®, COR?, NHCOR?, and NR*R™®,

R® is selected from H, C;-Cs alky!, substituted C;-Cs alkyl, and NR*RY;

R® and R*® may be the same or different and are selected from H, C;-Cs alkyl, and
substituted C,-Cs alkyl; and

b and ¢ are each selected from 0, 1, 2 or 3.

[00132] In & particular embodiment, with respect to compounds according to any one of
Formulae (TIA)-(1I1C):

R*, RY, R%, R, R® and a are as defined for Formula (I) above;

Fach R® may be the same or different and is selected from halo, OH, Ci-Cs alkyl,
substituted C;-C, alkyt, C-Cs haloalkyl, C;-Cs alkoxy, substituted C,-C; aikoxy, CN, C;-Cs
atkyl-OH, SO,R®, CO.R®, COR?, and NHSO.R®:
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Each R” may be the same or different and is selected from OH, halo, CN, NO,, Ci-Cs
alkyl, substituted C;-Cs alkyl, C:-Cy alkoxy, substituted C;i-C; alkoxy, CFs;, OCFs, C-Cq
alkyl-OH, NHSO,R®, NHCOR®, and NR°R™;
RY is selected fram H, C,-Cs alkyl, substituted C;-Cs alkyl, and NR°RIC,
R® and R' may be the same or different and are selected from H, C-Ce alkyl, and
substituted C,-C, alkyt; and
b and c are selected from Q, 1, 2 or 3.
[00133] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIA)-(11C), 8%, R" and R® are selected from H, Me, and Et.
[00134] In & particular embodiment, with respect to compounds according to any one of
Formulae {TIIA{IIC), R*, R" and R® are selected from H and Me.
[00135] In a particular embodiment, with respect to compounds according to any one of
Formulae (1TA)-(1IC) R* and RY are both H.
[00136] In a particular embodiment, with respect to compounds according to any one of
Formulae (IT1A)-(1IC), R® is selected from halogen, CFs, C;-Cs aliyl, substituted C:-Cs atkyl, C-Cs
alkoxy, substituted C-Cs alkoxy, Ci-Cs atkyl-OH, SO.R® and COR?®,
[00137] In a particular embodiment, with respect to compounds according to any one of
Formuiae (IIA)-(TIC), R® is selected from halogen, C;-Cs alkyl, substituted Ci-Ce alkyl, Ci-Ce
alkoxy, substituted C;-Cs alkoxy, C:-Cs alky-OH, and SO.R%.
f00138] In a particular embodiment, with respect to compounds according tc any one of
Formulae (IIA)-(TIC), R® is selected from halogen, Ci-Ce alkyl, Ci-Co alkoxy, Ci-Ce alikyl-OH
COR?, and SO,R®.
[0013%2] In a particular embodiment, with respect to compounds according to any one of
Formulae (1IA)-(1IC), R® is seiected from halogen, Ci-Cs alkyl, C;-Cg alkoxy, Ci-Cs aliky-OH and
SO4R®,
[00140] In a particular embodiment, with respect to compounds according to any one of
Formulae (1IA)~(11C), R® is SO;R®, where R® is C;-Cq alkyl, or NR°R™C,
[00141] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIA)-(TIC), R’ is selected from OH, NO;, Ci-Cs alkoxy, substituted C:-Ce aikoxy,
nalogen, C;-Cs alky!, substituted C,-Cs alkyl, NR'RY, NHSO,R® and NHCOR®.
[00i42] In & particular embodiment, with respect to compounds according to any one of
Formulae (IIAY-(TIC), R’ is selected from OH, NO,, NH;, Ci-Cs alkoxy, halogen, C;-Cq aikyl,
NHSO,R® and NHCOR?®; where R® is C-C; alkyl.
[00143] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIA)-(1IC), R’ is selected from OH, NO,, NH., and COR®; where R® is C;-Cs alkyl.
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[00144] In a particular embodiment, with respect to compounds according to any one of
Formulae (ITA}-(IIC), R is selected from OH, NO,, NH,, OMe, halogen, NHSO,R® and NHCOR®:
where R® is C;-C alkyl.

[00145] In a particular embodiment, the compounds are according to Formula (IIB) or (IIC).
[00146] In a particular embodiment, the invention relates to compounds according to
Formulae (ITIA)-(111C) below:

(I11IB) (IIIC)

Wherein
R?, R*and R® are as defined for Formuta (1) above;
Each R® may be the same or différent and is selected from halo, OH, C:-C; alkyt,
substituted C,-Cg alkyl, Ci-Cq haloalkyl, C;-Cq alkoxy, substituted C;-Cg alkoxy, CN, C~Cs
alkyl-OH, SO.R?, CO,R®, COR?, and NHSO,R®:
Each R’ may be the same or different and is selected from OH, halg, CN, NG, -G
alkyl, substituted Ci-Cs aikyl, C;-Cg alkoxy, substituted C;-Ce alkoxy, C;-Cs haloalkyl,
OCF;, alkyl-OH, NHSO,R®, COR?, NHCOR?, and NR°R®:
R is selected from H, Ci-Cs alkyl, substituted C;-Cs atkyl, and NR°R™:
R® and RY may be the same or different and are selected from H, Ci-Cs alkyl, and
substituted C-Cs alkyt; and
b and ¢ are selected from 0, 1, 2 or 3.
[00147] In a particular embodiment, with respect to compounds according to any one of
Formulae (ITIA)-(ITIC):
R?, R* and R® are as defined for Formuta (I) above;
Each R® may be the same or different and is selected from halo, OH, Ci-Ce atiyl,
substituted C;-Cs alky!, CFs, C:i-Cq alkoxy, substituted C;-Cs alkoxy, CN, C,-Cs alkyi-OH,
SO;R®, CO,R®, COR?, and NHSO,RE;
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Fach R’ may be the same or different and is selected from OH, halo, CN, NO,, Ci-Ce
alkyl, substituted C,-Cs alkyl, C;-Cs alkoxy, substituted C,-Cs alkoxy, CFs, OCFs, alkyi-OH,
NHSO,R?, COR®, NHCOR®, and NR°R!C:
R® is selected from H, C;-Cs alky!, substituted C;-Cs alkyl, and NR°R';
R® and R™ may be the same or different and are selected from H, Ci-Ce alkyl, and
substituted C,-Cs alkyl; and
band careselected rom @, 1, 2 or 3.
[00148] In a particular embodiment, with respect to compounds according to any one of
Formulae (TITA}-(EIIC):
R?, R* and R® are as defined for Formuia (1) above;
tach R® may be the same or different and is selected from halo, OH, C-Cs alicyl, C-Ce
haloalkyl, Ci-Cs alkoxy, CN, C;-Cs alkyl-OH, SO.R®, CO;R®, COR®, and NHSO,R?,
Each R’ may be the same or different and is selected from OH, halo, CN, NO,, C,-Cs
alkyl, C;-Cs; alkoxy, C,;-C¢ haicalkyl, OCF;, alkyl-OH, NHSO.R®, COR® NHCOR?! and
NRRC,
R? is selected from H, Cy-Cs alkyl, and NR°RC;
R® and R* may be the same or different and are selected from H and C;-C¢ alky!: and
band c are selected from @, 1, 2 or 3.
{001481 In a particular embodiment, with respect to compounds according to any one of
Formulae (TTIA)-(111C):
" RY R*and R are as defined for Formula (I) above;
Each R® may be the same or different and is selected from halo, OH, Ci~Cs alkyi, CFs, Ci-
Cs atkoxy, CN, C;-Cs alkyl-OH, S0.Rg, CO:Rs, CORs, and NHSORs;
Fach R’ may be the same or different and is selected from OH, halc, CN, NO;, C-Cs
alkvl, C:-Cs alkoxy, CF3, OCFs, alkyl-OH, NHS50:Rg, CORs, NHCOR,, antd NReRg!
R® is selected from H, C:~Cs alkyl, NRoRq;
R? and R may be the same or different and are selected from H and C:-Cs alkyl; and
b and ¢ are selected from 0, 1, 2 or 3.
[00150] In a particular embodiment, with respect to compounds according to any one of
Formulae (TITA)-(TIIC):
R?, R"and R® are as defined for Formula (1) above,
Fach R® may be the same or different and is selected from halo, OH, Ci-Ce alkyi,
substituted C;-Cs alkyl, C;-Cs haioalkyl, C;-C; alkoxy, substituted C,-Cs alkoxy, CN, C:i-Cq
alkyl-OH, SO.R®, CO,R?, COR?, and NHSO,R?;
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Each R’ may be the same or different and is selected from OH, halo, CN, NO,, C;-Cs
alkyl, substituted C;-Cs alkyl, C-Cs atkoxy, substituted Ci-Cs alkoxy, C;-C¢ haloalky!,
OCF,, alkyl-OH, NHSO,R?, NHCOR®, and NRR'’;
R® is selected from H, C;-Cs alkyl, substituted C,-Cs alky!, and NR°R'":
R® and R' may be the same or different and are selected from H, C;-Cs atkyl, and
substituted C;-C; alkyi;
b and ¢ are selected from G, 1, 2 or 3.
[0C151] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIIA)-(I1IC):
R?, R'and R® are as defined for Formula (1) above;
Each R® may be the same or different and is selected from halo, OH, C,-Cs alkyi, Ci-Cs
haloalky!, C;-Cs alkoxy, CN, Ci-Ce alkyl-OH, SO,R®, CO,R®, COR® and NHSO,R?,;
Each R’ may be the same or different and is seiected from OH, halo, CN, NO,, C-Ce
alkyl, C;-Cq alkoxy, Ci-Ce haloalky!, OCFs, alkyl-OH, NHSO,R®, NHCOR?, and NR°R'’:
R® is selected from H, C~Cs alkyl, and NR°R*:
R? and R'® may be the same or different and are selected from H, and C;-C, atkyl; and
b and c are selected from 0, 1, 2 or 3.
[06152] In a particular embodiment, with respect to compounds according to any one of
Formulae {IIIA)-(I1IC):
R*, R* and R® are as defined for Formula (1) above;
Each R® may be the same or different and is selected from halo, OH, C:-Ce alkyl,
substituted C.~Cs alkyl, CF5, C-Ce alkoxy, substituted Ci-Cs alkoxy, CN, C;-Cs alkyi-OH,
SO;R®, CO:R®, COR®, and NHSO,RE;
Each R’ may be the same or different and is selected from OH, hato, CN, NOs, Ci-Cs
alkyl, substituted C;-C; alkyl, C;-C; alkoxy, substituted C;-C; alkoxy, CFs, OCF;, alkyi-OH,
NHSO,R®, NHCOR?®, and NRR™;
R® is selected from H, C;-Cs alkyl, substituted C;-Cs alkyl, and NR°R'®:
R and R may be the same or different and are selected from H, Ci-Cs alkyl, and
substituted C;-Cs alkyt; and
b and ¢ are selected from 0, 1, 2 or 3.
[00153] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIIA)-(IIIC).
R’ R* and R® are as defined for Formula (1) above;
Each R® may be the same or different and is selected from halo, OH, C-Cs alkyl, CF5, C;-
Cs alkoxy, CN, Ci-Cs alkyl-OH, SO,R®, CO;RY, COR®, and NHSO,R®;
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Each R’ may be the same or different and is selected from OH, halo, CN, NO;, Ci-Ce

alkyl, C-Cs alkoxy, CFs, OCFs, alkyl-OH, NHSO,R®, NHCOR®, and NR°R®Y,

R® is selected from H, C;-Ce alkyl, NR'RY;

R” and R™ may be the same or different and are selected from H, and C;-Ce alkyl: and

b and c are selected from 0, 1, 2 or 3.
[00154] In a particular embodiment, with respect to compounds according to any ane of
Formulae (I11IA)-(IIIC), R?, R and R® are selected from H, Me, and Et.
[00155] In a particular embodiment, with respect to compounds according to any one of
Formulae (ITIA(IIIC), R?, R* and R’ are selected from H and Me.
[00156] In & particular embodiment, with respect to compounds according to any one of
Formulae (ITTA)}-(ITIC), R® is selected from halogen, Ci-Cs alky!, substituted Ci-Cs alkyl, C-Cs
alkoxy, substituted C;-Cs alkoxy, Ci-Cs alkyl-OH, SO,R® and COR®,
[00157] In a particular embodiment, with respect to compounds according to any one of
Formulae (TTTA)-(ITIC}, R® is selected from halogen, C;-Ce alkyl, substituted C,-Cs alkyl, Ci-Ce
alkoxy, substituted C;-Cs alkoxy, C:-Cs atkyl-OH, and SO,R%,
[00158] In a particular embodiment, with respect to compounds according to any one of
Formulae (TIIA)(IIIC), R® is selected from halogen, C;-Cs alkyl, C;-Cs atkoxy, C;-Cs alkyl-OH and
SO4R®.
[00159] In a particular embodiment, with respect to compounds according o any one of
Formutae (IIIA)-(I1IC), R® is selected from halogen, C;-Cs alky!, C;-Cs alkoxy, Ci-Cs alkyl-OH,
COR® and SO,R®,
[00160] In 2 particular embodiment, with respect to compounds according to any one of
Formulae (ITIA)}-(IIIC), R® is SO.R®, where R® is C;-Cs alkyl or NR'RY,
[00161] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIIA)-(ITIC), R is selected from OH, NO,, C,;-Cs alkoxy, substituted Ci-Ce alkoxy,
hatogen, C:-Cs alkyl, substituted C;-Cs alkyl, NR°R'®, NHSO,R® and NHCOR®,
[006162] In 2 particular embodiment, with respect to compounds according to any one of
Formulae (IITA)-(1TIC), R’ is selected from OH, NO;, NHz, C;-Cs alkoxy, halogen, C;-Cs alkyi,
NHSO:R® and NHCOR®; where R® is C;-Cs alkyl,
[00163] In a particular embodiment, with respect to compounds according to any one of
Formulae (IIIA)-(IIIC), R’ is selected from OH, NO,, NH,, and COR®: where R® is C-Cq alkyl.
[00164] In a particular embodiment, with respect to compounds according to any one of
Formuiae (ITIA)-(IIIC), R’ is selected from OH, NO, NH; OMe, haiogen, NHSO.R® and
NHCOR®; where R® is C;-C; alkyl.
[00165] In a particular embodiment, the compounds are according to Formula (IIIB) or
(111C).
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[06€166] In a particular embodiment, the present invention relates to compounds according
to Fomuta (IVA)-(IVB) below:

Wherein
R?, R%, R®, and R’ are as defined for Formulae (I) and (11A)-(1IC) above;
R* is selected from halo, OH, Ci~Cs alkyl, substituted C;-Cg alkyl, CFs, C:-Cs alkoxy,
substituted C,-Cs alkoxy, CN, C:-Cs alkyl-OH, SO;R®, CO,R®, COR?, and NHSO,R®,;
Each R® may be the same or different and is selected from halo, OH, C;-Cs alkyl,
substituted C,-Cs alkyl, CFs, C;-Cs alkoxy, substituted Ci-Ce alkoxy, CN, C;-C; alkyl-OH,
SO-RE, COLR®, COR®, and NHSO;RE;
blis0, 1, or 2; and
cisQ, 1, 2or 3.
[100167] In a particular embodiment, with respect to compounds according to Formula (IVA)
or (IVB), R?, R" and R® are selected from H, Me, and Et.
[60168] In a particular embodiment, with respect to compounds according to Formuia (TVA)
or (IVB), R*, R* and R® are selected from H and Me.
[00169] In a particular embodiment, with respect to compounds according to Formula (IVA)
or {IVB), R* s selected from halc, OH, C;-Cs alkyl, substituted C;-C; alkyl, CFs, Ci-Cs aikoxy,
substituted C,-Cs alkoxy, C;-Cs alkyl-OH and SO,R®, where R® is C.~Cs alkyl and NRRI®,
[006170] In a particular embodiment, with respect to compounds according to Formuia (IVA)
or (IVB), R®is SO,R®, where R® is C-Cs alkyl or NR°R'?,
(003171} In a particular embodiment, with respect to compounds according to Formula (IVA)
or {IVB), R®is SO,R®, where R® is NR'R™ and R® and R are each independently selected from
H and C;-Ce alkyl.
[00172] In a particular embodiment, with respect to compounds according to Formula (IVA)
or (1VB), R%is SO.R®, whare R® is C;-C¢ alkyt,
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[00173] In a particular embodiment, with respect to compounds according to Formula (IVA)
or (IVB), R® is seiected from halogen, C;-Cs alkyl, C;-Ce alkoxy and OH.

[00174] In a particular embodiment, with respect to compounds according to any one of
Formulae (IVA)-(IVC), R’ is selected from OH, NO., C,-Ce alkoxy, substituted C;-Cs alkoxy,
halogen, C:-C; alkyl, substituted C;-Cq alkyl, NR°R™, NHSO,R® and NHCOR®,

[00178] In a particular embodiment, with respect to compounds according to any one of
Formulae (IVA)-(IVC), R’ is selected from OH, NO;, NH.,C-Cs alkoxy, hatogen, Ci-Cq alkyl,
NHSO,R® and NHCOR®: where R® is C,-C; alkyl.

[00176] In a particular embodiment, with respect to compounds according to any one of
Formulae (IVA)-(IVC), R is selected from OH, NO;, NH,, and COR®; where R® is C;-C; alkyl,
[00177] 1In a particular embodiment, with respect to compounds according to any ones of
Formulae (IVA-(IVC), R’ is selected from OH, NO,, NH,, OMe, halogen, NHSO.R® and NHCOR®:
where R® is C;-Cs alkyl.

{00178] In a particular embodiment, the present invention relates to compounds according
to Fomulae (VA)-(VB) below:

Wherein
R?, R* R®, and R are as defined for Formulae (I) and (IIA)~(IIC) above;
R™ is selected from H, OH, OCHs, halogen, NH,, CH--OH and NHCOR;
each R is selected from OH, halo, CN, NO,, C;-Cs alkyl, substituted Ci-Cs alky!, C~Cs
alkoxy, substituted C;-Cs alkoxy, CF3, OCF;, alkyl-OH, NHSO,R®, NHCOR®, and NR°R!":
R® is selected from H, C:-Cs alkyl, substituted C,-Cs alkyl, and NR®RY:
R® and R*® may be the same or different and are selected from H, Ci-Cs alky!, and
substituted C,-Ce atkyl; and
clisOorl
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[00179] In a particular embodiment, with respect to compounds according to Formuia (VA)
or (VB), R, R*and R® are selected from H, Me, and Et.

[00180] In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R%, R* and R® are selected from H and Me.

[00181] In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R*® s selected from halo, OH, Ci~Cs alkyl, substituted C;-Cs alkyl, CFs, Ci-Ce alkoxy,
substituted C;-Cs alkoxy, Ci-Cs alkyi-OH and SO.R®, where R® is C.-C; alkyl or NR*RY,

[00182] In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R%is SO,R®, where R® is C;-Cs alkyl or NRR™®,

[00183] In a perticular embodiment, with respect to compounds according to Formula (VA)
or (VB), R®is SO,R®, where R® is NR°R™ and R® and R™ are each independently selected from H
and C;-Cs alkyl,

[00184] In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R*™is SO,R®, where R®is C;-Cs alkyl.

[0G185] In a perticular embodiment, with respect to compounds according to Formula (VA)
or (VB), R® is selected from halogen, C;-C; alkyl, C;-C; alkoxy and OH.

[00186] In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R"® is selected from H, OH, NH, and OMe.

[00187] In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R™ is selected from OH, halo, NG, NHy, C:-Cs alkyl, substituted C;-Cs alkyl, C;-Ce
alkoxy, substituted C-Cs alkoxy, Cs-Cs alkyl-OH, NHSO,R® and NHCOR®,

[00188] In 3 particular embodiment, with respect to compounds according to Formula (VA)
or (VB), R is selected from OH, halo, NO;, NH,, Ci-Co alkyl, C-Cs alkoxy, C;-Cs alkyi-OH,
NHSO;R® and NHCOR®,

(001891 In a particular embodiment, with respect to compounds according to Formula (VA)
or (VB), ¢l is 0.

[60190] In a particutar embodiment, the present invention relates to compounds according
to Fomula (VIA)-(VIB) below:
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Wherein

R?, R", R, are as defined for Formula (1) above;

R™ is selected from H, SO;Rs, NHS(Q:Rs, CO;H and CH,OH;

R® s selected from H, alkyl and NR®R?;

R® and R'® may be the same or different and are selected from H and alkyl;

R™ is selected from H, OM, halogen, OCH;, CFs, OCFs, NO;, CHs, CHo-OH, CHs, -NHSO,R®

and -CORg; and

R™ is selected from H, OH, OCHs, halogen, NH., -CH.-OR and -NHCOR®,
[00191] In a particular embodiment, with respect to compounds according to Formuila (VIA)-
(VIB), R?, R* and R® are selected from H, Me, and Et.
[00192] In a particular embodiment, with respect to compounds according to Formula (VIA)-
(VIB), R?, R* and R’ are selected from H and Me.
[00183] In a particular embodiment, with respect to compounds according to Formula (VIA)-
(VIB), R®is SO,R®, where R® is C,-C; alkyl.
[00194] In a particular embodiment, with respect to compounds according to Formula (VIA)-
(VIB), R*is SO.R?, where R® is NR®RY.
[00195] 1In a particular embodiment, with respect to compounds according to Formuia (VIA)-
(VIB), R*is SO,R?, where R® is NR°R' and R” and R™ are each independently seiected from H
and C;-Cs alikvl,
[00196] In a particular embodiment, with respect to compounds according to Formuta (VIA)-
(VIB), R is selected from H, OH, NH, and OMe.
f00197] In a particular embodiment, the present invention relates to compounds according
to Fomula (VIIA)-(VIIB) below:
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Wherein:

R? RY and R® are as defined for Formuiae () above;

Re and Ry may be the same or different and are selected from H and alkyl;

R™ is selected from H, OH, halogen, OCHs, CFs, OCFs, NO, and CHs; and

R™ is selected from H, OH, OCH;, halogen and NH..
[00198] In a particular embodiment, with respect to compounds according to Formula (VIIA)
or (VIIB)

R?, R*, and R® are as defined for Formulae (1) above;

Re and Ry may be the same or different and are selected from H and C;-Cs alky!;

R is selected from H, OH, halogen, OCHs, CF;, OCF3, NO; and CHs; and

R™ is selected from H, OH, OCH3, halagen and NH..
[00199] In a particular embodiment, with respect to compounds according to Formula {VIIA)
or (VIIB)

R?, R, and R® are as defined for Formulae (I) above;

Re and Ry may be the same or different and are selected from H and C;-Cs alkyl;

R™ is selected from H, OH, halogen, OCHs, NO, and CHs; and

R™ is selected from H, OH, OCH;, halogen and NHs..
f00200] 1In a particular embodiment, with respect to compounds according to any one of
Fomulae (VIA), (VIB), (VIIA) and (VIIB) described above R,, R4 and Rs are selected from H, Me,
and Bt
[060201] In a particular embodiment, with respect to compounds according o any one of
Fomulae (VIA), (VIB), (VIIA) and (VIIB) described above R,, R, and R; are seiected from H and
Me.
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[00202] In a particular embodiment, with respect to compounds according to any one of
Formutae (VIA), (VIB), (VIIA) and (VIIB) above, R?, R* and R® are H.

[00203] In a particular embodiment, with respect to compounds according to any one of
Formulae (VIA), (VIB), (VIIA) and (VIIB) above, R* and R are both H and R® is Me.

[002047] 1In a particular embodiment, with respect to compounds according to any one of
Formulae (VIA), (VIB}, (VIIA) and (VIIB) above, R?is H, R* is Me and R® is H.

[00205] In 2 particular embodiment, with respect to compounds according to any one of
Formulae(VIA), (VIB), (VIIA) and (VIIB)above, R? is Me, R*is H and R” is H.

[00206] In a particular embodiment, with respect to compounds according to Formula (VIA)-
(VIB), R”® is selected from H, OH, and OMe.

[00207]1 In a particular embodiment the present invention relates to a compound selected

from:
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[00208] In certain aspects, the present invention provides prodrugs and derivatives of the
compounds according to the formulae above. Prodrugs are derivatives of the compounds of the
invention, which have metabolically cleavabie groups and become by solvolysis or under
physiological conditions the compounds of the invention, which are pharmaceutically active, in
vivo. Such examples include, but are not limited to, choling ester derivatives and the jike, N-
alkyimorpholine esters and the like,

{00209] Other derivatives of the compounds of this invention have activity in both their acid
and acid derivative forms, but the acid sensitive form often offers advantages of solubility, tissue
compatibility, or delayed release in the mammalian organism (see, Bundgard, H., Design of
Prodrugs, pp. 7~9', 21-24, Eisevier, Amsterdam 1985). Prodrugs include acid derivatives well
kncow to practitioners of the art, such as, for example, esters prepared by reaction of the parent
acid with a suitable alcohol, or amides prepared by reaction of the parent acid compound with a
subsﬁtuted or unsubstituted amine; or acid anhydrides, or mixed anhydrides. Simple aliphatic or
aromatic esters, amides and anhydrides derived from acidic groups pendant on the compounds of
this invention are preferred prodrugs. In some cases it is desirable to prepare double ester type

prodrugs such as (acvicxyyalky! esters or ((alkoxycarbonyloxy)alkylesters. Particularly useful are
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the C; to Gs alky!, Co-Cs alkenyl, aryl, C-Ciz substituted aryi, and C-Cy; arylalkyl esters of the
compounds of the invention.

PHARMACEUTICAL COMPOSITIONS
f00210] When empioyed as pharmaceuticals, the compounds of this invention are typically
administered in the form of a pharmaceutical composition. Such compositions can be prepared in
a manner well known in the pharmaceutical art and comprise at least one active compound.
f0G211] Generally, the compounds of this invention are administered in @ pharmaceutically
effective amount. The amount of the compound actually administered will typicaliy be
determined by & physician, in the light of the relevant circumstances, including the condition to
be treated, the chosen route of administration, the actual compound -administered, the age,
weight, and response of the individual patient, the severity of the patient’'s symptoms, and the
like.
[00212] The pharmaceutical compositions of this invention can be administered by a variety of
routes “including ‘oraf, rectal, transdermal, subcutaneous, intravenous, intramuscuiar, and
intranasal. Depending on the intended route of delivery, the compounds of this invention are
preferably forimulated as either injectable or oral compositions or as 'satves, as lotions or as
patches all for transdermal administration.
[00213] The compositions for oral administration can take the form of bulk liquid solutions or
suspensions, or bulk powders. Mare commonly, hawever, the compositions are presented in unit
dosage forms to facilifate accurate dosing. The term “unit dosage forms” refers to physically
discrete units suitable as unitary dosages for human subjects and other mammals, each unit
containing a predetermined quantity of active material calculated to produce the desired
therapeutic effect, in association with a suitabie pharmaceutical excipient. Typicai unit dosage
forms include prefitied, premeasured ampules or syringes of the liquid compositions or pills,
tabiets, capsuies or the like in the case of solid compositions. In such compositions, the
furansulfonic acid compound is usually 2 minor component (from about 0.1 to about 50% by
weight or preferably from about 1 to about 40% by weight) with the remainder being various
vehicles or carriers and pracessing aids heipful for forming the desired dosing form.
[06214] Liguid forms suitable for oral administration may inciude a suitable agueous or
nonaqueous vehicle with buffers, suspending and dispensing agents, colorants, flavors and the
like. Solid forms may include, for example, any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient
such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a
lubricant such as magnesium stearate; a giidant such as colloidal silicon dioxide; a sweetening
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agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methy! salicylate, or
orange flavoring.

[00215] Injectable compositions are typically based upon injectable sterile saline or
phosphate-buffered saline or other injectable carriers known in the art.  As before, the active
compound in such compositions is typically a minor component, often being from about 0.05 to
10% by weight with the remainder being the injectable carrier and the like.

[00216] Transdermal compositions are typically formulated as a topical ointment or cream
containing the active ingredient(s), generally in an amount ranging from about 0.01 to about
20% by weight, preferably from about 0.1 to about 20% by weight, preferably from about 0.1 to
about 10% by weight, and more preferably from about 0.5 to about 15% by weight, When
formulated as a ointment, the active ingredients will typically be combined with either a paraffinic
or a water-miscible ointment base. Alternatively, the active ingredients may be formulated in a
cream with, for exampie an oil-in-water cream base. Such transdermal formulations. are well-
known in the art and generally include additional ingredients to enhance the dermal penetration
of stability of the active ingredients or the formulation. All such known transdermatl formulations
and ingredients are included within the scope of this invention.

[00217] The compounds of this invention can also be administered by a transdermal device.
Accordingly, transdermal administration can be accomplished using 2 patch either.of the reservoir
or porous membrane type, or of & solid matrix variety.

[00218] The above-described components for orally administrable, injectable or topically
administrable compositions are merely representative, Other materials as well as processing
techniques and the like are set forth in Part 8 of Remington’s Pharmaceutical Sciences, 17th
edition, 1985, Mack Publishing Company, Easton, Pennsylvania, which is incorporated herein by
reference.

[00219]1 The compounds of this invention can aiso be administered in sustained release fdrms
or from sustained release drug delivery systems. A description of representative sustained
release materials can be found in Remington’s Pharmaceutical Sciences.

[060220] In yet another embodiment, the present application provides a combination
pharmaceutical composition comprising: a) & first pharmaceutical composition comiprising a
compound of the present invention, or a pharmaceutically acceptable salt thereof; and b) a
second pharmaceutical composition comprising at least one additional active agent selected from
the group consisting of interferons, ribavirin analogs, HCV NS3 . protease inhibitors, alpha-
glucosidase 1 inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and other drugs for
treating HCV, or mixtures thereof. _

[60221] In a particular embodiment, the present invention provides that one or more
compounds of the present invention may be combined with one or more compounds selected
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from the group consisting of interferons, e.g., pegylated rIFN-aipha 2b, pegylated riFN-alpha 2a,
riFN-alpha 2b, riFN-alpha 2a, consensus IFN alpha (infergen), feron, reaferon, intermax alpha, r-
IFN-beta, infergen + actimmune, IFN-omega with DURQOS, albuferon, locteron, Albuferon, Rebif,
Oral interferon aipha, IFNalpha-2b XL, AVI-005, PEG-Infergen, and Pegylated IFN-beta; ribavirin
analogs, e.g., rebetol, copegus, and viramidine (taribavirin); NS5b polymerase inhibitors, e.g.,
NM-283, valopicitabine, R1626, PSI- 6130 (R1656), HCV-796, BILB 1941 , XTL-2125, MK-0608,
NM-107, R7128 (R4048), VCH-758, PF-868554, and GSK625433; HCV NS3 protease inhibitors,
e.g., SCH- 503034 (SCH-7), VX-950 (telaprevir), BILN-2065, BMS-605339, and ITMN-191 ; aipha-
glucosidase 1 inhibitors, e.g., MX-3253 (ceigosivir) and UT-231 B; hepatoprotectants, €.g., IDN-
6556, ME 3738, LB-84451 , and MitoQ; non-nuclecside inhibitors of HCV, e.g., benzimidazole
derivatives, benzo-1 |2 4-thiadiazine derivatives, phenylalanine derivatives, G5-9190, A-831 , and
A-689; and other drugs for treating HCV, e.g., zadaxin, nitazoxanide (alinea), BIVN-401 (virostat),
PYN-17 (altirex), KPEO2003002, actilon (CPG-10101 }, KRN-7000, civacir, GI-5005, ANA-975, XTL-
6865, ANA 971 , NOV-205, tarvacin, EHC-18, NIM811 , DEBIO-025, VGX-410C, EMZ-702, AVI
4065, Bavituximab, Oglufanide, and VX-497 (merimepodib). It is aiso possible to combine any
compound of the invention with one or more other active agents in a unitary dosage form for
simultaneous or sequential administration to a patient. “The combination therapy may be
administered as a simultanecus or sequential regi'men. When administered sequentially, the
combination may be administered in two or more administrations. Co-administration of a
- compound of the invention with one or more other active agents generally refers to simultaneous
or sequential administration of a compound of the invention and one or more other active agents,
such that therapeutically effective amounts of the compound of the invention and one or more
cther active agents are both present in the body of the patient.

[00222] Co-administration includes administration of unit dosages of the compounds of the
invention before or after administration of unit dosages of one or more other active agents, for
example, administration of the compounds of the invention within seconds, minutes, or hours of
the administration of one or more other active agents. For example, a unit dose of a compound
of the invention can be administered first, followed within seconds or minutes by administration
of a unit dose of one or more other active agents. Alternatively, a unit dose of one or more other
active agents can be administered first, followed by administration of a unit dose of 2 compound
of the invention within seconds or minutes. In some cases, it may be desirabie to administer a
unit dose of a compound of the invention first, followed, after a period of hours (e.g. 1-12 hours),
by administration of a unit dose of one or more other active agents. In other cases, it may be
desirable to administer a unit dose of one or more other active agents first, followed, after a
period of hours (e.g. 1-12 hours), by administration of a unit dose of a compound of the

invention.
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[00223] The combination therapy may provide " synergy " or " synergistic effect ", i.e. the
effect achieved when the active ingredients used togethear is greater than the sum of the effects
that results from using the compounds separately. A synergistic effect may be attained when the
active ingredients are: (1) co-formulated and administered or delivered simuitaneously in a
combined formuiation; (2) delivered by alternation or in paraliel as separate formulations; or (3)
by some other regimen. When delivered in alternation therapy, a synergistic effect may be
attained when the compounds are administered or delivered sequentiaily, e.g., in separate
tablets, pilis or capsules, or by different injections in separate syringes. In general, during
altarnation therépy, an effective dosage of each active ingredient is administerad sequentially, i.e.
serially, whereas in combination therapy, effective dosages of two or more active ingredients are
administered together.
[00224] The following formulation examples iliustrate representative pharmaceutical
compositions that may be prepared according to the present invention. The present invention,
however, is not limited to the following pharmaceutical compositions.

Formuiation 1 - Tablets
[06225] A compound of the invention is admixed as a dry powder with a dry gelatin binder in
an approximate 1:2 weight ratio. A minor amount of magnesium stearate is added as a lubricant.
The mixture is formed into 240-270 mg tablets (80-90 mg of active am]‘de compound per tabiet)
in a tablet press.

Formulation 2 - Capsules
[00226] A compound of the invention is admixed as a dry powder with a starch diluent in an
approximate 1:1 weight ratic. The mixture is filled into 250 mg capsules (125 mg of active amide
compound per capsule).

Formulation 3 - Liouid

[00227] A compound of the invention (125 mg), sucrose (1.75 g) and xanthan gum (4 mg) are
biended, passed through a No. 10 mesh U.S. sieve, and then mixed with a previously made
solution of microcrystaliine cellulose and sodium carboxymethyl celluiose ( 11:89r 50 mg) in water,
Sodium benzoate (10 mg), flavor, and color are diluted with water and added with stirring.
Sufficient water is then added to produce a total volume of 5 mL.

Formulation 4 - Tablets _
[00228] A compound of the invention is admixed as a dry powder with a dry gelatin binder in
an approximate 1:2 weight ratio. A minor amount of magnasium stearate is added as a lubricant.
The mixture is formed into 450-900 mg tablets (150-300 mg of active amide compound) in a
tablet press.



WO 2609/0624585 43 PCT/EPZGO8/A060896

Formulation 5 - Injection
[00229] A compound of the invention is dissoived or suspended in a buffered sterile saline
injectable agqueous medium to a concentration of approximately 5 mg/mL.

Formulation 6 - Topical

[00230] Stearyl aicohol (250 g) and a white petrolatum (250 g) are melted at about 75°C and
then a mixture of a compound of the invention (50 g) methylparaben (0.25 g), propylparaben
(0.15 g), sodium laury! sulfate (10 g), and propylene giycol (120 g) dissolved in water (about 370
g) is added and the resulting mixture is stirred until it congeals.

METHODS OF TREATMENT
[00231] The present compounds are used as therapeutic agents for the treatment of viral
infections in mammals, in particular the treatment of flavivirusas and other positive strand RNA
viruses such as picornaviruses, More particularly the present invention provides compounds that
may be used as therapeutic agents for the treatment of flaviviruses and picornaviruses, in
particular HCV, HRV, Sb, and/or CVB, more particulariy in the treatment of HCV.  Accordingly,
the compounds and pharmaceuticai compositions of this invention find use as therapeutics for
preventing and/or treating viral infections in mammais including humans.
[00232] In a method of treatment aspect, this invention provides a method of treatment or
prophyiaxis in a mammal susceptible to or afflicted with a viral infection, for exampie & flavivirus
such as HCV and other positive-strand RNA viruses, such as the picornaviruses poliovirus (Sb-1)
and coxsackie B virus (CVB-2) which method comprises administering 2 therapeutically effective
amount of a cémpound according to the invention, or one or more of the pharmaceutical
compasitions just described.
[00233] As a further aspect of the invention there is provided the present compounds for use
as a pharmaceutical especially in the treatment or prevention of the aforementioned conditions
and diseases. Also provided herein is the use of the present compounds in the manufacture of a
medicament for the treatment or prevention of one of the aforementioned conditions and
diseases.
[00234] In a further embodiment, the present invention provides a compound of the invention
for use in the treatment or prevention of a viral infection. In particular, the present invention
provides a compound of the invention for use in the treatment or prevention of flaviviruses or
picarnaviruses, More particularly, the present invention provides a compound of the invention for
use in the treatment and / or prevention of HCV, HRV, Sb and/or CVB. More particularly the
present invention provides & compound of the invention for use in the treatment and / or
prevention of HCV.
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[00235] In vel another embodiment, the present application provides for a compound of the
invention for use in preventing and /for treating a viral infection by administering a combination
comprising a) a first pharmaceutical composition comprising a compound of the present
invention, or a pharmaceutically acceptable salt thereof, and b) a second pharmaceutical
composition comprising at least one additional active agent selected from the group consisting of
interferons, ribavirin analogs, HCV NS3 protease inhibitors, aipha-glucosidase 1 inhibitors,
hepatoprotectants, non-nuclecside inhibitors of HCV, and other drugs for treating HCV, or
mixtures thereof.

[00236] In yet another embadiment, the present application provides for a compound of the
invention for use in preventing and /for treating a viral infection by administering 2 combination
comprising a) 2 first pharmaceutical composition comprising a compound of the present
invention, or a pharmaceutically acceptable salt thereof; and b) one or more compounds selected
from the group consisting of interferons, e.g., pegylated rIFN-alpha 2b, pegylated rIFN-alpha 2a,
riFN-alpha 2b, riFN-alpha 2a, consensus IFN alpha (infergen), feron, reaferon, intermax alpha, r-
IFN-beta, infergen + actimmune, IFN-omege with DUROS, albuferon, locteron, Albuferon, Rebif, -
Oral interferon alpha, IFNalpha-2b XL, AVI-005, PEG-infergen, and Pegylated IFN-beta; ribavirin
analogs, e.g., rebetol, copegus, and viramidine {taribavirin}; NS5b polymerase inhibitors, e.g.,
NM-283, valopicitébine, R1626, PSI- 6130 (R1656), HCV-796, BILB 1941 , XTL-2125, MK-0608,
NM-107, R7128 (R4048), VCH-759, PF-868554, and GSK625433; HCV NS3 protease inhibitors,
e.g., SCH- 563034 (SCH-7), VX-950 {felaprevir), BILN-2065, BMS-60533%, and ITMN-191 ; alpha-
glucosidase 1 inhibitors, e.g., MX-3253 (ceigosivir) and UT-231 B; hepatoprotectants, €.g., IDN-
6556, ME 3738, LB-84451 , and MitoQ; non-nucleoside inhibitors of HCV, e.g., benzimidazole
derivatives, benzo-1 ,2,4-thiadiazine derivatives, phenvlalanine derivatives, G$-919¢, A-831 , and
A-68%; and other drugs for treating HCV, e.g., zadaxin, nitazoxanide (alinea), BIVN-401 {virostat),
PYN-17 (aitirex), KPEG2003002, actiion (CPG-10101 ), KRN-7000, civacir, GI-5005, ANA-975, XTL-
6865, ANA 971 , NOV-205, tarvacin, EMC-18, NIM811 , DEBIO-02S, VGX-410C, EMZ-702, AVI
4065, Bavituximab, Oglufanide, and VX-497 (merimepadib).

[00237] Injection dose levels range from about 0.1 mg/kg/hour to at least 10 mg/kg/hour, all
for from about 1 to about 120 hours and especially 24 to 96 hours. A prelocading bolus of from
about 0.1 mg/kg to about 10 mg/kg or more may aiso be administered to achieve adequate
steady state levels. The maximum total dose is not expected o exceed about 2 g/day for a2 40 to
80 kg human patient.

[00238] For the prevention and/or treatment of long-term conditions, the regimen for
treatment usually stretches over many months or years so oral dosing is preferred for patient
convenience and tolerance. With oral dosing, one to five and especially two to four and typically
three oral doses per day are representative regimens. Using these dosing pattemns, each dose
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provides from about 0.01 to about 20 mg/kg of the compound of the invention, with preferred
doses each providing from about 0.1 to about 10 mg/kg and especially about 1 to about 5 mg/kg.
[00239] Transdermal doses are generally selected to provide similar or lower blood levels than
are achieved using injection doses.

[00240] When used to prevent the onset of a viral infection, the compounds of this invention
will be administered to a patient at risk for developing the condition, typically on the advice and
under the supervision of a physician, at the dosage levels described above. Patients at risk for
developing a particular viral infection generally inciude those that have been exposed to the virus
in guestion or those who have been identified by genetic testing or screening to be particularly
susceptibie to developing the viral infection.

(002411 The compounds of this invention can be administered as the sole active agent or they
can be administered in combination with other agents, including other compounds that
demonstrate the same or a similar therapeutic activity, and that are determined to safe and
efficacious for such combined administration.

GENERAL SYNTHETIC PROCEDURES
[00242] The imidazopyrazine 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, soivents, pressures, efc.; are given; however, other process conditions
can also be used unless otherwise stated. Optimum reaction conditions may vary with the
particular reactants or solvent used, but such. conditions can be determined by one skilled in the
~art by rdutme optimization procedures. |
[00243] 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. The choice of a suitable protecting group for a particular functional group as well as
suitable conditions for protection and deprotection are well known in the art. For example,
numerous protecting groups, and their introduction and removal, are described in T. W. Greene
and P. G. M. Wuts, Protecting Groups in Organic Synthesis, Second Edition, Wiley, New York,
1991, and references cited therein,
[00244] The following methods are presented with details as to the preparation of
~ representative imidazopyrazine compounds that have been listed hereinabove. The compounds
of the invention may be prepared from known or commercially available starting materials and
reagents by one skilled in the art of organic synthasis.

Examples
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[00245] Representative compounds of Formula (I} may be prepared according to the synthetic
routes outlinad below.

General Method 1

OSO

ArB{OHY,

(3

8-Chloro-imidazo[1,2-ajpyrazine

[006246] Bromoacetaldehyde diethyl acetal (200 mL, 1.3 mol) and a solution of 48% HBr (48
ml) are heated at reflux for 1.5 hours, then poured onto a suspension of NaHCO; (100q) in
propan-2-oi (1.6 L). The resulting solid is filtered off and 2-amino-3-chloropyrazine (51.8 g, 0.4
maol} is added to the solution then heated to reflux, during which time a clear solution forms
which precipitates over 2 hours. The reaction mixture is cooled and allowed to stand overnight,
and the soiid may be collected by filtration and washed with propan-2-ol and Et;O. The solid is
added to a saturated soiution of NaHCO; (500 mL) and DCM (1 L). The agueous layer is
separated from the organic solvent and re-extracted with DCM {2 x 250 mL). The organic layers
are combined and dried over MgSO,, filtered and evaporated to dryness, to afford a light brown
solid. The bropan—z—oi and EBO liguors from washing the filter cake, are evaporated to give a
pale brown solid which is washed with a saturated solution of NaHCO; and extracted with DCM (X
3). The two solids were combined to afford compound 8-chloro-imidazol1,2-alpyrazine (59.1 g,
96%,.

3-Bromo-8-chioro-imidazo[1,2-ajpyrazine

[00247] To & solution of 8-chloro-imidazo{1,2-ajpyrazine {1.53 g, 0.01 mol) in DCM (30 mL) is
added N-bromosuccinimide {1.78 g, 0.01 mol) and the reaction is stirred at room temperature for
2h.  After this time the solution is washed with saturated aqueous soiution of Na;C0; (2 x 20
mi), dried (MgSQ,), filkered and concentrated in vacuo to give 3-bromo-8-chioro-imidazof1,2-
alpyrazine (2.11 g, 96%).
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4-[(3~Bromo-imidazo[1,2-alpyrazin-8-ylaming)}-methyl }-benzenesulfonamide
[00248] To & solution of 3-bromo-8-chloro-imidazo[ 1,2-a]pyrazine (2 g, 8.6 mmol) in 'BuOH {5
ml) is added 4-aminomethyi-benzenesulfonamide hydrochloride (2.1 g, 9.5 mmol) and DIPEA (3.7
ml, 21.5 mmoi). The reaction is heated to 108 °C and stirred for 16h. After this time the solution
is aliowed to cool, resulting in a thick white precipitate. The precipitate is filtered and washed
with  diethyl  ether to give  4-[(3-Bromo-imidazoll,2-alpyrazin-8-viamino)-methyl]-
benzenesulfonamide as a white solid (1.24 g, 38 %)

Compound 1: 4-{[3-(4-Hydroxy-phenyl}-imidazo[1,2-a]pyrazin-8-ylamino]-methyl}-
benzenesulfonamide

f00249] 7o 2 5 mL microwave tube is added 4-[(3-Bromo-imidazo[1,2-alpyrazin-8-ylamino)-
methyl]-benzenesulfonamide (0.14 g, 0.379 mmol), 4-(4,4,5,5-Tetramethyi-[1,3,2]dioxaborolan-
2-yl)-phencl (0.084 g, 0.417 mmol), Na,;CO; (0.1 g, 0.95 mmal}, PA(OAC); (approx. 7 mg, 0.028
mmol), and (oxidi-2,1-phenylene)bis(diphenyiphosphine) (20 mg, 0.038 mmol}. The mixture is
suspended in DMF (3 mbL) and water (1 ml) and the vessel is sealed under a nitrogen
~ atmosphere. The reaction vessel is heated to 130 °C in the CEM microwave for 20 min then
allowed to cool and filtered through Celite and washed with EtOAc. The filtrate is evaporated and
the residue taken up in DMSO and purified by prep HPLC. The product, 4-{]3-(4-Hydroxy-
phenyD-imidazol1,2-a]pyrazin-8-ylaminol-methyl}-benzenesulfonamide, is obtained as a white
solid (32 mg, 19 %) (LC-MS m/z 396 [M+H]").

Exampies 2-63
[002501 Using essentially the same procedures as described for General Method 1 and

Compound 1 the compounds in Tablel may be prepared

Table 1
Compound | Structure LC-MS:MH*

4 _
1 odid m/z 396
S [M+HT"

R

2 oy m/fz 332
i [M+HT"
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Compound | Structure | LC-MS:MH*
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LC-MS:MH ™
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Compound | Structure | LC-MS:MH™
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Compound | Structure | LC-MS:MH"
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Compound | Structure | LC-MS:MH”
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Compound | Structure | LC-MS:MH"
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Compound | Structure | LC-MS:MH"
#
75 s m/z 410
76 m/fz 316 [M-
HY
77 m/z 393 [M-
MY
78 g m/z 343
" [M+HT"
79 N m/z 349
[%\3_,;‘ [M+HT
H’.;“
80 (5 m/z 323
Lm [M+H]?
/: = OH
81 ey m/z 375
si\;,/;i [MAHT
82 m/z 321

IM+H]"




WO 2009/024585 PCT/EP2008/0608%6

59
Compound | Structure | LC-MS:MH"
#
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Compound 88: 4~{ [ 3~(4-Hydroxy-3-methyl-phenyl}-imidazo[1,2-ajpyrazin-8-

ylaminoj-methyl}-benzenesulfonamide
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f00251] To a solution of 4-{[3-{4-Methoxy-3-methyl-phenyi)-imidazo[1,2-ajpyrazin-8-
viamino}-methyi}-benzenesulfonamide (0.167 g, 0.39 mmot} in dichioromethane (5 mL) at -78°C
was added boron tribromide (3.9 mi, 3.9 mmo!, 1 M solution in dichloromethane). The reaction
was aliowed to warm gradually to ambient temperature then gquenched with saturated agqueous
sodium bicarbonate solution (30 mL}. The reaction mixture was extracted with ethy! acetate (3 x
30 ml}, the organic layers were combined and dried with magnesium sulphate, filtered and
concentrated in vaccuo. The residue was taken up in DMSO and purified by prep HPLC. The
product, 4-{[3-(4-Hydroxy-3-methyl-phenyl}-imidazo[ 1, 2-a]pyrazin-8-vlamino]-methyl}-
benzenesulfonamide, is obtained as a white soiid (25 mg, 16 %) (LC-MS m/z 410 [M+H]").

[00252] Compounds 89 and 90 were prepared in a similar fashion.

Table 2
Compound | Structure LCMS;MH"
# _
88 ool m/z 410 [M+H]"
HN’E/
89 i m/z 412 [M+HT*
»
HN"‘i
N
E\E,‘N\-/,/':\'
=
90 o m/z 460 [M+H]"
» |

Compound 91
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Compound o1 4-{[3-{2-Fluoro-4-hydroxy-phenyl}-imidazo[1,2-a]pyrazin-8-

viamino]-methyl}-benzenesulfonamide

[00253] To a solution of 4-{[3-(2-Fluoro-4-hydroxy-phenyl}-imidazo} 1,2-a]pyrazin-8-ylaming]-
methyl}-benzenesulfonamide (0.110 g, 0.218 mmol} and cyciohexadiene (0.41 mi, 4.36 mmol) in
ethanol (3 ml) was added Palladium hydroxide on carbon (0.03 g, 0.043 mmol, 20 mol%). The
reaction was heated to reflux for 2 hours then allowed to cool to ambient temperature. The
reaction was filtered through celite and concentrated in vaccuc. The crude material was taken up
in DMSO and purified by prep HPLC. The product, 4-{[3-{2-Fluoro-4-hydroxy-phenyl)-imidazof 1,2-
alpyrazin-8-ylamino]-methyl}-benzenesuifonamide, is obtained as a white solid {20 mg, 22 %)
(LC-MS m/z 414 [M+H]™).

Table 3
Compound | Structure LCMS:MH™
#
91 ot m/z 414
[M+H]"
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Compound 22: 4-{[3-(3,4-Dimethoxy-phenyl}-imidazo[1,2-alpyrazin-8-ylaminol-
methyli}-benzoic acid

[00254] To & soiution of 4-{[3-(3,4-Dimethoxy-phenyl)-imidazo[1,2-a]pyrazin-8-ylaminol-
methyl}-benzoic acid methy! ester (0.20 g, 0.48 mmol} in tetrahydrofuran (4 mi) was added
lithium hydroxide (0.72 ml, 0.72 mmol, 1 M agueous solution). The reaction was stirred at
ambient temperature for 24 hours then diluted with water (30 mL) and washed with ethyl acetate
(30 ml). The agueous phase was acidified with 1 M aqueous HCl and extracted with ethy! acetate
(3 x 30 ml), the organic layers were combined and dried with magnesium suiphate, filtered and
concentrated in vaccuo.  The product, 4-{[3-(3,4-Dimethoxy-phenyl)-imidazo[1,2-alpyrazin-8-
ylaminoj-methyl}-benzoic acid, is obtained as an off white solid (50 mg, 26 %) (LC-MS m/z 405
[M+HT™.

Table 4

Compound # | Structure LCMS:MH™
92 By OH m/z 405 [M+HT"

Compound 23
(E) (0] Hoé
J
HN) i

PN | Néj\f“
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Q
O \
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{Compound 23 (4~{[3-(3,4-Dimethoxy-phenyl)-imidazo[1,2-a}pyrazin-8-yiaminoj-
methyl }-phenyt}-methanol
[00255] Diisobutylaiuminium hydride (1 mi, 1.0 mmol, 1 M solution in dichloromethane) was
added dropwise to a solution of 4-{[3-(3,4-dimethoxy-phenyl)-imidazo[ 1,2-a]pyrazin-8-ylamino]-
methyli-benzoic acid methy! ester (0.10 g, 0.24 mmal) in dichloromethane (1 mi) at ambient
temperature. The reaction mixture was stirred for 1 hour then diluted with dichloromethane (50
ml) and washed with 1 M aqueous potassium sodium tartarate soiution (30 mL) and water (30
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mi). The organic layer was dried with magnesium sulphate, filtered and concentrated in vaccuo.
The crude material was purified by column chromatography using 1:1 dichloromethane: ethyi
acetate as eluent The product, (4-{[3-(3,4-Dimethoxy-phenyh-imidazol1,2-a]lpyrazin-8-
ylamino}-methyl-phenyl}-methanol, is obtained as a white solid (35 mg, 37 %) (LC-MS m/z 391
[M+HT).

Table 5

Compound # | Structure LCMS:MH™
93 He | m/z 391 [M+H]"

o
Compound 94
Tk, M,
D=8z =80
HM HN
NéKfN NJ\FN
g/N ¢ i\\\/N %
o]
CN
I\{H2
QH QOH

Compound 94: 2-Hydroxy-5-[8-(4-sulfamoyl-benzylamino)-imidazo[1,2-ajpyrazin-3-
yi}-benzamide

[00256] Trifiuoroacetic acid (1.5 mi) and conc. Sulphuric acid (1.5 ml) were added to 4-{[3-(3-
cyano-4-hydroxy-phenyl)-imidazo[ 1,2-alpyrazin-8-ylaminoj-methyl-benzenesuifonamide  (0.093
g, 0.2 mmol) and the resulting solution was stirred at ambient temperature for 24 hours. The
reaction mixture was neutralized with conc. Agueous sodium carbonate solution and extracted
with ethyl acetate (2x50mL). The organic jayers were combined and dried with magnesium
sulphate, filtered and concentrated in vaccuo. The crude material was- taken up in DMS0O and
purified by prep HPLC. The product, 2Z-hydroxy-5-[8-(4-sulfamoyl-benzylamino)-imidazof1,2-
alpyrazin-3-ylj-benzamide, is obtained as a white solid (4.2 mg, 5 %) (LC-MS my/z 439 [M+H]").

Tabie 6
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Compound # | Structure LCMS:MH™
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3-Bromo-8-methyisuifanyl-imidazo[1,2-a]pyrazine

[00257] 7o 2 solution of 3-bromo-8-chloro-imidazo[1,2-alpyrazine (4.0 g, 18.2 mmol) in DMF
(16 mL) MeSNa (1.52 g, 21.8 mmol) is added and stirred at 70 °C for 2h. After this time the
solution is allowed to cool, poured into 16mL of water, stirred for 30 minuies and the solid
obtained filtered off and washed with water (3 x 50mL}. The product, 3-Bromo-8-methylsulfanyl-
imidazof 1,2-alpyrazine was obtained as a beige solid (3.21 g, 72.3 %).

3-(4-Methoxy-phenyl)-8-methyisulfanyi-imidazo[1,2-ajpyrazine

[00258] A mixture of 3-Bromo-8-methylsuffanyl-imidazo[1,2-a]pyrazine (1.06g, 4.33mmal), 4-
methoxybenzeneboronic acid (0.79g, 5.2mmol), Pd(OAc), (0.05g, 0.22mmol}), (oxidi-2,1-
phenylene)bis(diphenytphosphine) (233 mg, 0.43 mmol), 1.5M K LG5 in water (5.8mL, 8.66mmol)
and DMF (12.8ml) Is stirrec¢ at 88°C for 16 h. Then aliowed to cool, filtered through cotion,
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diluted with EtOAC and washed with water and brine. The organic layer is dried with MgSQ,4 anh.,
filtered anc evaporated. The crude is purified by column chromatography using a gradient of
(Pet.Ether 40-60/ACOEL: 7/3 to 1/1) to give 3-(4-Methoxy-phenyl}-8-methylsulfanyl-imidazo[1,2-
alpyrazine as a pale yeliow solid (1.0g, 85%,).

8-Methanesulfonyl-3-{4-methoxy-phenyl)-imidazo[1,2-a]pyrazine

[00259] Over a solution of 3-(4-Methoxy-phenyl}-8-methylsuifanyi-imidazol1,2-a]pyrazine
(1.00g, 3.69mmol) in DCM (30 mL) mCPBA (1.60g, 9.22 mmol) is added and stirred at room
temperature for 3h. Then the reaction mixture is diluted with DCM, washed with NaHCO; sat. and
brine. The organic layer is dried with MgSQ0s anh., filtered and evaporated to vield an orange
viscous ol that is triturated with ACOEL. The solid formed is filtered off and washed with AcOEt to
give §-Methanesuifonyl-3-(4-methoxy-phenyl)-imidazo[1,2-alpyrazine as a yellow solic (765mg,
68%;).

3-{[3-(4-Methoxy-phenyl)-imidazo[ 1,2-a]pyrazin-8~ylaminoi-methyl}-
benzenesulfonamide

[00260] A mixture of §-Methanesulfonyl-3-(4-methoxy-phenyli-imidazo[1,2-a]pyrazine
{0.150g, 0.495mmol), 3-Aminomethyl-benzenesuifonamide TFA salt (0.223g, 0.742mmal), DIPEA
(0.260mL, 1.50mmol) in NMP (0.66ml.) is stirred at 100°C for 16 hours. The reaction mixture is
diluted with AcOEt, washed with water and brine, dried with MgS0, anh., filtered and evaporated.
The crude is purified by column chromatography using a gradient of (Pet.Ether 40-60/AcOEt: 1/1
to  0/1) to give  3-{[3-{4-Methoxy-phenyi)-imidazol 1,2-a]lpyrazin-8&-yiamino]-methyl}-
benzenesulfonamide as a pale yellow solid (0.135g, 67%). LC-MS m/z 410 [M+HT",

Compound 95: 3-{[3-(4-Hydroxy-phenyl)-imidaze[1,2-a]pyrazin-8-ylamino}-methyl}~
benzenesulfonamide

rooze1) . BBrs (2.81mL, 1.0M in DCM, 2.81mmol}) is added to & suspension of 3-{[3-(4-
Methoxy-phenyl}-imidazo[ 1,2-a]pyrazin-8-yvlamino-methyl}-benzenesulfonamide (0.115g,
0.28immol} in DCM {3mL) at -78°C under nitrogen atmosphere, The reaction is allowed to warm
to r.t and monitored by analytical HPLC. After 2h the reaction is complete and is cooled to -78°C,
quenched with a solution of saturated aqueous K;COs; The reaction is diluted with AcOEL,
washed with water, dried with MgSQ04 anh., filtered and evaporated to give 0.058¢ of 3-{[3-(4-
Hydroxy-phenyi)-imidazo{1,2—a]pyraziﬂ-B—yiamino}—methyf}~benzenesuifonamide as a brown oil
(52%). No further purification was reguired. LC-MS m/z 396 [M+H]"

Compounds 96-103
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[00262] By essentially the same procedures as described for General Method 2 and Compound
95 above, the compounds in Table 7 can be prepared

Table 7

Compound # | Structure LCMS:MH™
96 @ m/z 303 [M+H]"
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g7 7 m/z 395 [M+HT"

98 e m/z 373 [M+HT*

99 e m/z 351 [M+HT*

100 b m/z 424 [M+H]*

101 ] m/z 438 [M+H]"
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Compound # | Structure LCMS:IMH™
102 L m/z 424 [M+H]"
)
\er
103 m/z 410 [M+H]"

General Method 3
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8-Chioro-2-methyi-imidazol1,2-alpyrazine

[00263] A solution of 2Z-amino-3-chloropyrazine (10g, 77.5mmol), chloroacetone (30mL,
387mmol) in MeOH (25mL} is refluxed avernight at 88°C. it is then stirred for 1h at 0°C and any
solid that forms, is filtered off and washed twice with MeOH (5mL). The mother lig. are
evaporated, diluted with EtOAc, and washed with HCl 2N, water and brine. The water and HCl
mother lig. are evaporated to gi\}e a vellow solid that is neutralized with a saturated solution of
KoCOs in water, extracted with DCM, dried with MgSQO, anh. filtered and concentrated. The crude
material is purified by column chromatography using a gradient of (DCM/MeOH: 1/0 to 99/1) to

CH

give 8~Ch!oro—z—methyl—émidazo[1,2-a]pyrazine as an orange solié (1.02¢g, 7.7%).

3-Bromo-8-chioro-2-methyl-imidazo[1,2-alpyrazine
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[00264] 7o a solution of 8-Chloro-2-methyi-imidazo[1,2-alpyrazine (0.7 g, 4.18 mmol).in DCM
(20 mi) is added N-bromosuccinimide (0.74 g, 4.18 mmol) and the reaction stirred at room
temperature for 2h. After this time the solution is washed with saturated aqueous solution of
NaxCOs (2 x 20 ml), dried (MgSQO,), filtered and concentrated in vacuo to give 3-bromo-8-chloro-
2-methyl-imidazo[ 1,2-alpyrazine (0.771 g, 75 %).

4-[(3-Bromo-2-methyi-imidazo[ 1,2-a]pyrazin-8-ylamino)-methyl}-
benzenesulphonamide

[00265] To a soiution of 3-bromo-8-chioro-2-methyl-imidazol1,2-ajpyrazine (0.77 ¢, 3.12
mmo!) in '‘BuOH (10 ml) is added 4-aminomethyi-benzenesulfonamide hydrochioride (1.04 g, 4.69
mmol} and DIPEA {1.63 ml, 9.36 mmoi). The reaction is heated to 108 °C and stirred for 16h.
After this time the solution is allowed to cool, resulting in a thick white precipitate. The
precipitate is filtered and washed with diethy! ether to give 4-[(3-Bromo-2-methyl-imidazol1,2-
alpyrazin-8-ylamino)-methyl]-benzenesuiphonamide as a white solid (0.37 g, 30 %)

Compound 104; 4-{[3~(4-Hydroxy-phenyi)-2-methyi-imidazo{ 1,2-a]pyrazin-8-
yiamino]-methyl}-benzenesulfonamide

[00266] To 2 5 mL microwave tube is added 4-[(3-Bromo-2-methyi-imidazo[1,2-a]pyrazin-§-
vlamino)-methvli-benzenesulfonamide  (0.15 g, 0.379 mmol), 4-(4,4,5,5-tetramethy!»
[1,3,2]dioxaborolan-2-yl)-phenol (0.084 g, 0.417 mmol), Na.CO; (0.1 g, 0.95 mmol), Pd(OAC),
(approx. 7 mg, 0.028 mmel), and (oxidi-2,1-phenyiene)bis(diphenylphosphine) {20 mg, 0.038
mmol}. The mixture is suspended in DMF (3 mL) and water (1 mL) and the vessel is sealed
under a nitrogen atmosphere. The reaction vessel is heated o 130 °C in the CEM microwave for
20 min then aliowed to cool and filtered through Celite and washed with EtOAc. The filtrate is
gvaporated and the residue is taken up in DMSO and purified by prep HPLC. The product, 4-{[3-
(4-Hydroxy-pheny!)-imidazo[ 1,2-a]pyrazin-8-ylamino]-methyl>-benzenesulfonamide, is obtained
as a white solid (15 mg, 10 %) LC-MS m/z 410 [M+HT"

Examples 105-107
[0G267] By essentiaily the same procedures as described above for General Method 3 and
Example 104, the compounds in Table 8 may be prepared

Tabie 8

| Compound # | Structure LCMS:MH* |
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105 e m/z 440[M+H]"

106 m/z 428 [M+H]*

167 .G m/z 455 [M+H]"

General Method 4
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: Z-Amino-maionami_de
[00268] A solution of diethyl aminomalonate hydrochioride (50.0g, 0.237mol) in methanolic
ammenia (750mL, 7N, 5.25mol) is stired at r.t. for 7 days in a sealed flask. Filtration and washing
of the solid with MeOH will provide 2-amino-maionamide as a paie yeliow product (25g, 69%).
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3-Hydroxy-6-methyl-pyrazine-2-carboxylic acid amide

[006262] An agueous soiution of NaOH {10.6mL, 12.5N, 0.133mol) is added dropwise to a 40%
water solution of pyruvic aldehyde (24g, 9.6g, 0.133mol) and 2-amino-malonamide (16g,
0.136mol) at -20°C, keeping the temperature beliow 0°C. The reaction mixture is mechanically
stirred overnight at r.t and then the reaction mixture is cooled to -20°C and HC conc. {(16mL,
0.16mol) is siowly added keeping the temperature bellow 0°C and stirred at r.t. for 48h, The
reaction mixture is cooled in an ice bath and the crystals formed filtered off, washed with z little
water and dried with air, to give 3-hydroxy-6-methyi-pyrazine-2-carboxyiic acid amide as a brown
solid, (5.7 g, 28%).

3-Amino-5-methyi-pyrazin-2-oi

[00270] To a solution of KOH (6g, 154mmol} in water (46mL) at 5°C is added slowly bromine
foliowed by 3-hydroxy-6-methyl-pyrazine-2-carboxylic acid amide (2.6g, 17.0 mmol) with rapid
stirring. The reaction mixture is warmed to 85°C and stirred for 1h 30 min. The reaction is cooled
to 20°C and acidified with HCl conc, basified with ammonium hydroxide conc. and left stand
overnight at r.t. The solid obtained is filtered and washed with cold water, dried with air and then
dried further in a vacuum oven at 60°C to give 3-amino-5-methy!-pyrazin-2-ol as a beige solid
(1.63g, 76%).

5-Methyl-imidazo{1,2-alpyrazin-8-of

[00271] Bromoacetaldehyde diethyl acetal (12.2 mL, 81.4 mmol} and a solution of 48% HBr
(0.94 mL) are heated at reflux for 1.5 hours, then poured into a suspension of NaHCO; (1.92g) in
propan-2-ol (31.3 mL). The resulting solid is filtered off and 3-amino-5-methyl-pyrazin-2-ol (3.13
g, 25.0 mmol) is added. The solution is refiuxed for 2 hours then left to stand overnight and the
solid formed washed with IPA and ether. The solid is added to a solution of DCM (60mL) and
NaHCO; sat. {30mL}), the two layers are separated and the aqueous phase is extracted with DCM.
The combined organic layers are dried with MgSC, anh., filtered and evaporated to give a brown
solid product. The agueous phase is again extracted with a CHCI3/IPA 9/1, dried with MgSQO.
anh., filtered and concentrated to give a brown solid product. The IPA and Ether used previously
for washing the solid are combined, evaporated and submitted to the same process described
previously to give a brown solid quite impurified from the DCM extraction and a brown solid with
the CHCl3/IPA of similar purity to the one obtained beforehand. The products resulting from the
first DCM extraction and the two CHCI3/IPA extraction are combined and washed with cold MeOH
to give 5-Methyl-imidazo[1,2-a]pyrazin-8-ol as a pale yeliow solid (1.32g) that is submitted into
the next step without further purification.
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g-Chioro-5-methyl-imidazo[1,2-a]pyrazine

[00272] To a solution of 5-Methyl-imidazo[1,2-a]pyrazin-8-ol (1.32g, 8.86mmol) in POC;
(25mL) is added pyridine (0.53mL, 6.6mmol) and the reaction stirred at 120°C under Ny
atmosphere for 4h 30min. The reaction is cooled to 60°C and poured into 80¢g of ice and stirred
for ih. The mixture is neutralized with NaOH (20%), extracted with CHCl;/IPA 9/1, dried with
MgSO, anh., filtered and concentrated to get a crude that is purified by column chromatography
using a gradient of (DCM/MeOH: 98/2 to 95/5) to give 8-Chlore-5-methyl-imidazo[1,2-a)pyrazine
as a pale vellow solid (0.39g, 26%;).

3-Brome-8~chioro-5-methyl-imidazo[1,2-alpyrazine

[00273] N-bromosuccinimide (348mg, 1.96mmot) is added to a solution of 8-chloro-5-methyl-
imidazo[1,2-a]pyrazine (327mg, 1.98mmol) in DCM (6 mL) and the reaction stirred at room
femperature for 2h. Once the reaction is finished the reaction mixture is diluted with DCM and
washed twice with 4mL of Na,C0; sat., dried (MgSQ.), filtered and concentrated in vacue to give
a crude mixture that is purified by column chromatography using a gradient of (Pet.Ether40-
60/AcOEL: 9/1 to 7/3) to give 3-Bromo-8-chioro-5-methyl-imidazol 1,2-alpyrazine as a brown solid
(335mg, 69%).

4-[(3-Bromo-5-methyl-imidazo[ 1,2-alpyrazin-8-ylamino)}-methyl}-
benzenesulfonamide

.{00274} To & solution of 3-bromo-8-chioro-5-methyi-imidazo{1,2-ajpyrazine (308mg,
1.25mmol) in 'BUOH (5 mL) is added 4-aminomethyi-benzenesulfonamide hydrochloride (298mg,
1.38mmol) and DIPEA (0.43mL, 3.12mmol). The reaction is stirred at 108°C for 16h. After this
time the solution is allowed to cool, resulting in a thick precipitate that is filtered and washed with
diethy! ether to give 330mg of pure product as a beige solid (67%).

Compound ios: 4-{ [ 3-(4-Hydroxy-phenyl)-5-methyl-imidazo[1,2-a]lpyrazin-8-
ylamino]-methyl}~benzenesulfonamide

[00275] A mixture of  4-[(3-Bromo-5-methyl-imidazol1,2-a]pyrazin-8-ylamino}-methyl]-
benzenesulfonamide (0.1g, 0.252 mmol), 4-(4,4,5,5-tetramethyl-[ 1,3, 2]dioxaborolan-2-yl)-phenol
(0.061 g, 0.277mmol}, KCOs 1.5M in water (0.34mi, 0.504mmol), Pd(OAc), (3.0mg, 0.013
mmol}, and (oxidi-2,1-phenylene)bis(diphenylphosphine) (14mg, 0.026mmol) in DMF 1mL is
stirred at 88°C overnight. The reaction mixture is filtered through cotton, diluted with AcOEt,
washed with water, the organic layer dried with MgS0O, anh. filtered and evaporated. The crude
mixture is purified by prep. HPLC under acid conditions using a gradient of 0.1% formic acid in
H,0/0.1% formic acid in Acetonitrile (95/5:5min, 9/1:13min, 0/1:4min) to give 4-{[3-(4-hydroxy-
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phenyl}-5-methyl-imidazo[ 1, 2-alpyrazin-8-ylamino]-methy!}-benzenesulfonamide as a brown cil,
(36.5mg) LC-MS m/z 410 [M+H]".

Compound 109¢
[00276] By essentially the same procedures described for General Method 4 and as used to
prepare Compound 108 the compound in Table 9 can be prepared

Table 9

| Compound # | Structure LCMS:MH™
109 oetrs m/z 440 [M+H]*

General Method 5
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i-Methyl-1H-imidazole-2-carboxylic acid ethyl ester

[06277] Triethy! amine (50mL) is added to a solution of methyl imidazol (16.3g, 199mmo}) in
acetonitrile {100mL), then it is cooled to -30°C. A solution of ethyl chioroformate (31imd,
328mmol} in acetonitrile (50mL) is added slowly keeping the temperature bellow 10°C. The
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reaction mixture is concentrated and diluted in water and extracted with chioroform, dried with
MgSQO; anh, filtered and evaporated. Recrystallisation from ether vields 1-Methyi-1H-imidazole-2-
carboxyiic acid ethyl ester as an orange oil (15.5g, 51%).

1-Methyl-1H-imidazole-2-carboxylic acid amide

[00278] NH.Cl {6.150g, 2.8mmol) is added tc a solution of 1-methyi-1H-imidazoie-2-carboxylic
acid ethy! ester (15.5g, 101mmol) in ammonium hydroxide 35% (112ml) and the reaction is
stirred for 6h at 100°C in a sealed reaction flask. The reaction is cooled to 0°C and the solid
- formed filtered and washed with ice water and ether tc give {-methyl-1H-imidazoie-2-carboxylic
acid amide as brown crystals {6.9g, 55%).

1,6-Dimethyl-8-ox0-7,8-dihydro-imidazo{1,2-alpyrazin-1-ium bromide sait

[00279] A mixture of 1-Methyl-1H-imidazole-2-carboxylic acid amide (3.0g, 14.3mmol),
bromoacetone (2.36g, 17.2mmal) and acetonitrile (40mL) is stirred overnight at 80°C. The solid
formed is filtered and washed with acetonitrile to give 1,6-dimethyi-8-oxo-7,8-dihydro-
imidazol1,2-a]pyrazin-1-ium bromide salt (4.3g, 86%).

6-Methyl-7H-imidazo[1,2-a]pyrazin-8-one

[00280] A mixture of 1,6-dimethyl-8-oxc-7,8-dihydro-imidazo! 1,2-alpyrazin-1-ium bromide salt
(4.3g, 16.4mmol) and imidazole (20.4g, 310mmol) is stirred at 175°C for 20h. After this time the
reaction mixture is cooled down to 100°C and poured into ice-water with vigorous stirring. No
precipitation is observed therefore the solvent is removed and the imidazole distilled off under
vacuum at approx. 130°C. The solid remaining is triturated with DCM to give 6-methyi-7H-
imidazo[1,2-a]pyrazin-8-one as a brown solid (870mg). The mother lig. are purified by column
chromatography using a gradient of (DMC/MeOH: 99/1 to 95/5) to give a further 667mg of 6-
methyi-7H-imidazo[1,2-a]pyrazin-8-one as a pale yeilow solid (1.66g, 68%).

8-Chioro-6-methyi-imidazo{i,2-a]pyrazine

[00281] Pyridine (0.4mlL, 4.9mmol} was added to a soiution of 6-methyl-7H-imidazol1,2-
ajpyrazin-8-one (0.97g, 6.5mmoal) in POCI; {19mL) and the reaction is stirred at 120°C under N,
atmosphere for 4h 30min. The reaction is cooled tc 60°C and poured into 60g of ice and stirred
for 1h, The soiution is neutralized with NaOH (10%), extracted with CHCIs/IPA 9/1, dried with
MgSO, anh., filtered and concentrated. The. crude. product is purified by column chromatography
using a gradient of {DCM/MeOH: 99/1 to 95/5) to give 8-chioro-6-methyi-imidazo[1,2-a]pyrazine
as a pale yeilow solid (0.383¢g, 35%).
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3-Bromo-8-chloro-6-methyl-imidazo[1,2-ajpyrazine .

fog282] N-bromoéuccinimide (348mg, 1.96mmol) is added to a solution of 8-chloro-6-methyl-
imidazo{1,2-a]pyrazine (337mg, 2.02mmgol} in DCM (6.1 mL) and the reaction is stirred at 40°C
for 10min and then at room temperature for 1h 30min. The reaction mixture is diluted with DCM
“and washed twice with 4mL of Nazcoj sat., dried with MgSO. anh., fiitered and concentrated in
vacuo to give 3-bromo-8-chloro-6-methyl-imidazo[1,2-alpyrazine as a yellow solid (470mg, 95%).

4-[{3-Bromo-6-methyl-imidazol 1,2-a]pyrazin-8-ylamino}-methyl]-
benzenesulfonamide

[002831 To =& solution  of 3-bromo-8-chioro-6-methyl-imidazo[ 1,2-a]pyrazine  (350mg,
1.42mmol) in 'BuOH (3 mL) is added 4-aminomethyt-benzenesulfonamide hydrochioride (334mg,
1.42mmol) and DIPEA (0.49mL, 2.82mmol). The reaction is stirred at 108°C for 16h. After this
time the soiution is allowed to cool, resulting in a thick precipitate that is filtered and washed with
diethyt ether 1t give 4-[(3-bromo-6-methyi-imidazo[1,2-a]pyrazin-8-ylamino)-methyi]-
benzenesulfonamide as a beige solid (420mg, 75 %).

Compound  110: 4-{[3-(4-Hydroxy-phenyl}-6-methyl-imidazo[1,2-a]pyrazin-8-
yiamino]l-methyt}-benzenesulfonamide

[06284] A mixture of 4-[(3-bromo-6-methyi-imidazof1,2-alpyrazin-8-ylamino)-methyl]-
benzenesulfonamide (0.1g, 0.252 mmol)}, 4~(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborclan-2-yi)-phenol
(0.061 g, 0.277mmol), K:CO; 1.5M in water (0.34mL, 0.504mmol), Pd(OAc), (3.0mg, 0.013
mmot), and (oxidi-2,1-phenylene)bis(diphenylphosphine) (14mg, 0.026mmot} in DMF 1mL was
stirred at 88°C overnight. Then the reaction mixture is filtered through cotton, diluted with
AcCOEt, washed with water, the organic layer dried with MgSO, (anhydrous), filtered and
evaporated. The crude mixture is purified by prep. HPLC under acid conditions using a gradient
of 0.1% formic acid in H.0/0.1% formic acid in acetonitriie (95/5:5min, 9/1:13min, 0/1:4min) to
give 4-{{ 3~(4-hydroxy-phenyl)-6-methyl-imidazo[ 1, 2-a}pyrazin-8-ylamino]-methyi}-
benzenesulfonamide as a brown oil {30.2mg) LC-MS m/z 410 [M+H]™.

Compounds 111-112
[00285] Using methods as decribed for General Method 5 and for the preparation of
Compound 110, the compounds below may be prepared

Table 10

| Compound # | Structure | LCMS:MH" |
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111 oty m/z 428 [M+H]"

112 o Mz 440 [M+H]"

Compounds 113 and 114
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3,6,8-Tribromo-imidazo[1,2-a]pyrazine

[00286] N-bromosuccinimide (1.81 g, 10.15 mmol) was added to a solution of &,8-Dibromo-
imidazol 1,2-alpyrazine (2.0 g, 10.15 mmol) in dichloromethane (40 ml). The reaction was stirred
at room temperature over night then diluted with dichloromethane (100 ml) and washed with
saturated aqueous sodium hydrogen carbonate (2 x 50 ml) and brine (50 ml). The organic layer
was dried (MgSQO.), filtered and concentrated in vaccuc. The product, 3,6,8-Tribromo-
imidazof1,2-ajpyrazine was obtained as a pink solid {2.77 g), sufficiently pure to be used in

subseguent reactions.
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Compound 113: 4-1({3,6-Dibromo~imidazo[1,2-alpyrazin-8-ylamino)}-methyi]-
benzenesulfonamide

[00287] 4-Aminomethyi-benzenesulfonamide hydrochloride (2.22g, 10mmol) was added to &
sotution of 3,6,8-Tribromo-imidazo{1,2-aJpyrazine (2.77g, 10mmol) and DIPEA (3.65mi, 2immol)
in 'BUOH (20 mL). The reaction was stirred at 108°C for 3h then allowed to cool to room
temperature. The precipitate formed was filtered and washed with diethy! ether to give 4-[(3,6-
Dibromo—imidazo[i,2—a}pyrazin~8—yiamino}-methy%]-benzenesuifonamide as a pale brown solid
(3.5 g, 76% vield). LC-MS m/z 462 [M+H]",

Compound 114: 4-{[3,6-Bis-(4-hydroxy-phenyl)-imidazo{1,2-alpyrazin-8-ylamino]-
methyl }-benzenesulfonamide _

[00288] A microwave tube was charged with 4-[(3,6-Dibromo-imidazo[1,2-ajpyrazin-&-
ylamino)-methyi]-benzenesulfonamide  (0.17g, 0.379  mmol),  4-(4,4,5,5-Tetramethy!-
[1,3,2]dioxaborotan-2-yl)-phenci (0.175 g, 0.79mmol), Na,COs (0.10 g, 0.95 mmol), Pd(OAc), (7
mg, 0.028 mmol), and (Oxidi-2,1-phenylene)bis(diphenylphosphine) (20mg, 0.0379mmol},
suspended in a mixture of DMF (3mL) and water (1 ml), The tube was sealed under a nitrogen
atmosphere then heated to 130°C for 20 min. The reaction was filtered, diluted with AcOEt and
washed with water. The organic layer was dried with MgSQ, anh. filtered and evaporated. The
crude mixture was purified by prep. HPLC under acid conditions using a gradient of 0.1% formic
acid in H;0/0.1% formic acid in Acetonitrile (95/5:5min, 9/1:13min, 0/1:4min) to give 4-{[3,6-
Bis-(4-hydroxy-phenyl)-imidazof 1,2-a]pyrazin-8-ylaminol-methy!}-benzenesulfonamide  as &
brown solid (21 mg, ). LC-MS my/z 488 [M+H]".

Table 11

Compound # | Structure LCMS:MH™
113 bt m/z 462 [M+H]"

114 m/z 488 [M+H]"
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[00289] Further examples of the invention can be prepared using the procedures outlined
below:

[00290] The reguired scaffolds can be prepared using the General Methods 1-5 described
abave or can be prepared using cther methods that will be obvious to those skilled in the art

[00291] _ The appropriate amines for use in these General Methods are either avaiiable from
commercial sources or can be prepared using the general method described beiow or other

methods that will be obvious to those skilied in the art.

General Method 6

50,0 SO,NH, SONH,
NH,OH H, . PdiC _
CHN CHLCN N TFA, EtCH NH, TFA

3-cyano-benzenesulfonamide

[00292] NH,OH (22mL, excess} can be added to a solution of 3-cyanobenzene-i-sulfony!
chioride (1.0g, 4.97mmol} in acetonitrile (22mL) and the reaction stirred overnight at r.t.. The
reaction can be concentrated and the solid obtained washed with water to give 500mg of
product. The water phase can be extracted with AcOEt, dried with MgSQ, anh, filtered and
evaporated to give 400mg of product that can be combined with the solid obtained before (6.90g,
99%).

3-Aminomethyi-benzenesulfonamide TFA salt

[00293] TFA {5mL} can be added to a solution of 3-cyanc-benzenesulfonamide (0.90g,
4.94mmol) in EtOH (50mL) followed by Pd/C (100mg) and the mixture hydrogenated at 40psi
and r.t. for 20 h. The reaction mixture can be filtered through celite and the solvent
concentrated to give 3-Aminomethyl-benzenesulfonamide TFA salt as a white solid in quantitative
vield.

[00294] A representative set of suitable amines that can be prepared using this methodology
is shown below '

Intermediate # | Structure
I NHg
0=8=0




WO 2000/024585

[060295] The following compounds as shown in table 12 below, can be prepared using the
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methods disclosed here or by using methods that will be obvious 1o those skilled in the art.

Table 12
Compound # | Structure
115 o-i%
[
116
117
118

119

120

121

122

123
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Biological Data _

[00296] The biological activity of the compounds of the invention may be assessed using any
appropriate assa?s known to a person of skill in the art. |
[00297] It is also possible tc obtain screening data on the compounds from companies and
institutions that offer screening services e.g. via the NIAID division of Microbiotogy and Infectious
diseases (DMID) Antiviral Evaluation Resources {(http://niaid-aacf.org/index.htmi) which includes
services provided by Georgetown State University '
[00298] The abiiity of a compound to inhibit HCV replication can be measured in vitro or using
animal models using models and assays well known to those of skili in the art (e.g. Pietschmann et
at., Clin Liver Dis, 7(1)c23-43, 2003). In vitro techniques for measuring the ability of a compound
to inhibit HCV replication involve using HCV or an HCV replicon. Because HCV is difficult to grow in
culture, particular in vitro techniques employ an HCV replicon. '
[00299] An HCV repiicon is an RNA molecule able to autonomously repiicate in a cultured cell,
such as Muh/. The HCV replicon expresses the HCV derived components of the replication
machinery and contains cis-elements required for replication in a cultured cell.
[003001 The production and use of HCV replicons are described in different references (see for
example, Lohmann et al., Science, 285:110-113, 1999; Biight et al., Science, 290:1972-1974, 2000;
Lohmann et al., Journal of Virology, 75:1437-1449, 2001; Pietschmann et al., Journal of Virology,
75:1252-1264, 2001; Grobler et al., 1. Biol. Chem., 278:16741-16746, 2003, Murray et al., 1. Viol,,
77(5).2928-2935, 2003; Zuck et al, Anal. Briochem 334(2):344-355, 2004; Ludmerer et al.,
Antimicrob. Agents Chemother. 49(5}:2059-69, 2005; Rice et al.,, WO 01/89364; Bichko, WO
02/238793; Kukolj et al., WO 02/052015; De Francesco et al.,, WO 02/059321; Glober et al., WO
04/074507 and Bartenschlager U.S. Patent No. 6,630,343).
{00301] The abiiity of a compound to inhibit HCV replication can be measured in naturally
occurring or artificial animal models susceptibie t¢ HCV infection. Only a few animals such as
humans and chimpanzees are susceptibie to HCV infection. Chimpanzees have been used as animal

models for determining the effect of a compound on HCV infection,
- [00302] Artificial animal modeis susceptible to HCV -infection have been produceé by
transplanting human liver cells into. a mouse (Pietschmann et al., Clin Liver Dis., 7(1):23-43, 2003).

The use of transgenic mice with chimeric mouse-human livers provides for a small animal mocdel.
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[00303] It will be appreciated that it is important to distinguish between compounds that
specifically interfere with HCV functions from those that exert cytotoxic or cytostatic effects in the
HCV replicon model, and as a conseguence cause z decrease in HCV RNA or linked reporter
enzyme concentration. Assays are known in the fieid for the evaluation of cellular toxicity.

[00304] The following compounds have been or can be prepared according to the synthetic
methods described herein. Table 13 below lists a number of compounds which exhibit activity in
anti-viral assays {(ECsp) together with their cytotoxicity measurement (CCsp).

[003G5] Semi-quantitative scores:

ECso CCso
+5+ - <1pM *x - <35uM
++ - 1-20uM * - >35uM
+ - >20uM
Tabie 13
Compound ECso CCso
# Activity Activity
1 +++ *
2 ++ i
3 + *
4 At *
5 e *
6 ot *
7 et *
8 ++ **
8 +++ *
10 ++ *
11 ++ *
12 ++ *
13 ++ HoH
14 o
15 + i
16 ++ *
17 oo Fx
18 ++ ’
19 ++
20 +4++ HH
21 ++ - Hox
22 ++
23 ++
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Compound ECso Clseo

# Activity Activity
24 +4 ok
25 +++ *
26 o *
27 ++ *
28 + *
29 ++ Ak
30 + #*
31 ++
32 ++

.33 ++
34 ++ *ok
35 ++ ok
36 ++ ok
37 ++ *
38 b *
39 oot #k
40 ++ *
41 e #%
42 ++ ok
43 + *
44 ++ *%
45 ++ *
46 ++ *
47 ++4 *x
48 ++ *
49 ++ FE
S0 e o *
51 + *
52 + *
B3 + 4 *x
54 ++ *
55 ++ *x
56 ot ok
57 +++ *
58 At +k
59 ++ *
60 ++ bl
61 ++ ok
62 ++ K
63 ++ K
64 ++ **
65 . *k

66 ++ **
67 ++ *

PCT/EP2008/060896
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Compound ECso Clro
# Activity Activity
68 ++ *k
69 + %ok
‘70 e o
71 ++ ok
72 ++ Hok
73 ++ o
74 ++ o
75 ++ *x
76 ++ *x
77 ++ Hx
78 ++ *x
79 ++ Hx
80 4 *x
81 + 4 *x
82 e *
83 e w0
84 oo e K
85 At o
85 ++ X
87 ++ *k
88 oot
89 +
a0 ++ **
g1 +++ *
g2 +4 *
G3 +4+ *
94 Aot *
95 ++ o
96 o+ *
97 ++ *k
98 4t ok
99 + **
100 ++ *
101 +4 *
102 ++ *
103 ++ *
104 oo *
105 A ot *
106 g *
107 ++ ®
108 +++ ok
109 +++ ok
110 +++ HE
111 +4++ *

PCT/EPZOOB/I60896



WO 2009/024585 PCT/EPZO08/0608%6
87
Compound ECso CCso
# Activity Activity
112 +++ A+
113 + *
114 +4+ ok

[00306] Particular compounds have been profiled against a range of other viruses and show
activity against other positive-strand RNA viruses — the picornaviruses; rhinoviruses (HRV),
poliovirus {Sb) and coxsackie B virus (CVB),

[00307]

appropriate assays known to a person of skill in the art.

The biclogical activity of the compounds of the invention may be assessed using any

[00308] The compounds as disclosed herein may be tested for their activity (IC5C / other
scores) against picornaviruses using methods known to those of skill in the art. Typical methods
- which may be used include: against rhinovirus, poliovirus and coxsackie virus {e.g. Sidwell and
Huffman Appl. Microbiol. 22: 767-801, 1$71).), against rhinovirus and coxsackie virus (Makarov et
al Journal of Antimicrobial Chemotherapy, 55: 483-488, 2005) etc. However, any suilable assays
may be used. |

[00309] It is also possibie to undertake screening of the compounds with companies and
institutions that offer screening agreements e.g ia the NIAID division of Microbiclogy and Infectious
diseases (DMID) Antévirél Evaluation Resources (hitp://niaid-aacf.org/index.niml} which includes
services provided byUtah State University

[003167 It will be appreciated that using different assay conditions may result in absolute
numbers that differ from those reported herein
ECso Clso
e o <1pgM ok - <35pM
++ - 1-20pM * - >35uM
+ - >20uM
Tabie 14
Virus HCV | CVB-2 | Sb-1 YFV | Influenza | RSV | VSV | HSV-1 HIV
Compound 1 | +++ | +++ | +++ A + + + + ++
ECso( M) -
CCso{ M) . :
Cells Huh? | Vero Vero | BHK-21 MDCK Vero | Vero Vero MT-4
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ECso Clso
4+ - <ipg/mL x - <35pg/mL
et - 1-20pg/mL * - >35pg/mL
+ - >20ug/mL
Tabie 15
Compound # | Virus HRV-2 HRV-14 HRV clinical isolate
{HelLa celis) | {HeLa cells) {HelLa celis)

1 ECso(pg/mL) et +++ +++

1 CCsolhg/mL) * * *

106 ECso(g/mL) e oo o o nfe B

106 CCsolbg/mL) * * %

[00311] All publications, including but not limited to patents and patent appiications, cited in
this specification are herein incorporated by reference as if each individual publication were
specifically and individually indicated to be incorporated by reference herein as though fully set
forth.

[00312] From the foregoing description, various modifications and changes in the compositions
and methods of this invention will occur o those skilled in the art.  All such modifications coming
within the scope of the appended claims are intended to be included therein.

[00313]

the various compounds can contribute to discrepancies between the activity of the compounds in

Tt shouid be understood that factors such as the differential cell penetration capacity of

the in vitro biochemical and cellular assays.

[00314] At least some of the chemical names of compounds of the invention as given and set
forth in this application, -may have been generated on an automated basis by use of a commercially
available chemical naming software program, and have not been independently verified.
Reprasentative programs performing this function include the Lexichem naming tool sold by Open
Eve Software, Inc. and the Autonom Software tool sold by MDL, Inc. In the instance where the
indicated chemical name and the depicted structure differ, the depicted structure will control,
f00315] Chemical structures shown herein were prepared using either ChemDraw® or ISIS®
/DRAW, Anvy open valency appearing on a carbon, oxygen or nifrogen atom in the structures
herein indicates the presence of a hydrogen atom. Where a chiral center exists in a structure but
no specific stereochemistry is shown for the chiral ‘center, both enantiomers associated with the
‘chi;’al struéture are encompassed by the structure., '
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WHAT IS CLAIMED IS:

1. A compound according to {o any one of Formulae (HA)-(1IC) below:

wherein
R? R* and R®are independently selected from H, Me and Et;
each R* and R” may be the same or different and are each independently selected from H and C,-
Cs alkyl;
ais1or2,
R®is SO,R%;
each R’ may be the same or different and is selected from OH, halo, CN, NO;, C,-Cs alkyl,
substituted C,-Cs alkyl, C4-Cy alkoxy, substifted C,-Cs atkoxy, CF; OCF; C4-Cq alkyl-OH,
NHSO,R®, COR®, NHCOR?®, and NR°R"";
R? is C4-Cs alkyl or NR°R'Y;
R% and R'" may be the same or different and are selected from H, C,-Cq alkyl, and substituted C-
Cs alkyl,
b is selected from G, 1, 2 or 3; and
cis selected from 1, 2, or 3;
or a pharmaceutically acceptable salt, thereof;
wherein said substituted C,-Cy alkyl refers to a C,-Cy alkyl group substituted with halo, cyang,
nitro,  trifiuoromethyl,  trifluoromethoxy,  azido, -NR"SO,R”,  -30,NR'R", -C{O)R",
-C(O)OR’, -OC(O)R”, -NR"C(O)R", -C(O)NR'R™, -NR'R", or -(CR"R™),QR"; wherein each R" is
independently selected from H, C:-Cy alkyl, -(CHWCs-Cip aryl), -‘€(CH2)t(5—1(} membered
neteroaryl), -(CH2){(C3-Cqg cycloalkyl), and -(CH;)(4-10 membered
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' cycioheteroalkyl), wherein t is an integer from O to 4 and any aryl, heteroaryl, cycloalkyl or
cycioheteroalkyl groups present, may themseives be substituted by unsubstituted
C4+-Cy alkyl, halo, unsubstituted C,-C, alkoxy, unsubstituted C,-C, haloalkyl, unsubstituted C4-Cy
hydroxyalkyl, or unsubstituted C.-C, haloalkoxy or hydroxyl; each of R” and R™ independentily
represents H or C-C; alkyl

wherein substituted C4-Cg¢ alkoxy refers o OCF; OCH,CF; OCH;Ph, OCH;-cyclopropyl,
OCH,CH,OH, OCH,CHNMe,.
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2. The compeound according to claim 1, wherein each R’ may be the same or different and is
selected from OH, NO;, NH,, C4-Cs alkoxy, halogen, C4-C; alkyl, NHSOQRB and NHCOR?®; where Ris Cq-
CG alkyl

3. The compound according to claim 1, wherein the compound is according to any one of Fomulae

(VA)-(VB) beiow:
Rﬁa Rﬁa
N

§
NN
RZ
R5/K\]/N /
R4 // v ™
TR )
R?a

(VA) or (VB)
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wharein
R?* R* and R°® are as defined for claim 1;
R>is SO,R%,
R is selected from OH, OCHs, halogen, NH,, CH,-OH and NHCOR?,
gach R™ is selected from OH, haio, CN, NO,, C;-Cq alkyl, substituted C-Cq alkyl, C4-Cs alkoxy,
substituted C,-Cg alkoxy, CFs, OCFs, Ci-Cy alkyl-OH, NHSO,R®, NHCOR®, and NR°R'®;
R%is C-Cs alky! or NR°R'®;
R? and R™ may be the same or different and are selected from M, C,-C; alkyl, and substituted C;-
Cs alkyl; and
clisQor 1.

4. The compound according fo claim 3, wherein R®is SO,R®, where R® is NR*R'® and R® and R™

are each independently selected from H and C4-Cq atkyl.

5. The compound according to claim 3, wherein R®is SO,R?, where R® is C;-Cs alkyl.

6. The compound according to any one of claims 3 to 5, wherein R’ is selected from OH, NH; and
QOCHa.

7. The compound according to any one of claims 3 to 6, wherein R™° is selected from OH, halo, NO,

NH,, C1-Cs alkyl, C4-Cg alkoxy, C1-Cg alkyl-OH, NHSO,R®, and NHCOR®,

8. The compound according to claim 3, wherein the compound is according to Fomula (VIA) or
(VIB) below:

RG&

wherein
R? R*and R® are as defined for ciaim 1;
R* is SO,R®:
RY and R may be the same or different and are selected from H and C,-Cs alkyi;
R is selected from H, OH, halogen, OCHs, CF3, OCF3, NO,, CHz, CH,-OH, CHj,
-NHSO,R" and

-COR®
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‘R is selected from OH, OCH,, halogen, NH,, -CHz-OH and -NHCOR?®, and
R? is C-Cg alkyl or NR°R™,

9. A compound according to claim 8, wherein the compound is according to Fomulae {(VilA)-(VilB)
below:
NROR1C
0,87 0,
\NRQR?U
HN HN

(VIIA) A (VIIB)
wherein
R? R* and R® are as defined for claim 1
R® and R™ may be the same or different and are selected from H and C;-Cs alkyl;
R™ is selected from H, OH, halogen, OCHs, CF5, OCF3, NO, and CHs; and
R is selected from OH, OCH,, halogen and NH,.
10. The compound according to claim 8 or 9, wherein
R™ is selected from H, OH, halogen, OCHs, NO, and CHg; and
R™ is selected from OH, OCHj;, halogen and NH,.

11. The compound according to claim 10, wherein R™ is selected from OH and OCH.

12. The compound according o any one of claims 1 to 11 wherein R”, R* and R® are selected from H
and Me.

13. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

pharmaceutically effective amount of a compound according to any one of claims 1 to 12.
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14. A compound according to any one of claims 1 to 12 for use in medicine.
15. Use of a compound according to t¢ any one of Formulae (HA)-(IIC) below:
N
-~
| R,

wherein

R?, R* and R® are independently selected from H, Me and Et;

each R" and RY may be the same or different and are each independently selected from H and Cy-
Cq atkyl;

aistorz;

R®is SOR%;

each R’ may be the same or different and is selected from OH, halo, CN, NO,, C;-Cg aliyl,
substituted C4-Cq alkyl, C4-Cg alkoxy, substituted C,-Cq atkoxy, CFj; OCF; C;-Cs alkyl-OH,
NHSO,R®, COR® NHCOR?®, and NR'R"?,

R%is C;-Cs alkyl or NR'R';

R® and R'” may be the same or different and are selected from H, C;-C; alkyi, and substituted Cy-
Cg alkyl;

b is selected from 0, 1, 2 or 3; and

¢ is selected from 1, 2, or 3;

or a pharmaceutically acceptable salt thereof,

wherein said substituted C-Cs alkyi refers to a Cy-Cy alky! group substifuted with halo, cyano,
nitro,  trifluoromethyl,  trifluoromethoxy,  azido, -NR"SO,R”, -SO;NR'R™, -C(O)R’,
-C(O)OR”, -OC(O)R”, -NR"C(O)R", -C(O)NR"R", -NR"R”, or -(CR"R""),OR"™, wherein each R" is
independently selected from H, C4-Cs alkyl, -(CHy)}{Ce-Cio aryl), -(CHz)u(5-10 membered
heteroaryl), -(CHz){(C3-Cyo cycloalkyl}, and -(CHy)(4-10 membered cycloheteroalkyl), wherein t is
an integer from 0 fo 4 and any aryl, heteroaryl, cycloalkyl or cyclcheteroalkyl groups present, may
themselves he substituted by unsubstituted
C:-C4 alkyl, halo, unsubstituted C4-C4 alkoxy, unsubstituted C4-C, haloalkyl, unsubstituted C4-Cy
hydroxyatkyl, or unsubstituted C4-C4 haloalkoxy or hydroxyl, each of R” and R™ independently
represents H or C-Cy alkyf;

wherein substituted C;-Cs alkoxy refers to OCF; OCH,CF; OCH,Ph, OCH-cyclopropyl,
OCH,CH,OH, OCH,CH:NMe,: in the manufacture of 2 medicament for the prevention and / or

freatment of a viral infection.



