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COMPQUNDS AND METHODS FOR THE TREATMENT OR
DPREVENTTON OF FLAVIVIRUS INFECTIONS

5 FIELD OF THE INVENTION

The present invention relates to novel compoundg and a
method for the treatment oxr prevention of Flavivirus
infections using novel compounds.

10
BACEGROUND OF THE INVENTION

Hepatitie i1s a disease occurring throughout the world.
It is generally of viral nature, although there are

15 other causes known. Viral hepatitis iz by far the.most
commorl form of hepatitis. Nearly 750,000 Americans are
affected by hepatitis each year, and out of those, more
than 150,000 are infected with the hepatitis C virus
("HCV");

20
HCV i5 a positive-zgtranded RNA virus belonging to the
Flaviviridas family and has clogest relationship teo the
pestiviruses that include hog cholera vime and bovine
viral diarrbea virus (BVDV). HCV is believed to

25 replicate through the production of a complementary
negative-strand RNA template. Due to the lack of
efficient culture replication system for the virus, HCV
particles were isolated from pooled human plasma and
shown, by electron microscopy, to have a diameter of

30 about 50~60 nm. The HCV genome is a single-stranded,
positive-sense RNA of about 9,600 bp coding for a
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polyprotein of 3099-3030 amino-acids, which is cleaved
co and post-translationally by cellular and two viral
proteinases into mature viral proteins (core, El, E2,
p7, NS2, N3S3, NS4A, NS4B, NBBA, NS&5B). It is believed
that the structural proteins, El and E2, the major
glycoproteins are embedded inte a viral lipid envelope
and form stable heterodimers. It 1 also believed that
the structural core protein interacte w;th the viral ENA
genome to form the nucleocapsid. The nonstructural
proteins designated NS2 to NS5 include proteinz with
enzymatic functions involved in virus replication and

protein procesaing including a polymerase, protease and

. helicaszse.

15

20

30

The main source of contamination with’HCV‘ i=s blood. The
magnitude of the HCV infection as a health problem is
illustrated by the prevalence among high-riesk groupa.
For example, 60% to 90% of hemophiliaca and mora than
80% of intravenous drug abusers in western countries are
chronlcally infected with HCV. For intravenous drug
abugers, the prevalence varies from about 28% to 70%
depending on the population studied. The proportion of
new HCV infections associated with post-transfusion has -
been markedly reduced lately due to advances in

diagnogtic toole used to acreen hlood donors.

The only treatment currently available for HCV infection
is interferon-o (IFN-a). However, accordimg to
different clinical studies, only 70% of treated patients
normalize alanine aminotransferase (ALT) levelsz in the

serum and after discontinuation of IFN, 325% to 45% of
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these responders relapse. In general, only 20% to 25% of
patientz have long-term responses to IFN. Clinical
ptudies have shown that combination treatment with IFN
and ribawvifin (RIBA) results in a superior clinical
response than IFN alone, Different genotypes of HCV
respond differently to IFN therapy, genotype l1b is more
resistant to IFN therapy tlan type 2 and 3.

There is therefore a great need for the development of

anti-viral agents.

SOMMARY OF THE INVENTION

In one aspect, the present invention provides novel

compounds rapresented by formula:

2~
e x
N

Y S «—OH
0
or pharmaceuvtically acceptable salts thereof;
wherein;
% is chosen from 3-7 membered heterocycle or 3 -7

menbered cycloalkyl;
Y is 6-10 membered aryl;
X is 3-10 membered cycloalkyl;

m is an integer from 0-1;
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provided that when ¥ is unsubstituted phenyl then X igm
other than 4-methylcyclohexane.

In another aspect, there iz provided a method for
treating or preventing a Flaviviridae viral infection
in a host comprising administering to the subject a
therapeutically effective amount of a compound,

composition or combination of the invention.

In another aspect, there is provided a combination
compriging a compound of the invention and one or more
additionnal agent chosen from viral serine protease
inhibitor, viral polfmerase inhibitor and viral
helicase inhibitor, immunomudulating agent, antioxydant

agent, antibacterial agent or antisense agent.

In another aspect, there is provided a pharmaceutical
compeosition comprising at least one compound of the
invention and at least one pharmaceutically acceptahle

carriex or excipient.

In a further aspect, there isa provided the use of
compound, composition or combination of the invention
for treating or preventing Flaviviridae viral infection

in a host.

In still another aspect, there is provided the use of a
compound of the invention for inhibiting or reducing

the activity of viral polymerase in a host.
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In still another agpect, there is provided the uze of a
compound of the invention for the manufacturs of a
medicament for treating or preventing a viral

Flaviridae infection in a host.

DETAILED DESCRIFPTION OF THEE INVENTTION

In one embodiment, compounds of the present invention:
comprisze those wherein the following embodiments are

10 present, either independently or in combination.

In one embodiment of the present invention, % is chosen

from 3-7 membered heterocycle or 3-7 membered

cycloalkyl.
15
In one embodiment, Z is:
w
o )q
Ry
wherein; ’
W is CRypRy;, 5{0)n, O or NRia;
20 wherein, n is 0-2;
Rig and R;; in each case are independently H, Ci.¢
alkyl, Cs.o aryl, Ca.ip heterocoyoele, Caon
hetercaralkyl, Cs.ip aralkyl, C(O) -Ci.g alkyl, Ci.g
alkyloxy, hydroxyl or formyl;
25 or Rip and Ry; are taken together to form =0, =8 or

=N-Ra, wherein Ra ies H, hydroxyl or Ci. alkyl;
Riz iz H, Ci.s alkyl, Cg1a aryl, C;.;» heterocycle,
Ca.1z heteroaralkyl, Ceis aralkyl, C(Q)-Ci.e alkyl
or Ci.g alkyloxy; I



P ia an Integeyr from 1-3;
g le an integer from 0-2;

5 R;; la one or more optlonal pubstituent sach of -
which is independently chosen From halogen,
nitro, nitroeo, S0,RE, SO0;RE, PO;RcR4, CONRgRh, Ci.
¢ 8lkyl, Cag alkenyl, Ca¢ alkynyl, Cey; aralkyl,
Cg-12 aryl, Ciy alkyloxy, Ci¢ alkenyloxy, Cog

10 alkynyloxy, Cg.a: aryloxy, C(0)}Ci.¢ alkyl, C{D)Ca.s
alkenyl, ¢[0)Cse alkynyl, C(O}Ceas aryl, CLO)Ceuqa
axali:yl, Ci.19 heterogycle, hydroxyl, NRgRE,
C(0}ORE, cyana, azido, amidine or guanido)
wherein REf, Ro, R4, Rg and Rh Iin each cape are

15 indspendently H, Ci.¢ 8lkyl, Cog alkeny), Ciue
alkynyl, Ce.un 8xyl, O heterogyole, Ci.so
hetaroaralkyl or Cs.,e aralkyl;
or Re and Rd eya taken tegethex with the oxvgens
to form a2 & to 10 membered heksrocycle,

20 or Ry and RN are taken together with the nitrogen
to form a 3 to 10 manbexed hetarocycle,

In & further embodiment, Z is §-7 membered heterocycle
or 6-7 membered cycloalkyl.

”s . :
In cne ewbodiment, 2 is cyclohexyl, piperidinyl or
N{C: s alkyl)-pipazidinyl,
azapanyl, mathylazapa;nyl, N{Ci¢ alkyl)-
priperidinylmethyl, tetrahydropyranyl,

10 plyeridinylmethyl, pyridinyl, pyridinylmethyl,
tetrahydrothilopyranyl, dioxolanylmsthyl or



dioxanylmethyl which in each case is unesubstituted or
gubstituted hy one or more subptituent independently
chosen from halogen, nlbkrc, nitroso, SO3RE, S0:RE,

PO,RoRA, CONRgRh, Ci.¢ alkyl, Cag allkenvl, Cic alkymyl,

§F Csaz aralkyl, Ceaz axyl, C.; alkyloxy, Cg-s ‘2lkenyloxy,
Ca.¢ BlRynyloxy, Ce.aa aryloxy, C(O0)Cie alkyl, C{0)Ca.s
alkenyl, C{0)Cz. alkynyl, C{0}Csqr axyl, C(0)Cs-1z
Zralkyl, C(O})NHRE, (.19 heterccycle, hydroxyl, NRgRh,
C{O)ORE, cyano, azido, amidine or guanido;

o wherain RE, R¢, Rd, Rg and Rh in each case are
independently H, Ci¢ alkyl, Ci. aikemrl, Cave
alkynyld, Cg.ae 8ryl, Caae hatarooyele, Cip
heterdarhlkyl oY Cg.1p aralkyl; -
or Re and Rd are taken together with the oxygens

15 to £oxm & 5 to 10 membared heterocoycle;

or Rg and Rh are taken together with the nit rogen

ko form a 3 te L) merbared heterocyole.

In a further embodiment, Z is ovolohexyl, piperiainyl
20 N{Cs-s alkyl) -plperidinyl,
azopanyl, methylazepanyl, W(Ci. alkyl)-
piperidinylmethyl, tetrahydropyranyl,
piperidinylmethyl, pyridinyl, pyridinylmethyl,
tetrahydrothiopyranyl, dioxolanylmethyl or
25 dioxanylmethyl which in each cags im unaubsi:ituted or
pubstituted by one or more substituent independently
chosen from halegen, BORf, PO,RcRd, CONRgRh, -C.'H
alkyl, Ceag aralkyl, Ceaz azyl, Cis alkyloxy, Ceaz
aryloxy, C{O)C;.¢ alkyl, C{O)Ce.az Bryl, C{0)Cs.1a

30 aralkyl, C(O)NHRE, Cj.1p, heterocyele, hydrexyl, NRgRh,

C{O}ORL, c¢yano, azldo, amidino or guanido;
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wherein Rf, Re, R4, Rg snd Rh in each case are
independently H, Ci.¢ alkyl, Cp.¢ alkenyl, Ci
alkynyl, Cs.ae aryl, Cy..p heterocvela, Cy.e
hetercaralkyl or Cg.a, aralkyl.

In one embodiment, % ig cyclohexyl, piperidinyl, N(Ci..
alkyl) -piparidinyl, azepanyl,
methylazepanyl, N{Ci.c alkyl)-piperidinylmethyl,
Eetrahydropyranyl, pipéridinylmethyl, pyridinyl,
pyridinylmethyl, tetrahydrothiopyranyl,
dicxolanylmathyl or dioxanylwethyl which in each oase
1z unsubatituted or substituted by one or mere
subgtituent independently chosén from halogen, SO0iRE,
CONRgRh, Ci.¢ alkyl, Cg.az aralkyl, Cqaa aryl, O
alkyloxy, C(0)Ci¢ alkyl, C(O)NHRE, Ci.10 heberoayela,
hydroxyl, NRgRh, C(O)Orf or cysno,

wherein RE, Rg and Rh in each casc are

independently H or c;ﬁ alkyl.

In one embodiment, Z is oyclohexyl unsubstituted or
subatituted by one or morxe subptituent independantly
chosen frem halogen, BO.RE, CONRgRh, Cie alkyl, Cgiz

'aralkyl, Ty aryl, Ci alkyloxy, C{0O)C:¢ alkyl, Ci.i

hetexooycle, hydroxyl, NRgRR, "C(O)Orf or cyano;
wherein Rf, Rg and Rh in each casa are
independently H or ¢, alkyl,

In one embodiment, Z is piperidinyl unsubstituted or
substibuted by one or more substituent independently

30 chosen fxrom halogen, SO0;Rf, CONRgRh, Ci.e alkyl, Ce.az

aralkyl, Cyasz aryl, Ci.g alkyloxy, C{0)}Ci.e alkyl,

g
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C(O}NHRE, Ci.1p heterocycle, hydroxyl, NRgRh, C(Q)Orf or
Cyano;
wherein Rf, Rg and Rh in each case are

independentiy H or i alkyl.

In one embodiment, Z is N(C;¢ alkyl)-piperidinyl
ungubstituted or substituted by one or more substituent
independently chosen from halogen, SO;REf, CONRgRh, C.¢
alkyl, Cg.12 aralkyl, Cgiz aryl, Cy¢ alkyloxy, C(0)Ci-g
alkyl, C(Q)NHRf, Ci.i1s heteroecycle, hydroxyl, NRgrh,
C({0)0rf or cyano;

wherein Rf, Rg and Rh jn each case are

independently H or C; alkyl.

In further embodiments:

Z is cyclohexyl, piperidinyl or N(C;s alkyl) -
piperidinyl;

2 is cyclohexyl;

Z ie piperidinyl;

Z is N(Ci_¢ alkyl) -piperidinyl.

In one embodiment, Z is N-methyl-pi?eridinyl, N-ethyl-
piperidinyl, N-propyl-piperidinyl, N-isopropyl-
piperidinyl, N-butyl-piperidinyl, N-pentyl-piperidinyl,
N-hexylpiperidinyl, N-cyclohexyl-piperidinyl, N-acetyl-
piperidinyl, N-benzyl-piperidinyl, hydroxyoyolohexyl,
oxocyclohexyl, H?draxyiﬁinocyclohexyl, aminocyclohexyl,
methanesulfonyl, methylcarbamoyl or methoxyoyalohexyl,

In further embodiments:
Z is N-methyl-piperidinyl or hydroxycyclchexyl;
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is N-methyl-piperidinyl;

is from. N-methyl-4-piperidinyl;
is hydroxycyclohexyl;

i 4-hydroxycyclohexyl;

is N-methyl-4-piperidinyl.

In one embodiment, X is 3-10 membered cycloalkyl.
In one embodiment, X isg 6-membered cycloalkyl.

In one embodiment, X ieg cyclchexyl unsubstituted or
eubgstituted by one or more substituent independently
chosen from halogen, nitro, nitroso, S0Rf, SO.RE,
PO;RcRd, CONRgRh, Ci¢ alkyl, Cse alkenyl, Cazs alkynyl,
Cs-12 aralkyl, Ceu1z aryl, Cis alkyloxy, Ca.e alkenyloxy,
Co.s alkynyloxy, Cg-12 aryloxy, C(0)Ci.s alkyl, C(0)Cz.g
alkenyl, C(0)Ca.¢ alkynyl, C(0)C¢az aryl, C(O)Ce.rz
aralkyl, C{O)NHRf, C;.10 heterocycle, hydroxyl, NRgRh,
C(0)ORf, cyano, azido, amidino or guanido;

wherein Rf, Rc, Rd, Rg and Rh in each case are

independently H, C,.s alkyl, Csz.s alkenyl, Cu.e

alkynyl, Cg.1p aryl, Cj.;p heterocyele, Ca.ig

hetercaralkyl oxr Csoio aralkyl;

or Re and Rd are taken together with the oxygens

to form & 5 to 10 membered heterocycle;

or Rg and Rh are taken together with the nitrogen

to form a 3 to 10 membered heterocyele,

In a further embodiment, X is cyclohexyl unsubstituted
or substituted by one or more substituent independently

chosen from halogen, nitro, nitroso, S03RE, SO0.RE,

10
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POsReRd, CONRgRh, €5 alkyl, Ce.1z aralkyl, Csaz aryl,
Ci1-s alkyloxy, Ce.12 aryloxy, C€(0)C,.¢ alkyl, C(0O)Cg.12
aryl, C(0Q)Cs12 aralkyl, C(O)NHRE, Ca.,s heterocycle,
hydroxyl, NRgRh, C(QO)ORf, cyano, azido, amidino or
guanido;
wherein RE, Re, Rd, Rg and Rh in each case are
independently H, Ci.¢ alkyl, C.s alkenyl, Ca-s
alkynyl, Cs iy aryl, Ci-ip heterocyvele, Cilig
heteroaralkyl, Cs.o aralkyl.

In =2till a fufther embodiment, X is cyclohexyi
unsubstituted or substituted by one or more substituent
independently chosen from halogén, S02RE, CONRgRh, Ci
alkyl, Cg 1z aralkyl, Ce-1z aryl, Ci-¢ alkyloxy, Ce.iz
aryloxy, C(0)Ci.¢ alkyl, C(Q)Ce.1z aryl, C(0)Csaz
aralkyl, C(O)NHRE, Ci_ig hetérocycle, hydroxyl, NRgRh,
C(O)ORE, cyanc or azido;

wherein Rf, Re, Rd, Rg and Rh in each case are

independently H, Ci.s alkyl, Ce10 aryl, Ci.in

heterocycle, Cj3.1p heteroaralkyl or Cs.ip aralkyl.

In one embodiment, X is cyclohexyl subgtituted by one
or more substituent independently chosen from Ci.g
alkyl, halogen, C:s alkenyl, Ca.s alkynyl or C;.e
alkyloxy. '

In further embodiments:

X is cyclohexyl subetituted by Ci.s alkyl;

X ie cyclohexyl substituted by Ci.; alkyl;

¥ is 4-methyl—cyclohexyl.or 2 -hydroxy-4-methyl -
cyclohexyl;

11
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X iz 4-methyleyclohexyl.
In one embediment, ¥ iz 6-10 membered aryl.

In one embodiment, ¥ is phenyl unsubstituted or
substituted by one or more substituent independently
chosen from halogen, nitreo, nitrosa, SOREf, SO.RE,
PO:ReRd, CONRgRh, C;s alkyl, Cas alkenyl, Cas alkynyl,
Ce-1z aralkyl, Cs1a aryl, ¢, alkyloxy, C:.s alkenyloxy,
Cos alkynyloxy, Ce12 aryloxy, C{0)C; ¢ alkyl, C{0)Cse
alkenyl, C(0)Czs alkynyl, C{O)Ce-1z axryl, C{0)Cs iz
aralkyl, C(O)NHRE, Ci.io heterocycle, hydroxyl, NRgRh,
C(0)ORE, cyano, azido, amidino or guanido;

wherein RE, Rc, Rd, Rg and Rh in each case are

indépendently H, Q15 alkyl, Ca.z alkenyl, s

alkynyl, Ce.i0 aryl, Ci_ip heterocycle, Ci.ip

hetercaralkyl or Csoip aralkyl;

cr Re and Rd are- taken together with the oxygens

to form a 5 to 10 membered heterocycle;

or Rg and Rh are taken together with the,nitfogen

to form a 3 to 10 membered heterocycle.

In a further embodiment, Y is phenyl unsubstituted or
substituted Hy one or more substltuent independently
chosen from halogen, mitro, nitroso, 803;Rf, S0.Rf,
PO;RcRd, CONEgRh, Ci.s alkyl, C. alkenyl, Cs.s alkynyl,
Cs.12 aralkyl, Cs-im aryl, Ci.e alkyloxy, Cae alkenyloxy,
Ca.¢ alkynyloxy, Cs.12 aryloxy, C{0)Ci alkyl,-c(o) Ca-g
alkenyl, C(0)Cas.z alkynyl, C(0)Ce.1z aryl, C(0)Cs.iz
aralkyl, C(O)NERE, Ci_;; heterocycele, hydroxyl, NRgRh,

C(O)ORE, cyano, azido, amidine or guanido;

12
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wherein Rf, Re, Rd, Rg and Rh in each case are
independently H, Cj;.¢ alkyl, Ci alkenyl, Cz
alkynyl, Cg.i0 aryl, Ci.ip heterocycle, Ciuip
hetercaralkyl or Cg.ae aralﬁyl.

In still a further embodiment, Y is phenyl
unsubstituted or substituted by one or more substituent
independently chosen from halogen, nitro, nitroso,
SO;RE, SO,RE, PO;RcRA, CONRgRh, Ci_ alkyl, Ceia aralkyl,
Cg1z aryl, Ci¢ alkyloxy, Ceip aryloxy, C(0)C, alkyl,
C{0)Cq.12 aryl, C(O)Ce-12 aralkyl, C(O)NHRE, Ci_p
heterocyaele, hydroxyl, NRgRh, C(0)ORf, cyano, azido,
amidino or guanido;
wherein RE, Re, Rd, Rg and Rh in each cage are
independently H, Ci.s alkyl, Cs.s alkenyl, C..g
alkynyl, Csyp aryl, Cs.10 heterocycle, Ci.ip
heteroaralkyl or Csa, aralkyl.

In one embodiment, ¥ is phenyl unsubstituted or
substituted by ome or more substituent independently
chogen from halogen, nitro, S0.Rf, CONRgRh, .. alkyl,
Cs-iz aralkyl, Ce.p aryl, Ci.e alkyloxy, (e aryloxy,
C(Q)Cis alkyl, C(0)Cs 1z aryl, C(0)Cs.12 aralkyl,
C(0) NHRE, Ci-10 heterocycle, hydroxyl, NRgRh, C(Q)ORE,
cyano, amidine or guanido;
wherain Rf, Rg and Rh in each case are
independently H, Ci-s alkyl, Ce.i0 aryl, Ca.1p
heterocycle, Ci.is hetercaralkyl or Csip aralkyl.
In one embodiment, Y is phenyl substituted by one or

more substituent independently chosgen from halogen,

13
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nitre, S0:REf, C;; alkyl, Ci.¢ alkyloxy, C(Q)C:i.s alkyl,

c(0)orf, cyano or azido.

In one embodiment, ¥ is phenyl

5 more gubstituent independently

nitro, Ci.e alkyl, €, 2lkyloxy

In further embodiments:

substituted by one or

chosen from halogen,

Qr Cyano.

Qr
or
or
or

axr

more halogen;

more C, ¢ alkyloxy;
more methyloxy;
more Ci.; alkyl;

more methyl;

3-fluocrophenyl, 4-fluorcphenyl 4-chlorophenyl, 4-

cyanophenyl,. 4 -methoxyphenyl, 4-nitrophenyl or p-tolyl.

In one embodiment, P is an integer from 1-3 and g is an

Y is phenyl substituted by one
10 ¥ is phenyl substituted by one
Y is phenyl substituted by one
Y is phenyl substituted by one
Y is phenyl substituted by one
Y is phenyl;
15Y is
integer from 0-2;
20
In further embodiments:
Pis 2 and g ig 2;
p is 3 and g is 2;
Pie 1 and g is 2;
25 P ia 1 and g is 1;
P is 2 and q is 1;
Pig 3 and g is 1;
P iz 1 and q is 0;
P is 2 and q i= 0;
P ig 3 and g is 0.

14
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In one embodiment, W is CRi1pR1i, S{(0)n, O or NRig;

wherein n, Ris, Bi1i and R,; are as defined in

herein.

In further embodiments:
W is CR14R;; 0r NRia;
wherein Ris, Rix and R.; are ag defined herein;
W i CRigRua;
wherein R,s and R;; are as defined in herein;
W is NRg;
wherein R;; i8 ag defined in herein;
W is O; '
W is S(0)n;
whérein n is as defined in herein.
In one embodiment, Ri;py and Ry, are each independently
chc:asén from H, Cisalkyl, Csip a2ryl, Ca-ip heterocycle,
Ca-10 hetercaralkyl, C .10 aralkyl, C(0)-Ci¢ alkyl, Cig
alkyloxy, hydroxyl or formyl;
or Rip and R;; are taken together to form =0, =8 or =N-

Ra, wherein Ra 1s H, hydroxyl or C,; alkyl.

In one embodiment, RI10 is H, €3¢ alkyl, C 10 aryl, Ca-

10 heterocycle, Ci.ip hetercaralkyl, € g0 aralkyl ,
C(O}-Ci.s alkyl, Ci¢ alkyloxy, hydroxyl or formyl; and
Ril i=s H. ‘

In one embodiment, R10 ig Ci¢ alkyl, Csip aralkyl,

C{0)-Ci_¢ alkyl, C; alkyloxy, hydroxyl or formyl; and
R1l is H.

15
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In one embodiment, R10 iz CL-3 alkyl, Csip aralkyl,
C(0)-C1~3 alkyl, Ci.s alkyloxy, hydroxyl or formyl; and
R11 is H.

In one embodiment, R10 is chosen from methyl, ethyl,
propyl, isopropyl bengyl, acetyl, hydroxyl or Eformyl;
and R11 is H.

In one embodiment, R,y and R, are taken together to
form =0, =5 or =N-Ra, wherein Ra is H, hydroxyl or C; 4
alkyl, .

In one embodiment, Ris and Ri; aTe taken together to

form =0.

In a further embodiment, Ri, and R;; are taken together

to form =8S.

In a further ewbodiment, R.,; and R;; are taken together

to form =N-Ra, wherein Ra is H, hydroxyl or €, alkyl.

In one embodiment, Ra is chosen from H, hydroxyl,

methyl, ethyl, propyl or iscpropyl.

In one embodiment, Riy iz one or more optional
subgtituent each of which iz independently chosen from
halogen, -nitro, nitroso, S0;Rf, SO;RE, PO;ReRA, CONRgRh,
Cis alkyl, C:e dlkenyl, Cie alkynyl, Cgiz aralkyl, Ce.iz
aryl, Ci alkyloxy, Cz.s alkenyloxy, Cas alkynyloxy, Cs-
12 arvloxy, C(0)}Ci-s alkyl, C(0)}Cz.; alkenyl, C{(0)Csiq
alkynyl, C(O)Cs.1z aryl, €(0)Csiz aralkyl, Ca-1o

1o
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heterocyele, hydroxyl, NRgRh, C{0O)OREf, cyano, azido,
amidine or guanido;
wherein Rf, Re, R4, Rg and Rh in each case are
independently H, Ci-s alkyl, C:.; alkenyl, Co,
alkynyl, Csg.ip aryl, Ca.ig heterccycle, Ca_yp
hetercaralkyl or Cg.ip aralkyl;
or Rc and Rd are taken together with the oxygens
to form a 5 to 10 membered heterccycle;
or Rg and Rh are taken together with the nitrogen

Lo form a 3 to 10 membered heterocycle.

In one embodiment, R.,; ie one or more substituent each
of which iz independently chosen from hal ogen, nitro,
50.REf, CONRgRh, C,.; alkyl, Cg.1x aralkyl, Czis aryl, Cig
alkyloxy, C(0)Ci.¢ alkyl, Cs_yp heterocycle, hydroxyl,
NRgRh, C(OQ)ORE, cyano or azido;

wherein Rf, Rg and Bh are as defined herein.

In one embodiment, R,; i one or more substituent each
of which is independently chosgen from haleogen, nitro,
SO;RE, CONRgRh, C1-3 alkyl, Ce¢.i; aralkyl, C6 aryl, CL-3
alkyloxy, C(0O)Ci-3 alkyl, C3-6 heterocycle, hydroxyl,
NRgRh, C(O)ORf, c¢yano or azido;

wherein Rf, Rg and Rh are as defined herein.

In one embodiment, Ry is one or more substituent each
of which is independently chosen from haleogen, nitro,
S0,CH;, CONH,, CONHCH,, CONH(CH,)2, methyl, ethyl,
propyl, isopropyl, benzyl, phenyl, acetyl, methoxy,
ethoxy, propyloxy, isopropyloxy, piperidinyl,
piperazinyl, pyrrolidinyl, azetidinyl, aziridinyl,

17
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pyridinyl, , dioxanyl, dioxolanyl, azepanyl, hydroxyl,

NH2, N(H)CH3, NH(CH3)2, cyano or azido;

10

15

20

wherein Rf, Rg and Rh are as defined herein.

A person of ordinary ekill will readily understand that
Riz may be attached to any position of the ring, A -
person of skill will also realize that the position of
Ri; on the ring will be dependant on the valencles of
the ring atoms and will respect normal rules of

chemistry.

In one embodiment, the present invention provides

compounds represented by formula:

B
S OH
0]
or pharmaceutically acceptable salts thereof;

wherein;

Z is cyclohexyl unsubstituted or substituted by one or
more substituent independently chosen from halogen,
SO.Rf, CONRgRh, Ci.¢ alkyl, Ceaz aralkyl, Ceiz aryl, Cie
alkyloxy, C(0)Ci¢ alkyl, Cs.io heterocycle, hydroxyl,

'NRgRh, C(0Q)ORf or c¢yano;

wherein Rf, Rg and Rh in each cage are
independently H or Cis alkyl;
Y is phenyl unsubstituted or substituted by one or more
substituent independently chosen from halogen, nitro,

S0:RT, CONRgRh, C; ¢ alkyl, Cs.az aralkyl, Cs_13 arvl, Q¢
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alkyloxy, Cg.1z aryloxy, C(0)Ci¢ alkyl, C(0)Csuis aryl,
C(0)}Cs1z aralkyl, C{O)NHRf, Ci_1p heterocycle, hydroxyl,
NRgRh, C(O)ORE, cyano, amidino or guanido;
wherein Rf, Rg and Rh in each case are
5 independently H, Ci.s alkyl, Cep arvl, Csze

heterocycle, C;;p heteroaralkyl or Cg.ip aralkyl;

X 1s cyclohexyl unsubstituted or substituted by one or
more substituent independently chosen from halogen,

10 SO;Rf, CONRgRh, C;.¢ alkyl, Ce-12 aralkyl, Cg,n aryl, Cig
alkyloxy, Cs.1z aryloxy, C(0)C,s alkyl, C(0)Ceoiz aryl,
c(o)c

aralkyl, C(O)NHRE, Ci.ip heterocycle, hydroxyl, NEgRh,
C(O)ORE, cyano or azido;

15 wherein Rf, Rc, Rd, Rg and Rh in each case are

independently H, Ci¢ alkyl, Cs.i0 arvl, Ci.ip

heterocycle, Cji.i¢ heteroaralkyl or Ce-io aralkyl;

m ig 0;

20 _
provided that when Y iz unsubstituted phenyl then X is
other than 4-methyleyclohexane.

In one aspect, the present invention provides movel

25 compounds including:
Compound 1 3-{[(2-CARBOXY-5-PHENYL-THIOPHEN-3-YL) -

(4-METHYL-CYCLOHEXANECARBONYL) -AMINO] -METHYL) -
PIPERIDINIUM; TRIFLUORO-ACETATE;
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Compound 2 2-{[(E-CARBOXY—SwPHENYL-THIOPHEN-B-YL)-
(4hMETHYL-CYCLOHEXANECAREDNYL)—AMINO]HMETHYL}-
PIPERIDINIUM; TRIFLUORO-ACETATE;

Compound 3 3- [ (4-METHYL-CYCLOHEXANECAREONYL) -
PFYRIDIN-3-YIMETHYL-AMTINO] -5-PHENYL-THIOPHENE-2 -
CARBOXYLIC ACID;

Compound 4 3-[{4-METHYL-CYCLOHEXANECARBONYL) -
PYRIDIN~4-YLMETHYL-AMINO] -5-PHENYL-THIOPHENE -2~
CARBOXYLIC ACID; '
Compound 5 5- (3-FLUORO-PHENYL) ~3- [ISOPROPYL- (4-
METHYL-CYCLOHEXANECARBONYL) -AMINCG] -THIOPHENE-2-
CARBOXYLIC ACID;

Compound, § 3- [AZEPAN-4-YL- {(4-METHYL-
CYCLOHEXANECAREONYL) -AMINO] -5-PHENYL-THEIOPHENE -2 -
CARBOXYLIC ACID;

Compound 7 3-[(2,4-DICHLORQ-BENZOYL) - [1,3] DIOXOLAN -
2-YLMETHYL-AMINO] -5-PHENYL-THIQPHENE-2-CARBOXYLIC ACID;
Compound 8 - 3-[[1,3]DIOXOLAN—2—YLMETHYL-(4;METHYL-

CYCLOHEXANECARBONYL)—AMINO]—S-PHENYL-THIOPHENE-Ea
CARBOXYLIC ACID;

Compound 9 2-[(1-FLUORO-4-METHYI-
CYCLOHEXANECARBONYL) -ISOPROPYL-AMING] -5 -PHENYL~
THIOPHENE -2-CARBOXYLIC ACID;

Compound 10 3-[(1-FLUORO-4-METHYL-
CYCLOHEXANECARBONYL) - ISOPROPYL-AMING] -5-PHENYL-

THIOPHENE-2-CARBOXYLIC ACID;
Compound 11 4-[{2-CARBOXY-5-PHENYL-THIOPHEN-3-YL) -

(4-METHYL-CYCLOHEXANECARBONYL) -AMINO] -1 -METHYL~
FPIPERIDINIUM CHLdRIDE;
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Compound 12  3- [(2-ACETYLAMINO-4-METHYL-
CYCLOHEXANECARBONYL) - ISOPROPYL -AMINO] -5 - PHENYL -
THIQPHENE -2 - CARBOXYLIC ACID;

Compound 13 3- [ (4-METHYL - CYCLOHEXANECARBONYL) - (4-
OXO-CYCLOHEXYL) ~-AMINO] -5- PHENYL. -THIOPHENE - 2 - CARBOXYLIC
ACID; '
Compound 14 3- [ (4-METHYL-CYCLOHEXANECARBONYL) -
PYRIDIN-2-YLMETHYL-AMINO] -5-PHENYL-THIOPHENE -2 -
CARBOXYLIC ACID; '

Compound 15 3-[(4-HYDROXY-CYCLOHEXYL) - {4-METHYL-
CYCLOHEXANECARBONYL) ~AMINC] -5-PHENYL-THIOPHENE-2-
CARBOXYLIC ACTD;

Compound 16 3-[(4-HYDROXYIMINO-CYCLOEEXYL) - (4~
METHYL-CYCLOHEXANECARBONYL) -AMINO] -5 ~PHENYL~THIOPHENE -
2-CARBOXYLIC ACID;

Compound 17 3- [ISOPROPYL- {4-METHYL-CYCLOHEX -3 -
ENECARBONYL) -AMINO] -5-PHENYL-THIOPHENE - 2 - CARBOXYT.IC
ACID; '
Compound 18 3- [ (1-AZIDOMETHYL-2-METHYL-BUTYL) - (2,4-
DICHLORO-BENZOYL) -AMINO] -5~ PHENYT - THIOPHENE-2 -
CARBOXYLIC ACID;

Compound 19 2- [{(2-Carboxy-5-phenyl-thiophen-3-y1) -
(2-chloro-benzoyl) -amino] -3 -methyl -pentyl -ammonium
trifluoroacetate;

Compound 20 3- [ (1-AMINOMETHYL -2-METHYL-BUTYL) - (2, 4-
DICHLORO-BENZOYL) -AMINO] -5- PHENYL-THIQPHENE -2 -

CARBOXYLIC ACID;
Compound 21 {2~ (2-CARBOXY-5-PHENYL ~THIOPHEN-3-YL) -

(2, 4-DICHLORO-BENZOYL) ~AMINO] - PRDPYL} -TRIMETHYL.-
AMMONIUM; TRIFLUORO-ACETATE;
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Compound 22 3- [ISOPROPYL- (§-METHYL- [1, 3] DIOXANE-2-
CARBONYL) -AMINO] -5-PHENYL-THIOPHENE -2 -CARBOXYLIC ACTD;
Compound 23 ~ 4- [ [2-CARBOXY-5- (4~ FLUORO-PHENYL) -
THIOPHEN-3-YL] - (4-METHYL-COYCLOHEXANECARBONYL) ~AMINGQ] -1~

5 METHYL-PTPERIDINTUM CHLORIDE; '

Compound 24 5- (4-FLUORQ-PHENYL) ~3- [ (2-HEYDROXY-4-
METHYIL -CYCLOHEXANECARBONYL) -ISOPROPYL-AMINO] -THIOPHENE-
2-CARBOXYLIC ACID; -

Compound 25 3- [ (4-METHOXYIMINO-CYCLOHEXYL) - (4-

10 METHYIL:- CYCLOHEXANECARBONYL) ~AMINO] - 5-PHENYL-THIOPHENE -
2~CARB§XYLIC ACTID;

Compound 26 5- (4-FLUORO-PHENYL) -3- [ISOPROPYL - (4-
METHYL - CYCLOHEX -1 -ENECARBONYL) ~-AMINO] -THIOPHENE -2 -
CARBOXYLIC ACID;

15 Compound 27 3-[ISOPROPYL- (5-METHYL-TETRAHYDRO-PYRAN-
2-CARBONYL) -AMINOQ] - 5- PFHENYTL.- THIOPHENE -2 -CARBOXYLIC
ACID;

Compound 28 3- [IS0PROPYL~ (4-METHYLENE -
CYCLOHEXANECARBONYL) -AMINO] -5-FHENYL-THIOPHENE-2 -

20 CARBOXYLIC ACIOD;

Compound 29 3-[ISOPROPYL- (5-METHYL-TETRAHYDRO-PYRAN-

2-CARBONYL) ~AMINO] -5~ PHENYL-THIOPHENE - 2 - CARBOX YL IC
ACTD; '
Compound 30 3- [ISOPROPYL- (5-METHYL-3, 6 -DIHYDRO-2H-
25 PYRAN-2-CARBONYL) ~AMINO] - § - PHENYL,-THIQPHENE -2 -
CARBOXYLIC ACID;
Compound 31 3- [ (2-HYDROXY-4-METHYL-
CYCLOHEXANECARBONYL) - (TETRAHYDRO - PYRAN~4-YL) -AMINC] ~5-
PHENYI.- THIOPHENE - 2- CARBOXYLIC ACID;



Compound 32 3-[(2-AZIDO-1-METHYL-ETHYL) - (4-METHYL-
CYCLOHEXANECARBONYL) ~AMING] -5-FHENYL-THIOPHENE -2~
CARBOXYLIC ACID)
Compound 33 3« [ (4-METHYL-CYCLONEXANECARBONYL) - {1-

5 METHYL-PIPERIDIN-4-YLMETHYE) -AMIND] -5- PHENYY, - THLOPHENE -

2Z-CARBOXYLIC ACID;
‘Compound 34 3- [ (4-METHYL-CYCLOHEXANECARBONYL) -

{TETRAHYDRO+~THIOPYRBN « 4-YL:) ~AMINO] ~ 5 - PHENY L~ THIOPHENE -
2-CRRBORYLIC ACID; .

10 Compound 35 3-( [{2-CARBOXY~5~PHENYL-THIOPHEN-3 -YL) -
{4-METHYL-CYCLOHEXANECARBONYL) -AMTING] -METHYL | -1-METHYL-
PIPERIDINIUM CHLORIDE; -
compound 36 3- [ (2-AMINO-)-METHYL~ETHYL) - {(4-METHYL~
CYCLOHEXANECARBONYYL) ~AMING] - 5-PRENYL-THIOPHENE-2-

15 CARBOXYLIC AQLD; .
Compound 37 = 3- [{4-METHYL-CYCLOHEKANECARBONYL) - {1~ .

OXO-TETRAHYDRO- THIOPYRAN-4 ~YL,) -AMING] =5 - PHENYL -
THIOPHENE -2~ CARBOXYLIC ACID;
Compound 38 4~{ [ (2-CARBOXY-S-PHENYL-THIOFHEN-3-YL) -
20 (4-METHYL-CYCLOHEXANECRREBONYL). ~AMING) -METHYL) - 1-METHYL-
PIPERIDINIUM CHLORIDE;
Compound 39 3= [ (1l -ETHYL-PIPERIDIN-4 ~-¥L) - {4 -METHYDL-
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL-THIQPHENE-2-

CARBOXYLIC ACID; )
s Compound 40 3-[{1-I20PROPYL~PIPERIDIN-4-YL) - {4~

METHYL- CYCLOHBXANRCARBONY L) -AMING] -5~ FHENYL-THIOPHENE -

2-CARBOYLIC ACID;
Compound 41 3- [ (4 -METHYL- CYCLOHEXANRCARBONY L) -

PIFERTDIN~-4-YL~AMINQ] - 5-PHENYL -THIGDRENE -2 - CARBOXYLIC
30 ACID;
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Compound 42 3= L2~ {4~METAOKY -BENZYL) ~2-0X0-
PIPERIDIN-4-¥1] - (4 -METHY L~ CYCLOBEXANECARBONYT,) -AMINOY ~
snpumwbumropmmua-cngﬂnxnm ACID;
Compovnd 43 3~ [{2-AZIDO-1-METHYL~ETHYL) - {4 -METHYL-

§ CYCLOHEXANECRRBONYL) -AMING] -5~ PHENYL - THIOPHENE -2 -
CARBOXYLYC ACID;
Compound 44 §- {3 ~FLUORQ-FHENYL} =3~ ({2-HYDROXY~4- )
METHYL-CYCLOREXANECARBONYL) - XSOPROPYL -AMINO] ~THIOPHENE -
2-CARBOXYLIC ACID; ) -

10 Compound 45 4~ [ (2-CARBOXY~§-#2 1 ~TOLYL-THIOPHEN-3
YL} ~ (4 =METHYL-CYCLOHEXANECARBONYL,) ~AMINO] -1 ~METHYL,~
PIPERIDINIUM CHLORIDE;

Compound 46 S-I(Q;METHO}ErucYCLDHExYL) = {4 -METHY:~
CYCLOHEXANECARBONYL) -AMING] -5 -~ PHENYL -THIOPHENE« 2+

15 CARBOXYLIC ACID; )

Compound 47  3-[(4-METHYL~ CYCLOHEXANECARBONYL) - (4-
HYDE?.&J{Y?'-'CYCLOHE!CYB) -AMINQ] -5~ PHENYL~THIOPHENE -2~

CARBOKYLIC ACID)

Compound 4§ - 3+ [{(1-ACETYL~PIPERIDIN-4~YL) « (4 ~-METHYI,~

20 CYCLOHEXANECARBONYL) ~AMINO] =5 -PHENYL-THIOPHENE-2-
CARBOXYLIC ACID; '

Compound 4% . 4- [ (2-CARBOXY-5- PHENYL- THIOPHEN -3 -YL) -
(4 ~METHYL~CYCLOHEXANECARBONYL,) ~AMING) ~1 -METHY~
AZEPANTUM CHLORIDE;

25 Compound 50 5+ (4-FLUORO~PHENYL) -3 - { (4-HYDROXY -
CYCLOHEXYD) - (4 ~METHYL-CYCLOREXANECARBONYL) ~AMING] -
THIOPHENE -2 -CARBOXYLIC ACID;

Compound 51 5~ (3~FLUORO~PHENYL) -3~ [ (4-HYDROXY~
CYCLOHEYYL) - {4-NETHY14:~CYCL0HE}CRNECARBOHXL) -AMING| -
30 THIOPHENE -2 ~-CARBOXYLIC ACLD,
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Compound 52 3- [(1L-BENZYL-PIPERIDIN-4~YL) - {4~METHYL-

CYCLOHEXANECARBONYL) -AMINOQ] -5-PHENYL-THIOPHENE-2 -

CARBOXYLIC ACID;
Compound 53 5- (4 -FLUQRO~PHENYL) -3 - [ISOPROPYL - (4-

METHYL-CYCLOHEX - 3 -ENECAREBONYL) -AMINC] ~-THIQOPHENE-2 -

CARBOXYLIC ACID;
Compound 54 4-[[2-CARBOXY-5~ (3-FLUORO-PHENYL) -

THIQOPHEN-32-YL] - (4-METHYL-CYCLOHEXANECARBONYL) -AMINO] -1-

METHYL-PIPERIDINIUM; CHLORIDE;
Compound 55 4-[[2-CARBOXY-5~ (4-METHOXY - PHENYL) -

THIOPHEN-3-YL] - (4-METHYL-CYCLOHEXANECARBONYL) -AMINO] -1~

METHYL-PIPERIDINIUM; CHLORIDE;
Compound 56 4-[[2-CARBOXY-5- (4-NITTRO-PHENVYL) -

THIQPHEN-3~YL] - (4-METHYL-CYCLOHEXANECARBONYL) -AMINOQ] -1~

METHYL-PIPERIDINIUM; CHLORIDE;
Compound 57 4-[[2-CARBOXY-E- (4-CHLORO-PHENYL) -

THIOPHEN—B—YL]-(4-METHYL-CYCLOHEXANECARBDNYL)—AMIND]-l-

METHYL~-PIPERIDINIUM CHLORIDE;
Compound 58 4-[[2~-CARBOXY-5- (4-CYANQ-PHENYL) -

THIOPHEN-B—YL]—(4-METHYL-CYC@OHEXANECARBONYL)-AMIND]-I"

METHYL-PIPERIDINIUM CHLORIDE;
Compound 59 5- (4-CHLORO-PHENYL) -3~ [ (4-HYDROXY -
CYCLOHEXYL) - (4-METHYL-CYCLONEXANECARBONYL) <AMINO] -
THIOPHENE -2 -CARBOXYLIC ACID;

Compound 60  3-[ (4-HYDROXY-CYCLOHEXYL) - (4-METHYL -
CYCLOHEXANECARBONYL) -AMINO] -5~ {(4-METHOXY - PHENYL) -
THIOPHENE-2-CARBOXYLIC ACID;

Compound 61 5- (4~CYANO-PHENYL) -3- [ (4 -HYDROXY -
CYCLOHEXYL) ~ (4 -METHYL - CYCLOHEXANECARBONYL) ~AMINO] -
THIOPHENE -2 ~CARBOXYLIC ACID;

25
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Compound 62 3= [ {2~HYDROXY - 4 ~NETHY -
CYCLOHEZANECARBONYL) -T80PROPYL-AMING] - 5« (4 ~METHOXY

PHENYL) -THIOFHENE-2-CARBOXYLIC ACID;
Compound 63 3- [ {1-FORMYL-PIPERIDIN-4~XL) - {4 ~-METHYL~

5 CYCLOHEXANECARRONYL) -AMINO] - 5-PHENYL-THIOPHENE-2-

CARBOXYLIC ACID;

Compound 64 3-[N, N -Dimgthylnﬂ- {¢-mathyl-
ﬁyalohexanecarbonylLﬁhyﬂrazino]~5-pheny1-thiophené-z-
carboxylie acld;

10 Compound 65 3~ [ {4-METHYL-CYCLONRXANECARBONYL) ~ (1~

METHYL-1-0XY-PIPERIDIN-4-YL) -AMING] =5 -PHENYL - THIOFHENE-

2-CARBOXYLIC ACID;
Compoungd 68 3~ [ {4 -MRTHYL~ CYCLOHEXANECARBONYL) - (1-

METHYL-1-0XY-PIPERIDIN-4-YL) ~-AMINO] -5 -PHENYL-THIOPHENE-.

15 2-CARBOXYLIC ACID;

Ucmpound 67 3- [(2-AMIND-CYCLOHEXYL) - (2, 4~-DICHLORC -
BENZOYL) ~AMIND] -5-PHENYL~THIOPHENE - 2-CARBOXYLIC ACID)
Compound 68 3~ [ {4~METHYL- CYCLOREXANECAREONYT,) - (1-

OXO - TETRAHYDRO -THIOPYRAN-4 - YL) ~AMINO] - 5- PHENYL -

20 THIOFHENE~2-CARBOXYLIC ACID;

. Compound §9 5- {4-FLUOROPHENYL) = { (4 -METHYL- '
CYCLOHEXANECARBONYYL) -1- (METHYL-PIPERYDIN-3-~YLMETHYL) -

AMING) « THIOPHENE-2-CARBOXYLIC ACID;
Compound 70 3- [ (1-METHANESULFONYL - PIFERIDIN-~4-Y1) -

35 (4-~METHYL- CYCLOHEXANECARBONYL} —AMINQ] ~5-PHENYL-

THIOPHENE - 2~ CARBOXYLIC ACID;

Cempound 71 3-1{ {1-METRYLCARBAMOYL -PIPERIDIN-4-¥YL) -
{4~METHY L~ CYCLOHEXANECAREONYL) -BMINO) -5« PHENYL: ~
THIOPHENE-2~CARBOXYLIC ACID;
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Compound 72 3- [N-(2,4-Dichloro-benzoyl) -N',N' -
dimethyl -hydrazino] -5-phenyl -thicophene-2-carboxylic
acid;

or pharmaceutically acceptable salts thereéf.

In one aspeck, the present invention provides novel
compounds including: Compound 73  5- (4-FLUORO-PHENYL) -

-3~ [ (4-HYDROXY -CYCLOHEXYL) - {(4-METHYT,-

CYCLOHEXANECARBONYL) -AMINO] ~THIOPHENE-2 - CARBOXYLIC
ACID;

Compound 74  3-[(1-METHYLCARBAMOYL: - PIPERIDIN-4-YL) -
(4 -METHYL-CYCLOHEXANECARBONYL) -AMINOQ] -5-PHENYL-
THIOPHENE -2 -CARBOXYL.IC ACTD;

Compound 75  3- [(4-METHYL-CYCLOHEXANECARBONYI) - (1-
METHYL-2-0X0- PIPERIDIN-4-YL) -AMTNO] -5~ PHENYL - THTOPHENE -
2-CARBOXYLIC ACID;

Compound 76  3-[{(4-CARBOXY-CYCLOHEXYL) - (4-METHYT.-
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL-THIOPHENE-2 -
CARBOXYLIC ACID; . _

Compound 77 3-[(1FCYANo—pIPERIDIN-4-YL)~(4—METHYL-
CYCLOHEXANECARBONYL) -AMINO] -5-PUENYL-THIQOPHENE -2 -
CARBOXYLIC ACID; '

Compound 78  3-[(4-CARBOXY-CYCLOHEXYL) - (4-METHYL-
CYCLOHEXANECARBONYL) ~AMINO] -5- PHENYL - THIOPHENE-2-
CARBOXYLIC ACID;

Compound 79  5-(3,4-DIFLUOCRO-PHENYL) -3- [ (4-HYDROXY -
CYCLOHEXYTL) - (4-METHYL-CYCHLOHEXANECARBONY L) ~AMINQ] -
THIQPHENE -2 -CARBOXYLIC ACID;

Compound 20 5'-ACETYL-4- [ (4-HYDROXY-CYCLOHEXYTL) - {4~
METHYL - CYCLOHEXANECARBONYT:) -2MINO] - [2,2 '] BITHIQPHENYL -
5-CARBOXYLIC ACID; '
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Compound 81  3-[(1-CARBAMOYL-PIPERIDIN-4-YL) - (4-
METHYL- CYCLOHEXANECARBONYL ) -AMINO] -5~ PHENYL-TH IOPHENE ~
2 -CARBOXYLIC ACID;

Compound 82  3- [ (4-METHYL-CYCLOHEXANECARBONYT.) ~ {7~

5 OXO-AZEPAN- 4 -YL) -AMINO] -5 - PHENYL - THIOPHENE - 2~ CARBOXYLIC
ACID;

Compound 83  3- [ (1-AMINOOXALYY, - PIPERIDIN-4-YL) - (4~
METHYL-CYCLOHEXANECARBONYL) -AMINO] -5~ PHENYL - THIOPHENE -
2-CARBOXYLIC ACID;

10 Compound 84  3- [ETHYL- (4-METHYL-BENZOYL) -AMINO] -5-
PHENYL~THTOPHENE - 2 -CARBOXYLIC ACID;

Compound 85  5- (4-ACETYL-PHENYL) -3- [ (4 -HYDROXY -
CYCLOHEXYL) - (4-METHYL-CYCLOHEXANECARBONYT,) -AMINO] -
THIOPHENE - 2-CARBOXYLIC ACID;

15 Compound 86  3-[(4-HYDROXY-4-METHYL-CYCTOHEXYL.) - (4-—
METHYL - CYCLOHEXANECARBONYL) ~AMINO] - 5 - PHENYL ~THIOPHENE -
2-CARBOXYLIC ACID;

Compound 87  3- [ (3-HYDROXY-CYCLOHEXYL) ~ (4=METHYT,—
CYCLOHEXANECARBONYL) -AMINOQ] -5-PHENYL - THTOPHENE -2 -

20 CARBOXYLIC ACID;

Compound 88  3- [ (4-HYDROXY-4-METHYL-CYCLOHEXYL) - (4-
METHYL- CYCLOHEXANECARBONYI,) -AMINC] ~5- PHENYL-THIOPHENE -
2-CARBOXYLIC ACTD; '

Compound 89  3- [ (3-HYDROXY-CYCLOHEXYL) - (4-METHYT ~

25 CYCLOHEXANECARBONYL) -~AMINO] -5- PHENYL-THIOPHENE-2 -
CARBOXYLIC ACID;

Compound 90  3-[(3~-HYDROXY-CYCLOPENTYL) - (4-METHYL-
CYCLOHEXANECARBONYL) -AMTNO) -5 - PHENYT,- THIOPHE -2 -
CARBOXYLIC ACID;

30 or pharmaceutically acceptable salts thereof.
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In one embodiment, the present invention provides novel
3-[(6-membered cycloalkyl-carbonyl) -~amino] -5-phenyl -

thiophene-2-carboxylic acid compounds gelected from:

5 Compound 1 3-{ [ {2-CARBOXY-5-PHENYL-THIOPHEN-3~YL) -
(4-METHYL-CYCLOHEXANECARBONYL) ~AMINQ] -METHYL } -
PIPERIDINIUM; TRIFLUORO -ACETATE;

Compound 2 2-{ [ (2-CARBOXY-5-PHENYL-THIOPHEN-3-YL) -
(4-METHYL-CYCLOHEXANECARBONYL) -AMINO) ~-METHYL} -

10 PIPERIDINIUM; TRIFLUORO-ACETATE;

Compound 3 3- [ (4-METHYL- CYCLOUEXANECARBONYL) -
PYRIDIN-3-YLMETHYL-AMINC] -5~ PHENYL-THIOPHENE -2 -
CARBOXYLIC ACID;

Compound 4 3-[{4-METHYL-CYCLOHEXANECARBONYL) -

15 PYRIDIN-4-YLMETHYL-AMINO] ~5-PHENYL-THIOPHENE -2
CARBOXYLIC ACID; -

Compound 6 3- [AZEPAN-4-YL- (4 -METHYIL -
CYCLOHEXANECARBONYL) -AMINC] -5-PHENYL -THIOPHENE - 2 -
CARBOXYLIC ACID; .

20 Compound § 3-[[2,3]1 DTOXOLAN-2-YLMETHYT, - (4 -METHYL-
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYI,-THTOPHENE - 2 -
CARBOXYLIC ACID;

Compound 9 3-[{1-FLUORO-4-METHYL -
CYCLOHEXANECARBONYL) - ISOPROPYL, -AMINO] -5 - FHENYL -

25 THIOPHENE-2-CARBOXYLIC ACID;

Compound 10 3~ [(1-FLUORQ-4-METHYL-
CYCLDHEXANECARBONYL)—IQDPROPYL-AMINO]~5—PHENYL-
THIOPHENE-2-CARECXYLIC ACID;

Compound 11 4- [ (2-CARBOXY -5 -PHENYL ~THIOPHEN-3-YL) -

30 (4-METHYL-CYCLOHEXANECARBONYL) -AMINO] -1-METHYL -
PIPERIDINIUM CHLORIDE;

29
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Compound 12 3- [{2-ACETYLAMING -4 -METHYL-
CYCLOHEXANE CARBONYL) - TSOPROPYL -AMINO] -5 -PHENYL -
THIOPHENE -2 -CARBOXYLIC ACID;
Compound 13 3~ [ (4-METHYL-CYCLOHEXANECARBONYL) - (4-

5 0XO-CYCLOHEXYIL) -AMTNO] -5-PHENYL -THTOPHENE - 2 - CARBOXYLIC

ACID;
Compound 14 3-[(4-METEYL-CYCLOHEXANECARBONYL) -

PYRIDIN-2~YLMETHYL-AMINO] -5-PHENYL-THIOPHENE-2-

CARBOXYLIC ACID;
10 Compound 15 3-[ (4-HYDROXY-CYCLOHEXYL) - {4 -METHYL-

CYCLOHEXANECARBONYL) -AMINOQ] - 5-PHENYL-THIOPHENE -2 -
CARBOXYLIC ACID;

Compound 16 3-{ (4-HYDROXYIMINOC - CYCLOHEXYL) - (4-
METHYL-CYCLOHEXANECAREONYL) ~AMING] - 5 - BHENYL- THIOPHENE -

15 2-CARBOXYLIC ACID;

Compound 17 3- [ISOPROPYL -~ (4 -METHYL~-CYCLOHEX -3 -
ENECARBONYL} -AMINO] -5 - PHENYT, - THIOPHENE - 2 - CARBOXYLIC
ACID;

Compound 25 3- [ (4-METHOXYTIMINC-CYCLOUEXYL) - (4-

20 METHYL~CYCLOHEXANECARBONYL) -AMINO] - 5- PHENYL-THIOPHENE -
2-CARBOXYLIC ACID;

Compound 28 3- [ISOPROPYL- (4 -METHYLENE -
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL - THTOPHENE-2 -
CARBOXYLIC ACID;

25 Compound 31 3-[(2-HYDROXY-4-METHYL-
CYCLOHEXANECARBONYL) - (TETRAHYDRO - PYRAN-4- ¥YL) ~AMINO] -5-
PHENYL-THIOPHENE-2-CARBOXYLIC ACID;

Compound 32 3-[(2-AZIDO-1-METHYL-ETHYL) - (4-METHYL-
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL -THIOPHENE -2 -
30 CARBOXYLIC ACID;

30
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Compound 33 3- [(4-METHYL~CYCLOHEXANECARBONYL) - (1-
METHYL-PIPERIDIN~4-YLMETHYL) ~-AMINQ] ~-5-PHENYL-THIOPHENE -

2-CARBOXYLIC ACTID;
Compound 34  3-[ (4-METHYL-CYCLOHEXANECARRBONYL) -

(TETRAHYDRO-THIQPYRAN-4-YL) -AMINOQ] - 5-PHENYL-THIOPHENE -
2~CARBOXYLIC ACID;

Compound 35 3-{[(2-CARBOXY-5 - PHENYL-THLOPHEN-3-YL) ~
(4 -METHYL - CYCLOHEXANECARBONYL) ~AMINO] -METHYL} - 1-METHYL- -
PIPERIDINIUM CHLORIDE;

Compound. 36 3- [ (2-AMINO-1-METHYL-ETHYL) - (4 -METHYL-
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL-THIQOPHENE -2 -

CARBOXYLIC ACID;
Compound 37 3-[(4-METHYL-CYCLOHEYANECARBONYL) - (1-

OXO-HEXAHYDRO-THIOPYRAN-4-YL) ~AMINO] -5-PHENYL-

THIOPHENE-2-CARBOXYLIC ACID;
Compound 38 4-{ [ (2~CARBOXY - 5 - PHENYL,- THIOPHEN - 3 ~ YL -
(4-METHYL -CYCLOHEXANECARBONYL) -AMINO] ~METHYL} -1-METHYL-
PIPERIDINIUM CHLORIDE;

Compound 39  3- [ (1-ETHYL-PIPERIDIN-4-YL) - (4~METHYL-
CYCLOHEXANECARBONYT)) - AMTNO) - 5 - PHENYL - THIOPHENE - 2-
CARBOXYLIC ACID;

Compound 40  3-[(1-ISOPROPYL-PIPERIDIN-4-YL) - (4-
METHY!\-CYCLOHEXANECAREONYL) -AMINO] -5- PHENYL - THIOPHENE -
2-CARBOYLIC ACID;

Compound 41  3- [ (4-METHYL-CYCLOHEXANECARBONYL) -
PIPERTDIN-4-YL,-AMINO] -5- PHENYL-THIOPHENE - 2- CARBOXYLIC
ACID;

Compound 42 3-[[1- (4-METHOXY-BENZYL) -2-0X0-
PIPERIDIN-4-YL] - (4-METHYL - CYCLOHEXANECARBONYL) -AMINO] -
5 - PHENYL,- THIOPHENE - 2 - CARBOXYLIC ACID;
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Compound 43 3-[(2-AZIDO-1-METHYL-ETHYL) - (4-METHYL-
CYCLOHEXANECARBONYL) -AMINOQ] -5-FHENYL-THIOPHENE-2 -
CARBOXYLIC ACID;
Compound 46 3- [ (4~METHOXY -CYCLOHEXYL) - (4-METHYT. -

5 CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL-THIOPHENE -2~

CARBOXYLIC ACID;

Compound 47 3-[{(4-METHYL-CYCLOHEXANECARBONYL) - (4-
METHYL-CYCLOHEXYL) -AMINO] -5-PHENYL -THIOPHENE -2~
CARBOXYLIC ACID;

10 Compound 48 3-[(1-ACETYL-PIPERIDIN-4-YL) - (4-METHYL-
CYCLCHEXANECARBONYL) -AMINQI -5-PHENYL-THIOPHENE-2-
CARBOXYLIC ACID;

Compound 49 4-[(2-CARBOXY-5-PHENYL-THIQOPHEN-3-YL) -
(4-METHYL-CYCLOHEXANECARBONYL) ~-AMINGQ] -1-METHYL -

15 AZEPANIUM CHLORIDE; .

' Compound 52  3-[(1-BENZYL-PIPERIDIN-4-YL) - (4-METHYL-
CYCLOHEXANECARBONYL) -AMINQ] -5-PHENYL-THIOFPHENE-2-
CARBOXYLIC ACID;

Compound 63 3-[(1-FORMYL-PIPERIDIN-4-YL) - (4-METHYL-
ﬂ)CYCLOHEKANECARBONYL)—AMINO]-E-PHENYL;THIOPHENE—B—

CARBOXYLIC ACID; _ '

Compound 64 3-[N',N'-Dimethyl-N- (4-methyl-

cyclohexanecarbonyl) ~hydrazinol -5-phenyl -thiophene-2-

cérboxylic acid;

25 Compound 65 3-[(4¢-METHYL-CYCLOHEXANECAREONYL) - (1-
METHYL-1-0XY-PIPERIDIN-4-YL) ~-AMINO] -5- PHENYT - THIQPHENE -
2-CARBOXYLIC AQID;

Compound 66 3-[(4-METHYL-CYCLOHEKANECAREONYL)-(1-
METHYI,-1-0XY-FIPERIDIN-4-YL) ~AMINQ] -5 -PHENYL-THTOPHENE -
30 2-CARBOXYLIC ACID;
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Compound 68 3-[(4 -ME'IHYL—CYCLOHEKANECARBONYL-) - (1-
oxo—HERAHYDRo-:HIQPYRAN-4-YL)~AMIN0]-S-PHENYL—
THIOPHENE~-2-CARBOXYLIC ACID;

Compound 70 3- [ (1-METHANESULFONYL-PIPERIDIN-4-YL) -

(4~METHYL-CYCLOHEXANECARBONYL) -AMINQ] -5-PHENYL-
THIOPHENE -2 -CARBOXYLIC ACID; '
Compound 71 3- [ (1-METHYLCARBAMOYL -PIPERIDIN-4-YL) -
(4-METHYL~CYCLOEEXANECARBONYL) -AMINO] -5-PHENYL -
THIOPHENE -2 -CARBOXYLIC ACID;

Compound 74  3- [ (1-METHYLCARBAMOYL-PIPERIDIN-4-YL) -
(4 -METHYL-CYCLOHEXANECARBONYL) ~-AMINO] -5-PHENYT:-
THIOPHENE-é-CARBoxYLIc ACID;

Compound 75  3- [ {4-METHYL-CYCLOHEXANECARBONYL) - (1-
METHYL~2-0XO~PIPERIDIN-4-YL) -AMINO) -5 - PHENYI:- THI OPHENE -
2-CARBOXYLIC ACID;

Compound 76 3- [ (4-CARBOXY-CYCULOHEXYL) - (4-METHYL-
CYCLOHEXANECAREONYL) -AMINO] -5-PHENYL-THIOPHENE -2 -
CARBOXYLIC ACID;

Compound 77  3-[(1-CYANO-PIPERIDIN-4-YL) - (4-METHYL-
CYCLOHEXANECARBONYL) -AMINO] -5 -PHENYL-THIOPHENE -2 -
CARBOXYLIC ACID;

Compound 78  3- [ (4-CARBOXY-CYCLOHEXYL) - (4-METHYL-
CYCLOHEXANECARBONYL) -AMINO] - 5-PHENYL-THIOPHENE-2-
CARBOXYLIC ACID;

Compound 81  3-[(1-CARBAMOYL-PIPERIDIN-4~YL) - (4~
METHYL-CYCLOHEXANECARBONYL) ~AMINQ] -5-FPHENYL-THIOPHENE -
2-CARBOXYLIC ACID;

Compound 82  3- [ (4-METHYL-CYCLONEXANECARBONYL) - (7-
O¥Q-AZEPAN-4-YL) -AMINO] -5~ PHENYL-THIOPHENE - 2 - CARBOXYLIC

30 ACID;
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Compound 83 3- [ (1-AMINOOXATLYL-PIPERIDIN-4-YL) ~ (4-
METHYL-CYCLCHEXANECARBONYL) ~AMINO] -5-PHENYL-THIOPHENE -

Z2-CARBOXYLIC ACID;

Compound 86 3~ [ (4-HYDROXY-4-METHYL-CYCLOHEXYL) - (4-
METHYL- CYCLOHEXANECARBONYL) -~AMINO] -5- PHENYL-THIOPHENE -
2-CARBOXYLIC ACID;

Compound 87  3-[{3-HYDROXY-CYCLOHEXYL) - (4-METHYL-~
CYCLOHEXANECARBONYL) -AMINQ] -5-PHENYL-THIQPHENE- 2~
CARBOXYLIC ACID; '

Compound 88 3- [ (4-HYDROXY -4 ~-METHYL-CYCLOHEXYL) - (4-
METHYL - CYCLOHEXANECARBONYL) -AMINO] - 5- PHENYL-THIOPHENE -
2-CARBOXYLIC ACID;

Compound 89  3- [ (3-HYDROXY-CYCLOHEXYL) - (4-METHYL-
CYCLOHEXANECARBONYL,) -AMINO] -5-PHENYL-THIOPHENE -2~
CARBOXYLIC ACID;

Compound 90 3- [ {3-HYDROXY-CYCLOPENTYL) - (4 -METHY 1=
CYCLOHEXANECARBONYL) -AMINO] -5-PHENYL - THIOPHE-2-
CARBOXYLIC ACID;

or pharmaceuticaly acceptable salts thereof.

In one embodiment, the present invention provides novel
3-1(4-methyl -cyclohexane-carbonyl) -amine] -5-phenyl-

thicphene-2-carboxylic acid compounds.

In one embodiment, the present invention provides novel
compounds having 3-I[(unsubstituted or substituted-
benzoyl) -amine] -5-phenyl -thiophene-2-carboxylic acid

gelected from:

Compound 7 3-[(2,4-DICELORO-BENZOYL) - [1, 3] DIOXOLAN-
2-YLMETHYL-AMINQ] -5~PHENYL-~THIOPHENE -2 -CARBOXYLIC ACID;
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Compound 18 3-[(1-AZIDOMETHYL-2-METHYL-BUTYL) - (2, 4-
DICHLORO-BENZOYL) -AMINO] -5~ PHENYL-THIOPHENE -2 -
CARBOXYLTIC ACID;
Compound 19 2- [(2-Carboxy-5-phenyl-thiophen-2-yl) -
(2-chloro-benzoyl) -aminol -3 -methyl -pentyl-ammonium
trifluorcacetates;

Compound 20 3- [ (1-AMINOMETHYT, -2 -METHYL-BUTYL) - (2, 4-
DICHLORO-BENZOYL) ~AMINO] - 5-PHENYL: - THIOPHENE -2 -
CARBOXYLIC ACID;

Compound 21  {2- [ (2-CARBOKY-5-PHENYL - THIOPHEN-3-YL) -
(2,4—DICHLORO-EENZOYL)-AMIND]~PROPYL}-TRIMETHYL-
AMMONIUM; TRIFLUORQ-ACETATE;

Compound &7 3-[(2-AMINO-CYCLOHEXYL) - (2,4 -DICHLORO-
BENZOYL) -AMINQ] -5~PHENYL-THIQOPHENE - 2-CARBOXYLIC ACID;
Compound 72 3-[N-(2,4-Dichloro-benzoyl) -N' ,N'-
dimethyl -hydrazino] -5-phenyl -thiophene - 2-carbaoxyllc
acld;

Compound 84 3- [ETHYL- (4-METHYL-BENZOYL) ~-AMINO] -5~
PHENYL-THIOPHENE-2-CARBOXYLIC ACID;

or pharmaceutically acceptable galte thereof.

In one embodiment, the present invention provides novel
3-[( 6-membered heterocycle -2-¢arbonyl)-aminc] -5-
phenyl-thiophene-2-carboxylic acid compounds selected
from:

Compound 22 3- [ISOPROPYL~- (5~-METHYL- [1, 3] DIOXANE-2 -
CARBONYL) -AMINQ] -5-PHENYL-THIOPHENE-2-CARBOXYLIC ACID;
Compound 27 3- [ISOPROPYL - (5 -METHYL-TETRAHYDRO - PYRAN -
2-CARBONYL) -AMINO] -5-PHENYL-THIQOPHENE - 2 ~-CARBOXYTLIC
ACID;
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Compound 29 3- [ISOPROPYL - {5-METHYIL - TETRAHYDRQ - PYRAN -

_2-CARBONYL) -AMINQ] -5-PHENYL-THIOPHENE -2 -CARBOXYLIC

ACID; _

Compound 30 3- [ISOPROPYL - (5-METHYL -3, 6 -DIHYDRO -~ 2H-
PYRAN-2-CARBONYL) -AMINOQ] -5-PHENYL -THIOPHENE-2 -
CARBOXYLIC ACID;

or pharmaceutically acceptable salts thereof.

In one eﬁbcdiment, the viral infection iz chosen from
Flavivirus infecticns.

In one embodiment, the Flavivirus infection iz chosen
from Hepatitis C virus (HCV), bovine viral diarrhea
virug (BVDV), hog cholera virus, dengue fever virus,

Japanese encephalitis virus and yellow fever virus.

In another embodiment, the Flavivirus infection is

Hepatitis C viral infection.

In one embodiment, the present invention provides a
method for treating or préventing a Flaviviridae viral
infection in a host comprising ﬁdministering to the
host a therapeutically effective amount of at least cme

compound according to the invention described herein.

In one embodiment, the present invention provides a
method for treating or ﬁreventing a Flaviviridae wviral
infection in a host comprising administering to the
host a therapeutically effective amount of at least one
compound according to the invention described herein
and further comprising administering at least one

additional agent chosen from viral serine protease

KT
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inhibitor, viral polymerase inhibitor, viral helicase
inhibitor, immunomudulating agent, antioxydant agent,
antibacterial agent, therapeutic vaccine, :

hepatoprotectant agent or antisense agent.

In one embodiment, the additional agent 1=z interferon
o, ribavirin,-silybum marianum, interleukine -12,
amantadine, ribozyme, thymosin, N-acetyl cysteine or
cyclosporin,

10
In one embodiment, the Flaviviridea viral infection is

hepatitis C wviral infection (HCV).

In one embodiment, the present invention provides a.

15 pharmaceutical compasition.comprising at leazst one
compound according to the invention described herein
and at least one pharmaceutically acceptable carrier or

exXdipient.

20 In one embodiment, the present invention provides a
pharmaceutical composition comprising at least one
compound according to the invention described herein
and at least one pharmaceutically acceptable carrier or
excipient and further comprising at least one

25 additional agent chosen from viral serine protease
inhibitor, wviral polymerase inhibitor, viral helicase
inhibitor, immunomudulating agent, antioxydant agent,
antibacterial agent, therapeutic vacecine,
hepatoprotectant agent or antisense agent.

30
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In another embodiment, the additional agent is
intexferon a, ribavirin, silybum marianum,
interleukine-12, amantadine, ribozyme, thymosin, N-

acetyl cysteine or cyclogporin.

In one embodiment, wviral gerine protease inhibitor iz a
flaviviridae serine protease inhibitor.
In one embodiment, viral polymerase inhibitor is a
flaviviridae polymerase inhibitor.

10 In one embodiment, viral helicase inhibitor is a

flaviviridas helicase inhibitor.

In further embodimentsz:

viral gerine protease inhibitor is HCV serine protease
15 inhibitor;

viral polymerase inhibitor iz HCV polymerase

inhibitor;

viral helicase inhibitor is HCV helicase inhibitor.

20 In one embodiment, there is provided a method for
inhibiting or reducing the activity of viral polymerase
in a host comprising administering a therapeutically
effective amount of a compound according to the
invention described herein.

25
In one embodiment, thére is provided a method for

inhibiting or reducing the activity of viral polymerase

in a host comprising administering a therapeutically

| effective amount of a compound according to the

|

| 30 invention described herein and further comprising
\

administering one or more viral polymerase inhibitor.
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In one embodiment, viral polymerase ig a Flaviviridae

viral polymerase,

In one embodiment, wviral polymerase is a RNA-dependant

ENA-polymerase.
In one embodiment, viral polymerase iz HCV polymerase.

In one embodiment, there is provided a combination
compriging a least one compound according to the
invention desgcribed herein and one or more additionnal
agent chogen from viral serine protease inhibitor,
viral polymerase inhibitor and viral helicase
inhibitor, immmomudulating agent, antioxydant agent,
antibacterial agent, therapeutic vaccine,

hepatoprotectant agent or antisenze agent.

In ohe embodiment, the compound and additicnnal agent

are administered secuentially.

In one embodiment, the compound and additionnal agent

are administered simultaneously.

The cowmbinations réferred to above may conveniently be
presented for use in the form of a pharmaceuntical
formulation and thus pharmaceutical formulations
compriping awgombinatinn as defined ahove together with
é ﬁharmaceutically acceptable carrier there for compriée

a further aspect of the invention.
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The individual components for use in the method of the
present invention or combinations of the present
invention may be administered either sequentially oxr
gimultaneously in separate or combined pharmaceuti cal

5 formulations.

In one embodiment, the present. invention provides t he
use of a compound according to the invention described
herein for treating or preventing Flaviviridae viral

10 infection in a host. ‘
In one embodiment, the present invention provides t he
uge of a compound according to the invention described
herein for the manufacture of a medicament for treating
or preventing a wviral Flaviridea infection in a host.

15 ’
In one embodiment, the present invention provides t he
use of a compound according to the invention described
herein for inhibiting or reducing the activity of viral
polymerase in a host,

20
It will be appreciated by those gkilled in the art that
the compounds in accordance with the present invention
can contain & chiral centre. The compounde of formula
may thus exist in the form of two different optical

25 igomers (i.e. (+) or (-) enantiomers). All such
enantiomers and mixtures thereof including racemic
mixtures are included within the scope of the
invention. The single optical iszomer or enantiomer ¢ an
be obtained by method wéll known in the art, such as

30 chiral HPLC, enzymatic resolution and chiral auxiliary.

40
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Preferably, the compounde of the present invention are
provided in the form of a single enantiomer at least
95%, more preferrably at least 97% and most preferably

at least 99% free of the correspénding enantiomer.

More preferably the compound of the present invention
are in the form of the (+) enantiomer at least 95% free

of the corresponding (-)enantiomer.

10 More preferably the compound of the present invention
are in the form of the (+) enantiomer at least 97% free

of the corresponding (-) enantiomer.

More preferably the compound of the present invention
15 are in the form of the (4+) enantiomer at least 99% free

of the corresponding (-) enantiomer.

In a more preferred embodiment, the compounds of the
present invention are in the form of the (-) enantiomer
20 at least 95% free of the corresponding (+) enantiomer.
Most preferably the compound of the present invention
are in the form of the (-) enantiomer at least 97% free

of the corresponding (+) enantiomer,

25 More preferably the compound of the present invention
are in the form of the (-) enantiomer at least 99% free

of the corresponding (+) enantiomer.

It will alsc be appreciated that the compounds in
30 accordance with the present invention can contain more

than one chiral centres. The compounds of formula may
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thua exist in the form of different diastereomers. All
such diastereomers and mixtures thereof are included
within the scope of the invention. The single
diastereomer can be obtained by method well known in
ﬁhe art, such as HPLC, crystalisation and

chromatography.

There is also provided a pharmaceutically acceptable
salts of the compounds of the present invention. By the
term pharmaceutically acceptable salts of compounds are:
meant those derived from pharmaceutically acceptable
inorganic and organic aclids and bases. Examples of
guitable acide include hydrochlorie, hydrobromic,
sulphuric, nitric, perchloriec, fumaric, maleic,
phosphorie, glycollie, lactie, salicylic, succinic,
toleune-p-sulpheonic, tartaric, acetic, trifluoroacetic,
citric, methanesulphonic, formic, benzeic, malonic,
naphthalene-2-sulphonic and benzenesulphonic acids.
Other acids such ag oxalic, while not in themselves
pharmaceutically acceptable, may be useful as
intermediates in obtaining the compounds of the
invention and their pharmaceutically acceptable acid

addition salts,

Salts derived from appropriate bases include alkali
metal (e.g. sodium, lithium, potassium), alkaline earth

metal (e.g. magnesium), ammonium and MR 4+ (where R is

Ci.4 alkyl) ealts.

42



Referenoes herelnatter to a compound according to the
invention includes compounda and their vharmaceunticzlly
acceptabla galke,

5 In one embodiment of the inventloen, the
pharmaceutically acceptable salt 1g a sodium galt.

In one embodiment of Ehe invention, the

pharmaceutically acceptable salt ig a lithium =alk,
10 .

In orie embodiment of the invention, the

pharmacguhiaally adoeptable @alt is a potasgium palt,

Unless otherwise defined, all technical and acientific

I3 terme used herein have the sgama meaning as commenly
underakbood by one of ordinary skill in the avt tﬁ which
Fhia invention belongs. All publicationa, paktent
applications, patents, and othex references menkicned
hexeldn are incorporated by refexence in their sntirety,
Ih case of confliot, the prasent spaclification,
inoluding definitions, will control,
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As used in this application, the term "alkyl®
represents a straight chain or branched chain
hydrocarbon meiety which may optionally be substituted
by one or more of: halogen, nitro, nitroso, SO ;Ria,
PO;RcRA, CONRj3Ry, Ci-s alkyl, Ci.e alkenyl, Ca alkynyl,
Ce-1z aralkyl, Csi arfl, Ci.¢ alkyloxy, Cz.¢ alkenyloxy,
Cz.¢ alkynyloxy, Ceaz aryloxry, C(0)Cig élkyl, C(0) Cog
alkenyl, C(0)}C..¢ alkynyl, C(O)Cg.1z aryl, C(O)Ce-12
aralkyl, Ci-i hetercocycle, hydroxyl, NRisRius, C(0)OR..,
cyane, azido, amidino or guanido;

wherein R;a, Re, Rd, Ry and Ry, are each independently
chosen from H, C1-12 alkyl, €2-12 alkenyl, (2-12
alkynyl, C6-14 aryl, €2-12 heterocycle, C3-18
hetercaralkyl, C6-18 aralkyl;

or Re and R4 are taken together with the oxygens to
form a 5 to 10 membered heterocyecle;

or Ri; and Ri4 are taken together with the nitrogen to
form a 3 to 10 membered heterocycle, Useful examples of
alkyls include isopropyl, ethyl, fluorchexyl or
cyclopropyl. The term alkyl is also meant to include
alkyls in which one or more hydrogen atoms is replaced
by an oxygen, (e.g. a benzoyl) or an haleogen, more
preferably, the halogen is fluoro (e.g. CF3;- or CFyCH,-
).

The term “cycloalkyl" represents a cyclic alkyl. The
term cycloalkyl is also meant to include a cycloalkyl
containing at least one unsafurated group. Useful
examples of cycloalkyl include ecyeclopropyl, cyclobutyl,
cyclohexenyl, cyclohex-dienyl and cyclohexyl.
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The terms "alkenyl" and "alkynyl' represent an alkyl
containing at least one unsaturated group (e.g. allyl,

acetylene, ethylene).

The term "aryl'" represents a carbocyclic moiety
contaiﬁing at least one benzenoid-type ring which may
coptionally be substituted by one or more of halogen,
nitro, nitroso, 5O03Ria, PO;RCRA, CONRisRi, Cis alkyl, Ca.
¢ alkenyl, Cs alkynyl, Cg.z aralkyl, Ce.iz aryl, C;ﬁ
alkyloxy, C:¢ alkenyloxy, Cz¢ alkynyloxy, Ce.iz aryloxy,
C(O)C14|a1ky1, C(0) Coug alkenyl, C{0)Csy alkynyl,
C{0)Ce-12 aryl, C(O)Cg,lg‘aralkyl, Ca_1p heterocycle,
hydroxyl, NRi1aRiq, C(0Q)OR;a, c?ana, arido, amidino or

guanido;

wherein Rz, Rc, Rd, Rg and R, akre each independently
chosen from H, Ci-12 alkyl, C2-12 alkenyl, C2-12
alkynyl, C6-14 aryl, C3-12 heterocycle, C3-18
hetercaralkyl, C6-18 aralkyl;

or Re and Rd are taken together with the oxygens to
form a 5 to 10 membered heterocycle; ‘

or Ry;; and Ry, are taken together with the nitrogen to

form a 3 to 10 membered heterocycle, Examples of aryl

+dinclude phenyl and naphthyl.

The term "aralkyl" represents an aryl group attached to
the adjacent atom by a C;ealkyl, Ciecalkenvl, or C,.
salkynyl (e.g., benzyl).

The term "heterocycle" represents a saturated or

unsaturated, cyclic meoiety wherein said cyclic moeity
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is interrupted by at least one heterocatom, (e.g.
ox?gen, sulfur or nitrogen) which may optionally bhe
substituted halogen, nitro, nitroso, SOERH,|E{thRd,
CONR1aR14, C:.¢ alkyl, Co_g alkenyl, Ci.¢ alkynyl, Cg.12
aralkyl, Cg.iz aryl, Cis alkyloxy, Cg.s al)kenyloxy, Ca s
alkynyloxy, Cgiz aryloxy, C{(0}Ci-s alkyl, C(0Q)Czg
alkenyl, C(0)Cz.¢ alkynyl, C(Q)Cs12 aryl, C(0)Cs.1z
aralkyl, C;.i0 heterocycle, hydroxyl, NRisRi4, C(OiDRm,
cyano, azido, amidino or guanido;

wherein R;;, Rc, Rd, Ry; and R;, are each independently
chosen from H, C1-12 alkyl, C2-12 alkenyl, C2-12
alkynyl, C6-14 aryl, C3-12 heterocycle, C3-18
hetercaralkyl, C6-18 aralkyl;

or Ro and Rd are taken together with the oxygens to

form 2 5 to 10 membered heterccycle;

or Riz and R;, are taken together with the nitrogen to
form a 3 to 10 membered heterocycle. It is understood
that the term heterocyclic ring represents a wmono or
polyeyclic (e.g., bicyclic) ring. Examples of
heterocyclic rings include but dre not limited to
epoxide; furan; benzofuran; iscbenzofuran; oxathiclane;
dithiolane; dioxolane; pyrrole; pyrrolidine; imidazole;
pyridine; pyrimidine; indole; piperidine; morﬁhmline;

thiophene and thiomorpholine,

The term "hetercaralkyl" represents an heterocycle
group attached to the adjacent atom by a C..s alkyl, Ci.e
alkenyl, or C;; alkynyl.

PCT/CA2003/001912
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When there is a sulfur atom present, the sulfur atom
can be at different oxidation levels, ie. 8, 80, or
50z, All zuch oxidation levels are within the scope of

the present invention.

When there is a nitrogen atom present, the nitrogen
atom can be at different oxidation levels, ie. N or NO.
All such oxidation levels are within the scope of the

present invention.

The term "independently" means that a substituent can

be the same or different definition for each item.

It will be appreciated that the amount of a compound of
the invention required for use in treatment will vary
not only with the particular compound selected but also
with the route of administration, the nature of the
condition for which treatment is required and the age
énd condition of the patient and will be ultimately at
the discretion of the attendant physician or
veterinarian. In generxal however a suitable dose will
be in the.range of from about 0.1 to about 750 mg/kg of
body weight per day, preferably in the rangé of 0.5 to
60 mg/kg/day, most preferably in the range of 1 to 20

mg/kg/day.

The desired dose may conveniently be presented in a
gingle dose or ag divided dose administered at
appropriate intervalsa, for example as two, three, Ffour

or more doses per day.
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The compound is conveniently administered in unit
dosage form; for example containing 10 to 1500 mg,
conveniently 20 to 1000 mg, most conveniently 50 to 700

mg of active ingrediént per unit dosage form.

Ideally the active ingredient should be administered to
achieve peak plasma concentrations of the active
compound of from about 1 to about 75pM, preferably
about 2 to 50 pM, most preferably about 3 to about 30
pM. This may be achieved, for example, by the
intravenous injection of a 0.1 to 5% solution of the
active ingredient, optionally in saline, 6r corally
administered as a bolus containing about 1 to about 500
mg of the active ingredient. Depirable blood levels
my be maintained by a continuwous infusion to provide
about 0.01 to about 5.0 mg/kg/hour or by intermittent

infusions containing about 0.4 to about 15 mg/kg of the

“active ingredient,

20

a0

When the compounds of the present invention or a
pharmaceutically acceptable salts thereof is used in
combination with a second therapeutic agent active
against the éame virus the dosze of each compound may be
either the same as or differ from that when thé ‘
compound is used alone. Appropriate doses will be

readily appreciated by those skilled in the art.

While it is possible that, for use in therapy, a
compound of the invention may be administered as the
raw chemical it is preferable to present the active

ingredient as a pharmaceutical composition. The
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invention thus further provides a pharmaceutical
composition comprising compounds of the pregent
invention or a pharmaceutically acceptable derivative
therecof together with one or more pharmaceutically
acceptable carriers therefor and, optionall y, other
therapeutic and/or prophylactic ingredients. The
carrier(s) must be "acceptable" in the sense of being
compatible with the other ingredients of the
fofmulation and not deleter%Ous to the recipient

theraof.

Pharmaceutical compositions include those suiltable for
oral, rectal, nasal, topical (including buccal and sub -
lingual), transdermal, vaginal or parenteral (including
intramugcular, sub-cutaneous and intravenous)
administration or in a form suitable for administration
by inhalation or insufflation. The formulations may,
where appropriate, be conveniently presented in
discrete dosage units and may be prepared by any of the
methods well known in the art of pharmacy. A1l methods
include the step of bringing into association the
active compound with liquid carriers or finely divided
golid carriers or both and then, if necessary, shaping

the product into the desired formulation.

Pharmaceutical compositions suitable for oral
administration may conveniently be presented asm
discrete unite such as capsules, cachets or tablete
each containing a predetermined amount of the active
ingredient; as a powder or granules; as a solution, a

sugpension or as an emulsion. The active ingredient
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may algo be presented as a bolus, electuary or raste.
Tablets and capsules for oral administration may
contain conventional excipients such as binding agents,
fillers, lubricants, disintegrants, or wetting agents.
The tablets may be coated according to methods well
known in the art. Oral liquid preparations may be in
the form of, for example, aqueous or oily suspensiona,
solutions, emulsions, syrups or elixirg, or may be
presented as a dry product for congtitution with water
or other suitable vehicle before use. Such liguid
preparations may contain conventional additives such as
sugpending agents, emulsifying agents, non -agueous
vehicles (which may include edible oils), or

Preservatives.

The compounds according to the invention may also be
formulated for parenteral administration (e.g. by
injection, for example bolus inject ion or continuous
infusion) and may be presented in unit dose form in
ampoules, pre-filled syringes, small volume infusien or
in multi-dose containers with an added preservative.
The compositions may take such forms as suspeneions,
solutions, or emulsions in oily or aqueous vehicles,
and may contain formulatory agents such as sugpending,
stabilizing an/or dispersing agents. Alternatively,
the active ingredient may be in powder form, obtained
by aseptic isolation of gterile solid or by
lyophilisation from solution, for constitution with a
suitable vehicle, e.g. sterile, Pyrogen -free water,

before use,.
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For topical administration to the epidermis, the
compounds according to the invention may be formulated
as ointments, creams or lotions, or as a trangdermal
patch. Such transdermal patches may contaln penetration
enhancers such as linalool, carvacrol, thymel, citral,
menthol and t-anethole, Ointments and creams may, for
example, be formulated with an aqueous or oily basze
with the addition of suitable thickening and/or gelling
agente. Lotions may be formulated with an agqueous or
oily bage and will in general also contain one or more
emilsifying agents, stabilizing agents, dispersing

agents, suspending agents, thickening agents, or

. colouring' agents.

15
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30

Compositiona suitable for topical administration in the
mouth include lozengeé comprising active ingredient in
a flavoured base, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient
in an inert base such as gelatin and glycerin or
sucrose and acacia; and mouthwashes comprising the

active ingredient in a suitable liguid carrier.

Pharmaceutical compositions suitable for rectal
administration wherein the carrier is a solid are most
preferably presented as unit dose suppositories,
Suitable carriers include cocoa butter and other

materials commonly used in the art, and the

suppositories may be conveniently formed by admixture

of the active compound with the softened or melted

carriex (s} followed by chilling and shaping in moulds.
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Compositiong suitable for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes,
foams or sprays containing in addition to the active
ingredient such carriers as are known in the art to bhe

5 appropriate.

For intra-nasal administration the compounds of the
invention may be used as a liquid spray or dispersible
powder or in the form of drops. Drops may be formulated
10 with an aqueous or non-aquecus base also -comprising one
more dispersing agents, solubiliging agents or
suspending agents. Liquid sprays are conveniently

delivered from pressurized packs.

15 For administration by inhalation the compounds
according to the invention are conveniently delivered
from an ingufflator, nebulizer or a pressurized pack or
other convenient means of delivering an aerogol spray.
Pressurized packs may comprise a suitable propellant

H)Fuch as dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluorocethane,
carbon dioxide or other suitable gas. In the cage of a
pressurized aerosol the dosage ﬁnit may be determined
by providing a valve to deliver a metered amount.

25
Alternatively, for administration by inhalation or
ingufflation, the compounds according to the invention
may take the form of a dry powder composition, for
example a powder mix of the compound and a suitable

30 powder bhase such as lactose or starch. The powder

composition may be presented in unit dosage form in,
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for example, capsules or cartridges or a.9. '‘gelatin or
blister packe from which the powder may be adminigtered
- wilth the aid of an inbalator or insufflator,

" 5 When déeired the above dasoribed formulations adapted
bEo glve austained release of the activa ingredient may
be amployad.

t

The following general achemes and examples are provided
10 te dllustrate varlous edbodimenka of the Prodent
lnvention,

13

Exsmple 1

3u{[{2-carhnxy-5~pheny1-thiuphﬂn—S-yiJ-(4-mathy1-

ayclohexanocarbonyl) -amino] =mekhyl) ~piperidinium
20 triflucro-acetate compound 1.
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Step I
A guspension of 3-amino-5-phenyl-thiophene-2-carboxylic
acid methyl ester (0.268 g, 1.15 mmol) and 3 -formyl N-
Chz-piperidine (0.284 g, 1.15 mmol) in THF (0.5 mL) was

5 treated with dibutyltin dichloride (17 mg, 0.057 mmol).
After & min; phenylsilane (156 UL, 1.26 mmol) wae added
and the mixture was stirred for 6 days at room
temperature. The =zolvent was then evaporated and the
residue wae purified by silica gel column

10 chromatography using CH.Cl.:hexanes:EBEOQAC as eluent to
provide 3-[(1-Methyl-piperidin-3-ylmethyl) -amino] -5-
phenyl-thiophene-2-carboxylic acid methyl ester as an
oil (0.2723 g, 51% yield). *H NMR (CDCls;, 400 MHz):
7.62-7.52 (m, 2H), 7.40-7.28 (m, 9H), 7.18-6.84 (br s,

15 1H), 5.20 (d, 1H), 5.10(d, 1H), 2.55 (m, 1H), 4.15 (m,
1), 3.82 (=, 3H), 3.58-3.40 (m, 2H), 2.920 (t, 1H},
1.88-1.40 (m, 6H).

Step IT

20 3-[(1-Methyl-piperidin-3-yimethyl}-amino] -5-phenyl-
thiophene-2-carboxylic acid methyl ester (162 mg, 0.348
mmol) was dissolved in 1,2 -dichloroethane (3.0 mL) and
treated with trans-4-Methyl-cyeclohexanecarbonyl chloride
in 1,2-dichlorcethane (1.0 wl, 0.42 mmel). The solution

25 was heated at reflux for 1 day. The selvent was then
evaporated and the residue purified by silica gel column
chromatography using hexanes:EtOAc as sluent to provide
3- [ (4-Methyl-cyclohexanecarbonyl)- (1-methyl-piperidin-3-
ylmethyl) -amine] -5-phenyl-thiophene-2-carboxylic acid

10 methyl ester as an oil (0.194 g, 95% vield). 1H NMR
(CDC1;, 400 MEz): Rotamer 65/35: 7.90 (s, OI.35H), 7.70
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(d, 0.65 H), 7.62 -7.10 {(m, 10H), 5.20 -5.00 (m, 2H),
4,70(m, 0.35H), 4.60-4.40 (m, 0.65H), 4.12 (m, 1H), 3.82
(s, 3H), 3.52 (t, 0.65H), 3.20 (t, 0.35H), 2.70 (4,
0.65H), 2.52 (t, 0.35H), 1.90 (m, 1), 1.80 -1.20 (m,
13H), 1.00-0.85 (m, 1H), 0.76 (3, 3H), 0.64 (m, 2H).

Step IIT )

3- [ (4-Methyl-cyclohexanecarbonyl) - (1-methyl-piperidin-3-
ylmethyl) -amino] -5-phenyl-thiophene-2-carboxylic acid
methyl ester (162 mg, 0.27 mmol) was dissolved in a
mixture of THF:MeOH:H0 (3:2:1, 2.8 mL) and treated with
LiQH.H;O0 (35 mg, 0.81 mmol). The solution wag heated at
55 °C for 3 h. The zolvents were removed and the
regidue was acidified using HC1 to pH 4. The product was
extracted with EtOAc and the organic layers were washed
with brine, dried and evaporated to provide 3 [(4-
Methyl -cyclohexanecarbonyl) - (1-methyl-piperidin-3-
ylmethyl) -amino] ~-5-phenyl-thiophene-2-carboxylic acid
(146 mg, 92% yield). *H NMR (CDClz, 400 MHz): 2.98 (br
g, 1H), 7.80 (4, 1H), 7.62 (4, 1H), 7.48-7.24 (m, SH),
5.20-5.05 (m, 2H), 4.35-3.95{(m, 2H), 2.00 {(m, 1H), 2.8B5
2.52 (m, 2H), 2.15 (m, 1H), 1.82-1.18 (m, 12H), 0.78 (4,
3H), 0.68 (m, 2H).

Step IV

3- [ (4-Methyl -cyclohexanecarbonyl) ~ (L-methyl-piperidin-
3-ylmethyl)} -amine)] -5-phenyl-thiocphene-2-carboxylic acid
(145 mg, 0.25 mmbl) was digsolved in CHLCN (2.5 mlL),
cooled at 0 °C and treated with TMSI (144 mL, 1.0
mmel) ., The reaction was stirred at 0 °C for 1 h and at

room temperature for 2 h. The solvent was removed and
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the residue was acidified using HCL. The product was
extracted with EtOAc and the organic layers were washed
with brine and dried. The solvent was then evaporated
and the residue was first purified by reverse -phage
HPLC followed by silica gel column chromatography
purification using CH Cl;:MeQH:ACQH as eluent to
provide 3-{[(2-carboxy-5-phenyl-thiophen-3-yl)-{4-
methyl -cyclohexanecarbonyl) -amino] -methyl} -piperidinium
trifluoro-acetate (compound 1) (91.6 mg, 66% yield).

M NMR (DMSO-d6, 400 MHz);: 7.92 (br s, 1H), 7.66 (m,
2H), 7.49 (s, 1H), 7.42 (m, 28), 7.33 (m, 1H), 4.50 (m,
1H), 3.33 (m, 3H), 2.80 (m, 1K), 2.56 (m, 1H), 2.30 (m,
2H), 1.80-1.30 (m, 8H), 1.20 (m, 3H), 0.73 (4, 3H),
0.73-0,45 (m, ZH).

The following compounds were prepared in a similar
manner: Compound 2, Compound 3, Compound 4, Compound &
and Compound 14,

Example 2
4-{[(2-carboxy-5-phenyl-thiophen-3-y1) - (4-methyl-

cyclohexanecarbonyl) -amine] -methyl } -1-methyl -
piperidinium chloride Compound 38.

Q(}QFW‘*/% e

C!'

A
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gtep I
4-{[ (2-Methoxycarkonyl ~5-phenyl -thiophen-3-y1) - (4-
methyl -cyclohexanecarbonyl) ~amine] -methyl} -piperidine-
5 1-carboxylic acid benzyl ester (190 mg, 0.32 mmol) was
digsolved in MeOH (3.2 mh) and treated with
formaldehyde (37% solution, 0.36 wL, 3.2 mmol), AcOH (1
drop) and 10% P4/C (97 mg) under H, (30 psi). The
reactlon was stirred at room temperature for 48 h and
10 the mixture was filtered oﬁ celite, The solution was
evaporated to a residue that was purlfied by silica gel
column chromatography using CH,Cl;:MeOH az eluent to
‘provide 3-[(4-Methyl-cyclohexanecarbonyl) - (1-methyl -
piperidin-4-ylmethyl) -amino] -5-phenyl -thiophene-2-
15 carboxylic acid methyl .ester as an oi1~(46.5'mg, 31%
yield). 'H NMR (CDCl;, 400 MHz): 7.62 (d, 2H), 7.43
(m, 23H), 7.10 (s, 1H), 3.97 (m, 1 H), 3.85 (s, 3H),
3.20 (m, 3H), 2.48 (s, 3H), 2.42 (m, 1H), 2.10 (m, 1H),
1.85 (m, 3H), 1.70-1.40 (m, 8H), 1.30 (m, 2H), 0.78 (d,
20 3H), 0.68 (m, 2H).

Step II
3-[{4-Methyl-cyclohexanecarbonyl) - (L-methyl-piperidin-
4-ylmethyl) -amine] -5-phenyl-thiophene-2-carboxylic acid

25 methyl ester (46 mg, 0.098 mmol) was diessolved in a
mixture of THF:MeQH:H 0 (2:2:1, 1.0 mkL} and treated
with LiOH.H:Q (12 mg, 0.29 mmol). The solution was
heated at 55 °C for 3 h. The solvents were removed and
the resgidue was acidified using HC1l to pH 4. The

30 precipitate was filtered, wéshed and triturated with

hexanes to provide 4-{[(2-carboxy-5-phenyl-thiophen-3-
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y1l) - (4-methyl-cyclohexanecarbonyl) -amino] ~methyl}-1-
methyl-piperidinium chloride (Compound 38) as a solid
(35.3 mg, 73% yield). 'H NMR (CD;0OD, 400 MH=z): 7.66 (d, -
2H), 7.40 (t, 3H), 7.32 (t, 1H), 7.25 (s, 1H), 3.85

5 (a4, 1 H), 3.52 (dd, 1H), 3.34 (m, 2H), 2.78 (q, 2H),
2,70 (=, 3H), 2.35 (m, 1H), 2.05 {(m, 1H), 1.84 (m, 2H),
1.72 (m, 1H), 1.65-1.20 (m, 8H), 0.76 (4, 3H), 0.68 {m,
2H) . ' '

10 The following compounds were prepared in a similar
manner: Compound 33, Compound 35, Compound 49 and

Compound 69 .

Example 3
15 3- [Isopropyl- (5-methyl- [1,3]dioxane-2-carbonyl) -amino] -
5-phenyl-thiophene-2-carboxylic acid Compound 22.

20 Procedure for the synthesis of 5-methyl-[1,3]dioxane-2-
carboxylic acid: Tetrahedrom (1989) 45, DD 6987-6998.

Step I
A polution 5-methyl-[1,3]dioxane-2-carboxylic acid (53
25 mg, 0-47 mmol)in 1,2-dichloroethane at 0 °C was treated
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with PPh, (124 my, 0.47 mmol), NCS (63 mg, 0.47 mmol)
and isopropylamino-5-phenyl-thiophene-2-carboxylic acid
methyl ester (100 mg, 0.26 mmol). The Teaction was
heated at reflux for 3 days. The mixture was evaporated

5 to a residue that was purified by silica gel column
chromatography using EtOAc:hexanes as eluent to
furnished 3- [isopropyl- (5-methyl-[1,3]dioxane-2-
carbonyl) -amino] -5-phenyl -thiophene-2-carboxylic acid
methyl ester (51.8 mg, 35% yield). W NMR (CDCl,;, 400

10 MHz) : 7.65 (d, 2H), 7.42 (i, 3H), 7.10 (s, 1H), 4.90
(g, 1H), 4.55 (s, 1H), 4.00 (dd, 1H), 3.90 (dd, 1H),
3.85 (¢, 3H), 3.10 (t, 1H), 2.95 (&, 1H), 2.10 (m, 1H),
1.25 (4, 3H), 1.05 (4, 3H), 0.58 (d, 23H).

15 5tep II _
‘3-[isopropyl-(S-methyl-[1,3]dioxane-2-carbony1)-amipo]—
5-phenyl-thicphene-2-carboxylic acid methyl ester (49

mg, 0.12 mmol) was dissolved in a mixture of
THF:MeOH:H20 (3:2:1, 1.1 ml) and treated with LiOH.H.,0

20 (14 mg, 0.36 ﬁmal). The solution was heated at 55 °C
for 3 h. The solvents were removed and the reegidue was
acidified using HCl to pH 4. The product was extracted
with EtOAc and the organic layers were washed with
brine, dried and evaporated to provide 3-[Tzopropyl- (5-

25methyl—[1,3}dicxane~2-carbonyl)-aminc]—E—phenyl-
thiophene-2-carboxylic acid (Compound 22) as a solid
(46.7 mg, 98% yield). 'H NMR (CD,0D, 400 MHz): 7.65 (d, .
2H), 7.45 (m, 3H), 7.30 (s, 1H), 4.80 {g, 1H), 4.80 (=,
1H), 4.00 (dd4, 1H), 3.&8 (dd, i1H), 3.08 (t, 1H), 2.98

30 (&, 1H), 2.00 (m, 1H), 1.30 (d, 3H), 1.05 (d, 3H), 0.60
(4, 3H).
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Example 4
5-(3-flucro-phenyl) -3- [ (4-hydroxy-cyclohexyl) - {4-
methyl -cyclohexanecarbonyl) -amino] -thicphene-2-

5 carboxylic acid Compound S51.

5 &
| DO
By & [+)
02 HO,
I{-\?‘" R
LU - s Y

Step I

A suspengion of 3-Amino-S-bromo-thicphene-2-carboxylic
10 acid methyl ester (1.03 g, 4.38 mmol) in dry THF (1.1

ml) was treated with 1,4 -cyclohexanedione wmonoethylene

ketal (684 mg, 4.38 mmol), followed by dibutyltin

dichloride (133 mg, 0.44 mmol) ., After 5 min, phenyl

gilane (877 pL, 4.8 mmol) was added and the reaction

15 mixture was stirred at foam temperature for 2 days when
a clear golution resulted. The solution was then
concentirated and the residue purified by silica gel
column chromatography using EtOAc:hexanes as eluent to
furnished 5-Bromo-3-(1,4-dicxa-spirol4.5]dec-8-

20 ylamino)} -thiophene-2-carboxylic acid methyl ester (1.11
g, 68% vield). H NMMR (CDCla, 400 MHz): 6.90 (br =,

&0
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1H), 6.65 (=, 1H}, 3.95 (s, 4H), 3.78 (=&, 3H), 3.35 (m,
1H), 2.00 (m, 2H), 1.80 (m, 2H), 1.65 (m, 4H).

Step II

5 A solution of trans 4-methyl-cfclohexanecarboxylic acid

10

15

20

30

(0.629 g, 4.42 mmol) in 1,2 -dichlorosthane (30 ml) at 0Q
°C was treated with triphenylphosphine (1.16 g, 4.42
mmel) , N-chlorosuccinimide (0.59 o, 4.42 mmol) and 5 -
Bromo-3-(1,4-dioxa-apirol4.5]1dec-8-ylamino) -thiophene-
2-carboxylic acid methyl ester (1.10 g, 2.92 mmol) ., The
resulting mixture was then stirred for 36 h at 90 °C
and then concentrated. The residue was purified by
gilica gel colymn'chromatography uging EtOAc:hexanes as
eluent to furnished a mixture of 1:1 (537 mg) of the
desired product, 5-Bromo-32-[(1l,4-dicxa-spiro(4.5])dec-8-
v1) - {4-methyl -cyclohexanecarhonyl) -amino] -thicphene-2-
carboxylic acid methyl ester , and the corresponding
ketone, S-Bromo-B—[(4-methy1—cyclohexanecarbonyl)-(4f
oxo-cyclohexyl) -amino] -thiophene-2-carboxylic acid

methyl ester.

Step IIT

The mixture of 5-Bromo-3-[(1,4-dioxa-spiro[4.5]1dec-8-
yl) - (4-methyl-cyclohexanecarbonyl) -amine] -thiophene-2-
carboxylic acid methyl ester and 5-Bromo-3-[ (4-methyl-
cyclohexanecarbonyl) - (4 -oxo-cyclohexyl) ~amine] -
thiophene-2-carboxylic acid methyl ester (352 mg) were
digsolved in tetrahydrofuran (4 wml) and treated with 3N
HCl soluticon (4 ml). The reaction was stirred at room
temperature for 20 hours and was then diluted with

ethyl acetate (10 ml). The organic layer was separated,

61

PCT/CA2003/001912



WO 2004/052885 PCT/CA2003/001912

and the agqueous phase was washed twice with ethyl
acetate (2 X 10 mL). The combined ethyl acetate layers
were washed with brine (10 wml), dried on Na,S50.,
filtered and concentrated. The residue was purified'by

5 pilica gel column chromatography using Et OAc:hexanes as
eluent to furnished 5-Bromo-3-[(4-methyl-
cyclohexanecarbonyl)-(4~oxo~éyclohexy1)~amino]-
thiophene-2-carboxylic acid methyl ester as a solid
(296 mg) , 'H NMR (CDC1l,;, 400 MHz): 6.85 (g, 1H), 5.04

0 (m, 1H), 3.82 (=, 3H), 2.58-2.30 (m, 4H), 2.18 (m, lH),'
2.06 (m, 1H), 1.50 {m, 1H), 1.70-1.52 (m, 6H), 1.48-
1.28 (m, 2H), 0.8B0 (4, 3H), 0.68 (m, 2H).

Step IV

15 5-Bromo-3-[ (4-methyl ~cyclohexanecarbonyl) - (4-oxo-
cyclohexyl) -amino] -thiophene-2-carboxylic acid methyl
egter (473 mg, 1.04 mmol) waes dissolved in methanol
(10.4 ml), cooled to 0°C and treated with sodium
borohydride (43 mg, 1.14 mmol). After 30 minutes of

20 stirring at 0 °C, the reaction was left stirring at
room temperature for 30 min and quenched with = 10%
golution of hydrochloric acid (20 ml). The agueous
phagse was extracted with ethyl acetate (3 X 10 wh) and
the combined ethyl acetate layer was dried (Na,504) and

25 concentrated. The regidue was purified by =ilica gel
column chromatography using EtOAc:hexanes as eluent to
furnighed 5-Bromo-2 - [{4-hydroxy-cyclohexyl) - (4-methyl -
cyclohexanecarbonyl) -amino] -thiophene-2-carboxylic acid
methyl ester (365 mg, 77% yvield) as a solid. H NMR

30 (CDCl;, 400 MHz): 6.82 (=, 1H), 4.58 (m, 1H), 3.82 (=,
3H), 3.45 (m, 1H), 2.08-1.72 (m, 4H), 1.75 (m, 1H),
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1.68-1.23 (m, 11H), 0.98 (m, 1H), 0.80 (d, 3H), 0.68
(m, 2H).

Step V
5 A degassed solution of 5-Bromo-3-[(4-hydroxy-

cyclohexyl) - (4-methyl -¢cyclohexanecarbonyl) -amino] -
thiophene-2-carboxylic acid methyi ester (70 mg, 0.15
mmol) and 3-fluorophenyl boronic acid (32 mg, 0.23
mmol) in a mixture of DME (2.0 mL) and 2M agquecnus

10 NaCO; (1.0 mL) was treated with Pd(PPhi), (17.6 mg,
0.015 mmol) . The reaction was heated at reflux for 1gh.
The reaction mixture was diluted with ethyl acetate and
water. The organic layer was separated, washed with
brine, dried and concentrated to a residue that was

15 purified by preparative chromatography using
EtOAc:hexanes as eluent to proviﬁe 5 - (3-Fluoro-phenyl) -
3- [ (4-hydroxy-cyclohexyl) - (4-methyl-
cyclohexanecarbonyl)-amino]-thiophene-zncarboxylic acid
methyl ester as.an oil contaminated with

20 triphenylphosphine oxide that could not be removed
(61.7 mg) . 'H NMR (CDCl,, 400 MHz): 7.65 (dd, 2H), 7.53
(¢, 2H), 7.43 (m, BH), 7.32 {m, 1H), 7:1 {(m, 1H), 7.02
(s, 1H), 4.56 (m, 1H), 3.82 (s, 3H), 3.40 (m, 1H), 2.14
(br g, 1H), 2.05-1.88 (m, 4H), 1.78 (m, 1H), 1.68-1.54

‘25 (m, 5H), 1.51-1.26 (m, 4H), 0.98 (m, 1H), 0.75 (d, 3H),
0.72-0.54 (m, 2H).

Step VI

5- (3-Fluorc-phenyl) -3- [ (4-hydroxy-cyclohexyl) - (4-
30 methyl -cyclohexanecarbonyl) -amino] -thiophene-2-

carboxylic acid methyl ester (61 mg, 0.13 mmol) was
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digsolved in a 4:1 mixture of dioxane:H,0 (1.3 wl) and
treated with LiOH.Hz0 (20 mg, 0.476 mmol). After 3
hours of stirring at 55 °C, the solventes were removed
and then partitioned between 5 ml of H;0 acidified to

5pPH 4 and 5 ml of EtOAc. The organic layer was peparated
and the aquecus phase was washed twice with ethyl '
acetate (2 X 5 mL). The combined ethyl acetate layer
was dried (Na.S0,) and concentrated. The residue was
purified by preparative chromatography (10% l

10 MeOH/CH,Cl,) to obtain 5-(3-fluoro-phenyl)-3-1(4-
hydroxy-cyclohexyl) - (4-methyl-cyclohexanecarbonyl) -
amine] -thiophene-2-carboxylic acid (Compound 51) as a
white solid (20.1 mg, 34% yield). H NMR (DMSO-d:, 400
MHz): 7.72 (d, 1H), 7.60 (m, 2H), 7.50 (m, 1H), 7.24

15 (m, 1H), 4.50 (d, 1H), 4.28 (m, 1H), 3.18 (m, 1H), 1.95
(m, 1H), 1.85-1.10 (m, 14H), 0.88 (m, 1H), 0.75 (d,
3H), 0.68-0.45 (m, 2H).

The following compounds were prepared in a similar
20 manner: Compound 50, Compound 59, Compound 60 and
Compound &1,

Example 5
3-[(1-methylcarbamoyl -piperidin-4-yl} - (4-methyl-
25 cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-

carboxylic acid compound 71.
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Step I- :
A golution of 3-[(4-methyl-cyclohexanecarbonyl) -

.piperiﬁin-4-yl-amin0]—5—pheny1-thiapheneuz—carbokylic

acid methyl ester (145 mg, 0.33 mmol) in CH.Cl, (3.3
mh) was treated with Et:N (62 mL, 0.492 mmol) and methyl
isocyanate (28.2 mg, 0.49 mmol) . After stirring at room
temperature for 18h, starting matérial remained. Methyl
isocyanate (28.2 mg, 0.45 mmol) was added tc the
reaction that was stirred for another 4h. The solvent
was evaporated and the regidue was dissolved in EtQac,
washed with HC1 (0.1 M) and brine, dried (Na;S0,;) and
concentrated. The residue was purified by =silica gel
eolumn chromatography using (5% MeOH/CH.Cl;) to provide
3-[(1-Methylcarbamoyl -piperidin-4-yl) - {(4-methyl-
cyclohexanecarbonyl) -amine] -5-phenyl -thiophene-2-
carboxylic acid methyl ester (142 mg, 875 vield). 'H
NMR (CDCl;, 400 MH=z): 7.65 (m, 2H), 7.45 (m, 3H), 7.00
(s, 1H), 4.78 (m, 1H), 4.35 (g, 1H), 4.05 (dd, 1H),
3.90 (m, 1H), 3.85 (s, 3H), 2.85 (m, 2H), 2.75 (d, 3H),
1.95 (m, 2H), 2.80 (m, 1¥), 1.70-1.55 {(m, G5H), 1.50-
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1.25 (m, 3H), 1.10 (m, 1H), 0.78 (d, 3H), 0.75-0.58 (m,
2H) . )

 Step II

5 3- [(1-Methylcarbamoyl -piperidin-4-vl) - (4-methyl-
cyclohexanecarbonyl) ~amine] -5 -phenyl ~thiophene-2-
carboxylic acid methyl ester (1395 mg, 0.28% mmol) was
dissolved in & 4:1 mixture of dioxane:H;0 (2.8 ml) and
Lreated with LiOH.H.0 (35.3 mg, 0.B4lmmol). After 3

10 houre of stirring at 55 °C, the solvents were removed
and then partiticned between 5 ml of H,0 acidified to
PH 4 and 5 ml of EtQAc. The organic layer was separated
and the agqueous phase wag washed twice with ethyl
acetate (2 X 5 mL). The combined ethyl acetate layer

15 was dried (Na.20,) and concentrated. The residue was
purified by =ilica gel column'chromatography using (10%
MeOH/CH»C1,) to provide 3—[(1-Methyldarbamoyl-
piperidin-4-yl) - (4-methyl-cyclohexanecarbonyl) -aminol -
5-phenyl-thiophene-2-carboxylic acid (compound 71) as a

20 white solid (101.8 mg, 75% yield). 'H NMR (CD,OD, 400
MH=z): 7.72 {(m, 2H), 7.47-7.37 (m, 3H), 7.32 (=&, 1H),
4.65 {(m, 1H), 4.00 (m, 1H), 2.82 (g, 2H), 2.65 (d, 3H),
2.10 (m, 1H), 1.90 {(m, 2H), 1.80-1.22 (m, 8H), 1.14 (m,
iH}, 0.78 (4, 3H), 0.75-0.55 (m, 2H),.

25 'J
Example 6
3-[[l,Q]Dioxolan-z—ylmethyl—(4~methy1-
cyclohexanecarbonyl) -amine] -5-phenyl -thiophene-2-

carboxylic acid Compound 8.
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Step I
3-1([1,3]Dioxolan-2-ylmethyl) -amino] -5-phenyl-
thiophene-2-carboxylic acid methyl ester was prepared

using Pd coupling procedure described in example 32.

Step II
3-[[1,3]Dioxolan-2-yimethyl - (4 -methyl-
Cyclohexanecarbonyl);amino]—5-phenyl-thiophene-2-_
carboxylic acid methyl ester using a procedure sgimilar

to the procedure described in example 232.

Step III
3-[[1,3]1Dioxolan~2-ylmethyl- (4-methyl-
cyclohexanecarbonyl) ~amino] -5-phenyl -thiophene-2-
carboxylic acid using a similar procedure to-tﬁe

procedure depcribed in example 32,

Compound 7 was prepared ueing similar method.
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Example 7

5- (3-flucro-phenyl) -3- [ (2-hydroxy-4-mathyl -
cyclohexanecarbonyl)-isopropyl-amine] -thiophene-2-

carboxylic acld Compound 44.

e Fo
o — Q[fw ~ Y
Br"gy { 0 DY
F : 0
~ hd
7\ DOOY_____ / ) 00}?“
SENY Q

STER I

To a degassed solution of 5 -bromo-3-iscpropylamino-2-

carboxylic acid methyl ester (210 mg, 0.755 mmol) and

3-fluorophenylboronic acid (140 mg, 0.116 mmol) in a
10 mixture of DME (8 wml) and 2M agqueous Na 2C0y (4 mi),

-Pd(Pphz)\d (43 mg) was added and the reaction nixture

was stirred at reflux conditions for 3h under a N 2

atmosphere. The reaction mixture was diluted with ethyl

acetate and water. The orga nic layer was separated,
15 dried (Na:50;) and concentrated, 5 - (3-Flucro-phenyl) -3~

isopropylaminc:-thiophene-z-carboxylic acid methyl ester

(200 my, 91%) was isolated as thick syrup. H NMR

(CDCl;, 400 MHz):  67.50-7.25 (m, 3H), 7.13 -7.05 (m,

IH), &.88 (8, 1H), 6.74 (bs, iH), 3.80 (e, 3H), 3.75
20 (m, 1H), 1.35, 1.30 (28, 6H).

STEP II

T
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To a selution of & -(B—Fluoro-phenyl)-3—isopropylamino-_
thiophene-2-carboxylic acid methyl ester (200 mg, 0.683
mmol) in 1,2 -dichloroethane (5 mL), acet;c arid 2 -
c¢hlorocarbonyl -5-methyl-cyclohexyl ester (148 mg, 0.679
mnol.) and triphenylphosphine (197 mg, 0.751 wmol) were
added under an atmosphere of N ;. The reaction mixture
was refluxed for 12h and then diluted with chloroform
and water. The organic layer waé separated, dried
{Naz50,) and concentrated. The residue was purified by
preparative TLC plate using 15% ethyl acetate in hexane
to obtain 3[(2 -Acetoxy-4-methyl -cyclohexanecarbonyl) -
isopropyl-amino] -5~ (3-fluoro-phenyl) -thiophene-2-
carboxylic acid methyl ester as a white solid (40my,
12%) . 'H NMR (CDCl,, 400 MHz): §7.45-7.28 (m, 4H), 7.13-
6.95 (m, 1H), 5.13 (m, 1H), 4.87-4.75 (m, 1H), 3.80 (s,
3H), 2.37-0.62 (m, 20H). '

STEP ITI

3l (2-Acetoxy-4- methyl-cyclohexanecarbonyl) -isopropyl-
amino] -5- (3 fluoro-phenyl) -thi-ophene-2-carboxylic acid
methyl ester (30 mg, 0.063 mmol) wag taken in a mixture
of THF:MeOH:H20 (3:2:1, 2 wl) and then added 1IN agueous
solution of LIOH.H ;0 (0.38 mL, 0.380 mmcl). The
reaction mixture was-stirred at room temperature for 12
h. Solvents were removed and the residu e wag
partitioned between water and ethyl acetate. The
aquecus layer was acidified using 10 % KHSO . solution.
The organic layer was separated, dried (Na 2504) and
concentrated. The residue was purified by silica gel
column chromatography uging chloroform an d methanol
(8:2) to obtain 5 - (3-fluoro-phenyl) -3~ [ (2-hydroxy-4-
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methyl~cyclohexanecarhonyl)~isopropyl-amino]-thiophenen
2-carboxylic acid (Compound 44) (15 wg, 58%) as a white
golid with two rotamers. M NMR (CDC1l i, 400 MHz):
67.50-7.25 {(m, 3H), 7.06 (m, 2H) , '6.‘25 {(bs, 1H), 5.25

5 (s, 1H, minor), 4.87 (s, 1H, major), 4.13 (=, 1H,
major), 3.87 (s, 1H, minor), 2.38 -0.45 (m, 17H). E5I ~
(M-H) : 418,

Compound 62 was prepared in a simllar manmer.
10
Example 8
3-[Isopropyl - (4-methylene -cyclohexanecarbonyl) -amine] -
5-phenyl-thiophene-2-carboxylic acid Compound 28.

0
H
7 N\ o ¢ -
s
° . o” o
— o — B
7\ O, . oH
s
L 0
15
Step I

To a golution of 3-Isopropylamino-5-phenyl-thiophene-2-
carboxylic acid methyl ester (1.5 g, 5.45 mmol} in 1,2 -
20 dichlorcethane, N -chlorosuccinamide (0.940 g, 7.091
mmol) , triphenylph ozphine (1.2 g, 7.081 mmol) and 4 -
oxo-cyclohexanecarboxylic acid (800 mg, 5.455 mmol)

waere added. The reaction mixturs was stirred at reflux
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for overnight under an atmosphere of N . The reaction
mixture wag diluted with OH 2Cly and extracted with
saturated solution oh NaHCO ,. The organic layer was
separated, dried (WaS80,) and concentrated. The residue

5 wag purified ueing silica gel column chromatography
uging ethyl acetate: hexanme (1:4) as eluent to obtain
3-[Isopropyl - (4-oxo-cyclohexanecarbonyl) -amino] -5-
phenyl-thiophene-2-carboxylic acid methyl ester. (1.2
g, 55%) as syrup. 'H NMR (CDCl ,, 400 MHZ): §7.75-7.50

10 (m, 2H), 7.70-7.38 (m, 3H), 7.12 (=, 1H), 4.95 (m, 1H),
3.87 (s, 3H), 2.75-0.83 (m, 15H).

Step IT _
Butyllithium (2.5 M, 0.5 mlL, 2.280 mmol) was added to a

15 cold solution (-78 °C) of methyltriphenylphosphonium
bromide (939 my, 2.630 mmol) in THF (10 mL).. The
reaction mixture was stirred at room temperature for 1h
and then 3~[Isapropyl-(4—oxo—cyclﬁhexanecarbonyl)-
amino] -5-phenyl-thiophene-2-carboxylic acid methyl

20 ester. (700 mg, 1.754) in THF (5 mL) was added at -78
°C. The reaction mixture was allowed to stir at room
Eemperature for 12h. The reaction was cquenched by
adding saturated solution of NH,C) and diluted with
ethyl acetate. The organic layer was s eparated, dried

25 (Na:80,) and concentrated. The residue was purified by
gilica gel column chromatography using ethyl acetate:
hexane (1:4) to obtain 3—[Isapropy1-(4-methy1¢ne—
cyclohexanecarbonyl) -amine] -5-phenyl - thiophene-2-
carboxylic acid methyi ester (300mg, 43%) as a solid.

30 'H NMR (CDCls, 400 MHgZ): §7.62 (d, 2H), 7.50-7.38 (m,
3H), 7.12 (s, 1H), 2.99 (m, 1H), 4.55 (d, 2H), 2.85 (s,
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3H), 2.25 (m, 3H), 1.83-1.63 (m, 5H), 1.50 (m, 1H),
1.25 (4, 3H), 0.99 (4, 3H).

Step III
5 3-[Isopropyl- (4-methylene-cyclohexanecarbonyl) -amineg] -
5-phenyl -thicphene-2-carboxylic acid methyl ester (50
my, 0.126 mmol) was takenlin a mixture of THF:MeOH:H .0
(3:2:1, 3 wk) and then 1N aqueous solution of LiOH.H .0
(0.8 mL, 0.8Q0 mmol) was added. The reaction mixture
10 wag stirred at room temperature for 12 h. Solvents were
removed and the residue was partitioned between water
and ethyl acetate. The aqueous layer was acidified
uging 10 % KHSO , solution. The organic layer was
separated, dried (Na,80,) and concentrated. The residue
15 was purified by silica gel column chromatography using
chloroform and methanol (8:2) to obtain 3 - [Isopropyl-
(¢-methylene-cyclohexanecarbonyl) -amino] -5-phenyl -
thiophene-2-carboxylic acid (compound 28) (25 mg, 52%)
as a white solid. *H NMR (CDCl,, 400 MHZ): 87.61 (d, J=
20 7Hz, 2H), 7.40 -7.38 (m, 3H), 7.04 (s, 1H), 4.92 (m,
1H), 4.50 (d, J= 7.6Hz, 2H), 2.21 -1.43 (m, 9H), 1.15
(bd, 3H), 0.93 (bd, 2H).

Example 9
25 5-(4—Fluoro-phenyif-3-[isoprapyl—(4-methy1—¢jclohex-3v

enecarbonyl) -amino] -thiophene-2-carboxylic acid

Compound 53.
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Step I

To a stirred solution of 3 -Amino-5-(4-fluoro-phenyl) -
thiophene-2-carboxylic acid methyl ester (500 mg, 2.0
mmol) in 1,2-dichloroethane (10 wl) was added
gsequentially 2-methoxypropene (0.76 mL, 8.0 mmol), AcCH
(0.12 mL, 4.0 mmol) and NaBH(OAc)s (0.848 mg, 8.0 mmol)
and stirred for 16 h. It was then diluted with EtoOac
and H;0. The agqueous solution was adjusted to pH = 7
by adding NaHCO;. The agueous phase wag extracted with
EtOAc, the combined extract was washed with brine and
dried on MgS04 and filtered. Purification on hond
elute with hexane to 5% EtOAc -hexane furnished 5-(4-
Fluoro-phenyl) -3-isopropylamino-thiophene-2-carboxylic
acid methyl ester (0.530 mg, 91% vield). N NMR (CDCl.,
400 MHz): & 7.62 (4, 2H), 7.0% {m, 2H), 6.81 (s, 1H),
3.84 (s, 3H), 3.71 {(m, 1H), 1.35 (4, GH).

Step II

4-Methyl -cyclohex-3-anecarbonyl chloride was prepared
according to the procedure reported in Jourmal of
Organle Chemigtry (1586) 51(23), PP4485-8;. This 4-
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Methyl -cyclohex-3-enecarbonyl chloride (0.121 g, 0.77
mmol) was dissolved along with 5-(4—F1uoro~pheny1)—3—
isopropylamino-thiophene-2-carboxylic acid methyl ester
(0.150 g, 0.51 mmol) in anhydrous 1,2 -dichloroetchane (2
ml) . The reagtion mixture wasg stirred for 16 h at
reflux. Then, the zolvents were removed and the residue
was purified by flash chromatography (8:2 Hexane/ELOAC)
to obtain 140 mg ( 66%) of §-(4-Fluoro-phenyl)-3-
[isopropyl - (4-methyl-cyclohex-3-enecarbonyl) -amino] -
thiophene-2-carboxylic acid methyl ester. ‘H

NMR (CDC1,, 400 MHz): & 7.60 (m, 2H), 7.15 (m, 2H), 7.02
{(d, 1H), 5.42-5.20 (m, 1H), 4.99% (m, 1H), 23.83 (4, 3H),
2,41-1.50 (m, 10H), 1.20 (m,3H), 0.98 (d, 3H).

Step III
5-(4-F1uoro—pheny1)-3—[isoprcpyl—(4-ﬁethyl—cyclohex-3—
enecarho-nyi)-amino]-thiophene-z-carhoxyiic acid methyl
ester (0.140 g, 0.34 mmol) was taken in a mixture of
THE :MeOH:HO (3:2:1, 10 wmL) and then added 1N adgquecus
solution of LiOﬂ.HzO (2,1 mL, -2,04 mmel). The yeaction
mixture wag stirred at 50 °C for 1 h. Solvents were
removed and the residue was partitioned between water
and ethyl acetate. The aqueous layer was acidified
uging 10 % KHSO, solution. The organic layer was
separated, dried (Na,80,) and concentrated. The residue
was purified by preparative TLC using

dicholomethane :methanol (9:1) to obtain 5 - (4-Fluoro-
phenyl) -2~ [isopropyl- (4-methyl-cyclohex-2-enecarbonyl) -
amino] -thiophene-2-carboxylic acid (compound 53) (31
mg, 23%), °H NMR (CDCl,, 400 MHz): § 7.81 (m, 2H), 7.43
(4, 1H), 7.28 {(m, 2H), 5.38-5.16 (m, 1H), 4.72 {(m, 1H),
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2.20 (d, 2H), 1.95-1.20 (m, 8H), 1.12 {(m, 3H), 0.30 (4,
3H) ,

5 The following compound was synthesised a aimilar
manner ;

Compound 17,

ﬁ:xﬂla 10

10 Trans-3- [ (1-Fluoro-4~methyl-cyclohexanecarbonyl) -
isopropyl-amino] -5-phenyl -thiophene-2-carboxylic acid

Compound 9

H ;%f
[\ o o __,_ Q
5 Y I\
/ §  o-n

(T
Y

15 gtep I ‘
To a stirred solution of 3 -Amino-5-phenyl-thiophene-2-
carboxylic acid methyl ester (1.82 g, 7.8 mmol) in 1,2 -
dichloroethane (40 mL) was added gequentially 2 -
methoxypropene (3.0 mb, El.ﬁ mmol) , AcOH ( 1.8 mL, 31.2

20 mmol) and NaBH(OAc) s (3.31 g, 15. 6 mmol) and stirred
for 2 hrs. It wﬁs then diluted with EtOAc and ¥ 20.
The aqueous solution was adjusted to pH = 7 by adding
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NaHCO;. The aqueous phase was extracted with EtOAc,
the combined extract was washed with brine and dried on
Mg804 and filtered. Purification on bond elute with
hexane to 5% EtOAc-hexane furnished 3 -Isopropylamino-S-
phenyl -thiophene-2-carboxylic acid methyl ester

(2.07 g, 96% yield). *H NMR (CDCL i, 400 MHz): & 7.62
(d, 2H), 7.40 (m, 3H), 6.91 (=, 1H), 3.84 (s, 3H), 3.71
(m, 1H), 1.35 (4, &H).

Step II
Cis/trans- 1-Fluoro-4-methyl-cyclohexanecarboxylic acid
was prepared according to the procedure reported in
Synthesiz, April (1288) PP210-313. Cis/trans- 1-Fluoro-
4-methyl-cyclohexanecarboxylic acid (0.220 g, 1.37mmol)
was digsolved along with PPh, (0.350 o, 1.37 mmol) in
anhydrous 1,2-dichloroethans (20 ml) at 0°C. Then NCS
(0.181 g, 1.37 mmol) and 3 -Isopropylamine-5-phenyl-
thiophene-2-carboxylic acid methyl ester (0.290 g, 1.05
mmol)were add and the reaction mixture was stirred for
16 h at reflux: After cooling to room temerature, the
crude was wash with NaHCO,; sat. The organic layer was
dried (MgS0,), concentrated and the residue was
purified by preparative TLc plate chromatography (20%
EtOAc/Hexane) to obtain 171 mg (39%) of cis/trans 3-

[ (1-Fluoro-4-methyl -cyclohexanecarbonyl) ~isepropyl -
amino] -5-phenyl -thiophene-2-carboxylic acid methyl
ester. *H NMR(CDCls;, 400 MHz): major § 6.61 (d, 2H),
6.40 (m, 3H), 7.03 (=, 1H}), 4.%3 (m, 1H), 3.81 (=, 3H),
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2.18-1.30 (m, 7H), 1.20 {4, 3H), 1.10 {(m, 2H), 0.%6(d,
3H), 0.B1 (d, 3H).

Step III _
5 3- [(1-Fluoro-4-methyl-cyclohexanecarbonyl) -igopropyl-
amino)] -5-phenyl-thicphene-2-carboxylic acid methyl
ester (0.049 g, 0.12 mmol) was taken in a mixture of
THF :MeOH:H,0 (3:2:1, 10 mL) and then added 1N agqueous
solution of LiOH.H.0 (0.35 wh, 0.35% mmol). The reaction
10 mixture was stirred at 50 °C for 3 h. Solvents weare
removed and the resldue was partitioned between water
and ethyl acetate. The agueous layer was acidified -
using 10 % KHSO 4 solution. The organic lay er was
separated, dried (Wa ;504) and concentrated. The rezidue
15 wag purified by preparative TLC using '
dichnlomethane:methaﬁoi(9:1) to obtain Trans -3-[(1-
Fluoro-4-methyl -cyclohexanecarbonyl) -isopropyl -amine] -
S-phenyl-thiophene-2-carboxylic acid (Compound 9) (9
mg, 19%). 'H NMR (MeOD, 400 MHz): & 6.75 (d, 2H), 6.41
20 (m, 3H), 7.29 (s, 1H), 4.B5 (m, 1H), 2.1 -1.85 (m, 4H),
1.59-1.24 (m, 3H), 1.22 (4, 3H), 1.10 (m, 2H), 0.995(d,
3H), 0.81 (4, 3H).

The following compound was synthesised a similax
25 manner

Compound, 10,

Example 11
3-[LF(2,4-Dichloro—henﬁoyl)fN'hN'-dimethyl-hydrazino]-
30 5-phenyl -thiophene-2-carboxylic acid Compound 72.
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Cl

10

Step 1
To a solution of 3-Bromo-5-phenyl-thicphene-2-

15 carboxylic acld methyl ester (0.500 g, 1.68 mmol) in
toluene (10 ml) was added N,N-Dimethyl-hydrazine (0.121
g, 2.02 mmol), cesium carbonate (0.767 g, 2.36 mmol),
BINAP (0.106 g, 0.17 mmol) and paladium(II) acetate
(0.015 g, 0.08 mwmol). The reaction mixture was stirred

20 for 16 h at 110 °C , The mixture was partitioned
between toluene (20 mk) and water (20 mL) and the
organic layer was separated. The aqueous phase was
washed twice with toluene (2X10 ml) and the combined
toluene layer was dried (MgSO4), concentrated and the

25 resldue was purified by preparative tle (10%
EtOAc/Hexane) to obtain 0.350 g (75 %) of 3~ (N!, N'-
Dimethyl-hydrazino)-5-phenyl~thiopheﬁe-2-carboxy1ic
acid methyl ester. NMR 'H (CDC1,, 400 MHz): & 7.71(4,
2H), 7.40 (m, 3H), 7.13 (g, 1H), 3.87 (s, 3H), 2.65 (=,

30 6H) .
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Step II
To a solution of 3-(N!', N'-Dimethyl-hydrazino) -5-
phenyl-thiophene-2-carboxylic aclid methyl ester (0.200
g, 0.72 mmel) in 1,2-dichlorcethane (10 ml) in an
atmosphere of N was added 2,4-dichloro-henzoyl
chloride (0.228 g, 1.08 mmol). The reaction mixture was
stirred for 1.5 h at reflux. Then, the solvents were
removed and the residue was purified by preparative tlc
(8:2 Hexane/EtOAc) to obtain 0.017 g (5%) of 3 -[N-(2,4-
Dichloro-benzoyl) -N',N'-dimethyl-hydrazino] -5-phenyl -
thiophene-2-carboxylic acid méthyl ester . NMR *H
(CDCl,, 400 MHz): & 7.62(m, 2H), 7.40 (m, 3H), 7.23

(d, 1H), 3.87 (s, 3H), 2.52 (=, GH).

Step III

3-[N-(2,4-Dichloro-benzoyl) -N',N'-dimethyl -hydrazino] -
E-phenyl-thiophene-2-carboxylic acid methyl ester
(0D.050 g, 0.11 mmol) was taken in a mixture of
THF:MeOH:H20 (3:2:1, 10 mL) and then added 1N agueous
solution of LIOH.H.0 {(0.67 mL, Q.67 mmol). The reaction
mixture was stirred at 60 “C for 2 h. Solvents were
removed and the residue was partitioned between water
and ethyl acetate. The agueous layer was acidified
uszing 10 % KHS0, solution. The organic layer was
separated, dried (Na;S50,;) and concentrated. The residue
was purified by preparative TLC using
dicholomethane:methanol (9:1) to obtain 3 -IN-(2,4-
Dichloro-benzoyl) -N',N'-dimethyl-hydrazino] -5-phenyl-
thiophene-ﬁ—carhoxy~1ic acid (Compound 72) (0.008 g,
17%) . “H NMR (DMSO, 400 MHz): & 7.81 (d, 2H), 7.69 (d,
2H), 7.54-7.40 (m, 5H), 2.42 (=, 6H).
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The following compound was synthesised in a similar
manner

Compound &4 .

Example 12
5—(3-Fluoro—phenyl)-3-[isopropyl<(4-meﬁﬁy1-

cyclohexanecarbonyl) -aminec] -thiophene-2-carboxylic acid

Compound 5,
< 1\\,@’ \(,_\__.d
ﬂ\} BN W
Brg 0. < T
© ’ F F
Step I

To the mixture of 3-fluorobenzeneboronic acid (25.0 g,
0.180 mmol) and 5-Bromo-3-[isopropyl- (4-methyl-
cyclohexaqeaarbonyl)—amino]-thiophene-z-carboxylic acid
methyl ester (24 mg, 0.060 mmol) in 5:1 mixture of
toluene/MeOH (1.0 ml) waz added a solution of PA(PFh,),
(7.0 mg, 0.006 mmol, 10 mol%) in toluene (0.5 mL)
followed by agueous 2M Na C0: solution (0.06 mL, 0.120
mmol) . The resultant reaction mixture was heat ed at
70°C for 18 h, cooled to room temperature, filtered off
through MgS0, and washed with EtOAc. Evaporation of the
solvent and purification of the residue over
preparative TLC using ethyl acetate/hexane (20:80) as
an éluent furnished (25.0 mg, 99% yield) of 5-(3-
Fluoro-phenyl) -3~ [isopropyl- (4-methyl -
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cyclohexanecarbonyl)—amino]—thiophene—2~carb0xy1ic acid
methyl ester.

'H NMR (CDCli, 400 MHz) 7,45-7,39 ppm (m, 2H); 7,34-
7,31 ppm (m, 1H); 7,13-7,07 ppm (m, 1H); 7,06 ppm (=,
1H); 5,00-4,93 ppm (m, 1H); 3,85 ppm ts, 3H); 2,04-1,95%
ppm (m, 1H); 1,74-1,57 ppm {m, 5H); 1,48-1,38 ppm (m,
1H}; 1,36-1,27 ppm (m, 1H); 1,17 ppm {(d, 3H):; 0,94 pPpm
(d, 3H); 0.77 ppm (&, 3H); 0,73-0,55 ppm (m, 2H).

Step II .
5-(3-Fluoro-phenyl) -3~ [isopropyl - (4-methyl -
cyclohexanecarbcnyl)-amino]-thiophenenz-éarboxylic acid
methyl ester (25 mg, 0.060 mmol) was disscolved in'a 4:1
mixture of dioxane:H,0 (0.8 mi) and then LiOH 1IN (0.3
ml, 0.300 mmol) waz added.- After 3 hours of stirring at
room temperature, solvents were removed and then
partitioned between 10 ml of- H;0 acidified to pH 4 and
16 ml of EtORc. The organic layer was separated and the
aqueous phase was washed twice with ethyl acetate (2X10
mL) . The combined ethyl acetate layer was dried
(N2;804) , concentrated and the reeidue was pur ified by
preparative chromatography (10% MeOH/CH.Cl,) to obtain
20 mg (83 %)} of 5~ (3-Fluoro-phenyl) -3- [isopropyl - (4-
methyl -cyeclohexanecarbonyl) -~amino] ~thiophene-2-
carboxylic acid (Compound 5) .

'H NMR (CD;OD, 400 MHz) 7,57-7,44 ppm (m, 3H); 7,39 ppm
(8, ¥H); 7,17-7,11 ppm (m, 1H); 4,87-4,81 ppm (m, 1H);
2,15-2,09 ppm (m, 1H); 1,82-1,78 ppm (m, 18); 1,71-1,52
ppm (m, 4H); 1,42-1,25 ppm (m, 2H); 1,22 ppm (d, 3H);
1,00 ppm (d, 23H); 0,78 ppm (&, 3H); 0,73 -0,56 ppm (m,
2H) .
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Example 13
3-[(2-Acetylamino-4-methyl-cyclohexanecarbonyl) -

isopropyl -amino] -5-phenyl -thiophene-2-~carboxylic acid
5 Compound 12.

> )

HO _ N/ N/

Step I
2-Hydroxy-4-methyl-cyclchexanecarboxylic acid ethyl
ester (495 mg, 2.66 mmol) was disszolved in THF {13 ml)
10 and then diphenylphozphoryl azide (680 ul, 3.19 mmol)
and triphenylphosphine (837 mg, 3.19% mmol) were added.
The resulting solution was cooled in an ice bath and
diethyl azodicarboxylate (502 ul, 3.19 mmol) was added.
After stirring at room temperature for 20 hours, the
15 solvents were removed and the residue was purified by
£lash chromatography (0% to 3% EtOAc/Hexane) to obtain
365 my (65 %) of 2-Azido-4-methyl-cyclohexanecarboxylic
acid ethyl ester.

20 Step II
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2-Azido-4-methyl-cyclohexanecarboxylic acid ethyl eater
(425 mg, 2.0l mmol) was dissolved in a 4:1 mixture of
dioxane:H:0 (20 ml) and then LiOH 1IN (10 ml, 10.0%
mmol) wae added. After 35 minutes of stirring at room

5 Lemperature, solvents were removed and then partitioned
between 15 ml of Hy0 acidified to PH 4 and 15 ml of
EtQAc. The organic layer was separated and the agueous
ﬁhase wag washed twice with ethyl acetate (2X10 mn).
The combined ethyl acetate layer was dried (Wa ,804) and

10 concentrated to obtain 166 mg of a 2:1 mixture of 2 -
Azido-4-methyl-cyclohexanecarboxylic acid and 4 -Methyl-

cyclohex-1-enecarboxylic acid.

Step IIT
15 To a sgolution of the 2:1 mixture of 2-Azido-4-methyl-
¢yclohexanecarboxylic acid and 4 -Methyl -cyclohex-1-
enecarboxylic acid (166 mg, 0.91 mmol) - in
dichloromethane (9 ml) was added a 2.0 M solution of
oxalyl chloride (905 ul, 1.82 mmol) followed by 1 drop
20 of dimethylformamide. The reaction mixture was stirred
for 3 hours at room temperature. The solvents were then
removed to obtain 182 mg (99%) of a 2:1 mixture of 2-
Azido-4-methyl-cyclohexanecarboxylic acid chloride and
4-Methyl-cyclohex-l-enecarboxylic acid chloride.
25 .
Step IV
To a solution of 3 -Igopropylamino-5-phenyl-thiophene-2-
carboxylic acid methyl ester (227 mg, 0.824 wmmol) in
1,2-dichloroethane (2.5 ml) was added the 2:1 mixture
30 of 2-Azido-4-methyl-cyclohexanecarboxylic acid chloride
and 4-Methyl-cyclohex-l-enecarboxylic acid chloride
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(182 mg, 0.906 mmol) digsolved in 1,2 -dichloroethane
(0.5 ml) . The resulting soluticn was stirred for 1& h
at 90 °C and then cooled to room temperature. It was
then diluted with ethyl acetate (10 ml) and a solution
5 of saturated NaHCO; (10 ml). The aquecus phace was
separated and washed with ethyl acetate (ﬁ X 10 ml} and
the combined organic layers were dried (Na .50,),
filtered and concentrated, The residue was purified by
flash chromatography (0% to 20% EtOAc/Hexane) to obtain
10178 mg (49 %) of 3-[(2-Azido-4-methyl-
cyclohexanecarbonylj~isopropyl—amino]~5-phenyl-
thiophene-2-carboxylic acid methyl ester.

Step V

15 To 3—[(Q-Azidmu4~methy1—cyclohexanecarbonyl)-isopr0py1—
aminoc] -5-phenyl-thiophene-2-carboxylic acid methyl
ester (17.5 mg, 0.04 mmol) in methanol (400 ul) was
added concentrated hydrochloric acid (15 ul) followed
by 10% palladium on charcoal (4 mg, 0.004 mmol). The

20 reaction vessel was introduced with 20 psi of hydrogeﬁ
and then gtirred at room temperature for 17 hours. The
residue was then Filtered off through celite, washed
with methanol and evaporated to give the crude product.
To the ecrude product in dichloromethane (400 ul) was

25 added pyridine (19 ul, 0.24 mmol), followed by acetic
anhydride (15 ul, 0.16 mmol) and a catalytic amount of
DMAP. The repulting solution was stirred for 24 hours
at room temperature and then quenched with a saturated
golution of NaHCOy (5 ml)., The aquecus phase was

30 separated and washed with dichloromethane (2 x 5 ml).
The combined organic layers were dried (Na 50,4},
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filtered and concentrated. The residue was then
purified by preparative chromatography (50%
EtOAc/Hexane) to obtain 8.5 mg (47% for two steps) of
3- [{2-Acerylamino-4-methyl -cyclobhexanecarbonyl) -

5 isopropyl-amino) -5-phenyl-thiophene-2-carboxylie acid
methyl ester,

Step VI
3-[(2-Acetylamino-4-methyl -cyclohexanecarbonyl) -

10 isopropyl -amino] -5-phenyl -thiophene-2-carboxylic acid
methyl'eater (8.5 mg, 0.01% mmol) was dissolved in a
4:1 mixture of dioxane:H;0 (250 ul) and then LiCQH 1IN
(22 ul, 0.023 mmol) was added. After 22 hours of
stirring at room temperature, solvents were removed and

15 then partitioned between 5 ml of H,0 acidified to pH 4
and 5 ml of EtOAc. The organic layer was separated and
the aqueous phase was washed twice with ethyl acetate
{2 X 5 mL) . The combined ethyl acetate layer was dried
(Naz804) and concentrated to 'give 7.5 mg (S1 %) of 3-

ﬂ)[(2jAcEtylamino;é-methyl;cyclohexanecarbOnyl)-
isopropylnamino]-5—phenyl-thiophene-z-carbcxyiic'acid
{Compound lﬁ).

'H NMR (CDCl,, 400 MHz) 7,78-7,73 ppm (m, 2H); 7,60 ppm
(s, 1H); 7,49-7,39 ppm {(m, 3H); 4,84-4,77 pput (m, 1H);

25 4,36-4,33 ppm (m, 1H); 2,50-2,45 ppm (m, 1H); 1,98 ppm
(s 3H); 1,95-1,85 ppm (m, 2H); 1,73-1,492 ppm (m, 5H);
1,17 ppm (d, 3H); 0,94 ppm (4, 3H); 0,82-0,77 ppm (m et
d, 41) .
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BExampla 13
3- [{4-Methyl-cyclohexanecarbonyl) - (4~oxo-cyclohexyl) -

amino] -5-phenyl-thiophene-2-carboxylic acid Compound

13.
:
H,
| A O,
¥ 0
3 /
b, T\ o
3 b CHE '
Step T

To a suspension of 3-amino-5-phenyl-thiophene-2-

10 carboxylic acid methyl ester (937 g, 4.23 mmol) in dry
THE (1.0 ml), at room temperature, was added 1,4 -
cyclohexanedione monoéthylene ketal (661 mg, 4.23
mmol}, followed by dibutyltin dichloride (129 mg, .0.42
mmol) . After 5 min, phenyl silane (575 pL, 4.65 mmol)

15 was added and the reaction mixture was stirred at room
temperature for 4 days when a clear solution resulted.
It was then concentrated and the regidue purified by
flash chromatography (0% to 30% EtOAc/Hexane) to obtain
1.22 g (77%) of 3—(1,4hDioxa-spiro[é.5]dec-B-ylamino)—

20 5-phenyl-thiophene-2-carboxylic acid methyl ester.
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'H NMR (CDCli, 400 MHz) 7,64-7,61 ppm (m, 2H); 7,42~
7,33 ppm (m, 3H); 6,85 ppm (s, 1H); 3,96 ppm (g, 4H);
3,82 ppm (s, 3H); 3.49 ppm (bs, 1H); 2,06-2,00 ppm (m,
2H); 1,85-1,81 rpm {m, 2H); 1,79-1,63 pem (m, 4H).

Step II

To trapns 4-methyl-cyclohexanecarboxylic acid (146 mg,
1.044 mmol) and triphenylphosphine (274 mg, 1.044 mmol)
dissolved in 1,2-dichloroethane (1.5 ml) was added N -

10 chloroguccinimide (145 mg, 1.084 mmol) . After 15
migutes of stirring at room temperature, a solution of
3—(1,4—ﬁioxa-spiro[4.5]dec—a~y1amino)-5—pheny1—
thiophene—z-éarngylic acld methyl ester (300 mg, 0.803°
mmol) in 1,2-dichloroethane (1.5 ml) was added. The

15 resulting mixture was then étirred for 18 h at 90 EC

. and then cooled to room temperature. It was then
diluted with ethyl acetate (10 ml) and a solution of
saturated NaHCO; (10 ml) was added. The agquecus phase
wag separated and washed with ethyl acetate (2 x 10 ml)

20 and the combined organic layers were dried (Na,S0,),
filtered and concentrated. The residue was purified by
Flash chromatography (0% to 30% EtOAc/Hexane) to obtain
265 mg (66 %) of 3-[{1,4-Dioxa-spiro[4.5]dec-8-y1) -
(trang 4-methy1-cyclohexanecarbcnyl)—aminc]-s-phenyl-

25 thiophene-2-carboxylic acid methyl ester.

"H NMR (CDC1l,, 400 MHz) 7,66-7,61 ppm (m, 2H); 7,47~
7,38 ppm (m, 3H); 7,04 ppm (8, 1H); 4,72 -4,64 ppm (m,
1H); 3,90-3,65 ppm (m, 7H); 2,04-1,89 ppm (m, 2H);
1,79-1,50 ppm (m, 10H): 1,45-1,37 ppm (m, 1H); 1,35-

30 1,17 ppm (m, 3H); 0,77 ppm (&, 3H); 0,73 -0,55 ppm (m,
2H) .
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Step IIT

To 3-[(1,4~Dioxa-spirc[4.5]dec-8-y1) - (trans 4-methyl -
cyclohexanecarbonyl) -amino) -5-phenyl -thiophene-2-
carboxylic acid methyl ester (401 me, 0.806 umol) in
tetrahydrofuran (4 ml) was added 3N HCl solution (4 ml)
and the reaction was stirred at room temperature for 20
hours. It was then diluted with ethyl acetate (10 ml),
the organic iayer was geparated, and the agqueous phase
was washed twice with ethyl acetate (2 X 10 mL). The
combined ethyl acetate layer was washed wlth brine (10
ml) and dried on Na;SQs, filtered and concentrated. The
residue was purified by flash chromatography (0% to 40%
EBtOAc/Hexane) to obtain 315 mg (86 %) of 3-[({4-Methyl-
cyclohexanacarbonyl) - (4-oxo-cyclohexyl) -amino] -5-
Phenyl-thiophene-2-carboxylic acid methyl ester.

'H NMR (CDCls, 400 MHz) 7,64-7,62 ppm (m, 2H); 7,48-
7,40 ppm (m, 3H); 7,02 ppm (a, 1H); 5,13 -5,05 ppm (m,
1H); 3,86 ppm (s, 3H); 2,59-2,24 ppm (m, 5H); 2,15-2,09
ppm (m, 1H); 2,04-1,99 ppm (m, 1H); 1,78-1,60 ppm (m,
6H}; 1,50-1,32 ppm (in, 3H); 0,78 ppm (d, 3H); 0,74-0,57
ppm {m, 2H).

Step IV
3—[(4-Methy1-cyclohexanecarbonyl)-(4-ox¢-cyclohexyl)~
amino]-5-phenyl—thiophene-z—éarboxylic acid methyl
ester (34 mg, 0.075 mmol) was dissolved in a 4:1
mixture of dioxane:H,0 (1 ml) and then LiOE 1N (375 ul,
0.375 mmol) was added. After 3 hours of stirring at
room Lemperature, solv5nﬁs wera removed and then

partitioned between 5 ml of H,0 acidified to pH 4 and 5
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ml of EtQAc. The organic layer was geparated and the
agueous phase was washed twice with ethyl acetate (2 X
5 mb). The combined ethyl acetate layer was dried
(Na,504) and concentrated. The residue was purified by
5 preparative chromatography (10% MEOH/CHgCig) to obtain
17 mg (52%) of 3-[(4-Methyl-cyclohexanecarbonyl) - (4-
oxo-cyclohexyl) -amino] -5-phenyl - thiophene-2-carboxylic
acid (Compound 13).
'H NMR {(CD,0D, 400 MHz) 7,64-7,62 ppm (m, 2H); 7,38-
107,28 ppm (m, 3H); 7,26 ppm (8, 1H); 4,88 -4,81 ppm (m,
1H); 2,55-2,41 ppm (m, 1H); 2,26-1,91 ppm (m, 3H);
1,88-1,26 ppm (m, 11H); 0,88-0,78 ppm (m, 1H); 0,69 ppm
(d, 3H); 0,63-0,48 ppm (m, 2H).

15 Example 15
3- [(4-Hydroxy-cyclohexyl) - {4-methyl -
cyclohexanecarbonyl) ~amino] -5-phenyl -thiophene-2-

carboxylic acid Compound 15.

HO

Sediede

Step I
3- [{4-Methyl-cyclohexanecarbonyl) - (4-oxo-cyclohexyl) -
amino] -5-phenyl-thiophene-2-carboxylic acid methyl

25 ester (55 mg, 0.121 mmol) was dissolved in methanol
(1.2 ml), cooled to 0°C and then sodium borohydride
(4.6 mg, 0.121 mmol) was added. After 30 minutes of
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stirring at 0°C, the reaction was quenched with a 10%
solution of hydrochloric acid (5 ml) and the agueous
Phase was extracted with ethyl acetate (3 X 10 mL). The
combined ethyl agetate layer was dried (Na,S04) and
concentrated. The residue was then purified by
pPreparative chromatography (3% MeOH/CH.Cl.) to obtain
34 mg (62%) of 3~ [(trans-4-Hydroxy-cyclohexyl) - (trans-
4-methy1-cyclohexanecarbanyl)~amino]—5—pheny1-
thiophene-2-carboxylic acid methyl ester.

'H NMR (CDCl,, 400 MHz) 7,66-7,63 ppm (m, 2H); 7,48-
7,32 ppm (m, 3H); 7,02 ppm (s, 1H); 4,62 -4,54 ppm (m,
1H) ; 3,85 ppm (=, 3H); 3,46-3,39 pﬁm {m, 1H); 2,03-1,91
ppm (m, 4H); 1,83-1,78 ppm (m, 1H); 1,72-1,23 ppm (m,
10H); 1,07-0,97 ppm (m, 1H); 0,76 ppm (d, 3H); 0,73 -
0,55 ppm (m, 2H), ‘

Step II
3—[(trans—4thdroxy—cyclohexyl)-(trans—4-methyl-
cYclohexanecarbonyl)—amino]-5—pheny1—thiophene-2-
carboxylic acid methyl ester (34 mg, 0.075 mmol) was
digsolved in a 4:1 mixture of dioxane:H,0 (1 ml) and
then LiOH 1IN (275 ul, 0.375 mmol) was added. After 4
hours of stirring at room temperature, golvenias were
removed and then partitioned between 5 ml of H.0
acidified to pH 4 and 5 ml of EtOAc. The organic layer
was separated and the aqueous phase was waghed twice
with ethyl acetate (2 X 5 mL). The combined ethyl
acetate layer was dried (Na,S04) and cdﬁcentrated. The

resldue was purified by preparative chromatography (10%

30 MeOH/CH.Cl:) to obtain 21 mg (64%) of
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3~[(trans~4—Hydroxy—cyclohexyl)~(trans~4—methy1-
cyclahexanecarbonyl)—amino]~5—phenyl—thiqphene—2~
carboxylic acid (Compound 15) .

“H NMR (CD,0D, 400 MHz) 7,73-7,70 ppm (m, 2H); 7,46-
7,37 ppm (m, 3H); 7,28 ppm (s, 1H); 4,47-4,41 ppt {m,
1H); 3,38-3,32 ppm (m, 1H); 2,14-2,08 rpm (m, 1H);
1,99-1,88 ppm (m, 4H); 1,80-1,77 ppm (bd, 1H); 1,70-
1,51 ppm (m, 4H); 1,44-1,27 ppm (m, 5H); 1,10-1,03 ppm
(m, 1H); 0,77 ppm (d, 3H); 0,72-0,55 ppm (m, 2H).

Example 16 ‘
3- [ (4-Hydroxy-cyclohexyl) - (4-methyl-
cyclohexaneaaxbonyl)-aminu]-5—phenyl—thiophene-z-
carboxylic acid Compound 47.

HO
Step I

3-[(4-Hydroxy-cyclohexyl) - (4-methyl-
cyclohexanecarbonyl) ~amine] -5-phenyl - thiophene-2-
carboxylic ‘acid wethyl ester (62 mg, 0.136 mﬁol) was
dissolved in benzene (0.7 ml) and then p-nitrobenzoic
acid (27 mg, 0.163 mmol) and triphenylphosphine (43 mg,
0.163 mmel) were added. The resulting solution was
cooled in an ice bath and diethyl azedicarboxylate (26
ul, 0.163 mmol) was added. After stirring at room

temperature for 22 hours, the solvents were removed and
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the residue wae purified by preparative chromatography
(30% EtOAc/Hexane) to obtain 44 mg (54 %) of 3 -{(4-
Methyl—cyclohexanecarbonyl)-[4~(4—nitr0-benzoyloxy)~
cyclohexyl] -amino} -5-phenyl-thiophene-2-carboxylic acid
methyl ester,

'H NMR (CDCly, 400 MHz) 7,9-1~7,33 ppm (m, 4H); 7,69-
7,64 ppm {m, 2H); 7,50-7,47 ppm.(m, 3H); 7,16 epm (=,
1H); 5,24 ppm (bs, 1H); 4,82-4,74 ppm (m, 1H); 3,86 ppm
(s, 3H); 2,13-1,90 ppm (m, 4H); 1,82-1,59 ppm (m, 9H);
1,50-1,39 ppm (m, 1H); 1,37-1,24 ppm (m, 2H); 0,78 ppm
(d, 3H); 0,75-0,59 ppm (m, 2H). '

Scep 1I
3-{(4-Methyl-cyclohexanecarbonyl) - [4- (4-nitro-
benzoyloxy) -eyclohexyl] -amino} -5-phenyl -thiophene-2-
carboxylic acid methyl ester (44 mg, 0.072 mmol) was
dissolved in a 4:1 mixture of dioxane:H,0 (1 ml) and
then LiOH 1N (365 ul, 0.365 mmol) was added. After 4
hours of stirring at room temperature, solvents were
removed and then partitioned between 5 ml of H,0
acidified to PH 4 and 5 ml of EtOAc. The organic layer
wag separated and the aqueous phage was washed twice
with ethyl acetate (2 X 5 mL). The combined ethyl
acetate layer was dried (Na,S04) and concentrated. The
residue was purified by preparative chromatography (10%
MeOH/CH,Cl:) to Obtain 15 mg (47%) of 3- [ (4-Hydroxy-
cyclohexyl) - (4-methyl -cyclohexanecarbonyl) -amino] -5-
phenyl-thicphene-2-carboxylic acid.

'H NMR (CD,OD, 400 MHz) 7,64-7,61 ppm (m, 2H); 7,37-
7,27 ppm (m, 3H); 7,20 ppm (s, 1H); 4,43 -4,37 ppm (m,
1H); 3,79 ppm (bs, 1H); 2,08-2,02 ppm (m, 1H); 1,77-
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1,43 ppm (m, 13H); 1,36-1,24 ppm (m, 2H); 0,68 ppm (d,
3H); 0,64-0,50 ppm (m, 2H). '

Example 17

3- [{4-Methoxy-cyclohexyl) - (4-methyl-
cyeclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-
carboxylic acid Compound 46.

SO N .,
5 O (] 5

Step I

3- [ (4-Hydroxy-cyclohexyl) - (4-methyl -
cyclohexanecarbeonyl) -amino] ~5-phenyl -thiophene-2-
carboxylic acid methyl ester (27 mg, 0.05% mmol) was
dissolved in THF (0.6 ml), cooled to 0°C in an ice bath
and 60% sodium hydride (5 mg, 0.112 mmol) was added,
followed by a catalytic amount of tetrabutylammonium
iocdide. After stirring for 1 hour, iodomethane (57 ul,
0.590 mmol) was added and the reaction further stirred
for 3 hours. It was then quenched with water (5 ml) and
extracted with ethyl acetate (3 x 5 ml). The combined
ethyl acetate layer wag dried (Na,S04) and
concentrated. The residue was purified by preparative
chromatography (10% MeOH/CH.Cl:;) to obtain 5 mg (18%)

of 3-[(4~Meth6xy-cyclohexy1)-(4~methy1-
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¢yulohexanecarﬁonyl)-amino]-5~phenyl—thicphene—2~
-carboxylic aclid (compound 46).
H NMR (CDCls, 400 MHz) 7,67-7,65 ppm (w, 2H); 7,47-
- 7:.40 ppm (m, 3H); 7,05 ppm (s, 1H); 4,59 ppm (ba, 1H);
53,28 ppm (s, 3H); 3,06-2,97 ppm (m, 1H); 2,18-2,01 ppm
{m, 4H); 1,%4-1,90 ppm (m, 1H); 1,72-1,25 rem (m, 11H);
0,77 ppm (4, 3H); D,71~0,6; ppm {m, 2H),.

Example 18 _
10 3-[(4nHydroxyimino-cyclohexyl)—(4-methy1-

cyclohexanecarbonyl)-amino]-5~pheny1~thiophene-2-

carboxylic acid Compound 16.

15
Step I _ _
3—[(4-Methyl-cyclohexanecarbonyl)-(4—cxo-cyclohexyl)-
amino]~5-pheny1-thiophena-z-carboxylic acid methyl
ester (67 mg, 0.14B mmol) was dissolved in methanol

20 (1.5 ml) and hydroxylamine hydrochloride salt (62 umg,
0.888 mmol) wae added. After stirring for 2 hours at
room temperature and 2 hours at ref lux, the PH of the
solution was adjusted to 9-9 by addition of a 10%
sodium hydroxide sclution. The resulting solution was

25 then refluxed for 30 minutes and cooled to room
temperature. It was them quenched with water (5 ml) and
extracted with ethyl acetate (3 x 5 ml). The Eombined
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ethyl acetate layer was washed with brine, dried
(Na»804) and concentrated, The residue wag purified by
flash chromatography (0% to 60% EtOAc/Hex) to obtain 49
mg (71%) of 3- [ {4-Hydroxyimino-cyclohexyl) - (4-methyl-
cyclohexanecarbonyl)-amino]-5-phanyl~thiophene-2-
carboxylic acid methyl ester.

"H NMR (CDCl, 400 MHz) 7,63-7,60 ppm (m, 2H); 7,47~
7,39 ppm (m, 3H); 6,98 ppm (s, 1H); 4,90-4,82 ppm {(m,
1H); 3,84 ppm (=8, 3H); 3,39-3,29 pem {(m, 1H); 2,44-2,20
ppm (m, 2H); 2,13-2,09 ppm (m, 1H); 2,04-1,73 ppm {(m,
4H); 1,70-1,57 ppm (m, 4H); 1,50-1,22 ppm (m, 4H);
1,13-1,02 ppm (m, 1H)}; 0,77 ppm {d, 3H); 0,73 -0,55 ppm’
(m, 2H).

Btep II

3- [ (4-Hydroxyimino-cyclohexyl) - (4-methyl -
cyclohexanecarb0ny1)Jamino]-5-phenyl—thiophene—2-
carboxylie acid methyl ester (34 mg, 0.073 mmol) was
dissolved in a 4:1 mixture of dioxane:H,0 (1 ml) and
then LiOH 1N (365 ul, 0.365 mmol) was added. After 3
hours of stirving at room temperature, solventé were
removed and then partitioned betwsen 5 ml of H 0
acidified to pH 4 and 5 ml of EtOAc. The o&ganic layer
wag peparated and the agueous phase was washed twice
with ethyl acetate (2 X 5 ml). The combined ethyl
acetate layer was dried (Na,S04) and concentrated, The
residue was purified by preparative chramatméraphy (10%
MeOH/CH,Cl,) to chtain 15 mg (45%) of 3-[(4-
Hydr@xyimino—cyclohexyl)-(4-methy1-
cyclohexanecarbonyl) -amino] -5-phenyl. - thiophene -2-

carboxylic acid Compound 16.

95
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H NMR (CD,OD, 400 M#z) 7,72-7,69 ppm Am, 2H); 7,50~
7,36 ppm (m, 3H); 7,29 ppm (s, 1H); 4,73 -4,70 ppm (m,
1H); 3,42-3,31 ppm (m, 1H); 2,42-2,07 ppm (m, S5H)};
1,89-1,28 ppm (m, SH}; 1,18-1,03 ppm (m, 1H); 0,78 ppm
(d, 3H); 0,73-0,56 ppm (m, 2H).

Compountd 25 was prepared in a similar manner.

Example 19
3~-[(1-Ethyl-3-methylamino-propyl) - (4-methyl -

cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-

carboxylic¢ acid Compound 41,

Step I
To a stirred solution of 3 -Amino-5-phenyl-thiophene-2-
carboxylic acid methyl ester (1.0 g, 4.29 mmol) in THF
(L.0 ml) was added the ketone (1.0 g, 4.2% mmcl) ,
dibutyltin dichloride (130 mg, 0.43 wmol) and
phenyleilane (582 ul, 4.72 mmol) and the reaction
mixture was stirred at room temperature for 2 days. The
reaction wag then guenched with a saturated NaHCO;

golution, and the mixture was extracted 3 times with

26
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EtCAc. The combined extracts were then washed with
brine and dried on Na.80,, filtered and concentrated.
The crude product was purified by flash chromatography
(0% Lo 30% EtCAc/Hex) to give 1.86 g (96%) of 4 -(2-
Methoxycarbonyl -5-phenyl -thiophen-3-ylanine) -

piperidine-l-carboxylic acid benzyl ester.

Step IT
To a stirred szolution of trang-4-methylcyclchexyl acld
(637 mg, 4.48 mmol) in dichloromethane (22 wl) was
added a solution of oxalyl chloride (2M in CH.Cl,, 4.5
ml), Eollowed by 2 drops of DMF. The reaction mixture
was stirred at room temperature for 2 h and then
avaporated to remove solvent and excess oxalyl
chloride. The crude product waz used in the next step
without furﬁher purification.

To a stirred solution of 4 - (2-Methoxycarbonyl-5-phenyl-
thiophen-3-ylamino) -piperidine-l-carboxylic acid benzyl
ester (1.01 g, 2.24 mmol) in dichloroethane (7.5 ml)
was added trans-4-methyleyclohexylohloride (720 mg,
4.48 mmol) . The resulting reaction mixture was heated
for 17 h at 90 ¢, cooled-to room temperature, gquenched
with a saturated NaHCO; solution, and then extracted 3
times with EtOAc. The combined extracts were then
washed with brine and dried on Na:580,, filtered and
concentrated, The crude product was purified by flash
chromatography (0% to 25% EtQAc/Hex) to give 1.00 g
(78%) of 4-[(Z-Methoxycarbunyl-5—pheﬁy17thiophen—3—yl)-
{4-methyl-cyclohexanecarbonyl) -amino] -piperidine-1-

carboxylic acid benzyl ester.
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'H NMR (CDCl,, 400 MHz) 7,65-7,62 ppm (m, 2H); 7,49-
7,40 ppm (m, 3H}; 7,31-7,23 ppm (m, 5H); 7,0 ppm (=,
1H) ; 5,05 ppm (s, 2H); 4,82-4,76 ppm {(m, 1H); 4,19 ppm

(ba, 2H); 3,85 ppm (s, 3H); 2,87 ppm (b, 2H); 2,03 -
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1,58 ppm (m, 9H); 1,49-1,28 ppm (m, 2H); 1,10 ppm (ba,
2H}; 0,78 ppm (d, 3H); 0,73-0,56 ppm (m, 2H).

Step III

To a solution of 4-[(Z-Methoxycaihonyl-5-phenyl-
thiophen-3-y1) - (4-methyl -cyclohexanecarbonyl) -amine] -
piperidine-l-carboxylic acld benzyl ester (506 mg, 0.88
mmol) in a 6:1 mixture of ethyl acetate and methanol (7
ml) was added the 10% palladium on charcoal (103 mg,
0.097 mmol), The resulting reaction mixture wag placed
under H; atmosphere (25 pgi), stirred at room
temperature for 3 days, and then filtered on celite and
evaporated to dryness. The crude product was purified
by flash chromatography (100/90/16/1
CH2Cl,/CHC1:/MeOH/ELyN) to give 287 me (74%) of 3-[(4-
Methyl-cyclohexanegarbonyl)—piperidin-&-yl-amino]-5-
phenyl-thiophene-2-carboxylic acid methyl ester.

'H NMR (CDCl,, 400 MHz) 7,64-7,61 ppm (m, 2H); 7,46~
7,38 ppm (m, 3H); 7,04 ppm (8, 1H); 4,74-4,68 ppm (m,
1H); 3,84 ppm (8, 3H); 3,13-3,03 ppm (m, 2H); 2,78-2,67
ppm (m, 2H); 2,03-1,92 ppm (m, 2H); 1,77-1,74 ppm (m,
1H); 1,69-1,13 ppm (m, SH); 0,77 ppm (d, 3H); 0,72-0,59
ppm (m, 2H).

Step IV
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3~ [(¢-Methyl-cyclohexanecarbonyl) -piperidin-4-y1-
amino]~5—phenyl-thiophene-2—carboxylic acid matﬁyl
ester (20 wmg, 0.045 mmol) was dissolved in a 4:1
mixture of dioxane:H,0 (0.5 ml} and then LiOH 1N (135
ul, 0.135 mmol) was added. After 4 hours of stirring at
room temperature, the reaction mixture was acidified to
PH 3-4 with a 10% solution of hydrochlorie acid and
then the solvents were removed, It was further diluted
in cold water (1 ml) and filtered out to give 16 mg
(84%) of 3-[(4-Méthyl~cyclohexanecarbonyl)-piperidin-é-
Yl-amino] -5-phenyl-thiophene-2-carboxylic acid
(Compound 41). '

"H NMR (CD;0OD, 400 MHz) 7,78-7,75 ppm (m, 2H); 7,50-
7,41 ppm (m, 4H); 4,77-4,69 ppm (m, 1H); 3,47-3,36 ppm
(m, 2H); 3,16-3,06 ppm (m, 2H); 2,24-2,21 ppm (m, 1H);
2,15-2,07 ppm (m, 2H); 1,91-1,80 ppm (m, 1H); 1,76-1,51
ppm (m, 6H); 1,44-1,26 ppm (m, 2H); 0,79.ppm (d, 3H);
0,76-0,60 ppm (m, 2H).

20 Example 20

25

3~ [(1- (Benzyl-piperidin-4-yl) - (4-methyl -
cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-

carboxylic acid Compound 52,
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Step I

To 3-[(4-Methyl—cyclohexanecarbonyl)—piperidin-é-yl-
amino] -5-phenyl -thiophene-2-carboxylic acid methyl
ester (43 mg, 0.098 mmol) in dichlorgethane (1.0 ml)
was added benzaldehyde (15 ul, 0.146 mmol), followed by
sodium triacetoxyborohydride (41 mg, 0.195 mmol). The
reaction mixture was stirred at room temperature for 4
h, guenched with a saturated NaHCO; solution, and then
extracted with Ethyl acetate (3 x 5 ml). The combined
extracts were then washed with brine and dried on
Na;50,, filtered and concentrated. The residue was
purified by preparative chromatography (50% EtOAc/Hex)
to give 32 mg (61%) of 3-[(1-Benzyl-piperidin-4-y1) - (4-

' methyl~cyclohexanecarbonyl) -amine] -5-phenyl -thiophene -

15

20

25

30

2-carboxylic acid methyl ester.

Step II
3—[(1-Benzyl~piperidin~4—yl)~(4-methy1-
cyclohexanecarbonyl} -amino] -5-phenyl -thiophene-2-
carboxylic acid methyl ester (32 mg, 0.060 mmol) was
digsclved in a 4:1 mixture of dioxane:H.D (0.5 ml) and
then LiOH 1N ‘{180 ul, 0.180 mmol) was added, After 2
hours of stirring at room temperature and 4 hours at
reflux, solvents were removed and then partitioned
between 5 ml of H,0 acidified to pH 4 and 5 ml of
EtOAc. The organic layer was'separated and the aguecus
phaze was washed twice with ethyl'acetate (2 X 5 mL).
The combined ethyl acetate layer was dried (Na.S04) and
concentrated. The residue was purified by preparative
chromatography (10% MeOH/CH.Cl.) to obtain 22 mg (71%)
of 3-[(1-(Benzyl-piperidin-4-yl) - (4-methyl -

100
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¢yclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-
carboxylic acid (compound 52),

H NMR (CD.Clz, 400 MHz) 7,41-%,36 ppm {(m, 4H); 7,31~
7,28 ppm (m, 6H); 6,82 ppm (=, 1H); 4,80-4,73 ppm (m,
1H) ; 4,37 ppm (4, 1H);‘3,65'ppm (bda, 1H); 3,53 ppm (d,
1H}; 3,20 ppm (b4, 1H); 2,63 ppm (t, 1H); 2,47 ppm (t,
1H); 2,10-2,06 ppm {(m, 2H); 1,85-1,63 ppm (m, 4H);
1,57-21,38 ppm (m, 4H); 1,28-1,18 ppm {(m, 2H); 0,66 ppm
(d, 3H); 0,62-0,50 ppm (m, 2H).

Example 21
3-{{l-Acetyl-piperidin-4-vl) - (4-methyl-

cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-

carboxylic acid Compound 48.

" H{p _H{p
-§T:§;}/ N mﬁjqﬁﬁ}j N ‘gfiﬁzﬁj :
Miﬁ"x @‘{zr O Q‘éﬁ( Oy
a Q

Step I
To 3—[(4—Methy1—cyclohexanecarbqnyl)-piperidin~4—yl—
aminol -5-phenyl-thiophene-2-carboxylic acid methyl
ester (58 mg, 0.132 mmol) in dichloromethane (1.3 ml)
was added pyridine (64 ul, 0.789 mmol), followed by
acetic anhydride (50 ul, 0.526 mmol) and a catalytic
amount of DMAP. The resulting solution was stirred for
18 hours at room temperature and then quenched with a
saturated solution of NaHCO; (5 ml). The aguecus phase -

wzg geparated and washed with ethyl acetate (2 x 5 ml).

The combined organic¢ layers were dried (Na,80;),
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filtered and concentrated. The residue was then

purified by preparative chromatography (100/90/16/1

CH:CL:/CHC1;/MeOH/Et:N) to cbtain 50 mg (78%) of 3-[(1-

Acetyl -piperidin-4-yl) - (4-methyl-cyclohexanecarbonyl) -
5 amino]—5-phenyl-thiophene~2~carboxylig acid methyl

ester,

Step II
3—[(1-Acetyl-piperidin—4-yl)-(4-metpy1-

10 cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-
carboxylic acid methyl ester (50 mg, 0.104 mmol) was
dissolved in a 4:1 mixture of diOXEﬂE:HgO.(l ml} and
then LiCH 1N (310 ul, 0.310 mmol) was added. After 5
hours of stirring at room temperature and 4 hours at

15 reflux, solvents were removed and then partitioned
between 5 ml of H;0 acidified to pH 4 an& 5 ml of
EtOAc. The organic layer was separated and the aqueous
phase was washed twice with ethyl acetate (2 X 5 mL).
The combined ethyl acetate layer was dried (Na,S04) and

20 concentrated. The residue was purified by preparative
chromatography (100/90/16/1 CH,Cl,/CHC1./MeOH/EL;N) to
obtain 27 mg (56%) of 3-[(l-Acetyl-piperidin-4-yl)- (4-
methyl -cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-
2-carboxylic acid (Compound 48) .

25 'H NMR (CD,0D, 400 MHz) 1:1 mixture of rotamers
7.75-7,73 pprn {m, 2H); 7,48-7,40 ppm (m, 3H); 7,37 ppn
(&, 1H); 4,74-4,51 ppm (m, 1H); 3,99-3,90 ppm (m, 1H);
3,23-3,12 ppm (m, 1H); 2,70-2,60 ppm (m, 1H); 2,27-2,00
ppm (m, 2H); 2,04 ppm {8, 1.5H); 2,00 ppm (8, 1.5H);

30 1,96-1,87 ppm (m, 1IH); 1,77-1,06 ppm (@, SH); 0,79 ppm
(d, 3H); 0,73-0,57 ppm (m, 2H).
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Compound 63 was prepared in a similar manner

"H NMR (CD,0D, 400 MHz) 1:1 mixture of rotamers

7,91 ppm (s, 0.5H); 7,88 ppm (s, 0.5H); 7,75-7,72 ppm
(m, 2H); 7,48-7,39 ppm (m, 3H); 7,37 ppm (s, 0.5H);
7,36 ppm (8, O.5H); 4,79-4,68 ppm {(m, 1H); 4,42-4,31
rem (m, 1H); 3,79-3,63 ppm (m, 1H); 3,26-3,15 ppm (m,
1H); 2,78-2,66 ppm (m, 1H); 2,12-1,91 ppm {(m, 3H);
1,76-1,04 ppm (m, 9H); 0,78 ppm (4, 3H) ; 0,73-0,57 ppm
{m, 2H).

Compound 23, Compound 3%, Compound 40 were prepared as

degcribed in Example 24,

Compound 23: 'H NMR (CD;OD, 400 MHz) 7,65-7,63 ppm (m,
2H); 7,25 ppm (s, 1H); %,16-7,12 ppm (m, 2H); 4,76-4,70
ppm (m, 1H); 3,53-3,46 ppm (m, 1H); 3,17-3,04 ppm (m,
2H); 2,80 ppm (s, 3H); 2,23-2,09 ppm (m, 3H); 2,01-1,92
ppm {m, 1H); 1,82-1,79 ppm {m, 1H); 1,70-1,48 ppm (m,
SH); 1,41-1,25 ppm (m, 2H); 0,77 ppm (4, 3H); 0,73 -0,54
ppm (m, 2H). '

Compound 39: *H NMR (CD;OD, 400 MHz) 7,77-7,74 ppm (m,
2H); 7,50-7,40 ppm (m, 4H); 4,977-4,71 ppm (m, 1H);
3,62-3,54 ppm (m, 2H); 3,15-3,04 ppm (m, 4H); 2,25-2,08
ppm (=, 3H); 1,97-1,88 ppm (m, 1H}; 1,78-1,51 ppm (m,
6H); 1,45-1,34 ppm (m, 1H); 1,30-1,26 ppm (m, 1H); 1,28
ppm (t, 3H); 0,79 ppm (4, 3H); 0,76-0,59 ppm (m, 2H).

Compound 40: *H NMR (CD,OD, 400 MHz) 7,76-7,74 ppm (m,
2H); 7,49-7,40 ppm {(m, 4H); 4,78-4,72 ppm (m, 1H);
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3,51-3,42 ppm (m, 3H); 3,22—3,13 ppm (m, 2H); 2,30-2,09
ppm (s, 3H); 2,00-1,91 ppm (m, 1H); 1,78-1,51 ppm (m,
TH); 1,47-1,34 ppm (m, 1H); 1,30 ppm (d, 6H); 0,79 ppm
(d, 3H); 0,74-0,59 ppm (m, 2H).

E:camgle 22
3-[(4—Methyl~cyplohexanecarbonyl)-(1-methy1-1~oxy—

piperidin-4-yl) -amino] -5-phenyl -thiophene-2-carboxylic
aclid Compound €5,

Q- Bt B

Step I ‘
3- [ (4-Methyl -cyclohexanecarbonyl) - (1-methyl -piperidin-

z/'

4-yl) -amino] -5-phenyl -thiophene-2-carboxylic acid
methyl ester (42 mg, 0.092 mmol) was dissolved in
dichlorcmethane (1.8 ml} and then m-chloroperoxybenzolic
acid (27 mg, 0.111 mmol) was added. After stirring at
room temperature for 2 houre, the solvents were removed
and the regidue was diluted with ethyl acetate (5 ml).
This solution was further washed with a 10 % sodium
hydroxide solution (2 x 5 ml), brine (5 ml) and then
dried (Na:50,), filtered and concentrated., The residue
was purified by preparative chromatography (10%
MeOH/CH:C1;) to obtain 23 mg (77%) of 3-[(4-Methyl-
cyclohexanecarbonyl) - (L-methyl-1-oxy-piperidin-4-yl1) -

104
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amino] -S-phenyl -thicophene-2-carboxylic acid methyl
ester. -

"H NMR (CDCls, 400 MHz) 7,64-7,61 ppm (m, 2H); 7,45-
7,37 ppm (m, 3H); 7,10 ppm (s, 1H); 4,76 -4,68 ppm {(m,
1H); 3,83 ppm (s, 3H); 3,34-3,22 ppm {(m, 4Y); 3,18 ppm
{g, 3H); 2,85 ppm (bs, 2H); 2,57-2,47 ppm {m, 1H);

.2,23-2,14 ppm (m, 1H); 2,03-1,96 ppm {(m, 1H); 1,90-1,87

ppm (m, 1H); 1,70-1,58 ppm (m, 3H); 1,46-1,35 ppm (m,
1H); 1,31-1,22 ppm (m, 2H); 0,76 ppm (4, 3H); 0,71-0,56
Pt (m, 2H).

StepII

3- [ (4-Methyl-cyelohexanecarbonyl) - (l-methyl-1-oxy-
piperidin-4-yl) -amino] -5-phenyl -thicphene-2-carboxylic
acid methyl ester (33 mg, 0.070 mmol) was dissolved in
a 4;1 mixture of dioxane:H,0 (0.7 ml) and then LiOH 1IN
{210 ul, 0.210 mmol) was added. After 4 houre of
stirring at room temperature, the reaction mixture was
acidified to pH 3-4 with a 10% zolution of hydrochleoric
acid and then the scolvents were removed. It wag further

diluted in cold water (1 ml) and filtered out to give

- 23 mg (72%) of 3-[(4-Methyl-cyclohexanecarbonyl) —{1-

30

methyl -l-oxy-piperidin-4-vyl) -amino] -5-phenyl -thicphene-
2-carboxylic acid (Compound 65) .

H NMR (CD.OD, 400 MHz) 7,74-7,72 ppm (m, 2H); 7,48~
7,39 ppm {m, 3¥); 7,38 ppm (s, 1H); 4,75-4,67 ppm (m,
1H); 3,80-3,65 ppm (m, 4H); 3,42 ppm (8, 3H); 2,32-2,21
ppm {(m, 1H); 2,17-1,95 ppm (m, 4H); 1,81-1,71 ppm (m,
2H); 1,66-1,28 ppm (m, 5H); 0,78 ppm (d, 3H); 0,76-0,59
ppm “{(m, 2H),.
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Example 23
3-[(2-Hydroxy-4-methyl-cyclohexanecarbonyl) -

{(tetrahydro-pyran-4-yl) -amino] -S-phenyl -thiophene-2-
5 carboxylic acid Compound 31.

Step 1
Acylation using triphenyvlphosphine in 1}2~
10 dichloroethane at reflux as described for Example 25,

Step VI.

Step II
3- [ (2-Hydroxy-4-methyl -¢yclohexanecarbonyl) -

15 (tetrahydro-pyran-4-yl}-amino] -5-phenyl-thiophens-2-
carboxylic acid methyl ester (31 ﬁg, 0.062 mmol) was
dissolved in a 4:1 mixture of dioxane:H,0 (0.6 ml) and
then LiOH 1N (310 ul, 0.310 mmol) was added. Af ter 4
hours of stirring atlroom temperature, solvents were

20 removed and then partitioned between 5 ml of H.O
acidified to pH 4 and 5 ml of EtQAc. The organic layer

wag Beparated and the agueous phase was washed twice
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10

15

with ethyl acetate (2 X5 mL). The combi ned ethyl
acetate layer was dried (Na:504) and concentrated. The
residue was purified Ey prepara£i#e HPLC to obtain 14
mg (52%) of 3-[(2-Hydroxy-4-methyl- |
cyclohexanecarbonyl) - (Eetrahydro-pyran-4-yl) -amino] -5-
phenyl -thiophene-2-carboxylic acid (Compound 31) .

‘H NMR (CD,OD, 400 Miz) 7,80-7,75 ppm {(m, 2H); 7,50-
7,40 ppm (m, 4H); 4,80-4,68 ppm (m, 1H); 4,15 ppm (&,
1H); 4,00-3,85 ppm (m, 2H); 3,55-3,40 ppm (m, 2H);
2,35-2,15 ppm {(m, 1H); 2,00-1,45 ppm (m, 4H); 1,40-1,25
ppm (m, 2H); 0,75 ppm (4, 3H); 0,72-0,55 ppm- (m, 2H).

Example 24
4- [(2-Carboxy-5-phenyl-thiophen-3-yl) - (trans-4-methyl-

cyclohexanecarbonyl) —aminel -1-methyl -piperidinium
chloride Compound 11.

. A\
OTMS \ F
®
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[
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Step I
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(a) To a stirred solution of 1-methyl-piperidin-4-one

(6.0 g, 53 mmol, 6.52 ml) and Bt.N (14.16 g, 140 mmol,

15.5 mi) in l1,4-dioxane (20 mh) was added

chlorotrimethylsilane

(7.6 g, 70 mmel, 8.88 mL) drop

5 wise during 30 min, The resultant rezction mixture wag

slowly heated to reflux at 110°%, stirred at the same

temperature for 24 h,

chlorotrimethyleilane

an additional amount of

{(4.424 mL), heated for 24 h (take

aliquot of it and run 1H NMR), cooled to room tenp,

10 filtered off the sclid, =20lid was washed with n -

pentane, The filtrate was concentrated on

rotavaporator, and then diluted with a-pentane and

filtered off the solid. The resultant solution. was

concentrated on rotavaporator followed by high vacuum

7.

15 furnisned the 1-methyl-4-trimethylsilanyloxy-1,2,3,6-
" tetrahydro-pvridine (9.68 g, 1H NMR showed about 10:1

" ratio of silylenolethzsr and the starting material).

The crude product was

as such used in the next step

" withont further purification.

20

(b) To a stirred soiution of methyl -3-amino-5-

pheﬁylthiophEné-carbbxylate (233 mg, 1.0 mmel) and 1-

‘methyl-d-trimethyléilaﬁyloxynl,2,3,6-tetrahydrm-

pycidine (370 my, 2.0
2> waz added AcOH. (0.114

mmol) in dichloroethane (3.0 mb)
mL, 2.0 eg) and followsd addition

of NaBH{OAc),; (424 mg, 2.0 mmol) ibh one portion. The

resultant reaction mimture was stirred at RT for

weekand, ag., 10% NaOH
rin, reoction mixture
30 dichloromethans. The

brine and dried. The

(until basic) was added, after 30
was extracted with
organic extract was washed wilch

crude product was purified on
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gilica gel column using 20% EtOAc/hexane for unreacted
starting material followed by CHCI,/MeOH/EL3N
(180/16/1) furniehed the 3 - (L-methyl-piperidin-4-
ylamino) -5-phenyl ~thicphene-2-carboxylic acid methyl
ester (240 mg, 73%). NMR 'H (CDCl,, 400 MHz): 7.64-7.6
(m, 2H), 7.43-7.34 (m, 3H), 6.83 (brs, 2H), 3.83 (e,
3H), 3.46-3.4 (m, 1H), 2.82-2.74 (m, 1H), 2.3 (s, 3H),

2.26-2.2 (m, 4H), 1.72-1.62 (m, 2H).

10

15

20

Step II , _

(a) To a stirred solutiom of trans-4-methylecyeclohexyl
acid (656 mg, 4.6 mmol) in dichloromethane (23 mlL) was
added a solution of oxalyl chloride (2 M, 4.6 mL) in
dichloromethane followed by 2-3 drops of DMF (with 22 G
needle}, After stirred for 2 h, solvent and excess
oxalyl chloride was removed on rotavaporator, trace
amount of solvente removed under low vacuum (note: the
product is very velatile, do not apply vacuum for long
time, arocund 1-2 min). The crude 4-methyl-
cyclohexanecarbonyl chloride wae immediately used in

the next step,.

(b) To a stirred solution of the 3 - (l-methyl-piperidin-

. 4-ylamino) -5-phenyl-thiophene-2-carboxylic acid methyl

25

30

ester (540 mg, 1.636 mmol) in 1,2 -dichloroethane (15
wL) was added trans-4-methyl-cyclohexanecarbonyl
chloride followed by PPh3 (429 mg, 1.635). The
resultant reaction mixture was heated for 48 h at 50 °C,
cooled to room temperature, basified with ag. 10% NaoOH
solution, and then extracted.with.dichldronmthane. The

combined organic extract was washed with brine and
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dried, concentrated, purified on siiica gel column
chromatography using 200/9%0/16/1
(CH2C1,/CHCL,/MeOH/EtsN) eluted first 3- [ (trans-4-
methyl -cyclohexanecarbonyl) - (1-methyl -piperidin-4-vyi1) -
amino] -5-phenyl -thiophene-2-carboxylic acid methyl
ester (760 mg, which contaminated with cyclohexyl acid)
followed by starting material (270 mg). NMR H (CDCl,,
400 MHZ) : 7.64-7.6 (m, 2H), 7.47-~7.38 (m, 3H), 7.04 (s,
1H), 4.68-4.58 (m), 3.84 (s, 3H), 2.85-2.8 {m, 2H),
2.26 (s, 3H), 2.2-1.26 (m, 14H), 0.767 (d, J=6.6, 3H),
0.74-0.56 (m, 2H). '

Step ITI

A mixture of 3-[{ trans-4-methyl-cyclohexanecarbonyl) -
fl-methyl—piperidin~4—y1)-amino]—5—phenyl-thiophena~2-
carboxylic acid methyl ester (176 mg, 0.387 mmol) and
LiOH.monchydrate (48.8 mg, 1.16 mmol, 4.0 eq) in
dioxane:water (3:1, 3.9 mL, 0.1 M) was heated at 50°C
for 5 h, cooled to room temp, acidified with ag.lN HCI,
conceentrated, diluted with small amount of water and
filtered off the prodﬁct, and then dried (136 mg),
which was triturated with hexanes several timegs to
remove 4-methylcoyclohexylacid furnished 4-[(2-carboxy-
5-phenyl-thiophen-3-yl) - (trans-4-methyl -

cyclohexanecarbonyl) -amino] -1i-methyl-piperidinium

chloride (Compound 11), 101 mg, 60% yield).

30

NMR 'H (CD;OD, 400 MHz): 7.76-7.72 (m, 2HH), 7.5-7.38
(m, 4H), 4.8-4.65 (m, 1H), 3.6-3.4 (m, 2H), 3.25-3.2
(m, 2H), 2.8 (=, 3H), 2.2-1.2 (m, 12H), 0.78 {(d, J=6.6
Hz, 3H), 0.96-0.58 (m, 2H).
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Examples 25

(4R) -5- (4-Fluoro-phenyl) - 3- [isopropyl - (4-methyl -
cyclohex-I1-enecarbonyl) -amino] -thiophene-2-carboxylic
5 acid Compound 26 and (1R,25,4R)~5-(4-Fluoro-phenyl)-3—
[ (2-hydroxy-4-methyl -cyclohexanecarbonyl) -isopropyl -

amino] -thiophene-2-carboxylic acid Cthound 24,

= %Q— Q— s "

Stap 4

<l
I Staps

& o
’Qfdwog OA‘DE
5 g

smpr

49 e
JF

F D F [#]
BCH-2B513 BCH-ZBG0D

10 The compound (15, 2R, SR)-2-Isopropenyl-5-methyl-
cyclohexanol was prepared as described in Tetrahedron
Letter, (1993), vol.49, pp6429-6436.

NMR 'H (CDC1l;, 400 MHz): 4,95 ppm (s, 1H); 4,78 ppm
(g, 1H); 3,99 ppm (a, 1H); 2,01-1,95 ppm (m, 2H); 1,79

15 ppm (8, 3H); 1,79-1,66 ppm {(m, 3H); 1,48-1,42 ppm (m,
H); 1,16-1,09 ppm (m, 1H); 1,00-0,87 ppm (m, 2H); 0.88
ppm {(d, 3H).
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Step I
To the (18, 2R, BR)-2;Isoprop9nyl~5—methyl—cyclohexanol
(2.07 g, 13.42 mmol) in DCM (67 mL) -and MeOH (1.6 ml)
at ~78°C was bubbled ozone/oxygen gas until the

5 reaction mixture was turned blue and the excess ozone
wag flushed off with oxygen, Dimethyl sulfide (4.9 mD)
was added at the same temperature, slowly warmed up to
room temperature, stirred for over night, concentrated,
purified on column chromatography using 10 -20%

10 EtOhc/hexane to give (1R, 28, 4R) -1- (2-Hydroxy-4-
methyl ~cyclohexyl) -ethanone (1.40 g, 67%) as an oil.
NMR 'H (CDCL,, 400 MHz): 4,29-4,27 ppm (m, 1H); 2,40-
2,35 ppm (m, 1H); 2,19 ppm (s, 3H); 1,9L-1,73 ppm (m,
5H); 1,05-0,91 ppm (m, 2H); 0,88 ppm (@&, 3H).

15 Step II
To a ice-cold solution of NaOH (4.2 g, '119.2 wmol) in
water (40 mL) and 1,4-dioxane (30 mh) was édded bromine
(L.5 m&L, 29.57 mmol). To the resultant NaOBr yvallow
solution was added drop wise a solution (1R, 28, 4R) -1-

20 (2-Hydroxy-4~methyi-cyclohexyl)aethanone (1.4 g, 8.9%962
mmol) in dioxane (130 mL) and water (35 mL). The
resulting solution wag stirred for 3 h at 10 -15°C. The
excess NaOBr solution was decomposed by adding a
solution of Na»S0; (1.1 g in 11 mlL water), acidified

25 with 10% HCl, extracted with DCM. The combined organic
extract Was'washed with brine, dried and concentrated
to give (1R, 28, 4R) -2-hydroxy-4-methyl-
cyclohexanecarboxylic acid (1.30 g, 92%). NMR 1H
(CDCL;, 400 MHZ): 4,34 ppm (8, 1H): 2,43-2,39 ppm {(m,

30 1H); 1,96-1,76 ppm (m, 5H); 1,14-1,08 ppm (m, 1H);
1,02-0,93 ppm (m, 1H); 0,90 ppm (d, 3H).
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Step III

To a solution of (1R, 28, 4R) -2-Hydroxy-4-methyl-
cyclohexanecarboxylic acid (162 mg, 1.02 mmol) in
dichloromethane (5 ml) was added pyridine (495 ul, 6.12
mnol) followed by acétic anhydride (385 ul, 4.08 wmmol).
The reaction mixture was'stirred for 20 h at room
temperature, Then, the solvents were removed and 10 ml
of 3N HCl solution was added. This mixture was stirred
for 30 minutes and then a saturated solution of NaHCO,
was slowly added until PH=9-10. This solution was then _
extracted with ethyl acetate (2X5 ml). The agueous

'phase wag then acidified with a 10% HCl solution and

extracted with ethyl acetate (3X5 ml). The following
ethyl acetate layers were combined, dried (Na.30;) and
eoncentrated to obtain 109 mg (53 %) of (1R, 2§, 4R) -2-
Acetoxy-4-methyl—cyclohéxanecarboxylic acid. |
NMR 'H (CDC1l;, 400 MHz): 4,34-4,32 ppm (m, 1H); 2,42-
2,37 ppm (m, 1H); 1,95-1,76 ppm {(m, 5H); 1,13-1,06 ppm -
(m, 1H); 1,01-0,92 ppm (m, 1H); 0,89 ppm (4, 3H).

Step IV

To a solution of (1R, 28, 4R) -2-Acetoxy-4-methyl-
cyclohexanecarboxylic acid (109 mg, 0.54 mmol) in
dichloromethane (2.7 ml) was added oxalyl chloride (545
ul, 1.0% mmol) followed by 1 drop of dimethylformamide,
The reaction mixture was stirred for 4 h at room
temperature. The solvents were then removed to obtain
11% mg (99%) of (1R*, 2S*, 4R¥%) -2-Acetoxy-4-methyl-
cyclobexanecarboxylic acid chloride. NMR H (CDCl,, 400
MHz) : 5,45 ppm (s, 1H); 2,46-2,42 ppm (m, 1H); 2,02
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ppm (s, 3H); 2,02-1,96 ppm {(m, 1H); 2,91-1,76 ppm (m,
3H); 1,70-1,61 ppm (m, 1H); 1,16~1,08 ppm (m, 1H);
0,95-0,88 ppm (m, 1H); 0,87 ppm {(d, 3H).

5 Step V
To a gtirred solution of 3 -amino-5- (4-fluoro-phenyl) -
thiophene-2-carboxylic acid methyl ester (0.502 g, 2.0
mmol) in l,zndichloroéthane (6.0 mL) was added
sequentially z—methoxﬁpropene (0.38 mL, 4.0 mmol), AcOH

10 (0.3114 mL, 2.0 mmol) and NaBH(OAc)3 (0.84 g, 4.0 mmol)
and stirred for 2 hrs. It was then diluted with EtOAc
and H20. The aqueous solution was adjusted to pH = 7
by adding NaHCO3. The aqueous phase was extracted with
EtOAc, the combined extract was washed with brine and

15 dried on MgS0Q4 and filtered. Purification on bond
elute with hexane to 10% EtOAc-hexane furnished 5- (4-
fluoro-phenyl) -3-iscopropylamine thiophene -2-carboxylic
acid methyl ester (0.538 g, 92% yield).

20 Step VI: (4R)-5-(4-Fluoro-phenyl) -3- [isopropyl- (4-
methyl -cyelohex-1-enecarbonyl) ~amino] ~thiophene-2-
carboxylic acid methyl ester and (1R,28,4R) -3-[(2-
Acetoxy-4-methyl -cyclohexanecarbonyl) ~igopropyl -amino] -
5- (4-fluorco-phenyl) -thiophene-2-carboxylic acid methyl

25 egter

To a solution of 5-(4-fluoro-phenyl)-3-isopropylanine-
thiophene-2-carboxylic adid methyl ester (146 mg, 0.50
mmol) in 1,2-dichloroethane (1.5 ml) was added

30 (1R, 28,4R) -2-Acetoxy-4-methyl-cyclchexanecarboxylic
acid chloride (119 mg, 0.54 mmol) dissolved in 1,2 -

14
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dichloroethane (0.5 ml) followed by PPhs; (131 mg, 0.5
mmol) . The resulting solution was stirred for 24 h at
90 °C and then cooled to room temperature. It was then
diluted with ethyl acetate (10 ml) and a sclution of
gaturated NaHCO; (10 ml). The acgueous phase wag
separated and washed with ethyl acetate (2x10 wl) and
the combined organic layers were dried (Na,50.),
filtered and concentrated. The residue was purified by
flagh chromatography (0% to 25% EtOAc/Hexane) to obtain

96 mg as a mixture of title compound.

Step VII

Compounds (95 mg), from step VI was dissolved in a
mixture of dioxane:Ha0 (4:1) (1.0 mL) and then 600 pl
of LiOH IN was added to it. After 24 h at 60 °C the
reaction mixture was cooled to room temperature and the
solvents were removed. The residue was then partitioned
between 10 ml of H:0 acidified to pH 4 and 10 ml of
ELOAc. The organic layer was separated and the aqueous
phése was washed with ethyl acetate (2 X 10 ml). The
combined ethyl acetate layers were dried (NasS50,),
concentrated and the residue was purified by
preparative chromategraphy to obtain (4R)-5- (4-fluoro-
phenyl) -3- [isopropyl - (4-methyl-cyclohex-1-enecarbonyl) -
amino]~tﬂiophene-2=carb0xylic acid (Compound 26} (21
mg),. NMR 'H (CD,OD, 400 MHz): 7.76-7.68.(m, 2H), 7.3-
7.1 (m, 3H), 5.78 (brs, 1H), 4.9-4.75 (m, 1H), 2.3-1.4
(m), 1.33 (4, J=4.3, 3H), 1.09 (4, J=4.5, 3H), 0.815

(d, J=3.5, 3H).and (1R,28§,4R)-5-(4-Fluoro-phenyl)-3-
[(2—hydroxy-&-methyl-cyclohexanecarbnnyl)—isopropyl—
amino] -thiophene-2-carboxylic acid (Compound 24) (4l
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mg), . NMR "H (CD,0D, 400 MHz):7.75-7.7 (m, 2H), 7.23
(s, 1H), 7.2-7.15 (m, 2H), 4.9-4.8 (m, 1H), 2.0-1.4 (m,
S5H), 1.206 (d, J=6.6, 3H), 1.017 (4, J=6.4, 3H}, 0.76
(d, J=6.6, 3H).

Example 26

3- [Isopropyl- (5-methyl-3, 6-dihydro-2H-pyran-2-
.carbonyl)-amino]-5—ph9ny1-thiophenelz—carboxylic acid
Compound 30,

0
Loj\{\i Step 1 ?\ £ Slp2 _ EO I
\/4 °

— lsmpa

Step 4 :
/dio — I N o +° |
Ph CO.R Ph o~

8
R=Me ' 0

0 StepﬁLRzH |
Step I .

To a cold (00C) stirred suspension of NaH (55%
digperson in oil, 227.9 mg, 5.2 mmol, 1.3 eqg) in THF
(20 mlL) was added drop wisze a solution of 2 -hydroxy-

15 pent-4-enoic acid ethyl ester (0.576 g, 4.0 mmol) in
THF (20 mL) and stirred for 1 h, The reaction mixture
was then treated with 3 -bromo-2-wmethylpropene (0.81 g,
6.0 mmol, 0.61 mL), slowly warmed up to rt, and stirred
for 1h. It wae carefully quenched with saturated NH,C1

20 solution. Reaction mixture was extracted with ELOAc (3
X 20 wmL) organic solution was washed with brine, dried
(Na504) , concentrated. Purification of the residue on
gilica gel column chromatography using 5% EtOAc -Hexane
furnished 2- (2-methyl-allyloxy) -pent-4-enoic acid ethyl
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ester (0.521 g, 66%) as oil. NMR H (CDCls, 400

MHz) :5.9-5.78 (m, 1H), 5.16-5.06 (m, 2H), 4.97 (s, 1H),
4.91 (s, 1H), 4.26-4.16 (m, 2H), 4.072 (d, J=12.3, 1H),
3.93 (¢, J=6.5, 1H), 23.813 (d, J=12.4, 1H), 1.15 (s,
3H), 1.28 (t, J=7.2, 3H).

Step II

To 'a refluxing stirred solution of 2 - (2-methyl-
allyloxy) -pent~4-enoic acid ethyl ester (396 mg, 2.0
mmol) in CH.Clz (100 mlL, 0.02 M sBolution) was added
drop wise a solution of the tricyclohexylphosphine -
(1,3-Bis (2,4, 6-trimethylphenyl) -4, 5-dihydroimidazol -2-
ylidene) (benzylidine) ruthenium (IV)dichloride (85 mg,
0.1 mmol) in CH,Cl:; (3.0 mlL). After 50 min, the
reaction mixture was cooled to room temperature,
concentrated and purified on silica gel bond elute
using EtQAc/hexane (1:20) as an eluent furnished 5 -
methyl -3, 6-dihydro-2H-pyran-2-carboxylic acid ethyl
ester (320 mg, 92% yield) as a brown oil. NMR H
(CDC1y, 400 MEZ): 5.51 (br =, 1H), 4.28-4.08 (m, 4H),
2.32 (brs, 3H), 1.29 (£, J=7.2, 3H).

Step III

A solution of 5-methyl-3,6-dihydro-2H-pyran-2-
carboxylic acid ethyl ester (140 mg, 0.823_mmoi) in
MeOH (3.5 mL) and 10% ag. NaOH (1.0 mhL, 2.5 mmol) was
heated at 65°C for 3 h, reaction mixture was cooled to
room Cemperaturs, solvent was evaporated, diluted with
water. The agueous asclution wag washed with ether, and
acidified with ag. 1 N HCl, extracted with ether. The
ethereal solution was washed with brine and dried.
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Evaporation of the solvent furnizhed 5 -methyl-3,6-
dihydro-2H-pyran-2-carboxylic acid (82 mg, 70% yield.
NMR 1H'(CDC13, 400 MHz): 5.54-5.5 (m, 1H), 4.24-4.1 (m,
3H), 2.4-2.3 (m, 2H), 1.6 (=, 3H).

Step IV

The coupling of 3-iscpropylaminc-5-phenyl-thiophene-2-
carboxylic acid methyl ester (63.3 mg, 0.23 mmol) and
&-methyl-3, 6-dihydro-2H-pyran-2-carboxylic acid (40 mg,
0.28 mmol) using PPh3 (78.6 mg, 0.3 mmol) and NCS (25.9
mg, 0.3 mmol) furniahed‘3-[isopropyl-(E-methyl-a,s-
dihydro-2H-pyran-2-carbonyl) -amino] -5-phenyl -thiophene-
2-carboxylic acid methyl ester (60 mg, 65.3% yvield).
NMR *H (CDCl,;, 400 MHz, for major rotamer): 7.68-7.62
(m, 2H), 7.4-7.5 (m, 3H), 7.22 (8, 1H), 5.46 {m, 1H),
3.86 (s, 3H), 1.48 (s, 23H), 1.24 (d, 3H), 1.0 (d, 3H)

Step V
Hydrolysis'of 3-[i=opropyl - (S-methyl-3, 6-dihydro-2H-
PYran-2-carbonyl) -amine] -5-phenyl -thiophene-2-
carboxylic acid methyl ester (38 mg, 0.095 mmol) using
LiOH.H20 (12 wmg) as described for example 25, step 7
furnished 3-[isopropyl- (5-methyl-3,6-dihydro-2H-pyran-
2-carbonyl) -amino] -5-phenyl -thiophene-2-carboxylic acid
(Compound 30) (13 mg, 35.5% yield). NMR *H (CD;OD, 400
MHz, for major rotamer): 7.8-7.7 (m, 2H), 7.5-7.3 (m,
4H), 5.45 (bra, 1H), 4.55-4,8 (m, 1H), 2.56-1,82 (m) ,
1.46 (brs, 3H), 1.2¢6 (4, 2H), 1.2 (d, 3H), 1.0-0.84
(m) .

118

PCT/CA2003/001912



WO 2004/052885 PCT/CA2003/001912

Examples 27

3-[Isopropyl- (cis-5-methyl-tetrahydro-pyran-2-
carbonyl) -~amino] -5-phenyl -thiophene-2-carboxylic acid
Compound 29 and 3- [Isopropyl- (trans-5 -methyl -

5 tetrahydro-pyran-2-carbonyl) -amino] -5-phenyl-thiophene-
2-carboxyl i;: acid Compound 27.

N
o : r\.
@’Q\coﬁ s COR

ReM R=Ma
Steplvl ® Slepllll
ReH:

R=H
Step I
To a solution of 5-methyl-3,6-dihydro-2H-pyran-2-

10 carboxylic acid (40 mg, 0.28 mmol) in MeOH (2.0 mL) was
added 5% Pt-C (20 mg), hydrogenated for 16 h at 20 psi.
The reaction mixture was filtered off through celite,
washed with MeOH and concentration of the filtrate gave
2:1 ratio of geometrical isomers of 5 -methyl-

15 tetrahydro-pyran-2-carboxylic acid (37 mg, 91%).

Step II
Using the procedure as described for example 26, step 4
gave separable mixture of 3 - [isopropyl- (cig-5-methyl-
20 tetrahydro-pyran-2-carbonyl) -amino] -5-phenyl -thiophene -
Z-carboxylic acid methyl ester (30 mg, 35.5%). NMR
(CDCl;, 400 MHz, For major rotamer): 7.66-7.6 (m, 2H) ,
7.48~7.36 (m, 3H), 7.162 (s, 1H), 5.0-4.88 (m, 1H},
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3.98-3.94 (m), 3.86 (=g, 3H), 3.29 (m), 2.18-1.4 (m),
1.25 (d, 3x), 0.%8 (4, 3H), 0.72 (d, 3H) and 3 -
[izopropyl- (trans-5-methyl-tetrahydro-pyran-2-
carbonyl) ~amineo] -5-phenyl-thiophene-2-carboxylic acid
methyl ester (14.0 mg, 16.6%). NMR 'H (CDCl,, 400 MHz,
For major rotamer): 7.65-7.63 (m, 2H), 7.48-7.38 (m,
3H), 7.184 (s, 1H), 4.96-4.86 (m, 1H}, 3.86-3.52 (m),
2,55 (t, 1H), 1.%6-1.46 (m), 1.218 (d, J=3.7, 3H),
0.985 (4, J=6.7, 3H), 0.657 (d, J=6.7, 3H).

Step TII

Hydrolysis of 3'-[isopropyl- (cis-5-methyl-tetrahydro-
pyran-2-carbonyl) ~amine] -5-phenyl -thiophene-2-
carboxylic acid methyl ester (30 mg, 0.075 mmol) using
LiOH as described for example 25, step 7 gave 3 -
[iscpropyl—(ciS*E—mﬁthyl~tetrahydro-pyran-2-éarbonyl)—
amino] -5-phenyl -thiophene-2-carboxylic acid (Compound
29) (13 wmg, 44.8%). NMR 'H (CD,OD, 400 MHz, For wmajor
rotamer}: 7.7-7.64 (m, 2H), 7.44-7.3 {m, 3H), 7.15 (s,
1H), 4.88-4.78 {(m, 1H), 4.06-4.0 {(m, 1H), 3.46-3.4 (m,
1H), 2.06-1.4 (m), 1.24 (4, J=6.7, 3H), 1.057 (4,
J=6.92, 3H}, 1.01 (4, J=6.7, 3H) .

Step IV
3-[Isopropyl—(trans~5-methy1-tetrahydro-pyran-2~
carbonyl) ~amine] -5-phenyl -thicphene-2-carboxylic acid
methyl ester (15 mg, 0.038 mmol)was transformed into.B-
[isopropyl - (trans-5-methyl - tetrahydro-pyran-2-
carbonyl) ~aminol -S5-phenyl -thiophene-2-carboxylic acid
{(Compound 27) (10 mg, 68%) as described for example 25,
step 7. NMR *H (CD;OD, 400 MHz, For major rotamer):
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7.7-7.64 (m, 2H}), 7.44-7.3 (m, 3H), 7.142 (8, 1H), 5.0~
4.75 (m), 3.8-3,65 (m}, 2,63 (t), 2.0-1.4 (m), 1.24 (d,
3H), 1.07 {4, 2W), 0.67 (&, 3m).

§ Exanples 28
Ba | (btrana-4 -Mathyl cyalohexaneearbonyl)-(taLrahydro-

thiopyran-4-yl) -amino] -5-phanyl- thicphene-2-~carhoxylic

acid Compound 34, 3- {(1,1-Dloxo-tetrahydro-thicpyran-4-
yi)-(txana-4-mathy1;cycloha;aneuarbonyl)-aminoJ-E-

10 phanyl-thiophene-2-carboxylic agid’ Compound 37, and
Btep VII: 3-[[trans-4-Methy1-cyclohaxanacafbnnyl)-tl-
oxo- tetrahydro- 1lambdawd¥ -thiopyran-4=y1) -amino] ~5-
phenyl-thiophene-2-earboxylic aéld Compound 8.

h\ oMa  Stept Elﬂpll —g .
‘[ﬁ\{ Ph& Blop ||E-: . :‘

EIW 1 ﬂl&p v

&lap Vt.Ru Ma

R H

= Ma
e Btep Wi
\ L.

R
A R =H

13
Step T

Reductive amination of 3 -amino-5-phenyl -thicphena-2-
carboxyllc acld methyl ester {0.933 g, 4.0 mmol) and
tetrahydro-thiopyran-4-one {0,464 g, 4.0 mmol)in THF
2 (2.0 ML) employing BuzSntl; (60.5 mg, 0.2 mmal} and
PheiH, (0.476 g, 0.542 wh) wag carried out ag desoribed
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for example 13, step 1 gave 5 -phenyl-3- (tetrahydro-
thiopyran-4-ylamino) -thiophene-2-carboxylic acid ﬁethyl
ester (0.753 g, 56.3%). NMR ‘H (CDCly, 400 MHz): 7.&4-
7.6 (m, 2H), 7.44-7.34 (m, 3H), 6.9 (brm, 1H), &.81

5 (bre, 1H), 3.84 (s, 3H), 3.5-3.4 (m, 1H), 2.85-2.7 (m,
4H), 2.4-2.25 (m, 2H), 1.85-1.7 (m, 2H).

Step IX
Amidation of S-phenyl-3- (tetrahydro-thiopyran-4-

10 ylamino)-thiophene—z—carboxylicracid methyl ‘ester (0.2
g, 0.6 mmol) and 4-Methyl-cyclohexanecarbonyl chloride
wag carried out as described for example 19, gtap 2
gave 3-[(trans-4-methyl-cyclohexanecarbonyl) -
(tetrahydro-thiopyran—&—yl)~amin0]-5-pheny1-thiophene-

15 2-carboxylic acid methyl ester (0.208 g, 75.7%); NME ‘H
{CDCls, 400 MH=z): 7.68-7.62 (m, 2H), 7.5-7.4 (m, 3H},
7-04 (s, 1H), 4.68-4.58 (m, 1H), 3.86 (s, 3H), 2.5-1.2
(m, 16H), 0.78 (4, 3H), 0.76-0.56'(m, 2H) .=

20 Step III
Hydrolysis of 3—[(tzans—4-methyl-cyclohexanecarbonyl)~
(tetrahydro—thiopyran—4-yl)~amino]~5—pheny1—thiophene~ _
2-carboxylic acid methylleater (60 mg, 0.13 mmol) with
LiOH was carried out as described for example 24, atep

25 3 gave 3-l(trans-4-methyl -cyclohexanecarbonyl) -
(tetrahydronthiopyran-é-yl)—amina]—5—phenyl—thiophene-
2-carboxylic acid (Compound 34) (38 mg, 65.9%). NMR
(CD;0D, 400 MH=): 7.76-7.72 (m, 2H), 7.48-7.328 (m, 3H),
7.34 (s, 1H), 4.52-4.42 (brt, 1H), 2.9-2.5 {(m, 4H),

30 1.8-1.2 (m, 9H), 0.773 (d, J=6.4, 3H), 0.76-0.56 (m,
2H) . ' '
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Step IV .
To a4 ice-eold etirred soluticn of 3-[{trang-1-mathyl -
cyclohexanecarbonyl) - { i:etrahydro-thiopyran-&—yll -

3 amino] - 5-phenyl -thiophene-2-oarboxylic acid methyl
ester (119 mg, 0.26 wmol) from etep 2 in Dew (1.0 rL)
was added m-c.hloroparhenzoic acdd (90 mg,60%, 0.312
mnol) in one portion, and stirred For 1h. Reacktion
mlxture was then.diluted with DCH, washed with

19 satuxrated ag. NalCO;, brine, drled snd concentzated.
Furification of the vesidue on preparative TLC ueing
$0% EbLOAc-hexsne as an eluent gava 3~ [{1,1-dioxo-

tetrahydro- thiopyran-4-yl) - (trans-4-methyl-
cydlohexanacarbonyl) -amino) -5 ~phenyl ~thicphena-2-

15 carboxylic acld methyl ester (88 mg, 69%)as a white
Aolid. NMR 'H (CDCly, 400 MHz): 7.68-7.6 {m, 2H), 7.5-
7.4 (m, 3B), 7.03 {5, 1H), 4.96-4.84 (m, 1H), 3.86 {s,
3H), 3.28-2.94 (m, aH), 2.36-1,2 (m, 11K}, 0.77¢ (&,
Jua.8, 3H), 0.76-0.54 (m, 2H).

20
8tep V )

Hydroelysla of 3- [(1'l‘"diﬂm-'tetrah}’dro-l:hiclpyran—4 -yl) -
{4-methyl-cyelohexanecarbonyl) -amino] -5 ~phenyl -
thiophene-2-aarboxyllo acid methyl eater (47 mg, 0.095

25 mmollwith LioOH wag varried out ap deacribed for exwmple
25, step 7 gave 3-((1,1-dloxo- t‘etrahydro--
Ehlopyran-4-y1}) - ( trena-4-methyl -cyclohexanecarhonyl) -
aminc:j -5-phenyl -thiophene-2-carboxylic acid {Compound
37 (38 mg,84%). NMR ' {CD,0D, 400 MHz): 7.897 {d,

% J=7.37, 2H), 7.426 (v, 2H), 7.35 (5, 10), 7.23 {g, 1K),
4.72 (bxt, 1H), 3.4-3.26 (m, 2H), 3.3-2.54 {m, 2H},
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2,482,114 (m, 4H}, 1.96-1.2 (wm, 8H), 0.76-0.56 {m, 2H),
0.7716% (d, J=6.8, 3H).
Step VI -

i Ta a stirred aolution of 3-[(trans-4-methyl -
vyclohexanecarbonyl) - (tetrahydro-thiopyran-4-y1) -
amine] -5-phenyl-thiophene-2-carboxylic acid methyl
sster (57 wg, 0,124 mwollin BtOH (1.2 mL) from atep 32
was added magnesium monoperoxyphthalic moid (29.6 mg,

10 0.06mmol ) “in one portion, stirred for 24 h. Reaction
wixture was diluted with water, extracted with EEOAC.
Tha combined crganic aclution was washad with brine,
dried, and concentreted. Purification of the resldue
on Preparative TLC using 5% MeOH -DCM g&VE 3-[(trang-4-

15:mathyl-cyclahexanecarhonylj-(1—uxn:t¢trahydro-

_thicpyran-4-yl} -amino] -5-phenyl - thiophene -2-
carboxylic acid methyl egter {30 my, 51%). NMR
(CDC1l;, 400 WHz, For wajor isomer): 7.66-7.6 (m, 2H),
"?.5-7:.4 (m, 3H), 7.02 (s, 1H), 4.82-4.76 (&, 1B}, 3.88

20 (8, 3H), 3.4-1.2 (m), 0.772 (d, J=6.6, 3H), 0.74-0.56
(m, 2H). i ‘

Stap VII _
Hydrolysis of 3-[(trang-4-methyl-cyclohexanecarbonyl) -
25 (1 -oxo-tetrahydro-thiopyran-~4¢-yl) -aming] -5-
phenyl-thiophéne~2-carbuxylic acid methyl ester (30 my,
0.063 mmol}with L1OH wag carried out as desoribed for
example 25, atep 7 gave 3-[{trang-4-mathyl -
cy<lohexanecarbonyl)- (1-oxo-tetrahydro-=
30 Chiopyran-4-yl} -amina) -&~phanyl -thiophene-2- carboxylic
acid {(Compound &8) (15 mg, 51.6%)., WMR H {CD0D, 400
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MHz, For major ilsomer): 7.76-7.7 (m, 2H), 7.5-7.38 (m,
3H), 7-3% (s, 1H), 4.74-4.56 (m, 1H), 3.5-1.2 (m),
0.782 (d, J=6.4, 1H), 0.75-0.55 {m, 2H}.

5 Example 2%
5~(&-Chloro-phenyl)—3—[(4-methyl-cyclohexanecarbonyl)-

(1-methy1-piperidin-&-yl)—amin@]—thiophene-z-carboxylic
acid Compound 57

ez
Q88 o
N
dr_ T [§ 3
5 D;ME : COMe o]
COMe
L ﬁhﬁ ﬁ:@f&
CDzMa CO,Me
R Me:
R H

10 Step I .
Reductive amination of 3 -amino-thiophene-2-carboxylic
acid methyl ester (2.0 g, 19.1 mmol) and 4 -oxo-
piperidine-i-carboxylic acid benzyl ester (4.46 g, 19,1
mmol)in THF (4.6 mL) employing BuzSnCl; (0.598 g, 1.92

15 mmol) and PhSiH; (2.58 mL, 21.8 mmol) was carried out
ag described for example 19, step T gave 4 - (2-

methoxycarbonyl-thiophen—a—yiamino)-piperidine—l-

carboxylic acid benzyl ester (7.25 g, quantitative) ,

NMR 'H (CDCly, 400 MHz): 7.4-7.3 (m, 6H), 6.9-6.78 (m,
201H), 6.7-6.6 (m, 1H), 5.1.4 (8, 2H), 4.15-4.0 (m, 2H),
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3.81 (s, 3H}, 3.6-3.45 (m), 3.1 (brt, 2H), 2.1-1.9 {m,
ZH), 1.6-1.45 {(m, 2H). '

Step II

5 Amidation of 4 - (2-methoxycarbonyl -thiophen-3-ylamino) -
piperidine-i-carboxylic acid benzyl ester (3.7 g, 10
mnol) and cyclochexyl chloride was carried out as
described for example 1%, step II gave 4 -[(2- ,
methoxycarbonyl -thiophen-3-yl) - (trans-4-methyl-

10 eyelohexanecarbonyl) ~amino] -piperidine-1i-carboxylic
acid benzyl ester (3.0 g, 60%). NMR % (CDCl,, 400
MHz)}: 7.55 (d, 1H), 7.36-7.26 (m, BH), 6.82 (4, 1H),
5.05 (brs, 2H), 4.82-4.7 (m, 1H), 4.31-4.1 {(m, 2H),
3.82 (s, 3H), 2.8-2.75 (m, 2H), 1.9-0.% (m, 11W), 0.78

15 (d, 3H), 0.74-0.5 (m, 2H).

Step III ‘
Hydrogenation of 4—[(zumethcxycarhonyl~thi0phena3;yl)-
(trans-4-methyl-cyclohexanecarbonyl) -amino] -piperidine-

20 1-carboxylic acid benzyl ester (3.0 g, 6.02 mmol)with
Pd/black in BtOAc was carried out for 36 h at 40 psi
was carried out as described for example 19, step IIT
gave 3-[(trans-4—methyl-GyclohexanEGarbonyl)—piperidin—
4-yl-amino] -thiophene-2-carboxylic acid methyl ester.

25 (1.0 g, 45.6%). NMR *H (CDCl,, 400 MH=z): 7.525 (d,
J=5.3, 1H), 6.84 (d, J=5.32, 1H}), 4.674 (tt, 1H), 3.81
(s, 3H), 3.1-2.94 (m, 2H), 2.74-2.6 (m, 2H), 2.26-2,2
(m, 1H), 1.9-1.0 (m, 11H}, 0.75 (d, J=6.6, 3H), 0.7-0.5
(m, 2H),.

30
Step IV
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To a etirred solution of 3-[{trans-4-methyl-
cyclohexanecarbonyl) -piperidin-4-yl-amino] -thiophene-z-
carboxylic acid methyl ester (1.0 g, 2.7 mmol), from
Btep 3, in 1,2-dichlorcethane (10 mlL) was sequentially

5 added ag. 37% HCHO solution (0.45 mL, 5.4 mmoi) and
NaBH{OQAC): (2.86 g, 13.5 mmol) in one portion, stirred
for over night, reaction was then guenched with ag. 10%
NaOH solution, extracted with DCM. The combined
organic extract was washed with brine, dried, and

10 concentrated to cbtain 3-[(trans-4-methyl-
eyclohexanecarbonyl) - (1-methyl-piperidin-4-vyl) -~amino] -
thiophene-2-carboxylic acid methyl ester (0.876 g,
85.5%) as a white solid. NMR *H (CDCl,, 400 MHz): 7.54
(d, 1H), 6.86 (d, 1H), 4.7-4.6 (m, iH), 3.85 (s, 3H),

15 2_.9-2.7 (m, EH), 2.22 (s, 3H), 2.15-1.1 (m, 14 H), 0.8
(d, 3H), 0.75-0.5 (m, 2H).

Step V

20To a stirred solution' of diisopropyl amine (0.2 L,
2.14 mmel) in THF (10 ml) was added n-BuMgCl (2.0 M in
ether, 1.0 mL, 2.0 umol), stirred for 24 h. To the
resultant solution was added drop wise a solution of 3-
[ (trans-4-methyl -cyclohexanecarbonyl) - (1-methyl-

25piperidin-&—yl)-amino]~thiophené-2-carboxylic acid
methyl estexr (0.189 g, 0.5 mmol) in THF (2.0 mb).
stirred for 1 h at room temperature. It was then added
a golution of Todine (1.28 g, 5.0 mmol) in TEF (2.0
mh), stirred for 1 h. Reaction mixture was then

30 quenched with 10% ag Na:8:0: soluticon, extracted with

EtOAc, washed with brine, dried, and concentrated.
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10

Purification of the residue on small plug of silica gel
bond elute using DCM/CHCIL;/MeOH/EtsN (200:90:16:1) as
eluent gave S5-iodo-3-[(trans-4-methyl- _ '
cyclohexanecarbonyl) - (1-methyl-piperidin-4-yl) -amino] -
thiophene-2-carboxylic acid methyl ester (0.250 g,
quantitative). NMR 'H (CDC1s, 400 MHz): 7.05 (g, 1H),
4.68-4.55 (m, 1H), 3.83 (B, 3H), 2.55-2.8 (m, 2H), 2.26
(s, 3H), 2.2-1.1 (m, 14 H), 0.819 (d, J=6.3, 3H), 0.75-
0.6 (m, 2H).

 Step VI

15

20

To the mixture of 4-chlorcphenylboronic acid (46.9 mg,
0.3 mmol) and 5-iodo-3-[(trang-4-methyl-
cyclohexanecarbonyl) - (l-methyl-piperidin-4-yl) ~amino] -
thiophene-~2-carboxylic acid methyl ester (50 wmg, 0.099
mmol), from step 5, in 5:1 mixture of toluene/MeOH (2.0
wh) wase added a solution of PA(PPhs). (12.0 mg, 0.01
mmol, 10 mol%) in toluene (1.0 ml) followed by agqueous
2M NazC0; solution (0.1 mL, 0.2 mmol). The resultant
reacfion mixture wag heated at 70°C for 16 h, cooled to
rocm tCemperature, filtered off through MgS5Q.,. and washed
with EtOAc. Evaporation of the solvent and
purification of the residue over preparative TLC (1 mm,
60A%) using DCM/CHC1;/MeOB/Bt:N (100:20:16:1) as an
eluent furnished 5- (4-chloro-phenyl) -3- [ {trans-4-
methyl -eyclohexanecarbonyl) - (1-methyl -piperidin-4-yl) -
aminc] -thiophene-2-carboxylic acid methyl ester (35.0
megy, 71..5% yield). NMR *H (CDCl;, 400 MHz): 7.53 (d,

"J=8.3, 2H), 7.4 (d, J=8.5, 2H), 7.0 (&, 1H), 4.67-4.58

20

{m, 1H), 3.84 (g, 3H), 2.82-2.8¢ (m, 1H), 2.2 (8, 3H),
2,14-1.35 (m), 0.763 (4, J=6.8, 3H), 0.76-0.56 {(m, 2H).
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Step VII
Hydrolysis of 5-(4-chloro-phenyl) -3- [ (trans-4-methyl-
cyclohexanecarbonyl) - (1-methyl-piperidin-4-y1) -amino] -
thiophene-2-carboxylic acid methyl ester (19 mg, 0.039
mmol)with LiOH was carried out as described at example
25, step VII gave 5-(4-chloro-phenyl) -3-[ (4-methyl-
cyclohexanecarbonyl)—(1~methyl-piperidin-4—yl)—aﬁino]~
thiophene-2-carboxylic acid (Compound 57) (9.0 mgd,
48.6%) . NMR 'H (CD,OD 400 MHz): 7.761 (d, J=8.8, 2H),
7.487 (d, J=8.5, 28), 7.476 (=, 1H), 4.7 (t, 1H), 2.59 -
3.42 (m, 2H), 2.2-3.11 (m, 2H), 2.81 (a1, 3H), 2.3-1.2
{m, 12H), 0.791 (d, J=6.59, 3H), 0.8B8-0.5 (m, 2H).
Using siwmilax séquence, Compound 45, Compound 54,
Compound 55, Compound 56 and Compound 58 have been

Prepared.

Example 320

3- [[1- (4-Methoxy-benzyl) - 2-oxo-piperidin-4-y1] - (4-
methyl~cyclohexanecarbonyl)-amina]ﬂ5-pheny1—thiophene~
2-carboxylic acid

Compound 42.
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PMB = p-methoxybenzyl

Step T

5 A golution of p-methoxybenzyl amine ( 620mg, 722 uL, 8.01
-mmol)in dfy ﬁethanol (5 ml), under nitrogen was cooled
to 0% and treated drpwise with a solution of
metacrylate ( 251puL, 1.09;_7.28mm01) in MeOH (1.0 ml)
added over 2 min. After 15.5h the clear solution wés-

10 distilled at atmospheric pressure to remove MeOH. The
high boiling residue (» 170 } formed 3 - (4-Methoxy-
benzylamino)—prop;onic acid methyl ester (
1.88g,Quantitative ) 'H (300MHz, CDCl;) 1.78(bs, 1H),
2.45 and 2.53(@, J = 3.0Hz, 2H), 2,77 and 2.87(t, J =

15 3.0H=, 2H), 3.46 and 3.67(s, 3H), 2.64 and 3.73 (g, 3H),
3.88(m, 2H), 6.78 and 6.85(m, 2H), 7.17 and 7.23(m,
_EH).

Step II
20 A solution of neat dimethylmalonate (7.4ml, 8.5g,
64mmol,8eq) was heated in a flask to 1709, under and
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then treated dropwise, over 40 min, with a sclution of
3- (4-Methoxy-benzylamino) -propionic acid methyl ester
in dimethylmalonate (0.92ml). The reaction was heated
at 165-170 for 1.5h when tlc showed complete loss of
starting amine to a less polar compound. On cooling the
crude material was applied to a column of silica and
eluted first with CH.Cl, to remove excess
dimethylmalonate and then with (Hexane:CH,Cl;:EtOAc =
1:1:1). N- (4-methoxy-benzyl) -N- (2-methoxycarbonyl -
ethyl) -malonamic acid methyl ester was collected as a
colourless oil (1.502g, 58%); (300MHz, CDCL ;) 2.52 and
2.61(t, J = 6.0Hz, 2H), 2.62 and 3.70(s, 3H), 3.65 and
3.74(s, 3H), 3.77 and 3.78(s, 3H), 4.50 and 4.54 (s,
ZH), 6.82-6.8R(m, 2H), 7.68 and 7.18{m, 2H).

Step IIT

A mixture of an hydrous KiCO. (3.2g, 23.2mmeol, S5eqg) and
l8-crown-6 .

(azetroped several times with toluene) (122mg,
0.464mmol, 10mol%) in dry toluene (4ml) , under
nitrogen, was heated to reflux and then treated,-
dropwise, over 40min, with a solution of N - {4-Methoxy-
benzyl} -N- (2-methoxycarbonyl -ethyl) -malonamic acid
meth§1 ester. After 7h at reflux the reaction was
diluted with water (4ml) and tolueme (4ml), then cooled
to 0° and carefully acudified to pH 1.7 with 0.1N HCL.
The mixture was then extracted several times with
CHzCly (3x80ml) and the combined organice dried and
evaporated to a brown oil (1.33g). The brown oil was
treated with 10% agqueous oxalic acid and heated to

reflux for 6.5h,The mixture wags then extracted
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repratedly with CH »€l, and the combined organice dried
and evaporated to a dirty yellow oil (1.03g). The crude
material was purified on silica gel uging (CH ;Ci,:MeOH =
30:1) as eluent to give 1 - (4-Methoxy-benzyl) -
piperidine-z,é—diéne as a pale brown solid (750mg,
69%); (300MHz, CDCl ) 2.852(t, J = 5,7H%Z, 2H), 3 .41l(a,
2H), 3.47(t, . J = 5,7Hz, 2H), 3.80(s,3H), 4.62(8, 2H).
€.16-6.88(m, 2H), 7.20{m, 2H),.

Step IV

A suspension of methyl 3-amino,5-phenylthiophene 2-
carboxylate (4595mg, 1,%6mmol) and 1 - (4-Methoxy-benzyl) -
piperidine-2,4-dione { 457mg, 1.96mmol) at 21°%, under
Nz, was treated with dibutyltin dichloxide {(29mg,
0.098umol, 5mol%) followed after Smin with phenylsilane
(2660L, 233mg, 2.1l5mmol, 1.1eq)-'The heterogénous
mixture was stirred for 18h at 21° when a clear
golution resulted. The reaction was left a further Sh,
then evaporated to a thick oil (1.27g). The crude

material was purified over silieca using

. (Hexanes:CH,C1,:ELOAC = 1:1:1) as eluent to deliver 3-

[1- (4-Methoxy-benzyl) -2-oxo-piperidin-4-ylamino]l -5- (1-
methyl-hexa-1,3,5-trienyl) -thiophene-2-carboxylic acid
methyl ester as a yellow foam ( 432mg, 49%) (300MHz,
CDC1:)1.8-1,9(m, 1H), 2.25-2.44(m, 1H), 2.95(dd, T = ?
l.5Hz, J = 3.90Hz, 1H), 3.98(dd, J = 1.5H=z, J = 3.50Hz,
1H), 3.22-3.40(m, 4H), 3.80(s,3H), 3.33(s,3H), 3.85-
3.93(m, 1H), 4.08(m, 2H), 6.81(s, 1H), 6.85-6.9(m, 2H),
7.20-7.24(m, 2H), 7.36-7.42{(m, 3H), 7.59-7.61{(m, 2H).

Step V
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A solution of trang 4-methylcyclohexane carboxylic acid
(56mg, 0.399mmol, 1.2eqg)in 1,2 -dichloroethane (iml} &t
0°, under N2, was treated with oXalyl chloride {(2.0M
sclution in CHaCiz) (231pl, 0.46mmol, 1.4eq),followed by
dimethylformamide (8pl, 7mg, 0.lmmol, 30mol%). After 1h
the reaction was treated with a solutiocn of 3-[1-(4-
Methoxy-benzyl) -2-oxo-piperidin-4-ylaminol -5- (1-methyl-
hexa-1,3,5-trienyl) -thiophens-2-carboxylic acid methyl
ester (150mg, 0.33mmol) in DCE' (2ml). The reaction was
then placed in abth at 90° and left at reflux overhight
for 21h. The reaction was stripped-off solvent and the
residue (212mg) wae purified by bond elute
chromatography using (Hexane:CH,Ciz:EEQAC = 1:1:1) as
eluent to give 3-I[1-(4-Methoxy-benzyl) -2-oxo-
piperidin-4—y1]-(4~methy1-cyclohexane&éfbonyl)namino]—
5-(1~methy1-hexa—1,3,5~trieny1)-thiophene-z-carboxylic
acid methyl ester (2img, 11%) as a yellow foam;

(300MHz, CDC13)0.55-0.73(m, 1), 0.77(d, & = 5.4Hz,
3H), 1.26-1.30{(m, 12H), 1.24-2.12{(m, 1H), 2.14-2.19%{m,
1H), 2.40(dd, J = 9.0Hz, J = 12,.0Hz, 1H), 2.64 -2.70 and

. 2.80 and 2.84(m, 1H), 3.10-3.15(m, 3H), 3.79-3.82(m,

25

30

1H}, 3.78(s, 3H), 3.83 and 2.87(s, 3H), 4.32(t, J =
12.0Hz, 1H), 4.62(dd, J = 5.7Hz, J = 10.8Hz, 1H}' 4.50 -
5.0(m, 1H), 6.792-6.83(m, 2H), 6.99-7.14(m, 2H), 7.26-
7-48(m,. 3H), 7.61-7.65(m, 2H). ‘

Step VI
3-[[1-(4-Methoxy—benzyl)~2—oxo~pipefidin—4-y1]—(4-
methyl-cyclahexanecarbnnyl)-amino]~5—phenyléthiophene—
2-carboxylic acid methyl ester ( 40mg,0.069 mmol)was
hydrolysed with LiOH as deacribed previously at example
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25, step VII to deliver 3-[[1-(4-Methoxy-benzyl)-2-cxo-
piperidin-4-yl] - (4-methyl -cyclohexanecarbonyl) -amino] -
5-phenyl-thiophena-2-carboxylic acid (Compound 42) as a
white solid (8.4mg, 21%); (300MHz, Acetone -dg)0.42-
50.62(m, 1H), 0.64(d, J = 4.18Hz, 3H), 1.16-1.34(m, 7H),
1.40-1.54{m, 4H), 1.58-1.66(m, 2H), 1.76-1.78(m, iH),
1.87-1.90{(m, 1H), 1.98-1.99(m, 1H}, 2.08-2.09(m, 1H),

3.63(s, 3H), 4.23(dd, J = 5.7Hz, J = 12.0Hz, 1H),

4.44(dd, J = 1.5Hz, J = 11.7Hz, 1H), 4.66 -4.80(m, 1H),
10 6.20-6.22(m, 2H), 7.04-7.07{m, 2H), 7.31-7.40(m, 2H),

7.44 and 7.53(s, 1H), 7.69-7.75(m, 2H).

Example 31

3-[(1-Methanesu1fonyl—piperidiﬁ-4—y1)—
15 (4methyleyclohexanecarbonyl) -amine] -5-phenyl-thiophene -

2-carboxylic acid Compound 70.

bz
g N
't X Y Y o
7\ +
5" T COMe E—— — N
? o i
57 TCOMe 5 TCOMe
N g
Y .
7\ o 7\ Nm R=Ms
5 Mo . m& : R=H

CBZ = benzyloxycarbonyl
20
Steps I to IIT were conducted in a similar manner as

described in example 30.

134



WO 2004/052885

10

15

20

25

a0

PCT/CA2003/001912

Step IV
A solution of 3-[(l-pilperidin-4-vi)-{(4-
methylcyclohexanecarbonyl) -amino] -5-phenyl-thiophene-2-
carboxylic acid methyl ester (44mg, 0.lmmol)in DM (
1.0ml, ca 0.1M) at 21° under N., was treated with
triethylamine ( 2900, 21img, o.21mﬁol, 2.1leq) followed
by methanesufcnfl chloride ( 15.50L, 23mg, 0.2mmol,
1.2eq) . A slight precipitate wazs evident. After 1.5h
the reaction was complete. The wmixture was diluted with
DCM and washed sequentially with N HCl, water, brine
and dried. Evaporation of the organic extract yielded a
qum (56mg) which was purified on bond-elute silica
using (Hexane:CH,C12:EtQAc = 1:1:1) as eluent to afford
3-[(1-Methanesulfonyl -piperidin-4-yl) - (4-
methylcyclohexanecarbonyl)-aminc]-5—pheny1—thiophene—2-
carboxylic acid methyl ester (40mg, 78%); ‘H (300MHz,
CDCl,y) 0.50-0.67{(m, 1H), 0.70(d, J = 4 8H=z, 3H), 1.16-
1.43(m, 6H), 1.48-1.64(m, 10H), 1.80-1.86(m, 1H), 1.50-
2.0{m, 1H), 2.62-2.759(m, 2H),2.68(s, 3H), 2.68-3.75(m,
183}, 3.76-2.82(m, 1), 3.85(s, 3H), 4.61-4.71i{m, 1H),
6.94(a, 1H), 7.35-7.43{(m, 3H), 7.55-7.58(m, 2H),.

Step V
A solution of 3-{(l-Methanesulfonyl-piperidin-4-yl)- (4-
methylcyclohexanecarbonyl)-aminn]~5-pheny1+thi0ph3ne-2-
carboxylic acid methyl ester (40mg, 0.077mmol) was
hydrolysed as described before with 1ithium hydroxide
(2M, 114ﬁL, 5.3y, 0.23mmol)to give after acidic work -
up 3-[{l-Methanesulfonyl-piperidin-4-vy1)- (4-
wmethylcyclohexane -carbonyl) ~amino] -5-phenyl -thiophene-
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2-carboxylic acid ( 29mg, 74%) as a colourless powder;
‘H (300MHZ, MsOD)0.56-0.72(m,1H), 0.792(4, J = 4.8Hz,
3H), 1.23-1.44(m, 5H), 1.51-1.79(m, €H), 1.92-1.98 (m,
1H), 2.04-2.14(m, 2H), 2.78-2.90(m, 2H), 2.80(s, 3H),
53.66-3.74(m, 1H), 2.75-3.81(m, 1H), 4.52-4.62(m, 1H),
7.39(s, 1H), 7.40-7.%0(m, 3H), 7.73-7.77{m, 2H).

Example 32
3-[(2-Amino-l-methyl-ethyl) - (4~methyl-

10 cyclohexanecarbonyl) -amine] -5- (1-methyl-hexa-1,3,5~-
trienyl) -thiophene-2-carboxylic acid Compound 36.; 3-
[(2-Azido-1-methyl-ethyl) - (4-methyl-
¢yclohexanecarbenyl) -amino] -5- (1-methyl-hexa-1,3,5-

trienyl) -thiophene-2-carboxylic acid Compound 32

HN., /~~0H
HN.,, —s& @IX\ . -
—_— cos

s Tk

v
[Dﬂm,m T @ﬂm‘m Cr(im e
<

. pia ‘g/@/ X=N,
@ﬂd‘;m @/[SY L x=nty

Step I
A mixture of (8)-(+) 2-amino-1-propoanol (1.04g,
13.85mmol) , tert butyldimethylsilyl chloride (2,094,

20 13.85mmol) and triethylamine (2ml, 1.05eq) was stirred
in DCM overnight ca 16h. The reaction was diluted with
DM, washed with water, satd. NHiCl, brine, dried and
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evaporated to an oil. Silica gel purificétimn of the
crude using 3% MeOH/CH,Cl; as eluent provided 2- (tert-
Butyl-dimethyl -silanyloxy) -1-methyl-ethylamine (1.76g,
80%) ;'H NMR (300 MHz, CDCls)0.0(s,

6H) ,0.82(s,9H),0.99(d, J = 6.5Hz, 3H), 2.22 (be, 2H),
2.98 (b=, 1H),_3.30(dd, J = 1l0Hz, J = 17.0H=z, 1H),
3.48(dd, J = 10.0Hz, J = 4.3Hz, 1H).

Step II

A solution of wmethyl 3-brome 5-phenylthiophene 2-
carboxylate (0.5g, 1.6mmeol) in toluene (10ml)was treated
at 21°,under N;, with 2- (tert-Butyl-dimethyl-
silanyloxy) -1-methyl-ethylamine (301lmg, 2.0lmmol,
1.2eq) followed by palladium acetate (38mg, 0.leq),BINAP
(L05mg, 0.leq) and CsCQ,; (766my, l.4eqg). The mixture
was heated to reflux for 18h then filtered through a
pa& of celite. The pad was washed with EtOAc and the
combined washings dried and evaporated to a gum which
was purified by silica chromatography using 3%
EtQAc/Hexane as eluent to provide the desired compound
3-{2- {tert-Butyl-dimethyl-gilanyloxy) -1-methyl-
ethylamina]-5-phenyl—thiophené—z-carboxylic acid methyl
ester (645mg,95%); 'H NMR (300 MHz, CDCl:) 0.0(s,6H),
0.82(s,%H), 1.24(d, J = 6.0H=z, 3H), 3.56-3.57(m, 3H),
3.90(=s, 3H), 6.85(bs, 1H), 6.84(s, 1H), 7.30-7.40(m,
3H), 7.56(d4, J = 6.0Hz, 2H).

Step IIT

To a seclution of 3-[2-(tert-Butyl-dimethyl-silanyloxy) -
1-methyl -ethylamino] -5-phenyl-thiophene-2-carboxylic
acid methyl ester (1.08g, 2.69mmol) in MeOH (10ml) at
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21°, under N; was added a solution of acetylchloride
premixed in MeCH (100pL/lmL, 210pL 2.96mmol, 1.leq).
The reaction was followed by tlc. On completion the
reaction was stripped-off solvent and the residue
purified over silica using progressively 5%, 20%, and
then 30% EtOAc/Hexane as eluent to give 3-(2-Hydroxy-1-
methyl-ethylamino) -5- (1-methyl-hexa-1,3,5-trienyl) -
thiophenehz—carboxylic acid methyl ester as a vellow
solid (518mg, 79%); 'H NMR (300 MHz, CDCls;) 1.25(d,
6.6HZ, 3H), 3.52-3.62(m,1H), 2.73-3.77(m, 2H), 3.84(s,
3H), 6.52(s, 1H), 7.36-7.42(m, 3H), 3.62(d, J = B.3H=z,
2H) . [ '

Step IV

A mixture of 31(2-Hydroxyal-methyl-ethylamino)-5-pheny;-
thiophene-2-carboxylic acid methyl ester (213mg,
0.257mmol), diethyldiazodicarboxylate (250uL, 1.5%mmol,
2eq), diphenylphosphoryl azide (343uL, 1.5%9mmol, Z2eq)
and trphenyl phosphine (417mg, 1.5%mmol, 2eq) was
stirred at 21° until all starting alcohol was
consumed.The reaction was evaporated to dryness and the
crude residue purified on bhioctage with 5% EtQAc/hexane
followed by 100% toluene as eluent. 3-(2-Azido-l-methyl-
ethylamino) -5-phenyl-thiophene-2-carboxylic acid methyl
ester was isolated as a solid ( 18lmg, 78%); EH NMR (300
MHz, CDCls) 1.33(d, J = 6.6Hz, 3H), 3.38-3.46(m, 2H),
3.,78-3.81(m, 1H), 6.82(s, 1H), 7.36-7.41(m, 3H), 7.60-
7.62(m, 2H)..

Step V
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A solution of 3-(2-Azido-1l-methyl-ethylamino) -5-phenyl-
thiophene-2-carboxylic acid methyl ester (&60wg,
0.188mmol) was treated as described in example 30, step
V with freshly prepared trans 4 -methyleyclohexane
carboxylic acid chloride (25mg, 0.176mmol, 1.2eq ) to
deliver 3-[(2-Azido-l-methyl-ethyl) - (4-methyl-
cyclohexanecarbonyl) -amine] -5-phenyl -thiophene-2-
carboxylic acid methyl ester (14.6mg, 17%); “H NMR (300
MHz, CDCl,;) 0.5-0.7(m, 4H), 0.71(d&, J = 6.6Hz, 3H),
1.23(4, J = 7.0Hz, 3H)Y, 1.2-1.42{(m, 4H}, 2.12-2.25(m,
1H), 3.24{ad, , J = 5.6Hz, J = 5.7Hz, 1H), 3.52(dd, J =
5.6Hz, J = 5.7Hz, 1H), 3.80(s, 3H), 4.82-4.90(m,1H),
7.20(s, 1H), 7.32-7.42{m, 3H), 7.56-7.61(m, 2H).

Step VI .
A solution of 2-[(2-Azido-l-methyl-ethyl) - (4-methyl-
cyclchexanecarbonyl)-amino]—5-pheny1-thinphene—2-
carboxylic acid methyl ester (l4mg, 0.032mmol) in
dioxan:water = 4:1 ,0.5ml) was treated ap described in
example 25, step 7 with, LiOH (4mg,3eq) to give after
acidic work-up 3~I(2—Azido~1-methyl~ethy1)-(4~methyl-
oyclohexanecarbonyl) -amino] -5-phenyl-thiophene-2-
carboxylic acid (Compound 32) as a pale green foam
(11.2mg, 82%);’H NMR (200 MHz, Acetone-dg) 0.43-0.62
and 0.77-0.86(m, 1H), 0.63 and 0.75(d, J = 5.1Hz, 3H),
0.93and l.ED(d, J = 5.2Hz, 3H), 1.78-1.85 and 1.97-
2.10(m, 2H), 3.20-3.68(m, 1H), 3.32 and3.50 (m, 1H),
4.40 and 4.50(m, 1H), 7.3-7.4(m, 3H), 7.44(s, 1H),
7.67-7.69(m, 2H).

Step VII
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A solution of 3-[(2-Azido-l-methyl-ethyl) - (4-methyl-
cyclohexanecarbonyl)-aﬁino]-5-phenyl—thiopﬁeneﬂ2~
carboxylic acid (8mg, 0.1%mwmmol) in EtOH (0.2ml) at 21°,
was treated with 10% P4/C (4mg, 50% w/w) and stirred
under an atmosphere of H2 for 1.5h. The reaction
mixture was filtered through a pad of celite with hot
EtOhAc and the combined filtrate and washings dried and
evaporated to a glass to provide 3 -[(2-Amino-1-methyl-
ethyl)-(4-methyl—cyclohexanecarbcnyl)—amino]—5~phenyl-
thiophene-2-carboxylic acid (Compound 36) . (7mg, %);H
NMR (300 MHz, Acetone-dg) 0.43-0.65 and 0.75-0.90(m,
4H), 1.17-1.64(m, 6H), 1.81-1.90 and 2.01-2.40 {m, 3H),
2.54(bs, 1H), 3.00(bs, 1H), 3.50 and 3.70(bs, 1H),
7.20{(a, 1H), 7.22-7.25 and 7.29 - 7.34{m, 2H), 7.58-
7.62(m, 2H).

Similarly made were compound 43, compound 20, compound

15, compound 1B, compound 7 and compound 8.

20 E::EEiE 33

3- [(1-Cyano-piperidin-4-yl) - (4-methyl-
cyclohexanecarbonyl} -amino] -5-phenyl -thiophene-2-
carboxylic acid Compound 77.
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Step I
A solution of 3 - [ (4-methyl -cyclohexanecarbonyl) -
piperidin-4~yl-amino]-5—phenyi—thioph3ne-2~carboxy1ic

5 acid methyl ester (197 mg, 0.45 mmol) in CH,C1; (2.5
ml) was treated with KaC0: (93 mg, 0.67 wmol) and -
cyénogeu bromide (100 mg, 0.%94 mmol). The reaction
mixture was stirred at room temperature for 1 hour and
heated at reflux for 18h. The mixture was cooled at

10 room temperature and filtered on celikte. The filtrat
vwag waghed with AcCOH (1N) and brine, dried (Na,80,) and
concentrated. The residue was purified by silica gel
column chromatography using (2% MeQOH/CHJCl,) to provide
3-[(1-cyano-piperidin-4-yl) - (4-methyl

15 cyclohexanecarbpnyl)-amino]—5wphenyl—thiophene—2—
carboxylic acid methyl ester (154 mg, 74% yield) as

pale yellow foam.

Step II
20 3- [(1-cyano-piperidin-4-yl) - (4-methyl
cyclohexanecarbonyl) ~amineo] ~5-phenyl -thiophene-2-

carboxylic acid methyl ester (150 mg, 0.32 mmol) was
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dissolved in a 4:1 mixture of dioxane : Hy0 (3.2 ml)
and treated with LiOH.H;0 (20 mg, 0.48 mmol). After 2
hours of stirring at 50°C, the solvents were removed
and then partitioned hetwsen 5 ml of H,0 acidified to
5pH 2 and 5 ml of EtOA¢. The organic layer was
separated and the aquecus phase was washed twice with
ethyl acetate (2 X 5 mL). The combined ethyl acetate
layer was dried (Na;S0,;) and concentrated. The residue
was purified by silica gel column chromatography using
10 (5% MeOH/CH;Cl;) to provide 3-[(l-Cyano-piperidin-4-
Y1) - (4-methyl -cyclohexanecarbonyl) -amino] -5-phenyl -
ﬁhiophene-z—carboxylic acid (114.3 mg, 78% yield) as
pale green foam. 'H NMR (DMSO-dg, 400 MHz): 7.80 (m,
2H), 7.45 (m, 4H), 4.44 (m, 1H), 3.35 (m, 2H), 3.13 (m,
15 2H), 1.986 (t,‘ iH), 1.88 (4, 1H), 1.75 (m, 1H}, 1.70 -
1.40 (m, 6H), 1.20 (m, 3H), 0.70 {(d, 3H), 0.60 (m, 2H).

Example 34 3
cis—BL[(4-Hydroxy~4—mathyl;cyclohexyl)-(4-methy1-
20 cyclohexanecarbonyl) -amino] -5-phenyl -thiophene-2-

carboxylic acid compound 86

O AT
B (X 9
5 COOMa g COOMs

OH OH

— X — X
o /) 8]
5 COOMe S COOH
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Step I
To a suspension of zinc dust (2.87g, 44.0 mmol) and
dibromoethane (1.00 mL, 14.4 mmol) in tetrahydrofuran
(20 mL) . stirred under a nitrogen atmosphere at -40°C
was added titane . tetrachloride (10 ml of a solution 1M
in dichloromethane, 10 mnmol). The mixture was then
allowed to warm to room temperature and was stirred for
two days at this temperature. Thiz methylation reagent
(2.5 eg) was added to a solution of 3 -[(4-Methyl-
oyclohexanecarbonyl) - (4-oxo-cyclohexyl) -~amino] -5-
phenyl-thiophene-2-carboxylic acid methyl eater:(o.zoo
g, 0.440 mmol, 1 eq)lin dichloromethane (2 ml) and the
resulting mixture was stirred 3 h at room temperature,
A gaturated scluticn of scdium bicarbhonate was then
added and reaction mixture was extracted with
dichloromethane (3 X 30 mlL). Organic phases were
combined, dried over sodium sulfate and concentrated.
The crude was purified by chromatography (30% ethyl
acetate/hexanes) to give 160 mg (81%) of 3 -[(4-Methyl-
cyclohexanecarbonyl) - (4-methylene-cyclohexyl) -amino] ~5-
phenyl-thiophene-2-carboxylic acid methyl ester as a
white solid. NMR H (CDCls, 400 MHz): 7,63 ppm (d,
2H); 7,40 ppm {m, 3H); 6,98 ppm (=, 1H); 4,82 ppm (tt,
1H); 4,78 ppm (4, 2H); 3,85 ppm (=, 3H); 2,20 ppm’ (m,
AH); 2,05 ppm (m, 2H); 1,Qb ppm (4, 1H); 1,65 ppm {(m,
4H); 1,42 ppm (m, 1H); 1,30 ppm {(m, 2H); 1.00 ppm (m,
2H); 0,78 ppm (4, 3H); 0,64 ppm (m, 2H).

Step II

To a solution of water (1 ml) and tetrahydrofuran {(1mL)
was added mercuric acetate (83.0 mg, 0.277 mmol, 1 egq)

at room temperature. After stirring 10 min, the yellow
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solution was cooled to 0°C and a solution of 3-[{4-
Methyl -cyclohexanecarbonyl) - (4-methylene-cyclohexyl) -
aminel] -5-phenyl-thiophene-2-carboxylic acid methyl
ester (125 mg, 0.277 mmol, 1 eq) was added dropwige.

5 The resulting mixture was stirred 1 h at 0°C. NaOH 3M
(iml) was then added, followed by sodium borohydride
(10.0mg, 0.277 mmoi, 1 eg) and the reaction mixkure was
stirred 15 min at room temperature. The reaction
mixture was extracted with dichloromethane (3 X 30 mL),

10 Organic phases were combined, dried over sodium sulfate
and concentrated. The crude was purified by
chromatography (50% ethyl acetate/hexanes) and
diastereoisomers were separated to give 90 mg of cis-3-
[(4-Hydrcxy—4-methyl—cyclohexyl)-(é-methyl-

15 cyclohexanecarbonyl) ~amino] -5-phenyl-thiophene-2-
carboxylic acid methyl ester and 6.5 mg of trans-3-[(4-
Hydroxy-4-methyl -cyclohexyl) - (4-methyl-
cyclohexanecarbonyl) ~amino] -5-phenyl ~thiophene-2-

, carboxyllc acid methyl ester (74%), both as a white

20 s0lid. cig-3- [ (4-Hydroxy-4-methyl-cyclohexyl) - (4-
methyl -cyclohexanecarbonyl) -amine] -5-phenyl-thiophene-
2-carboxylic acid methyl ester. WMR H (CDC1,, 400
MHz): 7,63 ppm (d, 2H); 7,40 ppm (m, 3H); 6,98 ppm (s,
1H) ; 4,50 ppm (tt, 1H); 3,85 ppm (=&, 3H); 2,00 ppm (m,

25 1H) ; 1.80-1.20 ppm (m, 15H); 1,18 ppm (s, 3H); 0,78 ppm
(a4, ﬁH); 0,64 ppm (m, 2H).

Step IIY

To a solution of cis-3-[(4-Hydroxy-4<methyl-
M)cyclohexyl)—(4-methyl-cyclohexanecarhcnyl)—amino]-s-

phenyl ~thiophene-2-carboxylic acid methyl ester (70.0
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mg, 0.149% mmol, 1 eg) in tetrahydrofuran (1 mL), water
{0.5 mL) and methanol (0.5 mL) was added lithium
hydroxide (12.0 mg, 0.447 mmol, 3eq). The resulting
mixture was stirred 2h at room temperature and was then
extracted with ether (2 x 10 wl). Agueous phase was
separated and conbined organic phases were discarded.
Agqueous phase was acidified to pH 1 and extracted with
dichloromethane (3 x 30 mL). Organic phases of
dichloromethane were combined, dried over =odium
sulfate and concentrated. The crude was purified by
chromatography (10% methanol/dichloromethane) to give
50 mg (74%) of cis-3-[(4-Hydroxy-4-methyl-cyelohexyl) -
(4-methyl-~cyclohexanecarbonyl) -amino] ~5-phenyl -
thiophene-2-carboxylic acid, NMR 'H (CDCLl,, 400 MHZ):
7,60 ppm (d, 2H); 7,32 ppm (m, 3H); 7,03 ppm (=, 1H);
4,51 ppm (bs, 2H); 2,00 ppm (m, 1H); 1.80-1.20 ppm (m,
15H); 1,12 ppm (=, 3H}; 0,71 ppm (4, 3H); 0,60 ppm (m,
2H) ,

Example 35-

Preparation of sodium salt of the compounds

Z'-(\)m

2 X
N‘-‘(X ‘T(
0 N N\ 9
7\ v o .
YN OH 8 Y Na
0 0 '
A B

A golution of the carboxylic acid compound A (1 mmol)
in 1:1 dioexane/water solutiom at 0°C is treated with
0.1 N NaOH solution (1 mmol, 1 eg.)}. The reaction is

gtirred 15 min. The solution ig then concentrate d and
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lyophilized. to cobtain sodium; carboxylate compound B as

a solid.

5 Example 36 List of compounds and related polymerase

activity
Table 1
# Structure name Activity
Fjrin_ 3-{ [(2~CARROXY -5- PHENYL - :
el H : THIOPHEN-3-YL) - (4~
Q;)~\ o, METHYL -
1 T cycromexanecarsonyL) - e
g7 oM AMINO] -METHYL} ~
PIPERIDINIUM; TRIFLUORO -
ACETATE
ia;iO' 2-{ [{2-CARBOXY -5 - PHENYL -
" THIOPHEN -3-YL) - (4=
-H METHYL:-
2 o CYCLOHEXANECAREONYT,) - a4t
o CACHy
i AMTNO] -METHYL} -
el PIPERIDINIUM; TRIFLUCRO -
0 ACETATE
N .
7\ 3~ [ (4 -METHYL -
== jgﬂt::kfcm CYCLOHEXANECAREQNYT,) -
FYRTDIN -3 -YLMETHYL -
3 /s\ oM AMINOG] -5-PHENYL - et
o THIOPHENE -2~
CARBOXYLIC ACKD
"\ 3- [{4-METEYL-
' _W”t:ikfcw CYCLOHEXANECARBONYL) -
o PYRTDIN -4 - YEMETHYT, -
4 @J}IOH AMTNQ] -5-PHENYL - . e
THIOPHENE -2-
CARBOXYLIC ACID
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5= {3-FLUORQ-FHENYL) =2~
[IS0PROPYL - (4-METHYT, -
CYCLOMEXANECARBONYL.) —
AMINO] ~THIOPHENE -2 -
CARBOXYLIC ACID

FHE

3- [AZEPAN-4-¥L.- (4~
METHYL -
CYCLOHEXANECARBONYL} -
EMENG] -5-PHENYL -
THIOPHENE -2~
CARBOXYLIC ACID

+ht

3-[{2,4-DICHLORO -
BENZOYL) - [1, 3] DIOHCLAN -
2-¥YLMETHYL ~AMINQ] -5~
FHENYL -THIQPHENE -2 -
CARBOXYLIC ACID

++4

3-[[1,3]DICXOLAN -2~
YLMETHYL - (4-METHYL -
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Example 37 Evaluation of compounds in The HCOV RiA-
Depandent RNA Polymerame Asgay
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5, Copending US patenkt appliocation 10/166,031.

Compounds were evaluated ueing an dn vitro Polymerasa
3 asppay gontzining puxified recombinant HCV RyA -
dependent RNA polymesrage (NS850 protein), HOV NS5B wag
expreseed in inseat cells using a recombinant
.bacu‘j.r.wirus as vector. The experimental procedurea
used for the cloning, expreagion and purification of

10 the HCV NSSB protein are described below. Followe, are
details of the RNA-dependent RNA polymexasa aagays
used to test the compounds,

Bxpression of the HOV MSSE protein in insect cella:

15 The cDNA encoding the entirs NS5B protein of HOV =Bk
atraln, genotypa J:h_. was amplified by PCR wsing the
primers NSSNheS! (5/-GOIACCGCTAGCTCANTSTCCTACACATAS

_3%) and XhoNS53’ (57 - GO CEAG COTCCATCORT T OGEENG -
37) and the plasmid pCD 3.8-9.4 az templata {(Tomel et

2 al, 1993). N85Nhe5’ and XhoNSS537 contain two NheX and
dhel gites {(underlined sequences), reppectlvely, at
thelr 5% end. The amplified DNA fragment was cloned
in the bacterial expression plasmid PET -21b (Novagen)
katwesn the restriction eites Nnel ang XhoI, ko

% generate the plasmid pET/NS5B. This plasmid was latar
ueed as template to PCR-amplify the NESB coding
region, using the primers NSSB-HS (57 -

ATACA A TGACTAGCATETCAATETCOTACACATES u g’ ) and N$5R-R4
(5" -GEATPCCABATCCRT TONTCGATTGEEERG 31 ). HS5B-H? spans

30 a reglon of 15 nueleotides in the plaamid DET -21h

fellowed by the tranelatior initiation codon (ATE) and
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8 nucleotides corresponding to the 5/ end of the ﬁSEB
coding region (nt. 7590-7607 in the HCV sequence with
the accession number M58335). NSS5B-R4 containg two
BamHI sites (underlined) followed by 18 nucleotides
corresponding to the region around the stop codon in
the HCV genome (nt. 9365-95347). The amplified
sequence, of 1.8 kb, was digested with NheI and BawHI
and Jligated to a predigested pBlueBacII plasmid
(Invitrogen). The resulting recombinant plasmid was

designated pBac/NS5B. Sf9 cells were co-transfected
with 3 pg of pBac/NSSBE, Eoegether with 1 pg of

linearized baculovirus DNA (Invitrogen), as deascribed
in the manufacturer’s protocol. Following two rounds
of plagque purification, an NS5B-recombinant
baculovirus, BacNSS5B, was isolated. The Presence of
the recombinant NSSB protein was determined by western
blot analysis (Harlow and Lane, 1988) of BacNS5E -
infected S£9 cells, using a rabbit peolyclonal
antiserum (anti-NSSB) raised against a His~ﬁagged
version of the NS5B protein expressed in 5. coli.
Infections of 8f9 cells with this plague purified
virus were performed in one-liter spinner flasks at a
cell density of 1.2 x 10° celle/ml and a mltiplicity

of infection of 5.

Preparation of a soluble recombinant NSSB protein

Sf9 cells were infected as described above. Sixty
hours post-infection, cells were harvested then washed
twice with phosphate buffer saline (PRS) . Total
broteins were solubilized as demeribed in Lohmann et

al. (1997) with some modificatiocns. In brief,
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Proteing were extracted in three steps, 81, 82, 53,
uvsing lyasis buffers (LB) I, LB II and LB ITI {Lohmann
‘et al, 1997). The composition of LBIT was modified to
contain 0.1 % triton ﬁ-loo and 150 mM NaCl to reduce
5 the amount of solubilized NSSB protein at this step.
In addition, sonication of cell extracts was avoided
throughout the protocol to preserve the integrity of

the protein structure.

10 Purification of recombinant NS5B using fast protein

liquid chromatography (FPLC) :

Soluble NS5B protein in the 83 fraction was diluted to
lower the NaCl concentration to 300 mM, then it
15 incubated batchwise with DEAE sepharose beads

(Amersham-Pharmacia) for 2.hrs at 4°C, as described by
Behrens et al. (1998). Unbound matérial was cleared
by centrifugation for 15 min at 4°C, at 25 000 rpm
using a SW4l rotor (Beckman). The supernatant ﬁaa

20 further diluted to lower the NaCl concentration to 200
WM and subsSequently loaded, with a flow rate of 1
ml/min, on a 5 ml HiTrap® heparin column (Amersham -
Pharmacia) connected to an FPLC® system (Amersham-
Fharmacia). Bound proteinge were eluted in 1 ml

25 fractions, using a continuoug NacCl gradient-cf-o.z to
1L M, over a 25 ml volume. NS5B-containing fractions
were identified by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS -PAGE),
followed by western blotting using the anti -NS5B

30 antiserum at a dilution of 1:2000. Pogitive fractions

were pooled and the elution buffer was exchanged
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against a 50 mM NaPO, pH 7.0, 20 % glycerol, 0.5 %
triton X-100 and 10 wM DTT, using a PD-10 column
(Amersham-Pharmacia) . The sample was‘then loaded onto
a 1 ml HiTrap® 5P column (Amersham-Pharmacia), with a
flow rate of 0.1 ml/min, Bound proteinz were eluted
using a contimuous 0 to 1 M NaCl gradient over a 15 ml
volume. Elufed fractions were analyzed by SDS -DPAGE
and western blotting. Altermatively, proteins were
visualized, following SDS-PAGE, by gsilver staining
using the Silver Stain Plug kit (BioRad) as de scxribed
by the manufacturer. Positive fractions were tested
for RARp activity (see below) and the most active ones

were pooled, and stored as a 40 % glycerol solution at

-70°C.

Tn vitro HCV RdRp Flashplate geiuntillation pro ximity

asgay (STREP-FLASH ASSAY) used to evaluate analogues:

Thisz assay consists on measuring the incorporation of

[’H] radiolabelled UTP in a polyrh/ biotinylated -oligo

dTr template-primer, captured on the surface of
streptavidin-coated scintilliant-embeded microtiter
Flashplates™ (NEN Life Science Products ine, MA, USA,
SMP 1033). In brief, a 400 ng/ul polyrA solution
(Amersham Pharmacia Biotech) was mixed volume -to-
volume with 5' biotin-oligo dT.s 2t 20 pmol/pl. The
template and primers were denmatured at 95 C for &
minutes then incubated at 37 € for 10 minutes.
Annealed template-primers were subgequently diluted in
a Tris-HCl containing buffer and allowed to bind to

streptavidin-coated flashplates overnight. Unbound
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material was discarded, compounds were added in a 10
1l solution followed by a 10 pl of a solution
contalning 50 mM MgCls, 100 mM Tris-HC1 pH 7.5, 250 mM
NaCl and 5 mM DTT. The enzymatic reaction wag
initiated upon addition of a 30 ul solution containing
the enzyms and substrate to obtain tﬁa following
concentrations: 25 pM UTP, 1 pCi [H] UTP and 100 oM
recombinant HCV NSBE. RARp reactions were allowed to
proceed for 2 hrs at room temperature after which
wells were washed three times with a 250pL of 0.15 M
NaCl solution, air dried at 37 ¢, and counted uging a
liquid scintillation counter (Wallac Microbeta Trilex,

Perkin-Elmer, MA, USA). Results are shown in Table 1.

The preceeding examples can be repeated with szimilar
success by subatituting the generically or
specifically described reactants and/or operating
conditions of thia invention for those used in the

preceeding examples,

From the foregoing description, one skilled in the art
can easily ascertain the espential characteristics of
this invention and, without departing from the spirit
and scope thereof, can make various changes and

modifications-of the invention to adapt it to various

usages and conditions.
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What iz claimed:

1.

A compound of the formula:
27\)
n
N—wax

Q

7\

Y NgN -OH

0O

or a pharmaceutically acceptable galt thereof:

wherein;

Z ism cyglohexyl substituted by one or more substituents
independently choeen Erom oxo, halogen, hydroxyimino,
methexyimine, S0.RE, CONRgRh, €y alkyl, Ce-12 aralkyl, Caas
aryl, Cig alkyloxy, C(0)C¢ alkyl, heterocycle, hydroxyl,
NRgRh, C(0)ORf or c¢yano; .

Rf, Rg and Rh in each casge are independently H or ¢

allkyl;

¥ iz unsubstituted phenyl or phenyl substituted by one or
more substituents independently chosen from halogen, nitro,
SD;;Rf, Cl-E alkyl, Ci-g alk}rl@xy, C(O)C;-s El.lk}’l, C{O)OR[,

cyano and azido;
£ is cyclohexy)l unsubstituted or substituted by one or more

gubstituents independently chosen from C;-; alkyl, hydroxy,

halogen, Cz.; alkenyl, Cs:.s alkynyl or Cig alkyloxy;
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heterocycle represents a gaturated or unsaturated gyclic
moiety, wherein said cyclic moiety is interrupted by at
least one heterocatom selected from oxygen, sulfur and
nitrogen, which is unsubstituted or substituted by halogen,
nitro, nitroso, S03;Riz, PO:ReRA, CONE313Ri., Ci.g alkyl, C.e
alkenyl, Cu-e alkynyl, Ce.iz aralkyl, Ce.1z aryl, Ci.g alkyloxy,
Cz.¢ alkenyloxy, Ca.s alkynyloxy, Cs 1z arvlexy, C(0)Ci_s
alkyl, C(0)Css alkenyl, C{0)Ci.¢ alkynyl, €(0)Csi1z aryl,

C{0) Ce-12 aralkyl, Ci.i0 heterocycle, hydroxyl, NRisRis,

C(0)OR1z, cyano, azido, amidino or guanido; and

Ria, Re, Rd, Ri; and Ry are each independently chosen from
H, Cias alkyl, Caiz alkenyl, Crie alkynyl, Cs-iq aryl, Cioi

heterocycle, C3.y heterocaralkyl, Ce.,e aralkyl, or

Re and Rd are taken together with the oxygens to form a 5

to 10 membered heterocycle, or

Ryz and R;y are taken together with the nitrogen to form a 3

to 10 membered heterocycle.

2, A compound according to c¢laim 1, wherein X is 4-methyl-

eyclohexyl or 2-hydroxy-4-methyl-cyclohexyl.
3. A compound according ko claim 1, wherein Y is phenyl.

4. A compound as defined in any one of claims 1 to 3, wherein

gaid pharmaceutically acceptable salt 1s sodium salc.

5. A compound according to ¢laim 1, wherein Z is oxo-

cyclohexyl, hydroxy-cyclohexyl, hydroxyimino-cyclohexyl,
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methoxyimino-cyclohexyl, methoxy-cyclohexyl, carboxy-cyclohexyl,

or hydroxy-methyl-cyclohexyl,

. A compound according Lo claim 1, wherein Y is phenyl,
rhenyl substituted by F, phenyl substituted by C1, phenyl
substituted by methoxy, phenyl substituted by cyana, phenyl
disubstituted by F, phenyl monosubatituted by acetyl, or phenyl
digubgtituted by aceryl,

7. A compourki according to ¢laim 1, wherein X is methyl-

cyclohexyl or fluoro-methyl-cyclohexyl.

3. A compound according to claim 5, wherein Y is phenyl,
phenyl substituted by F, phenyl substituted by <1, phenyl
subsbituted by methoxy, phenyl substituted by cyano, phenyl
disubstituted by F, phenyl moneasubstituted by acetyl, or phenyl
disubstituted by acetyl.

9. A compound according to claim 5, wherein X is methyl-

cyclohexyl or fluocro-methyl-cyclchexyl.

10. A compound according to claim 8, wherein X is methyl-

cyclohexyl or f[luocro-methyl-eyalohexyl.

1l. A compound according to ¢laim 10, wherein Z is hydroxy-
cyclohexyl, hydroxyimine-cyeclohexyl, methoxyimino-cyclohexyl,
methoxy-cyclohexyl, carboxy-cyclohexyl, or hydroxy-methyl-

eyeclohexyl.
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12. A compound according to claim &, wherein Y ig phenyl, 4-
fluoro-phenyl, 3-fluoro-phenyl, 4-chloro-phenyl, 4-methoxy-
phenyl, 4-cyano-phenyl, 3,4-difluoro-phenyl, or 4-acetyl-phenyl.

13. A compound according to claim 7, wherein X is 4-methyl-

cyclohexyl or l-fluoro-4-methyl-cyclohexyl.

14. A compound gccording to claim 1, wherein said compound is
selected from:

3- [(2-METHYL-CYCLOHEXANECARBONYL) - {4-0XO-CYCLOHEXYL) -AMINO] - 5-
PHENYL-THIOPHENE-2-CARBOXYLIC ACID;

3- [ (4-HYDROXY-CYCLOHEXYL) ~ (4 -METHYL- CYCLOHEXANECARBONYL) - AMINO] -
5-PHENYL-THIOPHENE-2~CARBOXYLIC ACID;

3- [ (4-HYDROXYIMINO-CYCLOHEXYL) - (4 -METHYL-CYCLOHEXANECARBONYL.) ~
AMINO] -5-PHENYL-THIOPHENE-2 -CARBOXYLIC ACID;

3- [ (4-METHOXYIMINO-CYCLOHEXYL) - (4 -METHYL - CYCLOHEXANECARBONYL) -
AMINQ] ~-5-PHENYL-THIOPHENE-2 -CARBOXYLIC ACID;

3- [(4-METHOXY~CYCLOHEXYL) - (4-METHYL-CYCLOHEXANECARBONYL) ~-AMINO] -
5-PHENYL-THIOPHENE-2 -CARBOXYLIC ACID;
3-[{4-METHYL-CYCLOHEXANECARBONYL) -4 -HYDROXY - CYCLOHEXYL) ~AMINO] -
5-PHENYL-THIOPHENE- 2 - CARBOXYLIC ACID;

5~ (4-FLUORQO-PHENYL) -2 - [ (4 -HYDROXY - CYCLOHEXYL) - (4 - METHYL-
CYCLOHEXANECARBONYL) -AMINO] -THIOPHENE-2 - CARBOXYLIC ACID;

5- {2 -FLUORQ-PHENYL) ~ 3~ [ {4 ~HYDROXY-CYCLOHEXYL) ~ {4 -METHYL -~
CYCLOHEXANECARBONYL) -AMINO] -THIOPHENE - 2 -CARBOXYLIC ACID;

5- (4-CHLORO-PHENYL) ~3 - [ (4 -HYDROXY -CYCLOHEXYL) - (4 -METHYL-
CYCLOHEXANECARBONYL) -AMINO] ~THIOPHENE-2 -CARBOXYLIC ACID;

3~ { (4~HYDROXY ~CYCLOHEXYL) - (4 -METHYL-CYCLOHEXANECARBONYL) - MINO] -
5- (4-METHOXY-PHENYL) - THIOPHENE-2 - CARBOXYLIC ACID;

5- (4-CYANG-PHENYL) -3- [ (4-HYDROXY -CYCLOHEXYL) - {(4-METHYL~
CYCLOHEAXANECARBONYL) ~AMINO] -THIOPHENE-2-~CARBOXYLIC AQID;
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3-[{4-CARBOXY-CYCLOHEXYL) - (4-METHYL- CYCLOHEXANECARBONYL} ~ AMINO] -
5-PHENYL-THIOPHENE -2 -CARBOXYLIC ACID;
5-(3,4-DIFLUORO~PHENYL) -3 - [ {4 -HYDROXY - CYCLOHEXYL) - (4 -METHYL -
CYCLOHEXANECARBONYL) -AMINO] -THIOPHENE- 2 - CARBOXYLIC ACID;

5- (4-ACETYL-PHENYL) -3- [ (4 -HYDROXY ~CYCLOHEXYL) - (4 -METHYL-
CYCLOHEXANECARBONYL) -AMINO] -THIOPHENE-2 -CARBOXYLIC ACID;:

3~ [{4-HYDROXY -4 -METHYL-CYCLOHEXYL) - {4 -METHYL-
CYCLOHEXANECARBONYL) -AMING] -5 - PHENYL-THIQPHENE- 2 - CARBOXYLIC
ACID;

3- [ (3-HYDROXY-CYCLOHEXYL) - (4~METHYL-CYCLOKEXANECARBONYL) - AMINO) -
5~ PHENYL-THIOPHENE-2 -CARBOXYLIC ACTD; and

pharmaceutically acceptable salts thereof.

15. A compound according to claim 14, wherxein said compound is
3—[(4-METHYL—CYCLDHEXANECARBONYL)—(4-OKO—CYCLOHEXYL)—AMINO]-5~
PHENYL-THIOPHENE-2-CARBOXYLIC ACID, or a pharmaceutically

acceptable sgalt thereof.

l6. A compound according to c¢laim 14, wherein said compound is
3—[(Q—HYDRDKY—CYCLOHEXYL)-(4-METHYL-CYCLOHEKANECARBONYL)—AMINO]—
5-PHENYL-THIOPHENE-2-CRRBOXYLIC ACID, or a pharmaceutically

acceptable salt rthereof.

17. A compound according to claim 14, wherein gaid compound is
3- [ (4~-HYDROXYIMINO-CYCLOHEXYL) - {4 ~-METHYL-CYCLOHEXANECARBONYL) -
AMINO] -5-PHENYL -THIOPHENE-2 -CARBOXYLIC ACID, or a
pharmaceutically acceptable salt thereof.

13. A compound according ko claim 14, wharein said compound is

3- [ {4-METHOXYIMINO-CYCLOHEXYL) - (4 -METHYL-CYCLOHEXANECARBONYL) -
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AMINQ] -5-PHENYL-THIQPHENE-2 -CARBOXYLIC ACID, or a

pharmaceutically acceptable salt thereof.

19. A compound according to claim 14, wherein said compound iz
3- ({4-METHOXY -CYCLOHEXYL} ~ (4 -METHYL -CYCLOHEXANECARBONYL) - AMTINO] -
5 -PHENYL-THIOPHENE-2-CARBOXYLIC ACID, or a pharmaceutically

acceptable salr thereof.

20. A compound according to claim 14, whersin said compound is
5-(4-FLUORO-PEENYL) -3- [ {4 -HYDROXY - CYCLOHEXYL) - {4-METHYL-
CYCLOHEXANECARBONYL) -AMINC] -THIOPHENE-2 -CARBOXYLIC ACID, or a ..

pharmaceutically acceptable salt thereof.

21. A compound according te claim 14, wherein said compound is
5- (3 ~FLUORO-PHENYL) -3- [ (4-HYDROXY-CYCLOHEXYL) - {4 -METHYL-
CYCLOHEXANECARBONYL) -AMING] - THIOPHENE- 2 - CARBOXYLIC ACID, or &

pharmaceutically acceptable salt thereof.

22. A compound according teo e¢laim 14, wherein said campound is
5= {4-CHLORO-PHENYL) -3- [ (4-HYDROXY-CYCLOHEXYL) - (4 -METHYL -
CYCLOHEXANECARBONYL) -AMINOQ] -THIOFHENE-2 - CARBOXYLIC ACID, or a

pharmaceutically acceptable salt thereof.

23. A compound acgording to claim 14, wherein said compound is

3- [ {4-HYDROXY -CYCLOHEXYL) - (4-METHYL-CYCLOHEXANECARBONYL) -AMINO] -

5- (4-METHOXY-DPHENYL) - THIQPHENE- 2 -CARBOXYLIC ACID, or a

pharmaceutically acceptable salt thereof,

24. A compound accoxding to claim 14, wherein said compound is
5- (4-CYANO-PHENYL) -3- [ (2 -HYDROXY-CYCLOHEXYL) - (4-METHYL-
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CYCLOHEXANECARBONYL) -AMING] -THIOPHENE-2-CARBOXYLIC ACID, or a

pharmaceutically acceptable salt thereof.

25. A compound according to ¢laim 14, wherein said compound is
3- [(4-CARBOXY-CYCLOHEXYL) - (4 -METHYL-CYCLOHEXANECARBONYL) ~-AMINQ] -
5-PHENYL-THIQPHENE-2-CARROKYLIC ACID, or a pharmaceutically

aceoeptable salt thereof.

26. A compound according to claim 14, wherein said compound is
5-(3,4~DIFLUORO~PHENYL) ~2- [ (4~HYDROXY -CYCLOHEXYL) ~ (4 ~METHYI,-
CYCLOHEXANECARBONYL) -AMINQ] ~THIOPHENE-2 -CARBOXYLIC ACID, or a

pharmacentically acceptable salt thereof.

27. A compound according to claim 14, wherein said compound is
5-{4-ACETYL-FHENYL) -3- [ (4-HYDROXY-CYCLOHEXYL) - (4 -METHYL.-
CYCLOHEXANECARBONYL) -AMINO] -THIOPHENE-2-CARBOXYLIC ACID, or a

pharmaceutically acceptable salt thereof.

28. A compound according to claim 14, wherein said compound is
3-[(4-HYDROXY -4 ~METHYL~CYCLOHEXYL) - (4 ~-METHYL -
CYCLOHEXANECARBONYL) -AMINO] -5 -PHENYL~THIOPHENE - 2~ CARROXYLIC
ACID, or a pharmaceutically acceptable salt thereof.

29. A compound acgeording to claim 14, wherein said compound is
3- [ (3-HYDROXY-CYCLOHEXYL) - (4~-METHYL~CYCLOHEXANECARBONYL) -AMINGQ] -
5-PHENYL-THIOPHENE-2-CARBOXYLIC ACID, or a pharmaceutically

acceptable salt thereof.

30. A compound according to claim 14, wherein said compound has

a monogubstituted-cyeclohexyl group attached to the amino and the
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mono-substituent group of the cyclohexyl group attached to the

amino is in the trans position relative to the amino.

31. A compound according to c¢laim 30, wherein maid compound has
a2 3-substituted-cyclochexyl group or 4-substituted-cyclohexyl

group attached to the amino.

32. A compound according to claim 31, wherein =aid compound has

a 4-hydroxy-cyclohexyl group attached to the amino.

32. A compound according to c¢laim 32, wherein =aid compound has
& monosubstituted-cyclohexyl group attached to the amine and the
meno-substituent group of the eyclohexyl group attached to the

amine is in the cis position relative to the amino.

34. A compound according to claim 33, wherein said compound hase
a 3-substituted-cyclohexyl group or 4-substituted-cyclohexyl

group attached to the amino.

35. A compound according teo claim 34, wherein 2aid compound hag

a 4-hydroxy-cyclohexyl group attached to the amino.

36. A compound according to claim 30, wherein said compound has
a monosubstituted-cyclohexyl group attached to the carbonyl and
the mono-substituent of the cyclohexyl group attached to the

carbenyl is in the trans position relative to the carbonyl.

37. A compound according to claim 31, wherein said compound has
a moneosubstltuted-cyclohexyl group attached to the carbonyl and
the mono-gubstituent of the cyclohexyl group attached to the

carbonyl is in the trans position relative to the carbonyl.
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38. A compound according to

claim 32, wherein said compound has

& monosubstituted-cyclohexyl group attached to the carbonyl and

the mono-subatituent of the cyclohexyl group attached to the

carbonyl is in the trana posi

39. A compound according to

a 4-hydroxy-cyclohexyl group

40. A compound according ko

a 4-hydroxy-cyclohexyl group

41. A compound according to

a 4-hydroxy-cyclohexyl group

42. A compound according to

tion relative to the carbonyl.

alaim 36, wherein said compound hag

attached to the carbonyl.

claim 37, wherein said compound hag

attached to the carbonyl.

claim 38, wherein said compound has

attached to the carbonyl.

claim 34, wherein gaid compound is

selected from compounds of the following formulas and

pharmaceutically acceptable salts thereof:

OH

HE)
Q ot b CH, b
@@:ﬁf @ﬂi;g? " B
Q
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43. A compound ageoording kLo claim 42, wherein =aid
compound 1s selected from compounds of the following formulas

and pharmaceutically acceptable salts thereof:

Q OH L]
N',: q
O
¢ M/ CH, ) (%CHa
%, NM e
5 v B 7 3___ou
] 5 5
Q

4 CH, N-
N—~Q - AV \D N—MCH&
Fy. © OH 0
OH s o\
5] O = OH
F L8] Cl W)

O D en

N R 2N
I \ ODJ-I ®
L
o

44. A compound of che formula:
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or a pharmaceutically acceptable salt thereof.;

wherein;

Z is ethyl-piperidinyl, isopropyl-piperidinyl, methyl-oxo-
piperidinyl, acetyl-piperidinyl, formyl-piperidinyl, cyano-
piperidinyl, methanesulfonyl-piperidinyl, amingoxalyl-
piperidinyl, methylcarbamoyl-piperidinyl, ben=zyl-piperidinyl,
methoxybenzyl -oxo-piperidinyl, azepanyl, methyl-azepanyl, oxo-
azepanyl, hydroxy-cyclepentyl, hydroxy-cyclohexyl, methoxy-
cyclohexyl, carboxy-cyeclohexyl, hydroxy-methyl-cyelohexyl,
oxo-cyclohexyl, hydroxyimine-cyclohexyl, methoxyimino-
cyclohexyl, tetrahydrothiopyranyl, l-oxg-tetrahydrothiopyranyl,
or 1,1l-diexeo-tetrahydrochiopyranyl;

Y is unsubstituted phenyl;
X ie 4-methylcyclohexyl; and
m iz 0-1.

45. A gompound according to clalm 44, wherein said
compound iga selected from:
4—[(2—Carboxf=5—phenyl—thiophen—B-yl)h(trans—4—methyl—
cyclohexanecarbonyl) -amino] -1-methyl-piperidinium,
3-[(traps-4-Methyl-cyclohexanecarbonyl) - (Cetrahydro-
thiopyran-4~yl)-amino] -5-phenyl -thiophene-2-carboxylic acid,
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3-[{(1,1-Dioxo-tetrahydro-thiopyran-4-vl) - (trans-4-methyl-
eyclobexanecarbonyl) -amine] -5-phenyl-thiophene-2-carboxylic
agid, .

3- [(trang-4-Methyl-cyclohexanecarbonyl) - (1-oxo-tetrahydro-
thiopyran-4-yl) ~amino] -5-phenyl -thiophene-2-carboxylic acid, and

pharmaceutically acceptable salts thereof.

46. A compound according to claim 44, wherein Z is
isopropyl-piperidinyl, methyl-oxe-piperidinyl, acetyl-
piperidinyl, formyl-piperidinyl, eyano-piperidinyl,
methanesulfonyl -piperidinyl, aminocoxalyl-piperidinyl,
methylcarbamoyl-piperidinyl, benzyl-pipearidinyl, methoxybenzyl-
oxo-piperidinyl, azepanyl, methyl-azepanyl, oxo-azepanyl,
hydroxy-cyclopentyl, hydroxy-oyelohexyl, methoxy-cyelohexyl,
carboxy-cyclohexyl, hydroxy-methyl-cyclohexyl, oxo-cyelohexyl,
hydroxyimino-cyclohexyl, methoxyimino-cyclohexyl,
tetrahydrothiopyranyl, l-oxo-tetrahydrothiopyranyl, or 1,1-

dioxo-tetrahydrothicpyranyl,

47. Use of a compound as defined in any one of claimz 1 to 46
for the manufacture of a medicament for treating or preventing a

Plaviviridae viral infection in a host.

48. Use according to claim 47, further comprising administering
at leagt one additional agent chosen from viral serine protease
inhibitor, viral polymerase inhibitor, wviral helicase inhibitor,
immunomudulating agent, antioxydant agent, antibacterial agent,

therapeutic vaccine, hepatoprolbectant agent or antisense agent.

49. Use according to claim 48, further comprising administering

at least one additional agent chosen from interferon o,
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ribavirin, silybum marianum, interleukine-12, amantadine,

ribozyme, thymosin, N-acetyl c¢ysteine or cyclosporin.

50. VUse according to claim 47, wherein said Flaviviridea viral

infection is HCV.

51. Use of a compound as defined in any one of claims 1 to 44
for the manufacture of a medicament for inhibiting or reducing

the activity of a flaviviridaes viral polymerase in a host.

52. Use az defined in claim 51 wherein said polymerase is a

RNA-dependant RNA-polymerase.

53. Use as defined in c¢laim 51 wherein said polymerase is HCV

polymerase.

54. A pharmaceutical composition comprising at least one
compound ag defined in any cone of claims 1 to 46 and at least

one pharmaceutically acceptable carrier or excipient.

55. A pharmaceutical compogition as defined in claim 54,
further comprising administering at least one additional agent
chosen from viral serine protease inhibitor, viral polymerage
inhibitor, viral helicase inhibitor, immuncomudulating agent,
antioxydant agent, antibacterial agent, therapeutic wvaccine,

hepatoprotectant agent or antisense agent.

56.. A pharmaceutical composition as defined in claim 55,

further comprising administering at least one additisonal agent

chosen fyrom interferon o, ribavirin, silybum marianum,
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interleukine-12, amanbadine, ribozyme, thymosin, N-acetyl

cysteine or cyclosporin.

57. A compound according to claim 16, wherein said compound is
3-[(trans-4-HYDROXY-CYCLOHEXYL) - { trahs -4-METHYL-
CYCLOHEXANECARBONYL) -AMINQ] -5-PHENYL - THIOPHENE- 2 - CARBOXYLIC

ACID, cor a pharmaceutically acceptable salt thereof.

58. A compound according to claim 14, whersin said compound ig
3~ [{cig-4-HYDROXY-CYCLOHEXYY) - (trans-4 -METHYL -
CYCLOHEXANECARBONYL) -AMINO] - 5- PHENYL - THIOPHENE-2 - CARBOXYYLIC

ACID, or a pharmaceutically acceptable salt cheraof.

59. A compound according to c¢laim 1, wherein 2 is a heterocycle
selected from epoxide, furan, khenzofuran, iscbenzofuran,
oxathiolane, dithiolane, dioxolane, pyrrole,'pyrrolidine,
imidazole, pyridine, pyrimidine, indele, piperidine, worpholine,

thicphene, and Chicmorpholine.
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