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COMBINATIONS COMPRISING ALPHA-2-DELTA LIGANDS

FIELD OF THE INVENTION

This invention relates to a combination of an EP4-receptor antagonist and
an alpha-2-delta ligand. The invention also relates to a the use of a combination
of an EP4-receptor antagonist and an alpha-2-delta ligand for the manufacture of
a medicament for the treatment of pain. It also relates to a method for treating
pain through the use of effective amounts of a combination of an EP4-receptor
antagonist and an alpha-2-delta ligand.

BACKGROUND TO THE INVENTION

An alpha-2-delta receptor ligand is any molecule which binds to any sub-
type of the human calcium channel alpha-2-delta sub-unit. The calcium channel
alpha-2-delta sub-unit comprises a number of receptor sub-types which have
been described in the literature (e.g. N. S. Gee, J. P. Brown, V. U. Dissanayake,
J. Offord, R. Thurlow, and G. N. Woodruff, J-Biol-Chem 271 (10):5768-76, 1996,
(type 1); Gong, J. Hang, W. Kohler, Z. Li, and T-Z. Su, J.Membr.Biol. 184 (1).35-
43, 2001, (types 2 and 3); E. Marais, N. Klugbauer, and F. Hofmann,
Mol.Pharmacol. 59 (5):1243-1248, 2001. (types 2 and 3); and N. Qin, S. Yagel,
M. L. Momplaisir, E. E. Codd, and M. R. D'Andrea. Mol.Pharmacol. 62 (3):485-
496, 2002, (type 4)). Alpha-2-delta receptor ligands may also be known as GABA

analogs.

Alpha-2-delta ligands have been described for the treatment of a number
of indications, including epilepsy and pain.

Prostaglandins are mediators of pain, fever and other symptoms
associated with inflammation. Prostaglandin E2 (PGE2) is the predominant
eicosanoid detected in inflammation conditions. In addition, it is also involved in
varicus physiological and/or pathological conditions and such as hyperalgesia,
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secretion, blood pressure variation, platelet function, bone metabolism,

angiogenesis or the like.

Four PGE; receptor subtypes (EP1, EP2, EP3 and EP,) displaying different
pharmacological effects have been cloned. The EP4 subtype, a Gs-coupled
receptor which stimulates cCAMP production, is distributed in a wide variety of

tissue, suggesting a major role in PGEz-mediated biological events.
SUMMARY OF THE INVENTION

It has now been found that combination therapy with an EP4-receptor
antagonist and an alpha-2-delta ligand, when administered simultaneously,
sequentially or separately, results in improvement in the treatment of pain,
particularly  neuropathic, inflammatory, nociceptive or visceral pain.'
Advantageously, the EP4-receptor antagonist and alpha-2-delta ligand can
interact in a synergistic manner to control pain. This synergy allows a reduction
in the dose required of each compound, leading to a reduction in the side effects
and enhancement of the clinical utility of the compounds.

Accordingly, the invention provides, as a first aspect, a combination of an
EP4-receptor antagonist and an alpha-2-deita ligand.

The invention further provides a combination of an EP4-receptor

antagonist and an alpha-2-delta ligand for the treatment of pain.

The invention further provides the use of a combination of an EP4-receptor
antagonist and an alpha-2-delta ligand for the manufacture of a medicament for

the treatment of pain.

The invention further provides a method for treating pain through the use
of effective amounts of a combination of an EP4-receptor antagonist and an

alpha-2-delta ligand.
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_ The best known alpha-2-delta ligand, gabapentin (Neurontin®),
1-(aminomethyl)-cyclohexylacetic acid, was first described in the patent
literature in the patent family comprising US4024175. The compound is
approved for the treatment of epilepsy and neuropathic pain.

5
A second alpha-2-delta ligand, pregabalin, (S)-(+)-4-amino-3-(2-
methylpropyl)butanoic acid, is described in European patent application
publication number EP0641330 as an anti-convulsant treatment useful in the
treatment of epilepsy and in EP0934061 for the treatment of pain.
10

Further suitable alpha-2-delta ligands are described in the following
documents.

International Patent Application Publication No. WO-A-01/28978,
15 describes a series of novel bicyclic amino acids, their pharmaceutically
acceptable salts, and their prodrugs of formula:

HN con N HoN
5 %(CHz)n &(CHQ)H Ej

(CHy)n (CHz)n

1 II m

wherein n is an integer of from 1 to 4. Where there are stereocentres, each
20 center may be independently R or S, preferred compounds being those of
Formulae I-IV above in which n is an integer of from 2 to 4.

WO-A-02/85839 describes alpha-2-delta ligands of the following formulae:
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wherein R' and R? are each independently selected from H, straight or branched
alkyl of 1-6 carbon atoms, cycloalky! of from 3-8 carbon aioms, phenyl and

5 Dbenzyl, sudiect tc the croviso that, excedt in the case of a Uicyclocctane
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compound of formula (XVIl), R" and R? are not simultaneously hydrogen; for use
in the treatment of a number of indications, including pain.

International Patent Application Publication No. WO-A-03/082807,
describes compounds of the formula |, below:

R3 R4 R5

NH,
R, Ry ( Re

O.H (|)

wherein Ry is hydrogen or (C-Cg)alkyl optionally substituted with from one to five
fluorine atoms;

Rz is hydrogen or (C4-Cg)alkyl optionally substituted with from one to five fluorine
atoms; or

Ry and Ry, together with the carbon to which they are attached, form a three to six
membered cycloalkyl ring;

Rs is (Cq-Ce)alkyl, (Cs-Cg)cycloalkyl, (Cs-Cs)cycloalkyl-(C-Ca)alkyl, phenyl,
phenyl-(C-Cg)alkyl, pyridyl, pyridyl-(Cs-Cs)alkyl, phenyl-N(H)-, or pyridyl-N(H)- ,
wherein each of the foregoing alkyl moieties can be optionally substituted with
from one to five fluorine atoms, preferably with from zero to three fluorine atoms,
and wherein said phenyl and said pyridyl and the phenyl and pyridyl moieties of
said phenyl-(C1-Cs)alkyl and said pyridyl-(C1-Cs)alkyl, respectively, can be
optionally substituted with from one to three substituents, preferably with from
zero to two substituents, independently selected from chloro, fluoro, amino, nitro,
cyano, (Ci-Cs)alkylamino, (C4-Cg)alkyl optionally substituted with from one to
three fluorine atoms and (C1-Cg)alkoxy optionally substituted with from one to
three fluorine atoms;

R4 is hydrogen or (C+-Cg)alkyl optionally substituted with from one to five fluorine
atoms;

Rs is hydrogen or (C4-Ce)alkyl optionally substituted with from one to five fluorine
atoms; and

Re is hydrogen or (C4-Ce)alkyl;

or a pharmaceutically acceptable salt thereof.
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International Patent Application No. WO-A-2004/039367 describes
compounds of the formula (1), below: :
Y—X

o

Ir=

OH

wherein

either Xis O, S, NH or CH, and Y is CH; or a direct bond, or Y is O, S or NH and
X'is CHp; and

R is a 3-12 membered cycloalkyl, 4-12 membered heterocycloalkyl, aryl or
heteroaryl, where any ring may be optionally substituted with one or more
substituents independently selected from

halogen, hydroxy, cyano, nitro, amino, hydroxycarbonyl,

C1-Cs alkyl, C4-Cs alkenyl, C4-Cs alkynyl,

C1-Cs alkoxy, hydroxyC,-Cs alkyl, C1-Cs alkoxyC4-Cg alkyl, perfluoro C4-Cg alkyl,
perfluoroC¢-Cg alkoxy,

C+-Ce alkylamino, di- C4-Cg alkylamino, aminoC4-Cg alkyl, C1-Cg aIkyIaminoC1-Ce
alkyl, di-C4-Ceg alkylaminoC;-Cq alkyl,

C1-Ceacyl, C1-C5acyldxy, C1-CsacyloxyC+-Cg alkyl, C1-Cg acylamino,

C+-Cs alkyithio, C1-Cg alkyithiocarbonyl, C+-Cs alkylthioxo, C1-Cg alkoxycarbonyl,
C4-Cs alkylsulfonyl, C4-Cg alkylsulfonylamino,

aminosulfonyl, C4-Cg alkylaminosulfonyl, di-C;-Cg alkylaminosulfonyl,

3-8 membered cycloalkyl, 4-8 membered heterocycloalkyl, phenyl and
monocyclic heteroaryl;

or a pharmaceutically acceptable salt thereof.

Examples of alpha-2-delta ligands for use in the present invention are
those compounds, or pharmaceutically acceptable salts thereof, generally or
specifically disclosed in US4024175, particularly gabapentin, EP641330,
particularly pregabalin, US5563175, WO-A-97/33858, WO-A-97/33859, WO-A-
2e/31057, WO-A-99/31074, WO-A-97/29101, WO-A-02/085839, particularly
[[1=,5R,63)-6-(aminomathyi2icycic!3.2.0ihept-B-y ]acetic ac'd, WT-A-88/31075,

ericuarty 3 aminamatny Gy3ienoy ety Al T 2 Cenaliess el
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C-[1-(1H-tetrazol-5-yimethyl)-cycloheptyl]-methylamine, WO-A-99/21824,

particularly (3S5,4S)-(1 -aminomethyl-3,4-dimethyl—cyclopentyl)-aceﬁc acid, WO-
A-01/90052, WO-A-01/28978, particularly (1c.,30,50)(3-amino-methyl-
bicyclo[3.2.0]hept-3-yl)-acetic acid, EP0641330, WO-A-98/17627, WO-A-
00/76958, particularly (3S,5R)-3-aminomethyl-5-methyl-octanoic acid, WO-A-
03/082807, particularly (3S,5R)-3-amino-5-methyl-heptanoic acid, (3S,5R)-
3-amino-5-methyl-nonanoic acid and (3S,5R)-3-amino-5-methyl-octanoic acnd
WO-A-2004/039367, particularly (25,4 S)-4-(3-fluoro-phenoxymethyl)-pyrrolidine-
2-carboxylic acid, (25,4 5)-4-(2,3-difluoro-benzyl)-pyrrolidine-2-carboxylic acid,
(28S,4.5)-4-(3-chlorophenoxy)proline and (25,4 S)-4-(3-fluorobenzyl)proline,
EP1178034, EP1201240, WO-A-99/31074, WO-A-03/000642, WO-A-02/22568,
WO-A-02/30871, WO-A-02/30881 WO-A-02/100392, WO-A-02/100347, WO-A-
02/42414, WO-A-02/32736"and WO-A-02/28881, all of which are incorporated
herein by reference. ' .

Preferred alpha-2-delta ligands for use in the combination of the present

invention include: gabapentin, pregabalin, [(1R,5R,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-6-ylJacetic acid, 3-(1-aminomethyl-
cyclohexylmethyl)-4H-[1,2,4]oxadiazol-5-one, C-[1-(1H-tetrazol-5-ylmethyl)-

cycloheptyl]-methylamine, (3S,49)-(1 -aminomethyl-3,4-dimethyl-cyclopentyl)-
acetic acid, (1a,3a,5a)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acetic  acid,
(3S,5R)-3-aminomethyl-5-methyl-octanoic  acid, (8S,5R)-3-amino-5-methyl-
heptanoic acid, (3S,5R)-3-amino-5-methyl-nonanoic acid , (3S,5R)-3-amino-
5-methyl-octanoic acid, (25,45)-4-(3-chlorophenoxy)proline and (25,45)-4-(3-

fluorobenzyl)proline or pharmaceutically acceptable salts thereof.

Further preferred alpha-2-delta ligands for use in the combination of the
present invention are (3S,5R)-3-amino-5-methyloctanoic acid, (3S,5R)-3-amino-
5-methylnonanoic acid, (3R,4R,5R)-3-amino-4,5-dimethylheptanoic acid and
(3R,4R,5R)-3-amino-4,5-dimethyloctanoic  acid, and the pharmaceutically
acceptable salts thereof.

,-','.‘Eh ”]””2:"3"'" rgaeyedione 2o o ey ”’C e nrgﬁr«ﬂm-ﬂ T mesre s
[ L LS e U e G § 2 .
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amino-methyl-bicyclo[3.2.0]hept-3-yl)-acetic acid, (25,45)-4-(3-
chlorophenoxy)prollne and (23,45)—4-(3-f|uorobenzyl)proline or

pharmaceutucany acceptable salts thereof.

Suitable EP4-receptor antagonists are described in the following

documents.

International Patent Application Publication No. WO-A-02/32900,
describes a series of novel aryl or heteroaryl fused imidazole compounds and

their pharmaceutically acceptable salts, of formula:

Y2/Y
n I \>—R1

wherein Y', Y2, Y3 and Y* are independently selected from N, CH or C(L) ;

R' is H, Cys alkyl, Ca.s alkenyl, Cos alkynyl, Ca7 cycloalkyl, C1.¢ alkoxy, halo-
substituted Ci.s alkoxy, Cis alkyl-S(O)m-, Q'-, pyrrolidinyl, piperidyl,
oxopyrrolidinyl, oxopiperidyl, amino, mono- or di-(Ci.g alkyl)amino, Ci.salkyl-
C(=0)-N(R?)- or C1.4alkyl-S(O)m-N(R®)-, wherein said Ci.g alkyl, C2. alkenyl and
Ca.s alkynyl are optionally substituted with halo, Ci.3 alkyl, hydroxy, oxo, Ci.4
alkoxy-, Ci.4 alkyl-S(O)m-, Cs7 cycloalkyl-, cyano, indanyl, 1,2,3,4-
tetrahydronaphtyl, 1,2-dihydronaphtyl, pyrrolidinyl, piperidyl, oxopyrrolidinyl,
oxopiperidyl, Q'-, Q-C(=0)-, Q'-O-, Q'-S(O)m-, Q'-Cr4alkyl-O-, Q'-Ci.salkyl-
S(O)m-, Q'-C1.4alkyl-C(0)-N(R%)-, Q'-Cy.qalkyl-N(R%)- or C1.4alkyl-C(0)-N(R®)-;
Q'is a 5-12 membered monocyclic or bicyclic aromatic ring optionally containing
up to 4 heteroatoms selected from O, N and S, and is optionally substituted with
halo, Cy.4 alkyl, halo-substituted Cy.4 alkyl, hydroxy, Cy.4 alkoxy, halo-substituted
Ci1.4 alkoxy, Cy.5 alkylthio, nitro, amino, mono- or di-(Cs.alkyl)amino, cyano, HO-

Cis 2%y, Crg akony-Ciualtyl, Cig alitylsuifony’, aminosu oy, Cigiy'T=0ly,
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HO(O=)C-, Ci.salkyl-0(0=)C-, R®N(R*)C(=0)-, Ci.¢ alkylsulfonylamino, Csz

cycloalkyl, R*C(=0)N(R*- or NHo(HN=)C-;
A is a 5-6 membered monocyclic aromatic ring optionally containing up to 3
heteroatoms selected from O, N and S, wherein said 5-6 membered monocyclic
aromatic ring is optionally substituted with up to 3 substituents selected from halo,
C1.4 alkyl, halo-substituted Cy.4 alkyl, hydroxy, Ci.4 alkoxy, halo-substituted Ci.4
alkoxy, Cy.salkylthio, nitro, amino, mono- or di-(C1.4 alkyl)amino, cyano, HO-C1.4
alkyl, Ci.4 alkoxy-Ci4alkyl, Ci.s alkylsulfonyl, aminosulfonyl, acetyl,
R®N(R%)C(=0)-, HO(O=)C-, Ci4alkyl-O(O=)C-, Ci. alkylsulfonylamino, Csz
cycloalkyl, R3C(=0)N(R*)- and NHz(HN=)C-;
B is halo-substituted C; alkylene, Cs; cycloalkylene, C,¢ alkenylene, Csg
alkynylene, -O-Cy.s alkylene, Ci. alkylene-O-Cs, alkylene or Cig alkylene
optionally substituted with an oxo group or C.3 alkyl
W is NH, N-Cy.4 alkyl, O, S, N-OR® or a covalent bond ;
R2is H, C1.4 alkyl, OH or C.4 alkoxy;
Z is a 5-12 membered monocyclic or bicyclic aromatic ring optionally containing
up to 3 heteroatoms selected from O, N and S, wherein said 5-12 membered
monocyclic or bicyclic aromatic ring is optionally substituted with halo, C4.4 alkyl,
halo-substituted C;.4 alkyl, C1.4 alkenyl, C1.4 alkynyl, hydroxy, Ci.4 alkoxy, halo-
substituted C,.4 alkoxy, C1.4 alkylthio, nitro, amino, mono- or di-(C.4 alkyl)amino,
cyano, HO-C.4 alkyl, Cy.4 alkoxy-Ci.salkyl, C+.4 alkylsulfonyl, aminosulfonyl, Cs.
alkylC(=0)-,  R’C(=O)N(R*-, HO(O=)C-,  Ci.alkyl-O(0=)C-,  Ci4
alkylsulfonylamino, Cs.7 cycloalkyl, NHy(HN=)C-, Q*-S(O)m-, Q*-0-, Q*-N(R%)- or
Q> ;
L is halo, Cy4 alkyl, halo-substituted Ci.4 alkyl, hydroxy, Ci., alkoxy, halo-
substituted C.4 alkoxy, Ci.4 alkylthio, nitro, amino, mono- or di-(C4.4 alkyl)amino,
cyano, HO-C,.4 alkyl, Cy.4 alkoxy-Ci.4alkyl, Ci.4 alkylsulfonyl, aminosulfonyl, C;.
4alkylC(=0)-, HO(O=)C-, Cji.alkyl-O(0=)C-, Ci.4 alkylsulfonylamino, Caz
cycloalkyl, R3C(=0)N(R%-, NHz(HN=)C-, R®N(R*)C(=0)-, R*°N(R*)S(O)m-, Q%
Q%-C(=0)-, Q%-0-, Q%Cy4alkyl-O-, or two adjacent L groups are optionally joined
together to form an alkylene chain having 3 or 4 members in which one or two
(non-adjacent) carbcn atoms are cplionally replaced by oxygen atoms;
mis0,10cr2;
=3 P

=Y o i
PR O

24 T,
PR SR T
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R% is H, Cy.4 alkyl, C1.4 alkyl-(O=)C- or C1.4 alkyl-O-(0O=)C- ; and

Q% is a 5-12 membered monocyclic or bicyclic aromatic ring, or a 5-12
membered tricyclic ring optionally containing up to 3 heteroatoms selected from
0, N and S, wherein said 5-12 membered monocyclic or bicyclic aromatic ring is
optionally substituted with halo, C1.4 alkyl, halo-substituted C..4 alkyl, Ci.4 alkenyl,
C1.s alkynyl, hydroxy, Ci., alkoxy, halo-substituted C1;.4 alkoxy, Ci.4 alkylthio,
nitro, amino, mono- or di-(Cy.4 alkyl)amino, cyano, HO-C+.4 alkyl, Cj.4 alkoxy-Cs.
salkyl, Ci4 alkylsulfonyl, aminosulfonyl, Ci.salkyl-(O=)C-, R3(R*)C(=O)N-,
HO(O=)C-, C1.4 alkyl-O(0=)C-, C1.4 alkylsulfonylamino, Cs.7 cycloalkyl, Ci-4 alkyl-
C(=O)NH- or NHx(HN=)C-.

International Patent Application No.WQO-A-03/087061, describes a series
of novel pyrazole compounds and their pharmaceutically acceptable salts, of

formula:

3

R A

T

R’ L.‘\‘
B
X\(O
HN. ..R*
o %

wherein R’ represents a hydrogen atom, an alkyl group having from 1 to 6 carbon
atoms, an amino group, mono- or di-alkylamino groups, the alkyl group(s) having
from 1 to 6 carbon atoms, an aryl group or a heteroaryl group;

R? represents a hydrogen atom, a halogen atom, an alkyl group having from 1 to
6 carbon atoms, a cycloalkyl group having from 3 to 8 carbon atoms, a
cycloalkenyl group having from 3 to 10 carbon atoms, an aralkyl group, an aryl
group, or a heteroaryl group;

R® represents an alkyl group having from 1 to 6 carbon atoms, a haloalkyl group
having from 1 to 6 carbon atoms, a hydroxyalkyl group having from 1 to 6 carbon
atorrs, an aryl groug o7 & heterdary. grous,

C5l

an Ty lﬁq’%‘t\ﬁ or ""Tf'. Pk Nk SN \»c:(-r:»’qq'r‘f P R e i
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A represents an aryl' group having from 6 to 10 carbon atoms or an heteroary!’
group having from 5 to 7 atoms, wherein 1 to 4 of said atoms of the heteroary!'
group are independently selected from the group consisting of sulfur atoms,
oxygen atoms and nitrogen atoms;
B represents an alkylene group having from 1 to 6 carbon atoms;
X represents NH, N[(C4-Cg)alkyl], oxygen or sulfur;
said aryl groups have 6 to 14 carbon atoms ;
said heteroaryl groups are 5- to 14-membered aromatic heterocyclic groups
containing from 1 to 4 heteroatoms selected from the group consisting of sulfur
atoms, oxygen atoms and nitrogen atoms;
said aryl groups and said heteroaryl groups are unsubstituted or are substituted
by at least one substituent selected from the group consisting of substituents a,
defined below ;
said aralkyl groups are alkyl groups having from 1 to 6 carbon atoms and which
are substituted by at least one aryl group as defined above;
said substituents a are selected from the group consisting of alkyl group having

from 1 to 6 carbon atoms, an aryl group defined above, a heteroaryl group

defined above, hydroxy group, halogen atoms, alkoxy group having from 1 to 6
carbon atoms, alkylthio group having from 1 to 6 carbon atoms, alkanoyl group
having from ™ to 6 carbon atoms, alkanoylamino group having from 1 to 6 carbon
atoms, alkanoylaminoalkyl group having from 1 to 6 carbon atoms in the alkanoyl
and alkyl part, amino group, mono- or di-alkylamino group having from 1 to 6
carbon atoms, haloalkyl group having from 1 to 6 carbon atoms, haloalkoxy group
having from 1 to 6 carbon atoms, carbamoyl group, cyano group, a hydroxyalkyl
group having from 1 to 6 carbon atoms, alkylsufinyl group having from 1 to 6
carbon atoms, alkylsufonyl group having from 1 to 6 carbon atoms, aminoalkoxy
group having from 1 to 6 carbon atoms, mono- or di-alkylaminoalkoxy group, the
alkyl group(s) having from 1 to 6 carbon atoms in the alkyl and alkoxy part,
alkylsulfonylamino group having from 1 to 6 carbon atoms and aminosulfonyl
group;

with the proviso that said aryl group and said heteroaryl group in said substituents
o are not substituied by an aryl grcup or an heteroaryl group: or a
pharmacsuticelly accedtzbs esler ¢of such compound, or a dharmacsulically

P

ECC2DED. 't sharaof.

1]

€
§



WO 2005/102389 PCT/IB2005/000935

10

15

20

25

12

International Patent Application No. WO-A-03/086390, describes a series
of novel imidazole compounds and their pharmaceutically acceptable salts, of

RAL_N
X
N

formula:

R! v
B
X 0
4
M- R

wherein either R' represents a hydrogen atom, an alkyl group having from 1 to 6
carbon atoms, an aryl group or a heteroaryl group; and

R? represents a hydrogen atom, a halogen atom, an alkyl group having from 1 to
6 carbon atoms, a cycloalkyl group having from 3 to 8 carbon atoms, a
cycloalkenyl group having from 3 to 10 carbon atoms, an aralkyl group, an aryl
group, or a heteroaryl group; or R' and R? groups are joined together to form an
alkylene chain having 3 to 6 carbon atoms;

R® represents a hydrogen atom, a halogen atom, an alkyl group having from 1 to
6 carbon atoms, an amino group, mono- or di-alkylamino groups, with alkyl
group(s) having from 1 to 6 carbon atoms, a haloalkyl group having from 1 to 6
carbon atoms, a cycloalkyl group having from 3 to 8 carbon atoms, a cycloalkenyl
group having from 3 to 10 carbon atoms, an aralkyl group, an aryl group or a
heteroaryl group;

R* represents an aryl group, or a heteroaryl group;

A represents an aryl' group having from 6 to 10 carbon atoms or an heteroaryl'
group having from 5 to 7 atoms, wherein 1 to 4 of said atoms of the heteroaryl'
group are independently selected from the group consisting of sulfur atoms,
oxygen atoms and nitrogen aioms;

E represents ar alkylene group naving from 1 to 6 carbon atems;
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said aryl groups have from 6 to 14 carbon atoms ;

said heteroaryl groups are 5- to 14-membered aromatic heterocyclic groups
containiﬁg from 1 to 4 heteroatoms selected from the group consisting of sulfur
atoms, oxygen atoms and nitrogen atoms;
said aryl groups and said heteroaryl groups are unsubstituted or are substituted
by at least one substituent selected from the group consisting of substituents a,
defined below ;
said aralkyl groups are alkyl groups having from 1 to 6 carbon atoms and which
are substituted by at least one aryl group as defined above;
said substituents a are selected from the group consisting of alkyl group having
from 1 to 6 carbon atoms, an aryl group defined above, a heteroaryl group
defined above, hydroxy groups, halogen atom, alkoxy group having from 1 to 6
carbon atoms, alkylthio group having from 1 to 6 carbon atoms, alkanoyl group
having from 1 to 6 carbon atoms, alkanoylamino group having from 1 to 6 carbon
atoms, alkanoylaminoalkyl group having from 1 to 6 carbon atoms in the alkanoyl
and alkyl part, amino group, mono- or di-alkylamino group having from 1 to 6
carbon atoms, haloalkyl group having from 1 to 6 carbon atoms, haloalkoxy group
having from 1 to 6 carbon atoms, carbamoyl group, cyano group, a hydroxyalky!
group having from 1 to 6 carbon atoms, alkylsufinyl group having from 1 to 6
carbon atomis, alkylsufonyl group having from 1 to 6 carbon atoms, aminoalkoxy
group having from 1 to 6 carbon atoms, mono- or di-alkylaminoalkoxy group, with
alkyl group(s) having from 1 to 6 carbon atoms in the alkyl and alkoxy part,
alkylsulfonylamino group having from 1 to 6 carbon atoms and aminosulfonyl
group;
with the proviso that said aryl groups and said heteroaryl groups in said
substituents a are not substituted by an aryl group or an heteroaryl group.

US Application No. US60/500131 (not published at the filing date of the
present invention), describes a series of novel aryl or heteroaryl fused imidazole
compounds and their pharmaceutically acceptable salts, of formula:



WO 2005/102389 PCT/IB2005/000935

10

15

20

25

wherein A represents a phenyl group or a pyridyl group;
B represents an aryl group or a heteroaryl group;
E represents a phenylene group;
R' and R? independently represent a hydrogen atom, a halogen atom, an alkyl
group having from 1 to 4 carbon atoms, an alkoxy group having from 1 to 4
carbon atoms, a haloalkyl group having from 1 to 4 carbon atoms, a haloalkoxy
group having from 1 to 4 carbon atoms, a cyano group or an aminocarbonyl
group;
R® and R* independently represent a hydrogen atom or an alkyl group having
from 1 to 4 carbon atoms; or R*and R* groups may be joined together to form an
alkylene chain having 3 to 6 carbon atoms;
R represents

f\r',j\ N RS

Ny 0

-CO;H, N oo O 2
R® represents an alkyl group having from 1 to 6 carbon atoms, a cycloalkyl group
having from 3 to 7 ring atoms, an aryl group or a heteroaryl group;

X represents a methylene group, an oxygen atom or a sulfur atom;

said aryl groups have from 6 to 10 carbon atoms;

said heteroaryl groups are 5- to 10-membered aromatic heterocyclic groups
containing from 1 to 3 heteroatoms selected from the group consisting of sulfur
atoms, oxygen atoms and nitrogen atoms;

said aryl groups and said heteroaryl groups referred to in the definitions of B are
unsubstituted or are substituted by at least one substituent selected from the
group consisting of substituents ¢;
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said phenylene groups referred to in the definitions of E are unsubstituted or are

substituted by at least one substituent selected from the group consisting of
substituents q; .
said aryl groups and said heteroaryl groups referred to in the definitions of R® and
a are unsubstituted or are substituted by at least one substituent selected from
the group consisting of substituents B;
said substituents a are seleéted from the group consisting of halogen atoms, alkyl
groups having from 1 to 4 carbon atoms, alkoxy groups having from 1 to 4 carbon
atoms, haloalkyl groups having from 1 to 4 carbon atoms, haloalkoxy groups
having from 1 to 4 carbon atoms, cyano groups, alkynyl groups having from 2 to 6
carbon atoms, alkanoyl groups having from 1 to 5 carbon atoms, cycloalkyl
groups having from 3 to 7 ring atoms, heteroaryl groups, aryl groups, aralkoxy
groups having from 7 to 10 carbon atoms, arylcarbonyi groups, two adjacent a
groups are optionally joined together to form an alkylene or an alkenylene chain
having 3 or 4 carbon atoms, aminocarbonyl groups, alkenyl groups having from 2
to 5 carbon atoms, alkylthio groups having from 1 to 4 carbon atoms,
aminosulfinyl groups, aminosulfony! groups, hydroxy groups, hydroxyalkyl groups
having from 1 to 4 carbon atoms, nitro groups, amino groups, carboxy groups,
alkoxycarbonyl groups having from 2 to 5 carbon atoms, alkoxyalkyl groups
having from 1 to 4 carbon atoms, alkylsulfonyl groups having from 1 to 4 carbon
atoms, alkanoylamino groups having from 1 to 4 carbon atoms,
alkanoyl(alkyl)amino groups having from 1 to 6 carbon atoms, alkanoylaminoalky!
groups having from 1 to 6 carbon atoms in the alkanoyl and alkyl part,
alkanoyl(alkyl)aminoalkyl groups having from 1 to 6 carbon atoms in the alkanoyl
and each alkyl part, alkylsulfonylamino groups having from 1 to 4 carbon atoms,
mono- or di-alkylaminocarbonyl groups having from 1 to 6 carbon atoms, mono-
or di-alkylaminosulfinyl groups having from 1 to 6 carbon atoms, mono- or di-
alkylaminosulfonyl groups having from 1 to 6 carbon atoms, aminoalkyl groups
having from 1 to 4 carbon atoms, mono- or di-alkylamino groups having from 1 to
6 carbon atoms, mono- or di-alkylaminoalkyl groups having from 1 to 6 carbon
atoms in the alkyl par, aralkyl groups having from 7 to 10 carbon atoms,
heteroarylalkyl groups having from 1 tc 4 carbon atoms in the alkyl pan,
reterozryalicony grouts heving rom 1 {0 4 carhon atoms in the a'kony 22 or

A
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said substituents B are selected from the group consisting of halogen atoms,

alkyl groups having from 1 to 4 carbon atoms, alkoxy groups having from 1 to 4
carbon atoms, haloalky! groups having from 1 to 4 carbon atoms or haloalkoxy
groups having from 1 to 4 carbon atoms or cyano groups.

US Application No. US60/568088 (not published at the filing date of the
present invention), describes a series of novel methyl aryl or heteroaryl amide
compounds, and their pharmaceutically acceptable salts, of formula:

OR2 RS
4 N N

| L H

X CO,H
-~ Y\R1

wherein

X represents -CH- or a nitrogen atom;

Y represents -NR*, an oxygen atom or a sulfur atom;

R* represents a hydrogen atom or an alkyl group having from 1 to 3 carbon
atoms;

Z represents a hydrogen atom or a halogen atom;

R' represents an alkyl group having from 1 to 6 carbon atoms optionally
substituted with an alkoxy group having from 1 to 6 carbon atoms or a cycloalkyl
group having from 3 to 7 carbon atoms; a cycloalkyl group having from 3 to 7
carbon atoms optionally substituted with an alkyl group having from 1 to 3 carbon
atoms; a phenyl group optionally substituted with one or more substituents a; or a

- group Het' optionally substituted with one or more substituents a;

Het' represents a heterocyclic group having from 4 to 7 ring atoms which
contains either from 1 to 4 ring nitrogen heteroatoms or from O to 2 nitrogen ring
heteroatoms and 1 oxygen or 1 sulfur ring heteroatom;

R? and R® independently represent a hydrogen atom or an alkyl group having
from 1 to 3 carbon atoms; or R? and R® groups together form an alkylene chain
having from 3 to 6 carbon atoms; and

said substiuent a is selected rom the grous consisting of halogen atoms, aiky:

Ay T r-nm 4 b A gl em o e
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carbon atoms, hydroxy groups, alkoxy groups having from 1 to 4 carbon atoms,

haloalkoxy groups having from 1 to 4 carbon atoms, cyano groups, hydroxy alkyl
groups havmg from 1 to 4 carbon atoms, alkoxyalkyl groups having from 1 to 4
carbon atoms in alkoxy and alky groups, alkylsulfonyl groups having from1to 4
carbon atoms, alkanoy! groups having from 2 to 5 carbon atoms, alkenyl groups
having from 2 to 4 carbon atoms, alkynyl groups having from 2 to 4 carbon
atoms, alkylthio groups having from 1 to 4 carbon atoms, nitro groups, amino
groups, mono- or di-alkylamino groups having from 1 to 4 carbon atoms,
aminosulfonyl groups, alkoxycarbonyl groups having from 1 to 4 carbon atoms,
alkylsufonylamino groups having from 1 to 4 carbon atoms, cycloalkyl groups
having from 3 to 7 carbon atoms and a mono- or di-alkylaminocarbony! groups
having from 1 to 6 carbon atoms.

US Application No. US60/568088 (not published at the filing date of the
present invention), describes a series of novel ortho substituted aryl or heteroaryl
amide compounds, and their pharmaceutically acceptable salts, of formula:

O R2 R3
Z X N
| | H
. X" Y CO,H
Iéﬂ

wherein

X represents a -CH-or a nitrogen atom;

Y represents NR?*, an oxygen atom or a sulfur atom;

R* represents a hydrogen atom or an alkyl group having from 1 to 3 carbon
atoms;

Z represents a hydrogen atom or a halogen atom;

R' represents an alkyl group having from 1 to 6 carbon atoms optionally
substituted with 1 to 2 groups independently selected from an alkoxy group
having from 1 to 6 carbon atoms, a trifluoromethyl group, an alkanoyl! group
having from 2 to 5 carbon atoms, & cycloalkyl group having from 3 to 7 carbon
ztems, a prenyl greup, £ thenoxy ¢rous, a helerccyclic groug end a haterozryl



10

15

20

25

30

WO 2005/102389 PCT/IB2005/000935

18

group; a cycloalkyl group having from 3 to 7 carbon atoms optionallysubstituted

with an alkyl group having from 1 to 3 carbon atoms; or a heterocyclic group;
R? and R® independently represent a hydrogen atom or an alkyl group having
from 1 to 3 carbon atoms; or R? and R® groups together form an alkylene chain
having from 3 to 6 carbon atoms;
said heteroaryl group is a 4 to 7- membered aromatic ring system having either
from 1 to 4 ring nitrogen heteroatoms or 0 to 2 nitrogen ring heteroatoms and 1
oxygen or 1 sulfur ring heteroatom;
said heterocyclic group is a 4 to 7- membered saturated ring system having either
from 1 to 4 ring nitrogen heteroatoms or 0 to 2 nitrogen ring heteroatoms and 1
oxygen or 1 sulphur ring heteroatom;
said phenyl groups, phenoxy group and said heteroaryl groups referred to in the
definitions of R' are unsubstituted or are substituted by at least one substituent
selected from the group consisting of substituents a;
said substituent a is selected from the group consisting of halogen atoms, alkyl
groups having from 1 to 4 carbon atoms, haloalkyl groups having from 1 to 4
carbon atoms, hydroxy groups, alkdxy groups having from 1 to 4 carbon atoms,
haloalkoxy groups having from 1 to 4 carbon atoms, cyano groups, hydroxy alkyl
groups having from 1 to 4 carbon atoms, alkoxyalkyl groups having from 1 to 4
carbon atoms in alkoxy and alky groups, alkylsulfonyl groups having from 1 to 4
carbon atoms, alkanoyl groups having from 2 to 5 carbon atoms, alkenyl groups
having from 2 to 4 carbon atoms, alkynyl groups having from 2 to 4 carbon
atoms, alkylthio groups having from 1 to 4 carbon atoms, nitro groups, amino
groups, mono- or di-alkylamino groups having from 1 to 4 carbon atoms,
aminosulfonyl groups, alkoxycarbonyl groups having from 1 to 4 carbon atoms,
alkylsufonylamino groups having from 1 to 4 carbon atoms, cycloalkyl groups
having from 3 to 7 carbon atoms and a mono- or di-alkylaminocarbonyl groups
having from 1 to 6 carbon atoms.

Examples of EP4-receptor antagonists for use with the present invention
are those compounds, or pharmaceutically acceptable salis thereof, generally or
specifically disclosed in WO-A-02/32900, particularly 2-ethyl-4,6-dimethyl-1-(4-{2-
{{[(%-methyinhenylieuforylaminolcarnonylamingistyisheny! -1 Limidezal4, 5
Sioyniding andlelB oo b athyL T m ety gt e

CNd ke S N R
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yl)phenethyl-(4-methylphenyl)sulfonylcarbamate, WO-A-03/087061, particularly

2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide, WO-A-03/086390,
particularly 2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1-yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate, US60/500131, particularly 4-[(15)-1-({[5-chloro-
2-(3-fluorophenoxy)pyridin-3-yllcarbonyl}amino)ethyl]benzoic acid, WO-A-
03/016254, particularly 4-[2-[[2-(naphthalen-1-yl)propanoyljamino]-4-
methylthiomethylphenyl]butanoic acid, WO-A-02/20462, WO-A-02/16311, WO-A-
01/62708, WO-A-00/15608, EP0985663, WO-A-00/03980, particularly methyl 7-
[(1R, 2R, 3R)-3-hydroxy-2-[( E)-(35)-3-hydroxy-4-(m-methoxymethylphenyl)-1-
butenyl]-5-oxocyclopentyl]-5-thiaheptanoate, US 60/568088, US 60/567931,
EP0855389, WO-A-02/50031, WO-A-02/50032, WO-A-02/50033, GB2330307,
WO-A-01/10426, WO-A-00/18744, WO-A-00/16760, WO-A-98/55468, WO-A-
00/21532, WO-A-00/24393, WO-A-99/47497, WO-A-01/72302, WO-A-00/18405
and WO-A-01/42281, all of which are incorporated by reference.

Suitable EP4-receptor antagonists for use in the present invention are
compounds selected from:
2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyljamino}carbonyl)aminojethyl}phenyl)-1H-imidazo[4,5-
clpyridine ;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1 H-benzimidazol-1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate ;
5-acetyl-2-ethyl-3-(4-{2-[({[(4-
methylphenyl)sulfonyl]lamino}carbonyl)amino]ethyl}phenyl)benzimidazole;
N-{[(2-{4-[2-ethyl-5-(1-hydroxy-1-methylethyl)-1 H-benzimidazol-1-
yllphenyl}ethyl)amino]carbonyl}-4-methylbenzenesulfonamide;
2-{4-[6-chloro-2-ethyl-5-(trifluoromethyl)-1 H-benzimidazol-1-ylJphenyl}ethyl (5-
methyl-2-pyridinyl)sulfonylcarbamate;
2-{4-[6-chloro-2-(4-pyridinyl)-5-(trifluoromethyl)-1H-benzimidazol-1-ylJphenyl}ethyl
(4-methylphenyl)sulfonylcarbamate;
2-{4-[5,7-dimethyl-2-(methylamino)-3H-imidazo[4,5-b]pyridin-3-yljohenyl}ethyl (4-

meathy.phenylisui’ocnvicarbamats;
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N-{[(2-{4-[5,7-dimethyl-2-(methylamino)-3H-imidazo[4,5-b]pyridin-3-
yllphenyi}ethyl)amino]carbonyl}-4-methylbenzenesulfonamide;
2-{5-[8-chloro-2-ethyl-5-(trifluoromethyl)-1H-benzimidazol-1 -yl}-2-pyridinyl}ethyl
(4-methylphenyl)sulfonylcarbamate;
5 2-{4-[2-(1,1-dimethylethyl)-4,6-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yl]phenyl}ethyl
(4-methylphenyl)sulfonylcarbamate;
6-chloro-2-ethyl-1-(4-{2-[methyl({[(4-
methylphenyl)sulfonyllamino}carbonyl)amino]ethyl}phenyl)-1H-benzimidazole-5-
carboxamide;
10 4-[(18)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethylJbenzoic
acid;
4-((1S)-1-{[5-chloro-2-(3-fluorophenoxy)benzoyllamino}ethyl)benzoic acid;
4-[(15)-1-({[5-chloro-2-(3,4-difluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid;
15 4-[(1S)-1-({[5-chloro-2-(4-fluorophenoxy)pyridin-3-yllcarbonyl}amino)ethylJoenzoic
acid;
4-((15)-1-{[5-chloro-2-(4-fluorophenoxy)benzoyllamino}ethyl)benzoic acid;
4-[(18)-1-({[5-chloro-2-(3-chlorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid;
20  4-[(19)-1-({[5-chloro-2-(3-cyanophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid;
4-[(18)-1-({[5-chloro-2-(2,6-difluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyi]benzoic acid;
4-((15)-1-{[5-chioro-2-(3-chlorophenoxy)benzoyllamino}ethyl)benzoic acid;
25  4-[(18)-1-({[5-chloro-2-(2-chloro-4-fluorophenoxy)pyridin-3-
yI]carbonyI}amino)etHyI]benzoic acid;
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide;
2 4-difluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
30 yllphenyljethyl)amino]carbonyl}benzenesulfonamide;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyllethyl}amino)carbonyi]-4-
methylbenzenesuifonamide;
2-[4-(3,5-Cimethyl-é-onany -t H-pyrazal-t-y)ohenyisthy 4.

rethylzhenvi)sfenylenriamaly,
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) N;[({2—[4-(3,5-dimethyl-4—phenyl-1 H-pyrazol-1-yl)phenyllethyl}amino)carbonyl]-2-

fluorobenzenesulfonamide;

N-[({2-]4-(3,5-dimethyl-4-phenyl-1 H-pyrazol-1-yl)phenyllethyljamino)carbonyl]-4-

methoxybenzenesulfonamide;
N-[({2-[4-(3,5-dimeihyl-4-phenyl-1 H-pyrazol-1-yl)phenyl]ethyl}amino)carbonyl]-
3,4-dimethoxybenzenesulfonamide;
N-{[(2-{4-[4-(4-ethoxyphenyl)-3,5-dimethyl-1 H-pyrazol-1-
yl]phenyl}ethyl)amino]carbonyl}-4—methylbenzenesulfonamide;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1 -yl)phenyljethyl}amino)carbonyl]-
2,4-difluorobenzenesulfonamide;

2-{4-[4-(4-fluorophenyl)-3,5-dimethyl-1 H-pyrazol-1-yllphenyl}ethyl [(4-
methylphenyl)sulfonyljcarbamate;

2-[4-(2-isopropyl-4-phenyi-1 H-imidazol-1-yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate;

2-[4-(2-ethyl-4-phenyl-1Himidazole-1 -yl)phenyllethyl (4-
methylphenyl)sulfonylcarbamate;

2-[4-(2-butyl-4-phenyl-1 H-imidazol-1-yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate;

2-[4-(2-isobutyl-4-phenyl-1 H-imidazol-1-yl)phenyljethyl (2-
chIorophenyl)sulfonylcarbamate;
4-chloro-N-{({2-[4-(2-ethyl-4-phenyl-1H-imidazol-1-
yI)phenyl]ethyl}amino)carbonyl]benzenesulfonamide;
2-[4-(2-amino-4,5-diphenyl-1H-imidazol-1 -yl)phenyljethyl (4-
methylphenyl)sulfonyicarbamate;

N-[({2-[4-(2-ethyl-4-phenyl-1H-imidazol-1 -yl)phenyllethyl}amino)carbonyl]-4-
methylbenzenesulfonamide;

2-chloro-N-[({2-[4-(2-ethyl-4-phenyl-1 H-imidazol-1-
yI)phenyl]ethyl}amino)carbonyl]benzenesulfonamide;
2-[4-(2-tert-butyl-4-phenyl-1H-imidazol-1 -yl)phenyljethyl (2-
chlorophenyl)sulfonylcarbamate;
4-chloro-N-[({2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1-
yl)phenyllethyljamino)carbonyllbenzenesulfonamide;

and their pharmaceutically acczgiacie sals.
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Preferred EP4 receptor antagonists for use with the present invention are
selected from:

2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonylJamino}carbonyl)amino]ethyl}phenyl)-1 H-imidazo[4,5-
clpyridine;
4-(6-chloro-2-ethyl-5-trifluoromethyi-1H-benzimidazol-1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate; '
5-acetyl-2-ethyl-3-(4-{2-[({{(4-
methylphenyl)sulfonylJamino}carbonyl)amino]ethyl}phenyl)benzimidazole;
N-{[(2-{4-[2-ethyl-5-(1-hydroxy-1-methylethyl)-1 H-benzimidazol-1-
yllphenyl}ethyl)amino]jcarbonyl}-4-methylbenzenesulfonamide;
2-{4-[6-chloro-2-ethyl-5-(trifluoromethyl)-1H-benzimidazol-1-yilphenyllethyl (5-
methyl-2-pyridinyl)sulfonylcarbamate;
2-{4-[6-chloro-2-(4-pyridinyl)-5-(trifluoromethyl)-1H-benzimidazol-1-ylJphenyl}ethyl
(4-methylphenyl)sulfonylcarbamate;
4-(1 8)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyllbenzoic
acid;
4-((15)-1-{[5-chloro-2-(3-fluorophenoxy)benzoyllamino}ethyl)benzoic acid;
4-[(18)-1-({{5-chloro-2-(3,4-difluorophenoxy)pyridin-3-
yl]carbony|}émino)ethy|]benzoic acid;
4-[(15)-1-({{5-chloro-2-(4-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyl]benzoic
acid;
4-((1S)-1-{[5-chloro-2-(4-fluorophenoxy)benzoylJamino}ethyl)benzoic acid;
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide;
2 4-difluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyllethyl}amino)carbonyl]-4-
methylbenzenesulfonamide;
2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyllethyl [(4-
methylphenyl)sulionyl]carbamate;,
N-[({2-[4-(3,5-dimethyl-4-phenyl-1 H-pyrazol-i-yl)phenyllethyl}amino)carbonyl]-2-

fiusrozerzenesuifonamide;
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2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1-yl)phenyl]ethyl (2-
chlorophenyl)sulfonylcarbamate;
2-[4-(2-ethyl-4-phenyl-1 Himidazole-1-yl)phenyljethyl (4-
methylphenyl)sulfonylcarbamate;
2-[4-(2-butyl-4-phenyl-1H-imidazol-1-yl)phenyl]ethyl (2-
chlorophenyl)sulfonylcarbamate;
2-[4-(2-isobutyl-4-phenyl-1 H-imidazol-1-yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate;
4-chloro-N-[({2-[4-(2-ethyl-4-phenyl-1H-imidazol-1-
yl)phenyllethyl}amino)carbonyl]benzenesulfonamide;
and their pharmaceutically acceptable salts.

Particularly preferred EP4-receptor antagonists for use in the present
invention are selected from:
2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyllamino}carbonyl)amino]ethyl}phenyl)-1H-imidazo[4,5-
clpyridine; '
4-(6-chloro-2-ethyl-5-trifluoromethyl-1 H-benzimidazol-1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate;
4-[(18)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yljcarbonyljamino)ethyllbenzoic
acid; '
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yl]phenyl}ethyl)amino]carbonyl}benzenesulfonamide;
2-[4-(2-isopropyl-4-phenyl-1 H-imidazol-1-yl)phenyliethyl (2-
chlorophenyl)sulfonylcarbamate;
and their pharmaceutically acceptable salts.

Preferably, the EP4-receptor antagonist is selected from those
compounds, or pharmaceutically acceptable salts thereof, generally or specifically
disclosed in WO-A-02/32900, particularly 2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyllamino}carbonyl)amino]ethyl}phenyl)-1H-imidazo[4,5-
cJpyridine and4-{6-chlorc-2-ethyl-5-trifluoromethyl-1 H-benzimidazol-1i-
yhonenetny-(4- nathyiphenysufonyicarizmats, WC-A-Q3/C87081, oarticuierly

O £ Dot g vl £ A I I I PR N S, P
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yllphenyl}ethyl)aminojcarbonyi}benzenesulfonamide, WO-A-03/086390,
particularly 2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1-yl)phenyl]ethyl  (2-

chlorophenyl)sulfonylcarbamate, US60/500131, particularly 4-[(1S)-1-({{[5-chloro-
2-(3-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyl]benzoic acid, WO-A-
03/016254, particularly 4-[2-[[2-(naphthalen-1-yl)propanoyilamino]-4-
methylthiomethylphenyl]butanoic acid, WO-A-02/20462, WO-A-02/16311, WO-A-
01/62708, WO-A-00/15608, EP0985663, WO-A-00/03980, particularly methyl 7-
[M1R, 2R, 3R)-3-hydroxy-2-[(E)-(35)-3-hydroxy-4-(m-methoxymethylphenyl)-1-
butenyl]-5-oxocyclopentyl]-5-thiaheptanoate, US 60/568088, US 60/567931,
EP0855389, WO-A-02/50031, WO-A-02/50032, WO-A-02/50033, GB2330307,
WO-A-01/10426, WO-A-00/18744, WO-A-00/16760, WO-A-98/55468, WO-A-
00/21532, WO-A-00/24393, WO-A-99/47497, WO-A-01/72302, WO-A-00/18405
and WO-A-01/42281, as described above. |

As a further aspect of the present invention, there is provided a
combination comprising 2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}phenyl)-1H-imidazo[4,5-
c]pyridine, or a pharmaceutically acceptable salt thereof, and an alpha-2-delta
ligand selected from gabapentin, pregabalin, [(1R,5R,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid, 3-(1 -aminométhyl-
cyclohexylmethyl)-4H-[1,2,4]oxadiazol-5-one, C-[1-(1H-tetrazol-5-ylmethyl)-
cycloheptyl]-methylamine, (3S,4S)-(1-aminomethyl-3,4-dimethyl-cyclopentyl)-
acetic acid, (1a,3a,50)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acetic acid,
(8S,5R)-3-aminomethyl-5-methyl-octanoic acid, (3S,5R)-3-amino-5-methyl-
heptanoic acid, (3S,5R)-3-amino-5-methyl-nonanoic acid, (3S,5R)-3-Amino-
5-methyl-octanoic acid, (2S,4S)-4-(3—ct;Iorophenoxy)proline and (25,45)-4-(3-
fluorobenzyl)proline, or a pharmaceutically acceptable salt thereof.

As a further aspect of the present invention, there is provided a
combination comprising 4-[(1S)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-
ylcarbonyl}amino)ethyllbenzoic acid, or a pharmaceutically acceptable salt
thereof, and an alpha-2-delia ligand selected from gabapantin, pregakalin,
[11R,5R,88}-3-@rnomstny, sioycio(8.2.Clhegt-8 -y acstic acid, 3-{1-
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yimethyl)-cycloheptyl]-methylamine, (3S,4S)-(1-aminomethyl-3,4-dimethyl-
cyclopentyl)-acetic acid, (1oc,30c,Soc)(3-amino-methyl-bicyclo[s.2.0]hept-3-yl)-
acetic acid, (3S,5R)-3-aminomethyl-5-methyl-octanoic acid, (3S,5R)-3-amino-
5-methyl-heptanoic acid, (3S,5R)-3-amino-5-methyl-nonanoic acid, (3S,5R)-
3-amino-5-methyl-octanoic acid, (25,4 8)-4-(3-chlorophenoxy)proline and
(28,4 S)-4-(3-fluorobenzyl)proline, or a pharmaceutically acceptable salt thereof.

As a yet further preferred aspect of the present invention, the combination

is selected from:

2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}phenyl)-1 H-imidazo[4,5-
c]pyridine and gabapentin;

2-ethyl-4,6-dimethyl-1-(4- {2 [({[(4-
methylphenyl)sulfonyl]amnno}carbonyl)am|no]ethyl}phenyl) -1H- |m|dazo[4 5-
c]pyridine and pregabalin;

2-ethyl-4,6-dimethyl-1-(4-{2-[({{(4-
methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}phenyl)-1 H-imidazo[4,5-
c)pyridine and (1a,3a, 50c)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acetic acid;
2-ethyl-4,6-dimethyl-1-(4-{2-[({{(4-
methylphenyl)suIfonyl]amlno}carbonyl)amlno]ethyl}phenyl) -1H-imidazol4, 5-
c]pyridine and [(1 R,5R,65)-6-(aminomethyl)bicyclo[3.2.0]hept-6-yllacetic acid;
2-ethyl-4,6-dimethyl-1-(4-{2-[({{(4-
methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}phenyl)-1 H-imidazo[4,5-
c]pyridine and (38,48)—(1-aminomethyl-3,4-dimethyl-cyclopentyl)-acetic acid;
2-ethyl-4,6-dimethyl-1-(4-{2-[({{(4-

| methylphenyl)sulfonyl]amino}carbonyl)amino]ethyl}phenyl)—1H-imidazo[4,5-

c]pyridine and (25,45)-4-(3-fluorobenzyl)proline;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1 H-benzimidazol-1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate and gabapentin;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1 H-benzimidazol-1-yl)phenethyl-(4-
meihylphenyl)sulfonylcarbamatie and pregabalin;
4-(6-chforo=2—ethyi-5—trif!uorome‘thyl—‘i H-benzimidazo!-1-yl)phenethyl-(4-
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4-(6-chloro-2-ethyl-5-trifluoromethyl-1H-benzimidazol-1-yl)phenethyl-(4-

methylphenyl)sulfonylcarbamate and [(1R,5R,6S)-6-
(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1H-benzimidazol- 1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate and (3S,4S)-(1-aminomethyl-3,4-dimethyl-
cyclopentyl)-acetic acid;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1 H-benzimidazol-1-yl)phenethyi-(4-
methylphenyl)sulfonylcarbamate and (25,4 S)-4-(3-chlorophenoxy)proline;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1H-benzimidazol-1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate and (25,4 S)-4-(3-fluorobenzyl)proline;
4-(1 8)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethylbenzoic
acid and gabapentin;
4-[(19)-1-({{5-chloro-2-(3-fluorophenoxy)pyridin-3-yl]carbonyl}amino)ethyl]benzoic
acid and pregabalin;
4-[(19)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyl]lbenzoic
acid and (10,30, 50)(3-amino-methyl-bicyclo[3.2.0Jhept-3-yl)-acetic acid;
4-[(19)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yl]carbonyl}amino)ethyi]benzoic
acid and [(1R,5R,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid,
4-[(19)-1 -({[§-chloro-2-(3-f|uorophenoxy)pyridin-3-yl]carbonyl}amino)ethyl]benzoic
acid and (3S,4S)-(1-aminomethyl-3,4-dimethyl-cyclopentyl)-acetic acid,
4-[(18)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yl]carbonyl}amino)ethyl]benzoic
acid and (25,4 S)-4-(3-chlorophenoxy)proline;
4-[(18)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyllbenzoic
acid and (2S5,4S5)-4-(3-fluorobenzyl)proline ;
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide and gabapentin;
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide and pregabalin;
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesuifonamide and (1a,3a,50)(3-amino-
methyl-bicyclo[3.2.0]hept-3-yl)-acetic acid;
2-fluorc-N-{[{2-{4-[5-methyl-4-phenyl-3-(trifiuoromethyi)-1H-pyrazol-1-
yichenyhethyliamingzarbonyhsanzenssyionamide end (T R,8R,88)-8-
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2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1 H-pyrazol-1-

yl]phenyl}ethyl)amino]carbonyl}benzenesuIfonamide and (3S,4S)-(1-
aminomethyl-3,4-dimethyl-cyclopentyl)-acetic acid;
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1 H-pyrazol-1-
yI]phenyI}ethyl)amino]carbonyl}benzenesulfonamide and (25,45)-4-(3-
chlorophenoxy)proline;
2-f|uoro-N-{[(2-{4-[5-methyl-4-pheny|-3-(trifluoromethyl)-1 H-pyrazol-1-
yl]phenyl}ethyl)amino]carbonyl}benzenesulfonamide and (25,4 5)-4-(3-
fluorobenzyl)proline ;
2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyljethyl (2-
chlorophenyl)sulfonylcarbamate and gabapentin;
2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyllethyl (2-
chlorophenyl)sulfonyicarbamate and pregabalin;
2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyl]ethyl (2-
chlorophenyl)sulfonylcarbamate and (1 a,30,50)(3-amino-methyl-
bicyclo[3.2.0]hept-3-yl)-acetic acid;
2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate and [(1R,5R,65)-6-
(aminomethyl)bicyclo[3.2.0]hept-6-yljacetic acid;
2-[4-(2-isopropyl-4-phenyl-1 H-imidazol-1 -yl)phenyljethyl (2-
chlorophenyl)sulfonylcarbamate and (3S,4S)-(1 -aminomethyl-3,4-dimethyl-
cyclopentyl)-acetic acid ; and
2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyljethyl (2-
chlorophenyl)sulfonylcarbamate and (25,4 8)-4-(3-chlorophenoxy)proline;
2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate and (2S,45)-4-(3-fluorobenzyl)proline;
or pharmaceutically acceptable salts or solvates of either or both components of
any such combination.

Particularly preferred combinations of the invention include those in which
each variable of ‘he combination is selected from the suitable parameters for
each variable. Even more preferable combinations of the invention include those
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The compounds of the combination of the present combination invention
can exist in unsolvated forms as well as solvated forms, including hydrated forms.
In general, the solvated forms, including hydrated forms, which may contain
isotopic substitutions (e.g. D20), are equivalent to unsolvated forms and are
encompassed within the scope of the present invention.

Certain of the compounds of the combination of the present invention
possess one or more chiral centers and each center may exist in the R or S
configuration. The present invention includes all individual enantiomeric and
epimeric forms as well as the appropriate mixtures thereof. Separation of
diastereoisomers or cis and trans isomers may be achieved by conventional
techniques, e.g. 'by fractional crystallisation, chromatography or H.P.L.C. of a
stereoisomeric mixture of a compound of the invention or a suitable salt or
derivative thereof.

Pharmaceutically acceptable salts of EP4-receptor antagonists and alpha-
2-delta ligands include the acid addition and base salts thereof.

Suitable acid addition salts are formed from acids which form non-toxic
salts. Examples include the acetate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, edisylate,
esylate, formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate, hydrochloridee, hydrobromide, hydroiodide,
isethionate, lactate, malate, maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dinydrogen phosphate, saccharate, stearate,
succinate, tartrate, tosylate and trifluoroacetate saits.

Suitable base salts are formed from bases which form non-toxic salts.
Examples include the aluminium, arginine, benzathine, calcium, choline,
diethylamine, diolamine, glycine, lysine, magnesium, meglumine, olamine,
potassium, sodium, tromethamine and zinc salts.
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For a review on suitable salts, see “Handbook of Pharmaceutical Salts:
Proper;ies, Selection, and Use” by Stahl!\ and Wermuth (Wiley-VCH, Weinheim,
Germany, 2002). "

A pharmacedtically acceptable salt of an EP4-receptor antagonist or
alpha-2-delta ligand may be readily prepared by mixing together solutions of the
EP4-receptor antagonist or alpha-2-deita ligand and the desired acid or base, as
appropriate. The salt may precipitate from solution and be collected by filtration or
may be recovered by evaporation of the solvent. The degree of ionisation in the
salt may vary from completely ionised to almost non-ionised.

The compounds of the combination of the invention may exist in both
unsolvated and solvated forms. The term ‘solvate’ is used herein to describe a
molecular complex comprising the compound of the combination of the invention
and one or more pharmaceutically acceptable solvent molecules, for example,
ethanol. The term ‘hydrate’ is employed when said solvent is water. Included
within the scope of the invention are complexes such as clathrates, drug-host
inclusion complexes wherein, in contrast to the aforementioned solvates, the drug
and host are present in stoichiometric or non-stoichiometric amounts. Also
included aré complexes of the drug containing two or more organic and/or
inorganic components which may be in stoichiometric or non-stoichiometric
amounts. The resulting complexes may be ionised, partially ionised, or non-
ionised. For a review of such complexes, see J Pharm Sci, 64 (8), 1269-1288 by
Haleblian (August 1975).

Hereinafter all references to an EP4-receptor antagonist or alpha-2-delta
ligand include references to salts, solvates and complexes thereof and to
solvates and complexes of salts thereof.

The term ‘EP4-receptor antagonist’ includes EP4-receptor antagonists as
hereinbefore defined, polymorphs, prodrugs, and isomers thereof (including
optical, geometric and {automeric isomers) as hereinafter defined and

H : r YAa an TI0 » tmb.
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The term ‘alpha-2-delta ligand’ includes alpha-2-delta ligands as
hereinbefore defined, polymorphs, prodrugs, and isomers thereof (including
optical, geometric and tautomeric isomers) as hereinafter defined and
isotopically-labeled alpha-2-delta ligands.

As stated, the invention includes all polymorphs of the compounds of

formula (1) as hereinbefore defined.

A number of the alpha-2-delta ligands of the combination of the present
invention are amino acids. Since amino acids are amphoteric, pharmacologically
compatible salts can be salts of appropriate non-toxic inorganic or organic acids
or bases. Salts with quaternary ammonium ions can also be prepared with, for
example, the tetramethyl-ammonium ion. The alpha-2-delta ligands of the
combination of the invention may also be formed as a zwitterion.

A suitable salt for amino acid compounds of the present invention is the
hydrochloride salt.

Prodrugs of the above compounds of the combination of the invention are
included in the scope of the instant invention. The chemically modified drug, or
prodrug, should have a different pharmacokinetic profile to the parent, enabling
easier absorption across the mucosal epithelium, better salt formulation and/or
solubility, improved systemic stability (for an increase in plasma half-life, for
example). These chemical modifications may be
(1)  Ester or amide derivatives which may be cleaved by, for example,
esterases or lipases. For ester derivatives, the ester is derived from the
carboxylic acid moiety of the drug molecule by known means. For amide
derivatives, the amide may be derived from the carboxylic acid moiety or the
amine moiety of the drug molecule by known means.

(2)  Peptides which may be recognized by specific or nonspecific proteinases.
A peptide may be coupled to the drug molecule via amide bond formation with the
amine or carboxylic acid moiety of the drug molecule by known means.

(3)  Derivatives Thet accumuiale at a siie of ection trough mambrane s2estion
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Any combination of 1 to 3.

Aminoacyl-glycolic and -lactic esters are known as prodrugs of amino acids
(Wermuth C.G., Chemistry and Industry, 1980:433-435). The carbonyl group of
the amino acids can be esterified by known means. Prodrugs and soft drugs are
known in the art  (Palomino E., Drugs of the Future, 1990;15(4):361-368). The
last two citations are hereby'incorporated by reference.

The combination of the present invention is useful for the general
treatment of pain, particularly inflammatory, neuropathic, visceral or nociceptive
pain.

As a further aspect of the invention, there is provided the use of an EP4-
receptor antagonist and an alpha-2-delta ligand in the manufacture of a
medicament for the curative, prophylactic or palliative treatment of pain,
particularly inflammatory, neuropathic, visceral or nociceptive pain.

As an alternative feature, the invention provides the use of a synergistic
effective amount of an EP4-receptor antagonist and an alpha-2-delta ligand in the
manufacture of a medicament for the curative, prophylactic or palliative treatment
of pain, particularly inflammatory, neuropathic, visceral or nociceptive pain.

As an alternative aspect, there is provided a method for the curative,
prophylactic or palliative treatment of pain, particularly inflammatory, neuropathic,
visceral or nociceptive pain, comprising simultaneous, sequential or separate
administration of a therapeutically effeétive amount of an alpha-2-delta ligand and
an EP4-receptor antagonist, to a mammal in need of said treatment.

As an alternative feature, there is provided a method for the curative,
prophylactic or palliative treatment of pain, particularly inflammatory, neuropathic,
visceral or nociceptive pain, comprising simultaneous, sequential or separate
administration of a therapeutically synergistic amount of an alpha-2-delia ligand

and EP4-racentor antagonist, 10 2 mamma! in nzed of said reatment.
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Physiological pain is an important protective mechanism designed to

warn of danger from potentially injurious stimuli from the external environment.
The system operates through a specific set of primary sensory neurones and is
exclusively activated by noxious stimuli via peripheral transducing mechanisms
(Millan 1999 Prog. Neurobio. 57: 1-164 for an integrative Review). These
sensory fibres are known as nociceptors and are characterised by small diameter
axon‘s with slow conduction velocities. Nociceptors encode the intensity, duration
and quality of noxious stimulus and by virtue of their topographically organised
projection to the spinal cord, the location of the stimulus. The nociceptors are
found on nociceptive nerve fibres of which there are two main types, A-delta
fibres (myelinated) and C fibres (non-myelinated). The activity generated by
nociceptor input is transferred after complex processing in the dorsal horn, either
directly or via brain stem relay nuclei to the ventrobasal thalamus and then on to
the cortex, where the sensation of pain is generated. " '

Intense acute pain and chronic pain may involve the same pathways

driven by pathophysiological processes and as such cease to provide a protective
mechanism and instead contribute to debilitating symptoms associated with a
wide range of disease states. Pain is a feature of many trauma and disease
states. When a substantial injury, via disease or trauma, to body tissue occurs
the characteristics of nociceptor activation are altered. There is sensitisation in
the periphery, locally around the injury and centrally where the nociceptors
terminate. This leads to hypersensitivity at the site of damage and in nearby
normal tissue. In acute pain these mechanisms can be useful and allow for the
repair processes 1o take place and the hypersensitivity returns to normal once the
injury has healed. However, in many chronic pain states, the hypersensitivity far

- outlasts the healing process and is normally due to nervous system injury. This

injury often leads to maladaptation of the afferent fibres (Woolf & Salter 2000
Science 288: 1765-1768). Clinical pain is present when discomfort and abnormal
sensitivity feature among the patient's symptoms. Patients tend to be quite
heterogeneous and may present with various pain symptoms. There are a
number of typical pain subtypes: 1) spontaneous pain which may be dull, burning,
or stathing; 2) pain responses to noxious stimuli are exaggerated (hyperalgesia);
3) pair is producsd dy nermally inmgsucus syl (gfodynie) (Veysr 2l el, 1884
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trauma, or neuropathic pain may have similar symptoms, the underlying

mechanisms are different and, therefore, may require different treatment
strategiés. Therefore pain can be divided into a number of different areas
because of differing pathophysiology, these include nociceptive, inflammatory,
neuropathic pain etc. It should be noted that some types of pain have multiple
aetiologies and thus can be classified in more than one area, e.g. Back pain,
Cancer pain have both nociceptive and neuropathic components.

Nociceptive pain is induced by tissue injury or by intense stimuli with the
potential to cause injury. Pain afferents are activated by transduction of stimuli by
nociceptors at the site of injury and sensitise the spinal cord at the level of their
termination. This is then relayed up the spinal tracts to the brain where pain is
perceived (Meyer et al., 1994 Textbook of Pain 13-44). The activation of
nociceptors activates two types of afferent nerve fibres. Myelinated A-delta fibres
transmitted rapidly and are responsible for the sharp and stabbing pain
sensations, whilst unmyelinated C fibres transmit at a slower rate and convey the
dull or aching pain. Moderate to severe acute nociceptive pain is a prominent
feature of, but is not limited to pain from strains/sprains, post-operative pain (pain
following any type of surgical procedure), posttraumatic pain, burns, myocardial
infarction, acute pancreatitis, and renal colic. Also cancer related acute pain
syndromes commonly due to therapeutic interactions such as chemotherapy
toxicity, immunotherapy, hormonal therapy and radiotherapy. Moderate to severe
acute nociceptive pain is a prominent feature of, but is not limited to, cancer pain
which may be tumour related pain, (e.g. bone pain, headache and facial pain,
viscera pain) or associated with cancer therapy (e.g. postchemotherapy
syndromes, chronic postsurgical pain syndromes, post radiation syndromes),
back pain which may be due to herniated or ruptured intervertabral discs or
abnormalities of the lumber facet joints, sacroiliac joints, paraspinal muscles or
the posterior longitudinal ligament.

Neuropathic pain is defined as pain initiated or caused by a primary
lesion or dysfunction in the nervous system (IASP definition). Nerve damage can
be caused by trauma and disease and thus the term ‘neuropathic pain’
ercompasses meany discrders with diverse aetiologies. These include but are not

[
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chronic alcoholism, hypothyroidism, trigeminal neuralgia, uremia, or vitamin

deficiencies. Neuropathic pain is pathological as it has no protective role. It is
often present well after the original cause has dissipated, commonly lasting for
years, significantly decreasing a patients quality of life (Woolf and Mannion 1999
Lancet 353: 1959-1964). The symptoms of neuropathic pain are difficult to treat,
as they are often heterogeneous even between patients with the same disease
(Woolf & Decosterd 1999 Pain Supp. 6: S141-S147; Woolf and Mannion 1999
Lancet 353: 1959-1964). They include spontaneous pain, which can be
continuous, or paroxysmal and abnormal evoked pain, such as hyperalgesia
(increased sensitivity to a noxious stimulus) and allodynia (sensitivity to a
normally innocuous stimulus).

The inflammatory process is a complex series of biochemical and
cellular events activated in response to tissue injury or the presence of foreign
substances, which result in swelling and pain (Levine and Taiwo 1994: Textbook
of Pain 45-56). Arthritic pain makes up the majority of the inflammatory pain
population. Rheumatoid disease is one of the commonest chronic inflammatory
conditions in developed countries and rheumatoid arthritis is a common cause of
disability. The exact aetiology of RA is unknown, but current hypotheses suggest
that both genetic and microbiological factors may be important (Grennan &
Jayson 1994 Textbook of Pain 397-407). It has been estimated that aimost 16
million Americans have symptomatic osteoarthritis (OA) or degenerative joint
disease, most of whom are over 60 years of age, and this is expected to increase
to 40 million as the age of the population increases, making this a public health
problem of enormous magnitude (Houge & Mersfelder 2002 Ann Pharmacother.
36: 679-686; McCarthy et al., 1994 Textbook of Pain 387-395). Most patients with
OA seek medical attention because of pain. Arthritis has a significant impact on
psychosocial and physical function and is known to be the leading cause of
disability in later life. Other types of inflammatory pain include but are not limited
to inflammatory bowel diseases (I1BD),

Other types of pain include but are not limited to;

- Musculo-skeletal disorders including but not limited o myalgia,
fioromyalgia, spondylitis, sero-negative (non-rheumatoid) arthropathies, non-
adicular  rheumstism,  dystrophingpathy,  Clyscgenclysis,  asiymyosis,

SYOrTVaSTE,
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- Central pain or ‘thalamic pain’ as defined by pain caused by lesion or
dysfunction of the nervous system including but not limited to central post-stroke
pain, multiple sclerosis, spinal cord injury, Parkinson’s disease and epilepsy.

- Heart and vascular pain including but not limited to angina,
myocardical infarction, mitral stenosis, pericarditis, Raynaud’s phenomenon,
scleredoma, scleredoma, skeletal muscle ischemia.

- Visceral pain, and gastrointestinal disorders. The viscera
encompasses the organs of the abdominal cavity. These organs include the sex
organs, spleen and part of the digestive system. Pain associated with the viscera
can be divided into digestive visceral pain and non-digestive visceral pain.
Commonly encountered gastrointestinal (Gl) disorders include the functional
bowel disorders (FBD) and the inflammatory bowel diseases (IBD). These Gl
disorders include a wide range of disease states that are currently only
moderately controlled, including — for FBD, gastro-esophageal reflux, dyspepsia,
the irritable bowel syndrome (IBS) and functional abdominal pain syndrome
(FAPS), and — for IBD, Crohn’s disease, ileitis, and ulcerative colitis, which all
regularly produce visceral pain. Other types of visceral pain include the pain
associated with dysmenorrhea, pelvic pain, cystitis and pancreatitis.

- Head pain including but not limited to migraine, migraine with aura,
migraine without aura cluster headache, tension-type headache.

- Orofacial pain including but not limited to dental pain, temporomandibular
myofascial pain.

The invention also relates to therapeutic use of the present combinations
as agents for treating or relieving the symptoms of neurodegenerative disorders.
Such neurodegenerative disorders include, for example, Alzheimer's disease,
Huntington’s disease, Parkinson’s disease, and Amyotrophic Lateral Sclerosis.
The present invention also covers treating neurodegenerative disorders termed
acute brain injury. These include but are not limited to: stroke, head trauma, and
asphyxia. Stroke refers to a cerebral vascular disease and may also be referred
io as a cerebral vascular accident (CVA) and includes acute thromboembolic
stroke. Stroke includes both focal and global ischemia. Also, included are

i i ; ; . 5 e . T S,
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patient undergoing carotid endarterectomy specifically or other cerebrovascular
or vascular surgical procedures in general, or diagnostic vascular procedures
including cerebral angiography and the like. Other incidents are head trauma,
spinal cord trauma, or injury from general anoxia, hypoxia, hypoglycemia,
hypotension as well as similar injuries seen during procedures from embole,
hyperfusion, and hypoxia. The instant invention would be useful in a range of
incidents, for example, during cardiac bypass surgery, in incidents of intracranial
hemorrhage, in perinatal asphyxia, in cardiac arrest, and status epilepticus.

A skilled physician will be able to determine the appropriate situation in
which subjects are susceptible to or at risk of, for example, stroke as well as
suffering from stroke for administration by methods of the present invention.

The combinations of the present invention are also expected to be useful
in the treatment of depression. Depression can be the result of organic disease,
secondary to stress associated with personal loss, or idiopathic in origin. There is

‘a strong tendency for familial occurrence of some forms of depression suggesting

a mechanistic cause for at least some forms of depression. The diagnosis of
depression is made primarily by quantification of alterations in patients’ mood.
These evaluations of mood are generally performed by a physician or quantified
by a neuropsychologist using validated rating scales, such as the Hamilton
Depression Rating Scale or the Brief Psychiatric Rating Scale. Numerous other
scales have been developed to quantify and measure the degree of mood
alterations in patients with depression, such as insomnia, difficulty with
concentration, lack of energy, feelings of worthlessness, and guilt. The standards
for diagnosis of depression as well as all psychiatric diagnoses are collected in
the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition)
referred to as the DSM-IV-R manual published by the American Psychiatric
Association, 1994.

As a yet further aspect, there is provided the use of a combination of an
alpha-2-deliz ligand and an EP4-recepior antagonist in the manufacture of a
medicerrent for The reatmsnt of & diszass selizcisd frem epiepsy, fgininess
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anxiety, panic, pain, irritable bowel syndrome, sleep disorders, osteoarthritis,

rheumatoid arthritis, neuropathological disorders, visceral pain, functional bowel
disorders, inflammatory bowel diseases, pain associated with dysmenorrhea,
pelvic pain, cystitis and pancreatitis.

As a alternative aspect, there is provided a method for treating a disease
selected frorﬁ epilepsy, faintness attacks, hypokinesia, cranial disorders,
neurodegenerative disorders, depression, anxiety, panic, pain, irritable bowel
syndrome, sleep disorders, osteoarthritis, rheumatoid arthritis, neuropathological
disorders, visceral pain, functional bowel disorders, inflammatory bowel diseases,
pain associated with dysmenorrhea, pelvic pain, cystitis and pancreatitis
comprising administering a therapeutically effective amount of a combination of
an alpha-2-delta ligand and an EP4-receptor antagonist to a mammal in need of
said treatment.

DETAILED DESCRIPTION OF THE INVENTION

The compounds of the combination of the present invention are prepared
by methods well known to those skilled in the art. Specifically, the patents, patent
applications and publications, mentioned hereinabove, each of which is hereby
incorporated herein by reference, exemplify compounds which can be used in the
combinations, pharmaceutical compositions, methods and kits in accord with the
present invention, and refer to methods of preparing those compounds.

The following reaction schemes illustrate the preparation of EP4-receptor
antagonists described in US Patent Application No. US 60/5000131. Unless
otherwise indicated R' through R®and A, B, E and X in the reaction Schemes and
discussion that follow are defined as above. The term “protecting group”, as used
hereinafter, means a hydroxy or amino protecting group which is selected from
typical hydroxy or amino protecting groups described in Protective Groups in
Organic Synthesis edited by T. W. Greene et al. (John Wiley & Sons, 1991);
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In the above formula, L1 represents a halogen atom such as, chlorine, bromine or
5 iodine; an alkanesulfonyloxy group such as, a methanesulfonyl group; an
enyisulenyloxy grous such  as, a p-Olusnssulfonyiony group; e
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boronic acid group; R2 represents an alkyl groups having from 1 to 6 carbon
atoms or an aralkyl group having from 7 to 12 carbon atoms; and all other
symbols are as already defined.
Step 1A

In this Step, a compound of formula 1-3 may be prepared by the coupling
reaction of an ester compound of formula 1-1 with a cyclic compound of formula
1-2 in an inert solvent.

The coupling reaction may be carried out in the absence or presence of a
base in a reaction inert solvent or without solvent. A preferred base is selected
from, for example, an alkali or alkaline earth metal hydroxide, alkoxide,
carbonate, or hydride, such as sodium hydroxide, potassium hydroxide, sodium
methoxide, sodium ethoxide, potassium tert-butoxide, sodium carbonate, cesium
carbonate or potassium carbonate, 2-tert-butylimino-2-diethylamino-1 ,3-dimethyl-
perhydro-1,3,2-diazaphosphorine (BEMP), tert-butylimino-
tri(pyrrolidino)phosphorane (BTPP), cesium fluoride (CsF), potassium fluoride,
sodium hydride or potassium hydride, or an amine such as triethylamine,
tributylamine, diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Preferred reaction inert solvents include, for example,
acetone, benzene, toluene, xylene, o-dichlorobenzene, nitrobenzene,
nitromethane, pyridine, dichlorometheine, dichloroethane, tetrahydrofuran,
dimethylformamide (DMF), dimethylacetamide (DMA), dioxane,
dimethylsulfoxide (DMSO), acetonitrile, sulfolane, N-methylpyrrolidinone (NMP),
methyl ethyl ketone (2-butanone), tetrahydrofuran (THF), dimethoxyethane
(DME) or mixtures thereof. Reaction temperatures are generally in the range of
0 to 200 °C, preferably in the range of room temperature to 150 °C. Reaction
times are, in general, from 1 minute to a day, preferably from 1 hour to 10 hours.
If desired, the reaction may be conducted in the presence of metal catalyst such

as copper (e.g. copper bronze or cuprous iodide) and nickel.

When L1 represents a boronic acid group, the reaction may be carried out
in the presence of a suitable catalyst to form the compound of formula 1-3 by any
synthetic procedure applicable o structure-related compounds known to those
skilled in “he literature (e.g., Lam, 2. Y. S.; Clark, C. G.; Saukerm, S; Adams, J;
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2657-2660., Lam, P. Y. S.; Deudon, S.; Averill, K. M.; Li, R.; He, M. Y ;

DeShong, P.; Clark, C. G., J. Am. Chem. Soc., 2000, 122, 7600-7601., Collman,
J. P.; Zhong, M., Org. Lett, 2000, 2, 1233-1236.). A preferred reaction catalyst is
selected from, for e;(ample, tetrakis(triphenylphosphine)-palladium,
bis(triphenylphosphine)palladium(ll) chloride, copper(0), copper(l) acetate,
copper(l) bromide, copper(l) chloride, copper(l) iodide, copper(l) oxide, copper(ll)
trifluoromethanesulfonate, copper(ll) acetate, copper(ll) bromide, copper(il)
chloride, copper(ll) iodide, copper(ll) oxide, or copper(ll)
trifluoromethanesulfonate.
Step 1B

In this Step, an acid compound of formula 1-7 may be prepared by
hydrolysis of the ester compound of formula 1-3 in a solvent.

The hydrolysis may be carried out by conventional procedures. In a
typical procedure, the hydrolysis carried out under the basic condition, e.g. in the
presence of sodium hydroxide, potassium hydroxide or lithium hydroxide.
Suitable solvents include, for example, alcohols such as methanol, ethanol,
propanol, butanol, 2-methoxyethanol, and ethylene gylcol; ethers such as
tetrahydrofuran (THF), 1,2-dimethoxyethane (DME), and 1,4-dioxane; amides
such as N,N-dimethylformamide (DMF) and hexamethylphospholictriamide; and
sulfoxides such as dimethyl sulfoxide (DMSO). This reaction may be carried out
at a temperature in the range from -20 to 100°C, usually from 20°C to 65°C for 30
minutes to 24 hours, usually 60 minutes to 10 hour.

The hydrolysis may also be carried out under the acidic condition, e.g. in the
presence of e.g. in the presence of hydrogen halides, such as hydrogen chloride
and hydrogen bromide; sulfonic acids, such as p-toluenesulfonic acid and
benzenesulfonic acid; pyridium p-tolueﬁesulfonate; and carboxylic acid, such as
acetic acid and trifluoroacetic acid.. Suitable solvents include, for example,
alcohols such as methanol, ethanol, propanol, butanol, 2-methoxyethanol, and
ethylene gylcol; ethers such as tetrahydrofuran (THF), 1,2-dimethoxyethane
(DME), and 1,4-dioxane; amides such as N,N-dimethylformamide (DMF) and
hexamethylphospholictriamide; and sulfoxides such as dimethyl sulfoxide
(DMSQ). This reaction may be carried out at a temperature in the range from -20
to 100°C, usugly rom 20°C 2o 35°C for 30 minutes o 24 hours, usugly 80
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Step 1C
In this Step, the acid compound of formula 1-7 may also be prepared by

coupling reaction of an acid compound of formula 1-4 with a cyclic compound of
formula 1-5. This reaction is essentially the same as and may be carried out in
the same manner as and using the same reagents and reaction conditions as
Step 1A in Scheme 1.

Step 1D

In this Step, the acid compound of formula 1-7 may also be prepared by
coupling reaction of an acid compound of formula 1-6 with the cyclic compound of
formula 1-2. This reaction is essentially the same as and may be carried out in
the same manner as and using the same reagents and reaction conditions as
Step 1A in Scheme 1.

In this Step, an amide compound of formula 1-12 may be prepared by the
coupling reaction of an amine compound of formula 1-10 with the acid compound
of formula 1-7 in the presence or absence of a coupling reagent in an inert
solvent. If desired, this reaction may be carried out in the presence or absence of
an additive such as 1-hydoroxybenzotriazole or 1-hydroxyazabenzotriazole.

The reaction is normally and preferably effected in the presence of a
solvent. There is no particular restriction on the nature of the solvent to be
employed, ;;rovided that it has no adverse effect on the reaction or on the
reagents involved and that it can dissolve the reagents, at least to some extent.
Examples of suitable solvents include: acetone, nitromethane, DMF, sulfolane,
DMSO, NMP, 2-butanone, acetonitrile; halogenated hydrocarbons, such as
dichloromethane, dichloroethane, chloroform; and ethers, such as tetrahydrofuran
and dioxane.

The reaction can take place over a wide range of temperatures, and the
precise reaction temperature is not critical to the invention. The preferred
reaction temperature will depend upon such factors as the nature of the solvent,
and the starting material or reagent used. However, in general, we find it

convenient to carry out the reaction at a temperature of from -20 °C to 100 °C,

more preferably from about 0 °C 10 60 °C. The time required for the reaction may
zlso vary widely, depending on many factors, noiably ihe reaction temperaiure
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the reaction is effected under the preferred conditions outlined above, a period
of 5 minutes to 1 week, more preferably 30 minutes to 24 hours, will usually
suffice.

Suitable coupling reagents are those typically used in peptide synthesis
including, for example, diimides (e.g., dicyclohexylcarbodiimide (DCC), water
soluble carbodiimide (WSC)), 2-ethoxy-N-ethoxycarbonyl-1,2-dihydroquinoline, 2-
bromo-1-ethylpyridinium tetrafluoroborate (BEP), 2-chloro-1,3-
dimethylimidazolinium chloride, benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP), diethyl
azodicarboxylate-triphenylphosphine, diethylcyanophosphate,
diethylphosphorylazide, 2-chloro-1-methylpyridinium iodide, N, N’-
carnbonyldiimidazole , benzotriazole-1-yl diethyl phosphate, ethyl chloroformate
or isobutyl chloroformate. If desired, the reaction may be carried out in the
presence of a base such as, N,N-diisopropylethylamine, N-methylmorpholine and
triethylamine. The amide compound of formula 1-12 may be formed via an
acylhalide, which may be obtained by the reaction with halogenating agents such
as oxalylchloride, phosphorus oxychloride and thionyl chloride. The resulting
acylhalide may be converted to the corresponding amide compound by treating
with the amine compound of formula 1-10 under the similar conditions as
described in this Step. )

Step 1F

In this Step, an amide compound of formula 1-11 may be prepared by
coupling reaction of the acid compound of formula 1-6 with the amine compound
of formula 1-10. This reacticn is essentially the same as and may be carried out
in the same manner as and using the same reagents and reaction conditions as
Step 1E in Scheme 1.
Step 1G

In this Step, the amide compound of formula 1-12 may also be prepared by
coupling reaction of the compound of formula 1-11 with the cyclic compound of
formula 1-2. This reaction is essentially the same as and may be carried out in
the same manner as and using the same reagents and reaction conditions as
Step 1A in Scheme 1.

Step 1
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In this Step, an amide compound of formula 1-9 may be prepared by
coupling reaction of the acid compound of formula 1-7 with an amino compound
of formula 1-8. This reaction is essentially the same as and may be carried out in
the same manner as and using the same reagents and reaction conditions as
Step 1E in Scheme 1.
Step 11 .

In this Step, the amide compound of formula 1-12 may also be prepared by
reacting the amide compound of formula 1-9 with carbon monoxide and alcohol
(e.g. methanol or ethanol) in the presence of a catalyst and/or base in an inert
solvent. Example of suitable catalysts include: palladium reagents, such as
palladium acetate and palladium dibenzylacetone. Example of suitable bases
include: N,N-diisopropylethylamine, N-methylmorpholine and triethylamine. If
desired, this reaction may be carried out in the presence or absence of an
additive such as 1,1’-bis(diphenylphosphino)ferrocene, triphenylphosphine or 1,3-
bis-(diphenylphosphino)propane (DPPP).

The reaction is normally and preferably effected in the presence of a
solvent. There is no particular restriction on the nature of the solvent to be
employed, provided that it has no adverse effect on the reaction or on the
reagents involved and that it can dissolve the reagents, at least to some extent.
Examples of suitable solvents include: acetone, nitromethane, DMF, sulfolane,
DMSO, NMP, 2-butanone, acetonitrile; halogenated hydrocarbons, such as
dichloromethane, dichloroethane, chloroform; and ethers, such as tetrahydrofuran
and dioxane.

The reaction can take place over a wide range of temperatures, and the
precise reaction temperature is not critical to the invention. The preferred
reaction temperature will depend uponasuch factors as the nature of the solvent,
and the starting material or reagent used. However, in general, we find it
convenient to carry out the reaction at a temperature of from -20 °C to 150 °C,
more preferably from about 50 °C t0 80 °C. The time required for the reaction
may also vary widely, depending on many factors, notably the reaction
temperature and the nature of the reagents and solvent employed. However,
aroviced that ihe reaction is effected under the preferred conditions outlined
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Step 1J _
In this Step, an acid compound of formula la may be prepared by

hydrolysis of the ester compound of formula 1-12.
This reaction is essentially the same as and may be carried out in the same
5 manner as and using the same reagents and reaction conditions as Step 1B in
Scheme 1.
Scheme 2:

This illustrates the preparation of compounds of formula (Ib) wherein RS
Rb RC
represents ~CO.H; and X represents a group of formula: " wherein RP
10 and RC independently represents a hydrogen atom or an alkyl group having from

1 to 3 carbon atoms.
Scheme 2
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/U\on
F{b
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2 ;
R 2.4 ZnL2

f

- R coH

(Ib)

In the above formula, L2 represents a halogen atom such as, chlorine,
bromine or iodine; and all other symbols are as already defined.

Step 2A
‘n this Step, a 2-alkyl cyclic ester compound of formula 2-1 may be
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The halogenated compound 2-2 may be generally prepared by

halogenation with a halogenating reagent in a reaction-inert solvent. Examples
of suitable solvents include: such as aqueous or non-aqueous organic solvents
such as tetrahydrofuran, dioxane, dimethylformamide, acetonitrile; alcohols, such
as methanol or ethano!; halogenated hydrocarbons, such as dichloromethane,
dichloroethane or chloroform; and acetic acid. Suitable halogenating reagents
include, for example, bromine, chlorine, iodine, N-chlorosuccimide, N-
bromosuccimide, 1,3-dibromo-5,5-dimethylhydantoin,
bis(dimethylacetamide)hydrogen tribromide, tetrabutylammonium tribromide,
bromodimethylsulfonium bromide, hydrogen bromide-hydrogen peroxide,
nitrodibromoacetonitrile or copper(il) bromide. The reaction can be carried out

at a temperature of from 0 °C to 200 °C, more preferably from 20 °C to 120 °C.
Reaction times are, in general, from 5 minutes to 48hours, more preferably 30
minutes to 24 hours, will usually suffice.

Step 2B

In this Step, a compound of formula 2-5 may be prepared by the coupling
reaction of the halogenated compound of formula 2-2 with a boronic acid
compound of formula 2-3 in an inert solvent.

Examples of suitable solvents include: aromatic hydrocarbons, such as
benzene, toluene, xylene, nitrobenzene, and pyridine; halogenated hydrocarbons,
such as methylene chloride, chloroform, carbon tetrachloride and dichloroethane;
ethers, such as diethyl ether, diisopropyl ether, DME, tetrahydrofuran and
dioxane; ethyl acetate, acetonitrile, N,N-dimethylformamide, dimethylsulfoxide
and water. _

The reaction can be carried out at a temperature of from -100 °C to 250 °C,
more preferably from 0 °C to the reflux temperature. Reaction times are, in
general, from 1 minute to 10 day, more preferably from 20 minutes to 5 days, will
usually suffice. from 1 minute to a day, preferably from 1 hour to 10 hours.

This reaction may be carried out in the presence a suitable catalyst. There
is likewise no particular restriction on the nature of the catalysts used, and any
catalysts commonly used in reactions of this type may equally be used here.
=xamples of such catalysts include: tetrakis(trivhenylphosphine)-palladium,
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trifluoromethanesulfonate, copper(ll) acetate, copper(ll) bromide, copper(ll)

chloride, copper(ll) iodide, copper(ll) oxide, copper(ll) trifluoromethanesulfonate
palladium(ll) acetate, palladium(ll) chloride, bisacetonitriledichloropalladium(0),
bis(dibenzylideneacetone)palladium(0), tris(dibenzylideneacetone)dipalladium(0)
or [1,1’-bis(diphenylphosphino)ferrocene]palladium(ll) dichloride.

This reaction may be carried out in the presence of a suitable additive
agent. Examples of such additive agents include: tiphenylphosphine, tri-tert-
butylphosphine, 1,1-bis(diphenylphosphino)ferrocene, tri-2-furylphosphine, tri-o-
tolylphosphine, 2-(dichlorohexylphosphino)biphenyl or triphenylarsine.

This reaction may be carried out in the presence or absence of a base.
There is likewise no particular restriction on the nature of the bases used, and
any base commonly used in reactions of this type may equally be used here.
Examples of such bases include: lithium hydroxide, sodium hydroxide, potassium
hydroxide, barium hydroxide, sodium carbonate, potassium carbonate, sodium
bicarbonate, cesium carbonate, thallium(l) carbonate, sodium ethoxide,
potassium tert-butoxide, potassium acetate, cesium fluoride, tetrabutylammonium
fluoride, tetrabutylammonium chloride, tetrabutylammonium iodide, pyridine, 1,8-
diazabicyclo[5.4.0Jundecan, picoline, 4-(N,N-dimethylamino)pyridine,
triethylamine, tributylamine, diisopropylethylamine, N-methylmorphorine and N-
methylpiperidine.

This reaction may be carried out in the presence or absence of a dehydrating
reagent. There is likewise no particular restriction on the nature of the
dehydrating reagents used, and any dehydrating reagents commonly used in
reactions of this type may equally be used here. Examples of such dehydrating
reagents include: molecular sieves.
Step 2C

In this Step, the compound of formula 2-7 may be prepared by the coupling
reaction of a zinc compound of formula 2-4 with the compound of formula 1-5 in
an inert solvent.

Examples of suitable solvents include: aromatic hydrocarbons, such as
benzene, toluene, xylene, nitrobenzene, and pyridine; halogenated hydrocarbons,
such as methylene chloride, chloroform, carbon tetrachloride and dichlorcethane;
athers, such as ciethy. @inar, dilsonrooyt einhsy, tsiranydrofuran and dioxane; ety
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may be carried out in the presence a suitable catalyst. Example of suitable

catalysts include: dichlorobistriphenylphosphine]nickel,
tetrakis(triphenylphosphine)-palladium, bis(triphenylphosphine)palladium(li)
chloride, copper(0), copper(l) acetate, copper(l) bromide, copper(l) chloride,
copper(l) iodide, copper(l) oxide, copper(ll) trifluoromethanesulfonate, copper(ll)
acetate, copper(ll) bromide, copper(ll) chloride, copper(ll) iodide, copper(ll)
oxide, copper(ll) trifluoromethanesulfonate palladium(ll) acetate, palladium(ll)
chloride, bisacetonitriledichloropalladium(0),
bis(dibenzylideneacetone)palladium(0), tris(dibenzylideneacetone)dipalladium(0)
or [1,1’-bis(diphenylphosphino)ferrocene]palladium(ll) dichloride.

This reaction can be carried out at temperature of -50 °C to 150 °C,

preferably from about -10 °C to 80 °C for 5 minutes to 48 hours, preferably 30
minutes to 24 hours.
Step 2D

In this Step, the compound of formula 2-7 may be prepared by the coupling
reaction of a zinc compound of formula 2-6 with the compound of formula 1-1 in
an inert solvent.

This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 2C in
Scheme 2. )

Step 2E

In this Step, an acid compound of formula 2-8 may be prepared by
hydrolysis of the ester compound of formula 2-7.

This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 1B in
Scheme 1. ’

Step 2F

In this Step, an amide compound of formula 2-9 may be prepared by
coupling reaction of the acid compound of formula 2-8 with the amino compound
of formula 1-10. This reaction is essentially the same as and may be carried out
in the same manner as and using the same reagents and reaction conditions as
Step 1E in Scheme 1.

Sizp 2F
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~ In this Step, an acid compound of formula Ib may be prepared by
hydrolysis of the ester compound of formula 2-9.
This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 1B in
5 Scheme 1. |
Scheme 3:

This illustrates the preparation of compounds of formula (lc) wherein RS

N__R®
S

represents O Oz - and RO represents an alky! group having from 1 to 6
carbon atoms, a cycloalkyl group having from 3 to 7 ring atoms, an aryl group or
10  a heteroaryl group.
Scheme 3 |
R! O R® R4 R O R’ R*

H H N___R®
« CO.H « 5"
2 . 2 o)

(Ia) or (Ib) (lc)

In the above formula all symbols are as already defined.
Step 3A
15 In this Step, the desired compound of formula lc may be prepared by the
coupling of the compound of formula la or Ib, prepared as described in Step 1J in
- Scheme 1 and Step 2F in Scheme 2 respectively, with a compound of formula
R8SO,NH, in an inert solvent.
This reaction is essentially the same as and may be carried out in the same
20 manner as and using the same reagents and reaction conditions as Step 1E in
Scheme 1.

Scheme 4:

This illustrates the preparation of compounds of formula (Id) wherein RS

N
N
represents N

25 Sehamsa £
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R3 R R! Q Rr® R*
N
.. HN H H n
N N
N X /
Nl R NN
t— e
1-7 ° Step 4A
(Id)
R® R Step 4B
Step 4C
HN
4-2 CN
R O B3 R4
)J\N
H
CN
R2 1
4-3

in the above formula all symbols are as already defined.
Step 4A
In this Step, a tetrazole compound of formula Id may be prepared by the coupling
5 of the acid compound of formula 1-7 with an amino compound of formula 4-1.
This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 1E in
Scheme 1.
Step 4B
10 In this Step, an amide compound of formula 4-3 may be prepared by the coupling
of the acid compound of formula 1-7 with an amino compound of formula 4-2.
This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 1E in
Scheme 1.
i5 Step 4C
In this Step, the tetrazole compound of formula Id may also be prepared by
convenrting a nitrile group of the compound of formula 4-3 into the tetrazole group
7 ainett scivant
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suitable tetrazole forming reagents include: sodium azide, lithium azide,
trialkyltinazide( alkyl is typically methyl or butyl) and trimethylsilylazide. This
reaction may be carried out in the presence or absence of a catalyst. Exmaple of
suitable catalysts include dialkyltin oxide( alkyl is typically methyl or butyl),
alkylamino hydrochloride, alkylamino hydrobromide or ‘lithium chioride. If
desired, this reaction may be carried out in the presence or absence of an acid or
a base. Examples of suitable bases include: trimethyl amine, triethyl amine and
N,N-diisopropyl ethyl amine. Examples of suitable acids include: ammonium
chloride, hydrogen chloride, aluminum chloride or zinc bromide. This reaction

may be carried out at temperature of 50 °C to 200 °C, preferably from about 80

°C to 150 °C for 5 minutes to 48 hours, preferably 30 minutes to 30 hours. If
desired, this reaction may be carried out in a sealable tube.

The starting materials in the aforementioned general syntheses may be
commercially available or obtained by conventional methods known to those
skilled in the art.

In the above Schemes from 1 to 4, examples of suitable solvents include
a mixture of any two or more of those solvents described in each Step.

The compounds of formula (I), and the intermediates above-mentioned
preparation methods can be isolated and purified by conventional procedures,
such as recrystallization or chromatographic purification.

The following reaction schemes illustrate the preparation of EP4-receptor
antagonists described in US Patent Application No. US 60/568088. Unless
otherwise indicated R' through R® and X, Y, and Z in the reaction schemes and
discussion that follow are defined as above. The term “protecting group”, as used
hereinafter, means a hydroxy or amino protecting group which is selected from
typical hydroxy or amino protecting groups described in Protective Groups in
Organic Synthesis edited by T. W. Greene et al. (John Wiley & Sons, 1999);

The following reaction schemes illustrate the preparation of compounds of
formula (1).
Scheme 1:
s fustrates the areperation of somnounds of formuia .

ry " »
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Step 1F X Step 1G CO,R?

g
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1-9
(o] RZ R3

Step 1H \(ﬁ\ : CO,H

o
In the above formula, R2 represents an alkyl group having from 1 to 4 carbon
atoms. L' represents a leaving group. Examples of suitable leaving groups
include: halogen atoms, such as chlorine, bromine and iodine; sulfonic esters
5 such as TfO (triflates), MsO (mesylates), TsO (tosylates); and the like.

Step 1A .

In this step, a compound of the formula 1-2 in which L' represents a
halogen atom can be prepared by the halogenating the compound of the formula
1-1 under halogenation conditions with a halogenating reagent in a reaction-inert

10 solvent.

Examples of suitable solvents include: acetic acid, water, acetonitrile, and

dichloromethane. Preferred halogenating agents include: chlorinating agents;

"

such as hydrogen chloride, chicrine, and acely. chicride, Lrominatirg agen's,
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hydrogen iodide, trimethylsilyl iodide, sodium iodide-boron tribromide. The
reaction can be carried out at a temperature of from O °C to 200 °C, more

preferably from 20 °C to 120 °C. Reaction times are, in general, from 5 minutes
to 24 hours, more preferably 30 minutes to 10 hours, will usually suffice.
Step 1B

~In this Step, an ester compound of formula 1-4 can be prepared by the
esterification of the acid compound of formula 1-2..

The esterification may be carried out by a number of standard procedures
known to those skilled in the art (e.g., Protective Groups in Organic Synthesis,
Third edition. ed. T.W.Green and P.G.M.Wuts, Wiley-Interscience., pp 373 -
377.). Typical esterification can be carried out in the presence of an acid catalyst,
e.g. sulfuric acid, p-toluenesulfonic acid, camphorsulfonic acid and
benzenesulfonic acid, in @ suitable reaction-inert solvent, e.g. methanol or
ethanol. Typical esterification can also be carried out with a suitable Ci.s
alkylhalide or benzylhalide in the presence of a base, KCOs, Cs,CO3, NaHCO3
and DBU, in a suitable reaction-inert solvent, e.g. ethers such as tetrahydrofuran,
1,2-dimethoxyethane, diethyl ether, diisopropyl ether, diphenyl ether, DMF,
DMSO, ROH and 14-dioxane. The esterification also carried out with
trimethylsilyldiazomethane in a suitable reaction-inert solvent, e.g. methanol,
benzene and toluene. The esterification also carried out with diazomethane in a
suitable reaction-inert solvent, e.g. diethyl ether. Alternatively, the esterification
may be carried out with R'OH, in the presence of a coupling agent, e.g. DCC,
WSC, diisoproopylcyanophosphonate (DIPC), BOPCI and 2,4,6-trichlorobenzoic
acid chloride, and a tertiaryamine, e.g. i-PrNet or EtsN, in a suitable solvent, e.g.
DMF, THF, diethyl ether, DME, dichloromethane and DCE.

- Step 1C

Alternatively, in this step, the compound of the formula 1-4 in which L'
represents a halogen atom can also be prepared by the halogenating the
compound of a formula 1-3 under halogenation conditions with a halogenating
reagent in a reaction-inert solvent.

Examples of suitable solvents include: tetrahydrofuran, 1,4-dioxane, N, /\-
dimethylformamide, acetenitrile; alcohols, such as methano! or athano!;
halcgenaled hydrosaraons, such as dichiercmetnens, T2Cicn.crostnens,
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reagents include, for example, bromine, chlorine, iodine, N-chlorosuccimide, N-

bromo§uccimide, 1,3-dibromo-5,5-dimethylhydantoin,
bis(diméthylacetamide)hydrogen tribromide, tetrabutylammonium tribromide,
bromodimethylsulfonium bromide, hydrogen bromide-hydrogen peroxide,
nitrodibromoacetonitrile or copper(ll) bromide. The reaction can be carried out at

a temperature of from 0 °C to 200 °C, more preferably from 20 °C to 120 °C.
Reaction times are, in general, from 5 minutes to 48 hours, more preferably 30
minutes to 24 hours, will usually suffice.
Step 1D

In this step, a compound of formula 1-5 can be prepared by the alkylation of
the compound of formula 1-4 with a compound of formula R'-YH in the presence
of a base in a reaction-inert solvent. Examples of suitable solvents include:
tetrahydrofuran, N,N-dimethylformamide, dimethylsulfoxide, diethylether, toluene,
ethylene glycol dimethylether generally or 1,4-dioxane. Examples of suitable
bases include: alkyl lithiums, such as n-butyllithium, sec-butyllithium or tert-
butyllithium; aryliithiums, such as phenyllithium or lithium naphtilide; methalamide
such as sodium amide or lithium diisopropylamide; and alkali metal, such as
potassium hydride or sodium hydride. This reaction may be carried out at a
temperature in the range from =50 °C to 200 °C, usually from 0 °C to 80 °C for 5
minutes to 72 hours, usually 30 minutes to 24 hours.
Step 1E

Alternatively, in this step, the compound of formula 1-5 can also be

prepared by Mitsunobu reaction of a compound of formula 1-6 with a compound
of formula R'-YH in the presence of dialkyl azodicarboxylate in a reaction-inert
solvent. The compound of formula 1-6 may be treated with a compound of
formula R'-YH in the presence of dialkyl azodicarboxylate such as diethyl
azodicarboxylate (DEAD) and phosphine reagent such as triphenylphosphine.
Preferably, this reaction may be carried out in a reaction-inert solvent. Preferred
reaction inert solvents include, but are not limited to, tetrahydrofuran (THF),
diethyl ether, dimethylformamide (DMF), benzene, toluene, xylene, o-
dichlorobenzene, nitrobenzene, dichloromethane, 1,2-dichloroethane,
dimetroxyethzne (DME), or mixiures thereof. This reaction may be cairied out at
¢ temperature n tne range from =50 °C o 200 °C, usualy from § °C e §C °C for
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Step 1F
In this step, an acid compound of formula 1-7 may be prepared by

hydrolysis of the ester compound of formula 1-5 in a solvent.

The hydrolysis may be carried out by conventional procedures. In a
typical procedure, the hydrolysis carried out under the basic condition, e.g. in the
presence of sodium hydroxide, potassium hydroxide or lithium hydroxide.
Suitable solvents include, for example, alcohols such as methanol, ethanol,
propanol, butanol, 2-methoxyethanol, and ethylene glycol; ethers such as
tetrahydrofuran (THF), 1,2-dimethoxyethane (DME), and 1,4-dioxane; amides
such as N,N-dimethylformamide (DMF) and hexamethylphospholictriamide; and
sulfoxides such as dimethyl sulfoxide (DMSO). This reaction may be carried out
at a temperature in the range from -20 °C to 100 °C, usually from 20 °C to 75 °C
for 30 minutes to 48 hours, usually 60 minutes to 30 hours.

The hydrolysis may also be carried out under the acidic condition, e.g. in the
presence of hydrogen halides, such as hydrogen chloride and hydrogen bromide;
sulfonic acids, such as p-toluenesulfonic acid and benzenesulfonic acid; pyridium
p-toluenesulfonate; and carboxylic acid, such as acetic acid and trifluoroacetic
acid. Suitable solvents include, for example, alcohols such as methanol, ethanol,
propanol, butanol, 2-methoxyethanol, and ethylene glycol; ethers such as
tetrahydrofuran (THF), 1,2-dimethoxyethane (DME), and 1,4-dioxane;
halogenated hydrocarbons, such as dichloromethane, 1,2-dichloroethane, amides
such as N, N-dimethylformamide (DMF) and hexamethylphospholictriamide; and
sulfoxides such as dimethyl sulfoxide (DMSO). This reaction may be carried out
at a temperature in the range from -20 °C to 100 °C, usually from 0 °C to 65 °C
for 30 minutes to 24 hours, usually 60 minutes to 10 hours.

Step 1G

In this step, an amide compound of formula 1-8 may be prepared by the
coupling reaction of an amine compound of formula 1-8 with the acid compound
of formula 1-7 in the presence or absence of a coupling reagent in an inert
solvent. If desired, this reaction may be carried out in the presence or absence of
an additive such as 1-hydoroxybenzotriazole (HOBt) or -
hycroxyazabenzoiriazole. Examples of suitable solvenis include: acetone,
riromathane, N A-Cimetnyformamide (SMF), sulfolans, dimethyi sulfoxids
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hydrocarbons, such as dichloromethane, 1,2-dichloroethane, chloroform; and
ethers, such as tetrahydrofuran and 1,4-dioxane. This reaction may be carried

out at a temperature in the range from -20 °C to 100 °C, more preferably from

about 0 °C to 60 °C for 5 minutes to 1 week, more preferably 30 minutes to 24
hours, will usually suffice. Suitable coupling reagents are those typically used in
peptide synthesis including, for example, diimides (e.g., dicyclohexyicarbodiimide
(DCC), water soluble carbodiimide (WSC)), O-benzotriazol-1-yI-N,N, N ,N*
tetramethyluronium hexafluorophosphate (HBTU), 2-ethoxy-N-ethoxycarbonyl-
1,2-dihydroquinoline, 2-bromo-1-ethylpyridinium tetrafluoroborate (BEP), 2-
chloro-1,3-dimethylimidazolinium chloride, benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP), diethyl
azodicarboxylate-triphenylphosphine, diethylcyanophosphate,
diethylphosphorylazide, 2-chloro-1-methylpyridinium iodide, N, N*-
carnbonyldiimidazole , benzotriazole-1-yl diethyl phosphate, ethyl chloroformate
or isobutyl chloroformate. If desired, the reaction may be carried out in the
presence of a base such as, N,N-diisopropylethylamine, N-methylmorpholine, 4-
(dimethylamino)pyridine and triethylamine. The amide compound of formula (I)
may be formed via an acylhalide, which may be obtained by the reaction with
halogenating agents such as oxalylchloride, phosphorus oxychloride and thionyl
chloride. The resulting acylhalide may be converted to the corresponding amide
compound by treating with the aminercompound of formula 1-13 under the similar
conditions as described in this step.
Step 1H

In this Step, the compound of formula (1) may be prepared by hydrolysis of
the ester compound of formula 1-9. This reaction is essentially the same as and
may be carried out in the same manner as and using the same reagents and
reaction conditions as Step 1F in Scheme 1.
Scheme 2:

This illustrates the preparation of compounds of formula (la) wherein X

represents a nitrogen atom; and Y represents an oxygen atom.
Scheme 2
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(1a)
In the above formula, and R? is defined in Scheme1;
Step 2A
In this Step, a lactone compound of formula 2-2 may be prepared by
5 rearrangement of a compound of formula 2-1 followed by cyclization in a reaction-
inert solvent: -

Firstly, the compound 2-1 may be treated with an reagent in a reaction-inert
solvent. Examples of suitable solvents include: such as dichloromethane and
dimethylformamide. Examples of suitable reagents include: such as

10 trifluoroacetic anhydride and acetic anhydride. The reaction can be carried out at

a temperature of from -50 °C to 100 °C, more preferably from —0 °C to 40 °C.
Reaction times are, il general, from 5 minutes to 48 hours, more preferably 30
minutes to 24 hours, will usually suffice.
Secondly, the obtained alcohol compound may be treated with a base or a
15  acid in a reaction-inert solvent. Examples of suitable solvents include: such as
methanol, benzene, toluene, and acetic acid. Example of such bases include: an
alkali or alkaline earth metal hydroxide, alkoxide, carbonaie, halide or hydride,
such as sodium hydroxide, potassium hydroxide, sodium methoxide, sodium
et~oiCde, toassiuT fert-buioNice, sodiuim carkonale, 20%asSsiuT ¢ardonale,
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tributylamine, diisopropylethylamine, pyridine or dimethylaminopyridine.

EXampIe of such acids include: hydrogen halides, such as hydrogen chloride
and hydrogen bromide; sulfonic acids, such as p-toluenesulfonic acid and
benzenesulfonic acid; pyridium p-toluenesulfonate; and carboxylic acid, such as
acetic acid and trifluoroacetic acid. The reaction can be carried out at a

temperature of from 0 °C to 200 °C, more preferably from room temperature to

100°C. Reacﬁon times are, in general, from 5 minutes to 48hours, more
preferably 30 minutes to 24 hours, will usually suffice.
Step 2B

In this Step, a compound of formula 2-3 may be prepared by the reaction of
the lactone compound of formula 2-2 with an alcohol compound of formula R'-OH
in the absence or the presence of a base in an inert solvent.

Examples of suitable solvents include: alcohols, such as methanol or
eihanol; halogenated hydrocarbons, such as dichloromethane, 1,2-
dichloroethane, chloroform or carbon tetrachloride and acetic acid; aromatic
hydrocarbons, such as benzene, toluene, xylene, nitrobenzene, and pyridine;
halogenated hydrocarbons, such as methylene chloride, chloroform, carbon
tetrachloridé and dichloroethane; ethers, such as diethyl ether, diisopropyl ether,
DME, tetrahydrofuran and dioxane; ethyl acetate, acetonitrile, N,N-
dimethylformamide, dimethylsulfoxide and water. Example of such bases
include: an alkali or alkaline earth metal hydroxide, alkoxide, carbonate, halide or
hydride, such as sodium hydroxide, potassium hydroxide, sodium methoxide,
sodium ethoxide, potassium tert-butoxide, sodium carbonate, potassium
carbonate, potassium fluoride, sodium hydride or potassium hydride, or an amine
such as triethylamine, tributylamine, diisopropylethylamine, pyridine or
dimethylaminopyridine in the presence or absence of a reaction-inert solvent.

The reaction can be carried out at a temperature of from -100 °C to 250 °C,
more preferably from 0 °C to the reflux temperature. Reaction times are, in
general, from 1 minute to 10 day, more preferably from 20 minutes to 5 days, will
usually suffice. from 1 minute to a day, preferably from 1 hour to 10 hours.

Step 2C
In this step, an acid compound of formula 2-4 may be prepared Dy

s
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and reaction conditions as Step 1F in Scheme 1.
Step 2D ‘_

In this Step, the compound of formula 2-5 may be prepared by the coupling
reaction of the compound of formula 2-4 with the compound of formula 1-8 in an
inert solvent.

This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 1G in
Scheme 1.

Step 2E

In this Step, the compound of formula (la) may be prepared by hydrolysis of
the ester compound of formula 2-5.

This reaction is essentially the same as and may be carried out in the same
manner as and using the same reagents and reaction conditions as Step 1F in
Scheme 1.

In the above Schemes from 1 and 2, examples of suitable solvents include
a mixture of any two or more of those solvents described in each step.

The starting materials in the aforementioned general syntheses are
commercially available or may be obtained by conventional methods known to
those skilled in the art.

The-compounds of formula (I), and the intermediates above-mentioned
preparafion methods can be isolated and purified by conventional procedures,
such as recrystallization or chromatographic purification.

The various general methods described above may be useful for the
introduction of the desired groups at any stage in the stepwise formation of the
required compound, and it will be appreciated that these general methods can be
combined in different ways in such multi-stage processes. The sequence of the
reactions in multi-stage processes should of course be chosen so that the
reaction conditions used do not affect groups in the molecule which are desired in
the final product.

The following reaction schemes illusirate the preparation of EP4-recepior
zntegoniets descrizec n US Patent Agoiication No. US 80/887931. Unless
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discussion that follow are defined as above. The term “protecting group”, as

used hereinafter, means a hydroxy or amino protecting group which is selected
from typical hydroxy or amino protecting groups described in Protective Groups in
Organic Synthesis edited by T. W. Greene et al. (John Wiley & Sons, 1999);

5
Scheme 1:
This illustrates the preparation of compounds of formula (i).
Scheme 1
0
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X7 YH Step 1F X7 YH CO,R?
1-7 1-8
10 In the above formula, R2 represents an alkyl group having from 1 to 4 carbon
atoms. L' represents a leaving group. Examples of suitable leaving groups
include: halogen atoms, such as chlorine, bromine and iodine; sulfonic esters
such as TfO (triflates), MsO (mesylates), TsO (tosylates); or a boronic acid group.
Step 1A
i5 In this Step, a compound of formula 1-3 may be prepared by the coupling
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The coupling reaction may be carried out in the absence or presence of a

base in a reaction inert solvent or without solvent. A preferred base is selected
from, for example, an alkali or alkaline earth metal hydroxide, alkoxide,
carbonate, or hydride, such as sodium hydroxide, potassium hydroxide, sodium
methoxide, sodium ethoxide, potassium tert-butoxide, sodium carbonate, cesium
carbonate or potassium carbonate, 2-tert-butylimino-2-diethylamino-1,3-dimethyl-
perhydro-1 .3,2-diazaphosphorine (BEMP), tert-butylimino-
tri(pyrrolidino)phosphorane (BTPP), cesium fluoride (CsF), potassium fluoride,
sodium hydride or potassium hydride, or an amine such as triethylamine,
tributylamine, diisopropylethylamine, 2,6-lutidine, pyridine or
dimethylaminopyridine. Preferred reaction inert solvents include, for example,
acetone, benzene, toluene, xylene, o-dichlorobenzene, nitrobenzene,
nitromethane, pyridine, dichloromethane, dichloroethane, tetrahydrofuran,
dimethylformamide (DMF), dimethylacetamide (DMA), dioxane,
dimethylsulfoxide (DMSO), acetonitrile, sulfolane, N-methylpyrrolidinone (NMP),
methyl ethyl ketone (2-butanone), tetrahydrofuran (THF), dimethoxyethane
(DME) or mixtures thereof. Reaction temperatures are generally in the range of
0 to 200 °C, preferably in the range of room temperature to 150 °C. Reaction
times are, in general, from 1 minute to a day, preferably from 1 hour to 10 hours.
If desired, the reaction may be conducted in the presence of metal catalyst such
as copper (e.g. copper bronze or cuprous iodide) and nickel.

When L' represents a boronic acid group, the reaction may be carried out
in the presence of a suitable catalyst to form the compound of formula 1-3 by any
synthetic procedure applicable to structure-related compounds known to those
skilled in the literature (e.g., Lam, P. Y. S,; Clark, C. G.; Saubern, S; Adams, J;
Winters, M. P.; Chan, D. M. T.; Combs; A., Tetrahedron Lett., 1998, 39, 2941-
2944., Kiyomori, A.; Marcoux, J.; Buchwald, S. L., Tetrahedron Lett., 1999, 40,
2657-2660., Lam, P. Y. S.; Deudon, S.; Averill, K. M.; Li, R.; He, M. Y.; DeShong,
P.; Clark, C. G., J. Am. Chem. Soc., 2000, 122, 7600-7601., Collman, J. P.;
Zhong, M., Org. Lett., 2000, 2, 1233-1236.). A preferred reaction catalyst is
selected from, for example, tetrakis(triphenylphosphine)-palladium,
bis(trichenylphosphine)palladium(!l) chloride, copper(0), copper(!) acetate,
coppes(ly mramide, conper(l) chioride, copoer(l) acide, coppar(l) cxide, ceppenll)
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chloride, copper(ll) iodide, copper(ll) oxide, or copper(ll)
trifluoromethanesulfonate.
Step 1B

In this Step, the ester compound of formula 1-3 may also be prepared by
coupling reaction of an ester compound of formula 1-2 with a compound of
formula R'-L'. This reaction is essentially the same as and may be carried out in
the same manner as and using the same reagents and reaction conditions as
Step 1A in Scheme 1.

Step 1C

In this step, an acid compound of formula 1-4 may be prepared by
hydrolysis of the ester compound of formula 1-3 in a solvent.

The hydrolysis may be carried out by conventional procedures. In a
typical procedure, the hydrelysis carried out under the basic condition, e.g. in the
presence of sodium hydroxide, potassium hydroxide or lithium hydroxude
Suitable solvents include, for example, alcohols such as methanol, ethanol,
propanol, butanol, 2-methoxyethanol, and ethylene glycol; ethers such as
tetrahydrofuran (THF), 1,2-dimethoxyethane (DME), and 1,4-dioxane; amides
such as N,N-dimethylformamide (DMF) and hexamethylphospholictriamide; and
sulfoxides such as dimethyl sulfoxide (DMSO). This reaction may be carried out
at a temperature in the range from -20 °C to 100 °C, usually from 20 °C to' 75 °C
for 30 minutes to 48 hours, usually 60 minutes to 30 hours.

The hydrolysis may also be carried out under the acidic condition, e.g. in the
presence of hydrogen halides, such as hydrogen chloride and hydrogen bromide;
sulfonic acids, such as p-toluenesulfonic acid and benzenesulfonic acid; pyridium
p-toluenesulfonate; and carboxylic acid, such as acetic acid and trifluoroacetic

. acid. Suitable solvents include, for example, alcohols such as methanol, ethanol,

propanol, butanol, 2-methoxyethanol, and ethylene glycol; ethers such as
tetrahydrofuran (THF), 1,2-dimethoxyethane (DME), and 1,4-dioxane;
halogenated hydrocarbons, such as dichloromethane, 1,2-dichloroethane, amides
such as N,N-dimethylformamide (DMF) and hexamethylphospholictriamide; and
sulfoxides such as dimethy! sulfoxide (DMSO). This reaction may be carried out
zt a temperature in the range from -20 °C 1o 100 °C, usually from 0 °C 0 65 °C
for 30 Tinu'es %0 27 nours, usually 60 minutes (o 13 NouTs.
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In this step, an amide compound of formula 1-6 may be prepared by the

coupliqg reaction of an amine compound,of formula 1-5 with the acid compound
of formula 1-4 in the presence or absence of a coupling reagent in an inert
solvent. If desired, this reaction may be carried out in the presence or absence of
an additive such as 1-hydoroxybenzotriazole (HOB) or 1-
hydroxyazabenzotriazole. Examples of suitable solvents include: acetone,
nitromethane, N,N-dimethylformamide (DMF), sulfolane, dimethyl sulfoxide
(DMSO), 1-methyl-2-pirrolidinone (NMP), 2-butanone, acetonitrile; halogenated
hydrocarbons, such as dichloromethane, 1,2-dichloroethane, chloroform; and
ethers, such as tetrahydrofuran and 1,4-dioxane. This reaction may be carried

out at a temperature in the range from -20 °C to 100 °C, more preferably from

about 0 °C to 60 °C for 5 minutes to 1 week, more preferably 30 minutes to 24
hours, will usually suffice. Suitable coupling reagents are those typically used in
peptide synthesis including, for example, diimides (e.g., dicyclohexylcarbodiimide

(DCC), water soluble carbodiimide (WSC)), O-benzotriazol-1-yl-N,N,N',N~

tetramethyluronium hexafluorophosphate (HBTU), 2-ethoxy-N-ethoxycarbonyl-
1,2-dihydroquinoline, 2-bromo-1-ethylpyridinium tetrafluoroborate (BEP), 2-
chloro-1,3-dimethylimidazolinium chloride, benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP), diethy!
azodicarboxylate-triphenylphosphine, diethylcyanophosphate,
diethylphosphorylazide, 2-chloro-1-methylpyridinium iodide, N, N~
carnbonyldiimidazole , benzotriazole-1-yl diethyl phosphate, ethyl chloroformate
or isobutyl chloroformate. If desired, the reaction may be carried out in the
presence of a base such as, N,N-diisopropylethylamine, N-methylmorpholine, 4-
(dimethylamino)pyridine and triethylamine. The amide compound of formula (1)
may be formed via an acylhalide, which may be obtained by the reaction with
halogenating agents such as oxalylchloride, phosphorus oxychloride and thionyl
chloride. The resulting acylhalide may be converted to the corresponding amide
compound by treating with the amine compound of formula 1-13 under the similar
conditions as described in this step.

Step 1E
In his Sieo, the compounrd of formula () may be prepared by hydrclysis
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reaction conditions as Step 1C in Scheme 1.
Step 1F .

In this Step, a compound of formula 1-8 may be prepared by the coupling
reaction of an acid compound of formula 1-7 with the amine compound of formula
1-5 in an inert solvent.

This reaction is essentially the same as and may be carried out in the
same manner as and using the same reagents and reaction conditions as Step
1D in Scheme 1.

Step 1G

Alternatively, in this step, the compound of formula 1-6 can also be
prepared by Mitsunobu reaction of the compound of formula 1-8 with a compound
of formula R'-OH in the presence of dialkyl azodicarboxylate in a reaction-inert
solvent. The compound of formula 1-6 may be treated with a compound of
formula R'-OH in the presence of dialky! azodicarboxylate such as diethyl
azodicarboxylate (DEAD) and phosphine reagent such as triphenylphosphine.
Preferably, this reaction may be carried out in a reaction-inert solvent. Preferred
reaction inert solvents include, but are not limited to, tetrahydrofuran (THF),
diethyl ether, dimethylformamide (DMF), benzene, toluene, xylene, o-
dichlorobenzene, nitrobenzene, dichloromethane, 1,2-dichloroethane,
dimethoxyethane (DME), or mixtures thereof. This reaction may be carried out at
a temperature in the range from -50 °C to 200 °C, usually from O °C to 80 °C for
5 minutes to 72 hours, usually 30 minutes to 24 hours.

In the above Schemes from 1, examples of suitable solvents include a

mixture of any two or more of those solvents described in each step.

The starting materials in the aforementioned general syntheses are
commercially available or may be obtained by conventional methods known to
those skilled in the art.

The compounds of formula (1), and the intermediates above-mentioned
preparation methods can be isolated and purified by conventional procedures,
such as recrystallization or chromatographic purification.

The various general methods described above may be useful for the
irtroduction of the desired groups at any stage in the stepwise formation of the
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reactions in multi-stage processes should of course be chosen so that the
reaction conditions used do not affect groups in the molecule which are desired

in the final product.

The following experimental procedures illustrate the preparation of certain
preferred alpha-2-deita ligands described above.

(S)-3-((E)-2-Methyl-pent-2-enoyl)-4-phenyl-oxazolidin-2-one

A 20 L jacketed reactor was fitted with a reflux condenser and a nitrogen
inlet. To the flask was charged 1006 g (8.81 mol) of (E)-2-methyl-2-pentenoic
acid, 1250 g (7.661 mol) of (S)-(+)-4-phenyl-oxazolidin-2-one, 2179 g (8.81 mol)
of 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ), 81 g (1.915 mol) of
lithium chloride, and 12.5 L. of ethyl acetate (EtOAc). The reaction was heated to
75°C for 20 hours and then cooled to room temperature. The reaction solution
was extracted 3x with 4 L aliquots of 1IN HCI and 1x with 4 L of 0.2N NaOH. The
20 L reactor was fitted with a distillation head. The organic layer was distilled to
remove, in succession: 6.5 L of EtOAc, after which 8 L of heptane was added
back to the reactor; 4 L of EtOAc/heptane, after which 4 L of heptane was added
to the reactor: and 4 L of EtOAc/heptane, after which 8 L of heptane was added
to the reactor. After an additional 2 L of EtOAc/heptane was removed by
distillation, the reaction mixture was cooled to an internal temperature of 40°C,
and the reactor contents were charged to a filter and filtered under 5 psig of
nitrogen washing with 8 L of heptane. The solids were dried under 5 psig of
nitrogen overnight to give 1772 g of the titled compound: 'H-NMR (DMSO) 7.363-
7.243 (m, 5H), 6.137-6.096 (m, 1H), 5.434-5.394 (m, 1H), 4.721-4.678 (t, 1H,J =
8.578), 4.109-4.069 (m, 1H), 2.119-2.044 (m, 2H), 1.703-1.700 (d, 3H, J = 1.364),
0.945-0.907 (t, 3H, J = 7.603); Anal Calc’d for C45H17N1O3: C, 69.48; H, 6.61; N,
5.40. Found: C, 68.66; H, 6.60; N, 5.60; MS (lon Mode: APCI) m/z= 260 [M+1]".

(4S,5R)-3-((E)-2-Methyl-pent-2-enoyl)-4,5-diphenyl-oxazolidin-2-one

To a solution of (E)-2-methyl-2-pentenoic acid (5.3 g, 47 mmol) in 250 mL
of TFF at 0°C was added 16.3 mL (117 mmotl) of iriethytamine, then 5.8 mi. (47
mmo) of sivaicy chioride rasuling in g gk sustersisn. Tha Thurs wes sUTet
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one portion, followed by 10 g (42 mmol) of (4S,5R)-4,5-diphenyl-2-oxazolidinone

in four batches. Stirring was maintained throughout the solid additions. The
reaction mixture was stirred for 1 hour at 0°C, and for 1 hour at ambient
temperature, and was vacuum filtered through a coarse frit and concentrated.
The residue was partitioned between EtOAc/water, and the organics were dried
over MgSO, and concentrated. To the residue was added 200 mL of MTBE and
the mixture was warmed cautiously with swirling. The warm slurry was filtered to
provide 13.0 g (83% yield) of the titled compound as a colorless solid: 'HNMR
(CDCl3) & 7.12 (m, 3H), 7.08 (m, 3H), 6.93 (m, 2H), 6.86 (m, 2H), 6.14 (m, 1H),
5.90 (d, J = 7.8 Hz, 1H), 5.69 (d, J = 7.8 Hz, 1H), 2.23 (pent, J = 7.6 Hz, 2H), 1.92
(s, 3H), 1.07 (t, J = 7.6 Hz, 3H). The titled acylated oxazolidinone may be used in
the next step instead of (S)-3-((E)-2-Methyl-pent-2-enoyl)-4-phenyl-oxazolidin-2-
one.

(2R,3R,4S)-3-(2,3-Dimethyl-pentanoyl)-4-phenyl-oxazolidin-2-one

A 20 L jacketed reactor was fit with a gas inlet and a 2 L dripping funnel. A
nitrogen sweep was begun over the reactor and maintained throughout the
process. To the reactor was charged 392 g (9.26 mol) of lithium chloride, 1332 g
(6.479 mol) of copper bromide dimethylsulfide complex and 11 L of
tetrahydrofuran. The reaction was stirred for 30 minutes at room temperature
and then cooled to -15°C. To the reaction mixture was added 4.268 L (12.80
mol) of 3.0M methyl magnesium chloride at a rate such that the reaction
temperature did not exceed -10°C. Upon completion of the addition, the cuprate
solution was allowed to stir at -5°C overnight. To the cuprate solution was added
500 g (3.09 mol) of (S)-3-((E)-2-methyl-pent-2-enoyl)-4-phenyl-oxazolidin-2-one
as a solid. The reaction was stirred at -3°C for 2 hours. The reaction solution
was charged to a 22 L round bottom flask containing 800 mL. of acetic acid and 2
L of tetrahydrofuran at a rate such that the temperature of the quench solution did
not exceed 25°C. To the quenched solution was added 6 L water. The resulting
emulsion was filtered and the layers were separated. The organic layer was
extracted with 9 L of 4.8 M NH,OH followed by 9 L of saturated NH,Cl. The
organc ‘ayer was clarified through a plug of magnesc!. The organic leyer wes
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from 8 L of 20% H,O in MeOH, filtered and dried in a vacuum oven to give 550 g

of a white solid. The white solid was recrystallized from 5 L of 20% H20 in
MeOH, filtered and dried in a vacuum oven to give 475 g of the titled compound:
'H-NMR (DMSO) 7.338-7.224 (m, 5H), 5.431-5.399 (q, 1H, J = 4.288), 4.696-
4.652 (t, 1H, J = 8.773), 4.120-4.087 (m, 1H), 3.622-3.556 (m, 1H), 1.648-1.584
(m, 1H), 1.047-0.968 (m, 1H), 0.900-0.883 (d, 3H, J = 6.823), 0.738-0.721 (d, 3H,
J = 6.628), 0.693-0.656 (t, 3H, J = 7.408); Anal Calc'd for C1gHz1N1Og: C, 69.78;
H, 7.69; N, 5.09. Found: C, 69.81; H, 7.61; N, 5.07; MS (lon Mode: APCI) m/z=
276 [M+1]*.

(2R,3R)-2,3-Dimethyl-pentanoic acid

A 20 L jacketed flask was fit with a gas inlet. A nitrogen purge was begun
over the reactor and maintained throughout the process. To the flask was
charged 450 g (1.634 mol) of (2R,3R,4S)-3-(2,3-dimethyl-pentanoyl)-4-phenyl-
oxazolidin-2-one and 3.375 L tetrahydrofuran. The contents of the reactor were
stirred at 15°C. In a separate 3 L round bottom flask, placed in an ice bath, was
charged 500 mL of water, 137 g (3.269 mol) of LiOH-H20 and 942 mL (9.81 mol)
of 30% wt/wt H,O,. The contents of the 3 L round bottom flask were stirred for 3
minutes and then poured into the 20 L jacketed reactor at a rate such that the
temperaturé did not exceed 25°C. The reaction was stirred at 15°C for 2 hours
and then raised to 25°C and stirred for an additional 2 hours. The jacket
temperature of the reactor was set to -20°C. To the reaction was added 1.66 L of
saturated NaHSOs at a rate such that the temperature of the reaction did not
exceed 25°C. The layers were separated. The aqueous layer was extracted 2x
with 1 L aliquots of MTBE. The organic phases were combined and concentrated
to give a solid/oil mixture. The solid/oil mixture was slurried in 1.7 L of hexane.
The slurry was filtered and the collected solids were washed with 1.7 L of hexane.
The hexane filtrates were extracted 2x with 1.35 L aliquots of 1N NaOH. The
aqueous extracts were combined and extracted with 800 mL of dichloromethane.
The aqueous layer was then acidified with 240 mL of concentrated hydrochloric
acid. The aqueous solution was extracted 2x with 1 L aliquots of
dichloromethane. The organic exiracts were combined, dried over MgSO; and

-
Pl talat>Ya sy o omhae Oy w8 S DI AN mmammmac e V8 NIV SN LRMAY 4 o Farn
Cor ,Certfgueu s LU AV A & L8O SO TOLTTL L ‘.\\,..‘v'., . \.J.‘vﬁij@l - LJQQG \‘3?&‘,



10

15

20

25

30

WO 2005/102389 PCT/1B2005/000935

68

1H), 2.204-2.135 (m, 1H), 1.556-1.490 (m, 1H), 1.382-1.300 (m, 1H), 1.111-

1.000 (m 1H), 0.952-0.934 (d, 3H, J = 7018) 0.809-0.767 (m, 6H); Gas
Chromatogram 9.308 minutes, 98.91% area Anal Calc’'d for C7H140.: C, 64.58;
H, 10.84; N, 0. Found: C, 64.39; H, 10.77; N, 0.18; MS (lon Mode: APCI) m/z=
131 [M+1]".

(4R,5R)-4,5-Dimethyl-3-oxo-heptanoic acid ethyl ester

To a 1 L round bottom flask equipped with a nitrogen inlet was charged 22
g (230 mmol) of magnesium chioride, 39 g (230 mmol) of potassium ethyl
malonate and 200 mL of dimethylformamide. The contents of the flask were
stirred at 50°C for 1 hour and then cooled to 35°C. In a separate 500 mL,
nitrogen inerted flask was added 200 mL of dimethylformamide, 28.6 g (177
mmol) of carbonyl diimidazole and 20 g of (2R,3R)-2,3-dimethyl-pentanoic acid
was dripped in over 30 minutes. When the gas evolution had ceased, the
contents of the 500 mL flask were added to the 1 L flask. The reaction was
stirred for 2 days at 35°C. The reaction was cooled to room temperature and
diluted with 800 mL of 1N HCI. The aqueous solution was extracted 3x with 1 L
aliquots of MTBE. The organic extracts were combined and extracted with 200
mL of saturated NaHCO3. The organic layer was dried over MgSO,4 and
concentrated to give 31.74 g of the titled compound: 'H-NMR (CDCls) 4.180-
4.120 (m, 2H), 3.454 (s, 2H), 2.522-2.453 (q, 1H, J = 7.018), 1.738-1.673 (m,
1H), 1.418-1.328 (m, 1H), 1.270-1.217 (m, 3H), 1.113-1.010 (m, 4H), 0.889-0.815
(m, 5H); MS (lon Mode: APCI) m/z= 201 [M+1]".

(4R,5R)-3-Methoxyimino-4,5-dimethyl-heptanoic acid ethyl ester

(4R,5R)-4,5-Dimethyl-3-oxo-heptanoic acid ethyl ester (21.23 g, 106
mmol) was dissolved in 200 mL of EtOH and added to 10.6 g (127 mmol) of
methoxylamine-HCI and 10.6 g (127 mmol) of sodium acetate solids. The slurry
was stirred at room temperature for 48 hours. MTBE (200 mL) and 100 mL of
water were added, and the resulting phases were separated. The organic phase
was washed with 100 mL of water and was evaporated o yield a iwo-phase
mixiure. Hexanes (100 mL) were added and the phases were separaied. The
20J30CUS phasu was exirected with 8 ml of naxanss and e sombined organt
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evaporated to give 21.24 g (87.4% yield) of the titted compound as a clear

yellow oil: 'H NMR (CDCls, 399.77 MHz) 6 0.84-0.88 (m, 6H), 1.07 (d, J= 7.1 Hz,
3H), 1.24 (t, J=7.1 Hz, 3H), 1.4-1.6 (m, 2H), 2.24 (m, 1H), 3.08 (d, J=15.8 Hz,
1H), 3.19 (d, J= 15.8 Hz, 1H), 3.80 (s, 3H), 4.10-4.2 (m, 3H). Low resolution
mass spec: nominal m/e calc’d for C12H23NOs (M +H)*: 230. Found: m/e 230.

(4R,5R)-3-Amino-4,5-dimethyl-hept-2-(2)-enoic acid ethyl ester

A solution of 21.1 g (92 mmol) of (4R ,5R)-3-methoxyimino-4,5-dimethyl-
heptanoic acid ethyl ester in methanol (200 mL) was treated with Sponge nickel
(10 g, Johnson Matthey A7000). The resulting slurry was hydrogenated on a Parr
shaker type hydrogenator at 50 psig and room temperature for 20 hours. At this
time an additional 10 g of the nickel catalyst was added and hydrogenation was
continued for a total of 42.0 hours. The slurry was filtered, the solids were
washed with fresh methanol, and the combined filtrate was evaporated to give
17.75 g (96.8% yield) of the titled compound as a colorless oil: 'TH NMR (CDCls,
399.77 MHz) & 0.83-0.89 (m, 6H), 1.1 (d, J= 6.8 Hz, 3H), 1.25 (t, J=7.1 Hz, 2H),
1.35-1.6 (m, 4H), 1.85-1.93 (m, 1H), 4.1 (q, J=7.0 Hz, 2H), 4.5 (s, 1H). Low
resolution mass spec: nominal m/e calc’d for C11Hz1NO2 (M +H)*: 200. Found:
m/e 200.

(4R,5R)-3-Acetylamino-4,5-dimethyl-hept-2-(Z)-enoic acid ethyl ester

A solution of 15.84 g (79.84 mmol) of (4R,5R)-3-amino-4,5-dimethyl-hept-
2-(2)-enoic acid ethyl ester and 6.89 g (7.04 mL, 87.82 mL) of pyridine was
stirred in 200 mL of methylerie chloride and cooled to 0°C. A solution of 6.85 g
(6.21 mL, 87.82 mL) of acetyl chloride in 20 mL of methylene chloride was added
dropwise over 1 hour. The solution was warmed to room temperature and stirred
for two hours. 1M hydrochloric acid (100 mL) was added and the phases were
separated. The organic phase was washed with saturated aqueous NaHCOs;
solution and dried briefly over Na;SO,. The solvent was evaporated and then the
resulting oil was passed through a short column of silica (200g silica, 230-400
mesh) with 8:1 (v/v) hexane/EtOAc. The product-containing fractions were
evaporated to give 13.75 g (71.7% yield) of the titled compound as a clear, nearly
coiorless ¢ V- N IGO0, 388,77 MFz) £ 8.84 L J=7.7 1z, 8), 688 (g,
LmA A g S = N, SRR Ry, S T RS
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(s, 3H), 3.79-3.82 (m, 1H), 4.11-4.18 (m, 2H), 5.01 (s, 1H). Low resolution mass
spec: nominal m/e caic’d for C13H2sNO3 (M +H)*: 242. Found: m/e 242.

(3R,4R,5R)-3-Acetylamino-4,5-dimethyl-heptanoic acid ethyl ester

A solution containing 13.75 g (57 mmol) of (4R,5R)-3-acetylamino-4,5-
dimethyl-hept-2-(Z)-enoic aqid ethyl ester in 200 mL of methanol was treated with
5%Pd/Al,0s (1.5 g, Johnson Matthey #2127, lot 13449). The resulting slurry was
hydrogenated on a Parr shaker type hydrogenator at 40 psig to 50 psig and room
temperature for a total of 3.8 hours. The slurry was filtered and the solids were
washed with fresh methanol. The combined filtrate was evaporated to give 13.63
g (98.6% yield) of the titled compound as a colorless oil: 'H NMR (CDCls, 399.77
MHz) 6 0.82 (d, J=7.0 Hz, 3H), 0.86 (t, J=7.3 Hz, 3H), 0.90 (d, J=6.5Hz, 3H),
0.98-1.1 (m, 2H), 1.25 (t, J=7.2 Hz, 2H), 1.3-1.6 (m, 2H), 1.96 (s, 3H), 2.48 (dd,
J=16, 5.65 Hz, 1H), 2.53 (dd, J=16, 5.2 Hz, 1H), 4.08-4.19 (m, 2H), 4.27-4.34 (m,
1H), 5.86 (br d, J=8.9 Hz, 1H). Low resolution mass spec: nominal m/e calc’d for
C1aH2sNO3 (M +H)™: 244. Found: m/e 244.
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(3R,4R,5R)-3-Amino-4,5-dimethyl-heptanoic acid hydrochloride

(3R,4R,5R)-3-Acetylamino-4,5-dimethyl-heptanoic acid ethyl ester (13.63
g, 56.0 mmol) was heated under reflux with 200 mL of 1M hydrochloric acid for 72
hours. The solution was cooled and extracted 2x with 50 mL aliquots of MTBE.
The aqueous phase was evaporated to a semisolid. Acetonitrile (4 x 100 mL)
was added and evaporated to give 10.75 g (89% yield) of the titled compound as
a white crystalline solid: "H NMR (CDsOD, 399.77 MHz) 0.87 (t, J=7.3Hz, 3H),
0.94 (t, J=6.6Hz, 6H), 1.02-1.15 (m, 1H), 1.37-1.53 (m, 2H), 1.58-1.68 (m, 1H),
2.64 (dd, J=17.5, 7.4 Hz, 1H), 2.73 (dd, J+17.5, 4.8Hz, 1H), 3.54-3.61 (m, 1H).
Low resolution mass spec: nominal m/e calc’d for CoHzoCINO, (M +H)*: 174.
Found: m/e 174.

(3R,4R,5R)-3- Amind-4,5-dimethyl-heptanoic acid

(3R,4R,5R)-3-Amino-4,5-dimethyl-heptanoic acid hydrochlonde (10 89,
51.5 mmol) was dissolved in 50 mL of methanol. To this solution was added
triethylamine (5.2 g, 7.2 mL, 51.5 mmol). The solution was stirred for 10 minutes
and then evaporated to a flocculent solid. Dichloromethane (376 mL) was added
and the resulting slurry was stirred at room temperature for 45 minutes. Next,
188 mL of acetonitrile was added and the slurry was stirred for 30 minutes and
then filtered. The solids were washed with 20 mL of 2:1 (v/v) dichloromethane-
acetonitrile and dried on a nitrogen press to give 7.64 g (85.6% yield) of the titled
compound as a white solid: 'H NMR (CDsOD, 399.77 MHz) 0.88 (t, J=7.5 Hz,
3H), 0.91 (d, J=7.0 Hz, 3H), 0.94 (d, J=6.6Hz, 3H), 0.98-1.12 (m, 1H), 1.32-1.43
(m, 1H), 1.43-1.64 (m, 2H), 2.26 (dd, J=16.5, 9.9 Hz, 1H), 2.47 (dd, J=19.5, 3.7
Hz, 1H), 3.28-3.36 (m, 1H). Low resolution mass spec: nominal m/e calc’'d for

" CgoH1gNO, (M +H)*: 174. Found: m/e 174.
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(3R,4R,5R)-3-Amino-4,5-dimethyl-heptanoic Acid-1/6-succinic acid complex-1/6-
hydrate, i.e., 6-((3R,4R,5R)-3-amino-4,5-dimethyl-heptanoic acid):1-(succinic
acid):1-(H20)

(3R,4R,5R)-3-Amino-4,5-dimethyl-heptanoic acid (7.6 g, 44 mmol) and
succinic acid (2.6 g, 22 mmol) were suspended in 20.2 mL of water. The slurry
was heated to 100°C to dissolve the solids. Acetonitrile (253 mL) was added to
the hot solution. The mixture was stirred at 55°C for 1 hour, and then cooled
gradually to room temperature overnight. The resulting solids were filtered,
washed with 10 mL of acetonitrile, and dried on a nitrogen press to give 6.21 g
(72% yield) of the titled compound as fluffy white crystals: 'H NMR (CD;0D,
399.77 MHz) 'H NMR (CDs0D, 399.77 MHz) 0.88 (t, J=7.5 Hz, 3H), 0.91 (d,
J=7.0 Hz, 3H), 0.94 (d, J=6.6Hz, 3H), 0.98-1.12 (m, 1H), 1.32-1.43 (m, 1H), 1.43-
1.64 (m, 2H), 2.26 (dd, J=16.5, 9.9 Hz, 1H), 2.47 (dd, J=19.5, 3.7 Hz, 1H), 2.50
(s, 0.67H), 3.28-3.36 (m, 1H). Low resolution mass spec: nominal m/e calc’'d for
C9H19N02 (M +H)*: 174. Found: m/e 174. Anal. calc’d for 6-((3S,4R,5R 3-amino-
4,5-dimethyl-heptanoic Acid):1-(succinic Acid):1-(H20), CsaHQ 20NsO13: C, 59.26;
H, 10.46; N, 7.15. Found: C, 59.28; H, 10.58; N, 7.09. KF calc’d for

- CsgH122Ng013:H20, 1.43 wt%. Found: H20, 1.50 wt %.

Example 8 ‘
(4S,5R)-4,5-Diphenyl-oxazolidin-2-one

To a 5 L round bottom flask equipped with an overhead stirrer,
thermocouple and distillation head, was charged 550 g (2.579 mol) of (1R,2S)-
diphenyl-2-aminoethanol, 457 g (3.868 mol, 1.5eq) of diethyicarbonate, 18 g
(0.258 mol, 0.1eq) of NaOEt in 100 mL of EtOH and 3.5 L of toluene. The
reaction was heated until an internal temperature of 90°C was reached and EtOH
distillation began. The reaction was refluxed until an internal temperature of
110°C was reached (7 hours). For every 500 mL of solvent that was removed via
the distillation head, 500 mL. of toluene was added back to the reaction. A total of
about 1.6 L of solvent was removed. The reaction was allowed to cool to room
temperature and then filiered on a 3 L coarse fritied funnel with 2 psig No.
Nitrogen was klown over the cake cvernight to give 580 g (4% yield) of the titled
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(4S,5R)—3—((E)-2-Methyl-hex—2-enoyl)-4,5-dipheny|-oxazo|idin-2—one (Alternative

A)
A 20 L jacketed reactor was fitted with a reflux condenser. To the reactor

was charged 1100 g (4.597 mol) of (4S,5R)-4,5-diphenyl-oxazolidin-2-one, 884 g
(6.896 mol) (E)-2-methyl-2-pentenoic acid, 1705 g (6.896 mol) of EEDQ, 48 g
(1.149 mol) of LiCl and 16 L of EtOAc. The reaction mixture was heated to 65°C
and was held for 200 minutes. The reaction mixture was cooled to room
temperature and was extracted 3x with 3.5 L aliquots of 1N HCI. The combined
aqueous extracts were filtered to give a white solid. The recovered white solid
was added back to the organic layer. The 20 L reactor was fitted with a
distillation head and the organic layer was distilled to remove in succession: 13.5
L of EtOAc, after which 5 L of heptane was added to the reactor; 5 L of
EtOAc/heptane, after which 5 L of heptane was added to the reactor; and 2.7 L of
EtOAc/heptane, after which 2.7L of heptane was added to the reactor. The
contents of the reactor were cooled to 25°C and the resulting mixture was filtered
under 5 psig nitrogen while washing with 4 L of heptane. The wet cake was dried
under nitrogen pressure overnight to give 1521 g of the titled compound: 'H NMR
(DMSO) 7.12-6.94 (m, 8H), 6.834 (dd, 2H, J = 7.813, 1.709), 6.060 (d, 1H, J=
8.057), 6.050 (td, 1H, J =7.447, 1.221}, 5.795 (d, 1H, J = 8.057), 2.119-2.064 (m,
2H), 1.778 (d, 3H, J = 0.997), 1.394 (m, 2H), 0.874 (t, 3H, J = 7.324); Anal Calc’d
for CooHasN1O3: C, 75.62; H, 6.63; N, 4.01. Found: C, 75.26; H, 6.72; N, 3.95.
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(4S,5R)-3-(2-(E)-Methyl-hex-2-enoyl)-4,5-diphenyl-oxazolidin-2-one (Alternative
B)

To a solution of (E)-2-methyl-2-hexenoic acid (6.0 g, 47 mmol) in 250 mL

of THF at 0°C was added 16.3 mL (117 mmol) of triethylamine, then 5.8 mL (47

mmol) of pivaloyl chloride resulting in a thick suspension. The mixture was stirred

for 1 hour at 0°C at which time 2.0 g (47 mmol) of lithium chloride was added in
one portion, followed by 10.0 g (42 mmol) of (4S,5R)-4,5-diphenyl-2-
oxazolidinone in four batches. Stirring was maintained throughout the solid
additions. The resulting mixture was stirred for 1 hour at 0°C, then for 1 hour at
ambient temperature, and was vacuum filtered through a coarse frit and
concentrated. The residue was partitioned between EtOAc/water, and the
organics were dried over MgSQO, and concentrated. To the residue was added

100 mL of MTBE and the mixture warmed cautiously with swirling. The warm

slurry was filtered to provide 10.5 g (64% yield) of the titled compound as a

colorless solid: '"H NMR (CDCls) § 7.12 (m, 3H), 7.07 (m, 3H), 6.94 (m, 2H), 6.84

(m, 2H), 6.17 (m, 1H), 5.89 (d, J=7.8 Hz, 1H), 5.68 (d, J = 7.8 Hz, 1H), 2.18 (m,

2H), 1.92 (s, 3H), 1.50 (m, 2H), 0.96 (t, J = 7.6 Hz, 3H).

(4S,5R)-3-((2R,3R)-2,3-Dimethyl-hexanoyl)-4,5-diphenyl-oxazolidin-2-one

A 22 L 4-neck round bottom flask was equipped with an addition funnel,
mechanical stirrer, and nitrogen inlet. The system was purged with nitrogen for 1
hour. THF (6 L) were charged to the flask followed by 1236 g (6.01 mol) of
CuBr-S(CHjs), and 364 g (8.59 mol) of LiCl. The reaction was stirred for 15
minutes at ambient temperature. The solution was cooled to -35°C and 3.96 L
(11.88 mol) of a 3M solution of CHzMgCl in THF was charged at a rate as to keep
the internal temperature of the reaction mixture below -25°C. The reaction was
stirred for 1 hour after the addition of CH;MgCl was complete. (4S,5R)-3-((E)-2-
Methyl-hex-2-enoyl)-4,5-diphenyl-oxazolidin-2-one (1.00 Kg, 2.86mol) was added
as a solid in one portion and the reaction was stirred at -30°C for 4 hours. The
reaction mixture was transferred over a 2 hour period into another 22 L flask
equipped with a mechanical stirrer, transfer line, vacuum line, and containing 4 L
of 1:1 ace’ic acid:THF solution cocled i an ice-water bath. The guenched
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saturated aqueous NH,CI and 2 L of water. The biphasic mixture was stirred for
15 minutes and the phases separated. The organic phase was washed 4x with

4 L aliquots of the 2M NH,OH solution. No more blue color was observed in the

washes or the organic phase so the organic phase was diluted with 8 L of water

and the THF was distilled off until the internal temperature of the distillation pot
reached 95°C. The suspension was cooled to ambient temperature and filtered.

The solids were washed with 4 L of water and suction dried to give 868.2 g of an

off white solid. This material was recrystallized from 2 L of 95:5 heptane:toluene

with a cooling rate of 5°C per hour to provide 317.25 g of the titled compound as

a white solid: '"H NMR (CDCls) 7.12-6.85 (m, 10H), 5.90 (d, 1H, J=8.06Hz), 5.72

(d, 1H, J=7.81), 3.83-3.76 (m, 1H), 1.95-1.89 (m, 1H), 1.35-1.31 (m, 1H). 1.11 (d,

3H, J=6.84), 1.10-0.95 (m, 3H), 0.92 (d, 3H, J=6.59), 0.76 (1, 3H, J=7.20) MS

(APCI) M+1=366.2.

(2R,3R)-2,3-Dimethyl-hexanoic acid

A 12 L, 4-necked round bottom flask, equipped with a mechanical stirrer,
500 mL addition funnel, nitrogen inlet, and thermometer, was charged with 4515
mL of THF and 330.0 g of (4S,5R)-3-((2R,3R)-2,3-dimethyl-hexanoyl)-4,5-
diphenyl-oxazolidin-2-one. The resulting quuiq mixture (all solids dissolved) was
cooled to -5°C to 0°C using an acetone/ice bath. A solution of 60.6 g of LiOH-
H20 in 1800 mL of deionized water was cooled to 0°C to 5°C and was combined
with 512 g of cold 30% (wt/wt) hydrogen peroxide in a 2 L Erlenmeyer flask. The
solution was kept cold using an ice/water bath. After the oxazolidinone/THF
solution in the 12 L reaction flask reached -5°C to 0°C, the addition funnel was
charged with approximately one quarter of the cold LiOH/water/H,O, solution.
While maintaining a nitrogen sweep to minimize oxygen concentration in the
reactor headspace, the LiOH/water/H,O, solution was added dropwise to the
vigorously stirred oxazolidinone/THF solution at such a rate as to maintain the
reaction temp at 0°C to 5°C. The addition funnel was recharged with
approximately one quarter of the cold LiOH/water/H.O solution as required until
all of the solution had been added to the reaction mixture (about 40 minutes for
C.45 mol scele). After the addition was completed, the mixture was stirrec at 0°C
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~ homogeneous solution to white slurry. A solution of 341 g of Na,SO3 and 188 g

of NaHSOs in 2998 mL of deionized water (15 wt%) was added dropwise to the
reaction mixture over about a 1.5 hour period (reaction was exothermic) via the
addition funnel, while maintaining the reaction temperature at 0°C to 10°C.
Following the addition, the reaction mixture was stirred at 0°C to 10°C for 1 hour.
The reaction mixture was tested with potassium iodide-starch test paper to
ensure the absence of peroxides. The reaction mixture was charged with 2000
mL of EtQAc and was stirred 5 minutes. The phases were separated and the
aqueous phase was extracted with 2000 mL of EtOAc. The combined organic
extract was washed with brine (2x1500 mL). The colorless organic solution was
concentrated under vacuum (35°C-40°C) to a “wet,” white solid. Heptane (1000
mL) was added and the slurry was concentrated under vacuum (35°C-40°C) to a
wet, white solid. Heptane (5000 mL) was added and the slurry was maintained at
0°C to 5°C for 16 hours and then at -10°C to -5°C for 1 hour. The cold slurry was
filtered through a thin pad of celite, and the filter cake was washed with 100 mL of
-10°C to -5°C heptane. The colorless filtrate was concentrated under vacuum
(40°C-45°C) to give 130 g of the titled compound as a pale yellow oil: 'H NMR
(400 MHz, CHLOROFORM-D) 0.89 (t, J=7.00 Hz, 3 H), 0.94 (d, J=6.8 Hz, 3 H),
1.13 (d, J=7.0 Hz, 3 H), 1.75-1.82 (m, 1 H), 2.34-2.41 (m, 1 H); GC Chiral purity:
99.18% (with 0.82% diastereomer) (direct acid method). Chemical purity: 100%.
Anal. Calc'd for CgH602: C, 66.63; H, 11.18. Found: C, 66.15; H, 11.41.

(4R,5R)-4,5-Dimethyl-3-oxo-octanoic acid ethyl ester (Alternative A)

A 5 L 3-neck round bottom flask, equipped with a reflux condenser,
mechanical stirrer, nitrogen inlet, and thermometer, was charged with 1390 mL of
dry THF and 389.3 g of potassium ethyl malonate. MgCl, (217.8 g) was added in
three equal portions so that the internal temperature was less than 50°C. The
resulting grey slurry was heated to 55°C to 60°C using a temperature controlled
heating mantle. The mixture was stirred at 55°C to 60°C for 5 hours. A2 L 3-
neck round bottom flask, equipped with a 500 mL addition funnel, mechanical
stirrer, nitrogen inlet, and thermometer, was charged with 680 mL of dry THF and
2€6.8 g of 7, -carbonyidiimidazo’e (CLI). The addition funnsl was chargac
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350 mL of dry THF. The entire dimethyl-hexanoic acid acid/THF solution was

added dropwise to the stirred CDI/THF suspension at such a rate so as to
control the evolution of CO; and to maintain the reaction at a temperature of 20°C
to 25°C. Following the addition, the reaction mixture was stirred at 20°C to 25°C
for 1 hour, during which the slurry became a pale yellow solution. After the 5-
hour reaction time, the malonate/MgCl, reaction mixture was cooled to 20°C to
25°C and the condenser was replaced with a 1 L addition funnel. The addition
funnel was charged portion-wise with the dimethylhexanoic acid/CDI/THF
reaction mixture. This entire reaction mixture was added dropwise to the stirred
malonate/MgCly/THF reaction mixture over about 10 minutes. After the addition
was completed, the reaction mixture was heated to 35°C to 40°C. Some
effervescence was noted. The reaction mixture was stirred at 35°C to 40°C for
16 hour. The reaction mixture was cooled to 20°C to 25°C. A 12 L 3-neck round
bottom flask, equipped with a mechanical stirrer and thermometer, was charged
with 3060 mL of 2N aq. HCI. The reaction mixture (a grey suspension) was
added portion-wise to the aq. HCI solution while maintaining an internal
temperature of 20°C-25°C. The reaction temperature was moderated with an
ice/water bath; the reaction mixture pH was about 1. Following the addition, the
reaction mixture was stirred at 20°C to 25°C for 2 hours. The reaction mixture
was subsequently charged with 4000 mL of EtOAc and was stirred for 5 minutes.
The phases were separated and the aqueous phase was extracted with 2000 mL
of EtOAc. The combined organic extract was washed sequentially with: 1N aq.
HCI (2x1500 mL); 1000 mL of water (incomplete phase separation); half
saturated aq. Na,CQOj; (2x1500 mL); 1000 mL water; and brine (2x1000 mL).
(The aqueous base wash removed unreacted malonate ester-acid.) The straw
colored organic solution was concentrated under vacuum (35°C-40°C) to give a
cloudy, pale yellow oil with some white solid present. The oil was redissolved in
1500 mL of n-heptane and was filtered. The filtrate was concentrated under
vacuum (40°C-45°C) to give 327 g of the titled compound as a pale yellow oil: 'H
NMR (400 MHz, CHLOROFORM-D) d ppm 0.82 (t, J=7.1 Hz, 3 H), 0.85 (d, J=6.8
Hz, 3 H), 0.99 (d, J=7.1 Hz, 3 H), 1.20 (t, J=7.3 Hz, 3 H), 2.42-2.49 (m, 1 H), 3.39
(g, 2 H) £.72 (9, J=7.786 Hz, 3 ). GC Clremical purity: $6.24%.
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(4R,5R)-4,5-Dimethyl-3-oxo-octanoic acid ethyl ester (Alternative B)

To a solution containing 2.0 g (13.9 mmol) of (2R,3R)-2,3-dimethy!-
hexanoic acid in 20 mL of dichloromethane was added 2.1 g (16.6mmol) of
chloromethylene dimethyl-ammonium chloride. After stirring the resulting solution
under nitrogen for 1.5 hours, the solvent was evaporated to give (2R,3R)-2,3-
dimethyl-hexanoyl chloride. Butyl lithium (32.7ml, 52.4mmol) was added to a
solution of diisopropylamine (4.9 g, 48.5 mmol) in dry THF (20 mL) under nitrogen
at 0°C and stirred for 20 minutes. The solution was cooled to -78°C and 4.3 g
(48.5mmol) of ethyl acetate was added. The solution was stirred at that
temperature for 45 minutes. (2R,3R)-2,3-Dimethyl-hexanoyl chloride in dry THF
(20 mL) was slowly added to the ethyl acetate enolate at -78°C and the resulting
reaction mixture was allowed to warm to room temperature. The reaction mixture
was stirred at room temperature for 2.5 hours and was cooled to 0°C. The
reaction was quenched with a saturated solution of ammonium chloride and
extracted into ethyl acetate. The solution was washed with brine, dried over
MgSO, and concentrated. The resulting residue was filtered through a silica
plug, eluting with 60/40 solution of hexane/ethyl acetate to afford 2.7 g (89.2%
yield) of the titled compound as an oil.

(4R,5R)-4,5-Dimethyl-3-oxo-octanoic acid ethyl ester (Alternative C)

To a solution containing 1.0 g (6.9 mmol) of (2R,3R)-2,3-dimethyl-hexanoic
acid in 10 mL of dichloromethane was added 1.1 g of chloromethylene dimethyl-
ammonium chloride (8.3mmol). The resulting solution was stirred under nitrogen
for 1.5 hours. The solvent was subsequently evaporated to give (2R,3R)-2,3-
dimethyl-hexanoyl chloride. To a solution containing 2.5 g (14.6 mmot) of
potassium monoethyl malonate in 50 mL of acetonitrile was added 1.7 g (17.3
mmol) of magnesium chloride and 1.2 g (11.4 mmol) of triethylamine. The
resulting mixture was stirred at room temperature for 2.5 hours. The reaction was
cooled to 0°C and a solution of the (2R,3R)-2,3-dimethyl-hexanoyl chloride in
acetonitrile (20 mL) was slowly added followed by the addition of triethylamine
(0.4g, 0.4mmol). The reaction was heated to 40°C and slirred at that temperature
for 8 hours. The reactior mixture was cooled to 25°C, quenched with a saturated

it A3 ammmammtscan R TAR A A avm e ot raeshian Tmbe alingg emadedn T aa amfs idimem e
SDlJtuT’. - C’.m'.;‘.ul z.\,,."T. Cr.Crlegnl @xXr acov"w‘ . ) gh,.}/. &Cu;igaa ) Lu.@“.\,."? WEg



10

15

20

25

30

WO 2005/102389 PCT/IB2005/000935

79

washed with brine, dried over MgSO; and concentrated. The resulting residue
was filtered through a silica plug, eluting with 60/40 solution of hexane/ethyl
acetate to afford 1.3 g (87.8% yield) of the titlied compound as an oil.

(4R,5R)-3-Methoxyamino-4,5-dimethyl-(Z)-oct-2-enoic acid ethyl ester

A 2 L 3-necked round,bottom flask, equipped with magnetic stirring and
nitrogen inlet, was charged with 153g (0.7 1mol) of (4R,5R)-4,5-dimethyl-3-0xo-
octanoic acid ethyl ester and 600 mL of anhydrous EtOH. The solution was
cooled to 0°C-5°C with an ice bath and 65.6 g (0.79 mol) of methoxylamine
hydrochloride was added, followed by 58.6 g (0.71 mol) of sodium acetate. This
flask contents were slowly warmed to room temperature (about 2 hours) and the
reaction mixture was stirred at room temperature for another 24 hours. The
solvent (EtOH) was removed under reduced pressure and the mixture was
charged with CH2Cl> (2x 300 mL), which was subsequently removed. The
mixture was cooled to RT, diluted with CH.Cl> (300 mL), stirred at room
temperature for 0.5 hours, and filtered under 5 psig of nitrogen. The filter cake
was washed with CH.Cl, (150 mL). The filtrate was concentrated under vacuum

~ (50°C) to give 172 g (99% yield) of the titled compound as a light yellow oil: 'H

NMR (400 MHz, CHLOROFORM-D) 0.87 (t, J=3.5 Hz, 5 H), 0.89 (d, J=7.2 Hz, 3
H), 1.08 (d, J=7.0 Hz, 3 H), 1.24 (1, J=7.2 Hz, 4H), 1.3-1.55 (m, 2H), 2.25 (m, 1
H), 3.15 (g, J= 19.5 Hz, 2H) 3.81 (s, 3H), 4.14 (g, J=7.0 Hz, 2 H).

(4R,5R)-3-Amino-4,5-dimethyl-(Z)-oct-2-enoic acid ethyl ester

A reactor vessel charged with 171 g of (4R,5R)-3-methoxyamino-4,5-
dimethyl-(Z)-oct-2-enoic acid ethyl ester, 1600 mL of MeOH, and 65 g of Raney
nickel (Ra-Ni) catalyst. The methoxyamino ester was reacted with hydrogen at
50 psig to 55 psig. During the hydrogenation, additional Ra-Ni was added at
reaction times of 8 hours (20 g), 21 hours (20 g), and 37 hours (8 g). After the
reaction was completed (51 hours), the Ra-Ni was filtered off and the filtrate was
concentrated under reduced pressure to give 150 g (>99% yield) of the titled
compound as an oil: 'H NMR (400 MHz, CHLOROFORM-D): 0.86 (t, J=4.5Hz, 3
M), 0.88 (d, J=4.9 Hz, 3 H), 1.05-1.50 (m, 6H), 1.10 (d, J=7.0 Hz, 3H), 1.24 (i,
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(4R,5R)-3-Acetylamino-4,5-dimethyl-(Z)-oct-2-enoic acid ethyl ester

To a 1 L 3-necked round bottom flask equipped with an overhead stirrer,
thermocouple, addition funnel, and nitrogen inlet, was charged 150 g (0.70 mol)
of (4R,5R)-3-amino-4,5-dimethyl-(Z)-oct-2-enoic acid ethyl ester and 50 mL of dry
CH.Cl,. The reaction mixture was cooled to -20°C. To the mixture was added,
successively, acetyl chloride (60 mL, 0.84 mol) and pyridine (66.8g, 0.84 mol) .
over 0.5-hour time intervals. After the additions, the mixture was stirred at -20°C

to 0°C for 2 hours and then filtered to remove the pyridine-HCI salt. The filtrate
was diluted with 200 mL of CH,Cl, and washed 2x with aliquots of aqg NH,CIl. The
organic solution was treated with silica gel (50 g), MgSO;, (20 g) and charcoal (20
@), and stirred at room temperature for 0.5 hours. The solids were filtered off and
the filtrate was concentrated under reduced pressure to give 166.5 g (93% yield)
of the titled compound as ah oil: '"H NMR (400 MHz, CHLOROFORM-D) 0:85 t,
J=7.4 Hz, 3 H), 0.95 (d, J=6.8 Hz, 3 H), 1.00 (d, J=7.0 Hz, 3 H), 1.11 (m, 1H) 1.29
(t, J=5.8 Hz, 3 H), 1.40-1.25 (m, 2H), 1.65 (m, 1H) 2.13 (s, 3 H), 3.80 (m, 1 H)
4.2-4.14 (m, 3 H), 5.01(s, 1H), 11.28 (s, 1H).

(38R,4R,5R)-3-Acetylamino-4,5-dimethyl-octanoic acid ethyl ester

A reactor was charged with 166 g of (4R,5R)-3-acetylamino-4,5-dimethyl-
(Z)-oct-2-enoic acid ethyl ester (substrate), 2650 mL of MeOH, and 36 g of
Pd/SrCO4 (Iot#D25N1 7) catalyst. The substrate was reacted with H, at a
pressure of 50 psig to 51 psig of. During hydrogenation, additional catalyst was
added at a reaction time of 67 hours (10 g). After the reaction was completed (90
hours), Pd/SrCO; was filtered off and the filtrate was concentrated under reduced

pressure to give 167 g (>99% yield) of the titled compound as an oil: '"H NMR

(400 MHz, CHLOROFORM-D): 0.82 (d, J=6.8 Hz, 3 H), 0.88 (t, J=7.2 Hz, 3 H),
0.90 (d, J=6.6 Hz, 3 H), 1.25 (t, J=7.3 Hz, 3 H), 1.00-1.58 (m, 6 H), 1.96 (s, 3 H),
252 (q, J=5.2 Hz, 2 H), 3.47 (s, 1H), 4.10-4.30 (M, 2H), 4.12 (t, J=7.1 Hz, 1H),
5.9(d, 1 H).

(8R,4R,5R)-3-Amino-4,5-dimethyl-octanoic acid hydrochloride
Under nitrogen, 167 g of crude (3R,4R,5R)-3-acetylamino-4,5-cimethyl-
ochanoic ecic ethyl esier was divted 1130 mL of 8N 0, ¢lirred gt room

Yy el cpm Smer D e e S .Rﬁ:_"?-\: Gm ity B pem AT s OF e
2] B A S P o~ U N N R L E T A A : L



10

15

20

25

30

WO 2005/102389 PCT/1B2005/000935

81

reaction mixture was concentrated and recharged with 500 mL of isopropyl

alcohol (IPA), which was subsequently removed. Acetonitrile (500 mL) was
added to the crude white HCI salt and the mixture stirred at 20°C to 25°C for 1
hour. The resulting slurry was filtered, and the solids isolated to give 97 g of the
titled compound (67% yield, 89.7% chemical purity; 90.7% chiral purity with two
major diastereomers, 6.8% and 1.5%): '"H NMR (CDzOD): 5 0.89t J=7.0Hz, 3H),
0.94t, J=6.9 Hz, 6H), 1.65-1.0 (m, 4H), 2.61 (dd, J=7.6 Hz, 1H), 2.73 (dd, J=4.6
HZ, 1H), 3.27 (m, J= 1.6 Hz, 2H), 3.56 (m, 1 H), 4.82 (s, 3H).

(3R,4R,5R)-3-Amino-4,5-dimethyl-octanoic acid

(3R,4R,5R)-3-Amino-4,5-dimethyl-octanoic acid hydrochloride (92 g, 0.41
mol) was dissolved in 250 mL to 260 mL of dry MeOH in a 2 L 3-necked round
bottom flask. To this solution was added Et;N (0.45 mol, 45.8g) dropwise, which
formed a white precipitate. The resulting slurry was stirred at room temperature
for 15 minutes. The solvent was removed to dryness. The white solid was
dispersed in 1 L of CH,Cl, (1L) and stirred for 1 hour. CH,CN (0.6 L) was added,
and the slurry was stirred for another 0.5 hours. The slurry was filtered and the
solids were washed 2x with 50 mL aliquots of CH3CN, giving 71 g of the titled
compound as a white solid (92% yield; 98.8% chiral purity; 99.7% chemical
purity): 'H NMR (400 MHz, CD3OD): 0.89 (t, J=7.2 Hz, 3 H), 0.91 (d, J=5.1 Hz, 3
H), 0.93 (d, J=6.6 Hz, 3 H), 1.02-1.65 (m, 4 H), 2.26 (dd, J=10.2 Hz, 1 H), 2.50
(dd, J=3.7 Hz, 1H), 3.27 (m, J=1.6 Hz, 2H) 3.33-3.28 (m, 1H), 4.82 (s, 3 H).

The combination of the invention can be administered alone but one or
both elements will generally be administered in an admixture with suitable
pharmaceutical excipient(s), diluent(s) or carrier(s) selected with regard to the
intended route of administration and standard pharmaceutical practice. If
appropriate, auxiliaries can be added. Auxiliaries are preservatives, anti-oxidants,
flavours or colourants. The compounds of the invention may be of immediate-,
delayed-, modified-, sustained-, pulsed- or controlled-release type.
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antagonist, or pharmaceutically acceptable salts thereof, and a suitable
excipient, diluent or carrier. The composition is suitable for use in the treatment
of pain, particularly inflammatory, neuropathic, visceral or nociceptive pain.

As an alternative aspect of the present invention, there is provided a
pharmaceutical composition comprising a synergistic combination comprising an
alpha-2-delta ligand, EP4-receptor antagonist, or pharmaceutically acceptable
salts thereof, and a suitable excipient, diluent or carrier. The composition is
suitable for use in the treatment of pain, particularly inflammatory, neuropathic,

visceral or nociceptive pain.

For the avoidance of doubt, references herein to “treatment” include
references to curative, palliative and prophylactic treatment.

For non-human animal administration, the term ‘pharmaceutical’ as used
herein may be replaced by ‘veterinary.’

When the components are formulated seperately, each element of the
combination of the present invention is preferably in unit dosage form, each unit
dose containing appropriate quantitieé of the active component. The unit dosage
form can be a packaged preparation, the package containing discrete quantities
of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge
itself, or it can be the appropriate number of any of these in packaged form. The
quantity of active component in a unit dose preparation may be varied or adjusted
from 0.1 mg to 1 g according to the particular application and the potency of the
active components. In medical use the drug may be administered three times
daily as, for example, capsules of 100 or 300 mg. In therapeutic use, the
compounds utilized in the pharmaceutical method of this invention are
administered at the initial dosage of about 0.01 mg to about 100 mg/kg daily. A
daily dose range of about 0.01 mg to about 100 mg/kg is preferred. The dosages,
however, may be varied depending upon the requirements of the patient, the
severily o the condiion baing ‘realed, and the comzounds baing smzioyad.
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the art. Generally, treatment is initiated with smaller dosages which are less

than the optimum dose of the compounds. Thereafter, the dosage is increased
by small increments until the optimum effect under the circumstances is reached.
For convenience, the total daily dosage may be divided and administered in
portions during the day, if desired.

The combination of the present invention in a single dosage form is
suitable for administration to any mammalian subject, preferably human.
Administration may be once (0.d.), twice (b.i.d.) or three times (t.i.d.) daily,
suitably b.i.d. or t.i.d., more suitably b.i.d, most suitably o.d..

For veterinary use, a combination according to the present invention or
veterinarily acceptable salts or solvates thereof, is administered as a suitably
acceptable formulation in accordance with normal veterinary practice and the
veterinary surgeon will determine the dosing regimen and route of administration
which will be most appropriate for a particular animal.

The elements of the combination of the present invention can be
administered, for example but not limited to, the following route: orally, buccally
or sublingually in the form of tablets, capsules, muiti-and nano-particulates, gels,
films (incl. muco-adhesive), powder, ovules, elixirs, lozenges (incl. liquid-filled),
chews, solutions, suspensions and sprays. The compounds of the invention may
also be administered as osmotic dosage form, or in the form of a high energy
dispersion or as coated particles or fast-dissolving, fast -disintegrating dosage
form as described in Ashley Publications, 2001 by Liang and Chen. The
compounds of the invention may be administered as crystalline or amorphous
products, freeze dried or spray dried. Suitable formulations of the compounds of
the invention may be in hydrophilic or hydrophobic matrix, ion-exchange resin
complex, coated or uncoated form and other types as described in US 6,106,864
as desired. Such pharmaceutical compositions of the individual components of
the combination, or the combination iiself, for example, tablets, may contain
excipien's such as microcrystalline cellulose, lactcse, scdium citrate, calcium
cardarase, dikssic sacium ahesohale, glysing end olarsh (treferably oo, 1ofzic
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crosscarmellose sodium and certain complex silicates, and granulation binders

such as  polyvinylpyrrolidone, hydroxypropylmethylcellulose  (HPMC),
triglycerides, hydroxypropylcellulose (HPC), bentonite sucrose, sorbitol, gelatin
and acacia. Additionally, lubricating agents may be added to solid compositions
such as magnesium stearate, stearic acid, glyceryl behenate, PEG and talc or
wetting agents, such as sodium lauryl sulphate. Additionally, polymers such as
carbohydrates, phospoholipids and proteins may be included.

Fast dispersing or dissolving dosage formulations (FDDFs) may contain
the following ingredients: aspartame, acesulfame potassium, citric acid,
croscarmellose sodium, crospovidone, diascorbic acid, ethyl acrylate, ethyl
cellulose, gelatin, hydroxypropylmethyl cellulose, magnesium stearate, mannitol,
methyl methacrylate, mint flavouring, polyethylene glycol, fumed silica, silicon
dioxide, sodium starch glycolate, sodium stearyl fumarate, sorbitol or xylitol. The
terms dispersing or dissolving as used herein to describe FDDFs are dependent
upon the solubility of the drug substance used, i.e. where the drug substance is
insoluble a fast dispersing dosage form can be prepared and where the drug
substance is soluble a fast dissolving dosage form can be prepared.

The éolid dosage form, such as table{s are manufactured by a standard
process, for example, direct compression or a wet, dry or melt granulation, melt
congealing and extrusion process. The tablet cores which may be mono or multi-
layer may be coated with appropriate overcoats known in the art.

Solid compositions of a similar type may also be employed as fillers in
capsules such as gelé\tin, starch or HPMC capsules. Preferred excipients in this
regard include lactose, starch, a cellulose, milk sugar or high molecular weight
polyethylene glycols. Liquid compositions may be employed as fillers in soft or
hard capsules such as gelatin capsule. For aqueous and oily suspensions,
solutions, syrups and/or elixirs, the compounds of the invention may be combined
with various sweetening or flavouring agents, colouring matter or dyes, with
emulsifying and/or suspending agenis and with diluents such as water, ethanol,
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these compounds and excipients may be presented as a dry product for
constitution with water or other suitable vehicles before use.

Liquid form preparations include solutions, suspensions, and emulsions,
for example, water or water propylene glycol solutions. For parenteral injection,
liquid preparations can be formulated in solution in aqueous polyethylene glycol
solution. Aqueous solutions suitable for oral use can be prepared by dissolving
the active component in water and adding suitable colorants, flavors, stabilizing
and thickening agents as desired. Aqueous suspensions suitable for oral use can
be made by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methylcellulose, sodium
carboxymethylicellulose, and other well-known suspending agents.

The elements of the combination of the present invention can also be
administered by injection, that is, intravenously, intramuscularly, intracutaneously,
intraduodenally, or intraperitoneally, intraarterially, intrathecally, intraventricularly,
intraurethrally, intrasternally, intracranially, intraspinally or subcutaneously, or
they may be administered by infusion, needle-free injectors or implant injection
techniques. For such parenteral administration they are best used in the form of
a sterile aqueous solution, suspension or emulsion (or system so that can include
micelles) which may contain other substances known in the art, for example,
enough salts or carbohydrates such as glucose to make the solution isotonic with
blood. The aqueous solutions should be suitably buffered (preferably to a pH of
from 3 to 9), if necessary. For some forms of parenteral administration they may
be used in the form of a sterile non-agueous system such as fixed oils, including
mono- or diglycerides, and fatty acids, including oleic acid. The preparation of
suitable parenteral formulations under sterile conditions for example lyophilisation
is readily accomplished by standard pharmaceutical techniques well-known to
those skilled in the art. Alternatively, the active ingredient may be in powder form
for constitution with a suitable vehicle (e.g. sterile, pyrogen-free water) before

use.
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form of a dry powder (either alone, as a mixture, for example a dry blend with

lactose, or a mixed component particle, for example with phospholipids) from a
dry powder inhaler or an aerosol spray presentation from a pressurised container,
pump, spray, atomiser (preferably an atomiser using electrohydrodynamics to
produce a fine mist) or nebuliser, with or without the use of a suitable propeliant,
e.g. dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, a
hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane (HFA 134A [trade mark]) or
1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA [trade mark]), carbon dioxide, a
further perfluorinated hydrocarbon such as Perflubron (trade mark) or other
suitable gas. In the case of a pressurised aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. The pressurised
container, pump, spray, atomiser or nebuliser may contain a solution or
suspension of the active compound, e.g. using a mixture of ethanol (optionally,
aqueous ethanol) or a suitable agent for dispersing, solubilising or extending
release and the propellant as the solvent, which may additionally contain a
lubricant, e.g. sorbitan trioleate. Capsules, blisters and cartridges (made, for
example, from gelatin or HPMC) for use in an inhaler or insufflator may be
formulated to contain a powder mix of the compound of the invention, a suitable
powder base such as lactose or starch and a performance modifier such as |-
leucine, mar;nitol or magnesium stearate.

Prior to use in a dry powder formulation or suspension formulation for
inhalation the elements of the combination of the invention will be micronised to a
size suitable for delivery by inhalation (typically considered as less than 5
microns). Micronisation could be achieved by a range of methods, for example
spiral jet milling, fluid bed jet milling, use of supercritical fluid crystallisation or by

spray drying.

A suitable solution formulation for use in an atomiser using
electrohydrodynamics to produce a fine mist may contain from 1ug to 10mg of
the compound of the invention per actuation and the actuation volume may vary
from 1 to T00ul. A typical formulaiion may comprise the elemenis of the
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chloride. Alternative solvents may be used in place of propylene glycol, for
example glycerol or polyethylene glycol.

Alternatively, the elements of the combination of the invention may be
administered topically to the skin, mucosa, dermally or transdermally, for
example, in the form of a gel, hydrogel, lotion, solution, cream, ointment, dusting
powder, dressing, foam, film, skin patch, wafers, implant, sponges, fibres,
bandage, microemulsions and combinations thereof. For such applications, the
compounds of the invention can be suspended or dissolved in, for example, a
mixture with one or more of the following: mineral oil, liquid petrolatum, white
petrolatum, propylene glycol, polyoxyethylene polyoxypropylene compound,
emulsifying wax , fixed oils, including synthetic mono- or diglycerides, and fatty
acids, including oleic acid, water, sorbitan monostearate, a polyethylene glycol,
liquid paraffin, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol, alcohols such as ethanol. Alternatively,
penetration enhancers may be used. The following may also be used; polymers,
carbohydrates, proteins, phospolipids in the form of nanoparticles (such as
niosomes or liposomes) or suspended or dissolved. In addition, they may be
delivered using iontophoresis, electroporation, phonophoresis and sonophoresis.

Alternatively, the elements of the combination of the invention can be
administered rectally, for example in the form of a suppository or pessary. They
may also be administered by vaginal route. For example, these compositions
may be prepared by mixing the drug with suitable non-irritant excipients, such as
cocoa butter, synthetic glyceride esters or polyethylene glycols, which are solid at
ordinary temperatures, but liquefy and/or dissolve in the cavity to release the
drug.

The elements of the combination of the invention may also be administered by
the ocular route. For ophthalmic use, the compounds can be formulated as
micronised suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as

solulicns in isotonic, pH adjusted, sterile saline. A polymer may be added such as
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cellulose), or a heteropolysaccharide polymer (e.g. gelan gum). Alternatively,

they may be formulated in an ointment such as petrolatum or mineral oil,
incorporated into bio-degradable (e.g. absorbable gel sponges, collagen) or non-
biodegradable (e.g. silicone) implants, wafers, drops, lenses or delivered via
particulate or vesicular systems such as niosomes or liposomes. Formulations
may be optionally combined with a preservative, such as benzalkonium chloride.
In addition, they may be delivered using iontophoresis. They may also be
administered in the ear, using for example but not limited to the drops.

The elements of the combination of the invention may also be used in
combination with a cyclodextrin. Cyclodextrins are known to form inclusion and
non-inclusion complexes with drug molecules. Formation of a drug-cyclodextrin
complex may modify the solubility, dissolution rate, taste-masking, bioavailability
and/or stability property of a drug molecule. Drug-cyclodextrin complexes are
generally useful for most dosage forms and administration routes. As an
alternative to direct complexation with the drug the cyclodextrin may be used as
an auxiliary additive, e.g. as a carrier, diluent or solubiliser. Alpha-, beta- and
gamma-cyclodextrins are most commonly used and suitable examples are
described in WO-A-91/11172, WO-A-94/02518 and WO-A-98/55148.

The term ‘administered’ includes delivery by viral or non-viral techniques.
Viral delivery mechanisms include but are not limited to adenoviral vectors,
adeno- associated viral (AAV) vectors, herpes viral vectors, retroviral vectors,
lentiviral vectors, and baculoviral vectors. Non-viral delivery mechanisms include
lipid mediated transfection, lipsomes, immunoliposomes, lipofectin, cationic facial
amphiphiles (CFAs) and combinatior;s thereof. The routes for such delivery
mechanisms include but are not limited to mucosal, nasal, oral, parenteral,
gastrointestinal, topical or sublingual routes.

The elements of the combination of the instant invention may be
administered separately, simultaneously or sequentially for the treatment of pain.
The combination may also optionally be administered with one or more other
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opioid analgesics, e.g. morphine, heroin, hydromorphone,
oxymorphone, levorphanol, levallorphan, methadone, meperidine,
fentanyl, cocaine, codeine, dihydrocodeine, oxycodone, hydrocodone,
propoxyphene, nalmefene, nalorphine, naloxone, naltrexone,
buprenorphine, butorphanol, nalbuphine and pentazocine; |
nonsteroidal antiinflammatory drugs (NSAIDs), e.g. aspirin, diclofenac,
diflusinal, etodolac, fenbufen, fenoprofen, flufenisal,
flurbiprofen,ibuprofen, indomethacin, ketoprofen, ketorolac,
meclofenamic acid, mefenamic acid, nabumetone, naproxen,
oxaprozin, phenylbutazone, piroxicam, sulindac, tolmetin, zomepirac,
and their pharmaceutically acceptable salts;

barbiturate sedatives, e.g. amobarbital, aprobarbital, butabarbital,
butabital, meph’f)Bérbital, metharbital, methohexital, pentobarbital,
phenobartital, secobarbital, talbutal, theamylal, thiopental ’and their
pharmaceutically acceptable salts;

benzodiazepines having a sedative action, e.g. chlordiazepoxide,
clorazepate, diazepam, flurazepam, lorazepam, oxazepam,
temazepam, triazolam and their pharmaceutically acceptable salts,

H; antagonists having a sedative action, e.g. diphenhydramine,
pyrilamine, promethazine, c;hlorpheniramine, chlorcyclizine and their
pharmaceutically acceptable salts;

miscellaneous sedatives such as glutethimide, meprobamate,
methaqualone, dichloralphenazone and their pharmaceutically
acceptable salts;

skeletal muscle relaxants, e.g. baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, methocarbamol,  orphrenadine  and  their
pharmaceutically acceptable salts,

NMDA receptor antagonists, e.g. dextromethorphan ((+)-3-hydroxy-N-
methylmorphinan) and its metabolite dextrorphan ((+)-3-hydroxy-N-
methylmorphinan), ketamine, memantine, pyrroloquinoline quinone and
cis-4-(phosphonomethyl)-2-  piperidinecarboxylic acid and their
pharmaceutically acceptable salis;
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ix)  alpha-adrenergic active compounds, e.g. doxazosin, tamsulosin,
‘ clonidine and 4-amino—6,Z-dimethoxy-2—(5-methanesulfonamido-
1 ,2,3,4-tetrahydroisoquinol-2—yl)—v5-(2-pyridyl) quinazoline;

X) tricyclic antidepressants, e.g. desipramine, imipramine, amytriptiline
and nortriptiline;

xi)  anticonvulsants, e.g. carbamazepine and valproate;

xii)  Tachykinin (NK) antagonists, particularly Nk-3, NK-2 and NK-1 e.g.

xiii)  antagonists, (aR,9R)-7-[3,5-bis(trifluoromethyl)benzyl]-8,9,10,1 1-
tetrahydro-9-methyl-5-(4-methylphenyl)-7H-[1 ,4]diazocino[2,1-
gl[1,7]naphthridine-6-13-dione  (TAK-637), 5-[[(2R,3S)-2-[(1R)-1-[3,5-
bis(trifluoromethyl)phenyi]ethoxy-3-(4-fluorophenyl)-4-
morpholinyljmethyl]-1,2-dihydro-3H-1,2,4-triazol-3-one (MK-869),
lanepitant, dapitant and 3-[[2-methoxy-5-
(trifluoromethoxy)phenyl]methylamino]-2-phenyl-piperidine (2S,39)

xiv)  Muscarinic antagonists, e.g oxybutin, tolterodine, propiverine, tropsium
chloride and darifenacin,

xv)  COX-2 inhibitors, e.g. celecoxib, rofecoxib and valdecoxib;

xvi) Non-selective COX inhibitors (preferably with Gl protection), e.g.
nitroflurbiprofen (HCT-1026);

Xvii) coal-tar analgesics, in particular, paracetamol;

xviii) neuroleptics, such as droperidol;

xix)  Vanilloid receptor agonists, €.g. resinferatoxin;

xx)  Beta-adrenergic compounds such as propranolol;

xxi)  Local anaesthetics; such as mexiletine;

xxii) Corticosteriods, such as dexamethasone

xxiii) serotonin receptor agonists and antagonists;

xxiv) cholinergic (nicotinic) analgesics;

xxv) miscellaneous agents such as Tramadol®;

xxvi) PDEV inhibitors, such as sildenafil, vardenafil or taladafil;

xxvii) serotonin reuptake inhibitors, e.qg. fluoxetine, paroxetine, citalopram
and sertraline;

sowvill) mixed serotonin-noradrenaline reuptake inhibitors, e.g. milnacipran,
vanlafaxing and duoneting; and
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The present invention extends to a product comprising an alpha-2-delta
ligand, an EP4-receptor antagonist and one or more other therapeutic agents,
such as those listed above, for simultaneous, separate or sequential use in the
curative, prophylactic treatment of pain, particularly inflammatory, neuropathic,
visceral or nociceptive pain.

BIOLOGY EXAMPLES
METHODS

Carrageenan- induced Mechanical Hyperalgesia

Carrageenan-induced mechanical hyperalgesia (CIMH)[1] is utilized to evaluate

analgesic activity of drugs against acute inflammatory pain.

1% carrageenan is prepared at least two days before use. An appropriate
amount of A-carrageenain is weighed into a 10ml screw vial. Sterile saline is
added to make 1%(w/v) suspension solution and the suspension is stirred for 8
hours with gentle heating to be dissolved obtain homogeneous suspension.

Animals

Male Sprague-Dawley rats, 4W (Japan SLC or Charles River Japan), 100-130g
are used. Environment conditions are controlled at a 12-h light/dark cycle with
(lights on 076:00 a.m.). and an ambient temperature of 23+/- 2deg. C. Prior to
start the experiment, animals are housed under this condition for 4-5 days. Each
group is used a group of 6-8 rats. The rats are fasted for 16-18 hours before use
and the rats are trained for measurement of mechanical threshold using the
apparatus for two days before use.

The paw withdrawal response of the rat to increased pressure on a right hindpaw
is recorded as mechanical threshold. The threshold is defined as “pre value”.
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hours after the carrageenan injection. Rats are randomly grouped by the paw

withdrawal threshold at 4.5 hours and pre value after the carrageenan injection.
Vehicle or test compounds (10ml of 0.1% methylcellulose/1kg body weight) are
given per orally at 5.5 hours after the carrageenain injection. The paw withdrawal
Mechanical threshold is measured by an analgesy meter at 4, 5, 6.5 and 7.5
hours after the carrageenin carrageenan injection. The threshold at 6.5 or 7.5
hours is determined as ‘post value’.

Data Analysis
% change in threshold = (preost value-postre value)/(pre value) x 100
% inhibition = (B-A)/(C-A) x 100

A= average of % change in threshold post values in disease control (vehicle
treated) group

B= average of % change in threshold post values in compound treated group
C= average of pre values of all rats used

%inhibition = (A-B)/|A| x 100
The data is analyzed with unpaired t-test or one-way ANOVA (plus multiple

comparison test) for % change in thresholdpost values. Results are considered
significant when p<0.05 versus disease control group.

2 hours post dosing
Dose (mg/kg) Inhibition (%)

4-[(1S)-1-({[5-chloro-2-(3- 0.3 19.2

fluorophenoxy)pyridin-3- 1 41.9
yllcarbonyl}amino)ethyl]benzoic 3 50

acid

Pregabalin 3 1.6

10 8.4

30 16.4
13C a1
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Pregabalin / 4-[(15)-1-({[5- 3/0.06 5.9
chloro-2-(3-
fluorophenoxy)pyridin-3- 10/0.2 128
ylJcarbonyl}amino)ethyl]benzoic 30706 R

acid

The biological activity of the alpha-2-delta ligands of the invention may be
measured in a radioligand binding assay using [*H]gabapentin and the as0

subunit derived from porcine brain tissue (Gee N.S., Brown J.P., Dissanayake
V.U.K., Offord J., Thurlow R., Woodruff G.N., J. Biol. Chem., 1996;271:5879-
5776). Results may be expressed in terms of uM or nM 023 binding affinity.

The biological activity of EP4-receptor antagonists may be measured using
a Rat EP receptor cell membrane binding assay and described below:
Stable expression of rat EP1, 2, 3 and 4 receptors in the human embryonic

kidney (HEK293) cell line
The cDNA clones of rat EP1, 2, 3 and 4 receptors are obtained by polymerase

chain reaction (PCR) from rat kidney or heart cDNA libraries (Clontech).
Human embryonic kidney cells (HEK 293) are stably transfected with expression

~ vectors for rat EP1, 2, 3 and 4 receptors in according to the method described in

the article; the journal of biological chemistry vol.271 No.39, pp23642-23645.
Preparation of membrane fraction:

The EP1, 2, 3 and 4 transfectant are grown in Dulbecco’s modified Eagle’s
medium containing 10% fetal calf serum, 100 U/ml penicillin, 100 pg/ml
streptomycin and 600 zg/ml G418 (selection medium) at 37°C in a humidified
atmosphere of 5% COz2 in air. For the membrane preparation, cells are
harvested witr shosghate suffersc saline ( BS ) and centrifuged at 400 x ¢ ‘ors

H ==, i H - ¢ { 'S 07\ 1RO PG I s, T e {
. (] e Al S BTl Yo ten Vo Sea Y O YO INR ¥ ol Ay ’ 7 IRE aanmiainine [ BN ey o
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(2-aminoethyl)-benzenesulfonyl fluoridév(AEBSF)), 10 pM Phosphoramidon, 1

uM Pepstatin A, 10 pM Elastatinal, 100 uM Antipain. Cells are lysed with
ultrasonic cell disrupter for 20-sec sonication. Then cell mixtures are centrifuged
at 45,000 x g for 30 minutes. The pellet is resuspended in assay buffer ( 10. mM
2-morpholinoeth-anesulfonic acid (MES)-KOH, 1 mM etylenediamine tetra-acetic
acid (EDTA), 10 mM MgClo, pH 6.0 ), and protein concentration is determined by
Bradford method (Bio-Rad assay). This membrane preparation is storéd at -80°C
freezer until use for binding assay.

Binding assay:
Membrane binding assay

[3H]-PGE> membrane binding assays are performed in the reaction mixture of 10

mM MES/KOH (pH6.0), 10 mM MgClo, 1 mM EDTA, 1 nM [3H]-PGE>

(Amersham TRK431, 164Ci/mmol), 2~10 pg of protein from membrane fraction
(rat EP1, 2, 3 and 4/HEK293 transfectant) and test compound (total volume is
0.1ml in 96 well polypropylene plate). Incubation is conducted for 60 min at room
temperature prior to separation of the bound and free radioligand by rapid
filtration through glass fiber filters (Printed Filtermat B, 1205-404, glass fiber,
double thickness, size 102 x 258 mm, Wallac inc., presoaked in 0.2%

polyethylenimine). Filters are washed with assay buffer and the residual [BH]-
PGE>» bound to the filter is determined by liquid scintillation counter (1205

Betaplate™). Specific binding is defined as the difference between total binding
and nonspecific binding which is determined in the presence of 10 uM PGEa.

CAMP assay in rat EP4 transfectant

HEK?293 cells expressing rat EP4 receptors (rEP4 cells) are maintained in DMEM
containing 10% FCS and 600 pg/ml geneticin. For harvesting rEP4 cells, culture
medium is aspirated and cells in 75cm? flask are washed with 10 ml of phosphate

buffered saline ( PBS ). Another 10 ml of PBS is added to the cells and
incubated for 20 min at room temperature. Rat EP4 cells are harvested by

pipetting and centrifuged at 300 g for 4min. Cells are resuspended in DMEM

without neutral red at a density of 5 %102 cells/mi. The cells (70 wl) are mixed
with 73 Ul 2f DVEV. (without neu'ral red) containing 2 mV. 2V (PDE innikier), <

N~ e . : . s e S - - .
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The reaction is stopped by heating at 100°C for 10 min with thermal cycler.
Concentration of CAMP in reaction mixtures is determined with SPA cAMP Kit
(Amersham) according to the manufacture’s instruction.
Reference : Eur.J.Pharmacol. 340 (1997) 227-241

The ability of compounds to act as EP4-receptor antagonists can be
measured according to established procedures, particularly those described in
the documents mentioned hereinabove.

Suitable EP4-receptor antagonist compounds of the present invention may
be prepared as described herein below or in the aforementioned patent literature
references, which are illustrated by the following non-limiting examples and
intermediates.

The following examples illustrate the preparation of EP4-receptor
antagonists described in WO-A-02/32900:

EXAMPLE 1
2-ETHYL-5,7-DIMETHYL-3-(4-{2-[({[(4-
METHYLPHENYL)SULFONYL]AMINO}CARBONYL)AMINO JETHYL}IPHENYL)-

3H-IMIDAZO[4,5-b]PYRIDINE
STEP 1. 4,6-Dimethyl-3-nitro-2(1 H)-pyridinone
A mixture of ethyl nitroacetate (80.0 g, 601 mmol) in ammonium hydroxide (25%

NHs in water, 400 mL) was stirred at room temperature for 3 days, and then the
solution was concentrated by air-drying. The residue was dissolved in water (450
mL). To the solution was added 2,4-pentanedione (73.1 g, 730 mmol), pyridine
(16.2 mL, 200 mmol) and acetic acid (11.4 mL, 200 mmol), and the mixture was
stirred for an additional 7 days. The resulting precipitates were collected by
fitration and dried under reduced pressure to give 35.0 g (35%) of the title

compound as yellow solids: 1H-NMR (DMSO-ds) & 12.44 (1H, br.s), 6.06 (1H, s),
2.19 (3H, s), 2.13 (3H, s).

STEP 2. 2-Chlore-4,6-dimethyl-3-nitropyridine

A ThtLre of 4, 3-dimetny-3-nire-2(1 [ )-oyricinene (8ten 1, (0.0 g, 28.7 mTeh

,,,!_”‘}”.ﬂ_).,. 1 v)r, sy et e LTD o 7 oY ) ;:.’,7 P PRI o TP S SR I L N
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cooled to 45 °C. The excess amount of phosphorus oxychloride was removed

by distillation under reduced pressure at 45 °C. The residue was cooled to room
temperature, and diluted with dichloromethane (75 mL). The resulting solution
was cooled to 0°C, and 2N hydrochloric acid (50 mL) was added dropwise into
the solution. The organic layer was separated, and washed with 2N hydrochloric
acid (4 x 25 mL), 2N aqueous NaOH (2 x 50 mL) and brine (50 mL). The organic
phase was dried (MgSO.) and concentrated under reduced pressure to give 10.0

g (90%) of the title compound as white solids: "H-NMR (CDCls) 8 7.07 (1H, s),
2.56 (3H, s), 2.35 (3H, s).

STEP 3. 2-{4-[(4,6-Dimethyl-3-nitro-2-pyridinyl)Jamino]phenyl}ethanol

A mixture of 2-chloro-4,6-dimethyl-3-nitropyridine (step 2, 1.3 g, 7.0 mmol) and 4-
aminophenylethyl alcohol (1.4 g, 10.2 mmol) was placed in a sealed tube and
heated at 150 °C for 3 h. The reaction mixture was cooled and purified by flash
column chromatography on silica gel eluting with hexane/ethyl acetate (2:1) to

afford 1.6 g (80%) of the title compound as orange solids: "H-NMR (CDCl3) &
9.55 (1H, br.s), 7.57 (2H, d, J=8.4 Hz), 7.20 (2H, d, J=8.4 Hz), 6.52 (1H, s), 3.84
(2H, t, J=6.4 Hz), 2.85 (2H, t, J=6.4 Hz), 2.54 (3H, s), 2.42 (3H, s).

STEP 4. 2-{4-[(3-Amino-4,6-dimethyl-2-pyridinyl)Jamino]phenyl}ethanol

To a stirred solution of 2-{4-[(4,6-dimethyl-3-nitro-2-
pyridinyl)amino]phenyl}ethanol (step 3, 1.6 g, 5.6 mmol) in ethyl acetate (15 mL)
was added 10% Pd-C (160 mg). The mixture was stirred at room temperature for
6 h under hydrogen atmosphere. The palladium catalyst was removed by
filtration and washed with ethanol (100 mL). The filtrate was concentrated under
reduced pressure to afford 1.3 g (92%) of the title compound as pale yellow

solids: 'H-NMR (CDCl) 8 7.10 (4H, s), 6.61 (1H, s), 3.81 (2H, t, J=6.4 Hz), 2.80
(2H, t, J=6.4 Hz), 2.36 (3H, s), 2.19 (3H, 8).

STEP 5. 2-[4-(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyl]ethyl propionate

To a stirred suspension of 2-{4-[(3-amino-4,6-dimethyl-2-
pyridinyl)amino]phenyl}ethanol (step 4, 1.3 g, 5.1 mmol) in toluene (30 mL) was
added dropwise propiony! chloride (290 mg, 0.7 mmol) at 0 °C, and the reaction
mixture was heated at reflux temperature for 2 n. After ceoling, the mixture was

ar &y o LA o TN { '3 5 SR 5 S a” J [ENaYal Al RN
J0ued into wataer 8C /L) and exraciac with sinyl gcetete (100 L), T
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organic layer was washed with 2N aqueous NaOH (50 mL) and brine (50 mL),
then dried (MgS0O,). Removal of solvent gave 1.8 g (quant.) of the title

compound as brown solids: "H-NMR (CDCls) 5 7.41 (2H, d, J=8.4 Hz), 7.33 (2H,
d, J=8.4 Hz), 6.90 (1H, s), 4.37 (2H, t, J=6.9 Hz), 3.04 (2H, t, J=6.9 Hz), 2.82 (2H,
q, J=7.6 Hz), 2.65 (3H, s), 2.52 (3H, s), 2.35 (2H, q, J=7.6 Hz), 1.27 (3H, t, J=7.6
Hz), 1.14 (8H, t, J=7.6 Hz).

STEP 6. 2-[4-(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyllethanol

To a solution of 2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyljethyl propionate (step 5, 1.75 g, 5.1 mmol) in methanol/THF (v/v, 1:1,
28 mL) was added 4N aqueous LiOH (4.6 mL, 18.4 mmol) and the resulting
mixture was stirred at room temperature. After 3 h, the mixture was
concentrated. The residue was dissolved in water (30 mL) and extracted with
ethyl acetate (100 mL). The organic layer was washed with brine (50 mL), dried
(MgSQy,), and concentrated. Purification by flash column chromatography on
silica gel eluting with hexane/ethyl acetate (gradient elution from 2:1 to 0:1) to

afford 1.3 g (86%) of the title compound as pale brown solids: "H-NMR (CDCl3)
7.40 (2H, d, J=8.4 Hz), 7.31 (2H, d, J=8.4 Hz), 6.91 (1H, s), 3.81-3.75 (2H, m),
3.47 (1H. br.s), 2.92 (2H, t, J=6.9 Hz), 2.81 (2H, q, J=7.6 Hz), 2.66 (3H, s), 2.51
(38H, s), 1.27 (3H, t, J=7.6 Hz).

STEP 7. 3-[4-(2-Chloroethyl)phenyl]-2-ethyl-5,7-dimethyl-3H-imidazo[4,5-
blpyridine

To a solution of 2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyllethanol (step 6, 2.2 g, 7.4 mmol) in toluene (40 mL) was added thionyl
chloride (2.0 mL., 23.6 mmol), and the resulting mixture was stirred at 80 °C for 3
h. The volatile components were removed under reduced pressure, and the
residue was purified by flash column chromatography on silica gel eluting with
hexane/ethyl acetate (gradient elution from 2:1 to 1:1) to afford 2.1 g (90%) of the

titte compound as white solids: 1H-NMF{ (CDCl3) 6 7.41 (2H, d, J=8.4 Hz), 7.35
(2H, d, J=8.4 Hz), 6.90 (1H, s), 3.78 (2H, t, J=7.4 Hz), 3.15 (2H, t, J=7.4 Hz), 2.83
(2H, g, J=7.6 Hz), 2.71 (3H, s), 2.54 (3H, s), 1.28 (8H, , J=7.6 Hz).

STEP 8. 2-[4-(2-Ethyl-5,7-dfmethyl-3H-imidaze4,8-bloyridin-3-

AN meme 01Ty fan s ener@ios
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To a stirred solution of 3-[4-(2-chloroethyl)phenyl]-2-ethyl-5,7-dimethyl-3H-

imidazo[4,5-b]pyridine (step 7, 2.8 g, 9.0 mmol) and Kl (1.5 g, 9.0 mmol) in DMF
(50 mL) was added sodium azide (1.2 g, 18.0 mmol), and then the resulting
mixture was stirred overnight at 100 °C. The reaction mixture was poured into
water (100 mL), and extracted with ethyl acetate (100 mL). The organic layer
was washed with water (50 mL) and brine (50 mL), then dried (Na,SQ,). After
removal of solvent, the crude product was purified by flash column
chromatography on silica gel eluting with hexane/ethyl acetate (1:1) to afford 2.35

g (85%) of the title compound as white solids: "H-NMR (CDCl3) 6 7.41 (2H, d,
J=8.4 Hz), 7.35 (2H, d, J=8.4 Hz), 6.90 (1H, s), 3.59 (2H, t, J=7.1 Hz), 2.99 (2H, t,
J=7.1 Hz), 2.83 (2H, q, J=7.6 Hz), 2.65 (3H, s), 2.52 (3H, s), 1.27 (3H, t, J=7.6
Hz). '

STEP 9. 2-[4-(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyl]ethylamine

To a solution of 2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-
yl)phenyllethyl azide (step 8, 2.35 g, 7.3 mmol) in methanol (50 mL) was added
10% Pd-C (200 mg). The resulting mixture was stirred for 4 h under hydrogen
atmosphere. The mixture was filtered through a pad of Celite and the filtrate was
concentrated. The residue was purified by flash column chromatography on silica
gel eluting with dichloromethane/methanol/triethylamine (100:5:1) to afford 2.01 g

(94%) of the title compound as white solids: "H-NMR (CDCls) 8 7.39 (2H, d, J=8.4
Hz), 7.32 (2H, d, J=8.4 Hz), 6.90 (1H, s), 3.05 (2H, t, J=7.3 Hz), 2.88-2.78 (4H,
m), 2.65 (3H, s), 2.51 (3H, s), 1.28 (3H, t, J=7.6 Hz).

STEP 10. 2-Ethyl-5,7-dimethyl-3-(4-{2-[({[(4-
methylphenyl)sulfonylJamino}carbonyl)amino]ethyl}phenyl)-3H-imidazo[4,5-
b]pyridine
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To a solution of 2-[4-(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-

yl)phenyllethylamine (step 9, 1.2 g, 4.0 mmol) in dichloromethane (15 mL) was
added p-toluenesulfonyl isocyanate (805 mg, 4.0 mmol). The resulting mixture
was stirred at room temperature for 3 h. After removal of solvent, the residue
was purified by flash column chromatography on silica gel eluting with
dichloromethane/methanol (20:1) to afford 1.10 g (56%) of the title compound as
white solids: 'H-NMR (CDCl3) 8 7.85 (2H, d, J=8.2 Hz), 7.32 (2H, d, J=8.2 Hz),
7.23 (2H, d, J=8.4 Hz), 7.16 (2H, d, J=8.4 Hz), 6.91 (1H, s), 6.12 (1H, br.s), 3.55-
3.46 (2H, m), 2.85 (2H, t, J=6.3 Hz), 2.74-2.64 (5H, m), 2.42 (3H, s), 2.41 (3H, s),
1.21 (38H, t, J=7.6 Hz).

EXAMPLE 2, [Eg 42, CJ-23,423]

2-ETHYL-4,6-DIMETHYL-1-(4-{2-[({[(4-
METHYLPHENYL)SULFONYL]JAMINO}CARBONYL)AMINOJETHYL}PHENYL)-
1H-IMIDAZO[4,5-c]PYRIDINE

STEP 1. 2-{4-[(2,6-Dimethyl-3-nitro-4-pyridinyl)amino]phenyl}ethanol

The title compound was prepared according to the procedure described in step 3

of Example 1 from 4-chloro-2,6-dimethyl-3-nitropyridine (Tanaka, A.; et al.
J.Med.Chem., 1999, 41, 4408.) and 4-aminophenylethy! alcohol.

'H-NMR (CDCl3) 8 8.74 (1H, br.s), 7.31 (2H, d, J=8.2 Hz), 7.18 (2H, d, J=8.2 Hz),
6.68 (1H, s), 3.95-3.89 (2H, m), 2.91 (2H, t, J=6.6 Hz), 2.72 (3H, s), 2.36 (3H, s).
STEP 2. 2-{4-[(3-Amino-2,6-dimethyl-4-pyridinyl)amino]phenyl}ethanol

The title compound was prepared according to the procedure described in step 4
of Example 1 from 2-{4-[(2,6-dimethyl-3-nitro-4-pyridinyl)amino]phenyl}ethanol
(step 1).

"H-NMR (CDCl3) 8 7.19 (2H, d, J=8.4 Hz), 7.01 (2, d, J=8.6 Hz), 6.76 (1H, s),
5.82 (1H, br.s), 3.87 (2H, t, J=6.4 Hz), 3.18 (21, br.s), 2.85 (2H, {, J=6.4 Hz), 2.44

€, ), 2.85 (8-, g).
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STEP 3. 2-[4-(2-Ethyl-4,6-dimethyl-1H-imidazo[4,5-c]pyridin-1-

yl)phenyllethyl propionate
A mixture of 2-{4-[(3-amino-2,6-dimethyl-4-pyridinyl)amino]phenyljethanol (step 2,
2.4 g, 9.3 mmol), propionic anhydride (13 mL, 101 mmol) and propionic acid (13
mL, 174 mmol) was stirred at 120 °C for 16h. After cooling, the mixture was
diluted with 2N aqueous NaOH (150 mL) and extracted with dichloromethane (3 x
150 mL). The combined organic extracts were washed with brine (50 mL), dried
(MgSO0.), and concentrated. Purification by flash column chromatography on
silica gel eluting with dichloromethane/methanol (gradient elution from 20:1 to

10:1) afforded 2.3 g (69 %) of the title compound as a brown oil: "H-NMR (CDCls)
5 7.44 (2H, d, J=8.1 Hz), 7.27 (2H, d, J=8.2 Hz), 6.72 (1H, s), 4.38 (2H, , J=6.9
Hz), 3.07 (2H, t, J=7.1 Hz), 2.88 (3H, s), 2.82 (2H, q, J=7.6 Hz), 2.56 (3H, s), 2.36
(2H, q, J=7.6 Hz), 1.29 (3H, t, J=7.6 Hz), 1.15 (3H, 1, J=7.7 Hz).

STEP 4. 2-[4-(2-Ethyl-4,6-dimethyl-1H-imidazo[4,5-c]pyridin-1-
yl)phenyl]ethanol

The title compound was prepared according to the procedure described in step 6
of Example 1 from 2-[4-(2-ethyl-4,6-dimethyl-1 H-imidazo[4,5-c]pyridin-1-
yl)phenyljethyl propionate (step 3).

"H-NMR (CDClg) & 7.46 (2H, d, J=8.1 Hz), 7.26 (2H, d, J=8.1 Hz), 6.73 (1H, s),
4.00 (2H, t, J=6.6 Hz), 3.01 (2H, t, J=6.4 Hz), 2.88 (3H, s), 2.81 (2H, q, J=7.5 H2),
2.54 (3H, s), 1.29 (3H, t, J=7.5 Hz).

STEP 5. 1-[4-(2-Chloroethyl)phenyl]-2-ethyl-4,6-dimethyl-1 H-imidazo[4,5-
clpyridine

The title compound was prepared according to the procedure described in step 7
of Example 1 from 2-[4-(2-ethyl-4,6-dimethyl-1 H-imidazo[4,5-c]pyridin-1-
yl)phenyllethanol (step 4).

TLC Rf = 0.1 (ethyl acetate).

STEP 6. 1-[4-(2-Azidoethyl)phenyl]-2-ethyl-4,6-dimethyl-1H-imidazo[4,5-
clpyridine

The title compound was prepared according to the procedure described in step 8
of Example 1 from 1-[4-(2-chloroethyl)phenyl]-2-ethyl-4,6-dimethyl-1 H-
imidazo[4,5-c]pyridine (step 5).
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"H-NMR (CDClg) 5 7.46 (2H, d, J=8.0 Hz), 7.29 (2H, d, J=7.7 Hz), 6.72 (1H, s),
3.62 (2H, t, J=6.9 Hz), 3.02 (2H, t, J=6.9 Hz), 2.88 (3H, s), 2.81 (2H, q, J=7.4 Hz),
2.56 (3H, s), 1.29 (3H, 1, J=7.6 Hz).

STEP 7. 2-[4-(2-Ethyl-4,6-dimethyl-1H-imidazo[4,5-c]pyridin-1-
yl)phenyl]ethylamine

The title compound was prepared according to the procedure described in step 9
of Example 1 from 1-[4-(2-azidoethyl)phenyl}-2-ethyl-4,6-dimethyl-1H-
imidazo[4,5-c]pyridine (step 6).

"H-NMR (CDCls) & 7.42 (2H, d, J=8.2 Hz), 7.26 (2H, d, J=8.4 Hz), 6.73 (1H, s),
3.08 (2H, t, J=6.9 Hz), 2.90-2.78 (4H, m), 2.88 (3H, s), 2.56 (3H, s), 1.30 (3H, t,
J=7.3 Hz).

STEP 8. 2-Ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyl]lamino}carbonyl)amino]ethyl}phenyl)-1H-imidazo[4,5-
c]pyridine

The title compound was prepared according to the procedure described in step
10 of Example 1 from 2-[4-(2-ethyl-4,6-dimethyl-1 H-imidazo[4,5-c]pyridin-1-
yl)phenyllethylamine (step 7).

mp 143 °C; MS (ESI) m/z 492.12 (M + H)*; '"H-NMR (CDCl3) 6 7.77 (2H, d, J=8.3
Hz), 7.38 (2H, d, J=8.4 Hz), 7.25 (2H, d, J=8.4 Hz), 7.20 (2H, d, J=8.4 Hz), 6.77
(1H, s), 3.58-3.51 (2H, m), 2.92 (2H, t, J=7.0 Hz), 2.89 (38H, s), 2.79 (2H, q, J=7.5
Hz), 2.53 (3H, s), 2.38 (3H, s), 1.28 (3H, t, J=7.5 Hz).

The following examples illustrate the preparation of the EP4-receptor antagonists
disclosed in US Application Number US60/500131:

EXAMPLE 1
4-[({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-

YLJCARBONYL}AMINO)METHYL]IBENZOIC ACID

0

Faox N
- :l
N“~oH CO,H
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STEP 1. Methyl 5-fluoro-2-(4-fluorophenoxy)nicotinate

0
o HO )-F Fﬁowle
Apa - 3

N Cl

F
A mixture of 2-chloro-5-fluoronicotinic acid (2.61 g, 14.9 mmol), 4-fluorophenol
(2.02 g, 18 mmol), potassium carbonate (4.56 g, 33 mmol), copper bronze (211
mg, 3.3 mmol), and cuprous iodide (230 mg, 1.2 mmol) in N,N-dimethylforamide
(40 mL) was heated under reflux in an oil bath for 6 h. The reacton mixture was
filtered through a pad of celite. The filtrate was partitioned between ethyl acetate
(200 mL) and 2 N hydrochloric acid (200 mL). The organic phase was separated
and the aqueous phase was extracted with ethyl acetate (200 mL). The
combined organic extracts were washed with brine (50 mL) and dried (sodium
sulfate). After removal of solvent, the residual oil was dissolved in methanol (50
mL). To the solution were added conc. hydrochloric acid (1 mL) and the mixture
was heated under reflux for 4 h. The volatile components were removed under
reduced pressure, and the residue was purified by flash column chromatography
on silica gel (150 g) eluting with hexane/ethyl acetate (3/1) to afford 2.63 g (67%)

of the title compound: "H-NMR (CDCl3) 6 8.11 (1H, d, J=3.1 Hz), 8.02 (1H, dd,
J=7.7, 3.1 Hz), 7.11-7.07 (4H, m), 3.96 (3H, s); MS (ESI) m/z 266 (M + H)".
STEP 2. 5-Fluoro-2-(4-fluorophenoxy)nicotinic acid

o) o)
L Ao
N‘é | N’é

F

F
To a stirred solution of methyl 5-fluoro-2-(4-fluorophenoxy)nicotinate (step 1, 2.63

g, 9.9 mmol) in methanol (50 ml) was added 2 N sodium hydroxide aqueous
solution (10 ml). The reacton mixture was stirred at 40 °C for 3 h. After cooling,
the pH value was adjusted to 4.0 by the addition of 2 N hydrochloric acid. The
mixture was diluted with water (100 ml), and extracted with dichloromethane (100
mi x 3). The combined organic layer was washed with brine (100 ml), dried
(sodium sulfate), and cencentrated to efford 2.28 g (81%) of the title compound
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as off white solids: 'H-NMR (CDCl,) & 8.25 (1H, dd, J=7.5, 3.1 Hz), 8.16 (1H, d,
J=3.1 H2), 7.16-7.13 (4H, m); MS (ESI) m/z 252 (M + H)*.
STEP 3. Methyl 4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
ylJcarbonyl}amino)methyl]benzoate

.9 N . 9
e Lo

| |

N0 COMe N“oH CO,Me

F

To a stirred solution of 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 2, 300 mg,
1.2 mmol) and methyl 4-(aminomethyl)benzoate hydrochloride (284 mg, 1.4
mmol) in dichloromethane (10 mL) were successively added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochioride (EDCI) (670 mg, 3.5
mmol), 1-hydroxybenzotriazole hydrate (HOBT) (368 mg, 2.4 mmol), and
triethylamine (3 mL). After being stirred overnight, the reaction was quenched by
the addition of saturated sodium bicarbonate aqueous solution (50 mL). The
aqueous layer was extracted with dichloromethane (50 mL x 2) and the combined
organic layers were washed with brine (50 mL), dried (sodium sulfate), and
evaporated. The remaining residue was purified by flash column chromatography
on silica gel-(50 g) eluting with hexane/ethyl acetate (3/1) to afford 407 mg (85%)

of the title compounds as white solids: 1H-NMF! (CDCl3) & 8.39 (1H, dd, J=8.3, 3.1
Hz), 8.28 (1H, br.s), 8.05 (1H, d, J=3.1 Hz), 8.01 (2H, d, J=8.1 Hz), 7.42 (2H, d,
J=8.1 Hz), 7.17-7.05 (4H, m), 4.76 (2H, d, J=5.9 Hz), 3.91 (3H, s); MS (ESI) m/z
399 (M + H)*, 397 (M - H)".
STEP 4. 4-[({[5-Fluoro-2-(4-fluorophenoxy)pyridin-3-
yl]carbonyl}amino)methyl]benzoic acid

0 0

N0 COLH

F F
To a stired solution of methyl 4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yilcarbonyl}amino)methyllbenzoate (step 3, 407 mg, .02 mmol) in meihanol (10
rl) was acded 2 N sccivm hydroxide acusous solulien (2 mi). The reacion

rMhdure was 2¥rrag gt ornom femnarttine fmm D n mmaAl demm mcommaroina
MACA S H i Nt o BN R L A A AN O R N T P IR | for IR SR )

-~ hYal
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residue was partitioned between ethyl acetate (100 mL) and 2 N hydrochloric

acid (100 mL). The organic phase was separated and the aqueous phase was
extracted with ethyl acetate (100 mL). The combined organic extracts were
washed with brine (50 mL), dried (sodium sulfate), and concentrated. The |
residual solids were recrystallized from ethyl acetate to afford 248 mg (64%) of

the title compound as white solids: "H-NMR (CDClz) & 8.40 (1H, dd, J=8.3, 3.1
Hz), 8.30 (1H, br.s), 8.09-8.04 (3H, m), 7.45 (2H, d, J=8.1 Hz), 7.17-7.06 (4H, m),
4.79 (2H, d, J=5.9 Hz); MS (El) m/z 384 (M*), (ESI) m/z 385 (M + H)*, 383 (M -
HY.

EXAMPLE 2
4-[1-({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)ETHYL]BENZOIC ACID

(0]
| H
NTO CO,H

STEP 1. N-[1-(4-Bromophenyl)ethyl]-5-fluoro-2-(4-

fluorophenoxy)nicotinamide
O O
oo 0, oo
N’ <oJ Br N’ 5 Br

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 2 of Example

1) and [1-(4-bromophenyl)ethyl]lamine: "H-NMR (CDCl3) & 8.31 (1H, ddd, J=8.2,
3.1, 0.9 Hz), 8.14 (1H, d, J=7.2 Hz), 8.03 (1H, dd, J=3.1, 1.1 Hz), 7.45 (2H, dd,
J=7.0, 0.9 Hz), 7.25-7.09 (6H, m), 5.28 (1H, dq, J=7.2, 7.0 Hz), 1.57 (3H, d, J=7.0
Hz); MS (ESI) m/z 433 (M + H)*, 431 (M - H)".

STEP 2. Methyl 4-=[1-{{[5-flucro-2-(4-fluorophenoxy)pyridin-3-

n

vl earbony jamine)ethylisenzoete
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o) 0
AN e! YL
N’ 5‘ Br N’ 5‘ CO,Me
F F

A mixture of N-[1-(4-bromophenyl)ethyl]-5-fluoro-2-(4-fluorophenoxy)nicotinamide
(step 1, 398 mg, 0.92 mmol), 1,3-bis(diphenylphosphino)-propane (38 mg, 0.09
mmol), palladium (ll) acetate (21 mg, 0.09 mmol), triethylamine (0.38 mL, 2.76
mmol), N,N-dimethylforamide (6 mL) and methanol (4 mL) was stirred at 80 °C for
16 h under carbon monoxide atmosphere. After cooling to room temperature, the
mixture was diluted with ether (100 mL) and washed with water (60 mL x 3). The
organic layer was dried over magnesium sulfate and evaporated. The residue
was purified by flash column chromatography on silica gel eluting with
hexane/ethyl acetate (2:1) to afford 296 mg (78%) of the title compounds as white
solids: 'H-NMR (CDCl3) & 8.32 (1H, dd, J=8.1, 3.1 Hz), 8.21 (1H, d, J=7.3 Hz),
8.04-7.99 (3H, m), 7.43 (2H, d, J=8.2 Hz), 7.27-7.13 (4H, m), 5.38 (1H, dq, J=7.3,
6.9 Hz), 3.90 (3H, s), 1.60 (3H, d, J=6.9 Hz); MS (ESI) m/z 413 (M + H)*, 411 (M -
H)".

STEP 3. 4-[1-({[5-Fluoro-2-(4-fluorophenoxy)pyridin-3-
ylJcarbonyl}amino)ethyi]benzoic acid

0 0
N’ 5‘ CO,Me N’ 5 CO,H

F F

The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-[1-({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyllbenzoate (step 2): 1H-NMR (DMSO-dg) 6. 9.01 (1H, d,
J=7.9 Hz), 8.23 (1H, dd, J=3.1, 1.3 Hz), 8.02 (1H, ddd, J=7.9, 3.1, 1.3 Hz), 7.86
(2H, d, J=8.3 Hz), 7.52 (2H, d, J=7.5 Hz), 7.30-7.24 (4H, m), 5.18 (1H, dq, J=7.9,
7.0 Hz), 1.46 (3H, d, J=7.0 Hz); MS (ESI) m/z 399 (M + H)*, 397 (M - H)".

EXAMPLE 3

LT 1(f13-FLIYQRO-2/4-F JORCPHENOXY)PYRIDIN-8-

VARG YN ‘,—;:’_—J‘(/"‘\’\" /A /:\"."""\"f?\\\\'? NN NIRRT SN AT
l 1V"CLAERODNYT LT D ROV "EENYOID ALY
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o)
Oy
N“oH CO,H

STEP 1. Methyl 4-[1-({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yI]carbonyl}amino)propyl]benzoate

0 0
Fon OH HzNJ:@ Fas N
L CO,Me L A H
N0 - N0 CO,Me

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 3 of Example

1) and methyl 4-(1-aminopropyl)benzoate: "H-NMR (CDCls) & 8.33-8.26 (2H, m),
8.05-7.99 (3H, m), 7.39 (2H, d, J=8.4 Hz), 7.20-7.15 (4H, m), 5.15 (1H, q, J=7.3
Hz), 3.90 (3H, s), 1.92 (2H, dq, J=7.3, 7.3 Hz), 0.95 (3H, t, J=7.3 Hz); MS (ESI)
m/z 427 (M + H)*, 425 (M - H)".

STEP 2. 4-[1-({[5-Fluoro-2-(4-fluorophenoxy)pyridin-3-
yl]carbonyliamino)propyl]benzoic acid -

0 0
Y Ly
N’ 5 CO,Me . N’ 5‘ CO,H

F F
The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[1-({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
ylJcarbonyl}amino)propyllbenzoate (step 1): "H-NMR (DMSO-dg) d 8.97 (1H, d,
J=8.0 Hz), 8.23 (1H, d, J=2.9 Hz), 7.99 (1H, dd, J=7.9, 3.1 Hz), 7.86 (2H, d, J=8.3
Hz), 7.50 (2H, d, J=8.3 Hz), 7.30-7.21 (4H, m), 4.96 (1H, q, J=7.7 Hz), 1.77 (2H,
dq, J=7.7, 7.2 Hz), 0.92 (3H, t, J=7.2 Hz); MS (ESI) m/z 413 (M + H)*, 411 (M -
H).

EYANPLE 4
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4-[1-({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YL]JCARBONYL}AMINO)-1-METHYLETHYL]BENZOIC ACID

0
LN
N“oH CO,H

5 STEP 1. Methyl 4-[1-({[5-Fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)-1-methylethyl]benzoate

o) o

P~y OH HZNk@ RSN

L - CO,Me L A H
N0 N N0 CO,Me

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 3 of Example

10 1) and methyl 4-(1-amino-1-methylethyl)benzoate (EP 29320): "H-NMR (CDCl3) ®
/8.33 (1H, br.s), 8.24 (1H, dd, J=8.2, 3.1 Hz), 8.04-7.99 (8H, m), 7.51 (2H, dd,
J=6.7, 1.9 Hz), 7.18-7.16 (4H, m), 3.90 (3H, s), 1.80 (6H, s); MS (ESI) m/z 427 (M
+ H)*, 425 (M - H).
STEP 2. 41 -({[5-Fluoro-2-(4-ﬂuorophenoxy)pyridin-3-y|]carbonyl}amino)-1-
15 methylethyl]benzoic acid

o) 0
LY LY
N’ <o>H CO,Me . N’ 5 CO,H

F F
The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[1-({[5-Fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)-1-methylethyllbenzoate (step 1): "H-NMR (DMSO-ds) 0, 8.82

20 (1H, s), 8.23 (1H, d, J=3.1 Hz), 8.00 (1H, dd, J=7.9, 3.1 Hz), 7.83 (2H, d, J=8.4
Hz), 7.57 (2H, d, J=8.4 Hz), 7.29-7.27 (4H, m), 1.65 (6H, s); MS (ESI) m/z 413 (M
+H)*, 411 (M - H).
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4-[(1S)-1-({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YL]JCARBONYL}AMINO)ETHYLIBENZOIC ACID

0
l N H
N O COH

STEP 1. tert-Butyl [(1S)-1-(4-bromophenyl)ethyl]carbamate

HQNJ\@ BocHNJ\©\
Br Br

A mixture of [(18)-1-(4-bromophenyl)ethyllamine (10.00 g, 50.0 mmol) and di-tert-
butyl dicarbonate (11.45 g, 52.5 mmol), triethylamine (7.66 mL, 55.0 mmol) in
dichloromethane (200 mL) was stirred at room temperature for 1 h. The mixture

was diluted with dichloromethane (500 mL) and washed with 1 M hydrochloric
acid (300 mL), saturated sodium hydrogen carbonate aqueous (300 mL), and
brine (300 mL). The organic layer was dried over magnesium sulfate, and

concentrated under reduced pressure. The residue was washed with cold

hexane to afford 14.73 g (98%) of the title compounds as white solids: "H-NMR
(CDCls) § 7.47-7.42 (2H, m), 7.18 (2H, d, J=8.4 Hz), 5.30 (2H, br.s), 1.41 (12H,

br.s).
STEP 2. Methyl 4-{(15)-1-[(tert-butoxycarbonyl)amino]ethyl}benzoate

BocHN J\©\ BocHNJ\CL
Br CO,Me

A mixture of tert-butyl [(1S5)-1-(4-bromophenyl)ethyl]carbamate (step 1, 14.73 g,

49.1 mmol), 1,3-bis(diphenylphosphino)-propane (2.03 g, 4.91 mmol), palladium
(1) acetate (1.10 g, 4.91 mmol), triethylamine (20.5 mL, 147 mmol), N,N-
dimethylforamide (120 mL) and methanol (180 mL) was stirred at 80 °C for 16 h
under carbon monoxide atmosphere. After cooling to room temperature, the
mixture was diluted with ether (800 mL) and washed with water (500 mL x 3).
The organic layer was dried over magnesium sulfate and evaporated. The
residue was purified by flash column chromatography on silica gel eluting with
hexane/ethy! ecela’e (5:7) 1o afford 12.83 g (84%) of the Ulle comrpounds as while
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solids: 'H-NMR (CDCl3) § 8.02-7.99 (2H, m), 7.37 (2H, d, J=8.4 Hz), 4.83 (2H,
br.s), 3.91 (3H, s), 1.46-1.42 (12H, m).
STEP 3. Methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride

BocHN)\©\ . HgNJ\@
CO,Me CO,Me

Methyl 4-{(15)-1-[(tert-butoxycarbonyl)amino]ethyl}benzoate (12.83 g, 45.9 mmol)
was treated with trifluoroacetic acid (100 mL) and dichloromethane (100 mL) at

room temperature for 16 h. After removal of the solvent, the residue was diluted
with 10% hydrogen chloride solution in methanol (100 mL). The mixture was
concentrated under reduced pressure and the residue was washed with

ethylacetate to give 9.40 g (95%) of the title compounds as white solids: "H-NMR
(DMSO-ds) § 8.67 (2H, br.s), 8.01 (2H, d, J=8.4 Hz), 7.68 (2H, d, J=8.4 Hz), 4.49
(1H, q, J=6.9 Hz), 3.87 (3H, s), 1.53 (3H, d, J=6.9 HZ).

STEP 4. Methyl 4-[(1S)-1-({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoate

0 0
i IR SURL
| |
% coe fﬁ%
F ’ F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 3 of Example

1) and methyl 4-[(15)-1-aminoethyl]benzoate hydrochloride (step 3): "H-NMR
(CDClg) the data of the title compound were identical with that of the racemate
(step 2 of Example 2); MS (ESI) m/z 413 (M + H)*, 411 (M - H).

STEP 5. 4-[(1S)-1-({[5-Fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]lbenzoic acid

0 0
N’ <0>H CO,Me N’ <o>H CO,H

F F
The title compound was prepared according to the procedure described in step 4

COQMG

= P <8 ety g FH0 N G I B i T e N AL N
of Example 1 Tom methy! 441815 oo 24T uors s henony oyl e 2

3 TR A ey st Y sl T s pain Fosiiamem f VRN Sl 3 o NP N S Y R
AW € Plae o SN . £ > ML N 3 3 P
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title compound were identical with that of the racemate (step 3 of Example 2);
MS (ESI) m/z 399 (M + H)*, 397 (M - H)".

EXAMPLE 6
4-[(15)-1-({[5-FLUORO-2-(3-FLUOROPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)ETHYL]BENZOIC ACID

0
F\(YU\NJ\@
D&
N0 CO,H

F

STEP 1. 5-Fluoro-2-(3-fluorophenoxy)nicotinic acid
F

0
o HO-@ F\(\r‘om

F. SroH . N0
NCI @LF

The title compound was prepared according to the procedure described in step 1

& 2 of Example 1 from 2-hydroxy-5-fluoronicotinic acid and 3-fluorophenol; 'H-
NMR (DMSO-ds) 6 8.37 (1H, m), 8.23-8.15(1H, m), 7.49-7.35 (1H, m), 7.10-6.90
(3H, m).

STEP 2. Methyl 4-[(1S)-1-({[5-fluoro-2-(3-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoate

0 0
Py~ on HzNJ\Q NN
l P CO2M6 l P> H
N0 N0 CO,Me
A, <l

The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(3-fluorophenoxy)nicotinic acid (step1) and methyi

4-[(15)-1-aminoethyl]lbenzoate hydrochloride (step 3 of Example 5): "H-NMR
(CDCI3) &, 8.33 (1H, dd, J=8.2, 3.1 Hz), 8.12-7.98 (4H, m), 7.47-7.38 (3H, m),
7.05-6.89 (3H, m), 5.36 (1H, m), 3.90 (3H, s), 1.60 (3H, d, J=6.9 Hz).

STEP 3. 4-[(1 S)-1-({[5-Fluoro-2-(3-fluorophenoxy)pyridin-3-
vlJearbonyl}amine)ethyl]benzoic acid
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0 (0]
FﬁN’\@ FNNLQ
N“oH CO,Me . N“oH CO,H
F F

The title compound was prepared according to the procedure described in step 4 -
of Example 1 from methyl 4-[(1 S)-1-({[5-fluoro-2-(3-fluorophenoxy)pyridin-3-
yl]cérbonyl}amino)ethyl]benzoate (step 2): "H-NMR (CDCl3) &.8.34 (1H, dd,
J=8.2, 3.1 Hz), 8.14-8.02 (4H, m), 7.47-7.38 (3H, m), 7.27-6.89 (3H, m), 5.36 (1H,
m), 1.59 (3H, d, J=6.9 Hz); MS (ESI) m/z 399 (M + H)*, 397 (M - H)".

EXAMPLE 7
4-[({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)METHYL]-3-METHYLBENZOIC ACID

0
N“~oH CO.H

STEP 1. Methyl 4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yI]carbonyI}amino)methyl]-3-methyibenzoate

0 o)

F~"oH HZN\ﬁ:L N

» CO,Me L A H
N0 - N coj CO,Me

F ' F

The title compound was prepared according to the procedure described in step 3
of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 3 of Example

1) and methyl 4-(aminomethyl)-3-methylbenzoate (WO 0324955): "H-NMR
(CDCls) & 8.36 (1H, dd, J=8.2, 3.1 Hz), 8.25-8.18 (1H, m), 8.04 (1H, d, J=3.1 Hz),
7.85-7.81 (2H, m), 7.37 (1H, d, J=7.7 Hz), 7.15-7.07 (4H, m), 4.73 (2H, d, J=5.8
Hz), 3.89 (3H, s), 2.40 (3H, s); MS (ESI) m/z 413 (M + H)*, 411 (M - H)".

STEP 2. 4-[({[5-Fluoro-2-(4-flucrophenoxy)pyridin-3-

yilearbonyljamine)mathyl]-3-methylbenzo.s acid
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0 0
Anaas! L
\ “N“oH CO,Me L N“oH CO,H
F F

The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)methyl]-3-methylbenzoate (step 1): 'H-NMR (DMSO—dG) 0 9.05
(1H, t, J=6.1 Hz), 8.25 (1H, d, J=2.9 Hz), 8.09 (1H, dd, J=8.1, 3.1 Hz), 7.74 (1H,
8), 7.68 (1H, d, J=7.9 Hz), 7.44 (1H, d, J=8.1 Hz), 7.31-7.25 (4H, m), 4.54 (2H, d,
J=5.9 Hz), 2.36 (3H, s); MS (ESI) m/z 399 (M + H)*, 397 (M - H)".

EXAMPLE 8
3-FLUORO-4-[({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YL]CARBONYL}AMINO)METHYL]BENZOIC ACID
.9 ¥
® Nﬁ
\L/N\”%* COH
F

STEP 1. Methy! 3-fluoro-4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-

ylJcarbonyl}amino)methyllbenzoate
F

0 O F
o M Aeaae!
Nfé COgMe N» OH

F

COgMe

The title compound was prepared according to the procedure described in step 3
of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 3 of Example

1) and methyl 4-(aminomethyl)-3-fluorobenzoate (WO 9926923): "H-NMR (CDCla)
5 8.45-8.33 (2H, m), 8.04 (1H, d, J=3.1 Hz), 7.80 (1H, dd, J=7.9, 1.5 Hz), 7.71
(1H, dd, J=10.5, 1.5 Hz), 7.49 (iH, t, J=7.6 Hz), 7.17-7.12 (4H, m), 4.78 (2H, d,
J=6.1 Hz), 3.91 (3H, s); M:S (ES!) m/z 417 (M + H)*, 415 (M - H)".
STEPR 2. 3-Fluore 4-7{75 flugre 2-{4-Tueroshonory »y7idin-g-

v T Ame amme g l‘:)’r"“"".,», Ao Ve r,\‘b':\v?]’ AT A s
RGOS OO B NN PNNIR S NSRS S AN SHO I
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o F O F
N’ é” CO,Me N’ <o)“ CO,H
F F

The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 3-fluoro-4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)methyllbenzoate (step 1): "H-NMR (DMSO-dg) 6 9.14 (1H, t,
J=5.9 Hz), 8.26 (1H, d, J=3.1 Hz), 8.11 (1H, dd, J=8.3, 3.1 Hz), 7.72-7.53 (3H,
m), 7.31-7.25 (4H, m), 4.62 (2H, d, J=5.9 Hz); MS (ESI) m/z 403 (M + H)*, 401 (M
- H).

EXAMPLE 9

4-[({[5-FLUORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)METHYL]-2-METHYLBENZOIC ACID

0
Fon oy
- [ :I
N“~oH COH

F

STEP 1. Methyl 4-[({[5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)methyl]-2-methylbenzoate

.9 . .9
o LN
| L,
N0 CO.Me N“~oH CO,Me

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 3 of Example

1) and methyl 4-(aminomethyl)-2-methylbenzoate (WO 0324955): "H-NMR
(CDCl3) & 8.38 (1H, dd, J=8.1, 3.1 Hz), 8.30-8.24 (1H, m), 8.05 (1H, d, J=3.1 Hz),
7.88 (1H, d, J=8.1 Hz), 7.26-7.08 (6H, m), 4.71 (2H, d, J=5.9 Hz), 3.90 (3H, s),
3.87 (38H, s); MS (ESI) m/z 413 (M + H)*, 411 (M - H)".

STEP 2. 4= ({[B-Flugre-2-(4-Tuorophenoxy)pyridin.g.

. - e . » an e
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F R F ]
I N I N
N~oH CO,Me . N“oH CO,H

F | F

The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-[({{5-fluoro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)methyl]-2-methylbenzoate (step 1): "H-NMR (DMSO-ds) 8 9.10
(1H, t, J=5.9 Hz), 8.24 (1H, d, J=3.1 Hz), 8.09 (1H, dd, J=8.3, 3.1 Hz), 7.76 (1H,
d, J=8.3 Hz), 7.27-7.25 (6H, m), 4.54 (2H, d, J=5.9 Hz), 2.42 (3H, s); MS (ESI)
m/z 399 (M + H)*, 397 (M - H)".

THE SYNTHETIC PROCEDURE OF EXAMPLES 10- 42
The compounds disclosed hereinafter were prepared according to the following

procedure:

STEP 1.tert-Butyl 4-({[(2-chloro-5-fluoropyridin-3-
yl)carbonyllamino}methyl)benzoate

H,N

O /\©\CO ‘B O
B )
N C N“~cH

CO,'Bu

To a stirred solution of 2-chloro-5-fluoronicotinic acid (EP 634413, 2.0 g, 10
mmol) and tert-butyl 4-(aminomethyl)benzoate (WO 9950249, 1.65 g, 8 mmol) in
dichloromethane (25 mL) were successively added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide  hydrochloride  (EDCI) (2.88 g, 15 mmol), 1-
hydroxybenzotriazole hydrate (HOBT) (1.53 g, 10 mmol), and triethylamine (5
mL). After being stirred overnight, the reaction mixture was poured into water
(100 mL). The organic layer was separated and the agueous layer was extracted
with dichloromethanz (53 mL x 2). The combinecd organric layers were washed

erm

ar gt 2o 14y~ - P £l . [ gy < ” ~ H g LR -
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dichloromethane/ethyl acetate (20/1) to afford 2.39g (82%) of the title

compounds as white solids: 1H-NMF{ (CDCl3) 9 8.33 (1H, d, J=3.1 Hz), 7.97 (2H,
d, J=8.4 Hz), 7.91 (1H, dd, J=7.9, 3.1 Hz), 7.40 (2H, d, J=8.4 Hz), 7.04 (1H, br.s),
4.70 (2H, d, J=5.9 Hz), 1.58 (9H, s).
STEP 2. 4-[({[5-Fluoro-2-(substituted-phenoxy)pyridin-3-
yllcarbonyl}amino)methyl]benzoic acid
0

H
N NN
rﬁ O ASRAS!
a R)" co,Bu—H_, “N“oH COLH
cu” CO,Bu
~R)y, ~(R)q

To a solution of substituted-phenol (0.15 mmol) were added a solution of tert-
butyl 4-({[(2-chloro-5-fluoropyridin-3-yl)carbonyllamino}methyl)benzoate (step 1,
0.05 mmol) in toluene (0.6 mL) and 2-tert-Butylimino-2-diethylamino-1,3-dimethyl-
perhydro-1,3,2-diazaphosphorine on polystyrene (PS-BEMP, 0.15 mmol). Then
the mixture was agitated at 110 °C overnight. To the resultant mixture were
added AcOEt (0.5 mL) and 0.5 N ag.HCI (0.5 mL). The organic layer was
extracted and concentrated in vacuo. The crude product was purified by
preparative LCMS (XTerra® C18, 20 x 50 mm) eluting with H,O/MeOH/1%
aqueous HCOQH (90/5/5 to 10/85/5). After a 'fFA-DCE solution (1-1, 0.6 mL) was
added to the purified material, the mixture was left at room temperature for 1.5 h.
Then the mixture was concentrate in vacuo to afford the desired product.

EXAMPLE 10
4-[({[5-FLUORO-2-(3-METHOXY-5-METHYLPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)METHYL]BENZOIC ACID

Observed MS (ESI) m/z 411.01 (M + H)*

Exact Mass calcd for C22 H19 F N2 O5: m/z 410.13

EXAMPLE 11
4-{({[2-(2-CHLOROPHENOXY)-5-FLUOROPYRIDIN-3-
YLICARBONYLIANINOYWIETHYLIBENZOIC ACID

Ozservel VS (Z8) m/z4£0C.85 (MW + 4

vorr«- Vi me -g-\ Tmee A N G \ T m/-—/ /"’” ~T
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EXAMPLE 12

4-[({[2-(3-CHLOROPHENOXY )-5-FLUOROPYRIDIN-3-
YLICARBONYL}AMINO)YMETHYL]BENZOIC ACID

116

Observed MS (ESI) m/z 400.96 (M + H)*
Exact Mass calcd for C20 H14 Cl F N2 O4: m/z 400.06

EXAMPLE 13

PCT/1B2005/000935

4-[({[2-(2,3-DIHYDRO-1H-INDEN-5-YLOXY )-5-FLUOROPYRIDIN-3-

YLJCARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 407.05 (M + H)*
Exact Mass calcd for C23 H19 F N2 O4: m/z 406.13

EXAMPLE 14

4-[({[2-(BIPHENYL-4-YLOXY )-5-FLUOROPYRIDIN-3-

YL|CARBONYL{AMINO)METHYL]BENZOlC ACID
Observed MS (ESI) m/z 443.03 (M + H)*

Exact Mass calcd for C26 H19 F N2 O4: m/z 442.13

EXAMPLE 15

4-|({|2-!3-CHLORO-4-METHYLPHENOXY)-S-FLUOROPYRIDIN-3-

YL]CARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 414.96 (M + H)*

Exact Mass calcd for C21 H16 Cl F N2 O4: m/z 414.08

EXAMPLE 16

4-[({[2-(3.5-DIFLUOROPHENOXY)-5-FLUOROPYRIDIN-3-

YL|CARBONYL{AMINO)METHYL|BENZOIC ACID
Observed MS (ESI) m/z 402.97 (M + H)"

Exact Mass calcd for C20 H13 F3 N2 O4: m/z 402.08

EXAMPLE 17

. B
AT 2-{4-CCLOPENTV 2
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Observed MS (ESI) m/z 435.05 (M + H)*
Exact Mass calcd for C25 H23 F N2 O4: m/z 434.16

EXAMPLE 18

4-|({[S-FLUORO-Z-(S-METHOXYPHENOXY)PYRIDIN-S-
YLICARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ES!) m/z 397.01 (M + H)*

Exact Mass calcd for C21 H17 F N2 O5: m/z 396.11

EXAMPLE 19
4-({[(5-FLUORO-2-PHENOXYPYRIDIN-3-
YL)CARBONYLIAMINO}METHYL)BENZOIC ACID
Observed MS (ESI) m/z 367.01 (M + H)"

Exact Mass calcd for C20 H15 F N2 O4: m/z 366.1

EXAMPLE 20

4-]({|5-FLUORO-2-(2-FLUOROPHENOXY)PYRIDIN-3-

YL|CARBONYL[AMINO)METHYL|BENZOIC ACID
Observed MS (ES!) m/z 385.02 (M + H)*

Exact Mass calcd for C20 H14 F2 N2 O4: m/z 384.09

EXAMPLE 21

PCT/IB2005/000935

4-{[({2-[4-(BENZYLOXY)PHENOXY ]-5-FLUOROPYRIDIN-3-

YL}CARBONYL)AMINOJMETHYL}BENZOIC ACID
Observed MS (ESI) m/z 473.04 (M + H)*

Exact Mass calcd for C27 H21 F N2 O5: m/z 472.14

EXAMPLE 22
4-|g{[5-FLUORO-2-(3-FLUOROPHENOXY)PYRIDlN-S-
YL'[CARQQNYQAMINO)METHYL|BENZOIC ACID
Observed MS (ESI) m/z 385.02 (M + H)*

Exact Mass calcd for C20 H14 F2 N2 O4: m/z 384.08
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EXAMPLE 23

4-[({[2-(3-ETHYNYLPHENOXY)-5-FLUOROPYRIDIN-3-
YLICARBONYLIAMINOYMETHYL]BENZOIC ACID

118

Observed MS (ESI) m/z 390.98 (M + H)*
Exact Mass calcd for C22 H15 F N2 O4: m/z 390.1

EXAMPLE 24

PCT/IB2005/000935

4-[({[2-(2-CHLORO-5-METHYLPHENOXY)-5-FLUOROPYRIDIN-3-

YLICARBONYL}IAMINO)YMETHYL]BENZOIC ACID

Observed MS (ESI) m/z 414.96 (M + H)*
Exact Mass calcd for C21 H16 CI F N2 O4: m/z 414.08

EXAMPLE 25

4-[({[2-(3-CHLORO-4-FLUOROPHENOXY)-5-FLUOROPYRIDIN-3-

YLICARBONYL}IAMINOYMETHYL]BENZOIC ACID

Observed MS (ESI) m/z 418.95 (M + H)*
Exact Mass calcd for C20 H13 Cl F2 N2 O4: m/z 418.05

EXAMPLE 26

4-[({[2-(2.6-DIFLUOROPHENOXY)-5-FLUOROPYRIDIN-3-
YLICARBONYL}AMINO)METHYL]BENZOIC ACID

Observed MS (ESI) m/z 402.97 (M + H)*
Exact Mass calcd for C20 H13 F3 N2 O4: m/z 402.08

EXAMPLE 27

4-[({[2-(3-ETHYLPHENOXY)-5-FLUOROPYRIDIN-3-
YLICARBONYL}AMINO)METHYL]BENZOIC ACID

Observed MS (ESI) m/z 395.06 (M + H)*
Exact Mass calcd for C22 H19 F N2 O4: m/z 394.13

EXAMPLE 28

£({[2-(3.4-DIFLUOROPHENOXY)-5-FLUOROPYRIDIN-8-

VI I ABRRANYL S AN INAN TSN, TREN AN [
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Exact Mass calcd for C20 H13 F3 N2 O4: m/z 402.08

EXAMPLE 29
4-j|({5-FLUOR0-2-[3-(TRIFLUOROMETHQXY)PHEI@XY]PYRM—I&_—
YL}CARBONYL)AMINOIMETHYL}BENZOIC ACID

Observed MS (ESI) m/z 451.00 (M + H)*

Exact Mass calcd for C21 H14 F4 N2 O5: m/z 450.08

EXAMPLE 30
4-[({[5-FLUORO-2-(4-FLUORO-3-METHYLPHENOXY)PYRIDIN-3-
YL]JCARBONYL}AMINO)METHYL]BENZOIC ACID

Observed MS (ESI) m/z 399.02 (M + H)*

Exact Mass calcd for C21 H16 F2 N2 O4: m/z 398.11

EXAMPLE 31

4-[({[2-(BIPHENYL-3-YLOXY)-5-FLUOROPYRIDIN-3-

YL]CARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 443.03 (M + H)*

Exact Mass calcd for C26 H19 F N2 O4: m/z 442.13

EXAMPLE 32

4-[({[5-FLUORO-2-(3-METHYLPHENOXY)PYRIDIN-3-

YL]CARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 381.00 (M + H)*

Exact Mass calcd for C21 H17 F N2 O4: m/z 380.12

EXAMPLE 33
4-[({[2-(3-ACETYLPHENOXY)-5-FLUOROPYRIDIN-3-
YLICARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 408.00 (M + H)*

Exact Mass calcd for C22 H17 F N2 O5: m/z 408.11
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EXAMPLE 34
4-[({[5-FLUORO-2-(2-NAPHTHYLOXY)PYRIDIN-3-
YL]CARBONYL}AMINOYMETHYL]BENZOIC ACID
Observed MS (ESI) m/z 417.03 (M + H)*
Exact Mass calcd for C24 H17 F N2 O4: m/z 416.12

EXAMPLE 35
4-[({{5-FLUORO-2-(1-NAPHTHYLOXY)PYRIDIN-3-
YL]CARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 417.02 (M + H)*

Exact Mass calcd for C24 H17 F N2 O4: m/z 416.12

EXAMPLE 36 )
4-{[({2-[(4-CHLORO-1-NAPHTHYL)OXY]-5-FLUOROPYRIDIN-3-
YL}CARBONYL)AMINOJMETHYL}BENZOIC ACID

Observed MS (ESI) m/z 450.98 (M + H)*

Exact Mass calcd for C24 H16 CI F N2 O4: m/z 450.08

EXAMPLE 37

4-f H]2-]3-BENZOYLPHENOXY}-S-FL(JOROPYRIDIN-S-

YL|CARBONYL[AMINO)METHYL|BENZOIC ACID
Observed MS (ESI) m/z 471.03 (M + H)*

Exact Mass calcd for C27 H19 F N2 05: m/z 470.13

EXAMPLE 38

‘ 4-|m5-FLUORO-Z-(Z-I\LETHYLPHENOXY!PYRIDIN-3-

YL]JCARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 381.00 (M + H)"

Exact Mass calcd for C21 H17 F N2 O4: m/z 380.12

EXAMPLE 39

4108 T UCRC 2 CUNCL XYL ORI PVID N8

PCT/IB2005/000935
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Observed MS (ESI) m/z 418.01 (M + H)*
Exact Mass calcd for C23 H16 F N3 O4: m/z 417.11

EXAMPLE 40

4-{[({5-FLUORO-2-[4-(2-METHYL-1,3-THIAZOL -4-YL)PHENOXY]PYRIDIN-3-
YL}CARBONYL)AMINOIMETHYL}BENZOIC ACID

Observed MS (ESI) m/z 463.96 (M + H)*

Exact Mass calcd for C24 H18 F N3 O4 S: m/z 463.10

EXAMPLE 41
4-{[({5-FLUORO-2-[(5-FLUOROQUINOLIN-8-YL)OXY]PYRIDIN-3-
YL}CARBONYL)AMINOJMETHYL}BENZOIC ACID

Observed MS (ESI) m/z 435.97 (M + H)*

Exact Mass calcd for C23 H15 F2 N3 O4: m/z 435.1

EXAMPLE 42
4-[({[5-FLUORO-2-(4-PYRIDIN-2-YLPHENOXY)PYRIDIN-3-
YL]ICARBONYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 444.00 (M + H)*

Exact Mass calcd for C25 H18 F N3 O4: m/z 443.13

EXAMPLE 43

4-[({[5-CHLORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-

YLJCARBONYL}AMINO)METHYL]BENZOIC ACID
0

| . :l
N—oH CO,H

STEP 1. Methyi 4-[({[5-chloro-2-(4-fluorophenoxy)pyridin-3-
yljearbonyljamino)methylJbenzoate
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0]
Cl Cl
o e

N0 Ep1229034

F F
To a stirred solution of 5-chloro-2-(4-fluorophenoxy)nicotinic acid (EP 1229034,
150 mg, 0.56 mmol), methyl 4-(aminomethyl)benzoate hydrochloride (136 mg,
0.67 mmol), and triethylamine (0.31 mL, 2.24 mmol) in dichloromethane (8 mL)
was added 2-bromo-1-ethylpyridinium tetrafluoroborate (230 mg, 0.84 mmol) at
0°C. The resulting mixture was warmed to room temperature and stirred for 16 h.
The mixture was diluted with dichloromethane (50 mL) and washed with 1 M
hydrochloric acid (30 mL), saturated aqueous sodium hydrogen carbonate
solution (30 mL), and brine (30 mL). The organic layer was dried over
magnesium sulfate, and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica ge! eluting with hexane/ethyl

acetate (2:1) to afford 155 mg (67%) of the title compounds as white solids: "H-
NMR (CDCls) 8 8.59 (1H, dd, J=2.6, 0.9 Hz), 8.26-8.17 (1H, m), 8.13 (1H, dd,
J=2.8, 0.9 Hz), 8.00 (2H, d, J=8.1 Hz), 7.41 (2H, d, J=8.1 Hz), 7.15-7.07 (4H, m),
4.76 (2H, d, J=5.9 Hz), 3.90 (3H, s); MS (ESI) m/z 415 (M + H)*, 413 (M - H)".
STEP 2. 4-[({[5-Chloro-2-(4-fluorophenoxy)pyridin-3-
yl]carbonyl}amino)methyl]benzoic acid

cl cl
NﬁcogMe Nﬁco H

F F

A mixture of methyl 4-[({{5-chloro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)methyllbenzoate (step 1, 154 mg, 0.37 mmol), tetrahydrofuran
(2 mL), methanol (2 mL), and 2 M sodium hydroxide (2 mL) was stirred at room
temperature for 4 h. The mixture was poured into 1 M hydrochloric acid (30 mL),
and extracted with ethyl acetate (50 mL). The organic layer was dried over
magnesium sulfate and evaporated. The residue was purified by TLC
[dichloromethane Jethyl acetate (1:2)] to give 98 mg (66%) of the title compound

ae v/rile sclos: NN 'DMISO-dg) & .13 (117, %, =6.0 [z, 8.28 (I, dd, J=2.5,
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Hz), 7.29-7.26 (4H, m), 4.60 (2H, d, J=6.Q Hz); MS (ESI) m/z 401 (M + H)*, 399
(M - H)".

EXAMPLE 44
4-f(1 8)-1-({[5-CHLORO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YL]JCARBONYL}AMINO)ETHYL]BENZOIC ACID

0

Ol Ay

L AoH
N0 COH

STEP 1. 4-((1S)-1-{[(Benzyloxy)carbonyl]amino}ethyl)benzoic acid

H2NJ\© . CszNJ\Q
CO,H CO,H

To a cooled (O A°.C‘) mixture of 4-[(1S)-1-aminoethyl]benzoic acid (Chem. Eur. J.
1999, 5, 1095-1105, 16.2 g, 98 mmol) and 2 N sodium hydroxide aqueous
solution (100 ml) was added benzyl chloroformate (20.5 g, 120 mmol) dropwise

over 30 min period followed by the addition of additional 2 N sodium hydroxide
aqueous solution (70 ml). The reaction mixture was stirred overnight at room
temperature and then acidified to pH 1 with concentrated hydrochloric acid. The
resulting precipitate was filtered, washed with water (100 mL), and then vacuum

dried to yield 26 g (88%) of the title compounds as white solids: "H-NMR (CDCl3)
8 7.95 (2H, d, J=8.1 Hz), 7.40-7.15 (7H, m), 5.12-4.94 (3H, m), 4.82 (1H, br.s),
1.40 (3H, d, J=7.0 Hz); MS (ESI) m/z 300 (M + H)*, 298 (M - HY

STEP 2. tert-Butyl 4-((1S)-1-{[(benzyloxy)carbonyl]amino}ethyl)benzoate

CszNJ\©\ CszNJ\©\
CO,H CO,'Bu

To a solution of 4-((1S)-1-{[(benzyloxy)carbonyllamino}ethyl)benzoic acid (step 1,
3.7 g, 12.4 mmol) and benzyltriethylammonium chloride (3.0 g, 13 mmol) in N,N-
dimethylacetamide (100 mL) was added anhydrous potassium carbonate (47 g,
340 mmol) followed by 2-bromo-2-methylpropane (8¢ g, 650 mmol). The

resultrg miiurs stred for 24 2 at 85 °C. Afier 622ing o recm lemzeralirs, N
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resulting solution was extracted with ethyl acetate (500ml). The organic phase

was washed with water (300ml) and brine (200 nL), dried (sodium sulfate), and
evaporated. The residue was purified by flash column chromatography on silica
gel (150 g) eluting with hexane/ethyl acetate (3/1) to afford 3.48g (79%) of the
title compounds as white solids: 1H-NMFI (CDClg) & 7.95 (2H, d, J=8.3 Hz), 7.44-
7.24 (7H, m), 5.15-4.99 (3H, m), 4.88 (1H, br.s), 1.58 (9H, s), 1.47 (3H, d, J=7.0
Hz).
STEP 3. tert-Butyl 4-[(1S)-1-aminoethyl]benzoate

CszNJ\Q HZNJ\Q
CO,'Bu CO,'Bu

To a stirred solution of tert-butyl 4-((15)-1-
{[(benzyloxy)carbonyl]lamino}ethyl)benzoate (step 2, 3.48 g, 9.8 mmol) in a

mixture of ethanol (25 mL) and acetic acid (25 mL) was added 10% palladium--
carbon (400 mg). The mixture was stirred at room temperature for 2 h under
hydrogen atmosphere. The palladium catalyst was removed by filtration and
washed with ethanol (100 mL). The filtrate was concentrated under reduced
pressure and the residue was partitioned between ethyl acetate (200 mL) and
saturated sodium bicarbonate aqueous solution (200 mL). The organic phase
was separated and the aqueous phase was extracted with ethyl acetate (200
mL). The combined organic extracts were washed with brine (200 mL) and dried
(sodium sulfate), and concentrated to give 2.02 g (93%) of the title compounds as

white solids: 'H-NMR (CDCls) 6 7.95 (2H, d, J=8.3 Hz), 7.39 (2H, d, J=8.3 Hz),

1 4.22-412 (1H, dg, J=7.3, 6.6 Hz), 1.80 (2H, br.s), 1.58 (9H, s), 1.38 (3H, d, J=6.6

Hz).
STEP 4. tert-Butyl 4-[(1S)-1-({[5-Chloro-2-(4-fluorophenoxy)pyridin-3-
yl]carbonyl}amino)ethyl]benzoate

0] 0}
o M0 ety
N’ é 25U N“oH CO,'Bu
F F

The iitl2 compound was prepared according to the procedure descrived in siep 3

of Fxamrzsle 1 from 8-chlorn-2-(4-%: “our*emxy‘* cotinic ecid (EP 1228C34) and
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J=2.7 Hz), 8.14 (1H, br.s), 8.13 (1H, d, J=2.7 Hz), 7.95 (2H, d, J=8.3 Hz), 7.39
(2H, d, J=8.3 Hz), 7.17-7.11 (4H, m), 5.36 (1H, dq, J=7.2, 7.0 Hz), 1.59 (3H, d,
J=7.0 Hz), 1.58 (9H, s); MS (ESI) m/z 415 (M + H)".
STEP 5. 4-[(1S5)-1-({[5-Chloro-2-(4-fluorophenoxy)pyridin-3-
yl]carbonyl}amino)ethyl]benzoic acid

0 0
Clan Ay Oy
L ~oH t oM
N é COZ Bu N é COQH

F F
Trifluoroacetic acid (10 mL) was added to a solution of tert-butyl 4-[(15)-1-({[5-
Chloro-2-(4-fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyi]benzoate (step 4, 2.1

g; 4.3 mmol) in dichloromethane (30 mL). The reaction mixture was stirred at
room temperature until the starting material was fully consumed (4 h). The
solvent and most of the trifluoroacetic acid were removed under reduced
pressure. The residue was purified by flash silica gel column chromatography on
silica gel (50 g) eluting with dichloromethane/methanol (20/1) and recrystallization
(ethyl acetate-diisopropy! ether) to give 1.24 g, (86%) of the title compounds as
white crystals: mp 198.2 °C; "H-NMR (CDCl3) & 8.56 (1H, d, J=2.6 Hz), 8.16 (1H,
br.s), 8.14 (1H, d, J=2.6 Hz), 8.07 (2H, d, J=8.3 Hz), 7.46 (2H, d, J=8.3 Hz), 7.19-
7.12 (4H, m), 5.46-5.30 (1H, m), 1.61 (3H, d, J=7.1 Hz); MS (ESI) m/z 415 M+
H)*, 413 (M - H)".

EXAMPLE 45

4-{(1S)-1-[({5-CHLORO-2-[3-(1.3-THIAZOL-2-YL)PH ENOXY]PYRIDIN-3-
YL}CARBONYL)AMINOJETHYL}BENZOIC ACID

0
LN
N“oH COH

S
N7

STEP 1. tert-butyl 4-((1S)-1-{[(2,5-dichloropyridin-3-

Naer "N N\ T\ >,
yiearvony jeminolelhyl)senzoate

o
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H2NJ\©\ 0

0 CO,'Bu

O | araias)
N“>Cl N“~cH CO,'Bu

To a stirred solution of 2,5-dichloronicotinic acid (Syn. Commun. 1989, 19, 553-9,

1.92 g, 10 mmol) and tert-butyl 4-[(1 S)-1-aminoethyl]benzoate (example 44 step
3, 2.02 g, 9.1 mmol) in dichloromethane (20 mL) were successively added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (2.59 g, 13.5
mmol), 1-hydroxybenzotriazole hydrate (HOBT) (2.07 g, 13.5 mmol), and
triethylamine (4 mL). After being stirred overnight, the reaction was quenched by
the addition of saturated sodium bicarbonate aqueous solution (100 mL). The
aqueous layer was extracted with dichloromethane (50 mL x 3) and the combined
organic layers were washed with brine (100 mL), dried (sodium sulfate), and
evaporated. The remaining residue was purified by flash column chromatography
on silica gel (100 g) eluting with dichloromethane/ethyl acetate (20/1) to afford

2.51g (70%) of the title compounds as white solids: "H-NMR (CDCl3) & 8.41 (1H,
d, J=2.6 Hz), 8.09 (1H, d, J=2.6 Hz), 7.99 (2H, d, J=8.3 Hz), 7.43 (2H, d, J=8.3
Hz), 6.81 (1H, d, J=7.2 Hz), 5.33 (1H, dgq, J=7.2, 7.0 Hz), 1.62 (3H, d, J=7.0 Hz),
1.58 (9H, s).

STEP 2. tert-butyl 4-{(15)-1-[({5-chloro-2-[3-(1,3-thiazol-2-
yl)phenoxy]pyridin-3-yl}carbonyl)aminojethyl}benzoate

OH
e N aas
cl ~ ONJ\CL NS |N’ oH CO,Bu
N“~cH CO,'Bu S
N7
A mixture of tert-butyl 4-((18)-1-{[(2,5-dichloropyridin-3-

yl)carbonyf]Jamino}ethyl)benzoate (step 1, 178 mg, 0.45 mmol), 3-(1,3-thiazol-2-
yl)phenol (DE 2130709, 162 mg, 0.91 mmol) and 2-tert-butylimino-2-
diethylamino-1,3-dimethylperhydro-1,3,2-diazaphosphorine (BEMP, 217 pL, 0.75
mmol) in toluene (2 mL) was stirred at 110 °C for 5 h. After removal of solvent,
the residue was eluted on silica gel short column (hexane/ethyl acetate (4/1)) o

Y] f H 1r r
2%ord 258 mo ‘cuant.) of e e comoound as a white amerphous: HAVR
¥ O™ J A
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7.83 (3H, m), 7.58-7.38 (3H, m), 7.34-7.20 (2H, m), 5.42-5.32 (1H, m), 1.61-1.57
(12H, m); MS (ESI) m/z 536 (M + H)", 634 (M - H)".
STEP 3. 4-{(15)-1-[({5-Chloro-2-[3-(1,3-thiazol-2-yl)phenoxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

Cl 2 Cl 2
L IR a0
N0 CO,Bu N0 COH

S S

N/ N
The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl  4-{(15)-1-[({5-chloro-2-[3-(1,3-thiazol-2-

yl)phenoxy]pyridin-3-yl}carbonyl)aminojethyl}benzoate (step 2): '"H-NMR (CDCl3)
5 8.56 (1H, d, J=2.7 Hz), 8.16-8.14 (2H, m), 8.07-8.04 (2H, m), 7.90-7.85 (8H, m),
7.58-7.52 (1H, m), 7.48-7.45 (2H, m), 7.39 (1H, d, J=3.2 Hz), 7.29-7.21 (1H, m),
5.44-5.34 (1H, m), 1.61 (3H, d, J=6.8 Hz); MS (ESI) m/z 480 (M + H)*, 478 (M -
H)".

EXAMPLE 46
4-{(15)-1-[({5-CHLORO-2-[(5-CHLOROPYRIDIN-3-YL)OXY]PYRIDIN-
3YLICARBONYL)AMINO]ETHYL}BENZOIC ACID

0
e as!
N“oH CO,H

“
Nedg,

STEP 1. 5-Chloro-2-[(5-chloropyridin-3-yl)oxy]nicotinic acid
Cl 0
= Cl
e I
o "2
NCI 7
Cl
A mixture of 2,5-dichloronicotinic acid (Syn. Commun. 1989, 19, 553-9, 500 mg,
2.6 mmol), 3-chloro-5-hydroxypyridine (404 mg, 3.1 mmol), copper bronze (36

Ny

mg, C.57 mmol), cuprous iodide (40 mg, 0.21 mimol} and potassium carbonaie
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concentrated. The residue was diluted with water (10 mL) and the mixture was
acidified with 2 N hydrochloric acid (2 mL). Precipitateed solids were collected
by filtration and dried under reduced presssure at 40 °C to afford 349 mg of the
fitle compound: 'H-NMR (CDCls) & 8.37 (3H, br.s), 7.96 (2H, br.s), a peak of
COOH was not observed; MS (ESI) m/z 285 (M + H)".
STEP 2. tert-Butyl 4-{(1 S)-1-[({5-chloro-2-[(5-chloropyridin-3-yl)oxy]pyridin-
3-yl}carbonyl)amino]ethyl}benzoate

HoN
o O 0
O ° C'ﬁ”Nk@
Nigye) N“oH o<
2 4 O

I
N~I cl Ne"~Cl

The title compound was prepared according to the procedure described in step 3
of Example 1 from 5-chloro-2-[(5-chloropyridin-3-yl)oxy]nicotinic acid (step 1) and
tert-butyl 4-{(1S)-1-aminoethyl]lbenzoate (step 3 of Example 44): "H-NMR (CDCly)
5 8.56 (1H, d, J=2.7 Hz), 8.55-8.54 (1H, m), 8.42-8.41 (1H, m), 8.13 (1H, d, J=2.7
Hz), 7.99-7.96 (2H, m), 7.80-7.82 (1H, m), 7.58 (1H, t, J=2.3 Hz), 7.42-7.39 (2H,
m), 5.42-5.31 (1H, m), 1.62-1.58 (12H, m); MS (ESI) m/z 488 (M + H)*, 486 (M -
H)". )

S‘fEP 3. 4-{(1S)-1-[({5-chloro-2-[(5-chloropyridin-3-yl)oxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

i [0}

N /o 0 \‘< l o oH

s\ o,
>l |

The title compound was prepared according to the procedure described in step 5

of Example 44 from tert-butyl 4-{(1 S)-1-[({5-chloro-2-[(5-chloropyridin-3-

Ny cl

yl)oxy]pyridin-3-yljcarbonyl)aminojethyljbenzoate (step 2): "H-NMR (DMSO-dg) &
9.04 (1H, d, J=7.8 Hz), 8.55 (1H, , J=2.3 Hz), 8.52 (1H, d, J=2.3 Hz), 8.34 (1H, d,
J=2.6 Hz), 8.19 (1H, d, J=2.6 Hz), 7.98 (1H, t, J=2.3 Hz), 7.89-7.86 (2H, m), 7.53-
7.50 (2H, m), 5.21-5.16 (1H, m), 1.46 (3H, d, J=6.8 Hz), a peak of COOH was not
obsenved; VS (ZS0) m/z 432 (M + )7, 430 (M - )"
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EXAMPLE 47
4-[(18)-1-({[5-CHLORO-2-(3-CYANOPHENOXY)PYRIDIN-3-
YL]JCARBONYL}AMINO)ETHYLIBENZOIC ACID

O
N" o H OH
.

CN

STEP 1. 5-Chloro-2-(3-cyanophenoxy)nicotinic acid

o o)

Ci
CI\EYLOH I RS OH
p
N el N0
CN

The title compound was prepared according to the procedure described in step 1

of Example 46 from 2,5-dichloronicotinic acid (Syn. Commun. 1989, 19, 553-9)
10 and 3-hydroxybenzonitrile: "H-NMR (CDCls) & 8.40-8.33 (2H, m), 7.74-7.52 (4H,
m), a peak of COOH was not observed; MS (ESI) m/z 229 (M - COOHY).

STEP 2. tert-Butyl 4-[(15)-1-({[5-chloro-2-(3-cyanophenoxy)pyridin-3-
ylJcarbonyl}amino)ethyl]benzoate

0 o o
cl \ﬁ
(> oH o Ny N ‘
P l > H o)
N" 0 _— N0 \ﬁ
i \): o]
CN CN

15  The title compound was prepared according to the procedure described in step 3
~of Example 1 from 5-chloro-2-(3-cyanophenoxy)nicotinic acid (step 1) and ftert-
butyl 4-[(15)-1-aminoethyllbenzoate (step 3 of Example 44): "H-NMR (CDCl3) &
/8.56 (1H, d, J=2.7 Hz), 8.13 (1H, d, J=2.7 Hz), 7.98-7.95 (2H, m), 7.89-7.86 (1H,
m), 7.64-7.38 (6H, m), 5.42-5.31 (1H, m), 1.61-1.58 (12H, m); MS (ESI) m/z 476

20 (M- HY.

STEP 3. 4-[(15)-1-({[5-chloro-2-(3-cyanophenoxy)pyridin-3-

vilearbonyljamino)ethyljbenzoic actd
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CN
The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-[(1 S)-1-({[5-chloro-2-(3-cyanophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoate (step 2): "H-NMR (CDCl,) & 8.56 (1H, d, J=2.7
Hz), 8.15 (1H, d, J=2.7 Hz), 8.09-8.06 (2H, m), 7.91 (1H, d, J=7.0 Hz), 7.64-7.39
(6H, m), 5.39 (1H, quint, J=7.0 Hz), 1.62 (3H, d, J=7.0 Hz), a peak of COOH was
not observed: MS (ESI) m/z 422 (M + H)*, 420 (M - H)".

EXAMPLE 48
4-[(1S)-1-({[5-CHLORO-2-(3-FLUOROPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)ETHYL]BENZOIC ACID

(0]
H
N/ o OH
a.

F

STEP 1. tert-Butyl 4-[(1S)-1 -({[5-chloro-2-(3-fluorophenoxy)pyridin-3-

yllcarbonyl}amino)ethyl]benzoate
o}
Z H 0.
(0]
N I 7<
i F

(e}
7 H Q.
N~ ~Cl
5o

The title compound was prepared according to the procedure described in step 2
of Example 45  from tertbutyl  4-((1S)-1-{[(2,5-dichloropyridin-3-

yl)carbonyl]amino}ethyl)benzoate (step 1 of Example 45) and 3-fluorophenol: 'H-
NMR (CDCls) § 8.55 (1H, d, J=2.7 Hz), 8.15 (1H, d, J=2.7 Hz), 8.03-8.01 (1H, m),
7.97-7.94 (2H, m), 7.47-7.38 (3H, m), 7.07-7.00 (1H, m), 6.97-6.89 (2H, m), 5.41-
5.31 (1H, m), 1.60-1.58 (12H, m); MS (ESI) m/z 471 (M + H)*, 469 (M - H)".

STEP 2. 4-[(18)-1-{{[5-chlore-2-(3-{lucrophenoxy)pyridin-3-

oyl Y e - A 7 s a - 2.0
yilearberny. jarnine)cinylsenzos el
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-[(1 S)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoate (step 1): "H-NMR (CDCls) § 8.56 (1H, d, J=3.0
Hz), 8.16 (1H, d, J=3.0 Hz), 8.08-8.05 (3H, m), 7.47-7.40 (3H, m), 7.07-6.91 (3H,
m), 5.43-5.33 (1H, m), 1.60 (3H, d, J=7.1 Hz), a peak of COOH was not
observed: MS (ESI) m/z 415 (M + H)*, 413 (M - H)".

EXAMPLE 49
4-[(1S)-1-({[5-CHLORO-2-(3-CHLOROPHENOXY)PYRIDIN-3-
YL]JCARBONYLIAMINO)ETHYL]BENZOIC ACID

(0]
NG oH OH
S

Cl

STEP 1. tert-Butyl 4-[(15)-1 -({[5-chIc:_ro-2-(3-chlorophenoxy)pyridin-3-

yl]carbonyl}amino)ethyl]benzoate
P H O.
N é\ ) W<
Ci

o
H
N">al O\l<
O >

The title compound was prepared according to the procedure described in step 1

of Example 48 substituting 3-chlorophenol for 3-fluorophenol: "H-NMR (CDClg) &

' 8.55 (1H, d, J=2.7 Hz), 8.15 (1H, d, J=2.7 Hz), 8.02-7.94 (3H, m), 7.43-7.28 (4H,

m), 7.19-7.18 (1H, m), 7.07-7.04 (1H, m), 5.40-5.30 (1H, m), 1.60-1.58 (12H, m);
MS (ESI) m/z 487 (M + H)*, 485 (M - H)".

STEP 2. &-[(19)-1-({[5-chloro-2-(3-chiorophenoxy)pyridin-3-
yljcarbonyljamino)ethyl]tenzole actd
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-[(1S)-1-({[5-chloro-2-(3-chlorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyllbenzoate (step 1): "H-NMR (CDCls) & 8.56 (1H, d, J=2.7
Hz), 8.16 (1H, d, J=2.7 Hz), 8.08-8.03 (3H, m), 7.47-7.38 (3H, m), 7.33-7.30 (1H,
m), 7.21-7.20 (1H, m), 7.08-7.05 (1H, m), 5.38 (1H, quint, J=7.0 Hz), 1.60 (3 H, d,
J=7.0 Hz), a peak of COOH was not observed; MS (ESI) m/z 431 (M + H)*, 429
(M- H).

EXAMPLE 50
4-[(1S)-1-({[5-CHLO RO-2-(3-METHOXYPHENOXY)PYRIDIN-3- -
YL]ICARBONYL}AMINO)ETHYL]BENZOIC ACID

(o]
H
N/ o OH
. °

(o]
I

STEP 1. tert-Butyl 4-[(15)-1-({{[5-chloro-2-(3-methoxyphenoxy)pyridin-3-
ylJcarbonyl}amino)ethyljbenzoate

o (o}
N el \ﬁ @\ o 7<
| 7
The title compound was prepared according to the procedure described in step 1

of Example 48 substituting 3-methoxyphenol for 3-fluorophenol: "H-NMR (CDCl3)
58.55 (1H, d, J=2.7 Hz), 8.18-8.15 (2H, m), 7.96-7.94 (2H, m), 7.41-7.34 (3H, m),
6.88-6.84 (1H, m), 6.76-6.70 (2H, m), 5.40-5.31 (1H, m), 3.83 (3H, s), 1.69-1.57
(12H, m); MS (ES!) m/z 483 (M + H)*, 481 (M - H)".

STEP 2. 4-°(1 §)-1={{"5 ehloro-2-(3-methoxyphenexy)pyridin-g-
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-[(1 S)-1-({[5-chloro-2-(3-methoxyphenoxy)pyridin-
3-yljcarbonyl}amino)ethyllbenzoate (step 1): "H-NMR (CDCl3) &.8.55 (1H, d,
J=2.7 Hz), 8.20-8.16 (2H, m), 8.07-8.05 (2H, m), 7.47-7.44 (2H, m), 7.37 (1H, t,
J=8.1 Hz), 6.88-6.85 (1H, m), 6.76-6.70 (2H, m), 5.43-5.33 (1H, m), 3.83 (3H, s),
1.59 (3H, d, J=7.0 Hz), a peak of COOH was not observed; MS (ESI) m/z 427 (M
+H)*, 425 (M - H).

EXAMPLE 51 |
4-[(1S)-1-({[5-CHLORO-2-(2.4-DIFLUOROPHENOXY)PYRIDIN-3-
YL]JCARBONYL}AMINO)ETHYLIBENZOIC ACID

(o]
H
N/ 0 OH
i F (¢]

F

STEP 1. tert-Butyl 4-[(1S)-1-({[5-chloro-2-(2,4-difluorophenoxy)pyridin-3-
yl]carbonyl}amino)ethyl]benzoate

9 cl i
S
i | D ﬁﬁ o
- H 0. —_ N” O \'<
N"Cl \|< F !

F

The title compound was prepared according to the procedure described in step 1

of Example 48 substituting 2,4-difluorophenol for 3-fluorophenol: "H-NMR (CDCl3)
5 8.54 (1H, d, J=2.7 Hz), 8.10 (1H, d, J=2.7 Hz), 8.01-7.94 (3H, m), 7.43-7.39
(2H, m), 7.34-7.25 (1H, m), 7.05-6.94 (2H, m), 5.42-5.32 (1H, m), 1.61-1.58 (12H,
m); MS (ES!) m/z 489 (M + H)*, 487 (M - H)".

STEP 2. 4-[(1S)-1-({[5-chloro-2+(2,4-diflucrophenoxy)pyridin-g-

R N e N N e Ve i Z el Rac kel
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-[(15)-1-({[5-chloro-2-(2,4-difluorophenoxy)pyridin-
3-yl]carbonyl}amino)ethyllbenzoate (step 1): "H-NMR (CDCls) & 8.54 (1H, d,
J=2.6 Hz), 8.11 (1H, d, J=2.6 Hz), 8.09-8.02 (3H, m), 7.49-7.46 (2H, m), 7.36-
7.28 (1H, m), 7.06-6.94 (2H, m), 5.45-5.34 (1H, m), 1.62 (3H, d, J=7.0 Hz), a
peak of COOH was not observed; MS (ESI) m/z 433 (M + H)*, 431 (M - H)".

EXAMPLE 52
4-(1S)-1-({[5-CHLORO-2-(4-CHLORO-3-FLUOROPHENOXY)PYRIDIN-3-
YL]CARBONYL}AMINO)ETHYLIBENZOIC ACID

(o}
Oll\ N
H

N0 OH

Cl
STEP 1. tert-Butyl 4-[(1S)-1-({[5-chloro-2-(4-chloro-3-fluorophenoxy)pyridin-
3-yl]carbonyl}amino)ethyl]benzoate

Cl

The title compound was prepared according to the procedure described in step 1
of Example 48 substituting 4-chloro-3-fluorophenol for 3-fluorophenol: "H-NMR
(CDCls) & 8.55 (1H, d, J=3.0 Hz), 8.14 (1H, d, J=3.0 Hz), 7.98-7.94 (2H, m), 7.91-
7.89 (1H, m), 7.51-7.45 (1H, m), 7.41-7.38 (2H, m), 7.04-7.00 (1H, m), 6.94-6.89
(1H, m), 5.41-5.30 (1H, m), 1.60-1.58 (12H, m); MS (ESI) m/z 505 (M + H)*, 503
(M- HY.

STEP 2. 4-[(1S)-1-{{T5-chlore-2-(4-chlore-3-luorephenoxy)pyridin-3-

. A o N ian 2 9 o
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-[(1S)-1-({[5-chloro-2-(4-chloro-3-
fluorophenoxy)pyridin-3-yllcarbonyllamino)ethyljbenzoate  (step 1) "H-NMR
(CDCls) 8 8.56 (1H, d, J=2.7 Hz), 8.15 (1H, d, J=2.7 Hz), 8.09-8.06 (2H, m), 7.94-
7.92 (1H, m), 7.52-7.44 (3H, m), 7.04 (1H, dd, J=9.2, 2.7 Hz), 6.93 (1H, ddd,
J=8.6, 2.7, 1.4 Hz), 5. 43-5.35 (1H, m), 1.61 (3H, d, J=7.0 Hz), a peak of COOH
was not observed; MS (ESI) m/z 449 (M + H)*, 447 (M - H)".

EXAMPLE 53
1(1)-1-({[5-CHLORO-2-(2-CHLORO-4-FLUOROPHENOXY)PYRIDIN-3-
YL]CARBONYL}AMINO)ETHYL]BENZOIC ACID

)
1 H
o OH
©01 0

F

STEP 1. tert-Butyl 4-[(15)-1-({[5-chloro-2-(2-chloro-4-fluorophenoxy)pyridin-
3-ylJcarbonyl}amino)ethyl]benzoate

(o]
Cl
S
Ci N N | l;l‘
I H =z O
N/ Cl O\|< - N0 W<
T ©/cn o

The title compound was prepared according to the procedure described in step 1

of Example 48 substituting 2-chloro-4-fluorophenol for 3-fluorophenol: "H-NMR
(CDCl3) & 8.54 (1H, d, J=3.0 Hz), 8.11-8.08 (2H, m), 7.98-7.93 (2H, m), 7.43-7.40
(2H, m), 7.31-7.25 (2H, m), 7.15-7.07 (1H, m), 5.44-5.32 (1H, m), 1.61-1.58 (12H,
m); MS (ESI) m/z 505 (M + H)*, 503 (M - H)".

STER 2. 4-| (ﬂ 8)-1-({[5 chlore-2-(2-chlore-4-flucrophenoxy)pyricin-3-

A lE A AT r\"ﬁ*}\ FEENZ NN ~e PSR
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tertbutyl  4-(15)}1 -({[5-chloro-2-(2-chloro-4-
fluorophenoxy)pyridin-3-yljcarbonyl}amino)ethyl]oenzoate (step 1): "H-NMR

5 (CDCl) § 8.55 (1H, d, J=2.6 Hz), 8.13-8.05 (4H, m), 7.49-7.46 (2H, m), 7.34-7.26
(2H, m), 7.15-7.08 (1H, m), 5.45-5.35 (1H, m), 1.62 (8H, d, J=7.0 Hz), a peak of
COOH was not observed; MS (ESI) m/z 449 (M + H)*, 447 (M - H)".

EXAMPLE 54

10 4-[(1S)-1-({[5-CHLORO-2-(2,6-DIFLUOROPHENOXY)PYRIDIN-3-
YL]CARBONYL}AMINO)ETHYL]BENZOIC ACID

mf*@

STEP 1. tert-Butyl 4-[(15)-1 -({[5-ch|oro-2-(2,6-d|f|uorophenoxy)pyridin-3-
yl]carbonyl}amino)ethyl]benzoate -

0
o
P H 0. - N/ (0]
Nl I j< ; l . i \]<

The title compound was prepared according to the procedure described in step 1

15

of Example 48 substituting 2,6-difluorophenol for 3-fluorophenol: "H-NMR (CDCls)
5 8.54 (1H, d, J=2.7 Hz), 8.10 (1H, d, J=2.7 Hz), 7.98-7.95 (3H, m), 7.44-7.41
(2H, m), 7.33-7.23 (1H, m), 7.12-7.05 (2H, m), 5.43-5.32 (1H, m), 1.61-1.58 (12H,
20 m); MS (ESI) m/z 489 (M + H)*, 487 (M - H)".

STEP 2. 4-[(15)-1-({[5-chloro-2-(2,6-difluorophenoxy)pyridin-3-
yljcarbonyljamino)ethyljbenzoic acid
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The title compound was prepared according to the procedure described in step 5 -
of Example 44 from tert-butyl 4-[(1 S)-1-({[5-chloro-2-(2,6-difluorophenoxy)pyridin-
3-yl]éarbonyl}amino)ethyl]benzoate (step 1): 1H-NMR (CDCl3) 6 8.54 (1H; d,
J=2.6 Hz), 8.13-8.06 (3H, m), 8.00-7.91 (1H, m), 7.50-7.47 (2H, m), 7.34-7.23
(1H, m), 7.12-7.05 (2H, m), 5.45-5.35 (1H, m), 1.62 (3H, d, J=7.0 Hz), a peak of
COOH was not observed; MS (ESI) m/z 433 (M + H)*, 431 (M - H)".

EXAMPLE 55
4-[(1S)-1-({[5-CHLORO-2-(3;4-DIFLUOROPHENOXY)PYRIDIN-3-
YLICARBONYL}AMINO)ETHYL]BENZOIC ACID —

(o]
N o : OH
o

F

F
STEP 1. tert-Butyl 4-[(15)-1-({[5-chloro-2-(3,4-difluorophenoxy)pyridin-3-
ylJcarbonyl}amino)ethyl]benzoate ) '

0
cl i NS N
(L W ' H o
. H - i
Nl oj< N“T0 T j<
F

F

The title compound was prepared according to the procedure described in step 1

~of Example 48 substituting 3,4-difluorophenol for 3-fluorophenol: "H-NMR (CDCls)
& 8.54 (1H, d, J=2.6 Hz), 8.13 (1H, d, J=2.6 Hz), 8.00-7.91 (3H, m), 7.41-7.38
(2H, m), 7.30-7.20 (1H, m), 7.08-7.00 (1H, m), 6.93-6.86 (1H, m), 5.36 (1H, quint,
J=7.0 Hz), 1.61-1.58 (12H, m); MS (ESI) m/z 489 (M + H)", 487 (M - H)".
STEP 2. 4-[(18)-1-({[5-chloro-2-(3,4-difluorophenoxy)pyridin-3-
yllearbonyljamine)ethylbenzolc acid
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The title compound was prepared according to the procedure described in step 5
of Example 44 from tert-butyl 4-{(1S)-1-({{5-chloro-2-(3,4-difluorophenoxy)pyridin-
3-yl]carbonyl}amino)ethyllbenzoate (step 1): "H-NMR (CDCls) & 8.55 (1H, d,

5 J=2.7 Hz), 8.14 (1H, d, J=2.7 Hz), 8.09-8.06 (2H, m), 7.99-7.96 (1H, m), 7.47-
7.44 (2H, m), 7.31-7.21 (1H, m), 7.09-7.02 (1H, m), 6.94-6.88 (1H, m), 5.44-5.34
(1H, m), 1.61 (3H, d, J=7.0 Hz), a peak of COOH was not observed; MS (ESI)
m/z 433 (M + H)*, 431 (M - H)".

10 EXAMPLE 56

5. 4-({[2-(4-FLUOROPHENOXY)-5-(TRIFLUOROMETHYL)PYRIDIN-3-
YLICARBONYL}AMINO)YMETHYL]BENZOIC ACID

0
N“oM COOH

F

STEP 1. methyl 2-(4-fluorophenoxy)-5-iodonicotinate
o OH 'Tteiocus
'\(\j:"‘ocuﬂ © —_ N é
N™~Cl F
F
15 201278-247-01
To a solution of 4-fluorophenol (224 mg, 2.0 mmol) in DMF (5.0 mL) was added
sodium hydride (48 mg, 2.0 mmol) at room temperature. After stirring for 10 min,
methyl 2-chloro-5-iodonicotinate (J. Org. Chem. 1989, 54, 3618-3624, 594 mg,
2.0 mmol) was added to the reaction mixture. The reaction mixture was stirred
20 under reflux for 16 h. Then the reaction mixture was poured into water (50 mL)
and extracted with ether (50 mL x 3). The combined organic extracts were

washec with bring (80 mL) and drisd (sodium sulfate). After remova! of the
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compound: 'H-NMR (CDCls) 8 8.51 (1H, d, J=2.3 Hz), 8.41 (1H, s), 7.09 (4H, d,
J=6.2 Hz), 3.95 (3H, s); MS (ESI) m/z 374 (M + H)*.
STEP 2. methyl 2-(4-fluorophenoxy)-5-(trifluoromethyl)nicotinate

0 0
! (XY OCH; F3°ﬁocu3
N® é N’
F F

A mixture of methyl 2-(4-fluorophenoxy)-5-iodonicotinate (step1, 373 mg, 1.0
mmol), sodium trifluoroacetate (1.36 g, 10 mmol), and copper(l) iodide (960 mg,
5.0 mmol) in 1-methyl-pyrolidine (8.0 mL) was stirred at 160 °C for 16 h under
nitrogen atmosphere. The reaction mixture was poured into water (20 mL) and
extacted with dichloromethane (50 mL x 3). The combined organic extracts were
washed with brine (50 mL) and dried (sodium sulfate). After removal of the
solvent, the residue was purified by TLC plate developing with hexane/ethyl

acetate (1/1) to afford 32 mg (10%) of the title compound: "H-NMR (CDCI3) 8 8.5
(2H, s), 7.13 (1H, d, J=6.3 Hz), 3.99 (3H, s); MS (ESI) m/z 316 (M + H)".

STEP 3. 2-(4-fluorophenoxy)-5-(trifluoromethyl)nicotinic acid
0

o
Facmoma F3C(\I‘LOH
N 2

- . NS
7 7
A mixture of methyl 2-(4-fluorophenoxy)-5-(trifluoromethyl)nicotinate (step2, 32
mg, 0.10 mmol) and 4.0 M lithium hydroxide aqueous solution (1.0 mL, 4.0 mmol)
in a mixture of tetrahydrofuran (2 mL) and dioxane (10 mL) was stirred for 3 h at
room temperature. The pH value was adjusted to 4.0 by the addition of 2 M
hydrochloric acid. The mixture was diluted with water (100 mL) and extracted
with dichloromethane (20 mL x 3). The combined organic extracts were washed
with brine (50 mL), dried (sodium sulfate), and concentrated to afford 29 mg
(99%) of the title compound: MS (ESI) m/z 256 (M - 45)".

STEP 4. methyl 4-[({[2-(4-fluorophenoxy)-5-(trifluoromethyi)pyridin-3-
ylJearbonyljamino)methyl]benzoate



WO 2005/102389 PCT/IB2005/000935
140

(o} o

FSCYT:OH F3C ~
N HzN’\CL N“oH COOCH;
@ COOCH;

+

F

-

The title compound was prepared according to the procedure described in step 3
of Example 1 from 2-(4-fluorophenoxy)-5-(trifluoromethyl)nicotinic acid (step 3)

and methyl 4-(aminomethyl)benzoate hydrochloride: "H-NMR (CDCl3) 6 8.90 (1H,
5 d,J=2.7 Hz), 8.45 (1H, s), 8.01 (2H, d, J=8.2 Hz), 7.43 (2H, d, J=8.2 Hz), 4.78

(2H, d, J=5.9 Hz), 3.90 (3H, s); MS (ESI) m/z 449 (M + H)".

STEP 5. 4-[({[2-(4-fluorophenoxy)-5-(trifluoromethyl)pyridin-3-

ylJcarbonyl}amino)methyl}benzoic acid
0 . 0
FalCun A Fa \/ﬁN
%"’\@coocua i Ly ""@\coou

F F

10  The title compound was prepared according to the procedure described in step 2
of Example 56 from methyl 4-[({[2-(4-fluorophenoxy)-5-(trifluoromethyl)pyridin-3-
yllcarbonyl}amino)methyl]benzoate: "H-NMR (CDCls) § 8.90 (1H, d, J=2.1 Hz),
8.46 (1H, s), 8.22 (2H, br.s), 7.45 (2H, br.s), 7.23-7.10 (4H, m), 4.80 (2H, d, J=6.8
Hz); MS (ESI) m/z 435 (M + H)", 433 (M - H)".

15

EXAMPLE 57

4-[({[5-CYANO-2-(4-FLUOROPHENOXY)PYRIDIN-3-
YL]CARBONYL}AMINO)METHYL]BENZOIC ACID

(o]

20 STEP 1. methyl 5-bromo-2-(4-fluorophenoxy)nicotinate

Br
o oH \(\j::ocns
B’ﬁgcms + © —_— N
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The title compound was prepared according to the procedure described in step
1 of Example 56 from methyl 5-bromo-2-chloronicotinate (J. Org. Chem. 1989,

54, 3618-3624) and 4-fluorophenol: 1H-NMF{ (CDCl3) & 8.37 (1H, d, J=2.5 Hz),
8.27 (1H, d, J=2.5 Hz), 7.10 (2H, d, J=6.2 Hz), 3.95 (3H, s); MS (ESI) m/z 326 (M
+ H)*.
STEP 2. methyl 5-cyano-2-(4-fluorophenoxy)nicotinate

(o]
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A mixture of methyl 5-bromo-2-(4-fluorophenoxy)nicotinate (step1, 163 mg, 0.50
mmol), sodium cyanide (49 mg, 1.0 mmol), tetrakis(triphenylphohphine)
palladium(0) (29 mg, 0.025 mmol), and copper iodide (9.5 mg, 0.05 mmol) in
propionitrile (4.0 mL) was heated under reflux for 4.5 h with stirring. The reaction |
mixture was filtered through a pad of celite. The filtrate was partitioned between
water (10 mL) and dichloromethane (30 mL). The organic phase was separated,
dried (sodium sulfate), and concentrated. The residue was purified by TLC plate
developing with hexane/ethyl acetate (3/1) to afford 97 mg (71 %) of the title
compound: "H-NMR (CDCls) 6 8.5 (2H, m), 7.14 (2H, d, J=1.2 Hz), 7.12 (2H, s),
3.99 (3H, s); MS (ESI) m/z 272 (M ). "

STEP 3. 5-cyano-2-(4-fluorophenoxy)nicotinic acid
0

o}
Nc\[ﬁocm NC Y oH
N’@ , N’©
F F
The title compound was prepared according to the procedure described in step 2

of Example 56 from methyl 5-cyano-2-(4-fluorophenoxy)nicotinate (step2): 'H-
NMR (CDCls) & 8.66 (1H, d, J=1.8 Hz), 8.54 (1H, d, J=2.3 Hz), 7.15 (4H, d, J=6.3
Hz); MS (ESI) m/z 259 (M + H)*, 257 (M - H)*.

STEP 4. methyl 4-[({[5-cyano-2-(4-fluorophenoxy)pyridin-3-

vilearbonyl}amino)methylbenzoate
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The title compound was prepared according to the procedure described in step 3
of Example 1 from 5-cyano-2-(4-fluorophenoxy)nicotinic acid (step 3) and methyl

4-(aminomethyl)benzoate hydrochloride: "H-NMR (CDCl3) & 8.91 (1H, d, J=1.8
Hz), 8.48 (1H, d, J=1.8 Hz), 8.03 (2H, d, J=8.1 Hz), 7.43 (2H, d, J=8.1 Hz), 7.17-
7.12 (4H, m), 4.78 (2H, d, J=5.4 Hz), 3.91 (3H, s); MS (ESI) m/z 406 (M + H)*,
404 (M + H)*.

STEP 5. 4-[({[5-cyano-2-(4-fluorophenoxy)pyridin-3-
ylJcarbonyl}amino)methyl]benzoic acid

0 0
o ra
ot COOCH;3 N 5 COOH

F F

The title compound was prepared according to the procedure described in step 2
of Example 56 from methyl 4-[({[5-cyano-2-(4-fluorophenoxy)pyridin-3-
yljcarbonyl}amino)methyllbenzoate: "H-NMR (DMSO-dg) O 6 8.87 (1H, d, J=2.3
Hz), 8.46 (1 H, d, J=2.3 Hz), 8.02 (2H, d, J=8.2 Hz), 7.41(2H, d, J=8.2 Hz), 7.15-
7.10 (4H, m), 4.76 (2H, d, J=5.7 Hz); MS (ESI) m/z 392 (M + H)*, 390 (M - H)".

EXAMPLE 58
4-({[5-FLUORO-2-(4-FLUOROBENZYL)PYRIDIN-3-
YLICARBONYL}AMINO)METHYL]BENZOIC ACID

0]
Fox N
-
f%ﬁ
F

STEP 1. Methyl 5-fluore-2-(4-fluorobenzyl)nicotinate

-9 .9

AN
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2-Chloro-5-fluoronicotinic acid (EP 634413, 1.00 g, 5.70 mmol) was treated with

2 M solution of (Trimethylsilyl)diazomethane in hexane (5.70 mL, 11.4 mmol),
methanol (4 mL), and dichloromethane (14 mL) at 0 °C for 1 h. The mixture was
quenched with acetic acid and concentrated under reduced pressure. The '
residue was purified by flash column chromatography on silica gel eluting with
hexane/ethyl acetate (10/1) to afford 0.78 g (72%) of the title compounds as
colorless oil: "H-NMR (CDCl3) § 8.41 (1H, d, J=3.1 Hz), 7.93 (1H, dd, J=7.6, 3.1
Hz), 3.98 (3H, s).
STEP 2. Methyl 5-fluoro-2-(4-fluorobenzyl)nicotinate

0
et “
NCl

To a stirred solution of methyl 2-chloro-5-fluoronicotinate (step 1, 350 mg, 1.85
mmol) and dichlorobis[triphenylphosphine]nickel (Il) (362 mg, 0.55 mmol) in
tetrahydrofuran (15 mL) was added a 0.5 M solution of 4-fluorobenzylzinc
chloride in tetrahydrofuran (5.54 mL, 2.77 mmol) at 0 °C under nitrogen. The
resulting mixture was warmed to room temperature and stirred for 16 h. The
mixture was poured into saturated aqueous ammonium chioride solution (50 mL)
and extracted with ethyl acetate (100 mL). The organic layer was dried over
magnesium sulfate and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel eluting with hexane/ethyl

acetate (10/1) to afford 439 mg (90%) of the title compounds as colorless oil: 'H-
NMR (CDCls) 5 8.56 (1H, d, J=2.8 Hz), 7.91 (1H, dd, J=8.6, 2.9 Hz), 7.26-7.19
(2H, m), 6.98-6.92 (2H, m), 4.52 (2H, s), 3.89 (3H, s); MS (ESI) m/z 264 (M + H)*.
STEP 3. 5-Fluoro-2-(4-fluorobenzyl)nicotinic acid

0 0
Py ome Sy o

N N

F F
The fitle compound was prepared according fo the procedure described in step 2
o Zxerla < from mathyl 5-9ucre-2-(4-fucrabenzynicotinats (step 2): ME (387
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STEP 4. Methyl 4-[({[5-fluoro-2-(4-fluorobenzyl)pyridin-3-

yl]carbonyl}amino)methyl]benzoate -
0 0

N’ NN H CO,Me

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorobenzyl)nicotinic acid (step 3) and methyl 4-
(aminomethyl)benzoate hydrochloride: 1H-NMR (CDCl3) § 8.49 (1H, d, J=2.8 Hz),
8.01-7.97 (2H, m), 7.44 (1H, dd, J=7.9, 2.8 Hz), 7.27 (2H, dd, J=4.6, 4.0 Hz),
7.14-7.09 (2H, m), 6.93-6.86 (2H, m), 6.08 (1H, br.s), 4.56 (2H, d, J=5.9 Hz), 4.29
(2H, s), 3.92 (3H, s); MS (ESI) m/z 397 (M + H)", 395 (M - H)".

STEP 5. 4-[({[5-Fluoro-2-(4-fluorobenzyl)pyridin-3-
ylJcarbonyl}amino)methyl]benzoic acid

o)
Fox N Fors N
A s¢pol
\(N\%" CO,Me N H CO,H
F

The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[({[5-fluoro-2-(4-fluorobenzyl)pyridin-3-

yllcarbonyl}amino)methyllbenzoate (step 4): "H-NMR (DMSO-dg) 6 9.20 (1H, t,
J=5.7 Hz), 8.60 (1H, d, J=2.8 Hz), 7.90 (2H, d, J=2.8 Hz), 7.82 (1H, dd, J=8.9, 2.8

'Hz), 7.38 (2H, d, J=8.1 Hz), 7.18-7.14 (2H, m), 7.02 (2H, dd, J=8.8, 8.6 Hz), 4.50

(2H, d, J=5.7 Hz), 4.20 (2H, s); MS (ESI) m/z 383 (M + H)", 381 (M - HY..

EXAMPLE 59
4-[(1S)-1-({[5-FLUORO-2-(4-FLUOROBENZYL )PYRIDIN-3-
YLJCARBONYL}AMINO)ETHYL]BENZOIC ACID

0
P NH@
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STEP 1. Methyl 4-[(15)-1 -({[5-fluoro-2-(4-fluorobenzyl)pyridin-3-

yljcarbonyl}amino)ethyl]benzoate
0

0
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F
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The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorobenzyl)nicotinic acid (step 3 of Example 58)

and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride: "H-NMR (CDCl3) 6 9.13
(1H, d, J=7.7 Hz), 8.59 (1H, d, J=3.0 Hz), 7.93 (2H, d, J=8.4 Hz), 7.79 (1H, dd,
J=8.7, 2.8 Hz), 7.51 (2H, d, J=8.2 Hz), 7.15-7.09 (2H, m), 7.03-6.96 (2H, m),
5.19-5.09 (1H, m), 4.17 (1H, d, J=13.7 Hz), 4.08 (1H, d, J=13.7 Hz), 3.85 (3H, s),
1.42 (3H, d, J=7.1 Hz); MS (ESI) m/z 411 (M + H)*, 409 (M - H)".

STEP 2. 4-[(15)-1 ~({[5-Fluoro-2-(4-fluorobenzyl)pyridin-3-
ylJcarbonyl}amino)ethyl]benzoic acid

0 0
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The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[(1 S)-1-({[5-fluoro-2-(4-fluorobenzyl)pyridin-3-
yllcarbonyl}amino)ethyllbenzoate (step 1): "H-NMR (DMSO-dg) 8, 9.11 (1H, d,
J=7.9 Hz), 8.59 (1H, d, J=3.0 Hz), 7.91 (2H, d, J=8.2 Hz), 7.79 (1H, dd, J=8.8, 2.9
Hz), 7.48 (2H, d, J=8.4 Hz), 7.15-6.96 (4H, m), 5.20-5.10 (1H, m), 4.18 (1H, d,
J=13.9 Hz), 4.09 (1H, d, J=13.9 Hz), 1.42 (3H, d, J=7.1 Hz); MS (ESI) m/z 397 (M
+H)*, 395 (M- H).

EXAMPLE 60

4-[(18)-1-({[5-CHLORO-2-( 4-FLUOROBENZYL)PYRIDIN-3-
YL]CARBONYLIAMINO)ETHYLIBENZOIC ACID
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STEP 1. Methyl 5-chloro-2-(4-fluorobenzyl)nicotinate

o)
L “
NCI

To a stirred solution of methyl 2,5-dichloronicotinate (Journal of Chemical and
Engineering Data 1981, 26, 332, 350 mg, 1.70 mmol) and
tetrakis(triphenylphosphiné;palladium (0) (196 mg, 0.17 mmol) in tetrahydrofuran
(6 mL) was added a 0.5 M solution of 4-fluorobenzyizinc chioride in
tetrahydrofuran (4.08 mL, 2.04 mmol) at 0 °C under nitrogen. The resulting
mixture was heated at 60 ° C for 16 h. The mixture was poured into water (50
mL) and extracted with ethyl acetate (100 mL). The organic layer was dried over
magnesium sulfate and concentrated under reduced pressure. The residue was

purified by flash column chromatography on silica gel eluting with hexane/ethyl

acetate (6/1) to afford 416 mg (88%) of the title compounds as colorless oil: 'H-
NMR (CDCls) & 8.64 (1H, d, J=2.6 Hz), 8.17 (1H, d, J=2.6 Hz), 7.24-7.20 (2H, m),
6.96-6.90 (2H, m), 4.50 (2H, s), 3.89 (3H, s).

STEP 2. 5-Chloro-2-(4-fluorobenzyl)nicotinic acid

o 0
Cinr~ome Cln Sy oH
N’ N’

F F
The title compound was prepared according to the procedure described in step 2

of Example 1 from methyl 5-chioro-2-(4-fluorobenzyl)nicotinate (step 1): 1H-NMR
(DMSO-de) & 8.73 (iH, d, J=2.5 Hz), 8.22 (1H, d, J=2.5 Hz), 7.24-7.04 (4H, m),
3.35 (2H, S)

STEPR 3, Methy: &I(1 S)-1-{{[5-ch'ore-2-(&-flrorebenzy.)py-idin-3-
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The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(4-fluorobenzyl)nicotinic acid (step 2) and methyl 4-
[(1 S)-!-aminoethyl]benzoate hydrochloride: "H-NMR (CDCl3) 8 9.15 (1‘H, d, J=7.7
Hz), 8.63 (1H, d, J=2.4 Hz), 7.96-7.92 (3H, m), 7.50 (2H, d, J=8.4 Hz), 7.15-6.96
(4H, m), 5.19-5.09 (1H, m), 4.17 (1H, d, J=14.0 Hz), 4.08 (1H, d, J=14.0 Hz), 3.85
(3H, s), 1.42 (2H, d, J=7.0 Hz); MS (ESI) m/z 427 (M + H)*, 425 (M - H)".

STEP 4. 4-[(1S)-1-({[5-Chloro-2-(4-fluorobenzyl)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid

0 0
Cl ‘ N N’\@\ G l X NJ\©
N H CO,Me NS H CO,H
F F

The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[(1S)-1-({[5-chloro-2-(4-fluorobenzyl)pyridin-3-
yllcarbonyl}amino)ethyllbenzoate (step 3): "H-NMR (DMSO-ds) & 9.13 (1H, d,
J=7.6 Hz), 8.63 (1H, d, J=2.5 Hz), 7.95-7.90 (3H, m), 7.47 (2H, d, J=B.2 Hz),
7.15-6.96 (4H, m), 5.19-5.09 (1H, m), 4.18 (1H, d, J=14.0 Hz), 4.09 (1H, d,
J=14.0 Hz), 1.42 (3H, d, J=6.9 Hz); MS (ESI) m/z 413 (M + H)*, 411 (M - H)".

EXAMPLE 61
4-[(1S)-1-({[5-CHLORO-2-(3-FLUOROBENZYL)PYRIDIN-3-
YLICARBONYL}AMINO)ETHYL]BENZOIC ACID

0
N H COH

F

STEP 1. ¥ethy! §-chloro-2-(3-{uorchenzyl)nicotinate
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0 .
el "
NCI

The title compound was prepared according to the procedure described in step 2
of Example 58 from methyl 2,5-dichloronicotinate and 3-fluorobenzylzinc chloride:

"H-NMR (CDCls) & 8.65 (1H, d, J=2.4 Hz), 8.19 (1H, d, J=2.6 Hz), 7.26-6.84 (4H,
5 m), 454 (2H, s), 3.89 (3H, s)
STEP 2. 5-Chloro-2-(3-fluorobenzyl)nicotinic acid

0 0
Gl ome Cinr~roH
N’ N

F F
The title compound was prepared according to the procedure described in step 2
of Example 1 from methyl 5-chloro-2-(3-fluorobenzyl)nicotinate (step 1): "H-NMR
10 (DMSO-dg) 5 8.74 (1H, d, J=2.6 Hz), 8.24 (1H, d, J=2.6 Hz), 7.34-7.26 (1H, m),
7.03-6.98 (3H, m), 4.48 (2H, s)
STEP 3. Methyl 4-[(15)-1-({[5-chloro-2-(3-fluorobenzyl)pyridin-3-
yllcarbonyl}amino)ethyllbenzoate

0 : 0
N° N H CO,Me

F F
15  The title compound was prepared according to the procedure described in step 3
of Example 1 from 5-chloro-2-(3-fluorobenzyl)nicotinic acid (step 2) and methyl 4-

[(1S)-1-aminoethyllbenzoate hydrochloride: "H-NMR (CDCl3) 8 9.18 (1H, d, J=7.7
Hz), 8.65 (1H, d, J=2.6 Hz), 7.96 (1H, d, J=2.6 Hz), 7.93 (2H, d, J=8.3 Hz), 7.50
(2H, d, J=8.4 Hz), 7.27-7.20 (1H, m), 7.02-6.89 (3H, m), 5.20-5.10 (1H, m), 4.20
20 (1H, d, J=14.1 Hz), 4.13 (1H, d, J=14.1 Hz), 3.85 (3H, s), 1.42 (3H, d, J=7.2 Hz);
MS (ESI) m/z 427 (M + H)*, 425 (M - H)".

STEP 4. 4-[(1S)-1-({[5-Chloro-2-(3-flucrobenzyl)pyridin-3-
yilearbonyljamino)ethyl]senzoic acid
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0 0
SIEN NLO S NJ\@L
N H CO,Me N H CO,H

F F

The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[(1S)-1-({[5-chIoro-2-(3-fluorobenzyl)pyridin;3-

yllcarbonyl}amino)ethyl]benzoate (step 3): "H-NMR (DMSO-dg) 8. 9.16 (1H, d,
5 J=7.7 Hz), 8.65 (1H, d, J=2.5 Hz), 7.97 (1H, d, J=2.3 Hz), 7.90 (2H, d, J=8.2 Hz),

7.47 (2H, d, J=8.4 Hz), 7.28-7.20 (1H, m), 7.01-6.91 (3H, m), 5.18-8.08 (1H, m),

4.21 (1H, d, J=14.2 Hz), 4.13 (1H, d, J=14.2 Hz), 1.42 (3H, d, J=7.1 Hz); MS

(ESI) m/z 413 (M + H)", 411 (M - HY".

10 EXAMPLE 62
4-[(1S)-1-({[5-CHLORO-2-(3-CHLOROBENZYL)PYRIDIN-3-
YL]CARBONYL}AMINO)ETHYL]BENZOIC ACID

G R
® ﬂJ\Q
N COH

Cl

15 STEP 1. Methyl 5-chloro-2-(3-chlorobenzyl)nicotinate

O

0] £,
el "
N"CI o

The title compound was prepared according to the procedure described in step 2
of Example 58 from methyl 2,5-dichloronicotinate and 3-chlorobenzylzinc

chloride: 'H-NMR (CDCls) & 8.65 (1H, d, J=2.6 Hz), 8.17 (1H, d, J=2.6 Hz), 7.26-

20 7.12(4H, m), 4.52 (2H, s), 3.89 (3H, s)
STEP 2. 5-Chloro-2-(3-chlorobenzyl)nicotinic acid

0 O
cl f N OMe cl | " "OH
N N
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The title compound was prepared according to the procedure described in step
2 of Example 1 from methyl 5-chloro-2-(3-chlorobenzyl)nicotinate (step 1): 'H-
NMR (DMSO-dg) 8 8.74 (1H, d, J=2.6 Hz), 8.24 (1H, d, J=2.6 Hz), 7.32-7.13 (4H,
m), 4.47 (2H, s).
STEP 3. Methyl 4-[(15)-1 -({[5-chloro-2-(3-chlorobenzyl)pyridin-3-
yl]carbonyl}amino)ethyl]benzoate

O : 0]
Cl | ~r “OH Cl | AN N"\@\
N° NS CO,Me

Cl Cl
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(3-chlorobenzyl)nicotinic acid (step 2) and methyl 4-

[(1S)-1-aminoethyl]benzoate hydrochloride: "H-NMR (CDCl3) 8 9.19 (1H, d, J=7.7
Hz), 8.65 (1H, d, J=2.4 Hz), 7.98-7.92 (3H, m), 7.51 (2H, d, J=8.4 Hz), 7.23-7.18
(3H, m), 7.09-7.06 (1H, m), 5.20-5.10 (1H, m), 4.18 (1H, d, J=14.2 Hz), 4.12 (1H,
d, J=14.2 Hz), 3.85 (3H, s), 1.42 (3H, d, J=7.0Hz); MS (ESI) m/z 443 (M + H)*,
441 (M - H).

STEP 4. 4-[(1S)-1-({[5-Chloro-2-(3-chlorobenzyl)pyridin-3-
yl]carbonyl}amino)ethyl]benzoic acid

O 0O
Clan AN Clan Ay
L A_H L A_H
N CO.Me N COQH

Cl Cl
The title compound was prepared according to the procedure described in step 4

of Example 1 from methyl 4-[(18)-1-({[5-chloro-2-(3-chlorobenzyl)pyridin-3-
yllcarbonyl}amino)ethyl]benzoate (step 3): "H-NMR (DMSO-dg) 6, 9.17 (1H, d,
J=7.7 Hz), 8.65 (1H, d, J=2.3 Hz), 7.98-7.90 (3H, m), 7.48 (2H, d, J=8.2 Hz),
7.24-7.19 (3H, m), 7.10-7.06 (1H, m), 5.20-5.10 (1H, m), 4.19 (1H, d, J=13.9 Hz),
4.12 (1H, d, J=13.9 Hz), 1.43 (3H, d, J=7.1 Hz); MS (ESI) m/z 429 (M + H)*, 427
(M - HY.

EXANMPLE 63
60 81 +£]5 CHLORQ-2-(3-METHOXYBENZYI )PV RIDIN-8-
VLIGARBIXY JALTNCIETAVLIBERZCC AT
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OMe

STEP 1. Methyl 5-chloro-2-(3-methoxybenzyl)nicotinate

O

0 .
L ”
NCI oM
e

The title compound was prepared according to the procedure described in step 2

of Example 58 from methy! 2,5-dichloronicotinate and 3-methoxybenzylzinc

chloride: "H-NMR (CDCls) & 8.64 (1H, d, J=2.5 Hz), 8.16 (1H, d, J=2.5 Hz), 7.17
(1H, t, J=7.9 Hz), 6.83-6.70 (3H, m), 4.53 (2H, s}, 3.88 (3H, s), 3.75 (3H, s).
STEP 2. 5-Chloro-2-(3-methoxybenzyl)nicotinic acid

0
G oH

OMe
The title compound was prepared according to the procedure described in step 2

of Example 1 from methyl 5-chloro-2-(3-methoxybenzyl)nicotinate (step 1): 'H-
NMR (DMSO-dg) § 8.73 (1H, d, J=2.6 Hz), 8.21 (1H, d, J=2.6 Hz), 7.18-7.13 (1H,
m), 6.75-6.71 (3H, m), 4.34 (2H, s), 3.69 (3H, S).

- STEP 3. Methyl 4-[(1S)-1 -({[5-chloro-2-(3-methoxybenzyl)pyridin-3-

yl]carbonyl}amino)ethyl]benzoate

0 0
N N H CO,Me

OMe OMe
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(3-methoxybenzyl)nicotinic acid (step 2) and methyl

4-[(18)-1-aminoethyllbenzoate hydrochloride: "H-NMR (CDCl3) 8.9.15 (iH, d,
J=7.5 Hz), 8.63 (1M, d, J=2.4 Hz), 7.94-7.90 (3H, m), 7.4¢ (24, d, J=8.4 Hz), 7.09

[ IR iy - B A AW ~1» W LA SO PRSI e lo NE LRI N | R AN L S e S e SR
L J=7.2 17), 8.74-3.83 <&, (‘.".); B8 (s T &7 L, +=18.8 17,
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4.09 (1H, d, J=13.8 Hz), 3.85 (3H, s), 3.66 (3H, s), 1.41 (3H, d, J=7.0 Hz); MS
(ESI) m/z 439 (M + H)*, 437 (M- H).
STEP 4. 4-[(18)-1-({[5-Chloro-2-(3-methoxybenzyl)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid

o) 0]
Clon Ay NN
‘ P H I “ H
N CO.Me N COQH

5 OMe OMe

The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-[(1 S)-1-({[5-chloro-2-(3-methoxybenzyl)pyridin-3-
yljcarbonyl}amino)ethyljbenzoate (step 3): "H-NMR (DMSO-ds) 8. 9.13 (1H, d,
J=7.7 Hz), 8.63 (1H, d, J=2.5 Hz), 7.94-7.88 (3H, m), 7.46 (2H, d, J=8.2 Hz), 7.10

10 (1H, t, J=7.7 Hz), 6.74-6.64 (3H, m), 5.19-5.09 (1H, m), 4.17 (1H, d, J=13.9 Hz),
4.10 (1H, d, J=13.9 Hz), 3.66 (3H, s), 1.41 (3H, d, J=7.1 Hz); MS (ESI) m/z 425
(M + H)*, 423 (M - H)".

EXAMPLE 64
15  4-[(1S)-1-({[5-CHLORO-2-(3-CYANOBENZYL)PYRIDIN-3-
YLJCARBONYL}AMINO)ETHYLIBENZOIC ACID

0]
N H COH

CN

STEP 1. Methyl 5-ch|oro-2#(3-cyanobenzyl)nicotinate '

(0]

0 .
N™CI
20 CN
The title compound was prepared according to the procedure described in step 2

of Example 58 from methyl 2,5-dichloronicotinate and 3-cyanobenzyizinc
oromide: H-NMR (CDCls) 8 8.65 (1K, d, J=2.5 Hz), 8.23 (iH, d, J=2.5 Hz), 7.58-

7.34 (4, ™), 4.57 (24, ¢), 3.81 (3, o).
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0 0
Cls>yome Clnr~oH

-

N N

P

CN CN
The title compound was prepared according to the procedure described in step 2
of Example 1 from methyl 5-chloro-2-(3-cyanobenzyl)nicotinate (step 1): "H-NMR
(DMSO-dg) & 8.74 (1H, d, J=2.6 Hz), 8.26 (1H, d, J=2.6 Hz), 7.68-7.65 (2H, m),
5 7.55-7.46 (2H, m), 4.52 (2H, s).
STEP 3. Methyl 4-[(1S)-1-({[5-chloro-2-(3-cyanobenzyl)pyridin-3-
yl]Jcarbonyl}amino)ethyl]benzoate

0 0
O~ o SN NJ\@
N’ N H CO,Me

CN CN
The title compound was prepared according to the procedure described in step 3

10  of Example 1 from 5-chloro-2-(3-cyanobenzyl)nicotinic acid (step 2) and methyl 4-

[(1S)-1-aminoethyl]benzoate hydrochloride: "H-NMR (CDCls) § 8.58 (1H, d, J=2.4
Hz), 8.05-8.02 (2H, m), 7.66 (1H, d, J=2.4 Hz), 7.50-7.27 (6H, m), 6.01 (1H, d,
J=8.1 Hz), 5.32-5.23 (1H, m), 4.30 (2H, s). 3.93 (3H, s), 1.54 (3H, d, J=7.0 Hz);
MS (ESI) m/z 432 (M - H)".

15  STEP 4. 4-[(15)-1-({[5-Chloro-2-(3-cyanobenzyl)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid

o) o}
Clon Ay Clon Ay
L A_H Ll H
N COzMe N COQH

CN CN
The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-[(15)-1-({[5-chloro-2-(3-cyanobenzyl)pyridin-3-
20 yllcarbonyl}amino)ethyllbenzoate (step 3): "H-NMR (DMSO-dg) 6. 9.20 (1H, d,
J=7.7 Hz), 8.65 (1H, d, J=2.4 Hz), 8.01 (1H, d, J=2.6 Hz), 7.91 (2H, d, J=8.3 Hz),
7.66-7.40 (6H, m), 5.18-5.08 (1H, m), 4.23 (1H, d, J=14.4 Hz), 4.17 (1H, d,
J=14.4 Hz), 1.42 (3H, d, J=7.2 Hz); MS (ES!) m/z 420 (M + H)*, 418 (M - H)".




WO 2005/102389 PCT/IB2005/000935

10

15

20

154

4-({[5-FLUORO-2-(4-
FLUOROPHENOXY)BENZOYL]AMINO}METHYL)BENZOIC ACID

0
oy
oH\QcozH

STEP 1. Methyl 4-({[5-fluoro-2-(4-

fluorophenoxy)benzoyllamino}methyl)benzoate
o]

F‘@\)kOH
QO AAQAT3(),
© 1985, 509
F F
The title compound was prepared according to the procedure described in step 3

0
"y
0 H\©\COZMe

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)benzoic acid (Anales de la
Asociacion Quimica Argentina 1985, 73, 509) and methyi 4-

(aminomethyl)benzoate hydrochloride: "H-NMR (CDCl5) & 7.99 (4H, m), 7.30 (2H,
d, J=7.6 Hz), 7.14-7.03 (3H, m), 6.96-6.92 (2H, m), 6.80 (1H, dd, J=9.2, 4.4 Hz),
4.70 (2H, d, J=5.9 Hz), 3.91 (3H, s); MS (ESI) m/z 398 (M + H)", 396 (M - H)".
STEP 2. 4-({[5-Fluoro-2-(4-fluorophenoxy)benzoyllamino}methyl)benzoic
acid

0 o)
o | o
0] H\©002M9 0 H/\©\C02H

F F
The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-({[5-fluoro-2-(4-

fluorophenoxy)benzoyllamino}methyl)benzoate (step 1): "H-NMR (DMSO-dg) ©

8.94 (1H, 1, J=5.9 Hz), 7.81 (2H, d, J=8.1 Hz), 7.48 (iH, dd, J=8.8, 3.1 Hz), 7.37-

7.48 (BH, ), 7.08-6.9¢ (3H, M), 4.47 (2H, d, J=5.8 Hz); MS (ESI) m/z 384 (M +

Nt ano NS TAY
R PRV
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EXAMPLE 66

4-({[4-FLUORO-2-(4-
FLUOROPHENOXY)BENZOYLJAMINO}METHYL)BENZOIC ACID
(o]

CONC
F of COOH
F

STEP 1. 4-fluoro-2-(4-fluorophenoxy)benzoic acid

o OH OH

Fea

F

A mixture of 2-chloro-4-fluorebenzoic acid (1.74 g, 10 mmol), 4-fluorophenol (2.24
g, 20 mmol), copper (50 mg, 0.78 mmol), copper(l) iodide (50 mg, 0.28 mmol),
potassium carbonate (2.76 g, 20 mmol), and pyridine (0.40 mL, 5.0 mmol) in
water (6.0 mL) was heated under reflux for 2 h with stirring. The reaction mixture
was diluted with water and filtered through a pad of celite. The pH value of the
filtrate was adjusted to 9.0 by the addition of 2 M sodium carbonate. The
aqueous mixture was extracted with dichloromethane (50 mL x 3). The combined
organic extracts were washed with brine (50 mL), dried (sodium sulfate), and
concentrated to afford 29 mg (99%) of the title compound: MS (ESI) m/z 250
(M*).

STEP 2. methyl 4-({[4-fluoro-2-(4-
fluorophenoxy)benzoyllamino}methyl)benzoate

0 o
joas jope!
H
F 0 . HzN’\CL F 0 COOCH;
© COOCH; ©

F F
The title compound was prepared according to the procedure described in step 3
of Example 1 from 4-fluoro-2-(4-fluorophenoxy)benzoic acid (step 1) and methyl

4-(aminomethyl)benzoate hydrochloride: "H-NMR (CDCl3) 6, 7.99-7.89 (2H, m),
7.38-7.28(4H, m), 7.12-7.00 (4H, m), 6.41 (iH, dd, J=2.7, 8.1 Hz), 4.63 (2H, br.s),

5.08 (3, 8): VIS (G8) m/z 388 (V. + H)*, 888 (M + 1)
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STEP 3. 4-({[4-fluoro-2-(4-fluorophenoxy)benzoyl]lamino}methyl)benzoic
acid !

o)
N N
H H
F 0 COOCH, , F COOH

The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-({[4-fluoro-2-(4-
fluorophenoxy)benzoyllamino}methyl)benzoate (step 2): "H-NMR (CDCl5) 8 8.32
(1H, t, J=8.7 Hz), 8.04 (2H, d, J=7.9 Hz), 7.40 (1H, d, J=7.9 Hz), 7.17-7.03 (4H,
m), 6.92 (1H, dt, J=2.5, 8.9 Hz), 6.45 (1H, d, J=8.9 Hz), 4.75 (2H, d, J=5.7 Hz);
MS (ESI) m/z 384 (M + H)*, 382 (M - HY..

EXAMPLE 67

4-({[5-CHLORO-2-(4-
FLUOROPHENOXY)BENZOYL]JAMINO}METHYL)BENZOIC ACID

o
OH\©\C02H

F

STEP 1. Methyl 5-chloro-2-(4-fluorophenoxy)benzoate

o)
0 o
F <

F

To a stirred solution of 4-fluorophenol (1.60 g, 14.3 mmol) and sodium hydride
(0.34 g, 14.3 mmol) in N,N-dimethylforamide (30 mL) was added a solution of
methyl 5-chloro-2-fluorobenzoate (2.70 g, 14.3 mmol) in N,N-dimethylforamide
(30 mL) at 0 °C. The resulting mixture was heated at 120 °C for 16 h. After
cooling to room temperature, the mixiure was diluted with ether (300 mL) and

washed with water (150 mL x 3). The organic ‘ayer was dried over magnesium

©
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(20:1) to afford 2.60 g (65%) of the title compounds as slight yellow oil: "H-NMR
(CDCl3) & 7.88 (1H, d, J=2.8 Hz), 7.40 (1H, dd, J=8.8, 2.8 Hz), 7.06-6.85 (5H, m),
3.84 (3H, s)

STEP 2. 5-Chloro-2-(4-fluorophenoxy)benzoic acid

C"@[EOMe CI\@EOH
s Q)

F F

A mixture of methyl 5-chloro-2-(4-fluorophenoxy)benzoate (step 1, 2.60 g, 9.26
mmol), tetrahydrofuran (20 mL), methanol (20 mL), and 2 M sodium hydroxide
(20 mL) was stirred at room temperature for 3 h. The mixture was poured into 2
M hydrochloric acid (50 mL), and extracted with ethyl acetate (200 mL). The
organic layer was dried over magnesium sulfate and evaporated to give 2.41 g

(98%) of the title compound as white solids: "H-NMR (CDCls) § 8.11 (1H, d, J=2.8
Hz), 7.43 (1H, dd, J=9.0, 2.8 Hz), 7.14-7.02 (4H, m), 6.80 (1H, d, J=8.8 Hz); MS
(ESI) m/z 265 (M - H)".

STEP 3. Methyi 4-({[5-chloro-2-(4-
fluorophenoxy)benzoyl]lamino}methyl)benzoate

cl 2 cl 2
OH ' \dN
\(ro oH\Qoozrwe

4 s

F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(4-fluorophenoxy)benzoic acid (step 2) and methyi
4-(aminomethyl)benzoate hydrochloride: "H-NMR (CDCl3) & 8.24 (1H, d, J=2.8
Hz), 7.97-7.94 (3H, m), 7.36-7.32 (3H, m), 7.11-6.96 (4H, m), 6.74 (1H, d, J=8.8
Hz), 4.71 (2H, d, J=5.9 Hz), 3.90 (3H, s); MS (ESI) m/z 414 (M + H)*, 412 (M - H)

STEP 4. 4-({[5-Chloro-2-(4-fluorophenoxy)benzoyllamino}methyl)benzoic
acid
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0 0
OH\QCOZMe OH©\COZH

F F
The titie compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-({[5-chloro-2-(4-

fluorophenoxy)benzoyl]Jamino}methyl)benzoate (step 3): "H-NMR (DMSO-ds) 6

.8.98 (1H, t, J=5.9 Hz), 7.82 (2H, d, J=8.2 Hz), 7.68 (1H, d, J=2.6 Hz), 7.51 (1H,
dd, J=8.7, 2.6 Hz), 7.36-7.08 (6H, m), 6.94 (1H, d, J=8.7 Hz), 4.50 (2H, d, J=5.9
Hz); MS (ESI) m/z 400 (M + H)*, 398 (M - H)".

EXAMPLE 68
4-((15)-1-{[5-CHLORO-2-(4-
FLUOROPHENOXY)BENZOYL]AMINOYETHYL)BENZOIC ACID

0
el
oH CO.H

STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-(4-
fluorophenoxy)benzoyllamino}ethyl)benzoate

O 0]
“oron M, IO
<o) OoMe é H CO,Me
F F

The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(4-fluorophenoxy)benzoic acid (step 2 of Example
67) and methyl 4-[(1S5)-1-aminoethyl]benzoate hydrochloride (step 3 of Example
5): "H-NMR (CDCl3) & 8.16 (1H, d, J=2.6 Hz), 7.95 (2H, dd, J=6.6, 1.8 Hz), 7.88
(1H, d, J=7.4 Hz), 7.36-7.29 (3H, m), 7.23-6.96 (4H, m), 6.78 (i1H, d, J=8.7 Hz),
5.32 (1H, dg, J=7.4, 8.9 Hz), 3.90 (34, s), ©.51 (3H, d, J=6.9 Hz); MS (ES!} m/z
£23 V. + H), 428 (W - )
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STEP 2. 4-((1S)-1-{[5-Chloro-2-(4-
fluorophenoxy)benzoyllamino}ethyl)benzoic acid

o) 0
L Neaas!
5’ CO,Me 5‘ CO,H

F F
The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-((18)-1-{[5-chloro-2-(4-

fluorophenoxy)benzoylJamino}ethyl)benzoate (step 1): "H-NMR (DMSO-ds) 8 8.17
(1H, d, J=2.8 Hz), 8.01 (2H, d, J=8.4 Hz), 7.94 (1H, d, J=7.8 Hz), 7.38-7.32 (3H,
m), 7.14-6.98 (4H, m), 6.78 (1H, d, J=8.8 Hz), 5.34 (1H, dq, J=7.3, 7.0 Hz), 1.53
(3H, d, J=7.0 Hz); MS (ESI) m/z 414 M + H)*, 412 (M - H)".

EXAMPLE 69
4-§j|5-CHLOR0-2-§4-FLUOROPHENOXY!BENZOYL]AMINO[METHYL)-Z-

FLUOROBENZOIC ACID
Ol F
N
\d;HUCOQH

F

STEP 1. Methyl 4-({[5-chloro-2-(4-fluorophenoxy)benzoyl]lamino}methyl)-2-
fluorobenzoate

Gl HoN F a2 F
<O) . COaMei OH/\@COzM e

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(4-fluorophenoxy)benzoic acid (step 2 of Example

67) and methyl 4-(aminomethyl)-2-fluorobenzoate: "H-NMR (CDCl3) & 8.22 (1H,
d, J=2.6 Hz), 8.05-7.98 (iH, m), 7.86 (iH4, t, J=7.7 Hz), 7.35 (iH, dd, J=8.9, 2.6
Hz), 7.°3-8.88 (3, m), 8.75 (11}, ¢, o=8.8 [{7), 482 (2K, d, u=5.2 “z), 3.97 8

S e ORI IV N foagy A0 T
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STEP 2. 4-({[5-Ch|oro-2-(4-fluorophenoxy)benzoyl]amino}methyl)-2-

fluorobenzoic acid

o 0
Reaaed CCNCC
OH\C[COQMe OHUCOQH

F F
The title compound was prepared according to the procedure described in step 4
5 of Example 1 from methyl 4-({[5-chloro-2-(4-

fluorophenoxy)benzoyljamino}methyl)-2-fluorobenzoate  (step 1): "H-NMR
(DMSO-dg) & 8.19 (1H, d, J=2.8 Hz), 8.09 (1H, t, J=6.0 Hz), 7.86 (1H, t, J=7.8
Hz), 7.35-6.97 (8H, m), 6.73 (1H, d, J=8.8 Hz), 4.66 (2H, d, J=6.1 Hz); MS (ESI)
m/z 418 (M + H)*, 416 (M - H)".

10 ,
EXAMPLE 70
4-((1S)-1-{[5-CHLORO-2~(3-
CHLOROPHENOXY)BENZOYL]AMINO}ETHYL)BENZOIC ACID
0]
cn\dNL@
o COH
Cl
15 STEP 1. Methyl 5-chloro-2-(3-chlorophenoxy)benzoate
cl

Clow O
o oH @\)(OMe
Oy ove - 2

: QL
Cl

The title compound was prepared according to the procedure described in step 1

of Example 67 from methyl 5-chloro-2-fluorobenzoate and 3-chlorophenol: 'H-

NMR (CDCls) & 7.92 (1H, d, J=2.8 Hz), 7.46 (1H, dd, J=8.8, 2.8 Hz), 7.25-6.80
20 (5H, m), 3.81 (3H, s).

STEP 2. 5-Chloro-2-(3-chlorophenoxy)benzoic acid

0 0
O eas
0
N |

\/‘\-‘. |

!
Das

¢

s
X4
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The title compound was prepared according to the procedure described in step

2 of E)gample 67 from methyl 5-chloro-2-(3-chlorophenoxy)benzoate (step 1): 'H-
NMR (CDCls) & 8.13 (1H, d, J=2.8 Hz), ?.45 (1H, dd, J=9.0, 2.8 Hz), 7.14-6.80
(5H, m). :
STEP 3. Methyl 4-((1S)-1-{[5-chloro-2-(3-
chlorophenoxy)benzoyljamino}ethyl)benzoate

O HoN 0] '
eron MO0, SO

0 2Me oH CO,Me

Q. Q.

The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(3-chlorophenoxy)benzoic acid (step 2) and methyl

4-[(18)-1-aminoethyllbenzoate hydrochloride (step 3 of Example 5): "H-NMR
(CDCls) § 8.17 (1H, d, J=2.8 Hz), 7.93 (2H, m), 7.65 (1H, d, J=7.4Hz), 7.42-7.19
(5H, m), 6.97-6.81 (3H, m), 5.32 (1H, dq, J=7.4, 6.9 Hz), 3.90 (3H, s), 1.49 (3H,
d, J=6.9 Hz).

STEP 4. 4-((1S)-1-{[5-Chloro-2-(3-

chiorophenoxy)benzoyllamino}ethyl)benzoic acid

o) 0
oA as! Seaae!
oH CO,Me oH CO,H

Cl Cl
The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4-((15)-1-{[5-chloro-2-(3-

chlorophenoxy)benzoylJamino}ethyl)benzoate (step 3): "H-NMR (DMSO-dg) &

'8.91 (1H, d, J=7.9 Hz), 7.81 (2H, d, J=8.2 Hz), 7.61-7.54 (2H, m), 7.40-7.34 (3H,

m), 7.19-6.91 (4H, m), 5.03 (1H, dq, J=7.9, 7.0 Hz), 1.35 (3H, d, J=7.0 Hz); MS
(ESI) miz 430 (M + H)*, 428 (M - H)"

EXAMPLE 71
8-((18)-1-{{5-CHLORO=2=(3-
FLUOROPHENOXY)BENZOYLJAMINOYETHYL)BENZOIC ACID
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0
NN
oH CO,H

F
STEP 1. Methyl 5-chloro-2-(3-fluorophenoxy)benzoate
F

Cow oL
0 OH dome
F QL

The title compound was prepared according to the procedure described in step 1

of Example 67 from methyl 5-chloro-2-fluorobenzoate and 3-fluorophenol: "H-
NMR (CDCls) & 7.91 (1H, d, J=2.8 Hz), 7.46 (1H, dd, J=8.7, 2.8 Hz), 7.31-7.06
(1H, m), 6.99 (1H, d, J=8.7 Hz), 6.83-6.61 (3H, m), 3.81 (3H, s).

STEP 2. 5-Chiloro-2-(3-fluorophenoxy)benzoic acid

0 0
L ove O o

0 o)

QL L

The title compound was prepared according to the procedure described in step 2

of Example 67 from methyl 5-chloro-2-(3-fluorophenoxy)benzoate (step 1): "H-
NMR (DMSO-dg) 8 7.85 (1H, d, J=2.8 Hz), 7.66 (1H, dd, J=8.9, 2.8 Hz), 7.42-7.33
(1H, m), 7.15 (1H, d, J=8.9 Hz); 6.98-6.90 (1H, m), 6.84-6.71 (2H, m).

STEP 3. Methyl 4-((1S)-1-{[5-chloro-2-(3-
fluorophenoxy)benzoyllamino}ethyl)benzoate

O (]
0 CO.Me oH Co,Me
. QL

The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-chloro-2-(3-fluorophenoxy)benzoic acid (step 2) and methyl

4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 3 of Example 5): "H-NMR
(CDCl5) & 8.17 (14, d, J=2.8 Hz), 7.93 (214, d, J=8.4Hz), 7.65 (iH, d, J=7.4Hz),
7.49-7.26 (4, 1), 6.94.6.65 2, m), 8.74-5.35 (2L, m), 8.28 (11 dg, v=7.4, 7.3

PP g g, L e . 7 .
it 2 EN RS e T AREA o =R
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STEP 4. 4-((1S)-1-{[5-Chloro-2-(3-
fluorophenoxy)benzoyl]lamino}ethyl)benzoic acid

0 o
Noaas! Reaas!
oH CO,Me oH CO,H

F F
The title compound was prepared according to the procedure described in step 4
5 of Example 1 from methyl 4-((1S)-1-{[5-chloro-2-(3-

fluorophenoxy)benzoyllamino}ethyl)benzoate (step 3): "H-NMR (CDCI3) 6. 8.17
(1H, d, J=2.6Hz), 7.98 (2H, d, J=8.4Hz), 7.68 (1H, d, J=7.0Hz), 7.43-7.29 (4H,
m), 6.95-6.89 (2H, m), 6.75-6.67 (2H, m), 5.29 (1H, dq, J=8.4, 7.0 Hz), 1.50 (3H,
d, J=7.0 Hz); MS (ESI) m/z 414 (M + H)*, 412 (M - H)".

10
EXAMPLE 72
4-((1S)-1-{[5-CHLORO-2-(3-
METHOXYPHENOXY)BENZOYL]AMINO}ETHYL)BENZOIC ACID

o
saan!
oH CO,H

O/
15 STEP 1. Methyl 5-chloro-2-(3-methoxyphenoxy)benzoate )
O/

SIC
0 OH \dOMe
i Q!
O/

The title compound was prepared according to the procedure described in step 1

of Example 67 from methyl 5-chloro-2-fluorobenzoate and 3-methoxyphenol: "H-

NMR (CDCls) & 7.89 (1H, d, J=2.8 Hz), 7.41 (1H, dd, J=8.4, 2.8 Hz), 7.24-7.19
20 (1H, m), 6.95 (1H, d, J=8.4 Hz), 6.67-6.64 (1H, m), 6.53-6.49 (2H, m), 3.83 (3H,

s), 3.78 (3H, s).

STEP 2. Methyl 4-((1S)-1-{[5-chloro-2-(3-

methoxyphenoxy)benzoyljaminc}ethyl)senzoate
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o) 0]

o geaael
0 oH CO,Me
@\o/ @O/

A mixture of methyl 5-chloro-2-(3-methoxyphenoxy)benzoate (step 1, 220 mg, -

0.75 mmol) and 2 M sodium hydroxide (2 mL) in methanol (10 mL) was stirred for
7 h at room temperature. The reaction mixture was poured into 2 M hydrochloric
acid (50 mL) and the aqueous mixture was extracted with ethyl acetate (200 mL).
The organic layer was dried (sodium sulfate) and evaporated to give 168 mg
(80%) of the corresponding carboxylic acid. This acid was used for next reaction
without further purification. To a stirred solution of this acid (168 mg, 0.60mmol)
and methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride (step 3 of Example 5,
143mg, 0.66 mmol) in dichloromethane (20 mL) were successively added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (172 mg, 0.90
mmol), 1-hydroxybenzotriazole hydrate (HOBT) (137 mg, 0.90 mmol), and
triethylamine (91 uL). After being stirred overnight, the reaction was quenched by
the addition of water (50 mL). The organic layer was separated and the aqueous
layer was extracted with dichloromethane (50 mL x 2). The combined organic
layers were washed with brine (50 mL), dried (sodium sulfate), and evaporated.
The residue was purified by flash column chromatography on silica gel (50 g)
eluting with hexane/ethyl acetate (4/1) to afford 245 mg (93%) of the title

compounds as a colorless oil: "H-NMR (CDCls) & 8.17 (1H, d, J=2.8 Hz), 7.94-
7.86 (3H, m), 7.38-7.25 (4H, m), 6.87 (1H, d, J=8.7Hz), 6.77-6.73 (1H, m), 6.57-
6.52 (2H, m), 5.29 (1H, m), 3.90 (3H, s), 3.78 (3H, s), 1.49 (3H, d, J=6.9 Hz).
STEP 3. 4-((1S)-1-{[5-Chloro-2-(3-

. methoxyphenoxy)benzoyllamino}ethyl)benzoic acid

o) 0
L L
oH CO,Me oH CO,H

0” o
The title compound was prepared according to the procedure described in step 4
of Example 1 from methyl 4~((1S)-1-{[5-chioro-2-(3-

o Y - : 1 s A 1:‘ - ~ & hre
rsthexyphenciy)aenzoyl amnoletryl)oenzoais {(steo 3): [-NVE (SVMSC-dg) &

~ ns < L o W DL, Vo P L RRC Y « Jie JUnties WL R -« AN S
A -I d =7 C =Y W7 Tl —F T Y s -3 A
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J=7.9, 7.1Hz), 7.39 (2H, d, J=8.3Hz), 7.27 (1H, m), 7.03 (1H, d, J=8.8Hz), 6.74-
6.71 (1H, m), 6.58-6.52 (2H, m), 5.06 (1H, dg, J=7.0 Hz), 372 (3H, s), 1.37 (3H,
d, J=7.1Hz); MS (ESI) m/z 426 (M + H)", 424 (M - HY.

EXAMPLE 73
5-FLUORO-2-(4-FLUOROPHENOXY)-N-[4-(2H-TETRAZOL-5-
YL)BENZYLINICOTINAMIDE

Q

F

STEP 1. N-(4-Cyanobenzyl)-5-fluoro-2-(4-fluorophenoxy)nicotinamide
oo MO0 Ol

F F
The title compound was prepared according to the procedure described in step 3

of Example 1 from 5-fluoro-2-(4-fluorophenoxy)nicotinic acid (step 2 of Example

1) and 4-c3;anobenzy|hexamine hydrobromide (Synthesis 1979, 161.): "H-NMR
(CDCls) § 8.38 (1H, dd, J=8.3, 3.1 Hz), 8.33 (1H, br.s), 8.06 (1H, d, J=3.1 Hz),
7.64 (2H, d, J=8.1 Hz), 7.46 (2H, d, J=8.1 Hz), 7.20-7.06 (4H, m), 4.76 (2H, d,
J=6.1 Hz); MS (ESI) m/z 366 (M + H)", 364 (M - H)".

STEP 2. 5-Fluoro-2-(4-fluorophenoxy)-N-[4-(2H-tetrazol-5-
yl)benzyljnicotinamide

F R FA
N OH\©\CN N’ 5" I\II:I\IH

F F
To a solution of N-(4-cyanobenzyl)-5-fluoro-2-(4-fluorophenoxy)nicotinamide

(step 1, 220 mg, 0.60 mmol) in i-methyl-pyrrolicin-2-one (5 mL) were added

codium ezide (117 mg, 7.8 mmol) and etryamine 'fy'*m"’”cio*M 248 mg, 1.8

. Cae e .. . . . p . e
.Tmn}v ot e e Q«M\nw« “enrs fe wasiegt ssgs treengy oo obes omd SI24D R dmen 7T e
AT el RS ...,.u.,* e Fe TR LTS UUGE L G0eies Tew Line w2 v Ll .. e
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reaction mixture was diluted with dichloromethane (100 mL), and the solution

was washed with saturated sodium dihydrogenphosphate solution (50 mL). The
organic phase was dried (sodium sulfate) and concentrated. The residue was
purified by flash column chromatography on silica gel (50 g) eluting with
dichloromethane/methanol/acetic acid (100/5/0.5) to give off white solids. The
solids were triturated with ethyl acetate to afford 125 mg (50%) of the title
compound as white solids: 'H-NMR (DMSO-d¢) 8 9.18 (1H, t, J=5.8 Hz), 8.14 (1H,
d, J=2.8 Hz), 7.99 (1H, dd, J=8.2, 2.8 Hz), 7.90 (2H, d, J=8.2 Hz), 7.51 (2H, d,
J=8.2 Hz), 7.22-7.15 (4H, m), 4.56 (2H, d, J=5.8 Hz); MS (ESI) m/z 409 (M + H)*,
407 (M - H).

EXAMPLE 74
5-CHLORO-2-(4-FLUOROPHENOXY)-N-[4-(2H-TETRAZOL-5-

YL)BENZYLINICOTINAMIDE

5 M

F

STEP 1. 5-Chloro-N-(4-cyanobenzyl)-2-(4-fluorophenoxy)nicotinamide
o]

0o ‘HBr
N® <oJ CN N“~oH CN

F F

The title compound was prepared according to the procedure described in step 3
of Example 1 from 5-chloro-2-(4-fluorophenoxy)nicotinic acid (EP 1229034) and
4-cyanobenzylhexamine hydrobromide (Synthesis 1979, 161.): MS (ESI) m/z 382
(M + H)*, 380 (M - H)".

STEP 2. 5-Chloro-2-(4-fluorophenoxy)-N-[4-(2H-tetrazol-5-
yl)benzyl]nicotinamide
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Cl i Cl R
N 5{’\©\CN N N <O>:" IJ.:]\'H

F F
The title compound was prepared according to the procedure described in step 2

of Example 73 from 5-chloro-N-(4-cyanobenzyl)-2-(4-fluorophenoxy)nicotinamide
(step 1): MS (ESI) m/z 425 (M + H)*, 423 (M - H)".

EXAMPLE 75

5-FLUORO-2-(4-FLUOROPHENOXY)-N-[4-(2H-TETRAZOL-5-
YL)BENZYL]BENZAMIDE

A mixture of 5-fluoro-2-(4-fluorophenoxy)benzoic acid (120 mg, 0.48 mmol), 1-[4-
(2H-tetrazol-5-yl)phenyl]methanamine hydrochloride (WO 9604267, WO
9604246, 122 mg, 0.58 mmol), 1-hydroxy-1H-benztriazole monohydrate (110 mg,
0.72 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (138
mg, 0.72 mmol), and triethylamine (0.27 mL, 1.92 mmol) in dichloromethane (8
mL) and N,N-dimethylforamide (2 mL) was stirred at room temperature for 16 h.
The mixture was diluted with dichloromethane (50 mL) and washed with 5%
aqueous sodium dihydrogenphosphate solution (30 mL). The organic fraction
was dried over magnesium sulfate, and concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel eluting
with hexane/ethyl acetate/acetic acid (30:60:1) to afford 143 mg (73%) of the title

compounds as white solids: 'H-NMR (DMSO-de) & 8.99 (1H, t, J=5.9 Hz), 7.91
(2H, d, J=8.2 Hz), 7.53-6.99 (8H, m), 4.50 (2H, d, J=5.9 Hz); MS (ESI) m/z 408
(M + H)*, 406 (M - HY"

SXANPLE 78
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5-CHLORO-2-(4-FLUOROPHENOXY)-N-[4-(2H-TETRAZOL-5-
YL)BENZYL]BENZAMIDE

CI\CfO(:OH HZN/\Q\S:}IHA C|\©\)sz\©\§!:l\m
4 - e F

F

The title compound was prepared according to the procedure described in
Example 75 from 5-chloro-2-(4-fluorophenoxy)benzoic acid (step 2 of Example
67) and 1-[4-(2H-tetrazol-5-yl)phenyl]methanamine hydrochloride (WO 9604267,
WO 9604246), - 'H-NMR (DMSO-ds) § 9.01 (1H, t, J=6.0 Hz), 7.93 (2H, d, J=8.2
Hz), 7.70 (1H, d, J=2.6 Hz), 7.53-7.46 (3H, m), 7.29-7.10 (4H, m), 6.93 (1H, d,
J=8.9 Hz), 4.52 (2H, d, J=6.1 Hz); MS (ESI) m/z 424 (M + H)*, 422 (M - H)".

EXAMPLE 77
5-CHLORO-2-(4-FLUOROPHENOXY)-N-{(15)-1-[4-(2H-TETRAZOL-5-
YL)PHENYL]ETHYL}BENZAMIDE

CI\Q\)L J\@\H:]\I

STEP 1. tert-Butyl [(15)-1-(4-cyanophenyl)ethyl]Jcarbamate

BocHNJ\© BocHN‘L©\
. Br CN

A mixture of tertbutyl [(1S)-1-(4-bromophenyl)ethyljcarbamate (step 1 of
Example 5, 1.50 g, 5.00 mmol), tetrakis(triphenylphosphine)palladium (0) (0.58 g,
0.50 mmol), zinc cyanide (0.59 g, 5.00 mmol) and N,N-dimethylforamide (30 mL)
was stirred at 80 °C for 16 h under nitrogen atmosphere. After cooling to room
temperature, the mixture was diluted with ether (200 mL) and washed with waier

(100 mL x 3). The organic layer was driec over magnesium sulfate and

avapcreted. Tre rasidus was Dl” ad “v Yogh anlumn shromategresty on /llsg
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compounds as colorless syrup: "H-NMR (CDCl3) & 7.64-7.61 (2H, m), 7.41 (2H,
d, J=8.3 Hz), 4.83 (2H, br.s), 1.44-1.42 (12H, m).
STEP 2. tert-Butyl {(15)-1-[4-(2H-tetrazol-5-yl)phenyl]ethyl}carbamate

B ocHNJ\@ o BocHNJ\Q\(
CN ',\J“H

A mixture of tert-butyl [(15)-1-(4-cyanophenyl)ethyllcarbamate (step 1, 1.11 g,

4.51 mmol), sodium azide (1.75 g, 27.1 mmol) and ammonium chioride (1.15 g,
27.1 mmol) in N,N-dimethylforamide (25 mL) was heated at 110 °C for 24 h.
After cooling to room temperature, the mixture was diluted with ether (200 mL)
and washed with 1 M hydrochloric acid (100 mL). The organic layer was dried
over magnesium sulfate and evaporated. The residue was crystallized from
dichloromethane and hexane to give 1.19 g (91%) of the title compounds as white
solids: 'H-NMR (DMSO-ds) § 7.98 (2H, d, J=8.3 Hz), 7.51 (2H, d, J=8.3 Hz), 4.74-
4.63 (1H, m), 1.37-1.32 (12H, m); MS (ESI) m/z 290 (M + H)", 288 (M - H)".

STEP 3. {(1S)-1-[4-(2H-Tetrazol-5-yl)phenyi]Jethyl}amine hydrochloride

BOCHNJ\QY HZNJ\©\(
" | e

N: N:
tert-Butyl {(1S)-1-[4-(2H-tetrazol-5-yl)phenyllethyljcarbamate (step 2, 1.19 g, 4.10
mmol) was treated with trifluoroacetic acid (10 mL) and dichloromethane (10 mL)

at room temperature for 1 h. After removal of the solvent, the residue was diluted
with 4 M solution of hydrogen chloride in ethyl acetate (20 mL). The mixture was
concentrated under reduced pressure and the residue was washed with ether to

give 0.77 g (83%) of the title compounds as white solids: 'H-NMR (DMSO-de) 8

8.60 (3H, br.s), 8.14 (2H, d, J=8.4 Hz), 7.75 (2H, d, J=8.4 Hz), 4.58-4.45 (1H, m),

1.55 (3H, d, J=6.8 Hz); MS (ESI) m/z 188 (M - H)".
STEP 4. 5-Chloro-2-(4-fluorophenoxy)-n-{(1s)-1-[4-(2h-tetrazol-5-
yl)phenyl]ethyl}benzamide

0 HoN

(0]
e SR S
N H
0 0: A

—



10

15

20

25

WO 2005/102389 PCT/IB2005/000935
170

The title compound was prepared according to the procedure described in

Example 75 from 5-chloro-2-(4- fluorophenoxy)benzmc acid (step 2 of Example
67) and {(1S) -1-[4-(2H-tetrazol-5- yI)phenyl]ethyl}amme hydrochloride (step 3): 'H-
NMR (DMSO-ds) & 8.90 (1H, d, J=7.3 Hz), 7.92 (2H, d, J=8.3 Hz), 7.60- 7.49 (4H,
m), 7.26-7.20 (2H, m), 7.10-7.06 (2H, m), 6.96 (1H, d, J=8.8 Hz), 5.15-5.05 (1H,
m), 1.41 (3H, d, J=6.8 Hz); MS (ESI) m/z 438 (M + H)", 436 (M - H)".

EXAMPLE 78
5-FLUORO-2-(4-FLUOROBENZYL)-N-[4-(2H-TETRAZOL-5-
YL)BENZYLINICOTINAMIDE

0 Hsz 0
F~"OH ’__':]ﬂH FSr N
® N LN
N N I\;ﬁ\‘H
F

F

The title compound was prepared according to the procedure described in
Example 75 from 5-fluoro-2-(4-fluorobenzyl)nicotinic acid (step 3 of Example 58)

and 1-[4-(2H-tetrazol-5-yl)phenyljmethanamine hydrochloride: "H-NMR (DMSO-
de) & 9.20 (1H, t, J=5.7 Hz), 8.59 (1H, d, J=2.8 Hz), 7.98 (2H, d, J=8.1 Hz), 7.83
(1H, dd, J=8.8, 2.9 Hz), 7.44 (2H, d, J=8.1 Hz), 7.20-7.16 (2H, m), 7.03 (2H, t,
J=8.9 Hz), 4.50 (2H, d, J=5.7 Hz), 4.21 (2H, s); MS (ESI) m/z 407 M + H)*, 405
(M- H).

EXAMPLE 79

5-CHLORO-N-{(1S5)-1-[4-({[(3-
CHLOROPHENYL)SULFONYL]JAMINOYCARBONYL)PHENYL]ETHYL}-2~(3-
FLUOROPHENOXY)NICOTINAMIDE

0
| |: |
N“oH Ng e
Q. °
F
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STEP 1. 5-chloro-N-{(1S)-1-[4-({[(3-
chlorophenyl)sulfonylJamino}carbonyl)phenyljethyl}-2-(3-

fluorophenoxy)nicotinamide

cl 2 Ci 2
A as! LN O
N“oH ~COH — N~oH Ng S
0 0,

F F

To a stirred solution of 4-[(1S)-1-({{5-Chloro-2-(4-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyllbenzoic acid (200 mg, 0.48 mmol) in dry dichloromethane
(5 mL) under argon was added 3-chlorobenzenesulfonamide (105 mg, 0.55
mmol), 4-(dimethylamino)pyridine (67 mg, 0.55 mmol), and finally 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (105 mg, 0.55 mmol).
The resulting mixture was stirred at room temperature for 48 h. The reaction
mixture was partitioned between dichloromethane (50 mL) and water (50 mL).
The organic layer was separated and washed with brine (50 mL), dried (sodium
sulfate), and concentrated. The residue was purified by flash column
chromatography on silica gel (30 g) eluting with dichloromethane/ethyl acetate
(20/1) to give a desired product. Recrystallization of the product from ethyl

acetate afforded 68 mg (24%) of the title compounds as a colorless needle: "H-
NMR (DMSO-de) 3 8.99 (1H, d, J=7.6 Hz), 8.26 (1H, d, J=2.5 Hz), 8.09 (1H, d,
J=2.5 Hz), 7.97-7.89 (2H, m), 7.80 (4H, d, J=8.3 Hz), 7.67 (1H, dd, J=7.9, 7.9
Hz), 7.51 (2H, d, J=8.3 Hz), 7.29-7.19 (4H, m), 5.15 (1H, dq, J=7.6,7.0 Hz), 1.42
(3H, d, J=7.0 Hz).

The following examples illustrate the preparation of EP4-receptor
antagonists described in US 60/5687088:

EXAMPLE 1
4-(18)-1-{{5-CHLORO-2-[(2-
CHLOBOPHENOXY)METHYLIBENZOYLIAMINOVETHYL] BENZOIC AGID
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STEP 1. Methyl 5-chloro-2-[(2-chlorophenoxy)methyl]benzoate
A mixture of methyl 2-(bromoethyl)-5-chlorobenzoate (100 mg, 0.38

mmol), 2-chlorophenol (43 pL, 0.42 mmol) and potassium carbonate (105 mg,

0.76 mmol) in N,N-dimethylforamide (2 mL) was stirred at room temperature for 3

h and at 50°C for 4 hours. Water (5 mL) was added and the mixture was

extracted with diethyl ether (15 mL x 2). The combined organic extracts were

washed with brine (15 mL) and dried (sodium sulfate). After removal of solvent,

the residue was purified by pTLC eluting with hexane/ethyl acetate (9/1) to afford
103 mg (87%) of the title compound: |

"H-NMR (CDCls) 5 8.04-8.03 (1H, m), 7.91-7.87 (1H, m), 7.59-7.55 (1H, m), 7.42-
7.39 (1H, m), 7.24-7.18 (1H, m), 7.02-6.90 (2H, m), 5.53 (2H, 5), 3.93 (3H, 5).

STEP 2. 5-Chloro-2-[(2-chlorophenoxy)methyljbenzoic acid

To a solution of methyl 5-chloro-2-[(2-chlorophenoxy)methyljbenzoate
(step 1, 103 mg, 0.33 mmol) in methanol (4 r;wL) and tetrahydrofuran (4 mL) was
2 N sodium hydroxide (1 mL) and the mixture was stirred at room temperature for
16 hours. After removal of solvent, the residue was diluted with water (5 mL) and
the solution was acidified with 2 N hydrochloric acid. Precipitate was collected by
filtration, washed with water and dried in vacuo to afford 85 mg (86%) of the title
compound: ]
"H-NMR (DMSO-ds) §7.92 (1H, br.s), 7.33 (2H, br.s), 7.48-7.45 (1H, m), 7.35-
7.28 (1H, m), 7.15-7.12 (1H, m), 7.02-6.96 (1H, m), 6.52 (2H, s), a peak of COOH
was not observed;
MS (ESI) m/z 295 (M - H)".

STEP 3. tert-Butyl [(1 S)-1-(4-bromophenyl)ethyljcarbamate
A mixture of [[18)-1-(4-promophany)ethyllamire (10.00 g, 50.0 mmol) and

: P S A oo F< 4 [ A TN TN e 5 e et 1y An FR Y - o N N
H: 'f’“t e i, o €. £ ~ Iy e B T A A e Lk e Vo3 d . i e ry %
Jhtgrrlpsy dioarbornais (1149 g, B2 : ing (/.38 ™, 380 T

=
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mixture was diluted with dichloromethane (500 mL) and washed with 1 M

hydrochloric acid (300 mL), saturated sodium hydrogen carbonate aqueous (300
mL), and brine (300 mL). The organic layer was dried over magnesium sulfate,
and concentrated under reduced pressure. The residue was washed with cold
hexane to afford 14.73 g (98%) of the title compound as white solids:

"H-NMR (CDCly) 57.47-7.42 (2H, m), 7.18 (2H, d, J = 8.4 Hz), 5.30 (2H, br.s),
1.41 (12H, br.s).

STEP 4. Methyl 4-{(1S)-1-[(tert-butoxycarbonyl)amino]ethyl}benzoate

A mixture of tert-butyl [(15)-1-(4-bromophenyl)ethyllcarbamate (step 3,
14.73 g, 49.1 mmol), 1,3-bis(diphenylphosphino)-propane (2.03 g, 4.91 mmol),
palladium (Il) acetate (1.10 g, 4.91 mmol), triethylamine (20.5 mL, 147 mmol),
N,N-dimethyliforamide (120 mL) and methanol (180 mL) was stirred at 80 °C for
16 h under carbon monoxide atmosphere. After cooling to room temperature, the
mixture was diluted with ether (800 mL) and washed with water (500 mL x 3).
The organic layer was dried over magnesium sulfate and evaporated. The
residue was purified by flush column chromatography on silica gel eluting with
hexane/ethyl acetate (5:1) to afford 12.83 g (94%) of the title compound as white
solids:
"H-NMR (CDCl3) §8.02-7.99 (2H, m), 7.37 (2H, d, J = 8.4 Hz), 4.83 (2H, br.s),
3.91 (3H, s), 1.46-1.42 (12H, m).

STEP 5. Methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride

Methyl 4-{(1S)-1 —[(terthutoxycarbonyl)amino]ethyl}benzoate (step 4, 12.83
g, 45.9 mmol) was treated with trifluoroacetic acid (100 mL) and dichloromethane
(100 mL) at room temperature for 16 hours. After removal of the solvent, the
residue was diluted with 10% hydrogen chloride solution in methanol (100 mL).
The mixture was concentrated under reduced pressure and the residue was
washed with ethylacetate to give 9.40 g (95%) of the title compound as white
solids:

"4.NVR (OMSC-ds) 5 8.67 (2H, br.s), 8.01 (2H, d, J = 8.4 Hz), 7.68 (2H, ¢, J =

8.4 72, 443 (74, 0, J = 6.8 9z), 857 (3, 8), 7.33 (811, ¢, S =69 7).
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STEP 6. Methyl 4-[(15)-1-({5-chloro-2-[(2-
chIordphenoxy)methyl]benzoyl}amino) ethyl]benzoate
A mixture of 5-chioro-2-[(2-chlorophenoxy)methyllbenzoic acid (step 2, 85

mg, 0.28 mmol), methyl 4-[(15)-1-aminoethyl]benzoate hydrochloride (step 5,73
mg, 0.34 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDCI) (107 mg, 0.56 mmol), 1-hydroxybenzotriazole hydrate (HOBT) (76 mg,
0.56 mmol) and triethylamine (117 uL, 0.84 mmol) in dichloromethane (3 mL) was
stirred at room temperature for 19 hours. Water (5 mL) was added and the
organic phase was separated. The aqueous phase was extracted with ethyl
acetate(10 mL x 2) and the combined organic extracts were dried (sodium
sulfate). After removal of solvent, the residue was purified by pTLC eluting with
hexane/ethy! acetate (2/1) to afford 105 mg (82%) of the title compound:
"H-NMR (CDCl3) §7.90-7.87 (2H, m), 7.64 (1H, d, J = 2.2 Hz), 7.50-7.31 (5H, m),
7.24-7.18 (1H, m), 6.97-6.87 (3H, m). 5.36-5.25 (1H, m), 5.06 (2H, dd, J = 19.6,
11.2 Hz), 3.91 (3H, s), 1.27 (3H, d, J = 7.3 Hz);
MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

STEP 7. 4-[(1S)-1-({5-Chloro-2-[(2-
chlorophenoxy)methyl]benzoyl}amino)ethyl]benzoic acid

To a stired soluton of methyl  4-[(15)-1-({5-chloro-2-[(2-
chlorophenoxy)methyllbenzoyllamino)ethyllbenzoate (step 6, 407 mg, 1.02
mmol) in methanol (10 ml) was added 2 N sodium hydroxide aqueous solution (2
ml). The reacton mixture was stirred at room temperature for 3 h and then
evaporated. The residue was partitioned between ethyl acetate (100 mL) and 2
N hydrochloric acid (100 mL). The organic phase was separated and the
aqueous phase was extracted with ethyl acetate (100 mL). The combined
organic extracts were washed with brine (50 mL), dried (sodium sulfate), and
concentrated. The residual solids were recrystallized from ethy! acetate to afford
248 mg (64%) of the title compound as white solids:
"H-NMR (DMSO-ds) §9.10-9.07 (1H, m), 7.87-7.84 (2H, m), 7.67-7.59 (8H, m),
7.48-7.42 {34, m), 7.28-7.23 (iH, m), 7.03-6.94 (2H, m), 5.23 (iH, s), 5.17-5.06
(1H, m), 1.44 (34, ¢, J = 7.0 Hz), 2 peak of COOH wes not chserved;

WS TSN rfz b LN AA2 Y
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EXAMPLE 2
4-[(15)-1-({5-CHLORO-2-{(3-
CHLOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

O
ioqiae!
H COOH
0]

Cl

STEP 1. Methyl 5-chloro-2-[(3-chlorophenoxy)methyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 3-
chlorophenot:

"H-NMR (CDCls) $8.02 (1H, d, J =2.4 Hz), 7.67 (1H,d, J=8.4 Hz), 7.53 (1H, dd,
J = 8.4, 2.4 Hz), 7.21 (1H, t, J = 8.1 Hz), 7.00-6.85 (3H, m), 5.44 (2H, s), 3.92
(3H, s).

STEP 2. 5-Chloro-2-[(3-chlorophenoxy)methyl]benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-[(3-chlorophenoxy)methyl]benzoate
(step 1):
"H-NMR (DMSO-ds) & 7.90-7.89 (1H, m), 7.70-7.62 (2H, m), 7.36-7.30 (1H, m),
7.08-6.74 (3H, m), 5.44 (2H, s), a peak of COOH was not observed;
MS (ESI) m/z 295 (M - H)'.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(3-
chlorophenoxy)methyllbenzoyl}amino) ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(3-chlorophenoxy)methyl]benzoic acid (step
2) and methy! 4-{(1S)-1-aminoethyljbenzoaie hydrochloride (step 5 of Example

)
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"H-NMR (CDCl3) 67.93-7.90 (2H, m), 7.61 (1H, br.s), 7.45-7.44 (2H, m), 7.33-
7.30 (2H, m), 7.22-7.16 (1H, m). 6.99-6.96 (1H, m), 6.85-6.84 (1H, m), 6.77-6.73
(1H, m), 6.66-6.63 (1H, m), 5.34-5.23 (1H, m), 5.02 (2H, s), 3.92 (3H, s), 1.49
(8H, d, J =7.0 Hz);

MS (ESI) m/z 458 (M + H)*, 456 (M - H)".
STEP 4. 4-[(1S)-1-({5-Chloro-2-[(3-
chlorophenoxy)methyl]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-(3-
chlorophenoxy)methyljbenzoyl}amino)ethyljbenzoate (step 3):
"H-NMR (DMSO-as) 69.05-9.02 (1H, m), 7.82-7.85 (2H, m), 7.61-7.55 (3H, m),
7.42-7.39 (2H, m), 7.30-7.24 (1H, m), 7.01-6.94 (2H, m), 6.83-6.79 (1H, m), 5.17
(2H, s), 5.15-5.05 (1H, m), 1.42 (3H, d, J = 7.3 Hz), a peak of COOH was not
observed,;
MS (ESI) m/z 444 (M + H)*, 442 (M - HY".

EXAMPLE 3

4-(15)-1-({5-CHLORO-2-[(4- i
CHLOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

O
oH COOH

Cl

STEP 1. Methyl 5-chloro-2-[(4-chlorophenoxy)methyl]lbenzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 4-
chlorophenol:
"H-NMR (CDCls) 68.02 (1H, d, J =2.3 Hz), 7.68 (iH, d, J = 8.5 Hz), 7.52 (1H, dd,
J=8.%, 2.3 Hz), 7.28-7.22 (2H, m), 6.94-6.88 (21, m), 5.43 (214, s), 3.91 (3H, s).

oprmen a o sy o o A . “ N "
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The title compound was prepared according to the procedure described
in step 2 of Example 1 from methyl  5-chloro-2-[(4-
chlorophenoxy)methyljbenzoate (step 1):

'"H-NMR (DMSO-ds) §7.89-7.88 (1H, m), 7.69-7.61 (2H, m), 7.38-7.32 (2H, m),
7.03-6.97 (2H, m), 5.42 (2H, s), a peak of COOH was not observed;
MS (ESI) m/z 295 (M - HY.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(4-
chlorophenoxy)methyllbenzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(4-chlorophenoxy)methyl]benzoic acid (step
2) and methyl 4-[(15)-1-aminoethyl]benzoate hydrochloride (step 5 of Example
1): o
"H-NMR (CDCl3) §7.91-7.88 (2H, m), 7.62 (1H, br.s), 7.44 (2H, br.s), 7.37-7.19
(4H, m), 6.82-6.74 (2H, m), 6.67-6.39 (1H, m), 5.34-5.23 (1H, m), 5.00 (2H, s),
3.92 (3H, s), 1.48 (3H, d, J = 6.8 Hz),
MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

STEP 4. 4-[(1S)-1-({5-Chloro-2-[(4- -
chlorophenoxy)methyl]benzoyl}amino)ethyllbenzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(4-
chlorophenoxy)methyl]lbenzoyl}amino)ethyl]benzoate (step 3):

'H-NMR (DMSO-ds) §9.07-9.04 (1H, m), 7.87-7.84 (2H, m), 7.60-7.54 (3H, m),

~ 7.48-7.45 (2H, m), 7.29-7.26 (2H, m), 6.87-6.84 (2H, m), 5.17-5.05 (3H, m), 1.43

(3H, d, J = 7.0 Hz), a peak of COOH was not observed,
MS (ESI) m/z 444 (M + H)*, 442 (M - H)".

EXAMPLE 4
4-[(18)-1-{{5-CHL ORO-2-{(4-
FLUOROPHENOXY)METHYLIBENZOYLIAMINO)ETHYL] BENZOIC ACID
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STEP 1. Methyl 5-chloro-2-[(4-fluorophenoxy)methyl]benzoate
The title compound was prepared according to the procedure described in
5 step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 4-

fluorophenol:

'H-NMR (CDCl3) § 8.01 (1H, d, J = 2.2 Hz), 7.69 (1H, d, J = 8.5 Hz), 7.52 (1H, dd,
J =85, 2.2 Hz), 7.02-6.89 (4H, m), 5.42 (2H, s), 3.91 (3H, s).

10 STEP 2. 5-Chloro-2-[(4-fluorophenoxy)methyl]benzoic acid
The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-[(4-fluorophenoxy)methyl]benzoate
(step 1):
"H-NMR (DMSO-ds) §7.90-7.89 (1H, m), 7.71-7.63 (2H, m), 7.17-7.10 (2H, m),
15  7.01-6.96 (2H, m), 5.40 (2H, s), a peak of COOH was not observed;
MS (ESI) m/z 279 (M - H)".

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(4-
fluorophenoxy)methyljbenzoyl}amino)ethyljbenzoate
20 The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(4-fluorophenoxy)methyllbenzoic acid (step
2) and methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride (step 5 of Example
1):
"H-NMR (CDCls) §7.91-7.88 (2H, m), 7.63 (1H, br.s), 7.47-7.40 (2H, m), 7.32-
25  7.29 (2H, m), 6.99-6.92 (2H, m), 6.81-6.75 (3H, m), 5.33-5.23 (1H, m), 4.98 (2H,
s), 3.92 (3H, s), 1.47 (3H, d, J = 7.0 Hz);
MS (ESI) mv/z 442 (M + H)", 440 (M - H)".

STEP 4. 4(% §)-1-({8-Chloro-2-[(&-
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The title compound was prepared according to the procedure described
in step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(4-
fluorophenoxy)methyljbenzoyl}amino)ethyi]benzoate (step 3):
"H-NMR (DMSO-ds) §9.07-9.04 (1H, m), 7.86-7.83 (2H, m), 7.61-7.54 (8H, m),
7.49-7.46 (2H, m), 7.10-7.03 (2H, m), 6.88-6.82 (2H, m), 5.13-5.05 (3H, m), 1.42
(3H, d, J = 6.8 Hz), a peak of COOH was not observed;
MS (ESI) m/z 428 (M + H)*, 426 (M - H)".

EXAMPLE 5

4-[(15)-1-({5-CHLORO-2-[(3-
FLUOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

o)
Se¢as)
H COOH
OD

F

STEP 1. Methyl 5-chloro-2-[(3-fluorophenoxy)methyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 3-
fluorophenol:

"H-NMR (CDCl;) §8.02 (1H, d, J = 2.3 Hz), 7.68 (1H, d, J = 8.6 Hz), 7.53 (1H, dd,
J =86, 2.3 Hz), 7.28-7.19 (1H, m), 6.78-6.65 (3H, m), 5.45 (2H, s), 3.92 (3H, 5).

STEP 2. 5-Chloro-2-[(3-fluorophenoxy)methyl}benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-[(3-fluorophenoxy)methyllbenzoate
(step 1):
"H-NMR (DMSO-dg) §7.91-7.89 (1H, m), 7.71-7.63 (2H, m), 7.38-7.29 (1H, m),
6.89-6.75 (38H, m), 5.44 (2H, s), a peak of COOH was not observed.
STER 3, Mathyl 4-7(18)-1-({5-clore-2-1(3-
e _
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The title compound was prepared according to the procedure described
in step 6 of Example 1 from 5-chloro-2-[(3-fluorophenoxy)methyllbenzoic acid
(step 2) and methyl 4-[(1 S)-1-aminoethyllbenzoate hydrochloride (step 5 of

- Example 1):

"H-NMR (CDCly) §7.93-7.90 (2H, m), 7.61 (1H, br.s), 7.45 (2H, br.s), 7.33-7.18
(3H, m), 6.75-6.54 (4H, m), 5.31-5.26 (1H, m), 5.03 (2H, s), 3.91 (3H, s), 1.48
(3H, d, J = 7.1 Haz);

MS (ESI) m/z 442 (M + H)".

STEP 4. 4-[(1S)-1-({5-Chloro-2-[(3-
fluorophenoxy)methyl]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl  4-[(1S)-1-({5-chloro-2-[(3-
fluorophenoxy)methyl]benzoyilamino)ethyljoenzoate (step 3):
"H-NMR (DMSO-ds) 8 9.08-9.05 (1H, m), 7.87-7.84 (2H, m), 7.61-7.55 (8H, m),
7.49-7.46 (2H, m), 7.31-7.23 (1H, m), 6.79-6.67 (3H, m), 5.20-5.06 (38H, m), 1.43
(3H, d, J = 7.0 Hz), a peak of COOH was not observed;
MS (ESI) m/z 428 (M + H)*, 426 (M - H)".

EXAMPLE 6

4-f(15)-1-({5-CHLORO-2-[(2-
FLUOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

’ 0
oH COOH
0

STEP 1. Methyl 5-chloro-2-[(2-fluorophenoxy)methyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 2-
fuoropherol: 1H~N[V‘R (CD"’;;) §8.02 (14, d, J = 2.4 Hz), 7.80-7.77 (1M, m), 7.57-

7 Lo f 5.0 B0 / YV 2 3 09 17 AY
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STEP 2. 5-Chloro-2-[(3-fluorophenoxy)methyl]benzoic acid
The title compound was prepared according to the procedure described
in step 2 of Example 1 from methyl 5-chloro-2-[(2-fluorophenoxy)methyilbenzoate
(step 1):
"H-NMR (DMSO-ds) 67.91-7.90 (1H, m), 7.74-7.66 (2H, m), 7.28-7.09 (3H, m),
7.01-6.93 (1H, m), 5.49 (2H, s), a peak of COOH was not observed.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(2-
fluorophenoxy)methyl]lbenzoyl}amino)ethyllbenzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(2-fluorophenoxy)methyllbenzoic acid (step
2) and methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride (step 5 of Example
1): ;
"H-NMR (CDCly) §7.91 (2H, d, J = 8.2 Hz), 7.63 (1H, br.s), 7.42 (2H, br.s), 7.35
(2H, d, J = 8.2 Hz), 7.11-6.89 (5H, m), 5.35-5.24 (1H, m), 5.15-5.05 (2H, m), 3.91
(3H, s), 1.50 (3H, d, J = 6.9 Hz);
MS (ESI) m/z 442 (M + H)".

STEP 4. 4-[(15)-1-({5-Chloro-2-{(2- )
fluorophenoxy)methyllbenzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure descrlbed in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(2-
fluorophenoxy)methyllbenzoyl}amino)ethyl]benzoate (step 3):
"H-NMR (DMSO-ds) 59.11-9.08 (1H, m), 7.86-7.83 (2H, m), 7.64-7.57 (3H, m),
7.49-7.46 (2H, m), 7.25-7.17 (1H, m), 7.11-7.03 (2H, m), 6.98-6.90 (1H, m), 5.21-
5.05 (3H, m), 1.43 (3H, d, J = 7.0 Hz), a peak of COOH was not observed;
MS (ESI) m/z 428 (M + H)*, 426 (M - H)".

EXAMPLE 7
4-1(1 S)-1-({5-CHLORO-2-[(2,3-
DIFLUCROPHENOXYIMETHYLIBENZOYLIAMINO)ETHYL] BENZOIC ACID
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STEP 1. Methyl 5-chloro-2-[(2,3-difluorophenoxy)methyl]lbenzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 2,3-
diflucrophenol:

"H-NMR (CDCl:) §8.03 (1H, d, J = 2.3 Hz), 7.76 (1H, d, J = 8.5 Hz), 7.55 (1H, dd,
J = 8.5, 2.3 Hz), 7.02-6.92 (1H, m), 6.84-6.75 (2H, m), 5.53 (2H, s), 3.93 (3H, ).

STEP 2. 5-Chloro-2-[(2,3-difluorophenoxy)methyl]benzoic acid

The titie compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-[(2,3-
difluorophenoxy)methyllbenzoate (step 1):
"H-NMR (DMSO-dk) §7.92-7.91 (1H, m), 7.74-7.65 (2H, m), 7.19-7.10 (1H, m),
7.06-6.97 (2H, m), 5.53 (2H, s), a peak of COOH was not observed;
MS (ESI) m/z 297 (M - H)".

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(2,3-
difluorophenoxy)methyl]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro—2-[(2,3-difluorophenoxy)methyl]benzoic acid
(step 2) and methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride (step 5 of
Example 1):
'"H-NMR (CDCly) 87.94-7.91 (2H, m), 7.59 (1H, br.s), 7.45 (2H, br.s), 7.39-7.35
(2H, m), 7.00-6.64 (4H, m), 5.35-5.24 (1H, m), 5.18-5.08 (2H, m), 3.91 (3H, s),
153 (3H, d, J = 7.1 Hz);
MS (ESI) m/z 460 (M + H)".

STIP 4 40 S35 Cllore-2- (2,3
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The title compound was prepared according to the procedure described
in step 7 of Example 1 from, methyl 4-[(1S)-1-({5-chloro-2-[(2,3-

diﬂuorobhenoxy)methyl]benzoyl}amino)etﬁyl]benzoate (step 3):

"H-NMR (DMSO-ds) & 9.10-9.07 (1H, m), 7.85-7.82 (2H, m), 7.63 (3H, br.s), 7.47-
5 7.44 (2H, m), 7.09-6.90 (3H, m), 5.30-5.05 (3H, m), 1.43 (3H, d, J = 7.0 Hz), a

peak of COOH was not observed;
MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

EXAMPLE 8
10  4-[(1S)-1-({5-CHLORO-2-[(2.4-
DIFLUOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

0
Cl\@iNL@
oH COOH
FD\F

15  STEP 1. Methyl 5-chloro-2-[(2,4-difluorophenoxy)methyl}benzoate

The title compound was prepared according to the procedure described in

step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 2,4-

difluorophenol:

"H-NMR (CDCls) §8.02 (1H, d, J = 2.2 Hz), 7.78-7.75 (1H, m), 7.57-7.53 (1H, m),

20  7.01-6.73 (3H, m), 5.48 (2H, s), 3.92 (3H, s).

STEP 2. 5-Chloro-2-[(2,4-difluorophenoxy)methyl]benzoic acid

The title compound was prepared according to the procedure described in

step 2 of Example 1 from methyl 5-chloro-2-[(2,4-

25 difluorophenoxy)methyljbenzoate (step 1):

"H-NMR (DMSO-ds) §7.91-7.90 (1H, m), 7.74-7.65 (2H, m), 7.36-7.27 (1H, m),
7.24-7.15 (1H, m), 7.06-6.97 (1H, m), 5.47 (2H, s), a peak of COOH was not

observed;
WS (ES!) m/z 287 (M - H).

&
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STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(2,4-
difluorophenoxy)methyllbenzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(2,4-difluorophenoxy)methyllbenzoic acid
(step 2) and methyl 4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 5 of
Example 1):
"H-NMR (CDCl) 67.94-7.91 (2H, m), 7.61 (1H, br.s), 7.42 (2H, br.s), 7.39-7.36
(2H, m), 6.93-6.73 (4H, m), 5.35-5.25 (1H, m), 5.07 (2H, s), 3.91 (3H, s), 1.53
(3H, d, J =6.9 Hz);
MS (ESI) m/z 460 (M + H)".

STEP 4. 4-[(15)-1-({5-Chloro-2-[(2,4-
diflucrophenoxy)methyl]benzoyl}amino)ethyllbenzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(2,4-
difluorophenoxy)methyl]benzoyl}amino)ethyl]benzoate (step 3):
"H-NMR (DMSO-dg) § 9.10-9.07 (1H, m), 7.85-7.82 (2H, m), 7.59 (3H, br.s), 7.48-
7.45 (2H, m), 7.30-7.21 (1H, m), 7.12-7.03 (1H, m), 6.98-6.90 (1H, m), 5.26-5.05
(3H, m), 1.43 (3H, d, J = 7.0 Hz), a peak of COOH was not observed;
MS (ESI) m/z 446 (M + H)*, 444 (M - HY.

EXAMPLE 9

4-[(15)-1-({5-CHLORO-2-[(2,5-
DIFLUOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

o)
oH : COOH

F

STEP 1. Methyl 5-chlore-2-[(2,5-diflucrophenoxy)methyljbenzoate
The title comoound was crepared according to the procedure described in
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"H-NMR (CDCls) §8.03 (1H, d, J = 2.2 Hz), 7.74 (1H, d, J = 8.4 Hz), 7.55 (1H,
dd, J = 8.4, 2.2 Hz), 7.10-7.01 (1H, m), 6.80-6.73 (1H, m), 6.65-6.57 (1H, m),
5.50 (2H, s), 3.93 (3H, s).

STEP 2. 5-Chloro-2-[(2,5-difluorophenoxy)methyl]benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyi 5-chloro-2-[(2,5-
difluorophenoxy)methyl]benzoate (step 1):

1H-NMR (DMSO-ds) §7.89-7.88 (1H, m), 7.71-7.62 (2H, m), 7.31-7.23 (1H, m),
7.15-7.09 (1H, m), 6.82-6.75 (1H, m), 5.48 (2H, s), a peak of COOH was not
observed.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(2,5-
difluorophenoxy)methyl]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(2,5-difluorophenoxy)methyllbenzoic acid
(step 2) and methyl 4-[(1S)-1-aminoethyljbenzoate hydrochloride (step 5 of
Example 1): '

"H-NMR (CDCls) §7.95-7.92 (2H, m), 7.59 (1H, br.s), 7.48-7.42 (2H, m), 7.39-
7.36 (2H, m), 7.05-6.96 (1H, m), 6.72-6.58 (3H, m), 5.36-5.25 (1H, m), 5.14-5.04
(2H, m), 3.91 (3H, s), 1.53 (3H, d, J = 7.1 Hz);

MS (ESI) m/z 460 (M + H)*.

STEP 4. 4-[(1S)-1-({5-Chloro-2-[(2,5-
diﬂuorophenoxy)methyI]benzoyl}an;:ino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl  4-[(1S)-1-({5-chloro-2-[(2,5-
difluorophenoxy)methyllbenzoyl}amino)ethyi]benzoate (step 3):

"H-NMR (DMSO-ds) §9.11-9.09 (1H, m), 7.84-7.81 (2H, m), 7.60 (8H, br.s), 7.48-
7.45 (2H, m), 7.30-7.20 (1H, m), 7.09-7.01 (iH, m), 6.80-6.72 (1H, m), 5.23 (2H,
s), 5.75-5.05 (iH, m), 1.43 8H, ¢, J = 7.0 Hz), a peak of COOH was not

cr3srvec;
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EXAMPLE 10

44(15)-1-({5-CHLORO-2-[(2.6-
DIFLUOROPHENOXY)METHYL]BENZOYLIAMINO)ETHYL] BENZOIC ACID

o)
He COOH
O@

F

STEP 1. Methyl 5-chloro-2-[(2,6-difluorophenoxy)methyl]benzoate
The title compound was prepared according to the procedure described in
10 step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 2,6-
difluorophenol: ’

"H-NMR (CDCls) § 7.99 (1H, d, J = 2.3 Hz), 7.84 (1H, d, J = 8.4 Hz), 7.56 (1H, dd,
J = 8.4, 2.3 Hz), 7.03-6.84 (3H, m), 5.55 (2H, s), 3.90 (3H, s).

15 STEP 2. 5-Chloro-2-[(2,6-difluorophenoxy)methyl]benzoic acid
The title compound was prepared according to the procedure described in
step 2 of Example 1- from methyl 5-chloro-2-[(2,6-
difluorophenoxy)methyl]benzoate (step 1):

"H-NMR (DMSO-ds) §7.88-7.87 (1H, m), 7.77-7.69 (2H, m), 7.16-7.12 (3H, m),
20 5.53 (2H, s), a peak of COOH was not observed.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(2,6-
. difluorophenoxy)methyl]benzoyl}amino)ethyl]benzoate
The title compound was prepared according to the procedure described in
25 step 6 of Example 1 from 5-chloro-2-[(2,6-difluorophenoxy)methyllbenzoic acid
(step 2) and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride (step 5 of
Example 1):
"H-NMR (CDCls) 6 8.03-8.00 (2H, m), 7.65-7.64 (1H, m), 7.49-7.46 (2H, m), 7.34-
7.21 (4H, w), 7.03-6.85 (2H, m), 5.42-5.18 {34, m}, 3.91 (3H, 5), 1.61 (BH, ¢, J =

3T 8.8z
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STEP 4 4-[(1S)-1-({5-Chloro-2-[(2,6-
dlﬂuorophenoxy)methyl]benzoyl}ammo)ethyl]benzmc acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(2,6-
difltuorophenoxy)methyllbenzoyl}amino)ethyl]lbenzoate (step 3):

"H-NMR (DMSO-ds) §9.06-9.04 (1H, m), 7.89-7.86 (2H, m), 7.69-7.59 (3H, m),
7.49-7.46 (2H, m), 7.13-7.09 (3H, m), 5.33-5.23 (2H, m), 5.15-5.05 (1H, m), 1.43
(3H, d, J = 6.8 Hz), a peak of COOH was not observed;

MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

EXAMPLE 11

4-[(18)-1-({5-CHLORO-2-[(3.4-
DIFLUOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

0
CK@;KNJ\O\
oH < C0O0H

F

STEP 1. Methyl 5-chloro-2-[(3,4-difluorophenoxy)methyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 3,4-
difluorophenol:

"H-NMR (CDCl3) §8.02 (1H, d, J = 2.3 Hz), 7.66 (1H, d, J = 8.4 Hz), 7.53 (1H, dd,
J = 8.4, 2.3 Hz), 7.13-7.02 (1H, m), 6.85-6.77 (1H, m), 6.71-6.65 (1H, m), 5.41
(2H, s), 3.92 (3H, 5).

STEP 2. 5-Chloro-2-[(3,4-difluorophenoxy)methyl]benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example i from methyl 5-chloro-2-[(3,4-
diflucrogheroxy)methylloenzoate (step 1):
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"H-NMR (DMSO-d¢) §7.88-7.87 (1H, m), 7.69-7.61 (2H, m), 7.40-7.30 (1H, m),
7.16-7.08 (1H, m), 6.82-6.77 (1H, m), 5.59 (2H, s), a peak of COOH was not
observed.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(3,4-
difluorophenoxy)methyl]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(3,4-difluorophenoxy)methyl] benzoic acid
(step 2) and methyl 4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 5 of
Example 1):
"H-NMR (CDCly) 87.93-7.90 (2H, m), 7.59 (1H, br.s), 7.45-7.44 (2H, m), 7.36-
7.32 (2H, m), 7.09-6.99 (1H, m), 6.68-6.60 (1H, m), 6.58-6.50 (2H, m), 5.34-5.24
(1H, m), 5.04-4.95 (2H, m), 3.92 (3H, s), 1.52 (3H, d, J = 6.9 Hz);
MS (ESI) m/z 460 (M + H)".

STEP 4. 4-[(1S5)-1-({5-Chloro-2-[(3,4-
difluorophenoxy)methyi]benzoyl}amino)ethyl]lbenzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(3,4-
diﬂuorophenoxy)methyl]benzoyl}amind) ethyllbenzoate (step 3):

"H-NMR (DMSO-ds) 8 9.08-9.05 (1H, m), 7.87-7.82 (2H, m), 7.57 (3H, br.s), 7.48-
7.45 (2H, m), 7.35-7.23 (1H, m), 6.98-6.90 (1H, m), 6.68-6.64 (1H, m), 5.16-5.06
(3H, m), 1.43 (3H, d, J = 6.8 Hz), a peak of COOH was not observed;

MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

EXAMPLE 12
4-[(1S)-1-({5-CHLORO-2-[(3,5-~
DIFLUOROPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID
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STEP 1. Methyl 5-chloro-2-[(3,5-difluorophenoxy)methyl]benzoate
The titie compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 3,5-
difluorophenol:

'"H-NMR (CDCls) § 8.04-8.03 (1H, m), 7.66-7.63 (1H, m), 7.56-7.52 (1H, m), 6.59-
6.40 (3H, m), 5.43 (2H, s), 3.92 (3H, s).

STEP 2. 5-Chloro-2-[(3,5-difluorophenoxy)methyllbenzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-[(3,5-
difluorophenoxy)methyllbenzoate (step 1):

"H-NMR (DMSO-ds) § 7.88 (1H, d, J = 2.2 Hz), 7.69-7.60 (2H, m), 6.84-6.74 (3H,
m), 5.42 (2H, s), a peak of COOH was not observed.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(3,5-
difluorophenoxy)methyllbenzoyl}amino)ethyljbenzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(3,5-difluorophenoxy)methyijbenzoic acid
(step 2) and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride (step 5 of
Example 1):
"H-NMR (CDCls) §7.96-7.93 (2H, m), 7.57 (1H, br.s), 7.45-7.44 (2H, m), 7.37-
7.34 (2H, m), 6.49-6.33 (4H, m), 5.35-5.24 (1H, m), 5.04 (2H, s), 3.92 (3H, s),
153(3H,d,J=69Hz);
MS (ESI) m/z 460 (M + H)*.

STEP 4. 4-[(1S)-1-({5-Chloro-2-[(3,5-
difluorophenoxy)methyllbenzoyi}amino)ethyilbenzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1S)-1-({5-chloro-2-[(3,5-
difluorcphencxy)methylloenzoyl}amino)ethyloenzoate (step 3):
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"H-NMR (DMSO-ds) 89.09-9.06 (1H, m), 7.86-7.83 (2H, m), 7.58 (3H, br.s),
7.49-7.46 (2H, m), 6.80-6.71 (1H, m), 6.64-6.57 (2H, m), 5.22-5.05 (3H, m), 1.43
(3H, d, J = 7.0 Hz), a peak of COOH was not observed;

MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

EXAMPLE 13

4-[(15)-1-({5-CHLORO-2-[(4-
METHYLPHENOXY)METHYL]BENZOYL}AMINO)ETHYL] BENZOIC ACID

o)
CI@iNH@
oH COOH

STEP 1. Methyl 5-chIoro-2-[(4-.methylphenoxy)methyl]benzoate
The title compound was prepared according to the procedure described in

step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 4-
methylphenol:

"H-NMR (CDCls) 58.00 (1H, d, J=2.3 Hz), 7.71 (1H, d, J = 8.4 Hz), 7.51 (1H, dd,
J = 8.4, 2.3 Hz), 7.10-7.07 (2H, m), 6.89-6.85-(2H, m), 5.43 (2H, s), 3.91 (3H, s),
2.29 (3H, s).

STEP 2. 5-Chloro-2-[(4-methylphenoxy)methyl]benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-[(4-methylphenoxy)methyl]benzoate
(step 1):
"H-NMR (DMSO-ds) & 7.85 (1H, m), 7.65-7.59 (2H, m), 7.09-7.06 (2H, m), 6.85-
6.82 (2H, m), 5.37 (2H, s), 2.21 (3H, s), a peak of COOH was not observed.

STEP 3. Methyl 4-[(1S)-1-({5-chloro-2-[(4-
methylphenoxy)methyl]benzoyl}amino)ethyl]benzoate
The tile comoound weas prepared according to the procedure described in



10

15

20

25

30

WO 2005/102389 PCT/1IB2005/000935
191 .

2} and methyl 4-[(1S5)-1-aminoethyllbenzoate hydrochloride (step 5 of Example
1):
"H-NMR (CDCls) §7.89-7.86 (2H, m), 7.68 (1H, br.s), 7.45-7.39 (2H, m), 7.29-
7.26 (2H, m), 7.10-7.07 (2H, m), 7.01-6.99 (1H, m), 6.78-6.75 (2H, m), 5.33-5.22
(1H, m), 5.02-4.93 '(2H, m), 3.91 (3H, s), 2.31 (3H, s), 1.42 (3H, d, J = 6.9 Hz);
MS (ESI) m/z 438 (M + H)*, 436 (M - H)".

STEP 4. 4-[(15)-1-({5-Chloro-2-[(4-
methylphenoxy)methyl]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
stetp 7 of Example 1 from  methyl 4-[(1S)-1-({5-chloro-2-[(4-
methylphenoxy)methylJoenzoyl}amino)ethyllbenzoate (step 3):
1H-NMH (DMSO-ds) 8 9.07-9.04 (1H, m), 7.86-7.83 (2H, m), 7.60-7.53 (3H, m),
7.49-7.46 (2H, m), 7.05-7.02 (2H, m), 6.74-6.71 (2H, m), 5.15-5.03 (3H, m), 2.22
(3H, s), 1.43 (3H, d, J = 7.3 Hz), a peak of COOH was not observed;
MS (ESI) m/z 424 (M + H)*, 422 (M - H)".

EXAMPLE 14
4-{(15)-1-[(5-CHLORO-2-{[(5-FLUOROPYRIDIN-3-
YL)OXYIMETHYLIBENZOYL)AMINOJETHYL}BENZOIC ACID

STEP 1. Methyl 5-chloro-2-{[(5-fluoropyridin-3-yl)oxy]methyi}benzoate

To a solution of 3-fluoro-5-hydroxypyridine (34 mg, 0.30 mmol) in
dimethylformamide (3 mL) was added sodium hydride (60% dispersion in mineral
oil, 12 mg, 0.30 mmol) at 0 °C and the mixture was stirred at room temperature
for 15minutes. To the mixture was added methyl 2-(bromomethyl)-5-
chlorobenzoate (100 mg, 0.4 mmol) in dimethylformamide and the mixture was
stirred at room temperature overnight. The mixture was quenched with water and
extracted with ethyl acetate. The organic layer was washed with brine, dried over
sodium sulfate and evaporated. The residue was purified by flash column
chromategraphy on sitica gel to afford 47 mg (53%) of the title compound:
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"H-NMR (CDCly) §8.25 (1H, d, J = 1.5 Hz), 8.14 (1H, d, J = 2.2 Hz), 8.05 (1H, d,
J = 2.2 Hz), 7.66 (1H, d, J = 8.4 Hz), 7.57 (1H, dd, J = 8.4, 2.2 Hz), 7.10-7.00
(1H, m), 5.51 (2H, s), 3.93 (3H, ).

STEP 2. 5-Chloro-2-{[(5-fluoropyridin-3-yl)oxy]methyl}benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-{[(5-fluoropyridin-3-
yl)oxy]methyl}benzoate (step 1). The title compound was used in the next step
without further purification:
MS (ESI) m/z 280 (M - H)".

STEP 3. Methyl 4-{(15)-1-[(5-chloro-2-{[(5-fluoropyridin-3-
yl)oxy]methyl}benzoyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-{[(5-fluoropyridin-3-yl)oxy]methyl}benzoic
acid (step 2) and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride (step 5 of
Example 1):
"H-NMR (CDCls) 6 8.18-8.10 (2H, m), 7.95 (2H, d, J = 8.3 Hz), 7.60-7.43 (3H, m),
7.38 (2H, d, J = 8.3 Hz), 6.89 (1H, dt, J = 10.0, 2.4 Hz), 6.49-6.42 (1H, m), 5.37-
5.22 (1H, mi, 5.16 (2H, s), 3.92 (3H, s), 1.55 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 443 (M + H)*.

STEP 4. 4-{(1S)-1-[(5-Chloro-2-{[(5-fluoropyridin-3-
yI)oxy]methyl}benzoyl)amiho]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-{(15)-1 -[(5-chloro-2-{[(5-fluoropyridin-3-
yl)oxy]methyl}benzoyl)amino]ethyl}benzoate (step 3):
"H-NMR (DMSO-ds) $9.10 (1H, d, J = 8.1 Hz), 8.23-8.09 (2H, m), 7.84 (2H, d, J =
8.2 Hz), 7.60-7.50 (3H, m), 7.47 (2H, d, J = 8.2 Hz), 7.38-7.28 (1H, m), 5.25 (2H,
s), 5.10 (1H, dg, J = 8.1, 6.9 Hz), 1.43 (8H, d, J = 6.9 Hz),
WS (ESI) m/z 429 (M + H)¥, 427 (M - H)".
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4-{(1S)-1-[(5-CHLORO-2-{[(5-CHLOROPYRIDIN-3-
YL)OXY]METHYLYBENZOYL)AMINO]ETHYL}BENZOIC ACID

STEP 1. Methyl 5-chloro-2-{[(5-chloropyridin-3-yl)oxy]methyl}benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 1 from methyl 2-(bromomethyl)-5-chlorobenzoate and 3-
chloro-5-hydroxypyridine:

"H-NMR (CDCls) $8.29 (1H, d, J = 2.8 Hz), 8.22 (1H, d, J = 2.0 Hz), 8.05 (1H, d,
J = 2.2 Hz), 7.66 (1H, d, J = 8.4 Hz), 7.56 (1H, dd, J = 8.4, 2.2 Hz), 7.35-7.25
(1H, m), 5.50 (2H, s), 3.92 (3H, s).

STEP 2. 5-Chloro-2-{[(5-chloropyridin-3-yl)oxy]methyl}benzoic acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-{{(5-chloropyridin-3-
yl)oxy)methyljbenzoate (step 1): MS (ESI) m/z 296 (M - H)'.

STEP 3. Methyl 4-{(15)-1-[(5-chloro-2-{[(5-chloropyridin-3-
yl)oxy]methyl}benzoyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-{[(5-chloropyridin-3-yl)oxy]methyl}benzoic
acid (step 2) and methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride (step 5 of
Example 1):
"H-NMR (CDCls) 5 8.23-8.15 (2H, m), 7.95 (2H, d, J = 8.3 Hz), 7.57-7.54 (1H, m),
7.48 (2H, s), 7.38 (2H, d, J = 8.3Hz), 7.15 (1H, t, J = 2.2Hz), 6.45-6.35 (1H, m),
5.35-5.22 (1H, m), 5.15 (2H, s), 3.92 (3H, s), 1.56 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 459 (M + H)*.

STEP 4. 4-{(1S)-1-[(5-Chloro-2-{[(5-chloropyridin-3-
yl)oxylmethyl}benzoyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from 4-{(15)-1-[(5-chloro-2-{[(5-chloropyridin-3-
yl)exylmethyl}aenzoyliaminolelhyl}senzoate

fetpm Y
(el N fe
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"H-NMR (DMSO-ds) §9.09 (1H, d, J = 8.6 Hz), 8.23-8.15 (2H, m), 7.84 (2H, d, J
= 8.2 Hz), 7.60 (3H, br.s), 7.50-7.40 (3H, m), 5.34-5.20 (2H, m), 5.19-5.00 (1H,
m), 1.43 (3H, d, J =6.9 Hz) ;

MS (ES!) m/z 445 (M + H)*, 443 (M - H)".

EXAMPLE 16 '
4-[(15)-1-({5-CHLORO-2-
[(CYCLOPENTYLOXY)METHYL]BENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. 5-Chloro-2-[(cyclopentyloxy)methyl]benzoic acid

A mixture of methyl 2-(bromomethyl)-5-chlorobenzoate (200 mg, 0.80
mmol), cyclopentanol (379 mg 4.4 mmol), and potassium tert-butoxide (448 mg,
4.0 mmol) in tetrahydrofuran (8 mL) was stirred at room temperature for 3 hours.
The mixture was acidified with 2 N hydrochloric acid and the acidic aqueous
mixture was extracted with ethyl acetate. The organic layer was washed with
brine, dried over sodium sulfate and evaporated. The residue was purified by
flash column chromatography on silica gel eluting with hexane/ethyl acetate (1/1)
to afford 100 mg (49%) of the title compound:

'H-NMR (CDCls) §8.05 (1H, d, J = 2.2 Hz), 7.58 (1H, d, J = 8.4 Hz), 7.52 (1H, dd,
J=8.4,2.2 Hz), 4.78 (2H, s), 4.15-4.05 (1H, m), 1.90-1.50 (8H, m);
MS (ESI) mvz 253 (M - HY.

STEP 2. Methyl 4-[(1S)-1-({5-chloro-2-
[(cycIopentyloxy)methyl]bénzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(cyclopentyloxy)methyl]benzoic acid (step 1)
and methy! 4-[(15)-1-aminoethyl]benzoate hydrochloride (step 5 of Example 1):
'H-NMR (DMSO-ds) & 8.17-8.07 (1H, m), 8.03 (2H, d, J =8.4 Hz), 7.80 (1H, d, J =
2.1 Hz), 7.47 (2H, d, J = 8.4 Hz), 7.38 (1H, dd, J = 8.1, 2.1 Hz), 7.25 (1H, d, J =
8.1 Hz), 5.45-5.30 (1H, m), 4.50 (1H, d, J = 11.7 Hz), 4.44 (1H, d, J = 11.7 Hz),
3.08-3.87 (4H, m), 1.80-1.40 (11H, m);

MG IEED Tz A18 (W + H), L14 (- )
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STEP 3. 4-[(1S)-1-({5-Chloro-2-
[(cyclopentyloxy)methyl]benzoyl}amino)ethyl]benzoic acid
The title compound was prepared according to the procedure described in

step 7 of Example 1 from methyl 4-[(15)-1-({5-chloro-2-
[(cyclopentyloxy)methyl]benzoyl}amino)ethyl]benzoate
(step 2):
1H-I\iMFi (DMSO-ds) 8 8.97 (1H, d, J = 7.7 Hz), 7.93 (2H, d, J = 7.9 Hz), 7.60-7.40
(5H, m), 5.22-5.04 (1H, m), 4.42 (2H, s), 3.90-3.80 (1H, br), 1.70-1.35 (11H, m);
MS (ESI) m/z 402 (M + H)*, 400 (M - H)".

EXAMPLE 17
4-((15)-1-{[5-CHLORO-2-
}ISOBUTOXYMETHYL)BET\iZOYL|AMINO[ETHYL)BENZOIC ACID

STEP 1. 5-Chloro-2-(isobutoxymethyl)benzoic acid

The title compound was prepared according to the procedure described in
step 1 of Example 16 from methyl 2-(bromomethyl)-56-chlorobenzoate and 2-
methylpropan-1-ol:
"H-NMR (CDCls) §8.05 (1H, d, J = 2.4 Hz), 7.61 (1H, d, J = 8.4Hz), 7.53 (1H, dd,
J = 8.4, 2.4 Hz), 4.82 (2H, s), 3.36 (2H, d, J = 6.4Hz), 2.05-1.88 (1H, m), 0.96
(6H, d, J =6.6 Hz) ;
MS (ESI) m/z 241 (M - H)".

STEP 2. Methyl 4-((1S)-1-{[5-chloro-2-
(isobutoxymethyl)benzoyl]amino}ethyl)benzoate

‘ The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-(isobutoxymethyl)benzoic acid (step 1) and
methy! 4-[(15)-1-aminoethyl]benzoate hydrochloride (step 5 of Example 1):
MS (ESI) m/z 404 (M + H)*, 402 (M - H)".

STEP 3. 4~((1S)-1-{[5-Chloro-2-

‘sebutonymethyl)tenzoyjeminoleiny)senzois acld
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The title compound was prepared according to the procedure described in step
7 of Example 1 from,  methyl 4-((1S)-1-{[5-chloro-2-
(isobutoi(ymethyl)benzoyl]amino}ethyl)benioate (step 2):
"H-NMR (DMSO-ds) 5 8.97 (1H, d, J = 8.1 Hz), 7.92 (2H, d, J = 7.9 Hz), 7.55-7.45
(5H, m), 5.12 (1H, dq, J = 8.1, 7.0 Hz), 4.49 (1H, d, J = 13.0 Hz), 4.44 (1H, d, J =
13.0 Hz), 3.09 (2H, d, J = 6.2 Hz), 1.80-1.65 (1H, m), 1.44 (3H, d, J = 7.0 Hz)
0.82 (6H, d, J = 6.8 Hz); ‘
MS (ESI) m/z 390 (M + H)*, 388 (M - H)".

EXAMPLE 18
-{(1S)-1-[({5-CHLORO-2-[(4-CHLOROPHENOXY)METHYL]PYRIDIN-3-

YL}CARBONYL)AMINOJETHYL}BENZOIC ACID

STEP 1. 3-Chlorofuro[3,4-b}pyridin-5(7 H)-one

A mixture of crude methyl 5-chloro-2-methylnicotinate 1-oxide (Organic
letters, 2001, 3, 209, 2.29 mmol) and trifluoroacetic acid (453 ulL, 3.21 mmol) in
dichloromethane (20 mL) was stirred at room temperature for 2 days and heated
at 45 °C for 1 hour. The mixture was partitioned between sat. aqueous sodium
hydrogen carbonate (50 mL) and ethyl acetate (50 mL). The organic layer was
washed witH brine (50 mL), dried (sodium sulfate), and evaporated. The residue
was purified by flash column chromatography on silica gel eluting with
hexane/ethyl acetate (1/1) to afford 225 mg of the title compound.

"H-NMR (CDCls) § 8.55 (1H, d, J=2.0 Hz), 8.19 (1H, d, J=2.0 Hz), 5.34 (2H, s).

STEP 2. 5-Chloro-2-[(4-chlorophenoxy)methyl]nicotinic acid

A mixture of 3-chlorofuro[3,4-b]pyridin-5(7H)-one (step 1, 110 mg, 0.65
mmol) and 4-choloro phenol (416 mg, 3.24 mmol) was heated to 130 °C under
N,, then sodium methoxide (28% methanol solution, 250 mg, 1.30 mmol) was
added dropwise to the mixture at 130 °C. The mixture was heated at the same
temperature for 4 hours. After cooling, to the mixture was added 10% aqueous
citric acid and the mixiure was extracted with ethyl acetaie. The extracts were
dried over scdium sulfale and evapeorated. The residue was purfied By fash
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MS (ESI) m/z 298 (M + H)*, 296 (M - H)"

STEP 3. Methyl 4-{(1S)-1-[({5-chloro-2-[(4-chlorophenoxy)methyl]pyridin-3-
yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(4-chlorophenoxy)methyl]nicotinic acid (step
2) and methyl 4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 5 of Example
1):
MS (ESI) m/z 459 (M + H)*, 457 (M - Hy’

STEP 4. 4-{(18)-1-[({5-Chloro-2-[(4-chlorophenoxy)methyl]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
sttp 7 of Example 1 from methyl 4-{(1 S)-1-[({5-chloro-2-[(4-
chlorophenoxy)methyl]pyridin-3-yljcarbonyl)amino]ethyl}benzoate (step 3):
"H-NMR (DMSO-dg) §9.17 (1H, d, J = 7.5 Hz), 8.72 (1H, s), 8.08 (1H, s), 7.85
(2H, d, J =7.9 Hz), 7.46 (2H, d, J = 7.9 Hz), 7.26 (2H, d, J = 7.5 Hz), 6.83 (2H, d,
J =7.5Hz), 5.23 (1H, d, J = 11.9 Hz), 5.18 (1H, d, J = 11.9 Hz), 5.13-5.15 (1H,
m), 1.41 (3H,d, J=7.3Hz);
MS (ESI) m/z 445 (M + H)*, 443 (M - HY".

EXAMPLE 19

4-((18)-1-{[5-CHLORO-2-({3-
METHYLAMINO)CARBONYL]PHENOXY}METHYL)BENZOYL]AMINO}ETHY

L)BENZOIC ACID
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The title compound was prepared according to the procedure described
in step 1 of Example 1 from methyl 2-(bromoethyl)-5-chlorobenzoate and 3-
hydroxy-N-methylbenzamide (WO 2003018566):

"H-NMR (CDCl3) §8.02 (1H, d, J=2.3 Hz), 7.68 (1H, d, J=8.4 Hz), 7.52 (1H, dd,
J=8.4, 2.3 Hz), 7.43-7.29 (3H, m), 7.12-7.08 (1H, m), 5.49 (2H, s), 3.91 (3H, s),
3.01 (3H, d, J=4.9 Hz), a peak of NH was not observed;

MS (ESI) m/z 334 (M + H)".

STEP 2. 5-Chloro-2-({3-[(methylamino)carbonyl]phenoxy}methyl)benzoic
acid

The title compound was prepared according to the procedure described in
step 2 of Example 1 from methyl 5-chloro-2-({3-
[(methylamino)carbonyl]phenoxy}methyl)benzoate (step 1):

"H-NMR (DMSO-dt) & 8.43-8.41 (1H, m), 7.89 (1H, br.s), 7.70-7.63 (2H, m), 7.42-
7.33 (3H, m), 7.12-7.09 (1H, m), 5.45 (2H, s), 2.75 (3H, d, J = 4.5 Hz), a peak of
COOH was not observed);

MS (ESI) m/z 320 (M + H)*, 318 (M - H)".

STEP 3. Methyl 4-((1S)-1-{[5-chloro-2-({3-
[(methylamino)carbonyl]phenoxy}methyl)benzoyljJamino}ethyl)benzoate
The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-({3-
[(methylamino)carbonyilphenoxy}methyl)benzoic acid (step 2) and methyl 4-[(15)-
1-aminoethyl]benzoate hydrochloride (step 3 of Example 1):
"H-NMR (CDCl3) §9.08 (1H, d, J = 7.6 Hz), 8.40-8.39 (1H, m), 7.83 (2H, d, J =
8.2 Hz), 7.61-7.54 (3H, m), 7.48 (2H, d, J = 8.2 Hz), 7.42-7.38 (2H, m), 7.30 (1H,
t, J = 7.8 Hz), 6.97-6.94 (1H, m), 5.21-5.04 (3H, m), 3.81 (3H, s), 2.75 (3H, d, J =
4.5 Hz), 1.41 (3H, d, J=7.1 Hz);
MS (ESI) m/z 481 (M + H)*, 479 (M - H)".

STEP 4. 4-{(1S)-1-{5-Chlore-2-({3-
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The title compound was prepared according to the procedure described
in step 7 of Example 1 from methyl 4-((15)-1-{[5-chloro-2-({3-
[(methylamino)carbonyl]phenoxy}methyl)benzoyljamino}ethyl)benzoate (step 3):
"H-NMR (DMSO-ds) 5 8.97-8.94 (1H, m), 8.31-8.29 (1H, m), 7.76-7.73 (2H, m),
7.47-7.14 (8H, m), 6.89-6.84 (1H, m), 5.08-4.94 (3H, m), 2.65 (3H, d, J = 4.3 Hz),
1.31 (3H, d, J = 7.0 Hz), a peak of COOH was not observed;
MS (ESI) m/z 467 (M + H)*, 465 (M - H)".

EXAMPLE 20

4-{(1S)-1-[({5-CHLORO-2-[(3-CHLOROPHENOXY)METHYL]PYRIDIN-3-
YL}CARBONYL)AMINOJETHYLIBENZOIC ACID

STEP 1. 5-Chloro-2-[(3-chlorophenoxy)methyl]nicotinic acid
The title compound was prepared according to the procedure described in

step 2 of Example 18 from 3-chlorofuro[3,4-b]pyridin-5(7H)-one (Organic letters,

2001, 3, 209.) and 3-choloro phenol :

MS (ESI) m/z 298 (M + H)*, 296 (M - H)

STEP 2. Methyl 4-{(15)-1-[({5-chloro-2-[(3-chlorophenoxy)methyl]pyridin-3-
yl}carbonyliamino]ethyl}benzoate )

The title compound was prepared according to the procedure described in
step 3 of Example 1 from 5-chloro-2-[(3-chlorophenoxy)methyl]nicotinic acid
(step 1) and methyl 4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 5 of
Example 1):

MS (ESI) m/z 459 (M + H)*, 457 (M - H)

STEP 3. 4-{(1S)-1-[({5-Chloro-2-[(3-chlorophenoxy)methyl]pyridin-3-
yi}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
sttp 3 of Example 1 from methyl 4-{(15)-1-[({5-chloro-2-[(3-
chlorophenoxy)methyllpyridin-3-yljcarbonyl)amino]ethyljbenzoate (siep 2):
"4NMR (MSO-d5) §9.96 (14, ¢, J = 8.8 Hz), 8.73 (1F, s), 8.08 (I, s), 7.8¢
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' J=7.6 Hz), 6.93 (1H, s), 6.85-6.75 (1H, m), 5.29-5.22 (2H, m), 5.20-5.00 (1H,
m), 1.42 (3H, d, J = 7.2 Hz);
MS (ESI) m/z 445 (M + H)*, 443 (M - HY.

EXAMPLE 21
4-{(1S)-1-[({2-[(4-CHLOROPHENOXY)METHYL]-5-FLUOROPYRIDIN-3-
YLICARBONYL)AMINOJETHYL}BENZOIC ACID

0
FTBI;NJ\@\COZH
L

Cl

STEP 1. Methyl 2-chloro-5-fluoronicotinate

To a solution of 2-chloro-5-fluoronicotinic acid (5.2 g, 30 mmol) in
methanol (20 ml) was added conc. sulfuric acid (0.5 ml) and the reaction mixture
was stirred at reflux for 30 hours. The reaction mixture was cooled to 0 °C and
0.5 N sodium hydroxide solution was added to the mixture. The whole was
extracted with diethylether. The organic phase was washed with brine, dried
(sodium sulfate), and concentrated to afford 3.2 g (25%) of the title compound:
'H-NMR (CDCls) & 8.41 (1H, d, J = 3.0 Hz), 7.93 (1H, dd, J = 3.0, 7.6 Hz), 3.98
(3H, s).

STEP 2. Methyl 5-fluoro-2-methylnicotinate

A mixture of methyl 2-chloro-5-fluoronicotinate (step 1, 1.5 g, 7.91 mmol),
tetrakis(triphenylphoshine)palladium (914 mg, 0.79 mmol), methyboronic acid
(521 mg, 8.70 mmol) and potassium carbonate (3.28 g, 23.7 mmol) in 1,4-
dioxane (20 ml) was heated at 110 °C for 20 h under nitrogen atmosphere. The
reaction mixture was filtered through a pad of celite (Celite(trademark)
(diatomaceous earth)) and the filtrate was concentrated. The residue was
purified by flush column chromatography on silica gel eluting with hexane/ethyl
acetate (20/1 to 4/1) to afford 936 mg (64%) of the title compound:
"H-NMIR (CDCls) 8 8.49 (1H, d, J = 3.0 Hz), 7.83 (iH, dd, J = 3.0, 8.7 Hz), 3.94

(&) 8), 2.81 3H, s}
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STEP 3. Methyl 5-fluoro-2-methylnicotinate 1-oxide

To a cooled (0 °C) solution of methyl 5-fluoro-2-methylnicotinate (step 2,
936 mé, 553 mmol) in dichlorométhane (100 ml) was added 3-
chlorobenzenecarboperoxoic acid (2.38 g, 13.8 mmol) and the reaction
suspension was stired overnight at room temperature. The reaction was
quenched by the addition of sat. sodium thiosulfate solution and sat. sodium
bicarbonate solution was added. The whole mixture was extracted with
dichloromethane. The organic phase was dried over sodium sulfate and
concentrated to afford 1.12 g (quant.) of title compound:
'H-NMR (CDCls) 5 8.40-8.03 (1H, m), 7.52 (1H, dd, J = 2.3, 7.7 Hz), 3.96 (3H, s),
2.73 (3H, s).

STEP 4. 3-Fluorofuro[3,4-b]pyridin-5(7 H)-one

The title compound was prepared according to the procedure described in
step 1 of Example 18 from methyl 5-fluoro-2-methylnicotinate 1-oxide (step 3):
'"H-NMR (CDCls) § 8.80-8.74 (1H, m), 7.89 (1H, dd, J = 2.6, 6.6 Hz), 5.35 (2H, s).

STEP 5. 2-[(4-Chlorophenoxy)methyl]-5-fluoronicotinic acid

The title compound was prepared according to the procedure described in
step 2 of Eiample 18 from 3-fluorofuro[3,4-b]pyridin-5(7H)-one (step 4) and 4-
chlorophenol:
MS (ESI) m/z 282 (M + H)*, 280 (M - H)".

STEP 6. Methyl 4-{(1S)-1-[({2-[(4-Chlorophenoxy)methyl}-5-fluoropyridin-3-
yl}carbonyl)aminolethyl}benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 2-[(4-chlorophenoxy)methyl]-5-fluoronicotinic acid (step
5) and methyl 4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 5 of Example
1):
'H-NMR (CDCls) & 8.54 (1H, d, J = 3.0 Hz), 7.90 (2H, d, J = 8.2 Hz), 7.80 (1H, dd,
J = 2.8, 8.2 Hz), 7.35-7.20 (5H, m), 6.83 (2H, d, J = 8.1 Hz), 5.36-5.23 (iH, m),
5.17 {iH, d, J = 10.1 Hz), 5.12 (1M, d, J = 10.1 Hz), 3.93 (3H, s), 1.48 3H, d, J =

3.9 -z.
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STEP 7. 4-{(15)-1-[({2-[(4-Chlorophenoxy)methyl]-5-fluoropyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid
The title compound was prepared according to the procedure described in

step 7 of Example 1 from methyl 4-{(1 S)-1-[({2-[(4-chlorophenoxy)methyl]-5-
fluoropyridin-3-yljcarbonyl)amino]ethyl}benzoate (step 6):
'H-NMR (CDCl) § 8.55 (1H, d, J = 2.9 Hz), 7.97 (2H, d, J = 8.2 Hz), 7.82 (1 H, dd,
J =29, 8.1 Hz), 7.38-7.20 (5H, m), 6.86 (2H, d, J = 8.9 Hz), 5.36-5.25 (1H, m),
5.22-5.10 (2H, m), 1.49 (3H, d, J = 6.9 Hz);
MS (ESI) m/z 429 (M + H)*, 427 (M - H)".

EXAMPLE 22
4-{(15)-1-[(5-CHLORO-2-{[(5-CHLOROPYRIDIN-2-
YL[(METHYL)AMINO|METHYL[BENZOYL!AMINO|ETHYL[BENZOIC ACID

(o}
Reeav!
NH CO,H
-~ RN
o

STEP 1. Methyl 5-chloro-2-{[(5-chloropyridin-2-
Nmethyl)amino]methyllbenzoate -

To s suspension of sodium hydride (60% dispersion in mineral oil, 46 mg,
1.1 mmol) in terahydorofuran (4 ml) was added 5-chloro-N-methylpyridin-2-amine
(128 mg, 1.14 mmol) in tetrahydrofuran (5 ml) at room temperature and stirred for
30 min. The mixture was added methyl 2-(bromomethyl)-5-chlorobenzoate (250
mg, 0.95 mmol) in tetrahydrofuran (5 ml) at room temperature and stirred at 80 °C
for 8 hr. After cooling to room temperature, the mixture was added water and
extracted with ethy! acetate. The organic layer was dried over sodium sulfate and
evaporated. The residue was purified by flush column chromatography on silica
gel eluting with hexane/ethyl acetate (10/1) to afford 102 mg (33%) of the title
compound:

"4-NMR (CDCla) & 8.07 (1H, d, J = 2.6 Hz), 7.99 (iH, d, J = 2.2 Hz), 7. 42-7.33
(2H, m), 7.09 (1H, ¢, J = 8.3 Hz), 6.83 (i, d, J = 9.0 Hz), 5.07 (2, 5), 3.91 (3H,

e}y @47 (2L o)
T e Y., Wie



10

15

20

25

30

WO 2005/102389 PCT/IB2005/000935

203

STEP 2. 5-Chloro-2-{[(5-chloropyridin-2-yl)(methyl)amino]methyl}benzoic
acid
The title compound was prepared according to the procedure described in

step 2 of Example 1 from methyl 5-chloro-2-{[(5-chloropyridin-2-
yl)(methyl)amino]methyl}benzoate (step 1):
"H-NMR (CDCls) & 8.02-7.97 (1H, m), 7.93-7.89 (1H, m), 7.46 (1H, dd, J = 2.6,
9.2 Hz), 7.38 (1H, d, J = 2.4, 8.3 Hz), 7.18 (1H, d, = 8.3 Hz), 6.51 (1H, d, J=9.2
Hz), 4.98-4.89 (2H, br.s), 3.29 (3H, s).

STEP 3. Methyl 4-{(1S)-1-[(5-chloro-2-{[(5-chloropyridin-2-
yl)(methyl)amino]methyi}benzoyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-{[(5-chloropyridin-2-
yl)(methyl)amino]methyl}benzoic acid (step 2) and methyl 4-{(15)-1-
aminoethyl]benzoate hydrochloride (step 5 of Example 1):
"H-NMR (CDCl3) 8 8.19 (1H, d, J = 7.8 Hz), 8.02 (2H, d, J = 8.2 Hz), 7.72 (1H, d,
J = 2.6 Hz), 7.49 (1H, d, J = 2.1 Hz), 7.45 (2H, d, J = 8.2 Hz), 7.40 (1H, dd, J =
2.6, 9.1 Hz), 7.27 (1H, dd, J = 2.1, 8.2 Hz), 7.15 (1H, d, J = 8.2 Hz), 6.48 (1H, d, J
= 9.1 Hz), 5.42-5.27 (1H, m), 4.82 (1H, d, J = 16.3 Hz), 4.69 (1H, d, J = 16.3 Hz),
3.92 (3H, s), 3.20 (3H, s), 1.60 (3H, d, J = 6.9 Hz).

STEP 4. 4-{(1S)-1-[(5-Chloro-2-{[(5-chloropyridin-2-
yl)(methyl)amino]methyl}benzoyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl .4-{(15)-1-[(5-chloro-2-{[(5-chloropyridin-2-
yl)(methyl)amino]methyl}benzoyl)amino]ethyl}benzoate (step 3):
"H-NMR (CDCl3) § 8.23 (1H, d, J = 7.6 Hz), 8.07 (2H, d, J = 8.2 Hz), 7.74 (1H, d,
J = 2.2 Hz), 7.54-7.44 (3H, m), 7.41 (1H, dd, J = 2.6, 9.1 Hz), 7.31-7.25 (1H, m),
7.15 (1H, d, J = 8.4 Hz), 6.49 (1H, d, J = 9.1 Hz), 5.43-5.30 (1H, m), 4.84 (1H, d,
J=16.5Hz), 4.71 (1H, d, J = 16.5 Hz), 3.21 (3H, s), 1.61 (3H, d, J = 6.9 Hz);
MS (ESH) m/z 458 (M + H)*, 456 (M - H).
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4-{(15)-1-({5-CHLORO-2- |
CYCLOHEXYLMETHOXY)METHYL]BENZOYLIAMINO)ETHYL}BENZOIC

ACID
Cl ?
IS¢ A 0!
CO.H

o)

O

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-
[(cyclohexylmethoxy)methyl]benzoyl}amino)ethyl]benzoate

To a solution of potassium tert-butoxide (533 mg, 4.75 mmol) in
tetrahydrofuran (2.5 ml), mé}hyl 2-(bromomethyl)-5-chlorobenzoate (250 mg, 0.95
mmol) in tetarahydrofuran (2.5 ml) at 0 °C. The reaction mixture was stirred at
room temperature for 2hours. The resulting solution was acidified with 2 N
hydrochloric acid solution (pH ca. 2) at 0 °C. It was extracted with
dichloromethane, the organic extracts were dried over sodium sulfate and
concentrated to  afford 302 mg of crude  5-chloro-2-
[(cyclohexylmethoxy)methyllbenzoic acid. This carboxylic acid was converted
into 132 mg (31%) of the title compound according to the procedure described in
step 6 of Example 1:

'"H-NMR (CDCl,) & 8.13-8.03 (1H, m), 8.03 (2H, d, J = 8.2 Hz), 7.81 (1H, d, J =
2.2 Hz), 7.47 (2H, d, J = 8.2 Hz), 7.38 (1H, dd, J = 2.2, 8.1 Hz), 7.24 (1H, d, J =
8.1 Hz), 5.48-5.29 (1H, m), 4.51 (1H, d, J = 11.5 Hz), 4.44 (1H, d, J = 11.5 Hz),

3.91 (3H, s), 3.26-3.10 (2H, m), 1.75-1.54 (6H, m), 1.59 (8H, d, J =7.1 Hz), 1.50-

1.35 (1H, m), 1.23-1.05 (2H, m), 0.93-0.73 (2H, m).

STEP 2. 4-{(1S)-1-({5-Chloro-2-
[(cyclohexylmethoxy)methyl]benzoyl}amino)ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example i from methyt  4-[(1S)-1-({5-chloro-2-
[{cycichesylmathoxy)methyibenzoyhamino)ethylberzozte (step 1):
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'"H-NMR (CDCls) $ 8.14 (1H, d, J = 7.4 Hz), 8.09 (2H, d, J = 8.2 Hz), 7.83 (1H, d,
J =23 Hz), 7.50 (2H, d, J = 8.2 Hz), 7.39 (1H, dd, J = 2.3, 8.1 Hz), 7.25 (1H, d, J
= 8.1 Hz), 5.48-5.33 (1H, m), 4.53 (1H, d, J = 11.5 Hz), 4.46 (1H, d, J = 11.5 H2),
3.29-3.12 (2H, m), 1.74-1.58 (6H, m), 1.61 (3H, d, J = 6.9 Hz), 1.53-1.33 (1 H, m),
1.26-1.08 (2H, m), 0.93-0.78 (2H, m);

MS (ESI) m/z 458 (M + H)*, 456 (M - HY.

EXAMPLE 24
4-{(15)-1-({5-CHLORO-2-[(2,2-
DIMETHYLPROPOXY)METHYL]BENZOYL}AMINO)ETHYL BENZOIC ACID

CI\©§NJ\©COZH

o

.

STEP 1. Methyl 4-[(15)-1-({5-chloro-2-[(2,2-
dimethylpropoxy)methyl]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in

step 1 of Example 23 from methy! 2-(bromoethyl)-5-chlorobenzoate via 5-chloro-
2-[(2,2-dime{hylpropoxy)methyl]benzoic acid as an intermediate:
"H-NMR (CDCl3) 6 8.12-8.00 (1H, m), 8.03 (2H, d, J = 8.4 Hz), 7.81 (1H, d, J =
2.3 Hz), 7.48 (2H, d, J = 8.4 Hz), 7.39 (1H, dd, J = 2.3, 8.1 Hz), 7.26 (1H,d, J =
8.1 Hz), 5.46-5.33 (1H, m), 4.53 (2H, s), 3.91 (3H, s), 3.10 (1H, d, J = 8.6 Hz),
3.03 (1H, d, J = 8.6 Hz), 1.59 (3H, d, J = 7.1 Hz), 0.84 (9H, s).

STEP 2. 4-{(15)-1-({5-Chloro-2-[(2,2-
dimethylpropoxy)methyl]benzoyl}amino)ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-[(1 S)-1-({5-chloro-2-[(2,2-
dimethylpropoxy)methyl]benzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (CDCl3) 6 8.13-8.05 (3H, m), 7.84 (1, d, J = 2.2 Hz), 7.51 (2H, d, J =
8.2 Hz), 7.40 (1+, 44, J = 2.2, 8.¢ Hz), 7.26 {*H, d, J = 8.1 Hz), 5.48-5.34 (I},
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m), 4.55 (2H, s), 3.11 (1H, d, J = 8.6 Hz), 3.04 (1H, d, J = 8.6 Hz), 1.61 (3H, d, J
— 6.9 Hz), 0.84 (9H, s);
MS (ESI) m/z 404 (M + H)*, 402 (M - H)"

EXAMPLE 25

4-{(15)-1-[(5-CHLORO-2-{[(5-FULUOROPYRIDIN-2-
YLYMETHYL)AMINOIMETHYL}BENZOYL)AMINOJETHYL}BENZOIC ACID

STEP 1. 5-Fluoro-N-methylpyridin-2-amine

To a suspension of sodium hydride (60% dispersion in mineral oil, 117.8
mg, 4.91 mmol) in tetrahydrofuran (25 mil) was added a solution of 5-
fluoropyridin-2-amine (500 mg, 4.46 mmol) in tetrahydrofuran (25 mil) at room
temperature and the reaction mixture was stirred at 40 °C for 30 min. Then to the
reaction mixture was added methyl iodide (696.9 mg, 4.91 mmol) at -40 °C and
the resulting mixture was stand at room temperature overnight with stirring. The
reaction was quenched by the addition of water and whole mixture was extracted
with ethyl acetate. The organic extracts were dried over sodium sulfate and
concentrated. The residue was purified by flush column chromatography on silica
gel eluting with hexane/ethyl acetate (4/1) to afford 129 mg (23%) of the title
compound: '

'"H-NMR (CDCls) 5 7.97 (1H, d, J = 2.6 Hz), 7.28-7.17 (1H, m), 6.34 (1H, dd, J =
3.5, 9.1 Hz), 2.90 (3H, d, J = 5.1 Hz).

STEP 2. Methyl 5-chloro-2-{[(5-fluoropyridin-2-
yl)(methyl)amino]methyl}benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 22 from methyl 2-(bromoethyl)-5-chlorobenzoate and 5-fluoro-
N-methylpyridin-2-amine (step 1):
"H-NMR (CDCls) 8 8.00 (1H, d, J = 3.3 Hz), 7.99 (1H, d, J = 2.2 Hz), 7.39 (1H, dd,
J =22, 8.4 Hz) 7.25-7.16 (1H, m), 7.13 (1H, d, J = 8.4 Hz), 6.37 (1H, dd, J = 3.3,
9.2 Hz), 5.05 (2H, s), 3.20 (3H, s), 3.11 (3H, s).
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STEP 3. Methyl 4-{(15)-1-[(5-chloro-2-{[(5-fluoropyridin-2-
yl)(methyl)amino]methyl}benzoyl)amino]ethyl}benzoate
The title compound was prepared according to the procedure described in

step 2 and 6 of Example 1 from methyl 5-chloro-2-{[(5-fluoropyridin-2-
yl)(methyl)amino]methyl}benzoate (step 2) via 5-chloro-2-{[(5-fluoropyridin-2-
yl)(methyllamino]methyl}benzoic acid as an intermediate:
"H-NMR (CDCl3) § 8.32 (1H, d, J = 7.3 Hz), 8.00 (2H, d, J = 8.3 Hz), 7.71 (1H, d,
J = 2.9 Hz), 7.49 (1H, d, J = 2.0 Hz), 7.43 (2H, d, J = 8.3 Hz), 7.31-7.19 (2H, m),
7.16 (1H, d, J = 8.3 Hz), 6.48 (1H, dd, J = 3.3, 9.4 Hz), 5.43-5.25 (1H, m), 4.78
(1H, d, J = 16.3 Hz), 4.67 (1H, d, J = 16.3 Hz), 3.90 (3H, s), 3.17 (3H, s), 1.57
(3H, d, J=7.2Hz).

STEP 4. 4-{(1S)-1-[(5-Chloro-2-{[(5-fluoropyridin-2-
yl)(methyl)amino]methyl}benzoyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-{(15)-1-[(5-chloro-2-{[(5-fluoropyridin-2-
yl)(methyl)amino]methyl}benzoyl)arhino]ethyl}benzoate (step 3):
"H-NMR (CDCl3) & 8.35 (1H, d, J = 7.5 Hz), 8.06 (2H, d, J = 8.3 Hz), 7.73 (1H, d,
J=2.9 Hz), 7.52 (1H, d, J = 2.2 Hz), 7.47 (2H, dd, J = 8.3 Hz), 7.33-7.21 (2H, m),
7.18 (1H, d, J = 8.3 Hz), 6.50 (1H, dd, J = 3.3, 9.4 Hz), 5.42-5.32 (1H, m), 4.80
(1H, d, J = 16.0 Hz), 4.69 (1H, d, J = 16.0 Hz), 3.19 (3H, s), 1.59 (3H, d, J = 7.2
Hz);
MS (ESI) m/z 442 (M + H)", 440 (M - H)".

EXAMPLE 26
4-{(1S)-1-[({5-CHLORO-2-[(3-FLUOROPHENOXY)METHYL]PYRIDIN-3-
YLJCARBONYL) AMINOJETHYL}BENZOIC ACID

Cl Q
e QA0
N CO,H
(e}
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To a solution of 2,5-dichloronicotinic acid (30 g, 0.16 mol) in toluene (100
ml) was added ethanol (50 mi) and conc. sulfuric acid (1 ml). The reaction
mixture was heated at 130 °C for 3 days with stirring. Then the reaction mixture
was cooled and poured into sat. sodium bicarbonate solution. The whole mixture
was extracted with ethyl acetate. The organic phase was washed with brine,
dried (sodium sulfate), and concentrated to afford 34 g (quant.) of title compound:
'H-NMR (CDCls) & 8.48 (1H, d, J = 2.6 Hz), 8.15 (1H, d, J = 2.6 Hz), 4.44

(2H, dd, J=7.1, 14.3 Hz), 1.42 (3H, 1, J = 7.1 H2).

STEP 2. Ethyl 5-chloro-2-methylinicotinate

A mixture of ethyl 25-dichloronicotinate (stept, 10 g, 0.045 mol),
tetrakis(triphenylphoshine)palladium (5.2 g, 4.5 mmol), trimethylboroxine (5.65 g,
0.045 mmol) and potassium carbonate (18.66 g, 0.16 mmol) in 1,4-dioxane -
(contain 10% water, 100 mi) was refluxed for 7 h under nitrogen atmosphere.
The reaction mixture was cooled to room temperature and poured into water.
The aqueous mixture was extracted with ethyl acetate. The organic extracts
were dried over sodium sulfate and concentrated. The residue was purified by
flush column chromatography on silica gel eluting with hexane/efhyl acetate (50/1
to 20/1) to afford 3.41 g (38%) of the title compound:

'H-NMR (CDCls) 8 8.57 (1H, d, J = 2.5 Hz), 8.17(1H, d, J = 2.5 Hz), 4.39 (2H, dd,
J=7.1,14.2 Hz), 2.81 (3H, s), 1.41 (3H, , J=7.1 Hz).

STEP 3. Ethyl 5-chloro-2-methylnicotinate 1-oxide

The title compound was prepared according to the procedure described in
step 3 of Example 21 from ethyl 5-chloro-2-methylnicotinate (step 2):
'H-NMR (CDCl3) 6 8.50 (1H, d, J = 1.8 Hz), 7.74 (1H, d, J = 1.8 Hz), 4.42 (2H, dd,
J=7.1,14.2Hz), 2.75 (3H, s), 1.41 (3H, 1, J = 7.1 Hz).

STEP 4. Ethyl 5-chloro-2-(hydroxymethyl)nicotinate

To a solution of ethyl 5-chloro-2-methyinicotinate 1-oxide (step 3, 4.1 g, 19
mmol) ‘n dichloromethane (100 ml) was added trifluoromethane acetic acid
anhycride (£ m% al rocm temperaiure and the reaction mixiure was stirred for 3

PaS=ig el ™ raanFiem ratyh e e o
LAy de a3 .u;?..CY.:w.". CLlidtewa vy VJGLD T
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The organic phase was washed with water and brine, dried over sodium sulfate,
and concentrated. The residue was purified by flush column chromatography on
silica gel eluting with hexane/ethyl acetate (20/1 to 4/1) to afford 840 mg (20%) of
the title compound:
'H-NMR (CDCl,) § 8.69 (1H, d, J = 2.3 Hz), 8.34 (1H, d, J = 2.3 Hz), 5.06 (2H, s),
442 (2H, dd, J =7.1, 149 Hz), 1.42 (3H, 1, J = 7.1 Hz).

STEP 5. Ethyl 5-chloro-2-[(3-fluorophenoxy)methyl]nicotinate

To a mixture of ethyl 5-chloro-2-(hydroxymethyl)nicotinate (step 4, 340 mg,
1.59 mmol), 3-fluorophenol (325 mg, 2.90 mmol), and triphenylphosphine (761
mg, 2.2 mmol) in tetrahydrofuran (10 ml) was added 40% solution of
diethylazodicarboxylate in toluene (506 mg, 2.9 mmol) and the reaction mixture
was stirred at room temperature for 5 hours. To the reaction mixture was added
water and the whole mixture was extracted with ethyl acetate. The organic phase
was dried over sodium sulfate and evaporated. The residue was purified by flush
column chromatography on silica gel eluting with hexane/ethyl acetate (4/1) to
afford 300 mg (56%) of the title compound:
'H-NMR (CDCls) & 8.69 (1H, d, J = 2.3 Hz), 8.23 (1H, d, J = 2.3 Hz), 7.27-7.15
(1H, m), 6.80-6.63 (3H, m), 5.49 (2H, s), 4.37 (2H, dd, J = 7.1, 14.2 Hz), 1.33
(8H, t,J =7.1 Hz).

STEP 6. 5-Chloro-2-[(3-fluorophenoxy)methyl]nicotinic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from ethyl 5-chloro-2-[(3-fluorophenoxy)methyi]nicotinate
(step 5):
MS (ESI) m/z 282 (M + H)*, 280 (M - H)".

STEP 7. Methyl 4-{(1S)-1-[({5-chloro-2-[(3-fluorophenoxy)methyl]pyridin-3-
yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 6 of Example 1 from 5-chloro-2-[(3-fluorophenoxy)methyl]nicotinic acid (step
6) anc methyl 4-[(15)-1-aminoethyilbenzoate hydrochioride (step 5 of Example

<X
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'H-NMR (CDCl3) 5 8.62 (1H, d, J = 2.4 Hz), 8.00 (1H, d, J = 2.4 Hz), 7.89 (2H, d,

J = 8.3 Hz), 7.34-7.14 (4H, m), 6.76-6.65 (2H, m), 6.65-6.56 (1H, m), 5.34-5.20
(1H, m), 5.17 (1H, d, J = 10.5 Hz), 5.12 (1H, d, J = 10.5 Hz), 3.91 (3H, s), 1.47
(3H, d, J = 7.0 Hz).

STEP 8. 4-{(1S)-1-[({5-chloro-2-[(3-fluorophenoxy)methyl]pyridin-3-
yl}carbonyl) amino]ethyl}benzoic acid |

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-{(1 S)-1-[({5-chloro-2-[(3-
fluorophenoxy)methyl]pyridin-3-yljcarbonyl)aminolethyl}benzoate (step 7):
'H-NMR (DMSO-ds) § 9.19 (1H, d, J = 7.7 Hz), 8.73 (1H, d, J = 2.2 Hz), 8.10 (1H,
d, J = 2.2 Hz), 7.84 (2H, d, J = 8.3 Hz), 7.47 (2H, d, J = 8.3 Hz), 7.25 (1H, dd, J =
8.1, 15.8 Hz), 6.83-6.60 (3H, m), 5.24 (1H, d, J = 11.6 Hz), 5.18 (1H, d, J = 11.6
Hz), 5.16-5.03 (1H, m), 1.41 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 429 (M + H)*, 427 (M - H)".

EXAMPLE 27 |
4-{(18)-1-[({5-CHLORO-2-[(4-FLUOROPHENOXY)METHYL]PYRIDIN-3-
YLICARBONYL) AMINOJETHYL}BENZOIC ACID

0O
oo,
[

STEP 1. 5-Chloro-2-[(4-fluorophenoxy)methyl]nicotinic acid

The title compound was prepared according to the procedure described in
step 2 of Example 18 from 3-chlorofuro[3,4-blpyridin-5(7H)-one (step 1 of
Example 18) and 4-fluorophenol:
'H-NMR (CDCls) § 8.73-8.62 (1H, brs), 8.30-8.19 (1H, brs), 6.98-6.80 (4H, m),
5.47 (2H, s).

STERP 2. Nethyld-{(1S)-1-[({5-chlore-2-[(4-llucrophenoxy)methyl pyridin-8-

I’ -
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The title compound was prepared according to the procedure described
in step 6 of Example 1 from 5-chloro-2-[(4-fluorophenoxy)methyl]nicotinic acid
(step 1) and methyl 4-[(1S)-1-aminoethyl]oenzoate hydrochloride (step 5 of
Example 1):
'H-NMR (CDCls) 8 8.62 (1H, d, J = 2.4 Hz), 8.05 (1H, d, J = 2.4 Hz), 7.89 (2H, d,
J = 8.4 Hz), 7.34-7.27 (3H, m), 7.02-6.91 (2H, m), 6.87-6.78 (2H, m), 5.34-5.22
(1H, m), 5.14 (1H, d, J = 10.1 Hz), 5.10 (1H, d, J = 10.1 Hz), 3.92 (3H, s), 1.47
(3H, d, J = 7.0 Hz).

STEP 3. 4-{(18)-1-[({5-Chloro-2-[(4-fluorophenoxy)methyl]pyridin-3-
yl}carbonyl) amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 7 of Example 1 from methyl 4-{(1 S)-1-[({5-chloro-2-[(4-
fluorophenoxy)methyljpyridin-3-yljcarbonyl)aminojethyl}benzoate (step 2)
'H-NMR (CDCls) & 8.63 (1H, d, J = 2.4 Hz), 8.07 (1H, d, J = 2.4 Hz), 7.97 (2H, d,
J = 8.3 Hz), 7.40-7.28 (3H, m), 7.03-6.94 (2H, m), 6.92-6.83 (2H, m), 5.37-5.24
(1H, m), 5.17 (1H, d, J = 10.3 Hz), 5.12 (1H, d, J = 10.3 Hz), 1.48 (3H, d, J = 7.0
Hz);
MS (ESI) m/z 429 (M + H)*, 427 (M - H)".

The following examples illustrate the preparation of EP4-receptor
antagonists described in US 60/567931:

THE SYNTHETIC PROCEDURE OF EXAMPLE 1- EXAMPLE 6
The compounds disclosed hereinafter were prepared according to the
following procedure:

0
ReaAs!
oH CO.H

7

W
\(a)n

In the above structure, n represenis 0, 1, 2, 3, 4 or 5.
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To a stirred solution of 5-chloro-2-hydroxybenzoic acid (0.57 g, 3.3 mmol)
and tert-butyl 4-(aminomethyl)benzoate (0.72 g, 3.5 mmol) in dichloromethane
(5 mL) were successively added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI) (0.95 g, 5.0 mmol), 1-hydroxybenzotriazole hydrate (HOBT)
(0.76 g, 5.0 mmol), and triethylamine (0.46 mL, 3.3 mmol). After being stirred
overnight, the reaction mixture was poured into sodium bicarbonate aqueous
solution (50 mL). The organic layer was separated, and the aqueous layer was
extracted with dichloromethane (20 mL x 2). The combined organic layers were
washed with brine (50 mL), dried (magnesium sulfate), and evaporated. The
residue was purified by flush column chromatography on silica gel eluting with
hexane/ethyl acetate (10/1) to afford 0.57 g (48%) of the title compound as white
solids:
"H-NMR (CDCl3) §12.12 (1H, s), 7.99 (2H, d, J = 7.9 Hz), 7.47-7.30 (4H, m), 6.97
(1H, d, J = 8.4 Hz), 6.67-6.52 (1H, m), 4.68 (2H, d, J = 5.7 Hz), 1.59 (3H, s).

STEP 2. 4-[({[5-Fluoro-2-(substituted-phenoxy)pyridin-3-
yl]carbonyl}amino)methyl]benzoic acid

To a solution of substituted-alcohol (0.10 mmol) were added a solution of
tert-butyl 4-({[(5-chloro-2- hydroxybenzoyl) amino] methyl} benzoate (step 1, 0.05
mmol) in tetrahydrofuran (0.5 mL), triphenylphosphine on polystyrene (PS-PPhs,
0.15 mmol), and di-tert-butyl azodicarboxylate (0.10 mmol) in tetrahydrofuran (0.2
mL). Then the mixture was agitated at room temperature overnight and filtered
PS-PPh,. The solvent was concentrated in vacuo and the residue was dissolved
with ethyl acetate (0.65 mL), and then washed by water (0.45 mL). The organic
layer was concentrated in vacuo. The crude product was purified by preparative
LCMS (XTerra® C18, 20x 50 mm) eluting with water/methanol/1% aqueous
formic acid (90/5/5 to 0/95/5). After an addition of 1:1 mixture of trifluoroacetic
acid and dichloroethane (0.6 mL) to the purified material, the mixture was stand
at room temperature for 1 hour. Then the mixture was concentrated in vacuo to
afford the desired product.

EXANPLE 1
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Observed MS (ESI) m/z 409.99 (M + H)*
Exact Mass calcd for Co3HaCINO4: m/z 409.11

EXAMPLE 2

5 4-[({5-CHLORO-2-[2-(2-
CHLOROPHENYL)ETHOXY]BENZOYL}AMINO)METHYL]BENZOIC ACID -
Observed MS (ESI) m/z 443.92 (M + H)*
Exact Mass calcd for Co3H19CIzNO4: m/z 443.07

10 EXAMPLE 3

4-[({5-CHLORO-2-[2-(4-
FLUOROPHENYL)ETHO)SY_]BENZOYL}AMINO)METHYL]BENZOIC ACID
Observed MS (ESI) m/z 427.96 (M + H)*

Exact Mass calcd for CosH1gCIFNO,: m/z 427.10

15

EXAMPLE 4

4-[({5-CHLORO-2-[2-(4-
CHLOROPHENYL)ETHOXY]BENZOXI:}AMINO)VMETHYL]BENZOIC ACID
Observed MS (ESI) m/z 443.93 (M + H)*

20 Exact Mass calcd for Co3H19CIoNO,4: m/z 443.07

EXAMPLE 5
4{({5-CHLORO-2-(CYCLOHEXYLOXY)BENZOYL}AMINO)METHYL)BENZOIC
ACID _

25  Observed MS (ESI) m/z 387.98 (M + H)*

' Exact Mass caled for CoHyCINO,: m/z 387.12

EXAMPLE 6

4-[({5-CHLORO-2-[(4-

30 CHLOROBENZYL)OXY|BENZOYLIAMINOYMETHYL]BENZOIC ACID
Observed MS (ESI) m/z 429.91 (M + H)*

Exzct Mass caled for CpH7Cl,NOy4: m/z 429.05
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4-[({5-CHLORO-2-[2-(2-
METHYLPH ENYL)ETHOXY]BENZOYL[AMlNO[METHYL[BENZOIC ACID

o)
ROaAP!
oH CO,H

STEP 1. tert-Butyl 4-[({5-chloro-2-[2-(2-
methylphenyl)ethoxy]benzoyi}amino)methyl]benzoate

To a stirred solution of tert-butyl 4-{[(5-chloro-2-
hydroxybenzoyl)amino]methyl}benzoate (step 1 of Example 1, 0.21 g, 0.58
mmol), 2-(2-methylphenyl)ethanol (0.16 g, 1.2 mmol) and triphenylphosphine
(0.30 g, 1.2 mmol) in tetrahydrofuran (5 mL) was added di-tert-butyl
azodicarboxylate (0.27 g, 1.2 mmol) at room temperature. After being stirred
overnight, the reaction was quenched by the addition of sodium bicarbonate
aqueous solution. The aqueous layer was extracted with ethyl acetate and the
combined organic layers were washed with brine, dried (magnesium sulfate), and
evaporated. The remaining residue was purified by flush column chromatography
on silica gel-eluting with hexane/ethyl acetate (5/1) to afford 0.21 g (76%) of the
title compounds as a colorless oil:

"H-NMR (CDCly) 88.20 (1H, d, J = 2.8 Hz), 7.99 (1H, t, J = 5.9 Hz), 7.91 (2H, d, J
= 8.2 Hz), 7.38 (1H, dd, J = 8.7, 2.8 Hz), 7.25 (2H, d, J = 8.2 Hz), 7.16-7.03 (4H,
m), 6.93 (1H, d, J = 8.7 Hz), 4.52 (2H, d, J = 5.9 Hz), 4.34 (2H, 1, J = 6.8 Hz),
3.04 (2H, t, J = 6.8 Hz), 2.25 (3H, s), 1.59 (9H, s);

MS (ESI) m/z 480 (M + H)*.

STEP 2. 4-[({5-Chloro-2-[2-(2-
methylphenyl)ethoxy]benzoyl}amino)methyljbenzoic acid

To a stimed solution of tert-butyl  4-[({5-chloro-2-[2-(2-
methylphenyl)ethoxylbenzoyl}amino)methyl]benzoate (step 1, 0.21 g, 0.45 mmol)
in dichloromethane (2 ml) was added trifluoroacetic acid (2 mL) at room

terparatu-e. The reacton mixiure was slired at room temperature for 1 h ard
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then evaporated. The residual solid was washed with ether, and collected by
filtration to afford 0.18 g (95%) of the title compound as white solids:
"H-NMR (DMSO-d;) § 12.86 (1H, br.s), 8.60 (1H, t, J = 6.1 Hz), 7.89 (2H, d, J =
8.4 Hz), 7.66 (1H, d, J = 2.8 Hz), 7.50 (1H, dd, J = 8.9, 2.8 Hz), 7.40 (2H, d, J =
8.4 Hz), 7.25 (1H, d, J = 8.9 Hz), 7.22-7.04 (4H, m), 4.50 (2H, d, J = 6.1 Hz), 4.32
(2H, 1, J = 6.9 Hz), 3.06 (2H, t, J = 6.9 Hz), 2.26 (3H, s);
MS (ESI) m/z 424 (M + H)*, 422 (M - H)".

EXAMPLE 8
4-[(15)-1-({5-CHLORO-2-[2-(2,6-
DIFLUOROPHENYL)ETHOXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

0
L
oH COH
FoAF

STEP 1. tert-Butyl [(1S)-1-(4-bromophenyl)ethyl]Jcarbamate

A mixture of [(1S)-1-(4-bromophenyl)ethyllamine (10.00 g, 50.0 mmol) and
di-tert-butyl dicarbonate (11.45 g, 52.5-mmol), triethylamine (7.66 mL, 55.0 mmol)
in dichloromethane (200 mL) was stirred at room temperature for 1 hour. The
mixture was diluted with dichloromethane (500 mL) and washed with 1 M
hydrochloric acid (300 mL), saturated sodium hydrogen carbonate aqueous (300
mL), and brine (300 mL). The organic layer was dried over magnesium sulfate,
and concentrated under reduced pressure. The residue was washed with cold
hexane to afford 14.73 g (98%) of the title compounds as white solids:

"H-NMR (CDCls) § 7.47-7.42 (2H, m), 7.18 (2H, d, J = 8.4 Hz), 5.30 (2H, br.s),
1.41 (12H, br.s).

STEP 2. Methyl 4-{(1S5)-1-[(tert-butoxycarbonyl)amino]ethyl}benzoate

A mixture of tert-butyl [(1S)-1-(4-bromophenyl)ethyllcarbamate (step 1,
14.73 g, 49.1 mmol), 1,3-bis(dighenylphosphino)-propane (2.03 g, 4.91 mmol),
azladium (1) acetale {1.70 g, 4.21 mmal), Uethyamine (20.5 mi, T4/ ™ol
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16 h under carbon monoxide atmosphere. After cooling to room temperature,

the mixture was diluted with ether (800 mL) and washed with water (500 mL x
3). The organic layer was dried over magnesium sulfate and evaporated. The
residue was purified by flush column chromatography on silica gel eluting with
hexane/ethyl acetate (5/1) to afford 12.83 g (94%) of the title compounds as white
solids:
"H-NMR (CDCl3) §8.02-7.99 (2H, m), 7.37 (2H, d, J = 8.4 Hz), 4.83 (2H, br.s),
3.91 (3H, s), 1.46-1.42 (12H, m).

STEP 3. Methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride

Methyl 4-{(1S)-1-[(tert-butoxycarbonyl)amino]ethyl}benzoate (step 2, 12.83
g, 45.9 mmol) was treated with trifluoroacetic acid (100 mL) and dichloromethane
(100 mL) at room temperature for 16 hours. After removal of the solvent, the
residue was diluted with 10% hydrogen chloride solution in methanol (100 mL).
The mixture was concentrated under reduced pressure and the residue was
washed with ethylacetate to give 9.40 g (95%) of the title compounds as white
solids:
"H-NMR (DMSO-ds) & 8.67 (2H, br.s), 8.01 (2H, d, J = 8.4 Hz), 7.68 (2H, d, J =
8.4 Hz), 4.49 (1H, q, J = 6.9 Hz), 3.87 (3H, s), 1.53 (3H, d, J = 6.9 Hz).

STEP 4. Methyl 4-{(1S)-1-[(5-chloro-2-hydroxybenzoyl)amino]ethyl}benzoate

To a stirred solution of 5-chloro-2-hydroxybenzoic acid (1.2 g, 7.0 mmol)
and methyl 4-[(1S)-1-aminoethyl]benzoate hydrochloride (step 3, 1.5 g, 7.0 mmol)
in dichloromethane (18 mL) were successively added 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide  hydrochloride (EDCI) (20 g, 10 mmol), 1-
hydroxybenzotriazole hydrate (HOBT) (1.6 g, 10 mmol), and triethylamine (1.0
mL, 7.3 mmol). After being stirred for 5 h, the reaction mixture was poured into
sodium bicarbonate aqueous solution (100 mL). The organic layer was
separated, and the aqueous layer was extracted with dichloromethane (50 mL x
2). The combined organic layers were washed with brine (100 mL), dried
(magnesium sulfate), and evaporated. The residue was purified by flush column
chromategranhy on silica gat elutng with hexane/ethy! acetate (5/1) to afford 1.8
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"H-NMR (CDCls) & 12.08 (1H, s), 8.03 (2H, d, J = 8.4 Hz), 7.47-7.30 (4H, m),
6.93 (1H, d, J = 8.7 Hz), 6.59 (1H, d, J = 7.3 Hz), 5.12 (1H, dq, J = 7.3, 6.9 Hz),
3.92 (3H, s), 1.63 (3H, d, J = 6.9 Hz);

MS (ESI) m/z 334 (M + H)*, 332 (M - HY"

STEP 5. Methyl 4-[(1S)-1-({5-chloro-2-[2-(2,6-
difluorophenyl)ethoxy]benzoyl}arﬁino)ethyl]benzoate

To a stired soluton of methyl  4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyllbenzoate (step 4, 0.12 g, 0.36 mmol), 2-(2,6-
difluorophenyl)ethanol (0.12 g, 0.78 mmol) and triphenylphosphine (0.19 g, 0.72
mmol) in tetrahydrofuran (2 mL) was added di-tert-butyl azodicarboxylate (0.17 g,
0.72 mmol) at room temperature. After being stirred overnight, the reaction
mixture was concentrated. Trifluoroacetic acid (2 mL) and dichloromethane (2
mL) were added to the residue, the solution was stirred for 1 h, and evaporated.
The remaining residue was purified by flush column chromatography on silica gel
eluting with hexane/ethyl acetate (5/1) to afford 0.16 g (84%) of the title
compound as white solids:

"H-NMR (CDCls) 8 8.17 (1H, d, J = 7.3 Hz), 8.15 (1H, d, J = 2.8 Hz), 8.01 (2H, d,
J = 8.4 Hz),”7.41 (2H, d, J = 8.4 Hz), 7.37 (1H, dd, J = 8.7, 2.8 Hz), 7.28-7.15
(1H, m), 6.92 (1H, d, J = 8.7 Hz), 6.91-6.80 (2H, m), 5.36 (1H, dq, J = 7.3, 6.9
Hz), 4.34 (2H, t, J = 7.1 Hz), 3.91 (3H, s), 3.19 (2H, t, J = 7.1 Hz), 1.57 (3H, d, J =
6.9 Hz);

MS (ESI) m/z 474 (M + H)".

STEP 6. 4-[(1S)-1-({5-Chloro-2-[2-(2,6-
difluorophenyl)ethoxy]benzoyl}amino)ethyl]lbenzoic acid

To a stired soluton of methyl 4-[(1S)-1-({5-chloro-2-[2-(2,6-
difluorophenyl)ethoxylbenzoyljamino)ethyljoenzoate (step 5, 0.16 g, 0.34 mmol)
in methanol (2 mL) and tetrahydrofuran (3 mL) was added 2 N sodium hydroxide
aqueous solution (2 mL). The reacton mixture was stirred at room temperature
for 3 h and then evaporated. The residue was partitioned between ethyl acetate
(3C mL) and 10% ¢itric 2cid agueous soiution (30 mi). The crganic dhease was
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- combined organic extracts were washed with brine (50 mL), dried (magnesium

sulfate), and concentrated. The residual solids were washed with ether, and
dried in vacuo to afford 0.10 g (65%) of the title compound as white solids:
"H-NMR (DMSO-dg) § 8.53 (1H, d, J = 7.6 Hz), 7.90 (2H, d, J = 8.2 Hz), 7.54 (1H,
d, J = 2.8 Hz), 7.51-7.43 (3H, m), 7.42-7.30 (1H, m), 7.22 (1H, d, J = 8.9 Hz),
7.14-7.01 (2H, m), 5.13 (1H, dg, J = 7.6, 7.1 Hz), 4.30 (2H, t, J = 6.9 Hz), 3.13
(2H, t, J = 6.9 Hz), 1.41 (3H, d, J = 7.1 Hz);
MS (ESI) m/z 460 (M + H)*, 458 (M - H)".

EXAMPLE 9
4-{(15)-1-[({5-CHLORO-2-[2-(4-FLUOROPHENYL)ETHOXY]PYRIDIN-3-
YLICARBONYL)AMINOIETHYL}BENZOIC ACID

o |
ClonA N

L A qH

N0 CO,H

STEP 1. 5-Chloro-2-[2-(4-fluorophenyl)ethoxy]nicotinic acid

A mixture of 2,5-dichloronicotinic acid (0.30 g, 1.6 mmol), 2-(4-
fluorophenyl)ethanol (0.23 mL, 1.9 mmol), and sodium hydride in il (0.15 g, 3.7
mmol) in N,N-dimethylforamide (2 mL) was heated at 90 °C in an oil bath for 3
hours. The reaction mixture was poured into 10% citric acid aqueous solution (50
mL), and extracted with ethyl acetate (50 mL x 2). The combined organic layers
were washed with water (50 mL x 2) and brine (50 mL), dried (magnesium

sulfate), and evaporated. The crude solids were washed with hexane/ether
(10/1), and dried in vacuo to afford 0.31 g (68%) of the title compound as white
solids:

"H-NMR (CDCl3) § 8.41 (1H, d, J = 2.8 Hz), 8.31 (1H, d, J = 2.8 Hz), 7.27-7.20
(2H, m), 7.08-6.98 (2H, m), 4.78 (2H, 1, J = 6.8 Hz), 3.15 (2H, 1, J = 6.8 H2);
MS (ESI) m/z 294 (M - HY.
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The title compound was prepared according to the procedure described

in step 4 of example 8 from 5-chloro-2-[2-(4-fluorophenyl)ethoxy]nicotinic acid
(step 1):
"H-NMR (CDCl3) §8.45 (1H, d, J = 2.8 Hz), 8.20 (1H, d, J = 2.8 Hz), 8.03-7.94
(3H, m), 7.27 (2H, d, J = 8.3 Hz), 7.18-7.08 (2H, m), 7.00-6.92 (2H, m), 5.25 (2H,
t,J = 7.2 Hz), 4.76 (1H, dq, J = 6.8, 2.8 Hz), 3.92 (3H, 5), 3.10 (2H, t, J = 7.2 Hz),
1.39 (38H, d, J = 6.8 Hz);
MS (ESI) m/z 457 (M + H)".

STEP 3. 4-{(18)-1-[({5-Chloro-2-[2-(4-fluorophenyl)ethoxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 6 of example 8 from methyl 4-{(18)-1-[({5-chloro-2-[2-(4-
fluorophenyl)ethoxy)pyridin-3-yl}carbonyl)aminojethyl}benzoate (step 2):
"H-NMR (DMSO-ds) §8.54 (1H, d, J = 7.7 Hz), 8.36 (1H, d, J = 2.8 Hz), 8.04
(1H, d, J = 2.8 Hz), 7.89 (2H, d, J = 8.3 Hz), 7.43 (2H, d, J = 8.3 Hz), 7.33-7.24
(2H, m), 7.12-7.02 (2H, m), 5.12 (1H, dg, J = 7.7, 6.8 Hz), 4.60 (2H, 1, J = 6.6 H2),
3.07 (2H, t, J = 6.6 Hz), 1.37 (3H, d, J = 6.8 Hz);
MS (ESI) m/z 443 (M + H)*, 441 (M - H)".

EXAMPLE 10

4-[(1S)-1-({5-CHLORO-2-[2-(2-
FLUOROPHENYL)ETHOXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

0
LN O
oH COH
c

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[2-(2-
fluorophenyl)ethoxyjeenzoyliamino)ethytjbenzoate
The title compound was prepared according to the procedure described in

s sez 5 of Tamte 8 Tom  metnyl 4 (< 8)i-'{5.ch.oro-2-
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hydroxybenzoyl)aminolethyllbenzoate (step 4 of Example 8) and 2-(2-
fluorophenyl)ethanol:
MS (ESI) m/z 456 (M + H)".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[2-(2-
fluorophenyl)ethoxy]benzqyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
stp 6 of Example 8 from methyl 4-[(1 S)-1-({5-chloro-2-[2-(2-
fluorophenyl)ethoxy]benzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) 6 8.49 (1H, d, J = 7.5 Hz), 7.82 (2H, d, J = 8.3 Hz), 7.57 (1H,
d, J = 2.8 Hz), 7.49 (1H, dd, J = 9.0, 2.8 Hz), 7.43 (2H, d, J = 8.3 Hz), 7.39-7.22
(3H, m), 7.21-7.08 (2H, m), 5.12 (1H, dq, J = 7.5, 7.0 Hz), 4.36 (2H,t, J = 6.8 Hz),
3.12 (2H, t, J = 6.8 Hz), 1.36 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 442 (M + H)*, 440 (M - H)".

EXAMPLE 11

4-[(15)-1-({5-CHLORO-2-[2-(2-
METHYLPHENYL)ETHOXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

0
e A
oH COH

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[2-(2-
methylphenyl)ethoxy]benzoyl}amino)ethyllbenzoate

The title compound was prepared according to the procedure described in
stetp 5 of Example 8 from methyl  4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)aminojethyljbenzoate (step 4 of Example 8) and 2-(2-
methylphenyl)ethanol:
MS (ESI) m/z 452 (M + H)*.
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The title compound was prepared according to the procedure described

in step 6 of Example 8 from methyl 4-[(15)-1 -({5-chloro-2-[2-(2-
methylphenyl)ethoxylbenzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) 5 8.50 (1H, d, J = 7.6 Hz), 7.88 (2H, d, J = 8.2 Hz), 7.58 (1H,
d, J = 2.8 Hz), 7.49 (1H, dd, J = 8.9, 2.8 Hz), 7.42 (2H, d, = 8.2 Hz), 7.25 (1H, d,
J = 8.9 Hz), 7.24-7.06 (4H, m), 5.11 (1H, dg, J = 7.6, 7.1 Hz), 4.34 (2H,1, J=6.9
Hz), 3.06 (2H, t, J = 6.9 Hz), 2.28 (3H, s), 1.33 (3H, d, J = 7.1 Hz);
MS (ESI) m/z 438 (M + H)*, 436 (M - H)".

EXAMPLE 12

4-[(15)-1-({5-CHLORO-2-[2-(4-
METHYLPHENYL)ETHOXY]BENZOYL AMINO)ETHYL]BENZOIC ACID

o)
NN
oH COH

STEP 1. Methyl 4-[(1S5)-1-({5-chloro-2-[2-(4-
methylphenyl)ethoxy]benzoyl}amin6)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 5  of Example 8 from methyl  4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and 2-(4-
methylphenyl)ethanol:
MS (ESI) m/z 452 (M + H)".

STEP 2. 4-[(15)-1-({5-Chloro-2-[2-(4-
methylphenyl)ethoxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(1 S)-1-({5-chloro-2-[2-(4-
methylphenyl)ethoxy]benzoyl}amino)ethyllbenzoate (step 1):
"NMIR (DVSC-dk) § 8.44 (1H, d, J = 7.6 Hz), 7.88 (214, d, J = 8.2 Hz), 7.6C (iH,

N _emartoyN TRAIL KK TR SR TACINL A =8 D 7RI o
S o=2312, 75007, 4¢,=88,28 12,740 2-,¢,v=8217,73 ¢
] 15 \ L] b § 7 A 3 9 123 \ 5 M5
7> i S TP S AP e s 7 S B
=86 'ﬁ,; 74 RN Z, oo Tl Ly T e ey e e Ly a7 AR
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7.6, 6.9 Hz), 4.34 (2H, t, J = 6.6 Hz), 3.04 (2H, t, J = 6.6 Hz), 2.24 (3H, s), 1.36
(3H, d,\J = 6.9 Hz); l,(
MS (ESI) m/z 438 (M + H)*, 436 (M - HY".

EXAMPLE 13

4-((1S)-1-{[5-CHLORO-2-
(CYCLOHEXYLOXY)BENZOYL]JAMINO}ETHYL)BENZOIC ACID

o)
YN
5‘ COH

STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-
(cyclohexyloxy)benzoyiJamino}ethyl)benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl  4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of example 8) and cyclohexanol:
MS (ESI) m/z 416 (M + H)*, 414 (M - H)".

STEP 2. 4-((1S)-1-{[5-Chloro-2-(cyclohexyloxy)benzoyl]amino}ethyl)benzoic
acid

The title compound was prepared according to the procedure described in
step 6 of Example 8  from methyl  4-((1S)-1-{[5-chloro-2-
(cyclohexyloxy)benzoyljaminojethyl)benzoate (step 1):
"H-NMR (DMSO-ds) § 8.60 (1H, d, J = 7.6 Hz), 7.91 (2H, d, J = 8.2 Hz), 7.60 (1H,
d, J = 2.8 Hz), 7.51 (2H, d, J = 8.2 Hz), 7.47 (1H, dd, J = 8.9, 2.8 Hz), 7.23 (1H, d,
J =89 Hz), 5.17 (1H, dq, J = 7.6, 7.1 Hz), 4.59-4.44 (1H, m), 2.05-1.85 (2H, m),
1.70-1.10 (8H, m), 1.48 (3H, d, J = 7.1 Hz);
MS (ESI) m/z 402 (M + H)*, 400 (M - H)".

EXAMPLE 14
4=((19)-1-{18-CHLORO-2=(3-

VBTV BUTCHYIBENZC YL AVINOYETHY N 3ENZCIC AGD
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STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-(3-
methylbutoxy)benzoyl]lamino}ethyl)benzoate

The title compound was prepared according to the procedure described in
stetp 5 of Example 8  from methyl 4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of Example 8) and 3-methylbutan-
1-ol:
MS (ESI) m/z 404 (M + H)".

STEP 2. 4-((15)-1-{[5-Chloro-2~(3-
methylbutoxy)benzoyllamino}ethyl)benzoic acid

The title compound was prepared according to the procedure described in
sttp 6 of Example 8 from methyl 4-((1 S)-1-{[5-chloro-2-(3-
methylbutoxy)benzoyl]Jamino}ethyl)benzoate (step 1):
"H-NMR (DMSO-ds) § 8.57 (1H, d, J = 7.6 Hz), 7.92 (2H, d, J = 8.1 Hz), 7.58 (1H,
d, J = 2.6 Hz), 7.55-7.46 (3H, m), 7.20 (1H, d, J = 8.9 Hz), 5.16 (1H, dq, J = 7.6,
6.9 Hz), 4.09 (2H, t, J = 6.3 Hz), 1.76-1.54 (3H, m), 1.46 (3H, d, J = 6.9 Hz), 0.87
(3H, d, J = 6.1Hz), 0.86 (3H, d, J = 6.1Hz);
MS (ESI) m/z 390 (M + H)*, 388 (M - H)".

EXAMPLE 15
4-{(18)-1-[({5-CHLORO-2-[2-(4-CHLOROPHENYL)ETHOXY]PYRIDIN-3-
YL}CARBONYL)AMINOJETHYL}BENZOIC ACID

STEP 1. 5-Chloro-2-[2-(4-chiorophenyl)ethoxy]nicotinic acid
The title compound was prepared according to the procedure described in
step 1 of Example 9 from 2,5-dichloronicotinic acid and 2-(4-chlorophenyl)ethanol

"NWR SO0, §8.38 (11, 4, J = 2.8 1), 8.29 (1K, ¢, J = 2.8 12), 7.35.7.12
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STEP 2. Methyl 4-{(15)-1 -[({5-chloro-2-[2-(4-chlorophenyl)ethoxy]pyridin-3-

yl}carbonyl)amino]ethyl}benzoate
The title_compound was preparéd according to the procedure described in

step 4 of Example 8 from 5-chloro-2-[2-(4-chlorophenyl)ethoxy]nicotinic acid (step
1) and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride (step 3 of Example
8):
"H-NMR (CDCls) §8.44 (1H, d, J = 2.8 Hz), 8.19 (1H, d, J = 2.8 Hz), 8.01-7.95
(2H, m), 7.95-7.88 (1H, m), 7.30-7.18 (4H, m), 7.12-7.04 (2H, m), 5.30-5.15 (1H,
m), 4.84-4.67 (2H, m), 3.90 (3H, s), 3.08 (2H, t, J = 6.6 Hz), 1.37 (3H, d, J=7.0
Hz).

STEP 3. 4-{(1S)-1-[({5-Chloro-2-[2-(4-chlorophenyl)ethoxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
sttp 6 of Example 8 from methyl 4-{(1 S)-1-[({5-chloro-2-[2-(4-
ch|orophenyl)ethoxy]pyridin-3-yl}carbonyl)amino]ethyl}behzoate (step 2):
"H-NMR (DMSO-ds) 8 8.51 (1H, d, J = 7.7 Hz), 8.34 (1H, d, J = 2.8 Hz), 8.02 (1H,
d, J = 2.8 Hz), 7.88 (2H, d, J = 8.4 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.30-7.20 (4H,
m), 5.09 (1H, dq, J = 7.7, 7.0 Hz), 4.59 (2H, t, J = 6.4 Hz), 3.05 (2H, t, J = 6.4
Hz), 1.35 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 459 (M + H)*, 457 (M - H)".

EXAMPLE 16
4-{(1S)-1-[({5-CHLORO-2-[METHYL(2-PHENYLETHYL)AMINO]PYRIDIN-3-
YLICARBONYL)AMINO]ETHYLIBENZOIC ACID

STEP 1. Methyl 4-((1s)-1-{[(2,5-dichloropyridin-3-
yl)carbonyl]lamino}ethyl)benzoate

To a stirred solution of 2,5-dichloronicotinic acid (Syn. Commun. 1989, 19,
553-9, 2.0 g, 10.4 mmol) and methyl 4-[(1 S)-1-aminoethylJoenzoate hydrochloride
!step 3 of Exemple 8, 2.35 g, ©0.8 mmcl) in dichloromsthens (<0 M) was eddsd
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stirred overnight, the reaction mixture was poured into water (80 mL). The

precipitated solids were collected by the filtration and dried. The crude product
was purified by flush column chromatography on silica gel (100 g) eluting with
dichloromethane/ethyl acetate (20/1) to afford 3.4 g (93%) of the title compound
as white solids:

"H-NMR (CDCls) $8.42 (1H, d, J = 2.6 Hz), 8.10 (1H, d, J = 2.6 Hz), 8.04 (2H, d,
J = 8.6 Hz), 7.46 (2H, d, J = 8.6 Hz), 6.82 (1H, d, J = 7.3 Hz), 5.40-5.30 (1H, m),
3.92 (3H, s), 1.64 (3H, d, J = 7.0 Hz);

MS (ESI) m/z 353 (M + H)*, 351 (M - HY.

STEP 2. Methyl 4-{(15)-1-[({5-chloro-2-[methyl(2-phenylethyl)Jamino]pyridin-
3-yl}carbonyl)amino]ethyl}benzoate

A mixture of methyl 4-((18)-1-{[(2,5-dichloropyridin-3-
yl)carbonyllaminojethyl)benzoate (step 1, 150 mg, 0.43 mmol), [2-(4-
chlorophenyl)ethyllamine (64 mg, 0.47 mmol) and potassium carbonate (88 mg,
0.64 mmol) in N,N-dimethylformamide (1.5 mL) was heated at 100 °C for 18

L]

hours. After cooling, the mixture was partitioned between ethyl acetate and
water. The organic layer was separated, washed with brine, dried over sodium
sulfate, and evaporated. =~ The residue was purified by flash column
chromatography on silica gel eluting with hexane/ethyl acetate (3/1) to afford 140
mg (72%) of the title compound:

'"H-NMR (CDCls) §8.40-8.22 (2H, m), 8.17 (1H, d, J = 2.8 Hz), 7.96 (2H, d, J =
8.4 Hz), 7.30-7.00 (7H, m), 5.35-5.15 (1H, m), 3.90 (3H, s), 3.63-3.38 (2H, m),
2.80 (2H, t, J = 7.0 Hz), 2.62 (3H, s), 1.33 (3H, d, J = 6.9 H2).

STEP 3. 4-{(1S)-1-[({5-Chloro-2-[methyl(2-phenylethyl)amino]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-{(15)-1-[({5-chloro-2-[methyi(2-
phenylethyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 2):
"H-NVIR (DMSC-ds) § 9.06 (1H, d, J = 8.1 Hz), 8.15 (iH, d, J = 2.6 Hz), 7.88 (2H,

8, =84 "z), 755 144, d, J = 2.6 Hz), 747 (25, 4, L =84 Hz), 7.30-7.°C 55,
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m), 5.06 (1H, dq, J = 8.1, 7.3 Hz), 3.64-3.44 (2H, m), 2.80-2.70 (5H, m), 1.40
(3H, d, J = 7.3 Hz),
MS (ESI) m/z 438 (M + H)*, 436 (M - H)".

EXAMPLE 17

4-[(15)-1-({5-CHLORO-2-[(CIS-4-
METHYLCYCLOHEXYL)OXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

O
Deaae!

oH COpH

(P cis

STEP 1. Methyl 4-[(15)-1-({5-chloro-2-[(cis-4- ,

methylcyclohexyl)oxy]benzoyl}amino)ethyllbenzoate and methyl 4-[(1 S)-1-

({5-chloro-2-[(trans-4-methylcyclohexyl)oxy]benzoyl}amino)ethyl]benzoate
The title compounds were prepared according to the procedure described

in step 5 of Example 8 from methyl 4-{(15)-1-[(5-chloro-2-

hydroxybenzoyl)aminolethyl}benzoate (step 4 of example 8) and 4-

methylcyclohexanot:

cis-isomer; | _.

"H-NMR (CDCls) 8 8.43 (1H, d, J = 7.4 Hz), 8.19 (1H, d, J = 2.8 Hz), 8.00 (2H, d,

J =8.4 Hz), 7.45 (2H, d, J = 8.4 Hz), 7.43 (1H, dd, J = 8.9, 2.8 Hz), 6.89 (1H, d, J

= 8.9 Hz), 5.40 (1H, dq, J = 7.4, 7.0 Hz), 4.75-4.63 (1H, m), 3.89 (3H, s), 2.10-

1.02 (9H, m), 1.61 (3H, d, J = 7.0 Hz), 0.82 (3H, d, J = 6.2 Hz);

MS (ESI) m/z 430 (M + H)*, 428 (M - H);

trans-isomer,

"H-NMR (CDCl3) 68.46 (1H, d, J = 7.4 Hz), 8.19 (1H, d, J = 2.9 Hz), 8.02 (2H, d,

J=8.3Hz),7.43 (2H, d, J = 8.3 Hz), 7.34 (1H, dd, J = 8.9, 2.9 Hz), 6.93 (1H, d, J

= 8.9 Hz), 5.33 (1H, dqg, J = 7.4, 6.8 Hz), 4.39-4.22 (1H, m), 3.91 (3H, s), 2.25-

2.08 (2H, m), 1.87-1.72 (2H, m), 1.58 (3H, d, J = 6.8 Hz), 1.50-1.26 (3H, m), 1.15-

0.96 /2H, m), 0.93 (3H, d, J = 6.4 Hz);

V.S (FS]) m/z 43C (M + H)*, 428 (M - H).
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STEP 2. 4-[(15)-1-({5-Chloro-2-[(cis-4-
methylpycIohexyl)oxy]benzoyl}amino)ethyl]benzoic acid
The title compound was prepared according to the procedure described in step 6
of Example 8 from methyl 4-[(18)-1-({5-chloro-2-[(cis-4-
methylcyclohexyl)oxyloenzoyl}amino)ethyl]benzoate (step 1):
"H-NMR (DMSO-ds)  8.58 (1H, d, J = 7.4 Hz), 7.91 (2H, d, J = 8.0 Hz), 7.62 (1H,
d,J=2.6 Hz), 7.51 (2H, d, J = 8.0 Hz), 7.49 (1H, dd, J = 9.1, 2.6 Hz), 7.19 (1H, d,
J = 9.1 Hz), 5.20 (1H, dq, J = 7.4, 6.9 Hz), 4.83-4.68 (1H, m), 1.98-1.82 (2H, m),
1.68-0.96 (7H, m), 1.49 (3H, d, J = 6.9 Hz), 0.77 (3H, d, J = 6.1 Hz);
MS (ESI) m/z 416 (M + H)*, 414 (M - H)".

EXAMPLE 18
4-[(15)-1-({5-CHLORO-2-[( TRANS-4-

METHYLCYCLOHEXYL)OXY]BENZOYL}AMINO ETHYL]BENZOIC ACID

0
L
oH COH

trans

STEP 2. 4-[(15)-1-({5-Chloro-2-[(trans-4-
methylcyclohexyl)oxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-[(trans-4-
methylcyclohexyl)oxylbenzoyl}amino)ethyllbenzoate (step 1 of example 17):
"H-NMR (DMSO-ds) 6 8.58 (1H, d, J = 7.6 Hz), 7.91 (2H, d, J = 8.3 Hz), 7.60 (1H,
d,J=2.8Hz),7.51 (2H, d, J = 8.3 Hz), 7.46 (1H, dd, J = 9.1, 2.8 Hz), 7.25 (1H, d,
J =9.1 Hz), 5.15 (1H, dq, J = 7.6, 6.9 Hz), 4.48-4.30 (1H, m), 2.18-1.98 (2H, m),
1.77-1.62 (2H, m), 1.47 (3H, d, J = 6.9 Hz), 1.42-1.20 (3H, m), 1.15-0.95 (2H, m),
0.88 (3H, d, d = 6.4 Hz);
MS (ESI) m/z 416 (M + H)*, 414 (M - H)".

EXANMPLE 19
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4-{(1S)-1-[({5-CHLORO-2-[2-(2-METHYLPHENYL)ETHOXY]PYRIDIN-3-
YL}CARBONYL)AMINOJETHYL}BENZOIC ACID

STEP 1. 5-Chloro-2-[2-(2-methylphenyl)ethoxy]nicotinic acid

The title compound was prepared according to the procedure described in
sttp 1 of Example 9 from 25-dichloronicotinic acid and 2-(2-
methylphenyl)ethanol :

"H-NMR (CDCly) 88.42 (1H, d, J = 2.8 Hz), 8.31 (1H, d, J = 2.8 Hz), 7.25-7.15
(4H, m), 4.78 (2H, t, J = 7.2 Hz), 3.19 (2H, 1, J = 7.2 Hz), 2.39 (3H, s);
MS (ESI) m/z 292 (M + H)*, 290 (M - H)".

STEP 2. Methyl 4-{(1S)-1-[({5-chloro-2-[2-(2-methylphenyl)ethoxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 4 of Example 8 from 5-chloro-2-[2-(2-methylphenyl)ethoxy]nicotinic acid
(step1) and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride (step 3 of
Example 8):
"H-NMR (CDCls) & 8.44 (1H, d, J = 2.8 Hz), 8.20 (1H, d, J = 2.8 Hz), 8.10-8.00
(1H, m), 7.96 (2H, d, J = 8.4 Hz), 7.30-7.10 (6H, m), 5.30-5.10 (1H, m), 4.87-4.65
(2H, m), 3.96 (3H, s), 3.10 (2H, t, J = 6.6 Hz), 2.30 (3H, s), 1.34 (3H, d, J = 6.9
Hz).

STEP 3. 4-{(1S)-1-[({5-Chloro-2-[2-(2-methylphenyl)ethoxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
sttp 6 of Example 8 from methyl 4-{(15)-1-[({5-chloro-2-[2-(2-
methylphenyl)ethoxy]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 2):
"H-NMR (DMSO-dk) 8 8.57 (1H, d, J = 7.7 Hz), 8.33 (1H, d, J = 2.8 Hz), 8.01 (1H,
d, J = 2.8 Hz), 7.87 (2H, d, J = 8.3 Hz), 7.41 (2H, d, J = 8.3 Hz), 7.20-7.05 (4H,
m), 5.15-5.01 (1H, m), 4.57 (2H, 1, J = 6.8 Hz), 3.03 (2H, t, J = 6.8 Hz), 2.25 (3H,
s), 1.33 (3H, d, d =7.0 Hz);

VS (ZS1) iz 438 (W + [, 457 (M. - 13
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EXAMPLE 20
4-((15)-1-{[5-CHLORO-2-(3-METHOXY-3-
METHYLBUTOXY)BENZOYL]AMINOYIETHYL)BENZOIC ACID

0
NS aas!
oH CO,H

0]
|

STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-(3-methoxy-3-
methyibutoxy)benzoyl]lamino}ethyl)benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from  methyl 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of Example 8) and 3-methoxy-3-
methylbutan-1-ol: ,
"H-NMR (CDCl3) § 8.32 (1H, d, J = 6.8 Hz), 8.14 (1H, d, J = 2.8 Hz), 8.02 (2H, d,
J =8.4 Hz), 7.45 (2H, d, J = 8.4 Hz), 7.37 (1H, dd, J = 8.9, 2.8 Hz), 6.93 (1H, d, J
= 8.9 Hz), 5.35 (1H, dq, J = 6.9, 6.8 Hz), 4.25-4.10 (2H, m), 3.91 (3H, s), 3.15
(3H, s), 1.98-1.83 (2H, m), 1.59 (3H, d, J = 6.9 Hz), 1.19 (3H, s), 1.18 (3H, s);
MS (ESI) m/z 434 (M + H)*, 432 (M - H)". .
STEP 2. 4-((1S)-1-{[5-Chloro-2-(3-methoxy-3-
methylbutoxy)benzoyl]amino}ethyl)benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-((1S)-1-{[5-chloro-2-(3-methoxy-3-
methylbutoxy)benzoyljamino}ethyl)benzoate (step 1):
1HA-NMFR (DMSO-ds) § 12.87 (1H, br.s), 8.60 (1H, d, J = 7.5 Hz), 7.92 (2H, d, J =
8.4 Hz), 7.56 (1H, d, J = 2.8 Hz), 7.52 (2H, d, J = 8.4 Hz), 7.48 (1H, dd, J = 9.0,
2.8 Hz), 7.20 (1H, d, J = 9.0 Hz), 5.16 (1H, dq, J = 7.5, 7.0 Hz), 4.18-4.06 (2H,
m), 3.06 (3H, s), 1.97-1.78 (2H, m), 1.46 (3H, d, J = 7.0 Hz), 1.11 (3H, s), 1.10
(3H, s);
MS (ES!) m/z 420 (M + H)", 418 (M - HY".

. T e T =
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4-((15)-1-{[5-CHLORO-2-(2-
ISOPROPOXYETHOXY)BENZOYLJAMINOIETHYL)BENZOIC ACID

o)
e e
o\H CO,H
o)

T

STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-(2-
isopropoxyethoxy)benzoyllamino}ethyl)benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl 4-{(1S)-1-{(5-chloro-2-
hydroxybenzoyl)amino]ethyljbenzoate (step 4 of Example 8) and 2-

Fme

isopropoxyethanol: i ‘
"H-NMR (CDCls) § 8.44 (1H, d, J = 7.7 Hz), 8.15 (1H, d, J = 2.8 Hz), 8.01 (2H, d,
J=8.2Hz), 7.47 (2H, d, J = 8.2 Hz), 7.37 (1H, dd, J = 8.9, 2.8 Hz), 6.90 (1H, d, J
= 8.9 Hz), 5.38 (1H, dq, J = 7.7, 7.1 Hz), 4.28-4.20 (2H, m), 3.90 (3H, s), 3.82-
3.75 (2H, m), 3.58 (1H, sep, J = 6.1 Hz), 1.58 (3H, d, J = 7.1 Hz), 1.13 (3H, d, J =
6.1 Hz), 1.11 (8H, d, J = 6.1 Hz);

MS (ESI) m/z 420 (M + H)*, 418 (M - H)".

STEP 2. 4-((1S)-1-{[5-Chloro-2-(2-
isopropoxyethoxy)benzoyllamino}ethyl)benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from ethyl  4-((15)-1-{[5-chloro-2-(2-

isopropoxyethoxy)benzoyl]amino}ethyl)benzoate (step 1):

"H-NMR (DMSO-ds) § 12.88 (1H, br.s), 8.60 (1H, d, J = 7.7 Hz), 7.91 (2H, d, J =
8.3 Hz), 7.69 (1H, d, J = 2.8 Hz), 7.53 (1H, dd, J = 9.0, 2.8 Hz), 7.50 (2H, d, J =
8.3 Hz), 7.22 (1H, d, J = 9.0 Hz), 5.19 (1H, dg, J = 7.7, 7.1 Hz), 4.29-4.20 (2H,
m), 3.78-3.70 (2H, m), 3.58 (1H, sep, J = 6.1 Hz), 1.47 (3H, d, J = 7.1 Hz), 1.04
(6H, d, J = 6.1 Hz);

MS (ZS1) m/z 408 (M + H)*, 404 (M - H).
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4-[(18)-1-({5-CHLORO-2-[(2-
CHLOROBENZYL)OXY]BENZOYL}AMINO)ETHYLIBENZOIC ACID

STEP 1. Methyl 4-[(18)-1-({5-chloro-2-[(2-
chlorobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
sttp 5 of Example 8 from  methyl 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyljbenzoate (step 4 of Example 8) and (2-
chlorophenyl)methanol:
MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(2-
chlorobenzyl)oxy]benzoyl}amino)ethyi]lbenzoic acid

The title compound was prepared according to the procedure described in
'step 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-{(2-
chlorobenzyl)oxy]benzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) 8§ 8.51 (1H, d, J = 8.6 Hz), 7.78 (2H, d, J = 8.3 Hz), 7.73-7.51
(4H, m), 7.50-7.30 (3H, m), 7.28 (2H, d, J = 8.3 Hz), 5.29 (2H, s), 5.08 (1H, dq, J
=8.6, 7.0 Hz), 1.26 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 444 (M + H)*, 442 (M - H)".

EXAMPLE 23
4-[(15)-1-({5-CHLORO-2-[(3-
CHLOROBENZYL)OXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(3-
chlorobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8  from methyl 4-{(18)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyllbenzoate (step 4 of Example 8) and (3-
chlorophenyl)methanol:
V.S (Z81) rvz 458 (M + H)*, 456 (M. - H).
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STEP 2. 4-[(15)-1-({5-Chloro-2-[(3-
chlorobenzyl)oxy]benzoyl}amino)ethyl]benzoic acid
The title compound was prepared according to the procedure described in

step 6 of Example 8 from methyl 4-(15)-1-({5-chloro-2-[(3-
chlorobenzyl)oxy]benzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) §8.63 (1H, d, J = 7.5 Hz), 7.80 (2H, d, J = 8.4 Hz), 7.60-7.39
(5H, m), 7.34 (2H, d, J = 8.4 Hz), 7.29 (2H, d, J = 8.4 Hz), 5.22 (2H, s), 5.09 (1H,
dqg, J = 7.5, 6.8 Hz), 1.33 (3H, d, J = 6.8 Hz);
MS (ESI) m/z 444 (M + H)*, 442 (M - H)".

EXAMPLE 24
4-[(1S)-1-({5-CHLORO-2-[(4-
CHLOROBENZYL)OXYIBEN OYL}AMINQ_)ETHYL|BENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(4-
chlorobenzyl)oxy]benzoyl}amino)ethyljbenzoate

The title compound was prepared according to the procedure descnbed in
stetp 5 of Example 8 from methyl  4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyllbenzoate (step 4 of Example 8) and (4-
chlorophenyl)methanol:
MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

STEP 2. 4-[(15)-1-({5-Chloro-2-[(4-
chlorobenzyl)oxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-[(4-
chlorobenzyl)oxy]benzoyl}amino)ethyljbenzoate (step 1):
"H-NMR (DMSO-dk) 5 8.61 (1H, d, J = 7.8 Hz), 7.81 (2H, d, J = 8.4 Hz), 7.62-7.48
(4H, m), 7.44 (2H, d, J = 8.4 Hz), 7.34 (2H, d, J = 8.2 Hz), 7.29 (1H, d, J = 8.9
Hz), 5.20 (2H, s), 5.09 (1H, dg, J = 7.8, 6.8 Hz), 1.32 (3H, d, J = 6.8 Hz);

S (ESI) mfz 444 (M + H)*, 442 (M - H)".
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4-[(1S)-1-({5-CHLORO-2-[(4-
FLUOROBENZYL)OXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(4-
fluorobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
stetp 5  of Example 8  from methyl  4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and (4-
fluorophenyl)methanol:
MS (ESI) m/z 442 (M + H)*, 440 (M - H)..

STEP 2. 4-[(15)-1-({5-Chloro-2-[(4-
fluorobenzyl)oxylbenzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl  4-[(15)-1-({5-chloro-2-{(4-
fluorobenzyl)oxy]benzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) $8.58 (1H, d, J = 7.5 Hz), 7.78 (2H, d, J = 8.3 Hz), 7.60-7.50
(4H, m), 7.30 (3H, d, J = 8.3 Hz), 7.20 (2H, t, J = 8.8 Hz), 5.17 (2H, s), 5.07 (1H,
dq,J =7.5,7.0 Hz), 1.28 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 428 (M + H)", 426 (M - H)".

EXAMPLE 26

4-((15)-1-{[5-CHLORO-2-(2-
PHENOXYETHOXY)BENZOYL]AMINO}ETHYL)BENZOIC ACID

O
L Ol
0

STEP 1. Methyi 4-((15)-1-{[5-chlore-2-(2-
phenoxyethoxy)benzoyllamino}ethyl)oenzoate

The e compound was pragerec according o the precedure descriced in

£ = o gt i ¢ Comom ey - Bme p" o I e s P
SH 3 of =amai3 S tohul ngthy Lol S an nrn S
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hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and 2-
phenoxyethanol:
"H-NMR (CDCls) § 8.32 (1H, d, J = 7.6 Hz), 8.18 (1H, d, J = 2.8 Hz), 7.85 (2H, d,
J = 8.4 Hz), 7.40 (1H, dd, J = 8.7, 2.8 Hz), 7.35-7.26 (4H, m), 7.04-6.95 (1H, m),
6.92 (1H, d, J = 8.7 Hz), 6.89-6.81 (2H, m), 5.31 (1H, dq, J = 7.6, 6.9 Hz), 4.50-
4.40 (2H, m), 4.37-4.26 (2H, m), 3.89 (3H, s), 1.38 (3H, d, J = 6.9 Hz);
MS (ESI) m/z 454 (M + H)*, 452 (M - H)".

STEP 2. 4-((1S)-1-{[5-Chloro-2-(2-
phenoxyethoxy)benzoylJamino}ethyl)benzoic acid

The title compound was prepared according to the procedure described in
stetp 6 of Example 8 from ethyl  4-((15)-1-{[5-chloro-2-(2-
phenoxyethoxy)benzoylJamino}ethyl)benzoate (step 1):
"H-NMR (DMSO-ds) § 12.84 (1H, br.s), 8.59 (1H, d, J = 7.5 Hz), 7.81 (2H, d, J =
8.3 Hz), 7.69 (1H, d, J = 2.8 Hz), 7.56 (1H, dd, J = 8.8, 2.8 Hz), 7.39 (2H, d, J =
8.3 Hz), 7.33-7.23 (3H, m), 6.99-6.90 (3H, m), 5.12 (1H, dq, J = 7.5, 7.0 Hz),
4.54-4.45 (2H, m), 4.43-4.24 (2H, m), 1.30 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 440 (M + H)*, 438 (M - H)".

EXAMPLE 27
4-((1S)-1-{[5S-CHLORO-2-(2-METHOXY-2-
PHENYLETHOXY)BENZOYLJAMINO}ETHYL)BENZOIC ACID

o)
YL
oH COLH
O.

STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-(2-methoxy-2-
phenylethoxy)benzoyllamino}ethyl)benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl 4-{(1 8)-i-[(5-chloro-2-

mydronyzenzeyaminojathyYocnzozte (steg 4 of Examdie 8) and 2-melnoxy-2-

NIy AU,
-2 R
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~ MS (ESI) m/z 468 (M + H)*, 466 (M - H).

STEP 2. 4-((1S)-1-{[5-Chloro-2-(2-methoxy-2-
phenylethoxy)benzoyiJamino}ethyl)benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-((1S)-1-{[5-chloro-2-(2-methoxy-2-
phenylethoxy)benzoyl]lamino}ethyl)benzoate (step 1):
"H-NMR (DMSO-ds) & 12.88 (1H, br.s), 8.73-8.63 (1H, m), 7.99-7.89 (2H, m),
7.76-7.70 (1H, m), 7.56-7.46 (3H, m), 7.45-7.34 (5H, m), 7.26 (1H, d, J = 9.0 Hz),
5.32-5.17 (1H, m), 4.77-4.65 (1H, m), 4.36-4.26 (2H, m), 3.13 and 3.12 (total 3H,
each s), 1.55-1.45 (3H, m);
MS (ESI) m/z 454 (M + H)*, 452 (M - H)".

EXAMPLE 28

4-[(1S)-1-({5-CHLORO-2-[2-(4-
FLUOROPHENOXY)ETHOXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

0
OQF

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[2-(4-
fluorophenoxy)ethoxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl  4-{(15)-1-{(5-chloro-2-
hydroxybenzoyl)aminolethyllbenzoate (step 4 of Example 8) and 2-(4-
fluorophenoxy)ethanol:
MS (ESI) m/z 472 (M + H)*, 470 (M - H)".

STEP 2. 4-[(18)-1-({5-Chloro-2-[2-(4-
fluorophenoxy)ethoxybenzoyljamine)ethyljbenzoic acid
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The title compound was prepared according to the procedure described

in step 6 of Example 8 from. methyl  4-[(1S)-1-({5-chloro-2-[2-(4-
ﬂuorophenoxy)ethoxy]benzoyl}amino)ethy|]benzoate (step 1):
"H-NMR (DMSO-ds) § 8.58 (1H, d, J = 7.4 Hz), 7.80 (2H, d, J = 8.1 Hz), 7.68 (1H,
d, J = 2.8 Hz), 7.56 (1H, dd, J = 8.9, 2.8 Hz), 7.40 (2H, d, J = 8.1 Hz), 7.27 (1H, d,
J = 8.9 Hz), 7.15-7.05 (2H, m), 7.02-6.93 (2H, m), 5.12 (1H, dq, J = 7.4, 6.9 Hz),
4.52-4.43 (2H, m), 4.40-4.31 (2H, m), 1.31 (3H, d, J = 6.9 Hz); '
MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

EXAMPLE 29
4-((15)-1-{[5-CHLORO-2-
CYCLOBUTYLMETHOXY)BENZOYL]AMINO}ETHYL)BENZOIC ACID

O
N
O\Ha o

STEP 1. Methyl 4-((1S)-1-{[5-chloro-2-
(cyclobutylmethoxy)benzoyl]amino}ethyl)benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8  from methyl 4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminoethyljbenzoate  (step 4 of Example 8) and
cyclobutylmethanol:

'H-NMR (CDCls) § 8.29 (1H, d, J = 7.3 Hz), 8.17 (1H, d, J = 2.8 Hz), 8.02 (2H, d,
J = 8.4 Hz), 7.43 (2H, d, J = 8.4 Hz), 7.37 (1H, dd, J = 8.9, 2.8 Hz), 6.90 (1H, d, J
= 8.9 Hz), 5.35 (1H, dg, J = 7.3, 6.9 Hz), 4.07 (2H, d, J = 7.1 Hz), 3.91 (3H, s),
2.86-2.66 (1H, m), 2.20-1.75 (6H, m), 1.57 (3H, d, J = 6.9 Hz);

MS (ESI) m/z 402 (M + H)*, 400 (M - H)"

STEP 2. 4-((1S)-1-{[5-Chloro-2-
(cyclobutylmethoxy)benzoyljamino}ethyl)benzoie acid

The title compound was prepared according to the procedure described in
stes 6 of  xample & Tom meathy: Lo((7 )15 10002

R S AT Sy 2o A Rabiatol. B e s e T
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'"H-NMR (DMSO-dk) § 12.87 (1H, br.s), 8.53 (1H, d, J = 7.4 Hz), 7.92 (2H, d, J =
8.2 Hz), 7.61 (1H, d, J = 2.8 Hz), 7.55-7.46 (3H, m), 7.19 (1H, d, J = 8.9 Hz), 5.16
(1H, dg, J = 7.4, 6.9 Hz), 4.08 (2H, d, J = 6.8 Hz), 2.80-2.65 (1H, m), 2.10-1.70
(6H, m), 1.47 (3H, d, J = 6.9 Hz);

MS (ESI) m/z 388 (M + H)*, 386 (M - H)".

EXAMPLE 30
4-{(15)-1-[(5-CHLORO-2-ISOBUTOXYBENZOYL)AMINOJETHYL}BENZOIC

ACID
0
OHH/ CO,H

STEP 1. Methyl 4-{(15)-1-[(5-chloro-2-
isobutoxybenzoyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl 4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of Example 8) and 2-methylpropan-
1-ol: )
"H-NMR (CDCls) § 8.31 (1H, d, J = 7.3 Hz), 8.17 (1H, d, J = 2.8 Hz), 8.01 (2H, d,
J =8.4 Hz), 7.44 (2H, d, J = 8.4 Hz), 7.36 (1H, dd, J = 8.9, 2.8 Hz), 6.88 (1H, d, J
= 8.9 Hz), 5.37 (1H, dq, J = 7.3, 6.9 Hz), 3.91 (3H, s), 3.87 (2H, d, J = 6.3 Hz),
2.20-1.96 (1H, m), 1.59 (3H, d, J = 6.9 Hz), 1.03 (3H, d, J = 6.8 Hz), 0.99 (3H, d,
J = 6.8 Hz); |
MS (ESI) m/z 390 (M + H)*, 388 (M - H)".

STEP 2. 4-{(1S)-1-[(5-Chloro-2-isobutoxybenzoyl)amino]ethyl}benzoic acid
The title compound was prepared according to the procedure

described in step 6 of Example 8 from methyl 4-{(1S)-1-[(5-chloro-2-

isobutoxybenzoyl)amino]ethyl}benzoate (step 1):

“ENMB (CHSO-d5) § 12.88 (1H, br.s); 8.58 (1K, &, J = 7.5 Hz), 7.91 (2, d, J =

(R P NN 7 RO L4 QR Q7 AALN A e O PN
0,0 ¢ = A8 Ha), 785744 B, m), 7.7 (I, &5 v 3 80 1z
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5.17 (1H, dq, J = 7.5, 7.0 Hz), 3.87 (2H, d, J = 6.4 Hz), 2.15-1.95 (1H, m), 1.47
(3H, d, J = 7.0 Hz), 0.95 (3H, d, J = 7.0 Hz), 0.92 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 376 (M + H)*, 374 (M - H)".

EXAMPLE 31

4-[(1S)-1-({[5-CHLORO-2-(3-METHYLBUTOXY)PYRIDIN-3-
YLICARBONYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. 5-Chloro-2-(3-methylbutoxy)nicotinic acid
The title compound was prepared according to the procedure described in
step 1 of Example 9 from 2,5-dichloronicotinic acid and 3-methylbutan-1-ot:

"H-NMR (CDCls) §8.43 (1H, d, J = 2.8 Hz), 8.32 (1H, d, J = 2.8 Hz), 4.62 (2H, 1, J
= 6.6 Hz), 1.97-1.70 (3H, m), 1.00 (6H, d, J = 6.4 Hz).

STEP 2. Methyl 4-[(1S)-1-({[5-chloro-2-(3-methylbutoxy)pyridin-3-
ylJcarbonyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 4 of Example 8 from 5-chloro-2-(3-methylbutoxy)nicotinic acid (step 1) and
methyl 4-[(1S)-1-aminoethyllbenzoate hydrochloride (step 3 of Example 8):

"H-NMR (CDCl3) 58.46 (1H, d, J = 2.8 Hz), 8.40-8.28 (1H, m), 8.19 (1H, d, J =
2.8 Hz), 8.04 (2H, d, J = 8.4 Hz), 7.44 (2H, d, J = 8.4 Hz), 5.45-5.25 (1H, m), 4.50
(2H, t, J = 6.3 Hz), 3.91 (3H, s), 1.84-1.52 (6H, m), 0.94 (6H, d, J = 5.6 Hz).

STEP 3. 4-(15)-1 -({[5-Chlofo-2-(3-methylbutoxy)pyridin-3-
ylJcarbonyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(15)-1-({[5-chloro-2-(3-methylbutoxy)pyridin-
3-ylJcarbonyl}amino)ethyi]benzoate (step 2):
'"H-NMR (DMSO-ds) 5 8.66 (1H, d, J = 7.5 Hz), 8.32 (1H, d, J = 2.8 Hz), 8.00 (1H,
d, J = 2.8 Hz), 7.80 (2H, d, J = 8.3 Hz), 7.50 (2H, d, J = 8.3 Hz), 5.09 (1H, dq, J =
7.5, 6.8 Hz), 4.35 (ZH, i, J = 6.3 Hz), 1.7C-1.50 (3H, m), 1.40 (3H, d, J = 6.8 Hz),
2.35{6", d,d=6.23=2);
MEEEDN oz 52 j\f_ SIEBE Y
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EXAMPLE 32 -

4-[(15)-1-({5-CHLORO-2-{(2.5-
DIFLUOROBENZYL)OXYIBENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(2,5-
diflu'orobenzyl)oxy]benzoyl}amino)ethyl]benzoate

A mixture of 4-{(15)-1-[(5-chloro-2-hydroxybenzoyl)amino]ethyl}benzoate
(step 4 of Example 8, 100 mg, 0.30 mmol), 2-(bromomethyl)-1,4-difluorobenzene
(62 mg, 0.30 mmol), and potassium carbonate (83 mg, 0.60 mmol) in N,N-
dimethylformamide was stirred at room temperature overnight. To the mixture
was added water and the resulting mixture was extracted with ethyl acetate. The
organic layer was washed with brine, dried over sodium sulfate, and evaporated.
The residue was purified by flash column chromatography on éilica gei eluting
with hexane/ethyl acetate (3/1) to afford 130 mg (94%) of the title compound:
MS (ESI) m/z 460 (M + H)*, 458 (M - H)".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(2,5-
difluorobenzyl)oxylbenzoyl}amino)ethyllbenzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-[(2,5-
difluorobenzyl)oxyjbenzoyl}amino)ethyllbenzoate (step 1):

"H-NMR (DMSO-dk) § 8.57 (1H, d, J = 7.7 Hz), 7.78 (2H, d, J = 8.1 Hz), 7.55 (1H,
s), 7.51-7.43 (2H, m), 7.40-7.20 (5H, m), 5.23 (2H, s), 5.07 (1H, dg, J = 7.7, 7.0
Hz), 1.30 (3H, d, J = 7.0 Hz);

" MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

EXAMPLE 33
4-[(1S)-1-({5-CHLORO-2-[(3.4-
DIFLUOROBENZYL)OXYIBENZOYLIAMINO)ETHYL]BENZOIC ACID

STEP 1. Methy! (% S)-1-({5chloro-2-1(3,/~

T e AN o e L A S A
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PREO RN NN ;,14’“”/\5’/‘2\\2‘,“.:9\9.1 _Z@S,L"&q—uwuv\/J\ R R A -ng«\a@



10

15

20

25

WO 2005/102389 PCT/IB2005/000935

240

The title compound was prepared according to the procedure described
in step 1 of Example 32  from 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyljbenzoate (step 4 of Example 8) and 4-
(bromomethyl)-1,2-difluorobenzene:
MS (ESI) m/z 460 (M + H)*, 458 (M - H)".

STEP 2. 4-(1S)-1-({5-Chloro-2-[(3,4-
difluorobenzyl)oxy]benzoyl}amino)ethyl]lbenzoic acid

The title compound was prepared according to the procedure described in
stetp 6 of Example 8 from methyl 4-[(1S)-1-({5-chloro-2-[(3,4-
difluorobenzyl)oxylbenzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) §8.61 (1H, d, J = 7.5 Hz), 7.76 (2H, d, J = 8.3 Hz), 7.64-7.23
(8H, m), 5.15 (2H, s), 5.02 (1H, dq, J = 7.5, 7.0 Hz), 1.31 (3H, d, J = 7.0 Hz);
MS (ES!) m/z 446 (M + H)*, 444 (M - HY".

EXAMPLE 34

4-[(15)-1-({5-CHLORO-2-[2-(4-
FLUOROPHENYL)ETHOXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

o)
oH CO,H

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[2-(4-
fluorophenyl)ethoxy]lbenzoyl}amino)ethyllbenzoate

To a  stired soluton of methyl  4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of example 8, 73 mg, 0.22 mmol),
2-(4-fluorophenyl)ethanol (46 mg, 0.33 mmol) and tributylphosphine (0.14 mL,
0.55 wmmol) in tetrahydrofuran (2 mL) was added N,N,N’,N-
tetramethylazodicarboxamide (95 mg, 0.55 mmol) at room temperaiure. Afier
being stirred 3 days, the reaction was quenched by the addition of sodium

H - D e n e L] [ Lo oo =, - wr - PR I
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brine, dried (magnesium sulfate), and evaporated. The remaining residue was
purified by flush column chromatography on silica gel eluting with hexane/ethyl
acetate (5/1) to afford a mixture (0.13 g) of the title compound and 2-(4-
fluorophenyl)ethanol as a colorless oil:
MS (ESI) m/z 456 (M + H)*.

STEP 2. 4-[(15)-1-({5-Chloro-2-[2-(4-
fluorophenyl)ethoxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 3 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-{2-(4-
fluorophenyl)ethoxylbenzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) § 8.47 (1H, d, J = 7.6 Hz), 7.89 (2H, d, J = 8.1 Hz), 7.58 (1H,
d, J = 2.6 Hz), 7.49 (1H, dd, J = 8.7, 2.6 Hz), 7.43 (2H, d, J = 8.1 Hz), 7.33-7.17
(3H, m), 7.13-7.02 (2H, m), 5.12 (1H, dq, J = 7.6, 6.9 Hz), 4.34 (2H, 1, J = 6.6 Hz),
3.07 (2H, t, J = 6.6 Hz), 1.37 (3H, d, J = 6.9 Hz);
MS (ESI) m/z 442 (M + H)", 440 (M - H)".

EXAMPLE 35

4-[(15)-1-({5-CHLORO-2-[(2,4-
DIFLUOROBENZYL)OXY]BENZOYLIAMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(15)-1-({5-chloro-2-[(2,4-
difluorobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 32 from 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of Example 8) and 1-
(bromomethyl)-2,4-difluorobenzene:
MS (ESI) m/z 460 (M + H)*, 458 (M - H)".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(2,4-
diflucrobenzyl)oxylbenzoyljamino)ethyllbenzoic acid
The t*le compound was prepzrac eccording to the precedure described
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"H-NMR (DMSO-ds) §8.50 (1H, d, J = 7.7 Hz), 7.77 (2H, d, J = 8.4 Hz), 7.64
(1H, q, J = 6.6 Hz), 7.60-7.50 (2H, m), 7.38-7.24 (4H, m), 7.13-7.04 (1H, m), 5.21
(2H, s), 5.05 (1H, dg, J = 7.7, 7.0 Hz), 1.27 (3H, d, J = 7.0 Hz);

MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

EXAMPLE 36
4-[(1S)-1-({5-CHLORO-2-[(2-
FLUOROBENZYL)OXYIBENZOYL}AMINO)ETHYLIBENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(2-
fluorobenzyl)oxy]benzoyl}amino)ethyl]lbenzoate

The title compound was prepared according to the procedure described in
step 1 of Example 32 from 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and 1-
(bromométhy!)-z-fluorobenzene:
MS (ESI) m/z 442 (M + H)*, 440 (M - H)".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(2-
fluorobenzyl)oxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
stetp 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-[(2-
fluorobenzyl)oxylbenzoyi}amino)ethyl]benzoate (step 1):
"H-NMR (DMSO-ds) 6 12.9-12.8 (1H, br.s), 8.53 (1H, d, J =7.4 Hz), 7.79 (2H, d, J
= 8.1 Hz), 7.67-7.51 (3H, m), 7.50-7.18 (6H, m), 5.29 (2H, s), 5.08 (1H, dq, J =
7.4,6.6 Hz), 1.28 (3H, d, J = 6.6 Hz);
MS (ESI) m/z 428 (M + H), 426 (M - H)".

EXAMPLE 37
4-[(15)-1-({5-CHLORO-2-[(3.5-
DIFLUOROBENZYL)OXYIBENZOYLIAMINO)ETHYLIBENZOIC ACID

STEP 1. lathy! 4-{(1 §)-1-({5-chlorc-2-[(8,5-
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The title compound was prepared according to the procedure described
in step 1 of Example 32 from 4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminojethyljbenzoate (step 4 of Example 8) and 1-
(bromomethyl)-3,5-difluorobenzene:
MS (ESI) m/z 460 (M + H)*, 458 (M - HY".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(3,5-
difluorobenzyl)oxylbenzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
stetp 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-[(3,5-
difluorobenzyl)oxy]benzoyl}amino)ethyl]benzoate (step 1):
"H-NMR (DMSO-ds) 8 12.9-12.8 (1H, br.s), 8.67 (1H,d, J=7.6 Hz), 7.79 (2H, d, J
= 8.2 Hz), 7.60-7.48 (2H, m), 7.37 (2H, d, J = 8.2 Hz), 7.30-7.13 (4H, m), 5.20
(2H, s), 5.05 (1H, dg, J = 7.6, 7.1 Hz), 1.34 (3H, d, J = 7.1 H2);
MS (ESI) m/z 446 (M + H)", 444 (M - H)".

EXAMPLE 38

4-((18)-1-{[2-(BENZYLOXY)-5-CHLOROBENZOYL]JAMINO}ETHYL)BENZOIC
ACID

-

STEP 1. 4-((1S5)-1-{[2-(Benzyloxy)-5-chlorobenzoyl]lamino}ethyl)benzoic acid

The title compound was prepared according to the two steps procedure
described in step 1 of Example 32 and step 6 of Example 8. Firstly, 4-{(15)-1-[(5-
chloro-2-hydroxybenzoyl)aminolethyljbenzoate (step 4 of Example 8) was
benzylated by benzyl bromide. Next, the crude product was hydrolyzed to the
corresponding carboxylic acid:

"H-NMR (DMSO-ds) 8 12.9-12.8 (1H, br.s), 8.61 (1H, d, J = 7.9 Hz), 7.78 (2H, d, J
= 8.4 Hz), 7.62-7.46 (4H, m), 7.45-7.25 (6H, m), 5.20 (2H, s), 5.07 (1H, dg, J =
7.9, 6.9 Hz), 1.27 (3H, d, J = 6.9 Hz);

MS (ESI) m/z 410 (M + H)*, 408 (M - H)"
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4-{(1S)-1-[({5-CHLORO-2-[(2-CHLOROBENZYL)OXY]PYRIDIN-3-
YL}CARBONYL)AMINOJETHYL}BENZOIC ACID '

STEP 1. 5-Chloro-2-[(2-chlorobenzyl)oxy]nicotinic acid

The title compound was prepared according to the procedure described in
step 1 of Example 9 from 25-dichloronicotinic acid and (2-
chlorophenyl)methanol:
MS (ESI) m/z 298 (M + H)*, 296 (M - H)".

STEP 2. Methyl 4-{(1S)-1-[({5-chloro-2-[(2-chlorobenzyl)oxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 4 of Example 8 from 5-chloro-2-[(2-chlorobenzyl)oxy]nicotinic acid (step 1)
and methyl 4-[(15)-1-aminoethyllbenzoate hydrochloride (step 3 of Example 8):

'"H-NMR (CDCls) $8.17 (1H, d, J = 2.8 Hz), 8.02-7.95 (1H, m), 7.91 (2H, d, J =
8.3 Hz), 7.43 (1H, dd, J = 8.8, 2.8 Hz), 7.30-7.07 (5H, m), 7.04 (1H, d, J = 8.6
Hz), 5.32-5.16 (3H, m), 3.91 (3H, 5), 1.36 (3H, d, J = 7.0 Hz);

MS (ESI) m/z 459 (M + H)*, 457 (M - H).

STEP 3. 4-{(1S)-1-[({5-chloro-2-[(2-chlorobenzyl)oxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-{(15)-1-[({5-chloro-2-[(2-
chlorobenzyl)oxy]pyridin-3-yljcarbonyl)amino]ethyl}benzoate (step 2):
'"H-NMR (DMSO-ds) § 12.9-12.8 (1H, br.s), 8.70 (1H, d, J = 7.7 Hz), 8.41 (1H, dd,
J =228, 1.1 Hz), 8.08 (1H, dd, J = 2.8, 1.1 Hz), 7.76 (2H, d, J = 8.4 Hz), 7.64-7.58
(1H, m), 7.56-7.50 (1H, m), 7.45-7.30 (4H, m), 5.52 (2H, s), 5.12 (1H, dq, J = 7.7,
7.0 Hz), 1.36 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 445 (M + H)*, 443 (M - HY".
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2N ORIV RIDIN S

- N e = SO NG T AN T AR
TSRS TR AT TN N VTN AG03
A N N T SNy N Y

e dezd LY




10

15

20

25

30

WO 2005/102389 PCT/1B2005/000935

245

STEP 1. 5-Chloro-2-[(4-chIorobenzyl)o?(y]nicotinic acid
'Ijhe titte compound was prepared é’ccording to the procedure described in
step 1 of Example 9 from 25-dichloronicotinic acid and (4-
chlorophenyl)methanol:
MS (ESI) m/z 298 (M + H)*, 296 (M - H)".

STEP 2. Methyl 4-{(1S5)-1-[({5-Chloro-2-[(4-chlorobenzyl)oxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in
step 4 of Example 8 from 5-chloro-2-[(4-chlorobenzyl)oxy]nicotinic acid (step 1)
and methyl 4-[(15)-1-aminoethyl]benzoate hydrochloride (step 3 of Example 8):

"H-NMR (CDCl3) 88.49 (1H, d, J = 2.8 Hz), 8.23 (1H, d, J = 2.8 Hz), 8.18-8.08
(1H, m), 7.93 (2H, d, J = 8.4 Hz), 7.39-7.30 (4H, m), 7.20 (2H, d, J = 8.6 Hz), 5.42
(2H, s), 5.33-5.16 (1H, m), 3.93 (3H, s), 1.40 (3H, d, J = 7.0 Hz);

MS (ESI) m/z 459 (M + H)*, 457 (M - HY.

STEP 3. 4-{(1S)-1-[({5-Chloro-2-[(4-chlorobenzyl)oxy]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-{(15)-1-{({5-chloro-2-[(4-
chlorobenzyl)oxy]pyridin-3-yljcarbonyl)aminojethyl}benzoate (step 1):
"H-NMR (DMSO-ds) 6 8.74 (1H, d, J = 7.3 Hz), 8.40-8.36 (1H, m), 8.07-8.03 (1H,
m), 7.82 (2H, d,J=7.0 Hz), 7.52 (2H, d, J = 7.3 Hz), 7.44 (2H, d, J = 7.0 Hz),
7.37 (2H, d, J = 7.3 Hz), 5.42 (2H, s), 5.11 (1H, dq, J = 7.3, 7.0 Hz), 1.37 (3H, d, J
=7.0 Hz),
MS (ESI) m/z 445 (M + H)*, 443 (M - H)".

EXAMPLE 41
44(18)-1-{{5-CHLOROQ-2-[(2-
CYANOBENZYLIOXVIBENZOYLIAMINOVETHYLIBENZOIC ACID
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STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(2-
cyanobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 32 from 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and 2-
(bromomethyl)benzonitrile:
"H-NMR (CDCls) 6 8.13 (1H, d, J = 2.8 Hz), 7.92-7.80 (3H, m), 7.74-7.68 (1H, m),
7.65 -7.46 (3H, m), 7.42 (1H, dd, J = 2.8, 8.8 Hz), 7.21 (2H, d, J = 8.3 Hz), 7.04
(1H, d, J = 8.8 Hz), 5.36-5.22 (3H, m), 3.91 (3H, s), 1.37 (3H, d, J = 7.0 Hz).

STEP 2. 4-[(15)-1-({5-Chloro-2-[(2-
cyanobenzyl)oxy]lbenzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-(1 S)-1-({5-chloro-2-[(2-
cyanobenzyl)oxy]benzoyllamino)ethyllbenzoate (step 1):
"H-NMR (CDCl) 68.14 (1H, d, J = 2.8 Hz), 7.93 (2H, d, J = 8.2 Hz), 7.86 (1H, d,
J=7.3Hz), 7.72 (1H, d, J = 7.7 Hz), 7.67-7.48 (3H, m), 7.43 (1H, dd, J = 2.8, 8.7
Hz), 7.27 (2H, d, J = 8.2 Hz), 7.05 (1H, d, J = 8.7 Hz), 5.39-5.22 (3H, m), 1.39
(3H, d, J = 6.9 Hz); |
MS (ESI) m/z 435 (M + H)*, 433 (M - H)".

EXAMPLE 42
4-[(1S)-1-({5-CHLORO-2-[2-(TETRAHYDRO-2H-PYRAN-4-
YL)ETHOXY]BENZOYLIAMINO)ETHYL]BENZOIC ACID

O
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STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[2-(tetrahydro-2H-pyran-4-

yl)ethoxy]benzoyl}amino)ethyllbenzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl  4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and 2-(tetrahydro-
2H-pyran-4-yl)ethanol:
"H-NMR (CDCls) § 8.23 (1H, d, J = 7.4 Hz), 8.17 (1H, d, J = 2.8 Hz), 8.02 (2H, d,
J=8.4Hz), 7.44 (2H, d, J = 8.4 Hz), 7.37 (1H, dd, J = 8.9, 2.8 Hz), 6.90 (1H, d, J
= 8.9 Hz), 5.37 (1H, dq, J = 7.4, 7.1 Hz), 4.14 (2H, t, J = 6.4 Hz), 3.98-3.88 (2H,
m), 3.91 (3H, s), 3.38-3.22 (2H, m), 1.80-1.20 (7H, m), 1.59 (3H, d, J =7.1 Hz);
MS (ESI) m/z 446 (M + H)*, 444 (M - H)".

STEP 2. 4-[(15)-1-({5-Chloro-2-[2-(tetrahydro-2H-pyran-4-
yl)ethoxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(1S)-1-({5-chloro-2-[2-(tetrahydro-2H-pyran-4-
yl)ethoxy]benzoyl}lamino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) § 12.86 (1H, br.s), 8.58 (1H, d, J =7.3 Hz), 7.92 (2H, d, J =
8.3 Hz), 7.58 (1H, d, J = 2.8 Hz), 7.52 (2H, d, J = 8.4 Hz), 7.49 (1H, dd, J = 8.8,
2.8 Hz), 7.19 (1H, d, J = 8.8 Hz), 5.16 (1H, dq, J = 7.3, 7.0 Hz), 412 (2H, t, J =
5.7 Hz), 3.84-3.73 (2H, m), 3.25-3.10 (2H, m), 1.70-1.44 (5H, m), 1.47 (3H, d, J =
7.0 Hz), 1.26-1.06 (2H, m); |
MS (ESI) m/z 432 (M + H)*, 430 (M - HY..

EXAMPLE 43
4-{(1S)-1-({5-CHLORO-2-[(3- |
FLUOROBENZYL)OXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(3-
fluorobenzyl)oxyjbenzoyljamino)ethyllbenzoate
Ths tite compound was repsrac acserding to the procsdure descrized in
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hydroxybenzoyl)aminojethyl}benzoate (step 4 of Example 8) and 1-
(bromomethyl)-3-fluorobenzene:
"H-NMR (CDCl3) 88.19 (1H, d, J = 2.8 Hz), 8.16-8.05 (1H, m), 7.91 (2H, d, J =
8.3 Hz), 7.46-7.33 (2H, m), 7.24-7.04 (5H, m), 7.00 (1H, d, J = 8.6 Hz), 5.33-5.17
(1H, m), 5.11 (2H, s), 3.91 (3H, s), 1.33 (38H, d, J = 7.0 Hz); .
MS (ESI) m/z 442 (M + H)*, 440 (M - HY".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(3-
fluorobenzyl)oxy]benzoyl}amino)ethyllbenzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(1S5)-1-({5-chloro-2-[(3-
fluorobenzyl)oxylbenzoyl}amino)ethyllbenzoate (step 1): |
"H-NMR (CDCls) 6 8.25-8.05 (2H, m), 7.97 (2H, d, J = 8.4 Hz), 7.47-7.33 (2H, m),
7.33-7.06 (5H, m), 7.01 (1H, d, ‘J = 9.0 Hz), 5.40-5.20 (1H, m), 5.12 (2H, s), 1.33
(8H, d, J = 7.0 Hz);
MS (ESI) m/z 428 (M + H)*, 426 (M - H)".

EXAMPLE 44
4-[(18)-1-({5-CHLORO-2-[(5-METHYLISOXAZOL-3-
YL)METHOXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(5-methylisoxazol-3-
yl)methoxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 1 of Example 32 from 4-{(15)-1-[(5-chloro-2-

" hydroxybenzoyl)aminojethyljbenzoate (step 4 of Example 8) and 3-

(chloromethyl)-5-methylisoxazole:

"H-NMR (DMSO-de) 6 8.35 (1H, d, J = 7.3 Hz), 8.19 (1H, d, J = 2.8 Hz), 7.98 (2H,
d, J = 8.4 Hz), 7.45-7.37 (3H, m), 6.99 (1H, d, J = 8.8 Hz), 5.95 (1H, s), 5.35 (1H,
dg, J = 7.3, 7.0 Hz), 5.21 (2H, s), 3.90 (3H, s), 2.43 (3H, s), 1.54 (3H, d, J=7.0
Hz).
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STEP 2. 4-[(1S)-1-({5-Chloro-2-[(5-methylisoxazol-3-
yl)methoxy]benzoyl}amino)ethyl]benzoic acid
T}'\e titte compound was prepared al:cording to the procedure described in

step 6 of Example 8 from methyl 4-[(15)-1-({5-chloro-2-[(5-methylisoxazol-3-
yl)methoxylbenzoyl}amino)ethyl]benzoate (step 1):
"H-NMR (DMSO- ds) §13.0-12.8 (1H, br), 8.74 (1H, d, J = 7.5 Hz), 7.84 (2H, d, J
= 8.3 Hz), 7.60 (1H, d, J = 2.8 Hz), 7.55 (1H, dd, J = 8.8, 2.8 Hz), 7.43 (2H, d, J =
8.3 Hz), 7.32 (1H, d, J = 8.8 Hz), 6.28 (1H, s), 5.28 (2H, s), 5.15 (1H, dg, J = 7.5,
7.0 Hz), 2.40 (3H, s), 1.40 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 415 (M + H)*, 413 (M - H)".

EXAMPLE 45
4-[(1S)-1-({5-CHLORO-2-[(4-CHLORO-2- -
FLUOROBENZYL)OXY]BENZOYL}AMINO)ETHYL]BENZOIC ACID

STEP 1. Methyl 4-[(15)-1-({5-chloro-2-[(4-chloro-2-
fluorobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 5: of Example 8 from methyl  4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)aminolethyllbenzoate (step 4 of Example 8) and (4-chloro-2-
fluorophenyl)methanol:

"H-NMR (CDCls) $8.17 (1H, d, J = 2.8 Hz), 8.03-7.95 (1H, m), 7.92 (2H, d, J =
8.3 Hz), 7.46-7.07 (6H, m), 7.02 (1H, d, J = 8.6 Hz), 5.32-5.17 (1H, m), 5.15 (2H,
s), 3.92 (3H, s), 1.37 (3H, d, J = 7.0 Hz).

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(4-chloro-2-
fluorobenzyl)oxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(1S)-1-({5-chloro-2-[(4-chloro-2-
fluorobenzyl)oxy]benzoyl}amino)ethylloenzoate (step 1):

"4-NMR (DMSO-¢s) § 8.54 (1H, d, J = 7.5 Hz), 7.80 (2H, d, J = 8.1 Hz), 7.65-7.50

(42, M), 7.37-7.28 (47, ), 5.28 (2, 8}, 5.08 (1, dq, J = 7.5, 6.8 Ha), 1.35 (&,
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MS (ESI) m/z 462 (M + H)*, 460 (M - H)".

EXAMPLE 46
4-[(15)-1-({5-CHLORO-2-[(2-CHLORO-4-
FLUOROBENZYL)OXY]BENZOYL}AMINO)ETHYLIBENZOIC ACID

STEP 1. Methyl 4-[(1S)-1-({5-chloro-2-[(2-chloro-4-
fluorobenzyl)oxy]benzoyl}amino)ethyl]benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl 4-{(1S)-1-[(5-chioro-2-
hydroxybenzoyl)aminolethyl}benzoate (step 4 of Example 8) and (2-chloro-4-
fluorophenyl)methanol:

"H-NMR (CDCls) 58.16 (1H, d, J = 2.8 Hz), 8.10-7.98 (1H, m), 7.89 (2H, d, J =
8.3 Hz), 7.48-7.36 (2H, m), 7.24-7.10 (3H, m), 7.08-6.95 (2H, m), 5.32-5.10 (3H,
m), 3.92 (3H, s), 1.34 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 476 (M + H)*, 474 (M - HY.

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(2-chloro-4-
fluorobenzyl)oxy]benzoyl}amino)ethyllbenzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(1S)-1-({5-chloro-2-[(2-chloro-4-
fluorobenzyl)oxy]benzoyl}amino)ethyllbenzoate (step 2):

"H-NMR (DMSO-ds) 6 8.49 (1H, d, J = 7.5 Hz), 7.83-7.65 (3H, m), 7.64-7.50 (3H,
m), 7.42-7.20 (4H, m), 5.25 (2H, s), 5.08 (1H, dq, J = 7.5, 6.8 Hz), 1.28 (3H, d, J
= 6.8 Hz);

MS (ESI) m/z 462 (M + H)*, 460 (M - H)".

EXAMPLE 47
4-[(18)-1-({5-CHLORO-2-[(3-CHLOROPYRIDIN-2-
YLMETHOXYIBENZOYLJAMINO)ETHYLIBENZOIC ACID

STED 1. Melhy! 4-7[18)-1+({5-ehlore-2- (& chloropyridin-2-

2
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The title compound was prepared according to the procedure described
in step 5 of Example 8 from methyl 4-{(15)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of Example 8) and (3-chloropyridin-
2-yl)methanol:
MS (ESI) m/z 459 (M + H)*, 457 (M - H)".

STEP 2. 4-[(1S)-1-({5-Chloro-2-[(3-chloropyridin-2-
yl)methoxy]benzoyl}amino)ethyl]benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-[(1S)-1-({5-chloro-2-[(3-chloropyridin-2-
ylymethoxy]benzoyl}amino)ethyllbenzoate (step 1):
"H-NMR (DMSO-ds) $9.26 (1H, d, J = 7.7 Hz), 8.48 (1H, d, J = 4.4 Hz), 8.05 (1H,
d, J = 8.1 Hz), 7.87-7.73 (3H, m), 7.59 (1H, dd, J = 8.8, 2.8 Hz), 7.52-7.36 (4H,
m), 5.55 (2H, s), 5.24 (1H, dg, J = 7.7, 6.8 Hz), 1.45 (3H, d, J = 6.8 Hz);
MS (ESI) m/z 445 (M + H)*, 443 (M - H)".

EXAMPLE 48
4-{(1S)-1-[({5-CHLORO-2-[(2-CHLOROBENZYL)METHYL)AMINO]PYRIDIN-3-
YL}CARBONYL)AMINO]ETHYL}BENZOIC ACID

Cl ?
186,
N N~ COzH
e

STEP 1. Methyl 4-{(1 S)-1-[({5-chloro-2-[(2-
chlorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate
The title compound was prepared according to the procedure described in
step 2 of Example 16 from methyl 4-{(1S)-1-[({5-chloro-2-[methyl(2-
phenylethyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 1 of Example
16) and (2-chlorobenzyl)methylamine:
"H-NMR (CDCls) $8.54 (iH, d, J = 8.1 Hz), 8.30 (iH, d, J = 2.7 Hz), 8.18 (1H, d,
J =27 Hz), 7.88 (24, J = 8.3 Hz), 7.46-7.76 (8H, m), 5.38-5.25 (1, m), £.55 (1,

T sl g ~ F__ a0 e N 0 e InS N g A e
Q; o = LSO .Z,, /h‘/:\«,‘ i P }5 3’; - 1"(«,‘.3 .h(,/‘f” ;i:‘?/\, ‘g,-?; S); 2.53 \G.i:r S}; .A-Z:‘/ AP e f; W
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STEP 2. 4-{(1S)-1-[({5-Chloro-2-[(2-chlorobenzyl)(methyl)amino]pyridin-3-

yl}carbonyl)amino]ethyl}benzoic acid
The title compound was prepared according to the procedure described in

step 6 of Example 8 from ethyl  4-{(15)-1-[({5-chloro-2-[(2-
chlorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)aminolethyl}benzoate (step 1):
"H-NMR (CDCls) 8.59 (1H, d, J = 8.1 Hz), 8.31 (1H, d, J=2.8 Hz), 8.19 (1H, 4,
J = 2.8 Hz), 7.93 (2H, J = 8.3 Hz), 7.43-7.36 (1H, m), 7.34-7.18 (5H, m), 5.40-
5.25 (1H, m), 4.54 (1H, d, J = 13,5 Hz), 4.42 (1H, d, J = 13,5 Hz), 2.55 (3H, s),
1.48 (3H, d, J = 7.0 Hz);
MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

EXAMPLE 49
4-((15)-1-{[5-CHLORO-2-(TETRAHYDROFURAN-2-
YLMETHOXY)BENZOYL]AMINO}ETHYL)BENZOIC ACID

0
AR
oH COLH

0

STEP 1. Me{hyl 4-((15)-1 -{[S-chIoro-2-(tetraI:lydrofuran-z-
ylmethoxy)benzoyljamino}ethyl)benzoate

The title compound was prepared according to the procedure described in
step 5 of Example 8 from methyl 4-{(1S)-1-[(5-chloro-2-
hydroxybenzoyl)amino]ethyl}benzoate (step 4 of Example 8) and tetrahydrofuran-
2-ylmethanol:

"H-NMR (CDCl3)  8.74-8.60 (1H, m), 8.15-8.11 (1H, m), 8.01 and 7.99 (total 2H,
each d, J = 8.3 Hz), 7.50 and 7.48 (total 2H, each d, J = 8.3 Hz), 7.35 (1H, dd, J =
8.8, 2.8 Hz), 6.89 and 6.87 (total 1H, each d, J = 8.8 Hz), 5.38 (1H, dq, J = 7.9,
7.0 Hz), 4.36-4.18 (2H, m), 3.94-3.70 (3H, m), 3.90 and 3.89 (total 3H, each s),
2.14-1.86 (3H, m), 1.70-1.55 (1H, m), 1.57 and 1.56 (total 3H, each d, J = 7.0
Hz);

M (IS m/z 418 (M + M), 418 (V- 1)
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STEP 2. 4-((1S)-1-{[5-Chloro-2-(tetrahydrofuran-2-

~ ylmethoxy)benzoylJamino}ethyl)benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-((1S)-1-{[5-chloro-2-(tetrahydrofuran-2-
ylmethoxy)benzoyljamino}ethyl)benzoate (step 1):

"H-NMR (DMSO-ds) 5 8.82-8.72 (1H, m), 7.91 and 7.90 (total 2H, each d, J = 8.3
Hz), 7.68 (1H, d, J = 2.8 Hz), 7.60-7.46 (3H, m), 7.23 and 7.22 (total 1H, each d,
J = 8.8 Hz), 5.28-5.10 (1H, m), 4.32-4.16 (2H, m), 4.03-3.92 (1H, m), 3.83-3.60
(2H, m), 2.05-1.76 (3H, m), 1.70-1.55 (1H, m), 1.46 and 1.45 (total 3H, each d, J
= 6.9 Hz);

MS (ESI) m/z 404 (M + H)", 402 (M - H)".

EXAMPLE 50

4-{(15)-1-[({5-CHLORO-2-[(2-FLUOROBENZYL)(METHYL)AMINO]PYRIDIN-3-
YL}CARBONYL)AMINOIETHYL}BENZOIC ACID

Cl 2
*Q R
N SN~ COQH

F

STEP 1. Methyl 4-{(1S)-1-[({5-chloro-2-[(2-
chlorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate

A mixture of methyl 4-((1S)-1-{[(2,5-dichloropyridin-3-
yl)carbonyllamino}ethyl)benzoate, (step 1 of Example 16, 204 mg, 0.58 mmol),
(2-fluorobenzyl)methylamine (264 mg, 1.9 mmol), and diisoprpylethylamine (167
mg, 1.3 mmol) in dimethyl sulfoxide (5 mL) was heated at 150 °C in an oil bath for
24 hours. The reaction mixture was poured into water and the aqueous mixture
was extracted with ethyl acetate. The organic extracts were washed with brine,
dried (sodium sulfate), and concentrated. The residue was purified by flash
column chromatography on silica gel eluting with hexane/ethyl acetate (4/1 to 2/1)
to afford 222 mg (86%) of the title compound:

"H-NMIR (CDCls) & 8.98 (iH, d, J = 7.9 Hz), 8.30 (1H, d, J = 2.6 Hz), 8.20 (11, d,

[=0.877), 783 (21, 4, =887, £.88/2, 4, =831, 740104 25, m,
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7.12-6.96 (2H, m), 5.40-5.20 (1H, m), 4.41 (2H, s), 3.89 (3H, s), 2.57 (3H, s),
1.49 (3H, d, J = 7.0 Hz).
!

STEP 2. 4-{(1S)-1-[({5-Chloro-2-[(2-fluorobenzyl)(methyl)amino]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-{(15)-1-[({5-chloro-2-{(2-
chlorobenzyl)(methyl)amino]pyridin-3-yljcarbonyl)amino]ethyl}benzoate (step 1):
"H-NMR (CDCls) § 9.08 (1H, d, J = 7.5 Hz), 8.33 (1H, d, J = 2.8 Hz), 8.25 (1H, d,
J = 2.8 Hz), 8.00 (2H, d, J = 8.3 Hz), 7.37 (2H, d, J = 8.3 Hz), 7.35- 7.19 (2H, m),
7.12-6.99 (2H, m), 5.40-5.25 (1H, m), 4.43 (2H, s), 2.60 (3H, s), 1.51 (3H, d, J =
7.0 Hz);
MS (ESI) m/z 442 (M + H)*, 440 (M - H)".

EXAMPLE 51
4-{(1 S)-1-[({5-CHLORO-2-[(4-CHLOROBENZYL)(METHYL)AMINO]PYRIDIN-3-
YL}CARBONYL)AMINOJETHYLIBENZOIC ACID

Cl ?
OO
N N’ 002H

Cl
STEP 1. Methyl 4-{(1S)-1-[({5-chloro-2-[(4-
chlorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in

step 1 of Example 50 from methyl 4-{(1S)-1-[({5-chloro-2-[methyl(2-
phenylethyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 1 of Example
16) and (4-chlorobenzyl)methylamine:
"H-NMR (CDCls) 8 8.69 (1H, d, J = 7.7 Hz), 8.27 (1H, d, J = 2.6 Hz), 8.16 (1H, d,
J=2.6Hz),7.98 (2H, d, J=8.4 Hz), 7.35 (2H,d, J=8.4 Hz),7.21 (2H,d, J=8.4
Hz), 7.06 (2H, d, J = 8.4 Hz), 5.37-5.23 (1H, m), 4.34-4.29 (2H, brs), 3.91 (3H, s),
2.59 (3H, s), 1.53 (3H, d, J = 7.0 Hz).

4 05 2" mvem a oy T M s adlany e e e At At et AR = &
RN \/J;/\/\..4._;',,.A‘/\..M.GLSL.-AS//.."/‘(ZLJ,JMuu\’/ SN N T
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The title compound was prepared éccording to the procedure described
in step 6 of Example 8 from methyl 4-{(1S)-1-[({5-chloro-2-[(4-
chlorobenzyl)(methyl)amino]pyridin-3-yljcarbonyl)amino]ethyl}benzoate (step 1):
"H-NMR (CDCl3) 88.78 (1H, d, J = 7.7 Hz), 8.31 (1H, d, J = 2.6 Hz), 8.22 (1H, d,
5 J=2.6Hz),8.06(2H,d,J=8.2Hz),7.39 (2H,d, J=8.2Hz), 7.24 (2H, d, J=8.3
Hz), 7.09 (2H, d, J = 8.3 Hz), 5.37-5.27 (1H, m), 4.33 (2H, s), 2.62 (3H, s), 1.55
(3H,d, J=7.0 Hz);
MS (ESI) m/z 458 (M + H)", 456 (M - H)".

10 EXAMPLE 52
4-{(1S)-1-[({5-CHLORO-2-[(3-CHLOROBENZYL)METHYL)AMINO]PYRIDIN-3-

YLJCARBONYL)AMINO]JETHYL}BENZOIC ACID
Cl 2
18 Q.o
N N/ COQH

Cl

15 STEP 1. Methyl 4-{(1S)-1-[({5-chloro-2-[(3-
chlorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyi}benzoate
The title compound was prepared according to the procedure described in
step 1 of Example 50 from methyl 4-{(15)-1-[({5-chloro-2-[methyl(2-
phenylethyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 1 of Example
20 16) and (3-chlorobenzyl)methylamine:
"H-NMR (CDCls) 6 8.67 (1H, ‘d, J=7.7 Hz), 8.28 (1H, d, J =26 Hz), 8.17 (1H, d,
J =26 Hz), 7.96 (2H, d, J = 8.3 Hz), 7.35 (2H, d, J = 8.3 Hz), 7.29-7.16 (3H, m),
7.05 (1H, d, J = 7.3 Hz), 5.40-5.24 (1H, m), 4.38 (1H, d, J = 14.1 Hz), 4.31 (1H, d,
J=14.1 Hz), 3.90 (3H, s), 2.58 (3H, s), 1.53 (3H, d, J = 7.0 Hz).
25
STEP 2. 4-{(1S)-1-[({5-Chloro-2-[(3-chlorobenzyl)(methyl)amino]pyridin-3-
yl}carbonyl)aminojethyl}benzoic acid
The title compound was predared accerding to the procedure described in

B S T D N T DIV TE SECNPRNL G SR LIV} amesiry Asimm <Y
7EG;L.L/..J\;‘.\Z';‘.’[\. .Wdt: .},.,r:,?'l..\.ig:},..h... - “/'.j\_.*...u.vjlx./aﬁ...C,GL‘. y’*‘CS"‘VC;.@ SUET . ;e

step 8 of [oemple 8 o methyl  4-{(08)-1-{({5-chioro-2-(3:

s



10

15

20

25

WO 2005/102389 PCT/1B2005/000935

256

'H-NMR (CDCls) §8.76 (1H, d, J = 7.9 Hz), 8.31 (1H, d, J = 2.6 Hz), 8.22 (1H, d,
J = 2.6 Hz), 8.04 (2H, d, J = 8.3 Hz), 7.40 (2H, d, J = 8.3 Hz), 7.32-7.18 (3H, m),
7.07 (1H, d, J = 7.2 Hz), 5.39-5.26 (1H, m), 4.39 (1H, d, J = 14.3 Hz), 4.34 (1H, d,
J=14.3 Hz), 2.60 (3H, s), 1.55 (3H, d, J = 6.8 Hz);

MS (ESI) m/z 458 (M + H)*, 456 (M - H)".

EXAMPLE 53

4-{(15)-1-[({5-CHLORO-2-[(3-FLUOROBENZYL)(METHYL)AMINO]PYRIDIN-3-
YLICARBONYL)AMINOJETHYL}BENZOIC ACID

Cl 2
TN
N SN~ CO.H

F

STEP 1. Methyl 4-{(1S)-1-[({5-chloro-2-[(3-
fluorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyi}benzoate
The title compound was prepared according to the procedure described in
step 1 of Example 50 from methyl 4-{(15)-1-[({5-chloro-2-[methyl(2-
phenylethyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 1 of Example
16) and (3-fluorobenzyl)methylamine: i
"H-NMR (CDCl3) 6 8.67 (1H, d, J = 7.6 Hz), 8.29 (1H, d, J = 2.3 Hz), 8.20-8.15
(1H, m), 7.98 (2H, d, J = 8.2 Hz), 7.36 (2H, d, J = 8.2 Hz), 7.24 (1H, dd, J = 7.4,
13.8 Hz), 7.03-6.86 (3H, m), 5.40-5.25 (1H, m), 4.40 (1H, d, J = 14.3 Hz), 4.34
(1H, d, J = 14.3 Hz), 3.90 (3H, s), 2.60 (3H, s), 1.53 (3H, d, J = 6.9 Hz).

STEP 2. 4-{(1S)-1-[({5-Chloro-2-[(3-fluorobenzyl)(methyl)amino]pyridin-3-
yl}carbonyl)amino]ethyl}benzoic acid

The title compound was prepared according to the procedure described in
stetp 6 of Example 8 from methyl 4-{(1S)-1-[({5-chloro-2-[(3-
fluorobenzyl)(methyl)amino]pyridin-3-yljcarbonyl)amino]ethyl}benzoate (step 1):
"H-NMR (CDCl3) § 8.76 (1H, d, J = 8.1 Hz), 8.31 (iH, d, J = 2.6 Hz), 8.21 (iH, d,
v =2.6Mz), 8.04 (2H, d, v = £.3 =z}, 7.3C (2, ¢, J = 8.3 Hz), 7.32-.7.20 (1, ™,
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7.03-6.88 (3H, m), 5.40-5.28 (1H, m), 4.37 (2H, s), 2.62 (3H, s), 1.55 (3H, d, J =
7.0 Hz); -
MS (ESI) m/z 442 (M + H)*, 440 (M - H)".

EXAMPLE 54
4-{(18)-1-[({5-CHLORO-2-[(4-FLUOROBENZYL)(METHYL)AMINO]PYRIDIN-3-
YL}CARBONYL)AMINO]JETHYL}BENZOIC ACID |

Cl 2
18 Q.0
N N’ COzH
O,

STEP 1. Methyl 4-{(1S)-1-[({5-chloro-2-[(4-
fluorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate

The title compound was prepared according to the procedure described in

step 1 of Example 50 from methyl 4-{(15)-1-[({5-chloro-2-[methyl(2-
phenylethyl)amino]pyridin-3-yl}carbonyl)amino]ethyi}benzoate (step 1 of Example
16) and (4-fluorobenzyl)methylamine:
"H-NMR (CDCls) & 8.99 (1H, d, J = 7.9 Hz), 8.30 (1H, d, J = 2.6 Hz), 8.21 (1H, d,
J = 2.6 Hz), 7.93 (2H, d, J = 8.3 Hz), 7.33 (2H, d, J = 8.3 Hz), 7.30-7.16 (2H, m),
7.10-6.96 (2H, m), 5.40-5.20 (1H, m), 4.41 (2H, s), 3.89 (3H, s), 2.57 (3H, s), 1.49
(3H, d, J=7.0 Hz).

STEP 2. 4-{(1S)-1-[({5-Chloro-2-[(4-fluorobenzyl)(methyl)amino]pyridin-3-
yl}carbonyl)aminojethyl}benzoic acid

The title compound was prepared according to the procedure described in
step 6 of Example 8 from methyl 4-{(15)-1-[({5-chloro-2-[(4-
fluorobenzyl)(methyl)amino]pyridin-3-yl}carbonyl)amino]ethyl}benzoate (step 1):
"H-NMR (CDCl3) §8.89 (1H, d, J = 7.5 Hz), 8.32 (1H, d, J = 2.6 Hz), 8.23 (1H, d,
J =2.6 Hz), 8.05 (2H, d, J = 8.1 Hz), 7.38 (2H, d, J = 8.3 Hz), 7.18-7.08 (2H, m),
7.02-6.20 (2H, m), 5.38-5.26 (i1H, m), 4.33 (2H, s), 2.61 (3H, 8), 1.54 (3H, d, J =
7.3 Hz);

S IR iz 442 0f + U 44T B )

) 3
S ==
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Suitable alpha-2-delta ligand compounds of the present invention may be
prepared as described herein below or in the aforementioned patent literature
references, which are illustrated by the following non-limiting examples and
intermediates.

The following examples and preparations illustrate the preparation of
alpha-2-delta ligands disclosed in WO-A-2004/039367:

EXAMPLE 1

2S. 4S)-4-(3-Chloro-phenoxy)-pyrrolidine-2-carboxylic acid

mo
N
H OH

A solution of preparation 2 (29.25mol) was dissolved in THF (20L) & filtered. To
this solution was added 4M HCI in dioxane (30L) & stirred overnight. Tert-Butyl
methyl ether (70L) was added to the resultant suspension & the product was
collected by filtration (7.06kg, 86.7%).

'H NMR (400 MHz, CDs0D): § = 2.65 (m, 2H), 3.60 (dd, 1H), 3.70 (d, 1H), 4.60
(dd, 1H), 5.02 (m, 1H), 6.88 (m, 1H), 6.97 (s, 1H), 7.03 (d, 1H), 7.29 (dd, 1H).
LRMS (Electrospray [MH"] 242, [M-1] 240.

Microanalysis: Found, C, 46.97; H, 4.70; N, 4.90. C11H12CINO3.HCI.0.1H0
requires C, 47.20; H, 4.75; N, 5.00.
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'(28,48)-4-(3-Fluoro-benzyl)-pyrrolidine-2-carboxylic acid mono
hydrochloride salt

o)

N OH
4-(3-Fluoro-benzyl)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-(2-
isopropyl-5-methyl-cyclohexyl) ester (Preparation 3, 0.91 g, 1.96 mmol) was
dissolved in toluene (2 ml). 6N hydrochloric acid (50ml) was added and stirred at
reflux for 18 h. The reaction mixture was cooled to room temperature and
extracted with ethyl acetate (3 x 20 ml). The aqueous layer was concentrated by
evaporated under reduced pressure to give the title compound (417mg, 81 %) as
a white solid. 'H-NMR showed a 7:1 ratio of cis:trans diastereoisomers so the
product was recrystallised from isopropyl alcohol to give the title compound
(170mg, 65%) in a ratio of 14:1 cis:trans as determined by NMR.

'H-NMR (400MHz, CDsOD): (mixture of diastereoisomers 25,45:25,4R (14:1)): d
= 1.85 (g, 1H), 2.51 (quin, 1H), 2.69-2.85 (m, 3H), 3.07 (t, 1H), 3.41 (dd, 1H),
4.38 and 4.48 (t, 1H), 6.90-7.04 (m, 3H), 7.32 (q, 1H).

LRMS (APCI): m/z [MH]* 224.

[a]o?® —1.27° (c=9.00 in methanol).

Microanalysis: Found C, 55.56; H, 5.81; N, 5.34%. Ci2H14FNO..HCI requires C,
55.50; H, 5.82; N, 5.39%.

Preparation 1

(2S, 4S)-4-(3-Chloro-phenoxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl
ester 2-methyl ester
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0,

O

Cl

o}
5 )\j<o\
To a stirred solution of (2S, 4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-
butyl ester 2-methyl ester (CAS Reg 74844-91-0) (6.1kg,24.87mol), 3-
chlorophenol (3.52kg,27.39mol) & triphenylphosphine (7.18kg,27.37mol) in tert-
butyl methyl ether (30.5L) at 0'C was added diisopropylazodicarboxylate
(5.53kg,27.35mol) in tert-butyl methyl ether (15L) dropwise. The mixture was
stirred overnight at 20'C. The reaction was filtered and the liquors washed with
0.5M sodium hydroxide (aq) (2 x 12.5L) & water (12.2L). The tert-butyl methyl
ether solvent was replaced with n-heptane (42.7L) by atmospheric pressure
distillation & cooled to crystallise crude product, which was collected by filtration
(11.1kg, 125% contaminated with ca 35% reduced diisopropyl dicarboxylate &
triphenylphosphine oxide - corrected yield = 86%).
'H NMR (400MHz, CDCla): 8 = 1.46, 1.49 (2 x s, 9H), 2.47 (2H, m), 3.71 (5H, m),
4.42 (1H, m), 4.42, 454 (1H, 2 x m), 4.87 (1H, m), 6.68 (1H, m), 6.79 (1H, s),
6.92 (1H, m), 7.18 (1H, m).
LRMS (Electrospray): m/z 378 (MNa”).

Preparation 2
(2S, 4S)-4-(3-Chloro-phenoxy)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl

ester
Q—CI
0,

b\f
"X

To the products of preparation 14 (11.1kg, 20.28mol) in THF (26.6L) was added a

solution of LiOH.H,O (4.86kg, 115.4mol) in water (55.5L). The mixture was stirred
overnight at 25'C. The THF was removed by distillation & the resultant aqueous

solutarn awtrasted with dichioromsthorns @3.3L & 16.7L). The combined
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aqueous phases were adjusted to pH 3-3.5 with 1M hydrochloric acid(aq) &
extracted with dichloromethane (2 x 22.2L). The combined dichloromethane
phases were replaced with toluene (33.3L), which was cooled to crystallise the
product, which was collected by filtration (6.1kg, 98%).
'H NMR (400 MHz, CDCl): & = 1.42, 1.48 (2 x s, 9H), 2.30-2.70 (m, 2H), 3.60-
3.80 (m, 2H), 4.40-4.60 (m, 1H), 4.86 (m, 1H), 6.71 (m, 1H), 6.82 (m, 1H), 6.94
(m, 1H), 7.16 (m, 1H). ,
LRMS (Electrospray): m/z [MNa*] 364, 340 [M-1] 340.

Preparation 3
4-(3-Fluoro-benzyl)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-(2-

isopropyl-5-methyl-cyclohexyl) ester.

%*: oL

s

4-(3-flucro-benzylidene)-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-(2-
isopropyl-5-methyl-cyclohexyl) ester (1.20 g, 2.61 mmol) was dissolved in ethyl
acetate:toluene (1:1, 12 ml). The solution was submitted to hydrogenation on
platinum oxide (120 mg, 10 % by weight) at 25 °C and 15 psi for 1 hour. The
reaction mixture was filtered through arbocel and the filtrate reduced under
pressure. The residue was purified by flashmaster chromatography eluting with
heptane:ethyl actetate (15:1) to yield the title compound as a colourless oil (1.11
g, 91 %). X

'H-NMR (400MHz, CD3OD): & = 0.72-1.37 (m, 13 H), 1.44 (d, 9H), 1.43-1.75 (m,
4H), 1.87-2.01 (m, 2H), 2.31-2.58 (m, 2H), 2.83 (d, 2H), 3.07 (t, 1H), 3.50-3.65
(m, 1H), 4.13-4.30 (dt, 1H), 4.71 (td, 1H), 6.90 (d, 2H), 7.00 (d, 1H), 7.30 (q, 1H).

LRMS (APCI): m/z [MH-BOC]" 362.
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CLAIMS

1. A combination comprising an EP4-receptor antagonist and an alpha-2-
delta ligand.

2. A combination according to claim 1 or claim 2, wherein the EP4-receptor
antagonist  is selected from 2-gthyl-4,6-dimethyl-1-(4-{2-[({{(4-
methylphenyl)sulfonyl]Jamino}carbonyl)aminolethyl}phenyl)-1H-imidazo[4,5-
c]pyridine;
4-(6-chloro-2-ethyl-5-trifluoromethyl-1H-benzimidazol-1-yl)phenethyl-(4-
methylphenyl)sulfonylcarbamate;

5-acetyl-2-ethyl-3-(4-{2-[({[(4-
methylphenyl)suIfonyl]amino}carbonyl)amino]ethyl}phenyl)benzimidazole;
N-{[(2-{4-[2-ethyl-5-(1-hydroxy-1-methylethyl)-1 H-benzimidazol-1-
yllphenyl}ethyl)amino]carbonyl}-4-methylbenzenesulfonamide;
2-{4-[6-chloro-2-ethyl-5-(trifluoromethyl)-1 H-benzimidazol-1-yllphenyl}ethyl (5-
methyl-2-pyridinyl)sulfonylcarbamate;
2-{4-[6-chloro-2-(4-pyridinyl)-5-(trifluoromethyl)-1 H-benzimidazol-1-yl]phenyl}ethyl
(4-methylphenyl)sulfonylcarbamate;
2-{4-[5,7-dimethyl-2-(methylamino)-3H-imidazo[4,5-b]pyridin-3-yl]phenyl}ethyl (4-
methylphenyl)sulfonylcarbamate;
N-{[(2-{4-[5,7-dimethyl-2-(methylamino)-3H-imidazo[4,5-b]pyridin-3-
yllphenyl}ethyl)amino]carbonyl}-4-methylbenzenesuifonamide;
2-{5-[6-chloro-2-ethyl-5-(trifluoromethyl)-1 H-benzimidazol-1-yl]-2-pyridinyl}ethyl
(4-methylphenyl)sulfonylcarbamate;

2-{4-[2-(1,1-dimethylethyl)-4,6-dimethyl-1 H-imidazo[4,5-c]pyridin-1-yl]phenyl}ethyl
(4-methylphenyl)sulfonylcarbamate;

6-chloro-2-ethyl-1-(4-{2-[methyl({[(4-
methylphenyl)sulfonyljamino}carbonyl)amino]ethyl}phenyl)-1H-benzimidazole-5-
carboxamide;

4-[(1 8)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-yllcarbonyllamino)ethy!]oenzoic
acia;

i T O o vl v > A% 5 e Sy gt oo
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4-[(18)-1-({[5-chloro-2-(3,4-difluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyl]benzoic acid;
4-[(1 S)-1“-({[5-ch|oro-2-(4-fluorophenoxy)py‘ridin-3-yl]carbonyl}amino)ethy|]benzoic
acid;
4-((1S)-1-{[5-chloro-2-(4-fluorophenoxy)benzoyllamino}ethyl)benzoic acid;
4-[(1S)-1-({[5-chloro-2-(3-chlorophenoxy)pyridin-3-
yiJcarbonyl}amino)ethyl]benzoic acid;
4-[(1S)-1-({[5-chloro-2-(3-cyanophenoxy)pyridin-3-
ylJcarbonyl}amino)ethyl]benzoic acid;
4-[(1S)-1-({[5-chloro-2-(2,6-difluorophenoxy)pyridin-3-
yl]carbonyl}amino)ethyl]benzoic acid;
4-((1S)-1-{[5-chloro-2-(3-chlorophenoxy)benzoylJamino}ethyl)benzoic acid;
4-[(1S)-1-({[5-chloro-2-(2-chloro-4-fluorophenoxy) pyridin-3-
yljcarbonyljamino)ethyl]benzoic acid,
2-fluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yllphenyl}ethyl)amino]carbonyl}benzenesulfonamide;
2 4-difluoro-N-{[(2-{4-[5-methyl-4-phenyl-3-(trifluoromethyl)-1H-pyrazol-1-
yl]Jphenyl}ethyl)amino]carbonyl}benzenesulfonamide;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide;
2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyi]ethyl [(4-
methylphenyl)sulfonyljcarbamate;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyl]ethyl}amino)carbonyl]-2-
fluorobenzenesulfonamide; - |
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyilethyl}amino)carbonyl]-4-
methoxybenzenesulfonamide;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyl]ethyl}amino)carbonyl}-
3,4-dimethoxybenzenesulfonamide;
N-{[(2-{4-[4-(4-ethoxyphenyl)-3,5-dimethyl-1H-pyrazol-1-
ylJphenyl}ethyl)amino]carbonyl}-4-methylbenzenesulfonamide;
N-[({2-[4-(3,5-dimethyl-4-phenyl-1H-pyrazol-1-yl)phenyl]ethyl}amino)carbonyl]-
2 4-difluorobenzenesulfonamide;
S-{A-14-{4-F ugropheny )-3,5-dimathyl- “ooyrazs-t-ylinhenylisthyl [{4-

e
2%,
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2-[4-(2-isopropyl-4-phenyl-1H-imidazol-1 -yl)phenyllethyl (2-

chlorophenyl)sulfonylcarbamate;
2-[4-(2-ethyl-4-phenyl-1 Himidazole-1-yl)phenyljethyl (4-
methylphenyl)sulfonylcarbamate;
2-[4-(2-butyl-4-phenyl-1H-imidazol-1-yl)phenyllethyl (2-
chlorophenyl)sulfonylcarbamate;
2-[4-(2-isobutyl-4-phenyl-1H-imidazol-1-yl)phenyllethy! (2-
chlorophenyl)sulfonylcarbamate;
4-chloro-N-[({2-[4-(2-ethyl-4-phenyl-1 H-imidazol-1-
yl)phenyl]ethyl}Jamino)carbonyl]benzenesulfonamide;
2-[4-(2-amino-4,5-diphenyl-1H-imidazol-1-yl)phenyl]ethyl (4-
methylphenyl)sulfonylcarbamate;
N-[({2-[4-(2-ethyl-4-phenyl-1 H-imidazol-1-yl)phenyl]ethyl}amino)carbonyl]-4-
methylbenzenesulfonamide;
2-chloro-N-[({2-[4-(2-ethyl-4-phenyl-1 H-imidazol-1-
yl)phenyllethyl}amino)carbonyl]benzenesulfonamide;
2-[4-(2-tert-butyl-4-phenyl-1H-imidazol-1-yl)phenyl]ethyl (2-
chlorophenyl)sulfonylcarbamate; and
4-chloro-N-[({2-[4-(2-isopropyl-4-phenyl-1 H-imidazol-1-
yl)phenyllethyl}amino)carbonyl]benzenesulfonamide;
or a pharmaceutically acceptable salt thereof.

3. A combination according to any one of claims 1 to 3, wherein the EP4-
receptor antagonist is 2-ethyl-4,6-dimethyl-1-(4-{2-[({[(4-
methylphenyl)sulfonyljJamino}carbonyl)aminolethyl}phenyl)-1 H-imidazo([4,5-
clpyridine or a pharmaceutically acceptable salt thereof.

4. A combination according to any one of claims 1 to 3, wherein the EP4-
receptor antagonist is 4-[(1S)-1-({[5-chloro-2-(3-fluorophenoxy)pyridin-3-
yllcarbonyl}amino)ethyllbenzoic acid or a pharmaceutically acceptable salt
thereoi.
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(aminomethyl)bicyclo[3.2.0]hept-6-yl]acetic acid, 3-(1-aminomethyl-
cyclohexylmethyl)-4H-[1,2,4]oxadiazol-5-one, C-[1-(1H-tetrazol-5-yImethyl)-
cycloheptyl]-methylamine, (3S,4S)-(1-aminomethyl-3,4-dimethyl-cyclopentyl)-
acetic acid, (1c,30,50)(3-amino-methyl-bicyclo[3.2.0}hept-3-yl)-acetic  acid,
(3S,5R)-3-aminomethyl-5-methyl-octanoic  acid,  (3S,5R)-3-amino-5-methyl-
heptanoic acid, (3S,5R)-3-amino-5-methyl-nonanoic acid, (3S,5R)-3-amino-
5-methyl-octanoic acid, (25,45)—4-(3-chIorophenoxy)proIine and (25,45)-4-(3-
fluorobenzyl)proline and pharmaceutically acceptable salts thereof.

6. A combination according to any one of claims 1 to 6, wherein the alpha-2-
delta ligand is gabapentin.

7. A combination according to any one of claims 1 to 6, wherein the alpha-2-
delta ligand is pregabalin.

8. A combination according to any one of claims 1 to 6, wherein the alpha-2-
delta ligand is (1¢.,3a,50)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-acetic acid or a
pharmaceutically acceptable salt thereof.

9. A combination according to any one of claims 1 to 6, wherein the alpha-2-
delta ligand is (28S,4S5)-4-(3-chlorophenoxy)proline or a pharmaceutically
acceptable salt thereof .

10. A combination according to any one of claims 1 to 6, wherein the alpha-2-
delta ligand is (25,4S)-4-(3-fluorobenzyl)proline or pharmaceutically acceptable
salt thereof. )

11. A pharmaceutical composition comprising a combination according to any
one of claims 1 to 11, and a suitable carrier, diluent or excipient.

i2. A pharmaceutical composition for the curative, prophylactic or palliative
treatment of tain, comprising 2 theraseutically effective amount of a combinaticn

P
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13. A combination of an EP4-receptor antagonist and an alpha-2-delta ligand
for use as a medicament.

14. Use of a combination of an EP4-receptor antagonist and an alpha-2-delta
5 ligand in the manufacture of a medicament for the curative, prophylactic or
palliative treatment of pain.
15.  Use according to claim 15 wherein the pain is neuropathic pain.
10 16. Use according to claim 15 wherein the pain is inflammatory pain.
17. A method for the curative, prophylactic or palliative treatment of pain,
comprising simultaneous, Séquential or separate administration, in combination,
of therapeutically effective amounts of an EP4-receptor antagonist and an alpha-
15  2-delta ligand, to a mammal in need of said treatment.

18. The method according to claim 18 wherein the pain is neuropathic pain.

19.  The method according to claim 18 wherein the pain is inflammatory pain.
20
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