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DESCRIPTION
4-ALKYNYL IMIDAZOLE DERIVATIVE AND MEDICINE COMPRIS ING
SAME AS ACTIVE INGREDIENT

TECHNICAL FIELD

[0001] The present invention relates to novel 4uajlimidazole derivatives and
pharmaceutical comprising them as an active ingrediMore particularly, the present
invention relates to novel compounds having angamtistic action on the prostaglandin E2
(PGE2) receptor EP4.

BACKGROUND ART

[0002] Prostaglandins (PGs) are a series of plygichlly active substances having the
prostanoic acid skeleton. Being a member of tlaiss; prostaglandin E2 (PGE?2) is
generated from arachidonic acid by a four-stagéh®gns reaction called the arachidonic acid
cascade and is known to have a variety of actieclsiding a pain triggering action,
inflammatory response, a cell protecting actioerine contraction, peristaltic promotion of
the digestive canal, antihypnotic action, a gastcid secretion suppressing action, a
hypotensive action, an angiogenic action, a diamttion, etc. Conventionally, as
therapeutics for diseases associated with suchi@ssteroidal anti-inflammatory drugs
(NSAIDs) are extensively used that suppress prastdm production by means of inhibiting
cyclooxygenase (COX) which is one of the synthasescipating in the arachidonic acid
cascade; NSAIDs, however, present the problematiaiccount of their inhibiting the
upstream stage of the arachidonic acid cascadeusaside-effects including gastrointestinal
disorders occur as complications. In view of ssicke-effects, drugs are desired that inhibit
the binding of PGE2 to PGEZ2 receptors.

[0003] The PGE2 receptors exist in four subtypésl EEP2, EP3 and EP4, which are
distributed widely among a variety of tissues.

[0004] The actions of PGE2 as mediated by the EBdptor are involved in inflammatory

responses (including immune inflammatory responretgxation of smooth muscle, pain
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triggering, differentiation of lymphocytes, enlangent or proliferation of mesangial cells,
secretion of gastrointestinal mucus, for examplence, EP4 receptor antagonistic drugs are
considered to be promising as anti-inflammatoryananalgesic drugs for diseases
associated with the receptor EP4-mediated PGE@rac(such as, for example, inflammatory
diseases and diseases that involve various kindainj. Further, it has recently been
reported that the action of PGE2 mediated by thept®r EP4 on the surfaces of dendritic
cells or T cells causes activation of Thl cell§bt7 cells; the activated Thl or Th17 cells
cause tissue destruction and evoke inflammatioentenally triggering multiple sclerosis and
various other immune diseases; hence, the EP4toea@aiagonistic drugs are also attracting
researchers’ attention as therapeutics for suchuinendiseases (Non-Patent Documents 1
and 2). In this regard, it has been verified thpturality of EP4 receptor antagonists having
different skeletons are actually effective in EAEgerimental autoimmune
encephalomyelitis) models which are animal modaisrhmune diseases typified by

multiple sclerosis (Non-Patent Documents 2 and 3).

[0005] Thus, compounds that are antagonistic agtiesEP4 receptor-mediated actions of
PGE2 hold promise as drugs for the treatment @&adiss involving various inflammations
including acute and/chronic as well as immune mftaations, and various studies have
heretofore been conducted on EP4 receptor antdgodisgs.

[0006] EP4 receptor antagonistic drugs so far knowhude, for example, compounds
represented by the following formula (Patent Docntsd, 2 and 3):

[0007] [Formula 1]
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(wherein ring A represents phenyl or pyridyl; fatails, see the documents cited above).

[0008] As EP4 receptor antagonists, compounds septed by the following formula are

also known (Patent Document 4):



[0009] [Formula 2]

(for the symbols in the formula, see the documéati@bove).
[0010] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 5):

[0011] [Formula 3]
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(for the symbols in the formula, see the documéati@above).
[0012] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 6):

[0013] [Formula 4]
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(for the symbols in the formula, see the documéati@above).
[0014] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 7):

[0015] [Formula 5]
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(for the symbols in the formulae, see the docuragatl above).
[0016] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 8):

[0017]



[Formula 6]
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(for the symbols in the formula, see the documéati@bove).
[0018] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 9):

[0019] [Formula 7]

0 R,
o
R1 Z 'R3

(wherein ring D is a group represented by:

[0020] [Formula 8]
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for details see the document cited above).
[0021] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 10):

[0022] [Formula 9]
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(for the symbols in the formula, see the documéati@bove).
[0023] As EP4 receptor antagonists, compounds septed by the following formula are
also known (Patent Document 11):

[0024]



[Formula 10]
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(for the symbols in the formula, see the documéati@bove).
[0025] Neither of these prior art documents diselossuggest 4-alkynylimidazole
derivatives.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0028] One object the present invention is to pdeviovel compounds that have an EP4
receptor antagonistic action and which are usefthé treatment of various diseases that
originate from the EP4 receptor-mediated actionB®EZ2, or salts of such compounds.
Another object of the present invention is to pdevpharmaceuticals that comprise these
novel compounds or salts thereof as an active digné

SOLUTION TO PROBLEM

[0029] The present inventors conducted intensiudiss with a view to solving the
aforementioned problems and found, as a resuttctimapounds represented by the
following general formula (I) which have an alkyratlthe 4-position of imidazole have a
superior EP4 receptor antagonistic action; thegureisivention has been accomplished on
the basis of this finding.

[0030] The present invention is described belowetail. In the following description, the
4-alkynylimidazole derivatives represented by teaagal formula (1) or pharmacologically
acceptable salts thereof are collectively refetoeais the “4-alkynylimidazole derivatives of
the present invention.”

[0031] Embodiments of the present invention arenshbelow.

(1) A 4-alkynylimidazole derivative representedtbg general formula (1) or a
pharmaceutically acceptable salt thereof:

[0032] [Formula 11]
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[wherein ring A is an optionally substituted cydlod, an optionally substituted aryl or an

R?



optionally substituted heteroaryl,

ring B is cycloalkyl, aryl or heteroaryl;

m is an integer of any one of 0~2;

n is an integer of any one of 1~3;

R'is a hydrogen atom, &€C;, alkyl group, a G~C, alkoxy group, a halogen atom, or a
C,~C,4 haloalkyl group;

R? and R are each independently a hydrogen atom, a hakaigem or a G~C, alkyl group or
may, taken together with the carbon atom to whitkRl R are adjacent, form as€Cs
carbon ring;

R*and R are each independently a hydrogen atom or-&£alkyl group or may, taken
together with the carbon atom to whichdtd R are adjacent, form az€Cs carbon ring,
and R and R are each independently a hydrogen atom,~Cgalkyl group, a G~C, alkoxy
group, a &~C, hydroxyalkyl group, a carboxyl group, a cyano groa halogen atom, a
C,~C,4 haloalkyl group, or a =C,4 haloalkoxy group;

X is -OR®, -NR°R™ or a halogen atom;

R®is a hydrogen atom, a€C;, alkyl group or a &C;, haloalkyl group;

R? and R° are each independently a hydrogen atom or-&alkyl group or may, taken
together with the nitrogen atom to which &d R° are adjacent, form a nitrogen-containing
heterocycle, Y is a single bond, an oxygen atorm sulfur atom; and

E is -CQH, -CO,P or a bioisostere of a carboxyl group;

-CO,P is pharmaceutically acceptable ester prodrug].

(2) The 4-alkynylimidazole derivative recited in) dr a pharmaceutically acceptable salt
thereof, wherein in the foregoing general formujaX is -OR°’ (R®is as defined in (1)) and
mis 0.

(3) The 4-alkynylimidazole derivative recited in) dr (2) or a pharmaceutically acceptable
salt thereof, wherein in the foregoing general falar(l), R and R are both a methyl group.
(4) The 4-alkynylimidazole derivative recited inyamme of (1)~(3) or a pharmaceutically

acceptable salt thereof, wherein in the foregoieigegal formula (1), Ris a methyl group, an
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ethyl group, a cyclopropyl group, a chlorine at@ndifluoromethyl group, or a
trifluoromethyl group.

(5) The 4-alkynylimidazole derivative recited i) @ a pharmaceutically acceptable salt
thereof, wherein in the foregoing general formujaR’ is a chlorine atom.

(6) The 4-alkynylimidazole derivative recited inyamme of (1)~(5) or a pharmaceutically
acceptable salt thereof, wherein in the foregoorgitila (1), ring A is a cyclohexyl
substituted by E at the 4-position or phenyl stibtstd by E at the 4-position (where E is as
defined in (1)).

(7) The 4-alkynylimidazole derivative recited inyamme of (1)~(6) or a pharmaceutically
acceptable salt thereof, wherein in the foregoargitila (1), E is -CGH or tetrazolyl.

(8) The 4-alkynylimidazole derivative recited inyamme of (1)~(7) or a pharmaceutically
acceptable salt thereof, wherein in the foregoargitila (1), ring B is phenyl, nis 1, and Y is
a single bond.

(9) The 4-alkynylimidazole derivative recited in) (@ a pharmaceutically acceptable salt
thereof, wherein in the foregoing formula (1), riBgs phenyl substituted by°Rit the 4-
position, K is a hydrogen atom, and B any one of a &C, alkyl group, a G~C;4 alkoxy
group, a cyano group, a halogen atom;aC; haloalkyl group, and a:€C, haloalkoxy
group.

(10) The 4-alkynylimidazole derivative recited it) or a pharmaceutically acceptable salt
thereof, wherein the compound represented by ttegéang formula (1) is any one of:

[0033]



[Formula 12]

(11) The 4-alkynylimidazole derivative recited ) or a pharmaceutically acceptable salt
thereof, wherein the compound represented by ttegéong formula (1) is:

[0034] [Formula 13]
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(12) A pharmaceutical comprising the 4-alkynylinedée derivative recited in any one of
(1)~(11) or a pharmaceutically acceptable saltebleas an active ingredient.

(13) An EP4 receptor antagonist comprising thekgsallimidazole derivative recited in any
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one of (1)~(11) or a pharmaceutically acceptablietisareof.

(14) The pharmaceutical recited in (12) which isdug the treatment of a disease associated
with an EP4 receptor-mediated action of PGEZ2.

(15) The pharmaceutical recited in (14), whereadisease is an inflammatory disease or an
inflammatory pain.

(16) The pharmaceutical recited in (14) or (15)evein the disease is at least one disease
selected from the group consisting of arthritionpairticular rheumatism, osteoarthritis,
lumbago, scapulohumeral periarthritis, cervico-donaehial syndrome, tendonitis, and
thecitis.

(17) The pharmaceutical recited in any one of ({#9); wherein the treatment is anti-
inflammation and/or pain relieving.

(18) The pharmaceutical recited in (14), whereasdisease is an immune disease in which
Th1 cells and/or Th17 cells are implicated.

(19) The pharmaceutical recited in (14) or (18)eveiin the disease is at least one disease
selected from the group consisting of multiple sudés, ulcerative colitis, Crohn’s disease,
atopic dermatitis, psoriasis, and contact dernsatiti

(20) The pharmaceutical recited in (19), whereadisease is multiple sclerosis.
ADVANTAGEOUS EFFECTS OF INVENTION

[0035] The 4-alkynylimidazole derivatives of theepent invention have a superior EP4
receptor antagonistic action as described speltifitathe Test Examples to be given later.
Hence, the 4-alkynylimidazole derivatives of thegant invention are useful as drugs for the
treatment of diseases mediated by the EP4 recdptaxample, as anti-inflammatory and/or
analgesic drugs for inflammatory diseases or desetsat involve various kinds of pains.
DESCRIPTION OF EMBODIMENTS

[0036] Hereinafter, the 4-alkynylimidazole derivats of the present invention are
described in detail. The following descriptiontefminology is occasionally based on
representative embodiments and specific exampldsegiresent invention which, however,

is by no means limited to those embodiments andifspexamples. It should also be noted
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that the numerical ranges delineated herein usiegymbol “~” mean that the values put
before and after “~” are included as the lower apgder limits, respectively.

[0037] 4-Alkynylimidazole derivatives of the preseémvention

To begin with, the individual substituents in foeegoing general formula (I) are
explained. The symbol “SC,” used in the explanation of each substituent méaaisthe
number of carbon atoms is within the range of 1~4.

[0038] The “G~C, alkyl group” means a linear, branched or cyclie G, alkyl group and
specific examples include a methyl group, an egingup, a n-propyl group, an isopropyl
group, a cyclopropyl group, a n-butyl group, arbistyl group, a tert-butyl group, a sec-butyl
group, a cyclobutyl group, a cyclopropylmethyl gopetc.

[0039] The “G~C,4 hydroxyalkyl group” is such an alkyl group thateoor more of the
hydrogen atoms in the foregoing*&C, alkyl group” are replaced by a hydroxyl group and
specific examples include a hydroxymethyl groupydroxyethyl group, etc.

[0040] The “G~C,4 haloalkyl group” is such an alkyl group that omermre of the

hydrogen atoms in the foregoing*C, alkyl group” are replaced by a halogen atom or
halogen atoms and specific examples include a nhomroimethyl group, a difluoromethyl
group, a trifluoromethyl group, etc.

[0041] The “halogen atom” means a fluorine atorahkrine atom, a bromine atom, or an
iodine atom.

[0042] The “G~C,4 alkoxy group” means an alkoxy group the alkyl nipief which has the
same meaning as defined for the foregoing~@ alkyl group” and may be exemplified by a
methoxy group, an ethoxy group, a n-propoxy gr@umpisopropoxy group, a n-butoxy group,
an isobutoxy group, a tert-butoxy group, a secsbutpoup, a cyclopropylmethyloxy group,
etc.

[0043] The “G~C,4 haloalkoxy group” means a haloalkoxy group theakklyl moiety of
which has the same meaning as defined for the damgg'C,~C,4 haloalkyl group” and may
be exemplified by a difluoromethoxy group, a trifftomethoxy group, etc.

[0044] The “cycloalkyl” of the “optionally substited cycloalkyl” as ring A and the
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“cycloalkyl” as ring B refer to a cyclic saturatbgidrocarbon ring, preferably a€Cg cyclic
saturated hydrocarbon ring, and may be exemplifiedyclopentyl, cyclohexyl, etc. The
cycloalkyl of the “optionally substituted cycloalkys ring A is preferably cyclohexyl, in
which case the substituent E preferably substitatéise 4-position and its configuration may
betrans or cis, with trans configuration being particularly preferred.

[0045] The term “optionally substituted” in the égoing “optionally substituted

cycloalkyl” means that aside from the substituenthé cycloalkyl may be substituted by
substituents including a hydroxyl group, a halogiam, a cyano group, a trifluoromethyl
group, a G~C, alkyl group, a ¢&-C,4 alkoxy group, a carboxyl group, etc. At least ohe
these substituents can substitute at all possaseipns. If a plurality of substituents
substitute, they may be the same or different.eHie terms “a halogen atom”, “a~C,

alkyl group” and “a @~C, alkoxy group” have the same meanings as definedeab

[0046] The “aryl” of the “optionally substitutedydf as ring A and the “aryl” as ring B

refer to an aromatic hydrocarbon ring, preferabGgaC,o aromatic hydrocarbon ring, and
may be exemplified by phenyl, naphthyl, etc. Phé&aynore preferred.

[0047] The term “optionally substituted” in the égoing “optionally substituted aryl”
means that aside from the substituent E, the aayl Ioe substituted by substituents including
a hydroxyl group, a halogen atom, a cyano groupflaoromethyl group, a &-C, alkyl

group, a G~C, alkoxy group, a carboxyl group, etc. At least ohéhese substituents can
substitute at all possible positions. If a pluyatif substituents substitute, they may be the
same or different. Here, the terms “a halogen &ttanC,~C, alkyl group” and “a -C,4
alkoxy group” have the same meanings as definedeabo

[0048] The “heteroaryl” of the “optionally substit heteroaryl” as ring A and the
“heteroaryl” as ring B represent a 5~8-memberedaungdic unsaturated hetero ring
containing 1~4 hetero atoms, as ring constitutbogna, that are selected from among an
oxygen atom, a sulfur atom, and a nitrogen atora, lmcyclic unsaturated hetero ring which
is formed from the foregoing monocyclic unsaturdtetkero ring fused to a benzene ring, for

example. Here, the unsaturated hetero ring rédesishetero ring having at least one
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unsaturated bond in the ring. Specific examplesuch heteroaryl include pyrrolyl,
pyrazolyl, imidazolyl, pyridyl, dihydropyridyl, pydazinyl, pyrimidinyl, pyrazinyl, thiazolyl,
isothiazolyl, thidiazolyl, oxazolyl, isoxazolyl, adiazolyl, thienyl, indolyl, isoindolyl,
benzimidazolyl, quinolinyl, tetrahydroquinolinysaquinolinyl, imidazopyridyl, quinoxalinyl,
benzopyrimidinyl, quinazolinyl, benzothiazolyl, lmxxazolyl, etc; preferred among these are
pyridyl, thienyl, and indolyl.

[0049] The term “optionally substituted” in the égoing “optionally substituted
heteroaryl” means that aside from the substituetih&heteroaryl may be substituted by
substituents including a hydroxyl group, a halogiam, a cyano group, a trifluoromethyl
group, a G~C, alkyl group, a ¢&-C,4 alkoxy group, a carboxyl group, etc. At least ohe
these substituents can substitute at all possaseipns. If a plurality of substituents
substitute, they may be the same or different.eHie terms “a halogen atom”, “a~C,

alkyl group” and “a @~C, alkoxy group” have the same meanings as definedeab

[0050] The “G~Cs carbon ring” formed by Rand R taken together with the carbon atom
to which they are adjacent meansa G cyclic saturated hydrocarbon ring and specific
examples include a cyclopropane ring, a cyclobutarg a cyclopentane ring, and a
cyclohexane ring.

[0051] The “nitrogen-containing hetero ring” formbey R’ and R° taken together with the
nitrogen atom to which they are adjacent meansBan®embered monocyclic saturated
hetero ring containing at least one nitrogen atera eng constituting atom and specific
examples include an azetidine ring, a pyrroliding,ra piperidine ring, etc.

[0052] The term “a bioisostere of a carboxyl gronpdans an atom or an atomic group
having equivalent biological properties to the casd group, which has an electronic or
steric configuration comparable to -gDand which is capable of releasing acidic protons
the same way. Examples include hydroxamic aci®¢(MH-OH), sulfonamide (-NH-S&
C,~GCs alkyl), acylcyanamide (-CO-NH-CN), acylsulfonamid€O-NH-SQ-C,~Cs alkyl, -
SO,-NH-CO-C~C; alkyl), or tetrazolyl, oxadiazolonyl, oxadiazolbiniyl, oxathiadiazolyl,

thiadiazolonyl, triazolthionyl, hydroxyisoxazolyic., and preferred is tetrazolyl or
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oxadiazolonyl.

[0053] In the case where asymmetric carbon is ptaagdhe compounds represented by the
general formula (I), racemates thereof, diasteoceoes's thereof, and individual optically
active forms thereof are all encompassed by theeptenvention.

[0054] In the case where the compounds represémytéae general formula (1) form
hydrates or solvates, these are also encompasdtd pyesent invention.

[0055] Pharmaceutically acceptable salts of thékgrglimidazole derivatives represented
by the general formula (1) are not particularlyilied as long as they are pharmaceutically
acceptable and they include, for example, salts initrganic bases, salts with organic bases,
salts with organic acids, salts with inorganic acahd salts with amino acids. Exemplary
salts with inorganic bases include alkali metatissahd alkaline earth metal salts, etc. such as
lithium salt, sodium salt, potassium salt, calcisat, magnesium salt, etc. Exemplary salts
with organic bases include triethylamine salt, giyre salt, ethanolamine salt,
cyclohexylamine salt, dicyclohexylamine salt, dibgethanolamine salt, etc. Exemplary
salts with organic acids include formate, acetaterate, maleate, succinate, lactate, malate,
ascorbate, oxalate, glycolate, phenylacetate, metwdfonate, benzenesulfonate, etc.
Exemplary salts with inorganic acids include hydlodde, hydrobromide, phosphate,
sulfamate, nitrate, etc. And exemplary salts \aitfino acids include glycine salt, alanine
salt, arginine salt, glutamate, aspartate, etc.

[0056] Among the 4-alkynylimidazole derivativestbé present invention, those in which
substituent E in the foregoing general formulagBCO,P serve as pharmacologically
acceptable, esterified carboxylic acid prodrugsi¢Wiare hereinafter referred to as “ester
prodrugs”). Here the pharmacologically acceptasker prodrugs refer to those which, when
hydrolyzedin vivo, release an alcohol in free form that is permissitith the dose of their
administration. Examples of the pharmacologicatigeptable ester prodrugs for the 4-
alkynylimidazole derivatives of the present inventinclude, but are not limited to, ester
prodrugs based on alkyl esters such as ethyl estdrdouble esters such as proxetil ester,

medoxomil ester, etc.
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[0057] Preferred embodiments of the 4-alkynylimiolazderivatives of the present
invention are described below in the general foen{i)l

[0058] A preferred example of ring A is an optidgaubstituted cycloalkyl or an
optionally substituted phenyl, with cyclohexyl drigmyl being more preferred.

[0059] A preferred example of the moiety depictetbl:

[Formula 14]

(T

is cyclohexyl substituted by E at the 4-positiorpbenyl substituted by E at the 4-position.
Here E is as defined above and, more preferabl@,H®r tetrazolyl.

[0060] A preferred example of'Rs a methyl group, an ethyl group, a cyclopropygup, a
chlorine atom, a difluoromethyl group or a trifleonethyl group, with a chlorine atom being
more preferred.

[0061] A preferred example of ring B is phenyl.

[0062] A preferred example of the moiety depictetbl:

[Formula 15]

R® R’

is phenyl substituted by°Rit the 4-position, with Roeing a hydrogen atom, in which case
R%is any one of a GC, alkyl group, a G~C4 alkoxy group, a cyano group, a halogen atom,
a G~C, haloalkyl group and aC, haloalkoxy group.

[0063] AnNd nis preferably 1, with Y being prefelyh single bond.

[0064] A preferred embodiment of the following myiés as defined below:

[0065] [Formula 16]
R? R3
)wa
m
[0066] X is preferably -OR(R® is as defined above). & preferably a hydrogen atom or a

methyl group, more preferably, a methyl group.
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[0067] A preferred case for’Rand R is where they are both a-€C, alkyl group or where
R? and R, when taken together with the carbon atom to witiely are adjacent, form a
Cs~Cs carbon ring, and more preferably, they are batiethyl group.

[0068] And m is preferably zero.

[0069] Methods for Producing the 4-Alkynylimidazderivatives of the Present Invention

While the compounds represented by the foregoamgial formula (1) can be
produced by various methods, exemplary productiethods are described below.
[0070] Specific examples of the “protective growp’be used in the following production
methods include a tert-butyl group, a benzyl graumpo-methylbenzyl group, a p-nitrobenzyl
group, a p-methoxybenzyl group, an o-chlorobeneyuig, a 2,4-dichlorobenzyl group, a p-
bromobenzyl group, an allyl group, a tert-butoxycaryl group, a benzyloxycarbonyl group,
an o-methylbenzyloxycarbonyl group, a p-nitrobenxytarbonyl group, a p-
methoxybenzyloxycarbonyl group, an o-chlorobenzytaxbonyl group, a 2,4-
dichlorobenzyloxycarbonyl group, a p-bromobenzyleponyl group, an allyloxycarbonyl
group, a tert-butyldimethylsilyl group, a tert-blaiyphenylsilyl group, a triethylsilyl group, a
trimethylsilyl group, a triisopropylsilyl group,methoxymethyl group, a tetrahydropyranyl
group, protecting groups for the carbonyl groupg.(protective groups based on ethanediol,
propanediol, mercaptoethanol, mercaptopropanchneitiithiol, propanedithiol, etc.) and so
forth.
[0071] Among the compounds represented by the gef@mula (I), compounds (I-1) in
which substituent E is -G8l may be produced by the method represented biplilogving
Reaction Scheme 1 (step 1 to step 7).
[0072] <Reaction Scheme 1>
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[Formula 17]
N N N
4 LI 4 AN =<
R® R’ N CO,RP N™ “co,Rrp /MN COLH
</N]\ an % )n y+n v,
H COR? [Step 1] [Step 2] Q [Step 3]
) R® R’ RS R7 R6 R7
(v) V) (v
CO,RP
HZN@ 1_</ COZ l_</ COZRb
R4 RS
(v n o R*R® n o R*R®
[Step 4] [Step 5]
RS R’ (Vi RS R’ (IX)
R? R3 R2 R3
R2 R3
// m R1_</ COZR R1_</ H ;
X) N
[Step 6] n o) R4 RS [Step 7] n o R*R®
Fa6 R7 Fa6 R’

(X1) (-1)

[wherein A, B, m, n, B-R’, X and Y are as defined in the foregoing genemahtfila (I); R
represents a hydroxyl group or a halogen atotreRresents an alkyl group having 1~15
carbon atoms, and Hal represents a halogen atom.]

[0073] (Stepl)

A 1H-imidazole-5-carboxylic acid ester derivatiepresented by the general
formula (1) and an alcohol represented by the garfermula (I11) (R is a hydroxyl group)
were acted upon by an azodicarboxylic acid estevatese such as ethyl azodicarboxylate or
diisopropyl azodicarboxylate and a phosphine déxigasuch as triphenylphosphine or tri-n-
butylphosphine in a suitable neutral solvent (tyahydrofuran, toluene or a solvent
mixture thereof), whereby a corresponding compaepdesented by the general formula

(IV) can be produced. In the case of using a bakgresented by the general formula (l11)

(R%is a halogen atom), the compound representedebgetheral formula (1) and a base are
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acted upon the foregoing halide, whereby a cormdipg compound represented by the
general formula (IV) can be produced. Examplethefforegoing base include but are not
limited to: alkali metal hydroxides such as lithidnydroxide, sodium hydroxide, potassium
hydroxide, etc.; alkaline earth metal hydroxideshsas magnesium hydroxide, calcium
hydroxide, etc.; alkali metal carbonates such dsuso carbonate, potassium carbonate,
sodium hydrogencarbonate, potassium hydrogencaidceta.; metal hydrides such as
sodium hydride, potassium hydride, etc.; and orghases such as triethylamine,
diisopropylethylamine, etc. The solvents that lbarused are not particularly limited if they
are inert solvents and they include, for examplemetic hydrocarbons such as benzene,
toluene, xylene, etc.; halogenated hydrocarbonls asdichloromethane, chloroform, 1,2-
dichloroethane, etc.; nitriles such as acetonjtptepionitrile, etc.; ketones such as acetone,
etc.; ethers such as diethyl ether, tetrahydrofutahdioxane, etc.; aprotic polar solvents
such as N,N-dimethylformamide, N,N-dimethylacetamidimethyl sulfoxide, etc. The
reaction temperature is not particularly limitedlanay preferably be in the range of
0°C~6CC. The reaction time is preferably in the rangé bf~24 hr.

[0074] (Step 2)

Onto the 2-position of the imidazole ring in tlergound represented by the
general formula (IV), a chlorine atom, a brominenator an iodine atom can be introduced
by a method well known to a person having ordirgkiif in the art, whereupon a
corresponding compound represented by the germralifa (V) can be produced. For
example, the compound represented by the genemalfa (IV) can be converted to a
chloride represented by the general formula (Vatyng on N-chlorosuccinimide in N,N-
dimethylformamide. The solvents that can be usedat particularly limited if they are inert
solvents and they include, for example: aromatitrbgarbons such as benzene, toluene,
xylene, etc.; halogenated hydrocarbons such asodichethane, chloroform, 1,2-
dichloroethane, etc.; nitriles such as acetonjtgtepionitrile, etc.; ethers such as diethyl
ether, tetrahydrofuran, 1,4-dioxane, etc.; apnotilar solvents such as N,N-

dimethylformamide, N,N-dimethylacetamide, dimethkylfoxide, etc. The reaction
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temperature is not particularly limited and mayferably be in the range of room
temperature (RT)~8C. The reaction time is preferably in the rangé bf~24 hr.

[0075] The compound represented by the generalifiarify) as obtained in this step 2 may
be reacted with various organic typical metal coomuts which are well-known to a person
having ordinary skill in the art (e.g. alkylbororacid derivatives) or compounds having a
substitutable hydrogen atom (e.g. methanol) irptiesence of a base either alone or in
combination with a palladium catalyst, whereupaam hlalogen substituent that has been
introduced into Rcan be converted to a-C; alkyl group, a G~C, alkoxy group, a
monofluoromethyl group, a difluoromethyl group ariluoromethyl group. This reaction
may be performed after the end of step 2 or it beperformed as appropriate after a
subsequent step as long as it does not affecuthseguent step. For example, the compound
represented by the general formula (V) may be eglwith an alkylboronic acid derivative
such as cyclopropylboronic acid pinacol ester sol@ent mixture of 1,4-dioxane and water
in the presence of a palladium catalyst such askis{triphenylphosphine)palladium and a
base such as cesium carbonate, whereupon the halofgstituent that has been introduced
into R* can be converted to a cyclopropyl group. Exampféke solvent that can be used
here include but are not limited to: aromatic hydmons such as benzene, toluene, xylene,
etc.; halogenated hydrocarbons such as dichlor@nettchloroform, 1,2-dichloroethane,
etc.; ethers such as diethyl ether, tetrahydrofutahdioxane, etc.; aprotic polar solvents
such as N,N-dimethylformamide, N,N-dimethylacetamidimethyl sulfoxide, etc.; and
solvent mixtures thereof. Exemplary bases incindeganic bases such as sodium carbonate,
potassium carbonate, sodium hydroxide, cesium catleoetc. Exemplary palladium
catalysts include tetrakis(triphenylphosphine)miian,
dichlorobis(triphenylphosphine)palladium, palladiacetate, palladium chloride-1,1’-
bis(diphenylphosphino)ferrocene, etc. The readiomperature is not particularly limited
and may preferably be in the range of RT~T1.0The reaction time is preferably in the
range of 1 hr~24 hr. Alternatively, the compoudhe general formula (V) may be reacted

with a base such as sodium methoxide in a compbanithg a substitutable hydrogen atom,
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such as methanol, whereupon the halogen substit@nias been introduced intd an be
converted to a methoxy group. Examples of theestulthat can be used here include but are
not limited to protic polar solvent such as methaethanol, etc. Exemplary bases include
sodium methoxide, sodium ethoxide, etc. The readgémperature is not particularly limited
and may preferably be in the range of RTXB0 The reaction time is preferably in the range
of 1 hr~24 hr.

[0076] It should be noted that if-fn the general formula (1) is a hydrogen atoms step 2

is skipped and the following step 3 is performed.

[0077] (Step 3)

The ester derivative represented by the genenauia (V) is hydrolyzed using an
aqueous solution of an alkali metal hydroxide saftithium hydroxide, sodium hydroxide
or potassium hydroxide, whereby a carboxylic a@dvditive represented by the general
formula (VI) can be produced. Reaction solvenst tan be used are not particularly limited
as long as they are water-miscible organic solventsmay include: protic polar solvents
such as methanol, ethanol, etc.; ethers suchradyetofuran, 1,4-dioxane, etc.; and nitriles
such as acetonitrile, propionitrile, etc. The teactemperature is not particularly limited
and may preferably be in the range of RTX®0 The reaction time is preferably in the range
of 1 hr~24 hr.

[0078] (Step 4)

The carboxylic acid derivative represented bygaeeral formula (VI) and an amine
derivative represented by the general formula (Witla salt thereof are subjected to a
condensation reaction, whereupon a compound repegsby the general formula (VIII) can
be produced. The condensation reaction may be @ierd by a reaction using a
condensation agent in an inert solvent in the preser absence of a base. Exemplary
condensation agents that may be used in this nak&le carbodiimides such as N,N’-
dicyclohexylcarbodiimide, O-(7-azabenzotriazol-)-M,N,N’,N'-tetramethyluronium
hexafluorophosphate (HATU), etc. Alternativelye tbarboxylic acid derivative represented

by the general formula (V1) may first be derivedatoeactive intermediate using an activator
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for a carboxyl group and then reacted with the anderivative represented by the general
formula (VII) or a salt thereof, whereupon the campd represented by the general formula
(VIII) can also be produced. Exemplary activataments for a carboxyl group that may be
used in this case include thionyl chloride, phospb@xychloride, oxalyl chloride, phosgene,
triphosgene, 1,1’-carbonyldiimidazole, ethyl chicaidbonate, etc. The reaction temperature
is not particularly limited and may preferably Ipethe range of «~8CC. The reaction

time is preferably in the range of 1 hr~24 hr.

[0079] (Step 5)

Onto the 4-position of the imidazole ring in tfergound represented by the
general formula (VIII), a chlorine atom, a brometem or an iodine atom can be introduced
by a method well known to a person having ordirgkiif in the art. For example, the
compound represented by the general formula (\¢Hl) be converted to a bromide
represented by the general formula (1X) by actinddebromosuccinimide in N,N-
dimethylformamide. The solvents that can be usedat particularly limited if they are inert
solvents and they include, for example: aromatitrbgarbons such as benzene, toluene,
xylene, etc.; halogenated hydrocarbons such asodichethane, chloroform, 1,2-
dichloroethane, etc.; nitriles such as acetonjtgtepionitrile, etc.; ethers such as diethyl
ether, tetrahydrofuran, 1,4-dioxane, etc.; apnotilar solvents such as N,N-
dimethylformamide, N,N-dimethylacetamide, dimethkylfoxide, etc. The reaction
temperature is not particularly limited and mayferably be in the range of RT~39D. The
reaction time is preferably in the range of 1 hrkg4
[0080] (Step 6)

A mixture of the compound represented by the gdriermula (IX) and an alkyne
derivative represented by the general formula £§dted upon by a palladium catalyst and a
copper catalyst in the presence of a base, wheneagompound represented by the general
formula (XI) can be produced. This reaction isf@rably performed in an inert gas (e.qg.
argon) atmosphere. The solvents that can be ngbeé reaction are not particularly limited

if they are inert solvents and they include, foamyple: aromatic hydrocarbons such as
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benzene, toluene, xylene, etc.; halogenated hyyona such as dichloromethane,
chloroform, 1,2-dichloroethane, etc.; nitriles sashacetonitrile, propionitrile, etc.; ethers
such as diethyl ether, tetrahydrofuran, 1,4-dioxate; aprotic polar solvents such as N,N-
dimethylformamide, N,N-dimethylacetamide, dimethylfoxide, etc. Exemplary bases
include organic bases such as triethylamine, digmyethylamine, etc. Note that in this step,
in place of the foregoing inert solvents, the faieg bases may be used as solvents.
Exemplary palladium catalysts include tetrakisfigpylphosphine)palladium,
dichlorobis(triphenylphosphine)palladium, palladiacetate, palladium chloride-1,1’-
bis(diphenylphosphino)ferrocene, etc. The palladaatalyst generally suffices to be added
in an amount of 1~50 mol%, preferably about 5~20maf the compound represented by
the general formula (1X). Exemplary copper catysclude copper iodide, etc. The copper
catalyst generally suffices to be added in an amofib~50 mol%, preferably about

5~20 mol%, of the compound represented by the géf@mula (IX). The reaction
temperature is not particularly limited and mayferably be in the range of RT~9D. The
reaction time is preferably in the range of 1 hrtg4

[0081] Here in the production of the compound repreeed by the general formula (XI), the
compound represented by the general formula (X) eagreliminarily prepared to give a
desired compound by methods either known or welllknto a person having ordinary skill

in the art or modifications thereof; alternativedyep 6 may first be performed with a
convertible substituent being present and then &mmn of the substituent is performed as
appropriate to give a desired compound by methitkder&known or well known to a person
having ordinary skill in the art or modificatiortsereof. Examples of the latter approach
include a method that comprises performing stepiigua compound represented by the
general formula (X) in which the substituent X ieyairoxyl group and then converting the
hydroxyl group to a fluorine atom or an alkoxy goouf necessary, step 6 may be performed
with the foregoing hydroxyl group being protecteithva protective group followed by
removal of the hydroxyl protecting group.

[0082] If desired, the ester derivative represelgthe general formula (XI) as obtained in
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this step may be designed as a pharmaceuticalgptaizie ester prodrug for the 4-
alkynylimidazole derivative of the present inventio
[0083] (Step 7)

The ester derivative represented by the genemauia (XI) is hydrolyzed using an
aqueous solution of an alkali metal hydroxide sagfithium hydroxide, sodium hydroxide,
potassium hydroxide, etc., whereupon the compoepcesented by the general formula (I-1)
can be produced. Reaction solvents that can lmearsenot particularly limited as long as
they are water-miscible organic solvents and malude: protic polar solvents such as
methanol, ethanol, isopropanol, etc.; ethers sadktaahydrofuran, 1,4-dioxane, etc.; nitriles
such as acetonitrile, propionitrile, etc; or solverixtures thereof. The reaction temperature
is not particularly limited and may preferably Ipethe range of RT~3C. The reaction time
is preferably in the range of 1 hr~24 hr.

[0084] The compound represented by the generaldiarify) in the foregoing Reaction
Scheme 1 can also be produced by the following fReaScheme 2 (step 8 and step 9).
[0085] <Reaction Scheme 2>

[Formula 18]
R® N N
- X ]
R Y R’ ’UN CHO »UN CO,RP
R]-—</N1 () y+q vy,
H CHO [Step 8] [Step 9]
X R R R® R’
(X %

[wherein B, n, R R®, R"and Y are as defined in the foregoing general éban(l); R
represents a hydroxyl group or a halogen atomRiépresents an alkyl group having 1~15
carbon atoms.]
[0086] (Step 8)

A 1H-imidazole-5-carboxylic acid ester derivatnepresented by the general
formula (XI1) and an alcohol represented by theegahformula (I11) (R is a hydroxyl

group) were acted upon by an azodicarboxylic asidralerivative such as ethyl
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azodicarboxylate or diisopropyl azodicarboxylatd armphosphine derivative such as
triphenylphosphine or tri-n-butylphosphine in atahle neutral solvent (e.g. tetrahydrofuran,
toluene or a solvent mixture thereof), whereby mesponding compound represented by the
general formula (XIII) can be produced. In theecausing a halide represented by the
general formula (I11) (Ris a halogen atom), a compound represented byetheral formula
(XI) and a base are acted upon the foregoing baldhereby a corresponding compound
represented by the general formula (XIII) can bmdpced. Examples of the foregoing base
include but are not limited to: alkali metal hydmes such as lithium hydroxide, sodium
hydroxide, potassium hydroxide, etc.; alkaline leanttal hydroxides such as magnesium
hydroxide, calcium hydroxide, etc.; alkali metatlm@nates such as sodium carbonate,
potassium carbonate, sodium hydrogencarbonatesgiota hydrogencarbonate, etc.; metal
hydrides such as sodium hydride, potassium hydette, and organic bases such as
triethylamine, diisopropylethylamine, etc. Thev&sits that can be used are not particularly
limited if they are inert solvents and they inclutie example: aromatic hydrocarbons such
as benzene, toluene, xylene, etc.; halogenatedbgdions such as dichloromethane,
chloroform, 1,2-dichloroethane, etc.; nitriles sashacetonitrile, propionitrile, etc.; ketones
such as acetone, etc.; ethers such as diethy| éttrxhydrofuran, 1,4-dioxane, etc.; aprotic
polar solvents such as N,N-dimethylformamide, Njheathylacetamide, dimethyl sulfoxide,
etc. The reaction temperature is not particullamted and may preferably be in the range
of -20°C~RT. The reaction time is preferably in the ranfé hr~24 hr.

[0087] (Step 9)

The formyl derivative represented by the geneahfila (XIII) is reacted upon by
an alkali metal hydroxide (e.g. potassium hydroxated iodine in an alcohol solvent such as
methanol or ethanol, whereupon a compound repregdrytthe general formula (V) can be
produced. The reaction temperature is not padibulimited and may preferably be in the
range of 0C~RT. The reaction time is preferably in the ranfj@ hr~24 hr.

Among the compounds represented by the generalfar(t), a compound represented by

the general formula (I-2) in which the substituéris -CQP can be produced from the
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compound represented by the general formula (i e foregoing Reaction Scheme 1 by
means of the following Reaction Scheme 3 (stepfb®gpxample.

[0088] <Reaction Scheme 3>

[Formula 19]
R2 RS R2 RS
X X
\ // m N // m
CO,H Cco,P
17 H 17 H
® _<N l N R _<N l N
—_— =
Y’U)n 0 R* R® [Step 10] Y’U)n 0] R* RS
R® | R’ RS | R7

(-1) (1-2)

[wherein A, B, m, n, B-R’, X, Y and CQP are as defined in the foregoing general formula
(]
[0089] (Step 10)

The compound represented by the general formtdlaif esterified under
customary conditions well known to a person hawardjnary skill in the art, whereby it can
be easily converted to an ester derivative repteddny the general formula (I-2). For
example, the carboxylic acid (I-1) is reacted vathalkyl halide such as ethyl bromide or a
sulfonic acid ester such as ethyl methanesulfonadesuitable organic solvent such as N,N-
dimethylformamide, tetrahydrofuran, acetone or @uétle using a suitable base such as
potassium carbonate, sodium carbonate or sodiumd®ydvhereupon the compound
represented by the general formula (I-2) can bdymred. The reaction temperature is not
particularly limited and may preferably be in tlamge of 0C~100C. The reaction time is
preferably in the range of 1 hr~24 hr.

The compound represented by the general formulairfXhe foregoing Reaction
Scheme 1 can also be produced by the method dejmictke following Reaction Scheme 4
(step 11 to step 14), for example.

[0090] <Reaction Scheme 4>
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[Formula 20]
R2 R3
X
N _<N Hal R? R® Vs m
R]_</ l R1— I /LH/X /N
N b N COZRb // m R1_< |
Ay R ) % e
n n )
- y
[Step 11] Q [Step 12] "
RS RY R® R’ RR7
V) (XIV) (XV)
2 p3 COsz 2 o3
R2 R R2 R
X H,N X
N 7 m R* R® N 7 CO,RP
2
[Step 13] R]—</N | CO,H [s (VI24] ; Rl_</N LA
ep 2 tep
Y’M)n Y’U)n o R*RS
RS I R7 RS R7
(Xvr) xn

[wherein A, B, m, n, R-R’, X and Y are as defined in the foregoing genevahtila (I); R
represents an alkyl group having 1~15 carbon atam$Hal represents a halogen atom.]
[0091] (Step 11)

The compound represented by the general formylas(processed by the same
method as in step 5, whereupon it can be convéstacalide represented by the general
formula (XIV).

[0092] (Step 12)

The halide represented by the general formula [X8\processed by the same
method as in step 6, whereupon it can be convéstaccompound represented by the general
formula (XV).

[0093] (Step 13)

The compound represented by the general formwa (&processed by the same
method as in step 3, whereupon it can be convéstaccompound represented by the general
formula (XVI).

[0094] (Step 14)
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The compound represented by the general formwa) (X processed by the same
method as in step 4, whereupon it can be convéstaccompound represented by the general
formula (XI).

[0095] Among the compounds represented by the gefemula (1), a compound in which
the substituent E is tetrazolyl can be producedexample, by the same method, except that
an intermediate amine represented by the genaralifa (XIX) is produced by the process
depicted in the following Reaction Scheme 5 and tthia intermediate amine represented by
the general formula (XIX) is used in place of tlenpound represented by the general
formula (VII) in (step 4) of the foregoing ReactiSeheme 1 or in place of the compound
represented by the general formula (VII) in stepflthe foregoing Reaction Scheme 4.

[0096] <Reaction Scheme 5>

[Formula 21]
N-N, N-N
CN LN [N
N N H H,N H
Boc” [Step 15] Boc” [Step 16] 2
R* R® R* RS R4 R®
(XVII) (XVII (XIX)

[wherein A, R and R are as defined in the foregoing general formyla (I
[0097] (Step 15)

The compound represented by the general formwdl(Xas its cyano group
converted to a tetrazolyl group by a method wethkn to a person having ordinary skill in
the art, whereupon it can be converted to a compoejpresented by the general formula
(XVIII). For example, the compound representedh®ygeneral formula (XVII) is acted
upon by a suitable reagent for constructing azetearing (e.g. sodium azide, lithium azide,
trimethyltin azide, tributyltin azide, etc.) in algent inert to the reaction, optionally in the
presence of an acid or base, whereupon the compepnesented by the general formula
(XVIII) can be produced. Examples of the inertveoit that can be used here include N,N-
dimethylformamide, dimethyl sulfoxide, tetrahydrdn, etc. Exemplary acids that can be
used include ammonium chloride, hydrochloric azid¢ bromide, etc. Exemplary bases

that can be used include triethylamine, N,N-diisggtethylamine, etc. The reaction
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temperature is not particularly limited and mayferably be in the range of RT~1%D. The
reaction time is preferably in the range of 1 hrkg4
[0098] (Step 16)

The compound represented by the general formwal(Xcan be converted to a
compound represented by the general formula (Xddmoving the protective tert-
butoxycarbonyl group by a deprotecting method ihatell known among a person having
ordinary skill in the art. Deprotecting methodslude those which are described in Greene
and WutsProtective Groups in Organic Synthesis, 3¢ ed., 1999, for example.

[0099] Thus, among the compounds represented bygetheral formula (1), a compound in
which the substituent E is a bioisostere of a caybgroup may be produced by such a
process that an intermediate amine is prepareivécagdesired compound using a known
method or a modification thereof, followed by tlare method as Reaction Scheme 1 or
Reaction Scheme 4. Compounds in which the forggbioisostere of a carboxyl group can
be easily converted from a carboxylic acid may &ks@roduced from the compound (I-1) by
a known method or a modification thereof.

[0100] The compounds of the present invention #natrepresented by the general formula
(I) as produced by the foregoing methods are isdlahd purified as free compounds, salts
thereof, hydrates or various solvates (e.g. ethsolwhte) thereof or crystal polymorphisms
thereof. Pharmaceutically acceptable salts ottmepounds of the present invention can be
produced by conventional salt forming reactiorsoldtion and purification are performed by
applying chemical operations including extractieparation, crystallization, and a variety of
fractional chromatographic techniques.

[0101] The 4-alkynylimidazole derivatives of theepent invention have a superior EP4
receptor antagonistic action, as shown later it Egample 1. The “EP4 receptor
antagonistic action” refers to blocking the EPZ4epor-mediated action of prostaglandin E2
(PGE2). As mediated by the EP4 receptor, PGEZcpgaates in inflammatory responses
(including an immune inflammatory response), retexaof smooth muscle, pain triggering,

differentiation of lymphocytes, enlargement or gevation of mesangial cells, secretion of
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gastrointestinal mucus, etc. Hence, the 4-alkymgdazole derivatives of the present
invention which have the EP4 receptor antagontimon are useful as pharmaceuticals
specifically intended for the treatment, namelgr#épy or prevention, of diseases associated
with the EP4 receptor-mediated action of PGE2 angarticular, since PGE2 is strongly
implicated in inflammatory responses (includingimmune inflammatory response) and
pain triggering, the 4-alkynylimidazole derivativefsthe present invention are more useful
as pharmaceuticals specifically intended for theialammation and/or pain relieving of
diseases associated with the EP4 receptor-mediateh of PGE2, for example, the anti-
inflammation and/or pain relieving of inflammatatiseases (including immune diseases)
and diseases that involve various kinds of patgther, the 4-alkynylimidazole derivatives
of the present invention are also particularly usa$ pharmaceuticals intended for the
treatment, namely, therapy or prevention, of immdiseases that result from inflammations
as evoked by tissue destruction due to the aativaif Thl cells and/or Th17 cells.
Compounds having the EP4 receptor antagonistioraetkert therapeutic effects on the
foregoing immune diseases since a plurality of commols with different skeletons that have
the EP4 receptor antagonistic action have beefiegtd be efficacious in EAE
(experimental autoimmune encephalomyelitis) modélgh are animal models for the
foregoing immune diseases. Therefore, it can g fecognized by inference that the 4-
alkynylimidazole derivatives of the present inventivhich have the superior EP4 receptor
antagonistic action will also exert therapeutie@efé on the foregoing immune diseases. In
addition, unlike NSAIDs/COX inhibitors, the 4-alkgliimidazole derivatives of the present
invention with their uniqgue mechanism of actionlwibt inhibit the arachidonic acid cascade
but block only the site of action of PGE2 and, legraze expected to display none of the side
effects that are characteristic of the NSAIDs/C@Kilbitors.

[0102] A large number of reports have so far bedsliphed concerning the relationship
between the EP4 receptor-mediated action of PGH2amriety of diseases. Among the
diseases associated with the EP4 receptor-mediateh of PGE2, typical ones are diseases

that involve inflammations (inflammatory diseasesyliseases that involve pains triggered
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by inflammation (inflammatory pains) and specifi@mples include: arthritic pain
(Reference Documents 1, 2, 3), articular rheumafReierence Documents 2, 3),
osteoarthritis (Reference Document 3), lumbagodReice Document 1), scapulohumeral
periarthritis (Reference Document 1), cervico-omaehial syndrome (Reference Document
1), tendonitis (Reference Document 4), thecitisf¢Rance Document 4), multiple sclerosis
(Reference Documents 2, 6), systemic lupus erythmsua (Reference Document 1), gout
(Reference Document 1), multiple myositis/dermatositys (Reference Document 1),
angitis syndrome (Reference Document 1), ankylospandylitis (Reference Document 1),
acute nephritis (Reference Document 14), chronphings (Reference Document 14),
ulcerative colitis (Reference Document 2), Crohdisease (Reference Document 2), atopic
dermatitis (Reference Document 6), psoriasis (Refe Document 6), contact dermatitis
(Reference Document 6), bursitis (Reference Doculgmnnterstitial cystitis (Reference
Document 12), headache pain (Reference DocumenadBjiosclerosis (Reference
Document 1), etc.

[0103] Among the foregoing diseases, multiple $d&s, ulcerative colitis, Crohn’s disease,
atopic dermatitis, psoriasis, and contact dernsadite immune diseases that result from
inflammations as evoked by tissue destruction dubé activation of Thl cells and/or Th17
cells (i.e., immune diseases in which Thl celldan@hl17 cells are implicated) (Reference
Documents 2, 6).

[0104] Among the diseases associated with the EBptor-mediated action of PGEZ2,
equally typical are diseases that involve paigered by stimulation of peripheral nerve
nociceptors (i.e., nociceptive pain) and specikamaples include: postoperative pain
(Reference Document 1), post-extraction pain (Refee Document 1), swelling/pain after
trauma (bruise, sprain, contusion, burn) (Referémeument 1), cancerous pain (Reference
Document 1), gingivitis (Reference Document 1), étarther, diseases associated with the
EP4 receptor-mediated action of PGE2 also inclwdgapathic pains which are diseases that
involve a pain triggered by an impaired nerve dua tertain cause (Reference Document 7)

and specific examples may include: allodynia, pexgtatic pain, fiboromyalgia, pain or



-31-

numbness that accompany diabetic complicationatisaj as well as pains due to stroke or
spinal cord injury.

[0105] Yet other diseases associated with the EPdptor-mediated action of PGE2
include: Alzheimer’s disease (Reference Documenin@dJignant tumors (Reference
Document 9) and their metastases (Reference DodutfBgraortic aneurysm (Reference
Document 11), overactive bladder (Reference Docurh2)) renal failure (Reference
Document 14), patent ductus arteriosus (Referemmeibent 13), acute lung injury/acute
respiratory distress syndrome (Reference Docum@nidiabetic retinopathy (Reference
Document 17), age-related macular degeneratiore(Bete Document 17), and
postoperative adhesion (Reference Document 1&holild, however, be noted that the
diseases associated with the EP4 receptor-mediateh of PGE2 are by no means limited
to the examples listed above.

[0106] REFERENCE LITERATURE

Reference Document 1: Handbook on How to SelectUus&NSAIDs, ed. by S. Sano,
Yodosha

Reference Document 2: Sakata D, et al, J Pharnsaol 12, 1-5, 2010
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Reference Document 4: Thampatty BP, et al, Gerg, B#-161, 2007
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Reference Document 7: St-Jacques B, et al, J Neenoc118, 841-854, 2011

Reference Document 8: Hoshino T, et al, J Neurochi&®, 795-805, 2012

Reference Document 9: Katoh H, et al, Inflammatiod Regeneration, 31, 316-324, 2011
Reference Document 10: Ma X, et al, Oncoimmunol@yg22647, 2013

Reference Document 11: Yokoyama U, et al, PloS @ne36724, 2012

Reference Document 12: Chuang YC, et al, BJU %, 1782-1787, 2010
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Reference Document 14: WO2003/099857

Reference Document 15: Antonova M, et al. J Heagl&ain 12, 551-559, 2011

Reference Document 16: Aso H, et al. Am J Physimld_Cell Mol Physiol 302, L266-73,
2011

Reference Document 17: Yanni SE, et al. Invest Bgdhtol Vis Sci 50, 5479-5486, 2009
Reference Document 18: Zhang Y, et al. Blood 188555364, 2011

[0107] As demonstrated in the Test Examples todseribed later, the 4-alkynylimidazole
derivatives of the present invention showed a sapanalgesic effect by significantly
increasing pain thresholds in carrageenin-indu@ad models and adjuvant-induced chronic
arthritis models and they also suppressed joint pamonoiodoacetic acid-induced joint
pain models.

[0108] In addition, as demonstrated in the Testniplas to be described later, the 4-
alkynylimidazole derivatives of the present inventshowed a superior anti-inflammatory
effect in carrageenin-induced inflammation modeld they also showed a superior anti-
inflammatory effect in adjuvant-induced chronidaitis models.

[0109] From these facts, it can be seen that takyiylimidazole derivatives of the
present invention have a superior anti-inflammatorgi/or analgesic effect in acute and/or
chronic inflammatory pain models.

[0110] Hence, against the diseases associatedhetEP4 receptor-mediated action of
PGE2, the compounds of the present invention are m@ferred as pharmaceuticals
specifically intended for the anti-inflammation amdpain relieving of diseases that involve
inflammations (inflammatory diseases) or disealasitivolve pains triggered by
inflammation (inflammatory pains); they are evenrenpreferred as pharmaceuticals
specifically intended for the anti-inflammation &mdpain relieving of at least one disease
selected from the group consisting of arthritionpairticular rheumatism, osteoarthritis,
lumbago, scapulohumeral periarthritis, cervico-donaehial syndrome, tendonitis, and
thecitis.

[0111] In addition, the 4-alkynylimidazole derivags of the present invention which have a
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superior EP4 receptor antagonistic action are ussf&P4 receptor antagonists and are also
useful as pharmaceuticals specifically intendedHertreatment of immune diseases that
result from inflammations as evoked by tissue desin due to the activation of Thl cells
and/or Th17 cells (i.e., immune diseases in which @ells and/or Th17 cells are implicated).
In particular, they are more preferred as pharnmtézads to be used for the treatment of at
least one disease selected from the group corgistimultiple sclerosis, ulcerative colitis,
Crohn’s disease, atopic dermatitis, psoriasis,cmact dermatitis, and they are even more
preferred as pharmaceuticals specifically interfdedhe treatment of multiple sclerosis.
[0112] Pharmaceuticals comprising the 4-alkynyliazidle derivatives of the present
invention are administered either systemicallyopi¢ally by an oral or parenteral route, for
example, transdermal, transnasal, transtrachaakpulmonary, ophthalmic, intravenous
injection, hypodermic injection, intrarectal, eidosage forms can be selected as appropriate
for the route of administration and include, fomewle, tablets, troches, sublingual tablets,
sugar-coated tablets, capsules, pills, powdersudga, liquids, emulsions, creams, ointments,
lotions, jellies, suspensions, syrups, eye drogsaindrops, inhalants, suppositories,
injections, etc. In addition, the pharmaceuticalsprising the 4-alkynylimidazole
derivatives of the present invention may contaiarptacologically acceptable carriers,
namely, excipients, and depending on the need,further contain a variety of commonly
used additives including binders, disintegrantstiog agents, lubricants, antiseptics, wetting
agents, emulsifiers, stabilizers, preservativelrow agents, sweeteners, solubilizers, etc.;
such pharmaceuticals can be prepared in accordéticeonventional methods in the art.
[0113] The dosage of the pharmaceuticals comprisiagi-alkynylimidazole derivatives of
the present invention may be determined as ap@tepior various conditions including the
subject to which they are administered, the ro@idministration, and the symptoms to be
controlled; for example, in the case of oral adstnaition to an adult patient, a single dose of
the present compound as an active ingredient yssifices to be in the range of about
0.01~1000 mg, preferably in the range of 0.1~400ang once to three times daily dosing is

preferred.
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EXAMPLES

[0114] Examples and Test Examples are given beboslescribe the features of the present
invention in a more specific way. The materiadh® amounts in which they were used, their
proportions, the specifics and procedures of tloegssing, etc. can be varied as appropriate
without departing from the spirit of the presentantion. Hence, the scope of the present
invention should not be interpreted in a way tkdimited by the specific examples set out
below.

[0115] Note that théH-NMR spectra shown below were measured with JNGAEOO

Model spectrometer (400 MHz, JEOL Ltd.) using deatbloroform (CDCYJ),
deuteromethanol (CJ®D) or deuterated dimethyl sulfoxide (DMS@}-ds a solvent, and
tetramethylsilane (TMS) as an internal standarakadlired chemical shifts are indicatedby
values in ppm and J values (coupling constant)zn Abbreviations s, d, t, g, m and br
represent singlet, doublet, triplet, quartet, nplati and broad, respectively. For
measurement of mass spectra (electrospray ionzdisl-MS), Exactive manufactured by
Thermo Fisher Scientific K. K. was used.

[0116] Example 1
trans-4-({2-Chloro-4-(3-hydroxy-3-methyl-1-butynyl}-1-[4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}methyl)cyclohexanecarboxycid (Compound 1)

Compound 1 was produced according to the reactberse depicted below:

[0117]
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[Formula 22]
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[0118] (1) To a solution of methyl 4-imidazole caxglate (a-1) (5.0 g, 39 mmol) in
tetrahydrofuran (THF) (100 mL), p-trifluoromethyéihzyl alcohol (a-2) (6.5 mL, 48 mmol)
and triphenylphosphine (PBH12 g, 47 mmol) were added and after addingusetu
solution (25 mL, 48 mmol) of 1.9 mol/L diisopropytzodicarboxylate (DIAD) dropwise, the
resulting mixture was stirred at room temperatore3fhours. After distilling off the solvents
under reduced pressure, the residue was purifieslibg gel column chromatography (n-
hexane:ethyl acetate = 50:50 ~ 0:100) and purdgain by silica gel (NH) column
chromatography (n-hexane:ethyl acetate = 90:10:509@0 give methyl 1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxylata-3) (amount, 7.7 g; yield, 69%).

(2) To a solution of the foregoing compound (a8Y (g, 27 mmol) in N,N-
dimethylformamide (DMF) (54 mL), N-chlorosuccininddNCS) (3.6 g, 27 mmol) was
added and the resulting mixture was stirred ovéitragjroom temperature. To the reaction
mixture, a saturated aqueous solution of sodiunmdgehcarbonate was added and after
extraction with ethyl acetate, the organic layes washed successively with water and
saturated brine. After drying the organic layeeioanhydrous sodium sulfate, the solvents
were distilled off under reduced pressure. Thalueswas purified by silica gel column

chromatography (n-hexane:ethyl acetate = 90:10:509@o give methyl 2-chloro-1-[4-
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(trifluoromethyl)benzyl]-1H-imidazole-5-carboxylata-4) (amount, 3.7 g; yield, 43%).

(3) To a solution of the foregoing compound (a3ly2 g, 11.7 mmol) in a solvent mixture
of THF (80 mL) and methanol (80 mL), an aqueoustsah (14.6 mL, 58.4 mmol) of

4 mol/L sodium hydroxide was added and the reguitiixture was stirred at room
temperature for 3 hours. To the reaction mixt@reol/L hydrochloric acid was added to
adjust pH to 5 or below and extraction was condluetigh ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and theeatd were distilled off under reduced
pressure to give 2-chloro-1-[4-(trifluoromethyl)lzgti-1H-imidazole-5-carboxylic acid (a-5)
(amount, 3.50 g; yield, 98%).

(4) To a solution of the foregoing compound (a$%B90 g, 1.28 mmol) in DMF (3.9 mL),
methyl trans-4-aminomethyl cyclohexanecarboxylatdrbchloride (a-6) (0.293 g,

1.41 mmol), N,N-diisopropylethylamine (DIPEA) (05#L, 3.20 mmol) and O-(7-
azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluroniunexafluorophosphate (HATU) (0.535 g,
1.41 mmol) were added and the resulting mixture stiaied overnight at room temperature.
Water was added to the reaction mixture and extraetas conducted with ethyl acetate.
The organic layer was successively washed with veatd saturated brine and the organic
layer was dried over anhydrous sodium sulfate. skdieents were distilled off under reduced
pressure and the residue was purified by silicacgleimn chromatography (n-hexane:ethyl
acetate = 50:50 ~ 0:100) to give methyl trans-4dforo-1-[4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}methyl)cyclohexanecarboigl@-7) (amount, 0.516 g; yield,
88%).

(5) To a solution of the foregoing compound (a&/b16 g, 1.23 mmol) in DMF (4 mL), N-
bromosuccinimide (NBS) (0.261 g, 1.47 mmol) waseatldnd the resulting mixture was
stirred at 60C for 6 hours. Water was added to the reactioriurgxand extraction was
conducted with ethyl acetate. The organic layes staccessively washed with water and
saturated brine and the organic layer was dried avBydrous sodium sulfate. The solvents
were distilled off under reduced pressure and éselue was purified by silica gel column

chromatography (n-hexane:ethyl acetate = 70:30:703@0 give methyl trans-4-({4-bromo-
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2-chloro-1-[4-(trifluoromethyl)benzyl]-1H-imidazolg-
carboxamido}methyl)cyclohexanecarboxylate (a-8)dant, 0.536 g; yield, 82%).

(6) To a solution of the foregoing compound (a8%{6 g, 0.888 mmol) in DMF (7.5 mL),
2-methyl-3-butyn-2-ol (a-9) (0.260 mL, 2.66 mmat)dariethylamine (2.5 mL) were added.
The resulting mixture in solution was degassedadtet adding
dichlorobis(triphenylphosphine)palladium (0.0310¢)444 mmol) and copper iodide
(0.0169 g, 0.0887 mmol), the mixture was stirredraight at 60C. The reaction mixture
was cooled to room temperature and after addirguaated aqueous solution of ammonium
chloride, extraction was conducted with ethyl aigeta’ he organic layer was dried over
anhydrous sodium sulfate and the solvents wer#lelisoff under reduced pressure. The
residue was purified by silica gel column chromaaphy (n-hexane:ethyl acetate = 50:50 ~
0:100) to give methyl trans-4-({2-chloro-4-(3-hyage3-methyl-1-butyn-1-yl)-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamigioethyl)cyclohexanecarboxylate (a-
10) (amount, 0.442 g; yield, 92%).

(7) To a solution of the foregoing compound (a-B8 mg, 0.13 mmol) in a solvent mixture
of THF (0.70 mL) and methanol (0.70 mL), an aquesalgtion (0.70 mL, 1.4 mmol) of

2 mol/L sodium hydroxide was added and the regyltiixture was stirred overnight at room
temperature. The reaction mixture was neutralgigid 2 mol/L hydrochloric acid and after
extraction with chloroform, the organic layer waged over anhydrous sodium sulfate. The
solvents were distilled off under reduced pressme:the residue was purified by silica gel
column chromatography (chloroform:methanol = 9820+10) to give trans-4-({2-chloro-4-
(3-hydroxy-3-methyl-1-butyn-1-yl)-1-[4-(trifluorontkyl)benzyl]-1H-imidazole-5-
carboxamido}methyl)cyclohexanecarboxylic acid (Campd 1) (amount, 59 mg; yield,
90%). The structural formula of Compound 1 andda& on its properties will be shown
later in Table 1.

(8) In the same way, Compounds 15~17, 23, 24, 2622~34, 36, 38 and 39 also listed later
in Table 1 were produced from the respectivelyegponding starting materials. The

structural formulas of these compounds and the alataeir properties will be shown later in
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Table 1.

[0119] Example 2
4-({2-Chloro-4-(3-hydroxy-3-methyl-1-butyn-1-yl)-i-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}methyl)benzoic acid (Compad2)

Compound 2 was produced according to the reactberse depicted below:

[0120] [Formula 23]

CO,Me
'ﬂ‘j/©/ CO,Me N-_-BI CO,Me
HoN c—< ]Y \/©/ a—< L(H\/@
a1l _ Nes N N
L7 e

HATU, DIPEA |:3c DMF FsC
DMF a-13

» OH COMe N COzH
a9 u%/ H _NaoHaq. c—< | H\/@
N

a-5

8

PACI,(PPhs),, Cul THF, MeOH
Et3N, DMF FsC
a-1 2

[0121] (1) To a solution in DMF (87 mL) of compou(at5) (8.7 g, 29 mmol) as obtained
in Example 1, methyl p-(aminomethyl)benzoate hydlogde (a-11) (6.9 g, 34 mmol),
DIPEA (12 mL, 71 mmol) and HATU (12 g, 31 mmol) weadded and the resulting mixture
was stirred overnight at room temperature. Wates added to the reaction mixture and after
extraction with ethyl acetate, the organic layes waccessively washed with water and
saturated brine. After drying the organic layeeoanhydrous sodium sulfate, the solvents
were distilled off under reduced pressure. Th&lueswas purified by silica gel column
chromatography (n-hexane:ethyl acetate = 50:5@.60):to give methyl 4-({2-chloro-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamigoethyl)benzoate (a-12) (amount,

11 g; yield, 85%).

(2) To a solution of the foregoing compound (a-BH mg, 0.12 mmol) in DMF (0.6 mL),
NBS (24 mg, 0.14 mmol) was added and the resuftindure was stirred at room
temperature for an hour, then stirred a&t@®f@or 3 hours. To the reaction mixture, water was
added and after extraction with ethyl acetate ptiganic layer was washed with water and
saturated brine. After drying the organic layeeoanhydrous sodium sulfate, the solvents

were distilled off under reduced pressure. Th&lueswas purified by silica gel column
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chromatography (n-hexane:ethyl acetate = 90:10:509@0 give methyl 4-({4-bromo-2-
chloro-1-[4-(trifluoromethyl)benzyl]-1H-imidazole-8arboxamido}methyl)benzoate (a-13)
(amount, 44 mg; yield, 66%).

(3) To a solution of the foregoing compound (a-&% g, 13 mmol) in DMF (100 mL), 2-
methyl-3-butyn-2-ol (a-9) (3.8 mL, 39 mmol) ancethiylamine (34 mL) were added. The
resulting mixture in solution was degassed and afiding
dichlorobis(triphenylphosphine)palladium (0.45 gg®mmol) and copper iodide (0.25 g,
1.3 mmol), the resulting mixture was stirred at®@or 3 hours. The reaction mixture was
cooled to room temperature and after adding aa&tiaqueous solution of ammonium
chloride, extraction was conducted with ethyl aigeta’ he organic layer was dried over
anhydrous sodium sulfate and the solvents wer#lelisoff under reduced pressure. The
residue was purified by silica gel column chromaaphy(n-hexane:ethyl acetate = 70:30 ~
0:100) to give methyl 4-({2-chloro-4-(3-hydroxy-3atiyl-1-butyn-1-yl)-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamiginethyl)benzoate (a-14) (amount,
4.5 g; yield, 65%).

(4) To a solution of the foregoing compound (a-®%) mg, 0.058 mmol) in a solvent mixture
of THF (0.3 mL) and methanol (0.3 mL), an aqueaalst®on (87uL, 0.17 mmol) of 2 mol/L
sodium hydroxide was added and the resulting mexivas stirred overnight at room
temperature. The reaction mixture was neutralgigid 2 mol/L hydrochloric acid and after
extraction with chloroform, the organic layer waged over anhydrous sodium sulfate. The
solvents were distilled off under reduced pressma:the residue was purified by silica gel
column chromatography (chloroform:methanol = 9830:20) to give 4-({2-chloro-4-(3-
hydroxy-3-methyl-1-butyn-1-yl)-1-[4-(trifluorometiiypenzyl]-1H-imidazole-5-
carboxamido}methyl)benzoic acid (Compound 2) (amplif mg; yield, 70%). The
structural formula of Compound 2 and the data spibperties will be shown later in Table
1.

(5) In the same way, Compounds 3~5 and 44 alssdlistter in Table 1 were produced from

the respectively corresponding starting materidlse structural formulas of these
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compounds and the data on their properties wiihmvn later in Table 1.

[0122] Example 3
trans-4-{[2-Chloro-4-(3-hydroxy-3-methyl-1-butynyl}-1-(4-methylbenzyl)-1H-imidazole-
5-carboxamido]methyl}cyclohexanecarboxylic acid (gmund 21)

Compound 21 was produced according to the reastibeame depicted below:

[0123] [Formula 24]
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[0124] (1) To a solution of methyl 4-imidazole caxylate (a-1) (3.0 g, 24 mmol) in THF

Pz OH = OH
%OH N 74 74
H H
N N
(e} (e}

(60 mL), p-methylbenzyl alcohol (a-15) (2.9 g, 2éoi) and PPh(16 g, 60 mmol) were
added and after adding a toluene solution (32 Mumnénol) of 1.9 mol/L DIAD dropwise,
the resulting mixture was stirred at room tempegafar 15 hours. After distilling off the
solvents under reduced pressure, purification vea®pned by silica gel column
chromatography (n-hexane:ethyl acetate = 1:1)we giethyl 1-(4-methylbenzyl)-1H-
imidazole-5-carboxylate (a-16) (amount, 4.3 g;dé18%).

(2) To a solution of the foregoing compound (a-@63 g, 19 mmol) in DMF (90 mL), NCS
(2.7 g, 21 mmol) was added and the resulting mexwas stirred overnight at room
temperature. To the reaction mixture, a saturatgetous solution of sodium
hydrogencarbonate was added and after extractitmethyl acetate, the organic layer was
successively washed with water and saturated bdfier drying the organic layer over

anhydrous sodium sulfate, the solvents were disititiff under reduced pressure. The
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residue was purified by silica gel column chromaaphy (n-hexane:ethyl acetate = 1:1) to
give methyl 2-chloro-1-(4-methylbenzyl)-1H-imidageb-carboxylate (a-17) (amount, 2.3 g;
yield, 46%).

(3) To a solution of the foregoing compound (a-07%4 g, 2.0 mmol) in a solvent mixture

of THF (5 mL) and methanol (5 mL), an aqueous sofu¢3.1 mL, 6.1 mmol) of 2 mol/L
sodium hydroxide was added and the resulting maxivas stirred at room temperature for
12 hours. To the reaction mixture, 1 mol/L hydiocic acid was added to adjust pH to 5 or
less and the precipitating solids were recoverefiltogtion to give 2-chloro-1-(4-
methylbenzyl)-1H-imidazole-5-carboxylic acid (a-X8mount, 0.42 g; yield, 81%).

(4) To a solution of the foregoing compound (a-{B%#2 g, 1.7 mmol) in DMF (15 mL),
methyl trans-4-aminomethyl cyclohexanecarboxylatrbchloride (a-6) (0.45 g, 2.2 mmol),
DIPEA (0.89 mL, 5.0 mmol) and HATU (0.82 g, 2.2 mijnwere added and the resulting
mixture was stirred overnight at room temperatiiater was added to the reaction mixture
and extraction was conducted with ethyl acetatee drganic layer was successively washed
with water and saturated brine and the organicrleses dried over anhydrous sodium sulfate.
The solvents were distilled off under reduced presand the residue was purified by silica
gel column chromatography (n-hexane:ethyl acetdte ¥to give methyl trans-4-{[2-chloro-
1-(4-methylbenzyl)-1H-imidazole-5-carboxamido]md}hyclohexanecarboxylate (a-19)
(amount, 0.56 g; yield, 83%).

(5) To a solution of the foregoing compound (a-I®%5 g, 1.4 mmol) in DMF (5 mL), NBS
(0.32 g, 1.8 mmol) was added and the resultinguméxtvas stirred overnight at 8D. To the
reaction mixture, a saturated aqueous solutiomadiusn hydrogencarbonate was added and
extraction was conducted with ethyl acetate. Tigamic layer was successively washed
with water and saturated brine and the organicrleses dried over anhydrous sodium sulfate.
The solvents were distilled off under reduced presand the residue was purified by silica
gel column chromatography (n-hexane:ethyl aceté@d xto give methyl trans-4-{[4-bromo-
2-chloro-1-(4-methylbenzyl)-1H-imidazole-5-carboxdojmethyl}cyclohexanecarboxylate

(a-20) (amount, 0.44 g; yield, 66%).
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(6) To a solution of the foregoing compound (a-@0)8 g, 0.38 mmol) in DMF (1 mL), 2-
methyl-3-butyn-2-ol (a-9) (56L, 0.57 mmol) and triethylamine (0.27 mL) were adldd he
mixture in solution was degassed and after addiclgatobis(triphenylphosphine)palladium
(13 mg, 0.019 mmol) and copper iodide (3.6 mg, 9.@nol), the resulting mixture was
stirred at 50C for 5 hours. The reaction mixture was cooletbtum temperature and after
adding a saturated aqueous solution of ammoniuoridel, extraction was conducted with
ethyl acetate. The organic layer was dried ovaydrous sodium sulfate and the solvents
were distilled off under reduced pressure. Thalueswas purified by silica gel column
chromatography (n-hexane:ethyl acetate = 1:1)we giethyl trans-4-{[2-chloro-4-(3-
hydroxy-3-methyl-1-butyn-1-yl)-1-(4-methylbenzylHilimidazole-5-
carboxamido]methyl}cyclohexanecarboxylate (a-2Ihgant, 0.097 g; yield, 53%).

(7) To a solution of the foregoing compound (a-@F) mg, 0.20 mmol) in a solvent mixture
of THF (1 mL) and methanol (1 mL), an aqueous satu¢l mL, 2.0 mmol) of 2 mol/L
sodium hydroxide was added and the resulting mexivas stirred overnight at room
temperature. The reaction mixture was neutralgigidl 1 mol/L hydrochloric acid and after
extraction with chloroform, the organic layer waged over anhydrous sodium sulfate. The
solvents were distilled off under reduced pressmetthe residue was purified by silica gel
column chromatography (chloroform:methanol = 1@olgive trans-4-{[2-chloro-4-(3-
hydroxy-3-methyl-1-butyn-1-yl)-1-(4-methylbenzylHilimidazole-5-
carboxamido]methyl}cyclohexanecarboxylic acid (Camapd 21) (amount, 81 mg; yield,
86%). The structural formula of Compound 21 areddhta on its properties will be shown
later in Table 1.

[0125] Example 4
trans-4-({2-Chloro-4-(3-methoxy-3-methyl-1-butynyl)-1-[4-(trifluormethyl)benzyl]-1H-
imidazole-5-carboxamido}methyl)cyclohexanecarboxycid (Compound 10)

Compound 10 was produced according to the reastibeame depicted below:

[0126]
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[Formula 25]
OMe OMe
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o o oYy T e ol ()
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o) o)
FsC FsC
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[0127] (1) To a solution in methanol (1.6 mL) oihgpound (a-10) (81 mg, 0.15 mmol) as
obtained in Example 1, methanesulfonic acid (MsQH®)uL, 0.15 mmol) was added and the
resulting mixture was stirred at 8D for 4 hours. The reaction mixture was cooletbtum
temperature and a saturated aqueous solution afradd/drogencarbonate was added.
Extraction was conducted with ethyl acetate aner aftying the organic layer over
anhydrous sodium sulfate, the solvents were disititiff under reduced pressure. The
residue was purified by silica gel column chromaapdpy (n-hexane:ethyl acetate = 90:10 ~
30:70) to give methyl trans-4-({2-chloro-4-(3-metlye3-methyl-1-butyn-1-yl)-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamigoethyl)cyclohexanecarboxylate (b-1
(amount, 70 mg; yield, 84%).

(2) To a solution of the foregoing compound (b-20 (ng, 0.13 mmol) in a solvent mixture
of THF (1 mL) and methanol (1 mL), an aqueous $ouf0.19 mL, 0.38 mmol) of 2 mol/L
sodium hydroxide was added and the resulting maxivas stirred overnight at room
temperature. The reaction mixture was neutralzigld 2 mol/L hydrochloric acid and after
extraction with chloroform, the organic layer waged over anhydrous sodium sulfate. The
solvents were distilled off under reduced presamcthe residue was purified by silica gel
column chromatography (chloroform:methanol = 9820+10) to give trans-4-({2-chloro-4-
(3-methoxy-3-methyl-1-butyn-1-yl)-1-[4-(trifluorontieyl)benzyl]-1H-imidazole-5-
carboxamido}methyl)cyclohexanecarboxylic acid (Campd 10) (amount, 60 mg; yield,
88%). The structural formula of Compound 10 areddhta on its properties will be shown
later in Table 1.

(3) In the same way, Compounds 11~13, 25, 28, BH4@, 41, 43, 45, 66, and 69 also listed

later in Table 1 were produced from the respedtieelresponding starting materials. The



- 44 -

structural formulas of these compounds and the alataeir properties will be shown later in
Table 1.

[0128] Example 5
trans-4-{[2-Chloro-4-(3-methoxy-3-methyl-1-butynyl}-1-(4-methylbenzyl)-1H-imidazole-
5-carboxamido]methyl}cyclohexanecarboxylic acid (gmund 22)

Compound 22 was produced according to the reastibeame depicted below:

[0129] [Formula 26]
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" N «CO,Me N i WCO,H
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[0130] (1) To a solution in methanol (76 mL) of goound (a-21) (3.7 g, 7.61 mmol) as
obtained in Example 3, MsOH (2.5 mL, 38 mmol) wddexd and the resulting mixture was
stirred at 60C for 5 hours. The reaction mixture was cooletbtum temperature and a
saturated aqueous solution of sodium hydrogencatbamas added. Extraction was
conducted with ethyl acetate and after drying ttgawic layer over anhydrous sodium
sulfate, the solvents were distilled off under retlipressure. The residue was purified by
silica gel column chromatography (n-hexane:ethgtate = 1:1) to give methyl trans-4-{[2-
chloro-4-(3-methoxy-3-methyl-1-butyn-1-yl)-1-(4-rhgtbenzyl)-1H-imidazole-5-
carboxamido]methyl}cyclohexanecarboxylate (b-2) ¢amt, 2.8 mg; yield, 74%).
(2) To a solution of the foregoing compound (b-23 (ng, 0.047 mmol) in a solvent mixture
of THF (0.2 mL) and methanol (0.2 mL), an aqueaalst®on (0.11 mL, 0.47 mmol) of
4 mol/L sodium hydroxide was added and the reguitiixture was stirred at room
temperature for 3 hours. The reaction mixture magralized with 2 mol/L hydrochloric
acid and after extraction with chloroform, the arigdayer was dried over anhydrous sodium
sulfate. The solvents were distilled off underueetl pressure and the residue was purified
by silica gel column chromatography (chloroform:heatol = 4:1) to give trans-4-{[2-chloro-

4-(3-methoxy-3-methyl-1-butyn-1-yl)-1-(4-methylbemz1H-imidazole-5-
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carboxamido]methyl}cyclohexanecarboxylic acid (Camapd 22) (amount, 18 mg; yield,
77%). The structural formula of Compound 22 areddhta on its properties will be shown
later in Table 1.

[0131] Example 6
trans-4-({2-Chloro-4-(3-fluoro-3-methyl-1-butyn-1}1-[4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}methyl)cyclohexanecarboxycid (Compound 14)

Compound 14 was produced according to the reastibeame depicted below:

[0132] [Formula 27]

// F / F

72
N «CO2Me NaOH a N «COLH
DAST q. )
a-10 - = CI_</ ‘ H\/O _— CI% ‘ HVO
CH,Cl, N THF, MeOH N
o) o)
FoC FoC

c-1 14
[0133] (1) A solution in dichloromethane (1.9 mlf)ammpound (a-10) (100 mg,
0.185 mmol) as obtained in Example 1 was cooléf@ To the cooled solution,
(diethylamino)sulfate trifluoride (DAST) (29L, 0.22 mmol) was added and the resulting
mixture was stirred at°C for 3 hours. Water was added to the reactioriurexand after
extraction with chloroform, the organic layer waged over anhydrous sodium sulfate. The
solvents were distilled off under reduced presamcethe residue was purified by silica gel
column chromatography (n-hexane:ethyl acetate 30r6:0:100) to give methyl trans-4-({2-
chloro-4-(3-fluoro-3-methyl-1-butyn-1-yl)-1-[4-(fluoromethyl)benzyl]-1H-imidazole-5-
carboxamido}methyl)cyclohexanecarboxylate (c-1) ¢gamt, 68 mg; yield, 68%).
(2) The foregoing compound (c-1) was hydrolyzedh®/same method as in Example 1(7) to
give trans-4-({2-chloro-4-(3-fluoro-3-methyl-1-butyl -yl)-1-[4-(trifluoromethyl)benzyl]-
1H-imidazole-5-carboxamido}methyl)cyclohexanecanfdaxacid (Compound 14). The
structural formula of Compound 14 and the data®prioperties will be shown later in Table
1.
[0134] Example 7
trans-4-({2-Ethyl-4-(3-hydroxy-3-methyl-1-butyn-1}y1-[4-(trifluoromethyl)benzyl]-1H-
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imidazole-5-carboxamido}methyl)cyclohexanecarboxycid (Compound 18)
Compound 18 was produced according to the reastibeame depicted below:

[0135] [Formula 28]

Fs3 < l I, KOH <Nl NaOH agq. / l
\_< l DIAD, PPh O eon cozte ' coan
e
* FC FaC THF, MeOH @

THF FsC
d-1 d-2 d-3

~COoMe
HCl «CO,Me ~CO,Me
e dlifie ¥ ES P
a6 NS, TFA

HATU, DIPEA F3C
DMF

//)<OH

+CO,Me o +CO,H
\ < NaOH ag. \ <
X H H
ad N E—— N\/O
PACI,(PPh3),, Cul THF, MeOH
Et;N, DMF

[0136] (1) To a solution of 2-ethyl-1H-imidazoleearbaldehyde (d-1) (1.0 g, 8.1 mmol) in
THF (80 mL), 4-trifluoromethyl benzyl alcohol (a-@).56 g, 8.87 mmol) and PP{2.5 g,

9.7 mmol) were added and the resulting mixture staged at OC. To the reaction mixture,

a toluene solution (5.1 mL, 9.7 mmol) of 1.9 mdDLAD was added and the resulting
mixture was stirred at room temperature for 17 Bourhe solvents were distilled off under
reduced pressure and the residue was purifiedibg giel column chromatography (n-
hexane:ethyl acetate = 60:40 ~ 0:100) to give teith4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carbaldehyde (d-2) as a crude prodtiota solution of the foregoing compound
(d-2) in methanol (5.6 mL), a solution of iodinel@ g, 16 mmol) in methanol (60 mL) and a
solution of potassium hydroxide (1.80 g, 32 mmoljriethanol (41 mL) were added 4C0

and the resulting mixture was stirred at room tenajpee for 3 hours. To the reaction
mixture, 1 mol/L hydrochloric acid was added toustljpH to about 5 and after adding a
saturated aqueous solution of sodium thiosulfatiaetion was conducted with ethyl acetate.
The organic layer was dried over anhydrous sodiulfate and the solvents were distilled off
under reduced pressure. The residue was purifiesiliba gel column chromatography (n-

hexane:ethyl acetate = 60:40 ~ 0:100) to give m&tethyl-1-[4-(trifluoromethyl)benzyl]-
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1H-imidazole-5-carboxylate (d-3) (amount, 780 migjd; 31% ( in 2 steps)).

(2) To a solution of the foregoing compound (d-3d mg, 0.801 mmol) in a solvent
mixture of THF (4.0 mL) and methanol (4.0 mL), auaous solution (2.0 mL, 8.0 mmol) of
4 mol/L sodium hydroxide was added and the reguitiixture was stirred at room
temperature for 4 hours. The reaction mixture masgralized with 1 mol/L hydrochloric
acid and the solvents were distilled off under pstlpressure. The residue was purified by
silica gel column chromatography (chloroform:metblan99:1 ~ 80:20) to give 2-ethyl-1-
[4-(trifluoromethyl)benzyl-1H-imidazole--5-carboxglacid (d-4) as a crude product. To a
solution of the foregoing compound (d-4) in DMFA@iL), methyl trans-4-aminomethyl
cyclohexanecarboxylate hydrochloride (a-6) (270 in80 mmol), HATU (390 mg,

0.103 mmol) and DIPEA (0.410 mL, 2.35 mmol) werdedisuccessively and the resulting
mixture was stirred overnight at room temperatufe.the reaction mixture, a saturated
ammonium chloride solution was added and extrastias conducted with chloroform. The
organic layer was dried over anhydrous sodium wulfahe solvents were distilled off under
reduced pressure and the residue was purifiedibg giel column chromatography
(chloroform:methanol = 99:1 ~ 70:30) and purifiegi by silica gel (NH) column
chromatography (n-hexane:ethyl acetate = 60:4A60):to give methyl trans-4-({2-ethyl-1-
[4-(trifluoromethyl)benzyl]-1H-imidazole-5-carboxato}methyl)cyclohexanecarboxylate
(d-5) (amount, 240 mg; yield, 57% (in 2 steps)).

(3) To a solution of the foregoing compound (d&) (ng, 0.11 mmol) in DMF (0.60 mL),
N-iodosuccinimide (NIS) (75 mg, 0.33 mmol) andltrifroacetic acid (TFA) (0.055 mL)
were added and the resulting mixture was stirrekD&C for 15 hours. The reaction mixture
was cooled to room temperature, successively wasithdh saturated aqueous solution of
sodium hydrogencarbonate and a saturated aquelti®s®f sodium thiosulfate, and
subjected to extraction with ethyl acetate. Trgaaic layer was dried over anhydrous
sodium sulfate and the solvents were distilleduoifier reduced pressure and the residue was
purified by silica gel column chromatography (cllimrm:methanol = 99:1 ~ 70:30) and

purified again by silica gel (NH) column chromataghy (n-hexane:ethyl acetate = 60:40 ~
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0:100) to give methyl trans-4-({2-ethyl-4-iodo-1-{#tifluoromethyl)benzyl]-1H-imidazole-
5-carboxamido}methyl)cyclohexanecarboxylate (d&@néunt, 40 mg; yield, 63%).

(4) To a solution of the foregoing compound (d-8 (ng, 0.13 mmol) in DMF (1.3 mL), 2-
mehyl-3-butyn-2-ol (a-9) (0.037 mL, 0.38 mmol)ethylamine (0.43 mL),
dichlorobis(triphenylphosphine)palladium (4.4 m@ pmol) and copper iodide (2.4 mg,
0.013 mmol) were added and the resulting mixture stared at 6€C for 16 hours. The
reaction mixture was cooled to room temperatureadted adding a saturated ammonium
chloride solution, extraction was conducted withyetcetate. The organic layer was dried
over anhydrous sodium sulfate and after distiltvfigthe solvents under reduced pressure, the
residue was purified by silica gel (NH) column amatography (n-hexane:ethyl acetate =
80:20 ~ 0:100) to give methyl trans-4-({2-ethyl-3Htydroxy-3-methyl-1-butyn-1-yl)-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamigioethyl)cyclohexanecarboxylate (d-7)
(amount, 69 mg; yield, 100%).

(5) To a solution of the foregoing compound (d-Z3 (ng, 0.040 mmol) in a solvent mixture
of THF (0.20 mL) and methanol (0.20 mL), an aquesnlation (0.10 mL, 0.41 mmol) of

4 mol/L sodium hydroxide was added and the reguitiixture was stirred at room
temperature for 3 hours. To the reaction mixttreol/L hydrochloric acid was added for
neutralization and after extraction with chloroforime organic layer was dried over
anhydrous sodium sulfate. The solvents were idtdff under reduced pressure and the
residue was purified by silica gel column chromaapdy (chloroform:methanol = 99:1 ~
70:30) to give trans-4-({2-ethyl-4-(3-hydroxy-3-rgt-1-butyn-1-yl)-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamiginethyl)cyclohexanecarboxylic acid
(Compound 18) (amount, 21 mg; yield, 98%).

[0137] Using Compound 18, the same method as destm Example 4 was applied to
produce Compound 19.

The structural formulas of these Compounds 18 &naintl the data on their properties will
be shown later in Table 1.

[0138] Example 8
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4-({2-Cyclopropyl-4-(3-hydroxy-3-methyl-1-butyn-1Qyl-[4-(trifluoromethyl)benzyl]-1H-
imidazole-carboxamido}methyl)benzoic acid (Compo@)

Compound 20 was produced according to the reastibeame depicted below:

[0139] [Formula 29]

(Nl B'4Nl VB\O MNl

NBS, AIBN f-2 N NaOH ag.
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fa DMF
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/OH N CoMe N COzH
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[0140] (1) To a solution in carbon tetrachlorid®.@ mL) of compound (a-3) (1.83 g,

6.45 mmol) as obtained by the method of ExampMBS (2.30 g, 12.9 mmol) and 2,2’-
azobis(isobutyronitrile) (AIBN) (53 mg, 0.323 mmaelere added and the resulting mixture
was stirred at 6 for 5 hours. The reaction mixture was cooletbtum temperature and
after adding a saturated aqueous solution of sotigonogensulfite, extraction was
conducted with ethyl acetate. The organic layes steccessively washed with water and
saturated brine and dried over anhydrous sodiufatsul The solvents were distilled off
under reduced pressure and the residue was pubyisdica gel column chromatography (n-
hexane:ethyl acetate = 2:1) to give methyl 2-brdir{d-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxylate (f-1) (amount, 1.48 g; glies3%).

(2) To a solution of the foregoing compound (f-131 mg, 2.04 mmol) in a solvent mixture
of 1,4-dioxane (1.0 mL) and water (0.10 mL), cyetmpy! boronic acid pinacol ester (f-2)
(0.559 mL, 3.06 mmol) was added and the resultingure was degassed. To the reaction

mixture, tetrakis(triphenylphosphine)palladium (286, 0.204 mmol) and cesium carbonate
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(2.00 g, 6.12 mmol) were added and the resultingure was stirred overnight at 1@ To
the reaction mixture, water was added and extnaeti@s conducted with ethyl acetate,
followed by drying over anhydrous sodium sulfatde solvents were distilled off under
reduced pressure and the residue was purifiedibg giel column chromatography (n-
hexane:ethyl acetate = 1:1) to give methyl 2-cy@ppl-1-[4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxylate (f-3) (amount, 80.5 mg;lgiel2%).

(3) To a solution of the foregoing compound (f-B42 mg, 2.04 mmol) in a solvent mixture
of THF (1 mL) and methanol (1 mL), an aqueous satu¢1.10 mL, 4.38 mmol) of 4 mol/L
sodium hydroxide was added and the resulting maxivas stirred at room temperature for 3
hours. To the reaction mixture, 1 mol/L hydrochdacid was added for neutralization and
extraction was conducted with ethyl acetate. Tigamic layer was successively washed
with water and saturated brine and dried over ardugisodium sulfate. The solvents were
distilled off under reduced pressure and the reswas purified by silica gel column
chromatography (chloroform:methanol = 10:1) to dtveyclopropyl-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxylacid (f-4) (amount, 153 mg; yield,
100%).

(4) To a solution of the foregoing compound (f-#36 mg, 0.438 mmol) in DMF (4.4 mL),
methyl 4-aminomethylbenzoate hydrochloride (f-3)&Ing, 0.526 mmol), DIPEA

(0.191 mL, 1.10 mmol) and HATU (183 mg, 0.482 mnwére added and the resulting
mixture was stirred overnight at room temperature.the reaction mixture, water was added
and after extraction with ethyl acetate, the orgdenyer was successively washed with water
and saturated brine. The organic layer was dned anhydrous sodium sulfate and the
solvents were distilled off under reduced pressuitee residue was purified by silica gel
column chromatography (chloroform:methanol = 1@olgive methyl 4-({2-cyclopropyl-1-
[4-(trifluoromethyl)benzyl]-1H-imidazole-5-carboxado}methyl)benzoate (f-6) (amount,
178 mg; yield, 89%).

(5) To a solution of the foregoing compound (f-8) fng, 0.11 mmol) in DMF (1.1 mL), N-
iodosuccinimide (74 mg, 0.33 mmol) and TFA (0.11)miere added and the resulting
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mixture was stirred overnight at 1@ The reaction mixture was cooled to room
temperature and after adding a saturated aquebuigsmf sodium hydrogencarbonate,
extraction was conducted with ethyl acetate. Tigamic layer was successively washed
with water and saturated brine and the organicrleses dried over anhydrous sodium sulfate.
The solvents were distilled off under reduced press The residue was purified by silica gel
column chromatography (chloroform:methanol = 1@olgive methyl 4-({2-cyclopropyl-4-
iodo-1-[4-(trifluoromethyl)benzyl]-1H-imidazole-5achoxamido}methyl)benzoate (f-7)
(amount, 38 mg; yield, 59%).

(6) To a solution of the foregoing compound (f-3% (mg, 0.060 mmol) in DMF (1.0 mL), 2-
methyl-3-butyn-2-ol (a-9) (0.018 mL, 0.18 mmol) andthylamine (0.35 mL) were added.
The reaction mixture was degassed and dichloroipkénylphosphine)palladium (2.1 mg,
3.0umol) and copper iodide (1.1 mg, Guthol) were added, followed by stirring at®&Dfor

an hour. The reaction mixture was cooled to roemperature and after adding a saturated
aqueous solution of ammonium chloride, extracti@s wonducted with ethyl acetate. The
organic layer was dried over anhydrous sodium suHad the solvents were distilled off
under reduced pressure. The residue was purifiesiliba gel column chromatography
(chloroform:methanol = 10:1) to give methyl 4-({8etopropyl-4-(3-hydroxy-3-methyl-1-
butyn-1-yl)-1-[4-(trifluoromethyl)benzyl]-1H-imidade-5-carboxamido}methyl)benzoate (f-
8) (amount, 23 mg; yield, 70%).

(7) To a solution of the foregoing compound (f-82 fng, 0.041 mmol) in a solvent mixture
of THF (0.30 mL) and methanol (0.30 mL), an aquesnlation (0.10 mL, 0.41 mmol) of

4 mol/L sodium hydroxide was added and the requitiixture was stirred at room
temperature for 3 hours. The reaction mixture magralized with 2 mol/L hydrochloric

acid and after extraction with chloroform, the arigdayer was dried over anhydrous sodium
sulfate. The solvents were distilled off underueet pressure and the residue was purified
by silica gel column chromatography (chloroform:hsetol = 10:1) to give 4-({2-
cyclopropyl-4-(3-hydroxy-3-methyl-1-butyn-1-yl)-B{(trifluoromethyl)benzyl]-1H-

imidazole-5-carboxamido}methyl)benzoic acid (Compd20) (amount, 22 mg; yield,
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100%).

[0141] Using Compound 20, the same method as destim Example 4 was applied to
produce Compound 46.

[0142] The structural formulas of these Compour@isizd 46 and the data on their
properties will be shown later in Table 1.

[0143] Example 9
4-({1-[2-(4-Chlorophenoxy)ethyl]-2-cyclopropyl-4-{@ethoxy-3-methyl-1-butyn-1-yl)-1H-
imidazole-5-carboxamido}methyl)benzoic acid (Compdu47)

Compound 47 was produced according to the reastibeame depicted below:

[0144] [Formula 30]

CcOo,Me
N N N HN
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97 g0 47
[0145] (1) To a solution in carbon tetrachlorid® ¢hL) of methyl 1-[2-(4-
chlorophenoxy)ethyl]-1H-imidazole-5-carboxylate {€1.00 g, 3.56 mmol) as obtained by
the same method as in Examples 1~3, NBS (1.27.8,mmol) and 2,2'-
azobis(isobutyronitrile) (29 mg, 0.18 mmol) wereled and the resulting mixture was stirred
at 60C for 5 hours. The reaction mixture was cooletbtum temperature and after adding a
saturated aqueous solution of sodium hydrogensu#ittraction was conducted with

chloroform. The organic layer was successivelyhgdswvith a saturated aqueous solution of

sodium hydrogensulfite, water and saturated bntethen dried over anhydrous sodium
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sulfate. The solvents were distilled off underueetl pressure and the residue was purified
by silica gel column chromatography (n-hexane:e#ttgtate = 1:1) to give methyl 2-bromo-
1-[2-(4-chlorophenoxy)ethyl]-1H-imidazole-5-carbdate (g-2) (amount, 398 g; yield, 31%).
(2) To a solution of the foregoing compound (g-23§ mg, 1.08 mmol) in a solvent mixture
of THF (1.4 mL) and methanol (1.4 mL), an aqueaast®on (2.7 mL, 11 mmol) of 4 mol/L
sodium hydroxide was added and the resulting maxivas stirred at room temperature for 3
hours. To the reaction mixture, 2 mol/L hydrochdacid was added and the precipitating
solids were recovered by filtration and washed wittier. The resulting solids were dried
under reduced pressure to give 2-bromo-1-[2-(4foiploenoxy)ethyl]-1H-imidazole-5-
carboxylic acid (g-3) (amount, 325 mg; yield, 87%).

(3) To a solution of the foregoing compound (g-&)4 mg, 0.909 mmol) in DMF (9.1 mL),
methyl 4-aminomethylbenzoate hydrochloride (f-2d2ng, 1.09 mmol), DIPEA (0.397 mL,
2.27 mmol) and HATU (380 mg, 1.00 mmol) were added the resulting mixture was
stirred overnight at room temperature. To thetieaanixture, water was added and
extraction was conducted with ethyl acetate. Tigamic layer was successively washed
with water and saturated brine and dried over ardugisodium sulfate. The solvents were
distilled off under reduced pressure and the reswas purified by silica gel column
chromatography (chloroform:methanol = 10:1) to givethyl 4-({2-bromo-1-[2-(4-
chlorophenoxy)ethyl]-1H-imidazole-5-carboxamido}ingbenzoate (g-4) (amount,

398 mg; yield, 89%).

(4) To a solution of the foregoing compound (g#g mg, 0.354 mmol) in DMF (3.5 mL),
N-iodosuccinimide (NIS) (399 mg, 1.77 mmol) and TEM1 mL) were added and the
resulting mixture was stirred overnight at 380 The reaction mixture was cooled to room
temperature and after adding a saturated aquetuigsmf sodium hydrogensulfite,
extraction was conducted with ethyl acetate. Tigamic layer was successively washed
with a saturated aqueous solution of sodium hydregidite, water and saturated brine and
then dried over anhydrous sodium sulfate. Theesut/were distilled off under reduced

pressure and the residue was purified by silicacgeimn chromatography (n-hexane:ethyl
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acetate = 1:1) to give methyl 4-({2-bromo-1-[2-(@arophenoxy)ethyl]-4-iodo-1H-
imidazole-5-carboxamido}methyl)benzoate (g-5) (amp88.8 mg; yield, 41%).

(5) To a solution of the foregoing compound (g-&}.( mg, 0.136 mmol) in DMF (1 mL),
triethylamine (0.35 mL) was added and the resultinixfure was degassed. To the reaction
mixture, 2-methyl-3-butyn-2-ol (a-9) (0.023 mL, 8.&hmol),
dichlorobis(triphenylphosphine)palladium (4.8 mg)@8 mmol) and copper iodide (2.6 mg,
0.014 mmol) were added and the resulting mixture stared at room temperature for 2
hours. To the reaction mixture, water was addetexttraction was conducted with ethyl
acetate. The organic layer was successively wastirdvater and saturated brine and dried
over anhydrous sodium sulfate. The solvents westéleld off under reduced pressure and
the residue was purified by silica gel column chabmgraphy (n-hexane:ethyl acetate = 1:1)
to give methyl 4-({2-bromo-1-[2-(4-chlorophenoxyhgt]-4-(3-hydroxy-3-methyl-1-butyn-1-
yh)-1H-imidazole-5-carboxamido}methyl)benzoate (gt@mount, 120 mg; yield, 75%).

(6) To a solution of the foregoing compound (g4 (hg, 0.085 mmol) in methanol

(2.0 mL), MsOH (0.028 mL, 0.42 mmol) was added t@dresulting mixture was stirred at
60°C for 5 hours. The reaction mixture was cooletbtam temperature and after adding a
saturated aqueous solution of sodium hydrogencatbpeaxtraction was conducted with
ethyl acetate. The organic layer was successwashed with water and saturated brine and
dried over anhydrous sodium sulfate. The solvest® distilled off under reduced pressure
and the residue was purified by silica gel colurhromatography (n-hexane:ethyl acetate =
1:1) to give methyl 4-({2-bromo-1-[2-(4-chloropheqethyl]-4-(3-methoxy-3-methyl-1-
butyn-1-yl)-1H-imidazole-5-carboxamido}methyl)berate (g-7) (amount, 38 mg; yield,
76%).

(7) To a solution of the foregoing compound (g#7aisolvent mixture of 1,4-dioxane

(1.0 mL) and water (0.10 mL), cyclohexylboroniccamonohydrate (g-8) (32 mg,

0.31 mmol) was added and the reaction mixture wegassed. Cesium carbonate (60 mg,
0.18 mmol) and tetrakis(triphenylphosphine)palladi{r.1 mg, 6.Jumol) were added and

the resulting mixture was stirred overnight at kD0 The reaction mixture was cooled to
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room temperature and after adding a saturated aguution of ammonium chloride,
extraction was conducted with ethyl acetate. Tigamic layer was successively washed
with water and saturated brine and dried over ardugisodium sulfate. The solvents were
distilled off under reduced pressure and the reswas purified by silica gel column
chromatography (n-hexane:ethyl acetate = 1:1)we giethyl 4-({1-[2-(4-
chlorophenoxy)ethyl]-2-cyclopropyl-4-(3-methoxy-3ethyl-1-butyn-1-yl)-1H-imidazole-5-
carboxamido}methyl)benzoate (g-9) (amount, 21 meldy 64%).

(8) To a solution of the foregoing compound (g-&) (hg, 0.037 mmol) in a solvent mixture
of THF (0.50 mL) and methanol (0.50 mL), an aquesnlation (46uL, 0.19 mmol) of

4 mol/L sodium hydroxide was added and the reguitiixture was stirred at room
temperature for 3 hours. To the reaction mixt@reol/L hydrochloric acid was added to
adjust pH to about 5 and extraction was conduciiéu ethyl acetate. The organic layer was
successively washed with water and saturated bndedried over anhydrous sodium sulfate.
The solvents were distilled off under reduced presand the residue was purified by silica
gel column chromatography (chloroform:methanol 1)@ give 4-({1-[2-(4-
chlorophenoxy)ethyl]-2-cyclopropyl-4-(3-methoxy-3ethyl-1-butyn-1-yl)-1H-imidazole-5-
carboxamido}methyl)benzoic acid (Compound 47) (amipR0 mg; yield, 100%). The
structural formula of Compound 47 and the data®prioperties will be shown later in Table
1.

[0146] Example 10
4-{[2-Chloro-1-(4-fluorobenzyl)-4-(3-methoxy-3-meathl-butyn-1-yl)-1H-imidazole-5-
carboxamido]methyl}benzoic acid (Compound 56)

Compound 56 was produced according to the reastibeame depicted below:

[0147]
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[Formula 31]
Br
N
HO
/\©\ " N jN>:O N Br
" e (Nl NCS CI4</N1 o N c—~< |
<) —————— coMe ———— COo,Me N" “co,Mme
N DIAD, PPhy DMF DMF
H o COMe e F F F
a-l h-2 h-3 h-4
OH OMe OMe
%OH \ Y 4 \ Y 4 . y
a-9 c—< | MsOH CI4N\ NaOH aq. ca— |
N™ “coMe ” CoMe — N™  cooH
2 2
PACI(PPh3), Cul MeOH /@J THF, MeOH
Et;N, DMF F F F
h-5 h-6 hey

7 CO,H
N CO,Me N 2
] NaOH ag.
- o g LI e oI
HATU, DIPEA N THF, MeOH N
DMF /®// /®// o
F F

h-8 56

CO,Me
HCI
HoN  ove .~ ToMe
H
N
o}

[0148] (1) To a solution of methyl 4-imidazole caxiglate (a-1) (1.2 g, 9.5 mmol) and (4-
fluorophenyl)methanol (h-1) (1.2 mL, 11 mmol) in FK12 mL), PPk(3.0 g, 11 mmol) and
DIAD (2.2 mL, 11 mmol) were added and the resulimgture was stirred overnight at room
temperature. The solvent was distilled off un@éeluced pressure and ethyl acetate and n-
hexane were added; the resulting solids were reeduy filtration. The solvents in the
filtrate were distilled off under reduced pressanel the residue was purified by silica gel
column chromatography (n-hexane:ethyl acetate £06:50:50) to give methyl 1-(4-
fluorobenzyl)-1H-imidazole-5-carboxylate (h-2) (anmb, 1.6 g; yield, 73%).

(2) A solution of the foregoing compound (h-2) (#,67.0 mmol) and NCS (1.0 g, 7.7 mmol)
in DMF (11 mL) was stirred overnight at room tergiare. To the reaction mixture, a
saturated aqueous solution of sodium hydrogencatbamas added and after extraction with
ethyl acetate, the organic layer was washed witiemand saturated brine, followed by
drying over anhydrous sodium sulfate. The solventhe organic layer were distilled off
under reduced pressure and the residue was pub§iedica gel column chromatography (n-
hexane:ethyl acetate = 90:10 ~ 50:50) to give miéfghloro-1-(4-fluorobenzyl)-1H-
imidazole-5-carboxylate (h-3) (amount, 0.96 g; §j&2%).



-57 -

(3) A solution of the foregoing compound (h-3) @@ 3.6 mmol) and 1,3-dibromo-5,5-
dimethylimidazoline-2,4-dione (1.0 g, 3.6 mmol)DMF (7.0 mL) was stirred overnight at
60°C. To the stirred solution, 1,3-dibromo-5,5- dimgdimidazoline-2,4-dione (1.0 g,

3.6 mmol) was further added and the resulting mextusas stirred for 4 hours. To the
reaction mixture, a saturated aqueous solutiomaiusn thiosulfate and a saturated aqueous
solution of sodium hydrogencarbonate were addeceatredction was conducted with ethyl
acetate; the organic layer was washed with watésaturated brine and then dried over
anhydrous sodium sulfate. The solvents in therocgayer were distilled off under reduced
pressure and the residue was purified by silicacgleimn chromatography (n-hexane:ethyl
acetate = 90:10 ~ 50:50) to give methyl 4-bromdiio-1-(4-fluorobenzyl)-1H-imidazole-
5-carboxylate (h-4) (amount, 0.82 g; yield, 66%).

(4) A solution of the foregoing compound (h-4) @d 1.9 mmol), copper iodide (36 mg,
0.19 mmol) and triethylamine (3.3 mL, 24 mmol) iMB (10 mL) was degassed and,
thereafter, dichlorobis(triphenylphosphine)palladi(66 mg, 0.094 mmol) and 2-methyl-3-
butyn-2-ol (0.55 mL, 5.7 mmol) were added sequdptéand the resulting mixture was
stirred overnight at 6 in an argon atmosphere. To the stirred soluti@ier and ethyl
acetate were added and the resulting mixture Wasefil through Celite; the organic layer in
the filtrate was washed with saturated brine aed tiried over anhydrous sodium sulfate.
The solvents in the organic layer were distilleflurfder reduced pressure and the residue
was purified by silica gel column chromatographhéxane:ethyl acetate = 70:30 ~ 30:70)
to give methyl 2-chloro-1-(4-fluorobenzyl)-4-(3-hgy-3-methyl-1-butyn-1-yl)-1H-
imidazole-5-carboxylate (h-5) (amount, 0.45 g; ¢jé8%).

(5) To a solution of the foregoing compound (h-®%6 g, 1.3 mmol) in methanol (8.5 mL),
MsOH (0.41 mL, 6.3 mmol) was added and the regylmixture was stirred at 8G for 2
hours. To the reaction mixture, a saturated agueolution of sodium hydrogencarbonate
was added and after extraction with chloroform,dhganic layer was dried over anhydrous
sodium sulfate. The solvents in the organic layere distilled off under reduced pressure

and the residue was purified by silica gel colurhromatography (n-hexane:ethyl acetate =



-58 -

90:10 ~ 50:50) to give methyl 2-chloro-1-(4-fluosrtzyl)-4-(3-methoxy-3-methyl-1-butyn-
1-yh)-1H-imidazole-5-carboxylate (h-6) (amount, &, yield, 73%).

(6) To a solution of the foregoing compound (h®&B4& g, 0.94 mmol) in a solvent mixture
of THF (3.5 mL) and methanol (3.5 mL), an aqueaalst®on (1.4 mL, 2.8 mmol) of 2 mol/L
sodium hydroxide was added dropwise and the reguftixture was stirred at room
temperature for 2 hours. To the reaction mixt@reol/L hydrochloric acid was added for
neutralization and thereafter the solvents wertlléi off under reduced pressure; to the
residue, chloroform and water were added and thanic layer was dried over anhydrous
sodium sulfate. The solvents in the organic layere distilled off under reduced pressure to
give 2-chloro-1-(4-fluorobenzyl)-4-(3-methoxy-3-rgl-1-butyn-1-yl)-1H-imidazole-5-
carboxylic acid (h-7) (amount, 0.35 g; yield, 100%)

(7) To a solution of the foregoing compound (h-& )12 g, 0.33 mmol) and methyl 4-
aminomethylbenzoate hydrochloride (f-5) (67 mg30y@mnol) in DMF (1.5 mL), DIPEA
(0.15 mL, 0.83 mmol) was added dropwise and theMH£0.14 g, 0.37 mmol) was added
and the resulting mixture was stirred overnightmaemperature. To the reaction mixture,
water was added and extraction was conducted wth acetate; the organic layer was
washed with saturated brine and then dried oveydmlis sodium sulfate. The solvents in
the organic layer were distilled off under redupeelssure and the residue was purified by
silica gel column chromatography (n-hexane:ethgtate = 70:30 ~ 30:70) to give methyl 4-
{[2-chloro-1-(4-fluorobenzyl)-4-(3-methoxy-3-meth{tbutyn-1-yl)-1H-imidazole-5-
carboxamido]methyl}benzoate (h-8) (amount, 0.1Qigtd, 63%).

(8) To a solution of the foregoing compound (h-88(g, 9.6 mmol) in a solvent mixture of
THF (24 mL) and methanol (24 mL), an aqueous satu{®4 mL, 96 mmol) of 4 mol/L
sodium hydroxide was added dropwise and the reguftixture was stirred at room
temperature for 5 hours. To the reaction mixt@reol/L hydrochloric acid was added for
neutralization and thereafter the precipitatingdsolvere recovered by filtration to give 4-
{[2-chloro-1-(4-fluorobenzyl)-4-(3-methoxy-3-meth{tbutyn-1-yl)-1H-imidazole-5-

carboxamido]methyl}benzoic acid (Compound 56) (antpd.3 g; yield, 93%). The



-59 -

structural formula of Compound 56 and the datat®prioperties will be shown later in Table
1.
(9) In the same way as Example 10, Compounds 48r8%7 also listed later in Table 1
were produced from the respectively correspondiagisg materials. Also in the same way
as Example 10, Compounds 58 and 59 also listedifafieable 1 were produced from the
respectively corresponding starting materials, jated that the reaction for converting a
hydroxyl group to a methoxy group as from compo(im8) to compound (h-6) was not
carried out.
[0149] Example 11
4-(1-{2-Chloro-4-(3-methoxy-3-methyl-1-butyn-1-yIH{4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}cyclopropyl)benzoic acido(@pound 42)
Compound 42 was produced according to the reastibeame depicted below:
[0150] [Formula 32]

j o e o N% >

CI—</I a9 c—< |

N N CO,Me

COZMe
DMF PdCI,(PPhg),, Cul
F3C Et;N, DMF
CO,Me
K©/ COzMe
NaOH _NaOHaq. C|_</ ‘ h-12 C'% ‘ H
CO,H

THF, MeOH HATU, DIPEA
DMF

. OMe
CO,Me N 7 CO,H
2 2
MsOH C|_< HKC/ NaOH aq. C'%N I
_ =
MeOH THF, MeOH o

F3C

[0151] (1) A solution in DMF (42 mL) of compound-4a (4.0 g, 13 mmol) as obtained by
the method of Example 1 and 1,3-dibromo-5,5-dimlatiigazoline-2,4-dione (7.2 g,
25 mmol) was stirred at 6G for 12 hours. To the stirred solution, 1,3-dibm5,5-

dimethylimidazoline-2,4-dione (3.6 g, 13 mmol) wagher added and the resulting mixture
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was stirred at 61 for 6 hours. To the stirred solution, a satutagqueous solution of
sodium thiosulfate and a saturated aqueous solafisadium hydrogencarbonate were
added and extraction was conducted with ethyl éeetide organic layer was washed with
water and saturated brine and then dried over aohgdsodium sulfate. The solvents in the
organic layer were distilled off under reduced ptes and the residue was purified by silica
gel column chromatography (n-hexane:ethyl acet&i@é:3 ~ 76:24) to give methyl 4-bromo-
2-chloro-1-[4-(trifluoromethyl)benzyl]-1H-imidazolg-carboxylate (h-9) (amount, 3.9 g;
yield, 79%).

(2) A solution of the foregoing compound (h-9) @@ 0.77 mmol), copper iodide (14 mg,
0.075 mmol) and triethylamine (1.5 mL, 11 mmolDMF (4.5 mL) was degassed and,
thereafter, dichlorobis(triphenylphosphine)palladi(b3 mg, 0.075 mmol) and 2-methyl-3-
butyn-2-ol (a-9) (0.22 mL, 2.3 mmol) were sequdhtiadded and the resulting mixture was
stirred overnight at 6 in an argon atmosphere. To the stirred soluti@ier and ethyl
acetate were added and the resulting mixture Wasefil through Celite; the organic layer in
the filtrate was washed with saturated brine aed tiried over anhydrous sodium sulfate.
The solvents in the organic layer were distilleflurfder reduced pressure and the residue
was purified by silica gel column chromatograpmhéxane:ethyl acetate = 90:10 ~ 30:70)
to give methyl 2-chloro-4-(3-hydroxy-3-methyl-1-gat1-yl)-1-[4-(trifluoromethyl)benzyl]-
1H-imidazole-5-carboxylate (h-10) (amount, 0.2%igjd, 72%).

(3) To a solution of the foregoing compound (h-@@22 g, 0.55 mmol) in a solvent mixture
of THF (2 mL) and methanol (2 mL), an aqueous satu¢0.55 mL, 1.1 mmol) of 2 mol/L
sodium hydroxide was added dropwise and the reguftixture was stirred at room
temperature for an hour. To the reaction mixt@reol/L hydrochloric acid was added for
neutralization and thereafter the solvents wertlléi off under reduced pressure; to the
residue, chloroform and water were added and thanic layer was dried over anhydrous
sodium sulfate. The solvents in the organic layere distilled off under reduced pressure to
give 2-chloro-4-(3-hydroxy-3-methyl-1-butyn-1-ylHa4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxylic acid (h-11) (amount, 0.2Yigld, 100%).
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(4) To a solution of the foregoing compound (h-@21 g, 0.55 mmol) and methyl 4-(1-
aminocyclopropyl)benzoate (h-12) (0.12 g, 0.60 mrmmoDMF (3.2 mL), DIPEA (0.24 mL,
1.4 mmol) was added dropwise and, thereafter, HAT.®3 g, 0.60 mmol) was added and
the resulting mixture was stirred overnight at ra@mperature. To the reaction mixture,
water was added and extraction was conducted whth acetate; the organic layer was
washed with saturated brine and then dried oveydmlis sodium sulfate. The solvents in
the organic layer were distilled off under redupeelssure and the residue was purified by
silica gel column chromatography (n-hexane:ethgtate = 70:30 ~ 0:100) to give methyl 4-
(1-{2-chloro-4-(3-hydroxy-3-methyl-1-butyn-1-yl)-@-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}cyclopropyl)benzoate (h-{@nount, 0.26 g; yield, 84%).

(5) To a solution of the foregoing compound (h-(&3 mg, 0.18 mmol) in methanol (2 mL),
MsOH (0.057 mL, 0.88 mmol) was added and the rieguthixture was stirred overnight at
60°C. To the reaction mixture, a saturated aqueolusico of sodium hydrogencarbonate
was added and after extraction with chloroform,dhganic layer was dried over anhydrous
sodium sulfate. The solvents in the organic layere distilled off under reduced pressure
and the residue was purified by silica gel colurhromatography (n-hexane:ethyl acetate =
70:30 ~ 30:70) to give methyl 4-(1-{2-chloro-4-(3ethoxy-3-methyl-1-butyn-1-yl)-1-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamihyclopropyl)benzoate (h-14) (amount,
96 mg; yield, 95%).

(6) To a solution of the foregoing compound (h-(89 mg, 0.17 mmol) in a solvent mixture
of THF (1 mL) and methanol (1 mL), an aqueous satu¢0.25 mL, 0.50 mmol) of 2 mol/L
sodium hydroxide was added dropwise and the reguftixture was stirred at 30 for 2
hours. To the reaction mixture, 1 mol/L hydrochdacid was added for neutralization and,
thereafter, ethyl acetate was added and the or¢myec was dried over anhydrous sodium
sulfate. The solvents in the organic layer westilthd off under reduced pressure and
purification by silica gel column chromatographflroform:methanol = 98:2 ~ 90:10) gave
4-(1-{2-chloro-4-(3-methoxy-3-methyl-1-butyn-1-yI{4-(trifluoromethyl)benzyl]-1H-

imidazole-5-carboxamido}cyclopropyl)benzoic acidof@pound 42) (amount, 58 mg; yield,
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62%). The structural formula of Compound 42 areddhta on its properties will be shown
later in Table 1.

[0152] Example 12
4-(1-{2-Chloro-4-(3-methoxy-3-methyl-1-butyn-1-yIH{4-methylbenzyl)-1H-imidazole-5-
carboxamido}cyclopropyl)benzoic acid (Compound 67)

Compound 67 was produced according to the reastibeame depicted below:

[0153] [Formula 33]
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N OH
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[0154] (1) A solution of ethyl 2-chloro-1-(4-metlindnzyl)-1H-imidazole-5-carboxylate (h-
15) (7.5 g, 27 mmol) and 1,3-dibromo-5,5-dimethytiazoline-2,4-dione (20 g, 67 mmol) in
DMF (67 mL) was stirred at 8C for 5 hours. To the stirred solution, a satuwtaqueous
solution of sodium thiosulfate and a saturated agseolution of sodium hydrogencarbonate
were added and extraction was conducted with eitsiate; the organic layer was washed
with water and saturated brine and then dried amblydrous sodium sulfate. The solvents in
the organic layer were distilled off under redupeelssure and the residue was purified by
silica gel column chromatography (n-hexane:ethgtate = 2:1) to give ethyl 4-bromo-2-
chloro-1-(4-methylbenzyl)-1H-imidazole-5-carboxygdh-16) (amount, 5.6 g; yield, 58%).

(2) A solution of the foregoing compound (h-16)5(§, 15 mmol), copper iodide (29 mg,
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0.15 mmol) and triethylamine (32 mL, 230 mmol) iMB (0.65 mL) was degassed and,
thereafter, dichlorobis(triphenylphosphine)palladi(0.22 g, 0.31 mmol) and 2-methyl-3-
butyn-2-ol (a-9) (3.0 mL, 31 mmol) were sequenyiallded and the resulting mixture was
stirred at 90C for 20 hours in an argon atmosphere. To theestimixture, a saturated
aqueous solution of sodium hydrogencarbonate wasdadnd extraction was conducted with
ethyl acetate; the organic layer was washed witiemand saturated brine and then dried
over anhydrous sodium sulfate. The solvents irotiganic layer were distilled off under
reduced pressure and the residue was purifiedibg giel column chromatography (n-
hexane:ethyl acetate = 2:1) to give ethyl 2-chi@-hydroxy-3-methyl-1-butyn-1-yl)-1-(4-
methylbenzyl)-1H-imidazole-5-carboxylate (h-17) @mt, 4.2 g; yield, 75%).

(3) To a solution of the foregoing compound (h-@X g, 11 mmol) in a solvent mixture of
THF (16 mL) and methanol (16 mL), an aqueous satufi4 mL, 57 mmol) of 4 mol/L
sodium hydroxide was added dropwise and the reguftixture was stirred at room
temperature for 2 hours. To the reaction mixt@reol/L hydrochloric acid was added for
neutralization and the precipitating solids wereokered by filtration to give 2-chloro-4-(3-
hydroxy-3-methyl-1-butyn-1-yl)-1-(4-methylbenzylHilimidazole-5-carboxylic acid (h-18)
(amount, 3.8 g; yield, 100%).

(4) To a solution of the foregoing compound (h-8Y g, 8.9 mmol) and methyl 4-(1-
aminocyclopropyl)benzoate (h-12) (2.0 g, 11 mmolPMF (22 mL), DIPEA (3.9 mL,

22 mmol) was added dropwise; thereafter, HATU (8.9.8 mmol) was added and the
resulting mixture was stirred overnight at room penature. The reaction mixture was added
to water and thereafter the precipitating solidsenrecovered by filtration to give methyl 4-
(1-{2-chloro-4-(3-hydroxy-3-methyl-1-butyn-1-yl)-@-methylbenzyl)-1H-imidazole-5-
carboxamido}cyclopropyl)benzoate (h-19) (amourg, g. yield, 93%).

(5) To a solution of the foregoing compound (h-(R}1 g, 8.1 mmol) in methanol (20 mL),
MsOH (2.6 mL, 40 mmol) was added and the resultmngure was stirred at 8C for 5
hours. The reaction mixture was added to a s&mi@queous solution of sodium

hydrogencarbonate and the precipitating solids wazevered by filtration; thereafter,
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purification was conducted by silica gel columnarhatography (n-hexane:ethyl acetate =
1:1), giving methyl 4-(1-{2-chloro-4-(3-methoxy-3ethyl-1-butyn-1-yl)-1-(4-
methylbenzyl)-1H-imidazole-5-carboxamido}cycloprdjmenzoate (h-20) (amount, 3.3 g;
yield, 78%).

(6) To a solution of the foregoing compound (h-@03 g, 6.3 mmol) in a solvent mixture of
THF (9 mL) and isopropanol (9 mL), an aqueous swhuf7.8 mL, 31 mmol) of 4 mol/L
sodium hydroxide was added dropwise and the reguftiixture was stirred at 90 for 5
hours. To the reaction mixture, 2 mol/L hydrochdacid was added and the precipitating
solids were recovered by filtration; thereafterifscation was conducted by silica gel
column chromatography (chloroform:methanol = 10glying 4-(1-{2-chloro-4-(3-methoxy-
3-methyl-1-butyn-1-yl)-1-(4-methylbenzyl)-1H-imidalz-5-
carboxamido}cyclopropyl)benzoic acid (Compound @fphount, 2.1 g; yield, 67%). The
structural formula of Compound 67 and the data®prioperties will be shown later in Table
1.

(7) Compound (h-19) was hydrolyzed by the same ate#ts in (6) of Example 12, yielding
Compound 68 identified later in Table 1.

[0155] Example 13
trans-4-({1-[2-(4-Chlorophenoxy)ethyl]-2-(difluorcethyl)-4-(3-methoxy-3-methyl-1-butyn-
1-yl)-1H-imidazole-5-carboxamido}methyl)cyclohexaaeboxylic acid (Compound 63)
After making compound (i-5) according to the reactscheme depicted below, the same
procedures as described in Examples 1~3 were eegloyproduce Compound 63.

[0156] [Formula 34]

S s ¢ RS S

NIS, AIBN N N
N\\\/ N\/\o N\]/ N~ ozonolysns NS N\/\ Deoxo Fluor X N\/\O
CCla Pd(PPh3)4 «
J © : i
Cl Cl Cl Cl
g-1 i-1 i-4 i-5

[0157] (1) To a solution in carbon tetrachlorid®@ImL) of methyl 1-[2-(4-
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chlorophenoxy)ethyl]-1H-imidazole-5-carboxylate {p¢4.1 g, 15 mmol) as obtained in the
same way as Examples 1~3, NIS (3.3 g, 15 mmolRa2ieazobis(isobutyronitrile) (0.12 g,
0.73 mmol) were added and the resulting mixture stiaed overnight at 6€C. The reaction
mixture was sequentially washed with a saturategtags solution of sodium
hydrogencarbonate and a saturated aqueous sobitsmdium thiosulfate; after extraction
with ethyl acetate, the organic layer was driedr @réhydrous sodium sulfate. The solvents
in the organic layer were distilled off under reddgressure and the residue was purified by
silica gel column chromatography (n-hexane:ethgtate = 1:1) to give methyl 1-[2-(4-
chlorophenoxy)ethyl]-2-iodo-1H-imidazole-5-carboatg (i-1) (amount, 3.7 g; yield, 62%).
(2) To a solution of the foregoing compound (i<0)60 g, 1.2 mmol) in a solvent mixture of
1,4-dioxane (9.0 mL) and water (2.0 mL), vinylbamacid pinacol ester (i-2) (0.63 mL,

3.7 mmol) was added and thereafter the reactiotun@xvas degassed. To the reaction
mixture, tetrakis(triphenylphosphine)palladium @d, 0.12 mmol) and cesium carbonate
(1.2 g, 3.7 mmol) were added and the resulting mnextvas stirred at 12Q for 30 minutes

in a fused tube under microwave irradiation. Tedaction mixture, water was added and
extraction was conducted with ethyl acetate; tlgauic layer was washed with water and
then dried over anhydrous sodium sulfate. Theesttvin the organic layer were distilled off
under reduced pressure and the residue was pub§isdica gel column chromatography (n-
hexane:ethyl acetate = 1:1) to give methyl 1-[Zidbrophenoxy)ethyl]-2-vinyl-1H-
imidazole-5-carboxylate (i-3) (amount, 0.16 mg;l¢jet2%).

(3) A solution of the foregoing compound (i-3) (8@, 0.26 mmol) in a solvent mixture of
dichloromethane (1.3 mL) and methanol (1.3 mL) tmalsbled with ozone for an hour under
stirring at -78C. To the reaction mixture, dimethyl sulfide (@6) was added and then the
mixture was brought to room temperature and stifoe@n additional 3 hours. The solvents
were distilled off under reduced pressure and éselue was purified by silica gel column
chromatography (n-hexane:ethyl acetate = 1:1)we giethyl 1-[2-(4-chlorophenoxy)ethyl]-
2-formyl-1H-imidazole-5-carboxylate (i-4) (amouig mg; yield, 92%).

(4) A solution of the foregoing compound (i-4) (5@, 0.16 mmol) in dichloromethane
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(0.81 mL) was cooled to°C. To the cooled solution, ethanolyb) and bis(2-
methoxyethyl)aminosulfate trifluoride (Deoxo Flugr@6 uL, 0.19 mmol) were added and
the resulting mixture was stirred &®for 3 hours. To the reaction mixture, water was
added and extraction was conducted with chlorofah@;organic layer was washed with
water and then dried over anhydrous sodium sulfatee solvents in the organic layer were
distilled off under reduced pressure and the reswas purified by silica gel column
chromatography (n-hexane:ethyl acetate = 1:1)we giethyl 1-[2-(4-chlorophenoxy)ethyl]-
2-(difluoromethyl)-1H-imidazole-5-carboxylate (i-E@mount, 45 mg; yield, 84%).
(5) Compound 63 was obtained by the same methoiisEasamples 1~3 and Example 4,
except that compound (a-4) was replaced by compits)d
[0158] Compound 64 was obtained by the same meta®ds Examples 1~3 and Example
4, except that compound (a-4) was replaced by cangh§-5), and compound (a-6) by
compound (f-5). The structural formulas of Compa&i63 and 64 and the data on their
properties will be shown later in Table 1.
[0159] Example 14
trans-4-({2-Chloro-1-[4-(difluoromethyl)benzyl]-&{methoxy-3-methyl-1-butyn-1-yl)-1H-
imidazole-5-carboxamido}methyl)cyclohexanecarboxycid (Compound 60)

After synthesizing [4-(difluoromethyl)phenylimetia (j-3) according to the
reaction scheme depicted below, the same produst&ihod as described in Example 10
was applied to produce Compound 60.

[0160] [Formula 35]

MeO.__O MeO.__O HO
DAST LiAIH,
—_— _—

THF
0~ H F7F F~F
i1 j-2 -3

[0161] Described below is the method for produdihgdifluoromethyl)phenyljmethanol

(-3)-
(1) A solution of methyl 4-formylbenzoate (j-1) 90.g, 5.5 mmol) in (diethylamino)sulfate
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trifluoride (DAST) (3.6 mL, 27 mmol) was stirred @wnight at room temperature. The
reaction mixture was cooled t6@ and water was added dropwise. Extraction was
conducted with ethyl acetate and the organic layes washed with water and then dried
over anhydrous sodium sulfate. The solvents irotiganic layer were distilled off under
reduced pressure and the residue was purifiedibg giel column chromatography (n-
hexane:ethyl acetate = 1:1) to give methyl 4-(diftmethyl)benzoate (j-2) (amount, 0.98 g;
yield, 96%).
(2) A solution of the foregoing compound (j-2) (B05.4 mmol) in THF (27 mL) was cooled
to 0°C. To the cooled solution, lithium aluminum hydri¢D.20 g, 5.4 mmol) was added and
the resulting mixture was stirred overnight at ra@mperature. To the reaction mixture,
anhydrous sodium sulfate was added, followed Iwafibn through Celite. The solvent in
the filtrate was distilled off under reduced presso give [4-
(difluoromethyl)phenyllmethanol (j-3) (amount, 0.§0yield, 70%).
(3) Compound 60 was obtained by the same meth&xasple 10, except that compound
(h-1) was replaced by compound (j-3), and compdHadl by compound (a-6). The
structural formula of Compound 60 and the data®prioperties will be shown later in Table
1.
[0162] Example 15
Trans-4-({2-chloro-1-[2-(4-chlorophenoxy)ethyl]-4-fiydroxy-3,3-dimethyl-1-butyn-1-yl)-
1H-imidazole-5-carboxamido}methyl)cyclohexanecandmxacid (Compound 61)
[0163] (1) 1-{[2,2-Dimethyl-3-butyn-1-ylJoxy]methj44-methoxybenzene (Compound k-
4)

Compound (k-4) was produced according to the il@ascheme depicted below:

[0164] [Formula 36]

0 R ome
P~ome
PMBCI N
NaH, TBAI DMP \></ K,CO
HO OH — 5 PMBO\></OH _ " PMBO _0 __KLOs _ ueg
S
THF CH,Cl, MeOH
k-1 k-2 k-3 ko4

(2) A solution of 2,2-dimethylpropane-1,3-diol (k1.0 g, 9.6 mmol) in THF (120 mL) was
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cooled to 0C and after adding sodium hydride (60% in oil, 0g38.6 mmol), the resulting
mixture was stirred at’C for 50 minutes. Then, tetra-n-butylammonium d&d{3.6 g,

120 mmol) and p-methoxybenzyl chloride (PMBCI) (f,%.6 mmol) were sequentially
added, followed by stirring at room temperature@drours. To the reaction mixture, a
saturated aqueous solution of ammonium chlorideaglded and extraction was conducted
with ethyl acetate; thereafter, the solvents indiganic layer were distilled off under
reduced pressure and the residue was purifiedibg giel column chromatography (n-
hexane:ethyl acetate = 70:30 ~ 0:100) to give &jehoxybenzyl)oxy]-2,2-
dimethylpropane-1-ol (k-2) (amount, 1.5 g; yiel@%3).

(3) To a solution of the foregoing compound (k-2B(g, 6.7 mmol) in dichloromethane
(33 mL), Dess-Matrtin periodinane (3.4 g, 8.0 mnved)s added under ice cooling and the
resulting mixture was stirred at room temperatoredfhours. To the reaction mixture,
saturated sodium thiosulfate was added and aftesiation with ethyl acetate, the organic
layer was dried over anhydrous sodium sulfate. sdieents in the organic layer were
distilled off under reduced pressure and the reswas purified by silica gel column
chromatography (n-hexane:ethyl acetate = 80:20:803@0 give 3-[(4-methoxybenzyl)oxy]-
2,2-dimethylpropanal (k-3) (amount, 1.4 g; yiel8%8).

(4) To a solution of the foregoing compound (k-@)70 g, 3.2 mmol) in methanol (13 mL),
potassium carbonate (1.3 g, 9.5 mmol) and dimdttydiazo-2-oxopropyl)phosphonate
(0.66 mL, 4.4 mmol) were added and the resultingtuneé was stirred at room temperature
for 2 hours. To the reaction mixture, ethyl acetads added and the organic layer was
successively washed with water and saturated bndehen dried over anhydrous sodium
sulfate. The solvents in the organic layer westilthd off under reduced pressure and the
residue was purified by silica column chromatogsafiithexane:ethyl acetate = 80:20 ~
20:80) to give 1-{[2,2-dimethyl-3-butyn-1-ylloxy]ntieyl}-4-methoxybenzene (k-4) (amount,
0.66 g; yield, 95%).

(5) Methyl trans-4-({2-chloro-1-[2-(4-chlorophengeghyl]-4-(4-hydroxy-3,3-dimethyl-1-

butyn-1-yl)-1H-imidazole-5-carboxamido}methyl)cytiexanecarboxylate (Compound k-6)
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Using the foregoing compound (k-4), the same nei®wExample 1 was applied to
produce methyl trans-4-[(2-chloro-1-[2-(4-chloropbgy)ethyl]-4-{4-[(4-
methoxybenzyl)oxy]-3,3-dimethyl-1-butyn-1-yl}- 1H-ihazole-5-
carboxamido)methyl]cyclohexanecarboxylate (k-5)ib&equently, in accordance with the
reaction scheme depicted below, the p-methoxybegroylp was removed from the
foregoing compound (k-5) to thereby produce comploiir6):

[0165] [Formula 37]

OPMB OH
N

c—< |
N

«COMe  1¢a N
- a— |
CH,Cl, \
e L
cl
s cl

(6) To a solution of the foregoing compound (k-84 g, 0.22 mmol) in dichloromethane

Z
H
N

o

k-6

(2.1 mL), TFA (0.17 mL, 2.2 mmol) was added dropnasid the resulting mixture was
stirred at room temperature for 4 hours. To tlaetien mixture, a saturated aqueous solution
of sodium hydrogencarbonate was added for neustadiz and, thereafter, chloroform was
added and the organic layer was dried over anhgdsodium sulfate. The solvents in the
organic layer were distilled off under reduced pues to give methyl trans-4-({2-chloro-1-
[2-(4-chlorophenoxy)ethyl]-4-(4-hydroxy-3,3-dimetkl-butyn-1-yl)-1H-imidazole-5-
carboxamido}methyl)cyclohexanecarboxylate (k-6) ¢amt, 83 mg; yield, 70%).
(7) In the same way as Example 1(7), Compound (k& hydrolyzed to produce
Compound 61.
[0166] Also in the same way as Example 15, Compditdias produced from the
corresponding starting material. The structurainf@as of Compounds 61 and 65 and the
data on their properties will be shown later in [Eah
[0167] Example 16
trans-4-({2-Chloro-1-[2-(4-chlorophenoxy)ethyl]{4-methoxy-3,3-dimethyl-1-
butyn-1-yl)-1H-imidazole-5-carboxamido}methyl)cytlexanecarboxylate (Compound 62)

Compound (k-6) synthesized in Example 15 was @msExetin accordance with the
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reaction scheme depicted below, producing metayist4-({2-chloro-1-[2-(4-
chlorophenoxy)ethyl]-4-(4-methoxy-3,3-dimethyl-1ti-1-yl)-1H-imidazole-5-
carboxamido}methyl)cyclohexanecarboxylate (Compoku¥):

[0168] [Formula 38]

N
MeBr, NaH ca—~ |
- N
THF /J

k-7

[0169] (1) To a solution of the foregoing compoykeb) (0.14 g, 0.25 mmol) in THF
(2.4 mL), sodium hydride (60% in oil, 21 mg, 0f&nol) was added and the resulting
mixture was stirred at°C for 30 minutes; thereafter, bromomethane (0.18 @127 mmol)
was added to the reaction mixture which was thieredtat room temperature for 4 hours.
To the reaction mixture, a saturated aqueous solati ammonium chloride and chloroform
were added and the organic layer was dried oveydanbs sodium sulfate. The solvents in
the organic layer were distilled off under redupeglssure to give methyl trans-4-({2-chloro-
1-[2-(4-chlorophenoxy)ethyl]-4-(4-methoxy-3,3-dirhgl-1-butyn-1-yl)-1H-imidazole-5-
carboxamido}methyl)cyclohexanecarboxylate (k-7) ¢amt, 25 mg; yield, 18%).
(2) In the same way as Example 1(7), compound (ka& hydrolyzed to produce Compound
62. The structural formula of Compound 62 andd#ia on its properties will be shown later
in Table 1.
[0170] Example 17
6-({2-Chloro-4-(3-hydroxy-3-methyl-1-butyn-1-yl)-f4-(trifluoromethyl)benzyl]-
1H-imidazole-5-carboxamido}methyl)nicotinic acidg@pound 6)
Methyl 6-(aminomethyl)nicotinate hydrochloride}awas produced according to
the reaction scheme depicted below:
[0171] [Formula 39]

socl
HNT Y 2

N. A~

CO,H MeOH Z>co,Me

I-1 1-2
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[0172] (1) To a solution of 6-(aminomethyl)nicotracid (I-1) (201 mg, 1.32 mmol) in
methanol (5.0 mL), thionyl chloride (0.950 mL, 13n2nol) was added and the resulting
mixture was stirred overnight at 0. The solvent was distilled off under reducedspuee
to give methyl 6-(aminomethyl)nicotinate hydrociier (I-2) as a crude product.
(2) Compound 6 was produced by the same methadEsamples 1~3, except that
compound (a-6) was replaced by compound (I-2). sthectural formula of Compound 6
and the data on its properties will be shown laté&rable 1.
[0173] Example 18
trans-4-({2-Chloro-4-(3-hydroxy-3-methyl-1-butynyl}-1-[4-(trifluoromethyl)benzyl]-1H-
imidazole-5-carboxamido}methyl)-1-(2H-tetrazol-5gyclohexane (Compound 8)
[0174] (1) Trans-4-(2H-tetrazol-5-yl)cyclohexylmatiamine hydrochloride (m-3)
Compound (m-3) was produced according to the imastheme depicted below:

[0175] [Formula 40]

NaNg, NH,Cl  BocHN Hel HZN/A\I:::]
_— _—
BocHN \O v N (/N‘N ’
“cl

“on DMF (/ \,NH 1,4-dioxane |
N=N N=N

m-1 m-2

[0176] (1) To a solution of tert-butyl trans-4-cyaryclohexylmethylcarbamate (m-1)

(1.50 g, 6.29 mmol) in DMF (15 mL), ammonium chéi(1.01 g, 18.9 mmol) and sodium
azide (1.23 g, 18.9 mmol) were added and the iegutixture was stirred at 140 for 5
hours in an argon atmosphere. The reaction mixtasecooled to room temperature and
after adding water, extraction was conducted wiitlyleacetate. The organic layer was
successively washed with water and saturated bndedried over anhydrous sodium sulfate.
The solvents were distilled off under reduced presand the residue was purified by silica
gel column chromatography (chloroform:methanol :29890:10 ) to give tert-butyl trans-4-
(2H-tetrazol-5-yl)cyclohexylmethylcarbamate (m-ampount, 1.35 g; yield, 76%).

(2) To a solution of the foregoing compound (m-2B6 g, 4.80 mmol) in 1,4-dioxane

(13 mL), a 1,4-dioxane solution (40 mL, 160 mmdl¥onol/L hydrogen chloride was added

and the resulting mixture was stirred overnighioaim temperature. The solvent in the
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reaction mixture was distilled off under reducedgsure to give trans-4-(2H-tetrazol-5-
yhcyclohexylmethanamine hydrochloride (m-3) (ambun09 g; yield, 100%).
(3) Compound 8 was produced by the same methadEsample 1, except that compound
(a-6) was replaced by the foregoing compound (m-3).
[0177] Also Compound 7 was produced by the saméodeas in Example 1, except that 4-
(2H-tetrazol-5-yl)phenylmethanamine hydrochloridegared in the same way as compound
(m-3) was substituted for compound (a-6). Thecstmal formulas of these Compounds 7
and 8 and the data on their properties will be shiater in Table 1.
[0178] Example 19
3-[4-({2-Chloro-4-(3-hydroxy-3-methyl-1-butyn-1-ylL-[4-
(trifluoromethyl)benzyl]-1H-imidazole-5-carboxamigoethyl)-phenyl]-1,2,4-oxadiazol-
5(4H)-one (Compound 9)
3-[4-(Aminomethyl)phenyl]-1,2,4-oxadiazol-5(4H)-@hydrochloride (n-5) was
produced according to the reaction scheme depixkxiv:
[0179] [Formula 41]

“HCl Boc,0, Na,COg NH,OH BocHN
oy CHeCh CN DMSO OH

n-3 NH

2
n-1 n-2
*HCI
BocHN HoN
ethyl chloroformate HCI N
N, — Z2AN
. 0 . O
pyridine HN\< 1,4-dioxane HN\<
n-4 o n-5 ©

[0180] (1) To a solution of 4-aminomethylbenzométiydrochloride (n-1) (5.00 g,

29.7 mmol) in dichloromethane(167 mL), sodium cadde (7.54 g, 71.2 mmol) was added.
The reaction mixture was cooled tt@and di-tert-butyl dicarbonate (7.57 mL, 32.6 mmol
was added; the resulting mixture was brought taréemperature at which it was stirred
overnight. To the reaction mixture, water was adaied extraction was conducted with ethyl
acetate. The organic layer was successively wasttbdvater and saturated brine and dried
over anhydrous sodium sulfate. The solvents westéleld off under reduced pressure and

the residue was purified by silica gel (NH) coluoimomatography (n-hexane:ethyl acetate =
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1:1) to give tert-butyl 4-cyanobenzylcarbamate JrfaZnount, 6.48 g; yield, 94%).

(2) To a solution of hydroxylamine hydrochlorideZ2 g, 32.3 mmol) in dimethyl sulfoxide
(10.6 mL), triethylamine (4.51 mL, 32.4 mmol) waklad and the resulting mixture was
stirred at room temperature for an hour. The piting salt was filtered and washed with
THF. The THF was distilled off under reduced poessand after adding the foregoing
compound (n-2) (1.50 g, 6.46 mmol), the resultingtome was stirred at 7& for 15 hours.
The reaction mixture was cooled to room temperadanceafter adding water, extraction was
conducted with ethyl acetate. The organic layes staccessively washed with water and
saturated brine and dried over anhydrous sodiufatsul The solvents were distilled off
under reduced pressure to give tert-butyl 4-(N'foygcarbamimidoyl)benzylcarbamate (n-
3) (amount, 1.70 g; yield, 99%).

(3) A solution of the foregoing compound (n-3) @ g 5.50 mmol) in pyridine (27.5 mL)
was cooled to . To the cooled solution, ethyl chloroformate&sB@ mL, 5.78 mmol) was
added and after one-hour stirring &C0the reaction temperature was raised td COf

which further stirring was done overnight. Theatean mixture was cooled to room
temperature and after adding water, extractionagaslucted with ethyl acetate. The organic
layer was successively washed with water and dathitaine and dried over anhydrous
sodium sulfate. The solvents were distilled offlenreduced pressure and the residue was
purified by silica gel column chromatography (n-ae&:ethyl acetate = 1:1) to give tert-butyl
4-(5-o0x0-4,5-dihydro-1,2,4-oxadiazol-3-yl)benzylocamate (n-4) (amount, 1.14 g; yield,
71%).

(4) To a solution of the foregoing compound (n-¥{ mg, 0.504 mmol) in 1,4-dioxane

(1.5 mL), a 1,4-dioxane solution (1.50 mL, 6.00 ntinod 4 mol/L hydrogen chloride was
added and the resulting mixture was stirred at reemperature for an hour. The solvent
was distilled off under reduced pressure to gijé-Baminomethyl)phenyl]-1,2,4-oxadiazol-
5(4H)-one hydrochloride (n-5) (122 mg, 100%).

(5) Compound 9 was produced by the same methadEsample 1, except that compound

(a-6) was replaced by compound (n-5). The stratformula of Compound 9 and the data
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[0181] [Table 1-1]
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Compound
No.

Structural formula

NMR, MASS

"H-NMR (CDCI3)d: 0.95-
1.05 (2H, m), 1.33-1.48 (2H
m), 1.50-1.60 (1H, m), 1.63
(6H, s), 1.82-1.91 (2H, m),
2.01-2.09 (2H, m), 2.18-2.3(
(1H, m), 3.24 (2H, dd) =
6.4, 6.4 Hz), 5.78 (2H, s),
7.20-7.28 (3H, m), 7.57 (2H
d,J=8.2 Hz).

ESI-MSm/z 524 (M-H).

"H-NMR (CD30D)o: 1.44
(6H, s), 4.56 (2H, s), 5.69
(2H,s), 7.31 (2H, d)= 7.8
Hz), 7.37 (2H, dJ = 8.7 Hz),
7.63 (2H, dJ = 8.2 Hz), 7.95
(2H, d,J = 8.7 Hz).
ESI-MSm/z: 520 (M+H)'.

TH-NMR (DMSO-06) 9: 1.42
(3H, d,J = 6.9 Hz), 1.44 (3H
s), 1.46 (3H, s), 5.00-5.08
(1H, m), 5.46-5.56 (2H, m),
5.60 (1H, s), 7.22 (2H, d,=
7.8 Hz), 7.42 (2H, d] = 8.2
Hz), 7.65 (2H, dJ = 8.2 Hz),
7.83 (2H, d,J = 8.2 H2).
ESI-MSn/z 534 (M+HY'.

TH-NMR (CD30D)g: 1.35-
1.39 (4H, m), 1.55 (6H, s),
5.63 (2H, s), 7.14 (2H, d,=
8.7 Hz), 7.27 (2H, d]= 7.8
Hz), 7.65 (2H, dJ = 8.2 Hz),
7.85 (2H, d,J = 8.2 Hz).
ESI-MSmz 546 (M+HY)'.

[0182]
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N CO,H
CI_</ | H\/@
N N
(0]
F3C/®)

TH-NMR (CD30D)s: 1.40
(6H, s), 2.53 (3H, s), 4.50-
4.54 (2H, m), 5.71 (2H, s),
7.16 (1H, dJ = 8.2 Hz), 7.21
(1H, s), 7.30 (2H, )= 8.2
Hz), 7.61 (2H, d,J = 8.2 Hz),
7.85 (1H, d,J = 7.8 Hz),
8.39-8.45 (1H, m).
ESI-MSn/z 534 (M+HY)'.

TH-NMR (CD30D)o: 1.54
(6H, s), 4.88 (2H, s), 5.70
(2H, s), 7.29 (2H, d)= 7.8
Hz), 7.38 (1H, dJ = 5.5 Hz),
7.62 (2H, d,J = 8.2 Hz), 8.49
(1H, d,J = 5.5 Hz), 9.02 (1H
S).

ESI-MSn/z 521 (M+HY'.

—~N
AN

o}
z)%z
ZzT \\

e}

/Z 2/ I

=z

Iz

z

"H-NMR (CD30D)s: 1.45
(6H, s), 4.58-4.61 (2H, m),
5.70 (2H, s), 7.32 (2H, d,=
8.2 Hz), 7.52 (2H, d]= 8.7
Hz), 7.62 (2H, dJ = 8.2 Hz),
7.97 (2H, dJ=8.7 Hz),
8.50-8.55 (1H, m).
ESI-MSm/z 542 (M-H).

'"H-NMR (CD30D)o: 1.11-
1.22 (2H, m), 1.51-1.62 (8H
m), 1.62-1.73 (1H, m), 1.891
1.97 (2H, m), 2.06-2.15 (2H
m), 2.92-3.02 (1H, m), 3.21{
3.27 (2H, m), 5.70 (2H, s),
7.32 (2H, d) = 7.8 Hz), 7.65
(2H, d,J = 8.2 Hz), 8.01-
8.08 (1H, m).
ESI-MSn/z 550 (M+HY)'.

"H-NMR (DMSO-d6) 5: 1.39
(6H, s), 4.49 (2H, dJ = 6.0
Hz), 5.55-5.61 (3H, m), 7.29
(2H, d,J =7.8 Hz), 7.45 (2H,
d,J=8.2 Hz), 7.68-7.76
(4H, m), 8.64 (1H, t) = 6.4
Hz).

ESI-MS:m/z558 (M-H).

[0183]
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10

'"H-NMR (CDCI3)d: 0.92-
1.05 (2H, m), 1.37-1.60 (9H
m), 1.82-1.91 (2H, m), 2.00{
2.09 (2H, m), 2.20-2.32 (1H
m), 3.24 (2H, dd) = 6.4, 6.4
Hz), 3.40 (3H, s), 5.77 (2H,
s), 7.22 (1H, t) = 6.0 Hz),
7.27 (2H, dJ = 8.2 Hz), 7.57
(2H, d,J=8.2 Hz).
ESI-MSm/z 540 (M+HY)'.

11

'"H-NMR (CDCI3)¢: 0.93-
1.04 (2H, m), 1.21 (3H, 1=
6.9 Hz), 1.37-1.50 (2H, m),
1.50-1.61 (7H, m), 1.82-1.9]
(2H, m), 2.00-2.10 (2H, m),
2.21-2.30 (1H, m), 3.24 (2H
dd,J= 6.4, 6.4 Hz), 3.65
(2H, q,J= 7.0 Hz), 5.77 (2H
s), 7.21-7.29 (3H, m), 7.57
(2H, d,J=8.2 Hz).
ESI-MSm/z 554 (M+HY)'.

12

'"H-NMR (CDCI3)¢: 0.93-
1.07 (2H, m), 1.20 (6H, d,
= 6.4 Hz), 1.35-1.48 (2H, m
1.50-1.58 (7H, m), 1.83-1.9]
(2H, m), 2.01-2.09 (2H, m),
2.22-2.33 (1H, m), 3.21-3.2¢
(2H, m), 4.03-4.14 (1H, m),
5.77 (2H, s), 7.20-7.30 (3H,
m), 7.58 (2H, dJ = 8.2 Hz).
ESI-MSm/z 568 (M+HY)'.

13

'H-NMR (CDCI3)4: 0.19-
0.24 (2H, m), 0.53-0.57 (2H
m), 0.94-1.07 (3H, m), 1.37-
1.47 (2H, m), 1.51-1.61 (7H
m), 1.81-1.90 (2H, m), 2.01{
2.10 (2H, m), 2.22-2.32 (1H
m), 3.24 (2H, dd) = 6.4, 6.4
Hz), 3.42 (2H, dJ = 6.9 Hz),
5.77 (2H, s), 7.21-7.29 (3H,
m), 7.58 (2H, dJ = 8.2 Hz).
ESI-MSm/z 580 (M+H)'.

[0184]
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14

'"H-NMR (CDCI3)d: 0.95-
1.08 (2H, m), 1.37-1.49 (2H
m), 1.50-1.62 (1H, m), 1.72
(3H, s), 1.77 (3H, s), 1.85-
1.92 (2H, m), 1.98-2.09 (2H
m), 2.21-2.32 (1H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
5.76 (2H, s), 7.09 (1H, §,=
5.7 Hz), 7.26 (2H, d)= 7.8
Hz), 7.57 (2H, dJ = 8.2 Hz).
ESI-MSn/z 528 (M+HY)'.

15

'"H-NMR (CDCI3)d: 0.92-
1.14 (8H, m), 1.34-1.47 (2H
m), 1.47-1.60 (1H, m), 1.72{
1.90 (6H, m), 1.99-2.07 (2H
m), 2.21-2.30 (1H, m), 3.23
(2H, dd,J = 6.4, 6.4 Hz),
5.77 (2H, s), 7.22-7.29 (3H,
m), 7.57 (2H, dJ = 8.2 Hz).
ESI-MSn/z 554 (M+HY)'.

16

'"H-NMR (CDCI3)¢: 0.94-
1.07 (2H, m), 1.36-1.48 (2H
m), 1.49-1.60 (1H, m), 1.76{
1.95 (6H, m), 2.00-2.08 (6H
m), 2.20-2.32 (1H, m), 3.24
(2H, dd,J = 6.4, 6.4 Hz),
5.77 (2H, s), 7.23-7.29 (3H,
m), 7.57 (2H, dJ = 8.2 Hz).
ESI-MSm/z 552 (M+HY)'.

17

'"H-NMR (CDCI3)¢: 0.92-
1.05 (2H, m), 1.20-2.15
(17H, m), 2.20-2.35 (1H, m)
3.23 (2H, dd) = 6.4, 6.4
Hz), 5.77 (2H, s), 7.23-7.32
(3H, m), 7.57 (2H, d) = 8.2
Hz).

ESI-MSn/z 566 (M+HY).

[0185]
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18

I

7 OH
/ \\\\\CO 2H
v )
(@)

N
¢
N

'"H-NMR (CDCI3)4: 0.91-
1.05 (2H, m), 1.22-1.29 (3H
m), 1.33-1.47 (2H, m), 1.48{
1.63 (7H, m), 1.83-1.91 (2H
m), 1.98-2.08 (2H, m), 2.191
2.30 (1H, m), 2.61 (2H, d},
=7.5Hz), 3.22 (2H, dd] =
6.4, 6.4 Hz), 5.73 (2H, s),
7.08 (2H, dJ = 7.8 Hz),
7.25-7.31 (1H, m), 7.55 (2H
d,J=8.2 Hz).

ESI-MSm/z 520 (M+HY)'.

19

T

7 OMe
7 WwCO5H
xS
(@)

N
N
N

'"H-NMR (CDCI3)¢: 0.92-
1.06 (2H, m), 1.22-1.31 (3H
m), 1.33-1.47 (2H, m), 1.48{
1.60 (7H, m), 1.83-1.91 (2H
m), 1.98-2.10 (2H, m), 2.191
2.31 (1H, m), 2.61 (2H, G,
= 7.5 Hz), 3.22 (2H, ddl =
6.4, 6.4 Hz), 3.42 (3H, s),
5.73 (2H, s), 7.08 (2H, d,=
7.8 Hz), 7.25-7.31 (1H, m),
7.55 (2H, dJ = 8.2 Hz).
ESI-MSn/z 534 (M+HY)'.

20

OH
N // CO,H
S | \/©/
N
Taclh
F3C

ZT

"H-NMR (DMSO-d6) ¢:
0.85-0.89 (4H, m), 1.36 (6H
s), 1.98-2.02 (1H, m), 4.48
(2H, d,J = 6.4 Hz), 5.50 (1H
s), 5.74 (2H, s), 7.24 (2H, d
J=7.8Hz),7.32 (2H, d] =
8.2 Hz), 7.70 (2H, d) = 8.3
Hz), 7.84 (2H, dJ = 8.2 Hz),
8.27 (1H, tJ = 6.4 Hz).
ESI-MS:m/z526 (M+HY'.

[0186]
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"H-NMR (DMSO-d6) ¢:
0.84-0.95 (2H, m), 1.16-1.2]
(2H, m), 1.45 (6H, s), 1.70-
1.74 (2H, m), 1.84-1.88 (2H
m), 2.10 (1H, ttJ=12.1, 3.3
Hz), 2.26 (3H, s), 2.49-2.52
(1H, m), 3.07 (2H, 1) =6.4
Hz), 5.44 (2H, s), 5.54 (1H,
s), 6.99 (2H, dJ = 8.2 Hz),
7.13 (2H, dJ = 8.2 Hz), 8.05
(1H, t,J = 6.0 Hz), 12.03
(1H, s).

ESI-MS/z 472 (M+HY'.

22

'"H-NMR (CDCI3)d: 0.92-
1.06 (2H, m), 1.35-1.49 (2H
m), 1.49-1.60 (7H, m), 1.814
1.90 (2H, m), 2.00-2.10 (2H
m), 2.21-2.34 (4H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
3.39 (3H, s), 5.67 (2H, s),
7.06-7.13 (5H, m).
ESI-MS:mVz 486 (M+H)'.

23

"H-NMR (DMSO-d6) §:
0.84-0.95 (2H, m), 1.16-1.2¢
(3H, m), 1.45 (6H, s), 1.70-
1.74 (2H, m), 1.84-1.88 (2H
m), 2.07-2.15 (1H, m), 3.07
(2H, t,J= 6.4 Hz), 5.47 (2H,
s), 5.56 (1H, s), 7.16-7.20
(4H, m), 8.04 (1H, 1) = 6.0
Hz), 12.04 (1H, br s).
ESI-MSm/z 476 (M+H)',

24

'"H-NMR (CDCI3)¢: 0.93-
1.07 (2H, m), 1.36-1.48 (2H
m), 1.50-1.66 (7H, m), 1.841
1.92 (2H, m), 2.00-2.09 (2H
m), 2.22-2.32 (1H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
5.66 (2H, s), 7.11 (2H, d,=
8.2 Hz), 7.19 (1H, t)= 6.0
Hz), 7.26-7.29 (2H, m).
ESI-MSm/z 492, 494
(M+H)".

[0187]
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25

'"H-NMR (CDCI3)d: 0.92-
1.07 (2H, m), 1.35-1.49 (2H
m), 1.49-1.60 (7H, m), 1.81{
1.91 (2H, m), 2.00-2.10 (2H
m), 2.21-2.40 (1H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
3.40 (3H, s), 5.67 (2H, s),
7.13 (2H, dJ=8.7 Hz), 7.17
(1H, t,J= 6.0 Hz), 7.28 (2H,
d,J=8.2 Hz).

ESI-MS:mVz 506 (M+H)".

26

N CO,H
0y L
FsC N

'"H-NMR (CDCI3)d: 0.93-
1.06 (2H, m), 1.34-1.48 (2H
m), 1.49-1.58 (1H, m), 1.63
(6H, s), 1.82-1.90 (2H, m),
1.96-2.04 (2H, m), 2.19-2.2¢
(1H, m), 3.25 (2H, dd] =
6.4, 6.4 Hz), 3.66 (3H, s),
5.77 (2H, s), 7.19 (1H, §,=
6.0 Hz), 7.35 (1H, d)= 7.3
Hz), 7.43 (1H dJ = 7.8 Hz),
7.55 (1H, dJ = 7.8 Hz).
ESI-MSm/z 526 (M+HY)'.

27

'"H-NMR (CDCI3)¢: 0.93-
1.06 (2H, m), 1.35-1.48 (2H
m), 1.53-1.63 (7H, m), 1.83{
1.91 (2H, m), 2.00-2.08 (2H
m), 2.21-2.31 (1H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
5.70 (2H, s), 6.82-6.87 (1H,
m), 6.92-6.99 (2H, m), 7.181
7.23 (1H, m), 7.24-7.31 (1H
m).

ESI-MSm/z 576 (M+H)'.

28

'"H-NMR (CDCI3)¢: 0.93-
1.06 (2H, m), 1.34-1.48 (2H
m), 1.49-1.59 (7H, m), 1.82{
1.90 (2H, m), 2.01-2.09 (2H
m), 2.21-2.32 (1H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
3.40 (3H, s), 5.71 (2H, s),
6.84-6.89 (1H, m), 6.94-7.0(
(2H, m), 7.18 (1H, ) = 6.0
Hz), 7.24-7.31 (1H, m).
ESI-MSm/z 490 (M+HY'.

[0188]
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29

TH-NMR (CD30D)s: 0.94-
1.07 (2H, m), 1.31-1.43 (2H
m), 1.51-1.61 (7H, m), 1.78-
1.86 (2H, m), 1.94-2.02 (2H
m), 2.16-2.26 (1H, m), 3.18
(2H, dd,J = 6.4, 6.4 Hz),
5.56 (2H, s), 6.95-7.00 (1H,
m), 7.09-7.16 (1H, m), 7.20-
7.28 (1H, m), 7.96-8.02 (1H
m).

ESI-MSn/z 494 (M+HY)'.

30

'"H-NMR (CDCI3)d: 0.95-
1.08 (2H, m), 1.36-1.49 (2H
m), 1.51-1.60 (7H, m), 1.841
1.93 (2H, m), 2.02-2.10 (2H
m), 2.23-2.33 (1H, m), 3.26
(2H, dd,J = 6.4, 6.4 Hz),
3.40 (3H, s), 5.66 (2H, s),
6.94-6.99 (1H, m), 7.00-7.1%
(2H, m), 7.22 (1H, 1) = 6.4
Hz).

ESI-MSn/z 508 (M+HY)'.

31

'"H-NMR (CDCI3)d: 0.95-
1.09 (2H, m), 1.37-1.50 (2H
m), 1.51-1.68 (7H, m), 1.85{
1.93 (2H, m), 2.00-2.09 (2H
m), 2.22-2.32 (1H, m), 3.25
(2H, dd,J = 6.4, 6.4 Hz),
5.80 (2H, s), 7.26-7.31 (1H,
m), 7.65 (1H, dJ = 8.2 Hz),
7.73 (1H,dd)=8.3,1.8
Hz), 8.65 (1H, dJ = 1.8 Hz).
ESI-MSn/z 527 (M+HY'.

32

'"H-NMR (CDCI3)d: 0.93-
1.06 (2H, m), 1.34-1.48 (2H
m), 1.49-1.58 (1H, m), 1.63
(6H, s), 1.82-1.90 (2H, m),
1.96-2.04 (2H, m), 2.19-2.2¢
(1H, m), 3.25 (2H, dd] =
6.4, 6.4 Hz), 3.66 (3H, s),
5.77 (2H, s), 7.19 (1H, §,=
6.0 Hz), 7.35 (1H, d)= 7.3
Hz), 7.43 (1H dJ = 7.8 Hz),
7.55 (1H, dJ = 7.8 Hz).
ESI-MSm/z 473 (M+HY)'.

[0189]
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33 N

"H-NMR (DMSO-d6) ¢:
0.92-1.03 (2H, m), 1.20-1.31
(2H, m), 1.46-1.55 (7H, m),
1.79-1.94 (4H, m), 2.09-2.11
(1H, m), 2.19 (3H, s), 2.29
(3H,s), 2.96 (2H, )= 7.4
Hz), 3.13 (2H, ddJ = 6.4,
6.4 Hz), 4.35 (2H, )= 7.4
Hz), 5.58 (1H, s), 6.82 (2H,
d,J=6.8 Hz), 6.97 (2H, dd,
J=7.8,7.4Hz),7.04 (2H, d
J=7.4Hz),7.87 (1H, 1) =
6.0 Hz), 12.03 (1H, s).
ESI-MS:m/z500 (M+HY'.

34

Cl

'H-NMR (DMSO-d6) &:
0.98-1.04 (2H, m), 1.19-1.24
(2H, m), 1.46-1.56 (7H, m),
1.78-1.95 (4H, m), 2.08-2.2(
(1H, m), 2.92 (2H, t) = 6.9
Hz), 3.12 (2H, ddJ = 6.4,
6.4 Hz), 4.42 (2H, )= 7.3
Hz), 5.58 (1H, s), 7.11 (2H,
d,J=8.2 Hz), 7.34 (2H, d]
=8.2Hz), 7.91 (1H, ) =

6.0 Hz), 12.03 (1H, s).
ESI-MS:m/z504 (M-H).

35

Cl

"H-NMR (DMSO-d6) ¢:
0.95-1.04 (2H, m), 1.20-1.31
(2H, m), 1.46-1.55 (7H, m),
1.78-1.92 (4H, m), 2.10-2.2]
(1H, m), 2.91 (2H, )= 6.9
Hz), 3.11 (2H, ddJ = 6.4,
6.4 Hz), 3.29 (3H, s), 4.38
(2H, t,J= 6.9 Hz), 7.12 (2H,
d,J=8.7 Hz), 7.34 (2H, d]
=8.3 Hz), 8.14 (1H, )=

6.0 Hz), 12.04 (1H, s).
ESI-MS:m/z520 (M+HY'.

[0190]
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36

F3CO

"H-NMR (DMSO-d6) ¢:
0.98-1.04 (2H, m), 1.19-1.24
(2H, m), 1.46-1.56 (7H, m),
1.78-1.95 (4H, m), 2.08-2.2(
(1H, m), 2.92 (2H, ) = 6.9
Hz), 3.12 (2H, ddJ = 6.4,
6.4 Hz), 4.42 (2H, )= 7.3
Hz), 5.58 (1H, s), 7.11 (2H,
d,J=8.2 Hz), 7.34 (2H, d]
=8.2 Hz), 7.91 (1H, ) =

6.0 Hz), 12.03 (1H, s).
ESI-MS:m/z556 (M+HY'.

37

F5CO

"H-NMR (DMSO-d6) ¢:
0.92-1.03 (2H, m), 1.20-1.3]
(2H, m), 1.46-1.52 (7H, m),
1.78-1.95 (4H, m), 2.10-2.1¢
(1H, m), 2.96 (2H, t)= 6.9
Hz), 3.11 (2H, ddJ = 6.4,
6.4 Hz), 3.29 (3H, s), 4.39
(2H, t,J = 6.8 Hz), 7.23 (2H,
d,J=8.7 Hz), 7.29 (2H, d]
=8.2 Hz), 8.15 (1H, t) =

6.0 Hz), 12.04 (1H, s).
ESI-MS:m/z568 (M-H).

|

38

"H-NMR (DMSO-d6) ¢:
0.90-1.00 (2H, m), 1.19-1.2¢
(3H, m), 1.45 (6H, s), 1.78-
1.89 (7H, m), 2.09 (3H, s),
2.10-2.18 (2H, m), 2.21 (3H
s), 3.12 (2H, t) = 6.4 Hz),
4.28 (2H, tJ=7.1 Hz), 5.56
(1H, s), 6.92-6.98 (3H, m),
8.04 (1H, tJ= 6.0 Hz),
12.03 (1H, br s).

ESI-MSmz 512 (M-H).

[0191]
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39

"H-NMR (DMSO-d6) ¢:
0.90-1.02 (2H, m), 1.18-1.31
(2H, m), 1.45-1.55 (7H, m),
1.78-1.92 (4H, m), 2.08-2.1¢
(1H, m), 3.11 (2H, dd) =
6.4, 6.4 Hz), 4.21 (2H, 8=
5.0 Hz) , 4.62 (2H, )= 5.0
Hz), 5.54 (1H, s), 6.89 (2H,
d,J=9.2 Hz), 7.30 (2H, d
=9.2 Hz), 8.02 (1H, ) =
6.0 Hz), 12.02 (1H, s).
ESI-MS:m/z522 (M+HY'.

40

"H-NMR (DMSO-d6) ¢:
0.91-1.02 (2H, m), 1.20-1.2¢
(2H, m), 1.45-1.55 (7H, m),
1.76-1.92 (4H, m), 3.09 (2H
dd,J= 6.4, 6.4 Hz), 3.28
(3H, s), 4.20 (2H, )= 5.0
Hz), 4.59 (2H, tJ) = 5.0 Hz),
6.89 (2H, d,J = 8.7 Hz), 7.31
(2H, d,J = 8.7 Hz), 8.26 (1H
t,J=6.0 Hz), 12.02 (1H, s).
ESI-MS:m/z536 (M+H)'.

41

'"H-NMR (CDCI3)¢: 1.38
(6H, s), 3.28 (3H, s), 4.64
(2H, d,J = 6.0 Hz), 5.80 (2H
s), 7.28 (2H, dJ = 8.2 Hz),
7.38 (2H, dJ = 8.7 Hz),
7.54-7.62 (3H, m), 8.07 (2H
d,J=8.7 Hz).

ESI-MSm/z 534 (M+HY'.

42

'"H-NMR (CDCI3)¢: 1.39-
1.47 (4H, m), 1.55 (6H, s),
3.39 (3H, s), 5.74 (2H, s),
7.19 (2H, dJ = 8.2 Hz), 7.28
(2H, d,J = 8.2 Hz), 7.56 (2H
d,J=8.2 Hz), 7.83 (1H, s),
7.97 (2H, dJ = 8.7 Hz).
ESI-MSm/z: 560 (M+H)'.

[0192]
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43

OMe

N COZH
T T
N N
o

'"H-NMR (CDCI3)¢: 1.57
(6H, s), 1.74 (6H, s), 3.44
(3H, s), 5.64 (2H, s), 7.20
(2H, d,J = 7.8 Hz), 7.40 (1H
s), 7.42 (2H, d) = 8.7 Hz),
7.54 (2H, dJ = 7.8 Hz), 8.01]
(2H, d,J = 8.7 Hz).
ESI-MS:m/z562 (M+HY'.

44

N COH
c— | Hv©/
N N

'H-NMR (DMSO-d6) J: 1.36
(6H, s), 4.21 (2H, t) = 5.0
Hz), 4.54 (2H, d,) = 6.0 Hz),
4.63 (2H, tJ = 5.0 Hz), 5.52
(1H, s), 6.86 (2H, d) = 8.7
Hz), 7.29 (2H, dJ = 9.2 Hz),
7.48 (2H, d,) = 8.3 Hz), 7.89
(2H, d,J = 8.2 Hz), 8.65 (1H
t, J = 6.4 Hz).
ESI-MS:m/z516 (M+H)".

45

// OMe

N CO,H
CI_</ | H\/©/
N

"H-NMR (DMSO0-d6) 6: 1.34
(6H, s), 3.19 (3H, s), 4.20
(2H, t,J=5.0 Hz), 4.52 (2H,
d,J=6.0 Hz), 4.62 (2H, ]
=5.0 Hz), 6.86 (2H, d] =
9.2 Hz), 7.29 (2H, d)= 9.2
Hz), 7.47 (2H, dJ = 8.7 Hz),
7.89 (2H, dJ = 8.7 Hz), 8.87,
(1H, t,J = 6.0 Hz).
ESI-MS:mVz530 (M+H)'.

46

ZT

OMe
N // CO,H
\ | \/©/
N
@4 0
FsC

TH-NMR (CD30D)d: 0.95-
1.00 (4H, m), 1.38 (6H, s),
1.91-2.00 (1H, m), 3.29 (3H
s), 4.55 (2H, br, s), 5.80 (2H,
s), 7.27 (2H, dJ = 8.2 Hz),
7.35 (2H, d,J = 8.2 Hz), 7.63
(2H, d,J = 8.2 Hz), 7.94 (2H
d,J=8.2 Hz).

ESI-MSn/z 540 (M+HY'.

[0193]
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47

'"H-NMR (CDCI3)¢: 1.03-
1.08 (2H, m), 1.12-1.17 (2H
m), 1.36 (6H, s), 2.08-2.18
(1H, m), 3.25 (3H, s), 4.33
(2H, t,J= 5.0 Hz), 4.67 (2H,
d,J=5.5Hz), 4.89 (2H, d]
=5.0 Hz), 6.76 (2H, d] =
9.2 Hz), 7.20 (2H, d)= 9.2
Hz), 7.44 (2H, d) = 8.2 Hz),
7.74 (1H, tJ= 5.5 Hz), 8.07
(2H, d,J = 8.2 Hz).
ESI-MS:m/z536 (M+HY'.

48

F3CO

'"H-NMR (CDCI3)¢: 0.95-
1.05 (2H, m), 1.37-1.60 (9H
m), 1.83-1.92 (2H, m), 2.014
2.10 (2H, m), 2.22-2.32
(1H,m), 3.26 (2H, t) = 6.4
Hz), 3.40 (3H, s), 5.71 (2H,
S), 7.12-7.29 (5H, m).
ESI-MSn/z 556 (M+H)'.

49

'"H-NMR (CDCI3)¢: 1.37
(6H, s), 3.27 (3H, s), 4.65
(2H, d,J = 6.0 Hz), 5.66 (2H
s), 7.10 (2H, dJ = 8.2 Hz),
7.19 (2H, dJ = 8.7 Hz), 7.31]
(2H, d,J=7.9 Hz), 7.56 (1H
t,J=5.7 Hz), 8.06 (2H, d]

= 7.9 Hz).

ESI-MSm/z 550 (M+H)',

50

'"H-NMR (CDCI3)¢: 1.50
(3H, s), 1.51 (3H, s), 1.59
(3H, d,J = 6.9 Hz), 3.38 (3H
s), 5.21-5.31 (1H, m), 5.60
(1H, d,J = 15.6 Hz), 5.75
(1H, d,J = 15.6 Hz), 7.13
(2H, d,J=8.2 Hz), 7.20 (2H
d,J=8.6 Hz), 7.43 (2H, d
=8.2 Hz), 7.48 (1H, d] =
7.3 Hz), 8.08 (2H, d)=8.2
Hz).

ESI-MSn/z 564 (M+H)'.

[0194]
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51

'"H-NMR (CDCI3)d: 0.95-
1.05 (2H, m), 1.37-1.48 (3H
m), 1.55 (6H, s), 1.85-1.89
(2H, m), 2.03-2.07 (2H, m),
2.23-2.31 (1H, m), 3.25 (2H
t,J= 6.4 Hz), 3.40 (3H, s),
5.69 (2H, s), 6.48 (1H, 8H-
F = 73.7 Hz), 7.06 (2H, d,
=8.7 Hz), 7.17-7.22 (3H, m).
ESI-MSm/z 538 (M+HY)'.

52

'"H-NMR (CDCI3)¢: 1.38
(6H, s), 3.28 (3H, s), 4.66
(2H, d,J = 6.0 Hz), 5.71 (2H
s), 6.50 (1H, tJH-F = 73.5
Hz), 7.07 (2H, dJ = 8.2 Hz),
7.22 (2H, dJ = 8.7 Hz), 7.39
(2H, d,J = 8.2 Hz), 7.55 (1H
t,J=6.0 Hz), 8.07 (2H, d]

= 8.2 Hz).

ESI-MSn/z 532 (M+HY'.

53

'"H-NMR (CDCI3)¢: 0.95-
1.05 (2H, m), 1.37-1.48 (3H
m), 1.56 (6H, s), 1.85-1.89
(2H, m), 2.03-2.07 (2H, m),
2.23-2.31 (1H, m), 3.25 (2H
t,J= 6.4 Hz), 3.40 (3H, s),
5.72 (2H, s), 6.49 (1H, 8H-
F = 73.5 Hz), 6.95 (1H, s),
7.00-7.05 (2H, m), 7.19 (1H
t,J=6.0 Hz), 7.31 (1H, dd]
= 8.0, 8.0 Hz).

ESI-MSm/z 538 (M+HY)'.

54

'H-NMR (CDCI3)4: 1.39
(6H, s), 3.28 (3H, s), 4.66
(2H, d,J = 5.5 Hz), 5.74 (2H
s), 6.49 (1H, tJH-F = 73.7
Hz), 6.98 (1H, s), 7.02-7.07
(2H, m), 7.32 (1H, ddj =
8.0, 8.0 Hz), 7.39 (2H, d,=
8.2 Hz), 7.56 (1H, tJ= 5.7
Hz), 8.07 (2H, dJ = 8.2 Hz).
ESI-MSm/z 532 (M+H)'.

[0195]
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55

'"H-NMR (CDCI3)d: 0.95-
1.05 (2H, m), 1.37-1.59 (9H
m), 1.82-1.91 (2H, m), 2.01{
2.10 (2H, m), 2.22-2.31 (1H
m), 3.26 (2H, tJ = 6.4 Hz),
3.40 (3H, s), 5.67 (2H, s),
6.96-7.02 (2H, m), 7.14-7.21
(3H, m).

ESI-MSn/z 490 (M+HY'.

56

'"H-NMR (CDCI3)4: 1.38
(6H, s), 3.27 (3H, s), 4.66
(2H, d,J=5.5 Hz), 5.70 (2H
s), 6.99-7.04 (2H, m), 7.20-
7.23 (2H, m), 7.39 (2H, d}
=8.7 Hz), 7.54 (1H, ) =

5.7 Hz), 8.07 (2H, d)= 8.2
Hz).

ESI-MSm/z 484 (M+H)',

57

'"H-NMR (CDCI3)¢: 1.50
(3H, s), 1.51 (3H, s), 1.59
(3H, d,J = 6.9 Hz), 3.38 (3H
s), 5.24-5.32 (1H, m), 5.57
(1H, d,J = 15.1 Hz), 5.70
(1H, d,J = 15.1 Hz), 6.94-
6.99 (2H, m), 7.14-7.21 (2H
m), 7.40-7.48 (3H, m), 8.08
(2H, d,J = 8.2 Hz).
ESI-MSn/z 498 (M+HY)'.

58

"H-NMR (CD30D)s: 1.53
(3H, s), 1.54 (3H, s), 1.60
(3H, d,J=6.9 Hz), 4.09-
4.22 (2H, m), 4.65-4.75 (2H
m), 5.21 (1H, gJ = 6.9 Hz),
6.72 (2H, dJ=9.6 Hz), 7.19
(2H, d,J= 9.6 Hz), 7.54 (2H
d,J=8.2 Hz), 7.99 (2H, d]
= 8.2 Hz).

ESI-MSm/z 530 (M+HY)'.

[0196]
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59

N CO,H
c— | §
B

TH-NMR (CD30D)o: 1.41-
1.51 (4H, m), 1.55 (6H, s),
4.22 (2H, tJ = 5.3 Hz), 4.73
(2H, t,J = 5.0 Hz), 6.80 (2H,
d,J=9.8 Hz), 7.21 (2H, dJ
= 9.6 Hz), 7.38 (2H, d] =
8.7 Hz), 7.92 (2H, d] = 8.5
Hz).

ESI-MSn/z 542 (M+HY'.

60

// OMe

N \\\\\CO ZH
CI_</ | N \/()
N N
(0]
Fo2HC /®J

"H-NMR (CDCI3)3$: 0.92-
1.07 (2H, m), 1.34-1.48 (2H
m), 1.48-1.62 (7H, m), 1.801
1.91 (2H, m), 1.98-2.10 (2H
m), 2.20-2.31 (1H, m), 3.24
(2H, t,J = 6.4 Hz), 3.40 (3H,
s), 5.75 (2H, s), 6.61 (1H,4,
=56.3 Hz), 7.19 (1H, ] =
5.7 Hz), 7.24 (2H, d)= 7.8
Hz), 7.45 (2H, dJ) = 7.8 Hz).
ESI-MSn/z 522 (M+HY'.

61

N ~CO,H
3
N N

"H-NMR (CDCI3)d: 0.95-
1.08 (2H, m), 1.27-1.50 (8H
m), 1.52-1.65 (1H, m), 1.87{
2.10 (4H, m), 2.20-2.34 (1H
m), 3.25 (2H, tJ = 6.4 Hz),
3.53 (2H, s), 4.24 (2H, §,=
5.0 Hz), 4.82 (2H, t)= 4.8
Hz), 6.74 (2H, dJ) = 9.2 Hz),
7.19 (2H, dJ= 9.2 Hz), 7.53
(1H, t,J= 6.0 Hz).
ESI-MSm/z 536 (M+HY)'.

62

OMe

N wCO,H
15 O
N N

"H-NMR (CDCI3)d: 0.91-
1.05 (2H, m), 1.28-1.66 (9H
m), 1.80-1.89 (2H, m), 1.981
2.09 (2H, m), 2.20-2.31 (1H
m), 3.22 (2H, tJ = 6.4 Hz),
3.31 (2H, s), 3.40 (3H, s),
5.78 (2H, s), 7.25 (2H, d,=
7.8 Hz), 7.56 (1H, )= 8.2
Hz).

ESI-MSn/z 554 (M+HY)'.

[0197]
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63

'"H-NMR (CDCI3)d: 0.98-
1.12 (2H, m), 1.38-1.51 (2H
m), 1.52-1.66 (7H, m), 1.85{
1.95 (2H, m), 2.02-2.12 (2H
m), 2.22-2.34 (1H, m), 3.29
(2H, t,J= 6.4 Hz), 3.39 (3H,
s), 4.27 (2H, t) = 5.3 Hz),
4.95 (2H, tJ= 5.3 Hz), 6.74
(2H, d,J=8.7 Hz), 6.91 (1H
t, JH-F = 52.6 Hz), 7.20 (2H
d,J=8.7 Hz), 7.34 (1H, ]
=5.9 Hz).

ESI-MSn/z 552 (M+HY)'.

64

'"H-NMR (CDCI3)¢: 1.38
(6H, s), 3.27 (3H, s), 4.28
(2H, t,J= 5.0 Hz), 4.69 (2H,
d,J=5.9 Hz), 4.98 (2H, ]
=5.3 Hz), 6.73 (2H, d] =
9.1 Hz), 6.91 (1H, t)H-F =
52.6 Hz), 7.20 (2H, d]= 9.1
Hz), 7.45 (2H, dJ) = 7.8 Hz),
7.70 (1H, tJ = 5.9 Hz), 8.08
(2H, d,J = 7.8 Hz).
ESI-MSn/z 546 (M+H)'.

65

'H-NMR (CD30D)s: 0.92-
1.03 (2H, m), 1.28-1.61 (9H
m), 1.80-1.88 (2H, m), 1.981
2.08 (2H, m), 2.20-2.30
(1H,m), 3.22 (2H, t] = 6.4
Hz), 3.55 (2H, s), 5.77 (2H,
s), 7.25 (2H, dJ = 9.6 Hz),
7.46 (1H, tJ = 6.2 Hz), 7.56
(2H, d,J = 8.2 Hz).
ESI-MSmz 540 (M+HY.

66

'"H-NMR (CDCI3)¢: 0.95-
1.05 (2H, m), 1.37-1.48 (3H
m), 1.54 (6H, s), 1.85-1.89
(2H, m), 2.03-2.07 (2H, m),
2.24-2.30 (1H, m), 3.26 (2H
t,J= 6.4 Hz), 3.39 (3H, s),
3.77 (3H, s), 5.64 (2H, s),
6.82 (2H, dJ=8.7 Hz), 7.12
(1H, t,J= 6.2 Hz), 7.17 (2H,
d,J=8.7 Hz).

ESI-MSm/z 502 (M+HY)'.

[0198]
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[Table 1-18]
"H-NMR (DMSO-d6) ¢:
1.22-1.34 (4H, m), 1.45 (6H
7 ome s), 2.32 (3H, s), 3.28 (3H, s),
N7 CO,H 5.37 (2H, s), 6.98 (2H, d,=
67 c— || H 8.2 Hz), 7.10 (2H, d] = 8.2
N N Hz), 7.17 (2H, dJ = 8.2 Hz),

/@J o 7.73 (2H, d,J = 8.7 Hz), 9.15
(1H, s).

ESI-MSm/z: 506 (M+H)'.
"H-NMR (DMSO-d6) ¢:
1.27-1.34 (4H, m), 1.45 (6H

o s), 2.31 (3H, s), 5.38 (2H, s),
N7 COH 5.56 (1H, s), 6.97 (2H, d,=
68 c— || H 8.2 Hz), 7.10 (2H, d)= 8.7
N N Hz), 7.16 (2H, dJ = 8.2 Hz),

/@J o 7.74 (2H, d,J = 8.7 Hz), 8.97
(1H, s).

ESI-MSm/z 492 (M+HY'.
"H-NMR (DMSO-d6) 6: 3.27
(3H, s), 4.31 (2H, s), 4.48

OMe (2H, d,J = 6.0 Hz), 5.56 (2H
N COH 1) 7.30 (2H, d) = 8.2 H),
69 C'_<N | H 7.35 (2H, dJ = 8.2 Hz), 7.71
(2H, d,J = 8.2 Hz), 7.85 (2H
Fgc@ © d,J=8.2 Hz), 8.95 (1H, 1
= 6.0 Hz).

ESI-MSmz 506 (M+HY).

[0199] Test Example 1

Test for Evaluating the Rat EP4 Receptor Antagmnsction by the Reporter
Assay Method

The first step was the cloning of the rat EP4 péme Total RNA was prepared
from the kidney extracted from rats. With the k&R&IA used as a template, the rat EP4
receptor gene was cloned by RT-PCR and its tratslatgion was integrated into the
expression vector pShooter (Invitrogen) to preparat EP4 receptor expressing vector
(ratEP4-pShooter).
[0200] In the next step, rat EP4 receptor expressalls for use in the reporter assay were
prepared. COS-7 cells (derived from the kidneZefcopithecus aethiops) were cultured in
Dulbecco's Modified Eagle Medium (DMEM) (supplemahivith 10% fetal bovine serum)



-92.

in a 75-cn cell culture flask. After the cells proliferateaia subconfluent state, the medium
was removed and rinsed with phosphate bufferedigloggcal saline (PBS). Trypsin-EDTA
and a growth medium were used to recover the celissh were then centrifuged. The
supernatant was removed and the cells were suspem@MEM. The cell suspension was
seeded on a 96-well plate at a density of 2x8lls/100uL/well and cultured. The DMEM
was mixed with Plus reagent, Lipofectamine 2000,rdt EP4 receptor expressing vector
(ratEP4-pShooter) and a CRE-LUC reporter vector@ILECH) to prepare a transfection
solution. Three hours after the seeding of this c&80uL of the medium was removed and
50 uL/well of the transfection solution was added,daled by culture overnight. Negative
control cells were prepared using pShooter in ptddbe receptor expressing vector. The
cells were seeded on a 96-well plate for repodsagand cultured.

[0201] The medium on the 96-well plate was remosed a test compound was added in
an amount of 5QL/well. After ca. 30-min culture, a PGEolution (2x1F mol/L) was
added in an amount of 50/well (final concentration of PGE1x10® mol/L). As a PGE
free control, there were provided wells to whiclest medium had been added in an amount
of 50 uL/well. About three hours later, the medium wamoged and reporter assay was
performed in accordance with the protocol accompaythe Steady-Glo Luciferase Assay
System kit. Luminous intensity was measured withieroplate reader (Fusion-&pP
PerkinElmer) and EP4 receptor antagonistic acti@y was determined by the following
calculation formula:

EP4 receptor antagonistic activity (%) = [1 — (RAX) — RLU(0))/(RLU(PGE) —

RLU(0))] x 100

RLU(A,X): Luminous intensity expressed in relatiuveninescence units (RLU) for the case
where the test compound (A) X (mol/L) and PAB® mol/L were both added:;

RLU(PGE): Luminous intensity for the case where only BGE® mol/L was added:;
RLU(0): Luminous intensity for the case where neittest compound nor PGvas added.
[0202] In addition, a dose-response curve wasegaditom the EP4 receptor antagonistic

activities at varying concentrations of each teshpound and using the following
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approximation formula, the Kg(the concentration of the test compound requioedhibit
the PGE inducing activity by 50%) was calculated to detiexethe intensity of the
compound’s EP4 receptor antagonistic activity. Tdslts are shown in Table 2:

Y = Bottom + (Top — Bottom)/{1 + 10"(Loglég — LogX)}

Bottom: O

Top: 100

X: Concentration of the test compound (mol/L)

Y: EP4 receptor antagonistic activity (%)

[0203] [Table 2]

Table 2: Intensity of EP4 Receptor Antagonisticidity

Compound No. 16
(nmol/L)
1 23.8
2 14.1
4 3.0
10 10.9
16 7.3
20 64.6
21 26.4
22 11.8
39 35.0
40 9.5
41 8.4
42 1.7
44 17.5
45 5.1
47 34.7
50 1.1
51 7.9
52 7.9
54 16.1
56 49.9
60 10.2
61 26.6
64 26.1
67 2.1
68 6.1

(Values are each a geometric mean of three cases.)
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[0204] Test Example 2

Test for Evaluating the Anti-Inflammatory Effeat €arrageenin Induced Paw
Edema in Rats

The animals were Wistar male rats (7-week old)e paw volume of the right hind
leg was measured with a paw volume meter (PLETHYSNEDER, Ugo Basile Model
7141 or 7150). One hour after orally administeantgst compound at a dose of 10 mg/5
mL/kg, a carrageenin treatment group was givemw&/% carrageenin solution and a non-
treatment group given distilled water, each adniénesl subcutaneously to the footpad of the
right hind leg at a dose of 0.1 mL. Four hoursratte treatment with carrageenin (or
distilled water), the paw volume was measured aecchange in paw volume from the pre-
treatment value was calculated. The anti-inflanamyaéffect of the test compound was
confirmed using the percent paw edema suppresseakielow) as an indicator. In the
present experimental models, Cerecoxib (COX inbitaiready available on the market as
an anti-inflammatory/analgesic agent) was usedmssdive control. Cerecoxib, when
administered in the present models, exhibited marinefficacy at doses of 10~30 mg/kg
and the percent paw edema suppression as defited bad values of 32~37 (%) at the
maximum efficacy:
Percent paw edema suppression (%) = [(paw voluraegghin the control group — paw
volume in each treatment group)/(paw volume chamglee control group — paw volume
change in the non-treatment group)] x 100
[0205] The results for compounds of the presenrgmtion are given in Table 3. The 4-
alkynylimidazole derivatives of the present inventivere verified to have an anti-
inflammatory effect in view of their percent paweeth suppression.

[0206]
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[Table 3]
Table 3: Anti-Inflammatory Effect on Carrageeninlliced Paw Edema in Rats
Compound No. Percent paw edema
suppression (%)
10 26
22 19
39 22
40 29
42 28
47 26

(Values are means of 5~8 cases.)
[0207] Test Example 3

Test for Evaluating Analgesic Effect on Carragadnduced Hyperalgesia in Rats

The animals were SD male rats (5-week old). Beferatment with carrageenin (or
distilled water), the rats were measured for nqaige thresholds in their right hind leg by
the Randall-Selitto method and divided into a ageain treatment group and a non-
treatment group to provide uniformity in nocicegtithreshold. The carrageenin treatment
group was given a 1 w/v% carrageenin solution aechbn-treatment group given distilled
water, each administered subcutaneously to the@&doof the right hind leg at a dose of 0.1
mL. Five hours after the treatment, the nociceptivesholds were measured and the
individuals with decreased thresholds were seleatebgrouped such that there was no inter-
group difference in threshold. Six hours afterttieatment, each test compound was orally
administered at a dose of 10 mg/5 mL/kg. The abgiroup was administered 0.5%
methylcellulose. Two hours after the administnatid the test compound (8 hours after the
treatment), the nociceptive threshold was measufée. animals in the test compound group
that had nociceptive thresholds greater than ftiean nociceptive threshold of the control
group) + 2 x standard deviation] were found “effeztanimals” and the percent
effectiveness of each compound was calculated.
[0208] The results are shown in Table 4. The 4safkmidazole derivatives of the present
invention were verified to have an analgesic effiestiew of their percent effectiveness.

[0209]
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[Table 4]
Table 4: Analgesic Effect on Carrageenin Inducegétigigesia in Rats
Compound No. Percent Effectiveness
(%)
10 100
22 83
39 100
40 100
42 83
44 50
45 50
47 67
67 100

(Values are means of 5~7 cases.)
[0210] Test Example 4
Test for Evaluating Anti-Inflammatory and Analges&itfects on Adjuvant Induced Arthritis
in Rats

The animals were Lewis male rats (6-week old). adljuvant solution (2 mg/mL)
was administered intradermally to the footpad eflgft hind leg of each animal at a dose of
0.1 mL to create an arthritis model. Paw volume w&asured with a paw volume meter
(PLETHYSMOMETER, Ugo Basile Model 7141). For eation of pain thresholds, a
probe fitted to the sensor site of Pressure Apptinavieasurement (PAM, Ugo Basile Model
38500) was used to turn the foot sole of a rat ugW@orsiflexion) until it gave an indication
of pain or discomfort (vocalization) and the loagry applied was measured. Eight days
after the treatment with the adjuvant, the paw n@wand pain threshold of each treated foot
were measured and the animals were grouped foadnainistration of each test compound
(0.3 mg/kg) which was performed for nine days @mee-a- day schedule starting at day 9
and ending at dayl7 after the treatment. At dagffed the treatment, the paw volume and
pain threshold of each untreated foot were measured

The anti-inflammatory effect of the test compouwvats confirmed using the percent
paw edema suppression as an indicator.

Percent paw edema suppression (%) = [(paw voluraegghin the control group — paw
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volume in each treatment group)/(paw volume chamglee control group — paw volume
change in the non-treatment group)] x 100

[0211] As for the analgesic effect, the animalghie test compound group that had
nociceptive thresholds greater than [(the meanceptive threshold of the control group) + 2
x standard deviation] were found “effective animalsd the percent effectiveness of each
compound was calculated.

[0212] The results for the anti-inflammatory effece given in Table 5 and that for the
analgesic effect, in Table 6. The 4-alkynylimid@zderivatives of the present invention
were verified to have an anti-inflammatory effatview of their percent paw edema
suppression, and an analgesic effect in view of ffe¥cent effectiveness.

[0213] [Table 5]

Table 5: Anti-Inflammatory Effect on Adjuvant Indeat Arthritis in Rats

Compound No. Percent paw edema
suppression (%)
1 54
2 21
10 82
21 53
22 90
42 88

(Values are means of 8~10 cases.)
[0214] [Table 6]

Table 6: Analgesic Effect on Adjuvant Induced Attisrin Rats

Compound No. Percent Effectiveness

(%)

1 30

2 38

10 78

21 20

22 60

42 920

(Values are means of 8~10 cases.)
[0215] Test Example 5

Test for Evaluating Analgesic Effect on Monoiodeic Acid Induced Joint Pain in
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Rats

The animals were SD male rats (6 week-old). Tgi& knee of each animal was
treated intraarticularly with monoiodoacetic addlf) to induce joint pain. Three days
after the MIA treatment, a test compound (10 mgikgs administered orally and two hours
later, the loads on the right and left hind legsen@easured with an incapacitance tester
(Linton). As it turned out, in the groups admiergtd with Compounds 10, 22 and 42, the
suppression of right knee joint pain was confirmatt the ratio between the loads on the
right and left hind legs being taken as an indicato
[0216] Consequently, it was also verified by Tesample 5 that the 4-alkynylimidazole
derivatives of the present invention have a satisfg analgesic effect.
INDUSTRIAL APPLICABILITY
[0217] The 4-alkynylimidazole derivatives (I) ofetlpresent invention have a superior EP4
receptor antagonistic action and are useful asnpheguticals specifically intended for the
treatment of diseases associated with the EP4tacepor example, they are effective as
anti-inflammatory and/or analgesic drugs for inflaatory diseases and diseases that involve
various kinds of pains. In addition, they are alseful for the treatment of immune diseases
that result from inflammations as evoked by tisgestruction due to the activation of Thl

cells and/or Th17 cells.
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CLAIMS

1. A 4-alkynylimidazole derivative represented bg general formula (1) or a
pharmaceutically acceptable salt thereof:

[Formula 1]
R? R®

[wherein ring A is an optionally substituted cydlod, an optionally substituted aryl or an
optionally substituted heteroaryl,

ring B is cycloalkyl, aryl or heteroaryl;

m is an integer of any one of 0~2;

n is an integer of any one of 1~3;

R'is a hydrogen atom, &€C;, alkyl group, a G-C, alkoxy group, a halogen atom, or a
C,~C,4 haloalkyl group;

R? and R are each independently a hydrogen atom, a hakaigem or a G~C;, alkyl group or
may, taken together with the carbon atom to whitkRl R are adjacent, form as€Cs
carbon ring;

R*and R are each independently a hydrogen atom or-&€alkyl group or may, taken
together with the carbon atom to whichdtd R are adjacent, form az€Cs carbon ring,
and R and R are each independently a hydrogen atom,~Cgalkyl group, a G~C, alkoxy
group, a &~C, hydroxyalkyl group, a carboxyl group, a cyano groa halogen atom, a
C,~C,4 haloalkyl group, or a =C,4 haloalkoxy group;

X is -OR®, -NR°R™ or a halogen atom;

R®is a hydrogen atom, a€C;, alkyl group or a &C;, haloalkyl group;
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R? and R° are each independently a hydrogen atom or-&alkyl group or may, taken
together with the nitrogen atom to which &d R° are adjacent, form a nitrogen-containing
heterocycle, Y is a single bond, an oxygen atorm sulfur atom; and

E is -CQH, -CO,P or bioisostere of a carboxyl group;

-CO,P is pharmaceutically acceptable ester prodrug].

2. The 4-alkynylimidazole derivative according taim 1 or a pharmaceutically
acceptable salt thereof, wherein in the foregoiegegal formula (1), X is -OR(R® is as
defined in claim 1) and mis 0.

3. The 4-alkynylimidazole derivative according taim 1 or 2 or a pharmaceutically
acceptable salt thereof, wherein in the foregoiegegal formula (1), Rand R are both a
methyl group.

4. The 4-alkynylimidazole derivative according toyane of claims 1~3 or a
pharmaceutically acceptable salt thereof, whereihé foregoing general formula ()* & a
methyl group, an ethyl group, a cyclopropyl groaghlorine atom, a difluoromethyl group,
or a trifluoromethyl group.

5. The 4-alkynylimidazole derivative according taim 4 or a pharmaceutically
acceptable salt thereof, wherein in the foregoiegegal formula (1), Ris a chlorine atom.
6. The 4-alkynylimidazole derivative according toyane of claims 1~5 or a
pharmaceutically acceptable salt thereof, wherethé foregoing formula (l), ring A is
cyclohexyl substituted by E at the 4-position oeyi substituted by E at the 4-position
(where E is as defined in claim 1).

7. The 4-alkynylimidazole derivative according toyane of claims 1~6 or a
pharmaceutically acceptable salt thereof, wherethé foregoing formula (l), E is -G8 or
tetrazolyl.

8. The 4-alkynylimidazole derivative according toyane of claims 1~7 or a
pharmaceutically acceptable salt thereof, wherethé foregoing formula (1), ring B is
phenyl, nis 1, and Y is a single bond.

9. The 4-alkynylimidazole derivative according taim 8 or a pharmaceutically
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acceptable salt thereof, wherein in the foregoargitila (1), ring B is phenyl substituted by
R°® at the 4-position, Ris a hydrogen atom, and B any one of a G-C, alkyl group, a
C,~C, alkoxy group, a cyano group, a halogen atomy~&0¢haloalkyl group, and a:€C,
haloalkoxy group.

10. The 4-alkynylimidazole derivative accordingctaim 1 or a pharmaceutically
acceptable salt thereof, wherein the compound septed by the foregoing formula (1) is
any one of:

[Formula 2]

g OH pZ OMe

N_ CO,H N7 CO,H

ca—< | Hﬁ c—/ || H

N N N N
0 0

FsC F4C

11. The 4-alkynylimidazole derivative accordingctaim 1 or a pharmaceutically

acceptable salt thereof, wherein the compound septed by the foregoing formula (1) is:
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[Formula 3]

g OMe

N / \\\\\COZH
4L 3 O
N N
O
F30/®)

12. A pharmaceutical comprising the 4-alkynylimidizderivative according to any

one of claims 1~11 or a pharmaceutically acceptshliethereof as an active ingredient.

13. An EP4 receptor antagonist comprising the #+atkmidazole derivative according

to any one of claims 1~11 or a pharmaceuticalleptable salt thereof.

14. The pharmaceutical according to claim 12 wisalsed in the treatment of a disease
associated with an EP4 receptor-mediated actidtGi?2.

15. The pharmaceutical according to claim14, winetlee disease is an inflammatory
disease or an inflammatory pain.

16. The pharmaceutical according to claim 14 omllterein the disease is at least one
disease selected from the group consisting ofiidipain, articular rhreumatism,
osteoarthritis, lumbago, scapulohumeral periarfhrervico-omo-brachial syndrome,
tendonitis, and thecitis.

17. The pharmaceutical according to any one ofrddi4~16, wherein the treatment is
anti-inflammation and/or pain relieving.

18. The pharmaceutical according to claim 14, wihdles disease is an immune disease
in which Th1l cells and/or Th17 cells are implicated

19. The pharmaceutical according to claim 14 omIt&rein the disease is at least one
disease selected from the group consisting of plalsclerosis, ulcerative colitis, Crohn’s
disease, atopic dermatitis, psoriasis, and coderchatitis.

20. The pharmaceutical according to claim 19, wihdies disease is multiple sclerosis.



