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INHIBITORS OF FLAVIVIRIDAE VIRUSES

FIELD OF THE INVENTION
The present application includes novel inhibitors of Flaviviridae viruses,
compesitions containing such compounds, therapeutic methods that include the
administration of such compounds.

BACKGROUND OF THE INVENTION

Viruses comprising the Flaviviridae family include at least three
distinguishable genera including pestiviruses, flaviviruses, and hepaciviruses
(Calisher, et al., J. Gen. Virol., 1993, 70, 37-43). While pestiviruses cause many
.economicaﬁy important animat diseases such as bovine viral diarrhea virus (BVDV),
classical swine fever virus (CSFV, hog choiera} and border disease of sheep (BDV),
their importance in human disease is less well characterized {Moennig, V., ef al., Adv.
Vir, Res. 1892, 48, 53-98). Flaviviruses are responsible for important human
diseases such as dengue fever and yellow fever while hepaciviruses cause hepatitis
C virus infections in humans. Other important viral infections caused by the
Flaviviridae family include West Nile virus (WNV) Japanese encephalitis virus (JEV),
tick-borne encephalitis virus, Junjin virus, Murray Valley encephalitis, St Louis
enchaplitis, Omsk hemorrhagic fever virus and Zika virus.

The hepatitis C virus (HCV) is the leading cause of chronic liver disease
worldwide (Bover, N. et al. J Hepatol. 32:98-1 12, 2000) so a sighificant focus of
current antiviral research is directed toward the development of improved methods of
treatment of chronic HCV infections in humans (Di Besceglie, A.M. and Bacon, B. R,
Scientific American, Oct.: 80-85, {1999); Gordon, C. P., et al., J. Med. Chem. 2005,
48, 1-20; Maradpour, D.; et al., Nat. Rev. Micro, 2007, 5(8), 453-463). A number of
HCV treatments are reviewed by Dymock et al. in Antiviral Chemistry &
Chemotherapy, 11:2; 78-85 (2000). Virologic cures of patients with chronic HCV
infection are difficult to achieve because of the prodigious amount of daily virus |

production in chronically infected patients and the high spontaneous mutability of
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HCV virus (Neumann, et al., Science 1988, 282, 103-7; Fukimoto, et al., Hepatology,
1996, 24, 1351-4; Domingo, et al., Gene, 1985, 40, 1-8; Martell, et al., J. Viro/. 1992,
66, 3225-9.

Currently, there are primarily fwo antiviral compounds, ribavirin, a nucleoside
analog, and interferon-alpha (&) (IFN), that are used for the treatment of chronic HCV
infections in humans. Ribavirin alone is not effective in reducing viral RNA levels,
has significant toxicity, and is known to induce anemia. The combination of IFN and
ribavirin has been reported o be effective in the management of chronic hepatitis C
(Scoftt, L. J., et al. Drugs 2002, 62, 507-556) but less than half the patients given this
treatment show a persistent benefit.

Combined, infections from the Flaviviridae virus family cause significant
mortality, morbidity and economic losses throughout the world. Alkynyl substituted
thiophenes with anti-Flaviviridae virus activity have been disclosed by Chan, et al.,
WO 2008058393; Wunberg, et al., WO 2006072347; and Chan, et al., WO
2002100851; but none of these are currently clinically approved antiviral therapeutics.
Therefore, there remains a need to develop effective treatments for Flaviviridae virus

infections.

SUMMARY OF THE INVENTION

in one aspect, there is provided a compound of Formula I

R‘I
X s OH
o]
N—R3-L-Het
o)
R2
Formuta (f),

or a pharmaceutically acceptable salt thereof, wherein:
R'is selected from the group consisting of optionally substituted C,.1, alkyl, and optionally
substituted Cs.4» cycloalkyl,
wherein, each substituted R’ is substituted with one or more Q'
each Q' is independently selected from the group consisting of
halogen, optionally substituted C. alkyl, 4-12 membered heterocyclyloxy,
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and -OH, wherein said heterocyclyl portion of said 4-12 membered heterocyclyloxy comprises one
to six heteroatoms selected from O, S, or N;

wherein, each substituted Q" independently substituted with one or more halogen;

R? s optionally substituted C,., cycioalkyl;
wherein, each substituted R? is substituted with one or more members independently selected from
the group consisting of C,.5 alkyl

and -OH;

R?is selected from the group consisting of optionally substituted C,.4, alkylene, Cs.4,
cycloalkylene, substituted Cs.12 cycloalkylene, optionally substituted Cs.14 arylene, and optionally
substituted 3 -12 membered heterocyclylene, wherein said optionally substituted 3-12 membered
heterocyclylene comprises one to six heteroatoms selected from O, S, or N;

wherein each substituted R® is substituted with one or more Q%

each Q°, independently, is selected from the group consisting of optionally substituted C1 alkyl and
-OH;

wherein, each substituted Q° is independently substituted with 3-10 membered heterocyclyl
comprising one to six hetercatoms selected from O, S, or N;

Het is an optionally substituted 3-12 membered heterocyclyl or optionally substituted 5-10
membered heteroaryl, wherein said optionally substituted 3-12 membered heterocyclyl or optionally
substituted 5-10 membered heteroaryl comprises one to four heteroatoms selected from O, S, or N;

wherein, each substituted Het is substituted with one or more Q*;

each Q*, independently, is selected from the group consisting of
halogen, oxo, oxide, -S(0),R®, -C(O)NR*R*, optionally substituted Cy. alkyl, optionally
substituted Css cycloalkyl, optionally substituted C.¢ alkyioxy, optionaily substituted 3-10
membered heterocyclyl, -OH, -NR*'R*, -C(0)OR®, and -CN, wherein said optionally substituted 3-
10 membered heterocyclyl comprises one to six heteroatoms selected from O, S, or N:

each R®, RY, and R*, independently is selected from the group consisting of H, optionally
substituted C,.q; alkyl and optionally substituted 3-12 membered heterocyciyl, wherein said
optionally substituted 3-12 membered heterocyclyl comprises one to six heteroatoms selected from
O, S, or N;

or R* and R* taken together with the atoms to which they are attached form a 3 to 10
membered heterocyclyl, wherein said 3-10 membered heterocyclyl or comprises one to six
hetercatoms selected from O, S, or N;

wherein, each substituted Q°, substituted R*. substituted R* or substituted R*? is

independently substituted with one or more Q°;

2a



each Q°, individually, is selected from the group consisting of
halogen, oxo, optionally substituted 3-10 membered heterocyclyl, and -NR¥'R%, wherein said
optionally substituted 3-10 membered heterocyclyl comprises one fo six heteroatoms selected from
0, S, orN;

each R%, and R¥, independently is C.q, alkyl;

wherein, each substituted Q° is independently substituted with one or more Q°;

each Q°, independently, is selected from the group consisting of halogen, oxo, 3-10
membered heterocyclyl, -OH, and -NR®'R®, wherein said 3-10 membered heterocyclyl comprises
one to six heteroatoms selected from O, S, or N; and

each R%, and R¥, independently, is Cy.1, alkyl.

in one aspect, there is provided a compound that is



or a pharmaceutically acceptable salt thereof.

In one aspect, there is provided a pharmaceutical composition comprising a
therapeutically effective amount of a compound as defined above and a
pharmaceutically acceptable carrier or excipient.

In one aspect, there is provided the use of a compound as defined above or a
pharmaceutical composition as defined above in the manufacture of a medicament
for treating a Flaviridae viral infection in a mammal in need thereof.

in one aspect, there is provided the use of a compound as defined above in
the manufacture of a medicament for the treatment of Hepatitis C virus infection.

in one aspect, there is provided a compound as defined above for use in
therapy.

Provided are compounds of Formula [

R'!
% S OH
0O
N—R3-L-Het
o==<
R2
Formuia (1),

or a pharmaceutically acceptable salt or ester thereof, wherein:

R’ is selected from the group consisting of optionally substituted C,.¢, alkyl,
optionally substituted C,.1» alkenyl, optionally substituted C,.4, alkynyl, optionally
substituted Cs.4, cycloalkyl, optionally substituted Cq.44 aryl, optionally substituted 3 -
14 membered heteroaryl, optionally substituted 3 -12 membered heterocyclyl,
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optionally substituted 3-18 membered hetercarylalkyl, optionally substituted 3-18
membered heterocyclylalkyl and optionally substituted Cs.qe arylalkyl,
wherein, each substituted R is substituted with one or more Q';

each Q' is independently selected from the group consisting of
halogen, oxo, oxide, -NO;, -N(=03}, -SR'®, -3(0)R™, -5(0).R"™, -S(0), NR"R",
-NRC(O)R™, -NR™C(O)NR"'R™, -NR™S(O)R", -NR™S(0),R", -OP(O)R"'R™,
PORTR™, -P(O)OR'R'Z, -P(OYOROR™, -C(OINR''R™, optionally substituted
Cie alkyl, optionally substituted C,.g alkenyt, optiohai}y substituied Cas alkynyl,
optionally substituted C..s cycloalkyi, optionéi!y substituted Cq.rp arylalkyl, optionaily
substituted Cs.q2 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally
substituted C,5 alkyloxy, optionally substituted C,¢ alkenyloxy, optionally substituted
C.. alkynyloxy, optionally substituted Cs¢ cycloalkyloxy, optionally substituted Ce.1,
aryloxy, opﬁonaiiy substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C{O)C.4 alkyl, optionally
substituted -C(O)C.. alkenyl, optionally substituled -C(O)C,.¢ alkynyl, optionally
substituted -C{O)C;.¢ cycloalkyl, optionally substituted -C(O)Cs.1, aryl, opticnally
substituted -C(0Q)-3 - 14 membered heteroaryl, optionally substituted -C{0)Cs.1,
arylalkyl, optionally substituted -3-10 membered
heterocyclyl, -OH, -NR"'R™, -C{OJOR™®, -CN, -N3, -C(=NR™NR"'R",
-C(=NR™OR™, -NR'C(=NR'™NR"'R", -NR"'C(OYOR, and -OC{OINR"R'*

each R, R", and R™, independently, is selected from the group consisting of
H, optionally substituted Cy_1p alkyl, optionally substituted C,.i» alkenyl, optionally
substituted Cy.q, alkynyl, optionally substituted C;.4» cycloalkyl, optionally substituted
Cs 4 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, optio;\aliy substituted 3-18 membered hetercarylalkyl,
and optionally substituted Cq..g arylalky};

or R' and R" faken together with the atoms fo which they are attached form
a 3 to 10 membered heterocyclyl;

each R™, independently, is selected from the group consisting of H, optionally
substituted C...; alkyl, optionally substituied C,.1; alkenyl, opticnally substituted C,.q;
alkynyl, optionally substituted C;.1; cycloalkyl, optionally substituted Ce.4 aryl,
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12
membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
optionally substituted Cg.q5 arylalkyl, -CN, -C{OR™, -CHO and -S(O),R™;
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each R", independently, is optionally substituted C.1» alkyl;

wherein, each substituted Q', substituted R™, substituted R"", substituted R'?,
substituted R", or substituted R is independently substituted with one or more QF;

R*is selected from the group consisting of optionally substituted Cg-{g alkyt,
optionauy substituted Cp.(; alkenyl, optionally substituted C,.,, alkynyl, optionally
substituted Ca.q, cycloatkyl, optionaiiy substituted Ce.14 aryl, optionally substituted 3 -
14 membered hetercaryl, optionally substituted 3 -12 membered heterocyclyl,
optionally substituted 3-18 memberad heteroarylalkyl, and optionally substituted C.+s
a?yialkyi; .
 wherein, each substituted R? is substituted with one or more Q%

each Q7 independently, is selected from the group consisting of
halogen, oxo, oxide, -NO;, -N(=0), -8R, -S(OIR%, -S(0),R?, -S(0), NR*R?",
-NRPC(OR?, -NRPC(ONR R, -NRPS(O)RY, -NR¥S(0),R*", -OP(O)R¥'R?,
-P(ORP'R®, -P(OYORY'R™, -P(OYOR*YOR™, -C(OINRY'R?, optionally substituted
Cis alkyd, optionally substituted Coz alkenyl, optionally substituted C, 5 alkynyl,
optionally substituted Cs¢ cycloalkyl, optionally substituted Cg 1, arytalkyl, optionally
substituted Cq.4; aryl, optionally substituted 3 - 14 membered heteroaryl, optionalty
substituted C,.galkyloxy, oplionally substituted Co5 alkenyloxy, optionally substituted
C..s alkynyloxy, optionally substituted Cs.; cycloaikyloxy, optionally substituted Cy.o
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C{0)C,; alkyl, oplionally
substituted -C{O)C..¢ alkenyl, optionally substituted -C(O)C.¢ alkyny!, optionaily
substituted -C(0)C;. cycloalkyl, optionally substituted -C{0)Cq.., aryl, optionally
substituted -C(0)-3 -14 membered heteroaryl, optionally substituted -C{O)Cqu2
arylalkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR*'R??, -C(OYOR, -CN, -N;, -C(=NRFINR?'R%,
-C{=NRZ)OR?, -NRPC(=NR®IIN R?'R* -NR¥'C(C)OR®, and -OC({OINR?'R?:

each R™, R*', and R%, independently, is selected from the group consisting of
H, optionally substituted Cs.q; alkyl, optionally substituted C,.., alkenyl, optionally
substituted C,., alkynyl, optionally substituted C;4, cycloalkyl, optionally substituted
Ce.12 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3~
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyi,
and optionally substituted C;4s arylalkyl;
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or R* and R* taken together with the atoms fo which they are attached form
a 3 to 10 membered heterocyclyl;

each R”, independently, is selected from the group consisting of H, optionally
substituted Cq.q, alkyl, optionally substituted C,., alkenyl, optionally substituted Ca.qz
alkynyl, optionally substituted Cj.1» cycloalkyl, optionally substituted Ce.1s aryl,
optionally substituted 3 - 14 membered heteroai’yl, optionally substituted 3-12
membered heterocyc!yt,‘ optionally substituted 3-18 membered hetercarylalkyl,
optionally substituted Cqg arylalkyl, -CN, -C{O)R*, -CHO and -S(O),R*,;

each R* individually is opticnally substituted C.,, alkyh:

wherein, each substituted G, substituted R®, substituted R*', substituted R,
substituted R®, or substituted R* is independently substituted with one or more QF;

R? is selected from the group consisting of optionally substituted Ci..»
atkylene, C,.q, alkenylene, substituted C,.4; alkenylene, Cy.q; alkynylene, substituted
Cs.12 alkynylene, Ca.qz cycloalkylene, substituted Cs.4; cycloalkylene, optionally
substituted Cq.14 arylene, optionally substituted 3 - 14 membered heteroarylene,
optionally substituted 3 -12 membered heterocyclylene, optionally substituted 3-18
membered heteroarylalkylene, and optionally substituted Cq.q5 arvialkylene;

wherein each substituted R is substituted with one or more Q%

sach O, independently, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N(=0), -SR¥, -S(O)R¥, -5(0}1R¥, -S{0}, NR¥R?!,
NREC(OR® -NR¥C(OINRY' R, -NR¥S(0O)R¥, -NR¥S(0),R*, -OP(O)R*'R¥,
-P(O)R'R®, -P(O)OR¥'R*, -P(OYOR*JOR™, -C(OINR'R¥, optionally substituted
Cy.5 alkyt, optionally substituted C,4 alkenyl, optionally substituted C,¢ alkynyl,
optionally substituted Ca ¢ cycloalkyl, optionally substituted Cs.4, arylalkyl, optionally
substituted Cq1, aryl, optionally substituted 3 - 14 membered heleroaryl, optionally
substiﬁﬁed Cyp alkyloxy, optionally substituted Cy¢ alkenyloxy, oplionally substituted
Ca.s atkynyloxy, optionally substituted Cs.¢ cycloalkyloxy, optionally substituted Cq..»
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C{O)C, .5 alkyl, optionally
substituted -C{O)C.4 alkenyl, optionally substituted -C{O)C,¢ alkynyl, optionally
substituted -C(O)C,4 cycloalkyl, optionally substituted -C{O)Cs.1, aryl, optionally
substituted -C{O)- 3 -14 membered heteroaryl, optionally substituted -C(0)Cg.12
arylalkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR¥R*, -C(OYORY, ~CN, -N3, -C(=NR®INR¥'R*,
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-C(=NR¥YORY, -NR¥UC(=NR¥*)N R*R¥, -NR¥C(0)OR™, and -OC(O)NR*'R*;

each R R, and R%, Endependéntiy is selected from the group consisting of
H, optionally substituted Cy.qs alkyl, optionally subétiiuted Cois alkeny, opiidnaﬁy
substituted Cy.o alkyny!, optionally substituted Ca.1» cycloalkyl, optionally substituted
Ce-1¢ aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, oplionally substifuted 3-18 membered heteroarylalkyi,
and optionally substituted Ce..g arylalkyl; ’

or R* and R* taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;

sach R* independently is selected from the group consisting of H, optionally
substituted C...; alkyl, optionally substituted C..., atkenyl, optionally substituted C,..,
alkynyt, optionally substituted Cq.1; cycloalkyl, optionally substituted Cq... aryi,
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12
membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
optionally substituted Cg.s arylalkyl, -CN, -C{O)R*, -CHO and -S{O},R*:

each R* individually is optionally substituted Cy.,, alkyt;

wherein, sach substituted Q°, substituted R*, substituted R*', substituted R*,
substituted R®, or substituted R* is independently substituted with one or more Q%

L is selected from the group consisting of ~O-, -S-, -§(Q)-, and -S(0),-;

Het is an optionally substituted 3-12 membered heterocyclyl or optionally
substituted 3-14 membered hsteroaryl;

wherein, each substituted Het is substituted with one or more Q%

each Q*, independently, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N(=0), -SR*, -S(0)R®, -5(0),R*, -S{O),NR®R*,
-NRUC(O)RY, -NR¥C(OINRYR*, -NR¥S{O)R*, -NRPS(0),RY, -OP(CIR'R*,
-P(OIRYR® -P(O)ORYR®, -P(O)OR*OR®, -C(ONR*'R*, optionally substituted
C..¢ alkyl, optionally substituted C, alkenyl, optionally substituted C,.¢ alkynyl,
optionally substituted Cy4 cycloalkyl, opfionally substituted Cg., arylalkyl, optionally
substituted Cq.1, aryl, optionally substituted 3 - 14 membered heteroaryl, optionally
substituted Cq. alkyloxy, optionally substituted C,¢ alkenyloxy, optionally substituted
C.s alkynyloxy, optionally substituted Ca g cycloalkyioxy, opticnally substituted Cg.q»
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionaily substituted
4-12 membered heterocyclyloxy, optionally substituted -C{O)C.s alkyl, optionally
substituted -C{O)C.; alkenyl, optionally substituted -C{O)C. alkyny!, optionally
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substituted ~C{O)C;¢ cycloalkyl, optionally substituted -C{O)Cq1; aryl, optionally
subsfituted -C(O)- 3 -14 membered heteroaryl, optionally substltuted —C(O}Cﬁ 12
aryEalkyE optionally substituted 3-10 membered _
heterocyclyl, -OH, -NRY'R%, -C(OJOR®, -CN, N3, -C(= NR““}NR‘“R‘”
-C(=NR“3)0R4“, NRYC=NRPIN RR®, -NRYC(OYOR™, and -OC(OINRY R,

sach R¥, R*, and R*, independently is selected from the group consisting of
H, optionally substituted C4.;, alkyl, optionally substituted C,.,; alkenyl, optionally
substituted C,.4; alkynyl, optionally substituted C,.4» cycloalkyl, optionally substituted
Ce.14 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
and optionally substituted Cy.4g arylalkyl;

or R* and R* taken fogether with the atoms o which they are attached form
a 3 to 10 membered heterocyclyl;

each R®, independently, is selected from the group consisting of H, optionally
substituted C4.1» alkyl, optionally substituted Co.42 atkenyl, optionally substituted C,.qy
alkynyl, optionally substituted C,.q, cycloalkyl, optionally substituted Cg.14 aryl,
optionally substituted 3 - 14 membered hetercaryl, optionally substituted 3-12
membered heterocyclyl, opticnally substituted 3-18 membered heteroarylalkyl,
optionally substituted Cg .45 arylalkyl, -CN, -C{ORY, -CHO and -S(O)LR*:

each R™ individually is optionally substituted C.. alkyl;

wherein, each substituted Q°, substituted R substituted R*', substituted R*,
substituted R®, or substituted R* is independently substituted with one or more Q%

each Q°, individually, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N{=0), -SR¥, -S(0)R®, -§(0),R*, -S(0); NR*R*,
-NR¥PC(O)RY, -NREC{OINRY'R®?, -NR¥S(O)R™, -NR¥PS(O},R®, -OP(O)RY'R,
PORYR®, P(OIORR™, -P(OYOR™OR™, -C(OINRY'R®, optionally substituted
C¢ alkyl, optionally substituted C.¢ alkenyl, optionally substituted C..5 alkynyl,
optionally substituted Cs4 cycloalkyl, optionally substituted Cq 4, arviaikyl, optionaity
substituted Ceg.qp aryl, optionally substituted 3 - 14 membered heteroaryl, aptionally
substituted Cyqalkyloxy, opticnally substituted C,.¢ alkenyloxy, optionally substituted
Cas alkynyloxy, optionally substituted Cs4 cycloalkyloxy, optionally substituted Cq.qz
aryloxy, optionally substifuted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C(O)C..¢ alkyl, optionally
substituted -C(0O)C,.5 alkenyl, optionally substituted ~C(Q)C..s alkynyl, optionally
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substituted -C(O)Cs.s. cycloalkyl, optionally substituted -C{O)Ce.1» aryi, optionally
substituted -C{O)- 3 -14 membered heteroaryl, optionally substituted -C(O)Cs12
arylalkyl, optionally substituted 3-10 membered ‘

‘heterooyalyl, -OH, -NR¥'R, -C(O)YORY, -CN, -Nj, -C(=NR**INRY'R¥,

-C{(=NRFORY, -NR®C(=NR*IN R¥'R%, -NR*C(OYOR®, and -OC(OINRY' R

each R®, R%! and R%, independently is selected from the group consisting of
H, optionally substituted C..4, alkyl, optionally substituted C.., alkenyl, optionally
substituted C,.4, alkynyl, optionally substituted Cy.4, cycloalkyl, optionally substituted
Ce.14 aryi, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
and optionally substituted Cq.1s arylalkyl;

or R* and R% taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;

each R*, independently, is selected from the group consisting of H, optionally
substituted C4.4; alkyl, optionally substituted C,.., alkenyl, optionally substituted C;.4,
alkynyl, optionaily substituted C., cycioalkyl, optionally substituted Cq.1, aryl,
optionally substituted 3 - 14 membered heterocaryl, optionally substituted 3-12
membered heterocyclyl, opticnally substituted 3-18 membered hetercaryialkyl,
optionally substituted Cg.qs arylalkyl, -CN, -C(O)R*, -CHO and -S{O},R*:

each R, independently, is optionally substituted Ci..; alkyl;

wherein, each substituted QF, substituted R, substituted R®', substituted R,
substituted R*, or substituted R™ is independently substituted with one or more Q%;

each Q°, independently, is selected from the group consisting of halogen, oxo,
oxide, -NO,, -N(=0), -SR®®, -5(0)R®, -8(0),R®, -3(0), NR® R%' NR®C(OIR®",
NRECOINRY R, -NR¥S(OR® -NRPS{0),R®, -OP(O)RP'R®,
-PIORF'RY, -P(O)ORYR®, -P(O}OR™OR®, -C(OINRYR®, C,4 alkyl, C..s alkenyl,
Cog alkynyl, Cig cycloalkyl, Cg.parylalkyl, Cgaz aryl, 3 - 14 membered heteroaryl,
Cigalkyloxy, Cug alkenyloxy, Casalkynyloxy, Cag cycloalkyloxy, Cgqp aryioxy, 3 -
14 membered heteroaryioxy, 4-12 membered heterocyclyloxy, -C{O)C,5 alkyl, -
C{O)C;5 alkenyl, -C{O)C, alkynyl, -C(O)C; cycloalkyl, -C{O)Cy5
haloalkyl, -C{O)Cs.; aryt, -C(O) 3-14 membered heteroaryl, -C(0)Ce.1z arylalkyl,
3-10 membered heterocyclyl, -OH, -NR¥R®¥, .C(O)YOR™, -CN, -Ns, -C(=NR®INR?'R®
-C(=NR®OR™, -NR®C(=NR#)N R*'R®, -NR*'C(O)OR®™, and -OC(C)NRY'RY;
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each R® R®', and R%, independently, is selected from the group consisting of
H, Ciigalkyl, Cs.qp alkenyl, Coqzalkynyl, Csqo cycloalkyl, Ci,, haloalkyl, Ce.14 aryi,
3 - 14 membered heteroaryl, 3-12 membered heterocyclyl, 3-18 membered
heteroarylalkyl, and Cg.45 arylalkyl;

or R® and R% taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;

each R® independently is selected from the group consisting of H, Cy.2 alkyl,
Cy.12 alkenyl, Co.q alkynyl, Csqz cycloalkyl, Cs.q4 arvi, 3 - 14 membered heteroaryl, 3-
12 membered heterocyclyl, 3-18 membered heteroarylalkyl, Cq.15 arylalkyl, -CN, -
C(O)R™, -CHO and -S(0),R%; and

each R* individually is C..1, alkyl.

Disclosed is a method for treating Flaviviridae viral infections

comprising administering a therapeutically effective amount of a compound
of Formula | to a mammal in need thereof. The compound of Formula | is
administered to a human subject in need thereof, such as a human being who is
infected with viruses of the Flaviviridae family. In another embodiment, the
compound of Formula | is administered to a human subject in need thereof, such as
a human being who is infected with a HCV virus. In one embodiment, the treatment
results in the reduction of one or more of the in viral loads or clearance of viral RNA
in a patient.

In another embodiment, provided is a method of treating and/or preventing a
disease caused by a viral infection wherein the viral infection is caused by a virus
selected from the group consisting of dengue virus, yellow fever virus, West Nile
virus, Japanese encephalitis virus, tick-borne encephalitis virus, Junjin virus, Murray
Valiey encephalitis virus, St Louis encephalitis virus, Omsk hemorrhagic fever virus,
bovine viral disarrhea virus, Zika virus and Hepatitis C virus; by administering to a
subject in need thereof a therapeutically effective amount of a compound of Formula
|, or a pharmaceutically acceptable salt or ester thereof.

Disclosed is the use of a compound of Formula | for the manufacture of a medicament

for the treatment of Flaviviridae viral infections. Also disclosed is a compound of Formula | for

use in treating a Flaviviridae
viral infection. In one embodiment, the Flaviviridae viral infection is acute or chronic

HCV infection. In one embodiment of each aspect of use and compound, the
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treatment results in the reduction of one or more of the viral loads or clearance of
RNA in the patient.

Disclosed is a method for treating or preventing HCV comprising
administering an effective amount of a compound of Formula | to a patient in need
thereof. Also disclosed is is the use of a compound of the present disclosure for the
manufacture of a medicament for the treatment or prevention of HCV.

Disclosed is a pharmaceutical composition comprising a
compound of Formula | or a pharmaceutically acceptable salt or ester thereof and
one of more pharmaceutically acceptable carriers or excipients. The pharmaceutical
composition of Formula | may further comprise one or more additional therapeutic
agents. The one or more additional therapeutic agent may be, without limitation,
selected from: interferons, ribavirin or its analogs, HCV NS3 protease inhibitors,

NS5a inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants, mevalonate
decarboxylase antagonists, antagonists of the renin-angiotensin system, other anti-
fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of HCV
NS5B polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS5A
inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors,
pharmacokinetic enhancers and other drugs for treating HCV; or mixtures thereof.

Also disclosed is a method for the treatment or prevention of the
symptoms or effects of an HCV infection in an infected animal which comprises
administering to, i.e. treating, said animal with a pharmaceutical combination
composition or formulation comprising an effective amount of a Formula | compound,
and a second compound having anti-HCV properties.

In another embodiment, provided are compounds of Formula | and
pharmaceutically acceptable salts and esters thereof and all racemates, enantiomers,
diastereomers, tautomers, polymorphs, pseudopolymorphs and amorphous forms
thereof.

in another embodiment, provided are processes and novel infermediates disclosed
herein which are useful for preparing Formula | compounds.

in other embodiments, novel methods for synthesis, analysis, separation, isolation,
purification, characterization, and testing of the compounds of Formula | are provided.

The present disciosure inciuges combinations of aspects and embodiments, as

well as preferences, as herein described throughout the present specification.

10
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DETAILED DESCRIPTION

Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying structures and formulas.
While the invention will be described in conjunction with the enumerated
embodiments, it will be understood that they are not intended to limit the invention to
those embodiments. On the contrary, the invention is infended to cover all
alternatives, modifications, and equivalents, which may be included within the scope
of the present invention as defined herein.

Each document referenced herein is incorporated by reference in its entirety
for all purposes.

In one embodiment of Formula 1, R is optionally substituted Cy.1, alkyl,
optionally substituted C,.,; alkenyl, optionally substituted C,.4; alkynyl, or optionally
substituted C,.i, cycloalkyt. In another aspect of this embodiment, R' is optionally
substituted C-C+; alkyl, In another aspect of this embodiment, R’ is optionally
substituted C3-C; secondary or tertiary atkyl. in another aspect of this embodiment,
R is optionally substituted C5-C; cycioalkyl. in another aspect of this embodiment,
R’ is prop-2-yl {isopropyl) or 2-methyiprop-2-y! (t-butyl).

In another embodiment of Formula I, R? is optionally substituted C..y; atkyl,
optionally substituted C,.; alkenyl, optionally substituted C,.,, alkynyl, optionally
substituted Cs.4, cycloalkyl, or optionally substituted Cq.4g arylatkyt. in another aspect
of this embodiment, R? is opticnally substituted Cs.15 cycloalkyl. In another aspect of
this embodiment, R? is optionally substituted methylcyclohexyl. in ancther aspect of
this embodiment, R? is optionally substituted methylcyclohexenyl. In another aspect
of this embodiment, R? is optionally substituted 4-methylcyclohexy!l. In a preferred

:
S
-~

in another preferred aspect of this embodiment, R is

OH
11

aspect of this embodiment, R? is
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In another preferred aspect of this embodiment, R? is

& . & *
)O\ s s /© "«,,/ or U

In another preferred aspect of this embodiment, R* is

in another embodiment of Formuta |, R” is optionally substituted C1.,, alkylene,
C,.12 cycloalkylene, substituted Cs 4, cycloalkylene, optionally substituted Cg.q,
arylene or optionally substituted 3 -12 membered heterocyclylene. In another aspect
of this embodiment, R® is optionally substituted C,-Cg alkylene. In another aspect of
this embodiment, R® is optionally substituted Cs-Cq cycloaltkylene. In another aspect
of this embadiment, R® is optionally substituted 4 -6 membered heterocyclylene. In
another aspect of this embodiment, R® is an optionally substituted 4-6 membered
nitrogen-containing heterocyclylene,

In one embodiment of Formula I, L is -0-. In ancther embodiment of Formula
I, Lis -5-. In another embodiment of Formula |, L is -S(O)-. In another embodiment
of Formula |, L is —S(Q),-,

in another embodiment of Formula [, Het is an optionally substituted 3-12
membered heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein
said optionally substituted 3-12 membered heterocyclyt or optionally substituted 3-14
membered hetercaryl comprises one to four heteroatoms selected from O, S, or N.
In another aspect of this embodiment, Het is an optionally substituted 3-12
membered helerocyclyl comprising one or two heteroatoms selected from O, S, or N.
in anaother aspect of this embodiment, Het is an optionally substituted 5-10
membered hetercaryl comprising one fo four hetroatoms selected from O, 8, or N. In
another aspect of this embodiment, Het is optionally substituted pyridinyl. In another
aspect of this embodiment, Het is optionally substituted pyridazinyl. In another
aspect of this embodiment, Het is optionally substituted tetrahydro-2H-pyranyl. In
another aspect of this embodiment, Het is opticnally substituted piperidinyl. In
another aspect of this embodiment, Het is optionaily substituted pyrrolidinyl. In

ancther aspect of this embodiment, Het is optionally substituted tetrahydrothiophenyl,
12
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In another aspect of this embodiment, Het is optionally substituted pyrazinyl. In
another aspect of this embodiment, Het is optionaliy substitufed 1H-tefrazoiyl. in
another aspect of this embodiment, Het is optionally substituted azetidinyl. In
another aspect of this embodiment, Het is optionally substituted tetrahydrofuranyl. In
another aspect of this embodiment, Het is optionally substituted tetrahydro-2H-
furol2,3-blfuranyl. In another aspect of this embodiment, Het is oplionally substituted
thiazoyl. In ancther aspect of this embodiment, Het is optionally substituted 1H-
imidazolyl. In another aspect of this embodiment, Het is optionally substituted 4-
1,2, 4-friazolyl. In another aspect of this embodiment, Het is optionally substituted
1H-pyrazolyl. in another aspect of this embodiment, Het is optionally substituted
1,3,4-thiadiazolyl. In another aspect of this embodiment, Het is optionally substituted
quinolinyl. In another aspect of this embodiment, Het is optionally substituted
[1,2,4]triazolo[4,3-alpyridinyl. In another aspect of this embodiment, Het is optionally
substituted thiophenyl. In another aspect of this embodiment, Het is optionally
substituted 1,2,4-thiadiazolyl. In another aspect of this embodiment, Het is optionally
substituted pyrimidinyl. In another aspect of this embodiment, Het is optionally
substituted 1H-1,2,3-triazolyl. In another aspect of this embodiment, Het is optionally
substituted 1,3,4-oxadiazolyl. In another aspect of this embodiment, Het is optionally
subsfituted imidazo[1,2-blpyridazinyi.

in another embodiment of Formula |, R is optionally substituted C,-C; alkyl.
In another aspect of this embodiment, R? is optionally substituted methylcyclohexy! or
optionally substituted methylcyclohexenyl. In ancther aspect of this embodiment, R®
is optionally substituied Cy.; atkylene, C,.4, cycloalkylene, substituted Caqp
cycloalkylene, optionally substituted Cq.q4 arylene or optionally substituted 3 -12
membered heterocyclylene. In another aspect of this embodiment, Met is an
optionally substituted 3-12 membered heterocycly! or optionally substituted 3-14
membered heteroaryl wherein said optionally substifuted 3-12 membered
heterocycly! or optionally substituted 3-14 membered heteroaryl comprises one to
four heteroatoms selected from O, S, or N. in another aspect of this embodiment,
Het is optionally substituted pyridinyl, optionally substituted pyridazinyl, optionally
substituted tetrahydro-2H-pyranyl, optionally substituted piperidinyl, optionally
substituted pyrrolidinyl, optionally substituted tetrahydrothiophenyl, optionally
substituted pyrazinyl, optionally substituted 1H-tetrazolyl, optionally substituted
azetidinyl, optionally substituted fetrahydrofuranyl, optionally substituted {etrahydro-

13
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2H-furo[2,3-bjfurany!, optionally substituted thiazoy!, optionally substituted 1H-
imidazolyl, optionally substituted 4H-1,2,4-triazolyl, optionally substituted 1H-
pyrazolyl, optionally substituted 1,3,4-thiadiazolyl, optionally substituted gquinolinyl,
optionally substituted [1,2,4]triazolo[4,3-a]pyridinyl, optionally substituted thiophenvi,
optionally substituted 1,2,4-thiadiazolyl, optionally substituted pyrimidinyl, optionally
substituted 1H-1,2,3-triazolyl, optionally substituted 1,3,4-oxadiazolyi or opticnally
substituted imidazo[1,2-blpyridazinyl. In another aspect of this embodiment, L is -O-.
In another aspect of this embodiment, L is —S-. In ancther aspect of this embodiment,
I.is ~S(O}-. In another aspect of this embodiment, L is —S(O)-.

in another embodiment of Formula 1, R" is optionally substituted Cs 12
cycloalkyl. In another aspect of this embodiment, R? is optionally substituted
methyloyciohexyl or optionally substituted methylcyciohexenyl. (n another aspect of
this embodiment, R® is optionally substituted Cy.1; alkylens, Ca4 cycloalkylene,
substituted Cs., cycloalkylene, optionally substituted Cg..4 arylene or oplionally
substituted 3 -12 membered heterocyclylene. In another aspect of this embodiment,
Het is an optionally substituted 3-12 membered heterocyciyt or optiocnally substituted
3-14 membered heteroaryl wherein said optionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises one {o
four heteroatoms selected from O, S, or N. In another aspect of this embodiment,
Het is optionally substituted pyridinyl, optionally substituted pyridazinyl, optionally
subsiituted tetrahydro-2H-pyranyl, optionally substituted piperidinyl, optionally
substituted pyrrolidinyl, optionally substituted tetrahydrothiophenyl, optionally
substituted pyrazinyl, optionally substituted 1+-tetrazolyl, opticnally substituted
azetidinyl, optionally substituted tetrahydrofuranyt, optionally substituted tetrahydro-
2H-furo[2,3-blfuranyt, optionally substituted thiazoyl, optionally substituted 1H-
imidazolyl, oplionally substituted 4H-1,2,4-triazolyl, optionally substituted 14-
pyrazolyl, optionally substituted 1,3,4-thiadiazolyl, optionally substituted quinolinyl,
optionally substituted [1,2,4]triazolol4,3-alpyridinyl, optionally substituted thiophenyl,
optionally substituted 1,2,4-thiadiazolyl, optionally substituted pyrimidinyl, optionally
substituted 1H-1,2,3-iriazolyi, optionally substituted 1,3,4-oxadiazolyl or optionally
substituied imidazo[1,2-blpyridazinyl. in another aspect of this embodiment, L is ~0-,
In ancther aspect of this embodiment, L is ~S-. In another aspect of this embodiment,

L is -S(O)-. In another aspect of this embodiment, L is —S(0)y-.

14
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in another embodiment of Formula I, R" is optionally substituted C,-Cy; alky!
and R? is optionally substituted Cs.4» cycloalkyl. In another aspect of this embodiment,
R? is opticnally substituted methylcyclohexy! or optionally substituted
methylcyclohexenyl. In another aspect of this smbodiment, R® is optionally
substituted Cy.4, alkylene, C,., alkenylene, substituted C,.4; alkenylene, Coqp
alkynylene, substituted C,.4; alkynylene, Cy.q; cycloalkylene, substituted Cyqz
cycloalkylene, optionally substifuted Cs.q4 arylene, optionally substituted 3-14
membered heteroarylene, optionally substifuted 3 -12 membered heterocyclylene,
optionally substituted 3-18 membered heteroarylalkylene, or optionally substituted C,.
15 arylalkylene. In ancther aspect of this embodiment, R’ is optionally substituted C..
12 alkylene, Cy., cycloalkylene, substituted C;.4; cycloalkylene, optionally substituted
Ce.14 arvlene, or optionally substituted 3 -12 membered heterocydlytene. In another
aspect of this embodiment, L is —O-, -S-, -S{0)- or -S{O),~. In another aspect of this
embodiment, L is —O-. In another aspect of this embodiment, L is ~S-. In another
aspect of this embodiment, L is ~S(0O)-. In another aspect of this embodiment, L is ~
S(O).

in another embodiment of Formuta 1, R is optionally substituted Cs-C.»
cycloalky! and R? is optionally substituted Cs.q; cycloalkyl. in another aspect of this
embodiment, R? is optionally substituted methylcyclohexy! or optionally substituted
methylcyclohexenyl. In another aspect of this embodiment, R® is optionally
substituted C,.4; alkylene, C,.1; alkenylene, substituted C,., alkenylene, Cs.;
alkynylene, substituted C,.4» alkynylene, Cs.q; cycloalkylene, substituted Cs.pp
cycloalkylene, optionally substituted Cs.1. arylene, optionally substituted 3 - 14
membered heteroarylene, optionally substituted 3 -12 membered heterocyclylene,
optionally substituted 3-18 membered hetercarylalkylene, or optionally substitufed Cs.
15 arylalkylene. In another aspect of this embodiment, R® is optionally substituted C,.
17 alkytene, Cs.qp cycloalkylene, substituted Cs.4, cycloalkylene, oplionally substituted
Cs.14 @rylene, or optionally substituted 3 -12 membered heterocyclyiene. in another
aspect of this embodiment, L is -O-, -8-, -8(0)- or -S(O),-. In another aspect of this
smbodiment, L is -O-. In another aspect of this embadiment, L is —S-. in another
aspect of this embodiment, L is -S(0O)-. in another aspect of this embodiment, L is —
S(O)y-.

In another embodiment of Formula |, R' is optionally substituted C,-C, alkyl,
R?is optionally substituted C;.4; cycloalkyl and R® is optionally substituted Cy.12
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alkylene, C,.1; cycloaikylene, substituted Cs.» cycloalkylene, optionally substituted
Ce.14 arylene, or optionally substifuted 3 -12 membered heterocyclylene. in ancther
aspect of this embodiment, R? is optionally substituted Cy.s alkylene. In another
aspect of this embodiment, R’ is C.; cycloalkylene or substituted C, cycloalkylene.
in another aspect of this embodiment, R is an optionally substituted 5-6 membered
heterocyclylene. In another aspect of this embodiment, L is ~O-, -3-, -§(0O)- or -
S{O}),-. In another aspect of this embodiment, L is ~C-. In another aspect of this
embodiment, L is ~S-. In another aspect of this embodiment, L is ~3(0)-. In another
aspect of this embodiment, L is —-S(0O),-. In another aspect of this embodiment, Het
is an optionally subsiituted 3-12 membered heterocyclyl or optionally substituted 3-14
membered heteroaryl wherein said optionally substituied 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises cne to
four heteroatoms selected from Q, S, or N. In another aspect of this embodiment,
Het is an optionally substituted 3-12 membered heterocyclyl comprising one or two
heteroatoms selected from O, S, or N. In ancther aspect of this embodiment, Het is
an optionally substituted 5-10 membered hetercaryl comprising one to four
hetroatoms selected from O, S, or N.

In another embodiment of Formula |, R' is optionally substituted Cs-C;
secondary or tertiary alkyl and R? is optionally substituted methylcyclohexyl or
optionally substituted methyicyciohexenyl. In another aspect of this embodiment, R"
is prop-2-y! {isopropyl) or 2-methylprop-2-yl (t-butyl}). In ancther aspect of this
embodiment, R? is optionally substituted 4-methylcyclohexyl. in a preferred aspect of

N
@:L‘g
»

in another preferred aspect of this embodiment, R? is

OH

this embodiment, R? is

In another preferred aspect of this embodiment, R% is

16
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o ot o of

7,
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In ancther preferred aspect of this embodiment, R? is

or /QI

5 in another embodiment of Formula |, R' is optionally substituted C4-Cs
cycloatky! and R? is optionally substituted methylcyclohexyl or optionally substituted
methylcyclohexenyl. In another aspect of this embodiment, R is prop-2-y! (isopropyl)
or 2-methyiprop-2-yl (+-butyl). In another aspect of this embodiment, R? is optionally
substituted 4-methylcyclohexyl. In a preferred aspect of this embodiment, R? is

%

: &
10 .

In another preferred aspect of this embodiment, R? is

OH

in another preferred aspect of this embodiment, R? is

'\'\:27 "Z‘L ~:\'§l) bl?
- : v s : "y, or /U

15 In ancther preferred aspect of this embodiment, R? is

o

or /Q

In another embodiment of Formula 1, R" is optionally substituted C;-C,
secondary or tertiary alkkyl and R? is optionally substituted methyicyclohexy! or
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optionally substituted methylcyciohexenyl. In another aspect of this embodiment, R®
is optionally substituted C,¢ alkylene. In another aspect of this embodiment, R%is C,.
s cycioalkylene or substituted C.. cycloalkylene. in another aspect of this
embodiment, R” is an optionally subétituted 4-8 membered nitrogen-containing
heterocyclytene. in another aspect of this embodiment, L is ~0-, -8, -B{O)- or -
S{0O)-. In another aspect of this embodiment, L is ~O-. In another aspect of this
embodiment, L is -S-, In another aspect of this embodiment, L is ~8(0)-. in another
aspect of this embodiment, L is ~S(O),-. In another aspect of this embodiment, Het
is an optionally substituted 3-12 memberead heterocyclyi or optionally substituted 3-14
membered heteroaryl wherein said optionally substituted 3-12 membered
heterocyciyl or optionally substituted 3-14 membered heteroaryl comprises one io
four heteroatoms selected from O, S, or N. In another aspect of this embodiment,
Het is an optionally substifuted 3-12 membered heterocyclyl comprising one or two
hetercatoms selected from O, S, or N. In aspect of this embodiment, Het is an
optionally substituted 5-10 membered heteroaryl comprising one to four hetroatoms
selected from O, S, or N.

in another embodiment of Formuia |, L is -O-, R' is optionally substituted Cj-
C; secondary or tertiary alkyl and R? is optionally substituted methylcyciohexyl or
optionally substituted methylcyciohexenyl. In another aspect of this embodiment, R®
is optionally substituted C, alkylene. In another aspect of this embodiment, R® is C..
s cycloalkylene or substituted C,s cycloalkylene. in another aspect of this
embodiment, R” is an optionally substituted 5-8 membered heterocyclylene. in
another aspect of this embodiment, Het is an optionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein said
optionally substituted 3-12 membered heterocyclyi or optionally substituted 3-14
membered heteroaryl comprises one to four heteroatoms selected from O, S, or N.
In another aspect of this embodiment, Het is an optionally substituted 3-12
membered heterocyclyl comprising one or two hetercatoms selecied from O, S, or N.
in aspect of this embodiment, Het is an optionally substituted 5-10 mambered
heteroaryl comprising one to four hetroatoms selected from O, S, or N,

in another embodiment, compounds of Formula | are represented by
compounds of Formula i

18
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\\\\: 8 OH
O
N—R3-L-Het
o=<
R2
Formula H

or pharmaceutically acceptable salts and esters thereof, wherein:
5 R?is optionally substituted 4-methylcyciohexy! or optionally substituted
methylcyciohexenyl and the remaining variables are defined as for Formula [

in one embodiment of Formula il, R? is:

?

In ohe embodiment of Formula I, R? is:

10 OH

in ancther embodiment of Formula 1l, R? is

& : :”21, & S
@\ R s )O "/,,/ or /U’o,{/

.

In another embodiment of Formula I}, R® is

15 in one embodiment of Formula I, R® is optionally substituted C.; alkylene. in
another embodiment of Formula Il, R® is Cy¢ cycloalkylene or substituted C.g

cycioalkylene. in one embodiment of Formula 1l, R® is an optionally substituted 5-6
memberad heterocyclylene. in another embodiment of Formuta I, L is -O-, -S-, -
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S(O)- or -§(0);-. In another embodiment of Formula li, L is -O-. In ancther
embodiment of Formula H, L is —=S-. in another embodiment of Formula I, L is ~S{D)-,
In another embodiment of Formula I, L is —=S{Q)y-. In another embodiment of
Formula H, Het is an optionally substituted 3-12 membered heterocyclyl or optionally
substituted 3-14 membered heteroaryl wherein said optionally substituted 3-12
membered heterocyclyt or optionally substituted 3-14 membered heteroary!
comprises one to four heteroatoms selected from O, S, or N. In another embodiment
of Formula li, Het is an optionally substituted 3-12 membered heterocycly! comprising
one or two heteroatoms selected from O, S, or N. In another embodiment of Formula
H, Het is an optionally substituted 5-10 membered heteroaryl comprising one to four
hetroatoms selected from O, S, or N.

In another embodiment of Formula ll, Het is an optionally substituted 3-12
membered heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein
said optionally substituted 3-12 membered heterocyclyl or opticnally substituted 3-14
membered heteroaryl comprises one to four heteroatoms selected from O, S, or N.

In anocther aspect of this embodiment, Het is optionally substituted pyridinyl. in
another aspect of this embodiment, Het is oplionally substituted pyridine-2-yl. In
another aspect of this embodiment, Het is optionally substituted pyridazinyl. In
another aspect of this embodiment, Het is optionally substituted tetrahydro-2H-
pyranyl. in another aspect of this embodiment, Het is optionally substituted
piperidinyl. In another aspect of this embodiment, Het is optionally substituied
pyrrolidinyl. In another aspect of this embodiment, Het is optionally substituted
tetrahydrothiophenyl. In another aspect of this embodiment, Het is optionally
substituted pyrazinyl. in ancther aspect of this embodiment, Het is optionally
substituted 1H-tetrazolyl. In another aspect of this embodiment, Het is optionally
substituted azetidinyl. In another aspect of this embodiment, Het is optionally
substituted tetrahydrofuranyl. in another aspect of this embodiment, Het is optionally
substituted teirahydrofuran-3-yi. In another aspect of this embodiment, Het is
optionally substituted tetrahydro-2H-fure{2,3-bfuranyl. In ancther aspect of this
embodiment, Het is optionally substituted thiazoyl. In another aspect of this
embodiment, Het is optionally substituted 1H-imidazoly!l. In another aspect of this
embodimeant, Het is optionally substituted 4H-1,2,4-triazolyl. In another aspect of this
embodiment, Het is optionally substituted 1H-pyrazolyl. In another aspect of this
embodiment, Het is optionally substituted 1,3,4-thiadiazolyl. In another aspect of this
20
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embodiment, Het is optionally substituted quinolinyl. In another aspect of this
embodiment, Het is optionally substituted [1,2,4}triazolo[4,3-a]pyridinyl. In another
aspect of this embodiment, Het is optionally substituted thiophenyl. In another
aspect of this embodiment, Het is optionally substituted 1,2 4-thiadiazolyl. In another
aspect of this embodiment, Het is optionally substituted pyrimidinyl. In another
aspect of this embodiment, Het is optionally substituted 1H-1,2,3-triazolyl. In another
aspect of this embodiment, Het is optionally substituted 1,3,4-oxadiazolyl. In another
aspect of this embodiment, Het is optionally substituted imidazo[1,2-bjpyridazinyl. In
another aspect of this embodiment, L is ~O-. In ancther aspect of this embodiment,
L is ~S-. in another aspect of this embodiment, L is —-S(Q)-. in another aspect of this
embodiment, L is ~S(O),~. In another aspect of this embodiment, R? is:

o

or
i

in another aspect of this embodiment, R? is;

OH

in another preferred aspect of this embodiment, R? is

& 5 & 3
ﬁ\,ﬂ,/@"{ or “,

In another preferred aspect of this embodiment, R? is
/@, or /Q i
in one embodiment of Formula 1, L is -O-. In another aspect of this
embodiment, R® is optionally substituted Ci¢ alkylene. In another aspect of this
embodiment, R is C,. cycloatkylene or substituted Cyscycloatkylene. In another

aspect of this embodiment, R® is an optionally substituted 5-6 membered
heterocyclylene. in another aspect of this embodiment, Het is an optionally
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substituted 3-12 membered heterocyclyl or optionally substituted 3-14 membered
heteroaryl wherein said optionally substituted 3-12 membered heterocyclyl or
optionally substituted 3-14 membered heteroaryl comprises one fo four heteroatoms
selected from O, 8, or N. In another aspect of this embodiment, Het is an optionally
substituted 3-12 membered heterocyclyl comprising one or two heteroatoms selected
from O, 8, or N. In ancther aspect of this embodiment, Het is an optionally
substituted 5-10 membered heteroaryl comprising one {o four hetroatoms selected
fram O, S, or N. In another aspect of this embodiment, Het is optionally substituted
pyridinyl, in ancther aspect of this embodiment, Het is optionally substituted
pyridazinyl. In another aspect of this embodiment, Het is optionally substituted
tetrahydro-2H-pyranyl. In another aspect of this embodiment, Het is optionally
substituted piperidinyl. In another aspect of this embodiment, Het is optionally
substituted pyrrofidinyl. In another aspect of this embodiment, Het is optionally
substituted tetrahydrothiophenyl. In another aspect of this embodiment, Het is
optionally substituted pyrazinyl. In another aspect of this embodiment, Het is
optionally substituted 1H-tetrazolyl. In another aspect of this embodiment, Het is
optionally substituted azetidinyl. in another aspect of this embodiment, Het is
optionally substituted tetrahydrofuranyl. In ancther aspect of this embodiment, Het is
optionally substituted tetrahydro-2H-furof2,3-blfuranyl. In ancther aspect of this
embodiment, Het is optionally substituted thiazoyl. in ancther aspect of this
embodiment, Het is optionally substituted 1H-imidazolyl. in another aspeact of this
embodiment, Het is optionally substituted 4H-1,2,4-triazolyl. In another aspect of this
embodiment, Het is optionally substituted 1H-pyrazolyl. in ancther aspect of this
embodiment, Het is optionally substituted 1,3,4-thiadiazolyl. in another aspect of this
embodiment, Het is optionally substituted quinolinyl. In ancther aspect of this
embodiment, Het is optionally substituted [1,2,4}triazolo{4,3-ajpyridinyl. In another
aspect of this embodiment, Het is optionally substituted thiophenyl. In another
aspect of this embodiment, Het is oplicnally substituted 1,2,4-thiadiazolyl. In another
aspect of this embodiment, Het is optionally substituted pyrimidinyl. In another
aspect of this embodiment, Het is optionally substituted 1H-1,2 3-triazolyl. In ancther
aspect of this embodiment, Het is optionally substituted 1,3,4-oxadiazolyl. in another
aspect of this embodiment, Het is optionally substituted imidazo[1,2-blpyridazinyl. In

another aspect of this embodiment, R? is:
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2
N
i ‘Z‘-:
.

In another aspect of this embodiment, R? is:

“‘““Q‘%

OH

in another preferred aspect of this embodiment, R is

- :V, ,/i"o,/or /:”z,,/

In another preferred aspect of this embodiment, R? is

b 5
/U or /Q _

in one embodiment of Formula I, L is -0- and R® is C.s cycloalkylens or
substifuted G, cycloalkylene. In another aspect of this embodiment, Het is an
optionally substituied 3-12 membered heterocyclyl or optionally substituted 3-14
membered hetercaryt wherein said optionally substituted 3-12 membered
heterocycly! or optionally substituted 3-14 membered heteroaryl comprises one to
four heteroatoms selected from O, S, or N. In ancther aspect of this embodiment,
Het is an optionally substituted 3-12 membered heterocyclyl comprising one or two
heteroatomns selected from O, S, or N. in another aspect of this embodiment, Het is
an optionally substituted 5-10 membered heteroaryl comprising one to four
hetroatoms selected from O, S, or N. In another aspect of this embodiment, Het is
optionally substituted pyridinyl. In another aspect of this embodiment, Het is
optionally substituted pyridazinyl. in another aspect of this embodiment, Het is
optionally substituted tetrahydro-2H-pyranyl. in another aspeact of this embodiment,
Het is optionally substituted piperidinyl. In another aspect of this embodiment, Het is
optionally substituted pytrolidinyl. In another aspect of this embodiment, Het is
optionaily substituted tetrahydrothiophenyl. In another aspect of this embodiment,
Het is optionally substituted pyrazinyl. In anather aspect of this embodiment, Het is
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optidne!iy substituted 1H-tetrazolyl. in another aspect of this embodiment, Het is
optionally substituted azetidinyl. In ancther aspact of this embodiment, Het is
optionally substituted tetrahydrofuranyl. in another aspect of this embodiment, Het is
optionally substituted tetrahydro-2H-furo[2,3-bjfuranyl. In another aspect of this
embodiment, Het is optionally substituted thiazoyl. In another aspect of this
embodiment, Het is aptionally substituted 1AH-imidazolyl. (n another aspect of this
embodiment, Het is optionally substituted 4H-1,2,4-triazolyl. In another aspect of this
embodiment, Het is optionally substituted 1H-pyrazolyl. In another aspect of this
embodiment, Het is optionally substituted 1,3,4-thiadiazolyl. in another aspect of this
embodiment, Het is optionally substituted quinolinyl. In another aspect of this
embodiment, Het is optionally substituted [1,2,4]triazolo[4,3-a]pyridinyl. In another
aspect of this embodiment, Het is oplicnally substituted thiophenyl, In another
aspect of this embodiment, Het is optionally substituted 1,2,4-thiadiazolyl. In another
aspect of this embodiment, Het is optionally substituted pyrimidinyl. In another
aspect of this embodiment, Het is optionally substituted 1H-1,2,3-triazolyl, In another
aspect of this embodiment, Het is optionally substituted 1,3,4-oxadiazolyl. in another
aspect of this embodiment, Het is optionally substituted imidazo[1,2-bjpyridazinyl. In
another aspect of this embodiment, R? is:

s
o
o’:s?'»
: : &

in another aspect of this embodiment, R? is:

CH

In another preferred aspect of this embodiment, R? is

: &5 /(:iz & : o
3 , /@ "z,,/ or "z,¢

In another preferred aspect of this embodiment, R? is
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5 3

in one embodiment of Formula I, L is -O-, R® is Cyscycloalkylene or
substituted C, cycioalkylene and R? is optionally substituted methyicyclohexy!
optionally substituted methylcyclohexenyl, In another aspect of this embodiment, Het
is an optionally substituted 3-12 membered heterocyclyl or oplionally substituted 3-14
membered heteroaryl wherein said optionally substituted 3-12 membered
heterocyclyl or opfionally substituted 3-14 membered heteroaryl comprises one o
four hetercatoms selected from C, S, or N. In another aspect of this embodiment,
Het is an optionally substituted 3-12 membered heterocyclyl comprising one or two
hetercatoms selected from O, S, or N. In another aspect of this embodiment, Het is
an optionally substituted 5-10 membered heteroaryl comprising one to four
hetroatoms selected from O, S, or N. In another aspect of this embodiment, Het is
optionally substituted pyridinyl. In another aspect of this embodiment, Het is
optionally substituted pyridazinyl. in another aspect of this embodiment, Het is
optionally substituted tetrahydro-2H-pyranyl. In another aspect of this embodiment,
Het is optionally substituted piperidinyl. In ancther aspect of this embodiment, Het is
optionally substituted pyrrolidinyl. In another aspect of this embodiment, Het is
optionally substituted tetrahydrothiophenyl. in another aspect of this embodiment,
Het is optionally substituted pyrazinyl. In another aspect of this embodiment, Het is
optionally substituted 1H-tetrazolyl. in another aspect of this embodiment, Het is
optionally substituted azetidinyl. In another aspect of this embodiment, Het is
optionally substituted tetrahydrofuranyl. In another aspect of this embodiment, Het is
optionally substituted tetrahydro-2H-furo[2,3-blfuranyl. in ancther aspect of this
embodiment, Het is optionally substituted thiazoyl. In another aspect of this
embodiment, Het is optionally substituted 1H-imidazolyl. in another aspect of this
embodiment, Het is optionally substituied 4/-1,2 4-triazolyl. In another aspect of this
embodiment, Het is optionally substituted 1H-pyrazolyl. In another aspect of this
embodiment, Het is optionally substituted 1,3.4-thiadiazolyl. [n another aspect of this
embodiment, Het is optionally substituted quinolinyl. In another aspeact of this
embodiment, Het is optionally substituted [1,2 4ltriazolol4,3-alpyridinyl. In ancther
aspect of this embodiment, Het is optionally substituted thiophenyl. In another
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aspect of this embodiment, Het is optionally substituted 1,2,4-thiadiazolyl. In another

aspect of this embodiment, Het is optionally substituted pyrimidinyl. In another

aspect of this embodiment, Het is optionally substituted 1H-1,2,3-triazolyl. In another

aspect of this embodiment, Het is optionally substituted 1,3,4-oxadiazolyl. in another

aspect of this embodiment, Het is optionally substituted imidazo[1,2-bjpyridazinyl. In

another aspect of this embodiment, R? is:

X
/O *“&C‘
R

In another aspect of this embodiment, R* is:

OH

In another preferred aspect of this embodiment, R? is

ol ot o

2

in another preferred aspect of this embodiment, R? is

Jognyes

X,
\\.‘:‘

9,

(4

in another embodiment, the compound of Formula | or Formula il is
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, or a pharmaceutically acceptabie salt

or ester thereof.

Definitions

Unless stated otherwise, the following terms and phrases as used hersin are
intended 1o have the following meanings. The fact that a particular term or phrase is
not specifically defined should not be correlated to indefiniteness or lacking clarity,
but rather terms herein are used within their ordinary meaning. When trade names
are used herein, applicants intend to independently inciude the tradename product
and the active pharmaceutical ingredient{s) of the tradename product.
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The term “treating”, and grammatical equivalents thereof, when used in the
context of treating a disease, means slowing or stopping the progression of a disease,
or ameliorating at least one symptom of a disease, more preferably ameliorating
more than one symptom of a disease. For example, treatment of a hepatitis C virus
infection can include reducing the HCV viral load in an HCV infected human being,
and/or reducing the severity of jaundice present in an HCV infected human being.

“Alkyt” is hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms. For example, an alkyl group can have 1 to 20 carbon atoms (i.e, C:-Cy alkyl),
1 to 10 carbon atoms (i.e., C+-Cyp alkyl), or 1 fo 6 carbon atoms (i.e., C+-Cq alkyt).
Examples of suitable alkyl groups include, but are not fimited to, methyl (Me, -CHg),
ethyl (Et, -CH,CH,), 1-propyl {n-Pr, n-propyl, -CH,CH:CH,), 2-propyi (i-Pr,

-propyl, ~-CH(CHa;),), 1-butyl (n-Bu, n-butyl, -CH,CHCH,CH,), 2-methyl-1-propyt (i-Bu,
i-butyl, -CHCH(CH;),), 2-butyl {s-Bu, s-butyl, -CH{CH;)CH,CH;}), 2-methyi-2-propyl
(t-Bu, t-butyl, -C(CH3)s), 1-pentyl {n-penty!, -CH,CH,CH,CH,CHs), 2-pentyl
{(~-CH{CH3)CH,CH,CHa), 3-pentyl (-CH(CH,CH,).), 2-methyl-2-butyl
{-C{CH;)2CH>CH,), 3-methyl-2-buty! (-CH(CH,)CH(CH;),), 3-methyl-1-butyl
{(-CHCHCH{CHa,)y), 2-methyi-1-butyt (-CH,CH(CH;3)CH,CHjg), 1-hexyt
(~-CHCHCHCH,CH,CH3), 2-hexyl (-CH{CH3)CH,CH,CH,CH3), 3-hexyl {-
CH{CH,CH3 { CH,CH,CHS)), 2-methyi-2-pentyl (-C(CH; 1,CHCHLCHa3), 3-methyl-2-
pentyl {(~-CH{CH,)CH(CH3)CH,CH3}, 4-methylk-2-pentyl (-CH{CHz)CH,CH(CH;)z), 3-
methyl-3-pentyl (-C{CH; (CHZCH;)p), 2-methyl-3-pentyl (-CH{CH,CH)CH(CH;);), 2,3-
dimethyl-2-butyl (-C(CH3),CH(CHs).}, 3,3-dimethyl-2-butyl (-CH{CHz)C{CHa)s, and
octyl (-{CHz)?CH),

"Alkoxy" means a group having the formula ~O-alkyl, in which an alky! group,
as defined above, is attached io the parent molecule via an oxygen atom. The alkyl
portion of an alkoxy group can have 1 to 20 carbon atoms (i.e., C:~Cy alkoxy), 1 to
12 carbon atormns (i.e., C-Cyp alkoxy), or 1 fo 6 carbon atems(i.e., C+-Cs alkoxy).
Examples of suitable atkoxy groups include, but are not limited to, methoxy (-O-CH;
or ~-OMe), sthoxy {-OCH.CH; or -OEl}, t-butoxy (-O-C{CHs}); or ~OtBu), and the fike.

“Haloalkyl” is an alkyl group, as defined above, in which one or more
hydrogen atoms of the alkyl group is replaced with a halogen atom. The alkyl portion
of a haloatkyl group can have 1 to 20 carbon atoms {i.e., C4-Cy haloalkyl), 110 12
carbon atoms{i.e., C,-Cqz haloalkyl), or 1 to 6 carbon atoms {i.e., C:-Cg alkyl).
Examples of suitable haloalky! groups inciude, but are not limited
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to, -CF3, -CHF,, -CFH,, -CH,CF5, and the like.

“Alkenyl” is & hydrocarbon containing normal, secondary, tertiary, or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp2 double
bond. For exampie, an alkeny! group can have 2 to 20 carbon atoms (i.e., Cx-Cy
alkenyl), 2 to 12 carbon atoms (i.e., C,~Cy; alkenyt), or 2 to 6 carbon atoms (i.e., C-
Cs alkenyl). Examples of suitabie alkeny! groups include, but are not limited to, vinyl
(~-CH=CH,), allyl {(-CH,CH=CHz}, cyclopentenyl (-CsH;), and 5-hexenyt
{-CH,CH,CHCHRCH=CH,).

“Alkynyl” is @ hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carban, sp triple
bond. For example, an alkynyl group can have 2 to 20 carbon atoms (i.e., Co-Cyy
atkynyl), 2 to 12 carbon atoms (i.e., C,-Cy, alkyne,), or 2 to 6 carbon atoms {i.e., Co-
Cs alkynyl). Examples of suitable alkynyl groups include, but are not limited to,
acetylenic (-C=CH), propargyl (-CH,C=CH), and the like.

“Alkylene” refers to a saturated, branched or straight chain radical or or cyclic
hydrocarbon radical having fwo monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent alkane.
For exampie, an alkylene group can have 1 fo 20 carbon atoms, 1 to 10 carbon atoms,
or 1 1o 6 carbon atoms. Typical alkylene radicals include, but are not limited to,
methylene {-CHy-), 1,1-ethylene (-CH(CH;)-), 1.2-ethylene (-CH.CH,-), 1,1-propylene
(-CH(CH,CHs}), 1,2-propylene (-CH.CH(CHy)-), 1,3-propylene (-CH;CH,CH-}, 1.4
butylene (-CH,CH;CH.CH;-}, and the like.

*Alkenylene” refers to an unsaturated, branched or siraight chain or cyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent alkene.
For example, and alkenylene group can have 1 to 20 carbon atoms, 1 1o 10 carbon
atoms, or 1 to 6 carbon atoms. Typical alkenylene radicals include, but are not limited
to, 1.2-ethylene (-CH=CH-).

“Alkynylene” refers o an unsaturated, branched or straight chain or cyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent alkyne.
For example, an alkynylene group can have 1 fo 20 carbon atoms, 1 to 10 carbon
atoms, or 1 to 6 carbon atoms. Typical alkynylene radicals include, but are not limited

to, acetylene (-C=C-), propargyl (-CH,C=C-), and 4-pentynyl (-CH,CH,CH,C=C-}.
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“Alkylyne” refers to a saturated, branched or straight chain radical having two
radical centers derived by the removal of three hydrogen atoms from two carbon atoms
of a parent alkane. For example, an alkylyne group can have 2 to 20 carbon atoms, 2
to 10 carbon atoms, or 2 to 6 carbon atoms. Typical alkylyne radicals include, but are
not limited to, 1,2-ethylyne {-CH,CH=), 1,2-propylyne (-CH,C(CHz=), 1,3-propylyne
{(-CH,CH,CH=), 1,4-butylyne (-CH,CH,CH,CH=), and the like.

"Aryl" means & monovalent aromatic hydrocarbon radical derived by the
removal of one hydrogen atom from a single carbon atom of a parent aromatic ring
system. For example, an ary! group can have 6 fo 20 carbon atoms, & to 14 carbon
atoms, or 6 to 12 carbon atoms. Typical aryl groups include, but are not fimited to,
radicals derived from benzene {(e.g., phenyl), substituted benzene, naphthalene,
anthracene, biphenyl, and the like.

“Arylane” refers to an ary!l as defined above having two monovalent radical
centers derived by the removal of two hydrogen atoms from the same or two different
carbon atoms of a parent aryl. Typical arylene radicals include, but are not limited fo,
phenylene.

“Arylalkyl” refers to an acyclic alkyl radicai in which one of the hydrogen
atoms bonded to & carbon atom, typically a terminal or sp3 carbon atom, is replaced
with an ary! radical. Typical arylalkyl groups include, but are not limited 1o, benzyi, 2-
phenylethan-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl,
Z2-naphthophenyiethan-1-yl and the like. The arylalkyl group can comprise § to 20
carbon atoms, e.g., the alkyl moiety is 1 to 6 carbon atoms and the aryl moiety is 6 to
14 carbon aioms.

“Cycloalkyl” refers o a saturated or partially unsaturated ring having 3to 7
carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20
carbon atoms as a polycycle. Monocyclic cycloalkyl groups have 3 to € ring atoms,
still more typically B or 6 ring atoms. Bicyclic cycloalky! groups have 7 to 12 ring
atoms, e.g., arranged as a bicyclo (4,5}, (5,5}, (5,8) or (6,8) system, or 8 or 10 ring
atoms arrangad as a bicycio (5.6} or (6,6) system. Cycloalky! groups include
hydrocarbon mono-, bi-, and poly-cyclic rings, whether fused, bridged, or spiro. Non-
limiting examples of monoccyclic cycloalkyls include cyclopropy!, cyclobutyl,
cyciopentyl, 1-cyciopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
cyclohex-1-enyl, 1-cyclohex-2-enyl and 1-cyclohex-3-enyl. Non-limiting examples of
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bicyclo cycloalkyls includes naphihyl, tetrahydronapthalene, decaline and
bicyclo[3.1.0}hex-6-yl and the like.

“Cycloalkylene” refers to a cycloalkyl as defined above having two monovalent
radical centers derived by the removal of two hydrogen atoms from the same or two
different carbon atoms of a parent cycloalkyl. Typical cycloalkylene radicals include, but
are not limited fo, cyclopropylene, cyclobutylene, cyclopentylene and cyclohexylene.

“Halogen” refers to F, CI, Br, or |.

As used herein the term "haloalkyl" refers to an alky! group, as defined herein,
that is substituted with at least one halogen. Examples of branched or straight chained
"hatoalkyl" groups as used herein include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, and t-butyl substituled independently with one or more halogens, for
example, fluoro, chloro, bromo, and iodo. The term "haloalky!" should be interpreted to
include such substituents as perfluoroalkyl groups such as ~CFj.

As used herein, the term “haloalkoxy” refers to a group —-OR® where R%is a
haloalky! group as herein defined. As non-limiting examples, haloalkoxy groups
include -O(CH,)F, -O(CH)F;, and ~OCF;.

“Heterocycle” or “heterocyciyl” refers to a saturated or partially saturated
cyclic group having from 1 to 14 carbon atoms and from 1 to 6 heteroatoms selected
from N, 8, P, or O, and includes single ring and multiple ring systems including, fused,
bridged, and spiro ring systems. "Heterocycie” or “heterocyclyl” as used herein
includes by way of example and not limitation those heterocycles described in
Paquette, Leo A.; Principles of Modern Heterocyclic Chemistry (W.A. Benjamin, New
York, 1968), particularly Chapters 1, 3, 4, 6, 7, and &; The Chemistry of Heterocyclic
Compounds, A Series of Monographs” (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960)
82:5586. In one embodiment, the carbon, nitrogen, phosphorous, or sulfur atom(s) of

the heterocyclic group may be oxidized to provide for C(=0), N-oxide, phosphinane
oxide, suffinyl, or sulfonyl moieties.

As one example, substituted heterocyclyls include, for example, heterocyclic
rings substituted with any of the substituents disclosed herein including oxe groups.
A non-limiting example of a carbonyl substituted heterocyclyl is:
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\\/N\”/NH

O

Examples of heterocycles include by way of example and not limitation
dihydroypyridyl, tetrahydropyridy! {piperidyl), tetrahydrothiophenyl, sulfur oxidized
tetrahydrothiophenyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, azetidinyl, 2-pyrrolidonyl,
tetrahydrofurany!, decahydroquinolinyl, octahydroisoquinalinyl, pyranyl, morpholinyl,

and bis-tetrahydrofuranyl:

O

rd

Qi

“Heterocyclene” or “heterocyclyiene” refers to a “heterocycle” or “heterocycivi”
as defined above having two monovalent radical centers derived by the removal of two
hydrogen atoms from the same or two different carbon atoms of a parent heterocycle,
the removal of two hydrogen atoms from two nitrogen atoms of a parent heterocycle, or
the removal of & hydrogen atom from a nitrogen and the removal of a hydrogen atom
from a carbon atome of a parent heterocycle. Non-limiting examples of heterocyclene or

heterocyclylenes are;
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“Heteroaryl” refers to a monovalent aromatic heterocyclyl having at least ene
heteroatom in the ring. Thus, “heteroaryl” refers to an aromatic group of from 1 to 14
carbon atoms and 1 to 6 heteroatoms selected from oxygen, nitrogen, sulfur, or
phosphorous. For mulfiple ring systems, by way of example, the term “heteroaryt”
includes fused, bridged, and spiro ring systems having aromatic and non-aromatic
rings. . In one embodiment, the carbon, nitrogen, or sulfur ring atom(s) of the
heteroary! group may be oxidized to provide for C(=0), N-oxide, sulfinyl, or sulfonyl
moieties.

Examples of heteroaryls include by way of example and not limitation pyridyl,
thiazolyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyi,
benzofuranyl, thianaphthalenyl, indolyl, guinofiny!, isoquinolinyl, benzimidazolyt,
tetrahydroquinclinyl, tetrahydroisoquinolinyl, 6H-1,2, 5-thiadiazinyl, 2H,6H-1,5,2-
dithiaziny!, thienyl, thianthrenyl, isobenzofuranyl, chromenyl, xanthenyi,
phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl, indolizinwvl,
isoindolyl, 3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl, naphthyridinyl,
guinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4ati-carbazolyl, carbazolyl, -
carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl, imidazalidinyl,
imidazoliny!, pyrazolidinyl, pyrazolinyl, piperazinyl, indalinyi, isoindolinyl, quinuclidinyl,
morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl, benzoxazolinyt,
and isatinayl. “Heterocyclylene” refers to a heterocyclyl, as defined herein, derived by
replacing a hydrogen atom from a carbon atom or heteroatom of a heterocyclyl, with
an open valence. Similarly, “heteroarylene” refers to an aromatic heterocyclylene.

“Heterocyclylalkyl” refers to an acyclic alkyt radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is
replaced with a heterocyclyl radical (i.e., a heterocyclyl-alkylene- moiety). Typical
heterocyclyl atkyl groups include, but are not limited o heterocyclyl-CHg-, 2-
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(heterocyclyliethan-1-yl, and the like, wherein the “heterocyclyl” portion inciudes any
of the heterocyclyl groups described above, including those described in Principles of
Modern Heterocyclic Chemistry. One skilied in the art will also understand that the

heterocyclyl group can be attached to the alkyl portion of the helerocycliy! alkyl by
means of a carbon-carbon bond or a carbon-hetercatom bond, with the proviso that
the resulting group is chemically stable. The heterocyciylatkyl group comprises 2 to
20 carbon atoms and 1-6 heteroatoms, e.g., the alky portion of the heterocyclylalkyl
group comprises 1 to 6 carbon atoms and the heterocyclyl moiety comprises 1 to 14
carbon atoms. Examples of heterocyclylalkyls include by way of example and not
limitation 5-membered sulfur, oxygen, phosphorus, and/or nitrogen containing
heterocycles such as pyrrolidiyimethyl, 2-tetrahydrofuranylylethan-1-yl, and the like,
8-membered sulfur, oxygen, and/or nitrogen containing heterocycles such as
piperidinyimethyl, morpholinyimethyl, piperidinylethyl, teterahydropyranylethyt, and
the like.

“Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a
hydrogen atom has been replaced with a heterocaryl group as defined herein. Non-
limiting examples of heteroaryl alkyl include -CHp-pyridinyl, ~-CHa-pyrroiyl, -CH-
oxazolyl, ~CHg-indolyl, -CHs-iscindotyl, -CHa-purinyl, -CHy-furanyl, ~-CHy-thienyl, -CHy-
benzofuranyl, -CHsz-benzothiophenyl, -CHy-carbazolyl, ~-CH-imidazolyl, -CH,-thiazolyl,
~CHg-isoxazolyl, ~-CHy-pyrazolyl, -CH -isothiazolyl, -CHz-quinolyl, -CH-isoguinolyl, -
CHg-pyridazyl, ~-CHg~pyrimidyl, -CHz-pyrazyl, ~-CH(CH;)}-pyridinyl, -CH(CHs)-pyrrolyl, -
CH(CH,}-oxazolyl,
~-CH({CH3)-indolyl, -CH{CHj;}-isoindolyl, ~CH(CH;)-purinyl, ~-CH{CH;)-furanyl, -
CH{CHa)-thienyl, -CH(CH;)-benzofuranyl, -CH{CHs}-benzothiophenyl, -CH(CH3)-
carbazolyl,

-CH(CH,)-imidazolyl, ~-CH{CH,)-thiazolyl, -CH(CH,)-isoxazolyl, -CH{CHz)-pyrazolyl,
-CH{CH_z)-isothiazolyl, ~-CH(CH;}-quinolyl, -CH{CHs-isoquinolyi, ~-CH{CH, -pyridazyl,
~CH(CH3)-pyrimigyl, -CH{CHs)-pyrazyl, and the like.

The {erm “heterocyciyioxy” represents a heterocycly! group attached to the
adiacent atom by an oxygen.

When there is a suifur atorn present, the sulfur atom can be at different
oxidation levels, namely, S, 8O, SO, or SO,. All such oxidation levels are within the
scope of the present invention.

When there is a phosphorous atom present, the phosphorous atom can be at
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different oxidation levels, namely, POR*R"R®, PO,R®*R", or PO;R*R®, where R®, R,
and R° each independently is chosen from H, Cy.q, alkyl, Co.ro alkenyl, Ca.q; atkynyl,
Cs.12 aryl, 3-12 membered heterocycle, 3-18 membered heteroaryialkyl, Ce.e
arvialkyl; or two taken together (with or without oxygens) form a 5 to 10 membered
heterocycle. All such oxidation levels are within the scope of the present invention

The term “optionally substituted” in reference to a particular maiety of the
compound of Formula [-lf {e.g., an optionally substituted aryl group) refers to a
moiety wherein all substiutents are hydrogen or wherein one or more of the
hydrogens of the molety may be replaced by substituents such as those listed under
the definition of “substituted” or as otherwise specified.

The term “substituted” in reference to akkyl, alkylene, aryl, arylalky!, alkoxy,
heterocyclyl, heteroaryl, carbocyclyl, efe. , for example, “substituted alkyl”,
“substituted atkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted
heterocyciyl”, and "substituted carbocyclyl” means alkyl, alkylene, aryl, arylalkyl,
heterocyclyl, carbocyclyl respectively, in which one or more hydrogen atoms are
each independently replaced with a non-hydrogen substituent. Divalent groups may
also be similarly substituted. Unless otherwise indicated, typical substituents include,
but are not limited to, -X, -R® -07, =0, -OR®, -SR®, -5, -NR”,, -N*R”;,
=NR®, -CXs, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,,
=Ny, N3, -NHC(FO)R®, -OC(=0)R?, -NHC{=0INR",, -S(=0),-, -S(=0),0H, -S(=0).R", -
OS(=0)0R", -8(=0),NR", -S(=0)R°, -OP(=0){OR®),, -P(=0)OR),, -P(=0} 0", -P(=
OYOH),, -POYORYO), -C(=0)IR®, -C(=0)X, ~G(SIR®, -C(O)OR?, -C(0O)0", -C(SIOR®
, “C{O)SR®, -C(S)SR?, -C(OINR?;, -C(SINR?,, -C(=NR"INR®,, where each X is
independently a halogen: F, Cl, Br, or I; and each R” is independently H, alkyl, aryl,
arylatkyl, a heterocycie, or @ protecting group or prodrug moiety. Alkylene, alkenylene,
and alkynylene groups may also be similarly substituted. Unless otherwise indicated,
when the term "substituted” is used in conjunction with groups such as arylalkyt, which
have two or more moieties capable of substitution, the substituents can be attached to
the aryl moiety, the alkyl moiety, or both.

Those skilled in the art will recognize that when moieties such as “alkyl”, “aryl”,
“heterocyclyl”, etc. are substituted with one or more substituents, they could slternatively
be referred to as “alkylene”, “arylene”, "heterocyclylene”, etc. moieties {i.e., indicating
that at least one of the hydrogen atoems of the parent “alkyl”, “aryl”, “heterocyciyl”
moieties has been replaced with the indicated substituent(s)). When moieties such as
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”

“alkyl”, “aryl”, "neterocyclyl”, efc. are referred to herein as “substituted” or are shown
diagrammatically fo be substituted (or optionally substituted, e.g., when the number of
substituents ranges from zero to a positive integer), then the terms “alkyl”, “aryl”,
“haterocyclyl”, etc. are understood to be interchéngeable with “alkylene”, “aryleng”,
“heterocyclylene”, etc.

As will be appreciated by those skilled in the art, the compounds of the
present invention may exist in solvated or hydrated form. The scope of the present
invention includes such forms. Again, as will be appreciated by those skilled in the
art, the compounds may be capable of esterification. The scope of the present
invention includes esters and other physiologically functiona! derivatives. The scope
of the present invention includes prodrug forms of the compound herein described.

“Ester” means any ester of a compound in which any of the ~-COOH functions
of the molecule is replaced by a ~C{O)OR function, or in which any of the ~OH
functions of the molecule are replaced with a ~-OC(O)R function, in which the R
moiety of the ester is any carbon-containing group which forms a stable ester moiety,
including but not limited to alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylatkyl, aryl,
arylalkyl, heterocyclyl, heterocyclylalkyl and substituted derivatives thereof.

The term “prodrug” as used herein refers to any compound that when
administered to a biological system generates the drug substance, i.e., active ingredient,
as a result of spontaneous chemical reaction(s), enzyme catalyzed chemical reaction(s),
photolysis, and/or metabolic chemical reaction{s). A prodrug is thus a covalently
modified analog or latent form of a therapeutically active compound. Non-limiting
examples of prodrugs include ester moieties, quaternary ammonium moisties, glycol
moieties, and the like.

Ore skilied in the art will recognize that substituents and ather moieties of the
compeunds of Formula | or |l should be selected in order to provide a compound which
is sufficiently stable to provide a pharmaceutically useful compound which can be
formulated into an acceptably stable pharmaceutical composition. Compounds of
Formula | or il which have such stability are contemplated as falling within the scope of
the present invention.

As will be appreciated by those skilled in the art, the compounds of the
present invention may contain one or more chiral centers. The scope of the present
invention includes such forms. Again, as will be appreciated by those skilled in the
art, the compound is capable of esterification. The scope of the present invention
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includes esters and other physiologically functional derivatives. In addition, the
scope of the present invention includes prodrug forms of the compound herein
described.

A compound of Formula I-1 and its pharmaceutically acceptable salis may
gxist as different polymorphs or pseudopolymorphs. As used herein, crystaliine
polymorphism means the ability of a crystalline compound to exist in different crystal
structures. Polymorphism generally can occur as a response to changes in
temperature, pressure, or both. Polymorphism can also result from variations in the
crystallization process. Polymorphs can be distinguished by varicus physical
characteristics known in the art such as x-ray diffraction patierns, solubility, and
melting point. The crystalline polymorphism may result from differences in crystal
packing {packing polymorphism) or differences in packing between different
conformers of the same molecule (conformational polymorphism). As used herein,
crystalline pseudopolymorphism means the ability of a hydrate or solvate of &
compound 1o exist in different crystal structures. The pseudopolymorphs of the
instant invention may exist due to differences in crystal packing (packing
pseudopolymorphism) or due o differences in packing between different conformers
of the same molecule {(conformational pseudopolymaorphism). The instant invention
comprises all polymorphs and pseudopolymorphs of the compounds of Formula -
and their pharmaceutically acceptabie salts,

A compound of Formuia |-l and its pharmaceutically acceptable salts may
also exist as an amorphous solid. As used herein, an amorphous solid ig a solid in
which there is no long-range order of the positions of the atoms in the solid. This
definition applies as well when the crystal size is two nanometers or less. Additives,
including solvents, may be used to create the amorphous forms of the instant
invention. The instant invention comprises all amorphous forms of the compounds of
Formula I-ll and their pharmaceutically acceptable salts.

Certain of the compounds describad herein contain one or more chiral
centers, or may otherwise be capable of existing as multiple stereoisomers. The scope
of the present invention includes mixtures of si‘ereoisdmers as well as purified
enantiomers or enantiomerically/diastereomerically enriched mixtures. Also included
within the scope of the invention are the individual isomers of the compounds
represented by the formulae of the present invention, as well as any wholfly or partially
equilibrated mixtures thereof. The present invention also includes the individual
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isomers of the compounds represented by the formulas above as mixtures with
isomers thereof in which one or more chiral centers are inverted.

The term “chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term “achiral” refers o
molecules which are superimposable on their mirror image pariner.

The term “sterecisomers” refers to compounds which have identical chemical
canstitution, but differ with regard to the arrangement of the aloms or groups in space.

“Diastereomer” refers to a sterecisomer with two or more centers of chirality
and whose molecuies are not mirror images of one ancther. Diastersomers have
different physical properties, e.g., melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may separate under high resolution
analytical procedures such as electrophoresis and chromatography.

“Enantiomers” refer {o stereoisomers of a compound which are non-
superimposable mirror images of one another.

“Atropisomers” refer to sterecisomers of a compound resuling from hindered
rotation about single bonds where the steric strain barrier to rotation is high enough
{0 allow for the isolation of the individual conformer. Atropisomers display axial
chirality. Atropisomers may be squilibrated thermally and the interconversion barrier
may be measured kinetically. Atropisomerism may occur apart from the presence of
other forms of chiral isomerism. Thus, as illusirated, the depicted nitrogen atom is

pianar and compounds of Formula | are capable of existing as atropisomers:

=3 OH
=S
L0
/
N-R3-L-Het
v}
2
R (1).

In one embodiment of the present invention, the compounds exist in a
conformeric form of Formula la:

R? (1a).
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Stereochemical definitions and conventions used herein generally follow S, P.
Parker, Ed., McGraw-Hili Dictionary of Chemical Terms (1984) McGraw-Hill Bock
Caompany, New York; and Eliel, E. and Witen, S., Stereochemistry of Organic

Compounds {1994) John Wiley & Sons, inc., New York.

Many organic compounds exist in optically active forms, i.e., they have the
ability to rotate the plane of plans-polarized light. In describing an optically active
compound, the prefixes D and L or R and S are used to denote the absolute
configuration of the molecule about its chiral center(s). The prefixes d and | or {+) and
(-) are employed to designate the sign of rotation of plane-polarized light by the
compound, with {-) or 1 meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory,

A specific stereoisomer may also be referred to as an enantiomer, and a
mixture of such isomers is often called an enantiomeric mixture. A 50:50 mixture of
enantiomers is referred {0 as a racemic mixture or a racemate, which may occur
where there has been no sterecselection or stereospecificity in a chemical reaction or
process. The terms “racemic mixture” and "racemate” refer to an equimolar mixture
of two enantiomeric speacies, devoid of optical activity.

The present invention includes a salt or solvate of the compounds herein
described, including combinations thereof such as a solvate of a salt. The
compounds of the present invention may exist in solvated, for example hydrated, as
well as unsolvated forms, and the present invention encompasses all such forms.

Typically, but not absolutely, the salts of the present invention are
pharmaceutically acceptable salts. Salts encompassed within the term
"pharmaceutically acceptable salis" refer to non-toxic salts of the compounds of this
invention.

Examples of suitable pharmaceutically acceptable salts include inorganic acid
addition salts such as chloride, bromide, sulfate, phosphate, and nitrate; organic acid
addition salis such as acetate, galaciaraie, propionate, succinate, lactate, glycolate,
malate, tartrate, citrate, maleate, fumarate, methanesulfonate, p-toluenesulfonate,
and ascorbate; salts with acidic amino acid such as aspartate and glutamate; alkali
metal salls such as sodium salt and potassium sailt; alkaline earth metal salts such as
magnesium sait and calcium salt; ammonium salt; organic basic salts such as
trimethylamine salt, triethylamine salt, pyridine salt, picoline salt, dicyciohexylamine
salt, and N,N'-dibenzylethylenediamine salt; and salts with basic amino acid such as
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lysine salt and arginine salt. The salls may be in some cases hydrates or ethanol
solvates.

The modifier "about” used in connection with a quantity is inclusive of the
stated value and has the meaning dictated by the context (e.g., includes the degree
of error associated with measurement of the particular guantity).

Whenever & compound described herein is substituted with more than one of
the same designated group, e.g., "R" or "R"™, then it will be understood that the
groups may be the same or different, i.e., sach group is independently selected.
Wavy lines,

$

¢

indicate the site of covalent bond atiachments to the adjoining substructures, groups,
moieties, or atoms.

The compounds of the invention ¢an also exist as tautomeric isomers in
certain cases. Although only one delocalized resonance structure may be depicted,
alt such forms are contemplated within the scope of the invention., For example, ene-
amine tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and
tetrazole systems and all their possibie tautomeric forms are within the scope of the
invention.

Selected substituenis comprising the compounds of Formula I may be
present to a recursive degree. In this context, “recursive substituent” means that a
substituant may recite another instance of itseif. The muitiple recitations may be
direct or indirect through a sequence of other substituents. Because of the recursive
nature of such substituents, theoretically, a large number of compounds may be
present in any given embodiment. One of ordinary skill in the art of medicinal
chermistry understands that the total number of such substituents is reasonably
limited by the desired properties of the compound intended. Such properties include,
by way of example and not limitation, physical properties such as molecular weight,
golubility or log P, application properties such as activity against the intended target,
and practical properties such as ease of synthesis. Recursive substituents may be
an intended aspedct of the invention. One of ordinary skill in the art of medicinal
chemistry understands the versatility of such substituents. To the degree that
recursive substituents are present in an embodiment of the invention, they may recite

another instance of themselves, §, 1, 2, 3, or 4 times.
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The compounds of Formula 1-li also include molecules that incorporate
isotopes of the aloms specified in the particular molecules. Non-limiting examples of
these isotopes include D, T, "C, C and *N.

Proteciing Groups

In the context of the present invention, protecting groups include prodrug
moieties and chemical protecting groups.

Protecting groups are available, commonly known and used, and are
optionally used to prevent side reactions with the protected group during synihetic
procedures, i.e. routes or methods to prepare the compounds of the invention. For
the most part the decision as {0 which groups to protect, when fo do so, and the
nature of the chemical protecting group “PG” will be dependent upon the chemistry of
the reaction to be protected against (e.g., acidic, basic, oxidative, reductive or other
conditions) and the intended direction of the synthesis. The PG groups do not need
to be, and generally are not, the same if the compound is substifuted with multiple
PG. In general, PG will be used to protect functional groups such as carboxyl,
hydroxyl, thic, or amino groups and to thus prevent side reactions or to otherwise
facilitate the synthetic efficiency. The order of deprotection 1o vield free, deprotected
groups is dependent upon the intended direction of the synthesis and the reaction
conditions to be encountered, and may ocaeur in any order as determined by the
artisan.

Various functional groups of the compounds of the invention may be
protected. For example, protecting groups for -OH groups {whether hydroxyl,
carboxylic acid, phosphonic acid, or other functions) include “ether- or ester-forming
groups”. Ether- or ester-forming groups are capable of functioning as chemical
protecting groups in the synthetic schemes set forth herein. However, some hydroxyt
and thio protecting groups are neither ether- nor ester-forming groups, as will be
understood by those skilled in the art, and are included with amides, discussed below.

A very large number of hydroxyl protecting groups and amide-forming groups
and corresponding chemical cleavage reactions are described in Protective Groups
in Organic Synthesis, Theodora W. Greene and Peter G. M. Wuts (John Wiley &
Sons, Inc., New York, 1998, ISBN 0-471-16019-8) ("Greene”). See also Kocienski,
Phitip J.; Protecting Groups (Georg Thieme Verlag Stuttgart, New York, 1894), which

is incorporated by reference in ifs entirety herein, In particular Chapter 1, Protecting
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Groups; An Overview, pages 1-20, Chapter 2, Hydroxy! Protecting Groups, pages
21-94, Chapter 3, Diol Protecting Groups, pages 95-117, Chapter 4, Carboxy!
Protecting Groups, pages 118-154, Chapter 5, Carbonyl Protecting Groups, pages
155-184. For profecting groups for carboxyiic acid, phosphonic acid, phosphonate,
sulfonic acid and other protecting groups for acids see Greene as set forth below.
Such groups include by way of example and not limitation, esters, amides,
hydrazides, and the like.

Ether- and Ester-forming protecting groups

Ester-forming groups include: (1) phosphonate ester-forming groups, such as
phosphonamidate esters, phosphorothicate esters, phosphonaie esters, and
phosphon-bis-amidates; (2) carboxy! ester-forming groups, and (3) sulphur ester-
forming groups, such as sulphonate, sulfate, and sulfinate.

Metabolites of the Compounds of the Invention

Also falling within the scope of this invention are the in vive metabolic
products of the compounds described herein, Such products may result for example
from the oxidation, reduction, hydrolysis, amidation, esterification and the like of the
administered compound, primarily due fo enzymatic processes. Accordingly, the
invention includes compounds produced by a process comprising contacting a
compound of this invention with @ mammal for a period of time sufficient to yield a
metabolic product thereof. Such products typically are identified by preparing a
radiolabelled {e.g., C'* or H*) compound of the invention, administering it parenterally
in a detectable dose (e.g., greater than abouf 0.5 ma/kg) to an animal such as raf,
mouse, guinea pig, monkey, or to man, allowfng sufficient time for metabolism to
oceur (typically about 30 seconds to 30 hours) and isolating its conversion products
from the urine, blood or other biclogical samples. These products are easily isolated
since they are labeled (others are isolated by the use of antibodies capable of
binding epitopes surviving in the metabolite). The metabolite structures are
determined in conventional fashion, e.g., by MS or NMR analysis. in general,
analysis of metabolites is done in the same way as conventional drug metabolism
studies well-known fo those skilled in the art. The conversion products, so long as

they are not otherwise found in vivo, are useful in diagnostic assays for therapeutic
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dosing of the compounds of the invention even if they possess no anti-infective
activity of their own.

The definitions and substituents for various genus and subgenus of the
present compounds are described and ililustrated herein. If should be understood by
one skilled in the art that any combination of the definitions and substituents
described above shouid not result in an inoperable species or compound.
“Inopperabie species or compounds” means compound structures that violates
retevant scientific principles (such as, for exampie, a carbon atom connecting to more
than four covalent bonds) or compounds 100 unstable to permit isolation and

formufation into pharmaceutically acceptable dosage forms.

Pharmaceutical Formulations

The compounds of this invention are formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets will
contain excipients, glidants, fillers, binders and the like. Agueous formutations are
prepared in sterile form, and when intended for delivery by other than oral
administration generally will be isotonic. All formulations will optionally contain
excipients such as those set forth in the Handbook of Pharmaceutical Excipients
{1986}, herein incorporated by reference in its entirety. Excipients include ascorbic
acid and other antioxidants, chelating agents such as EDTA, carbohydrates such as
dextrin, hydroxyalkylceltulose, hydroxyalkyimethylceliulose, stearic acid and the like.
The pH of the formulations ranges from about 3 to about 11, but is ordinarily about 7
to 10.

While it is possibie for the active ingredients to be administered alone it may
be preferable 1o present them as pharmaceutical formulations. The formulations of
the invention, both for veterinary and for human use, comprise af least one active
ingredient, together with one or more acceptable carriers and optionally other
therapeutic ingredients. The carmrier(s) must be "acceptable” in the sense of being
compatible with the other ingredients of the formulation and physiologically
innocuous to the recipient thereof.

The formulations include those suitable for the foregoing administration routes.
The formutations may conveniently be presented in unit dosage form and may be
prepared by any of the methods well known in the arf of pharmacy. Techniques and
formulations generally are found in Remington's Pharmaceutical Sciences (Mack
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Publishing Co., Easton, Pa.}, herein incorporated by reference in its entirety. Such
methods include the step of bringing into association the active ingredient with the
carrier which constitutes one or more accessory ingredients. in generat the
formulations are prepared by uniformly and intimately bringing into association the
active ingredient with lquid carriers or finely divided solid carriers or both, and then, if
necessary, shaping the product.

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aqueous or non-agueous liquid; or as an oil-in-water
liquid emulsion or a water-in-oil liquid emulsion. The active ingredient may aiso be
administered as a bolus, electuary or paste.

A tablet is made by compression or molding, optionally with one or more
accessory ingredients, Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, aptionally mixed with a binder, lubricant, inert diluent, preservative, surface
active or dispersing agent. Molded tablets may be made by molding in a suitable
machine a mixture of the powdered active ingredient moistened with an inert figuid
diluent. The tablets may optionally be coated or scored and optionally are formulated
so as to provide slow or controlled release of the active ingredient.

For administration to the eye or other external tissues e.g., mouth and skin,
the formulations are preferably applied as a fopical ointment or cream containing the
active ingredieni(s) in an amount of, for example, 0.075 o 20% w/w {including active
ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w such as
0.6% wiw, 0.7% wiw, etc.), preferably 0.2 to 15% w/w and most preferably 0.5 to
10% wiw. When formulated in an oiniment, the active ingredients may be employed
with either a paraffinic or a water-miscible ointment base. Alternatively, the active
ingredients may be formulated in a cream with an oil-in~water cream base.

If desired, the aqueous phase of the cream base may include, for example, at
least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxy!
groups such as propytene glycol, butane 1,3-dicl, mannitol, sorbitol, glycerol and
polyethylene glycol (including PEG 400} and mixtures thereof. The topical
formulations may desirably include a compound which enhances absorption or
penetration of the active ingredient through the skin or other affected areas.
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Examples of such dermal penetration enhancers include dimethy! sulphoxide and
related analogs.

The oily phase of the emulsions of this invention may be constituted from
kriown ingredients in a known manner, While the phase may comprise merely an
emulsifier (otherwise known as an emulgent), it desirably comprises a mixture of at
least one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a
hydrophilic emuisifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Together, the
emulsifier(s} with or without stabilizer(s) make up the so-called emulsifying wax, and
the wax together with the oil and fat make up the so-called emulsifying cintment base
which forms the oily dispersed phase of the cream formulations.

Emulgents and emulsion stabilizers suitable for use in the formulation of the
invention include Tween® 60, Span® 80, cefostearyl alcohol, benzyl alcohol, myristyl
alcohol, giyceryl mono-stearate and sodium lauryl sulfate.

The choice of suitable oils or fats for the formulation is based on achieving the
desired cosmetic properties. The cream should preferably be a non-greasy, non-
staining and washable product with suitable consistency o avoid leakage from tubes
or other containers. Straight or branched chain, mono- or dibasic alkyl esters such as
di-isoadipate, isocety! stearate, propylene glycol diester of coconut fatty acids,
isopropy! myristate, decy! oleate, isopropy! palmitate, butyl stearate, 2-ethylhexyl
palmitate or a blend of branched chain esters known as Crodamol CAP may be used,
the last three being preferred esters. These may be used alone or in combination
depending on the properties required. Alternatively, high melting point lipids such as
white soft paraffin and/or liquid paraffin or other mineral olls are used.

Pharmaceutical formulations according to the present invention comprise one
or more compounds of the invention together with one or more pharmaceutically
acceplable carriers or excipients and optionally other therapeutic agents.
Pharmaceutical formulations confaining the active ingredient may be in any form
suitable for the intended method of administration. When used for oral use for
example, {ablets, troches, lozenges, agueous or oil suspensions, dispersible powders
or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared.
Compositions intended for oral use may be prepared according to any method known
to the art for the manufacture of phamaceutical compaositions and such compositions
may contain one or more agents including sweetening agents, flavoring agents,
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coloring agents and preserving agentis, in order to provide a palatable preparation.
Tablets containing the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipient which are suitable for manufacture of tablets are acceptabis.
These excipients may be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, lactose monohydrate, croscarmeliose sodium, povidone, calcium
or sodiurn phosphate; granulating and disintegrating agents, such as maize starch, or
alginic acid; binding agents, such as cellulose, microcrystalline cellulose, starch,
gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid or
talc. Tablets may be uncoated or may be coated by known techniques inciuding
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract
and thereby provide a sustained action over a longer pericd. For example, a time
delay material such as glyceryl monostearate or glyceryl distearate alone or with a
wax may be employed.

Formulations for oral use may be also presented as hard gelatin capsules
where the active ingredient is mixed with an inert solid diluent, for example calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive oil.

Aqueous suspensions of the invention contain the active materials in
admixture with excipients suitable for the manufacture of agueous suspensions.
Such excipients include a suspending agent, such as sodium carboxymethylceliulose,
methylceliulose, hydroxypropyl methyicelluose, sodium alginate, polyvinyipyrrolidone,
gum fragacanth and gum acacia, and dispersing or wetting agents such as a
naturally occurring phosphatide {e.g., lecithin), a condensation product of an alkylene
oxide with a faity acid (e.g., polyoxysthylene stearate), a condensation product of
ethylene oxide with a long chain aliphatic alcohol (e.qg.,
heptadecasthyleneoxycetanol), a condensation product of ethylene oxide with a
partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene
sorbitan monooleats). The agueous suspension may also contain one or more
preservatives such as ethy! or n-propy! p-hydroxy-benzoate, one or more coloring
agents, one or more flavoring agents and one or more sweetening agents, such as
sucrese or saccharin.

Qil suspensions may be formulated by suspending the active ingredient in a
vegetabie ofl, such as arachis oil, olive ofl, sesame oil or coconut oil, or in a mineral
oil such as liquid paraffin. The oral suspensions may contain a thickening agent,
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such as beeswax, hard paraffin or cetyl alcohel. Sweetening agents, such as those
set forth herein, and flavoring agents may be added to provide a palatable oral
preparafion. These compositions may be preserved by the addition of an antioxidant
such as ascorbic acid.

Dispersible powders and granules of the invention suitable for preparation of
an aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, a suspending agent, and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are
exemplified by those disclosed above. Additional excipients, for example swestening,
flavoring and coloring agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of
oil-in-water emuisions. The oily phase may be a vegetable oil, such as olive oil or
arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these. Suitable
emulsifying agents include naturally-occurring gums, such as gum acacia and gum
tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or
partial esters derived from fatty acids and hexitol anhydrides, such as sorbitan
monooleate, and condensation products of these partial esters with ethylene oxide,
such as polyoxyethylene sorbitan monooleate. The emulsion may alse contain
sweetening and flavoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may
aiso contain a demulcent, a preservative, a flavoring or a coloring agent.

The pharmaceutical compositions of the invention may be in the form of a
sierile injectable preparation, such as a sterile injectable aqueous or oleaginous
suspension, This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents which have been
mentioned herein. The sterile injectable preparation may also be a sterile injectable
solution or suspension in a non-foxic parenterally acceptable diluent or solvent, such
as a solution in 1,3-butane-diol or prepared as a lyophilized powder. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's soilution
and isotonic sodium chioride solution. In addition, sterile fixed oils may
conventionally be employed as a solvent or suspending medium. For this purpose
any bland fixed oil may be employed including synthetic mono- or digiycerides. In
addition, fatty acids such as oleic acid may likewise be used in the preparation of
injectables.
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The amount of active ingredient that may be combined with the carrier
material to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration. For example, a time-release formulation
intended for oral administration to humans may contain approximately 1 {o 1000 mg
of active material compounded with an appropriate and convenient amount of carrier
material which may vary from about 5 to about 95% of the fofal compositions
(weightweight). The pharmaceutical composition can be prepared to provide easily
measurable amounts for administration. For exampie, an agueous solution intended
for intravenous infusion may contain from about 3 to 500 ug of the active ingredient
par miliiliter of sofution in order that infusion of a suitable volume at a rate of about 30
mL/hr can cceur.

Formulations suitable for administration to the eye include eye drops wherein
the active ingredient is dissolved or suspended in a suitable carrier, especially an
agueous solvent for the active ingredient. The active ingredient is preferably present
in such formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%
particutarly about 1.5% wiw.

Farmulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin
and glycerin, or sucrose and acacia; and mouthwashes comprising the active
ingredient in a suitable liquid carrier.

Formulations for rectal administration may be presented as a suppository with
a suitable base comprising for example cocoa butter or a salicylate.

Formulations suitable for intrapulmonary or nasal administration have a
particle size for example in the range of 0.1 fo 500 pm (including pariicle sizes in a
range betwaen 0.1 and 500 um in increments such as 0.5 ym, 1 um, 30 ym, 35 ym,
etc.), which is administered by rapid inhatation through the nasal passage or by
inhalation through the mouth so as to reach the alveolar sacs. Suitable formulations
include agueous or oily soiutions of the active ingredieni. Formuiations suitable for
aerosol or dry powder administration may be prepared according to conventional
methods and may be delivered with other therapeutic agents such as compounds
herstofore usad in the treatment or prophylaxis of infections as described herein.

Formulations suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in

70



10

15

20

25

30

WO 2011/011303 PCT/US2010/042394

addition to the active ingrediend such carriers as are known in the art to be
appropriate,

Formulations suitable for parenteral administration includs agqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation isofonic with the blood of the
intended recipient; and aqueocus and non-aqueous sterile suspensions which may
include suspending agents and thickening agents.

The formulations are presenied in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of the sterile liquid carrier, for
example water for injection, immediately prior to use. Extemporaneous injection
solutions and suspensions are prepared from sterile powders, granules and tablets of
the kind previously described. Preferred unit dosage formulations are those
containing a daily dose or unit daily sub-doss, as herein above recited, or an
appropriate fraction thereof, of the active ingredient.

It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard {o the type of formulation in question, for
exampie those suitable for aral administration may include flavoring agents.

Compounds of the invention can also be formulated to provide controlied
release of the active ingredient to allow less frequent dosing or to improve the
pharmacokinetic or toxicity profile of the active ingredient. Accordingly, the invention
also provided compositions comprising one or more compounds of the invention
formulated for sustained or controlled release.

The effective dose of an active ingredient depends at least on the nature of
the condition being reated, toxicity, whether the compound is being used
prophylactically (lower doses} or against an active viral infection, the method of
delivery, and the pharmaceutical formulation, and will be determined by the clinician
using conventional dose escalation studies. The effective dose can be expected fo
be from about 8.0001 o about 100 mg/kg body weight per day; typically, from about
0.01 to about 10 mg/kg body weight per day; more typically, from about .01 to about
& mg/kg body weight per day; most typically, from about .05 fo about 0.5 mgfkg body
weighl per day. For example, the daily candidate dose for an adult human of
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approximately 70 kg body weight will range from 1 mg to 1000 mg, preferably
between 5 mg and 500 myg, and may take the form of single or multiple doses.

in yet ancther embodiment, the present application discloses pharmaceutical
compositions comprising a compound of Formuia | or a pharmaceutically acceptable

salt thereof, and a pharmaceutically acceptable carrier or exipient.

Routes of Administration

One ar more compounds of the invention (herein referred o as the active
ingredients) are administered by any route appropriate fo the condition to be treated.
Suitable routes include oral, rectal, nasal, topical (including buccal and sublingual),
vaginal and parenteral {including subcutaneocus, intramuscular, intravenous,
intradermal, intrathecal and epidural), and the like. It will be appreciated that the
preferred route may vary with for exampie the condition of the recipient. An
advantage of the compounds of this invention is that they are orally bioavailable and

can be dased orally.

Combination Therapy, including HCV Combination Therapy

in another embodiment, the compounds of the present invention may be
combined with one or more active agent. Non-limiting examples of suitable
combinations include combinaﬁong of one or more compounds of the present
invention with one or more interferons, ribavirin or its analogs, HCV NS3 protease
inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants,
mevalonate decarboxylase antagonists, antagonists of the renin-angiotensin system,
other anti-fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors
of HCV NS5B polymerase, non-nuclecside inhibitors of HCV NS5B polymerase, HCV
NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors,
pharmacokinetic enhancers and other drugs for treating HCV; or mixtures thereof.

More specifically, one or more compounds of the present invention may be
combined with one or more compounds selected from the group consisting of

1) interferons, e.g., pegylated riFN-alpha 2b (PEG-intron), pegylated riFN-
alpha 2a (Pegasys), riFN-alpha 2b (Intron A}, riFN-alpha 2z (Roferon-A), interferon
alpha (MOR-22, OPC-18, Aifaferone, Alfanative, Multiferon, subalin), interferon
alfacon-1 (Infergen), interferon alpha-nt (Weliferon), interferon alpha-n3 (Alferon),

interferon-bela (Avonex, DL-8234), interferon-omega (omega DURQCS, Biomed 510),
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albinterferon alpha-2b (Albuferon}, IFN alpha XL, BLX-883 (Locteron), DA-3021,
glycosylated interferon alpha-2b (AVI-008), PEG-Infergen, PEGylated interferon
lambda (PEGylated IL-23), and belercfon,

2) ribavirin and its analogs, e.g., ribavirin (Rebetol, Copegus), and taribavirin
{Viramidine},

3) HCV NS3 protease inhibitors, e.g., boceprevir (SCH-503034 , SCH-7),
telaprevir (VX-950), VX-813, TMC-435 (TMC435350), ABT-450, BI-201335, BI-1230,
MK-7009, SCH-800518, VBY-378, VX-500, GS-9256, 5S-9451, BMS-780052, BMS-
805339, PHX-1766, AS-101, YH-5258, YH5530, YHE531, and ITMN-181 (R-7227),

4) aipha-glucosidase 1 inhibitors, e.g., celgosivir (MX-3253), Migiitol, and UT-
2318,

5) hepatoproteciants, e.g., emericasan (IDN-8556), ME-3738, G$-9450 (LB-
84451), sitibilin, and MitoQ,

6} nucleoside or nucleotide inhibitors of HCV NS5B polymerase, e.g., R1626,
R7128 (R4048), IDX184, IDX-102, PSI-7851, BCX-4678, valopicitabine (NM-283),
and MK-0608,

7) non-nucleoside inhibitors of HCV NS8B polymerase, e.g., filibuvir (PF-
868554), ABT-333, ABT-072, Bi-207127, VCH-759, VCH-818, JTK-852, MK-3281,
VBY-708, VCH-222, AB48837, ANA-598, GLB0667, GL539728, A-B83880, A-48773, A-
48547, BC-2329, VCH-798 (nesbuvir), GSKE25433, BILN-1941, XTL-2125, and GS-
8190,

8) HCV NSEA inhibitors, e.g., AZD-2836 (A-831), AZD-7295 (A-689), and
BMS-780052,

8) TLR-7 agonists, e.g., imiquimod, B52A, GS-8524, ANA-773, ANA-875,
AZD-8848 (DSP-3025), PF-04878691, and SM-360320,

10} cyclophillin inhibiters, e.g., DEBIO-025, SCY-635, and NiM811,

11) HCV IRES inhibitors, e.g., MCI-067,

12) pharmacokinetic enhancers, e.¢., BAS-100, SPI-452, PF-4184477, TMC-
41629, GS-9350, GS-9585, and roxythromycin,

13) other drugs for treating HCV, e.g., thymosin aipha 1 (Zadaxin},
nitazoxanide (Alinea, NTZ), BIVN-401 (virostat), PYN-17 (altirex), KPE(2003002,
actilon (CPG-10101), GS-9525, KRN-7000, civacir, GI-5005, XTL-8865, BIT225,
PTX-111, ITX2865, TT-033i, ANA 871, NOV-205, tarvacin, EHC-18, VGX-410C,
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EMZ-702, AVL 4065, BMS-650032, BMS-791325, Bavituximab, MDX-1108 {ONO-
4538), Oglufanide, FK-788, and VX-4897 (merimepodib)

14) mevalonate decarboxylase antagonists, e.g., statins, HMGCoA synthase
inhibitors (e.g., hymeglusin), squalene synthesis inhibitors {e.g., zaragozic acid);

15} angiotensin i receptor antagonists, e.g., losartan, irbesartan, olmesartan,
candesartan, valsartan, telmisartan, eprosartan;

16} angiotensin-converting enzyme inhibitors, e.g., captopril, zofenopril,
enalapril, ramipril, quinapril, perindopril, Esinopril, benazepril, fosinopril;

17} other anti-fibrotic agents, e.g., amiloride and

18) endothelin antagonists, e.g. bosentan and ambriserntan.

In yet another embodiment, the present application discloses pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt thereof, in combination with at least one additional active agent, and
a pharmaceutically acceptable carrier or excipient. in yet another embodiment, the
present application provides a combination pharmaceutical agent with two or more
therapeutic agents in a unitary dosage form. Thus, it is also possible to combine any
compound of the invention with one or more other active agents in & unitary dosage
form.

The combination therapy may be administered as a simulianeous or
sequential regimen. 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 maore other active agents, such that
therapeuticaily effective amounts of the compound of the invention and one or more
other active agents are both present in the body of the patient.

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 a compound of the
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invention within seconds or minutes. In some cases, it may be desirable to
administer a unit dose of a compound of the invention first, foliowed, after a period of
heurs (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 1o adminisier 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.

The combination therapy may provide “synergy” and "synergistic effect”, i.e.
the effect achieved when the active ingredients used together is greater than the sum
of the effects that resulis from using the compounds separately. A synergistic effect
may be attained when the active ingredients are: (1) co-formulated and administered
or delivered simultaneously in a combined formulation; (2) delivered by alternation or
in parallet 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 sequentially, e.g., in separate tablets, pills or capsules, or
by different injections in separate syringes. In general, during aliernation therapy, an
effective dosage of each active ingredient is administered sequentially, i.e. serially,
whereas in combination therapy, effective dosages of two or more active ingredients
are administered together.

As will be appreciated by those skilled in the art, when treating a viral
infection such as HCV, such treatment may be characterized in a variety of ways and
measured by a varisty of endpoints. The scope of the present invention is intended

to encompass all such characterizations.

Synthetic Examples

Certain abbreviations and acronyms are used in describing the experimental
details. Although most of these would be understood by one skilled in the art, Table
1 contains a list of many of these abbreviations and acronyms.

Table 1. List of abbreviations and acronyms.

Abbreviation Meaning

Ac.O acetic anhydride
AIBN 2,2'-azobis(2-methylpropionitrile )
Bn benzyl
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BnBr
BSA
BzCf
Chl
DABCO
DBN
DbQ
DBU
DCA
DCcC
DCM
DMAP
DME
DMTCH
DMSO
DMTY
DMF
EtOAc
ESI
HMDS
HPLC
LDA
LRMS
MCPBA
MeCN
MeOH
MMTC
m/z or m/e
MH"
MH
MsOH
MS or ms
NBS

Ph

PCT/US2010/0423%4

benzylbromide
bis{trimethyisilyhacetamide
benzoy! chloride
carbony! diimidazole
1,4-diazabicyclof2.2.2loctane
1,5-dlazabicycio[4.3.0lnon-5-ene
2,3-dichloro-5 6-dicyano-1,4-benzoguinone
1,5-diazabicyclo[5.4.0lundec-5-ene
dichloroacetamide
dicyclohexylcarbodiimide
dichloromethane
4~dimethylaminopyridine
1,2-dimethoxyethane
dimethoxyirityt chioride
dimethylsulfoxide
4, &-dimethoxytrityl
dimethylformamide
ethyl acetate
electrospray ionization
hexamethyldisitazane
High pressure liquid chromatography
lithium dilsopropylamide
low resolution mass spectrum
meta-chioroperbenzoic acid
acetonitrile
methanol
mono methoxytrityl chioride
mass o charge ratio
mass plus 1
mass minus 1
methanesulfonic acid
mass spactrum
N-bromosuccinimide
pheny
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rtorrt room temperature

TBAF tetrabutylammonium fluoride
TMSCI chlorotrimethylsilane

TMSBr bromotrimethylsilane

TMSI iodotrimethyisilane

TMSOTT (trimethylsilyDtriftuoromethyisulfonate
TEA triethylamine

TBA fributylamine

TBAF tributylammonium pyrophosphate
TBSCI t-butyldimethylsily!l chioride

TEAB friethylammonium bicarbonate
TFA trifluoroacetic acid

TLC or fic thin layer chromatography

Tr triphenyimethyt

Tol 4-methytbenzoyl

PCT/US2010/042394

Turbo Grignard  1:1 mixture of isopropylmagnesium chioride and lithium chioride

8 parts per million down field from tetramethylsilane

General Schemes

The compounds of this invention may be synthesized by several routes with
key bond-forming steps as indicated in Schemes A-C, in which the carboxylate
substituent R indicates sither a protecting group such as an alky! ester (where
necessary), or the free acid itself. Alkyl ester protecting groups are conveniently
removed by saponification with an alkali metal hydroxide in a protic solvent such as
water or an alcohol, and may be facilitated by use of ethereal solvent mixtures andfor
heating. Alternatively they may be removed by dealkylation through heating with an
alkali metai halide in an aprotic solvent. As wili be appreciated, substituents on Het
may be modified subsequent to other bond-forming steps by, for example, N-
oxidation with a typical oxidant such as metachloroperbenzoic acid in a solvent such
as dichloromethane, O-dealkylation through treatment with a reagent such as boron
tribromide in a solvent such as dichloromethane, or hydrolysis.

Scheme A
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R OR R? OR
T - g /
s =
1) o HetX Y
N-R3-L—H __J\N*R“’—L——Het
ok 0=
= 2

The bond between L and Het may be formed by displacement of X on Het,

where X is a leaving group such as a halide, sulfinate, sulfonate or phosphate moiety,

5  The reaction is conveniently performed by deprotonation of L-H with a base such as

sodium hydride or potassium hexamethyldisitazide, or is facilitated by the presence of

a tertiary amine; it can be carriad out in a variety of sclvents such as THF, dioxane,
dichioromethane, NMP, DMF or DMSO and may be accelerated by heating.

10 Scheme B

4 OR Rt OR
i S s\/\k\ TS s
\w 0 H-L—Het T ) o
N-R%-X N—R3-L—Het
= Q=
0 ” 2

15  The bond between R® and L may be formed by nucleophilic displacement of a leaving
group X on R®. The leaving group may vary widely and includes, but is not limited o,
halide, carboxylate, sulfinate, sulfonate or phosphate moieties, and it may be
generated from the corresponding alcohol in situ through treatment with reagents
such as dialky! azodicarboxylates. The reaction may also be facilitated by

20 deprotonation of Het-L-H with a base such as sodium hydride or potassium
hexamethyldisilazide, or is facilitated by the presence of a fertiary amine; it can be
carried out in & variety of solvents such as THF, dioxane, dichioromethane, NMP,
DMF or DMSO and may be accelerated by heating.

25 Schaeme C
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R OR R OR
=S Y—R3-L-R? =S
\J © /A
I B3 pa
NH; q  HN-R*-L-R
l R*COX
'
r1 OR
R OR - =5
=8 R*CO-NH-R®-1-R® \ 7/ ©
\|L / O
N-R3-1—R®
v ! m o= 2

The starting material in Scheme A may be synthesized as depicted in
Scheme C. Substituted 3-aminothiophenes || may be generated by reductive
amination of Y-R*L-R (where Y indicates an aldehyde or ketone and R and R® depict
optional protecting groups), or by direct alkylation (where Y indicates a leaving group
such as a halide, sulfinate, sulfonate or phosphate moiety) of the 3-aminothiophene |
(see patent application WO2008/58383). In the latier case the alkylation may be
facilitated by deprofonation of the amine with a base such as sodium hydride or
potassium hexamethyldisitazide, and can be caried out in a variety of solvents such
as THF, dioxane, dichloromethane, NMP, DMF or DMSOQO and may be accelerated by
heating. In cases where R® is aromatic, the reaction may be catalyzed by Pd (J. Org.
Chem., 2608, 65, 1158-1174). Alternatively Il may be generated by coupling of an
amine with a 3-iodothiophene IV catalyzed by Pd (/. Org. Chem., 2000, 65, 1158-
1174). The amine H is converted to the amide Hl by acylation with a carboxylic acid
derivative such as an acyl chioride or anhydride in the presence of a base such as
pyridine or a tertiary amine in an inert solvent such as dichloromethane. Alfernatively
IV may be converted {o Il directly by amidation catalyzed by Cu {J. Am. Chem. Soc.,
2002, 124, 7421-7428).

The stariing material for Scheme B may be generated in an analogous
fashion, with the leaving group X being generated in a final step by standard methods
from the precursor alcohol.
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The synthesis of iodothiophene IV is llustrated below for the case where R' =

{Bu, and cother variants may be synthesized in analogous fashion:

Scheme D

nBuli (2.2 equiv)
THF, -78°C, 1 h

| \
O then I,, THF
Ns / ¢ - N/s P
W ‘
‘ OH 65% \ /" “oH

To a solution of 5+(3,3-Dimethyi-but-1-ynyl}-thiophene-2-carboxylic acid (6.2 g,

30 mmol; see patent application US5861421) in THF (100 mL) was added a solution

10  of nBuli (2.0 M in pentane, 33 mL, 66 mmol) via an addition funnel at -78 °C. After

addition, the reaction was stirred at -78 °C for 1 h. A solution of I, (7.7 g, 30 mmol} in

THF (100 mL) was added slowly (ca. 15 min) to the flask. After a further 10 mins, the

reaction was quenched with 1 N HCI (50 mL} and warmed {o room temperature. The

volatiles were removed in vacuo and the residue was dissolved in ether (500 mb).

15 The organic solution was washed with 1 M Na,5;0; (100 mb x 2), brine (100 mL.) and

dried over Na,S0,. After concentrated in vacuo, the residue was purified by silica gel

chromatography (EtOAc/hexanes) to give 5-(3,3-Dimethyl-but-1-yny)-3-iodo-
thiophene-2-carboxylic acid (5.9 g, 65%) as a white solid.

20 Scheme E

= s O {CO),Cly, DMF,CHLCly

ﬂ\\f s f
\ 7/ “oH then MeOH, pyridine \g_ﬂ -
]

25 To a solution of 5-3,3-Dimethyl-but-1-ynyl)-3-iodo-thicphene-2-carboxylic
acid (1.0 g, 3.0 mmol) and DMF (20 pul) in dry dichloromethane (10 mL) was added

oxalyl chloride (508 pL, 6.0 mmol) at room temperature. After stirring at room
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temperature for 80 min, the reaction was concentrated in vacuo to remove volatiles.
The residue was dissolved in pyridine (5 miL) and methanol (5 mL) and stirred for 2 h.
The volatiles were removed in vacue and the residue was paﬁicipatad between ether
(150 mL} and saturated NH.CI solution {50 mL). The organic layer was washed with
saturated NH,Cl solution (80 mbL) and dried over Na,50, After concentration in
vacuo, the residue was purified by silica gel chromatography (EtOAc/hexanes) to
give the desired product (835 mg, 80%).

Experimentats
Example 1 — Compound 1: 5-(3,3-Dimethyi-but-1-yny)-3-{{frans-4-rnethvi-

oyclohexanecarbonvi-irans-4-{pyridin-2-vioxy)-cvelohexyll-aminol-thiophene-2-
carboxylic acid

Scheme 1

Compound 1
A mixture of 5+(3,3-Dimethyl-but-1-ynyl)-3-[(trans-4-hydroxy-cyclohexyt)-
{trans-4-methyl-cyciohexanecarbonyl}-aminol-thiophene-2-carboxylic acid (78 mg,
0.175 mmol} and 2-fluoro-pyridineg (148 ui, 1.68 mmol) in DMF (0.6 mlL.) was treated
with sodium hydride (67 mg, 1.68 mmol, 60% oif dispersion) in two or three portions.
The mixiure was stirred until the bubbling slowed, and was sealed and heated by

microwave at 100 deg C for 30 min. After cooling, ethyl acetate (2-3 mL) was added
and the mixture was carefully quenched with citric acid {10% agueous solution, 2-3
mi.}). Water was added and the mixiure was extracted with ethyl acetate (2x30 mbL).
The combined organic layers were dried over sodium sulfate, filtered and
concentrated.  The residue was purified by HPLC {(Gemini column, 35%

acetonitrile:water, 2 min, 35-50% acetonitriie:water, 2 min, 50-95% acetoniirile: water
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13 min, both solvents containing 0.1% trifluoroacetic acid). This resulted in 65 mg
(58% vield) of the title compound as a white powder {TFA salf): MS {m/z): 520.9 [M-
HI; HPLC retention time: 4.81 min (2-88% acefonifrie:water with 0.05%

trifluoroacetic acid).

Example 2 —~ Compound 2 5-(3.3-Dimethyl-but-1-ynvt-3-{{trans-4-methyi-
cyclohexanecarbony! -irans-4-(pyrazin-2-vioxy}-cyclohexyll-aminol-thiophene-2-

carboxviic acid

O
S $

Ly

O~

e}
Compound 2

The title compound was synthesized in a manner anaiogous to Example 1,
using 2-chioro-pyrazine in place of 2-flucro-pyridine. Also, silica gel chromatography
(1% EtOH:dichioromethane 2min, 1-8% EtOH:dichloromethane, 12 min, 30 mL/min,
12 g silica cofumn) was utilized instead of HPLC for purification: MS {m/z): 522.1 [M-
HI; HPLC retention time: 5.04 min (2-98% acetonitrile:water with 0.05% tifluoroacetic
acid).

Example 3 - Compound 3: 5~3.3-Dimethyl-but-1-ynvh)-3-{{frans-4-methyl-

cvelohexanacarbonvi-firans-4-(6-methyl-pyridazin-3-vioxy)-cyciohexyll-aming}-

thiophene-2-carboxylic acid

0
e S
OH
\ )
Nlm, S, ,N
"O’§ O"’c i
o
Compound 3

The title compound was synthesized in a manner analogous to Example 1,
using 3-chioro-6-methyl-pyridazine in place of 2-flugro-pyridine: MS (m/z): 536.1 [M-
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H'; HPLC retention time: 3.73 min {(2-98% acetonitrile:water with 0.05% tifluoroacetic

acid).

Exampie 4 ~ Compound 4: 5-{3, 3-Dimethyi-but-1-ynyl}-3-{{irans-4-methyl-

cyclohexanecarbonvh-[trans-4-(pyrimidin-2-yloxy)-cyvclohexyvil-aminol-thiophene-2-
carboxviic acid

o)
S S
\y/ OH
M ' \
g, ~—
OO
0
Compound 4

The title compound was synthesized in @ manner analogous to Example 1,
using 2-chioro-pyrimidine in place of 2-flucro-pyridine: MS (m/z). 522.0 {M-H]; HPL.C
retention time: 4.82 min (2-98% acetonitrile:water with 0,05% fifluorcacetic acid).

Example 5 — Compound 5: 5-(3,3-Dimethyl-but-1-yny)-3-{{frans-4-methyl-

cyclohexanecarbonyl)-ifrans-4-{pyridin-3-vioxy-cyclohexvil-amino-thiophene-2-
carboxyiic acid

0
e $
\ / ‘on N
8
Nhit. .
04O~
8]
Compound 5

The title compound was synthesized in 2 manner analogous to Example 1,
using 3-fluoro-pyridine in place of 2-fluoro-pyridine: MS (m/z): 520.9 {M-H]", HPLC
retention time: 3.54 min (2-98% acetonitrile:water with 0.05% tifiuoroacetic acid).

Example 6 — Compound 8; 5-(3,3-Dimsthvi-but-1-vnvi)}-3-Tlfrans-4-(6-
methanesulfonyi-pyridin-2-vioxy)-cyclohexvil-( rans-4-methyl-cyclohexanecarbonyi)-

amincl-thiophens-Z-carboxylic acid
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Compound 6
The title compound was synthesized in @ manner analogous to Example 1,
using 2-chioro-6-methanesulfonyl-pyridine in place of 2-fluoro-pyridine: MS (m/z):
5  598.8 [M-H]; HPLC retention time: 4.79 min {2-88% acetonitrile:water with 0.05%
tifluoroacetic acid).

Example 7 ~ Compound 7: 5-(3,3-Dimethyi-but-1-vny)-3-{{trans-4-methyl-
cvciohexanegarbonvl)-lfrans-4-(6-methvl-pyridin-3-vioxyi-cycichexyil-aminol-

10  thiophene-2-carboxviic acid

0
| 8
\ J/ oH
Nv
N, /[’)
O O-Ae
&}
Compound 7

The title compound was synthesized in a manner analogous to Example 1,
15 using 5-fluoro-2-methyl-pyridine in place of 2-fluoro-pyridine: MS (m/z): 534.9 [M-HT;
HPLC retention time: 4.40 min {2-98% acetonitrile:water with 0.05% iifluorcacetic
acid).

Exampie 8 ~ Compound 8: 5-(3 3-Dimethyi-but-1-ynvi)-3~{{frans-4-methyi-

20  cyciohexanecarbonyitrans-4-(6-methyl-pyridin-2-vioxy)-cyvelohexyli-aminol-

thiophene-2-carboxylic acid
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Compound 8

The title compound was synthesized in a manner analogous to Example 1,
using 2-chloro-6-methyl-pyridine in place of 2-fluoro-pyridine: MS (m/z): 534.8 [M-H]
: HPLC retention time: 4.08 min (2-88% acetonitrile:water with 0.058% tifluorcacetic
acid).

Example 9 — Compound 9; 3-llirans-4-{(5-Cvano-pyridin-2-vioxy-cvclohexyll-{frans-4-

methyi-cyclohexanecarbonyl)-aminoi-5-(3. 3-dimethyi-but-1-ynvil-thiophene-2-
carboxylic acid

0
T 8
\_/ ‘o
N Oh
{-JHH.O\ | P
vebtl 0
~
Compound 9

The title compound was synthesized in a manner analogous to Example 1,
using 6-chloro-nicotinonitrite in place of 2-fluoro-pyridine: MS {m/z). 545.9 [M-HT;
HPLC retention time; 5.17 min (2-98% acetonitrile:water with 0.05% tifluoroacetic
acid).

Example 10 — Compound 10: 5-(3.3-Dimethyi-but-1-ynyi}-3-{{frans-4-methyl-

cyclohexanecarbonyl)-irans-4-(5-trifluoromethyl-pyridin-2-vloxy cyciohexvll-amino-

thiophene-2-carboxylic acid

N X CF;

- N Ha, !
.—-—O"MQ (3] &

O
Compound 10

The title compound was synthesized in a manner analogous to Example 1,
using 2-chloro-&-trifluoromethyi-pyridine in place of 2-fluoro-pyridine: MS (m/z):
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588.8 [M-H}; HPLC retention time: 5.55 min (2-98% acetonitrile:water with 0.05%

tiftuoroacetic acid).

Example 11 — Compound 11: 5-+(3,3-Dimethvl-but-1-vavh-3-{{frans-4-methyi-

5  cyclohexanecarbonvli-frans-4-{ B-methyl-ovridin-2-vioxy)}-cvclohexyil-amino}-

thiophene-2-carboxvlic acid

o]
‘::: ]

\ / ‘o
N, NE \
TGN
¢}
Compound 11

10 The title compound was synthesized in a manner analogous to Example 1,
using 2-chloro-5-methyl-pyridine in place of 2-fluoro-pyridine: MS (m/z). 534.8 [M-H]
; HPLC retention time: 4.44 min {2-98% aceionitrile:water with 0.05% tiffuorcacetic
acid),

15  Example 12 ~ Compound 12: 5-(3.3-Dimethyl-but-1-ynvi)-3-{{ rans-4-methyi-
cyclohexanecarbony!-irans-4-( 3-methyl-pyridin-2-vioxyi-cyclahexyil-amino}-

thiophene-2-carboxylic acid

o]
E )
N\ / ToH
N t4s,, N| =
—Ouu 0 P
o]
Compound 12
20
The title compound was synthesized in a manner analogeous to Example 1,
using 2-chioro-3-methyl-pyridine in place of 2-flucro-pyridine: M3 {mJ/z):. 534.9 [M-HY
; HPLC retention time: 5.28 min (2-98% aceionitrile:water with 0.05% tifluorcacetic
acid).
25
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Example 13 — Compound 13: 3-{[frans-4-(8-Cvano-pyridin-2~vioxy}-cyclohexyll-

{trans~4-methvi-cyclohexanecarbonyl l-aminol-5-(3, 3-dimethyl-but-1-ynvi-thiophene-

2-carboxylic acid

O
:‘:-_: S

\ / ‘Tou

N NS
( >*“"\€ ""'Os,o -~
o

Compound 13

CN

The fitle compound was synthesized in a manner analogous to Example 1,
using 6-chloro-pyridine-2-carbonitrile in place of 2-fluoro-pyridine: MS {m/z): 545.9
[M-HT; HPLC retention time: 5.17 min (2-88% acetonitrile:water with 0.05%

tifluoroacetic acid).

Example 14 — Compound 14: 53 3-Dimethyi-but-1-vny)-3-{(frans-4-methyi-

cyclohexanecarbonyl}-[trans-4-(6-ox0-1,6-dihydropyridazin-3-vioxy)-cyclohexyil-

aminol-thiophene-2-carboxviic acid

Scheme 2
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NaH
\\\.O N\ CE \\\LO
Q Cl &
NaOCAc
HQOAC
O
/
m-o«
,O“‘

Compound 14

=2
\

A mixture of 543 3-Dimethyl-but-1-ynyl)-3-[(frans-4-hydroxy-cyciohexyl)-
(trans-4-methyl-cyclohexanecarbonyl}-amino}-thiophene-2-carboxylic acid (53 mg,
0.12 mmol} and 3,6-dichlcropyridazine (86 mg, 0.58 mmol) in DMF (0.5 mL) was
treated with sodium hydride (68 mg, 1.4 mmol, 60% oil dispersion} in two portions.
The mixture was stirred until the bubbling slowed, and was sealed and heated by
microwave at 100 deg C for 30 min. After cooling, ethyl acetate (2-3 mlL) was added
and the mixture was carefully quenched with citric acid (10% agqueous solution, 2-3
mb). Water was added and the mixture was extracied with ethy! acetate (2x30 mL).
The combined organic layers were dried over magnesium sulfate, filtered and
concentrated, The residue was passed through a plug of silica (10% MeOH:DCM
eluent) and concenirated fo yield 69 mg of 5-(3,3-Dimethyl-but-1-ynyl)-3-{(frans-4-
methyl-cyclohexanecarbonyl -[frans-4-(6-chloro-pyridazin-3-yloxy)-cyclohexyl}-
amino}-thiophene-2-carboxylic acid as a black oil which was carried on without
further purification.

A crude  sample  of  (3,3-Dimethyl-but-1-ynyl)-3-{{trans-4-methyi-
cyclohexanecarbonyl M frans-4-(6-chloro-pyridazin-3-yvloxy)-cyclohexyl]-amino}-
thiophene-2-carboxylic acid (69 mg) was dissolved in acetic acid (1 mbL} and treated
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with sodium acetate (36 mg). The mixture was heated at 100 deg C for 4 hours and
then partiioned between water and ethyt acetaie. The aqueous phase was
neutralized by addition of aqueous sodium hydroxide and extracted with ethyl acetate
{3X30 mL). The combined organic fayers were dried over magnesium sulfate, filtered
and concentrated. The residue was purfied by HPLC (Gemini column; 25%
acetonitrile:water, 2 min; 25-100% acetonitrile:water, 16 min; 100% acetonitrile, 3
min; both solvents containing 0.1% triflucroacetic acid). This resulted in 14 mg (19%
yield over 2 steps) of the title compound as a white powder (TFA salt) MS (m/z):
537.9 [M-HJ, HPLC retention time: 4.31 min (2-98% acetonitrile:water with 0.05%
trifluoroacetic acid).

Example 15 — Compound 18 5-(3 3-Dimethyi-bul-1-yrovl}-3-{irans-4-methyl-

gyciohexanecarbonyli-

carboxylic acid

\NQ LD

Campound 15
The title compound was synthesized in a manner analogous to Example 1,
using 2-chioro-thiazole in place of 2-fluoro-pyridine: MS {m/z): 526.9 [M-H]:; HPLC

retention time: 5.08 min (2-98% acetonitrile:water with 0.05% tiflucroacetic acid).

Example 16 — Compound 16: 5-(3,3-Dimethyi-bui-1-ynyl)-3-{{trans-4-methyi-

cyclohexanacarbonvh)-lfrans-4-(3-trifluoromethyl-pyridin-2-vioxy -cyclohexvil-aminol-

thiophene-2-carboxylic acid

COH
}w Q

NI“' 0 CFy

uu\{

Compound 16
89



WO 2011/611303 PCT/US2010/042394

The title compound was synthesized in a manner analogous to Example 1,
using 2-bramo-3-trifiuoromethyl-pyridine in place of 2-fluoro-pyridine: MS (m/z):
588.8 [M-HT; HPLC retention time: 5.47 min {2-98% acetonitrile:water with 0.05%
5 tiflucrcacetic acid).

Example 17 - Compound 17: 5-(3,3-Dimethyl-but-1-vnvl}-3-{{frans-4-methyi-
cyclchexanecarbonyli-[irans-4-{B-trifluoromethy-pyridin-2-vioxy)-cvclohexvil-amino}-
thiophene-2-carboxvlic acid

COH
. e

N [tu

‘.."\(

Compound 17

10

The title compound was synthesized in a manner analogous to Example 1,
using 2-chloro-6-triflucromethyl-pyridine in place of 2-fluoro-pyriding:  MS (m/z2):
15 588.9 [M-H]; HPLC retention fime: 5.45 min (2-98% acetonitrile;water with 0.05%

tiflucroacetic acid).

Example 18 - Compotnd 18: 6-(3.3-Dimethyl-but-1-ynyh-3-rans-4-{6-methoxy-

pyridin-2-vioxy)-cyclohexyli-(trans-4-methyl-cyclohexanecarbonyli-aminol-thiophene-

20 2-carboxylic acid
CO,H i >
N
llt

G
Compound 18

The iitle compound was synthesized in a manner analogous to Example 1,
25  using 2-chloro-6-methoxy-pyridinein place of 2-fluoro-pyridine: MS (m/z): 550.8 [M-
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HT: HPLC retention time: 5.29 min (2-88% acetonitrile:water with 0.05% tiflucroacetic
acid),

Example 19 - Compound 19: 5-(3.3-Dimethvi-but-1-ynyl-3-[Itrans-4-(2-methoxy-

pyridin-d~vloxyi-cyclohexyll-(frans-4-methyi-cyclohexanecarbanyl-aminol-thicphene-

Z-carboxyiic acid
COoH é >
}\u

Nm

O

Compoumi 19

The title compound was synthesized in & manner analogous to Example 1,
using 4-chloro-2-methoxy-pyridinein place of 2-fluoro-pyridine: MS {m/z). 550.8 [M-
HT; HPLC retention time: 3.75 min (2-98% acetonitrile:water with 0.05% tifluoroacetic
acid).

Example 20 - Compound 20: 5-(3.3-Dimethyl-but-1-ynvii1-3~{ rans-4-methvi-

cyclohexanecarbonylcis-3-(pyridin-3-yloxy-cyciobutyll-aminol-thiophene-2-
ca rbdxyiic acid
\ 0

T 8 ¥

\
o
-0

Compound 20

Scheme 3
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A mixture of 3-amino-5-(3,3-dimethyl-but-1-ynyi}-thiophene-2-carboxylic acid
methyl ester, hydrochloride salt (750 mg, 2.74 mmol) and 3-benzyloxy-cyclobutanone
(2.5 g, 14.3 mmol) in DCM (40 mbL) was freated with sodium triacetoxyborohydride
(3.34 g, 15.8 mmol) portionwise. The mixiure was stirred at room temperature for 3
hours. The solution was diluted with ethyl acetate, washed sequentially with
saturated aqueous sodium bicarbonate, water, and brine. The organic phase was
dried over magnesium sulfate, filtered and concentrated. The residue was purified by
silica gel chromatography (0-10% ethyl acetate:hexanes). This resulted in 1.26 g
(quant. yield) of 3-{3-benzyloxy-cyclobutylamino)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid methyl ester as a mixture of ¢is- and trans-isomers.

A mixture of 3-(3-Benzyloxy-cyclobutylamino}-5-(3, 3-dimethyi-but-1-ynyl)-
thiophene-2-carboxylic acid methyl ester (1.26 g, 3.17 mmol) and N,N-
dilsopropylethylamine {2.4 mL, 13.8 mmol) in DCE (8 mL) was treated with frans-4-
methyl-cyclohexanecarbonyl chloride and heated to 100 deg C for 5 hours. The
ragction mixture was cooled {o room temperature, adsorbad onto siiica, and purified
by sifica gel chromatography (0-30% ethyl acetate:hexanes). This resulted in 590 mg
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{36% yield) of cis~cyciobuty! isomer (cis-3-(3-benzyloxy-cyclobutyl-(4-methyl-
cyclohexanecarbony!}-amino]-5-(3, 3-dimethyl-but-1-ynyi)-thiophane-2-carboxylic acid
methyl ester) and 230 mg (14% yield) of the frans-cyclobutyl isomer (trans-3-{(3-
benzyloxy-cyclobutyl)-(4-methyl-cyclohexanecarbonyt-aminol-5-(3,3-dimethyl-bui-1-
ynyi}-thiophene-2-carboxylic acid methyl ester).

3-{{cis-3-benzyloxy-cyciobutyl)-{frans-4-methyl-cyclohexanecarbonyl -amino}-
5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methy! ester (290 mg, 0.55
mmol} in DCM (2 mL) at 0 deg C was treated with boron tribromide (0.85 mL, 1.0 M
solution in DCM). The mixture was stirred at 0 deg C for 15 minutes and guenched
with the addition of silica gel. Volatiles were evaporated under reduced pressure and
the reaction mixture was purified by silica gel chromatography {0-100% ethyl
acetate:hexanes). This resulted in 210 mg (88% yield) of 5-(3,3-Dimethyl-but-1-ynyi}-
3-{(cis-3-hydroxy-cyciobutyl)-{frans-4-methyl-cyclohexanecarbonyl-aminc]-
thiophene-2-carboxylic acid methyt ester.

5-(3,3-Dimethyl-but-1-ynyl}-3-[{ cis-3-hydroxy-cyclobutyl)-(frans-4-methyl-
cyclohexanecarbonyll-aminol-thiophene-2-carboxylic acid methyl ester (400 myg, 0.83
mmol} in a 3:2:1 mixture of THF:MeOH:water (20 mL) was treated with lithium
hydroxide (4.5 mL, 1.0 M aqueous solution) and heated to 60 deg C for 2 hours. The
organic volaliles were evaporated under reduced pressure and remaining solution
was acidified with 10% HCl,,;,. A white precipitate was collected by vacuum filiration,
washed with water, and dried to afford 280 mg (74% yield) of 5+(3,3-Dimethyl-but-1-
ynyt)-3-[{cfs-3-hydroxy-cyclobutyl-{4-methyl-cyciohexanecarbonyl}-amino}-
thiophene-2-carboxylic acid as a white powder. MS (m/z). 415.8 [M-H]; HPLC
retention time: 4.10 min (2-98% acetonitrile:water with 0.05% trifluoroacetic acid).

The title compound was synthesized in a manner analogous to Example 1,
using 5-(3,3-dimethyl-but-1-ynyl)-3-{{cis-3-hydroxy-cyclobutyl -(4-methyh-
cyclohexanecarbonyl)-amincl-thiophene-2-carboxylic acid in place of 5-(3,3-
Dimethyl-but-1-ynyl)-3-[{frans-4-hydroxy-cyclohexyl)-{ frans-4-methyl-
cyclohexanecarbonyl}-aminci-thiophene-2-carbaxylic acid and 3-fluors-pyridine in
place of 2-fluore-pyridine: MS (m/z). 482.8 [M-H]"; HPLC retention time: 3.44 min (2-
98% acstonitrile:water with 0.05% {ifluoroacetic acid).
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Example 21 - Compound 21: 5-(3.3-Dimethyi-bui-1-ynvi}-3-{{ frans-4-methyl-
gyclohexanegarbonyl)-{trans-3-(pyridin-3-vioxy)-cyclobutvi]-amino}-thiophene-2-

carboxylic acid
T @ COoH i/ \>

N !
O

5 Compound 21

The title compound was synthesized in a manner analogous to Example 20,
using 3-{(frans-3-benzyloxy-cyclobutyl}-(frans-4-methyl-cyclohexanecarbonyl)-
aminol-5-(3, 3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester in place

10 of 3-[{cis-3-benzyloxy-cyclobutyl)-(trans-4-methyi-cyclohexanecarbonyl-amino]-5-
(3,3-dimethyl-but-1-ynyl)}-thiophene-2-carboxylic acid methyl ester: MS (m/z): 492 8
[M-HT; HPLC retention fime: 3.45 min (2-98% acetonitrile:water with 0.05%
tiffluoroacetic acid).

15  Example 22 - Compound 22: 5-(3 3-Dimethyl-bui-1-ynvD-3-{irans-4-methvi-
cyelohexanecarbonyl)-[cis-3~(pyrimidin-2-vioxy}-cyeiobutvii-amina-thiophene-2-
carboxviic acid

S 8
TeREE \ / COH NQ

Compound 22
20
The title compound was synthesized in a manner analogous to Example 20,
using 2-chioro-pyrimidine in place of 3-fluoro-pyridine: MS (m/z); 483.8 [M-H]; HPLC
retention time: 3.52 min (2-88% acetonitrile:water with 0.05% tifluorcacetic acid).
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Exampie 23 - Compound 23; 5-(3,3-Dimethyl-bui-1-vny-3-{{trans-4-methyl-
cvclohexanecarbonyl-[irans-3-{pyrimidin-2-vloxyl-cyclobuivil-amino}-thiophene-2-

carboxylic acid

= \5/ COLH NQ
hii"'<><'0
<O

Compound 23

The title compound was synthesized in a manner analogous to Example 20,
using 3-[(trans-3-benzyloxy-cyclobutyl)-{frans-4-methyl-cyclohexanecarbonyl)-
amino}-5-(3,3-dimethyl-but-1-ynyl}-thiophene-2-carboxylic acid methyl ester in place
of 3-[(cis-3-benzyloxy-cyclobutyl)-{trans-4-methyl-cyclohexanecarbonyl)-amino}-5-
(3,3-dimethyi-but-1-ynyl)-thiophene-2-carboxylic acid methy! ester and 2-chloro-
pyrimidine in place of 3-fluoro-pyridine: MS {m/z): 493.8 [M-H]; HPLC retention time:
3.53 min {2-98% acetonitrile:water with 0.05% tiftuoroacetic acid).

Example 24 - Compound 24: 5-(3.3-Dimethyl-but-1-ynyl}-3-{{irans-4-methyl-
cyciohexanecarbonyt-lirans-4-(1-oxy-pyridin-3-vioxy)-cycichexyil-aminol-thiophene-

2-carboxylic acid

Compound 24

The title compound was synthesized in & manner analogous to Example 1,
except 3-fluoro-pyridine 1-oxide was used in place of 2-fluoro-pyridine and the
reaction was run at 80 deg C for 1 h instead of 100 deg C for 30 mint MS {m/z):
536.8 [M-H]; HPLC retention time: 4.18 min (2-98% acetonitrile:water with 0.05%
tiffucroacetic acid).
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Example 25 ~ Compound 25: 5-(3 3-Dimethvi —but-1-ynyi)-3-{{4-methyl-

gyclohexanecarbonyl-l4-(quinolin-4-vioxy-cyclohexyll-aminol-thiophene-2-

carboxyviic acid
Fee

‘“"‘«\CICOZH
-0 O

Compound 25

The title compound was synthesized in 2 manner analogous to Example 1,
using 4-chloroguinoling in place of 2-fluoro-pyridine: MS (m/z):572.8 [M+H];, HPLC
retention time 3.66 min {2-98% acetonitrile: water with 0.05% triffuoroacetic acid)

Example 26 — Compound 26: 3-[4-(2.6-diethyl-pyridin-4d-vioxy)-cyciohexvil-{4-

methvl-cyclohexanecarbonyl-aminel- 5-(3 3-Dimethvi ~but-1-yavl)-thiophene-2-

carboxylic acid

,002H )’/\
\.

(z

,,O

Compound 26 -

The title compound was synthesized in a manner analogous to Example 1,
using 4-chloroguinoline in place of 2-fluoro-pyridine: MS (m/z): §78.0 [M+H]+; HPLC
retention time 3.72 min {2-98% acetonitrile: water with 0.05% trifluoroacetic acid)

Example 27 - Compound 27: 5-(3.3-Dimethvl —but-1-ynyl)-3-{({trans-4-methyi-
cyclohexanecarbonyl)-[trans-4-(4-pyrrolidin-1-vimethyvl-pyridin-2-vioxy\-cyciohexyil-

amino}-thiophene-2-carboxylic acid

Scheme 4
o7
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Compound 27

The mixture of 2-chloro-pyridine-4-carbaldehyde and (300mg, 2.12mmol) and
5  pyrrofidine (0.19mi, 2.12mmol} in DCM (10 mi) was treated with acetic acid (0.25m,
4.24mmol). The mixture was stirred at room temperature for 10 minutes and
NaBH(OAc); { 898 mg, 4.24mmol) was added. After overnight stirring, the reaction
was washed with sat. NaHCGO; and extracted twice with DCM. The organic lavers
were combined and washed with water, brine, dried over sodium suffate, filirated and
10  concenirated. The crude material was purified by column chromatography with
MeOH/DCM (0-10%) and concentrated to give 120mg of 2-chloro-4-pyrrolidin-1-
yimethyl-pyridine as a clear oil.
The title compound was synthesized in a manner analogous to Example 1,
using 2-chioro-4-pyrrolidin-1-yimethyi-pyridine in place of 2-fluoro-pyridine: MS (m/z):
15 606.1[M+H]+ HPLC retention time 3.64 min (2-98% acetonitrite: water with 0.05%
triflucroacetic acid).

Example 28 — Compound 28 5-{3,3-Dimethvi ~but-1-vnvi}-3-{(4-methyi-

cvclohexanecarbonvi-{4-(4-morpholin-4-vimethyl-pvridin-2-vioxy\-cyclohexyll-aminol-

20  thiophene-2-carboxyiic acid
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Compound 28

The title compound was synthesized in a manner analogous to Example 27,
5  using 4-(2-chloro-pyridin-4-yimethylmorpholine (prepared from 2-chloro-pyriding-4~
carbaldehyde and morpholine) in place of 2-chioro-4-pyrrolidin-1-yimethyl-pyridine:
MS (miz): 622.0 [M+H]+; HPLC retention time 3.59 min (2-88% acetonitrile: water
with 0.05% trifluorcacetic acid).

10 Example 29 — Compound 29: 3-[-4-(4-dimethylaminomehivi-pyridin-2-vioxy)-

cyclohexvil-(4-methyl-cvclohexanecarbonyll-amino}-5-(3,3-Dimethyl-but-1-yayi)-

thiophene-2-carboxylic acid

§
\ \
7\% S._cogm (N

SPNYS

s

™

N”"l, T
04O
0 ,

15 Compound 29

The titie compound was synthesized in a manner analogous o Example 27,
using {2-chioro-pyridin-4-yimethyl)dimethyl-amine (prepared from 2-chloro-pyridine-4-
carbaldehyde and dimethyl amine) in place of 2-chloro-4-pyrrolidin-1-yimethyl-

20  pyridine: M8 (m/z):580.1 [M+H]+; HPLC retention time 3.57 min (2-98% acetonitrile:
water with 0.05% trifiuoroacetic acid).

Example 30 — Compound 30: 5-(3,3-Dimethvi-but-1-ynvi¥-3-l{4-methyl-

cvelohexangcarbonyl}-[4-(pyridin-2-vioxy)-phenvil-amino-thiophene-2-carboxylic acid

25
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Scheme 5§
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Compound 30

A mixture of 3-Amino-5-(3,3-dimethyl-but-1-ynyi)-thiophene-2-carboxylic acid
methy! ester (0.200 g, 0.843 mmol}, palladium acetate (0.019 g, 0.084 mmol),
xantphos {0.0568 g, 0.101 mmol), cesium carbonate (0.767 g, 2.36 mmol} and 2-(4-
Bromo-phenoxy}-pyridine (0.252 g, 1.01 mmol) in foluene (3 mlL.) was heated by
microwave to 110 °C for 45 minutes. The reaction was diluted with ethy! acetate
filtered through a Celite pad and purified by silica gel chromatography to give 5-(3,3-
Dimethyl-but-1-ynyt)- 3-[4-(pyridin-2-yloxy-phenylamino]-thiophene-2-carbaxylic acid
methy! ester in 66% vield.

To a cocled (0 °C) THF (5 mL) solution of 5-(3,3-Dimethyl-but-1-ynyl)-3-[4-
{pyridin-2-yloxy}-phenylamino]-thiophene-2-carboxylic acid methyl ester (0.225 g,
0.55 mmol) was first added KHMDS (0.66 mmol, 0.5 M in toluene), followed by neat
trans-4-methyi-cyclohexanecarbony! ¢chloride (0.132 g, 0.825 mmol). The reaction
was warmed slowly o room temperature and quenched with saturated ammaonium
chloride solution. The reaction mixture was diluted with E1QAc, washed with water,
brine, dried over sodium sulfate, filtrated and concentrated. The crude material was
purified by sifica gel column chromatography to give 5-(3,3-Dimethyl-but-1-ynyl)-3-
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{(4-methyl-cyclohexanecarbonyt)-[4-(pyridin-2-yloxy)-phenyl}-amino}-thiophene-2-
carboxylic acid methyl ester in 60% vyieid.

5-(3,3-Dimethyl-but-1-ynyl)-3~{{4-methyl-cycichexanecarbonyl )-f4-(pyridin-2-
yloxy-phenyil-amino}-thiophene-2-carboxylic acid methy! ester {174 mg, 0.33 mmol}
ina 3:2:1 mixture of THFE:MeQHuwater (5 mlL) was treated with lithium hydroxide
monohydrate (0.69 g, 1.65 mmol) and heated to 60 °C for 1 hour. The organic
volatiles were evaporated under reduced pressure and the crude material was
purified by reverse-phase HPLC to afford the fitle compound in 70% vield. M8 (m/z):
517.0 [M+H]; HPLC retention time: 4.80 min (2-88% acetonitrile:water with 0.05%
triflucrpacetic acid).

The hpicimass specirometer equipment used to analyze Example 31-77,
unless otherwise indicated, were:

L.C: Thermo Electron Surveyor HPLC

MS: Finnigan LCQ Advantage MAX Mass Spectrometer

Column: Phenomenex Polar RP 30 mm X 4.6 mm

Solvents: Acetonitrile with 0.1% formic acid, Water with 0.1% formic acid,

Method A

Scheme 6
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4-{[5+(3,3~dimethyl-but-1-ynyl)-2-methoxycarbonyl-thiophen-3-yl]-(4-trans-
methyl-cyclohexanecarbonyl}-aminol-piperidine-1-carboxvlic acid tert-butyl ester
5 (1.5g, 2.73mmol) was dissolved in ACN {(10mL}. To the solution was added a
solution of lithium hydroxide {(253mg, 11.01mmeol} in water (10mL). The reaction was
stirred at room temperature for 6 hours. The reaction was compiete as determined
by LC/MS. The pH was adjusted to 5 with 1N HCI in water. The product was
extracted with ethyl acetate (3x10mlL). The combined organics were dried with

10 sodium suffate, fillered and were concentrated under reduced pressure and 4-[[2-
carboxy-5-(3,3-dimethyl-but-1-ynyi}-thiophen-3-ylj-(4-trans-methyl-
cyciohexanecarbonyl}-aminol-piperidine-t-carboxylic acid tert-butyl ester (1.35g,
03%) was recovered as a white solid.

4-[[2-carboxy-5-(3,3-dimethyl-but-1-ynyl)-thiophen-3-yij-(4-trans-methy!-

15 cyclohexanecarbonyl)-amino]-piperidine-1-carboxylic acid tert-butyl ester (1.35g,
2.53mmol) was dissolved in 4N HCI in dioxane (6mk, 24mmol). The reaction was
stirred at room temperature for 0.5 hours and found to be complets as determined by
LC/MS. The reaction was concentrated under reduced pressure to give the HCI salt
of B-{3,3-dimethyl-but-1-ynyl}-3-[(4-trans-methyl-cyclohexanecarbonyl)-piperidin-4-yi-

20  amino}-thiophene-2-carboxylic acid.

102



10

15

20

25

WO 2011/011303 PCT/US2010/042394

Method B

5-{3,3-Dimethvl-but-1-ynvl)-3-[{4-frans-methyvi-cyclohexanecarbonyl)-pyrrolidin-3-(S)-

l-amingl-thiophene-2-carboxylic acid was synthesized as follows:

a) Synthesis of §-{3, 3-dimethvi-bui-1-vnyl}-3-iodo-thiophens-2-carboxylic acid methyl
ester

Scheme 8

>L A 1. LIOH

2. n-Buli
u\ ) o \< cnzt“***““*—i‘-*n e w
Cui,
EtoN,
Pd{dbajs

oxalyl chioride, MeOH . )/\(S ’O
\\.\/z/(of
|

A mixture of 5-Bromo-thiophene-2-carboxylic acid ethyl ester (7g, 30 mmol),
copper fodide (1.2g, 6 mmol), triethylamine (20 mL) in DMF (100 mL) was degassed
in & 350mL pressure bottle. Then tris{dibenzylidensacetone)dipalladium(0) (2.1 g, 3
mmo}) and 3,3-dimethyl-but-1-yne (18.3 mL, 150 mmol) were added and heated at
80 degree for 3 hours. The reaction mixiure was filtered on celite and washed with
ethyl acetate. The solution was diluted with water and extracted twice with ethy!
acetate. The organic phases were combined and washed with water. After drying and
concentration, the crude residue was purified by flash chromatography to vield 6.9g
(85%) of 5-{3,3-Dimethyl-but-1-ynyh)-thiophene-2-carboxyiic acid ethyl ester as a
yellow oif,

A solution of 5-(3,3-dimethyl-but-1-ynyl-thiophene-2-carboxylic acid ethyl
ester (6.9g) in THF (100 mL) was added LiOH (1.5N, 100mL). The mixture was

stirred at room temperature for 4 hours. Acidified reaction with HC! to pH =2, then
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remove volatiles under vacuo. The resulting beige color solid was collected by
filtration, washed with water then dried overnight to give 6.2 g of product which was
used without further purification.

To a solution of 5-(3,3-Dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid (6.2 g,
30 mmol; see patent appiication US5861421) in THF {100 mL) was added a solution
of nBuLi (2.0 M in peniane, 33 mL, 66 mmol) via an addition funne! at -78 °C. After
addition, the reaction was stirred at -78 °C for 1 h. A solution of I; (7.7 g, 30 mmol) in
THF (100 mL) was added slowly (ca. 15 min} to the flask. After a further 10 mins, the
reaction was quenched with 1 N HCI (50 mL) and warmed to room temperature. The
volatiles were removed in vacuo and the residue was dissolved in ether (500 mL).
The organic solution was washed with 1 M Na,S,0; (100 mbL x 2), brine (100 mL) and
dried over Na,SQ,. After concentrated in vacuo, the residue was purified by silica gel
chromatography (EtOAc/hexanes) to give 5-(3,3-Dimethyi-but-1-ynyl)-3-iodo-
thiophene-2-carboxylic acid (5.9 g, 65%) as a white solid.

To a soiution of 5-(3,3-dimethyl-but-1-ynyl)-3-iodo-thiopheneg-2-carboxylic acid
(1.0 g, 3.0 mmol) and DMF {20 ul) in dry dichloromethane (10 mL) was added oxalyl
chloride {508 pl, 6.0 mmol} at room temperature. After stirring at room temperaiure
for 80 min, the reaction was concenirated in vacuo to remove volatiles. The residue
was dissolved in pyridine (5 mL) and methanol (5 mL) and stirred for 2 h. The
volatiles were removed in vacuo and the residue was participated between ether
{150 mL) and saturated NH,C! sotution (50 mL). The organic layer was washed with
saturated NH,Cl solution (50 ml) and dried over Na,30,. After concentration in
vacuo, the residue was purified by silica gel chromatography {EtCAc/hexanes) to
give the desired product (835 mg, 80%).

b} Synthesis of 5-(3 3-dimethyi-but-1-vnvD-3-{4-methvl-cvclohexanecarbonvl)-

~thiophene-2-carboxylic acid methyl ester

Scheme 9
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A mixture of of 5-(3,3-dimethyl-but-1-ynyl}-3-iodo-thiophene-2-carboxylic acid
methyl ester_(0.5 g, 1.5 mmol)}, paliadium acetate (0.015 g, 0.32 mmol}, BINAP
(0.009 g, 0.15 mmol), cesium carbonate (1.2 g, 4.5 mmol) and (38)-Amino-

pyrrolidine-1-carboxylic acid tert-butyl ester (0.252 g, 1.01 mmol) in toluene (8 mL)
was heated to 110 °C for 8 h. The reaction was diluted with ethy! acetate filtered
through a Cslite pad and purified by silica gel chromatography to give 3-[5-(3,3~
dimethyl-but-1-ynyl}-2-methoxycarbonyl-thiophen-3 S-ylamino]-pyrrolidine-1-
carboxylic acid tert-butyl ester in 70% vyield.

To a cooled {0 °C) THF (3 mL) solution of 3-{5-(3,3-dimethyl-but-1-ynyl)-2-
methoxycarbonyl-thiophen-38-ylamina]-pyrrolidine-1-carboxylic acid tert-butyl ester
was first added KHMDS (1.0 mmol, 0.5 M in toluene), foliowed by neat trans-4-
methyl-cyclohexanecarbonyl chioride (0.2 mL, 1.24 mmol). The reaction was
warmed slowly to room femperature and quenched with saturated ammonium
chioride solution, The reaction mixture was diluted with EtOAc, washed with water,
brine, dried over sodium sulfate, filtrated and concenirated. The crude was then
diluted with EtOAc (10 mL), treated with 4M HC! in dioxane (0.5 mL) and heated to
50 °C for 30 min. The reaction mixture was cooled to room temperature
concentrated and purified by silica get column chromatography to give the title
compound in 70% vyield.

5.(3,3-dimethyl-but-1-ynyl}-3-[(4-methyl-cyclohexanecarbonyl}-pyrrolidin-35-
yl-aminol-thiophene-2-carboxylic acid methyl ester (0.3 g, 0.7 mmol) in a 3:2:1
mixiure of THF:MeOH:water (5 mL) was treated with lithium hydroxide monchydrate
(0.69 g, 1.65 mmol) and heated to 80 °C for 1 hour. The organic volatiles were
evaporated under reduced pressure and the crude material was purified by reverse-
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phase HPLC to afford 5-(3,3-dimethyl-but-1-ynyl}-3-[{4-trans-methyi-
cyclohexanecarbonyt}-pyrrolidin-3-(S)-yl-aminol-thiophene-2-carboxylic acid in 60%
vield.

Method C.

Exampie 58 — Compound 58; 5-(3.3-Dimethvi-but-1-yny}-3-{firans-4-methyl-
cyclohexanecarbonyh-[1-(S)-methyl-3-pyridin-3-vioxyi-propyvil-aminol-thiophene-2-

carboxylic acid

o!
==_ S

\ / ‘ou

~O AN

" Compound 58
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L-Alaninemethy! ester (10.0g, 71.6mmol) was taken up in CHLCL (600mL).
The solution was cooled {o 0 °C with an ice bath and benzyichioroformate (11.09mL
78.8mmol} was added followed by a slow addition of diisopropylethyl amine (28.2mlL
157.5mmol). The reaction was allowed to warm to rt and stired. The reaction was
monitored and determined to be complete at 1h by TLC. The reaction was quenched
with ¥z sat. NaHCO;,q,. The layers were separated and the aquéous was washed
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with CH.Cl; (B00mL). The organics were combined and dried over Na,80,. The
solids were filtered and solvent removed under reduced pressure, S-2-
benzyloxycarbanylamino-propionicacid methyl ester (14.22g, 84%) was isolated by
silica gel chromatography as a colorless oil.

To an Argon purged flask was added S-2-benzyloxycarbonylamino-
propionicacid methyl ester {14.10g, 59.4mmol) and CH,ClL, (500mL). The solution
was cooled to -78 °C internal using dry ice and methanol. DIBAL-H 1.0M in Toluene
{(118mL, 119mmol) was added over a period of 1h ensuring the internal temperature
does not exceed -68 °C. The solution was allowed fo stir at -78 °C for a period of
1.8h. The reaction was quenched with a slow addition of CH,0H (20mL.) foliowed by
the addition of sat NH.Ciq, (150mL). The solution was then allowed to warm to rt.
The solids were filtered through Celite. The layers were separated and the aguaous
was washed with CH,Cl, (500mL). The organics were combined and washed with
brine ang dried over Na,S0,. Solids were removed by filtration and solvent removed
under reduced pressure. {1-{8}-methyl-2-oxo-ethyl}-carbamic acid benzyl ester
{9.78g. 79%) was isolated by silica gel chromatography as a colorless oil.

Methyltriphenylphosphonium bromide {16.62g, 47.30mmol) was taken up in
toluene (350mL). The heterogeneous solution was cooled to 0 °C then KHMDS 0.5M
in toluene (80mL, 45mmol} was added. The reaction was stirred at 0 °C for 30 min,
then cooled to -78 °C and (1-(S}-methyl-2-oxo-ethyl)-carbamic acid benzy! ester
{6.11g, 29.56mmol) that was dissolved in toluene (45ml) was added. The solution
was warm to rt, stirred at rt for 30 min, then quenched with sat NHClag; (150mL}).
The layers were separated and the aqueous was washed with EtOAc. The organics
were combined and dried over Na,S0O,. Solids were removed by filiration and
solvent removed under reduced pressure. (1-(8)-methyl-aliyl}-carbamic acid benzyl
ester (4.80g, 81%) was isolated by silica gel chromatography as a colorless oil.

{(1-(8)-Methyl-allyl}-carbamic acid benzyl ester {1.96g, 9.56mmol) was taken
up in THF (200mL). S-BBN 0.5M in THF (38mL, 19.0mmol) was added slowly to the
reaction mixture. The solution was allowed fo stir at rt for 16h. Quenched with H,O
(65mL}, followed by 1.0M NaOH,q {20mL). The solution was cooled to 0 °C in an
ice bath and M0, 30% in H,0 {7.0mL) was slowly added. The reaction was
partitioned between ELO and H;O. The layers were separated and the aqueous
washed with EfQ. The combine organics were dried over Na,SC,. Solids were
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filtered and the solvent removed under reduced pressure. (3-hydroxy-1-{S)-methyl-
propyl}-carbamic acid benzyl ester (1.85g, 87%) was isolated by silica gel
chromatography as a white solid.

{3-Hydroxy-1-{S)-methyi-propyt)-carbamic acid benzyl ester {8.02g,
35.9mmot) was taken up in DMF (75mL.). tert-Butyl-dimethyisilyl chioride (8.12g,
53.9mmel} was added to the solution followed by imidazole (4.15g, 61.0mmol). The
reaction was stirred at rt and monitored by TLC. The reaction was determined to be
complete at 1h by TLC. The reaction was taken up in EtOAc {200mL )} and partitioned
between 5% LiClq (200mL). The aqueous was back extracted with EtOAc. The
organics were combined and washed with 3 X 200mL 5% LiCl.q, and dried over
Na,S0.. Solids were filtered and solvent removed under reduced pressure. [3-{tert-
Butyl-silanoxy}-1-(S)-methyl-propyil-carbamic acid benzyl ester (12.73g, 100%) was
isolated by silica gel chromatography as a white solid,

3-{tert-Butyl-silanoxy}-1-(S)-methyl-propyll-carbamic acid benzyl ester
(12.37g, 36.7mmol) was taken up in EtOH {200mL). The solution was purged with
argon for 15min, then 10% Pd/C (1.24g) was added. The vessel was evacuated and
backfilied with Hy, three times. Stir under a My, atmosphere monitoring by TLC.
The reaction was determined o be complete after 2h. The reaction was put through
a PTFE filter and solids washed with CH,Cl,. Solvent was removed under reduced
pressure and the colorless ail 3-(fert-butyl-dimethyl-silanoxy)-1-(S}
methyipropylamine (8.34g, 100%) was used without any purification,

An argon purged flask was charged with 3-(fert-butyl-dimethyi-silanoxy)-1-(S)-
methylpropylamine (3.50g, 17.24mmmol}, 5-(3,3-dimethyl-but-1ynyl)-3-iodo-
thiophene-2-carboxylic acid methyl ester (3.0g, 8.62mmaol), Pd{QAc), (288mg,
1.28mmol}, and +-BINAP 801mg, 1.28mmal). Argon degassed toluens (90mL) was
add to the reaction mixture and the reaction was placed in a preheated 120 °C oil
bath and stirred for 16h. The solvent was removed under reduced pressure and
taken up in hexanes. 3-[3-(fer-butly-dimethyl-silanoxy}-1-(S}-methyl-propylamino}-5-
{3,3-dimethyl-but-1-ynyhthiophene-2-carboxylic acid methy! ester was isolated by
silica gel chromatography (2.87g, 79%) as a yeliow solid.

3-[3-{tert-Butyl-dimethyl-silanoxy)-1-(S )}-methyl-propylamino]-5-(3, 3-dimethyl-
but-1-ynybhithiophene-2-carboxylic acid methy! ester {8.2g, 18.24mmal) was taken up
in THF {200mL}. TBAF 1.0M in THF (88.15mL, 88.15mmol} was added in 20 mL

increments at rt. The reaction was monitored by LC/MS. The reaction was
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determined 1o be complete at 30 min. and was quenched with sat NH,Cl,q; (200mL).
After stirring at rt for 1h. the organics were removed under reduced pressure and
treated with EtOAc. The solution was dried over Na,SQ,, solids were filtered and the
sclvent removed under reduced pressure. 5-(3,3-dimethyl-but-1-ynyh3-( 3-hydroxy-1-
{S)-methyl-propylamino}-thiophene-2-carboxylic acid methyl ester {4.0g, 73%) was
isolated by silica gel chromatography as a yellow solid.
5-(3,3-Dimethyl-but-1-ynyh3-{3-hydroxy-1-( S }-methyl-propylamino -
thiophene-2-carboxylic acid methyl ester (4.0g, 12.94mmol} was taken up in pyridine
(100mL}). Trans-4-methyl-cyciohexanecarbony{ chloride (12.40g, 77.66mmol) was
added and the reaction was placed in a 100 °C preheated oil bath and stirred for 16h.
After cooling {o rt the solvent was removed under reduced pressure. The residue
was partitioned between EtOAc and 2N HCl,,, the organics dried over Na,S0,, and
the solids filtered. Solvent was removed under reduced pressure and 5-(3,3-
dimethyi-but-1-ynyl)-3-[(trans-4-methylcyclohexanecarbonyl)- {1-(S)-methyl-3-(trans-
4-methyl-cyclohexanecarbonyloxy}-propyl]-aminc}-thiophene-2- carboxylic acid
methyl ester (4.15g, 58%) was isolated by silica gel chromatography as a yeliow solid.

A mixture of THF (20mL) and CH;OM (10mL} and 5-(3,3-dimethyt-but-1-yny)-
3-{{trans-4-methylcyclohexanecarbonyl}- [1-(S}-methyl-3-{irans-4-methyl-
cyclohexanecarbonyloxy)-propyll-amino}-thiophene-2- carboxylic acid methyl ester
{(4.15g, 7.45mmol) was treated with dissolved LIOHH,0 (1.56g, 37.20mmol} in H,0
(10mL). After stirring at rt for 3h., the reaction was determined to be complete by
LC/MS. After adjusting pH = 2 with 2N HCl,, the organics were removed under
reduced pressure and the residue partitioned with EtOAc. The organics were
separated, dried and the solvent removed under reduced pressure. 5-(3,3-Dimethyi-
but-1-ynyl}-3-[(3-hydroxy-1-{S}-methyl-propyl)-{irans-4-methyl-cyclohexanecarbonyl)-
aminol-thiophene-2-carboxylic acid TFA salt {3.96g, 95%) was isolated by reverse
phase HPLC as a white solid.

A mixture of 5-(3,3-dimethyl-but-1-ynyl}-3-{{ 3-hydroxy-1-(S)-methyl-propyi)-
(trans-4-methyl-cyclohexanecarbony!}-amino]-thiophene-2-carboxylic acid TFA salt
(0.100g, 0.238mmol} and 3-fluoropyridine (0.046g, 0.476mmol) in DMSO (3.0mL)
was treated with KOtBu (0.106g, 0.852mmol) in ane portion. The reaction was
determined to be complete by LC/MS in 30 min. After guenching the reaction with
20% AcOH in HyO (2mL), 5-(3,3-dimethyl-but-1-yny)-3-[(trans-4-methyi-
cyclohexanecarbony!}-{1-(8)-methyi-3-pyridin-3-yloxy)-propyll-aminol-thiophene-2-
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carboxylic acid TFA salt (0.029g, 26%) was isolated by reverse phase HPLC as an
off-white solid.

LC/MS = 496.84 (M" +1)

Retention time: 4.14 min

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

Exampie 58 ~ Compound 58: 5-(3,3-dimethvi-but~ 1-ynyl)-3-{(trans-4-methvi-

cvclohexanecarbonyl)-[1-(S)}-methyi-3-pyrimidin-2-vioxy)-propyil-amincl-thiophene-2-
carboxylic acid

Compound 59

A mixture of 5-(3,3-dimethyl-but-1-ynyl)-3-[(3-hydroxy-1-(S)-methyi-propyi)-
{trans-4-methyl-cyclohexanecarbonyl}-amino]-thiophene-2-carboxylic acid TFA salt
(0.100g, 0.238mmol) and 2-chloropyrimidine (0.028g, 0.250mmol) in DMSO (3.0mL}
was treated with KOtBu (0.087¢g, 0.776mmol} in one portion. The rasaction was
determined to be complete by LC/MS in 30 min. After quenching the reaction with
20% AcOH in HoO (2ml), 5+(3,3-dimethyl-but-1-ynyl)-3-{{trans-4-methyl-
cyclohexanecarbonyl}-{ 1-(S }-methyl-3-pyrimidin-2-yloxy)-propyli-aminel-thiophene-2-
carboxylic acid TFA salt {(0.015g, 13%) was isolated by reverse phase HPLC as an
off-white solid.

LCMS = 520.18 (M" +Na)

Retention time: 3.79 min

Gradient: 0 min-0.2min 5% ACN, 0.2 min~3.95 min 5%-100% ACN, 3.85 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

Exampie 80 —~ Compound 80: 8-(3, 3-dimethvi-but-1-ynvil-2-l{irans-4-methyi-
cyclohexanecarbonyl-[1-(S)-methyl-3-pyridin-2-yvloxy -propyil-amino-thicphene-2-
carboxvlic acid

11
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Compound 60

=

A mixture of 5-{3,3-dimethyl-but-1-ynyl}3-[{3-hydroxy-1(S}-methyl-propyl)-

5 (trans-4-methyl-cyciohexanecarbonyl)-aminol-thiophene-2-carboxylic acid TFA salt
{0.182g, 0.340mmol) and 2-flucropyridine (164ul, 1.70mmol} in DMSO (5.0mL) was
treated with KOtBu (0.152g, 1.36mmol} in one portion. The reaction was determined
fo be complete by LC/MS in 30 min. After quenching the reaction with 20% AcOH in
H:0 {2ml), 5-3,3-dimethyl-but-1-ynyl}-3-[{trans-4-methyi-cyclohexanecarbonyl)-[1-

10 {S)-methyi-3-pyridin-2-yloxy)-propyll-aminc]-thicphene-2-carboxylic acid TFA salt
{0.195g, 94%) was isclated by reverse phase HPLC as an off-white solid.
LC/MS = 496,85 (M™ +1)
Retention time: 2.33 min
Gradient: 0 min-0.1min 5% ACN, 0.1 min—1.85 min 5%-100% ACN, 1.95 min-3.50
15  min 100% ACN, 3.50 min-3.55 min 100%-5% ACN, 3.55 min-4.0 min 5% ACN.

Example 61 - Compound 61: 3-I3~(4-dimethylaminomethyl-ovridin-2-vloxy)-1-{S}
methyl-propyli-{trans-4-methyl-cvclohexanecarbonyi)-amingl-5-(3,3-dimethvl-but-1-
ynvli-thiophene-2-¢carboxylic acid

0
S N
\_J Tom

LHH D,
20 (8] 0" N

Compound 61

A mixture of 5-(3,3-dimethyl-but-1-ynyt}-3-[(3-hydroxy-1-(S)}-methyt-propyl)-
(frans-4-methyl-cyclohexanecarbonyl)}-aminol-thiophene-2-carboxylic acid TFA sait
25  (0.218g, 0.588mmol) and (2-flucropyridin-4-yi-methyl)-dimethylamine (0.400g,
2.59mmol} in DMSO (5.0mL) was treated with KOtBu (0.267g, 2.39mmol} in one

112



10

16

20

25

30

WO 2011/611303 PCT/US2010/642394

portion. The reaction was determined to be complete by LC/MS in 30 min. After
quenching the reaction with 20% AcOH in H,0 (8mL.), 3-[[3-{4-dimethylaminomethyl-
pyridin-2-yloxy)-1~{S)-methylkpropyl]-(frans-4-methyl-cyclohexanecarbonyl)-amino}-5-
{3, 3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid TFA sali (0.272g, 68%) was
isolated by reverse phase HPLC as an off-white solid.

LC/MS = 553.94 (M™ +1)

Retention ime: 3.30 min

Gradient: § min-0.2min 5% ACN, 0.2 min-3.85 min 5%-100% ACN, 3.85 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

Example 62 - Compound 62: 5-(3 3-dimethyi-but-1-yvayl-3-[{rans-4-methyi-
cyciohexanecarbonyl=[1-(S)methyl-3-{4-pyrrolidin-1-vi-methvi-pyridin-2-vioxy)-

propyli-aminol-thiophene-2-carboxvlic acid

Compound 62

A mixture of 5-(3,3-dimethyl-but-1-ynyl}-3-{{3-hydroxy-1-(8)-methyl-propyl)-
(trans-4-methyl-cyclohexanecarbonyl)-amino]-thiecphene-2-carboxylic acid TFA sait
{0.050g, 0.119mmol} and 2-fluore-4-pyrrolidin-1-yl-methyl-pyridine {0.100g,
0.555mmol} in DMSO (1.5mL) was treated with KOtBu (0.053g, 0.476mmol) in one
portion., The reaction was determined to be complete by LC/MS in 30 min. After
quenching the reaction with 20% AcOH in H,0 (1mL), 5-(3,3-dimethyl-but-1-ynyl}-3-
[{trans-4-methyl-cyclohexanecarbonylj-[ 1-(S }methyi-3-(4-pyrrolidin-1-yl-methyl-
pyridin-2-yloxy}-propyll-aminc}-thiophene-2-carboxylic acid TFA salt (0.030g, 37%)
was isolated by reverse phase HPLC as an off-white solid.

LC/IMS = 580.00 (M™ +1)

Retention fime; 3.25 min

Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.
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vioxy 1-(8)methyi-propyil-{trans-4-methvil-cyclohexanecarbonvl Laminol-thiophens-

2-gcarboxylic acld

O
=S
\ / ToH
C
N “ i H
O L
O 0" N
Compound 63

A mixture of 5-(3,3-dimethyl-but-1-ynyl)-3-[(3-hydroxy-1-(S }-methyl-propyl}-
{trans-4-methyl-cyciohexanecarbonyl-aminol-thiophene-2-carboxylic acid TEA sait
{0.100g, 0.238mmol) and 2,8-dichloropyridazine (0.176g, 1.18mmol) in DMSO (3mL)
was treated with KOtBu (0.108g, 0.852mmol} in one portion. The reaction was
determined to be complete by LC/MS in 30 min. After quenching the reaction with
20% AcOH in Ha0 (Bml.), 3-{[3-(B-chioro-pyridazin-3-yloxy)-1-(S}-methyl-propyl}-
(trans-4-methyl-cyciohexanecarbonyt)-amino}-5-3, 3-dimethyl-but-1-ynyt)-thiophene-
2-carboxylic acid TFA salt {0.056g, 36%) was isolated by reverse phase HPLC as an
off-white solid.

A mixture of 3-[[3-{G-chioro-pyridazin-3-yloxy)-1(S)-methyl-propyl}-(trans-4-
methyl-cyclohexanecarbonyi}-aminol-5-(3, 3~-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid TFA salt (0.56g, 0.087mmoal) in AcOH (2.0mL) and NaOAc (0.37g,
0.434mmot) was placed in a preheated 100 °C oil bath and stirred for 3h. The
reaction was determined to be complete by LC/MS. After cooling, the reaction was
diluted with CH;OH (BmL). 5-(3,3-Dimethyl-but-1-ynyl}-3-[{3~(6-hydroxy-pyridazin-3-
yloxy}-1-{S)-methyl-propyl}-{trans-4-methyi-cycichexanecarbonyl)-aminol-thiophene-
2-carboxylic acid TFA salt (0.07g, 13%) was isclated by reverse phase HPLC as an
off-white solid.

LC/MS = 536.12 (M" +Na)

Retention fime: 3.50 min

Gradient: 0 min-0.2min 5% ACN, 0.2 min~3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-8 min 5% ACN.
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Example 84- Compound 84: 5-(3,3-dimethylbut-1-ynv}-3-(4-methyl-N-
{4-{4-methyl-4H-1,2. 4-{riazol-3~
yithio)ovelohexylcyclohexanecarboxamidolthiophene-2-carboxylic

acid

\i I
™ OH
Py OMe S
I S N
- 9\( N
L< o o
S

1
{ yomrt JTN\) N
N iBr
o= o Hs” N 1.DBU. dioxane 0=

2. 50% KOH Q
3-[{4-Bromo-cycichexyi}-(4-methyl-cyclohexanecarbonyl}-amino}-5-(3,3-

N

Compound 84

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methy! ester {75 mg, 0.143 mmol,
1.0 eq.) was weighed into a round-botiomed flask containing 1,4-dioxane (2 mL) and
purged with Ny, 4-Methyl-4H-[1,2 4]triazole-3-thiol (83 mg, 0.718 mmel, 5.0 eq.) and
DBU (107 ulL, 0.718 mmol, 5 eq.) were then added fo the solution. The reaction was
stirred at 80 °C until the complete consumiption of bromide. The solution was then
cooled to room temperature and 50% KOH (1.0 mL) was added to the flask. The
reaction was heated at 40 °C for 2 h. The reaction was cooled to 0 °C and acidified
with 2 N HCI. After removing volatiles, the residue was purified by reverse phase
preparative HPLC to afford Example 1 (5-(3,3-Dimethyl-but-1-yny!)-3-{(4-methyl-
cyclohexanecarbonyl}-[4-(4-methyl-4H-[1,2 4ltriazol-3-yisulfanyl-cyclohexyll-amino}-
thiophene-2-carboxylic acid, 32 mg, 41%).

MS {m/z) 543.2 [M+H] HPLC retention time: 4.40 min {5-95% acetonitrile with 0.05%
TFA: water with 0.05% TFA).

Example 85 - Compound 85: 5-{3 3-dimethylbut-1-ynvi}-3-(4-methyl-N-
{4-{4-methyl-4H-1,2 4-triazol-3-
ylthiojcyclohexyljcyciohexanecarboxamidg)thiophene-2-carboxyiic
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5-(3,3-Dimethyl-but-1-ynyl)-3-[{4-hydroxy-cyclohexyl)-(4-methyi-
cyciohexanecarbonyl}-aminoj-thiophene-2-carboxylic acid methyl ester (82 mg, 0.2
mmol, 1.0 eq.), 4-methyl-4H-[1,2 4]triazole-3-thiol (46 mg, 0.4 mmol, 2.0 eq.),
triphenylphasphine (106 mg, 0.4 mmol, 2.0 eq.), DIAD (77 ul, 0.4 mmol, 2.0 eq.) and

‘ i
>\\/S OMe Q\: S Me N
ﬁ \( -

triethyl amine (42 pL, 0.3 mmol, 1.5 eq.) were weighed into a round-bottomed flask
containing THF (2.0 mL}. The solution was purged with N, and stirred af room
temperature for 12 h. The solution was concentrated to an oil and then purified by
silica gel chromatography (0-100% EtOAc in hexanes) to afford 5-(3,3-Dimethyl-but-
1-ynyl}-3-{(4-methyl-cyclohexanecarbonyl)-[4-(4-methyl-4H-[1,2 4}triazol-3-
ylsulfanyl)-cyclohexyl]-amino}-thiophene-2-carboxylic acid methyl ester (83 mg, 57%).

w LIOH, H,0, THF

" /o N
O (O
0= o=

Q R

Compound 85
5-(3,3-Dimethyi-but-1-ynyl)-3-{{4-methyi-cyclohexanecarbonyl)-{4-{4-methyi-
4H-[1,2 4]triazol-3-yisulfanyl}-cyclohexyll-amino}-thiophene-2-carboxylic acid methyl
ester (63 mg, 0.113 eq.) was dissolved in THF (2.0 mL) in a round-botiomed flask. A
solution of LiOH (14 mg, 0.34 mmol, 3.0 eq.) in water (1.0 mi) was added. The

reaction was stirred at room temperature overnight. The reaction was then
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neutralized with 0.2 mlL 2 N HCI, concentrated, and purified by reverse phase
preparative HPLC to afford Example 2 (5-(3,3-Dimethyi-but-1-ynyi)-3-{(4-methyl-
cyclohexanecarbonyi}-[4-{4-methyl-4H-[1,2 4]triazoi-3-yisulfanyl)-cyclohexyl-amino}-
thiophene-2-carboxylic acid, 27 mg, 44%).

5 WS (mfz) 543.2 [M+H]" HPLC retention time: 4.92 min (5-85% acetonitrile with 0.05%
TFA: water with 0.05% TFA).

Examples 86-108 were synthesized by the same method as Examples 84 or 85 using
the appropriaie heterocyclic thiol as substrate.

10
Example 86 — Compound 86: 3-(N-{4-(1.3,4-Thiadiazol-2-yithiocyciohexyl)-4-
methyleyclohexanecarboxamido)-5-(3, 3-dimethylbut-1-ynylthiophane-2-carboxvlic

acid

. =

Compound 86

MS (m/z) 546 [M+H]" HPLC retention time: 3.3 min (50-98% acetonitrile:water
with 0.05% ftifluorcacetic acid; 6 min run).
20
Example 87 - Compound 87: 5-(3,3-Dimethyibut-1-ynvi)-3-{4-methvl-N-{4-{ pyridin-4-
yithio)eyclohexyllcyelohexanecarboxamidothiophene-2-carboxylic acid

M7
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Compound 87

MS (m/z) 539 [M+H]” HPLC retention time: 4.08 min {6min HPLC method 2-
5  98% acetonitrile:water with 0,05% tifiluoroacetic acid).

Example 88 - Compound 88: 5-(3 3-Dimeathylbut-1-ynvh-3-{4-meihyl-N-4-(pyridin-2-
vithio-N-oxide jeyclohexylleyclohexanecarboxamidothiophene-2-carboxviic acid

10 Compound 88

MS (m/z) 855 [M+H]" HPLC retention time: 2.43 min {50-88%
acetonitrile:water with 0.05% tifluoroacetic acid; 6 min run).

15  Example 88 - Compound 83: 5-(3 3-Dimethvlbut-1-yrnyl)-3-{N-{4-{ 1-ethvi-1H-imidazol~
2-vithioeyclohexyh-d-methvicyclohexanecarboxamidolthiophene-2-carboxyiic acid
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Compound 89

MS (m/z) 556 [M+H]" HPLC retention time: 4.19 min {2-88% acetonitrile:water
5  with 0.05% tifluoroacetic acid; 6 min run).

Example 90 ~ Compound 80: 3-(N-(4-(4-Cvclopropvi-4H-1.2,4-triazoi-3-
yithio)oyclohexyl-4-methyloyciohexanecarboxamido -5+ 3, 3-dimethylbut-1-
ynvlithiophene-2-carboxylic acid

. =

Compound 80

MS (m/z) 569 [M+H]" HPLC retention time: 4.66 min (2-98% acetonitrile:water
with 0.05% tifluoroacetic acid; 6 min run}.
15

Example 81 - Compound 91: 5-(3.3-Dimethyibut-1-yvnvii-3-{ 4-methyi-N-(4-{guinaiin-2-
vithio)evclohexvhicyciohexanecarboxamido)thiophene~2-carboxyiic acid
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Compound 81

MS {m/z) 588 [M+H]" HPLC retention time: 4.37 min (50-98%
5  acetonitrile:water with 0.05% tifiuoroacetic acid; & min run).

Example 82 - Compound 82: 3-{N-{4-(]1.2 4]-Triazolol4,3-alpyridin-3-
yithiooyclohexvh-4-methvicvclohexanecarboxamido}-5-( 3,3-dimethylbut-1-

ynylithiophene-2-carboxylic acid

10

O —

S PN
\

4

Compound 92

MS (m/z) 578 [M+H]" HPLC retention time: 2.44 min (50-98%

15 acefonitrile:water with 0.05% tiflucroacetic acid; 8 min run).

Example 83 - Compound 83: 5-{3 3-Dimethylbut-1-vriv)-3-{4-methyl-N-(4-(thiophen-
2-vithiooyclohexyllovelohexanecarboxamidothiophene-2-carboxviic acid
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Compound 93

MS (m/z) 544 [M+H]" HPLC retention time: 4.36 min (50-98%
5  acetonitrile:water with 0.05% tifluoroacetic acid; 8 min run).

Example 84 - Compound 84: 3-(IN-(4-(1H-Imidazol-2-yithio)cyciohexy-4-
methyleyclohexanecarboxamido}-5-(3. 3-dimethyibut-1-ynyhithiophene-2-carboxylic
acid

10

Compound 94

MS (m/z) 528 M+H]" HPLC retention time: 3.92 min (2-98% acetonitrile:water
15 with 0.05% tifluorcacetic acid; 6 min run).

Example 85 - Compound 85: 3~(N~{4-{5-Aminc-2H-1.2 4-triazol-3-yithiocvelohexvi)-
4-methvicyclohexanecarboxamido -5-(3, 3-dimethylbut-1-yny ithiophene-2-carboxylic
acid

20
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Compound 85

V4

MS (m/z) 544 [M+HT" HPLC retention time: 3.99 min (2-08% acefonitrile:water
with 0.05% tifluoroacetic acid; 6 min run).

Example 96 - Compound 96: 3-(N-(4-(3H-1,2,3-Triazol-4-vithio oyclohexyi)-4-
methyleyciohexanecarboxamido}-5-(3, 3-dimethvibut-1-ynvilthiophene-2-carboxylic

acid

Compound 96

MS (m/z) 529 [M+H]" HPLC retention time: 4.85 min (2-98% acetonitrile:water
with 0.05% tiflucroacetic acid; 6 min run).

Example 87 - Compound 97 3-(N~{4-{1H-1.2.4-Triazol-3-vithicoyciohexy!)-4-
methylcvciohexanecarboxamido)-5-( 3. 3-dimethvibut-1-ynyhithiophene-2-carboxylic

acid
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Compound 87

MS (m/z) 529 [M+H]" HPLC retention time: 4.58 min {2-98% acetonitrile:water
5  with 0.05% tifluoroacetic acid; 6 min run).

Example 98 - Compound 98; 5-(3,3-Dimethvibui-1-ynyl)-3-(4-methyl-N-{4-(5-methyl-

1,3.4-oxadiazol-2-yithio )oyclohexylicyclohexanecarboxamido)thiophene-2-carboxylic
acid

10

Compound 98

MS (m/z) 540 [M+H]" HPLC retention time: 5.21 min {2-88% acetonitrile:water
15 with 0.05% tifluoroacetic acid; 6 min run).

Example 98 - Compound 89: 5+ 3. 3-Dimethyibut-1-vrvi-3-{ 4-methvi-N~{ 4-{ pyridin-2-
ithic jeyclohexyl)ecyclohexanecarboxamido ithiophene-2-carboxyvlic acid
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Compound 99

MS {miz) 539 [M+H]" HPLC retention fime: 5.23 min (2-98% acetonitrile:water
5 with 0.05% tifluoroacetic acid; 6 min run).

Exampie 100 - Compound 100: 5-{3.3-Dimethyibut-1-ynyl)-3-{4-methyi-N-{4-
{pyrimidin-2-vithiooyciohexyhoyclohexanecarboxamido thiophene-2-carboxylic acid

0
S S

\

CH N>/‘\
=N
(e
o=

Z,

! =

Compound 100

MS (m/z) 540 [M+HT" HPLC retention time: 5.58 min (2-98% acetonitrile:water
with 0.05% tifluoroacetic acid; 6 min run).
15

Example 101 - Compound 101: 8-{3,3-Dimethvibui-1-ynyD-3-{4-methyl-N-{4-(1-
methvi-1H-tetrazol-5-vithiocyclohexvhoyclohexanecarboxamidothiophene-2-
carboxylic acid
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Compound 101

MS {m/z) 543 [M+H]" HPLC retention time: 4.42 min (2-98% acetoniirile:water
5  with 0.05% iifluoroacetic acid; 6 min run).

Example 102 - Compound 10Z: 5-(3,3-Dimethylbut-1-ynyi-3-{4-methyi-N-{4-{5-
methyi-1.3,4-thiadiazol-2-vithioc Joyciohexyloyclohexanecarboxamido)thiophene-2-
carboxylic acid

10

=
o=Z

=

Compound 102

MS (miz) 560 [M+H]" HPLC retention time: 5.42 min (2-98% acetonitrile:water
15 with 0.05% tiflucroacetic acid; & min run).

Example 103 - Compound 103: 5-(3,3-Dimethyibut-1-ynyi}=3-(4-methyl-N-(4~(5-
methyl-1,3 4-thiadiazol-2-vlthio Jeyclohexvheyclohexanecarboxamidothiophene-2-
carboxylic acid

20
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Compound 103

MS (m/z) 560 [M+H]" HPLC retention time: 5.33 min (2-98% acetonitrile:water
5  with 0.06% tifluoroacetic acid; 6 min run).

Example 104 - Compound 104: 5-(3,3-Dimethyibut-1-vny)-3-(4-methyvl-N-(4-(1-
methyl-1H-tetrazol-5-yithio Jovclohexyhicyclohexanecarboxamido thiophene-2-
carboxviic acid

10

Compound 104

MS (m/z) 544 [M+H]" HPLC retention time: 4.99 min (2-08% acetonitrile:water
15  with 0.05% tifluoroacstic acid; 6 min run).

Example 105 - Compound 185: 3-(N-{4-{1,3 4-Thiadiazol-2-vithic eyclohexyl-4-
methvicyclohexanecarboxamido)-5-{3 3-dimethvlbui-1-vnvlithiophene-2-carboxylic

acid

20

126



WO 2011/011303 PCT/US2010/042394

Compound 105

MS (m/z) 546.2 [M+H]" HPLC retention time: 2.61 min (2-88%
5  acetonitrilerwater with 0.05% tifiucroacetic acid; 8 min run).

Example 106 - Campound 166: 5-(3,3-Dimethvibut-1-vriv))-3-(4-methyl-N-{4-(thiazol-
Z-vithioicyciohexviicvciohexanecarboxamidothiophene-2-carboxviic acid

10 >

Compound 106

MS {(m/z) 545.2 [M+H]" HPLC retention time: 3.2 min (2-98%
acetonitrile:water with 0.05% tiflucroacetic acid; 6 min run}.
15
Example 107 - Compound 107 5-3,3-Dimethvibut-1-ynvi-3-(4-methvi-N-{4-{thiazol-

2-vithiolcyclohexylcyelohexanecarboxamidolthiophene-2-carboxvlic acid
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Compound 107

Ry,

S

MS (miz) 545.1 [M+H]" HPLC retention time: 3.15 min (2-98%
5  acetonitrile:water with 0.05% tifluoroacetic acid; 6 min run).

Example 108 - Compound 108: 5+3 3-Dimethvibut-1-ynv}-3-(4-methyi-N-(4-
{pyrimidin-2~vithio levelohexylicyclohexanecarboxamido thiophene-2-carboxylic acid

OH
=_ S

| N\

7
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e O
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Compound 168

\\\I’L.

MS (m/z) 540.2 [M+H]" HPLC retention time: 2.89 min (2-98%
acetonitrite:water with 0.05% tifluoroacetic acid; 6 min run).
15
Examples 109-111 were synthesized from the corresponding thio compounds by

oxidation with peracetic acid,

Example 109 - Compound 109: 5-(3 3-Dimethyibut-1-ynvh)-3-(4-methyi-N-(4-
20 (tetrahydro-2H-pyran-4-yisulfonylicyclohexylicyclohexanecarboxamidothiophene-2-

carboxylic acid
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o= g o
Compound 109
5 MS (m/z) 558 [M+H]* HPLC retention time; 4.09 min (50-98%

acetonitrile:water with 0.05% tifluoroacetic acid; 8 min run).

Example 110 - Compound 110: 5+(3,3-Dimethylbuf-1-ynyl}-3-(4-methyl-N-(4-{1-
methyl-1H-tetrazol-5-visulfonvioyclohexyleyolohexanecarboxamido)thiophene-2-
10 carboxylic acid

Compound 110

15 MS (m/z) 576 [M+H]" HPLC retention time: 4.95 min {2-98% acetonitrile;water
with 0.05% tifluoroacetic acid; 6 min run).

Example 111 - Compound 111: 5-(3,.3-Dimethylbut~T-ynyh-3-({ 11.48 }-4-methyi-N~{ 4~
{{R}~1-methvi-1H-tetrazol-5-visulfinyDovelohexyheyclohexanecarboxamidolthiophene-
20  2-carboxylic acid
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Compound 111

MS (mfz) 580 [M+H]" HPLC retention time: 4.73 min {2-98% acetonitrile:water

5  with 0.05% tifluoroacetic acid; 6 min run).

10  Example 138 - Compound 138: 5-{3 3-dimethyl-but-1-ynvi}-3-{{4-methyl-
cyclohexanecarbonyD-13-(pyridin-3-vioxy-ethvll-aminol-thiophene-2-carboxyiic acid

0
= 8

s 9 3 )'U\
NaBH(OAc) EJ/\, 2. LiOH
AcOH
N

A mixture of 3-Amino-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
15 methyl ester (100 mg, 0.42 mmol), {pyridin-3-yloxy }-acetaldehyde (86 mg, 0.7 mmol),
AcOH (300 mg, 5 mmol) in DCE (2 mL) was freated with NaBH{OAc); {179 mg, 0.9
mmol) for 16 h. The reaction was guenched with water (10 mL) and extracted with
EtOAc. The crude material was then dissolved in pyridine (5 mL} and reated with
neat frans-4-methyl-cyclohexanecarbonyl chioride (0.132 g, 0.825 mmel). The

20  reaction was heated for 16 h at 85 °C and quenched with saturated ammonium
130
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chioride solution. The reaction mixture was diluted with EtOAc, washed with water,
brine, dried over sodium sulfate, filtered and concentrated. The crude material was
then dissolved in a 3:2:1 mixture of THF:MeOH:water (5 ml), treated with fithium
hydroxide monohydrate (0.69 g, 1.65 mmol} and heated to 60 °C for 1 hour. The
organic volatiles were evaporafed under reduced pressure and the crude material
was purified by HPLC to afford the fitle compound. MS (m/z); 470.0 [M+H]; HPLC

retention time: 3.36 min (2-98% acetonitrile:water with 0.05% trifluorcacetic acid).

Example 139 - Compound 139; 5-(3,3-dimethyl-but-1-ynyi}-3-{{4-methyl-

cyclohexanecarbony-[3-(pyridin-2-vioxy -ethvil-aminoi-thiophene-2-carboxviic acid

e, O
S

\ / g“
N
g
2
\I

Compound 139

The title compound was synthesized in a manner analogous to Example 138,
using {pyridin-2-yloxy)-acetaldehyde in place of (pyridin-3-yloxy)-acetaldehyde: MS
(miz): 468.9 [M-H]"; HPLC retention time: 4.47 min {2-98% acetonitrile:water with
0.05% frifiuoroacetic acid) 30 min run.

Example 143 - Compound 143; 5-(3,3-dimethyi-but-1-ynvi)}-3-{trans-4-methvi-
cyclohexanecarbenyl)-[1-(S-methyil-3-(pyrimidin-5-vioxy-propvil-aminol-thiophane-
2-carboxvlic acid

Compound 143
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The 5-(3,3-dimethyl-but-1-ynyl}-3-{(3-hydroxy-1-(S)-methyi-propyl)-{irans-4-
methyl-cyciohexanecarbonyi}-aminol-thiophene-2-carboxylic acid TFA salt (100mg,
0.238mmol} and 5-chloro-pyrimidine (137mg, 1.184mmol) were dissolved in DMSO
(2mL}. To this solution tBUOK {107mg, 0.956mmol) was added in one portion at t.
The reaction was allowed to stir at rt for 1h and then heated to 80°C for 1.5h.
Additional tBuOK (50mg)} and S-chloro-pyrimidine (B9mg) were added and the
reaction was run at 60°C for another 1h. The reaction was then heaied to 100°C for
another 1h. Additional tBuOK (50mg) and S-chioro-pyrimidine (69mg) were added
and the reaction was run at 100°C overnight. The reaction was cooled to rt and
qguenched with a 20% (viv) solution of acsetic acid in water. The reaction was diluted
with MeOH and 5-(3,3-dimethyl-but-1-ynyl)-3-{{trans-4-methyl-cyclohexanecarbonyl)-
[1~(S}-methyl-3-(pyrimidin-5-yloxy)-propyli-aminc}-thiophene-2-carboxylic acid (4mg,
2.7%) was isolated by reverse phase HPLC as the TFA salt.

LC/MS {m/z): 487 .88 {M+1]

Retention time: 2.56min

LC: Thermo Electron Surveyor HPLC

MS: Finnigan LCQ Advantage MAX Mass Spectrometer

Colurn: Phenomenex Polar RP 30 mm X 4.6 mm

Solvents: Acetonitrile with 0.1% formic acid, Water with 0.1% formic acid
Gradient: 0 min-0.1 min 5% ACN, 0.1 min—-1.95 min 5%-100% ACN, 1.95 min-3.5
min 100% ACN, 3.5 min-3.85 min 100%-5% ACN, 3.55 min-4 min 5% ACN

Example 144 - Compound 144: 5-(3,3-dimethyl-but-1-yovi)-3-[[3-{ 2-ethoxy-7 -
methoxy-8-methyl-guinolin-4-vioxy)-1-(8)-methvi-propyvii-(4-methyl-

cyclohexanecarbonyl}l-aminol-thiophene-2-carboxylic acid

OH Ole
== .5
\ / o
N ol
D‘Oﬂ“& {/ N 4 N
0 OEt

Compound 144
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The 5-(3,3-dimethyl-but-1-ynyl)-3-[(2-hydroxy-1-(S)}-methyl-propyl)-(trans-4~
methyl-cyclohexanecarbonyl}-amino]-thiophene-2-carboxylic acid TFA salt (100mg,
0.239mmol} and 4-chioro-7-methoxy-2-ethoxy-8-methyl-quinoline (301mg,
1.185mmol) were dissolved in DMSO (3ml.). To this solution tBuOK (107mg,
0.956mmol} was added in one portion at rt. The reaction was run at rt for 15min and
then cooled in an ice bath. The reaction was quenched with a 20% (v/v) solution of
acetic acid in waler. The reaction was partitioned between water and EiCAc. The
phases were separated and the organic phase was exfracted with brine. The organic
phase was extracted with brine and then concentrated. The residue was suspended
in MeOH and remaining solids were removed by filtration. The filtrate was
concentrated, suspended in MeOH and filtered again. The filtrate was clarified with a
small amount of EtOAc and 5-(3,3-dimethyl-but-1-ynyl)-3-[[3-(2-ethoxy-7-methoxy-8-
methyl-quinclin-d-yloxy)-1-(S-methyl-propyl}-(4-methyl-cyclohexanecarbonyi)-
aminol-thiophene-2-carboxylic acid (29mg, 16%) was isolated as the TFA sait by
reverse phase HPLC.

LOMS {m/z): 635.00 [M+1]

Retention time: 2.73min

L.C: Thermo Electron Surveyor HPLC

MS: Finnigan LCQ Advantage MAX Mass Spectrometer

Column: Phenomenex Polar RP 30 mm X 4.6 mm

Solvenis: Acetonitrile with 0.1% formic acid, Water with 0.1% formic acid
Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1.95 min-3.5
rin 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN

Example 145 - Compound 145: 5-{3.3-Dimethyl-but-1-ynyl-3-{{frans-4-methvi=
cyclohexanacarboenyl-cis-3-(pyridin-3-yloxy-N-oxide cvclobutyll-aminol-thiophene-

2-carboxviic acid

0 kS

\N+
) 3 OH PR

\ —
._O.I”{:ls-o:no

Compound 145
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Prepared in the same manner as Example 20 by replacing 3-fluoropyridine
with 3-chloropyridine~t-oxide. MS (m/z): 511.1 [M+H]"; HPLC retention time: 4.00
i,

Example 148 - Compound 148: 5-(3,3-Dimethvibut~1-yrvi-3~{Lmethyl-N~{3-{ pyridin-
2-yloxvicyclobutyhovelohexanecarboxamido thiophene-2-carboxylic acid

0
==___S 7N

OH N
\
O
1t
G

Compound 146

Prepared in the same manner as Example 20 by replacing 3-fluoropyridine
with 2-fluoropyridine. MS (m/z): 485.1 [M+H]", HPL.C retention time: 4.57 min.

Example 147 - Compound 147: 5-{3,3~-Dimethyl-but-1-ynvi}-3~{{irans-4-methyl-
cyclohexanecarbonvh)-lirans-4-(2-oxo-1.2-dihydro-pyrimidin-4-vioxy-cyclohexvil-
aminol-thiophene-2-carhoxviic acid
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Compound 147

5-(3,3-Dimethyl-but-1-ynyl)-3-[{frans-4-hydroxy-cyciohexy!}-(trans-4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-2-carboxylic acid {211 mg, 0.46 mmol) in
DMF (2 mL} at 0 deg C was treated with sodium hydride (110 mg, 2.8 mmol, 60% oil
dispersion} in portions. The mixture was stirred for 30 minutes at 0 deg C and a
solution of 2 4-dichloropyrimidine {210 mg, 1.4 mmof} in DMF (1 ml) was added
dropwise. The reaction mixture was allowed to warm and stir at room temperature.
After completion, ethyl acetate (2-3 ml.) was added and the mixture was carefully
quenched with ciric acid (10% aqueous solution, 2-3 mL). Water was added and the
mixture was extracted with ethyl acetate {2x30 mL). The combined organic layers
were dried over magnesium sulfate, filtered and concentrated. The residue was
passed through a plug of silica (0-5% MeOH:DCM eluent) and concentrated fo vieid
182 mg of 5{3,3-Dimethyl-but-1-yny)-3-{{trans-4-methyl-cyclohexanecarbonyl)-
[trans-4-(2~chloro-pyrimidin-4-yloxy)-cyclohexyll-amino}-thiophene-2-carboxylic acid
as an impure black oil which was carried on without further purification.

A crude sample of (3,3-Dimethyil-but-1-ynyl)-3-{(rans-4-methyl-
cyclohexanecarbonyl)-[trans-4-( 2-chioro-pyrimidin-4-yloxy}-cyclohexyi]-amino}~
thiophene-2-carboxylic acid (162 mg, 0.29 mmol) was digsolved in a 1:1 mixture of
dioxane:water (8 mL} and treated with potassium carbonate (120 mg, 0.87 mmol)
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and DABCO (27 mg, 0.24 mmol). The mixture was heated at 70 deg C for 4 hours
and then partitioned between water and ethyl acetate. The aqueous phase was
neutralized by addition of aqueous citric acid and exiracted with ethyl acetate (3X30
mlL.). The combined organic layers were dried over magnesium sulfate, filtered and
concentrated. The residue was purified by HPLC (Gemini column: 25%
acetonitrile;water, 2 min; 25-100% acetonitrile:water, 16 min; 100% acetoniirile, 3
min; both solvents containing 0.1% trifluorcacetic acid). This resulted in 22.6 mg (8%
yield over 2 steps) of the title compound as a white powder (TFA salt): MS {m/z):
£37.8 [M-H]; HPLC retention time: 4.14 min (2-98% acetfonittite:water with 0.05%
trifiuoroacetic acid).

Example 148 - Compound 148: 5-(3.3-Dimethylbut-1-yny-3-{N-{ 4-{ 5-ethvipyrimidin-
2-vioxyoyclohexyil-4-methylcyclohexanecarboxamido)thiophene-2-carboxylic acid

Compound 148
Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
2-chlore-5-ethyipyrimidine. MS {m/z): 552.1 [M+H]"; HPLC retention time: 5.07 min.

Example 149 - Compound 149; 5-(3.3-Dimethyibut-1-ynv|-3-{4-methyl-N-{4-(2-
{pyrrolidin-1-vhpvridin-3-vioxy)cvclohexyleoyclohexanecarboxamidothiophene-2-

e ad

N!“

carboxylic acid

ll”
O

Compound 148
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Prepared in the same manner as Example 1 by replacing 2-flucropyridine with
3-fluoro-2-pyrrolidin-1-yl-pyridine. MS (m/z): £82.2 [M+H]"; HPLC retention time:
3.76 min.

Example 150 - Compound 150: 5-(3,3-Dimethylbut-1-vnyi)-3-{4-methyl-N-{4-{5-

{pyrrofidin-1 -y pyrimidin-4-vioxy)eyclohexyhoyclohexanecarboxamidoithiophene-2-
carboxylic acid

Compound 150

Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
4-chloro-6-pyrrofidin-1-yl-pyrimidine. MS (m/z) 583.0 [M+H]"; HPLC retention fime:
3.73 min.

Example 151 - Compound 151: 3-(N-{4-{4-(Dimethviamino-5-flucropyrimidin-2-
vioxyicyelohexyl-4-methylcyvciohexanecarboxamido)-5-(3,3-dimethvibut-1-
ynyhithiophene-2-carboxylic acid

O

Compound 151
Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
(2-chloro-5-fluoro-pyrimidin-4-yl)-dimethylamine, MS {(m/z): 585.0 [M+H]"; HPLC

retention time: 3.70 min.

Example 152 - Compound 182: 5-(3,3-Dimethyibui-1-ynvl)-3-(4-methyvi-N-{4~(6-

{pyrrolidin-1-yvDpyridin-2-viexvicvciohexyhicyciohexanecarboxamido thiophene-2-
carboxylic acid
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Compound 152

Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
5  2-bromo-6-pyrrolidin-1-yi-pyridine. MS (m/z}: 582.1 [M+HT"; HPLC retention time:
4.04 min.

Example 153 - Compound 153: 5+(3,3-Dimethvibut-1-ynyl)-3-(4-methvi-N-{ 4-(5-
{pyrrolidin-1-vl)pyrazin-2-yloxy)cyciohexylcyclohexanecarboxamido thiophene-2-

10 carboxylic acig

0
3 ()
\ Nl a }:N O
O

Compound 153
Prepared in the same manner as Example 1 by replacing 2-flucropyridine with
2-chioro-6-pyrrolidin-1-yl-pyrazine. MS {m/z): 593.0 [M+H]"; HPLC retention time:
15 4.40 min.

Example 154 - Compound 154: 5-{3 3-Dimethyibut-1-ynvl)-3-{4-methyl-N-{ 4-{3-
methyl-1.2.4-thiadiazol-5-viexyjcyclohexylicyclohexanecarboxamidothiophene-2-

carboxvlic acid

o)
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e

Compound 154

20

138



10

15

20

25

WO 2011/611303 PCT/US2010/042394

Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
5-chloro-3-methyi-[1,2 4}-thiadiazole. MS (m/z): 541.8 [M-HI", HPLC retention time:
5.10 min.

Synthesis of 2-Chloro-4-(pyrrolidin-1-vimethyl-thiazole

] ” 8
"~ o e
N N
Cl N(j

2-Chioro-4-chioromethyl-thiazole (610 mg, 3.6 mmot), pyrrolidine (0.4 mL, 4.8

mmol), and potassium carbonate (1.05 g, 7.6 mmol) were stirred in DMF (6 mL.) for 5
hours. After completion, the reaction mixture was partitioned between ethyl acetate
and water. The aqueous phase was thrice exiracted with ethyl acetate and the
combined organic phases were washed with brine, dried over magnesium sulfate,
filtered and concentrated. The residue was purified by silica gel chromatography {0-
5% [8:1 EtOH:NH,QOH )}/ DCM). This resulted in 457 mg (63% yield) of the title

compound as a white solid.

Example 155 - Compound 155: 5-{3.3-Dimethyvibut-1-ynvl}-3-(4-methyi-N-(4-{4-
{pyrrolidin-1-yimethylithiazol-2-yioxyjeyclohexyllcyclohexanecarboxamido ithiophene-

Z2-carboxylic acid

Compoeund 155
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Prepared in the same manner as Example 1 by replacing 2-flucropyridine with
2-chilora-4-{pyrrolidin-1-yimethyl)-thiazole. MS (m/z): 612.1 [M+H]"; HPLC retention
fime: 3.66 min.

Example 158 - Compound 1586; 3-(N-{4-{(4-{{Dimethyviaminoimethyithiazol-2-
vioxyicyclohexyll-4-methvicyclohexanecarboxamido)}-5-(3.3-dimethvibut-1-
ynviithiophene-2-carboxylic acid

Compound 156

Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
2-chloro-4-{dimethylaminomethyl}-thiazole (prepared in the same manner as 2-
chioro-4-{pyrrolidin-1-yimethyl)-thiazole by substituting dimsthylamine for pyrrolidine).
MS (miz): 586.1 [M+H]"; HPLC retention time: 3.58 min.

Example 157 - Compound 157: 5-(3 3-Dimethylbut-1-ynvl}-3-(4-methyl-N-{4-{ pyridin-

4-vioxy-N-oxide cyclohexylevclohexanecarboxamidothiophene-2-carboxviic acid

WOH Q
N O
O

Compound 157

Prepared in the same manner as Example 1 by replacing 2-flucropyridine with
A-nitro-pyridine-1-oxide. MS {m/z): 539.0 [M+H]"; HPLC retention time: 3.73 min.

Example 158 - Compound 158: 3-(N-{(4-{(6-(Dimethviamino ipyrimidiri-4-
vioxyicycichexyl}-4-methvicyclohexanecarboxamido-5-(3, 3-dimethyibut-1-
vy ithiophene-2-carboxyvlic acid
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Compound 158

Prepared in the same manner as Example 1 by replacing 2-flucropyridine with
5  (B-chloro-pyrimidin-4-yl}-dimethylamine. MS (m/z): 566.8 [M+H]"; HPLC retention
time: 3.67 min.

Example 159 - Compound 159: 5-{3.3-Dimethvibui-1-ynvl)-3-(4-methyl-N-(4-{6~
{pyrrolidin-1-ylipyridazin-3-vloxy)cvclohexyllcyclohexanecarboxamido thiophena-2-

.. 0
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\ OH N
2O
Y’ ')
'"O 0

Compound 158

Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
3-chloro-6-pyrrolidin-1-yl-pyridazine. MS {m/z): 502.9 [M+H]"; HPLC retention time:
15 3.59 min.

Example 160 - Compound 160: 3-{N-{4-{8-(Dimethylamino)pvridazin-3-
vioxvicyciohexyl-4-methyicyclohexanecarboxamido)-5-( 3. 3-dimethyibui-1-

vnyhithiophene-2-carboxviic acid
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Compound 180
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Prepared in the same manner as Example 1 by replacing 2-flucropyridine with
{6-chioro-pyridazin-3-yl)-dimethylamine. MS {m/z). 564.9 [M-H]; HPLC retention
time: 3.51 min,

Exampie 161 - Compound 161: 5-(3 3-Dimethyvibut-1-ynyl)-3-(4-methyi=N-{4-(3~
(pyrrofidin-1-yvimethyl)-1,2 4-thiadiazol-5-

vioxy)oyelohexylicyclohexanecarboxamidothiophene-2-carboxvlic acid

10 Compound 161

Prepared in the same manner as Example 1 by replacing 2-fluorapyridine with
5-chloro-3-(pyrrofidin-1-yimethyl)-{1.2,4]-thiadiazole MS (m/z). 613.1 [M+H]"; HPLC
retention time: 4.88 min.

15
Example 162 - Compound 162; 5-(3.3-Dimethylbut-1-ynyl)-3-{4-methyl-N-(4-

rimidin-5-vioxy)cyclohexylicyclohexanecarboxamido thiophene-2-carboxvlic acid

0
s 3
\ OH N

Compound 162
20
Prepared in the same manner as Example 1 by replacing 2-fluorepyridine with
S-chioro-pyrimidine. MS (m/z): 524.0 [M+H]"; HPLC retention time: 4.58 min,

Example 183 - Compound 163: 5-(3 3-Dimethvibut-1-vny(-3-{4-rnathvi-N-(4-
25  (pyrimidin-4-vioxy)cyctohexvlcyciohexanecarboxamido thiophene-2-carboxvlic acid
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Compound 163

Prepared in the same manner as Example 1 by replacing 2-fluoropyridine with
5  4-chioro-pyrimidine. MS (m/z): 529.1 [M-H], HPLC retention time: 4.14 min.

Example 166 - Compound 1686: Sodium 5-(3,3-dimethylbut-1-yny|}-3-{4-methyl-N-{4-
{4-{pyrrolidine-1-carbonvipyridin-2-

vioxyicyelohexyheyolohexanecarboxamidolthiophene-2-carboxyviate.
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Compound 166

Neat 2-chioro-isonicotinoyl chioride (500 mg, 2.84 mmol) was added dropwise
to a solution of pyrrolidine (1.18 mL, 14.2 mmol) in dichloromethane (20 mL) at 0 °C.
15 After 30 min the ice bath was removed and the reaction was allowed to warm fo room
temperature. The reaction mixture was evaporated to dryness and the residue was
parittioned between ethyl ether and sat. NaHCO; The aqueous layer was separated,
143
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exiracted with ethy! ether and the combined organic layers were washed with brine,
dried over Na,50, and concentrated to provide the product as a viscous oit (614 myg,
quantitative). Use in the next step without further purification.

NaH (50 mg of 2 80% oil dispersion, 1.14 mmol) was added in portions fo a
solution of 5-{3,3-dimethyl-but-1-ynyl)-3-{{4-hydroxy-cyciohexyt)-(4-methyl-
cyclohexanecarbonyi}-aminol-thicphene-2~carboxylic acid (128 mg, 0.287 mmol) and
(2-chloro-pyridin-4-yt)-pyrrolidin-1-yl-methanone from the previous step (300 mg,
1.42 mmol) in THF (5.0 mL} at 0 °C. After 5 min the reaction was warmed to room
temperature and then heated at 85 °C overnight. The reaction was cooled, aqueous
NaOH (0.5 mL of a 1.0 N solution} was added and the reaction evaporated to
dryness {o give a sofid residue. The solid was suspended in ethy! ether and
sonicated for several minutes. The ether layer was removed {o give an orange solid
that was dried under vacuum and purified by column chromatography on reverse
phase Cq silica ge! (100% water to 20% acetonitrile/water). Fractions containing
product were pooled and lyophilized o give the desired product as a colorless solid
(30 mg, 16%). MS {m/z): 618.0 [M-H]; HPLC retention time: 6.43 min (2-98%
acetonitrile:water with 0.08% tifluoroacetic acid).

Example 167 - Compound 167: Sodium 3-{N-(4-{4-{{1-methyipiperidin-4~
vhicarbamovlipyridin-2-viexylevelohexv-4-methyicvclohexanscarboxamido)-5-(3.3-
dimethyibut-1-ynvithiophena-2-carboxylate.
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Compound 167

Neat 2-chloro-isonicotinoy! chioride (1.0 g, 5.69 mmol) was added dropwige to
5  a solution of 1-methyl-piperidin-4-ylamine (1.0 g, 8.75 mmol) and triethylamine (2.4
mL, 17.22 mmol) in dichloromethane (26 mL) at 0 °C. After 1 h the reaction was
evaporated to dryness and partitioned between ethyl ether and sat. NaHCO; The
aqueous layer was separated, extracted with ethyl ether and the combined organic
layers were washed with brine, dried over Na,S0O, and concentrated to give the
10 product as a pale yeliow solid (130 mg, 13%). Use in the next step without further
purification.
The title compound (23 mg, 20%) was synthesized in 2 manner analogous to
Example 166 using 2-chioro-N-{1-methyl-piperidin-4-yl)-isonicotinamide from the
previous step in place of {2-chloro-pyridin-4-yl)-pyrrolidin-1-yl-methanone: MS
15 (m/z)3:663.1 [M+H]+; HPLC retention time 5.59 min (2-98% acetonitrile: water with
0.05% trifluoroacetic acid).

Example 168 - Compound 188: Sodium 3-(N-(4-(4-(azetidine-1-carbonvlpyridin-2-

vioxyicyclohexyl-4-methvicyciohexanecarboxamido)-5-( 3, 3~dimethvibui-1-

20  ynyDihiophene-2-carboxviate.
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Compound 168

Azetidine (800 mg, 14.01 mmol) was added dropwise to a solution of 2~
5  chloro-isonicotinoyl chloride (5800 mg, 2.84 mmol} in dichloromethane (20 ml) at ¢ °C.

The reaction was allowed to slowly warm to room termperature over a 90 min period
and then evaporated o dryness. The residue was partitioned between ethyl ether
and sat. NaHCO; The aqueous layer was separated, extracted with ethyl ether and
the combined crganic layers were washed with brine, dried over Na,S0O, and

10 concenirated to give the product as a coloriess solid (291 mg, 55%). Use in the next
step without further purification.

NaH (60 mg of a 60% oil dispersion, 1.50 mmol) was added in portions to a
solution of 5-(3,3-dimethyl-but-1-ynyl)-3-{{4-hydroxy-cyclohexyt-{4-methyi-
cyclohexanecarbonyl)-aminol-thiophens-2-carboxylic acid (130 mg, 0.291 mmol) and

15  azefidin-1-yl-{2-chioro-pyridin-4-yl}-methanone from the previous step (290 mg, 1.47
mmol) in DMF (3.0 mL) at 0 °C. After 30 min the reaction was warmed {o room
temperature and then heated at 85 °C for 3.5 h. The reaction was cooled, aqueous
NaOH (0.5 mbL of a 1.0 N solution) was added and the reaction evaporated to
dryness 1o give a solid residue. The solid was purified by column chromatography on

20 reverse phase Cg silica gel {100% water to 20% acetonitrile/water). Fractions

containing product were pooled and Iyophilized to give the desired product as a
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colorless solid {140 mg, 77%). HPLC retention time: 6.41 min (2-98%
acetonitrile:water with 0.05% tifluorcacetic acid).

Example 168 - Compound 168: Sodium 3-{N-{4-(4-{ 3-{dimethviamino)pvrraliding-1-

carbenylipyridin-2-vloxylcyclohexyl-4-methyleyclohexanecarboxamido)-5-(3.3-
/
N
g
N

“ O G
\S O Na* 7 N
=N

L
,O 0

Compound 169

dimethylbut-1-ynylthiophene-2-carboxyvlate.

The titie compound (87 mg, 38%} was synthesized in a manner analogous to
Example 168, using dimethyl-pyrrolidin-3-yl-amine in place of azetidine and in the
second step the reaction was heated at 85 °C. MS (miz): 663.1 [M+H]+; HPLC
retention time 5.18 min {2-98% acetonitrile; water with 0.05% {rifluoroacetic acid}).

Example 170 - Compound 170; Sodium 5-(3, 3-dimethyibut-1-ynyi}-3~(4-methyl-N-(4-
{6-{{2-oxopyrrelidin-1-ylimethyDpyridin-2-

vioxyicyclohexvileyclohexanecarboxarmido thiophene-2-carboxylate.
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NaH {520 mg of a 60% cil dispersion, 13.00 mmel) was added in portions fo a
solution of Z-pyrrolidinone (1.1 g, 13.00 mmol) in DMF/THF (60 mL., 1:10) at 0 °C.
After stirring at this temperature for 1.5 h, solid 2-chloro-8-chioromethyl-pyridine (2.0
g, 12.34 mmol) was added along with a catalytic amount of TBAL The reaction was
allowed o warm to room temperature and stirred overnight. The reaction was
hydrolyzed with the addition of satd. NH,Cl, concentrated to near dryness and
partitioned between ethyl acetate and water. The organic layer was separated,
washed with 5% aqueous LiCl, brine, dried over Na,S0,and concentrated to give a
dark orange residue. Purification by flash column chromatography on silica gel with
ethyl acetate provided the desired product as a pale yellow solid {942 mg, 36%).

The title compound (22 myg, 10%) was synthesized in a manner analogous to
Example 168, using 1-(6-chioro-pyridin-3-ylmethyl)-pyrrolidin-2-one from the previous
step in place of azetidine. MS (m/z): 618.0 [M-H]; HPL.C retention time: 6.00 min (2-
98% acetonitrile:water with 0.05% tiflucroacetic acid),

Example 171 - Compound 171: Sadium 5-(3,3-dimethyibut-1-ynyi}-3-(4-methyl-N-
{{1R)-4-{ pyridin-2-vioxy}-3-(pyrrolidin-1-

vimethvDovclohexvhieyclohexanecarboxamidolthiophene-2-carboxylate.
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5-(3,3-Dimethyl-but-1-ynyh-3-[{4-methyl-cyclohexanecarbonyh)-(4-oxo-~
cyclohexy!}-amino]-thiophene-2-carboxylic acid methy! ester (350 mg, 0.76 mmol),
pyrrolidine HCI (1680 mg, 1.48) and paraformaldshyde (100 mg) were combined in
ethanol (2.5 mL). A catalytic drop of concenirated HC! was added and the reaction
was heated at 85 °C for 24 h. The reaction was cooled, partitioned between ethy!
acetate and sat. NaHCO,/water. The aqueous layer was exiracted and the combined
organic layers were washed with brine, dried over Na, S0, and concentrated to give a
foam that was purified by flash column chromatography on sifica get with 10%
methanol in dichloromethane fo provide the desired product (262 mg, 63%) as a
colorless foam.

To a sciution of the ketone from the previous step (262 mg, 0.484 mmol}in
MeOH (5.0 mL) cooled to 0 °C was added NaBH, (40 mg, 1.08 mmol) in several
portions. After stirring for 2 h, dilute HCl was added and the reaction was
concentrated to dryness to give a residue that was partitioned between ethyl acetate
and sat. NaHCOy/brine. The organic layer was separated, washed with brine, dried
over Na,80, and concentrated o give the product as a pale foam {275 mg,

guantitative).
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NaM (10 mg of a 60% oil dispersion, 0.25 mmol) was added in one portion to
a solution of the alcohol from the previous step (43 mg, 0.08 mmol} in THF (1.0 mL)
at 0 °C. After stirring for 5 min, 2-fluoropyridine (0.07 mL, 0.81 mmol) was added and
the reaction was warmed to room temperature and then heated at 80 °C overnight.

5  After cooling to room temperature, 1.0 N NaOH {0.10 mL) was added and the
reaction was concentrated to dryness to give an orange solid. The solid was purified
by column chromatography on reverse phase Cy; silica get {100% water to 50%
acefoniirile/water) to provide the desired product as a colorless solid {15 mg, 30%)
after lyophilization. MS (m/z): 806.2 [M+H], HPLC retention time: 5.90 min (2-98%
10 acetonitrilerwater with 0.05% tifluoroacetic acid),

Example 173 - Compound 173: Sodium 5-(3,3-dimethvibut~1-ynyi-3-{4-methyi-N-{4-
{1-methyi-8-oxo-1,6-dihvdropyridazin-3-

15  vioxylcyciohexylcvclohexanecarboxamidoithiophene-2-carboxylate.
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Compound 173

==

To a solution of 5-(3,3-dimethyl-but-1-ynyl}-3-{(4-hydroxy-cyclohexyl -(4-
20  methyl-cyclohexanecarbonyl)-amine]-thiophene-2-carboxylic acid methyl ester (250
mg, 0.54 mmol) and B-hydroxy-2-methyi-2H-pyridazin-3-one {86 mg, 0.68 mmol} in
THF (4.0 mL) was added PPh; {157 mg, 0.60 mmol} at 0 °C. DIAD (0.12 mL., 0.60
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mmol) was added dropwise and the reaction was allowed to slowty warm to room
temperature and stirred overnight. Sat. NH,Cl was added and the reaction mixture
was exiracted with ethyl ether. The combined organic layers were washed with water,
brine, dried over Na,S0O, and concentrated to give a pale yellow foam. Purification by
flash column chromatography on silica gel with 3% methanotl in dichloromethane
provided 335 mg of the desired product as a coloriess foam that was contaminated
with triphenylpnosphine oxide.

To a solution of the methy! ester from the previous step (335 mg, assume
G.50 mmol} in methanol (0.75 mL) and THF (0.75 mL) was added aquecus NaOH
(0.75 mlL of a 1.0 N solution) at room temperature. After stirring for 80 min the
reaction was concentrated {o dryness to give a pale yellow solid. Purification by
coiumn chromatography on reverse phase Cy; silica gel (100% water to 5%
acetonitrile/water) provided the desired product as a colorless solid {28 mg, 9% for
two steps) after lyophilization. HPLC retention time: 6.00 min (2-98%
acetonitrile:water with 0.08% fifluoroacetic acid).

Example 174 - Compound 174: 5-(3,3-Dimethvibut-1-yivh-3-{4-methyl-N-(4-{1-
methyl-8-oxo-1,8-dihydropyridazin-3-
vioxyjeyciohexylicycliohexanecarboxamidothiophene-2-carboxylic acid.
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Compound 174

Cs;C0;{90 mg, 0.28 mmot) was added 1o a solution of (5-(3,3-dimethyl-but-1-
yayl-3-{{4-methyl-cyclohexanecarbonyl)-{4-(6-oxo-1,8-dihydro-pyridazin-3-yloxy)-
cyctohexyll-aminoH-thiophane-2-carboxylic acid methyl ester (50 mg, 0.09 mmel} in
DMF (2.0 mbL) at room temperature, After stirring for 5 min, neat methyl iodide (40 mg,
0.28 mmol) was added and the reaction was stirred for 2 h. The reaction was filtered,
concentrated and partitioned between ethy! acetate and 5% agueous LiCl. The
organic layer was separated, washed with brine, dried over Na,50, and concentrated
to give an orange foam that was used in the next step without further purification.

To a solution of the crude methyl ester from the previous step (assume 0.09
mmol) in methanol (0.50 mL} and THF {0.50 ml) was added aqueous NaOH (0.10
mi of a 1.0 N solution} at ¢ °C. The reaction was warmed to room temperature and
after 90 min the reaction is evaporated to dryness to give a colorless solid. .
Purification by column chromatography on reverse phase Cy; silica gel (100% water
to 20% acetonitrile/water) provided a colorless solid that was taken up in a minimum
amount of water and acidified with 1.0 N HCi fo give a colorless precipitate that was
caliected by filtration and dried under vacuum to provide the desired product (19 mg,
37% for two steps). M8 {m/z): 553.8 [M+]; HPLC retention time: 4.50 min {2-98%
acetonitrilerwater with 0.05% trifluoroacetic acid).

Example 175 - Compound 175: Sedium 3~ N-{4-{4-({dimethyvlamino)methyiipyridin-2-
vioxyevelohexyl-4-methvicyclohexanecarboxamido)-5-(3, 3-dimethylbut-1-
ynyhthiophene-2-carboxyiate.
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Compound 175
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NaH (65 mg of @ 60% oil dispersion, 1.62 mmol) was added to solution 5-(3,3-
dirmethyl-but-1-yayl}-3-[(4-hydroxy-cyclohexyl}-(4-methyi-cyclohexanscarbonyl}-
aminoj-thiophene-2-carboxylic acid methyl ester (155 mg, 0.34 mmol) and (2-flucro-
pyridin-4-yimethyl}-dimethyl-amine (130 mg, 0.84 mmol} in DMF (4.0 mL.) at 0 °C.
After 5 min the reaction was warmed to room temperature and then heated at 65 °C
for 2 h. The reaction was cooled, agueous NaOH (0.5 mbL of a2 1.0 N solution) was
added and the reaction mixture evaporated to dryness, Purification by column
chromatography on reverse phase C.g silica gel (100% water to 20%
acetonitrile/water) provided the desired product as a colorless solid {62 mg, 31%)
after lyophilization. MS {m/z}). 580.2 [M+H]; HPLC retention time: 5.05 min (2-98%
acetonitrile:water with 0.05% trifluoroacetic acid).

Example 176 - Compound 176: Sodium 5-(3,3-dimethyibul-1-yny|}-3-
{imidazol1.2-blpyridazin-6-vioxy)cyclohexyi)-4-

methvicyclohexanecarboxamidothiophene-2-carhoxylate,

R
OCH; = =N
NaH, THF - \,}

Nif‘ Or * Nil-

.\\\\ ‘\x\\
\ " (O

Compound 176

NaH (30 mg of a2 60% oil dispersion, 0.75 mmol) was added to a solution of 5-
{3,3-dimethyl-but-1-ynyl}-3-[(4-hydroxy-cyclohexyl)-(4-methyl-cyclohexanecarbonyl}-
amino}-thiophene-2-carboxylic acid methyl ester (100 mg, 0.22 mmot) and 6-chloro-
imidazo[1,2-blpyridazine {167 mg, 1.08 mmol} in THF (4.0 mL) at room temperature.
The reaction was heated at 80 °C overnight, cooled, agueous NaOH (1.0 mL of a 1.0
N solution) was added and the reaction evaporated to dryness fo give a brown solid.
Purification by column chromatography on reverse phase Cis silica gel (100% water
to 30% acetonitrile/water) provided the desired product as a solid (17 mg, 14%) after
lyophilization. MS (m/z} 563.0 [M+H]; HPLC retention time: 5.55 min (2-98%
acetonitrile:water with 0.05% triflucroacetic acid).
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Examples 177-183 were prepared by the same methods described for either
Example 173 or 175 by substituting the appropriate heterocycle.

Example 177 - Compound 177; 3-(N-{4-(8-Chloropyridazin-3-vioxyeyciohexyl)-4-
methylovciohexanecarboxamido)-5-(3,3-dimethylbut-1-ynylithiophene-2-carboxyiic
acid

\ o
;-,./N“‘Q'”O

Oz N
“ 74 N
qQ

Compound 177

MS (miz): 558.1 [M+H]; HPLC retention fime: 3.16 min (2-98%
acetonitrile:water with 0.05% trifluoroacetic acid).

Example 178 - Compound 178: 5-(3,3-Dimethvibut-1-ynyl)-3-(N-(4-(6-
hyvdroxypyridazin-3-vioxyoyclohexvl -4-methyicyclohexanecarboxamido)thiophene-2-
carboxylic acid

OH
= .S
\ 0
O
o=f N

Compound 178

MS (m/z): 540.2 (M+H], HPLC retention time: 2.86 min (2-98%
acetonitrile:water with 0.05% trifiuoraacetic acid).
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Examole 179 - Compound 178 5-(3 3-Dimethylbut-1-ynyi - 3-{4-methyvi-N-(4-
{pyrimidin-5-yloxyicyclohexylicvciohexanecarboxamido)thiophene-2-carboxvlic acid

Compound 179

MS {(m/z). 524.2 [M+H]; HPLC retention time: 2.46 min (2-88%

acetonitrile:water with 0.05% triflucroacetic acid).

Example 180 - Compound 180: 5-{3,3-Dimethyibut- 1-ynvi}-3-{4-methy-N-{4-(pyridin-
10 3viloxyicyclohexvieyclohexanecarboxamidothiophene-2-carboxyiic acid

Compound 180

MS {m/z}. 523.2 [M+H], HPLC retention time: 2.14 min (2-98%
15  acetonitriie:water with 0.05% trifluoroacetic acid).

Example 181 - Compound 181: 5-(3,3-Dimethyibut-1-ynyh-3-(4-methyl-N-{4-

{pyrimidin-2-vioxy)cyclchexvleyciohexanecarboxamidothiophene-2-carboxylic acid
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Compound 181

M8 (m/z): 524.2 [M+H], HPLC retention time: 2.49 min {2-98%
5  acetonitrile:water with 0.05% trifluorcacetic acid).

Example 182 - Compound 182; 3-{N-(4-{5-Chioropyrazin-2-vioxyicyciohexyiy-4-
methyleyclohexanecarboxamido)-5-(3, 3-dimethvibut-1-ynythiophene-2-carboxviic

acid

=

Compound 182

MS (msz): 558.1 [M+H];, HPLC retention time: 4.09 min {2-88%
acetonitrile:water with 0.05% trifluoroacetic acid).
15

Example 183 - Compound 183: 5-(3,3-Dimethyibut-1-ynyi)-3-(4-methyi-N-(4-

{ pyridazin-4-vioxyevclohexylcyclohexanecarboxamido thiophene-2-carbaxylic acid
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Compound 183

MS (m/z): 524.2 [M+H]; HPLC retention time: 4.02 min (2-98%
5  acetonitrile:water with 0.05% trifluoroacetic acid).

Examples 184 and 185 were prepared by the same method described for Example 1
by substituting the appropriate heterocycle.

10 Example 184 - Compound 184: 3-{N-{4-(5-Chloropyrazin-2-vioxvicyciohexyli-4-
methvicvclohexanecarboxamido)-5-(3, 3-dimethvibut-1-ynviithiophene-2-carboxylic
acid

Compound 184
15

MS (m/z): 558.1 [M+H], HPLC retention time: 4.32 min (2-98%
acetonitrile:water with 0.05% triflucroacetic acid).

Exarmnple 185 - Compound 185: 5-(3,3-Dimethvibuf-1-ynvii-3-(4-methyi-N-{4-

20  {pvyridazin-4-vioxy)cyclahexylioyclohexanecarboxamido)thiophens-2-carboxylic acid

157



WO 2011/011303 PCT/US2010/042394

Compound 185

MS {m/z): 524.1 [M+H]; HPLC retention time: 3.71 min (2-98%
5  acetonitrilerwater with 0.05% ftriflucroacetic acid),

Example 187 —~ Compound 187; 3-[[-4-(8-pyrrolidin-1-vimehtvi-pyridin-2-vloxy}-

cvclohexyll-{4-methyl-cyciohexanecarbonvi)-aminal-5-(3,3-Dimethyl—bui-1-ynvit-

thiophene-2-carboxvlic acid

10

COH

O OF

Compound 187

The title compound was synthesized in a manner analogous to Example 27,
15 using (2-fluoro-pyridin-6-yimethyl)pyrrolidine {prepared from 2-filuoro-pyridine-6-
carbaldehyde and pyrrolidine in a manner analogous to Exampie 27) in place of 2-
chioro-4-pyrrolidin-1-yimethyl-pyridine: MS (m/z):606.2 IM+H]+; HPLC retention time
3.65 min (2-98% acetonitrile: water with 0.05% triflucroacetic acid).

20  Exampie 188 - Compound 188: 3-f{-4-(8-morpholin-1-vimehtyl-pyridin-2-vioxy)-

gyclohexyll-{4-methyl-cyciohexanecarbonyl-aminol-5-(3, 3-Dimethyi—but-1-ynvi)-

thiophene-2-carboxylic acid
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Compound 188

The title compound was synthesized in a manner analogous to Example 27,
5  using 4-(2-chioro-pyridin-8-ylmethyl)morphoiine {prepared from 2-chloro-pyridine-6-
carbaldehyde and morpholing} in place of 2-chioro-4-pyrrofidin-1-yimethyl-pyridine:
MS (m/z): 622.0 [M+H]+; HPLC retention time 3.58 min (2-08% acetonitrile: water
with 0.05% trifluoroacetic acid).

10 Example 188 - Compound 189: 3-[[-4-{4-pyrrolidin-2-one -1-vimethyl-pyridin-2-vioxy)-

cvclohexyli-{4-methvi-cyclohexanecarbony-aminol-5-( 3. 3-Dimethyi—but-1-ynvi)-
thiophene-2-carboxylic acid
O
N
_

S
'\ CO-H

O O

Compound 189

15
The title compound was synthesized in a manner analogous to Example 27,
using 4-{2-chloro-pyridin-4-yimethyl)pyrrolidin-2-one {prepared from 4-bromomethyl-
2-chioro-pyridine and pyrrolidin-2-one) in place of 2-chloro-4-pyrralidin-1-yimethyi-
pyridine: MS (m/z): 618.3 [M+H]+, HPLC retention time 4.20min (2-98% acetonitrile:
20 water with 0.06% triflucrcacetic acid).

Exarmpie 190 - Compound 190: 3-[[-4-[4-(3-hvdroxy-pyrrolidin-1-vimehtyl-pyridin-2-

vioxvi-cyciohexyli<{ 4-methvi-cyclohexanecarbonyl -aminol-5-( 3, 3-Dimethyl-bui-1-

vrivi-thiophene-2-carboxylic acid

25
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Compound 180

The title compound was synthesized in a manner analogous to Example 27,
5  using 4-(2-fluoro-pyridin-4-yimethyhpyrrolidin-3-ol {prepared from 2-fluoro-pyridine-4-
carbaldehyde and pyrrrolidin-3-ol) in place of 2-chloro-4-pyrrolidin-1-yimethyl-
pyridine: MS {m/z): 622.1 [M+H]+; MPLC retention time 3.55min (2-98% acetonitrile:
water with 0.05% trifiucroacetic acid).

10 Example 191 - Compound 191: 3-I[-4-{4-{[(2-hydroxy-ethyl}-methyl-aminol-1-
vimethyl}-pyridin-2-vioxyi-cyclohexyll-(4-methvi-cyciohexanecarbonyl-aminol-5-(3,3-
Dimethyi=but-1-ynvl}-thiophene-2-carboxylic acid

15 Compound 181

The litle compound was synthesized in a manner anaiogous to Example 27,
using 2-{{2-fluoro-pyridin-4-yimethyl}-methyl-amino}-ethanol (prepared from 2-fluoro-
pyridine-4-carbaldehyde and 2-methylamino-ethanol) in place of 2-chloro-4-

20 pyrrolidin-1-ylmethyl-pyridine: MS {m/z): 610.1 [M+H]+; HPLC retention time 3.54min
{2-98% acetonitrile: water with 0.05% trifluoroacetic acid).
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Example 192 - Compeound 192: 3-[[-4-(B-dimethyliaminomethyl-pyridin-3-vioxy)-

cyclohexvil-(4-methyi-cyclohaxanecarhonyti-amino]-5-(3 . 3-dimethyi-but-1-yrvi)-
thiophene-2-carboxylic acid

Compound 192

The title compound was synthesized in a manner analogous to Example 27,
using (5-fluoro-pyridin-3-ylmethyl)-dimethyl-amine {prepared from 5-fluoro-pyridine-3-
carbaldehyde and dimethylamine) in place of 2-chlaro-d-pyrrolidin-1-yimethyl-
pyridine: MS (m/z}: 580.2 [M+H]+; HPLC refention time 4.30min {2-98% acetonitrile:
water with 0.05% trifluoroacetic acid).

Example 183 - Compound 193: 3-[[-4-(5-pyrrolidn-1-vimethyl-pyridin-3-vioxy -
cyclohexyil-{4-methyl-cyclohexanecarbony-aminol-5-( 3, 3-dimethyb-butt synyl)-

thiophene-Z-carboxylic acid

=
=R s
\ COyH

Nn-O‘ g8
O
Compound 193

The title compound was synthesized in 2 manner analogous to Example 27,
using {3-fluoro-5-pyrrojidin-1-yimethyl}-pyridine (prepared from 5-flucro-pyridine-3-
carbaldehyde and pyrrolidine) in place of 2-chloro~-4-pyrrolidin-1-yimethyl-pyridine;
MS (m/z): 606.2 [M+H]+; HPLC retention time 3.38min {2-98% acetonitrile; water with
0.05% trifluoroacetic acid).
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Exarnple 194 - Compound 194: 3-[-4-{5-morpholin-4-yvimethyl-pyridin-3-yioxy)-

cyclohexyil-(4-methyl-cyclohexanecarbonyl}-aming}-5-(3,3-dimethyl—but-1-ynyl)-

thiophene-2-carboxylic acid

e COzH
S

LN
,.OI!*QNWOVO !

O
Compound 194

The title compound was synthesized in a manner analogous to Exampie 27,
using {5-fluoro-pyridin-3-yimethyl}-morpholine {prepared from S-fluoro-pyridine-3-
carbaldehyde and morpholine) in place of 2-chioro-4-pyrrolidin-1-yimethyl-pyridine:
MS (mifz): 622.2 [M+H]+; HPLC retention time 3.39 min (2-98% acetonitrile: water

with 0.05% triffuoroacetic acid).

Example 195 - Compound 1985; 3-[[-4-(3-dimethvlamino-pyrrolidn-1-vimethyl-pyridin-

Compound 185

The title compound was synthesized in a manner analogous to Example 27,
using [1-(3-fluoro-pyridin-4-yimethyl}-pyrrolidin-3-yi]-dimethyl-amine (prepared from
3-fluoro-pyridine-4-carbatdehyde and dimsthyi-pyrrolidine-3-yl-amine) In place of 2-
chioro-4-pyrrofidin-1-ylmethyl-pyridine: MS {m/z): 649.3 [M+H]+; HPLC retention time
2.98min {2-98% acetonitrile: water with 0.05% trifluoroacetic acid).
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Example 196 - Compound 198: 3-[[-4-(4- pyrrolidn-1-vimethyi-pyridin-3-vioxy)-

thiophene-2-carboxylic acid

cvciohexyll-{4-methyl-cyclohexanecarbonyh-amine)-5-(3, 3-dimethyl-but-1 -ynyl)-
= s

CO,H
Nih O‘ L,Q
Compound 196

The title compound was synthesized in a manner analogous to Exampie 27,
using 3-fluoro-4-pyrrolidine-1-yimethyl-pyridine (prepared from 3-fluoro-pyridine-4-
carbaldehyde and pyrrolidine) in place of 2-chloro-4-pyrrolidin-1-yimethyi-pyridine:
MS (m/z): 806.2 [M+H]+; HPLC retention time 3.23min {2-88% acetonitrile: water with
0.05% trifluoroacetic acid).

Example 187 - Compound 197: 3-[{-4-(4-azetidin -1-yvimethvi-pyridin-3-vioxy}-

cyciohexvll-{4-methyl-cyclohexanecarbonvl}-aminol-5-(3, 3-dimethyl-but-1-ynyl -
thicphene-2-carboxylic acid

Y
S
S CO,H
NticQ‘ Lg
O
Compound 197

The title compound was synthesized in a manner analogous to Example 27,
using 4-azetidine-1-yimethyl-3-flucro-pyridine {prepared from 3-flucro-pyridine-4-
carbaldehyde and azetidine} in place of 2-chioro-4-pyrrolidin-1-yimethyl-pyridine: MS
{m/z): 592.3 [M+H]}+, HPLC retention time 3,18min (2-98% acetoniirile; water with
0.05% trifluoroacetic acid).
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Exampie 188 - Compound 198: 34["44&dimathvlaminomathyi-pyddinj?:-vioxy}»
cyclohexyil-{4-methvi-cycichexanecarbonvi-aming]-5-( 3, 3-dimethvi—but-1-ynvi)-

thiophene-2-carboxylic acid

S
COzH N
\ / rd ‘
N!I'O‘ 2y
SO
G \
Compound 198

The title compound was synthesized in a2 manner analogous o Example 27,
using (3-fluoro-pyridin-4-yimethyl}-dimethyl-amine (prepared from 3-fluoro-pyridine-4-
carbaldehyde and dimethylamine)} in place of 2-chloro-4-pyrrolidin-1-yimethyi-
pyridine: MS {m/z): 580.2 [M+H]+; HPLC retention time 2.18min (2-98% acetonitrile:
water with 0.05% trifluoroacetic acid).

Example 199 - Compound 189: 3-f[-4-(2-pyrrolidin-1-vimethvi -pyridin-4-vioxy )«
3. 3-dimethvl-bui-1-ynyD-

Compound 199

The title compound was synthesized in a manner analogous o Exampie 27,
using 4~-chioro-2-pyrrolidin-1-yimethyl-pyridine (prepared from 4-chloro-pyridine-2-
carbaldehyde and pyrroiidine) in place of 2-chloro-4-pyrrolidin-1-yimethyl-pyridine:
MS {m/z}): 606.1 [M+H]+, HPLC retention time 3.46min (2-08% acetonitrile: water with
0.05% frifluorcacetic acid).

Example 200 - Compound 200: 3-[{-4-(2-dimethviaminomethyvl ~pyridin-4-vioxy)-

gycichexvil-(4-methvi-cyclohexanecarbonvl-aminol-5- 3. 3-dimethvi—but-1-ynvi)-

thiophene-2-carboxvlic acid
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™
R S
NH'Q’Q o N\
O
O

Compound 200

The title compound was synthesized in a manner analogous to Example 27,
using (4-chloro-pyridin-2-vimethyl}-dimethyl-aming (prepared from 4-chioro-pyridine-
2-carbaldehyde and dimethylamine) in place of 2-chloro-4-pyrrofidin-1-yimethyl-
pyridine: MS {(m/z): 580.1]M+H]}+; HPLC retention time 3.43min (2-98% acetonitrile:
water with 0.05% trifluoroacetic acid).

Example 201 - Compound 201: 5+3,3-Dimethyl-bui-1-ynvii-3-{4-methyi-
cyclohexanecarbonyi)-{1-{1-methyl-1H-imidazole-4-sulfonyii-piperidin-4-vil-amino}-

thipphene-2-carboxylic acid

= 8 7 |
\ / OH N
N, &z
»Q””( C\M,SQ
o] g °
Compound 201

The title compound was synthesized in a manner analogous to Example 140,
using 1-methyi-1H-imidazole-4-sulfonyl chioride in place of pyridine-2-carbonyl
chioride: MS {m/z): 575.1 [M+H]; HPLC retention time: 4.34 min (2-88%
acetonitrile:water with 0.05% trifluoroacetic acid; 6 min run).

Example 202 - Compound 202: 5-(3,3-Dimethyi-but-1-ynvi)-3-{{4-methyl-
cvcichexanecarbonvl-[1-(4H-[1.2 4liriazole-3-sulfonvi-piperidin-4-vil-amingl-

thiophene-2-carboxylic acid
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Compound 202

The title compound was synthesized in a manner analogous to Example 140,
using 4H-[1,2, 4ltriazole-3-sulfony! chloride in place of pyridine-2-carbonyl chloride:
MS (m/z): 561.7 [M+H];, HPLC retention time: 4.34 min (2-88% acetonitrile:water with

0.05% trifluoroacetic acid) 6 min run.

Example 203 - Compound 203: 5-(3,3-Dimethyl-but-1-ynvi}-3-{{4-methyi-
cvciohexanecarbonyD-11-(2-methvi-2H-pyrazole-3-sulfonyl -piperidin-4-vil-aminol-

thiophene-2-carboxviic acid

o]
= S
PN
N 0
e N
@""( C‘;SQ \
e 4o
Compound 203

The title compound was synthesized in a manner analogous to Example 140,
using 2-methyl-2H-pyrazole-3-sulfonyl chioride in place of pyridine-2-carbonyl
chloride: MS (m/z): 575.1 [M+H]; HPLC retention time: 4.85 min (2-98%
acetonitrile:water with 0.05% trifluoroacetic acid) 6 min run.

Example 204 - Compound 204 3-[1«(2-Dimethvlamino-pyrimidine-S-sulfonyl)-

piperidin-4-vil~{4-methyl-cyclohexanecarbonyl}-aminol-5-( 3, 3-dimethyl-but-1-yavi)-

ihiophene-2-carboxyiic acid
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Compound 204

The title compound was synthesized in a manner analogous to Example 140,
5  using 2-dimethylamino-pyrimidine-5-sulfony! chioride in place of pyridine-2-carbonyt
chloride: MS (m/z): 616.1 [M-+H]; HPLC retention time: 5.00 min (2-98%
acetonitrile;water with 0.05% trifluoroacetic acid} 6 min run.

Example 205 - Compound 205: 5-3,3-Dimethyi-but-1-ynv)}-3-{{4-methyl-

10 gyclohexanecarbonyl)-[1-(thiophene-3-sutfonyl)-piperidin-4-yi-amino}-thiophene-2-
carboxylic acid
O
8
\ / oH 5
Niy. w
xl‘i< 7’8\\
0 c o
Compound 205

15 The title compound was synthesized in a manner analogous o Example 140,

using thiophene-3-sulfony! chioride in place of pyridine~-2-carbonyl chioride: MS
{m/z). 576.8 [M+H]; HPLC retention time: 4.94 min {2-98% aceionitrile:water with
0.08% triflucroacetic acid) 6 min run.

20  Example 206 - Compound 206; 5-{3,3-Dimeihyi-but-1-ynyl)-3-{{1-{1.2-dimathyl-1H-
imidazole-4-sulfonyl}-piperidin-4-vil-{4-methyl-cyclohexanecarbonyti-aming]-
thiophene-2-carboxylic acid
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Compound 206

The title compound was synthesized in a manner analogous to Example 140,
using 1,2-dimethyi-1H-imidazole-4-sulfonyl chloride in place of pyridine-2-carbony!
chloride: MS {(m/z): 588.1 [M+H]; HPLC retention time: 4.14 min (2-98%
acetonitrite:water with 0.05% trifluoroacetic acid) 6 min run.

Example 207 - Compound 207: 5-(3,3-Dimethvi-but-1-ynyi)-3-{{4-methy}-
cvelohexanecarbonyl)-[1-{thiocphene-2-sulfony)-piperidin-4-yll-aminol-thiophene-2-

carboxylic acid

6]
xS
OM
O g™
b
Compound 207

The title compound was synthesized in a manner analogous fo Example 140,
using Thiophene-2-sulfonyl chloride in place of pyridine-2-carbonyl chioride: MS
(m/z). 576.9 M+H]; HPLC retention time: 5.02 min (2-98% acetonitrile:water with

0.05% trifluoroacetic acid) 6 min run.

Example 208 - Compound 208: 5-(3 3-Dimethyl-but-1-ynyi)-3-{{4-methyl-
cvclohexanecarbonyi - 1-(2-0x0-1.2-dihvdro-pyrimidine-5-sulfonyli-piperidin-4-yil~

aminoi-thiophene-2-carboxylic acid
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Compound 208

The title compound was synthesized in a manner analogous {6 Example 140,
&5  using 2-oxo-1,2-dihydro-pyrimidine-5-suffonyl chioride in place of pyridine-2-carbonyl
chloride: MS (m/z). 589.1 [M+H]; HPLC retention time: 4.22 min {2-98%
acetonitrile:water with 0.05% trifluoroacetic acid) 6 min run.

Example 209 - Compound 209: 5-(3,3-Dimethyi-bui-1-ynv[}-3-{{4-methyl-
10  gyclohexanecarbonyl)-[1-(pyridine-2-sulfonyl}-piperidin-4-vil-aminol-thiophene-2-
carboxylic acid

Compound 209

15 The title compound was synthesized in a manner analogous o Example 140,
using pyridine-2-sulfonyl chloride in place of pyridine-2-carbonyl chloride: MS (m/z):
572.2 [M+H]; HPLC relention fime: 4.71 min {2-98% acetonitrile:water with 0.05%
triftuaroacetic acid) 6 min run.

20  Example 210 - Compound 210: 5-{3,3-Dimethvi-but-1-ynyl-3-{{4-methyi-
ridine-3-sulfonyl-piperidin-4-vl

gvelohexanecarbonyi)-[1-

carboxvlic acid
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Compound 210

The title compound was synthesized in a manner analogous to Example 140,
using pyridine-3-sulfony! chicride in place of pyridine-2-carbony! chioride: MS {(m/z):
572.2 [M+H]; HPLC retention fime: 4.67 min {2-98% acetonitrile:water with 0.05%

trifluorcacetic acid} 6 min run.

Example 211 - Compound 211: 5-(3,3-Dimethyi-but-1-ynvi-3-{{4-methvi-
cyclohexanecarbony)-[1-(thiophene-3-sulfonvl)-pyrrolidin-3-yil-amincl-thiopheng-2-

carboxviic acid

Compound 211

The title compound was synthesized in a manner analogous to Example 142,
using thiophene-3-sulfonyl chioride in place of pyridine-2-carbonyl chloride: MS
(m/z): 563.0 [M+H], HPLC retention time: 4.82 min (2-88% acetonitrile:water with
0.05% trifluoroacetic acid) 6 min run.

Example 212 - Compound 212: 5-(3.3-Dimethyi-but-1-yay)-3-1[1-(1,2-dimethyi-1H-
imidazoie-4-sulfonyh-oyrrolidin-3-ylj-{ 4-methyi-cyclohexanacarbonyl-aminol-
thiophene-2-carboxylic acid
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Compound 212

The title compound was synthesized in 2 manner analogous fo Example 142,
using 1,2-Dimethyi-1H-imidazole-4-sulfonyl chloride in place of pyridine-2-carbony!
chloride: MS (m/z): 875.1 [M+H}; HPLC retention time: 4.13 min (2-98%
acetonitrile:water with 0.05% trifluoroacetic acid) 6 min run.

Example 213 - Compound 213: 5«(3,3-Dimethyl-but-1-yrvi-2-4(4-methyl-
cvelohexanecarbonvi)-[1-{thiophene-2-sulfonyh-pyrrolidin-3-vil-amino}-thiophene-2-

carboxylic acid

O
= _S
OH
\/ 0
Nt N’S
‘5”( / S
o] &
Compound 213

The title compound was synthesized in a manner analogous fo Example 142,
using thiophene-2-sulfonyl chioride in place of pyridine-2-carbonyl chloride: MS
(m/z). 563.1 [M+H]}; HPLC retention time: 4.88 min (2-88% acetonitriie:water with
0.05% trifluoroacetic acid) 6 min run,

Example 214 - Compound 214 8-(3,3-Dimethyl-but-1-yny-3-{{4-meihyi-
cyolohexanecarbonvl)-[1-{2-oxo-1.2-dihvdro-pyrimidine-5-sulfonyi-pyrrolidin-3-yil-

aminol-thiophene-2-carboxvlic acid
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Compound 214

The title compound was synthesized in a manner analogous to Example 142,
using 2-oxo-1,2-dihydro-pyrimidine-5-sulfonyl chloride in place of pyridine-2-carbonyl
chioride: MS (m/z): 575.1 [M+H]; HPLC retention time: 4,10 min (2-98%

acetontirile:water with 0.05% trifluoroacetic acid) 6 min run.

Example 215 - Compound 215: 5-{3.3-Dimethyl-but-1-ynyi}-3-{{4-methvi-

cvclohexanecarbonyi)-[ 1+

carboxylic acid

N, N’S
bO-ug\ﬁo C/ / N\

Compound 215

The titte compound was synthesized in & manner analogous to Example 142,
using pyridine-2-sulfonyl chioride in place of pyridine-2-carbonyl chloride: MS (m/z):
588.2 [M+H]: HPLC retention time: 4.47 min (2-88% acetonitrile:water with 0.05%
frifluaroacetic acid) 6 min run.

Example 216 - Compound 216: 5-(3,3-Dimethyl-but-1-ynyl}-3-{(4-methyl-
cyclohexanecarbonyii- 1 -(pyridine-3-sulfony)-pyrrolidin-3-yil-amino}-thiophene-2-

carboxylic acid
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Compound 216

The title compound was synthesized in a manner analogous to Example 142,
5  using pyridine-3-suffony! chioride in place of pyridine-2-carbonyl chioride: MS (m/z):
558.2 [M+H];, HPLC retention time: 4.56 min (2-98% acetonitrile:water with 0.05%

trifluoroacetic acid) 6 min run.

Example 218 and 220 - Compound 219: 5-(3.3-dimethyibut-1-yny}-3-{{1r.4R)-4~
10 methyl-N-({1r4R}-4~(tetrahydro-2H-pyran-4-

vioxyicyclohexyllcyclohexanecarboxamidothiophene-2-carboxvlic acid

and Compound 220: 5-(3 3-dimethvibut-1-ynyD)-3-((1r.4R -4-methyi-N-{{ 15 454~

{ietrahydro-2H-pyran-4-yioxy)cyclohexyilcycliohexanecarboxamido)thiophene-2-

carboxviic acid
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triethylsilane

\ / ToH o
O O

Tetrahydro-4-pyranol {1 g, 8.8 mmel) was dissolved in 30 mL of methylene
chicride. To it was added imidazole (1.7g, 24.5 mmol) followed by TMSCI (1.5 mL,
5 11.78 mmol). The reaction was allowed to stir at room temperature overnight.
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Insoluble material was removed by filiration, and the filtrate was washed with half
saturated aqueous sodium bicarbonate and brine, and dried over MgS0, The solids
were filtered and sclvent removed under reduced pressure to afford 1.6 g of
trimethyl(tetrahydro-2H-pyran-4-yloxy)sitane as a clear liquid.

To a mixture of lron (1) chloride (3.6 mg, 0.022 mmol } and methyl 5-(3,3-
dimethytbut-1-ynyty-3-(( 11, 4R)-4-methy-N-{4-
oxocyclohexyljcyclohexanecarboxamido)thiophene-2-carboxylate (100 mg,
0.22mmol} in 0.7 mL of nitromethane) were added trimethyi{tetrahydro-2H-pyran-4-
yloxysilane {77 mg, 0.44 mmol) and tristhyisilane {31pL, 0.264 mmol) successively,
with stirring at 0 °C under argon. The reaction was allowed to warm to room
temperature and stirred at room temperature for 2 hours. The reaction was quenched
with a phosphate buffer. The organic materials were extracted with methylene
chiloride, washed with brine and dried over MgS0; The solids were filtered and
solvent removed under reduced pressure. The residue was purified by reverse phase
HPLC eluting with acetonitrile /H,0 with 0.1% TFA to afford 36 mg of methyl 5-(3,3-
dimethylbut-1-ynyl)y-3-<{(1r 4R }-4-methyl-N-{{1r,4R)-4-{tetrahydro-2H-pyran-4-
yloxyeyclohexyljcyclohexanecarboxamidojthiophene-2-carboxylate (front peak) and
20 mg of methyl 5-(3,3-dimethylbut-1-ynyl}-3-((1r,4R)-4-methyl-N-((1s,43)-4-
(tetrahydro-2H-pyran-4-yloxy)oyclohexyljeyclochexanecarboxamido)thiophene-2-
carboxylate {back peak).

30 mg of methy! 5-(3,3-dimethylbut-1-ynyl}-3-((1r,4R )-4-methyl-N-({ 1r 4R}-4-
(tetrahydro-2H-pyran-4-yloxy)cyclohexyf)cyclohexanecarboxamido)thiophene-2-
carboxylate was dissolved in 2 mL of THF:MH,0:MeOH (3:1:2) and to it was added 0.3
mL of 1N LIOH. The reaction was stirred at room temperature for 5 hours. The
solvent was removed and purified by reverse phase HPLC, eluling with acetonitrile
o0 with 0.1% TFA, to afford 24 mg of 5-(3,3-dimethylbut-1-ynyt)-3-({1r,4R)-4-
methyl-N-({1r 4R)-4-{tetrahydro-2H-pyran-4-
vloxyeyclohexyl)eyclohexanecarboxamido)thiophene-2-carboxylic acid as a white
solid. MS (miz): 529.7 [M+H], HPLC refention time: 4.76 min {2-98%
acetonitrite;water with 0.05% trifluoroacetic acid) 6 min run.

15 mg of methyl 53, 3-dimethylbut-1-yny)-3-((1r, 4R}-4-methyl-N-
((1s,48)-4-(tetrahydro-2H-pyran-4-
yloxy)cyclohexyl)cyciohexanecarboxamide jthiophene-2-carboxylate was

dissolved in 1 mb of THFH,0:MeOH (3:1:2) and to the solution was added 0.15 mL
175



10

15

20

WO 2011/011303 PCT/US2016/042394

of 1N LiOH. The reaction was stirred at room temperature for 5 hours. The solvent
was removed and purified by reverse phase HPLC siuting with acetonitrile /H,0 with
0.1% TFA to afford 7 mg of 5-(3,3-dimsthytbut-1-ynyl}-3-({1r,4R}-4-methyl-N-
{{1s,4S)4-(tetrahydro-2H-pyran-4-

yloxycyclohexyljcyciohexanecarboxamido jthiophene-2-carboxylic acid as a white
solid. MS (m/z): 530.0 [M+H]; HPLC retention time: 4.94 min {2-98%
acetonitrile;water with 0.05% triflucroacetic acid) 6 min run.

Example 221 - Compound 221: 5-(3,3-dimethvibut-1-ynvl}-3-{{1r.4R}-4-methyl-N-{4-
{{3S,35S5 . 6aR)-tetrahvdro-2H-furc[2 3-blfuran-3-

vioxyicyclohexvlicyclohexanecarboxamidoihiophene-2-carboxvlic acid

Compound 221

The title compound was synthesized in a manner analogous to Example 219,
using (38,3a8,6aR -tetrahydro-2H-furo]2,3-blfuran-3-ol instead of tetrahydro-4-
pyranol: MS (m/z): 558.2 [M+H]; HPLC retention time: 4.67 min (2-98%

acetonitrilewater with 0.05% trifluorcacetic acid) 6 min run.

Example 222 - Compoung 222: 3-{N-{4-{1-(fert-butoxycarbonyhpiperidin-4-
vioxyicvelohexyl)-4-methvicyclohexanecarboxamido}-5-( 3,3-dimethyibut-1-

ynyhithiophene-2-carboxylic acid

1 _ . N

= s Q
\ J CoH N>"“'o

~ (O
11 O
\0

Compound 222

176



10

15

20

25

WO 2011/611303 PCT/US2010/042394

The title compound was synthesized in 2 manner analogous to Example 219,
using teri-butyl 4-hydroxypiperidine-t-carboxylate instead of tetrahydro-4-pyranol:
MS {m/z). 829.3 [M+H]; HPLC retention time; 5.47 min {2-98% acetonitriie:water with
0.05% triflucroacetic acid) & min run.

Example 223 - Compound 223; 5-(3.3-dimethylbut-1-yavl)-3-(4-methyl-N-(4-

{piperidin-4-vioxyovclohexylcyclohexanecarboxamidoe thiophene-2-carpoxvlic acid

0
AN s

Ol L

Compound 223

The titte compound was synthesized from Example 222 by freatment with
20% TFA in methylene chioride at room temperature for 4 hours. MS (m/z): 529.1
[M=+H}; HPLC retention time: 3.20 min (2-98% acetonitrile;water with 0.05%

trifluoroacetic acid) 6 min run.

Exampie 224 - Compound 224; 5-(3,3-dimethyibut-1-vnyh-3-{4-methyl-N-(4-

{ietrahydrofuran-3-vioxyicycichexvlicyclohexanecarboxamido thiophene-2-carboxylic

acid

0
=S

\ / ©OH Q
N D
~Or" O
O
Compound 224

The title compound was synthesized in & manner analogous o Example 219,
using tetrahydrofuran-3-of instead of tetrahydro-4-pyranol: MS (m/z); 516.2 [M+H];
HPLC retention time: 4.824 min (2-98% acetonitrile:water with 0.08% trifluoroacetic

acid) 6 min run.
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Example 225 - Compound 225 3-{N-{(1$ 4R)-4-((8}-1-{tert-
butoxycarbonyhpyrrolidin-3-vioxyovclohexyl-4-methvicyclohexanecarboxamido)-5-

{3,3-dimethyibut-1-ynyithionhene-2-carbhoxylic acid

O

= \sf . OE’O%

Compound 225

The title compound was synthesized in & manner analogous to Example 219,
using (S)-tert-butyt 3-hydroxypyrrolidine-1-carboxylate instead of tetrahydro-4-
10 pyranol: MS (m/z): 615.3 [M+H]; HPLC retention time: 5.36 min (2-98%
acetonitrile:water with 0.05% trifluoroacetic acid) 8 min run.

Example 226 - Compound 226: 5-(3,3-dimsthyibut-1-voyl-3-{4-methvi-N-{4-{{ S}~
pyrrolidin-3-vioxyvicvclohexvhicyclohexanscarboxamido thiophene-2-carboxviic acid

15

0
=_ .8

\ /-

H
OH N
ey L
-n}< O\
o]

Compound 226

The title compound was synthesized from Example 225 by treatment with
20 20% TEA in methylene chioride at room temperature for 4 hours. MS (m/z): 515.2
[M+H}; HPLC retention time: 3.12 min (2-88% acetonitrile:water with 0.05%

frifluoroacetic acid) © min run.
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Example 227 - Compound 227; 5-(3.3-dimethyibut-1-ynvh)-3-((1R. 28 4R)-2-hvdroxy-
4-methyi-N-{4-{tetrahydrofuran-3-
vioxycyclohexyleyclochexanecarboxamidothiophene-2-carpoxviic acid

Compound 227

The title compound was synthesized in a manner analogous to Example 219,

using initially methy! 5+(3,3-dimethylbut-1-ynyl)-3-(4-oxocyciohexylaminojthiophene-

10 2-carboxylate and tetrahydrofuran-3-of instead of methyt 5-(3,3-dimethylbut-1-ynyl)-
3-(4-methyl-N-(4-oxocyclohexyl)cyclohexanecarboxamido)thiophene-2-carboxylate
and tetrahydro-4-pyranol; then purified by reverse phase HPLC to afford two
products, Upon isolation of the front peak, the initial product was acylated with
(138,2R,5R}-2-{chiorocarbonyt)-5-methylcycichexyl acetate and then subjected to

15 ester hydrolysis with LiIOH: MS (m/z): 532.2 [M+H], HPLC retention time: 4.530 min
(2-98% acetonitrile:water with 0.05% trifluoroacetic acid)

Example 228 - Compound 228: 5-(3,3-dimethyibut-1-yny-3-({(1R.28 4R}-2-hydroxy-
4-methy-N-(4-({R)-tetrahvdrofuran-3-

20 viaxyievelohexyvhovelohexanecarboxamido Yhiophene-2-carboxylic acid

\

O
_ _S

\ / OH o

N””Q p
FHA
< )ﬁ g

O

OH

Compound 228

The title compound was synthesized in @ manner analogous fo Example 227

25  but from the second peak isolated in the first reaction therein: MS (m/z): 532.2 [M+H];
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HPLC retention time: 4.582 min (2-98% acetonitrile:water with 0.05% triffluoroacetic

acid) 6 min run.

Example 229 — Compound 229: 5-{2-cyciopropylethynyl)-3-{4-methyl-N-{4-(pyridin-2-
viaxycyciohexvlovelochexanecarboxamidothiophene-2-carboxvlic acid

Compound 229

Compound 228 was synthesized in the same manner as Example 1 using 5~
(2-cyciopropytethynyl)-3-(N-(4-hydroxycyclohexyl)-4-
methylcyciohexanecarboxamido)thiophene-2-carboxyiic acid as a starting maternial.
[M + H'] = 507.1. HPLC retention time = 4.65 min {6 minute method 2-98%

acetonitrile:water with 0.05% trifluoroacetic acid.

vioxy)cyciohexvi-4-methvicyclohexanecarboxamido -5-( 3, 3-dimethyibut-1-

ynyhithiophene-2-carboxylic acid
= .S 7 Oyo
\ 4/ OH N 7L
Ny, p
~ O e
o]

Compound 230

The title compound was synthesized in a manner analogous to Example 219,

using (R)-tert-butyl 3-hydroxypyrrolidine-1-carboxylate instead of tetrahydro-4-
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pyranolt MS (m/z): 615.3 [M+H]; HPLC retention time: 5.429 min (2-88%
acetonitrile:water with 0.05% trifluoroacetic acid} 6 min run.

Example 231 — Compound 231 5-(3,3-dimethylbut-1-ynvi)-3-{4-methyl-N-{4-((R)-
nyrrolidin-3-viexy)eyclohexycyclohexanecarboxamidothiophene-2-carboxylic acid

Compound 231

The title compound was synthesized from Example 230 by freatment with
20% TFA in methylene chioride at room temperature for 4 hours. MS (m/z): 515.2
[M+H], HPLC retention time: 3.418 min (2-98% acetonitrile:water with 0.05%
trifluoroacetic acid) 6 min run.

Example 301 — Compound 301: Synthesis of 5-(3,3-dimethvi-but-1~ynvi)-3-{(4,65-

dimethyl-cyclohex-3-enecarbonvi-[4-(letranvdro-furan-3S-yvioxy -irans-cyclohexyil-

aminol-thicphene-2-carboxvlic acid (isomer 1)

Scheme 1
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o /
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, (COCl),, DMF, CHCly Isomer A

2. Pyridine

M s f OZ@“’ W/\Z::\(S/ 1 ﬁ
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v R S /O\
\J OMe /) LIOH, THF, \&/Z/I(OH /-J
Nw<_>-=-o ﬂeOH, H.O N,._Q_O
/

N
Q Q o
Isomer A Compound 301

A mixture of 3-amino-5-(3, 3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
methyl ester (2.62 g, 11,08 mmol}, 4-{tetrahydro-furan-3S-yloxy)-cyclohexanone (1.7
S ¢, 9.22 mmol), TFA {2.84 mL, 36.2 mmol) and trdethylsilane {2.94 ml., 18.44 mmol}
in CH,Cl; (15 mi) was stirred for 24 h at room temperature. The reaction was

concentirated in vacuo to remove volatiles and the crude oil was dissolvad in toluene
{50 mL) and concentrated (repeat) to give a yellow solid. The crude solid was
purified by column chromatography (hexane/ ethylacetate) to give 5-(3,3-dimethyi-
10 but-1-ynyl)-3-[4-(tetrahydro-furan-3-yloxy)-cyclohexylamino}-thiophene-2-carboxylic
acid methyl ester (1.35 g, 3.33 mmol] as a single isomer.
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4,8-S-dimethyl-cyclohex-3-ene-1S-carboxylic acid (944mg, 6.17mmol) was
dissolved in CH,Cls (10mb) and DMF (20pL) was added. The solution was cooled to
G °C and then (COCI), (700uL, 7.38mmol) was slowly added to the solution. The
reaction was stirred in the ice bath for 1 hour and then concenirated. The residue
was iaken up in hexanes and concentrated; this hexanes coevaporation was
repeated once more. To the residue was added 5-(3,3-dimsthyl-but-1-ynyf)-3-{4~
(tetrahydro-furan-3S-ylaxy -trans-cyclohexylamino}-thiophene-2-carboxylic acid
methyl ester (500mg, 1.23mmol) and pyridine (3mL). The solution was heated to
90 °C overnight, The reaction was cooled to rt, concentrated and taken up in minimal
CH;Cly. The two resulting isomers were purified and separated from each other by
silica get column chromatography, eluting with a mixture of EtOAc and hexanes.
Isomer A yield = 115mg, isomer B vield = 162mg

tsomer A (105mg, 0.19mmol) was dissolved in THF (1mL) and MeOH {0.5mLl.).
To this solution was added a solution of LIOHH,0 (39.8mg, 0.95mmol} in H,0O
(0.5mL). The reaction was stirred at rt for 3h and then quenched with TFA. The entire
reaction mixture was injected onto a reverse phase HPLC and Compound 301 was
isolated {77mg).
LC/MS = 528 (M" +1)
Retention time; 5.71 min
LC: Thermo Electron Surveyor HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectrometer
Column: Phenomenex Polar RP 30 mm X 4.6 mm
Solvents: (B): Acetonitrite with 0.1% formic acid, (A): Water with0.1% formic acid
Gradient: 2mb/min, 0 min-0.5min 5% ACN, 0.5 min—8.5 min 5%-100% ACN, 6.5
min-2.0 min 100% ACN, 9.0 min-8.1 min 100%-5% ACN, 9.1 min-9.5 min 5% ACN

Synthests of (18.68)-4,8-dimethyl-cyclohex-3-enecarboxviic acid

Scheme 2
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0 30% H202 (EQ), LIOH'HQO,

!
Ly )LO THF, Hp0, then NapSO3 (aq) <OH

48-benzyl-3-{4,63-dimethyl-cyclohex-3-ene-18-carbonyl)-oxazolidin-2-one,
prepared in & method similar to that described in J. Am. Chem. Soc. 110{4), 1988,

5 1238-1258, was dissoived in THF (1000mL}) and H,O (350mL). The solution was
cooled in an ice bath and 30% H,0, {36mL, 354mmo!) was slowly added followed by
LIOH*H.O; (8.90g, 263mmol) in one portion. The reaction was allowed to siowly
warm to rt and was stirred for 16h. The reaction was then cooled in an ice bath.
Na,30; (60g, 472mmol) was dissolved H,O (400mL) and very slowly added to the

10  cooled reaction mixture. The solution was sfirred for 1h, then the layers were
separated. The organics were removed under reduced pressure. The agueous was
added back to the organics concentrate and was washed with CH,Cl, {2 X 500mL).
Adjust the agueous pi to 2 with a slow addition of con MCL. Exiract the aqueous with
EtOAc (4 X 300mL) and dry over Na,S0,. Remove organics under reduced prassure

15 and co-evaporaie with hexanes to afford {1S,65)-4,6-dimethyl-cyciohex-3-
enecarboxylic acid (14.14g, 78%) as a white solid,

Synthesis of 4-(lefrahydro-furan-3S-yvioxy)-cyclohexanone

20 Scheme 3
G Dess-Martin Periodinane,
2 ] CHClprt /N
/ :
HO—O—O /N ~
C ~
AN

4-(tetrahydro-furan-3S-yloxy}-cyclohexanol (40.86mmol} was dissolved in
25  DCM (200mL) under an atmosphere of nifrogen. Dess-Martin Periodinane (20.78g,
49.03mmol) was added in 4 portions. The reaction was stirred for 3 hours at room

temperature untit complete by TLC. The reaction was cooled to 0°C and 100mL of a

184



10

15

20

25

WO 2011/011303 PCT/US2016/042394

1.1 solution of saturated aqueous Na8;0;:saturated aqueous NaHCO; was added,
The reaction was allowed to warm to room temperature and was stirred for 1 hour.
The layers were separated. The aqueous layer was exiracted with DCM (50mL x 2).
The combined organics were dried with sodium sulfate, filtered and were
concentrated. 4-(Tetrahydro-furan-3S-yloxy}-cyclohexanone was purified by silica
get chromatography to afford 5.2g of a yellow oil (69%).

Example 302 — Compound 302: 5+{3.3-dimethvyi-bui-1-ynvh-3-{{4 6 S-dimethyl-
cyciohex-3-enecarbonyl)-4-{tetrahvdro-furan-3S-vlioxy)-trans-cyclohexyli-amino}-

thiophene-2-carboxvlic acid (lsomer 2

)(‘*«l“:;\~ S ? /O
0 0
,(Qﬁé‘;‘“@-o

Compound 302

5-(3,3-dimethyl-but-1-ynyl)-3-{(4,6 S-dimethyl-cyclohex-3-enecarbornyl)-{4~
(tetrahydro-furan-38-yloxy)-trans-cyclohexyll-amino}-thiophene-2-carboxylic acid
{Compound 302) was prepared in a similar fashion as 5-(3,3-dimethyl-but-1-ynyl}-3-
{(4,8S-dimethyl-cyclohex-3-enecarbonyl}-[4-{tetrahydro-furan-38-vioxy)-frans-
cyclohexyll-aminol-thiophene-2-carboxylic acid (Isomer 1).
LC/IMS = 528 (M* +1)
Retention time: 5.65 min
LC: Thermo Eilectron Surveyor HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectrometer
Column; Phencemenex Polar RP 30 mm X 4.6 mm
Solvents: (B): Acetonitrile with 0.1% formic acid, (A). Water with0.1% formic acid
Gradient: 2mlL/min, 0 min-0.5min 5% ACN, 0.5 min-6.5 min 5%-100% ACN, 6.5
min-9.0 min 100% ACN, 9.0 min-8.1 min 100%-5% ACN, 8.1 min-9.5 min 5% ACN.
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Example 303 - Compound 303: 5-(3,3-dimethvi-but-1-ynyl}-3-{{ 4.6 R-dimethvi-
cvelohex-3-enscarbonyl-{4-(tefratwdro-furan-3S-vioxy -trans-cyclohexyll-aminol-

thiophene-2-carboxylic acid {isomer 1}

@]
S / O
o \S?/I\OH /7
e (Omd”
@o

Compound 303

5-(3,3-dimethyi-but-1-ynyl}-3-{{4,6 R-dimethyl-cyclohex-3-enecarbony!)-[4-
(tetrahydro-furan-3S-yioxy-rans-cyclohexyll-amino}-thiophene-2-carboxylic acid
(Compound 303) was prepared in a similar fashion as 5-(3,3-dimethyl-but-1-ynyt)-3-
{(4,65-dimethyl-cyclohex-3-enecarbonyl}-{4-(tetrahydro-furan-3S-yloxy)-trans-
cyclohexyll-amino}-thiophene-2-carboxylic acid (lsomer 1) using Method A, except
that 4,6 R-dimethyi-cyclohex-3-ene-1R-carboxylic acid {prepared in a similar manner
to 4,6 S-dimethyl-cyclohex-3-ene-1S-carboxylic acid, using the chiral auxiliary 4R-
benzyl-oxazolidin-2-one) was used instead of 4,6S-dimsthyl-cyclohex-3-ene-1S-
carboxylic acid.
LC/IMS = 828 (M* +1)
Retention time: 5.64 min
LC: Thermo Electron Surveyor HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectrometer
Column: Phenomenex Polar RP 30 mm X 4.6 mm
Solvents: (B): Acetoniirile with 0.1% formic acid, (A): Water with0.1% formic acid
Gradient: 2mb/min, 0 min-0.5min 5% ACN, 0.5 min—6.5 min 5%-100% ACN, 6.5
min-9.0 min 100% ACN, 9.0 min-8.1 min 100%-5% ACN, 9.1 min-8.5 min 5% ACN.

Example 304 ~Compound 304: 53, 3-dimethyl-but-1-ynyl)-3-{(4.6R-dimethyl-

cvclohex-3-enscarbonyh)-[4-{ietrahvdro-furan-3S-vioxyi-trans-cvelohexvil-aminol-

thiophene-2-carboxvlic acid
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Sk
\ /[ OH

Compound 304

/2
-

0

5-(3,3-Dimethyi-but-1-ynyl)-3-{{4,6 R-dimethyl-cyclohex-3-enecarbonyl}-{4-
(tetrahydro-furan-3S-yloxy)-trans-cyclohexyil-amino}-thiophene-2-carboxylic acid
(Compound 304) was prepared in a similar fashion as 5-(3,3-dimethyl-but-1-ynyt}-3-
{4 8S-dimethyl-cyclohex-3-enecarbonyl)-f4-~{tetrahydro-furan-3 S-yloxy-trans-
cyclohexyll-amino}-thiophene-2-carboxylic acid (Isomer 1), except that 4,6R-
dimethyl-cyclohex-3-ene-1R-carboxylic acid was used instead of 4,6S-dimethyl-
cyclohex-3-ene-1S-carboxylic acid.
LC/MS = 528 (M" +1)
Retention time: 5.31 min
LC: Thermo Electron Surveyor HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectrometer
Column: Phenomenex Polar RP 30 mm X 4.6 mm
Solvents: (B): Acetonitrile with 0.1% formic acid, (AY. Water  with(0.1% formic acid
Gradient; 2mb/min, 0 min-0.5min 5% ACN, 0.5 min-8.5 min 5%-100% ACN, 6.5
min-8.0 min 100% ACN, 9.0 min-9.1 min 100%-5% ACN, 9.1 min-8.5 min 5% ACN.

Example 305 ~ Compound 305:5-{3.3-dimethyi-but-{-yny-3~{{4. 6 R-dimethyl~
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Compound 305

5-(3,3-Dimethyl-but-1-ynyl}-3-{{4,6 R-dimethyl-cyclohex-3-enecarbony!)-[4-
(tetrahydro-furan-3R-yloxy}-trans-cyclohexyil-amino}-thiophene-2-carboxylic acid
5  (Compound 305) was prepared in a similar fashion as 5-3,3-dimethyl-but-1-yny)-3-
{(4,6S-dimethyl-cyclohex-3-enecarbonyl)-{4-(tetrahydro-furan-3S-yloxy)-trans-
cyclohexyil-amino}-thiophene-2-carboxylic acid (Isomer 1) except that 4-(fetrahydro-
furan-3R-yloxy)-cyclohexanone was used instead of 4-(tetrahydro-furan-3§-ylaxy)-
cyclohexanone and 4,8R-dimethyl-cyclohex-3-ene-1S-carboxylic acid was used
10 instead of 4,6S-dimethyi-cyciohex-3-ene-18-carboxylic acid.
LC/MS =528 (M" +1)
Retention time: 5.59 min -
L.C; Thermo Electron Surveyor HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectrometer
165 Column: Phenomenex Polar RP 30 mm X 4.6 mm
Solvents: (B): Acetonitrile with 0.1% formic acid, (A): Water with 0.1% formic acid
Gradient: 2mlL/min, 0 min-0.5min §% ACN, 0.5 min—6.5 min 5%-100% ACN, 6.5
min-8.0 min 100% ACN, 8.0 min-8.1 min 100%-5% ACN, .1 min-9.5 min 5% ACN,

20

cyclohex-3-enecarbonyh-[4-(tetrahydro-furan-3R-vioxy -trans-cyvclohexyll-aming)-

thiophene-2-carboxylic acid {Isomer 2}

K s f
= 8 { 8]
e, O
NER4 o
‘Oﬁ

25 Compound 306

5-(3,3-Dimethyl-but-1-ynyl}-3-{{4,6R-dimethyl-cyclohex-3-enecarbony!)-[4-
(tetrahydro-furan-3R-yloxy -trans-cyclohexyl]-amino}-thiophene-2-carboxylic acid
(Compound 306) was prepared in a similar fashion as 5-(3,2~dimethyl-but-1-ynyl}-3-

30 {{4,6S-dimethyl-cyclohex-3-enecarbonyl)-[4-{tetrahydro-furan-3S-yioxy -trans-
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cyclohexyl]l-amino}-thiophene-2-carboxylic acid {isomer 1) except that 4-(tetrahydro-
furan-3R-yloxy)-cyclohexanone was used instead of 4-(tetrahydro-furan-3S-yloxy)-
cyclohexanone and 4,6R-dimethyl-cyciohex-3-ene-18-carboxylic acid was used
instead of 4,6S-dimethyl-cyclohex-3-ene-1S-carboxylic acid.

LC/MS = 528 (M" +1)

Retention time: 5.66 min

L.C: Thermo Electron Surveyor HFLC

MS: Finnigan LCQ Advantage MAX Mass Spectrometer

Column: Phenomenex Polar RP 30 mm X 4.6 mm

Solvents: (B): Acetonitrile with 0.1% formic acid, (A); Water with 0.1% formic acid
Gradient. 2mlfmin, 0 min-0.5min 5% ACN, 0.5 min~6.5 min 5%-100% ACN, 6.5
min-9.0 min 100% ACN, 8.0 min-8.1 min 100%-5% ACN, 9.1 min-9.56 min 5% ACN.

Example 7 ~ Compound 307: 5-(3,3-Dimethyl-but-1-vnvl)-3-{({4,6 S-dimethyl-
gyclohex-3-enecarbonyh-i4-(tetrahydro-furan-3R-vioxy)-trans-cyciohexyli-aminol-

thiophene-2-carboxylic acid (Isomer 1)

Compound 307

5-(3,3-Dimethyl-but-1-ynyt)-3-{{4,6 S-dimethyl-cyclohex-3-enecarbonyl-{4-
{tetrahydro-furan-3R-yloxy)-trans-cyclohexyl}-amino}-thiophene-2-carboxylic acid
{Compound 307) was prepared in a similar fashion as 5-(3,3-dimethyl-but-1-yny!)-3-
{{4,6S-dimethyl-cycichex-3-enacarbonyl}-{4-(tetrahydro-furan-3S-yloxy)-rans-
cyclohexyll-amino}-thiophene-2-carboxylic acid (isomer 1) except that 4-{tetrahydro-
furan-3R-yloxy)-cyclohexanone was used instead of 4-(fetrahydro-furan-3S-yloxy)-
cyclohexanone.
LC/MS = 528 (M +1)
Retention fime: 5.30 min

LC: Thermo Electron Surveyor HPLC
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MS: Finnigan LCQ Advantage MAX Mass Spectrometer

Column: Phenomenex Polar RF 30 mm X 4.6 mm

Solvents: (B): Acetonitrile with 0.1% formic acid, (A): Water with 0.1% formic acid
Gradient: 2mL/min, 8 min-0.5min 5% ACN, 0.5 min-6.5 min 5%-100% ACN, 6.5
min-8.0 min 100% ACN, 8.0 min-9.1 min 100%-5% ACN, 8.1 min-8.5 min 5% ACN.

cyclohex-3-enecarbonvi}-{4-(tetrahydro-furan-3R-yloxy -rans-cyclohexyll-aminol-

thiophena-2-carboxyiic acid {isomer 2)

v/ TOH S_J’
O
- 0

Compound 308

5-(3,3-Dimethyl-but-1-ynyl}-3-{{4,6 S-dimethyl-cyclohex-3-enecarbonyi)-{4-
(tetrahydro-furan-3R-yloxy-trans-cyclohexyll-amino}-thiophene-2-carboxylic acid
{Compound 308) was prepared in a similar fashion as 5-(3,3-dimethyl-but-1-ynyl}-3-
{{4,6S-dimethyl-cyciohex-3-enecarbonyl)-[4-{tetrahydro-furan-3 S-yloxy )-trans-
cyciohexyll-amino}-thiophene-2-carboxylic acid {isomer 1} except that 4-(tetrahydro-
furan-3R-yloxy-cyclohexanone was used instead of 4-(tetrahydro-furan-3S-yloxy)-
cyclohexanone.
LC/MS = 528 (M" +1)
Retention time: 5.21 min
LC: Thermo Electron Surveyor HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectrometer
Column: Phenomenex Polar RP 30 mm X 4.6 mm
Solvents: (B}: Acetonitrile with 0.1% formic acid, (A): Water with 0. 1% formic acid
Gradient; 2mbL/min, 0 min-0.5min 5% ACN, 0.5 min—6.5 min 5%-100% ACN, 6.5
min-9.0 min 100% ACN, 8.0 min-9.1 min 100%-5% ACN, 9.1 min-9.5 min 5% ACN,
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Example 308 — Compound 309: 5-(3.3-dimethylbut-1-ynyl)}-3-{(1R.2S 4R)-2-hydroxy-
4-methyl-N-(4-(tetrahydrofuran-3S-
yioxyeyclohexylicyclohexanecarboxamidothiophene-2-carboxylic acid

O
==_ S
OH
. O
Mo N""Q‘!(j\c
o}
5 OH
Compound 308

Compound 308 was synthesized in & manner analogous to Exampie 301,
acylaling with {15,2R 5R)-2-(chlorocarbanyt)-5-methylcyclohexyl acetate. MS (m/z).
10 532.2 [M+H]; HPLC retention time: 4.530 min {2-98% acetonitrile:water with 0.05%

triffuoroacetic acid).

Example 310 ~ Compound 310; 5+(3, 3-dimethylbut-1-yny)-3-({(1R.25 4R)-2-hydroxy-
4-methvi-N-(4-(tetrahvdrofuran-3R-

15 yloxvicvelohexyloyclohexanecarboxamidolthiophene-2-carboxylic acid

0
== 8
\7/&0’* 0

Nro, p
S
(o
6]

OH
Compound 310

20 Compound 310 was synthesized in a manner analogous to Example 303,
acylating with {18 2R, 5R}-2-{chlorocarbonyl)-5-methylcyclohexy! acetate. MS {m/z):
532.2 [M+H], HPLC retention time: 4,530 min (2-98% acelonitrile:water with 0.05%
trifluoroacetic acid).
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Example 311 ~ Compound 311: 5-3.3-Dimethyl-4-(tetrahydro-pyran-2-vioxy)-but-1-
viyli-3-{4-methyl-cyclohexanecarbonyi-l4-{pyridin-2-vioxy \-cyclohaxyil-amino)-

thiophene-2-carboxylic acid

Scheme 4
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Compound 311

To a solution of heopentyl giycol (6.0 g, 57.6 mmol) and 3,4-dihydro-2H-pyran
(2.84 mL, 28.94 mmol) in 2:1 THF/dichioromethane (135 ml.) was added p-
TsOM-H.0 (100 mg, 0.53 mmol) and the reaction stirred overnight. Solid NaHCO;
was then added and after rapid stirring for 15 min the reaction was filtered and
concentrated to give a pale liquid. Purification by flash column chromatography on
silica gef using 50% ethy! acetate in hexanes provided 2,2-dimethyl-3-(tetrahydro-

pyran-2-yloxy-propan-1-ol {3.21 g, 58%) as a pale liquid.
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DMSO (2.69 mi, 50.97 mmol) was added dropwise fo a solution of oxaiyl
chioride (2.87 mL, 33.88 mmol} in dichloromethane (85.0 mbL) at -78 °C. After several
minutes, neat 2,2-dimethyl-3-(tetrahydro-pyran-2-yloxy)-propan-1-ol (3.2 g,
16.99mmol} was added dropwise and after stirring for 1 h at -78 °C, triethylamine (8.5
ml., 68.0 mmol) was added. The reaction was aliowed to warm to room temperature
and stirred for 30 min. 3at. NH,Cl was added and the organic layer was separated.
The aqueous layer was exiracted with ethyl acetate and washed with brine. The
organic layers were combined, dried over Na,S0, and concentrated to give a pale
liquid. The crude liquid was passed through a short silica gel column and eluted with
50% ethyl acetate in hexanes to provide 2,2-dimethyl-3-(ietrahydro-pyran-2-yiaxy)-
propionaldehyde (3.09 g, 97%) as a pale liquid after removal of solvents under
reduced pressure.

{1-Diazo-2-oxo-propyl)-phosphonic acid dimethyl ester (486 mg, 2.54 mmol)
was added 0 a stirred suspension of 2,2-dimethyl-3-(tetrahydro-pyran-2-yloxy)-
propionaldehyde (315 mg, 1.69 mmol) and K,CO; (700 mg, 5.07 mmol) in methanol
{20.0 mL) at room temperature. After overnight stirring, the reaction was diluted with
diethyl ether, washed with sat. NaHCO;, bring, dried over Na,S0, and concenirated
to provide a crude oil. Purification by flash column chromatography on sifica gel using
20% ethy! ether in hexanes provided 2-(2,2-dimsthyl-but-3-ynyloxy)-tetrahydro-pyran
{147 mg, 48%) as a pale liquid.

A solution of 2-(2,2-dimethyi-but-3-ynyloxy)-tetrahydro-pyran (147 mg, 0.806
mmal}, 3-[{4-hydroxy-cyclohexyl)-(4-methyl-cyclohexanecarbonyt)-amino}-5-iodo-
thiophene-2-carboxylic acid methyl ester (328 mg, 0.645 mmol} and triethylamine
(1.0 mL, 7.17 mmol) in DMF (1.0 mL) was degassed for 10 minutes with nitrogen.
PdCH(PPhs), (20 mg, 0.028 mmot) and Cul (5.0 mg, 0.026 mmol) was added and
the resulting mixture was degassed with nitrogen for an additional 5 minutes after
which the reaction was in a 80 °C oll bath and heated for 4 h. The reaction was
cooled and partitioned between ethy! acetate and sat. NaHCO;. The organic layer
was separated, washed with 5% LiCl, brine, dried over Na,S0, and concentrated to
give a dark orange-brown foam. Purification by flash column chromatography on
silica gel using 20% hexanes in ethyl acetate provided the desired product (251 mg,
69%) as a pale yellow foam.

NaH {45 mg of a 60% oil dispersion, 1.12 mmol) was added in one portion to
a solution of 5-[3,3-dimethyl-4-(tetrahydro-pyran-2-yloxy}-but-1-ynyl}-3-[(4-hydroxy-
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cyclohexy!)-{4-methyl-cyclohexanecarbonyl}-amino]-thiophene-2-carboxylic acid
methyl ester (124 myg, 0.221 mmol) and 2-flucropyridine {5.095 mL, 1.1 mmol) in dry
DMF (2.0 mL). After several minutes, the reaction was placed in a 85 °C oil bath and
heated for 4 h. The reaction was cooled, water (0.50 mL) was added and the reaction
mixture evaporated to dryness to provide a solid residue. The solid was washed with
ethyl ether/hexanes then water, collected by centrifugation and washed with ethyl
ether foliowed by water. The solid was collected and dried under vacuum io provide
§-[3,3-dimethyl-4-(tetrahydro-pyran-2-yloxy}-but-1 -ynyl}-3-{(4-methyl-
cyclchexanecarbonyl)-[4-{ pyridin-2-yloxy)-cyclohexyil-aminol-thiophene-2-carboxylic
acid (Compound 311) (60 mq, 42%) as an off-white solid. MS (m/z); 528.3 [M+H-(2-
hydroxypyridine)}+; HPLC retention time: 4.61 min (2-88% acetonitriie:water with
0.05% trifiuorcacetic acid).

Example 312 — Compound 312: 53, 3-Dimethyl-4-(tefrahvdro-furan-3-viexy)-bui-1-
ynyll-3-(4-{pyridin-2-vioxy}-cyclohexyh-{4-methvi-cvclobexanecarbonvi-aminol-

thiophene-2-carboxyvlic acid

Scheme 5
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Compound 312

TMSCI (2.30 ml., 0.018 mol) was added dropwise to a solution of 3-hydroxy-
2, 2-dimethyl-propionic acid methy! ester (2.0 g, 0.015 mol) and triethylamine (3.16
5 mlk, 0.023 mol} in dichloromethane at 0 °C. After stirring for 1 h, the reaction was
warmed {o room temperature and stirred for an additional 1.5 h. Volatiles were
removed under reduced pressure to provide a solid that was slurried in a mixture of
ethyl ether and hexanes. The solid was removed by filtration and the filtrate was
concentrated {o provide a yellow liquid that was purified by bulb to bulb distillation
10 under reduced pressure {0 provide 2,2-dimethyi-3-trimethyisilanyloxy-propionic acid
methyl ester (2.8 g, 81%) as a colorless liquid.
2,2-Dimethyl-3-trimethylsitanyloxy-propicnic acid methy! ester {478 mg, 2.34
mmol) was added to a solution of dihydro-furan-3-one (168 mg, 1.95 mmol) and

FeCls (16 mg, 0.087 mmol) in nitromethane (6.0 mL) at 0 °C. Tristhyisilane (0.374
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mi., 2.33 mmol) was added and the reaction was warmed to room temperature and
stirred for 2 h. Sat. NaHCO, was added and the reaction was extracted with
dichloromethane, The organic layer was separated, washed with brine, dried over
Na,S0, and concentrated to give a pale liguid. Purification by flash column
chromatography on silica gel using 30% ethyl acetate in hexanes provided dimethyl-
3-(tetrahydro-furan-3-yloxy}-propionic acid methyl ester (353 mg, 75%) as a colorless
liquid.

DIBAL (1.74 mL of 2 1.0 M solution in hexanes) was added dropwise {0 a
solution of Z,2-dimethyl-3-(tetrahydro-furan-3-yloxy)-propionic acid methy! ester (353
mg, 1.74 mmol) in dichloromethane (8.0 mL.) at -78 °C. After 2 h at this temperature,
an additional equivalent of DIBAL was added and after 1 h the reaction was warmed
to 0 °C. After an additional 1 h at 0 °C, 1.0 N HC| was added dropwise to quench the
reaction. The reaction was warmed 10 room temperature and partitioned between
dichlorormethane and brine. The layers were separated and the aqueous layer
extracted with dichloromethane. The combined organic layers were dried over
Na,S0, and concentrated fo give an cil. Purification by flash column chromatography
on silica gel using 50% ethy! acetate in hexanes provided 2,2-dimethyi-3-(tetrahydro-
furan-3-yloxy)-propan-1-0i (260 mg, 82%) as a colorless oil.

DMSO {0.226 ml, 4.28 mmol) was added dropwise to a solution of oxalyl
chloride (0.242 mL, 2.86 mmol} in dichioromethane (6.0 mL) at -78 °C. After several
minutes a solution of 2,2-dimethyl-3-(tetrahydro-furan-3-yloxy)-propan-1-ol (250 mg,
1.43 mmol} in dichloromethane (1.0 ml., with an additional 1.0 mL rinse) was added
dropwise and afier stirring for 1 hat -78 °C, triethylamine (0.800 mL, 5.72 mmol) was
added. The reaction was allowed to warm to room temperature and stirred for 30 min.
Sat. NH,Cl was added and the reaction mixture was extracted with dichloromethane.
The arganic layer was washed with brine, dried over Na,80, and concenirated to
give a yellow residue. The residue was passed through a short silica gel plug eluting
with 50% ethyl acetate in hexanes fo provide 2,2-dimethyl-3-(tetrahydro-furan-3-
yloxy)-propionaldehyde (245 mg, 89%) as a greenish-brown oil.

(1-Diazo-2-oxo-propyl}-phosphonic acid dimethy! ester (418 mg, 2.17 mmol)
was added to a stirred suspension of 2,2-dimethyl-3-{tetrahydro-furan-3-yioxy -
propionaldehyde (250 mg, 1.45 mmol} and K,CO; {601 mg, 4.35mmol) in methanol
{17.0 mL) at room temperature. After overnight stirring the bulk of the methano! was
removed by rotary evaporation and the reaction mixiure partitioned between ethyl
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ether and NaHCQ,. The organic layer was separated, washed with brine, dried over
Na,50, and concentrated io provide a crude liquid. Purification by flash column
chromatography on silica gel using 30% ethyl acetate in hexanes followed by bulb to
bulb distiliation under reduced pressure provided 3-(2,2-dimethyl-but-3-ynyloxy)-
tetrahydro-furan (169 mg, 69%) as a colorless liquid.

A solution of 3-(2,2-dimethyl-but-3-ynyioxy)-tetrahydro-furan (188 mg, 1.00
mmol), 3-[(4-hydroxy-cyclohexy-{4-methyl-cyclohexanecarbonyl)-amino]-5-iodo-
thiophene-2-carboxylic acid methyl ester (404 mg, 0.80 mmol) and friethylamine (1.2
ml., 8.61 mmol} in DMF (1.2 mL) was degassed for 10 minutes with nitrogen.
PdCL(PPha). (25 myg, 0.036 mmol) and Cul (6.0 mg, 0.031 mmol) was added and
the resulting mixture was degassed with nitrogen for an additional 5 minutes after
which the reaction was placed in a 85 °C oil bath and heated for 2.5 h. The reaction
was cooled and patrtitioned betwsen ethyl acetate and sat. NaHCO;. The organic
layer was separated, washed with 5% LiCl, brine, dried over Na,50, and
concentrated to give a dark brown foam. Purification by flash column
chromatography on silica gel using 50% ethyl acetate in hexanes then 5% methanol
in ethyl acetate provided 5-[3,3-dimethyl-4-(tetrahydro-furan-3-yloxy }-but-1-ynyf]-3-
{{4-hydroxy-cyclohexyl)-(4-methyl-cyciohexanecarbonyij-amino}-thiophene-2-
carboxylic acid methyl ester (331 mg, 75%) as a pale yeliow foam.

Compound 312 may be prepared in the same manner as Compound 311
using 5-[3,3-dimethyl-4-(tetrahydro-furan-3-yloxy }-bul-1-yryil-3-[(4-hydroxy-
cyclohexyl)-(4-methyl-cyclohexanecarbonyt)-aminol-thiophene-2-carboxylic acid
methyl esier.

Example 313 — Compound 313: 5-13,3-dimethyl-4-(tetrahydro-pyran-4-vioxy-but-1-
ynvil-3-[{4-({pyridin-2-vioxyJ-cvclohexy-(4-methyl-cyclohexanecarbonyl-aminal-

thicphene-2-carboxylic acid

Synthesis of 5-[3,3-dimethyl-4-(tetrahvdro-pyran-4-yioxy-but-1-ynvil-3-[(4-{(hydroxy}-

cyclohexv-{4-methvi-cyciohexanecarbonyll-amino-thiophene-2-carboxvlic acid
methvi ester
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This thiophene ester {126 mg, 51%) was synthesized in a manner analogous
to 5-[3,3-dimethyl-4-(tetrahydro-furan-3-yloxy}-but-1-ynyi}-3-[{ 4-hydroxy-cyciohexyl)-
5  (4-methyl-cyclohexanecarbenyl)-amino}-thiophene-2-carboxylic acid methyl ester in
Example 312, using tetrahydro-pyran-4-one in place of dihydro-furan-3-one.

Ol O

Compound 313
10
Compound 313 may be prepared in the same manner as Compound 311

using 5-[3,3~dimethyl-4-(tetrahydro-pyran-4-yloxy)-bui-1-ynyl}-3-[(4-{(hydroxy}-
cyclohexyl)-{4-methyl-cyclohexanecarbonyl}-aminol-thiophene-2-carboxylic acid
methyl ester.

15
Example 314 — Compound 314: 5-(5-Hydroxy-3.3-dimethvi-pent-1-ynyl}-3-{(4-methyl~
cyciohexanecarbonyl)-[4-(tetrahydro-furan-3-viexy}-cyclohexvil-aminol-thiophene-2-

carboxylic acid

20 Scheme 6
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To a solution of 3-hydroxytetrahydrofuran (5.0 mL, 81.85 mmol} and

Compound 314

triethylamine {13.0 mL, 83.27 mmol} in dichloromethane cooled to 0 °C was added
TMSCH (9.38 mL, 74.17 mmol) dropwise. The reaction was allowed to warm to room
temperature and then stirred overnight. Volatiles were removed under reduced
pressure to provide a dark red solid that was filtered through a short column of silica
ge! eluting with ethyl ether. The filtrate was concentrated to afford an orange ofl that
was purified by bulb to bulb distillation under reduced pressure to provide 5-iodo-3-
{{(4-methyl-cyciohexanecarbonyl}-[4-(tefrahydro-furan-3-yloxy)-cyclohexyil-amino}-
thiophene-2-carboxylic acid methyl ester (9.2 g, 93%) as a colorless liquid.

To a suspension of 5-iodo-3-[{4-methyl-cycichexanecarbonyl)-{(4-oxo-
cyclohexyl}-amino}-thiophene-2-carboxylic acid methyl ester (2.5 g, 4.96 mmol) and
FeCls (41 mg, 0.252 mmol) in nitromethane (15.0 mL) cooled to 0 °C was added neat
trimethyi-{tetrahydro-furan-3-yioxy)-silane (955 mg, 5.95 mmol) followed by the
dropwise addition of triethylsilane (0.947 mL, 5.92 mmol). The reaction was allowed
to slowly warm to room temperature and stimed overnight, Sat. NaHCQO; was added
and the reaction mixture was extracted with dichloromethane. The organic layer was
washed with brine, dried over Na,50, and concentrated to give a solid. The crude

solid was heated in methanol, cooled and collected by filiration to provide 3-{(4-
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hydroxy-cyclohexyl-(4-methyl-cyclohexanecarbonyt)-aminocl-5-iodo-thiophene-2-
carboxylic acid methyt ester (1.27 g, 44%) as a coloriess sofid,

A solution of 3-[(4-hydroxy-cyciohexyl)-(4-methyl-cyclohexanecarbonyl)-
amino]-5-iodo-thiaphene-2-carboxylic acid methyl ester (303 mg, .53 mmol}, 3,3-
dimethyi-pent-4-yn-1-ol (70 mg, £.63 mmol) and friethylamine (1.2 mL, 8.61 mmol) in
DMF (1.2 mL) was degassed for 10 minutes with nitrogen. PdCL(PPhs); (17 mg,
0.024 mmol) and Cul (5.0 mg, 0.028 mmol) was added and the resulting mixture
was degassed with nitrogen for an additional 5 minutes after which the reaction was
placed in a 65 °C oil hath and heated for 1.5 h. The reaction was cooled and
partitioned between ethyl acetate and sat. NalCO,. The organic layer was separated,
washed with 5% LiCl, brine, dried over Na,S0, and concentrated to give a dark foam.
Purification by flash column chromatography on silica gel using 100% ethyl acetate
provided 5-(5-hydroxy-3,3-dimethyl-pent-1-ynyl)-3-{(4-methyl-cyclohexanecarbonyl)-
[4-(tetrahydro-furan-3-yloxy)-cyclohexyll-aminc}-thiophene-2-carboxylic acid methyl
ester (157 mg, £3%) as a pale yellow foam.

NaOH (0.500 ml of a 1.0 N agueous solution) was added dropwise to a
solution of 5-(5-hydroxy-3,3-dimethyl-pent-1-ynyl)-3-{{4-methyl-
cyclohexanecarbonyl)-[4-{tetrahydro-furan-3-yloxy)-cyciohexyll-amino}-thiophene-2-
carboxylic acid methyl ester (157 mg, 0.28 mmol) in methanol (1.5 ml) and THF (1.5
mL) at room temperature, The reaction was stirred untll TLC indicated that all of the
starting material was consumed. The reaction was evaporated to dryness o give a
solid residue that was purified by column chromatography on reverse phase Cg silica
gel (100% water {o 5% acetonitrile/water). Fractions containing product were pooled
and evaporated to provide 5-(5-hydroxy-3, 3-dimethyi-pent-1-ynyl)-3-{(4-methy-
cyclohexanecarbony!)-[4-(tetrahydro-furan-3-yloxy)-cyclohexyll-amino}-thiophene-2-
carboxylic acid (Compound 314)52 mg, 33%) as a solid. MS (m/z): 546.0 [M+H]+;
HPLC retention time 3.75 min (2-98% acetonitrile: water with 6.05% trifiuoroacetic
acid}.

Example 317 — Compound 317: 5-{3,3-Dimethvi-but-1-yny}-3-[i4-{ 4-cis-hydroxy-
tetrahvdro-furan-3-vioxy-cvclohexyvii-(4-methyi-cvelohexanecarbonvi-aminol-

thionhene-2-carboxviic acid

Schemes 8
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Compound 317

TMSCI (8.0 mL, 63.32 mmol) was added dropwise to a solution of 1,4~
anhydroerythritol (3.0 g, 28.81 mmol), triethylamine (9.2 mL, 66.0 mmol} and DMAP
{few crystals) in dichloromethane (200 mL} a1 0 °C. The reaction was allowed 1o
slowly warm to room temperature over 1 h and then stirred for an additional 3 h. The
solid was filtered and the filtrate concentrated to give a solid. The solid was then
filtered through a short silica gel column eluting with 33% hexanes in ethy! ether,
Removal of solvents under reduced pressure provided 3,4-bis-trimethylsilanyloxy-
tetrahydro-furan (7.7 g, ~100%) as a coloriess liquid.

TMSOTE (0.020 mL, 0.108 mmol) was added to a solution of 3,4-bis-
trimethylsitanyloxy-tetrahydro-furan (595 mg, 2.3¢ mmol) in dichloromethane (5.0
mLi} cooled to -78 °C. A solution of 5+(3,3-dimethyl-but-1-ynyl}-3-[{4-methyl-
cyclohexanecarbonyl)-{4-oxo-cyciohexyl)-amino)-thiophene-2-carboxylic acid methyl
ester (1.0 g, 2.18 mmol) in dichloromethane (7.0 mL) was then added dropwise and
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the reaction aliowed to slowly warm to room temperature and then stirred overnight.
Sat. NaHCO,4 was added and the reaction mixture was exiracted with
dichloromethane. The organic layer was dried over Na,SO, and concentrated to give
a blue-green solid. The crude solid was triturated with ethyl ether and hexanes to
give the desired ketal (525 mg, 44%) as an off-white solid.

Triethylsilane (0.255 mL, 1.59 mmol) was added to a solution of the ketal from
the previous reaction (332 mg, 0.61 mmoit) in dichloromethane (3.0 mL) cooled to -78
°C. TiCl,{1.34 mL of a 1.0 M solution in dichloromethane) was then added dropwise
over 5 min. The reaction was stirred at -78 °C 2 h and then warmed to room
{emperature. After stirring for 2 h, an additional equivalent of triethylsilane and TiCl,
was added and stirring was continued until the reaction was deemed complete by
TLC. Brine was added followed by the cautious dropwise addition of sat. NaHCOC,,.
The reaction was diluted with water and extracted with dichioromethane. The organic
layer was washed with brine, dried over Na,S0, and concentrated to give an orange
oil. Purification by flash column chromatography on sitica gel using 3% methanol in
dichioromethane provided 5-(3,3-dimethyl-but-1-yny(}-3-[[4-(4-hydroxy-tetrahydro-
furan-3-yloxy)-cyclohexyl]-(4-methyl-cyclohexanecarbonyl)-amino}-thiophene-2-
carboxylic acid methy! ester 267 mg, 80%) as a colorless foam.

NaCH (0.25 mL of a 1.0 N agueous solution) was added dropwise to g
solution of 5-(3,3-dimethyl-but-1-ynyl}-3-[[4-(4-cis-hydroxy-tetrahydro-furan-3-yloxy)-
cyclohexyl]<{(4-methyi-cyclohexanecarbonyl)}-amino}-thiophene-2-carboxytic acid
methy! ester {80 mg, 0.147 mmol} in methanol (1.0 mL) and THF (1.0 mL) at room
temperature. After 2 h, an additional equivalent of NaOH was added and the reaction
stirred until all of the starting material was consumed. The reaction was evaporated
to dryness to give a residue that was purified by column chromatography on reverse
phase Cy; silica gel (100% water to 20% acetonitrile/water). Fractions containing
product were pooled and evaporated to provide 5-(3,3-dimethyl-but-1-ynyl)-3-[[4-(4-
cis-hydroxy-tetrahydro-furan-3-yloxy)-cyclohexyl]-(4-methyi-cyclohexanecarbony!)-
aminc]-thiophene-2-carboxylic acid (Compound 317) (53 mg, 65%) as a glassy foam.
MS (m/z): 532.2 [M+H]+; HPLC retention time 4.24 min (2-98% acetonitrile: water

with 0.05% trifluoroacetic acid).
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Example 318 — Compound 318: 5-(3,3-Dimethyi-but-1-yny)-3-[14-(4-trans-hydroxy-

tetrahvdro-furan-3-vioxy)-cyclohexyll-(4-methyl-cyclohexanecarbonyi-aminol-

thiophene-2-carboxylic acid

Scheme 8
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Compound 318

To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-[[4-(4-cis-hydroxy-tetrahydro-
furan-3-yloxy)-cyclohexyl}-(4-methyl-cyclohexanecarbonyt}-aminol-thicphene-2-
carboxylic acid methyl ester (267 mg, 0.48 mmol) in dry THF (2.0 mL) cooled o 0 °C
was added, sequentially, friphenyiphosphine (462 mg, 1.76 mmol} and DIAD {0.28
mlL, 1.47 mmol). After 5 min, solid 4-nitrobenzoic acid (295 mg, 1.76 mmol) was
added and after stirring for 1 h the reaction was allowed fo warm o room
temperature. Affer 3 h the reaction was concentrated to dryness and partitioned
between ethy! acetate, sat. NaHCO; and water. The layers were separated and the
agueous layer was exiracted with ethyl acetate. The combined organic layers were

washed with water, 1.0 N HCI, sat. NaHCQOq, brine, dried over Na,80. and
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concentrated o give a viscous oil. Purification by flash column chromatography on
silica gel using 3% methanol in dichloromethane provided 5-(3,3-dimethyl-but-1-
ynyl)-3-({4-methyl-cyciohexanecarbonyl}-{4-trans-]4-{4-nitro-benzoyloxy)-tetrahydro-
furan-3-yloxyl-cyclohexyl}-amino)-thiophene-2-carboxylic acid methy! ester (328 mg,
96%) as a pale yeliow foam. Analysis by *H NMR indicated a minor impurity due to
DIAD,

Solid K,C0; {100 mg, 0.72 mmol) was added o a solution of 5-(3,3-dimethyl-
but-1-ynyl}-3-({4-methyl-cyclohexanecarbonyl)-{4-trans-[4-{4-nitro-benzoyloxy)-
tetrahydro-furan-3-yloxyl-cyciohexyl}-amino}-thiophene-2-carboxylic acid methyl
ester (320 mg, 0.46 mmol) in methanol (3.0 mL} at room temperature, After 1h, the
reaction was evaporated to dryness and then partitioned between ethyl ether and
water. The organic layer was washed with sat. NaHCO,, brine, dried over Na,30,
and congentrated o give a waxy solid. Purification by flash column chromatography
on silica gel using 3% methanol in dichloromethane provided 5-(3,3-dimethyl-but-1-
ynyl)-3-[[4-(4-trans-hydroxy-tetrahydro-furan-3-yloxy)-cyclohexyl]-{(4-methyl-
cyclohexanecarbonyl)-aminol-thiophene-2-carboxylic acid methyl ester (191 mg,
76%} as a pale foam.

NaOH {0.22 mi of a 1.0 N agueous solution) was added to g solution of 5-
(3,3-dimethyl-but-1-ynyl}-3-[[4-(4-hydroxy-tetrahydro-furan-3-yloxy-cyclohexyl]-(4-
methyl-cyclohexanecarbonyl}-aminol-thiophene-2-carboxylic acid methyl ester (80
mg, 0.147 mmol) in THF {1.0 mL) and methanol (1.0 mL} at room temperature. Afier
stirring for 48 h, the reaction was evaporated to dryness to give a residue that was
purified by column chromatography on reverse phase Cyg sitica gel (100% water io
10% acstonitrile/water). Fractions containing product were pooled and evaporated to
provide 5-(3.3-dimethyl-but-1-ynyl}-3-[{4-(4-trans-hydroxy-tetrahydro-furan-3-yloxy)-
cyciohexyll-(4-methyl-cyclohexanecarbonyl}-aming]-thiophene-2-carboxylic acid
{Compound 318} (53 mg, 43%) as a colorless solid. MS (m/z): 532.2 [M+H]+; HPLC
reiention time 4.17 min (2-88% acetonitrile: water with 0.05% trifluoroacetic acid).

Example 319 — Compound 319: 5-[3,3-Dimethvi-5-(tetrahvdro-pyran-4-vioxyl-pent-1-

ynvil-3-[{4-(pyridin-2-vioxv)-cyeclohexy-{4-methvi-cvclohexanecarbonyD-aminol-

thionphene-2-carboxviic acid

Scheme 10
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Compound 319

5 A solution of the 3,3-dimethyl-pent-4-yn-t-ol (600 mg, 5.36 mmol), 3-[[4-(tert-
Butyl-dimethyi-sitanyloxy)-cyciohexyll-(4-methyl-cyclohexanecarbonyl)-aminc}-5-
iodo-thiophene-Z-carboxylic acid methyl ester (2767 mg, 4.46 mmol) and
triethylamine {10.8 mL, 77.48 mmol} in DMF (25mL) was degassed for 10 minutes
with nitrogen. PACL{PPh;). (314 mg, 0.45 mmol}and Cul (170 mg, 0.90 mmol) was

10  added and the resuiting mixiure was degassed with nitrogen for an additicnai 5
minutes after which the reaction was placed in a 80 °C oil bath and heated for 3.5 h.
The reaction was cooled and partitioned between ethyl acetate and sat. NaHCO..
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The organic layer was separated, washed with 5% LiCl, brine, dried over Na,S0, and
concentrated io give a dark brown foam. Purification by flash column
chromatography on silica gel using 30% ethyl acetate in hexanes then 5% methanol
in ethyt acetate provided 3-[j4-(tert-butyl-dimethyl-silanyloxy}-cyclohexyi}-(4-methyl-
cyciohexanescarbonyl-aminol}-5-{5-hydroxy-3, 3-dimethyl-pent-1-ynyl}- thiophene-2-
carboxylic acid methy! ester (2.43g, 90%) as a pale yellow foam.

TMSCI {0.08 mL, 0.586 mmol) was added dropwise fo a solution of 3-[[4-(tert-
butyl-dimethyl-silanyloxy}-cyclohexyl]-{(4-methyl-cyclohexanecarbonyl)-aminol-5-(5-
hydroxy-3,3-dimethyl-pent-1-ynyi)- thiophene-2-carboxylic acid methyl ester (300 mg,
0.497m mol} and triethylamine (0.11ml, 0.745 mmol) in dichioromethane at 0 °C,
After stirring for 1 h, the reaction was warmed tc room temperature and stirred for an
additional 1.5 h. The solution was washed with water, brine, dried and concentrated
to give crude 3-[{4-(teri-buiyl-dimethyl-silanyloxy)-cycichexy!]-{4-methyi-
cyclohexanecarbonyf}-amino}-5-(3,3-dimethyl-5-trimethylsilanyloxy-pent-1-yayl)-
thiophene-2-carboxylic acid methyl ester (330 mg) which was carried to next step
without further purification.

3-[[4-(tert-Butyl-dimethyl-silanyloxy)-cyclohexyll-{4-mathyl-
cyclohexanecarbonyl)-amino)-5-{3,3-dimethyi-5-trimethylsilanyloxy-peni-1-ynyl)-
thiophene-2~carboxylic acid methy! ester (230 mg, 0.34 mmol) was added to a
solution of tetrahydro-pyran-4-one (29 mg, 0.28 mmol} and FeCl; (2.8 mg, 0.017
mmol} in nitromethane (5.0 mL) at 0 °C. Triethyisilane (0.054 mL, 0.34 mmot) was
added and the reaction warmed to room temperature and stirred for 2 h. Sat.
NaHCQO; was added and the reaction exiracted with dichloromethane. The organic
layer was separated, washed with brine, dried over Na,S0O, and concentrated to give
the crude product. Purification by HPLC withh CH,CN{0.1% TFAYH,0(0.1% TFA)
provided 5-[3,3-dimethyl-5-(tetrahydro-pyran-4-yloxy }-pent-1-ynyl]-3-[(4-hydroxy-
cyclohexyl)-{4-methyi-cyclohexanecarbonyl)-aminol-thiophene-2-carboxylic acid
methyl ester (8 mg, 4% } as solid.

Compound 319 may be prepared in the same manner as Compound 311
using 5-[3,3-dimethyl-5-(fetrahydro-pyran-4-yloxy)-pent-1-ynyl}-3-[{4-hydroxy-
cyclohexyl)-{4-methyl-cyclohexanecarbonyt)-aminol}-thiophene-2-carboxylic acid
methyl ester.
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cyciohexanecarbonvi-{1-[2-(pyridin-2-vioxy-ethvil-pyrrolidin-3-vit-amino)-thiophene-

2-carboxyiic acid

0O
==_ .S
\ /  OH o N
N7
NM:C‘ e,
O
Compound 321

To & solution of 5-(3,3-dimethyk-but-1-ynyl -3-[(4-methyl-
cyclohexanecarbonyl)-pyrrolidin-3S-yl-aminol-thiophene-2-carboxylic acid methyl
ester (0.1 g, 0.214 mmol) and acetic acid {37 L) in dry dichloromethane (1 ml) was
added NaBH(OAc); {0.082 g, 0.428 mmol) at room temperature. After stirring at
raom temperature for 90 min, the reaction was corncentrated in vacuo {0 remove
volatiles. The crude oil was dissolved in methano! (2 mL.), freated with HCI (1.7 mL,
1M in methanol} and heated to 60 °C for 1h. Upon cooling the reaction was
concentrated, diluted with ethyl acetate, and neutralized with NaHCCO4. The organic
layer was washed with saturated NaCl solution (30 mL), dried over Na,SO,, filtered,
concentrated and purified by silica gel column chromatography. A solution of 5+(3,3~
Dimethyl-but-1-ynyl)-3-[[1-(2-hydroxy-ethyl-pyrrolidin-3-yl}-(4-methyl-
cyclohexanecarbonyl)-amino}-thiophene-2-carboxylic acid methyl ester (Compound
321} (0.083 g, G.175 mmol} in THF {1 mlL) was treated with KHMDS (0.42mlL, 0.2
mmol, 0.5 M in toluene) at ~78 °C. After 30 min 2-fluro-pyridine (30 7L, 0,35 mmol)
was added. The reaction was quenched after 1h with saturated NH,Cl and the
organic phase was collected and concentrated. The crude material was purified by
reverse-phase HPLC to afford the title compound. MS (m/z): 538.2 [M~+H]; HPLC
refention time: 3.55 min (2-98% acetonitrile:water with 0.05% triflucroacstic acid) 6

min run.

Example 322 ~ Compound 322: 5-(3 3-Dimethyl-but-1-yny!-3-{4-methvi-
cyclohexanecarbonyl)-[4-{4-methyl-cyclohexanecarbonvioxy)-4-{ietrahvdro-furan-3-

vioxymethy ovclohexvil-aminoi-thiophene-2-carboxvlic acid
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Compound 322
4-Methyl-cyclohexanecarboxylic acid (57 mg, 0.4 mmol) was dissolved in
CH2Cl, (5 mL) and DMF (2 pL) was added. The solution was cooled to 0 °C and then
5 (COCI, (175 L, 2 mmoi) was slowly added o the solution. The reaction was stirred
in the ice bath for 1 hour and then concentrated. The residue was taken up in
hexanes and concentrated; this hexanes co-evaporation was repeated once more.
To the residue was added 5-(3,3-dimethyl-but-1-ynyl}-3-[4-(tetrahydro-furan-3R-
“yloxy Hrans-cyclohexylamino]-thiophene-2-carboxylic acid methyt ester (84 mg, 0.2
10 mmol) and pyridine (3mL). The solution was heated to 85 °C overnight. The reaction
was cooled o rt, concentrated and taken up in THF/ MeOH (5:1). The solution was
then treated with LiOH (1 mmol, 41 mg) and heated to 65 °C for 1h. Volatiles were
removed under vacuum and the resulting residue purified by HPLC with CH;CN
(0.1% TFA)YH,0({0.1% TFA) to provide Compound 322 as colorless solid. MS (m/z):
15 516.3 [M+H]+; HPLC retention time 8.53 min (2-88% acetonitrile: water with 0.05%
triflucroacetic acid) 30 min run.

Example 325 — Compound 325: 3-[l4-(4-dimethviaminomethvi-pyridin-2-vioxy)-

cyclohexyil-{(4-methviene-cyclohexanecarbonyl)-aminol-5-(3, 3-dimethyi-but-1-ynyi}-

20  thiophene-2-carboxyiic acid

Scheme 13
N \
N
OH NaH, DMF
O
Q
25 Compound 325
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Compound 325 was synthesized in a manner analogous to Example 311.M8
{m/z): 578.0 [M+H]+; HPLC retention time 3.48 min (2-98% acetonitrile: water with
0.05% trifluoroacetic acid).

Example 328 ~ Compound 326 5+(3,3-Dimethyl-but-1-ynvh-3-{{4-methyl-
cyclohexanecarbonvh-[4-{6-oxo-1.6-dihydro-pyrimidin-2-vioxy »-cyclohexyll-amino}-

thiophene-2-carboxylic acid

0 0
=

=

8
OH HN
\_/ V=
Ni» O
Ol
O
Compound 326

Scheme 14
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2.4-Dichloro-pyrimidine (2.00 g, 13.4 mmol) in THF (30 ml.) was treated with
sodium hydride {670 mg, 60% oil dispersion, 16.8 mmol) followed by 2-
trimethylsilanyl-ethanol (2.01 mi., 14.1 mmol} in portions over 15 minutes. The
5  reaction mixiure was stirred for 16 hours and treated with 1 M HC! {20 mL). Water
(20 mL) was added and the mixture was exiracted with 1:1 ethyl acetate:hexanes
(100 mi.) followed by ethyl acetate (100 mL). The combined organic layers were
dried over sodium sulfats, filtered and concentrated. Purification by flash
chromatography (10-30% EtCAc:hexanes, 80 g column), afforded 2.45 g (78% vield)
10 of 2-chloro-4-{ 2-trimethylsilanyl-ethoxy)-pyrimidine as a mixture of regicisomers.
2-Chioro-4-(2-trimethyisilanyl-ethoxy-pyrimidine (388 mg, 1.68 mmol) and 5-
(3,3-dimethyl-but-1-ynyl)-3-i{4-hydroxy-cyciohexyl)-(4-methyl-cyclohexanecarbonyi)-
amino}-thiophene-2-carboxylic acid (150 mg, 0.337 mmol) were dissolved in DMF (2
mL) and treated with sodium hydride (67 mg, 60% oil dispersion, 1.68 mmol). The
15  mixture was stirred under nitrogen until the bubbling siowed, then was sealed and
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heated by microwave {90 °C, 85 min). An additional portion of 2-chloro-4-(2-
trimethylsilanyl-ethoxy)-pyrimidine (388 mg, 1.68 mmol) and sodium hydride (67 mg,
60% oil dispersion, 1.68 mmol) were added and the mixiure was stirred under
nitrogen until the bubbling slowed. The reaction mixture was sealed and heated by
microwave (100 °C, 45 min). After cooling, the mixture was dituted with ethyl acetate
(about 5 mL) and guenched with 10% citric acid (about 2 mL). Water was added and
the mixture was extracted twice with
ethyl acetate. After concentration the resulting residue was purified by HPLC with
CH;CN (0.1% TFAYH0(0.1% TFA) to afford 39 mg of 5-(3,3-dimethyl-but-1-ynyl}-3-
{{4-methyl-cyclohexanecarbonyl}-{4-[4-(2-trimethylsilanyl-ethoxy )-pyrimidin-2-yloxyl-
cyclohexyl}-amino}-thiophene-2-carboxylic acid.
5-(3,3-Dimethyl-but-1-ynyl}-3-{(4-methyi-cyclohexanecarbonyl )-{4-]4-(2-
trimethyisilanyl-ethoxy}-pyrimidin-2-yloxyi-cyciohexyl}-amino-thiophene-2-carboxylic
acid (37 mg, 0.058 mmol) in THF (1 mL} was treated with tetrabutylammaonium
fluoride (0.087 mL, 1M in THF, 0.087 mmol} and stirred at ambient temperature for
1.5 h. An additional portion of tetrabutylammonium fluoride (0.280 ml.) was added
and the reaction mixture was stirred at ambient temperature for 3 h. After
concentration the residue was purified by HPLC with CHiCN (0.1% TFAYH,0{0.1%
TFA) to afford 18 mg (58% yield) of Compound 326: MS (m/z): 837.9 [M+H]-; HPLC
retention time 4.28 min (2-88% acetonitrile: water with 0.05% trifluoroacetic acid).

Scheme 15

e} Q
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Acrylic acid 4,4-dimethyl-2-oxo-tetrahydro-furan-3-yl ester (R} (2.82 g, 15.9
mmmol} in dichioromethane (20 mL) and hexanes (3 mL) was cooled to -10 °C and
{reated with titanium tetrachloride (2.4 mL, 2.4 M in dichloromethane, 2.4 mmol). The
red solution was stirred for 15 min and treated with isoprens (2.4 mL, 23.8 mmal)
dropwise over 5 min. After stirring for 1.5 h, an additional portion of isoprene (2.4 mL,
23.8 mmol} was added and the reaction mixture was stirred at -10to 0 °C for 2.5 h.
After cooling to -10 °C, the reaction mixture was quenched with ammonium chioride
(sat. ag.). Water and ethyl acetate: hexanes {1:1) were added. The organic layer
was separated and the aqueous layer was exiracted again with ethyt
acetate:hexanes (1:1). The combined organic layers were dried over sodium sulfate,
filtered and concentrated. The residue was purified by flash chromatography (10-
40% EtOAc:Hex, 80 g column) to afford 3.35 g (84% vield) of 4-methyl-cyclohex-3-
{S)-enecarboxylic acid 4,4-dimethyl-2-oxo-tetrahydro-furan-3-yl ester as a clear oil.

4-Methyl-cyclohex-3-(Srenecarboxylic acid 4,4-dimethyi-2-oxo-tetrahydro-
furan-3-yl ester (3.34 g, 13.2 mmol} in THF (25 mL}, water (2.5 mlL) and methanol
(2.5 mL) was treated with lithium hydroxide manohydrate (2.8 g, 6.2 mmol) and
warmed to 50 °C with stirring. After 1h, the reaction mixture treated with 1M HCI
(about 25 mL.). The mixture was extracted with hexanes:ethyl acetate (200 mb: 15
mL), dried over sodium sulfate, filtered and concentrated fo 2.4 g of a white semi-
solid. The residue was redissolved in hexanes:dichloromethane (100 mi, 95:5),
washed with water, dried over sodium sulfate, filtered and concentrated o 1.68 g
(91% yield) of (18)-4-methyl-cyclohex-3-enecarboxylic acid as a white powder.

(1S)-4-Methyl-cyclohex-3-enecarboxylic acid (209 mg, 1.5 mmol),
azeotropically dried by evaporation from foluene, was treated with potassium
phosphate tribasic {383 mg, 1.8 mmoal), suspended in dichloromethane {4 mL.} and
treated with dimethylformamide (2 drops}. The reaction mixiure was cooled 10 0 °C
and treated dropwise with oxalyl chioride (0.3 mL, 3.2 mmol}). The reaction mixiure
was allowed to warm o ambient temperature while stirring for 2 h. After filtering the
solids, the solution was concentrated, treated with hexanes and concentrated again
to afford 4-methyl-cyclohex-3-enecarbony! chioride (S) as a light yellow oll which was

used immediately in the nex! step,

Example 327
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Compound 331; 5-(3 3-Dimethyl-bui-1-ynvl)-3-{{irans-4-methyl-
cvclohexanecarbonvi)-i4-{tetrahydro-furan-3{S)-vioxy)-trans-cyciohexvil-aminol-

thiophene-2-carboxylic acid

5 cycicghexanecarbonyi-[4-{tetrahydro-furan-3{ S)-vioxvi-cis-cyciohexyll-amino}-

thiophene-2-carboxylic acid

;\U §L 9\q o5

NW Nm - 10

..i( ,s.(

Compound 331 Compound 332

Scheme 17
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A mixture of 3-amino-5-(3,3-dimethyh-but-1-ynyl}-thiophene-2-carboxylic acid
methyl ester (2.41 g, 10.2 mmol}, 4-{tetrahydro-furan-3S-yloxy)-cycichexanone (1.6 g,
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8.5 mmol), TFA (2.6 mL, 34 mmol) and triethylsilane (2.7 mL, 17 mmol) in CHyCl,
{12 mL} was stirred for 22 h at room temperature. The reaction was concentrated in
vacuo and the crude oil was dissolved in ioluene (50 mL) and concentrated (repsat)
to give a yellow solid. The crude solid was purified by column chromatography (10-
25% ethyl acetate/hexanes) to give 5+(3,3-dimethyl-but-1-ynyl)-3-[4~(tetrahydro-furan-
38-yloxy)-cyclohexylaminol}-thiophene-2-carboxylic acid methyl ester {2.28 g, 5.63
mmol) as a mixture of isomers.

5-(3,3-dimethyl-but-1-ynyl}-3-[4-(tetrahydro-furan-3S-yloxy)-cyclohexylamino]-
thiophene-2-carboxylic acid methyl ester (105 mg, 0.26 mmol, 6:4 mixiure of trans:cis
isomers) was dissolved in pyridine {1 mL) and trans-4-methylcyclohexanecarbonyl
chioride (160 myg, 1.0 mmol) was added. The solution was stirred for 18 h at
80 °C. °C The reaction was cooled {o ambient temperature, partitioned between ethyl
acetate and water, and the aqueous phase thrice extracted with ethyl acetate. The
combined organic layers were sequentially washed with saturated aqueous
ammaonium chloride, brine, dried over magnesium sulfate, filtered, concentrated, and
purified by column chromaiography (0-70% ethy! acetate/hexanes) to give 5+(3,3-
Dimethyl-but-1-ynyl)-3-{{trans-4-methyl-cyciohexanecarbonyl)-{4-(tetrahydro-furan-
3S-yloxy)-cyclohexyl]-amino}-thiophene-2-carboxylic acid methyi ester (90 mg, 0.17
mmaol) as a mixture of isomers.

5-(3,3-Dimethyl-but- 1-ynyl)-3-{(trans-4-methyl-cycichexanecarbonyl)-f4-
{tetrahydro-furan-3S-yloxy}-cyclohexyll-amino}-thiophene-2-carboxylic acid methy!
ester (80 mg, 0.17 mmol) was dissolved in THF (1.5 mL), MeOH (0.5 mL), and H,0
{0.5 mL}. To this sofution was added LIOHH,0O (74 mg, 1.8 mmol). The reaction was
stirred at 45°C for 1h and then acidified with 10% HClsq. The reaction solution was
thrice extracted to ethyl acetate, dried over magnesium sulfate, filtered, concentrated,
and purified by reverse phase HPLC to give 3-(3,3-Dimethy-but-1-ynyl)\-3-{{trans-4-
methyl-cyclohexanecarbonyi)-{4-(fetrahydro-furan-3(Si-vloxy)-trans-cyclohexyi}-
amino}-thiophene-2-carboxylic acid (Compound 331)}{(38 mg, 0.08 mmol); M3 (m/z):
516.0 [M+H]+; HPLC retention fime 4.64 min (2-98% acetonitrile: water with 0.05%
triflucroacetic acid), and 5-(3,3-Dimethyl-but-1-ynyl)-3-{{frans-4-methyl-
cyclohexanecarbonyl)-{4-{tetrahydro-furan-3(S)-vloxy)-cis-cyclohexyll-amino}-
thiophene-2-carboxylic acid (Compound 332)(9 mg, 0.62 mmol): MS (m/z). 515.9
[M+H]+; HPLC retention time 4.70 min (2-98% acetonitrile: water with 0.05%
trifluoroacetic acid).
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Example 333 ~ Compound 333: 5-(3 3-Dimethyl-but-1-ynvi)-3-{{15)-4-methvi-
cyclohex-3-enecarbonyl)-[4-{tetrahydro-furan-3({ S)-vioxy-trans-cyclohexvil-amino}-
thiophene-Z2-carboxylic acid

Compound 333

Scheme 18
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A mixture of 3-amino-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
methyl ester (2.41 g, 10.2 mmol), 4-(tefrahydro-furan-3({8)-yloxy)-cyciohexanone (1.6
18 g, 8.5 mmol), TFA (2.6 mL, 34 mmol) and triethylsilane (2.7 mL, 17 mmol) in CH.Cl,
(12 mi ) was stirred for 22 h at room temperature. The reaction was concentrated in
vacuo and the crude oll was dissolved in foluene (50 mL) and concenirated (repeat)
~ to give a yellow solid. The crude solid was purified by column chromatography (10-
25% ethyl acetate/hexanes) to give 5-(3,3-dimethyl-but-1-ynyl}-3-[4-{tetrahydro-furan-
20 3-yloxy)-trans-cyclohexylamino}-thiophene-2-carboxylic acid methy! ester (1.09 g,

2.68 mmol) as a single isomer.
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{1S}-4-Methyl-cyclohex-3-ene-1-carboxylic acid (130mg, 0.93mmaol) was
dissolved in CH,Cl, (2ml.). KsPO, (400mg, 1.9mmol} and DMF (20uL) were added.
The solution was cooled to 0 °C and then (COCIH), {2004k, 2.1mmol} was slowly
added to the solution. The reaction was warmed fo rt and stirred for 2 hours. The
reaction solution was decantad from insoluble K;PO, and concentrated. The residue
was taken up in hexanes and concentrated, this hexanes coevaporation was
repeated once more. To the residue was added -(3,3-dimethyl-but-1-ynyl)-3-[4-
(tetrahydro-furan-3S-yloxy)-trans-cyclohexylaminol-thicphene-2-carboxylic acid
methyl ester (100mg, 0.25mmol}, KsPO, (200mg, 0.98mmol), DCE (1.2mL). The
solution: was heated te 90 *C overnight. The reaction was cooled to rt, partitioned
between ethyl acetate and water, and the aqueous phase thrice extracted with ethyl
acetate. The combined organic layers were sequentially washed with saturated
aqueous ammonium chioride, brine, dried over magnesium sulfate, filtered,
concentrated, and purified by column chromatography {0-70% ethyl acetate/hexanes)
to give 5-(3,3-Dimethyl-but-1-yny)-3-{{1S)-4-methyl-cyclohex-3-enecarbonyl}-[4~
{tetrahydro-furan-35-yloxy -trans-cyciohexyll-aminc}-thiophene-2-carboxylic acid
methyl ester (24 mg, 0.05 mmoi).

5-(3,3-Dimethyi-but-1-ynyl}-3-{(1 8)-4-methyl-cyciohex-3-enecarbony!)-[4-
(tetrahydro-furan-3S-yloxy}-trans-cyclohexyll-amino}-thiophene-2-carboxylic acid
methyl ester (18 mg, 0.04 mmol) was dissolved in THF (0.6 mL), MeOH (0.2 mL),
and H;0 (0.2 mL). To this solution was added LiOHH,0 {20 mg, 0.5 mmol}. The
reaction was stirred at rt for 1h, diluted with water, and acidified with 10% HClq). The
reaction solution was thrice extracted to ethyl acetate, dried over magnesium suifate,
filtered, concentrated, and purified by reverse phase HPLC to give 5-(3,3-Dimethyl-
but-1-ynyl}-3-{(18)-4-methyl-cyclohex-3-enecarbonyl}-{4-(tetrahydro-furan-3S-yioxy)-
trans-cyclohexyl}-amino}-thiophene-2-carboxylic acid (Compound 333) {11 mg, 0.02
mmol): MS (m/z): 514.0 [M+H]+; HPLC retention time 4.53 min {2-88% acetonitrile:
water with 0.05% trifluoroacetic acid).

Example 334- Compound 334: 5-(3.3-Dimethvl-but-1-ynv!-3-{{1 S)}-4-methyi-
cyclohex-3-enecarbonvi)-[4-{tetrahydro-furan-3(R)-vioxy -rans-cyclohexyll-aminol-

thiophene-2-carboxyviic acid
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Compound 334
Compound 334 was prepared in & manner similar to Example 333 using 4-
(tetrahydro-furan-3{ R}-yloxy)-cyclohexanone in place of 4-(tetrahydro-furan-3(S)-
vloxy)-cyclohexanone: MS (m/z): 516.0 [M+H}+; HPLC retention time 4.64 min {2-
08% acetonitrile: water with 0.05% triflucroacetic acid). MS (m/z): 514.1 [M+H}+;
HPLC retention time 4.53 min (2-98% acetonitrile: water with 0.05% trifluoroacetic
acid).

Example 335- Compound 335: 5-(3,3-Dimethyi-but-1-voyh)-3-{{1R)-4-methyi-
gvelohex-3-enecarbonyl-{4-(tetrahvdro-furan-3{ R)-vioxv}-trans-cvcichexvll-amino}-

thiophene-2-carboxylic acid

= CO,H ( :
Compound 335
Compound 335 was prepared in a manner similar to Example 333 using 4~
(tetrahydro-furan-3(R}-vloxy)-cyclohexanone in place of 4-(tetrahydro-furan-3(8)-
yloxy)-cyclohexanone and (1R)-4-methyl-cyclohex-3-ene-1-carboxylic acid in place of

(1S)-4-methyl-cyciohex-3-ene-1-carboxylic acid: MS (m/z): 514.1 [M+H]+; HPLC
retention time 4.52 min (2-98% acetonitrile: water with 0.05% triflucroacetic acid).

Example 336- Compound 338: 5-(3.3-Dimethvl-but-1-ynyD-3-{{1 R1-4-methyi-
cyvclohex-3-enecarbony()-[4-{(tetrahydro-furan-3({ S)-vioxy-trans-cycichexyil-amino}-

thiophene-2-carboxylic acid
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Compound 336
Compound 336 was preparad in a manner similar to Example 333 using (1R)-
4-methyl-cyclohex-3-ene-1-carboxylic acid in place of {18)-4-methyl-cyclohex-3-ene-
5 1-carboxylic acid: MS (mfz). §14.0 {M+H+; HPLC retention time 4.52 min (2-98%
acetonitrile: water with 0.05% trifluoroacetic acid).

Example 337 — Compound 337: 3-[[4-(4-Dimethvlaminomethyi-pyridin-2-vioxy}- frans-
cyclchexvil-{(4-methvl-cyclohex-3-enacarbonyl-aminol-5-{ 3. 3-dimethyl-but- 1-ynyl)-
thiophene-2-carboxylic acid

‘::‘ S 3 —_ \N--—
V7 o Ny g
C N"< I "Te)
10 O

Compound 337

Scheme 19
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(18)-4-Methyl-cyclohex-3-ene-1-carboxylic acid {250 mg, 1.78 mmol),
azectropically dried by evaporation from toluene was dissolved in dichloromethane (4
mL) and treated with dimethylformamide (1 drop). The reaction mixture was cooled
to 0 °C and treated dropwise with oxalyl chloride (0.42 mL, 4.5 mmol). The reaction
mixture was allowed to warm o ambient temperature while stirring for £ h. The
solution was concentrated, treated with hexanes and concenirated again to afford
{18}-4-methyl-cyciohex-3-ene-1-carboxylic acid chloride as a light yellow off which
was used immediately in the next step.

{15}-4-Methyl-cycichex-3-ene-1-carboxylic acid chioride (1.8 mmol), 5-(3,3-
dimethyl-but-1-ynyl}-3-(1,4-dioxa-spiro[4.5]dec-8-ylamino -thiophene-2-carboxylic
acid methyl esier {338 mg, 0.88 mmof) and DMAP (217 mg, 1.8 mmol) were
dissolved in dichloroethane (2.2 mL), sealed with a cap and heated to 80 °C. After 2
h, the temperature was increased to 80 °C, and the solution was stirred 16 h. The
reaction mixture was further heated fo 100 °C, stirred 24 h and partitioned between
water and ethyl acelateihexanes {1:1}). The layers were separated and the aqueous
layer was extracted again with ethyl acetatethexanes (1:1). The combined organic

layers were dried over sodium sulfate, filtered and concentrated. Flash
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chromatography (5% EtOAc:hexanes 5 min then 5-40% EtOAc:hexanes, 20 min, 24
g column) afforded 250 mg (56% vyield of the desired 5-(3,3-dimethy!-but-1-ynyl}-3-
{{1.4-dioxa-spiro{4.5]dec-8-yl)-(4-methyl-cyclohex-3-enecarbonyl}-amino]-thiophene-
2-carboxylic acid methyl ester as a white foam.

5-(3,3-Dimethyl-but-1-ynyl}-3-[(1.4-dioxa-spiro[4.5]dec-8-yl }-{4-methyi-
cyclohex-3-enecarbonyl}-amincl-thiophene-2-carboxylic acid methyl ester (240 mg,
0.48 mmoi) was dissolved in THF (3.2 mL) and treated with 4M HCE (1.6 mL, 0.8
mmol). The reaction mixture was heated to 45 °C and stirred at ambient temperature.
After 2 h, methanol was added (15-20 drops) and the solution was stirred for 3 h. An
additional portion of 4M HCI {1.6 mi, 0.8 mmol) and methanol (1 mL) were added
and the solution was stirred 16 h al ambient temperature followed by 40 °C for 4 h,
The solution was partitioned between water and ethyl acetate. The organic layer was
washed with sodium bicarbonate (sat. aq.) and brine, dried over sodium suifate and
concenirated to 233 mg {quantifative yield} of the desired 5-(3,3-dmethyl-but-1-ynyi)-
3-f(4-methyl-cyclohex-3-enecarbonyl}-(4-oxo-cyclohexyl)-amino}-thiophene-2-
carboxylic acid methyl ester as a white foam.

5-(3,3-Dimethyl-but-1-ynyl)-3-[{4-methyl-cyclohex-3-enecarbonyl)-{4-0x0o-
cyclohexyl)-amino}-thiophene-2-carboxylic acid methyl ester (233 mg, 0.51 mmol} in
THF (3 mL) and water (0.3 mL} was treated with sodium borohydride {19 mg, 0.48
mmol). After stirring for 20 min, water was added and the reaction mixture was
exiract twice with ethyl acetate. The combined organic layers were dried over
sodium sulfate, filtered and concentrated. Flash chromatography (10%
EtOAc:hexanes, 4 min, 10-70% EtOAc:hexanes, 12 min, 12 g column) afforded 130
mg (59% yield) of the desired 5-(3,3-Dimethyl-but-1-ynyl}-3-[{4-hydroxy-trans-
cyclohexyl}-{4-methyl-cyclohex-3-enecarbonyt)}-aminc}-thiophene-2-carboxylic acid
methyl ester.

5-(3,3-Dimethyl-but-1-ynyl}-3-[{4-hydroxy-trans-cyclohexyl)-(4-methyl-
cyclohex-3-enecarbonyl}-amino}-thiophene-2-carboxyiic acid methyl ester (40 mg,
0.088 mmotl) and (N,N-dimethyl)-{2-fluoro-pyridin-4-yimethyl)amine (84 mg, 0.55
mmol) in DMF (1 mL) were treated with sodium hydride (22 mg, 60% oil dispersion,
0.55 mmol). After the bubbling slowed, the reaction mixture was sealed and heated
by microwave {80 °C) for 70 min. The reaction mixture was treated with 10% citric
acid (2-3 mL) followed by water (2-3 mL). The organics were exiracted twice with
ethy! acetate, dried over sodium sulfate, filtered and concentrated. The residue was
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purified by reverse phase HPLC to give the Compound 337, 18 mg (35% vyield): MS
(m/z). 578.0 [M+HM; HPLC retention fime 3.53 min (2-98% acetonitrile: water with
0.05% triflucroacetic acid).

Example 338 ~ Compound 338: 3-{{1r 4R}-N-{{1r.4R)-4-{4-
{{dimethyiamino)methyDpyridin-2-vioxyicyclohexyl}-4-
methvicyclohexanecarboxamido}-5-((1-

{triftuoromethvllcveciobutvDethynylithiophene-2-carboxyvlic acid

Scheme 20
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P Compound 338

HATU {14.9 g, 39.3 mmol, 1.1 equiv) and N, O-dimethylhydroxylamine
hydrochioride (3.2 g, 38.3 mmol, 1.1 equiv) were charged into a round-bottomed flask
5  containing 200 mbL dichicromethane. Triethylamine (14.9 mL, 107 mmol, 3.0 equiv)

was added, and then a solution of (1-trifluoromethycyclobutanecarboxylic acid (6.0
g, 36.7 mmol, 1.0 equiv) in DCM (25 ml.) was added. The reaction was stirred at
room temperature until complete consumption of the carboxylic acid. The solution
was concenfrated in vacuo to remove volatiles and the residue was partitioned

10 between DCM (200 mL) and saturated NH;Cl {100 mL). The aqueous was extract
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with DCM {200 ml.) and the combined organics were dried over Na,S0, and then
concentrated. The crude was purified by silica gel chromatography o afford the
product {5.64 g, 27 mmol, 75% vyield) as coloriess oil.

A soiution of methyl 3-((1r,4R)-N-({1r,4R}-4-(tert-
butyldimethylsilyloxycyclohexyl)-4-methylcyclohexanecarboxamido}-5-
iodothiophene-2-carboxylate (620 mg, 1 mmol, 1.0 equiv) in DCM (5.0 mL)in a
round-bottomed flask was cocled fo -78 °C. {sopropyimagnesium chioride (2.0 M in
THF, 1.1 mmol, 1.1 equiv) was added dropwise and then stirred for 30 min. A
solution of amide (232 mg, 1.1 mmol, 1.1 equiv) in DCM (1.0 mL) was added slowly
and the resulting solution was gradually warmed to room temperature and stirred
overnight. The reaction was poured into saturated NH,Ct (100 mL) and extracted
with DCM (2 x 100 mL). The combined organics were dried over Na,S0, and then
concentrated. The crude was purified by silica gel chromatography to afford the
product (186 mg, 0.3 mmal, 28% yield) as a white solid.

Methy! 3-((1r,4R)-N-{{1r,4R)}~4-(tert-butyldimethylsilyloxy)cyclohexyi)-4-
methylcyclohexanecarboxamido}-5-(1-
(trifluoromethylcyclobutanecarbonyllthiophene-2-carboxylate {550 mg, 0.85 mmol)
was dissolved in acetonitrile (5 mL), HO (1 mL) and trifluoroacetic acid (0.1 mL}.
The reaction was stirred at room temperature until complete consumption of the
starting material. After concentrated {o remove volatiles, the resulting residue was
purified by silica gel chromatography to afford the product (430 mg, 0.81 mmol, 85%
yield} as a white solid.

To a solution of methyl 3-{(1r,4R)-N-{{1r,4R}-4-hydroxycycichexyl)-4-
methyicyclohexanacarboxamido}-5-(1-
{trifluoromethylicyclobutanecarbonylithiophene-2-carboxylate {400 mg, 0.75 mmol,
1.0 equiv) and dimethyl 1-diazo-2-oxopropyiphosphonate (232 mg, 1.2 mmole, 1.6
eguiv) in MeOH (3.0 mL} was added K,CO, {258 mg, 1.9 mmal, 2.5 equivy. The
resulting solufion was stirred over night at room temperature. The reaction was then
partitioned between E{OAc (100 mL}) and 1 N HC! (100 mL.). The organic was dried
over Na,S0, and then concentrated. The crude was purified by reverse phase
preparative HPLC to afford the product {200 mg, 0.38 mmol, 51% yield) as a white
solid.

To a solution of methy! 3-{(1r,4R)-N-{(1r,4R)-4-hydroxycycichexyl)-4-
methyloyclohexanecarboxamido)-5-((1-(friffusromethyl)cyclobutylethynybithiophene-
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2-carboxylate (50 mg, 0.1 mmol) in DMF (1 mL) was added NaH (20 mg, 0.5 mmol).
After stirred at room temperature for 10 min, (N,N-dimethyl)-(2-fluoro-pyridin-4-
yimethyl)amine {46 mg, 0.3 mmol} was added and reaction was stirred over night at
80 °C. After cooling to room temperature, the mixiure was purified by reverse phase
preparative HPLC to afford Compound 338 (27 mg, 0.042 mmol, 42%) as a white
solid: MS (m/z) 646.3 [M+H]" HPLC retention time: 1.76 min (50-85% acetoniirile with
0.05% TFA: water with 0.05% TFA).

Exampie 338 — Compound 339: 3-({1r. 4R}-N-{{1r.4R}-4-(8-
hydroxypyridazin-3-vioxy)cyvciohexyl)-4-

methvicvclohexanecarboxamido)-5-{(1-

(triflucromethvl)cyciobutylethynylthiophene-2-carbaxylic acid

Scheme 21
CF
S \
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Compound 339

O

Te a solution of methyl 3-((1r,4R)-N-{{1r,4R}-4-hydroxycycichexy! }-4~
methylcyciohexanecarboxamido}-5-({ 1-{triflucromethylicyclobutylethynyljthiophene-
2-carboxylate (50 mg, 0.1 mmol) in DMSO (2 mL) was added KOtBu (168 mg, 1.5
mmol). After stirred at room temperature for 10 min, 1-(2-flucropyridin-4-y{}-N,N-
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dimethylmethanamine (142 mg, 1.0 mmol} was added and reaction was heated at 80
°C in a microwave reactor for 1 h. After cooling to room temperature, the mixiure
was purified by reverse phase preparative HPLC.,

The product from previous step was dissolved in AcOH {2.0 mL) and NaQAc
{82 mg, 1 mmol) was added. The mixture was stirred overnight at 110 °C. After
removing the volatiles, the resulling residue was purified by reverse phase
preparative HPLC to afford Compound 338 (18 mg, 0.03 mmol, 30%) as a white
solid: MS (m/z) 606.1 [M+H]" HPLC retention time: 3.1 min {5-85% acetonitriie with
0.068% TFA: water with 0.05% TFA).

Example 340 - Compound 340: 3-({1r.4R)-N-{{1r.4R)-4-(4-
({dimethviamincimethviipyridin-2-vloxyicyclohexyi}-4-

methyicyciohexanecarboxamido)-5-{{1-

(trifluoromethylcvcliopropyliethynythiophene-2-carboxylic acid

Scheme 22
{
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Compound 340

Compound 340 was prepared by the same route as example 338, excepting
the substitution of 1-{trifluoromethylicyclopropanecarboxylic acid in the formation of
the Weinreb amide: MS (m/z) 632.2 [M+H]" HPLC retention time: 3.96 min (50-95%
acetanitrile with 0.06% TFA: water with 0.05% TFA).
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Example 341 - Compound 341: 3-{{1r4R)}-N-{{1r,4R)-4-{4~
{{dimethylaminoimethyDpyridin-2-vioxylcvclohexyi}-4-
methylcyciohexanecarboxamido}-5-(4,4,4-triflugro-3, 3-dimethylbut-1-
ynyhthiophene-2-carboxylic acid

Scheme 23
CFs |
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@)
Compound 341

Compound 341 was prepared by the same route as example 338, excepting
the substitution of 3,3, 3-trifluoro-2, 2-dimethylpropanoic acid in the formation of the
Weinreb amide: MS (m/z) 634.3 [M+H]" HPLC retention time: 4.10 min (5-95%
acetonitrile with 0.05% TFA: water with 0.05% TFA}.

Example 342 — Compound 342 3-{(1r,4R}-N-{{1r,4R)-4-(B-

hydroxypyridazin-3-vioxy)ecyclohexyli-4-

methvicvclohexanscarboxamido)-5-{(1-

{triflucromethylicveiopropyethvnyDithiophens-2-carboxvlic acid

Scheme 24
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Compound 342

Compound 342 was prepared by the same route as example 339, excepting

the substitution of the different secondary alcohol intermediate shown above in the
ether formation: MS (m/z) 814.1 [M+Na]" HPLC retention time: 4.34 min (5-95%
acetonitrile with 0.05% TFA: water with G.05% TFA).

Example 343 -« Compound 343: 3-{(1r,4R}~N-{{1r.4R}-4-(6-
hydroxypyvridazin-3-yloxyicyclohexyl)-4-

methylcvelohexanecarboxamido)-5-(4.4 4-trifluoro-3.3-dimethylbut-1-

vrnyDthiophene-2-carboxylic acid

Scheme 25
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Compound 343
Compound 343 was prepared by the same route as example 339, excepting
the substitution of the different secondary alcohol intermediate shown above in the
5  ether formation: MS (m/z) 816.2 [M+Na]” HPLC retention time: 4.48 min (5-95%
acetonitrile with 0.05% TFA: water with 0.05% TFA).

Exampie 344 — Compound 344 3-({1r 4R}-4-methyi-N-({1r.4R)-4~
(pyrimidin-4-yloxyicvelohexylicyclohexanecarboxamido)-5-{2-{1-
(trifluoromethvleoyclopropybethynvithiophene-2-carboxylic acid

10 Scheme 26
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Compound 344
Compound 344 was prepared by the same route as example 340, excepting
the substitution of 4-chicropyrimidine hydrochloride as the electraphite in the final
5  ether formation step: MS (m/z) 574.3 [M-H] HPLC retention time: 4.38 min (5-95%
acetonitrite with 0.05% TFA: water with 0.05% TFA).

Example 345 — Compound 345: 3-{{1r.4R)-4-methyi-N-{{1r,4R)-4-
{tetrahvdrofuran-3-vioxy)evclohexylicyciohexanecarboxamido}-5-(2-(1-
(triflucromethyllcyclopropyllethynylithiophene-2-carboxylic acid

10 Scheme 27
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Compound 345

15 To a suspension of methyl 3-{{1r,4R}-4-methyl-N-{{ 1r,4R }-4-{oxocyciohexy!)
cyclohexanecarboxamido)-5-(2-(1-{triflucromethyl)cyclopropyl jethynyhthicphene-2-
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carboxylate (82mg, 0.1681mmol) and FeCl; (3mg, 0.016 mmol} in nitromethane (1 mL),
cocled {o 0 °C, was added neat irimethyl-(tetrahydro-furan-3-yioxy)-silane (200 mg,
1.25mmol) followed by the addition of tristhylsilane {0.051 mL, 0.322 mmof). The
reaction was allowed to slowly warm to room temperature and stirred overnight.
Phasphate buffer of pH 4.5 was added and the reaction mixture was extracted with
dichloromethane. The organic layer was dried over Na,S0O, and concentrated.
Purification by HPLC with CH;CN(8.1% TFAYH,0(0.1% TFA) provided bath methyl
3-((1r,4R)-4-methyl-N-{{ 1r,4R }-4-(tetrahydrofuran-3-
yioxycyclohexylicyclohexanecarboxamido)-5-(2-( 1~
{trifluoromethyljcyclopropyljethyniylithiophene-2-carboxylate and methy! 3-{(1r,4R)-4~
methyl-N-{{ 1s,4S)-4-(tetrahydrofuran-3-yloxyjcyclohexylycyclohexanecarboxamido)-
5-(2-(1-{triflucromethyl)cyclopropyllethynyithiophene-2-carboxylate. Each of the
diastereomers was then subjected to ester hydrolysis separately.

Methyl 3-((1r,4R)-4-methyl-N-({1r 4R }-4-{tetrahydrofuran-3-
vioxy)cyclohexyloyciohexanecarboxamido)-5-(2-( 1~
(trifluoromethylicyclopropyl)ethynylithiophene-2-carboxylate {75mg, 0.129mmol) was
dissolved in tetrahydrofuran (1 mL}. To this was added 2N NaOH {0.65mL, 1.3mmol)
and 2 drops of methanol, and the solution was stirred 1 hour at room temperature,
The reaction solution was then partitioned between ethyl acetate {30 mL) and 2N HCI
(30mi). The agueous layer was washed once with 30mLl ethyi acetate, and the
combined organic layer was concentrated. Purification by HPLC with CH3;CN{0.1%
TFAYH,0(0.1% TFA) provided 3-((1r,4R}-4-methyl-N-({1r,4R)-4-(tetrahydrofuran-3-
yloxy)eyclohexylcyclohexanecarboxamido)-6-(2-(1-
{trifluoromethyljcyciopropylisthynyl)thiophene-2-carboxylic acid (81mg, 0.55mmol,
42%) as a white solid: MS {m/z) 568.2 {M+H]" HPLC retention time: 2.61 min (50-
95% acetonitrile with 0.05% TFA: water with 0.05% TFA).

Example 346 —~ Compound 346; 3-{{1r.4R)-4-methyl-N-{{1s5,48)-4-
{tetrahvdrofuran-3-vioxylevciohexylicveciochexanecarboxamido)-5-(2-(1-

(trifluoromethylicyclopropyliethynylithiophene-2-carboxylic acid

Scheme 28
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020

Methyt 3-({1r,4R)-4-methy-N-((1s,4S)-4-(tetrahydrofuran-3-
yloxyjcyclohexyi)jcyclohexanecarboxamido }-5-{2-(1-

o
an—-&

Compound 346

(trifluoromethylicyclopropyhiethynylihiophene-2-carboxytate {12mg, 0.021mmol} was
dissolved in tetrahydrofuran (1 mL). To this was added 2N NaOH (0.2mL, 0.4 mmot)
and 2 drops of methanol, and the sclution was stirred 1 hour at room temperature.
The reaction solution was then partitioned between ethyl acetate (15 mL) and 2N HCI
{15mL). The agueous layer was washed once with 18mL ethy! acetate, and the
combined organic layer was concentrated. Purification by HPLC with CH.CN(0.1%
TFAYH0(0.1% TFA) provided 3-{(1r,4R}-4-methyl-N~((1s,45)-4-(tetrahydrofuran-3-
yloxy)cycichexylcyclohexanecarboxamido -5-{2-(1-
(trifluoromethylicyclopropyl)ethynyithiophene-2-carboxylic acid (4mg, 0.007mmol,
34%) as a white solid: MS (m/z) 568.2 [M+H]" HPLC retention fime: 2.73 min (50-
95% acetonitrile with 0.05% TFA: water with 0.05% TFA).

Example 347 — Compound 347 5-(3 3-dimethylbut-1-ynvi¥1-3-{{1r,4R)-
4-methyi-N-({1s,45)-4-(oxetan-3-
vioxylcveiohexylicyciohexanecarboxamido}-5-(2-(1-

(trifivoromethylicveiopropyllethvnylithiophene-2-carboxylic acid

Scheme 29
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Compound 347

To a suspension of Methy! 5-{3,3-dimethylbut-1-ynyl)»-3-((1r,4r-4-methyl-N-4-
{oxocyclohexyl) cyclohexanecarboxamido)thiophene-2-carboxylate (1.0g,
2.185mmol) and FeCl; (35mg, 0.22 mmol) in nitromethane (15 mi.} cooled to 0 °C
was added neat {1,3-dioxan-3-yloxy)trimethylsitane (1.05, 8mmotl) followed by the
addition of triethylsilane {0.59 mL., 4.37 mmol). The reaction was allowed to slowly
warm to room temperature and stirred overnight. Phosphate buffer of pH 4.5 was
added and the reaction mixture was extracted with dichloromethane. The organic
layer was dried over Na,S0, and concentrated. The crude was purified by silica gel
chromatography (45% ethyl acetate in hexanes) to afford the ether product (704 mg,
1.28 mmol, 58% vield) as a yellow oil: MS (m/z) 546.5 [M+H]" HPLC retention time:
4.13 min (50-85% acetonitrile with 0.05% TFA: water with 0.05% TFA). This oit was
dissolved in 1,4-dioxane {3 mL) and 2N HCIl {7TmL) and was then heated and stirred
at reflux overnight. The reaction was then cooled and diluted with water (50 mL). The
mixture was then extracted twice with ethyl acetate (100 mL). The combined ethy!
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acetate extracts were washed with brine, dried over Na,50, and concenirated. The
crude product was taken on directly to the next step.

Dimethylaminopyridine (175mg, 1.434mmol) and the crude diol starting
material (255mg, 0.478mmol) were dissolved in dichloromethane {4 mL). 4~
Toluenesulfony! chioride (109mg, 0.574 mmol) was then added and the solution was
stirred 30 minutes at room temperature. The excess tosyl chioride was then
quenched by aqueous NH.CI (30 mL}, and the mixture was exiracted twice with
dichioromethane (30 mL). The organic layer was dried over Na,S0, and
concentrated. The residue was dissolved in tetrahydrofuran (4 mL) and sodium
hydride {50 mg, 1.195 mmo!) was added. The reaction was stirred at 50°C overnight.
2N HCI (30 mL) was then added, and the solulion was extracied twice with ethyl
acetate (50 mL}). The organic layer was dried over Na,80, and concentrated.
Purification by HPLC with CH.CN(0. 1% TFA)/H,O(0.1% TFA) provided methyt 5-(3,3-
dimethyibut-1-ynyl}-3-({ ir AR }-4-methyt-N-(( 15,48 }-4-(oxetan-3-
yloxyjeyclohexylicyclohexanecarboxamido)}-5-(2-(1-
(trifluoromethylicyclopropyllethynylithiophene-2-carboxylate (32 mg, 0.62mmol, 13%)
as an off-white solid: MS (m/z} 516.2 [M+H]" HPLC retention time: 3.02 min (50-95%
acetonitrile with 0.05% TFA: water with 0.05% TFA).

Methy! 5-(3,3-dimethylbut-1-ynyl)}-3-({ 1r,4R)-4-methyl-N-{{ 15,45 }-4-(oxetan-3-
yioxyeyclohexyljeyclohexanecarboxamido)-5-(2-(1~
{triftuoromethylcyclopropyl)ethynylithiocphene-2-carboxylate (92mg, 0.184mmol) was
dissolved in tetrahydrofuran (5 mL). To this was added 2N NaOH (0.92mL, 1.84
mmol) and 2 drops of methanel, and the solution was stirred 30 minutes at room
temperature. The reaction solution was then acidified with 2N HCt (1.5mL). The
mixture was extracted twice with sthy! acetate {30 mL) and concentrated. Purification
by HPLC with CH;CN(0.1% TFAYHO(C. 1% TFA) provided 5-(3,3-dimethylbut-1-
yoy-3-((1r, 4R )-4-mathyl-N-{( 15,48 )-4-(oxetan-3-
yioxycyclohexyl)cyclohexanecarboxamido)-5-(2-(1-

(triftuoromethyl)cyclopropyl jethynyljthiophene-2-carboxylic acid (10mg, 0.02mmal,
11%) as a white solid: MS (m/z) 502.2 [M+H]" HPLC retention time: 5.03 min (5-85%
acetonitrile with 0.05% TFA: water with 0.05% TFA).
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Example 348 - Synthesis 5-(3,3-Dimethvl-but-1-yny[}-3-i(18.85)-(4,6-dimethvi-
cyclohex-3-enecarbonyl-{ 4-hydroxy-cyciohexvh-aminol-thiophene-2-carboxviic acid

5
Scheme 1
1) /OH
\ tl*\
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\\_1 o. . (CcoCly, \_2 0
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«Q S
10 (18,684 8-dimethyl-cyclohex-3-ene-carboxylic acid (3.04g, 19.7mmol} was

dissolved in CHCl; (30mL) and DMF (201l ) was added. The solution was cooled to
0 °C and then (COCIH, (3.7mb, 38mmol} was added slowly. The reaction was stirred
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in an ice bath for 2 hours and then concentrated. The residue was taken up in
hexanes and concentrated; this hexanes coevaporation was repeated once more. To
the residue was added [5-(3,3-Dimethyl-but-1-ynyl)-thiophen-3-yl]-(1,4-dioxa-
spiro[4.5]dec-8-yl}-amine (4.16g, 13mmol}, diisopropylethylamine (4.5mL, 26mmol),
and 1,2-dichlorogthane {40mL) at G °C. The solufion was warmed to room
temperature and stirred overnight, The reaction was diluted with CH,Cl, twice
washed with saturated NH.Cl, dried over MgSQ,, filtered, concentrated, and
purified by silica gel column chromatography, eluting with a mixture of 0-75%
EtOAc/hexanes, to give (18,63 }-4,6-dimethyl-cyclohex-3-ene-carboxylic acid [5-(3,3-
dimethyk-but-1-ynyl}-thiophen-3-yll-{1,4-dioxa-spiro[4.5ldec-8-yi}-amide (5.6g,
12mmol} as a single isomer.

(18,85)4,6-Dimethyl-cyclohex-3-ene-carboxylic acid [5+3,3-dimethyl-but-1-
ynyl-thiophen-3-yil-(1,4-dioxa-spiro[4.5}dec-8-yl}-amide (5.6g, 12mmol} was
dissolved in THF (70mL) and treated with 441 HCI (35mL). The reaction mixture was
heated 1o 45 °C and stirred for 2.5 h. THF was removed in vacuo, and the agueous
layer was thrice extracted into ethyl acetate. The combined organic layers were
washed with saturated NaHCOy,q, water, and brine, dried over MgS0,, filtered, and
concentrated to give (15,65)-4,6-dimethyl-cyclohex-3-ene-carboxylic acid [5-{3,3-
dimethyl-but-1-ynyt-hiophen-3-yil-{4-oxo-cyciohexyl-amide (5.05g, 12mmaol).

{18,65)-4,6-Dimethyl-cyclohex-3-ene-carboxytic agid [5-(3,3-dimethyl-but-1-
ynyl)-thiophen-3-yl}-(4-oxo-cyclohexyl)-amide (2.0g, 4.9mmal} in MeOH (100mL)
was treated with sodium borohydride {230mg, 6.0mmol} at 0 °C. After stirring for 30
min, 4M HCI {6mL) was added and the reaction mixiure was twice extracted with
ethyl acetate. The combined organic fayers washed with saturated NaHCOgq, brine,
dried over MgS0O.,, filtered, and concentrated. Silica gel chromatography (20-60%
ethyl acetatefhexanes) gave the desired (15,68)-4,6-dimethyl-cyclohex-3-ene-
carboxylic actd [5-(3,3-dimethyl-but-1-ynyl)-thiophen-3-yi}-{frans-4-hydroxy-
cyclohexyl)-amide (1.74g, 4.2mmol).

(18,68)-4,6-Dimethyl-cyclohex-3-ene-carboxylic acid [5-(3,3-dimethyl-but-1-
ynyt)-thiophen-3-yil-{trans-4-hydroxy-cyclohexyl}-amide {1.74g, 4.2mmol} in THF
(50mL) was cooled to -78 °C and treated with fithium diisopropylamine (8.4mL., 2.0M
in heptane/THF/PhEL, 16.8mmol) and allowed to warm to 0 °C over the course of 2
hours. CO, was vigorously bubbied through the reaction solution for 10 minutes. The
reaction was then quenched with the addition of iIPrOH, diluted with ethyl acetate,

235



10

15

20

25

WO 2011/011303 PCT/US2010/0423%4

washed with saturated NH,Cli,, dried over MgSQ,, filtered, and concentrated. Silica
gel chromatography (0-100% ethyl acetate/dichloromethane) afforded 530mg
{1.2mmol) of the title compound: MS {m/z): 458.1 [M+H]+; HPLC retention time 4.35
min (2-98% acetonitrile: water with £.05% triflucroacetic acid).

Examptle 349 — Compound 349: 53 3-Dimethyl-but-1-yny-3-{15.85)-( 4, 6-dimethvi-
cyclohex-3-enecarbonyi-[frans-4-(pyrimidin-2-vloxy \-cycichexvil-amino-thiophene-2-

carboxvlic acid

Scheme 2

Compound 349

5-{3,3-Dimethyl-but-1-ynyt)-38-[(4,8S-dimethyl-cyciohex-3-enecarbony!-{4-
hydroxy-cyclohexyl)-amincl-thiophene-2-carboxylic acid (51mg, 0.11mmol) and 2-
chloropyrimidine (100mg, 0.87mmol} were dissolved in DMF (0.5 mL} and treated
with sodium hydride {48 mg, 60% oil dispersion, 1.2 mmol). The mixture was stirred
under nitrogen until the bubbling slowed, then was sealed and heated by microwave
{80 °C, 30 min). After cooling, the mixture was diluted with sthyl acetate (about 5 mL)
and quenched with 10% citric acid (about 2 mL). Water was added and the mixture
was extracted twice with ethy] acetate. After concentration the resuliing residue was
purified by HPLC with CH,CN (0.1% TFAYH,O0(0.1% TFA) to afford 39 mg of
Compound 349: MS (m/z): 533.9 [M-H]}-; HPLC retention time 4.93 min (2-88%
acetonitrite: water with 0.05% trifluoroacetic acid),

Example 350 - Compound 350: 5-(3 3-Dimethyl-but-1-ynyD)-3-{{1S.6S}-{4.6-dimathvi-
cyclohex-3-enecarbonyl)-{frans-4-(pyrimidin-d-vioxyl-cyciohexvii-aminol-thiophene-2-

carboxylic acid
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Compound 350

Compound 350 was synthesized in a manner similar to Example 348 using 4-
chloropyrimidine hydrochloride in place of 2-chloropyrimidine: MS {m/z): 534.0 [M-
Hj-; HPLC retention time 4.27 min (2-98% acetonitrile: water with 0.05%

trifluoroacetic acid).

Example 351 — Compound 351 5-(3 3-Dimethvl-but-1-yny!}-38-{{4,8S-dimethyi-

cyciohex-3-enecarbonyli-lirans-4-(pyridin-2-vioxy-cvclohexyit-aminol-thiophene-2-

carboxvlic acid
Y

m COLH NQ
O

. [SUER
/N
Qe

Compound 354
Compound 351 was synthesized in a manner similar to Example 349 using 2-
chioropyridine in place of 2-chloropyrimidine: MS (m/z): 532.9 [M-H]-; HPLC
retention time 4.75 min (2-98% acetonitrile: water with 0.05% trifluoroacetic acid).

Example 352 — Compound 352: 5-(3.3-Dimethyi-but-1-ynvi-3-{15,65)-{4 6-dimethyi-

cyclohex-3-enecarbonyi)-[frans-4-{ 1~oxy-pyridin-3-vioxy-cvclohexvil-aminal-

thiocphene-2-carboxvilic acid
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Compound 352
Compound 352 was synthesized in a manner similar to Example 349 using 3-
fiucropyridine-N-oxide in place of 2-chioropyrimidine: MS (m/z). 551.1 [M+H]+;
5  HPLC retention time 4.21 min {2-98% acetonitrile: water with 0.05% trifluoroacetic
acid).

Example 353-Compound 353

ot
10

Compound 353

Compound 353 may be prepared in ihe same manner as in Example 314,
Example 354-Compound 354

O ONa

Ni

JoslRe
15

Compound 354

Compound 354 may be prepared in the same manner as in Example 314,

Exampie 355-Compound 355
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Compound 355
Compound 355 may be prepared in the same manner as in Exampie 314,

5  Example 356-Compound 356

Compound 356
Compound 356 may be prepared in the same manner as Example 348 using
3,6-dichioropyridazine in place of 2-chloropyrimidine.
10
Example 357-Compound 357

M b
= S5 0o N

L =

_Q{:Q‘O

Compound 357
Compund 357 may be prepared in the same manner as Example 349 using
15 2-chloro-4-(2-{trimethylsilylethoxyipyrimidine in place of 2-chioropyrimidine.

Additional Prophetic Examples
The following prophetic examples may be synthesized using analogous
techniglies.
20  Aromatic heterocycle variants
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Saturated heterocvcle varianis
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Biological Examples
Antiviral Activity

Another aspect of the invention relates to methods of inhibiting viral infections,
comprising the step of treating a sampie or subject suspected of needing such
inhibition with a composition of the invention.

Within the context of the invention samples suspected of containing a virus

include natural or man-made materials such as living organisms; tissue or cell
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cultures; biological samples such as biological material samples (blood, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samples; food, water, or air samples; bioproduct samples such as extracts of cells,
particularly recombinant cells synthesizing a desired glycoprotein; and the ke,
Typically the sample will be suspected of containing an organism which induces a
viral infection, frequently a pathogenic organism such as a tumor virus. Samples can
be contained in any medium including water and organic solventwater mixiures.
Samples include fiving organisms such as humans, and man made materials such as
cell cultures.

if desired, the anti-virus activity of a compound of the invention after
application of the composition can be observed by any method including direct and
indirect methods of detecting such activity. Quantitative, qualitative, and
semiquantitative methods of defermining such aclivity are all contemplated, Typically
one of the screening methods described above are applied, however, any other
method such as observation of the physiclogical properties of a living organism are

also applicable.

The antiviral activity of a compound of the invention can be measured using
standard screening protocols that are known. For example, the antiviral activity of a

compound can be measured using the following general protocols.
Cell-based Flavivirus Immunodetection assay

BHK21 or AB49 cells are trypsinized, counted and diluted to 2x10° cells/mL in
Hams F-12 media (A549 cells) or RPMI-1640 media (BHK21 cells) supplemented
with 2% fetal bovine serum (FBS) and 1% penicillin/streptomycin. 2x10” cells are
dispensed in a clear S6-well tissue culture plates per well and palced at 37° C, 5%
CO; overnight. On the next day, the cells are infected with viruses at muttiplicity of
infection (MOI) of 0.3 in the presence of varied concentrations of test compounds for
1 hour at 37° C and 5% CO, for another 48 hours. The cells are washed once with
PBS and fixed with cold methanol for 10 min. After washing twice with PBS, the fixed
cells are blocked with PBS containing 1% FBS and 0.05% Tween-20 for 1 hour at
room temperature. The primary antibody solution (4G2) is then added at a
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concentration of 1:20 to 1:100 in PBS containing 1% FBS and 0.05% Tween-20 for 3
hours. The celis are then washed three times with PBS foliowed by one hour
incubation with horseradish peroxidase{HRP)-conjugated anti-mouse IgG {Sigma,
1:2000 dilution). After washing three times with PBS, 50 microliters of 3,3".5,5'-
tetramethylbenzidine (TMB) substrate solution (Sigma) is added to each well for two
minutes. The reaction is stopped by addition of 0.5 M sulfuric acid. The plates are
read at 450 nm abosorbance for viral load quantification. After measursment, the
cells are washed three times with PBS followed by incubation with propidium iodide

for 5 min. The plate is read in a Tecan Safire™

reader {excitation 537 nm, emission
817 nm} for cell number guantification. Dose response curves are plotted from the

mean absorbance versus the log of the concentration of test compounds. The ECy,
is calculated by non-linear regression analysis. A positive control such as N-nonyl-

deoxynojirimycin may be used.
Cell-based Flavivirus cytopathic effect assay

For testing against West Nile virus or Japanese encephaliiis virus, BHK21
cells are trypsinized and diluted to a concentration of 4 x 10° celis/ml. in RPMI-1640
media supplemented with 2% FBS and 1% penicillin/streptomycin. For testing
against dengue virus, Huh7 cells are trypsinized and diluted to a concentration of 4 x
10° cells/mL in DMEM media supplemented with 5% FBS and 1%
peniciliin/streptomycin. A 50 microliter of cell suspension (2 x 10 cells) is dispensed
per well in a 96-well optical bottom PIT polymer-based plates {Nunc). Cells are
grown overnight in culture medium at 37° C, 5% CO,, and then infected with West
Nile virus (e.g. B856 strain) or Japanese encephalitis virus (e.g. Nakayama strain) at
MOI = 0.3, or with dengue virus (e.g. DEN-2 NGC strain) at MO! = 1, in the presence
of different concentrations of test compounds. The plates containing the virus and
the compounds are further incubated at 37°C, 5% CO, for 72 hours. At the end of
incubation, 100 microliters of CeliTiter-Glo™ reagent is added into each well.
Contents are mixed for 2 minutes on an orbital shaker {o induce cell lysis. The plates
are incubated at room temperature for 10 minutes to stabilize luminescent signal.
L.umnescence reading is recorded using a plate reader. A positive control such as N-
nonyl-deoxynojirimycin may be used.

Antiviral Activity in a Mouse Model of Dengue infection.
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Compounds are tested in vivo in a mouse model of dengue virus infection
{Schul et al. J. Infectious Dis. 2007; 195:665-74). Six to ten week old AG129 mice
{(B&K Universal Ltd, HIl, UK) are housed in individually ventilated cages. Mice are
injected intraperitoneaily with 0.4 mL TSV01 dengue virus 2 suspension. Biood
samples are {aken by retro orbital puncture under isoflurane anaesthesia. Blood
samples are collected in tubes containing sodium cifrate o a final concentration of
0.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma. Plasma
{20 microliters} is diluted in 780 microliters RPMI-1640 medium and snap frozen in
liquid nitrogen for plague assay analysis. The remaining plasma is resetved for
cytokine and NS1 protein level determination. Mice develop dengue viremia rising

over several days, peaking on day 3 post-infection.

For testing of antiviral activity, a compound of the invention is dissolved in
vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 80% D5EW (5% dexirose in water;
or 6N HCI (1.5 eq): 1N NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5
{0.9% v/v:2.5% viv: 96.6% v/v). Thirty six 6-10 week old AG 128 mice are divided into
six groups of six mice each. All mice are infected with dengue virus as described
above {day 0). Group 1 is dosed by oral gavage of 200 ml/mouse with 0.2 mg/kg of
a compound of the invention twice a day (once early in the moming and once late in
the afternoon) for three consecutive days starting on day 0 (first dose just before
dengue infection). Groups 2, 3 and 4 are dosed the same way with 1 mg/kg, 5 mg/kg
and 25 mg/kg of the compound, respectively. A positive control may be used, such
as (2R, 3R, 4R, 5R)-2-(2-amino-6-hydroxy-purin-8-yl)-5-hydroxymethyl-3-methyi-
tetrahydro-furan-3,4-diol, dosed by oral gavage of 200 microliters/mouse the same
way as the previous groups, A further group is treated with only vehicle fluid.

On day 3 post-infection approximately 100 microliter blood samples (anti-
coaguiated with sodium citrate) are taken from the mice by refro-orbital puncture
under isoflurane anaesthesia. Plasma is obtained from sach biood sample by
centrifugation and snap frozen in fiquid nitrogen for plague assay analysis. The
collected plasma samples are analyzed by plagbe assay as described in Schut et al,
Cytokines are also analysed as as described by Schiul, NS1 protein levels are
analysed using a Platelia™ kit {BioRad Laboratories). An anti-viral effect is indicated
by a reduction in cytokine levels and/or NS1 protein ievels.
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Typically, reductions in viremia of about 5-100 fold, more typically 10-60 foid,
most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the

compounds of the invention.

HCV Assay Protocol

The anti-HCV activity of the compounds of this invention was tested in a
human hepatoma Huh-7 cell line harboring a HCV replicon. The assay comprised the
following steps:
Step 1: compound preparation and serial dilution.

Serial dilution was performed in 100% DMSO in a 384-well plate. A soiution

containing a compound at 225-fold concentration of the starting final serial dilution
concentration was prepared in 100% DMSC and 15 ul. added to the pre-specified
wells in column 3 or 13 of a polypropylene 384-well plate. The rest of the 384-waell
plate was filled with 10 ul. 100% DMSO except for columng 23 and 24, where 10 ul
of 500 uM a HCV protease inhibitor (ITMN-181} in 100% DMSO was added. The
HCV protease inhibitor was used a control of 100% inhibition of HCV repilication. The
plate was then placed on a Biomek FX Workstation to start the serial dilution. The
serial dilution was performed for ten cycles of 3-old dilution from column 3 to 12 or
from column 13 to 22.

Step 2: cell culture plate preparation and compound addition

To each well of a black polypropylene 384-well plate, 90 ul. of cell media
containing 1600 suspended Huh-7 HCV replicon cells was added with a Biotek uFlow
Workstation. A volume of 0.4 ul of the compound solution was transferred from the
serial dilution plate to the cell culture plate on a Biomek FX Workstation. The DMSO
concentration in the final assay condition was 0.44%. The plates were incubated for 3
days at 37 °C with 5% CO2 and 85% humidity.

Step 3: detection of cyiotoxicity and inhibition of viral replication

a) Assessment of cytotoxicity: The media in the 384-well cell culture plate was
aspirated with a Biotek EL405 plate-washer. A volume of 50 i of a solution
containing 400 niM Calcein AM in 100% PBS was added to each well of the plate with
a Biotek uFlow Workstation. The plate was incubated for 30 minutes af room
temperature before the fluorescence signal (emission 490 nm, exitation 520 nm) was

measured with a Perkin Elmer Envision Plate Reader.
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b} Assessment of inhibition of viral replication: The calcein-PBS solution in the
384-weli celi culture piate was aspirated with a Biotek EL405 plate-washer. A volume
of 20 ul of Dual-Glo luciferase buffer (Promega, Dual-Gio L.uciferase Assay Reagent,
cat. #£208B) was added to each well of the plate with a Biotek uFlow Workstation.
The plate was incubated for 10 minutes at room temperature. A volume of 20 uL of a
solution containing 1:100 mixture of Dual-Glo Stop & Glo substrate{Promega, Dual-
Glo Luciferase Assay Reagent, cat. #£313B) and Dual-Glo Stop & Gio buffer
{Promega, Dual-Glo Luciferase Assay Reagent, cat, #£314B) was then added to
sach well of the plate with a Biotek uFlow Workstation. The plate was incubated at
room temperature for 10 minutes before the luminescence signal was measured with
a Perkin Eimer Envision Plate Reader.

Step 4: calculation

The percent cytotoxicity was determined by calcein AM conversion to
fluorescent product. The average flucrescent signal from the DMSQO control wells
were defined as 100% nontoxic. The individual fluorescent signal from testing
compound treated well was divided by the average signal from DMSO control welis
and then muttiplied by 100% o get the percent viability. The percent anfi-HCV
replication activity was determined by the iuminescence signal from the testing well
compared o DMSO controls wells. The background signal was determined by the
average luminescence signal from the HCV protease inhibitor treated wells and was
subtracted from the signal from the testing wells as well as the DMSO control wells.
Following 3-fold serial dilutions, the ECgy and CCs, values were calculated by
fitting % inhibition at each concentration to the following equation;

% inhibition = 100%/{{ECs:/)° + 11

Where b is Hill's coefficient. See, for reference, Hill, A. V., The Paossible
Effects of the Aggregation of the Molgcules of Haemoglobin on its Dissociation
Curves, J. Physiol. 4G iv-vii, (1810).

% inhibition values at a specific concentration, for example 2uM, can also be
derived from the formula above.

When tesied, certain compounds of this invention were found 1o inhibi viral

replication as listed in Table 1:

Tabie 1
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Compound ‘ % inhibition at 2uM
1 99.8
2 99.6
3 100
4 99.9
5 99.8
6 99.9
7 99.8
8 96.7
9 99.3
10 56.2
11 99.9
12 99.7
13 99.3
14 100.0
15 99.6
16 75.1
17 67.6

20 99.8
21 98.8
22 96.2
23 899.5
24 99.8
25 99.3
26 98.8
27 100
28 99.7
29 100
30 70.7
58 99.8
59 99.9
60 97.5
61 99.9

250



WO 2011/011303

PCT/US2010/042394

62 100
63 700
84 99.9 |
85 99.5
86 100
&7 995
88 985
86 99.4
90 100
91 998
92 100 ;
93 98.1
o4 995
%5 55.9
% 555
97 9.9
98 100
99 477
100 359
101 100
102 85.5
103 083
104 98.7
108 998
106 390
107 985
108 993
109 99.9
110 100
111 998
138 997
139 ! 96.4
143 ‘ 100
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144 95.4
145 99.5
146 99.2
147 99.9
148 96.6
149 99.0
150 99.6
151 99.4
152 73.7
153 100
154 99.7
155 100
156 100
157 99.9
158 99.9
159 99.8
160 99.9
161 99.9
162 99.9
163 100
166 09.9
167 99.9 )
168 99.9
169 100
170 99.9
171 99.7
173 100
174 100

B 175 100
176 99.8
177 99.6
178 100 |
179 99.5
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180 %56
181 5
182 5T
183 =
184 578
185 847
187 5
188 s
189 399
160 =
791 | -
192 ! 700
193 ’ 50
104 9.9
155 59,7
156 e — B
1e7 558
198 360 }
199 355
500 100 e
507 .
502 36.4
503 598
504 99.1
205 56,9
306 =
267 o
508 638
500 -
510 =
211 55,7
212 553
513 55
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274 69.9
515 100
216 100
218 100
220 100
221 100
222 7.7
223 160
224 96.9
225 98.4
226 99.9
227 100
228 99.9
229 826
230 98.4
231 99.9
301 99,82
302 99.99
303 99.87
304 99.99
305 99.99
306 96.99
307 99.99
308 99.98
309 99.99
370 99.99
311 95.25
314 99.89
317 99.98
318 99.66
327 95.97
322 ! 99.96
325 99.99
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326 89.93
331 99.95
332 59.92
333 99.97
334 99,87 7
335 99.93
336 100.0
337 99.09
338 99.94
339 99.93
340 89.97
341 99.97
342 66.96
343 90.96
344 9985 7
345 99.95
346 98.54
347 99.57

Non-limiting preferred compounds of Table 1 include Compounds 3, 14, 24,
27, 28, 85, 96, 101, 104, 110, 143, 147, 155, 156, 158, 162, 169, 178, 179, 180, 183,
185, 187, 190, 191, 192, 193, 196, 197, 198, 198, 200, 209, 210, 220, 221, and 224.

The specific pharmacological and biochemical responses observed may vary

according io and depending on the particular active compound selected or whether there

are present pharmaceutical carriers, as well as the type of formulation and mode of

administration employed, and such expected variations or differences in the results are

contemplated in accordance with practice of the present invention.

Although specific embadiments of the present invention are herein iflustrated and

described in detail, the invention is not limited thersto. The above detalled descriptions

are provided as exemplary of the present invention and should not be construed as

constituting any limitation of the invention. Modifications will be obvious to those skilied

in the art, and all modifications that do not depart from the spirit of the invention are

intended to be included with the scope of the zppended claims.
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WHAT IS CLAIMED IS:

1. A compound of Formula I

R']
% S OH
0
N—R3.L-Het
o=<
R2
Formula (1),

or a pharmaceutically acceptable salt thereof, wherein:
R is selected from the group consisting of optionally substituted C.+, alkyl, and optionally
substituted Cj.4, cycloalkyl,
wherein, each substituted R is substituted with one or more Q";
each Q' is independently selected from the group consisting of
halogen, optionally substituted C1¢ alkyl, 4-12 membered heterocyclyloxy,
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and -OH, wherein said heterocyclyl portion of said 4-12 membered heterocyclyloxy comprises one
to six heteroatoms selected from O, S, or N;

wherein, each substituted Q" independently substituted with one or more halogen;

R?is optionally substituted Cs.1, cycloalkyl;
wherein, each substituted R? is substituted with one or more members independently selected from
the group consisting of Cq alkyl
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and -OH;

R®is selected from the group consisting of optionally substituted C,.1» alkylene, Cs.1p
cycloalkylene, substituted Cs_4» cycloalkylene, optionally substituted Cg.14 arylene, and optionally
substituted 3 -12 membered heterocyclylene, wherein said optionally substituted 3-12 membered
heterocyclylene comprises one to six heteroatoms selected from O, S, or N;

wherein each substituted R® is substituted with one or more Q°;
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each Q°, independently, is selected from the grdup consisting of optionally substituted C,.5 alkyl and
~OH;:
wherein, each substituted Q® is independently substituted with 3-10 membered heterocycly}

comprising one to six heteroatoms selected from O, S, or N;
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L is selected from the group consisting of —O-, -S-, -8(0)-, and -S(O),-;

Het is an optionally substituted 3-12 membered heterocyclyl or optionally substituted 5-10
membered heteroaryl, wherein said optionally substituted 3-12 membered heterocyclyl or optionally
substituted 5-10 membered heteroaryl comprises one to four heteroatoms selected from O, S, or N;

wherein, each substituted Het is substituted with one or more Q*;

each Q*, independently, is selected from the group consisting of
halogen, oxo, oxide, -S(O),R*, -C(O)NR*'R*, optionally substituted C,.4 alkyl, optionally
substituted Cs¢ cycloalkyl, optionally substituted C4. alkyloxy, optionally substituted 3-10
membered heterocyclyl, -OH, -NR*R*, -C(O)OR®, and -CN, wherein said optionally substituted 3-
10 membered heterocyclyl comprises one to six heteroatoms selected from O, S, or N;

each R*, R*', and R*, independently is selected from the group consisting of H, optionally
substituted Cy.42 alkyl and optionally substituted 3-12 membered heterocyclyl, wherein said
optionally substituted 3-12 membered heterocyclyl comprises one to six heteroatoms selected from
0O, S, orN;

or R*" and R* taken together with the atoms to which they are attached form a 3 to 10
membered heterocyclyl, wherein said 3-10 membered heterocyclyl or comprises one to six
heteroatoms selected from O, S, or N;
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wherein, each substituted Q°, substituted R*, substituted R"!, or substituted R* is
independently substituted with one or more QF;

each Q°, individually, is selected from the group consisting of
halogen, oxo, optionally substituted 3-10 membered heterocyclyl, and -NR*'R*, wherein said
optionally substituted 3-10 membered heterocyclyl comprises one to six heteroatoms selected from
0,8, orN;

each R®, and R®, independently is Cy.1, alkyt;
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wherein, each substituted Q° is independently substituted with one or more Q°;

each QF, independently, is selected from the group consisting of halogen, oxo, 3-10
membered heterocyclyl, -OH, and -NR*'R%, wherein said 3-10 membered heterocyclyl comprises
one to six heteroatoms selected from O, S, or N; and

each RY, and R¥, independently, is Cy.q, alkyl.

2. The compound of claim 1, wherein R' is optionally substituted C;-C; secondary or tertiary

alkyl or optionally substituted C;-Cs cycloalkyl.
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3. The compound of claim 1 or 2, wherein R? is optionally substituted methylcyclohexyl or
optionally substituted methylcyclohexenyl.

4, The compound of any one of claims 1-3, wherein Het is optionally substituted pyridinyl,
optionally substituted pyridazinyl, optionally substituted tetrahydro-2H-pyranyl, optionally substituied
piperidinyl, optionally substituted pyrrolidinyl, optionally substituted tetrahydrothiophenyl, optionally
substituted pyrazinyl, optionally substituted 1H-tetrazolyl, optionally substituted azetidinyl, optionally
substituted tetrahydrofuranyl, optionally substituted tetrahydro-2H-furo[2,3-bJfuranyl, optionally
substituted thiazoyl, optionally substituted 1H-imidazolyl, optionaily substituted 4H-1,2,4-triazolyl,
optionally substituted 1H-pyrazolyl, optionally substituted 1,3,4-thiadiazolyl, optionally substituted
quinolinyl, optionally substituted [1,2,4]triazolo[4,3-alpyridinyl, optionally substituted thiophenyl,
optionally substituted 1,2,4-thiadiazolyl, optionally substituted pyrimidinyl, optionally substituted 1H-
1,2,3-triazolyl, optionally substituted 1,3,4-oxadiazolyl or optionally substituted imidazo[1,2-
bipyridazinyl.

5. The compound of any one of claims 1-4 represented by Formula i

% s OH
O
N—R3-L-Het
0O
R2
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Formula |l

or pharmaceutically acceptable salts thereof, wherein:
R? is optionally substituted 4-methylcyclohexyl or optionally substituted methylcyclohexenyl.

6. The compound of any one of claims 1-5, wherein R? is

« ‘?\Q

NS

" g \\\ggﬁ z’ /@ &\\\
>

OH -~ : Y K

7. The compound of any one of claims 1-6, wherein R? is
8. The compound of any one of claims 1-7, wherein R® is selected from the group consisting of

optionally substituted C,.5 alkylene, C,.5 cycloalkylene, substituted C,¢ cycloalkylene, and optionally
substituted 5-6 membered heterocyclylene, wherein said optionally substituted 5-6 membered
heterocyclylene comprises one to six heteroatoms selected from O, S, or N.

9. The compound of any one of claims 1-8, wherein R® is selected from the group consisting of
C.e cycloalkylene and substituted C4¢ cycloalkylene.

10. The compound of any one of claims 1-9, wherein R® is optionally substituted cyclohexylene.

11. The compound of any one of claims 1-8, wherein R® is optionally substituted 5-6 membered
nitrogen containing heterocyclylene.

12.  The compound of claim 1 that is
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ora pharmaceutlcally acceptable salt thereof.

13. The compound of claim 1 that is
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14. The compound of claim 1 that is
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15, The compound of claim 1 that is
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16. The compound of claim 1 that is
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17. A compound that is
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or a pharmaceutically acceptable salt thereof.

18. A pharmaceutical composition comprising a therapeutically effective amount of a compound
of any one of claims 1-17 and a pharmaceutically acceptable carrier or excipient.

19. The pharmaceutical composition of claim 18 further comprising at least one additional
therapeutic agent selected from the group consisting of interferons, ribavirin or its analogs, HCV
NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants,
mevalonate decarboxylase antagonists,
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antagonists of the renin-angiotensin system, endothelin antagonists, other anti-fibrotic agents,
nucleoside or nucleotide inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV
NS5B polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES

inhibitors, pharmacokinetic enhancers and other drugs for treating HCV; or mixtures thereof.

20. Use of a compound of any one of claims 1 to 17 or a pharmaceutical composition of claim
18 or claim 19 in the manufacture of a medicament for treating a Flaviridae viral infection in a
mammal in need thereof.

21. The use of claim 20 wherein the viral infection is caused by a Hepatitis C virus.

22.  The use of claim 20 or 21, wherein the medicament is to be administered with at least one
additional therapeutic agent selected from the group consisting of interferons, ribavirin or its
analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors,
hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-angiotensin
system, endothelin antagonists, other anti-fibrotic agents, nucleoside or nucleotide inhibitors of HCV
NS5B polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS5A inhibitors, TLR-~
7 agonists, cyclophillin inhibitors, HCV IRES inhibitors, pharmacokinetic enhancers and other drugs
for treating HCV, or mixtures thereof.

23. Use of a compound of any one of claims 1-17 in the manufacture of a medicament for the
treatment of Hepatitis C virus infection.

24. A compound of any one of claims 1-17 for use in therapy.
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